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Hirose, Masanobu; Kurokawa, Satoru;National Institute of Advanced Industrial 
Secience and Technology, Tsukuba-shi, Japan

Line-Series-Shunt Calibration with Transmission Lines in Arbitrary 
Characteristic Impedances for Broadband S-parameter Measurements 99
Huang, Chien-Chang; Lin, Yuan-Hong;Yuan Ze University, Taoyuan, Taiwan
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HPEM - 20 – Wire, Plate and Aperture Antennas

Hybrid Spiral with Loop Antenna 100
Tesny, Neal; Henriquez, Stanley; Litz, Marc; Atkinson, Robert;
Army Research Laboratory, Adelphi, MD, USA

Insight into the Time-domain Response of a Top-Loaded Monopole 
Provided by a Rational Function Frequency Domain Model 101
McLean, James; Foltz, Heinrich; Sutton, Robert;
TDK R&D Corp., Cedar Park, TX, USA

Analysis of Antennas and Scatterers with Nonlinear Loads: 
A MoM-AOM Approach 102
Karami, H. R.; Moini, Rouzbeh; Sadeghi, S. H. Hesamedin;
Amirkabir University of Technology, Tehran, Iran

Sinusoidal Helix Antenna 103
Miletta, Joseph; Litz, Marc; Tesny, Neal; Henriquez, Stanley;
Directed Energy Technologies, Sumerduck, VA, USA

Free Space Antenna Factor Evaluation of Biconical Antenna  
Using Time-domain and Pulse Compression 104
Kurokawa, Satoru; Hirose, Masanobu;National Institute of  
Advanced Industrial Secience and Technology, Tsukuba-shi, Japan

Using Numerical Methods to Validate the Analysis of Pyramidal  
Horn Antennas through Improved Diffraction Theory 105
Mayhew-Ridgers, Gordon; Odendaal, Wimpie; Joubert, Johan;
Vodacom (Pty) Ltd., Midrand, South Africa

Compact Antenna Design for High Power Microwave Applications 106
Zhou, Haijing; Chen, Daibing; Xu, Fukai;
Institute of Applied Physics and Computational Mathematics, Beijing, China

HPEM - 21 – Lightning Analysis and Protection

The Design of a Nearby Lightning Simulator 107
Naff, John; Carboni, Victor;L-3 Communications, Pulse Sciences Division,  
San Leandro, CA, USA

Optimization of the Protection of a Buried Telecommunication Cable 108
Bourgeois, Yannick; Zeddam, Ahmed; Reineix, Alain;
Orange Labs, Lannion, France

Simulation of Lightning Current Pulse Effect Using MCG  
Based Energy Sources 109
Vilkov, Yury; Kravchenko, Anatoly; Selemir, Victor; Terekhin, Vladimir;  
Radasky, William; VNIIEF, Sarov, Russia
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Full Wave Analysis of Vertical Ground Rod Penetrating  
Two-Layer Soil 110
Arnautovski-Toseva, Vesna; El Khamlichi Drissi, Khalil; Grcev, Leonid;
Ss. Cyril & Methodius University, Skopje, Macedonia

The Effects of the Upward Leaders on the Collection  
Area of a Structure 111
Ait-Amar, Sonia; Berger, Gérard;ABB France, Pôle Foudre Soulé-Hélita, 
Persan, France

On the Relationship between Lighting Channel Conductance 
and Flattening Effect of Electric Field at Close Range 112
De Conti, Alberto; Theethayi, Nelson; Visacro, Silvério; Cooray, Vernon;
Federal University of Minas Gerais, Belo Horizonte, Brazil

HPEM - 22 – Critical Infrastructure & Related Topics

A Preliminary Assessment of Radio Frequency Threats to Airports 113
Giri, Dave; Tesche, Frederick; Nyffeler, Markus; Bertholet, Pierre;  
Gusset, Hansjoerg; Wipf, H.; Pro-Tech, Alamo, CA, USA

Electromagnetic Interference Studies with an Air Defense System 114
Weixelbaum, Dieter; Mutzbauer, Erich; Stark, Robert H.; 
DIEHL BGT Defence GmbH & Co. KG, Pegnitz, Germany

The Security Assessment of Critical Energy Infrastructures:  
an Evaluation Approach 115
Delfino, Federico; Denegri, Gio Battista; Guido, Serena; Invernizzi, Marco; 
Masera, M.; Fovino, Igor Nai; Olivero, S.; niversity of Genova, Genova, Italy

Interaction of Concrete Based Buildings with Electromagnetic Waves 116
Sallin, Marc; Daout, Bertrand; Duc Vo, Minh; Heinz, Wipf;
Montena emc, Rossens, Switzerland

Present and Future Challenges of Aircraft  
Electromagnetic Certification 117
Hoad, Richard; Wraight, Anthony;QinetiQ, Hampshire, UK

Damage Factors Estimation for Global Distributed High-Voltage Grids 
under the Influence of the Electromagnetic Disturbances 118
Kholodov, Yaroslav A.; Bordonos, Alexey K.; Kholodov, Alexander S.; 
Lavrinenko, Natalia E.; Morozov, Ivan I.; Stupitsky, E. L.;
Moscow Institute of Phycics and Technology, Moscow, Russia

Critical Infrastructure Protection and IT Warfare 119
Burschka, Stefan; Swisscom AG, Bern, Switzerland
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HPEM - 23 – Biological Effects

Influence of SAR Averaging Schemes on the Correlation with  
Temperature Rise in the 30-800 MHz Range 120
Zaridze, Revaz; Razmadze, Alexander; Shoshiashvili, Levan; Kakulia, David; 
Bit-Babik, Giorgi; Faraone, A.; Tbilisi State University, Tbilisi, Georgia

Measurements of Induced Currents in Human Bodies  
Exposed to a Cellular Phone Base Station 121
Chen, Hsing-Yi; Jhuang, Jhen-Yi;Yuan Ze University, Taiwan, Taiwan

Magnetic Stimulation of Peripheral Nerves: Induced Electric  
Field in a Semi-Infinite Conducting Medium 122
Plesa, Mihaela; Darabant, Laura; Ciupa, Radu; Curta, Catalin; Racasan, 
Adina; TechnicalUniversityof Cluj-Napoca, Cluj-Napoca, Romania

Ultra Short Ultra Wideband Impulse Irradiation  
Effects on Human Cells 123
Shckorbatov, Yuriy; Kolchigin, Nicolay; Kazansky, Oleg; Pasiuga, Vladimir;
Kharkov National University, Institute of Biology, Kharkov, Ukraine

Study on the Antenna Radiation and SAR Reduction by  
Varying Handset Box Materials 124
Chou, Hsi-Tseng; Chen, Hsing-Yi; Wu, Da-Jen; Chiou, Wei-Yi; Liu, Kun-Han;
Yuan Ze University, Taiwan, Taiwan

Trapezoidal Envelope Pulse Propagation in Dispersive Attenuative  
Media with Applications to Biological Systems 125
Oughstun, Kurt; University of Vermont, Burlington, VT, USA

Nanosecond Continuous and Pulsed Electric Field Test Setup  
for Biological Effect Study using a TEM Cell 126
Boriraksantikul, N.; Kirawanich, P.; Camps-Raga, Bruno; Sleper, David; 
Pathan, M. S.; Islam, Naz;
University of Missouri, Columbia, MO, USA

Conducting Oblate Ellipsoid Analysis in ELF Electromagnetic Field 127
Peric, Mirjana; Aleksic, Slavoljub;Faculty of Electronic Engineering of Niš,  
Nis, Serbia

Health Effects of EMF Exposure in the TV Band 128
Rachid, Elias; Moughabghab, Michel W.;ESIB - St Joseph University,  
Beirut, Lebanon

Estimation and Validation of Micro-Gap Breakdown Field from  
Discharge Current due to Human ESD 129
Taka, Yoshinori; Fujiwara, Osamu;Nagoya Institute of Technology,  
Nagoya, Japan



xx

Ta
bl

e 
of

 C
on

te
nt

s

EUROEM 2008, European Electromagnetics

HPEM - 24 – Electromagnetic Compatibility in Microcircuits

Estimating the Maximum Radiated Electromagnetic Emissions  
from Complex Systems 130
Hubing, Todd; Clemson University, Clemson, SC, USA

EMI Improvement by Adopting an Exposed-Pad LQFP Package 131
Chen, Nan-Cheng; Chang, Sheng-Ming; Li, Ching-Chih;
MediaTek Inc., HsinChu, Taiwan

Emission Measurement from Active RFID Tags in Boeing  
747-400 Freighter 132
Yamamoto, Kazuo; Yonemoto, Naruto; Kohmura, Akiko; Yamada, Kimio;
Electronic Navigation Research Institute, Independent Administrative  
Institution, Tokyo, Japan

Interference Pass Loss Measurement in a Cargo Jet for EMI  
Evaluation by Active RFID Tags 133
Yonemoto, Naruto; Kohmura, Akiko; Yamamoto, Kazuo; Yamada, Kimio;
Electronic Navigation Research Institute, Tokyo, Japan

HPEM - 25 – Dielectric Antennas and Arrays

Coplanar Waveguide-Fed Slot-Coupled Hemispherical Dielectric 
Resonator Antenna 134
Abdulla, Parambil; Singh, Yedentra Kumar; Chakrabarty, Ajay;
Indian Institute of Technology, Kharagpur, India

On the Behavior of Sierpinski-Carpet Monopole Antenna 135
Naghshvarian Jahromi, Mahdi; Komjani, Nader;Iran University of Science  
& Technology (IUST), Tehran, Iran

Tournament Selection Particle Swarm Optimization Algorithm  
Applied to EM Problems 136
Golubovic, Ruzica; Olcan, Dragan; Mosig, Juan Ramon;
Ecole Politechnique Fédérale de Lausanne, Lausanne, Switzerland

A Comb-shaped DVB-H Antenna Covered  
Magneto-dielectric Material 137
Deng, Ya; Chu, Qing Xin; South China University of Technology,  
Guangdong, China

HPEM - 26 – Numerical Methods 

Fast Calculation of the Diffraction Operator Kernel used by the Wave 
Concept Iterative Process (WCIP) for problems of Scattering and  
Radiation by Planar Circuits in Free Space 138
Bdour, Tarek; Ammar, Noemen; Aguili, Taoufik; Henri, Baudrant;
Tunis Engineering School, Belvedere, Tunis, Tunisia
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A Full-Space Unbounded Conformal Mapping Technique for 
Multiconductor Transmission Line Parameter Extraction 139
Bonyadi-ram, Siamak; Kordi, Behzad; Bridges, Greg E.;
University of Manitoba, Winnipeg, MB, Canada

Investigation of Moment Method Solution Based on Expansion  
Functions Defined in an Infinite Domain 140
Malka, Dror; Matzner, Haim;HIT - Holon Institite of Technology, Holon, Israel

Improved Subgridding FDTD Method with Second-Order Accurate  
at Magnetic Media Interface 141
Ding, Hai; Chu, Qing Xin;South China University of Technology, Guangdong, 
China

EMF Backscattered from an S-Shaped Inlet Cavity Calculated by  
Spectral Rays Tracking Method 142
Rachid, Elias Assad; ESIBE (Ecole Sup. d’Ing. de Beyrouth), USJ, Beirut, 
Lebanon

Towards the Development of Uncertainty Analyses in FDTD  
Simulations 143
Edwards, Robert; Marvin, Andy; Porter, Stuart; University of York, York, UK

A Closed Form Representation for Sommerfeld Integrals of  
the Electric Field Integral Equation 144
Shoory, Abdolhamid; Moini, Rouzbeh; Sadeghi, S. H. Hesamedin;
Amirkabir University of Technology, Tehran, Iran

An Accurate and Robust Approach for Evaluating VIE  
Impedance Matrix Elements Using SWG Basis Functions 145
Hu, Li; Li, Le-Wei; Yeo, Tat Soon; Vahldieck, Ruediger;
National University of Singapore, Singapore, Singapore 

HPEM - 27 – High-Power RF Source Technology (Invited)

Tuning of High-Power Antenna Resonances by Appropriately  
Reactive Sources 146
Baum, Carl E.; University of New Mexico, Albuquerque, NM, USA

Switched Oscillator into a Helical Antenna at 500 MHz 147
Giri, Dave; Tesche, Frederick; Skipper, Michael; Nyffeler, Markus;  
Bertholet, Pierre; Pro-Tech, Alamo, CA, USA

Radiation Energy Losses in a Parametric Oscillator Formed by  
a Flux-Compression Generator with a Capacitive Load 148
Baryshevsky, Vladimir; Gurinovich, Alexandra;Belarussian State University, 
Minsk, Belarus
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Application of Volume Free Electron Laser for Development of  
High Power Microwave Sources 149
Baryshevsky, Vladimir; Gurinovich, Alexandra;Belarussian State University, 
Minsk, Belarus

Integration of a Compact RF Generator with an FCG Simulator 150
Curry, Randy; O’Connor, Kevin; Altgilbers, Larry;
University of Missouri, Columbia, USA

Pulsed Power Technology for HPEM Application 151
Stark, Robert H.; Bickes , Christian; Kadetov, Viktor; Urban, Juergen; 
Weixelbaum, Dieter; Mutzbauer, Erich; 
DIEHL BGT Defence GmbH & Co. KG, Pegnitz, Germany

Gigawatt Magnetron Gun in Secondary Electron Emission Mode  
and Prospects of its Application 152
Cherenshchykov, Sergiy; Kharkov Institute of Physics and Technology,  
Kharkov, Ukraine

HPEM - 28 – Lightning Characterization & Simulation (Invited)

Current and Voltage Distribution along Communication  
Towers Hit by Direct Lightning 153
Hegde, Vishwanath; Kumar, U.;Malnad College of Engineering, Hassan, India

Currents in Buried Grounding Strips Connected to  
Communication Tower Legs during Lightning Strikes 154
Theethayi, Nelson; Thottappillil, Rajeev; Diendorfer, Gerhard; Mair, Martin; 
Pichler, Hannes; Uppsala University, Uppsala, Sweden

Electromagnetic Fields Very Near to a Tall Tower Struck by Lightning: 
Influence of the Ground Conductivity 155
Mimouni, Abdenabi; Mosaddeghi, Abbas; Rachidi, Farhad; Rubinstein, Marcos;
Ibn Khaldoun University, Tiaret, Algeria

Numerical Electromagnetic Analysis of Lightning Surge Inside of 600-m 
Class Independent Tower 156
Miyazaki, Satoru; Tatematsu, Akiyoshi; Motoyama, Hideki; Ishii, Masaru;
Central Research Institute of Electric Power Industory, Kanagawa, Japan

Evaluation of Lightning-Induced Disturbances in Buried Cables 157
Delfino, Federico; Paolone, Mario; Procopio, Renato; Rachidi, Farhad; Rossi, 
Mansueto; University of Genoa, Genoa, Italy

Calculation of Lightning-Induced Voltages on Distribution Networks: a New 
Interface Between the LIOV Code and EMTP-RV 158
Borghetti, Alberto; Nucci, Carlo Alberto; Napolitano, Fabio; Paolone, Mario; 
Rachidi, Farhad; University of Bologna, Bologna, Italy



xxiii

Ta
bl

e 
of

 C
on

te
nt

s

EUROEM 2008, European Electromagnetics

Lightning Striking Characteristics to Wind Turbine Blade with a 3-
Dimensional Leader Development Model 159
Shindo, Takatoshi; Central Research Institute of Electric Power Industry 
(CRIEPI), Tokyo, Japan

The Impulse Coefficient of Horizontal Grounding Electrodes 160
Visacro, Silverio; Rosado, Glaucio; Senna, Alisson;
Federal University of Minas Gerais, Belo Horizonte, Brazil

Determining Voltage Source for Lightning Return Stroke  
Electromagnetic Modeling 161
Javor, Vesna; Rancic, Predrag;Faculty of Electronic Engineering of Nis,  
Nis, Serbia

Use of the Five-Section CN Tower Model in Computation of the  
Electric and Magnetic Field 162
Boev, Ivan; Janischewskyj, Wasyl;University of Toronto, Toronto, Canada

Link between Lightning Activity and Temperature:  
A Regional Study in Switzerland 163
Manoochehrnia, Pooyan; Price, Colin; Rachidi, Farhad; Rubinstein, Marcos; 
Schulz, Wolfgang; Swiss Federal Institute of Technology (EPFL),  
Lausanne, Switzerland

HPEM - 29 – Biological Effects and Medical Applications (Invited)

Time Domain Dosimetry in Planar Layered Media 164
Page, Juan. E; Esteban, Jaime;Universidad Politécnica de Madrid,  
Madrid, Espain

Thermal Effects in Brain Slices Exposed to Radiofrequency Fields 165
Mifsud, Nicola; Scott, Iain; Green, Chris; Tattersall, John;
Biomedical Sciences Department, Dstl Porton Down, Salisbury, UK

Vascular Structure Construction in Human Model for Consideration of 
Blood’s Flow in Heat Exchange during EM Exposure 166
Kakulia, David; Manukyan, Liana; Prishvin, Michail; Jeladze, Veriko;  
Zaridze, Revaz; Bit-Babik, G.; Faraone, A.; bilisi State University,  
Tbilisi, Georgia

SAR Calculations for Pregnant Woman with Her Fetus and Placenta in 
Various Positions Exposed to EM Waves from Wireless Terminal 167
Akimoto, Shimpei; Nagaoka, Tomoaki; Kikuchi, Satoru; Saito, Kazuyuki; 
Watanabe, Soichi; Takahashi, M.; Ito, K.; Chiba University, Chiba, Japan
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HPEM - 30 – Transmission Lines at Low and High Frequencies: 
Theory, Numerical and Experiments.  
Part 1: Analytical Approaches (Invited)

Representation and Product Integration of 2 x 2 Matrices 168
Baum, Carl E.; University of New Mexico, Albuquerque, NM, USA

Analytic Methods for Coupling to Cables with Large Numbers of 
Component Wires 169
Gilbert, James; Metatech Corporation, Goleta, CA, USA

Comments on the Excitation of a Shielded Multiconductor Cable 170
Tesche, Frederick; Clemson University, Clemson, SC, USA

High-frequency Analysis of Radiated Emission from PCB Microstrips 
Through a Full-wave Transmission Line Model 171
Chiariello, Andrea Gaetano; Maffucci, Antonio; Miano, Giovanni; Villone, 
Fabio; DIEL, Università di Napoli “Federico II”, Napoli, Italy

HPEM - 31 – Simulators & Simulation Techniques

Test Facilities of KhIPT to Study Objects Exposed to Ultra-Short Pulse 
Electromagnetics 172
Magda, Igor; Kharkov Institute of Physics and Technology, Kharkov,  
Ukraine

Designs and Analyses of Some Cylindrical CPW Discontinuities 173
Akan, Volkan; Duyar, Mehmet; Yazgan, Erdem; Bayrak, Mehmet;
TUBITAK Space Technologies Research Institute, Ankara, Turkey

Modeling of a Current Transformer for Electromagnetic Transient 
Simulation in a Power Station 174
Ametani, Akihiro; Nagaoka, Naoto; Tasaki, Shun; Nishimura, Kentaro;  
Okaba, Shigemitsu; Doshisha University, Kyoto, Japan

Revitalization Report and Roadmap for the United State’s  
Department of the Navy’s Full-Scale Electromagnetic Pulse Test Facility 175
Sebacher, Kurt; Miller, Chad; Mazuc, Alan;
United States Navy, Lexington Park, MD, USA

Characteristics of Combined Inductive-Capacitive Simulators 176
Gilbert, James; Savage, Edward; Smith, Kenneth;
Metatech Corporation, Goleta, CA, USA

CAD Performance Modeling and Synthesis of Microstrip  
Dipole Array Antenna 177
Soh, Ping Jack; Amir, Razif Arief Jamil Abdullah; Aiza, Mahyuni Mozi;  
Azremi, Abdullah Al-Hadi; Abdul Aziz, Mohamad Zoinol Abdin;
Universiti Malaysia Perlis, Perlis, Malaysia
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HPEM - 33 – Pulsed Power (Invited)

Design Study of a High Pressure Spark Gap Switch 178
Nam, Sang Hoon; Heo, Hoon; Soo Park, Sung; Woo Shin, Jin; Ho So, Jun;  
Jang, Won; Pohang Accelerator Laboratory/POSTECH, Kyungbuk, South Korea

Conduction in Wide Band Gap Photo Conductive Power Switches  
Operated in Linear, Extrinsic Mode 179
Gyawali, Shashi; Fessler, Christopher; Nunnally, Williams; Islam, Naz;
University of Missouri, Columbia, MO, USA

A Model of Pulse Power Storage and Release via Pulse Forming Lines 180
Smith, Paul; Qu, Chengxin; Hong, Kevin; Macquarie University, Sydney, 
Australia

Piezo Based High Energy, High Voltage Generator 181
Schuenemann, Bernd; Schoetzig, Frank; Schmitz, Juergen; Jung, Markus;
Rheinmetall Waffe Munition GmbH, Unterluess, Germany

First Trials of a 45 GW Pulsed-Power Generator 182
Lindblom, Adam; Elfsberg, Mattias; Hurtig, Tomas; Larsson, Anders;  
Nyholm, Sten E.; Swedish Defence Research Agency (FOI), Uppsala, Sweden

Differential Marx Generators 183
Baum, Carl E.; University of New Mexico, Albuquerque, NM, USA

A Simplified Full EM Model for a Matrix System 184
Armanious, Miena; Tyo, J Scott;University of Arizona, Tucson, AZ, USA

HPEM - 34 – Grounding and Shielding

Electromagnetic Shielding of Composite Materials Using  
Electrochemical Discharge Nanoparticles 185
Jalali, Mohsen; Wuthrich, Rolf;Concordia University, Montreal, Canada

Transparent Electromagnetic Shielding of Enclosures Against  
EMP Penetration 186
D’Amore, Marcello; Greco, Sandra; Sarto, Maria Sabrina;
Sapienza University of Rome, Rome, Italy

Direct Time Domain Analysis of a Grounding Electrode Based  
on the Antenna Theory 187
Doric, Vicko; Poljak, Dragan; Roje, Vesna; University of Split, Split, Croatia

Design and Construction of a Shielded Cabinet for Laboratory Tests 188
Santamaría, Francisco; Alarcón, Alexander; Díaz, Oscar; Roman, Francisco;
National University of Colombia, Bogotá, Colombia

Metallic and Magnetic Materials Used as Magnetic Field Shielding 189
Sanchez, Alejandro; Rodriguez, Mario;Universidad Distrital Francisco  
Jose de Caldas, Bogotá, Colombia
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Estimation of Electro-Magnetic Pulses Penetrating into Shielded 
Constructions 190
Shapovalova, Nataliya; Serkov, Oleksandr;Kharkiv Polytechnical Inst.,  
Kharkov, Ukraine

Electromagnetic Shielding with Metal Thin Film Deposition 191
Oussama, Alilou; Lefebvre, Jean Luc; Descamps, Philippe;
NXP Semiconductors Caen, Caen Cedex, France

HPEM - 35 – Biological Standards and Medical Applications

Health and Safety Standards for Electromagnetic Energy: 
Development and Importance 192
Murphy, Michael; Air Force Research Laboratory, Directed Energy Bioeffects 
Division, San Antonio, TX, USA

A Dynamic Model of the Cardiac Ventricular Action Potential.  
Simulations of Ionic Currents and Concentration Changes 193
Nicu, Anca Iulia; Ciupa, Radu Vasile; Rafiroiu, Dan Viorel; Voinicu,  
Mihaela; Technical University of Cluj-Napoca, Cluj-Napocaania, Romania

Energy Efficient Coils for Transcranial Magnetic Stimulation (TMS) 194
Darabant, Laura; Plesa, Mihaela; Ciupa, Radu; Cret, Octavian; Darabant, 
Adrian; Technical University of Cluj-Napoca, Cluj-Napocaania, Romania

On-Body UWB Channel Modeling for Representative Applications  
under Various Postures 195
Wang, Qiong; Wang, Jianqing;Nagoya Institute of Technology, Nagoya, Japan

A Method for Harmonizing the Limits of Human Exposure to  
Magnetic Fields: Static versus Extremely Low Frequency Fields 196
Goiceanu, Cristian; Danulescu, Razvan;Institute of Public Health, Iasi, Romania

Radiofrequency Multielectrode Ablation Catheter with Temperature 
Controlled Gain and Phase for each Electrode 197
Hakim, Bandar; Mirotznik, Mark; Good, Brandon;
Catholic University of America, Washington, DC, USA

Theoretical and Experimental Results for an Electric Field  
Applicator Used in Oncology Hyperthermia 198
Trujillo, Citlalli; Leija, Lorenzo; Vera, Arturo;
CINVESTAV-IPN, Mexico City, México

Millimeter-Wave Extra Low Radiation Measuring System for  
Environment and Biomedical Applications 199
Savenko, Yaroslav; Vodotovka, Vladimir; Skrypnik, Yuriy; Repa, Fedir;
Kyiv Polytechnic Institute, Kyiv, Ukraine
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Experimental Analysis of Corn Seed Germination Enhancement  
under the Application of Electromagnetic and Magnetic Fields 200
Sleper, David; Pathan, M. S.; Camps-Raga, Bruno; Boriraksantikul, 
Nattaphong; Tantong, S.; Gyawali, S. R.; Kirawanich, P.; Islam, Naz;
University of Missouri-Columbia, Columbia, MO, USA

HPEM - 36 – Numerical & Statistical Methods (Invited)

Correction of Frequency-domain Measurements by Hilbert Transform 201
Ole Fichte, Lars; Dickmann, Stefan;Helmut-Schmidt-Universität, 
Universität der Bundeswehr, Hamburg, Germany

Particle Regularization in PIC Simulations: A Useful Means of  
Reducing Numerical Noise? 202
Borve, Steinar; Trulsen, Jan;Norwegian Defence Research Establishment, 
Kjeller, Norway

Finding the Best Coupling Incidences with the Reciprocity Theorem 203
Adam, Jean-Pierre; Joly, Jean-Christophe; Pecqueux, Bernard; Asfaux,  
Didier; IEEA, Courbevoie, France

Statistical Electromagnetic Field Distribution Assessment in a  
Spacecraft Cavity by Numerical Simulation 204
Herlem, Yannick; Schaffar, Andre; Pelissou, Patrice; Trougnou, Laurent;
EADS Astrium Space Transportation, Les Mureaux, France

Calculation of the Input Impedance of Thin Wire Antennas 205
Berthon, André; Béniguel, Yannick;Admittance, Sceaux, France

HPEM - 37 – Coupling to Cables and Structures

Fast Computation of Singularity Expansion Method Parameters and  
the Exterior EMC Problem of Three-dimensional Complex Scatterers 206
Gronwald, Frank; Janssen, Reinhard;EADS, Defence & Security,  
Military Air Systems, Manching, Germany

Influence of the Exhaust Plume on the Lightning Induced Voltage  
and Current on an Airborne Vehicle 207
Nayak, Sisir Kumar; Thomas, Meledath Joy;Indian Institute of Science, 
Bangalore, India

A New Approach for the Analysis of Electromagnetic Coupling  
between the Lightning and 3D Metallic Structure 208
Harrat, Basma; Nekhoul, Bachir; Kerroum, Kamal;  
El-Khamlichi Drissi, Khalil; University of Jijel, Jijel, Algeria

EMP Transfer Function Measurements and Stress Predictions  
for Commercial Office Buildings 209
Rice, Kelly; Lubell, Jerry;L-3 Jaycor, Colorado Springs, CO, USA
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High-frequency Electromagnetic Field Coupling to Scatterers  
in Rectangular Resonators 210
Tkachenko, Sergey; Krauthaeuser, Hans Georg; Nitsch, Juergen;  
Gronwald, Frank; Vodopianov, George;
Otto-von-Guericke-University, Magdeburg, Germany

Numerical Research for the Generation Mechanism and Coupling 
Effects of HEMP       211

Meng, Cui; Chen, Y. Sh.; Chen, Jian Ping; Liu, Yin Nong;
Tsinghua University, Beijing, China

HPEM - 39 – Interference with Railway Systems (Invited)

Modeling of Passive Series Devices on Multiconductor Transmission  
Lines for Transient Analysis in Power and Railway Systems 212
Mazloom, Ziya; Theethayi, Nelson; Thottappillil, Rajeev;
Uppsala University, Uppsala, Sweden

Review of Research on Lightning Interaction with the  
Swedish Railway Network 213
Theethayi, Nelson; Mazloom, Ziya; Thottappillil, Rajeev; Lindeberg, P. A.; 
Shutte, T.; Uppsala University, Uppsala, Sweden

Susceptibility of Electrified Railway to Intentional Electromagnetic 
Interference: Research in Sweden 214
Thottappillil, Rajeev; Mansson, Daniel; Bäckström, Mats;
Uppsala University, Uppsala, Sweden

Interaction and Interference Between AC and DC in  
Railway Feeding Systems 215
Midya, Surajit; Schütte, Thorsten; Thottappillil, Rajeev;
Uppsala University, Uppsala, Sweden

Pantograph Arcing and their Consequences to Electromagnetic Interference 
in Railway Systems 216
Midya, Surajit; Bormann, Dierk; Larsson, Anders; Schütte, Thorsten; 
Thottappillil, Rajeev; Uppsala University, Uppsala, Sweden

Theoretical and Practical Aspects Concerning the Electromagnetic 
Disturbances Reduction in an Urban Electric Driving System 217
Nicolae, Petre - Marian; Mandache, Lucian; Nicolae, Ileana Diana; Sirbu, 
Ioana Gabriela; Stanescu, Dan Gabriel; University of Craiova, Craiova, 
Romania

HPEM - 40 – Special Techniques in EM Theory #1

Impedance Matching in EM Lens Design 218
Stone, Alexander; Baum, Carl E.;University of New Mexico,  
Albuquerque, NM, USA
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Web-splines for Electromagnetic Theory 219
Apaydin, Gokhan; Ari, Niyazi;University of Technology Zürich, Zurich, 
Switzerland

Infinitesimal Dipole Antenna in the Presence of ENG Medium 220
Ghosh, Susmita; Ghosh, Bratin;Indian Institute of Technology,  
Kharagpur,WB, India

Testing Target Decomposition Theorems in Radar Polarimetry  
with the Aid of Electromagnetic Scattering Numerical Simulations 221
Alvarez-Perez, Jose Luis; University of Alcala, Madrid, Spain

Effective Boundary Condition in Problems of Electrodynamics  
with Near-Surface Sources 222
Soldatov, Alexander; Russian Federal Nuclear Center, Sarov, Russia

HPEM - 41 – High-Power Microwaves

High Frequency Noises of Explosion Emitted Electron Beam  
and Their Influence on Operation of Relativistic BWO 223
Abubakirov, Edward; Konyushkov, Andrey; Sergeev, Alexander; 
Institute of Applied Physics, Nizhny Novgorod, Russia

Control over the Radiation Spectra of Broadband Plasma  
Relativistic HPM Oscillators 224
Loza, Oleg; Bogdankevich, Irina; Pavlov, Dmitriy;
A. M. Prokhorov General physics institute RAS, Moscow, Russia

Investigation of a U-shaped Coaxial to Waveguide Transition 225
Bahshi, Eldar; Zarobnik, Dan; Matzmer, Haim;
HIT – Holon Institute of Technology, Holon, Israel

Compression of Microwave Pulses in Two Series-Coupled Cavities 226
Artemenko, Sergey; Didenko, Andrey; Novikov, Sergey; Yushkov, Yury; 
Nuclear Physics Institute, Tomsk, Russia

HPEM - 42 – Transmission Lines at Low and High Frequencies: 
Theory, Numerical and Experiments.  
Part 2: Numerical Methods and Measurements (Invited)

Frequency Response of Multiple Conductors Buried in a  
Lossy Ground 227
Poljak, Dragan; Doric, Vicko; El-Khamlichi Drissi, Khalil; Kerroum, 
Kamal;Cavka, Damir; Sesnic, S.; University of Split, Split, Croatia

Generalized Transmission Line Theory as an Antenna Theory 228
Gronwald, Frank; Nitsch, Juergen; Tkachenko, Sergey;
Otto-von-Guericke-University, Magdeburg, Germany
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Full Wave Transmission Line Theory for a Homogeneous Line  
with Two Lumped Sources 229
Nitsch, Juergen; Tkachenko, Sergey;Otto-von-Guericke-University Magdeburg, 
Magdeburg, Germany

Propagation of Current Waves along Quasi-Periodical Conductors 230
Nitsch, Juergen; Scheibe, Hans-Juergen; Tkachenko, Sergey;
Otto-von-Guericke-University Magdeburg, Magdeburg, Germany

Transient Response of Multiple Horizontal Thin Wires Located  
at Different Heights above a Perfectly Conducting Ground 231
Poljak, Dragan; Antonijevic, Sinisa; El-Khamlichi Drissi, Khalil;  
Kerroum, Kamal; University of Split, Split, Croatia

Full-Wave Analysis of Arbitrary Polygonal Section Coupled Lines 232
Falco, Simone; Lucido, Mario; Panariello, Gaetano; Schettino, Fulvio;
D.A.E.I.M.I., University of Cassino, Cassino, Italy

Reverberation Chamber Measurements of Transmission Line  
Radiated Susceptibility 233
Larrabee, David; Franck, Michael;East Stroudsburg University, East 
Stroudsburg, PA, USA

Modeling of the Grounding Electrodes of Power Transmission Towers 234
Korovkin, Nikolay; Hayakawa, Masashi; Shishigin, Sergey; Bocharov, Yuriy; 
Krivosheev, Sergey; Saint-Petersburg State Polytechnic University, Saint-
Petersburg, Russia

Analysis of Electromagnetic Transients in HV Substations:  
Main Issues and Investigation Methodologies and Tools 235
Delfino, Federico; Procopio, Renato; Rossi, Mansueto; Girdinio, Paola;
University of Genoa, Genoa, Italy

Lightning Induced Disturbances in Complex Network  
of Lines or Cables 236
Mezoued, Sabrina; Nekhoul, Bachir; Kerroum, Kamal; El-Khamlichi Drissi, 
Khalil; Jijel University, Jijel, Algeria

Transmission Line Modeling of Materials with Nonlinear Properties  
on an Unstructured Triangular Grid 237
Wykes, James G.; Sewell, Phillip; Vukovic, Ana; Christopoulos, Christos; 
Benson, Trevor M.; Thomas, D. W. P.; University of Nottingham,  
Nottingham, UK

HPEM - 43 – Pulsed Power

Investigation on the Transmission of a DC Current through a Space Gap 238
Roman, Francisco; Peña, Nestor; Arevalo, Liliana; Santamaria, Francisco; 
Herrera, Julian; Alarcón, Alexander; Vega, Felix;
Universidad Nacional de Colombia, Bogotá, Colombia
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Microwave Pulse Compression Experiments At Low Power 239
Farr, Everett; Bowen, Leland; Baum, Carl E.; Prather, William D.;Farr 
Research, Inc., Albuquerque, NM, USA

Broadband Antenna SWR Improvement Using Parallel RLC Loads 240
Gazizov, Talgat; Gazizov, Timur R.;Tomsk State University of Control Systems 
and Radioelectronics, Tomsk, Russia

Study of High Power Terahertz Generation Using Integrated  
Wide-bandgap Semiconductor Photoconductive Switches 241
Kirawanich, Phumin; Yakura, Susumu; Baum, Carl E.; Nunnally, Williams; 
Islam, Naz; University of Missouri-Columbia, Columbia, MO, USA

Radiating Broad-Band Pulse Generator with  
Corona Charging Mechanism 242
Roman, Francisco; Peña, Nestor; Herrera, Julian; Santamaria, Francisco; 
Mora, Nicolas; Aguilera, Ernesto; Diaz, Oscar; Vega, Felix;
niversidad Nacional de Colombia, Bogotá, Colombia

New Possibilities of FID Technology of Forming of Nano- and  
Picosecond Voltage Pulses with Gigawatt Peak Power 243
Efanov, Vladimir; Efanov, Vladimir;FID GmbH, Burbach, Germany

Solid State Pulse Generators with Picosecond Pulse Duration 244
Efanov, Vladimir; Efanov, Mikhail; Komashko, Alexander; Yarin, Pavel;
FID GmbH, Burbach, Germany

HPEM - 44 – Microstrip and Patch Antennas

A New Approach In Miniaturization Of Printed Circuit Antenna  
Using ARL For SB, DB & Wideband Applications 245
Pandey, Shaileshachandra; Sarkar, B. K.; Ghosh, Sidharth;
Indian Institute of Technology, Kharagpur, India

Optimization of Helical Microstrip Antenna for Space Applications by 
Means of Genetic Algorithm 246
Sharifi Moghaddam, Elham; Nematollahzadeh, Seyed Mahmood; Amiri, Shervin;
Iranian Space Agency, Tehran, Iran

Empirically Comparing Computational Optimization Techniques for 
Microstrip Antennas 247
Woodhouse, Robert; Porter, Stuart; Miller, Julian; 
University of York, York, UK

On The Behavior of Short-Circuit, Permittivity and Arms in  
Planar Antennas Miniaturization 248
Costa, C. M. Jr; De Melo, M. A. B.; Fontgalland , Glauco; Freire, Raimundo; 
Vuong, Tan-Phu; Universidade Federal de Campina Grande,  
Campina Grande, Brazil
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Integrated GPS-DSRC Antenna and Radio Front-End for Car 
Communications 249
Rafi, Gholamreza Z.; Safavi-Naeini, Safiedin; Malarky, Alastair;  
Chaudhuri, S. K.; Wai-Cheung, Kai; Univeristy of Waterloo, Waterloo, Canada

Near Field Estimation of Patch Antennas from Fringing Fields 250
Ojha, John Rajeev; Peters, Marc;EM Sofware and Systems, Böblingen, Germany

A High Gain Rectangular Patch Radiator with Square Holes  
in the Ground Plane 251
Choudhary, Amol; Raghava, N. S.; De, Asok; University of Delhi, Delhi, India

HPEM - 46 – Numerical Methods #3

FDTD Thin Strut Coding 252
Savage, Edward; Gilbert, James;Metatech Corporation, Goleta, CA, USA

Semi-Analytical Scattering Matrix of One-Dimensional Periodic 
Electromagnetic Band Gap Structures Lighted in Conical Mounting 253
Boyer, Philippe; Thévenot, Marc; Monédière, Thierry;
IMEP-LAHC and Ecole Nationale Supérieure de Physique de Grenoble 
(ENSPG), Grenoble, France

Model of Electromagnetic Wave Propagation in the Stratified Random 
Media Inclusive the Semitransparent Objects 254
Spitsyn, Vladimir; Tomsk Polytechnic University, Tomsk, Russia

Characterization of Plane Wave Penetration through Multilayered 
Cylindrical Apertures by a Transverse Wave Method 255
Bdour, Tarek; Ammar, Noemen; Aguili, Taoufik; Baudrand, Henri;
Tunis Engineering School, Belvedere, Tunis, Tunisia

HPEM - 47 – Hardening: Protection, Assurance and Maintenance 

Specifying and Measuring Electromagnetic Shielding on Aircraft 256
Prather, William D.; Torres, Robert J.; Tran, Tyrone C.;
Air Force Research Laboratory, Kirtland, NM, USA

Coordination of Varistors in Low Voltage System by Use of  
Electrical Charge 257
Avendaño Avendaño, Carlos Alberto; Ibanez Olaya, Henry Felipe;  
Ortiz Suárez, Helmuth Edgardo; Distrital University Francisco José de Caldas, 
Bogotá, Colombia

Design of SPD´s Class I for Low Voltage Electric Systems, using 
Combinations of Metal Oxide Varistors 258
Avendaño Avendaño, Carlos Alberto; Ibáñez Olaya, Henry Felipe;  
Ortiz Suárez, Helmuth Edgardo;
Distrital University Francisco José de Caldas, Bogotá, Colombia
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HPEM - 48 – Special Techniques in EM Theory #2

Polarimetric Suppression of Early-Time Scattering for Late-Time  
Target Identification 259
Baum, Carl E.; University of New Mexico, Albuquerque, NM, USA

Constitutive Parameters of Left-Handed Materials for  
UWB Passive Devices 260
Banciu, Gabriel Marian; Militaru, N.; Lojewski, G.;
National Institute of Materials Physics - Microwave Group, Magurele, Romania

Determining Complex Permittivity, Permeability, and Thickness  
of a PEC-Backed Material Using a Dual Waveguide Probe 261
Hyde, Milo; Havrilla, Michael ;Air Force Institute of Technology,  
Dayton, OH, USA

Computational Techniques for the Electric Characterization of  
Dispersive Materials Using Open-Ended Coaxial Probes 262
Sandrolini, Leonardo; Reggiani, Ugo; Artioli, Marcello;
University of Bologna, Bologna, Italy

Characterization of Rubber Composites Using Microwave  
Non-Destructive Technique and Electromagnetic Modeling 263
Awang, Zaiki; Ismail, Kamariah;Universiti Teknologi MARA, Shah Alam, 
Malaysia

UWB - 01 – UWB - Scattering

Accurate Modeling of Ultra-Short Electromagnetic Pulse Scattering  
Using a Locally Conformal Finite-Difference Time-Domain Scheme 264
Caratelli, Diego; Cicchetti, Renato; Simeoni, Massimiliano; Yarovoy, Alexander;
Delft University of Technology, Delft, Netherlands

Applicability of Multiple Signal Classification Algorithm for  
Imaging Two-Dimensional Scatterers in Special Scenarios 265
Agarwal, Krishna; Chen, Xudong;National University of Singapore,  
Singapore, Singapore

Rigorous Numerical Simulation Method for Large Collections of Discrete 
Scatterers 266
Bleszynsk, Elizabeth; Bleszynski, Marek; Jaroszewicz, Thomas;
Monopole Research, Thousand Oaks, CA, USA

A Hybrid Method for Solving 2-D Inverse Scattering Problems 267
Semnani, Abbas; Kamyab, Manoochehr;K. N. Toosi University of Technology, 
Tehran, Iran
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Electromagnetic Investigation of Scattering by Arbitrarily Shaped 
Structures in Free Space, using a Full Wave Transverse  
Formulation (TWF) 268
Bdour, Tarek; Ammar, Noemen; Aguili, Taoufik; baudrand, Henri;
Tunis Engineering School, Tunis, Tunisia

Scattering of Electromagnetic Waves from Periodic Rough Surfaces 269
Yildiz, Selda; Altuncu, Yasemin; Ozdemir, Ozgur;
Istanbul Technical University, Istanbul, Turkey

Benchmark Problems for Coupling and Scattering with Cavity  
Structures of General Form 270
Smith, Paul; Vinogradova, Elena; Panin, Sergey; Tuchkin, Yuri; Vinogradov, 
Sergey; Macquarie University, Sydney, Australia

UWB - 02 – Applications of UWB Antennas

A Metallic Wire Electromagnetic Crystal Structure for  
Radar Applications 271
Ghanem, Farid; Delisle, Gilles Y.; Denidni, Tayeb A.; Ghanem, Khalida; Hall, 
Peter S.; Funiversity of Birmingham, Birmingham, UK

Integrated cm - and mm-Wave UWB Transceiver for  
M-Sequence Based Sensors 272
Kmec, Martin; Müller, Jens; Rauschenbach, Peter; Rentsch, Sven; Sachs, 
Jürgen; Yang, B.; Technische Universität Ilmenau, Ilmenau, Germany

Radar Observation of Objects, which Fulfill Back-and-Forth Motion 273
Immoreev, Igor; Moscow Aviation Institute, Moscow, Russia

Experimental Focal Waveforms of a Prolate-Spheroidal  
Impulse-Radiating Antenna (IRA) 274
Altunc, Serhat; Baum, Carl E.; Christodoulou, Christos G.; Schamiloglu, Edl;
University of New Mexico, Albuquerque, NM, USA

Development of a Resonant Chamber Microwave Tomography System 275
Kaye, Cameron; Gilmore, Colin; Mojabi, Puyan; Firsov, Dmitry; LoVetri, Joe;
University of Manitoba, Winnipeg, MB, Canada

UWB - 04 – UWB Microstrip and Array Antennas

A New Trimmed Notch-Cut Printed Antenna for UWB  
Wireless Application 276
Alshehri, Abdallah; Sebak, Abdel Razik;Concordia University, Montreal, Canada

Ultra Wideband 4x4 Phased Array Containing Exponentially Tapered Slot 
Antennas and a True-Time Delay Phase Shifter at UHF 277
Schmitz, Juergen; Jung, Markus; Bonney, Joachim; Caspary, Reinhard; 
Schueuer, Jens; Schoebel, J.; Rheinmetall Waffe Munition GmbH, Unterluess, 
Germany
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Planar Elliptical Differential Antenna for UWB Applications 278
Quintero, Gabriela; Zurcher, Jean-François; Skrivervik, Anja;
Ecole Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzerland

Characterization and Phase Compensation of a Coplanar-Waveguide  
to Coplanar-Strip Balun 279
du Toit, Johan B.; Odendaal, Wimpie.; Joubert, Johan;
Saab Grintek Avitronics, Pretoria, South Africa

Array Antenna for Directed Radiation of High-Power  
Ultrawideband Pulses 280
Koshelev, Vladimir I.; Plisko, Vyacheslav; Sukhushin, Konstantin;
Institute of High Current Electronics, SB RAS, Tomsk, Russia

Ultrawideband Active Receiving Array Antenna with Dual Polarization 281
Koshelev, Vladimir I.; Balzovsky, Evgeny; Buyanov, Yuri;
Institute of High Current Electronics, SB RAS, Tomsk, Russia

UWB - 05 – Antennas for UWB Communications

Small Printed Ultrawideband Antennas Combining Electric  
and Magnetic Type Radiators 282
Kwon, Do-Hoon; Balzovsky, Evgeny; Buyanov, Yuri; Koshelev, Vladimir;
The Pennsylvania State University, University Park, PA, USA

Reconfigurable Slot-Filter Antenna for Cognitive Radios 283
Ghanem, Farid; Hall, Peter S.;University of Birmingham, Birmingham, UK

A Compact UWB Antenna with Band Notch Characteristic 284
Choi, Se-Hwan; Lee, Ho-Jun; Kim, Jong-Kyu;
Korea Electronics Technology Institute, Seongnam-si, South Korea

Impulse Signal Mathematical Analysis and Quasi-Rhomboid Antenna 
Design for Ultra Wideband Communication Systems 285
Thanormsuay, Sivilai; Thosdee, Phairat; Thongsopa, Chanchai;
King Mongkut’s University of Technology North Bangkok, Bangkok, Thailand

UWB - 06 – UWB - Modeling & Simulation #1

100 THz Broadband High Power Antennas – Results of Modeling and 
Antennas Future Applications 286
Podgorski, Andrew S.; Prather, William D.; Yakura, Susumu J.; MacGillivray, 
Jeff T.; Air Force Research Laboratory, Kirtland, NM, USA

Modeling of Broadband Antennas for Room Temperature  
Terahertz Detectors 287
Scheuring, Alexander; Türer, Ibrahim; Ribiere-Tharaud, Nicolas; Degardin, 
Annick; Kreisler, Alain; SUPELEC, Gif-sur-Yvette, France
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Modeling Broadband Antennas for Hot Electron Bolometers  
at Terahertz Frequencies 288
Türer, Ibrahim; Gaztelu, Txabi; Ribier-Tharaud, Nicolas; Degradin, Annick; 
Kreisler, Alain; SUPELEC, Gif-sur-Yvette, France

TLM Simulation of Wave Envelopes using Dynamic Phasors 289
Thomas, David; Paul, John; Christopoulos, Christos;
The University of Nottingham, Nottingham, UK

Enhancing the Resolution of Music Imaging Method by Choosing  
an Optimal Test Dipole Polarization 290
Zhong, Yu; Chen, Xudong;National University of Singapore, Singapore, 
Singapore

UWB - 07 – Conformal Time Domain Numerical Methods (Invited)

Numerical Evaluation of Energy Conservation of the Meshless Radial  
Point Interpolation Method for Time-Domain Electromagnetics 291
Kaufmann, Thomas; Fumeaux, Christophe; Vahldieck, Ruediger;
ETH Zurich, Zurich, Switzerland

Conformal Treatment of Finite-Volume Absorbing Boundaries for Time-
Domain Simulations 292
Baumann, Dirk; Fumeaux, Christophe; Kaufmann, Thomas; Vahldieck, 
Ruediger; Li, ErPing; ETH Zurich, Zurich, Switzerland

Time Domain Eigenmodal Analysis with the Finite Element Method 
Including a Surface Impedance Boundary Condition 293
Oswald, Benedikt; Leidenberger, Patrick;Paul Scherrer Institut, Villigen, 
Switzerland

Imaging of Distributed Objects in UWB Sensor Networks 294
Zetik, Rudolf; Thomä, Reiner;TU Ilmenau, Ilmenau, Germany

Time Domain Characterization of Asymptotic Conical Monopole 295
Singh, Dhiraj Kumar; Pande, D. C.;Electronics & Radar Development 
Establishment, Bangalore, India

A TDFEM Employed Temporal Second Order Lagrange Interpolation for 
Three-Dimensional EM Radiation Problems 296
Wu, Xia; Zhou, Lezhu;Beijing University, Beijing, China

The GIMLI : A Compact High-power UWB Radiation Source 297
Martin, Benoît; Delmote, Philippe;French-German Research Institute  
of Saint-Louis, Saint-Louis, France

Pulsed Power Design Considerations for a Prolate Spheroidal Impulse 
Radiating Antenna Intended for Biological Applications 298
Gaudet, John; Prather, William D.; Baum, Carl E.; Joshi, Ravindra; Xiao, 
Shu; Schoenbach, K. H.; Air Force Research Laboratory, Directed Energy 
Directorate, Kirtland, NM, USA
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UWB - 08 – UWB - Pulsed Power

Traveling-Wave Switches and Marx Generators 299
Baum, Carl E.; University of New Mexico, Albuquerque, NM, USA

The High Intensity Radiated Field Synthetic Environment  
Research Program 300
Flintoft, Ian; Peggy, Favier; Bertino, Ilario; Anastassiu, Hristos; Parmantier, 
Jean-Philippe; Girard, Christophe; Sarto, Sabrina; Bozzetti, Marco; Moreau, 
J-Patrick; Marvin, Andrew; L-up SAS, Paris, France

High Voltage and High PRF FID Pulse Generators of Nano-  
and Picosecond Range 301
Efanov, Vladimir; Efanov, Mikhail; Komashko, Alexander; Kriklenko, Alexander; 
Yarin, Pavel; Zazoulin, S. V.; FID GmbH, Burbach, Germany

Experimental and Theoretical Investigation of Directional Wideband 
Electromagnetic Pulse Photoemission Generator 302
Petrov, Petr; Afonin, Vasili; Zamuraev, D.O.; Zavolokov, E.V.; Kupyrin, N. V.; 
Lazarev, Yuri; Romanov, Yu. O.; Syrtsova, Yu. G.; Sorokin, I. A.; Tischenko, 
Alexander; Brukhnevich, Gehhady; Voronkova, N. P.; Pekarskaya, L. Z.; 
Belolipetskiy, V. S.; Institute of Technical Physics, Snezhinsk, Russia

Dynamic Parameters of the Dipole Layer Formed during Pulsed 
Photoemission Discharging of a Plane Vacuum Diode 303
Martynenko, Sergey; Bessarab, Alexander; Soldatov, Alexander; Solov’ev, 
Alexander; Terekhin, Vladimir; Terekhina, M. S.;
Russian Federal Nuclear Center, Sarov, Russia

Modeling for Interaction of the Rarefied Plasma Streams with a Surface of 
the Sensitive Elements in the Fiber-Optic Cables 304
Stupitsky, Evgeny E.; Kholodov, Alexander S.;Moscow Institute of Physic and 
Technology, Moscow, Russia

A Chopping-Peaking High Power Bipolar Pulse Former 305
Lei, Shi; Fan, Ya-Jun; Liu, Guo-Zhi; Zhu, Si-Tao; Zhou, Jin-Shan;  
Zhu, Yu-Feng; Liu, Sheng; Xia, Wen-Feng; Northwest Institute of Nuclear 
Technology, Xi’an, China

Model Synthesis of Resonant Units for Radiators of High-Power Short 
Radio Pulses 306
Shafalyuk, Olena; Velychko, Lyudmyla;AmberCore Software, Inc.,  
Kharkiv, Ukraine

UWB - 09 – UWB - Communications

A Long Range UWB Channel Sounding System Exploiting  
UWB over Fiber Technology 307
Kavadjikidis, Athanasios; Edwards, David; Stevens, Christopher;
University of Oxford, Oxford, UK
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UWB Antennas Integration Effects for Wireless Communications 
Applications 308
Mellah, M. Amine; Roblin, Christophe; Sibille, Alain;
Ecole Nationale Supérieure de Techniques Avancées (ENSTA), Paris, France

Bit Error Rate of a Non-ideal Impulse Radio System 309
Timmermann, Jens; Pancera, Elena; Walk, Philipp; Wiesbeck, Werner;  
Zwick, Thomas; University of Karlsruhe, Karlsruhe, Germany

Requirements of Preselect Filter and Front-End Linearity for Low-Power 
UWB Systems Operating in a ‘Worst Case’ Interference Scenario 310
Lauer, Oliver; Barras, David; Vahldieck, Ruediger; Jäckel, Heinz;  
Fröhlich, Jürg; ETH Zürich, Zurich, Switzerland

UWB - 10 – UWB - Modeling & Simulation #2

A New Compact Coplanar Defected Ground Structure (DGS)  
Low-Pass Filter 311
Batmanov, Anatoliy; Boutejdar, Ahmed; Omar, Abbas; Burte, Edmund;
University of Madeburg, Magdeburg, Germany

A Fast Algorithm to Solve the Half-Space Inverse Scattering Problem 
Involving Small Scatterers 312
Chen, Xudong; National University of Singapore, Singapore, Singapore

A Miniature 3.1-GHz Microstrip Bandpass Filter with A Suppression of 
Spurious Harmonic Using Multilayer-Technique and Defected Ground 
Structure Open Loop-Ring (DGS) 313
Boutejdar, Ahmed; Omar, Abbas;University of Madeburg, Magdeburg, Germany

A Novel High Miniaturized Semi-Fractal Branch-Line Coupler using 
Loaded Coupled Transmission-Lines 314
Nosrati, Mehdi; Fealy, Mohhamad Saeed;Ilam Azad University, Ilam, Iran

Bandwidth Enhancement and Further Size Reduction of a Class of 
Miniaturized Elliptic-Function Low-Pass Filter 315
Nosrati, Mehdi; Abbaspour, Siavash; Najafi, Ayat;
Ilam Azad University, Ilam, Iran

UWB - 11 – UWB - Wavelets & Multi Resolution Algorithms

UWB Detection of a Scattering Object inside a  
Non-Homogeneous Region 316
Buccella, Concettina; De Santis, Valerio; Feliziani, Mauro;
University of L’Aquila, L’Aquila, Italy

Characterization of Default in Power Network Using Wavelet Transform 317
Harrat, Haroun; Nekhoul, Bachir; Kaouche, Senaa; Kerroum, Kamal; El-
Khamlichi Drissi, Khalil; Jijel University, Jijel, Algeria

Artificial Neural Network Application for Digital Image Processing 318
Spitsyn, Vladimir; Tsoy, Yuri;Tomsk Polytechnic University, Tomsk, Russia
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UWB - 12 – UWB - Propagation

Ultrawideband Electromagnetic Pulse Propagation in a  
Double-Resonance Lorentz Model Dielectric 319
Oughstun, Kurt; University of Vermont, Burlington, VT, USA

Analysis of an Ultra Wide and Impulse Radio over Multimode Fiber 
Ranging System with Experimental Validation 320
George, Jacob; Thelen, Dean; Chamarti, Aravind; Ng’oma, Anthony;  
Sauer, Michael; Corning Incorporated, Corning, NY, USA

Impulse Response of the Convex Objects Placed Very  
Close to Each Other 321
Górniak, Piotr; Bandurski, Wojciech;Poznan University of Technology,  
Poznań, Poland

Adaptive Turbo Equalization Scheme for Wireless ISI Channel 322
Kundu, Anindya; Ghosh, Soham; Sarkar, Binay Kumar; Chakrabarty, Ajay;
Indian Institute of Technology, Kharagpur, India

Ultra Wideband Propagation Loss Around a Human Body in Various 
Surrounding Environments 323
Yamamoto, Hironobu; Kobayashi, Takehiko;Tokyo Denki University, Tokyo, 
Japan

Modeling of Electromagnetic Waves Propagation in the Flows of  
Turbulent Plasma Inhomogeneities 324
Spitsyn, Vladimir; Fedotov, Ilya;Tomsk Polytechnic University, Tomsk, Russia

UWB - 13 – UWB Wire, Plate and Aperture Antennas

Ultra - Wide Band Box Shaped Loaded Monopole Antenna 325
Zivkovic, Irena; HES-SO Valis, Sion, Switzerland

Investigation on the Phase Centre of Ultra Wideband Monopole  
Antennas with Band-Stop Functions 326
Mohamed, Abdelhalim; Shafai, Lotfollah;University of Manitoba,  
Winnipeg, Manitoba, Canada

Low Impedance Bowtie Antenna 327
Henriquez, Stanley; Litz, Marc; Miletta, Joseph; Burns, David;
Army Research Laboratory, Adelphi, MD, USA

Development of a Textile Impulse Radiating Antenna 328
Koch, Michael; Thye, Holger; Sabath, Frank;
University of Hannover, Hannover, Germany

Improvements to the Time-Domain Response of the  
Double-Ridged Horn 329
McLean, James; Sutton, Robert;TDK R&D Corp., Cedar Park, TX, USA

A Compact TEM Horn 330
Malherbe, Johannes; University of Pretoria, Pretoria, South Africa
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The Folded Horn Antenna 331
Farr, Everett; Bowen, Leland; Baum, Carl E.; Prather, William D.;Farr 
Research, Inc., Albuquerque, NM, USA

A Slotline Antenna Using a Taper Based on a Bessel Function 332
Saed, Mohammad; Texas Tech University, Lubbock, TX, USA

Design And Experiment Of High Power Ultra-Wide Band Dual-Pulse 
Radiating Antenna 333
Zhu, Si-Tao; Liu, Guo-Zhi; Yi, Chao-Long; Song, Xiao-Xin; Fan, Ya-Jun;  
Shi, Lei; Xia, Wen-Feng; Zhu, Yu-Feng; Northwest Institute of Nuclear 
Technology, Xi’an, China

UWB - 14 – UWB for Medical Imaging and Sensing (Invited)

Advanced Imaging by Space-Time Deconvolution in Array GPR 334
Savelyev, Timofey; van Tol, Niels; Yarovoy, Alexander; Ligthart, Leo;
Delft University of Technology, Delft, Netherlands

Human Being Imaging with Low-Frequency UWB Radar 335
Yarovoy, Alexander; Zhuge, Xiadong; Savelyev, Timofey; Matuzas, Johas; 
Levitas, Boris; Delft University of Technology, Delft, Netherlands

449 does not correspond with this 336

Measuring the Human Body Impulse Response with UWB Radar 336
Tan, Adrian. E. C.; Chan, Kevin. K. M; Chia, Michael. Y. W.Institute for 
infocomm Research, Singapore, Singapore

Ultrawideband Microwave Imaging via MUISC for Breast  
Cancer Detection 337
Chen, Xudong; National University of Singapore, Singapore, Singapore

UXO-TID - 1 – Underground & Subsurface

Design of Compact Tunable Band-Pass Filter Using J- Inverter and  
Quasi-Fractal Defected Ground Structure (DGS) 338
Boutejdar, Ahmed; Batmanov, Anatoliy; Elsherbini, A; Omar, Abbas; Burte, 
Edmund; University of Magdeburg, Magdeburg, Germany

Transient Field Phenomena in a Debye Medium with Static Conductivity 339
Cartwright, Natalie A.; Oughstun, Kurt;State University of New York,  
New Paltz, NY, USA

A Robot-Mounted Electromagnetic Induction Sensor for a Rapid 
Identification of an Unexploded Ordnance (UXO)-Free Corridor 340
Riggs, Lioyd; Bennett, Jay;Auburn University, Auburn, AL, USA

Radar Clutter Modeling and Signal Processing Chain Simulation 341
Gour, Saroj Kumar; Duvvuri, Seshagiri; A, Vengadarajan; Paramata, 
Radhakrishna; LRDE, Bangalore, India
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UXO-TID - 2 – Target  Detection & Sensor Technologies

Developments in Electromagnetic Methods for Tripwire Detection 342
Carter, Lawrence; Jayalath, Sumudu; Edwin, Richard;
University of Auckland, Auckland, New Zealand

An Overview of New Technology, Dielectric,  
Electromagnetic Field Sensors 343
Harrison, Michael; Wu, Dong Ho; Wieting, Terence; Forber, Richard; Yang, 
Kyoung; USAF Research Laboratory, Kirtland, NM, USA

Implementing a Complex Frequency Shifted PML for Finite-Difference 
Time-Domain Simulation using a Simple Recursive  
Integration Approach 344
Giannopoulos, Antonios; The University of Edinburgh, Edinburgh, UK

Success Case Studies & Technology Transfer Bottlenecks in  
Humanitarian De-mining EU-funded Research: Examples from  
the EC DELVE Project 345
Bruschini, Claudio; Sahli, Hichem; Kempen, Luc Van; Schleijpen, Ric;  
Breejen, Eric den;  CBR Scientific Consulting, Lausanne, Switzerland

TUTORIAL #1

Information Theory and Electromagnetism: Are They Related? 347
Loyka, Sergey; Mosig, Juan Ramon;University of Ottawa, Ottawa, Canada

TUTORIAL #2

High Frequency Grounding: Modeling and Design 348
Grcev, Leonid; University of Skopje, Skopje, Macedonia
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Development of Electron Beam Focusing Magnet in High Power  
Klystron Amplifier 349
Sohn, Younguk; Hong , Man Soo; Nam, Sang Hoon; Kim, Seungh Wan;  
Park, Yong-Jung; Park, Soung-Soo; Park, Sang Duk; Kim, Jeong Ho; Han, Jae 
Eun; Park, Soo Young; Shin, Jin Woo; So, Jun Ho; Jang, Won;
Pohang Accelerator Lab, Kyungbuk, Korea

Short Transmission Lines - Lightning Induced Overvoltage 350
Kusala, Jiri; Suchy, Lubos;VTUPV, Vyskov, Czech Republic

Fabrication of Multi-Scale Triangular Patch High Impedance Ground 
Planes to Improve the Bandwidth of Conformal Bow-Tie Antennas 351
Cakiroglu, Bora; Collins, Peter; Havrilla, Michael; Sertel, Kubilay;  
Terzuoli, Andrew; Air Force Institute of Technology, Dayton, OH, USA

Electromagnetic Threat for Soldiers, Assessment with  
Numerical Dosimetry 352
Suchy, Lubos; Palisek, Libor;VOP-026 Sternberk, s.p., Vyskov, Czech Republic

The Requirement of Surge Immunity Test in IEC Standard 353
Ngampradit, Vitthawat; Center of Excellence in Electrical Power Technology, 
Bangkok, Thailand

Dielectric Properties Influence over Shielding Capability for  
Chiral Honeycombs 354
Damian, Radu Florin; Ciobanu, Romeo Cristian; David, Valeriu;
«Gh. Asachi» Technical University, Iasi, Romania

Numerical Computation of Temperature Increase in Pregnant Woman 
Model Induced by Electromagnetic Absorption of MRI System 355
Kikuchi, Satoru; Saito, Kazuyuki; Takahashi, Masaharu; Ito, Koichi;  
Ikehira, Hiroo;
Chiba University, Chiba, Japan

Information Communication Society due to High-Power  
Electromagnetics 356
Sekiguchi, Hidenori; Seto, Shinji;National Institute of Information and 
Communications Technology, Tokyo, Japan

Consideration of the Sensors Gain-Phase Characteristics in High  
Resolution Image Reconstruction Devices 357
Zaridze, Revaz; Kakulia, David; Tabatadze, Vasili; Mazmanov, Dimitri; 
Saparishvili, Gia; Uzunoglou, N.; Tbilisi State University, Tbilisi, Georgia

Microwave Antenna with Thermo Sensor for Intracavitary Thermal 
Therapy of Bile Duct Carcinoma 358
Saito, Kazuyuki; Kamimura, Takayoshi; Takahashi, Masaharu; Ito, Koichi;
Chiba University, Chiba, Japan
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Comparative Study Regarding the Accuracy of the Measurements 
Performed with Frequency Selective Systems in the Case of SDR  
Emitting Sources 359
Bechet, Paul; Bouleanu, Iulian; Miclaus, Simona; Mitran, Radu; Helbet, Robert;
Land Forces Academy, Sibiu, Romania

Lacunarity of Rough Surfaces from the Wavelet Analysis of 
Scattering Data 360
Poirier, Jean-René; Aubert, Hervé;LAME-ENSEEIT, Toulouse, France

Controllable Broadband Hall Element for Measuring Pulsed and DC 
Magnetic Fields in the Temperature Range from  
Liquid Helium to 600 K 361
Mikhail, Baranochnikov; Leonov, Alexey; Mokrushin, Anatoliy; Mordkovich, 
Victor; Pazhin, D. M.; Omelianovskaya, N. M.; Filatov, Mikhail;
Russian Academia of Sciences, Chernogolovka, Russia

Ultra-Wideband Pulse Generator with a Radial Forming Line 362
Baldygin, Vitaly; Lisitsyn, Vladislav; Nikiforov, Mikhail;
Research-and-production enterprise ERA, Moscow, Russia

High Power and Sub-nanosecond Pulsed Power Systems Based on  
Solid-State Technology for High Power EMC Testing 363
Jeong, Young-Kyung; Lee, Moon-Que; Youn, Dong-Gi;
University of Seoul, Seoul, South Korea

Axially-Symmetrical Radiators: Widening the Scope of Operation of 
Structurally Simple Elements and Units 364
Sirenko, Kostyantyn; Granet, Gérard;Usikov Institute of Radiophysics and 
Electronics, Kharkov, Ukraine

Physical Model for Effects of Microwaves on Nucleoids in Living Cells:  
Role of Carrier Frequency, Modulation and Static Magnetic Field 365
Matronchik, Alexey; Belyaev, Igor;Moscow Engineering Physics Institute, 
Moscow, Russia

UWB Signals with Fractal Spectra 366
Bolotov, Valeriy; Karazin National University, Kharkov, Ukraine

A Novel Star-Shaped Monopole Antenna for UWB Communication 367
Huang, Guo-Luan; Lu, Jui-Han; Hsiao, Hai-Ming;
National Kaohsiung Marine University, Kaohsiung, Taiwan
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Characterization of Effects of Mobile Phone Radiations on the  
Nematode Caenorhabditis Elegans as a Model Organism 368
Haldimann, Pierre; Muriset, Maude; Zweiacker, Pierre; Rachidi, Farhad; 
Goloubinoff, Pierre; University of Lausanne (UNIL), Lausanne, Switzerland

UWB Rep-Rate Effectiveness 369
Palisek, Libor; Kusala, Jiri;VTUPV, Vyskov, Czech Republic

Localized Thermal Effects in Electromagnetic Shielding  
Applications of Auxetic Materials 370
Damian, Radu Florin; Ciobanu, Romeo Cristian; David, Valeriu;
«Gh. Asachi» Technical University, Iasi, Romania

High Power Microwave Studies at CEA/CESTA from Single Shot 371
Gardelle, Jacques; Modin, Patrick; Courtois, Laurent; Silvestre de Ferron, 
Antoine; Voisin, Luc; CEA/CESTA, Le Barp, France

Powerful Relativistic Microwave Generators Based on Backward Wave 
Oscillator with a Modulating Resonance Reflector 372
Totmeninov, Evgeny; Rostov, Vladislav; Yalandin, Michail; 
Russian Academy of Sciences, Tomsk, Russia

Injection of Short Electromagnetic Pulses in Plasma Across the  
External Magnetic Field 373
Krasovitskiy, Valery; Turikov, Valery; Sotnikov, Vladimir ;
Keldish Institute of Applied Mathematics, Moscow, Russia

Rigorous Full-Wave Analysis of Shielding Effect in Asymmetric  
Unilateral Structures for MMICs Applications 374
Khodja, Abdelhamid; Tounsi, Mohamed Lamine; Touhami, Rachida;  
Yagoub, Mustapha C. E.; Baudrand, Henry;
U.S.T.H.B University, Algiers, Algeria

High-Voltage Improvement of the Valentine Antenna for  
Ultra-Wideband Applications 375
Cadilhon, Baptiste; Pécastaing, Laurent; Andrieu, Joël; Vauchamp, Stéphane; 
Lalande, Michèle;
Pau University, Pau, France

Simulation of Improved Bandwidth Conformal Bow-Tie Antennas Printed 
on Multi-scale Triangular-Patch High-Impedance Ground Planes 376
Dogrul, Murat; Collins, Peter; Saville, Michael; Sertel, Kubilay; Terzuoli, 
Andrew; Air Force Institute of Technology, Dayton, OH, USA

Dosimetric-Biophysical Approach for the Assessment of the Influence of 
Low-Level RF-EMF on Plants Developed from Exposed Seeds 377
Miclaus, Simona; Racuciu, Mihaela ; Morega, Mihaela;
«Lucian Blaga» University, Sibiu, Romania
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Ultra-Low Voltage OpAmp with High EMI Immunity 378
Richelli, Anna; University of Brescia, Brescia, Italy

Proximity Tolerant, Electrically Small Antenna for Wireless Sensor 
Networks and Global Positioning Systems 379
Fikar, Stefan; Bogenberger, Richard; Scholtz, Arpad L.;
BMW Group Research and Technology, Munich, Germany

Comparison of the Computational Performances of Two Numerical 
Methods to Compute 2D Current Distribution in Superconductors 380
Sirois, Frederic; Roy, Francois; Dutoit, Bertrand;
Ecole polytechnique de Montreal, Montreal, Canada

A Tapered Leaky Wave Antennas and its Diverging-Focusing Properties 381
Losito, Onofrio; University of Salento, Lecce, Italy

3D Inductivity Computation On-Chip 382
Racasan, Claudia; Topa, Vasile; Racasan, Adina; Munteanu, Calin;  
Antonescu, Oana; Technical University of Cluj-Napoca,  
Cluj-Napoca, Romania

Local Impedance Properties in the Near Field of Linear Arrays 383
Wojcik, Dariusz; Silesian University of Technology, Gliwice, Poland

Study of Electromagnetic Interferences Between AC Systems  
and Metallic Structures 384
Stet, Denisa; Micu, Dan Doru; Ceclan, Andrei; Darabant, Laura;
Technical University of Cluj-Napoca, Cluj-Napoca, Romania

Numerical Analysis of Small Slotted Ultra Wideband Antenna Based  
on Current Distribution for Bandwidth Enhancement 385
Naumar, Yusnita Rahayu; Rahman, Tharek Abdul; Ngah, Razali; Hall, Peter S.;
Universiti Teknologi Malaysia, Johor Bahru, Malaysia

Characteristics of Preliminary Breakdown Pulse Trains in Negative  
Cloud-to-Ground Discharges 386
Nag, Amitabh; Rakov, Vladimir A.;University of Florida,  
Gainesville, FL, USA
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Surge Analysis of Twisted Pair in Conducting Tube by  
Method of Moment 387
Kato, Shohei; Toyo University, Kawagoe, Japan

Magnetic Field Measurement Means for Electromagnetic  
Environments Control 388
Siniy, Leonid; Filatov, M.; Goncharov, V.; Ksenofontov, V.; Molochkov, V.;
Research Institute of Palse Technique, Moscow, Russia

Realization of UWB-beamforming with a Rotman-Lens at  
Low UHF Frequencies 389
Lambrecht, Andreas; Zwick, Thomas; Wiesbeck, Werner; Schmitz, Juergen;  
Jung, Markus; niversität Karlsruhe (TH), Karlsruhe, Germany

Optimizing the Positioning of MIMO & SISO Systems in Indoor 
Environments 390
Bechet, Paul; Neagu, Ana; Bouleanu, Iulian; Helbet, Robert; Hangan, Alina;
Land Forces Academy, Sibiu, Romania

Electromagnetic Fields Radiated by Negative Lightning using an  
Electrical Network Model 391
Rakotonandrasana, Jean - Hubert; Beroual, Abderrahmane; 
Ecole centrale de Lyon, Lyon, France

Radar UWB: Human Detection through a Wall 392
Liebe, Christophe; Gaugue, Alain; Khamlichi, Jamal; Ménard, Michel;
Université de La Rochelle, La Rochelle, France

Ultra Wideband Low Profile Single-Arm Spiral Antenna using 
Electromagnetic Bandgap Structures 393
Saed, Mohammad; Texas Tech University, Lubbock, TX, USA

RF Breakdown Prediction for Microwave Passive Components in  
Multi-Carrier Operation 394
Anza, Sergio; Mattes, Michael; Armendariz, Jaime;  Gil, Jordi;  
Vicente, Carlos; Gimeno, B.; Boria, V. E.; Mosig, J. R.; Raboso, D.; 
Aurora Software and Testing, Paterna, Spain

A Simple Analytical Model of Metal Foams for EM  
Shielding Applications 395
Losito, Onofrio; Losito, Onofrio;University of Salento, Bari, Italy

Electromagnetic Modeling of Integrated L-C Structures for  
EMI Filters Implementation 396
Racasan, Adina; 
Munteanu, Calin; Topa, Vasile; Racasan, Claudia; Plesa, Mihaela;
Technical University of Cluj-Napoca, Cluj-Napoca, Romania
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Time Response Estimation Algorithm using AWE Method and Robust 
Rational Interpolation Technique 397
Surma, Maciej; Silesian University of Technology, Gliwice, Poland

Transition Radiation of Non-Relativistic Electron Bunches 398
Bolotov, Valeriy; Kononenko, Sergei; Muratov, Volodimir; Fedorchenko, 
Volodimir; Karazin National University, Kharkov, Ukraine

Analysis of Anisotropic Microwave Circuits with Several Metalized 
Interfaces 399
Boularak, Chafik; Tounsi, M. L.; Khodja, A. ; Touhami, R.; Yagoub, M. C. E.;
U.S.T.H.B University, Algiers, Algeria

A Mesoband Dipole Antenna for High Power Spark Gap  
Switched Oscillator 400
Lee, Sang Heun; Yoon, Young Joong; Heo, Hoon; Nam, Sang Hoon; Lee, 
Woosang; Choi, D. W.; Yonsei University, Seoul, Korea

Prediction of EMP Effects on IC Components Using the BLT Equation 401
Han, Seung-Moon; Hwang, Sun-Mook; Huh, Chang-Su; Huh, Uk-Youl;  
Choi, Jin-Soo;
Inha University, Inchon, South Korea

The Susceptibility of CMOS IC Devices to High Power  
Microwave by Magnetron 402
Il Hong, Joo; Hwang, Sun Mook; Huh, Chang Su; Huh, Uk Youl;  
Choi, Jin Soo; University of Inha, Incheon, Korea

Shields for Special Buildings Based on Chiral-Honeycomb Structures 403
David, Valeriu; Nica, Ionut; Ciobanu, Romeo; Damian, Radu;
Technical University of Iasi, Iasi, Romania

Implanted Antenna for Biomedical Sensors 404
Merli, Francesco; Bolomey, Léandre; Meurville, Eric; Skrivervik, Anja;
Laboratory of Electromagnetics and Acoustics, LEMA, Lausanne, Switzerland

Positive and Bipolar Lightning in Florida 405
Nag, Amitabh; Rakov, Vladimir A.; Tsalikis, Dimitris;
University of Florida, Gainesville, FL, USA
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Nature Inspired Optimization Techniques in Engineering: 
Let Darwin and the bees help improve your designs 

Yahya Rahmat-Samii 
Northrop-Grumman Professor in Electromagnetics 

Department of Electrical Engineering 
University of California, Los Angeles, USA

E-mail: rahmat@ee.ucla.edu
Web: http://www.antlab.ee.ucla.edu

Engineers are constantly challenged with the temptation to search for optimum solutions for complex 
engineering system designs. The ever increasing advances in computational power have fueled this temptation.  
The well-known brute force design methodologies are systematically being replaced by the state-of-the-art 
Evolutionary Optimization (EO) techniques. In recent years, EO techniques are finding growing applications to 
the design of all kind of systems with increasing complexity. Among various EO’s, nature inspired techniques 
such as Genetic Algorithms (GA) and Particle Swarm Optimization (PSO) have attracted considerable attention.  
GA utilizes an optimization methodology which allows a global search of the cost surface via the mechanism of 
the statistical random processes dictated by the Darwinian evolutionary concept (adaptation, selection, 
survivability and mutation). PSO is a robust stochastic evolutionary computation technique based on the 
movement and intelligence of swarms of bees looking for the most fertile feeding location applying their 
cognitive and social knowledge.  This key-note presentation will focus on: (a) an engineering introduction to GA 
and PSO by describing in a unique fashion the underlying concepts and recent advances for those who have used 
these techniques and for those who have not had any experiences in these areas, (b) discussions on multi-
objective optimizations  with real, binary and hybrid parameterizations, (c) demonstration of the potential 
applications of GAs and PSO’s to a variety of engineering designs including antennas for remote sensing and 
satellite communication applications, arrays for radio astronomy imaging, multi-band, wideband and UWB 
antenna designs in personal communications, design of electromagnetic and photonic bandgap (EBG & PBG) 
structures, etc, and (d) assessment of the advantages and the limitations of these techniques.  

Biography: 

Yahya Rahmat-Samii is a Distinguished Professor, holder of the Northrop-Grumman Chair in electromagnetics and the past 
chairman of the Electrical Engineering Department at the University of California, Los Angeles (UCLA). Before joining 
UCLA in 1989, he was a Senior Research Scientist at NASA's Jet Propulsion Laboratory. Dr. Rahmat-Samii was the 1995 
President of IEEE Antennas and Propagation Society. Dr. Rahmat-Samii was elected as a Fellow of IEEE in 1985. Dr. 
Rahmat-Samii has received numerous awards, including the 1992 and 1995 IEEE AP-S Wheeler Best Application Prize 
Paper Award, 1999 University of Illinois ECE Distinguished Alumni Award, IEEE Third Millennium Medal, and 
AMTA’2000 Distinguished Achievement Award. In 2001, Rahmat-Samii was the recipient of an Honorary Doctorate in 
Physics from the University of Santiago de Compostela, Spain. In 2001, he was elected as a Foreign Member of the Royal 
Flemish Academy of Belgium for Science and the Arts.  In 2002, he received the Technical Excellence Award from JPL and 
in 2005 he was the recipient of the URSI Booker Gold Medal. He is the recipient of the 2007 Chen-To Tai Distinguished 
Educator Award of the IEEE Antennas and Propagation Society. In 2008, Prof. Rahmat-Samii was elected to the membership 
of the US National Academy of Engineering. Prof. Rahmat-Samii is the designer of the IEEE AP-S logo which is displayed 
on all IEEE AP-S publications. 
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Electromagnetic Terrorism and Potential Infrastructure Failures 

I. Kohlberg1, C. E. Baum2, and D. V. Giri3

1Kohlberg Associates Inc, Reston, Virginia, USA 
2University of New Mexico, Albuquerque, New Mexico, USA 

3Pro-Tech, Alamo, California, USA and University of New Mexico, Albuquerque, New Mexico, USA 
E-mail: ira.kohlberg@gmail.com 

In the 21st century much of the industrialized world will be faced with maintaining the health and welfare of its 
interconnected infrastructures against electromagnetic terrorism using High-Power Electromagnetic weapons and 
the electromagnetic field created by detonating a High Altitude Nuclear Weapon—the HEMP threat. 
Traditionally, we tend to think of HPM weapons being applied locally, and the HEMP threat being applied on a 
national or sub-national basis. The creation of large real-time information-dependent networks used by 
industrialized countries allows terrorists the opportunity to attack coupled infrastructure and also produce large 
scale cascading failures. New system level approaches, fortified with technology based on EMC techniques are 
required to meet these challenges. These issues have recently been studied in detail in the USA by a 
Congressionally Mandated EMP Commission chaired by Dr. William Graham. This commission addressed the 
consequences of a terrorist nuclear-induced high altitude electromagnetic pulse (HEMP) attack against the USA. 
Studies revealed that large systems can be susceptible to HEMP and that when infrastructures are coupled in 
such a way that the control of each one depends on the state of the other, new control paradigms may be 
necessary to insure survivability. Innovative operational policies combined with novel theoretical techniques that 
quantify the resilience of interacting infrastructure components in the ambient state and dynamically assess the 
situation and provide the allocation of resources to optimize the response in the perturbed states are required. In 
this paper we examine: (1) the use of system theory to assess the effect of coupling between the Electric Power 
Grid (EPG) and the Public Data Network (PDN) under a terrorist attack, and (2) propose a new paradigm for 
survivability—an infrastructure under attack be modeled as a random graph, and that connectedness—the ability 
to support a network spanning cluster, be a measure of its ability to resist insult. The consequences of these 
viewpoints are explored. 
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Some Recent Work on Intentional EMI in Sweden 

M.  Bäckström1, R. Thottappillil2, D. Månsson2, R. Montano3, O. Lundén4,   T. Nilsson1

1Saab Communication, SE-581 88 Linköping, Sweden
     2Uppsala University, Division for Electricity, EMC Group, Box 534, SE-751 21 Uppsala, Sweden

3High Voltage Valley, Box 832, SE-771 28 Ludvika, Sweden
4Swedish defence Research agency FOI , Box1165,  SE-581 11 Linköping, Sweden

E-mail: mats.backstrom@saabgroup.com 

Our society is rapidly becoming more and more dependent on electrical and electronic systems. This applies also 
to systems crucial for basic functions of the society, such as electric power transmission, medical care, 
telecommunications, transportation, banking and finance, food and water supply, emergency services and 
decision making. This heavy reliance on electronics, also in safety-critical applications, brings the question of its 
robustness against Intentional Electromagnetic Interference (IEMI) into focus. Of special interest is the rapidly 
spreading use of new types of wireless systems since these are easy to interfere with and difficult to protect.  

One reason why the IEMI threat against civil systems has to be taken in all seriousness is that the perpetrator 
may come close to the system under attack. If so, the terrorist does not need access to military RF weapons; it 
will suffice to get hold of e.g. a radar transmitter or even simple “home-built” devices [1]. Another reason is that 
most civil equipment lack immunity requirements against these threat levels. There seems to be only one major 
exemption to this, namely civil aircraft, since these are built to withstand the harsh radar environment at airports.  

While IEMI threats have been recognized for decades by the military, in later years also the threat against civil 
systems has got an increased attention. This is reflected also in Sweden where research into the civil aspects of 
IEMI has been carried out within the defence sector since the late 1990’s. Quite recently, an area of research 
dealing with the threat of IEMI specifically directed against transmission and distribution of electric power has 
been established at a Swedish civilian research centre called High Voltage Valley (HVV). This, and related 
initiatives, hopefully means that civil funding can compensate for reductions within the defence sector. 

Activities at HVV started in 2006 with a pre-study for Vinnova [2]. It joined stakeholders in IEMI and in power 
transmission and distribution. Risk areas were identified and key research areas formulated for protecting vital 
power system facilities against IEMI. The project included seven work packages, such as Likely response of 
Swedish power grid in the event of HEMP, Most critical facilities for HPEM/Jamming attack, Development of 
surveillance technologies for critical facilities and Contingency plan in the event of a successful attack The first 
major research program is a 1.1 MEuro EU project Assessment and mitigation of risk for disabling control 
centres of large power networks by intentional radiofrequency interference, planned to start in spring 2008. 

In the EMC group at the Division of Electricity, Uppsala University, research on IEMI has been carried out since 
2004. The research has been supported in part by the Swedish Rail Administration (Banverket) and by the 
Swedish Emergency Management Agency (KBM). The research include EMC surveys of railway facilities, 
propagation of transients into facilities, susceptibility of systems of the European Rail Traffic Management 
System (ERTMS) [3], susceptibility of COTS equipment and classification of vulnerability of civilian facilities.   

Within the defence sector substantial studies on EM effects, funded by the Swedish Armed Forces, have been 
carried out by FOI and FMV during many years, including also civil systems [1]. At FOI quite extensive studies 
on susceptibility of low noise amplifiers, as well as studies on GPS, WLAN and wireless camera have been 
published in later years [4]. The studies have included aspects of both interference and permanent damage. 

References  
1. M. G. Bäckström, K. G. Lövstrand, ”Susceptibility of Electronic Systems to High-Power Microwaves: Summary of 

Test Experiences”, IEEE Transactions on Electromagnetic Compatibility, Vol. 46, No. 3, August 2004, pp. 396 – 403. 
2. “Electromagnetic Terrorism – Power Transmission and Distribution system Response and Immunity”, June 2007, 

Vinnova grant 2006-02499, High Voltage Valley, Box 832, SE-771 28 Ludvika, Sweden. Restricted distribution. 
3. D. Månsson, R. Thottappillil, M. Bäckström, O. Lundén “Vulnerability of European Rail Traffic Management System 

to Radiated Intentional EMI”, accepted for publication in IEEE Trans. on EMC, February 2008. 
4. M. Höijer et al., “Final Report: HPM–skyddsmetoder för NBF”, FOI Report FOI-R—2127—SE, February 2007. 

Swedish Defence Research Agency FOI, Sensor Technology, Box 1165, SE-581 11 Linköping, Sweden, www.foi.se. 
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HPEM Activities at the International Scientific and Technical Center 
(ISTC Moscow) 

V.A. Terekhin1, W.A. Radasky21

1Russian Federal Nuclear Center – All-Russia Scientific Research Institute of Experimental Physics, 
Sarov, Russia 

2Metatech Corporation, Goleta, USA
E-mail: terekhin@vniief.ru 

The paper contains a review of results of some International Scientific and Technical Center (ISTC) projects 
have been performed by VNIIEF EMP group with Metatech Corp collaboration and ISTC financial supporting. 
The projects dealing with HPEM problems have been carried out during 1996-2008. The list of considered topics 
is following: 

1. Theoretical Study Generation and Propagation of Intense High-Power Electromagnetic Pulse in Atmosphere 
and Ionosphere Including Nonstationary, Nonlinear and Kinetic Effects (ISTC Projects #311 and 2210). 

2.  Generation Ultra-Wideband Electromagnetic Pulse from Faster-than-Light Sources (ISTC Project #1158) 
3. Development of Mobile Simulator of Positive Lightning Current Effect on the Grounded Objects (ISTC 

Project #3161). 
4. Theoretical Study of Super – Alfvenic Plasma Flow with Anisotropic Electron Velocity Distribution (ISTC 

Projects #310, 1704 and 2104). 
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An Overview of the Research on High-power Electromagnetics in China 

Lihua  Shi 
Nanjing Engineering Institute,Nanjing , China

E-mail: shilh@jlonline.com 

The research on high-power electromagnetics(HPEM) has received great attention in China in resent years. 
Based on a brief survey of the published papers in academic journals in Chinese language, this paper gives an 
overview of the main research directions and some progresses of China in HPEM.  High-power 
microwave(HPM), ultra wide-band(UWB) pulse, high-altitude nuclear electromagnetic pulse(HEMP) and 
lightning electromagnetic pulse(LEMP) are four types of HPEM environment mostly concerned with in the 
literatures. The coupling analysis method, interference effect, experiment facility and standardization aspects are 
summarized and introduced.  
(1) Experimental research. The sensitivity experiment covers typical computer system, data acquisition board, 

individual circuit component, small personal electronic devices and some commonly used electro-explosive 
devices. One general result is that the faster the leading edge of the disturbance field, the serious the 
interference effect. Compared to radiation interference, conductive disturbance attracts more and more 
attention recently. Besides experiments on electronic equipments, biological effects of HPEM have also 
been tested. 

(2) Computational simulation and verification. FDTD method is the commonly used method in analyzing the 
coupling of cables and structures for short pulses. Several native visualization software systems have been 
developed. Some methods to reduce the dimension, to save the memory or to enhance the accuracy in FDTD 
calculation are proposed. Transmission line model is also used as a simple method to evaluate cable 
coupling. Some experiments were carried to study the coupling of cables and the tested and calculated 
results verified each other. 

(3) Test and measurement facilities. Several HEMP simulators and some other HPEM test methods are 
introduced. Artificially trigged lightning has also been carried each year to gather experimental data of 
LEMP and to verify protection effects. The present situation of the measurement systems is also overviewed.  

(4) Standardization. Compared to IEC’s standardization process, China’s national standards on HPEM is not 
very completed. One main trend in resent years is that although there is no official compulsory request,  it 
seems most of the test labs begin to pay attention on the measurement uncertainty. Some comparative 
calibration has been initiated between different labs. 

References 
1. High Power Laser and Particle Beams.1997-2007 
2. High Voltage Engineering.1997-2007 
3. Chinese Journal of Radio Science. 1997-2007 
4. Journal of Microwaves. 1997-2007. 



6

Pl
en

ar
y

EUROEM 2008, European Electromagnetics

Detection Technologies and Systems for Humanitarian Demining: An 
Overview Based on the GICHD Guidebook 

C. Bruschini1, H. Sahli2

1CBR Scientific Consulting, Lausanne, Switzerland
     2Vrije Universiteit Brussel, Dept. of Electronics and Information Processing, Brussels, Belgium

E-mail: Claudio.Bruschini@epfl.ch 

Over the last 10-15 years considerable funding and effort has been invested worldwide in order to develop new 
technologies for Humanitarian Demining (HD). Some of the most notable developments which have taken place 
in HD sensing related R&D during this period include: (i) a shift from a focus on the individual sensor as a 
solution towards the individual sensor as part of a set of tools, (ii) an increased emphasis on area reduction and 
the detection of minefield indicators rather than individual mines, (iii) an increased emphasis on trace explosive 
detection, (iv) the gaining of importance of systematic test and evaluation (in particular via ITEP). 

A host of physical principles – electromagnetic-based systems (metal detectors, GPR), trace explosive detection, 
bulk detection systems, remote sensing, etc. – have been investigated for landmine detection as well as area 
reduction. They are described, for example, in the GICHD Guidebook on Detection Technologies and 
Systems for Humanitarian Demining [1,2], together with the corresponding technologies and systems and their 
estimated technology readiness. The Guidebook can be ordered free of charge from the GICHD Website. 

It is however fair to say that the mine action community as a whole was often not satisfied with the situation. 
Indeed, “the delivery to deminers of new tools and equipment […] has not met early expectations” - not enough 
research results have been turned into successful commercial products which have made Mine Action faster, 
more cost effective or safer. Reasons for the lack of progress from R&D to field use include: (i) the complexity 
of the problem, including environmental and operational aspects; (ii) the mismatch between research ideas and 
application requirements in the field, and (iii) the significant non-technological problems in funding the 
resources to turn prototypes into fully tested commercial products ready to use in the field. The corresponding 
bottlenecks and lessons learned have been further analysed by the European DELVE project [3]. 

In addition, in a number of cases the ineffectiveness in bridging the gap between R&D and Deployment was due 
to the lack of an overall, coherent strategy (coordinated end-to-end planning), integrating RTD actors, mine 
action donors and field practitioners (deminers). For example, demonstrator systems developed using Earth 
Observation techniques have been sufficiently demonstrated, together with their cost/benefit potential; however, 
their take-up by end users has not been successful. In the end, only electromagnetic-based technologies, in 
particular enhanced metal detectors and ground penetrating radars, have seen significant advances and are being 
introduced into the field. Test results consistently confirm that some of these technologies can indeed increase 
the productivity of humanitarian demining, while at least maintaining the current high levels of safety. Several 
development groups have shown this is the case for the combination of a metal detector with ground penetrating 
radar. The first such combined system are now been fielded and others are expected to follow shortly [1]. 

The landmine problem remains far from solved. R&D of practical detection technologies and systems continues 
therefore to represent one of the most significant contributions to its solution. 

Acknowledgments - Much of the background material for the Guidebook was derived from the EUDEM2 publication 
Catalogue of Advanced Technologies and Systems for Humanitarian Demining (February 2005, www.eudem.info). The 
EUDEM2 project itself provided valuable assistance. The financial support of the Government of Germany was instrumental 
in allowing the publication of the Guidebook, and their assistance is gratefully acknowledged. The DELVE project 
(www.delve.vub.ac.be) was sponsored by the European Commission under contract FP6 IST 2511 779. 
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This presentation will begin with placing this subject of EME in the broader context of Electromagnetic 
Environments, Effects and Protection or E3P. To begin with, the environments can be anti-electronics or anti-
personnel. The anti-electronics environments can be nature-made such as a lightning discharge or man-made 
such as Intentional ElectroMagnetic Interfering Signals or IEMIS. Characterization and quantification of the 
EME comes from an understanding of the coupling and interaction between the environments and the system. 
Once the effects are understood, the goal then becomes one of achieving ElectroMagnetic Compatibility or 
EMC, resulting in a protected system. These interrelationships are schematically shown in Figure 1. 

Fig. 1 - Electromagnetic Environments, Effects and Protection (E3P)

There are many examples of the generation of electromagnetic environments such as narrowband HPM, 
moderate band damped sinusoidal radiators and hyperband radiating systems in technical reports, journal articles 
and text books.  In this presentation, we focus on documented EME.  EME has been documented at many levels 
of electronics, such as component, circuit, sub-system and system level. We will review the documented effects 
data, which comes in different forms. The effects range from harmless noise in electronic equipment to a 
catastrophic effect in the US aircraft carrier Forrestal incident on July 29, 1967, off the coast of North Vietnam.   
In some High-Power Electromagnetics (HPE) laboratories, especially in Europe, source/antenna systems have 
been used in investigating and documenting the effects on micro-processors, and computers. In the civilian 
infrastructure, U.S. Federal Aviation Safety Reporting System (ASRS) has compiled reports of effects on 
navigational circuits from passenger electronic devices (PED). U.S.FDA has also documented medical 
equipment problems in hospitals, due to both conducted and radiated interferences, some resulting in loss of life. 
There have been at least seven incidents of aircraft falling out of the sky during 1959-1988 due to natural 
lightning. There are also other EMI incidents that have brought aircraft down such as the German Tornado 
fighter aircraft near the VoA station in Munich, Blackhawk helicopters and an F-111 crash during the U. S. air 
strike of Libya in 1986. The source of the incident EM environment may thus be natural, accidental or 
intentional. There have been reported cases of intentional cyber or software attacks and an incident where a 
huge area of Moscow had no phone communications for one day as a result of intentional electromagnetic effect 
[1]. The main point of this paper is that EME is real and it is prudent to be pro-active and preempt such RF 
threats to military and civilian infrastructure rather than react to it after the fact.

References  
1. L. Siniy, “Russian Research of Intentional Electromagnetic Disturbances over the Past Ten Years”, Presented at 
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Introduction Electromagnetic field approach is the most rigorous method for modeling the transient behavior of 
grounding system, because it solves full Maxwell’s equations with minimum approximations. This approach can 
be implemented either by Method of moment (MoM) or by Finite Element Method (FEM). 
The model for the transient behavior of grounding system based on MoM was first developed by Grcev [1]. This 
model consists to transform the associated electric field Maxwell’s equation to a system of linear algebraic 
equations with minimum assumptions; consequently, it is believed to be accurate. The higher is the frequency of 
input sources, the greater is the accuracy of the electromagnetic field approach 
The electromagnetic field approach for the transient analysis of grounding based on finite element method was 
developed by Nekhoul & al [2]. The difficulty in this approach is to transform the open boundaries of both air 
and earth environment into a closed boundary problem using spatial transformation, which will reduce the size of 
the problem. The main advantage of this electromagnetic field approach based on FEM is that the descritization 
of the domain (geometry of the medium) of the problem can be highly flexible non-uniform patches or elements 
that can easily describe complex shapes.  
Proposed Approach 
In this work we propose a hybrid approach for transient analysis of grounding system [3].This approach is based 
on: Electrical dipole theory for determining EM fields’ radiation in infinite conductive medium; Modified 
images theory for taking in account the interface in the half space instead Summerfield’s integrals; Transmission 
line approach for determining the longitudinal and leakage current. It has been shown that, the total radiated 
electromagnetic field is the sum of the contributions from each constituent dipole. 

                                                 

      Fig.1. Two buried conductors              Fig, 2. Electric Field, our model            Fig, 3. Electric Field, NEC 4.1 code                                                                           

The physical situation is display in Figure 1. The conductors are 15 meters long, located one meter beneath air 
soil interface. Figure 2 and 3 illustrates the electric field (component Ex) along profile at the soil surface, 
radiated by this grounding systems, obtained by our model and NEC-4.1 code [4] respectively. 
The comparison with NEC-4.1 code results for one buried conductor, two buried conductors and Buried grid 
shows that our computation model is in good agreement. 
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The pulsed arc electrohydraulic discharge (PAED) is a direct plasma treatment technique for drinking and waste 
water treatments, where electrohydraulic discharge is defined as discharge inside water. Due to the nature of 
large pulse current (10 to 100 kA peak current) and short pulse (10 microseconds level) operations [1], an 
unwanted electromagnetic pulse (EMP) was experimentally observed. In this work, an experimental 
investigation has been conducted to study this EMP propagation in a PAED reactor.  An experiment is conducted  
in 3 L volume eccentric electrode positioned PAED reactor for the charging voltage from 1.8 to 3.5 kV and 
electrode gap distance between two Ti made rod electrode from 0.5 to 3 mm. A spark gap controlled 0.5 kJ/ 
pulse power supply was used. Electromagnetic pulse wave from was measured by Piezo type pressure 
transducers placed several location inside reactor wall. Typical current, voltage and EMP induced pressure 
waveforms are shown in Figure 1. Since discharge volume is relatively smaller ( discharge electrode gap 
distance with radius of less then few mm) by-compared with reactor volume, EMP propagation may acted as 
point source , hence observed EMP induced pressure waveform was not significantly depending on the position 
inside reactor:. The mechanism of EMP and induced pressure generation and propagation will be discussed in 
detail.  
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Fig. 1 – Typical current, voltage and EMP induced pressure waveforms 
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Wireless sensor network for traffic monitoring is very attractive due to easiest installation and reconfiguration on 
the road. However, radio wave propagation under moving cars on the road introduces amplituse and phase 
fluctuation which may degrade the wireless sensor network performance. In this research, we collect amplitude 
and phase data of radio wave propagation under stationary and moving traffic.  Some statistical properties are 
analyzed.  The statistical properties of the received signal are important to the wireless sensor network 
performance. Moreover, the receiver performance can be improved by utilizing these statistical properties in 
receiver system design.  

A channel sounder is built for study radio wave propagation at 2.4 GHz. The probing signal is Binary Phase Shift 
Keying (BPSK) with bitrate of  24 kpbs and modulated by a PN sequence. The transmitter is a direct conversion 
system.  The receiver is a heterodyne system with an I-Q demodulator. The I-Q signal is sampling and store in a 
digital oscilloscope. The measured I-Q signal is then analyzed using MATLAB software. The measurement is 
performed on a road intersection as shown in Fig. 1. Three traffic conditions are investigated in the experiment. 
First, the measurement is performed without traffic, i.e. no vehicles on the road.  Amplitude and phase 
fluctuation is investigated in other two scenarios where vehicles are on the road. The first scenario is stationary 
condition where all vehicles are stop at the intersection.  In the second scenario, data is collected while all 
vehicles are moving. 10000 I-Q signal samples are acquired during the measurement in all scenarios.     

Fig. 2 shows the histogram of the amplitude of received signal computed by measured I-Q signal in moving 
traffic condition.  The moving vehicles generate random multipath signals which are combined at the receiver.  It 
is well known that the amplitude of complex signal under multipath environment is Rayleigh distributed [1] 
when the number of multipath components is large enough. However, it can be seen from the histogram of 
measured signal that the amplitude distribution resembles Gaussian distribution. It is possible that the moving 
vehicles could not generate enough multipath components so that the condition for Rayleigh distributed 
amplitude is hold.  To estimate the number of multipath components and statistical properties of each component, 
a sophisticate channel sounder is needed.    

                             Fig. 1 – A measurement  scenario                                        Fig. 2 – Received amplitude histogram 
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











            




       
    
  






              
       
   


















                 



 
 



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Vulnerability of electronic equipment:  
Coupling Paths and Component Vulnerability 

M. Höijer1, R. Jonsson2, O. Lundén3, L.-G. Huss4, H. Frennberg5& L. Jansson6

1.2.3.4,5
Swedish Defence Research Agency FOI, SE-581 11 Linköping, Sweden

     6
Saab Bofors Dynamics, SE-691 80 Karlskoga, Sweden

E-mail: magnus@foi.se 

The vulnerability of electronic equipment against electromagnetic irradiation depends on many different 

parameters. These parameters include the pulse shape, the frequency content, the pulse repetition frequency, the 

polarisation and from which direction the electronic equipment is irradiated (directivity issue). In reality the 

situation is further complex than this list of parameters indicates. True high level test facilities does often, not to 

say always, only offer a limited number of possible test parameters. To that come that actual testing is limited by 

time and financial restrictions. One should also be very well aware of that testing is much more time consuming 

than to perform measurements, the accuracy in testing performed is often very limited. A typical test may e.g. 

have given that when irradiated by 1 kW electronic equipment is killed by the electromagnetic field. However, 

no knowledge is gained whether the equipment is killed already by 900 W. Often the uncertainty interval might 

be as big as 100 W to 1 kW. Hence very few true parameter studies of the vulnerability are actually performed. 

To be able to somewhat improve the situation we propose the use of the in Fig.1 presented principal description 

of vulnerability.  Vulnerability consists of two parts; First how efficient the incident electromagnetic field 

couples to the electronic components, and secondly the actual vulnerability of the components. The 

electromagnetic coupling can be described by antenna theory and is in Fig. 1 represented by the antenna. The 

electromagnetic coupling is in most cases a linear process and accurate measurements can be performed, though 

even those can be time-consuming.  

Here we present results from both antenna coupling measurements and component vulnerability tests. We have 

performed extensive antenna coupling measurements. Theses are presented in several earlier papers, mainly 

concerning the directivity issue, e.g. [1]. Here we focus our presentation on the polarisation and inherent 

frequency dependencies. Concerning component vulnerability test, we show test results as well modelling results 

on the pulse length dependency. 

Fig. 1 – Vulnerability of electronic equipment depends on how efficient the electromagnetic field couples to the 
electromagnetic components and the vulnerability of the components themselves. 

References  
1. M. Höijer, M. Bäckström and J. Lorén "Angular Patterns in Low Level Coupling Measurements and in High Level 

Radiated Susceptibility Testing," IEEE Transactions on Electromagnetic Compatibility, Proceedings of the EMC 

Zurich ‘03, ETH Zentrum - IKT, CH-8092 Zurich, Switzerland, February 18-20, 2003. 
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1EMC Consultant , Viale Moranti 7, 20010 Bareggio (MI), Italy 
     2 Sapienza University of Rome,Dept. of Electrical Eng. Via Eudossiana 18, Rome, Italy

...

E-mail: fr.maradei@ieee.org 

The aim of this paper is to simulate by numerical software tools ESD conducted and radiated immunity tests 
in accord to the IEC 61 000-4-2 standard [1], and its second edition which is still under discussion. The 
possibility to have a reliable prediction tool suitable for ESD compliance is very appealing since in the recent 
years many standards are including numerical modeling as possible instrument to be used in the certification 
process.  

The most important aspect to cope with when dealing with the simulation of ESD immunity tests, concerns the 
numerical modeling of commercial ESD generators which are widely used for testing the immunity of electronic 
equipment, and permit to reproduce typical human-metal ESD events. A numerical model of the ESD generator 
by the commercial numerical code Microwave Studio (MWS) based on the finite integration technique has been 
recently proposed [2]-[4]. The model accurately simulates the discharge current in contact-mode taking into 
account the geometry and the loading effect of the generator (see Fig. 1), and can be used to predict both 
conducted and radiated disturbances. An example of the ESD radiated field obtained by simulations is shown in 
Fig. 2. The developed model of the ESD generator is used to simulate ESD immunity tests on cables and circuits. 

Tip

Dielectric 

Metallic 
wall 

Strap

Fig. 1.  MWS model of the test setup used for ESD current calibration (a) and tip current (b). 

(a) (b) 

Fig. 2  Radiated magnetic field at a distance of 15 cm (a) and of 45 cm (b) from the ESD event: results obtained by the 
software tool MWS (dotted line) and by measurements (continuous line). 

References  
1. Electromagnetic Compatibility (EMC) Part 4-2: Testing and Measurement Techniques – Section 2: Electrostactic 

Discharge (ESD) Immunity Test”, IEC-EN 61000-4-2, 1996-09. 
2. S. Caniggia, F. Maradei, “Circuital and numerical modeling of ESD coupling to shielded cables”, European EMC 

Symposium, Eindhoven, Semptember, 2004.
3. S. Caniggia, F. Maradei, “Circuit and numerical modeling of electrostatic discharge generators”, IEEE Trans. Industry 

Applications, vol.42, no.6, Nov./Dic. 2006. 
4. S. Caniggia, F. Maradei, “Numerical Prediction and Measurement of ESD Radiated Fields”, IEEE Trans. on EMC, Vol. 49, Aug. 2007, 

pp. 494-503. 
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







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













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1. Introduction 
A working personal computer (PC) usually produces unintentional electromagnetic fields, and some of these 

emissions often carry significant information processed in the PC. In some cases, the information of the screen 
content of a video display unit could be reconstructed by intercepting such emissions at a distance. Such a threat 
of information leakage from compromising emanations has been pointed out by Win van Eck in 1985 [1], and 
that is known as “van Eck eavesdropping” or “TEMPEST” (a codename used by some military organizations) 
[1][2]. We have studied a countermeasure technique called “emanation security” for such a problem. This paper 
describes a protecting device we have developed to defend PC displayed information against eavesdropping. 
2. Display signal interface and leakage emanations 

Video signal interfaces for PC displays are standardized by the VESA (Video Electronics Standards 
Association). The video screen is constructed with pixels, which are drawn on the screen along with the scanning 
line. A pulse signal used for determining the draw timing of the pixels is called a “dot clock” and its frequency is 
about 30 to 200 megahertz. The video signals are synchronized with this dot clock, whose frequency spectrum 
extends to about 1 gigahertz. According to this high frequency, the video signal can easily be emitted as 
electromagnetic fields. The dark line in Fig. 1 shows an example of frequency spectrum of electric field emitted 
from a PC. An example of the original PC screen image is shown in Fig. 2(a), and the image reproduced from 
detected leakage emanations is shown in Fig. 2(b). This result suggests that the original image is regenerated, 
and the smallest character in the lowest row (in the case of 30 point font) can be discriminated clearly. 
3. Effectiveness of developed device 

We have developed a countermeasure device to prevent information leakage from PCs. The outward 
appearance of the device is shown in Fig. 3. The device is connected to the video display connector on a PC, and 
it picks up the video signal to regenerate the dot clock. This dot clock is modulated to generate a jamming signal 
that is fed to the PC and to the video display terminal in common mode. The jamming signal radiates from the 
PC and then obstructs eavesdropping to cover up the leakage signal. The frequency spectrum of the emanation 
from a PC when the countermeasure device is active is shown in Fig.1 by the light-colored solid line. 

The intercepted image of the original image (Fig. 2(a)) when the countermeasure device is active is shown in 
Fig. 2(c). This result demonstrates that the device is effective; the original image disappears completely. We 
planned to display fixed vertical stripes on the eavesdropping display monitor to counteract the scheme of video-
frame averaging used by eavesdroppers to improve image quality.  
4. Conclusion 

We have developed a device to counteract eavesdropping of PC displayed information from intercepted 
unintentional emission. We have shown that the device effectively protects the security of PCs. Future work is to 
establish an objective index that evaluates the ability to protect against information leakage.

Fig. 3.�Countermeasure 
      device appearance 

Fig. 1. Electric field strength of the emanations         Fig. 2. Reproduced display image and 
from a PC                      effectiveness of device 

References  
1. Wim van Eck, “Electromagnetic Radiation from Video Display Units: An Eavesdropping Risk?,” Computers & Security 

Vol. 4 No. 4, pp. 269–286, (1985) 
2. National Security Agency, “NACSIM 5000 TEMPEST Fundamentals.,” Fort George G. Meade, 1992, Md. 
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Now mechanical stirrers or paddles are used as the most popular way to generate a statistically uniform, isotropic 

and randomly polarized field required by Reverberation Chamber (RC). Also, some alternative stirring 

techniques have been proposed to avoid the mechanical rotating elements, in which is the source-stirred RC 

(SSRC) [1]. Although, SSRC is just a preliminary technique and there still remain many problems such as the 

source structure design, its basic concept can be used in popular mechanical mode stirring RC for reference, for 

example multiple-sources. According to the theory of SSRC, the source location together with some other factors 

determines the field distribution in RC and the sources movement can stir the field distribution. So, if there are 

several available excitation sources (multiple-sources) at different locations in RC, we can get some additional 

stirring effect through changing the excitation sources location at every stirring step. Therefore multiple-sources 

RC can be looked as a conventional mechanical mode stirring RC which makes use of the source-stirring to get 

extra stirring effect, and obviously, multiple-sources will 

improve the RC performance.  

Based on the simple planar model, the electric field 

expression has been figured out to simulate the field 

distribution, and then helps to reveal the influence introduced 

by multiple-sources in RC. The simulation results indicate the 

improvement in field uniformity (table 1) and tuner efficiency 

(fig.1) [2], that coincide with the theory analysis well. More 

details should be investigated further to help the 

multiple-sources as a method to improve RC performance and 

slower RC degradation in the low frequency range. 

Table 1: Standard deviation 

Standard deviation (dB)Frequencies

(MHz)
Single source Double sources Four sources

100 -9.1 -8.4 -9.4

200 -11.5 -12.3 -11.8

300 -8.0 -12.1 -13.5

400 -9.2 -14.1 -14.9

500 -7.5 -12.1 -14.3

600 -8.2 -14.1 -15.0

Reference�

1.  G. Cerri, V. M. Primiani, S. Pennesi, P. Russo, “Source Stirring Mode for Reverberation Chambers”, IEEE 

Transactions On Electromagneitc Compatibility, Vol.47, No.4, pp.815-823, Nov. 2005. 

2.  IEC 61000-4-21, 2003. Reverberation Chamber Test Methods. 

Fig. 1 correlation coefficient change with 
number of shifts  (below: double sources  

up: single source)
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Wireless Radio equipment and users are increasing tremendously and only for cellular communication exceed 
two thousands hundreds million.  This tremendous increase in  the number of wireless transmitters significantly 
increase the probability of harmful mutual interference and of people exposed to non ionized radiation from the 
transmitting equipments. The majority of the transmitted energy is wasted as interference and radiation sources 
to most operating receivers and numerous human being due to the low efficiency of mobile wireless energy 
transmission 
The power density levels of radiation from most urban cellular base station are usually less than the stricter 
standard power density level thresholds due to distance and far field propagation conditions. 

However radiation effects to mobile headsets users are significantly stronger than from base stations and 
unpredictable due to the reactive near field proximity distances from the radiation source, complexity and hot 
spots of the Electro-Magnetic (EM)  reactive near field components  reaching the users head. 
In this paper will be analyzed radiation effects from far field propagation conditions base station antennas, 
techniques for enhancing the low efficiency of power and  signal transmissions for cellular radio systems. This 
will be followed by describing the complex radiation field components absorbed from headsets by the individual 
users and the actual importance of the Specific Absorption Rate (SAR) expression, considering that power 
density levels are not well defined under EM near field  conditions. Mitigation techniques will be discussed for 
increasing the efficiency of base stations and headsets, their batteries life-time and for decreasing significantly 
the radiation intensity effects in the users head and body. 
Will also be described simulation methods to compute and compare the SAR of conventional mobile radio 
headsets with novel proposed headsets of reduced radiation to the users head 
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One of the problems of the modern communication systems is the increasing of inter- and intrasystem radio 
interferences (RI). It may be explained by the limited volume of the electromagnetic (EM) resource. A solution 
of this problem lays in the sphere of the EMC theory methods.  
Last time, cellular design of the communication systems is widely used to decrease level of RIs. It enables us 
reusing of similarly tuned signals in devises placed into adjacent clusters. But such design of communication 
systems leads to increasing of co-channel interferences (CCI) level. It is obviously, the less geometrical size of 
cells, the more value of CCI is. Therefore, it is possible to find optimum sell size in view of such suppositions.  
So, in the paper we discuss approach to estimation of the optimum cell size. This one is mainly based on the 
technique for estimation of the CCI level [1, 2], as well as technique for estimation of signal losses due to 
propagation along trace transmitter-receiver [3, 4].  
Let's consider a simple scheme for accounting of transmitter interfering influence on receiver. In view of the 
Friis formula, we can find power at the receiver input as 

π4
SG

rPArPP eftrm-
1

m-
12 �� .          (1) 

Here Sef and Gtr are parameters of receiving and transmitting antennae, r is the distance between receiving and 
transmitting positions. For free-space EMW propagation conditions m is to be equal to 2. To receiver be 
operational, power P2 must, at least, exceed sum of CCI power PCCI plus power of other RIs PRI, P2>a(PCCI+PRI). 
Here a is a multiplier, it may be calculated in view of type of signal to be used in the communication system.  
Let us investigate one base station (BS) which is placed in the centre of the communication system. To our 
research not be very sophisticated, we suppose BSs, having the same signal tunings as “our” BS, are placed on 
the smooth surface with some intervals D, 2D,…, [DLOS/D]D; here D is the distance between neighbor clusters. 
Number of CCI sources within the ring shape area defined by the distances iD and (i-1)D is equal to the number 
of clusters to be placed within ring area �(iD)2-�(i-1)2D2. By using technique known from [1], we may estimate 
CCI level by the formula 

.

DΔ
D41

1)-(2PP
]/DD[

1
2BSCCI

LOS

�
�

�
�
�

�
�
��

�
i i

i           (2) 

Here distance DLOS may be estimated as  
� �,HH12.4D rtrLOS ��

where Htr and Hr are the effective antenna heights of some transmitter and “our” receiver. In the expression (2), 
�D is the parameter introduced temporary to simplify our calculations, PBS is the BS transmitter power.  
It is obviously, distance D depends on the cell radius Rc, therefore we may estimate cell size Rcopt to sum 
a(PCCI+PRI) be minimum or optimal.  
In the research we suppose to find dependences of the CCI normalized level as function on cell radius Rc. It may 
enable us to find optimum cell sizes if general level of other RIs in the communication system is known.  
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Indirect effects of Electromagnetic Pulse (EMP) on structures, cables and systems are characterized by damped 

sinusoidal transients and can be simulated by conducted susceptibility test CS116 of MIL-STD-461E. It is 

important test for military equipment meant for surviving in EMP environment. In this paper a review on 

interpretation of the test requirement as per MIL-STD-461E and test set-up is presented. Need for automation of 

the test is necessary to save testing time and to maintain accuracy and precision. Specifications for design and 

development of an automated test system for carrying out CS116 test has been worked out meticulously. An 

automated test system is designed, fabricated and integrated at a competent supplier’s end. Dedicated GUI based 

application software has been developed. The software has provision of accommodating correction factors for 

calibration probes, attenuators etc. Calibration and test results for a dummy load simulation are presented. At 

last, a model Equipment Under Test (EUT) has been tested and hardened for meeting the requirements of the 

test. Performance and functional test results are presented.   

Calibration mode and test mode (bulk cable injection on cables and power leads) of Conducted susceptibility, 

damped sinusoidal transients test i.e. CS116 of MIL-STD-461E are shown in fig.1 (a) and (b) respectively. A 

photograph of the automated CS116 test system is shown in fig.2   

Fig. 1 – CS116 Test Set up – (a) Calibration Mode, (b) Bulk Cable Injection Test Mode 

Fig. 2 – Photograph of Automated Test System for CS116 Test 

Acknowledgments – Authors acknowledge their gratitude to Director RCI, Associate Directors RCI, Technology Director, 

Dte. of System Integration (Electrical), RCI for encouragement and inspiration. Authors are thankful to Mr. Patrick 

Patterzborn of M/s. Prana R&D, Brive-la-Galliarde, France and Mr. Marc Sallin of M/s. Montena, Switzerland for helpful 

technical discussions.   
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The relativistic magnetron has been studied for nearly three decades and remains as one of the most sought-after 
high power microwave (HPM) source because of its simplicity and frequency tunability.  Recently, researchers 
at the University of New Mexico proposed that a transparent cathode can significantly improve the output 
characteristics of this HPM source [1].  Since then, a comprehensive study using particle-in-cell simulations [2] 
has elaborated the many benefits of using this cathode, whose photograph is shown in Fig. 1.  This talk will 
enumerate the various benefits of operating a relativistic magnetron using a transparent cathode.  In addition, the 
initial results of experiments at the University of New Mexico on an A6 magnetron [3] driven by a short-pulse 
Sinus-6 accelerator will be presented.  Planned experiments on an A6 magnetron using a longer pulse (50 ns) 
accelerator at UNM will also be described. 
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Fig. 1 – Photograph of a transparent cathode that self-consistently provides cathode priming, magnetic priming, and 
rf priming. 
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High-power microwave (HPM) devices may be used in systems for disrupting or destroying electronic 
equipment. Two types of high peak-power narrow-band vacuum tubes are the virtual cathode oscillator (vircator) 
and the magnetically insulated line oscillator (MILO), but other alternatives exist. In many situations it may be 
advantageous to generate the microwave pulses repetitively in order to achieve the intended effect. The problem 
with repetitive operation is that it stresses the electrodes of the vacuum tube significantly more than single-shot 
operation due to material heating in the electrodes and degradation of the vacuum quality inside the cavity 
caused by material emission from the anode and the cathode. 

To study electrode material endurance in a pulsed high-power microwave source, a series of experiments with an 
axial vircator powered by a repetitive Marx generator has been conducted [1, 2]. An axial vircator with side 
extraction was designed in which it is simple to exchange the anode and cathode for testing different anode-
cathode configurations and different materials. The experiments performed include stress tests, where the anode 
and cathode materials are stressed for evaluating durability, and functionality tests, where the microwave 
generation capability of the different materials is investigated.  

The Marx generator used had a pulse-repetition frequency of 10 Hz, and the vircator was subjected to 1-s-bursts. 
Different cathode materials (e.g., velvet and graphite emitters) show significant differences in voltage and 
current traces as well as differences in the time for the onset of microwave radiation and statistical variation in 
the time of microwave emission. Repetitive microwave pulse generation does put a lot of stress on the anode and 
the cathode materials of the vircator. Figure 1 shows an example of the effect on an anode grid which has been 
subjected to several repetitive electron beam bursts. This paper elaborates on differences seen in the behaviour of 
the vircator with different electrode material combinations. 

Fig. 1 – Example of wear in a stainless steel anode mesh.  
Left: Fresh anode mesh. Right: Anode mesh submitted to several bursts. 

Acknowledgments – This work is supported by the Swedish Armed Forces. 

References  
1. M. Elfsberg, T. Hurtig, A. Larsson, C. Möller and S. E. Nyholm, “Experimental studies of anode and cathode materials 

in a repetitive-driven axial vircator”, 2007 IEEE Pulsed Power and Plasma Science Conference, Albuquerque, USA, 
17-22 June 2007 

2. M. Elfsberg, T. Hurtig, A. Larsson, C. Möller and S. E. Nyholm, “Experimental studies of anode and cathode materials 
in a repetitive-driven axial vircator”, IEEE Transactions on Plasma Science (accepted for publication)

H
PE

M
 -

 0
7 

H
ig

h
-P

o
w

er
 M

ic
ro

w
av

es
 (

In
vi

te
d

)



23

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

HPEM - 07

SPICE Simulations and Measurement Techniques for Protection 
Circuits against UWB and HPM Signals

Brauer, Florian; Ter Haseborg, Jan Luiken;Hamburg University of 
Technology (TUHH), Hamburg, Germany

SPICE simulations and measurement techniques for protection circuits 
against UWB and HPM signals 

F. Brauer1, J. L. ter Haseborg1

1Hamburg University of Technology, Institute of Measurement Technology and EMC, Hamburg, Germany 
E-mail: f.brauer@tu-harburg.de 

The protection of complex electronic systems against high-power electromagnetics (HPEM) is inevitable 
nowadays. The disturbance or even destruction of civil or military systems by man-made intentional 
electromagnetic interferences (IEMI) can lead to high costs or endanger human life in the worst case. Nonlinear 
protection elements against signals with rise times above 1 ns, e.g. electrostatic discharge (ESD) or lightning 
electromagnetic pulses (LEMP), have been successfully developed and simulated in SPICE [1]. High-power 
electromagnetic pulses, like ultra wideband (UWB) pulses with rise times below 1 ns, exhibit a broad spectrum 
and a high amplitude. Therefore these pulses can couple into electronic systems with a specified resonant 
frequency band with a high probability. The traditional nonlinear protection concepts like spark gaps or varistors 
show no or merely a linear behavior against UWB pulses [2]. Only fast protection diodes with extremely small 
parasitic capacitances are capable against UWB signals. Different results of SPICE simulations and 
measurements show, that these diodes cause a reduction of the energy of the pulse. The limiting factor is the 
response time of the protection diode and the parasitic inductance of the feed line, which leads to a small residual 
energy in the transient response [3]. Another protection concept, which has been used in combination with 
nonlinear elements, is the use of interdigital bandpass filters in microstrip technique [4]. 

In addition there are high power microwave signals (HPM) with narrowband spectra, whereby the centre 
frequencies are in the GHz range. In a further investigation UWB protection circuits have been tested under CW 
conditions. For frequencies above 800 MHz the protection elements have only reacted in a linear way, because 
the parasitic effects and the limited response time impair the protective effect of these elements [5]. Even with 
linear filters high demands have to be made also in withstand voltage and in the high-frequency behavior. 
Therefore the protection of high frequency signal lines against HPM signals is very difficult. 

In this contribution different protection concepts are considered under UWB and HPM conditions. SPICE 
models for nonlinear protection elements are simulated up to several GHz. As it is challenging to take all 
parasitic effects of the protection elements into account, the SPICE models and simulations are verified by 
improved measurements in time and frequency domain. The results are to facilitate the development and the 
prediction of the behavior of protection circuits in complex systems against any form of line-bounded HPEM 
disturbances.  
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Wireless devices used in commercial or military applications are vulnerable to electrical interferences such as 
lightnings and High Power Electromagnetic pulses (HPEM), e.g. High Power Microwave (HPM) and Ultra Wide 
Band (UWB) pulses. Especially in electronic warfare systems the use of HPEM can be a threat for electronic 
systems, especially Radar. HPEM weapons usually transmit an extremely high energy microwave beam to the 
victim’s radar antenna. When no or only insufficient protection is installed the received pulse can cause massive 
malfunction or even permanent damage of the receiver input stage making the enemy blind and an easy target for 
attack.

The goal of this work was to provide a full range protection unit for single- and multi-channel naval RF (ESM 
and communication) receivers. The application area of this protection device is of course not limited to this 
special case. As the requirements for the protection unit (very high power and very fast) cannot be met by a 
single element alone a combination of different limiter and protection elements had to be taken. Our concept was 
to combine gas discharge tube (GDT) and PIN limiter diode technology. GDTs are devices with high power 
ratings but slow response times. PIN diodes handle only medium power levels but are faster than GDTs. 
Therefore a multi-stage design has been chosen to combine a GDT stage at the input with following PIN diode 
stages. The approach is a 3-stage hybrid limiter surge protection unit as it is shown in the schematic in Fig. 1. 

The first stage is a coaxial dual GDT construction that provides the standard EMP and HPM limiting function. It 
features low RF limiting speed but survives very high CW and peak power levels. The EMP feed-through 
voltage is very low. The second stage is a power PIN stage in grounded co-planar waveguide technology on AlN 
substrate with anti-parallel diodes providing a medium level limiting function. The third stage is the low level 
limiter consisting of fast low power 
PIN diodes.  

Major requirements were a protection 
against peak power levels of 70dBm 
at the input within a frequency range 
of 30 – 3000MHz, a limiter threshold 
of < 23dBm, a low (< 1.5dB) 
insertion loss, and, in case of a multi-
channel receiver, a channel phase 
tracking of ± 5° @ 3GHz. 

Figure 2 shows the measured transfer 
characteristics of the high power 
limiter. The frequency was 1.22GHz, 
the pulse width 10�s at a pulse rate of 
500Hz. Up to input power levels of 
67dBm (5kW, maximum available 
power), the output remained 
repeatable below 20dBm. 

Details of the design including 
modeling results for the GDT and the 
PIN-stages will be given, the 
questions concerning the packaging 
of the components will be explained, 
the transient behaviour will be 
discussed, further measurement 
results and engineering samples will 
be shown. 
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Figure 2 – Measured Transfer Characteristics of the Limiter 

Figure 1 – Block diagram of the high power limiter 
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The travelling wave tube (TWT) is a high gain, broadband microwave amplifier, which is commonly used in 

a communication system. It works on the principle of continuous interaction between the electric field and 

the electron beam. A special type of RF circuit known as the slow - wave structure (SWS) is employed for 

this purpose. Helix is commonly used SWS for extremely wide-band applications. Stability of the traveling 

wave amplifier during the lifetime of operation is a highly critical aspect and becomes a highly dominant 

factor for use of the device in space applications. Factors responsible for the instability in the device include 

reflections, backward wave oscillations, band-edge oscillations and generation of higher order spurious 

modes. Reflections may be present in device due to any mismatch at the input or output ends in the tube and 

the presence of reflections can lead oscillations in the tube rendering the device unstable. Oscillations are 

produced in the presence of reflections when the following condition is satisfied. Where G is the gain, L is 

the circuit loss, L is the reflection coefficient at the output end and I is the reflection coefficient at the input 

end. In order to suppress the reflections and improve the stability of the device a TWT uses severs and 

attenuators (in the form of center loss and tip loss coatings). Also in order to improve the efficiency, a TWT 

is often designed in more than one section. Large signal analysis has been carried out for the design of C-

band helix TWT to evaluate the effect of the using severs and attenuator coatings in a single and multi-

section TWT. The following designs of the TWT have been analyzed using the large signal model: 

(a) Single Section Tube 

(b) Two Section Tube 

(c) Two-section tube with sever loss 

(d) Two-section tube without sever loss 

(e) Input section with tip loss 

(f) Output section with tip loss 

SUNRAY-3D code  has been used for the large signal analysis of helix TWT. The SUNRAY code employs  2.5-

dimensional multi-signal analysis approach. In  the 2.5-D large-signal analysis, the electron beam in one rf 

wavelength of the base frequency (the base wavelength) is represented by cylindrical charged discs, each one of 

which are sub-divided into up to four rings of equal cross-sectional area and axial thickness. The model is 

capable for the analysis of multiple input signals together with their higher order harmonics and inter-modulation 

products. The program analyses TWTs with arbitrary variation in the helix pitch and RF loss (including sever 

and tip loss) in the slow wave structure. Induced Backward voltage components and reflected voltage 

components due to mismatches at the terminations are also included in the program. The effect of the reflected 

voltage components caused by mismatches at ends of each section of the helix is also included. If the number of 

rings per disc is one, the 2.5D LSM is able to compute output power down to –250dBm for zero drive. The 

program can therefore be used to determine the conditions which provide finite output power for zero drive and 

it is supposed that the condition will lead to oscillation. The structures have been analyzed under different beam 

currents and the (a) Fundamental power (b) 2
nd

 harmonic power (c) Gain (d) Phase have been calculated under 

different drive power levels. The obtained results have been discussed in context with the stability of the device. 
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First repetitively-rated microwave oscillator was created with the pulse power 108 W and the radiation frequency 
tunable electronically within two octaves from a pulse to a pulse according to any preset algorithm. The HPM 
oscillator is based on the Cherenkov interaction of relativistic electron beam with plasma preformed individually 
before every pulse in a sequence (bunch) with the rep-rate of 50 Hz. Such microwave oscillators are known as 
relativistic Cherenkov plasma masers [1] (CPM) which earlier were capable to generate only single HPM pulses. 
The present CPM was driven by an accelerator [2] with maximal electron energy of 550 keV, maximal current of 
5 kA, pulse duration of 80 ns, maximal rep-rate of 50 Hz, the duration of a bunch of pulses up to 2 s, and the 
magnetic field up to 1.4 T. The geometry and parameters of the present CPM were close to those of [3] where 
the frequency was tuned from 4 to 28 GHz at 50-MW power level. This CPM differs substantially from [3] only 
by the output unit, which involves a mode converter so that the emitting horn radiates TE11 mode of a circular 
waveguide. The CPM used an electron beam with the current of 2 kA and electron energy of 500 keV, the beam 
power was 1 GW. 
The microwave pulse power was registered by "hot-carrier" detectors. The total energy of a microwave pulse or 
a bunch of pulses was measured by a broadband calorimeter [4] which completely overlapped the emitting horn. 
Measurements of frequency intervals where radiation took place were carried out by a calorimetric spectrometer, 
comprising the above calorimeter and filters with cut-off frequencies of 5, 9, 12, 15 and 20 GHz. To distinguish 
the spectrum fine structure a heterodyne was used with the reference frequency varying from 8 to 12 GHz; the 
mixed signal was registered by an oscilloscope TDS 7404 with the band of 4 GHz. 
The registered energies of HPM pulses throughout the frequency bands were from 1.5 to 2 J whereas the pulse 
duration did not exceed 30 to 40 ns, therefore, an average pulse energy was 50 MW. For a CPM the radiation 
frequency of a pulse is determined by the plasma density, namely, the frequency rises if the density is increased. 
With the lowest plasma density the radiation of bunches was registered by the calorimetric spectrometer only 
within the interval from 5 to 9 GHz, our earlier studies [5] showed that in this case the spectrum width is narrow. 
With the high plasma density all the HPM energy was registered above 12 GHz, where the spectrum width of 
any pulse is of the order of the mean frequency.  
When the plasma density was changed from a pulse to a pulse in a bunch in turn from the lowest to the highest 
value then the radiation frequencies were registered by the calorimetric spectrometer in the bands below 9 GHz 
and above 12 GHz. This confirms the capability to "appoint" radiation frequencies individually for every pulse in 
a bunch.  
Discreet changes of the radiation frequency with variations of plasma density were registered by heterodyne 
method in the band from 9 to 12 GHz, the interval between frequencies was ~ 0.5 GHz which corresponded to 
the changes of longitudinal modes of the oscillator [6]. 
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Intentional electromagnetic influence [1] is the new factor of threats of information safety of crucial objects. This 
threat should be estimated as long-term, adequate protective measures demanding acceptance from the state.  
Realization of threat of intentional electromagnetic influence is destruction, distortion and blocking of the 
information owing to an electromagnetic attack on basic elements of the vital objects:  
�� the automated control systems of the core and auxiliary technological processes, and also processes of a 
safety of objects; 
�� elements of systems of physical protection of objects - monitoring systems and management of access, 
systems of gathering and processing of the information, etc.; 
�� systems of transfer of the information and communication of objects with federal controls. 
With a view of revealing, counteraction and minimization of consequences of electromagnetic attacks the 
System of national standards on protection of the information from intentional electromagnetic influence is 
created in Russia. 
The basic directions on creation of System are development of legal, normative, organizational and technical 
questions of protection of the information from electromagnetic attacks. Construction of System is based on 
principles of a priority of the preventive approach to a safety, adequacy of measures of protection, zonings of 
protection, a priority of application of means and the maximal integration with systems of protection of the 
information and physical protection of objects.  
Per 2007 in basic standards (GOST R 50922 and GOST R 51275 [2-3]) are entered concepts and definitions 
«protection of the information against intentional electromagnetic influence ». GOST R 52863 «Protection of the 
information. The automated systems in the protected execution. Tests for stability to intentional electromagnetic 
influence. The general requirements» is prepared for introduction since July, 2008. The further development of 
System of national standards provides development of general provisions of the organization of works on 
protection of the information against intentional power electromagnetic influences, requirements to means of 
protection and means of detection of electromagnetic attacks. 
In the report substantive provisions of the Russian standards on protection of the information against intentional 
electromagnetic influences are considered. 

References  
1. IEC 61000-2-13: Electromagnetic compatibility (EMC) - Part 2-13: Environment – High-power electromagnetic

(HPEM) environments – radiated and conducted. 
2. GOST R 50922-2007 Protection of the information. Terms and definitions. 
3. GOST R 51275-2007 Protection of the information. Objects of information. The factors influencing the information. 
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All types of electronic infrastructures, systems, and equipment are potentially vulnerable to Intentional 
Electromagnetic Interference (IEMI) [1] and items which process sensitive data are potentially vulnerable to 
electronic eavesdropping. These electromagnetic threat forms are not new but are an emerging technical concern 
for information security because of the prevalence of electronics embedded into infrastructures. 

Electronics within fixed information processing installations, such as data centres, office accommodation, data 
recovery/backup centres and telecommunications exchanges, may be particularly vulnerable especially where 
physical security is not adequate or well maintained. electromagnetic disruption can cause long term availability 
issues for processing facilities as a consequence of inadequate incident response planning. Electronic 
eavesdropping may cause breaches in confidentiality and integrity through untraceable losses of sensitive 
information. 

Providing protection for each and every item of equipment can be costly. It is also difficult to justify costs where 
the magnitude of the risk posed by electromagnetic threats is not well understood. However, experience has 
shown that including electromagnetic protection as a requirement at the outset of a project is known to be cost 
effective.  

This paper discusses assessment and detection methods which can be used to help to quantify the risk and assist 
with generating an appropriate response to an EM initiated incident. Other technical and non-technical means of 
providing EM protection for a fixed installation will also be discussed. 

This paper references published guidance and practical experience, where available. 

References  
1. IEEE Transactions on Electromagnetic Compatibility, Volume 46, Number 3, August 2004, ‘Special Issue on High-

Power Electromagnetics (HPEM) and Intentional Electromagnetic Interference’. 
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Studies indicate that while High Power Electromagnetic (HPEM) sources are becoming more powerful, 
electronic equipment is becoming more susceptible to potential HPM attacks. With HPEM research being 
conducted worldwide, there is an increasing threat to NATO military equipment and critical infrastructure. 
Damaging terrorist attacks by low-cost, low-tech devices could disrupt or destroy the electronic circuitry of key 
nodes in an IT network, with potential catastrophic effects. 

Due to its strong dependency on reliable network services, the implementation of the military doctrine of 
network centric operations (NCO), or network enabled capabilities (NEC), puts additional burden on electronic 
systems in IT infrastructure and communication equipment. NCO/NEC seek to translate an information 
advantage, enabled in part by information technology, into a competitive war fighting advantage through the 
robust networking of well informed geographically dispersed forces. The operative goal of NCO/NEC are to 
permit entities that are conducting military missions (commanding officers) to pull needed information from data 
bases and other repositories by employing modern information technology and sharing of information within 
operative forces. As NCO/NEC focuses so much on distributing and sharing of information, one has to be wary 
of the effect of false information entering the system, a major reduction of network performance of a total 
breakdown for a limited period. As those effects have the potential to erase the operational efficiency gained by 
NCO/NEC, the susceptibility of the communication network and especially of critical components of the  
IT-infrastructure is of vital interest. 

One of the objectives of the research work performed at WIS has been investigation of the susceptibility of a 
complete military Command, Control, Communication, Computer and Intelligence (C4I) network. This talk 
presents results of HPM and UWB investigations on a C4I system. The talk starts with results gained form 
exposure by the HPM simulator SUPRA [1]. The following second part focused on effects caused by UWB 
waveforms [2]. As a measure for the traffic through the C4I system the incoming traffic rate is depicted in  
figure 1. Other characteristic parameter, like outgoing traffic rate or retransmission rate, are in good correlation 
with the incoming traffic rate. Generally, all curves are showing the typical S-shaped progression. They differ in 
the location (repetition rate) and steepness of the falling edge, e.g. fading of system performance. In the closing 
third section general tendencies are derived by comparison of HPM results with those of the UWB 
investigations.

red: E=0,9 En, blue: E=0,6 En, green: E=0.48 En red: E=1,6 En, blue: E=1,2 En, green: E=1.0 En

Fig. 1 – Input data traffic rate during exposure to vertical (left) and horizontal (right) polarized UWB field. 
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We present a compilation of results from a series of tests dealing with effects from HPM on alarm systems and 
components.  Most important are joint Nordic (DK, FI, NO, SE) HPM susceptibility experiments using the 
Swedish Microwave Test Facility (MTF) and a Norwegian test series.  The test objects entailed a multitude of 
technologies. Results from other objects in these tests have been presented elsewhere [1-5]. This presentation 
will focus on results from alarm and access control systems and components. Our investigation of electronic 
systems for alarm and access control is in an early phase and includes just a small number of systems and 
components.  However it shows a great variety in robustness in alarm systems and components.  
Tests have been done on some items on their own and on alarm centrals with detectors and card readers 
connected.  The communication between the various components has in most systems been on wire, but some 
were wireless. 
In some tests we have not been able to monitor the systems and components during radiation. In those cases we 
have checked the functions of the components and systems before and after radiation and looked for other signs 
of influence.  For alarm centrals we have looked for malfunctions and error messages.  We have seen PIR 
detectors which have been through destructive tests recovering to different states of function later on.  PIR 
detectors which have been monitored during radiation have shown very different reactions to radiation. 

Acknowledgments - This work was supported in part by the Swedish Armed Forces. 
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UWB techniques are not only used in high speed communication systems, but also in the field of intentional 

electromagnetic interference (IEMI). While UWB pulses cover a large frequency range from 300 MHz to several 

GHz, an impact of modern electronic devices by these pulses could lead to malfunctions as well as destruction of 

the electronics. Investigations of the coupling effects of UWB pulses to complex electronic systems have shown, 

that increasing the system dimensions lead to an increased coupling efficiency [1]. This result seems to be 

universally applicable for all electronic systems, but susceptibility investigations on a generic microcontroller 

board (GMB) show surprisingly different results. Since measurement errors could be excluded, this effect has 

been investigated more detailed by additional measurements and numerical field calculations. The essential 

results of these investigations will be presented in this contribution. 

As mentioned above, the susceptibility of a generic microcontroller board has been investigated. In contrast to 

the measurement setup in [1], the EUT was not placed in an open TEM waveguide, but on an open area test site 

(OATS). Thus, UWB pulses radiated by an impulse radiating antenna (IRA) illuminated the EUT. Furthermore, 

the whole circuitry was realized on a single PCB with signal tracks on the bottom layer and a ground plane on 

the back layer. In order to perform investigations with different coupling lengths (4, 6 and 8 cm), three versions 

of the GMB have been built up. The measurements point out, that the PCB with shortest coupling length is most 

sensitive, whereas the one with the longest coupling length showed the highest interference immunity. 

Additional measurements with another PCB that consists of only one signal track matched at both ends and a 

ground plane (according Fig .1) show similar results in time domain (TD). Further investigations performed with 

a numerical field calculation program deliver a possible answer for the unexpected results of the susceptibility 

tests. As shown in Fig. 2a, an increase of the coupling length effects higher voltages in the frequency range 

below 800 MHz. Above this frequency the coupling to the 6 cm track becomes larger than to the longest one, 

whereas the coupling to the shortest track is maximal in the frequency range from 1.3 to 3 GHz. Since UWB 

pulses cover a large frequency range up to several GHz, it becomes clear, that shorter coupling lengths do not 

increase the susceptibility of an electronic system against UWB in general. The time domain simulation results 

in Fig. 2b point out that the maximum voltage amplitude occurs in case of the shorted signal track. Since the 

signal track has been designed as a 50Ω-microstrip line that is terminated with its characteristic impedance at 

both ends, only small reflections appear. (In theory, there should not be any reflections, but the transition from 

the microstrip line to the resistor is not realized perfectly. Thus, this inhomogeneity causes reflections.) In 

practical use, signal tracks will be unmatched due to the input or output impedance of connected devices 

occasionally. Then, these signal tracks form line resonators that can be excited by transient field pulses. In 

summary it must been said the existence of substrate material and a ground plane has also an effect that must be 

taken in consideration, too. 
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Determined malefactors have demonstrated the use of common systems as effective weapons against civilian 
infrastructures, e.g. commercial jetliners used as kinetic weapons and cell phones used to trigger explosive 
devices. This undergraduate research project investigated the possibility of using readily available stun gun 
devices for electro-magnetic interference with or disruption of personal computers. At present, the system effects 
of high power electromagnetic sources are well recognized by world scientific and military communities. Former 
CIA Director John Deutch has said that, "the electron is the ultimate precision-guided weapon" [1]. There has 
been much research on the deleterious effects of pulsed voltages and currents on electronic system operation. In 
the course of the investigation of nuclear electromagnetic pulse (EMP) effects on electronics during the Cold 
War period, it became evident that garden variety, unprotected electronics would malfunction, in some cases 
burn out, in the presence of externally induced pulsed currents in the milliampere range. EMP and high power 
microwave (HPM) research have demonstrated that these effects can have serious consequences in terms of 
interruption or termination of critical system operation. Although military systems have been the primary 
concern for EMP research, it is clear that the civilian infrastructure electronic communication, processing and 
control systems are at least as vulnerable to disruption from intense electromagnetic environments [2]. 

We conducted an experimental program using 50KV and 600KV hand-held stun guns to inject personal 
computers. The project involved fabrication of voltage divider circuits to measure stun gun output waveforms 
and direct-injection of personal computer ports to determine computer vulnerability to upset and damage. Results 
show that computers are highly susceptible to temporary and permanent debilitation from these devices. The 
results have implications for other types of data, communications, and control electronics. The project has been a 
successful learning experience on many aspects of high power electromagnetics and general research procedures 
including: familiarity with electromagnetic analysis techniques, experiment design, data gathering procedures 
and high power electromagnetic device safety practices. 
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Ethernet networks are an important part of many modem systems, and a significant factor to be considered in any
EM susceptibility assessment.  Generally the coupling of threatening EM fields (such as ultrawideband) to cables
can be calculated, at least in an idealized case, but it is more difficult to calculate the effects on the system of
such coupled signals - generally laboratory measurements must be used instead.  Because they are so prevalent,
an important system to consider is the Ethernet interface for PCs – “NIC” cards (Network Interface Cards).  It
might be estimated that cards should be able to withstand pulses of at least a kilovolt, corresponding to the lower 
levels of pulses for international standards1, and those standards provide guidelines for making pulse
vulnerability tests. Here we will discuss how pulse susceptibility tests may be performed, and present some
useful lessons we have learned from performing such tests.

The basic test approach is simple.  A network is set up – usually two PC’s networked together.  An electric pulse
is driven on the network cable, and any resulting adverse effect, upset or damage, is noted.  There are two
common ways to introduce the test pulse into the network: capacitive coupling (Figure 1), which uses field
coupling to insert the test pulse into the system, and direct injection (Figure 2), with the pulser hardwired into the
NIC.  Below we introduce some issues concerning such tests:
Capacitive Coupling: This approach has advantages, such as allowing normal communication during the
pulsing, but the drive level is about half that of direct drive.  Often the direct injection approach gives very
similar upset results, but without this loss, and so, essentially, direct drive has twice the upper drive level.
Effect Levels 0,1,2,3,4: Numbers are often used to denote system effects, for example, from 0 = no effect to 4 = 
permanent damage. It may be too simplistic. Usually upset levels are distinguished by the recovery needed,
such as the file transfer needs to be re-started, or the PC needs a soft or hard reboot.  However, for NIC, another
recovery option is the need to unplug the PC before re-booting.  Also we might want to distinguish between
relatively benign communication corruptions and Windows upsets – random Windows commands sometimes
occurred during the tests. Damage should not be a single level. The highest level should be complete permanent
loss of the NIC, but it was found that often the “permanent damage” was to non-essential components on the
NIC cards (interestingly, these components are thought to be there for EMC/EMI emission compliance – the 
cards may no longer meet specs, but they still work).
Retained heat: A shot that produces device breakdown can heat up the device (in damage cases, this is seen in 
“burnt” parts), and it should be allowed to cool before the next shot.  If not, breakdown will be even easier, and a 
damage level may be found that is inaccurately too low.
Do a full postmortem: A NIC is declared dead if it no longer works, even after doing a full power-down re-
boot. However, NIC cards still get some power even when the PC is off, so the AC power should be unplugged
first.  Also, because of retained heat, a re-boot should be tried again after a very long cool-down period.

“Near” End, Host
Presario S4000 NX

“Far” End, Control
Presario 6000

“Near” End, Host
Presario S4000 NX

“Far” End, Control
Presario 6000

Fig. 1 – Capacitive trench testing. Fig. 2 – Direct injection testing.
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with time-domain SPICE coupling models for bridgewire EED circuits at 

pulsed, wideband electromagnetic irradiation 

F. Sonnemann 
Diehl BGT Defence GmbH & Co. KG, D-90552 Roethenbach a.d. Pegnitz, Germany

E-mail: frank.sonnemann@diehl-bgt-defence.de 

The susceptibility of EED against CW irradiation can be determined by observing the steady state temperature 

rise of the heating element, which in turn can be related to an equivalent DC current. According to the German 

VG 95379/20 and depending on the class of hazardousness this equivalent DC current must keep the safety 

margin which is defined either 7 dB / 17 dB off the DC-No-Fire current. However, at pulsed irradiation no safety 

margins are currently defined, because no established measurement technique to determine induced energy or 

peak temperature rise is available.  

An (inert) EED test system for HPEM irradiation tests will be presented, which allows three different methods to 

determine the peak temperature of the inert EED device during HPEM irradiation. The first method uses an 

infrared quantum detector with a rise time of about 10 ns for direct observation of the heating element. The peak 

temperature is calculated from the measured emission (detector voltage) by solving the detector equation after 

the unknown emitter temperature. The result will be compared with a direct current measurement in combination 

with a bridgewire heating model based on a partial differential equation which includes the temperature 

dependence of the specific electrical resistivity, heat capacity and heat conductivity. The last method uses a 

power measurement in combination with the well known Rosenthal temperature model, which is often used for 

bridgewire EED. The peak temperature calculated with the proposed methods differs of about ± 20 %, which is 

due to the inaccuracy of the bridgewire geometry (length, diameter), the model parameters and measurement 

uncertainties.  

The presentation describes the EED measurement set-up in a HPEM environment, the methods to determine the 

bridgewire peak temperature and discusses first results achieved from the DS effects testing which are compared 

with time-domain SPICE coupling models incorporating common- and differential mode coupling. 
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Investigations and Simulation of Electromagnetic Behavior in 3D Hybrid 
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J.M. Dienot 1 , E. Batista2, L. Bouchelouk2

1University Institute of  Technology, Tarbes, France
2Power Electronics Associated Research Laboratory, Séméac, France
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Works presented focus on investigations and simulations aspects to identify and reproduce new electromagnetic
disturbances cases at device level. These behaviors can occur because of the impact and non-stop progress of
integration of electronic hybrid systems, using mixed components and integrated circuits, especially for
embedded and transport applications. The volume of  these circuits trend to reduce, and coupling ways for
example between on-PCB numerical PWM pattern and power converter chip (MOSPower, IGBT) becomes
more and more problematic[1]. A new complete review of conventional EMC emissions or susceptibility
behavior, applied on the electronics parts of an hybrid technology chip system is proposed. Starting with well-
know established techniques of emission and immunity characterizations on electronic devices[2], new
electromagnetic measurements have been developed, excited by a special directive warming set-up added to
near-field scan table and TEM cell configuration[3]. Different canonical cases have been tested, using
elementary  and complex electronic configurations : copper wire tracks and couplings, digital programmable
device, integrated circuits, power switches… The complete review of experimental results confirm the real
impact of temperature on conventional emission and susceptibility behavior : near-field noise responses are very
sensitive to increasing thermal environment(See fig.1). Phenomena is reproducible, and can show about ten dB
of real shift on frequency repartition EM noise energy. Coupling factors and thresholds susceptibility levels
have also a different behavior to hot heating. Modeling works, conducted to reproduce the effect of external
temperature on electromagnetic emission and  susceptibility, point on  electrical mobility and technological
parameters of chips and devices which are very sensitive to the temperature[4]. So, the electromagnetic
responses of the PCB architecture is mainly driven by active device. But the electromagnetic coupling factors,
inductive or capacitive types, are also identified as actors of these new electromagnetic coupling cases[5][6].
This global multi-physics approach wants to demonstrate and give confirmation of real impact of external
temperature to complete library models works dedicated to EMC, and to realize efficiently future EMC 
investigations and previsions for electronics integrated chips with embedded hybrid technology.
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Fig.  1 - New 3D thermal parametric spectrum representation of near-field emissions of  digital PWM PLA chips
 a) H field  measures b) E field measures
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It is well known that electromagnetic (EM) emissions from Portable Electronic Devices (PEDs) carried on board 
aircrafts can interfere with avionics systems. Use of PEDs including mobile phones is therefore limited in 
aircrafts. On the other hand, commercial services offering passengers to use GSM (Global System for Mobile 
Communications) mobile phones on aircrafts are set to start soon in the world. In this system, transmission 
power of these GSM phones in the cabin is controlled to be small by placing low power base stations (Pico-cells) 
that link the phones to terrestrial communications via satellites.  
However, there are safety concerns about this service in Japan and countries that use transmission methods other 
than the GSM. PDC (Personal Digital Cellular) and CDMA (Code Division Multiple Access) are used with 800 
MHz, 1500 MHz and 2000 MHz bands in Japan. Some handsets sold in Japan are also compatible with GSM for 
international roaming purpose. In these circumstances, when a passenger turns on his/her non-GSM mobile 
phone intentionally or unintentionally, it may radiate very strong signal because the phone tries to maintain its 
link with distant ground station, which can interfere with aircraft system. Though some countermeasures using 
jamming systems are planned, it is difficult to comply with the emission regulation for avionics equipments [1]. 
The purpose of this report is to investigate how much non-GSM transmission from the ground base stations 
reaches inside a cruising aircraft. The EM field in the above three bands is measured using a wideband antenna 
connected to a spectrum analyzer on a cruising Beachcraft Model 99 aircraft. The EM field over Yamagata 
airport is recorded at altitudes from 1500 feet to 7000 feet with a 500 feet interval in geographically identical 
positions. 
Figure 1 describes the maximum observed E fields between 860 MHz and 887 MHz at each altitude. The band is 
allocated only for ground base stations. The figure shows that 56 to 64 dB�V/m has been observed inside the 
aircraft, and the same tendency is found also in other bands allocated for ground stations. The EM field at higher 
altitudes where general commercial jet planes cruise, 30000 – 40000 feet, is expected to be about 30 dB�V/m 
according to the free-space path loss calculation. Meanwhile, the lower limit of power reception of a typical 
CDMA phone is around 26 dB�V/m (-110 dBm) at 870 MHz. It means that the communication can be 
established between ground base stations and non-GSM phones on board even at cruising altitudes.  
The potential problems of installing mobile phone systems on board have been discussed through the EM field 
measurement in the air. In order to install this Pico-cell system in non-GSM countries, mechanisms must be 
considered to cut direct links from non-GSM phones to ground stations such as shielding techniques for aircrafts. 
Finally, the flight safety when the system is installed in non-GSM countries can be ensured. 
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Fig. 1 – Maximum observed E-field from base stations in 800 MHz band over Yamagata airport 
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The reacting of powerful pulsed electromagnetic field with semiconductor devices (transistors, microcircuits) 
adversely affects their operation modes and, in some instances, it can lead to the complete loss of control by 
these devices. Traditionally, for determining resistance of the semiconductors devices to the external 
electromagnetic radiation the Wunsch-Bell criterion is used. However, for some devices this criterion is not 
executed, especially, with decreasing geometry of active region of these devices. 
In present paper a numerical mathematical model of the Si and GaAs Schottky-barrier field-effect transistor is 
considered. This model permits current and thermal modes of these devices to be investigated  when reacting of 
the powerful electromagnetic pulses takes place.  In this case changing characteristics of semiconducting 
materials with increasing temperature is taken into account.  Using of the mathematical model allows dynamics 
of the electrothermal processes to be studied including an outgrowth of avalanche process, forming current 
“cord”, thermal breakdown of the devices and, etc.   
The computer modeling results showed that in studies of the external reacting of the electromagnetic pulses with 
semiconductor devices as criterion of the resistance it is necessary to take into account the volume density of 
power instead its surface density.    
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The growth of mobile telecommunications, in an attempt to satisfy the needs of modern society for mobile 
communications, wireless internet browsing and transferring of real time voice and video, has become an 
everyday life necessity, which is integrated to the lifestyle of people. In order to succeed in meeting this 
requirement, telecommunication companies are increasingly utilising a higher range of frequencies, so as to 
create sufficient numbers of broadcasting speech and data channels. On the other hand, the application of higher 
frequencies for communication purposes has the disadvantage of decreasing the coverage area, which results in 
the attenuation of the transmitted signal strength, especially in urban areas, where the presence of building 
structures is frequent. A practical solution to provide companies with greater coverage area and better quality of 
the provided services is to use multiple cellular base stations near houses. This unavoidably means that the 
cellular stations, which are sources of predominantly electromagnetic fields, are in close proximity to residences 
and offices, where people spend most of their time. As a result, there is great public concern and anxiety 
regarding the possible health effects caused by continuous long term exposure to electromagnetic fields. With 
this in mind, the current work began in an attempt to provide better insight into the electromagnetic field 
exposure levels near telecommunication base stations. In this work, measurements have been conducted in the 
whole of the telecommunication network in the vicinity of base stations for one of the two major mobile 
telecommunication providers in Cyprus. The obtained results are compared with the ICNIRP guidelines and a 
general picture of the cellular base emissions in the entire network is hence made possible which has thrown 
light into the possible limitations and problems within the network. 
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The paper presents the results on investigation of real-time monitoring system in millimeter and optical ranges. It has 
been developed an original real-time monitoring system. This system investigates properties of biological objects in 
millimeter and optical range both in active and passive mode of scanning. It has been also used for remote sensing 
different biological object and geoscience task as well. In addition to the monitoring there have been investigated 
treatment technologies in millimeter and optical ranges are provided as correction of own properties of object as for 
medical, ecological and agricultural purposes.
It had been investigated the using of real-time monitoring system for environment monitoring in particular a growth
and biophysical properties of crops. It had been chosen as a model for agricultural field rectangular with sides a and
b. Inside it is a regular structure of crop’s strips with period T1, width of strip d and height of strip h At the
development of scanning model there were defined tasks for determine a growth of crops and determine their 
biophysical properties in real-time on all agricultural field. Scanning model consists of model of spatial scanning of 
field; model of reflecting of millimeter and laser radiation from binary heterogeneity as soil-crop; model of 
multiangular scattering on crop and especially on their components and model of biological object self radiation. 
Proposed real-time monitoring system consists of subsystem of multiangular scanning, subsystem of reflected or/and 
self radiation scanning and subsystem of hardware-software processing scanned data from agricultural field of crops
Subsystem of hardware-software scanned data processing consists of multichannel correlation receiver, receiver to 
PC junction and program of analyzing and indication of scanning results. Main part of hardware system is 
multichannel correlation receiver, where it is operated correlation comparison of test signals and signals obtained 
during scanning process. Test signals are obtained previously for certain conditions of crops (kind of crop, its age, 
contained components and parameters of planting), and they are saved as special test data.
There were also analyzed possible opportunities for realization of monitoring system on base of proposed system set 
up on aircraft. In this case it had been investigated specification of aircraft (such as altitude, velocity and carrying 
capacity), features of airborne set up of subsystems and flying route for crop monitoring on whole field.
Results of simulation and experimental researches show that system for real-time monitoring of growth and 
biophysical properties of crops can be used for industrial development and producing the airborne system in extended 
range (visible, IR and millimeter) for agricultural needs. It would be very useful to produce an airborne monitoring 
system that could be set up and used on small aircraft by farmers, for example. Results of investigations could be also 
used for creating program and system for monitoring other kind of objects scanned not only in optical range. In some 
cases it could be possible to obtain data about growth of crop from mapped satellite data. But this data have more 
integral characteristics and have less resolution than airborne monitoring system.
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We describe a test setup using two reverberation chambers with a common wall. In the common wall a device 
under test (DUT) can be mounted. One of the rooms is a conventional chamber with a stirrer. The other room is a 
Vibrating Intrinsic Reverberation Chamber (VIRC), where the walls are used to stir the fields, such as shown in 
Figure 1. The walls are moved by means of a simple motor with a crankshaft and elastic strings. Stirring the field 
by means of a mode stirrer is also possible. 

Figure 1: Conventional reverberation chamber left, VIRC right 

An earlier setup was with one reverberation chamber and a simple conventional chamber, as described in [ 1]. 
Because a fire destroyed the laboratory, new chambers were built, and now two reverberation chambers, one of 
them being a VIRC, was used. The main advantage of a reverberation chamber is the high field strength while 
using only moderate power. On the reverse side, any small signal which enters the reverberation chamber 
through the DUT is intensified. As such, the dynamic range of the test setup is increased. Another advantage of 
using reverberation chambers is the high repeatability: In a conventional shielding effectiveness test the DUT 
creates lobes at high frequencies, such that static high and low field strength areas are fixed over the volume of 
the test setup. But in a reverberation chamber these lobes are dynamically distributed. 
In [ 2] a nested reverberation chamber test procedure has been described. This method needs a much higher 
frequency for proper operation due to the limited size of the test fixture, compared to the method as described in 
this paper. The procedure we applied is described, and some test results are presented. A picture of the test setup 
is shown below. 

Figure 2: Picture of the test setup 

The test setup has been used to measure the shielding effectiveness of many samples, including  
� Composite panels (Glass Reinforced Plastics) with woven metallic textile, carbon and metal fibres, paint etc. 
� Various wire mesh and metalized fabrics 
� Panels with multiple holes, honeycomb and joints 
� and various other experiments 
The test setup will be described and several test results will be shown. 
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










           

      
       
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
                  
           
      

               



              



              



 


         


 


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Relativistic Cherenkov Microwave Oscillator without a Guiding Magnetic 
Field

E. M. Totmeninov, A. I. Klimov, V. V. Rostov  
Institute of High Current Electronics, Siberian Branch, Russian Academy of Sciences 

2/3 Akademichesky Ave., Tomsk 634055, Russia 
E-mail: totm@lfe.hcei.tsc.ru

Research and development of relativistic microwave generators without an external magnetic field are of interest 
for some applications. Examples of such devices are, vircator [1] and MILO (Magnetically Insulated 
Transmission Line Oscillator) [2]. 
Another type of microwave device without an external magnetic field, the relativistic cherenkov microwave 
generator, is studied in this work. In this generator, a solid cylindrical relativistic electron beam is formed in a 
planar diode and propagates through a short (L � 3�, � – wavelength) resonant slow wave system without 
external magnetic field. Transportation of the electron beam in the drift tube uses the azimuthal component of the 
self magnetic field, which prevents the beam divergence under the action of the self space charge. Slowing down 
of the traveling wave to the light speed enables efficient interaction of the wave with the solid cylindrical 
relativistic electron beam. In this case the distribution of the electric field longitudinal component of the 
fundamental harmonic over the slow wave system cross-section is nearly uniform. Preliminary modulation of the 
electron beam at the entrance of the slow wave system provides the condition for efficient energy exchange at the 
phase velocity of synchronous wave a bit higher than the electron velocity. Well known PIC code KARAT [3] 
was used for the simulation. High simulated efficiency (30 – 40%) of the device was realized due to a double-
humped shape of “cold” longitudinal distribution of z-component of RF electric field. Earlier, the possibility of 
generation at the condition of negative initial kinematic mismatch was shown in the theory for the relativistic 
monotron. However, this regime demonstrated a high start current. 
In the experiment the solid cylindrical relativistic electron beam was formed in the planar diode that included the 
anode mesh and the metal-dielectric multi-blade cathode that was placed inside a focusing stainless steel 
electrode. The TM01 wave was generated with an efficiency of 10 ± 2 % (taking into account the total vacuum 
diode current) at a peak power of 1.3 � 0.3 GW and the oscillation frequency of 4.03 GHz. The energy of the 
microwave pulse measured using aperture calorimeter was 13 ± 1 J. That corresponds to the power of 1.2 ± 0.1 
GW. For some pulses the peak microwave power reached 1.5 � 0.3 GW with 12 ± 2 % efficiency. The 
microwave pulse width (FWHM) was about 11 ns. The transmitted current measured just behind the anode mesh 
was � 50% of the total diode current. Thus, the efficiency of the device was about 20 % taking into account the 
transmitted current. The difference between the efficiencies obtained in the numerical simulation and in the 
experiment was probably due to parasitic electron emission from the focusing electrode and changing the diode 
impedance during the driving pulse. May be additional optimization of slow wave system is needed. 

References  
1. S. A. Kitsanov, A. I. Klimov, S. D. Korovin, et al., “A vircator with electron beam premodulation based on high-current 

repetitively pulsed accelerator,” IEEE Trans. Plasma. Sci., vol. 30, pp. 274-285, Feb. 2002. 
2. M. D. Haworth, G. Baca, James N. Benford, et al., “Significant Pulse-Lengthening in a Multigigawatt Magnetically 

Insulated Transmission Line Oscillator,” IEEE Trans. Plasma. Sci. Vol. 26. No. 3.  June 1998. P. 312-319. 
3. V. P. Tarakanov, “User’s Manual for Code KARAT”, Springfield: BRA, 1992. 
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The media where electric displacement and magnetic induction simultaneously depend on electric field and on 
magnetic field are biisotropic, or chiral and metamaterial media for special cases. The constitutive relations for 
this medium are:  

HED
���

���� ; HEB
���

���� .   (1) 

The aim of this paper is to investigate the influence of the strip conductor placed in infinite chiral media (when 
ratio 1���� this medium is metamaterial medium) between two grounded plate’s position (Fig. 1) on 
effective dielectric permittivity and permeability, characteristic impedance of the system, and electric and 
magnetic field distribution. For numerical calculations, the conducting strips can be divided on many little parts 
(2N), replaced by infinite cylindrical conductors [1, 2]. Infinite linear electrodes are used as equivalent 

electrodes (EE). After the system of linear equations is solved, the unknown EE line charges, '
nq , can be 

determined. Equivalent electrodes method (EEM) as very simple, powerful and accurate procedure is used. 

PEC

PEC

h

w
t

x
y

d

� ,,

1N 12 2 N

'nq

Fig. 1 – Strip line with chiral medium .,, ���
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0.8

Fig. 2 – Equipotential curves. 

It is necessary to know Green's function of uniform line charge placed in chiral dielectric medium, between two 
infinite perfectly conducting grounded plates. This function is determined in the closed form by using function of 
complex variable and conformal mapping. Also, TEM theoretical analysis of the strip line is used. The obtained 
numerical results for chiral media are compared with corresponding results determined by FEM. 

Table 1 – Some electromagnetic values versus ratio
d

w , for dw 5.0� , 01.0�
W
t .

Results for electric and magnetic field strength in point � � � �ddyx 75.0,, � , characteristic impedance of the strip line 
( cZ ), capacitance ( 'C ) and inductance ( 'L ) per unit length, are presented in Table 1. Used numerical values are: 

2.9�r� , 07.4�r� , 73.1�r� , VU 1� , dh 5.0� , wt 01.0� , where 
m
s

3
10 8

000

�

�� ��� .
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d
w Electric Field 

V/m
Magnetic Field 

mA/m cZ (� ) � �pFC ' � �HL �'

0.25 0.12099325 0.13642115 96.97941673 201.74404491 1.89740421 

0.50 0.18778595 0.15226507 69.58217772 281.17860705 1.36137668 

1.00 0.41640865 0.46950511 45.24330266 432.44013268 0.88518611 

2.00 1.68967326 1.90512425 26.66668275 733.68780010 0.52173417 
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Nuclear Physics Institute, Tomsk, Russia

One Method for Chiral and Metamaterial Strip Lines Determination 

N. B. Raicevic1 , S. S. Ilic2

1,2Faculty of Electronic Engineering, Department of Electromagnetics, Nis, Serbia
...

E-mail: nraicko@elfak.ni.ac.yu 

The media where electric displacement and magnetic induction simultaneously depend on electric field and on 
magnetic field are biisotropic, or chiral and metamaterial media for special cases. The constitutive relations for 
this medium are:  

HED
���

���� ; HEB
���

���� .   (1) 

The aim of this paper is to investigate the influence of the strip conductor placed in infinite chiral media (when 
ratio 1���� this medium is metamaterial medium) between two grounded plate’s position (Fig. 1) on 
effective dielectric permittivity and permeability, characteristic impedance of the system, and electric and 
magnetic field distribution. For numerical calculations, the conducting strips can be divided on many little parts 
(2N), replaced by infinite cylindrical conductors [1, 2]. Infinite linear electrodes are used as equivalent 

electrodes (EE). After the system of linear equations is solved, the unknown EE line charges, '
nq , can be 

determined. Equivalent electrodes method (EEM) as very simple, powerful and accurate procedure is used. 

PEC

PEC

h

w
t

x
y

d

� ,,

1N 12 2 N

'nq

Fig. 1 – Strip line with chiral medium .,, ���

�0.5 0.0 0.5

0.2

0.4

0.6

0.8

Fig. 2 – Equipotential curves. 

It is necessary to know Green's function of uniform line charge placed in chiral dielectric medium, between two 
infinite perfectly conducting grounded plates. This function is determined in the closed form by using function of 
complex variable and conformal mapping. Also, TEM theoretical analysis of the strip line is used. The obtained 
numerical results for chiral media are compared with corresponding results determined by FEM. 

Table 1 – Some electromagnetic values versus ratio
d

w , for dw 5.0� , 01.0�
W
t .

Results for electric and magnetic field strength in point � � � �ddyx 75.0,, � , characteristic impedance of the strip line 
( cZ ), capacitance ( 'C ) and inductance ( 'L ) per unit length, are presented in Table 1. Used numerical values are: 

2.9�r� , 07.4�r� , 73.1�r� , VU 1� , dh 5.0� , wt 01.0� , where 
m
s

3
10 8

000

�

�� ��� .
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d
w Electric Field 

V/m
Magnetic Field 

mA/m cZ (� ) � �pFC ' � �HL �'

0.25 0.12099325 0.13642115 96.97941673 201.74404491 1.89740421 

0.50 0.18778595 0.15226507 69.58217772 281.17860705 1.36137668 

1.00 0.41640865 0.46950511 45.24330266 432.44013268 0.88518611 

2.00 1.68967326 1.90512425 26.66668275 733.68780010 0.52173417 

Frequency-Agile High-Power Resonant Microwave Compressors 

S. N. Artemenko, V. A. Avgustinovich, A. S. Shlapakovski, Yu. G. Yushkov 
Nuclear Physics Institute, Tomsk, Russia

E-mail: shl@npi.tpu.ru 

The problem of creating high-power resonant microwave compressors capable of wideband frequency tuning is 
considered. The resonant pulse compression technique based on the microwave energy storage in a cavity with 
its following fast release allows one to produce microwave pulses of nanosecond duration and megawatt-to-
gigawatt peak power level from rather compact and relatively inexpensive devices. Frequency-agile resonant 
compressors could find application in short-pulse radars, for testing electronic hardware, or as RF drive sources 
in relativistic microwave amplifiers. 

Results of the theoretical analysis are presented for the traditional compressor configuration including a storage 
cavity and output interference switch based on a waveguide H-tee and, also, for the configuration comprising a 
symmetric storage system and input-output coupler in the form of double waveguide tee. Conditions of 
realization and characteristics of frequency-agile compressors such as the cavity and compressor gains, pre-pulse 
amplitude, and output pulse duration have been determined. It has been shown that in the traditional 
configuration, the operating frequency hopping is possible at fixed cavity geometry and just a small change of 
the electric length of the H-tee short-circuited side arm (sub-opening the tee). This corresponds to the transition 
to neighbor cavity modes differing by axial indices, and the range of hopping can be as wide as the band of a 
single-mode waveguide. Moreover, at a certain degree of tee sub-opening, the switching over is possible 
between the two, or even three operating frequencies without any mechanical tuning at all, and with rather small 
reduction of the compressor gain. In the configuration with a symmetric storage system, the discrete variation of 
the operating frequency without any mechanical tuning is possible within the band of a single-mode waveguide, 
and, if the length of both arms of the storage system is slightly and identically changed, the operating frequency 
is varied continuously. 

Also presented are the experimental results obtained with a first prototype of frequency-agile compressor, the 
two-frequency X-band megawatt compressor. This compressor demonstrated the same gain of ~16 dB at ~2 MW 
peak output power and ~4 ns FWHM pulse duration for two operating frequencies, 9.155 and 9.388 GHz. Input 
pulses of microsecond duration were produced by the tunable magnetron, which output power was up to 50 kW. 
The compressor was designed to operate in the TE11(31) and TE11(32) modes of the copper cylindrical cavity. The 
output H-tee was also made of circular waveguide sections. The diameter of the cavity differed from that of the 
tee arms (was larger) in order to provide higher Q-factor for the cavity and acceptable characteristics of the tee at 
the same time, so that the design included also the smooth Chebyshev transition. Switching over between the two 
operating modes was realized by means of ~ 2 mm displacement of the movable membrane in the side arm of the 
tee. In all experiments, commutation of the compressor operation regimes from energy storing to releasing stages 
occurred in air at the atmospheric pressure. 

Acknowledgments - The work was supported in part by Russian Foundation for Basic Research (grant no. 05-08-01150). 
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Electromagnetic Vehicles Immobilization System (ELVIS) 
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E-mail: tehoria@rafael.co.il 

The Electromagnetic Vehicle Immobilization System -ELVIS is a compact portable mesoband system. The 
system can be hand carried in a "trolley" case or be car-hosted. The system comprises of two HV power supplies 
one positive and one negative, a 500kV pulse generator, a switched oscillator (patent pending) and a transmitting 
antenna. The paper will give details of the characteristics of the system performance: pulse characteristics, 
repetition rate, field strength versus distance, etc… 
Also, the paper will give details and results of immobilization tests, made on more than 15 types of commonly 
used cars.
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The Transverse Electromagnetic Cell (TEM) cell can be used to measure emissions from Equipment Under Test 
(EUT) with inclusion of phase measurement as reported in [1] and shown in Fig. 1(left). Due to the limitation of 
higher usable frequencies in TEM cell, a tapered TEM cell known as the Gigahertz Transverse Electromagnetic 
Cell (GTEM) Cell was introduced to accommodate higher frequencies. However, the GTEM cell has only one 
port. This restriction prohibits phase measurement because of the absence of the other port. This paper 
introduces a method where the phase measurement can also be performed with a GTEM cell. This method 
involves an additional rotation of 180o of the EUT to gain the power of P2 shown in Fig. 1(right). This method 
also includes a way to establish a phase reference signal to gain the phase information of the dipole moments of 
the EUT. Using this technique, this work investigates the impact of the phase measurement toward the 
estimation of total radiated power by making a comparison between the total power radiated by a spherical 
dipole EUT at 200 MHz using (1) the GTEM cell that involve phase measurement [1], (2) the GTEM cell 
measurement according to IEC 61000-4-20 [2] and lastly (3) the value obtained from the Transmission Line 
Model (TLM) simulation [3]. The results are shown in Table 1. It is shown that the values of the total radiated 
power between the measurement that involves phase and the simulation are close within each other. Whereas the 
total radiated power obtained according to IEC 61000-4-20 differs by about 8 dB. This work provides an insight 
into the importance of the assumption that there is no phase difference between dipole moments. Here we have 
shown that by including the phase difference between dipole moments from the EUT in Electromagnetic 
Compatibility (EMC) test, the result has improved even for a single dominant radiator such as the spherical 
dipole antenna. 

y x' 

Fig. 1 – The total radiated power measured using the TEM (left) and the proposed method using the GTEM cell 
(right) for one EUT orientation. A method to establish a phase reference is included in GTEM cell measurement. 

Table 1 - Comparison of total power radiated between three different methods 

Method
Total power radiated 

(dBm)
Absolute difference against TLM 

simulation results (|dB|) 
GTEM + phase -98.815 0.613

GTEM + IEC 61000-4-20 -89.965 8.237
TLM simulation -98.202

References  
1. Ma, M.T. and Koepke, G., A method to quantify the radiation characteristics of an unknown interference source. NBS 

Tech. Note 1059, Oct. 1982. 
2. 61000-4-20, Electromagnetic Compatibility (EMC) – Part 4: Testing and measurement techniques. Section 20: 

Emission and immunity testing in transverse electromagnetic (TEM) waveguides. International Electrotechnical 
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3. Christopoulos C., “The Transmission Line Modeling Method TLM”, IEEE Press, Piscataway, NJ, 1995. 

P1 P2
z’

z

xy' 

P1

P2 180o

y

z

z

x

x' y' 
GTEM septum �

�

½ TEM

�=45o; Primed axes are local EUT axes; non-primed axes are TEM/GTEM axes; P1 & 2 Measured magnitude & phase
H

PE
M

 -
 1

2 
M

ea
su

re
m

en
ts

 T
ec

h
n

iq
u

es
 #

2



48 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

HPEM - 12

A State of the Art Anechoic Chamber for Air vehicle Testing at Alenia 
Aeronautica

Ariano, Gaetano Maurizio; Bertino, Ilario; Bozzetti, Marco; Galati, 
Paolo;

Alenia Aeronautica, Torino, Italy
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A state of the art electromagnetic anechoic chamber has recently been built by Alenia Aeronautica at Caselle 

South Plant: this paper shows its main features and testing capabilities. It also describes a simulation analysis to 

predict the electromagnetic performance of the chamber and the typology of the acceptance tests. 

The anechoic chamber is a full anechoic chamber, and it has been designed to carry out tests mainly on fighter 

and unmanned aircraft.  Moreover, tests can be carried out on every SUT that is compatible with the dimensions 

of the main access door. A system to extract exhaust gas was installed in order to carry out tests on a wide 

variety of vehicles. 

The anechoic chamber has been designed to carry out both HIRF/EMC and High Sensitivity tests: in particular 

HIRF/EMC tests in the frequency range 30MHz ÷ 18GHz with the capability of radiating a very high intensity  

electromagnetic field and High Sensitivity tests, such as installed (on SUT) antenna pattern measurement in the 

frequency range 500MHz ÷ 18GHz. 

During the design phase and before construction of the full-scale chamber, a 1/12th scale model, metal-lined 

chamber had been manufactured to assess the desired electromagnetic performance. Moreover, during the 

construction phase, simulation campaigns were performed both to define the detailed internal layout and test 

acceptance methodology for particular cases not covered by the standards. 

The size (shield to shield) of chamber is 30m wide, 30m long and 20m high, and the 18m wide by 8.5m high 

main door allows the SUT access.  The shielded structure is a cube of 3mm-thick steel panels welded together, 

and it guarantees values of shielding effectiveness more than 100 dB in the frequency range 100kHz to 20GHz.  

The floor surface includes a 10 metre diameter turntable to rotate a 30 ton SUT with an angular accuracy of ± 

0.02° and a pathway to allow SUT access. Both the pathway and the turntable are permanently covered by ferrite 

tiles. A hoist system permits lifting of the SUT (max 25 tons) up to 10 metres from the turntable centre enabling 

EMC testing on aircraft with the landing gear retracted. 

Figure 1 access of the aircraft through the main door Figure 2  lifting of the aircraft for the execution of the 

test 

This paper describes the anechoic chamber design and, in particular, the special ability to perform the test along 

the diagonal direction of the square base in order to increase distance between the test antenna and the SUT and 

also decrease the number of first and second order spurious reflections that reach the quiet zone. 
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Development of Logging System for High Power Electromagnetic Field 
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1 NTT Energy and Environment Systems Laboratories, Tokyo, Japan
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1. Introduction
With the development of electronics technologies,

telecommunication systems have the ability of high-
speed processing and high-performance operation.
Therefore, the influence on society becomes big when
EMC trouble occurs. Moreover, a radio transmitter
can easily be obtained from the market. Thus, 
malicious threats of exposure to High Power
ElectroMagnetic (HPEM) pulses are increasing [1].
This paper describes development of a logging system
for HPEM, which may affect telecommunication
systems.
2. Configuration
Configuration of developed logging system for

HPEM is shown in Fig. 1. This system is constructed
with probes, band-pass filters, detectors, and a logging
unit. The system monitors electromagnetic fields in a
frequency range from the HF-band to the SHF-band,
continuously. When an HPEM is coming, the probe,
whose band matches the HPEM pulse, picks up the
pulse. Output of the probe goes through a band-pass
filter to a detector and the output level is converted
into DC voltage. When the DC level is more than a 
threshold level determined beforehand, the logging
unit records the level, frequency band, time, and date.
Then, an alarm signal is sending to outside. An
external view of the system and probes are shown in
Fig. 2. The system is in a shielded box that has
shielding performance of at least 100 V/m.
Furthermore, to make the sensitivity of each band the
same, a system uses six probes.
3. Specification and sensitivity
Specifications of the system are shown in Table. 1. 

We selected six bands, which can easily produce 
HPEM. In our system, six bands include amateur
radio- and Radar bands. Moreover, to enlarge the
dynamic range of the system, we use a logarithmic
circuit for detectors. Measured characteristics in 2.45 
GHz band are shown in Fig. 2. The probe factor is 
about 39 dB and total insertion loss is 14 dB.
Measured results of the sensitivity in 2.45 GHz band
when the signal generator is directly connected to the
input terminal of the detector are shown in Fig.3. The
result shows good linearity in the range from -50 to 10 
dBm in a 50 � measurement system. Using this result,
incident E-field strength Eins is derived by
Eins = Pin  + (Fprobe + Lfilt) + 107 [dB�V/m].

Thus, this system has good linearity from 100 to 165
dB�V/m and may have sensitivity to 175 dB�V/m.
According to Ref.[1], one possible level of HPEM in
this band is about 173 dB�/V@10 m. Therefore, this
system is almost able to detect that level.

BPF #1 Detector Comparator

Logging
Unit

Alarm I/F

Data I/F

BPF #2 Detector Comparator

BPF #n Detector Comparator

Threshold
setting

Probes

PC,
etc

Fig. 1 Configuration of the system

������ �����������

(a) System (b) Probes
Fig. 2 External view of system and probes 

Table 1 Specification of the system
Item value

No. of freq. band 6 (27M, 50-150M, 430M, 
1-2G, 2.45G, 3-6G) 

Dynamic range 40 dB 
Output level of detector 0 – 2 Vdc

Max. E-field 100 V/m (at least)
Antenna directivity Non directional

Recorded data Level, time, date, and freq. 

Table 2 Measured characteristics in 2.45 GHz band 

Parameter
Probe factor
Fprobe

Insertion loss of 
filter Lfilt

Values 39 dB 10 dB
1.8
1.6
1.4

1.2

1.0
0.8

0.6

0.4

0.2

0.0
-80 -70 -60 -50 -40 -30 -20 -10 0 10 20

O
ut

pu
t v

ol
ta

ge
[V

dc
]

Input power [dBm]

Detector
SG

DC volt
meter

f = 2.45 GHz

Fig. 3 Measured sensitivity of detector

4. Conclusion
We have developed a logging system for HPEM and

evaluated its sensitivity. The results indicate that the
system can detect possible HPEM. Future work will
experimentally evaluate the validity of this system by
applying HPEM.
References
[1] IEC 61000-2-13, (2005)
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Generation and measurement of electromagnetic pulses  
with rise time down to 30 ps 

L.L. Sinii, Yu.V. Dmitriev, V.F. Molochkov, and V.V. Neustruev   
Research Institute of Pulse Technique, Luganskaya ul. 9, Moscow 115304, Russia 

e-mail: cemc@niiit.ru 

Currently, measurement instrumentation and test equipment for studying the susceptibility of various hardware to  
electromagnetic pulses (EMPs) are actively developed. Particular interest is the effect of EMP with the rise time 
less than 100 ps. In this case, of great importance is the accuracy of measured parameters of electric and 
magnetic fields. We developed field-generation cells CC577 and CC578 which generate rectangular 
electromagnetic pulses with ultrashort rise times in rather large test volumes. These calibration instruments are 
listed the public register of measurement instrumentation. The main parameters of cells are presented in Table 1.  
Cell’s pulse edge waveforms  are shown in Fig. 1. 
Using these instruments, E- and H-field sensors for measuring of EMP components in the range of 310-11-     
310-8 s were developed and calibrated with good accuracy. Sensors with cable communication lines 3 m long 
allow measurements of EMP components with rise time down to 30 ps with an accuracy of ±(15-20) %.  
Sensors with fiber-optic communication lines 50 m long have the transient response rise time of 100 ps and  
operate in the range from 0.4 to 400 kV/m and from 1 to 1000 A/m. Now, works on increasing the rapidity of 
such sensors to 60-70 ps are doing. 

Table 1. Main parameters of field-generation cells  CC577 and CC578 
Parameters 577 578 

Calibration volume dimensions 130×130×25 mm 300×300×70 mm 
Pulse rise time of generated pulses, no longer than, ps 30 ps 100 ps 
Pulse width at the level of  0.9 130 ns 3 ns 
Steady-state strength of EMP components: 

electric 
magnetic 

250 V/m 
0,66 /m 

73 V/m 
194 /m 

Reproduction uncertainty of the steady-state strength of EMP 
components in the calibration volume 

± 15 % ± 11 % 

Fig. 1 - Pulse edge waveforms  of CC577 (left) and CC578 (right). 
  

  CC577   CC578
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













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
 





 
         




       




  
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Navy's Distinguished Engineer for Directed Energy 

Naval Surface Warfare Center, Dahlgren, VA
... 

E-mail: David.Stoudt@navy.mil 

The interaction of electromagnetic waves with real systems is very complex and requires an extensive span of 
capabilities and facilities to perform experiments correctly and completely.  Recent recognition of a variety of 
electromagnetic threats such as high-altitude electromagnetic pulse, lightning, high-power microwave weapons, 
as well as transmitters, in such commercial applications as communications, have made the understanding of the 
effects of these sources on electronics critical to the continued proper functioning of our infrastructure.  Test 
facilities must represent a variety of interesting systems and must be located so that a variety of high-power 
electromagnetics sources can be applied.  Available analytical tools should include a variety of statistical tools 
for data analysis and test planning, as well prediction and interpolation of test data.  This paper describes the 
development of such a capability base at the Directed Energy Technology Office at the Naval Surface Warfare 
Center in Dahlgren, VA.   

The first step in building the capability base was to build a series of test facilities.  Those facilities include two 
multi-story buildings that use common commercial building construction techniques.  These buildings are 
populated by electronic systems, such as computer networks, distributed control systems, communications 
switches, alarm systems, and SCADAs.  The test facilities are located in an isolated part of NSWC-Dahlgren so 
that a variety of fields and impressed currents can be applied in realistic ways.  A variety of test planning and 
data reduction techniques had to be developed to support the understanding of the causes of system and 
subsystem failure.  These tools include statistical and neural net models of various types of system interactions.  
The point of the analysis is to develop the means to predict system and subsystem failure for a variety of 
illumination scenarios.  Finally, numerical tools and analytical techniques are used to understand the coupling of 
the fields onto buildings, system cables, and other vulnerable parts of the system 

This array of tools has been applied to good effect to a variety of tactical scenarios in both offensive military 
applications and applications for the protection of infrastructure from natural and intentional electromagnetic 
threats.
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Methods to Determine the Effect of Pulse Width on Susceptibility 
Threshold Levels  

Robert L. Gardner 
Consultant, Alexandria, VA, USA

E-mail: Robert.L.Gardner@verizon.net 

When measuring susceptibility levels in electromagnetic compatibility, intentional electromagnetic interference 
or high-power microwave testing the assumption is usually made that the peak electric field is the descriptor of 
the waveform that is the best predictor of failure of the system.  In this paper, normalized test data is used to 
show that substantial differences in threshold are observed when the pulse width is varied in narrowband 
illumination of certain test objects.  Statistical techniques are then used to help analyze the data.  Often, when 
properly plotted, the difference in the thresholds due to different illumination conditions is apparent, we extend 
the study by using these data to demonstrate statistical techniques that are of use when the inference is not so 
obvious.  Analysis of variance and covariance are the main tools used on these data sets to show the importance 
of pulse width in predicting the threshold failure level as compared to pulse repetition rate or number of pulses.  
Other predictors could also consider such comparisons as the current vice the peak incident electric field. 

Neural net analysis represents another useful technique for analyzing this type of data.  Published computer 
susceptibility data from Fang [1] is used to illustrate the technique. In this case, as well, there is clear 
dependence of the susceptibility threshold on the pulse width.   

 [1] J. Y. Fang, Wang J-G, Qiao D-J, 2002, High Power Laser and Particle Beams, 14,2. 
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Predicting EMI Effects on Complex, Distributed Electronic Systems 
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Cynthia Ropiak, Ph.D.1, and Frank Peterkin, Ph.D.2

1SAQ Consulting Ltd., Chestertown, Maryland, U.S.A
2Directed Energy Technology Office, Naval Surface Warfare Center, Dhalgren, Virginia, U.S.A

Cropiak@earthlink.net

Predicting electromagnetic interference (EMI) effects on electronic systems is challenging under the best of 
circumstances, but when the source of electromagnetic energy is a wideband radio frequency (RF) device and the 
test environment is complicated by having the electronics distributed over a significant area, the problem can 
become daunting.  A promising statistical technique known as multivariate logistic regression (MLR) has been 
utilized in the analysis of problems such as these with varying degrees of success. Equation 1 contains the 
functional form for the probability of effect function (P) in the MLR format.  The exponent in the equation is 
known as the Logit and contains the input parameters ‘xi’ and fit variables ‘ai’. Reference [1] involves a 
successful application of the MLR technique to a data set associated with a distributed computer network.

(1)

Inherent limitations of the MLR technique are associated with the fact that it is a statistical technique wrought 
with the restrictions of statistical methods, combined with the fact that the fit parameters are often source 
descriptors (radiated power, distance from source, etc.) which innately connect the probability of effect fit with 
the test environment specifics.  The second of these complications can be circumvented if the target is not 
distributed and the source of the energy is narrow band RF lying in the gigahertz frequency regime, because then 
it may be possible to specify electronic upset failure conditions in terms of the peak power density incident on 
the target.  With the exception of the aforementioned restrictive condition, the traditional MLR technique does 
little to nothing to help with the problem of predicting electronic EMI effects for systems in untested settings.  
To be specific, for a target such as a distributed computer network, the traditional MLR technique cannot predict 
effects in building configurations that have not been tested.

In an effort to circumvent the inherent limitations associated with a traditional application of the MLR technique, 
a modified MLR method has been developed which combines empirical data gathered in an open air test 
environment with computational electromagnetic simulations.  The fit parameters in the modified method are 
electromagnetic environment descriptors obtained via the simulations.  Reference [2] discusses the modified 
MLR technique in the context of a purely simulated data set.  The true power of the modified MLR method is 
realized when the empirical effects data set contains different building configurations for under these conditions 
it may be possible to use the resulting probability of effect fit to extrapolate to untested building configurations.  
A probability of effect fit is developed for a data set associated with three building configurations (concrete 
block, rebar, and rebar with wire mesh roof) and combined with a simulated data set in order to illustrate an 
application of the modified MLR method.  The results will be discussed as well their applicability and 
limitations.

References 
1. C. A. Ropiak, and P. R. Hayes, “Electromagnetic Susceptibility Data Analysis Using Multivariate Logistic 

Regression,” Directed Energy Professional Society, November, 2002, Monterey, California.
2. C.  A. Ropiak, P. R. Hayes, and D. C. Stoudt, “EMI Effects Analysis Techniques that Yield Exportable (Test Bed 

Independent) Results,”  EUROEM 2004, Magdeburg, Germany.
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Ch. Braun, P. Clemens, H.-U. Schmidt, M. Suhrke, and H.-J. Taenzer 
Fraunhofer Institut Naturwissenschaftlich-Technische Trendanalysen INT, 

P. O. Box 1491, 53864 Euskirchen, Germany
E-mail: michael.suhrke@int.fraunhofer.de 

We report on microwave vulnerability tests of a configurable network communication system. The purpose of 
the measurements at Fraunhofer INT was twofold. First, transfer functions were determined in order to 
characterize the coupling of microwave fields into the equipment under test (EUT) including the investigation of 
shielding effectiveness of different boxes containing the network equipment. Second, susceptibility tests were 
performed at our facility for lower field levels. The INT test facility consists of a waveguide built as an open 
pyramidal asymmetric three-plate TEM transmission line which is located within a shielded hall. Inside the 
waveguide homogeneous microwave fields can be realized in a maximum test volume of approximately 
2 x 2 x 3 m3. Transfer function measurements can be carried out by continuous wave (CW) illumination of the 
EUT using digital tunable sweep generators together with power amplifiers for frequencies between 1 and 8000 
MHz and vector network analyzers as receivers. Susceptibility tests can be done with a pulse modulated 
generator in the frequency range from 150 to 3425 MHz for different pulse widths and repetition rates. The 
investigations focused on the vulnerability of the network components (commercial HUBs, switches, and 
routers) including media converters and uninterruptible power supply (UPS) units but not connected PCs and 
other peripherals as monitors or keyboards. To this end, several subsystems were set up and network traffic was 
generated involving the relevant network components. In order to detect malfunctions due to microwave 
illumination the traffic was monitored with network diagnostics software. In addition, the functioning of the 
components of interest was observed directly by watching the system LEDs with cameras. The setup also 
included different cabling ranging from fiber optic via SFTP (shielded) to UTP (unshielded) connections. 
Particularly the influence of the unshielded cables was tested in two different configurations. 
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Predicting Intentional Electromagnetic Interference (IEMI) on large systems such as those used in infrastructures 
and on small systems such as Local Area Networks (LANs) has been elusive. Experimental programs to evaluate 
the susceptibility of these systems typically address the problem of determining the response of a particular 
system/subsystem against a limited suite of threat waveforms. This information is of great concern for the 
particular system in question but does not generally lend itself to identifying the root causes of system upset or 
permanent failure. This is not a new issue, and an extremely tough one to deal with on both a theoretical and 
experimental basis. Not dealing with it has tremendous negative consequences for the future since going down 
the same development path for next-generation software and hardware will only increase the susceptibility of 
these systems to IEMI. So what do we do? At the beginning of this decade the idea of mitigating systems against 
IEMI was synonymous with electromagnetic hardening and to a large extent married intellectually to an 
analogue (continuous time) viewpoint of networks. In the early 2000’s Kohlberg and Gardner [1] introduced the 
notion that bit errors produced by unwanted electromagnetic fields could also cause system malfunctions and 
that the consequences of information breakdown was more relevant to Discrete Event Dynamic Systems (DEDS) 
and Hybrid Systems—typically comprised of continuous time and discrete time processes than analogue systems. 
Being able to mitigate DEDS and Hybrid systems against IEMI requires that we understand their susceptibility 
from a fundamental viewpoint. In this paper we examine our options. We begin with the idea that an ideal 
unperturbed system is characterized by the function, F=({X}, {Y}), where {X} is the set of all possible states and 
{Y} is the set of all possible actions (events). Only a subset of actions applies to any state. Upset or failure of 
DEDS from IEMI occurs when the unwanted signal produces new states or actions, or changes the subset of 
actions associated with states. This latter case may be more difficult to detect since the sets {X}, {Y} remain 
unchanged. EMC techniques strive to prevent any adverse actions from happening. However, future systems 
may operate on the principle that we can control adverse IEMI effects by developing systems characterized by 
the function, F=({X}, {Y}, {Q}), where {Q} is a set of control functions. These control theory approaches for 
mitigating IEMI will be discussed. Mitigating hybrid systems against IEMI requires a conceptually broader set 
of considerations than those for DEDS. These new features arise when a continuous normal phase of operation 
changes due to state changes. Examples of this are also discussed in this paper. 

References  
1. Ira Kohlberg and R. L. Gardner, “Systems Topology for Electromagnetic Effects on Local Area Networks and 

Information Systems”, Proceedings of the International Conference on Electromagnetics in Advanced Applications, 
Torino, Italy, 10-14 September 2001. 
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The sequence of events in testing an electronic system to intentional electromagnetic interference (IEMI) stress 
can be described as a series of transfer functions:  source, antenna, propagation, external coupling, internal 
coupling and the effects on the electronics.  All of these transfer functions are very sensitive to the frequency 
content of the waveform emitted by the source.  Effects tests are designed to explore the sensitivity of the effects 
to various parameters describing the transmitted signal as well as those describing the test object.   

The effects portion of this sequence is often difficult to handle analytically because the system effects are 
sensitive to frequency and waveform characteristics not just in the usual coupling sense but also manifest large 
and abrupt changes in state which represent upset and damage.  The response curves are therefore not smooth 
functions.  Since there is no useful theory for this part of the system response, it is usually handled empirically 
with the test operators exposing the target to different waveforms and observing the various state changes.  This 
process links the source/antenna part of the transfer sequence directly with the effects end state giving 
information about the coupling part of the sequence only as a filter that is sampled in the process.  The most 
transparent part of the coupling filter is in the resonant region of the system response, but requires very dense 
sampling to characterize in the resonant region unless one has additional information. 

Baum’s Law observes that all systems useful to people will have characteristic dimensions near that of the 
human hand.   If that is true, the distribution of hand sizes and useful control sizes gives us a reasonable 
distribution of the useful pass band of the coupling part of the filter.  If we concentrate our testing on a 
combination of the probability distribution of the source characteristics, the operating characteristics of the target 
system and that observed in coupling region then we can show a much more compressed test matrix.  
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The assessment of vulnerability to HPM or EMP is a multi-level problem requiring efficient, accurate calculation 
of EM coupling to a system as well as evaluation of the interaction of the coupled energy with system 
components including possible non-linear terminal protection devices. As cheap computing has become wide-
spread, the finite-difference time-domain technique [1] has proven itself ever more useful in performing high 
accuracy EM coupling even down to the circuit board level. Circuit simulation using SPICE [2] has also proven 
itself useful in evaluating details of the EM stresses experienced by components on a circuit board. The physical 
basis for integrating these two tools was outlined over ten years ago [2] and some commercial packages are now 
becoming available that accomplish this integration. However, a simple but general integration implementation 
unencumbered by proprietary constraints has much value in many circumstances. This paper will describe such 
an implementation. 

The open source circuit simulation code used is based on the well-tested SPICE (3f5) from UC/Berkeley as 
modified by Georgia Tech to have the XSPICE code modeling capability [4]. Code modeling permits easy 
construction of new circuit elements that can be inserted into any SPICE circuit models. In the method 
developed in this effort, a new FDTD-SPICE connection circuit element acts as the portal for information 
exchange between the FDTD and SPICE codes: 

FDTD Info Flow SPICE

H/E V/I

� (dE/dt) + J(E) = � x H 
� H dl� I 
E� � I dt C (dV/dt)  + I(V) =I 

The key features of the method are: 

� FDTD code sets up the problem, starts the SPICE process and controls the time stepping 
� FDTD and SPICE codes run as co-processes 
� Inter-process communication is used to synchronize the processes 
� FDTD and SPICE run independently except to exchange information twice per time step 
� Interaction is symmetric; i.e., problem can be driven from either FDTD or SPICE codes 
� FDTD-SPICE connection devices can be connected to any other SPICE devices or circuits 
� Multiple connections are permitted between the FDTD and SPICE models 
� Overhead for the FDTD-SPICE connection and inter-process communication is negligible 

One illustration of the method will present results for a simple loaded antenna illuminated by a high intensity 
transient plane wave; the antenna input voltages will be compared for a passive load versus one protected by 
macro-modeled non-linear terminal protection device connected across the antenna terminals by a FDTD-SPICE 
connection device. A second example, looking at the voltage induced on a trace on a PCB illuminated by a 
plane-wave, will also be presented with and without diode protection. 

Acknowledgments – EMA would like to acknowledge support from the Air Force Research Laboratory (Kirtland AFB) and 
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Ultra Wide Band (UWB) technology is a wireless system that transmits the signal at high-speed transmission
rate of 100 megabits per second (Mbps) – 480 Mbps with low power spectrum density�in the distance within 10
m. The federal communications commission (FCC) has allocated the frequencies from 3.1 GHz to 10.6 GHz and
from 22 GHz to 29 GHz for the unlicensed use of the UWB. And so a dedicated frequency band cannot be
allocated for UWB system. We should consider carefully the interference problem between UWB and existing
W-LAN or other wireless systems because the UWB system will be used over the frequencies that are allocated
for the existing wireless systems.
The FCC [1] and the recommendation of ITU-R [2] defined the spectrum mask of UWB in terms of equivalent
isotropic radiation power (EIRP). An EIRP is calculated by an electric field at the condition of a certain distance.
An apparatus that can generate an intended electric field is required for interference evaluations. Moreover, the
interference evaluations between wireless communications systems are usually performed in all measuring
apparatuses connected. However, it is difficult to connect the communication system (receiver) of an antenna
built-in type to the measuring apparatus. A transverse electromagnetic (TEM) waveguide can apply an intended
field to the receiver of the antenna built-in type. A GTEM cell, which is applicable for several gigahertzes, is 
useful as a test fixture that can be carried out an interference evaluation of the UWB.
In this paper, we proposed a new method of the interference evaluation between the UWB and the wireless LAN 
by using the GTEM cell that can test the receiver with the antenna built-in type.
It was confirmed that the GTEM cell could be used in the frequency band of the direct-sequence spread-
spectrum UWB (DS-UWB) up to 6 GHz by the evaluation of the frequency response. The interference
evaluation was conducted between wireless LAN IEEE802.11a and DS-UWB. The amplitude probability density
(APD) of the DS-UWB was also measured. As a result, even if the UWB signal is smaller than the receiver noise
of wireless LAN, the throughput deteriorates than that in a case of the noninterference. Moreover, the signal of
the DS-UWB was equivalent to the AWGN in a case of the throughput variation of 64QAM. We also evaluated
the separation distances in regulation limits of US and EU/Japan as shown in Fig.1. As a result, since the
separation distance in C/N that corresponds to the minimum receiver sensitivity of wireless LAN is 0.28 m, the
UWB on practical use hardly influences wireless LANs. In contrast, the victim receiver needed the separation
distance of 5.3 m or more to evade interference in a case of the FCC regulation limit in the minimum receiver
sensitivity.

Fig. 1 – Separation distances in regulation limits of US (left figure) and EU/Japan (right figure). 

Acknowledgments - The authors would like to thank the�Medical ICT Group in National Institute of Information and
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Single Event Upsets  (SEUs) are a major concern when computer systems are working in space environment [1].
SIHFT (Software Implemented Hardware Fault Tolerance) techniques provide low-cost solutions for online 
detection and correction of transient errors dues to the effects of the environment (radiation, EMC etc.). EDAC
(Error Detection and Correction) is one of these techniques [2]. This approach is also well suited for COTS
(Commercial Of-The-Shelf) parts, has been validated through fault injection experiments and radiation testing 
campaigns. Software-implemented fault injection (SWIFI) provides a low cost and easy-to-control fault injection 
technique for generating faults to the target system [3].
In this article a software environment has been developed based on VirSim tool [4], to simulate the effect of 
radiation on COTS memories and show the efficiency of the software EDAC. As a case study, a sample LEO 
satellite with 8 MB (Mega Byte) RAM (Random Access Memory) is considered, and a software EDAC for
detecting and correcting the faults in the memory, is implemented. The software EDAC is responsible for
reliability of data in this 8 MB RAM. The system has been implemented and simulated by VirSim, as a multi
task software simulator tool. One separated task has been developed for injection SEUs to the 8MB memory of 
the satellite. The SEUs has been generated based on the ARGOS satellite reports  [5]. According to these reports 
the average of SEUs is about 5.5 SEU/MB per day, where generates about 5 MBU (Multiple Bit Upset) out of 
any 100 SEU. About 4 of these MBUs are double events  (2bit Upset) and 1 of them is triple. The software 
EDAC detects and corrects all 1 bit SEUs and detects all double MBUs but it  dose not guarantee the detection of 
triple MBUs. The simulation results demonstrate the effectiveness of the approach in terms of fault detection and
correction capabilities. The simulation results have been shown in the following tables. Table 1 shows the 
number of SEUs which have been injected to the memory in 2 individual tests , and table 2 depicts the 
effectiveness of software EDAC. As it can be seen from table 2, the software EDAC has detected more than 99 
percent of errors caused by SEUs.

Table 1. SEUs has been injected to RAM 

Memory
Size

Eradiation
time [days]

Number
of 1 bit 

SEU

Number of 
double MBU

Number of
triple MBU SEU / MB per Day

First Test 1 MB 20 101 5 1 5.35

Second Test 8 MB 40.5 1592 64 8 5.1

Table 2. Error Detection And Correction Coverage
Memory

Size
Total
Errors

Error
Detected

Error
Corrected

Undetected
Errors

Reliability

First Test 1 MB 107 106 101 1 ~ 99%

Second Test 8 MB 1664 1659 1595 5 ~ 99%
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Environment", IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 54, NO. 4, AUGUST 2007.
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Software of Satellite", Third International Conference on Recent Advances in Space Technologies,
TURKEY, June 2007.
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Research was carried out by means of the simulator of power supply network of a typical building. This 
simulator allows carrying out research of influence of pulse electric disturbances on working capacity of 
information systems depending on parameters of disturbances and ways of their injection into power cables. The 
protecting filter was used to prevent penetration of pulse disturbances into the general power network of a 
building. The experimental research has shown that the use of standard filters does not provide the decision of 
the given problem. The basic defect of standard filters is the use of voltage limiters. This circumstance attracts 
behind itself two inconveniences. First, the permanent control of working capacity of voltage limiters is required 
as their failure under the influence of high voltage pulses will result in penetration of these pulses into the next 
premises and failure of the equipment located in given premises. Secondly, as a result of their work the voltage 
acting on equipment under tests will be limited. Therefore results of tests will be deformed. For this reason there 
are no voltage limiters in the filter. The experiments have shown that entrance resistance of the protecting filter 
cannot be selected arbitrarily, and should correspond to the entrance impedance of an external power line. It 
allows to reproduce adequately influence of pulse disturbances to equipment under tests. For this reason the 
elements Z0 and �0 are mounted on a filter entrance. Elements Z0 model the entrance impedances of an external 
power line, and capacitors �0 prevent penetration of working 50 Hz voltage into these elements.  
The local computer network was object of tests. For imitation of pulse disturbances the following nanosecond 
generators of periodically repeating high voltage pulses were used: 

��GPRHVP-100: amplitude - 20…100 kV, rise time - 1 ns, pulse width - 50 ns, pulse repetition rate - 
10…1000 Hz; 

��GPRHVP-5: amplitude - 3.5…5 ��, rise time - 1 ns, pulse width - 50 ns, pulse repetition rate - 
1000…6000 Hz. 
Two ways of pulse disturbances injection into power cable were used during tests: 

�� Inductive way by means of GPRHVP-100; 
��Conducted way by means of GPRHVP-5. 

A distance between computers and a place of pulse disturbances injection varied in a range from 10 to 40 meters. 
Sources of uninterrupted power supply, and also the devices intended for protection of the sensitive electronic 
equipment from high voltage pulse disturbances were used for protection of computers from pulses injected into 
power cable. 
During tests data rate in the network was measured depending on amplitude of a voltage pulses and pulse 
repetition rate. Duration of influence of voltage pulses in each experiment was 60 seconds.  
Results of experiments have allowed formulating following conclusions: 

1. Inductive and conducted ways of injection of high-voltage nanosecond pulses into power lines entail 
serious threat for computer networks.   

2. Decrease of data rate or denial of service and computers latch-up occurs at injection of nanosecond pulses 
into power cables.  

3. The extent of decrease of data rate and the moment of computers latch-up depend on pulses amplitude and 
repetition rate, a way of injection and a distance between computers and an injection place. 

4. Use of traditional protection devices does not entail increase of immunity of a local computer network to 
influence of the pulse disturbances injected into power cable.  
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Details of ultra wide band (UWB) pulse propagation in power cables are of growing interest [1]. This abstract 
describes simple experiment on modal decomposition of the pulse in three-conductor flat cable structures. Two 
unusual facts must be noted. First one consists in that this experiment, despite of simplicity, shows a number of 
new and various applications. Second fact consists in that the investigation is partly relying on all themes of 
EUROEM 2008: particularly, for such topics as Intentional EMI, Hardening & Protection, UWB propagation, 
Sensor Technologies, Threats and Countermeasures for Critical Infrastructures. 
Flat power cable (����� 3�1,5 type) widely used in various (domestic, medical, industrial, critical) low-
voltage installations was used in experiment (Fig. 1a). Experimental setup was based on C9-11 oscilloscope. 
UWB pulse close to triangular form with total duration about 0.8 ns and magnitude 1.4 V on 50 Ohm load was 
used. The pulse was excited between conductors 1 and 2, while conductor 3 leaved open circuit at both sides. 
Resulting waveform between conductors 1 and 2 at the end of 15 m length cable was consisting of two pulses 
having about 97 and 100 mV magnitudes and 5.2 ns difference in time delay (Fig. 1b). Then, a small gap has 
been made in conductor 3 at the 5 m distance of cable. Thus, the structure became as two (5 m and 10 m) cable 
sections connected directly by conductors 1 and 2, while conductors 3 leaves disconnected (open circuit) at 
junction. Resulting waveform became consisting of four pulses having about 38, 62, 70 and 92 mV magnitudes 
and 1.3, 1.7 and 1.6 ns differences in time delay (Fig. 1c).

a b c

Fig. 1. – Cable cross-section with conductors numbered (a); decomposition of a pulse in two pulses at the end of 15 m 
cable (b) decomposition of a pulse in four pulses at the end of 15 m cable with a gap in conductor 3 at distance 5 m (c)

Some details of possible applications of the phenomena observed in the experiment (or their extensions) have 
been recently described by authors: (un)intentional decomposition and restoration of a pulse [2, 3]; 
decomposition of a pulse for protection [3, 4]. However, experimental confirmation of the phenomena for 
consequent decomposition of UWB pulse in cascaded sections of power cable into 2, 4, … pulses of smaller 
magnitudes has not been shown previously. This experiment has also highlighted the effect of losses and 
dispersion (hidden in lossless simulations). Moreover, other application of the modal phenomena has been 
revealed – to sense the presence (two pulses instead of one) and to diagnose a state (four pulses instead of two) 
of a conductor without electric contact with it. 

Acknowledgments - This work is supported by Russian Foundation for Basic Research project 06-08-011242. 
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Computers have become a very important part of many aspects of our lives, but there is also the valid worry of
their susceptibility to upset or damage from electromagnetic attack, such as ultrawideband pulses (UWB)1.  A
significant vulnerability for modern systems is coupling to cables, especially network lines – because networks
are ubiquitous and essential, but also can have significant cable lengths, while the associated electronics can be
especially susceptible to conducted EM pulses.  For example, a well designed power substation SCADA 
(Supervision Control And Data Acquisition) unit showed good immunity on its control ports, going out to the
various sensors and controls in a power substation, but its Ethernet port was damaged by EM pulses2.  Because
they are so common, network interface cards (NICs) in personal computers (PCs), such as the sample shown in
Figure 1, are of significant concern when considering EM vulnerability of many systems.  It is important to
know the EM susceptibility of NIC cards when doing a system assessment.  This talk will discuss the results of 
EM pulse testing of several NIC cards, using pulses of various widths.  Upsets and damage were produced
during the pulse testing.  The test used 20 samples cards, of seven different types, from 5 manufacturers.

Figure 2 shows a general circuit diagram for NIC cards, as deduced from inspection of the cards.  The cards
connect into an expansion slot on a PC, and have a network connector into which an Ethernet line is plugged.
All cards tested had a high-frequency transformer and a large integrated circuit (IC), as seen in Figure 1. 
Typically there are also various components, such as resistors, capacitors, etc., between the transformer and IC,
as indicated by the “Discretes” entry in Figure 2. Many cards also had the RC structure shown between the
network connector and the transformer (one instead had a capacitor connected to the transformer, as 
symbolically shown in the circuit diagram).  It is believed that this RC structure is there to help the NIC meet
EMC emission specs, helping to short out common mode high frequencies.

The RC network has the first components seen by an incoming EM pulse, and so it is not surprising that these
parts, both the resistors and the capacitors, were often damaged by EM pulses. However, it was surprising that
usually the damage did not prevent the NIC card from continuing to function (i.e., communicate) properly.  This
reinforces the conclusion that these are EMC components.  Thus, for a susceptibility evaluation, it would need to
be determined if damage to these parts should be considered significant or not (and they were definitely damaged
– including disintegration of the capacitor).

Some devices also had other damage, such that the card truly was incapacitated.  In some cases physical damage
was seen on the discrete components between the transformer and IC, and for one type of NIC the IC was
destroyed – showing “bubbling” and “burning” from overheating.

Fig. 1 - Sample NIC card. Fig. 2 - General circuit diagram for a NIC.
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This paper presents a novel method for the prediction of induced current from magnitude-only transfer functions. 
Magnitude-only transfer functions are used by the aircraft community to support flight clearances in high 
intensity radiated field (HIRF) environments [1, 2]. The availability of this type of transfer function makes it 
appealing to those conducting assessments against HEMP and HPEM environments as they provide a basis for 
the prediction of induced current in a transient environment. To compute the prediction, phase information is 
generated using minimum phase constraints that ensure an overestimation of the actual induced current in the 
majority of cases. For some applications, it is of interest to generate a range of predicted currents that bound a 
realistic induced current. 

A novel algorithm for the prediction of induced currents will be presented that changes the phase component of a 
minimum-phase prediction by flipping zero-pairs outside of the unit circle on the z-plane [3]. The algorithm can 
be tailored to adjust the number of phase components that are changed thereby altering the structure of the 
predicted waveform. An example of the use of this algorithm will also be given.  

The algorithm can also be used to de-convolve complex transients into their constituent frequency-amplitude-
phase (relative) components. This information enables the re-construction of the predicted waveform for 
injection into cable bundles via an arbitrary waveform generator or similar equipment. Application of the 
techniques presented will be demonstrated via examples. 
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The use of power electronics converters is in constant progresses in last years (power equipments, embarked 
equipments…). These devices are responsible of the increase of electromagnetic interference (EMI).  During 
regular functioning of the switches (transistors, diodes…), transient currents and voltages flows in power circuit. 
For this reason, it’s very important to quantify the electromagnetic field emitted by the converters in the transient 
domain and to know the perturbations source with its spectral contain.  
Classically, numerical modeling in frequency domain is used and consists in the resolution of the integral 
equation by moment method [1]; the Fast Fourier Transform permits the study in time domain. This formalism is 
very rigorous, but it is of difficult implementation and requires an important calculation time.  
Modeling this problem directly in the time domain, in the literature the approach consists on the resolution of the 
3D Maxwell equations by FDTD [2]. In this objective a modeling approached by truncation is used. A more 
rigorous modeling requires taking into account of the open boundaries. The modeling by this approach requires 
tri-dimensional meshing which leads to more computations heaviness. 
In our work, for study this problem directly in time domain, we propose the use of the analytic concept of the 
dipoles [3] associated to the modified images theory [4]. For the use of this analytic concept we calculate 
numerically in first step by FDTD the currents distribution in the converter's circuit. For this last objective we 
deduce a matrix equation after discretization of the equations of the transmission lines by FDTD. The use of the 
transmission lines theory requires a good knowledge of the per unit length parameters of the converter's traces; 
that we calculate while using the approach proposed by C. R. Paul [4]. Our proposition allows taking into 
account the non linearity introduced by real functioning of the switches (controlled transistor), and simple to 
implement and no time consuming. In order to validate our work we have implement the resolution of the 
Maxwell equations by FDTD while taking into account of open boundaries using absorbing boundary conditions, 
we confront the results that we get directly in time domain by the two approaches. 
As application we propose to study the simple device presented in figure 1. We treat an ideal switch, and the 
turn-on process is modeled by taking a step signal with rise time tr = 0.5 ns. 
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Fig. 1.a – Configuration of the circuit 
used for simulation 
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Fig. 1.c – Magnetic field

The figures 1.b and 1.c present the results of electric and magnetic field in the center of the circuit and at 5 
cm above the circuit board. The two approaches give very close results in shape and amplitude. For the magnetic 
field we see a slight difference between the two methods; this difference shows that the method of modified 
images adapts especially for calculating of the electric field in the event that we have a perfectly ground plane. 
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Fig. 1 – Generator busbars and control cable shields
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Reliability of automatic control systems at modern power plants greatly depends on transmission of control
signals. At present, old unshielded cables are being replaced by modern shielded cables at many power plants.
EM interferences induced in the control circuits can cause errors in electronic devices, breakdowns of equipment
and power failures. That’s why the estimation of these interferences is very important.
In this work we studied the influence of time-varying EM field of generator busbars. Generator busbar current
induces magnetic flux that causes induction of EMF in cable shields. The shields of the cables are usually
connected to the ground system. Therefore, the interferences are induced in large area circuits. After calculation
of EMF and current in the cable shield, we can find the voltage induced in cable core by means of transfer
impedance.
To simplify calculation of EMF induced in cable shields we have made several assumptions. We neglect:
 finite length and transverse sizes of conductors, assuming their essentially smaller than lengths of conductors.
Therefore, expressions for the magnetic potential will be the same as for infinite line conductors;

 resistance of ground conductors in order to calculate the current induced in each contour separately,
neglecting effects of other contours;

 inductive resistance of cable shields that is smaller than active resistance;
 interferences induced by high-voltage power lines connected to step-up transformer;
 interferences induced by the nearest generators;
 voltages induced in the conductors that are perpendicular to the generators busbars;
 anisotropic magnetic medium where EM field exists.
Accepted assumptions allow gaining estimations for induced EMF with an error 20-50% that is quite enough for
the recommendations on necessity of interference decrement.
The method of estimation of interferences, induced in control system cables described earlier, was approved at
Zhigulevskaya HPP, one of the largest power plants in Russia. Its installed capacity is 2300 MW.
The subjects of inquiry are the cables between central control panel of power plant, switchgear and generator
control panel. The generator control panel is situated nearby each generator. The central control panel is located
at the middle of the power plant building. The ground system has very extensive three-dimensional structure.

We have studied the EM field formed by three-phase
busbars between generators and step-up transformers.
They can be approximately modeled by three parallel
straight buses consist of the horizontal NP and vertical PQ
parts (Fig. 1). Interferences are induced in the circuit
formed by cable shields HKLM and DEFG. In view of the
fact that ground conductors are interconnected in many
different points, the resistance between points H-G as well
as points M-D is near zero.
The value of EMF induced in the contour in normal mode

is E=2.9 V. The total resistance of the contour is about 10 Ohms. In this contour there are four points of contact.
Resistance of each of them can run up to 5 Ohms. Consequently, current in the cable shield is 100 mA. Such
current by means of the mechanism of transfer impedance induces in the cable core voltage 500 mV.
At short-circuit conditions EMF and current induced in the cable increases in 5-10 times. So, voltage induced in
the cable core will not exceed 2.5 V. Such voltage induced in cable core is dangerous only for coaxial cables. For
twisted cables such voltages are not dangerous because voltage is induced in both conductors of the twisted pair,
forming common mode.
We have also found that the most dangerous short-circuit for the control system of generator is not the failure on
its own busbars, but the failure on the next nearest generator busbars.
Calculations carried out revealed that in general there are not so much problems with EMC of control cables at
Zhigulevskaya hydroelectric power plant. Though, dimensions of the contour have great influence on the value
of induced EMF. That’s why such simple and rather cheap examination should be carried out at operating power
plants.
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The analysis of power lines automatic opening statistics shows that the part of lightning outage in the regions 
with low soil conductivity is higher, then in other regions. The reason is high resistance of transmission tower 
grounding. The problem of substation equipment protection from the incoming power lines waves became 
aggravated. The effectiveness of lightning protection apparatus is reduced by the high series-connected ground 
mat impulse resistance. 
Under conditions of rocky soils of North Russia have been measured input impulse resistances of hundreds of 
transmission tower and dozens of substation ground mats. The experiments have been carried out in operation 
power networks and on tasting grounds with impulse generators voltage up to 1000 kV. Based on the results of 
oscillogramms treatment are proposed calculation models of input ground resistance in micro-seconds range with 
taking into account influence of reactance and non-linear processes of spark formation in soil. 
These models are included in new procedure of lightning outage rate and substations lightning guard reliability 
indexes calculations. Have been done lightning guard reliability calculations for dozens of power lines and 
substations. For nonstandard cases is proposed transition from standardization of specific design and electric 
factor to standardization of integral lightning guard reliability test. 
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Many systems today like home appliances, communication equipments, medical instruments, etc. include a low 
power (6W-50W) switching power supply (SMPS). In addition, if the system includes some module with high 
dissipation (power converter, etc) a fan is usually used for cooling purposes. 
That kind of systems must comply EMC regulations both conducted (9kHz to 30MHz) and radiated (30MHz to 
1GHz) and both elements (SMPS and fan) are key elements to define the 
EMC profile of the product [1].   
The power supply cord is a key element of the problem because: i) common 
mode EMI is radiated by that cable (typically in the 30-300Mhz range for 
that systems) and ii) conducted problems (9kHz-30MHz) goes to the LISN 
through the cable.  
To minimize the problems, a lot of techniques have been published [2] 
including layout, mains filters (with X caps, Y caps, DM and CM chokes), 
ferrites, snubbers, shields in transformer, Y capacitors, etc. 
The designer, based in experience, models, simulation and time, can obtain 
theoretically first prototypes with good results. But, in practice, it is usual to 
spend a lot of additional time (�1/experience) with the prototype trying i) to 
reduce EMI to comply or ii) evaluating the real need of included EMI 
components to reduce cost. 
This paper shows (first contribution) the experience of author in measuring 
common mode and differential mode currents in power supply cord: a) to fix 
EMC radiated and conducted problems, b) to find the source of a problem in 
the cable, c) to evaluate the need of a component (a ferrite, a cap, etc), d) to 
compare different values or configurations of a component/section and e) to 
analyze the SMPS EMI behavior with resistor load vs. fan load.. 
To illustrate the technique, a SMPS is used including mains filter, electronic 
load and a fan as explained before. The fan is included (second contribution) 
because the EMC profile of the system is not the same if we evaluate the 
SMPS with resistive load (same power as fan) or with the fan (figure 1). A picture of setup is shown in figure 2. 

Figure 3 is an example of the technique for 
evaluation of two transformers (with/without shield 
winding) and influence of Y capacitor between 
primary and secondary (two well known design 
techniques [3]). The common mode current in cable 
is shown from 37,5MHz to 75MHz because that 
current is directly related to radiated profile of the 
system in that frequency range. 

Acknowledgments - This work was supported in part by the Spanish MEC under Project TEC2007-64188, by DGA 
(Regional Government of Aragón) and University of Zaragoza (Spain) under project UZ2006-TEC-01 . 
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Fig. 1 – Fan current with linear vs. 
SMPS power supply. 
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 Fig. 2 – Complete setup for evaluation. 

37.58MHz 74.85MHz

Ref = 80dBuV
ResBW = 9kHz
BW = 30kHz
Log 10dB/

System OFF

(1) Transformer #1 (NO SHIELD)
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Fig. 3 – Example of transformer influence 
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Several studies have shown that acoustic noise annoyances in Variable Speed Drive Systems (VSD) are strongly 
linked to the conducted EMI generated by the power converter [1]. Nowadays, it’s well known that Randomized 
Pulse Width Modulation (RPWM) allows spreading the voltage/current spectrum in a large frequency band  
which allows meeting better the EMC standards and mitigates the noise annoyances in VSDs [2].  
In DC-AC conversion the principal objective of RPWM is the reduction of the acoustic noise such as in naval 
propulsion, electric car and domestic apparatus [2-3]. 
In this paper, we propose a Dual RPWM scheme (DRPWM) for the three phase full bridge inverter. By use of a 
triangular carrier having two randomized parameters, the Power Spectral Density (PSD) of the voltage is better 
spread than the case of single randomized parameter schemes.  
Each phase of the inverter requires one switching function, obtained by comparing three sine reference signals 
ra, rb and rc to a single randomized triangular carrier. The classical simple RPWM schemes (only one 
randomized parameter) are RCF (Randomized carrier frequency) in which the switching period T is randomized 
and RPP (Randomized Pulse Position) in which the pulse position δδδδ is randomized, this can be done by 
randomizing the fall time report ββββ (Fig.1). We propose a randomization of both of the period T and the fall time 
report ββββ giving a Dual RPWM scheme that we call DRPWM [4]. 
A rigorous spectral analysis of random signals uses the Power Spectral Density (PSD) noted W and given for a τ
long RPWM pulse signal uτ (t) by:  

( )[ ]{ }21
lim)( tuFEfW τ

τ τ∞→
=                                                                                                                                 (1)                      

F [uτ (t)] is Fourier transform of signal uτ(t) and E {.} is the statistical expectation of the expression in brackets. 
Based on the Wiener Khinchin Theorem, and by using the randomized parameters of the carrier, a general 
analytical model of PSD is established for phase to ground and phase to phase output voltages.  
From Fig.2, the proposed dual RPWM scheme gives the best spread PSD, which is the EMC purpose of RPWM.
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        Fig. 1 – Modulating principle                                              Fig. 2 – PSD of phase to ground voltage 

References  
1. Bech M. M., “Random pulse-width modulation techniques for power electronic converters”, Ph.D. Thesis, Aalborg 

University, Aalborg East, Denmark, 2000. 
2. Andrzej M. Trzynadlowski, “Active Attenuation of Electromagnetic Noise in an Inverter-Fed Automotive Electric 

Drive System”, IEEE Trans. On Power Electronics, Vol. 21, N0. 3, May 2006, pp. 693-700. 
3. K. Borisov, T. E. Calvert, J. A. Kleppe, E. M. and A. M. Trzynadlowski, “Experimental Investigation of a Naval 

Propulsion Drive Model With the PWM-Based Attenuation of the Accoustic and Electromagnetic Noise”, IEEE Trans. 
On Ind. Electronics, Vol. 53, N0. 2, Apr. 2006, pp. 450-457. 

4. N. Boudjerda, M. Melit, B. Nekhoul, K. El Khamlichi Drissi and K. Kerroum, “Reduction of Conducted Perturbations 
in DC-AC Converters by a Dual Randomization of Hybrid Space Vector Modulation”, International Review of 
Electrical Engineering, Vol. 1, N0 1, March-April 2006, pp.154-161. 

H
PE

M
 -

 1
5 

El
ec

tr
o

m
ag

n
et

ic
 C

o
m

p
at

ib
ili

ty
 in

 P
o

w
er

 S
ys

te
m

s



70 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

HPEM - 15

Analysis of Wave Processes in Power Lines Subject to the Frequency 
Proper-Ties of the Grounded Electrode of the Tower

Korovkin, Nikolay; Korovkin, Nikolay; Krivosheev, sergey; 
Minevich, Tatyana; Shishigin, Sergey;

Saint-Petersburg State Polytechnic University, St. Petersburg, 
Russia

Analysis of wave processes in power lines subject to the frequency 
properties of the grounded electrode of the tower 

 
Y.N.Bocharov1, N.V.Korovkin1, S.I.Krivosheev1 

T.G.Minevich1, S.L.Shishigin2 
 

1Saint-Petersburg State Polytechnic University, Saint-Petersburg, Russia 
2State Technical University, Vologda, Russia 

 
E-mail: Nikolay.Korovkin@gmail.com 

 
 

In [1] we have presented a universal approach to the creation of mathematical models of linear electromagnetic 
devices with frequency-dependent equivalent parameters. Models are intended for use in time domain and can be 
used for calculations of wave processes in the system with nonlinear devices. The parameters definition of the 
models was proposed on the basis of the experimental frequency responses. 
In this report we will present the results of set of full-scale experiments that were done for the grounded elec-
trodes of power towers. These results were obtained with the help of the special high-voltage current source that 
injected short current pulses into the grounded electrodes. We did the measurements in the time domain and 
transformed the data to the frequency domain.  
After that the mathematical models of the grounded electrodes of power towers were created and used for calcu-
lations of the propagation of the overvoltages along the lightning guard wire. The calculations of the transient 
processes taking into account the frequency properties of grounded electrode in different ranges: up to 10KHz, 
100KHz and 1MHz were done. The results of simulations are in the good agreement with the experimental data. 
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The analysis of oscillatory processes in intensive beams of charged particles in regimes of virtual cathode (VC) 
formation is an important and actual problem. It is well-known [1–3] that the systems with VC are characterized 
by complex dynamics and can demonstrate a wide range of the nonlinear phenomena, including dynamical chaos. 
Researches of complex chaotic oscillations in such systems are very important both from the fundamental point 
of view (in order to investigate chaotic dynamics and pattern formation in the distributed active media) and for 
the practical applications (e.g., to create broadband chaotic microwave radiation sources). This report contains 
the results of experimental and theoretical study of low-voltage non-relativistic system with virtual cathode 
which is formed in electron beam with additional braking field. In such systems the VC may be formed in beams 
with low current and density [4]. In spite of that such systems may generate both periodic and wideband chaotic 
oscillations (WCO) of low power. At the same time the WCO-sources present considerable interest in practice 
for system of radiolocation, system electronic counter measure, communication systems, industrial and medicine 
application.  

In our research we have investigated the oscillations in the electron beam with VC in different schemes. Firstly, 
the diode space with retarding field [4] has been discussed. Experimental research and numerical simulation 
have shown that in such system it is possible to achieve different oscillating regimes within the change of beam 
current, braking voltage and geometrical parameters. The complexity of the power spectral distribution increases 
with the growth of the retarding field value. As the retarding field grows, regular oscillations are replaced by the 
chaotic ones and then stationary VC take place in the system. At the same time, the output power increases, too. 
At the point where retarding potential value is equal to the half of the accelerating potential value, the output 
power and the oscillation’s complexity reach their maximum value. After this point, the complexity and output 
power decreases slowly. Also, as the retarding potential value decreases the frequency bandwidth grows, too, 
and reaches its maximum in the chaotic regime. The second scheme we have investigated is the scheme with 
multispeed electron beam where VC is also formed due to additional braking of electrons. As the experimental 
and theoretical study has shown [5], in this case it is possible to enlarge the bandwidth of generated frequencies 
essentially and to lessen the irregularity of power spectrum (Fig. 1). 

Fig. 1 – Experimental power spectra of microwave oscillations in the multispeed electron beam for different retarding 
potentials: (a) monoenergetic beam with small braking of electrons; (b) multispeed beam with 20% dispersion of 

electron velocities with small retarding potential; (c) multispeed beam with large retarding potential 
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The report is devoted to the numerical analysis of the effect of the focusing magnetic field on the critical value of 
electron beam current for the onset of virtual cathode oscillations. Recently, the generators with virtual cathode 
(vircators) being the sources of high power microwave radiation are the subject of intensive study [1]. The 
operating principle of vircators is based on oscillation of a virtual cathode in an electron beam with a 
supercritical value of the current. So, the determination of the critical current value is the real problem of high-
power microwave electronics. 
We considered a cylindrical waveguide bounded with the grid electrodes as a physical model in our report. The 
external magnetic field is applied along the longitudinal axis of the waveguide. An axially symmetrical beam 
without velocity and density modulation at the initial cross-section is injected to the drift tube. We consider two 
cases: a solid and an annular electron beam. It is shown that the focusing external magnetic field B, the filling 
factor of electron beam and its velocity, the geometrical parameters of the system and beam are the basic 
parameters having effect on the critical current. The particle-in-cell method has been used for numerical 
modeling of non-stationary processes in electron beam injected into drift tube. To simulate the processes the 
motion equation of any large particle and the Poisson equation have been solved self-consistently. 
Fig. 1a shows the normalized critical current of solid electron beam versus the external focusing magnetic field. 
The values of static electron velocity have been used as parameters of the graphs. It is shown that there is the 
optimal value Bopt of magnetic field providing the minimal value of critical current. One can see that above the 
value Bopt the critical current increases monotonically and approaches the value which is obtained for infinite 
magnetic field in [2]. The optimal magnetic field Bopt depends on the electron beam velocity v/c, where c is the 
light velocity. The dependence of Bopt on v/c is shown in Fig. 1b from which we can see that the optimum 
external magnetic field increases linearly with the velocity v of the injected electron beam. 
The similar results have been obtained from the study of tubular electron beam. 
The analysis of the physical processes leads to the conclusion that the observable behavior of the critical current 
caused by competitive dynamics of longitudinal and transversal motion of electrons in the drift tube. When
B < B opt the strength of magnetic field appears to be insufficient to compensate Coulomb repulsion in the 
electron beam. Therefore, most of the electrons exit the interaction space and land on the walls of the channel. 
On the other hand, when B > Bopt electrons are oushed away from the virtual cathode and exit the drift tube 
through the injection cross-section. Thus two types of virtual cathode may be distinguished: the transversal 
virtual cathode (B < Bopt) and the longitudinal one (B > Bopt). 

Fig. 1 – (a) The normalized critical current of solid electron beam via the external focusing magnetic field for different 
velocites v of electron beam in the input of the drift space: 1 – v/c=0.1, 2 – v/c=0.3, 3 – v/c=0.5 (b) the optimum 

external magnetic field Bopt vs electron velocity 

Acknowledgments - This work has been partially supported by CRDF (grant REC-006), Russian Foundation of Basic 
Research (grant no. 07-02-12071), and President Program (grant MD-1884.2007.2). 

References  
1. D. Sullivan, J. Walsh, E. Coutsias, in: High Power Microwave Sources, Artech House Microwave Library, 1987, p.441. 
2. L.A. Bogdankevich, A.A. Rukhadze, Sov. Phys. Uspekhi 14 (1971) 163. 

H
PE

M
 -

 1
6 

N
o

n
lin

ea
r 

D
yn

am
ic

s 
an

d
 C

h
ao

s 
(I

n
vi

te
d

)



73

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

HPEM - 16

Nonlinear Dynamics of Relativistic Electron Beam with Virtual Cathode 
in External Magnetic Field

Hramov, Alexander; Koronovskii, Alexey; Kurkin, Semen; 
Rempen, Irene;

Saratov State University, Saratov, Russia

Nonlinear Dynamics of Relativistic Electron Beam with Virtual Cathode in 
External Magnetic Field 

A.E. Hramov, A.A. Koronovskii, S.A. Kurkin, I.S. Rempen 
Saratov State University, Saratov, Russia

E-mail: aeh@nonlin.sgu.ru 

The investigation of physical processes taking place in intense beams of charged particles with overcritical 
current in the regimes with a virtual cathode (VC) is currently of great interest [1-3]. As a number of 
experimental and theoretical investigations show, such systems with VC are characterized by complex non-
stationary dynamics [2-4].  

The basic regularities of nonlinear behaviour of VC were mostly analyzed in the context of one-dimensional 
models of electron beam dynamics with perfect magnetization. Thus the transverse movements of electrons was 
neglected and the beam motion accepted as one-dimensional [1,3,4].  

The assumption of one-dimensional movement of the electron beam in the vircator is correct only when the 
external magnetic fields are rather strong which sometimes cannot be realized in physical experiment. Every so 
often the experimental models without any magnetic fields are used, or the magnetic fields are very weak [1-3]. 
It is well known that the generation power and the spectrum of the output radiation depend strongly from the 
value of external magnetic field [3,5,6]. Thus the investigation of the influence of external magnetic field upon 
the non-linear dynamics of electron beam with the virtual cathode seems a very important task.  

The proposed report contains the results of numerical investigation of non-stationary non-linear dynamics and 
pattern forming processes in weakly relativistic electron beam with the virtual cathode. We used a 2D model 
where the dynamics of the electrons in interaction space was described with the help of particle-in-cell method 
and for calculation of self-consistent field the numerical integration of 2D Poisson equation by finite difference 
method was used. The special consideration was given to the influence of external magnetic field on the regimes 
of chaotic generation of the virtual cathode in the vircator system.  

The studied system consists of a piece of waveguide in which we inject a weakly relativistic electron beam with 
the current exceeding the critical value (for the concrete geometry parameters). Along the axis the homogeneous 
finite-valued magnetic field is imposed which focuses the beam electrons.  

In the framework of the research the regime maps of the vircator system have been calculated in the planes of 
controlling parameters “beam current – external magnetic field”, “geometric parameters – magnetic field”, 
“beam energy – magnetic field”, etc. The dependence of the power generated by the vircator on different 
parameters has been analyzed. On the parameters’ planes the regions of regular and chaotic dynamics of VC 
have been marked. The physical processes taking place in the electron beam that lead to chaos in the output 
signal have been analyzed. In the last case it is shown that the complication of VC oscillations is connected with 
the forming and interaction of electron structures in the drift space of electron beam. 
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The analysis of the chaotic synchronization phenomenon in various nature systems becomes an area of active 
research of nonlinear science [1]. The chaotic synchronization regime has been observed in a whole series of 
coupled physical, biological, physiological, chemical and other systems [2]. At present, several different types of 
chaotic synchronization are known such as generalized synchronization [3], phase synchronization [2], lag 
synchronization [4], complete synchronization [5] and time scale synchronization [6], which generalizes the 
above-listed types of chaotic synchronization. 

Most research dealing with chaotic synchronization was performed on systems with low number of degrees of 
freedom and for the sample models of spatially extended systems (chains and networks of coupled nonlinear 
chaotic oscillators, coupled Ginsburg-Landau and Kuramoto-Sivashinsky equations and others). The study of 
chaotic synchronization in the spatially extended systems was experimentally and theoretically carried out for 
the nonlinear optical [7] and chemical [8] systems and for the low-frequency oscillations in plasma discharge 
tubes [9]. It was shown that while introducing the unidirectional or symmetric coupling in the distributed 
systems they demonstrate the various types of chaotic synchronization, namely the complete, lag and generalized 
synchronization. However, the chaotic synchronization in the locally coupled microwave beam-plasma systems 
is not examined in detail until now. At the same time research of chaotic synchronization regimes in spatially 
extended beam-plasma microwave systems seems to be important because of its applications dealing with data 
transmission and control of chaotic oscillations in microwave electronics systems. 
The present work deals with research of chaotic synchronization in coupled beam-plasma microwave systems 
with overcritical current – Pierce diode fluid models [10], which seems to be interesting as an important model 
of beam-plasma systems showing various types of chaotic behavior.  

In this work the fluid model of Pierce diode is briefly discussed, the complete synchronization and time scale 
synchronization of mutual coupled beam-plasma systems are described. We also discuss the generalized 
synchronization regime in unidirectionally coupled spatially extended beam-plasma systems and describe the 
method of modified system applied to the discussed model. In conclusion, we summarize the main obtained 
results. 

Acknowledgments - This work has been partially supported by CRDF (grant REC-006), Russian Foundation of Basic 
Research (grants no. 07-02-00044 and 07-02-12071), and President Program of Leading Scientific School (grant NSh-
355.2008.2) and Doctor of Science (grant MD-1884.2007.2) support. 

References  
1. S. Boccaletti, J. Kurths, G. Osipov, D.L. Valladares, C. Zhou, "The synchronization of chaotic systems", Physics 

Reports, vol. 366, 2002, p. 1. 
2. A. Pikovsky, M. Rosenblum, J. Kurths, Synhronization: a universal concept in nonlinear sciences, Cambridge 

University Press, Cambridge, 2001. 
3. N.F. Rulkov, M.M. Sushchik, L.S. Tsimring, H.D.I. Abarbanel, "Generalized synchronization of chaos in directionally 

coupled chaotic systems", Phys. Rev. E 51, vol. 2, 1995, p. 980. 
4. M.G. Rosenblum, A.S. Pikovsky, J. Kurths, "From phase to lag synchronization in coupled chaotic oscillators", Phys. 

Rev. Lett., vol. 78, 1997, p. 4193. 
5. L.M. Pecora, T.L. Carroll, G.A. Jonson, D.J. Mar, "Fundamentals of synchronization in chaotic systems, concepts, and 

applications", Chaos, vol. 7, 1997, p. 520. 
6. A.E. Hramov, A.A. Koronovskii, "An approach to chaotic synchronization", Chaos, vol. 14, 2004, p. 603. 
7. P. L. Ramazza, U. Bortolozzo and S. Boccaletti, "Experimental synchronization of spatiotemporal chaos in nonlinear 

optics", Phys. Rev. E, vol. 73, 2006, 036213. 
8. M. Hildebrand, J. Cui, E. Mihaliuk, J. Wang and K. Showalter, "Synchronization of spatiotemporal patterns in locally 

coupled excitable media", Phys. Rev. E, vol. 68, 2003, 026205. 
9. E. Rosa, W. Pardo, C. Ticos, J. Walkenstein, M. Monti, "Phase synchronization of chaos in a plasma discharge tube", 

Int. J. Bifurcation and Chaos, vol. 10, 2000, 2551. 
10. J. Pierce, Limiting currents in electron beam in presence ions, J. Appl. Phys., vol. 15, 1944, p. 721. 

H
PE

M
 -

 1
6 

N
o

n
lin

ea
r 

D
yn

am
ic

s 
an

d
 C

h
ao

s 
(I

n
vi

te
d

)



75

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

HPEM - 16

Analytical and Numerical Study of Chaotic Generation in Vircator with 
Preliminary Modulation of Electron Beam

Rempen, Irine; Hramov, Alexander; Koronovskii, Alexey;

Saratov State University, Saratov, Russia

Analytical and numerical study of chaotic generation in vircator with 
preliminary modulation of electron beam 

I.S. Rempen, A.E. Hramov, A.A. Koronovskii 
Saratov State University, Saratov, Russia

E-mail: aeh@nonlin.sgu.ru 

This report is devoted to one of the vircator systems with controlled characteristics of output radiation – 
the scheme with input resonator system (vircator-klystron) which is suggested in [1]. The investigations have 
shown that this system gives opportunities of essential increase of efficiency and output power and narrowing of 
power spectrum of generated signal. The work [2] considers the scheme with the input resonator tuned to the 
frequency of virtual cathode (VC) oscillations and the circuit of external delaying feedback (vircator-klystron 
with external feedback). In our work we consider the problem of influence of initial modulation of the relativistic 
electron beam upon virtual cathode oscillations. The modulation is realized by setting a resonator at the input of 
vircator. The resonator is driven by external source of microwave signal (for example, relativistic magnetron). 
The possibility of modulation of relativistic electron beams is analysed in [3].  

The following scheme is considered. The working chamber consists of a piece of cylindrical 
waveguide, into which the monoenergetic annular electron beam is injected through the input highly regenerative 
cavity. The beam current exceeds the limit vacuum current and thus VC is forming in the drift space. The beam 
reflected from the virtual cathode penetrates the resonator and drives it. The external harmonic signal coming 
from the low-power source (in comparison with microwave vircator) is also driving the resonator providing the 
necessary modulation depth of the initial electron beam. The resonance frequency of the input resonator is 
changed in wide scope from the autonomous frequency of the virtual cathode (near fVC� 8 GHz in this case) up 
to double autonomous frequency 2fVC. The resonator has been modulated by resolving of non-stationary equation 
of stimulation of resonant system [4]. 

The numerical modeling shows that the increase of modulation depth with the frequency close to 
autonomous frequency fVC of virtual cathode oscillation allows to improve the spectral characteristics of output 
radiation and to derive generation similar to single-frequency one. The prior modulation helps to shorten the 
duration of the transition process and to stabilize the frequency of current oscillations in the region of VC. We 
have also studied the influence of prior modulation (first of all, the influence of the frequency) on the different 
regimes of virtual cathode dynamics and spectral characteristics of the output signal of vircator with resonator. 
On Fig. 1 the power spectrums of vircator generation within different tuning of input resonator are shown. The 
most interesting effect is observed when the external resonator is tuned to the frequency fs=2fVC. In this case the 
system dynamics is similar to regular (it can be seen from the very low noise background in output power 
spectrum) and in the generation spectrum one can see low-powered frequencies fVC, 4fVC and a high-powered 
component 2fVC.

This means that the influence of external modulation at the frequency equal to the doubled autonomous 
frequency of the virtual cathode leads to synchronization of virtual cathode oscillations on the doubled 
frequency. This regime is very interesting in view of possibility of increase of frequency of microwave radiation 
generated by vircator system.

Fig.1: Output power spectra: (a) autonomous oscillations of VC; (b) fs = fVC (c) fs = 2fVC
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Microwave radiation sources using an electron beam with a virtual cathode as an active media are actively 
studied at present [1]. One important task in the investigation of the intensive electron beams with virtual 
cathode is consideration of the positive ion influence on the microwave oscillations in the electron beam. The 
positive ions appear due to the impact ionization of neutral gas by the electron beam with the virtual cathode. It 
is well known that electrons ionize most efficiently while its energy is sufficiently low (near 100 eV). This 
means that consideration of ionization processes in the electron beam with the virtual cathode is of great 
importance. Present report deals with the theoretical study of the positive ion influence on the oscillatory 
processes in the non-relativistic electron beam with the virtual cathode in a retarding field.  
The investigation has been carried out in terms of PIC simulation [2]. The simulation shows that presence of 
neutral gas leads to the suppression of the virtual cathode oscillations and to the termination of the microwave 
generation. This is related with a neutralization of the virtual cathode space charge by the positive ions. Next the 
ions drift away, causing positive space charge to decrease and conditions for the virtual cathode formation arise 
again. Then this process repeats. As a result the output signal represents the sequence of the chaotic radiopulses. 
Fig. 1 shows the dependence of the output signal (curve 1) and the total positive space charge density in the 
working chamber (curve 2). It is easy to see than during the generation the density of the ion layer rises till the 
termination of the generation (maximums on the dependence). Then when the density reaches certain level 
(marked by the dashed line) the generation appears again in the system. This phenomenon has been investigated 
in terms of effective Pierce parameter modulation.  
The results of numerical simulation are proved by the experimental research on the model of the non-relativistic 
vircator.

Fig. 1 – Output signal and total positive space charge in the gas-filed drift space  
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Experimental investigations of intense wakefield impulses excitation in dielectric structures by a sequence of 
short bunches of relativistic electrons are presented. Experiments were performed using a sequence of bunches 
from the linac «Almaz-2» (energy 4�eV, number of bunches 6.103, diameter 1�m, duration 60 ps each, distance 
between bunches 350 ps, number of electrons in each bunch 109), injected into a dielectric structure of length 70 
�m, made from Teflon (�=2.1, tg�=1.5 10-4), placed inside metal waveguide of round or rectangular cross-
section. Researches on multibunch and multimode regimes have been carried out. For the semi-infinite case the 
restriction of a number of electron bunches, which wakefields are added up, was determined and explained as a 
result of wakefield removal from the injection plane with a group velocity. To increase the number of such 
bunches a resonator concept was proposed and explored that allowed to obtain higher peak amplitude. It was 
also shown that for the case of rectangular geometry the equispaced transversal modes were excited and due to 
their summation the amplitude of total excited wakefield increased greatly compared to the only principal mode 
excited. Energy losses of electron bunches up to 12% on wakefield excitation and corresponding RF power of 
excited radiation were measured. The measured frequency spectrum of the excited wakefield agreed with 
theoretically predicted spatial structure of wakefield in the form of a periodic sequence of opposite sign 
impulses. H
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Despite the fact that the discharge over a dielectric surface is a widely observed and used phenomenon, the 
methods of its mathematical description and simulation are not sufficiently evolved. Rare papers related to 
creeping surface discharge use models which are similar to that proposed in [1] for modeling streamer evolution 
in gas. They treat just a single streamer stem and, moreover, all the attention is paid to the move of the streamer 
head. However, since streamer phase in the surface discharge development is rather short [2] and is replaced by 
the leader one very fast, a nonlinear conductance of a streamer channel behind the head plays the main role in the 
surface discharge. 
In the present work the initially complex and nonlinear problem of creeping discharge modeling is divided into 
several problems of less complexity that may be solved separately at some time step. The discharge area (above 
a dielectric sheet separating a metal needle from a ground plain electrode)is presented as a system of gas sphere 
cells covering the dielectric. The discharge tree (conducting cluster) is represented by a nonlinear circuit 
consisting of capacitances, nonlinear conductances, and controlled sources. The latter simulate field potential of 
the needle electrode and of the free charge located in the neighboring cells. The coefficients for the controlled 
sources and cell capacitances are determined from the results of static field calculation. 
In the model, cell conductance is strongly correlated to the density of electrons in the cell. The effects of electron 
drift, impact ionization, and photoionization are involved into the conductance model. The physical parameters 
of the latter two processes are deduced from the experimental data available in the literature. Further 
improvement of the conductance model is discussed in respect to plasma heating up to the temperatures that 
enough for the streamer-to-leader transition. 
Cell initiation (attaching to the existing cluster) is performed if the initiation threshold of 26 kV/cm is reached in 
the cell. This ensures a gradual rise in the cell conductivity due to electron multiplication in air. Competition 
strategy is used for cell initiation when the probability of the latter depends not only on the potential of the cell 
but also on the potentials of the other candidates for initiation. Following the models of “irreversible growth” 
(e.g. [3]), the power law of probability dependence on electric field intensity was chosen. 
In addition to discharge patterns which created to be very similar to experimental Lichtenberg figures, the model 
allows us to determine such local properties of the discharge as current, voltage drop, loss, field and charge 
distribution. This allows us to determine characteristics of electromagnetic radiation which is very important for 
EMC and also gives us an additional instrument for studying discharge physics. Moreover, the model may also 
easily take into consideration geometric features of electrodes and dielectric, so that we can examine their effect 
on the discharge as well. 
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NATO EMP Standards

R. A. Pfeffer1, J. H. O’Kuma2

1US Army Nuclear and Combating Weapons of Mass Destruction Agency 
Springfield, VA, USA  

2Survivability, Vulnerability and Assessment Directorate 
US Army White Sands Missile Range, NM, USA 

E-mail: robert.pfeffer@us.army.mil 

The North Atlantic Treaty Organization (NATO) continues to have a long-standing interest in nuclear-induced 
electromagnetic pulse (EMP) and its effects on platforms and systems.  Since the end of World War II, 
considerable efforts were conducted to understand the governing physics and air chemistry that explained the 
electromagnetic environment now known as EMP.  Additional efforts focused on predicting its coupling to 
platforms and systems, quantifying its potential effects on biological, mechanical and electrical elements of 
those platforms and systems, and finally developing cost-effective options that protect those operational 
platforms and systems against various EMP forms.  Today, NATO EMP standards are used to establish 
protection criteria for the procurement of critical operational platforms and systems.   

This unclassified paper will follow some of the important steps that led to the development of today’s NATO 
military EMP standard.  Two documents will be highlighted: NATO File No. 1460-3 EMP Engineering 
Practices Handbook, and NATO Standardization Agreement (STANAG) 4145, Nuclear Survivability Criteria 
for Armed Forces Material and Installations.  Originally written in October 1977, the Handbook is intended to 
be used by Host Nations in the design, construction, and finally maintenance of important NATO facilities.  
STANAG 4145 followed the Handbook.  It is the October 1979 coversheet for Allied Engineering Publication 
(AEP) 4 of the same title.  AEP-4 Edition 4 now consists of three Annexes:  ANNEX A (LAND), ANNEX B 
(NAVY), and ANNEX C (AIR). Edition 1 is dated April 1975.  

The paper will conclude with comments on the unique challenges provided by the growing use of high-tech 
commercial-off-the-shelf (COTS) items in the procurement of NATO military platforms and systems.  
Additionally, several NATO initiatives are discussed that are intended to improve new equipment design, 
increase equipment protection from a wide range of electromagnetic environments (including EMP), and reduce 
overall acquisition costs.    
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W. J. Scott1, M. R. Rooney2

1Northrop Grumman Corporation, USA
     2Defense Threat Reduction Agency, USA

E-mail: walter.scott@ngc.com 

This presentation discusses key technical and programmatic factors that need to be considered in deriving box-
level conducted pulse immunity requirements for qualifying subsystems and equipment to withstand the effects 
of wideband pulses such as the nuclear high-altitude electromagnetic pulse (EMP). The factors to be discussed 
include system implications of the box-level spec; bulk vs. single wire current test considerations; wave shape 
considerations; pros and cons of multiple pulse testing; cable shield vs. core wire testing; equipment operational 
modes and configurations; ways to avoid excessive hardening; and programmatic considerations. 
Recommendations are provided for criteria for use in developing an affordable approach based on analysis of 
technical and programmatic factors discussed in the presentation. 

The overall goal in deriving box-level EMP test specifications is to establish a lower bound on strength of each 
box in a system such that system designers can allocate EMP protection at the system level to ensure that the 
boxes in a system are survivable. Ideally, one is looking for the highest specification level that most equipment 
can withstand without the need for adding additional EMP protection at the box level. A further objective is to 
reduce system costs and hardening requirements while incurring minimum hardening costs. 

Given these constraints, individual countries and international standards organizations have developed military 
and commercial standards that establish recommended test requirements and limits that may be used to 
determine lower-bound EMP strength of box-level equipment to be installed into military systems and platforms. 
In the U.S., MIL-STD-461F, Requirements for the Control of Electromagnetic Interference Characteristics of 
Subsystems and Equipment, is cited in military procurements to provide a uniform basis for establishing a lower-
bound on immunity or susceptibility of electronic subsystems and equipment against conducted cable currents 
resulting from an EMP event. This presentation provides a technical basis for tailoring box-level conducted 
immunity requirements such as those in U.S. MIL-STD-461F, UK Defense Standard 59-41 and other 
commercial immunity standards to minimize the risk that the system-level protection design will result in 
equipment failures or negative strength vs. stress design margins during an EMP system-level validation test.

Acknowledgments - The authors wish to recognize Gene Morgan, formerly with Rockwell International and Nigel Carter, 
formerly with Qinetiq for their insightful discussions and contributions in this topical area. 
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The International Electrotechnical Commission (IEC) headquartered in Geneva, Switzerland has been working

since 1989 to produce standards and reports to describe the threats of and protection methods for the high-

altitude electromagnetic pulse (HEMP) and other high power electromagnetic (HPEM) threats such as

intentional electromagnetic interference (IEMI). This presentation will provide a short background for those not

familiar with the IEC and will review the work that has been performed in the past two years in detail.

At the present time IEC Subcommittee 77C (SC 77C) has produced 17 publications covering both HEMP and

HPEM. In addition, SC 77C is responsible for the maintenance of 2 additional standards dealing with protection

methods. The HEMP work began in 1989 and has continued to the present time. In 1999 the work of SC 77C

expanded to cover the threats of man-made high power electromagnetic fields with a focus on the protection

from electromagnetic weapons designed to interfere with commercial equipment and systems. Three recent

publications have dealt with these subjects:

� IEC 61000-1-5: High power electromagnetic (HPEM) effects on civil systems

� IEC 61000-2-13: High power electromagnetic (HPEM) environments – Radiated and conducted

� IEC 61000-4-33: Measurement methods for high power transient parameters.

The presentation will describe the organization, membership and operation of SC 77C and will emphasize the

coordination of the HEMP and HPEM work with the normal EMC work of the IEC. The current work program,

including the maintenance of published standards and new projects that have been approved by the National

Committees of the IEC will also be discussed including:

� IEC 61000-4-35: High Power Electromagnetic (HPEM) Simulator Compendium

� IEC 61000-5-8: System-level Susceptibility Assessments for HEMP and HPEM

� IEC 61000-5-9: HEMP Protection Methods for the Distributed Civil Infrastructure

In addition to the documents under development, this presentation will discuss several new developments. One

is the active liaison of IEC SC 77C with ITU-T. ITU-T is developing a new set of recommendations dealing

with the protection of telephone central offices against the threats of HEMP and electromagnetic weapons.

Another issue is the need to develop an approach to determine the measurement uncertainties for all IEC SC

77C test methods. There will also be discussion of the future plans for maintenance of existing IEC SC 77C

publications.

In conclusion the presentation will provide information for those who may be interested in participating in the

future work of IEC SC 77C.
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The immunity tests pertaining to transient phenomena have been developed in the 1990s and were written in the 
standard 61000-4-12, entitled “Oscillatory waves immunity tests”. The standard described two tests : the ring 
wave and the oscillatory damped wave, shown in fig. 1. 
A first amendment was suggested already in 1995, at the requirement of the IEC SC 17A & SC 17C, in order to 
increase the maximum frequency of the oscillatory wave up to 50 MHz needed for the tests of secondary systems 
of high-voltage switchgear and controlgear [1]. Discussions went on in WG3 and then in WG11 of SC77B, but 
nothing happened, until 1999, when the necessity for an amendment was again motivated now by: 

-     a request from SC77C, which needs the test at these frequencies for the HEMP; 
- the need to provide a test which can reproduce induced currents in devices installed in GIS; the typical 

shape of such currents due to switches in GIS is that of a damped wave with frequencies up to 50 MHz 
(ref. [2] and fig. 2). 

Fig. 1 - Damped oscillatory wave 
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Fig. 2 - Current measured on the sheath of the 
voltage transformer cable on the LV side in a 
125 kV GIS 

In October 2000, the WG11 convener requested experts to deal with HEMP and GIS phenomena, as WG11 had 
only EMC experts. On September 3, 2004, a Questionnaire to the NCs was send asking them to decide between 
two possibilities: 

1) maintain the old 4-12 standard, with two types of wave, but extending the frequency of the damped 
oscillatory wave to 30 or 50 MHz; 

2)  two separate standards, the old 61000-4-12, describing only the ring wave and a new one for the 
damped oscillatory wave. 

The majority of the NCs choose the second option and a JWG 77B/77C was set up, which wrote a new 61000-4-
18 standard, introducing a damped oscillatory wave with two wave types: 

- a slow wave with two frequencies 100 kHz and 1 MHz; 
- a fast wave with 3 frequencies: 3, 10 and 30 MHz. 

In order to permit the manufacturers easier constraints for the generator the upper frequency was limited to 30 
MHz. This new standard was issued in 2006. 
The paper will present the main stages which led to the production of this new standard and its main technical 
parameters. 

References  
1. IEC 77B/WG3(Delaballe)09/95.     
2. A. Eriksson et al., «Relay protection interference environment during normal operating conditions compared to IEC 
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This paper discusses the content of a new document being developed by the International Electrotechnical 
Commission (IEC) Sub-committee 77C who are working on the development of civilian standards for the 
protection of infrastructure and systems to the effects of High-altitude Electromagnetic Pulse (HEMP) and High 
Power Electromagnetic (HPEM) environments. The document (to be published as IEC 61000-5-9 [1]) describes 
an assessment methodology for the assessment of equipment, sub-systems and systems to the effects of HEMP 
and HPEM and includes detailed information and guidance on the following phases: 

• Sub-systems and equipment characterization 
Critical aspects of the system are identified such that the impact of any HEMP or HPEM induced effect can be 
correctly assigned as either immunity or susceptibility during the susceptibility assessment phases. Also, areas of 
potential weakness are identified based upon information about similar systems or technology types. During this 
phase it is useful to gather immunity and/or susceptibility information that may be relevant. 

• System analysis 
The purpose of the system analysis phase is to identify critical sub-systems/equipment, system configurations 
and operational modes that should be assessed through a combination of low-level and high-level tests to 
estimate a system’s susceptibility to the HEMP and HPEM environments. 

• System test 
This phase describes equipment and/or system level testing that can be used to provide information on the 
system’s overall protection against a HEMP or HPEM environment. Detailed information and guidance on the 
application of low-level and high-level testing required to inform system-level susceptibility is also given. 

• Susceptibility assessment 
The purpose of this phase is to evaluate the test data including any observed effects such as equipment upset or 
damage that occurred during the testing to determine any degradation to normal system operational performance.  

The document also includes a discussion on the use of reverberation chambers to characterize equipment 
susceptibility. This is a method that potentially reduces the time taken to identify frequencies at which systems 
are susceptible and seeks to focus high-level testing to environments that are likely to cause an effect. 

The document will conclude with example system-level assessments for HEMP and HPEM separately. 

References  
1. IEC 61000-5-9: System-level Susceptibility Assessments for HEMP and HPEM, CDV, June 2007 
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Following the important work of the U.S. Congressional EMP Commission [1] regarding the threat of HEMP to

the United States and in particular to the electric power system, the International Electrotechnical Commission

(IEC) decided to begin work within SC 77C to develop protection methods for the distributed infrastructure.

The term “distributed” is intended to describe the problem of widespread connected civil systems that could be

simultaneously illuminated by the electromagnetic pulse from a high-altitude (above 30 km) nuclear burst. This

is a different problem than protecting a single facility against HEMP, as the impact of simultaneous “upsets”

can create significant operational effects in many of the infrastructures. An example of the large area coverage

due to the early-time HEMP is shown in Fig. 1. It is noted that the difference in time of arrival of the HEMP

transient over the illuminated surface of the Earth is only 4.4 ms, which is much less than the time of a single

power cycle (16.7 ms in the United States).

Fig. 1 – Area covered by the early-time HEMP from a 170-km burst over the United States

The draft specification, IEC 61000-5-8, is divided into 10 clauses including:

� Scope

� Normative references

� General introduction

� Definitions

� Description of the distributed infrastructure

� Spatial variation of HEMP environments

� Implications for HEMP coupling to long lines

� Relation of HEMP disturbances to natural EM environments

� Protection strategy

� Protection methods

� Bibliography

The presentation will review the status of the work thus far including the contributions of the members of the

IEC project team: Mr. Richard Hoad (GB), Mr. Lars Hockstra (DE), Dr. Armin Kaelin (CH), Mr. John

Kappenman (US), Dr. Eung Jo Lee (KR), Dr. Daniel Nitsch (DE), Dr. William Radasky (US), Dr. Frank Sabath

(DE) and Mr. Atsushi Wada (JP).
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The last decade has seen tremendous progress in the understanding of the threat of narrowband and 
ultrawideband environments. The theoretical and experimental investigations of effects caused by High-Power 
Electromagnetic (HPEM) fields resulted in the development of a set of environment waveforms of interest as 
described in IEC 61000-2-13. As HPEM, causing damage or failures in electronic parts of critical systems and 
devices, can result in technical or financial disasters as well as to injuries or the loss of life, there is a need for 
industry to test their equipment and systems to these IEMI threats. 

Due to this development IEC TC 77C started to work on a technical compendium that provides information 
about existing simulators that could be used to simulate HPEM environments. In addition to characteristic 
parameters of various simulators the final document will indicate their applicability as test facilities and 
validation tools for IEC SC 77C immunity test requirements. In the sense of this specification, the group of 
HPEM simulators consists of narrowband microwave test facilities and ultrawideband simulators for radiated 
fields.

This talk briefs on the current status of this project. It starts with an introduction to the field of HPEM immunity 
testing and a presentation of the overall schedule of the IEC 61000-4-35 project. A general description scheme 
for simulators that can be used for HPEM radiating testing will be introduced in the main part of the talk. In 
addition to the technical characterization, the scheme addresses more commercial aspects such as availability, 
costs and operational status. The introduced scheme will be exemplified by a collection of datasheets describing 
narrowband, wideband and ultrawideband facilities and simulators that are operational or could be made 
available for use by the international community. 
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The rapid adoption of services based upon the Internet Protocol (IP) has transformed many aspects of everyday 
life: we are all now used to using the internet to search for and purchase flights and rental cars; to shop for 
almost everything from DVDs to groceries; to organise our personal finances and investments; and to do many 
other things. 

The adoption of IP has had many other impacts, equally transformative but perhaps less visible.  One example is 
that currently underway within the telecommunications industry, where rapid technological convergence 
between 'traditional' telecoms and IP-based hardware is currently eroding the demarcation between the role of 
the traditional central office (with its switching and transmission functionality) and the data centre (with its IP 
routing functionality). 

Almost every aspect of the speed of this transformation has taken many observers and planners by surprise.  The 
development of broadband access services is a case in point, where customer adoption has consistently far 
exceeded supplier expectations in every market.  IP services have become an essential part of the way that 
individuals organise and conduct their lives, that businesses attract and interact with customers; and that 
governments provide essential services.  IP therefore has become of fundamental importance to the function of 
the world's most developed economies.  As a result, the fundamental resilience of the telecommunications 
infrastructure that enables access to IP-based services has become a key issue to many policy makers. 

In 2005, ITU-T Study Group 5 (SG5) started work on the preparation of guidelines designed to protect key 
telecommunications centres from disruption due to electromagnetic effects.  This work was scoped to include 
protection from lightning damage, from normal Electromagnetic Compatibility (EMC) issues (both being within 
the sphere of expertise of SG5) and also the effects of High-Altitude Electromagnetic Pulse (HEMP) and High 
Power Electromagnetic (HPEM) attack.  The desire was to produce a document set that presented the non-
technical/non-expert reader with a guide to existing technical documentaion: these being, for lightning and EMC, 
documents from the ITU's K-Series of Recommendations (Protection from Interference); for HPEM and HPEM, 
documents from the IEC TC77 (Electromagnetic Compatibility) SC77C (High Power Electromagnetic Transient 
Phenomena).

This presentation shall introduce the ITU, the ITU-T and SG5 to the audience.  It shall then describe the 
documentation set that this work will produce.  The key learning points in the HPEM and HPEM domain shall 
then be presented, gained from applying the documents of IEC TC77 SC77C to the rapidly converging telecoms-
IP domain. 
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Lightning protection level I according IEC 62305 [1] standards are usually adopted in the lightning
protection system (LPS) of a wind-turbine blade. Nowadays, MW exceeding wind-turbines employs large
blades that usually have carbon reinforced plastic (CRP) conductive materials as part of its structural
beam. The typical lightning protection method is to have one or more air-terminals over the blade surface.
However, one of the major problems regarding lightning protection of a blade is the close path between
down conductor/s that connects the air-terminals to ground and CRP materials.
In other hand, the LPS of a blade should be verified by testing with a representative blade section. As
requirement, the LPS level I adopts an impulse current with a rise time of 200 ns and a peak current of 50
kA. Such fast pulses are the major cause of lightning induced voltages to wiring. Testing a representative
blade with this impulse characteristics results extremely difficult, however, such in aircraft experiences
[2], low-level current tests are usually performed and employed to extrapolations.
In a wind-turbine blade due to the close path of down-conductors to CRP and the isolation between CRP
components arise the question if subsequent strokes could produce internal arcs.
The paper describes the method and arrangement for injecting short rise-time impulse currents and
presents experimental results of and experimental 5m blade tip.

Figure 1a presents the test arrangement composed by our experimental blade with a down-conductor and
a CRP layers parallel to the down-conductor. In order to minimize the influence of the return path it was
composed by several conductors placed in a coaxial form. The current injected to the tip and the current
through the CRP are displayed in Figure 1b.

a) b

Fig 1 - a) Test arrangement and; b) obtained tip b) CRP currents

The paper discusses the method of extrapolation and the possibility of internal arcs originated by fast
impulse currents.

References
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Lightning performance of lightning protection devices depends on several factors. These factors include 
geometrical configuration of the devices, ground terrain, and polarity of lightning stroke. One of many concepts 
which has attracted some attention is an effect of the dissipation charge. The effectiveness of such devices has 
been the topic of discussion for many years. One particular experiment was performed in the High Voltage 
Laboratory and has been published in 2007 [4] but this study focused only on the magnitude of the emission 
current from the devices. The effectiveness of the devices on the lightning performance can be evaluated by 
measuring the critical flashover voltage (CFO) between the devices and a metal screen simulating cloud. The 
laboratory measurements under controlled condition for different devices may allow to compare the results and 
conclude on the lightning protection performance of the devices.  

In this study, tested devices include Franklin Rod, spline ball ionizer, TerraStat® models TS 100, and TS 400. 
These four devices are totally different in dimension and configuration. The study focused on the CFO voltages 
of the air gap between the devices and a metal screen. The CFO voltage was evaluated using 250/2500 �s
switching impulses with negative and positive polarity. Air gap spacing between the metal screen and the 
devices was 3 m. The metal screen was energized with switching impulse voltage generated by 3000 kV impulse 
generator.  

Fig.1 Breakdown on the spline ball ionizer 

The test results provide better understanding on the electrical phenomena of the lightning protection devices. 
This research helps to determine the improvement of lightning protection performance of the tested devices. 

References  
1. C. B. Moore, W. Rison, J. Mathis, G. Aulich, “Lightning rod improvement studies,” Journal of Applied Meteorology, 
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3. S. Grzybowski, C.D. Taylor, “Effectiveness of dissipators used for lightning protection on 115 kV transmission and   
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Energy sources based on magneto-cumulative generators (MCG) allow forming current pulses up to 90 kA 
amplitude and 200 µs length at half height on grounding rods. The current pulses simulate an effect of a current 
pulse of a positive polarity lightning on the grounding rod [1]. In connection with the fact that the majority of the 
thunderstorm dischargers have negative polarity with the current pulse front of several microseconds, VNIIEF 
developed and tested the MCG based energy source [2], in which the current pulse front formation of 2 µs is 
carried out with a current breaking unit, made of electrically exploding copper wires in an arc suppressing 
medium (Fig.1). 
The paper presents experimental results of two energy sources – on the basis of one MCG-160 and on the basis 
of two generators MCG-160. A model of the active resistance change of the grounding rod that takes into 
account the current value and the rate of the spark channels distribution. 
The current pulse of 50 kA amplitude and front length of 2 µs was formed on the grounding rod of 1 m length in 
the soil of 160 ��m specific resistance, using the energy source, based on one MCG-160 generator. Maximum 
length of the spark channels on the ground surface from the current input point was 3-4 m. The energy source, 
based on two MCG-160 generators, connected in serial, made it possible to increase the amplitude of the current 
pulse up to 90 kA having the same front length – 2 µs. In this experiment the maximum length of the spark 
channels on the ground surface from the current input point exceeded 8 m. 
The figure 2 presents a pattern of the spark channels luminescence along the ground surface near the grounding 
rod obtained using a fast photo recorder. Bright vertical stripes inside a dielectric tower belong to the breaking 
unit, made of electrically exploding copper wires in a polyethylene covering. ������(�����) 2 ������������
������� ������������� ������� ����� �� ����������� ���������(�����) ����� ����������� �����
���������, ��������� ������� ����������� ����������. ����� ������������ ������ � ���������������
����� ����������� ���������� �������, ��������� �� �������������� ������ ������ �������� �
�������� �����������.
The proposed model of the active resistance change of the grounding rod in the soil satisfactory describes the 
process of the current pulse formation in the current change range from 50 kA up to 90 kA. 

Fig. 1 – The integral pattern of the energy source 
luminescence

Fig. 2 – The fragment of spark channel luminescence in 
the neighbourhood of the grounding rod 

References 
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The design of the Lightning Simulation System (LSS) shown in figure 1 is described in this paper.  This system 
is a full threat level “Component A” lightning simulator designed primarily for aircraft testing and also suitable 
for component and materials testing. This system was recently used in the UK to successfully test the Typhoon 
Eurofighter and Nimrod aircraft. 

The system uses an innovative design to achieve compactness and a wide operating range. The energy of the 
750 kV Marx generators is stored in the inductance of the circuit comprised of the pulser and load and is then 
crowbared circuit at peak current through a series resistance to produce a pulse whose width is determined by 
the circuit’s L/R time constant. The crowbar switch is SF6 gas insulated and laser triggered to provide the ability 
to switch at nearly zero volts with low jitter.  

The LSS produces an output current which covers a range of 50 to 200 kA into an 8µH load with an action of up 
to 2x106 A2-sec. with constant preset pulse shape throughout this entire range. The nominal pulse width 
(FWHM) is 69 µsec with a rise time to peak of 5.4 µsec and peak di/dt of 0.7x1011 A/sec. 

Current amplitude and pulse width are remotely adjustable and controlling the operation is done via a computer 
using LabVIEW software that automatically sets the system parameters consistent with the desired current and 
then both controls the system and logs the resulting waveform data. The controls are isolated from the LSS by 
fiber optical links. 

The system operates off standard power mains and occupies a space of approximately 20 feet (6 meters) long x 
10 feet (3 meters) wide x 18 feet (5.5 meters) high and weighs about 90,000 lbs (41,000 Kg)  full of oil and is 
trailer-mounted for mobility and towable about a test site by a standard aircraft tug. The system includes several 
shipping containers to enable transportation of the entire turnkey system, including the insulating oil, to sites 
anywhere in the world with only minimal disassembly and preparation. 

Approximately 5,500 gallons (21,000 liters) of transformer oil insulate the high voltage components. Where SF6 
gas is used for switching, a recirculation and reclamation system is provided that is capable of filling, 
recirculating and reclaiming the entire contents of the SF6 system.  

The system is fully safety interlocked, fail safe and is CE-marked.  

Fig. 1 - The Lightning Simulator 
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Many claims are made that high current whole aircraft testing of lightning clearance is impracticable, either 
because it is not possible to inject repeated high current pulses into a Carbon Fibre Composite structure without 
severe and expensive damage, or because of the size of a large transport aircraft.  In this paper we will describe 
the experience of whole aircraft testing to the (almost) entirely CFC Eurofighter Typhoon aircraft (Figure 1) 
with current pulses ranging from 20kA up to 200kA, and to the metal Nimrod MRA4, Maritime Reconnaissance 
aircraft at levels from 15kA to 50kA.  The tests carried out were part of the formal flight safety clearance 
programmes so this context also will be described, including the process applied and the complementary 
computer modeling work. 

A number of conclusions will be drawn from the projects.  First, providing lightning protection of structures and 
systems has been incorporated in the design, that testing of a CFC aircraft is quite a realistic proposition without 
incurring damage.  That lightning whole aircraft testing to the full clearance threat of 200kA is feasible, also 
without expensive damage either to the aircraft structure or to the systems within.  That the testing of a whole 
large transport aircraft to high currents in a proper return conductor rig designed to ensure a reasonable current 
distribution around the whole structure is practical.  Some additional conclusions concerning the necessity to 
include appropriate safety margins or how to cover many more lightning attachment scenarios than the testing 
will allow, the significance of periodically grounded cable shields, and the importance of considering other 
waveform properties apart from peak amplitude will be discussed briefly. 

Fig. 1 – Eurofighter Typhoon Undergoing Whole Aircraft Lightning Testing to Full-threat. 

Acknowledgments – The testing, the computer simulations and the data comparisons were carried out by teams of engineers 
in BAE Systems and Culham Lightning supplied test support and measurement teams for the aircraft trials.  
Acknowledgement is also due to the Eurofighter and Nimrod Project teams who supported the work throughout. 
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Recently, the low-frequency band (particularly below 30 MHz) is widely used in the induction heating (IH), 
the radio frequency identification (RF-ID) tag systems, and so on. In the fields of electromagnetic compatibility 
(EMC), it is important to measure the magnetic field strength accurately radiating from the electric devices. 
Therefore a magnetic antenna factor (MAF) of a receiving loop antenna must be accurately and simply calibrated. 

In loop antenna calibration, the absolute calibration methods (ACMs) [1], [2] are popular. However they are 
not simple calibration methods. So antenna calibration laboratories or companies must make efforts to maintain 
the complicated calibration system and establish the traceability to the standards. Some of them are requesting 
that reference calibration methods (RCMs), which can be traceable to the standard of the MAF, are developed. 

We propose the two RCMs for loop antenna calibration. One is the reference antenna method (RAM) with a 
correction factor for circular loop antennas (named Method 1). The other is the method combined the standard 
field method [1] with the RAM (named Method 2). Generally, in the RAM, the standard antenna is used as the 
receiving antenna [4]. However, in the Method 2, the standard loop antenna is used as the transmitting antenna.  

In this study, we made a comparison and evaluated the two proposed method by the experiments. The ordinary 
shielded loop antennas [5] were used. They were 5.2 cm (named #A), 10.0 cm (named #S, #2, and #T), and 15.2 
cm (named #B) in diameter. The #A and the #B were calibrated by the Method 1 and the Method 2 and the 
results were compared with each other. Before the two methods were carried out, the #S, the #2, and the #T had 
been calibrated by the three-antenna method [3]. In the Method 1, the #S is the standard antenna and the #T is 
the transmitting antenna. In the Method 2, the #S is used as the standard and the transmitting antenna at the same 
time. 

The calibrated MAFs of the #A and the #B by the two methods and the differences between them are shown in 
Fig. 1 and Fig. 2, respectively. The frequency range is from 150 kHz to 30 MHz. In Fig. 1, it is found that the 
MAFs agree well. In Fig. 2, the differences are � 0.5 dB, approximately. The large differences less than 
approximately 1 MHz are caused by the low sensitivity of the loop antennas. The differences in the range from 1 
MHz to 30 MHz are within � 0.25 dB, approximately. Therefore these results clearly show that the Method 2 is 
almost equivalent to the Method 1. The Method 2 can be performed more easily than the Method 1 because the 
only transmitting characteristic between the #S and the #A (or the #B) is measured. In the Method 1, the two 
transmitting characteristics between the #T and the #S and between the #T and the #A (or the #B) are needed. 
Thus it is expected that the uncertainty in the Method 2 is smaller than in the Method 1. 

Using the proposed methods, the calibration service laboratories or companies can easily calibrate the MAF of 
the loop antennas as they can establish traceability to the standard of the MAF provided by national metrology 
institutes.  

-10

0

10

20

30

40

50

60

5.0 10.0 15.0 20.0 25.0 30.0

M
a

gn
et

ic
 A

nt
e

nn
a 

F
a

ct
or

 [
dB

(S
/m

)]

Frequency [MHz]

Method 2 for #A (5.2 cm Loop)

Method 1 for #A (5.2 cm Loop)

Method 2 for #B (15.2 cm Loop)

Method 1 for #B (15.2 cm Loop)

-10

0

10

20

30

40

50

60

-10

0

10

20

30

40

50

60

5.0 10.0 15.0 20.0 25.0 30.05.0 10.0 15.0 20.0 25.0 30.0

M
a

gn
et

ic
 A

nt
e

nn
a 

F
a

ct
or

 [
dB

(S
/m

)]

Frequency [MHz]

Method 2 for #A (5.2 cm Loop)

Method 1 for #A (5.2 cm Loop)

Method 2 for #B (15.2 cm Loop)

Method 1 for #B (15.2 cm Loop)

Fig. 1 Magnetic antenna factors obtained by experiment. 
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Fig. 2 Magnetic antenna factor: differences
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Near-field measurements allow one to get the information as the suitable field maps over and around various 
objects of interest. Such the maps are highly informative instrument to determine both the active areas of 
antennas and the areas with particularly low field concentration, to reveal the influence of edge effects and cross-
talk coupling between adjacent elements in antenna array, to validate computer simulation software, to detect 
faults in penetrable materials, to determine the electromagnetic field created by electronic systems and 
components [1, 2]. In this paper the experimental set-up for near-field measurements in the inductive 
(0<R<λ/2π) and radiating regions (R<2D2/λ) at frequencies ranging from 6GHz to 150GHz are presented.  
A computer-controlled XYZ- manipulator with maximal scanning area 200x200mm and point-to-point accuracy 
±0.1mm is used. Depending on the aspect of experiments the measurements can be realized by moving either the 
probe or the object under study. The set of HF oscillators are applied to carry out the investigations in the 
frequency range of interest.  
With reference to experiments in the inductive region both E-, and H-components are measured by a short 
electric monopole and a small loop antenna, respectively. In the latter, the effect of the parasitic electric field is 
removed by using the special metallic screen. The spatial resolution of these probes is practically equal to their 
physical sizes. However when the probe size reducing also decreases the amplitude of received signal, which 
may then became strongly affected by noise. In this respect, the probe design optimization has been carried out 
to achieve the maximal resolution and sensitivity. In our case the dynamic range and accuracy of the 
measurement are 30dB and 0.1dB, respectively.  
For measurements in radiating region the probes as the open-ended waveguide filled with dielectric are used [3].  
By working for reducing to an acceptable level the parasitic contributions produced by reflections and scattering 
on probe supports, transmission lines and leading-in cables, the absorbing materials are applied. The phase test 
signal is measured at the lower intermediate frequency to be different from the modulation frequency of the 
amplitude test signal so that the amplitude and phase field distributions are measured simultaneously with 
accuracy to within ±0.1dB and ±20, respectively. Dynamic range of the measurement is 30dB that allows 
observing a slower decrease in EM field amplitude, and low field areas appearing close to edge of the objects 
under study.  
The scopes of presented facility are demonstrated by results of edge effects investigations with reference to the 
cylindrical dielectric grounded X-band monopole antenna. The near-field map in inductive region shows the EM 
field oscillations caused by the interference of EM waves reflected from the antenna edge.  
In the millimeter range a set of experiments are performed to reveal the faults in dielectric matrix. For example, 
from the analysis of amplitude-phase EM field distributions in radiating region the space resolution in detecting 
two polyethylene threads (0.5λ), as well as the resolvable faults size (0.3λ), and minimal contrast in permittivity 
of the matrix and faults (0.2) have been determined.  
The most important information about interactions between the elements in multi-beam receiving array with 
elements as densely packed as possible can be obtained from the near-field measurement. This type of antenna 
array is used in the single-reflector radio telescopes allowing essentially to expand the field of view and to 
achieve the reception of multi-pixel radio images of some extent of the sky area without mechanical scanning. In 
our experiments the influence of edge effects on the radiation formation of individual element as the horn with 
dielectric insertion [4] has been determined from the near-field maps in radiating region.  
In contrast to the well-known equipment for near-field measurements the presented facility provides the 
investigations in the wide frequency range both in the inductive and radiating regions with high resolution and 
sensitivity.  
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










     

                




             

                 








=  

                 
            
   


             
               





 




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A Novel Microwave-Photonic Device to Measure S-Parameters of DUT 
in Full 2-Port Calibration Without Coaxial Cables
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Advanced Industrial Secience and Technology, Tsukuba-shi, 
Japan

A Novel Microwave-Photonic Device to Measure S-Parameters of DUT 
in Full 2-Port Calibration Without Coaxial Cables 

Masanobu Hirose, Satoru Kurokawa 
1National Institute of Advanced Industrial Secience and Technology, AIST Central 3, Tsukuba-shi, Japan

E-mail: masanobu-hirose@aist.go.jp 

We have developed a novel microwave-photonic device that can measure S-parameters of two-port devices using 
a vector network analyzer (VNA) in full 2-port calibration. We call it a compact extended port shown in Fig. 1 
(a), since it is a compact version of the previous extended port [1]. Because the novel device transmits and 
receives RF signals through optical fibers, the influences of the presence of coaxial cables can be removed 
completely in RF measurements. Another merit of using optical fibers is its low-loss characteristics (0.5 dB/km) 
compared to coaxial cables (0.5 dB/m at 1 GHz) because total cable length in antenna measurements is often 
more than 50 m. 
The structure of the novel device is shown in Fig.1 (b). The device functions as the R and A channel receivers of 
a 4-ch receiver VNA. The PD is a photo diode to generate a RF signal that is converted into a modulated laser 
light at the source channel of the VNA and is transferred through an optical fiber. The EAM is an electro-
absorption modulator of reflection type that converts a RF signal to a modulated laser light. The light is 
converted into the RF signal by a PD at each channel of the VNA. Therefore the compact extended port can 
replace a coaxial cable by optical fibers completely in any kinds of calibration methods using the VNA.  

                 

PD

Directional Coupler 

EAM EAM Antenna 

R Channel A Channel 

Source 
Channel 

RF Signal 

Optical Signal

New Extended Port 

PD/Bias
Bias Port 

(a)                                                                                            (b) 

Fig. 1 – Compact Extended Port. (a) Picture. (b) Structure. 
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Fig. 2 – Calibrated S21 of a stepped attenuator. (a) 0 dB attenuation. (b) 50 dB attenuation. 

Fig. 2 shows the calibrated S21 of a stepped attenuator, of which attenuations are 0 dB and 50 dB. Compared 
with the calibrated S-parameters measured by the compact extended ports and the conventional coaxial cables, 
we have found that the reflection coefficients agree within 0.1 and the transmission characteristic has the 
dynamic range of about 60 dB below 3 GHz. 
We are now developing the improved version that will have the dynamic range over 80 dB, be able to measure 
the reflection coefficient  within 0.02 deviation, and operate up to over 10 GHz.
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The calibrations of non-coaxial test fixtures with vector network analyzers (VNAs) play an important role in 
device characterizations for microwave active/passive components. The thru-reflect-line (TRL) calibration has 
been reported as the most popular method due to its easy fabrication of the calibration standards. There are some 
TRL-variant techniques such as line-reflect-match (LRM) or line-reflect-reflect-match (LRRM) calibration 
methods for releasing the frequency band limitations by using the high quality match standards or additional 
calibration kits. Recently, a broadband calibration algorithm with total unknown standards has been proposed [1] 
to release the difficulties for acquiring the standard characteristics precisely, with the aids of nonlinear equation 
solving. This approach takes advantage of easy fabrications for the calibration standards. But the method is 
based on the matched (no reflection) transmission lines, that non-fifty ohm transmission lines may yield poor 
solutions for the nonlinear equations. This paper presents a calibration method based on the line-series-shunt 
(LST) calibration [1] for the arbitrary characteristic impedances of the transmission lines that may have 
advantages for some devices with lines not in 50 �. This algorithm is based on two assumptions. First, the planar 
transmission line is in the quasi-static operations that only the single-mode transmission exists. Second, the 
series and the shunt calibration standards behave like a serial-lumped element and a shunt-lumped element 
respectively. Meanwhile the lossy transmission lines and the complex impedance/admittance characteristics for 
the lumped components are allowed throughout the calibration procedure. 
The characteristic impedance of the planar transmission is evaluated based on the low conductance loss 
condition [2]. Three different measured transmission matrix manipulations 1][][ �� �MM S , 1][][ �� TS MM   and 

1][][ �� �MM T  can be constructed using the three calibrator data where ][M  is the similarity transformation of the 
actual calibrator matrixes. With the aid of the trace invariance for the similarity transformations, three nonlinear 
equations are obtained to find the propagation constant, the serial impedance and the shunt admittance with the 
Newton-Raphson solving scheme. The de-embedding procedure fully utilizes the measured data of the three 
standards in the least-square sense to minimize the measured uncertainties. To show the validity of the proposed 
calibration method, the CPW calibration standards are designed with the substrate of FR-4. To improve the 
contact repeatability of the calibration kits and the DUT to the VNA, the universal test fixture (Anritsu 3680-20) 
is used for the test-board connections. The final measured S-parameters for an inter-digit capacitor are verified 
by the TRL measured data as shown in Fig. 1, validating the line-series-shunt calibration results. 

Fig. 1 –Measured results of the LST calibration for an inter-digit capacitor with comparisons of the TRL calibration. 

References  
1. C.-C. Huang and H.-C. Lin, “A novel calibration algorithm with unknown line-series-shunt standards for broadband S-

parameter measurements,” to appear in IEEE Trans. Instrum. Meas.
2. R. B. Marks and D. F. Williams, “Characteristic impedance determination using propagation constant measurement,” 

IEEE Microwave Guided Waves Lett., Vol. 1, pp. 141-143, June 1991. 
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This paper describes the design, fabrication and evaluation of a logarithmic spiral antenna with a single loop 
(terminated in 200 �) surrounding the spiral.  The broadband characteristics of this antenna combination are 
designed specifically as a sensor for the detection of EM noise.  The frequencies of interest range from 50 MHz 
to 10 GHz. The low frequencies are detected by the loop antenna and the higher frequencies are detected by the 
spiral antenna.  This style antenna can be located in buildings and passageways in inaccessible areas for the 
purpose of shielding integrity surveillance and life cycle shielding degradation monitoring.  They can be used as 
permanent fixtures that detect critical threshold levels of unwanted EM radiation.  The antenna structures have 
been modeled with the FEKO EM numerical code.  Figure 1 depicts the patch model used in the numerical code 
analysis and figure 2 shows the results of the boresite gain predictions over the frequency range of 1 MHz to 10 
GHz.  The far-field gain has a peak gain of 6 dBi at approximately 473 MHz and has an input impedance of 
approximately 200 Ohms above 200 MHz.  Measurements were performed in the laboratory.  The paper will 
present the detailed results of the design and the FEKO analysis.  The measured results of this 3’ wide hybrid  
compare well with the predictions from the modeling.  
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2. J.D. Kraus, Antennas, New York:  McGraw-Hill, 1950. 
3. FEKO, EM Software & Systems (SA) Pty Ltd., 1998-2006. 
4. M. Polun, “Feasibility Studies of New High Altitude Electromagnetic Pulse Test Materials”, ARL-TR-3677, November 
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Figure 1.  Spiral Antenna model without loop.
Figure 2.  Predicted far-field gain. 

H
PE

M
 -

 2
0 

W
ir

e,
 P

la
te

 a
n

d
 A

p
er

tu
re

 A
n

te
n

n
as



101

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

HPEM - 20

Insight into the Time-domain Response of a Top-Loaded Monopole 
Provided by a Rational Function Frequency Domain Model
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The top-loaded monopole shown in Fig. 1 can provide acceptable performance when size-limitations prevent the 
use of larger antennas such as conical antennas.  A lumped-element, frequency-domain model also shown in Fig. 
1 has previously been published which gives an accurate prediction of the monopole’s performance up to the 
frequency of the first parallel resonance [1,2].  This model differs topologically from the one given in [3] and 
also consists of only lumped circuit elements.  More than a rational function approximation, the model employs 
element values that are derived from physical phenomena.  In the frequency domain the model has been useful to 
determine parametric relationships, such as the height to disk diameter ratio, which provide optimum 
performance, such as impedance bandwidth.  The frequency domain model leads to an expression for the transfer 
function of the antenna which, using Laplace transform techniques, is used here to derive the time domain 
response.  Because the frequency domain model is a rational function, much information about the time-domain 
response can be gleaned from the pole-zero constellation, a typical representation of which is given in Fig 1.    

Cs

CpRpLp

Rg

Vg

+

-
Vin

Vp

++

--

IRp

jω

σ
Ibase

Figure 1: Broadband, lumped-element frequency-domain model and pole-zero constellation of the 
antenna transfer function showing three poles and three zeros. 

A second-order approximation to this model is particularly useful.  In practice, Cp is small and affects the 
behavior primarily in the vicinity of the parallel resonance.  Thus, a good second-order approximation can be 
obtained by neglecting Cp.   Using this approximation, the source resistance required for critical damping can be 
determined.  Several practical cases are examined and, surprisingly, it is seen that relatively low source 
resistances (on the order of 200 Ohms) are typically required for critical damping.  When such an approximation 
is valid (when the excitation function exhibits the necessary spectral characteristics), traditional second-order 
time domain parameters such as delay time, rise time, and settling time offer useful information about the 
antenna.  Even when Cp is not negligible, these poles are dominant and the second-order model gives a good 
picture of the time domain behavior. 

Time-domain step response measurements made with a sampling oscilloscope of the port-to-port transmission 
between three pairs of identical monopoles located in a single ground plane are used to verify the model.  A TDR 
head is used to generate the step source function.  Frequency-domain scattering parameter measurements are also 
made and a scattering matrix renormalization is used to effectively vary the source and load impedances.  The 
renormalized frequency domain data is then transformed to the time domain to show the variation of the step 
response with source impedance and thus verify the predictions for critical damping. 

References  

1. H.Foltz, J.S.McLean, L.Bodner, "Closed-Form Lumped Element Models for Folded, Disk-Loaded Monopoles," 2002
IEEE Antennas and Propagation International Symposium Digest, pp.576-579, June 2002. 

2. H.Foltz, J.McLean, G.Crook, "Disk-Loaded Monopoles with Parallel Strip Elements," IEEE Transactions on Antennas 
and Propagation, vol. 46, no.12, December 1998, pp. 1894-1896. 

3. M. A. Morgan and F. K. Schwering, “Eigenmode Analysis of Dielectric Loaded Top-hat Monopole Antennas,” IEEE 
Transactions on Antennas and Propagation, vol. 42, no.1, January 1994, pp. 54-61.  

H
PE

M
 -

 2
0 

W
ir

e,
 P

la
te

 a
n

d
 A

p
er

tu
re

 A
n

te
n

n
as



102 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

HPEM - 20

Analysis of Antennas and Scatterers with Nonlinear Loads:
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A frequency-domain spectral balance technique is utilized in this paper to analyze the non-linearly loaded wire 
antenna located over a lossy dielectric half-space. The technique involves two stages. First, the problem is 
transformed to a nonlinear microwave equivalent circuit with the circuit parameters of antenna extracted by the 
method of moment (MoM) solution of the electric field integral equation [ 1].  Then, the arithmetic operator 
method (AOM) [ 2] is applied to solve the nonlinear microwave equivalent circuit. The main feature of the 
proposed technique is its efficiency in analyzing the transient response of the antenna with strong nonlinear loads 
over a lossy dielectric half-space. The technique works purely in the frequency domain, so the effects of lossy 
dielectric half-space can be considered properly by using method of moment in conjunction with Sommerfeld 
asymptotic method. The AOM is now used to the analysis of a centre nonlinearly loaded thin wire scatterer 
illuminated by Gaussian pulse. It is well known that the frequency domain behavior of scatterer excited by a 
Gaussian pulse can be represented by the Norton equivalent circuit obtained by the use of MOM. Applying the 
kirchhoff’s circuit law to Norton equivalent circuit gives 

NL in L SCI Y V I� � (1) 

where VL is the terminal voltage, and the current of nonlinear subcircuits is INL corresponding to nonlinear load 
part. ISC is the short circuit current of the antenna input and Yin is the input admittance of the antenna for 
different frequency components, both being defined as a function of the frequency. Using the AOM transform 
matrix [ 2], TV, the current-voltage nonlinear relationship can be represented in the frequency domain as 

1

0

N
n

NL n V L
n

I a T V�

�

� �� (2) 

One can substitute (2) into (1) and obtains VL by an iterative numerical method such as Newton-Raphson 
method. The other parameters can be easily calculated by using VL. In order to evaluate the performance of the 
proposed method, the midpoint transient current of the nonlinearly loaded antenna oriented at an angle of 45 
degree over a lossy dielectric half-space with length of 1 m and radius of 6.74mm, excited by a Gaussian pulse 
voltage source at its midpoint is shown in Fig. 1. The i-v characteristic of nonlinear load used in this example is 
similar to [ 3].
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Fig. 1 – The midpoint transient current of the nonlinearly loaded antenna oriented at an angle of 45 degree over a 
lossy dielectric half-space with L=1m, a= 6.74mm, excited by a Gaussian pulse voltage source at its midpoint. 
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A frequency-domain spectral balance technique is utilized in this paper to analyze the non-linearly loaded wire 
antenna located over a lossy dielectric half-space. The technique involves two stages. First, the problem is 
transformed to a nonlinear microwave equivalent circuit with the circuit parameters of antenna extracted by the 
method of moment (MoM) solution of the electric field integral equation [ 1].  Then, the arithmetic operator 
method (AOM) [ 2] is applied to solve the nonlinear microwave equivalent circuit. The main feature of the 
proposed technique is its efficiency in analyzing the transient response of the antenna with strong nonlinear loads 
over a lossy dielectric half-space. The technique works purely in the frequency domain, so the effects of lossy 
dielectric half-space can be considered properly by using method of moment in conjunction with Sommerfeld 
asymptotic method. The AOM is now used to the analysis of a centre nonlinearly loaded thin wire scatterer 
illuminated by Gaussian pulse. It is well known that the frequency domain behavior of scatterer excited by a 
Gaussian pulse can be represented by the Norton equivalent circuit obtained by the use of MOM. Applying the 
kirchhoff’s circuit law to Norton equivalent circuit gives 

NL in L SCI Y V I� � (1) 

where VL is the terminal voltage, and the current of nonlinear subcircuits is INL corresponding to nonlinear load 
part. ISC is the short circuit current of the antenna input and Yin is the input admittance of the antenna for 
different frequency components, both being defined as a function of the frequency. Using the AOM transform 
matrix [ 2], TV, the current-voltage nonlinear relationship can be represented in the frequency domain as 

1

0

N
n

NL n V L
n

I a T V�

�

� �� (2) 

One can substitute (2) into (1) and obtains VL by an iterative numerical method such as Newton-Raphson 
method. The other parameters can be easily calculated by using VL. In order to evaluate the performance of the 
proposed method, the midpoint transient current of the nonlinearly loaded antenna oriented at an angle of 45 
degree over a lossy dielectric half-space with length of 1 m and radius of 6.74mm, excited by a Gaussian pulse 
voltage source at its midpoint is shown in Fig. 1. The i-v characteristic of nonlinear load used in this example is 
similar to [ 3].
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Fig. 1 – The midpoint transient current of the nonlinearly loaded antenna oriented at an angle of 45 degree over a 
lossy dielectric half-space with L=1m, a= 6.74mm, excited by a Gaussian pulse voltage source at its midpoint. 
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The objective of the study is the design of a compact broad band antenna with moderate gain.  The design goals 
are 1.2 GHz center frequency with a gain of 10dB or greater, and a reduction in antenna length of a factor of 2 or 
more, when compared to a standard antenna.  A helix design was chosen for the study inspired by the results 
presented in earlier work. P

[1,2]
P  The reduction in size is achieved by employing a slow-wave sinusoidal structure 

to the helix winding.  Figure 1 compares the size of the compact antenna to the standard helix. The pitch chosen 
for the standard helix, shown in the Figure 1, was 15 degrees with a cross-sectional circumference of 1.25�  (� is 
9.84 inches).P

3
P  The length and diameter of the compact antenna are ½ those of the standard helix. The amplitude 

of the sinusoid applied to the winding is 35% of the turn separation with 5 cycles per turn for the structure of 
Figure 1.  Figure 2 compares the bore sight gain between the two antennas as calculated with the NEC code.  The 
results show comparable gain over a broad frequency range.  Additional modeling was conducted on the FEKO 
code. The report will present the results of parameter studies that address antenna pitch, sinusoid structure 
(amplitude and cycles per turn), input impedance and bandwidth.  A prototype model was fabricated and tested.  
Modeling results are compared to the measurements.  The measurements were performed in a 50 x 30 x 25’ 
anechoic chamber.   

Figure 1  Standard helix antenna shown 
 next to a helix with a sinusoidal slow-wave 
structure. 
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Figure 2  Comparison of bore sight gain 
between the standard helix and the compressed 
sinusoidal helix. 
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               


                
























    




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
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













         






























        






























           

 


   






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2University of Pretoria, Pretoria, South Africa
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Diffraction theory has been used successfully in the past to analyse pyramidal horn antennas, especially for on-
axis gain calculations [1-3]. The method is very fast, but relies on accurate expressions for the fields in the 
aperture plane of the horn. In this study, the expressions for the aperture fields have been refined to more 
accurately reflect the astigmatic nature of the wave that emanates from the throat of the horn. Up until now, 
measurements have mainly been used to illustrate the accuracy of such analytical methods. However, the general 
availability of accurate wideband measurement results for horns with varying dimensions is very limited. With 
the increasing availability of powerful numerical methods and computational power, another option is to use 
numerical methods as a benchmark. As such, the method of moments, employing the multilevel fast multipole 
method, is used here to validate the improved diffraction theory for pyramidal horn antennas with widely varying 
flare sizes and angles. As an example, Fig. 1 shows the agreement between the methods when calculating the 
electric field in the E-plane aperture of a standard Scientific-Atlanta Model 12-8.2 horn antenna. Fig. 2 shows 
the corresponding on-axis gain, including accurate measurement data. Fig. 3 depicts the on-axis gain for a 
similar antenna, but where the length of the flare section has been halved. These results illustrate the capabilities 
of the improved diffraction theory and also the possibility of using numerical methods as benchmark. 

0

5

10

15

20

25

-150 -100 -50 0 50 100 150

Aperture position in E -plane (mm)

El
ec

tri
c 

fie
ld

 m
ag

ni
tu

de
 (V

/m
)

Numerical
Diffraction

-180

-90

0

90

180

-150 -100 -50 0 50 100 150

Aperture position in E -plane (mm)

El
ec

tri
c 

fie
ld

 p
ha

se
 (d

eg
re

es
)

Numerical
Diffraction

Fig. 1 – Magnitude and phase at 10 GHz of the electric field in the E-plane aperture of the standard horn antenna. 
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 Fig. 2 – Gain of the standard horn antenna. Fig. 3 – Gain of the shortened horn antenna. 
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In the area of high power microwave (HPM), most of the HPM sources generate modes with circular symmetry, 
such as TM01 mode in circular waveguide and TEM mode in coaxial waveguide. The output waveguides are 
typically highly-oversized to handle higher peak power of GW level. It is well known that HPM systems are 
often required to produce directional beam. Therefore, novel microwave component and antenna designs are 
needed to make proper mode conversion and radiation.  
As we know, high power mode converters can convert modes from TM01 or TEM to TE11 or HE11 [1]. But it is 
quite difficult for a mode converter design to reach high efficiency, high power capability, wide bandwith and 
compactness simultaneously. Vlasov antenna and COBRA (Coaxial Beam Rotating Antenna) were reported for 
HPM radiation [2-3]. For both of them, mode conversion and radiation occurred in the antenna apertures. 
Without mode converters needed, the antennas can be directly connected to HPM source, but they both have bad 
aperture efficiency and far-field patterns. 
In this paper, we introduce our recent works on compact antenna design with axial maximum. The basic 
principle used in our designs is called “zoned phase shifting”. Firstly, we use metal plates to divide the 
waveguide into several sub-waveguides or zones. Secondly, we use phase shifter in the different sub-waveguides 
or zones to make different phase velocity. For example, when a circular waveguide is divided into two half-
circular waveguide, a propagating TM01 mode can be transformed to 2 propagating TE11-like modes with same 
polarization but 180 degree phase difference. One can add a half-circular dielectric cylinder in one half-circular 
waveguide to get lower phase velocity. One can also add some metal septum in the other half-circular waveguide 
to get higher phase velocity.  By this means, we can finally make these 2 TE11-like modes in phase.  Two TE11-
like modes in half-circular waveguides in phase will produce a TE11 mode in circular waveguide. 
Based on the above idea, we designed, simulated and fabricated several kinds of antenna for HPM applications 
in recent years. The results verify our design idea, and indicate the excellent radiation characteristics. This paper 
will give these designs, with both simulation results and experimental results.

References  
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MIL-STD-464A describes waveform parameters of lightning indirect effects.  The Lightning Simulator concept 
described here simulates the magnetic field 10 meters from a severe stroke (Current Waveform A).  MIL-STD-
464A also specifies the peak time rate of change of the electric field associated with the closure of the lightning 
stroke.

Some nearby lightning simulators try to create the required magnetic field with current in a spark or in a wire.  It 
is very difficult to simulate the proper temporal behavior of the current over a sufficiently large volume to test 
objects of interest using the single current type of simulator. 

The simulator concept described here separately creates the specified magnetic field and the specified electric 
field in both peak amplitude and time history.  For this concept, the design parameters for a system capable of 
testing large vehicles or similarly sized test objects will be given.  The simulator provides an environment that 
matches the MIL-STD-464A requirements for both magnetic and electric fields.  To date, two implementations 
of the concept have been made and these will be described.  Electrical waveforms from these implementations 
will be presented and comparisons with specifications will be made. 
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The physics of lightning, as well as its interaction with power and telecommunication systems need research 
activities that require theoretical tools and also experimental studies in order to validate the different models and 
protective schemes. The most effective tool for studying both the direct and indirect effects of lightning on 
power and telecommunication networks is constituted by artificially triggered lightning. The aim of this paper is 
to assess the level and the waveshape of the voltages and currents generated on a buried telecommunication 
cable associated to a shielding cable used as protective measure. The results of simulation are validated using a 
comparison with measurements obtained during a campaign of triggered lightning carried out on 2006 in 
Cachoeira Paulista – Brazil [1]. Once validated, the model is then used in order to optimize the lightning 
protection of buried cable entering in the exposed sites such as a Radio Base Station. 
In order to prevent lightning damage of buried cable, a common practice is the use of a shielding wire installed 
just above the cable in the ground. The physical and geometrical characteristics of the shield wire are of course 
depending of the conductivity and permittivity of the soil but also of the parameters of the lightning current. 
From an economic point of view it is convenient to optimize the cost of the installation by assessing the exact 
length of the shield wire required by an efficient protection accordingly to characteristics of soil and lightning. 
Such study is carried out by using a computer code based on the transmission lines theory associated to a 
topological approach [2]. It allows the evaluation of the currents and voltages generated, by an external 
electromagnetic wave and external sources located, on a complex telecommunication network composed of 
multiconductors lines interconnected by a network of linear loads.
The first step of our study leads to the validation of the computer code by using the results of experiments where 
a telecommunication buried cable was subjected to rocket-triggered lightning flashes obtained on the test site of 
Cachoeira Paulista - Brazil. The experimental telecommunications network is constituted by a 1000 m buried 
section connected to an overhead cable of 2000m long. The rocket launcher is connected to earth through a 
cooper electrode 1 m long which is buried horizontally close to the surface of the soil (figure 1).  
Figure 2 shows the comparison between the measured and calculated current on the screen of the 
telecommunication cable measured 95m faraway from the injection point. On the same figure we have also 
reported the contribution to the signal due respectively to the radiated field and to the direct coupling. 

            

Fig. 1 – Protection of an exposed site                                                    Fig. 2 Comparison:  current on telecom cable 

The good agreement between the theoretical and measured results validated our simulation code and allows us to 
perform a parametric study of a real installation in order to optimize the protection of an exposed site. The final 
paper will particularly focus on the evolution of the generated surges on the buried structures by taking into 
account the various physical parameters of the ground and of the shield wire.  
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Magneto-cumulative generators (MCG), proposed and tested in VNIIEF, are nowadays sources of 
electromagnetic energy with the highest specific power, reaching 10 GW/kg. In these generators a chemical 
energy of high-power explosive substances (HE-charge) is transferred into the energy of a magnetic field of high 
(up to 100 T) inductance with an efficiency factor up to 20%. The generated power could be used to reproduce 
effects of electromagnetic pulses of natural (thunderstorm discharges) and artificial (electromagnetic pulse of 
nuclear explosion) origin. 
Works on a lightning current pulse reproduction with maximum possible amplitudes (in nature) are being carried 
out in VNIIEF for a number of years. Effects of such pulses on typical grounding systems are being studied. The 
paper presents results of some varieties of energy sources tests, based on magneto-cumulative generators, at the 
lightning current pulse simulation on the grounding rod. In the experiments with the current pulse of the 70-90 
kA amplitude for the first time we: 
� recorded appearance and development of multiple high-power spark discharges along the ground surface up 

to 30 m length; 
� detected significant asymmetry of electric potentials distribution, correlating with distribution of the high-

power spark channels, near the grounding rod; 
� measured volt-ampere characteristic of the grounding rod in a soil with a specific resistance of 160 ��m; 
� recorded a decrease of an active resistance of the grounding rod in more than 12 times at the current pulse 

amplitude of 70 kA [1, 2]. 
Numerical code of the helical MCG with a transformer unit operation was developed for the MCG based energy 
sources and the typical grounding system efficient matching [3]. The current pulse front formation of 2 µs length 
was carried out with a breaking unit, made of electrically exploding copper wires in an arc suppressing medium, 
at reproduction of the current pulse of the lightning of the negative polarity. 
Two models of a pulsed active resistance of the grounding rod that satisfactory describe the obtained 
experimental results are proposed. 
An integral pattern of luminescence of the MCG based energy source and high-power spark discharges near the 
grounding rod is presented in the figures. 

Fig. 1 – The integral pattern of the energy source 
luminescence

Fig. 2 – The fragment of spark channel luminescence in 
the neighbourhood of the grounding rod
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The research of high frequency grounding system's performance is increasingly important in different 
applications, such as, for example, EMC, lightning and fault protection in industrial and power plants, and in 
emerging technologies such as power line communications. In EMC studies, usually required quantities include 
longitudinal and leakage current, induced voltages and electromagnetic fields in the vicinity. Traditional analysis 
of grounding systems is generally based on static and quasi-static theory concepts of images [1] that take the soil 
as either homogeneous or inhomogeneous conducting medium with multiple horizontal layers. A comparison 
study of exact electromagnetic model vs. quasi-static models for ground rod in uniform soil [2], has suggested 
that applicability domain of the quasi-static models is restricted to some upper frequency limit. However, the 
electromagnetic model of grounding systems [3], considers homogenous soil only. The recently developed 
electromagnetic model for two-layer soil treats only horizontal grounding conductors [4].  

This paper presents rigorous electromagnetic field approach for full wave analysis of the grounding performance 
of vertical ground rod penetrating two-layer soil. Mathematically, the model is formulated by mixed potential 
integral equation with exact Green’s functions of stratified medium that involves Sommerfeld type integrals. 
Computationally, the model is based on the Galerkin approach in the method of moments and direct numerical 
integration of Sommerfeld integrals. For excitation by injection of current in the rod upper end, this solution 
gives current distribution, impedance to ground, electric field and potential distributions. Paper investigates the 
frequency domain response of a vertical ground rod penetrating two-layer soil with respect to the parameters of 
both layers and the rod geometry.  

To analyze the grounding performance, Fig.1 presents a comparison of the leakage current density modulus 
along a 10-m vertical rod in two-layer soil, with the layer depth of 3-m in frequency range up to 10 MHz. Two 
alternative situations are analyzed, with upper layer soil reisistivity of 100-�m and bottom layer with higher 
resistivity 300-�m (K = +0.5) and with lower resistivity 33-�m (K = �0.5). (Here K is the reflection coefficient.) 
The results show that the rod generally behaves quite differently at low and high frequencies. At lower 
frequencies, the leakage current is almost uniform in each layer and depends on its resistivity, while at high 
frequencies the current distribution depends also on the frequency and the position in relation to the injection 
point. Presented method enables detailed parametric analysis of the grounding performance of parts of vertical 
ground rods in soil layers with different electrical characteristics in a wide frequency range. 

Fig. 1 – Leakage current density with respect to rod length and frequency: K = +0.5 (left), K = �0.5 (right) 
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The collection area for direct strikes to a structure is an important component in the risk assessment. The 
International Standard [1] describes the evaluation method of this surface. In the case of a complex structure, the 
analytical collection area is not obvious.  
A 3D numerical model has been introduced in the last years [2] [3]. This model considers the structure geometry, 
the downward and upward leaders’ propagation. It was demonstrated that the numerical model goes farther than 
the EGM and exhibits the effect of competing upward leader launched from the lightning protection system and 
from vulnerable zones on the structure. 
The present paper aims to revisit the attractive area of structure by introducing the upward leaders’ contribution. 
Using simple assumptions on the conditions for upward leader inception and downward-upward leader junction, 
the position of the downward and upward leader tips, just before the final jump, are firstly computed. 
Afterwards, the extreme position of upward leader’s tips determines the attractive radius. Finally, the collection 
areas for elevated and complex structures are evaluated and compared to those deduced from the International 
Standard [1]. 
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According to Braginskii’s theory [1], the radial expansion of spark gaps as a function of the input current versus

time is given by � � � �� �� �t
irdtir

0

23231312
04 ���� , where r is the spark gap radius (m), i is the current (A), ri

is the initial radius (m), � is the channel conductivity (S/m), �0=1.29 kg/m3 is the atmospheric density, and � is a
dimensionless factor describing the rate of radial expansion of the arc channel. Assuming that this equation is
also valid for representing the radial expansion of the lightning channel and considering a constant channel
conductivity, the per-unit-length channel resistance R(t) can be found from R(t)=1/(��r2). If the return stroke
channel is represented as a nonuniform transmission line whose per-unit-length parameters (L and C) vary with
height according to Jordan’s formula, and if a typical lightning current is injected at the lower end of the channel
by a lumped current source, the channel currents obtained with the use of the equations above with typical
channel conductivities and different values of ri and � lead to a flattening of electric field waveforms calculated
at the near range (50 m) that is consistent with experimental data (see [2] for details). Note however that the
transverse conductance and the nonlinear channel capacitance associated to the corona sheath surrounding the
channel core were neglected in [2]. Theoretically, both parameters should be included in a more rigorous return
stroke representation, and for this reason it is important to identify to what extent the E-field flattening shown in
[2] is preserved with the inclusion of such transversal effects. Here, as in [3], we only consider the effect of a
shunt conductance G per unit length, assuming a total conductance from the lightning channel to ground. Note
that this is from the outset an important simplification since in actual lightning the shunt conductance should
refer to losses confined to the corona sheath volume. In the performed analysis, we assumed �=1�104 S/m,
ri=0.1 cm, and �=4.5, which are typical parameters representing the lightning channel, and G was either assumed
constant or decayed exponentially with time from an initial value Gi with a time constant TG. It was found that,
for the assumed channel conductivity, the E-field flattening in the close range is still obtained if either (i) a
constant, uniformly distributed conductance up to about 0.05 �S/m is added to the channel or (ii) a channel
conductance exponentially decaying with time from a uniformly distributed value of the order of 10�6 S/m with
TG up to about 1 �s is added to the channel (see some of the evaluated cases in Fig. 1). Larger decay constants or
larger values of G were found to lead to a continuous increase with time of electric fields calculated at 50 m.
Note that the values above should be viewed simply as validity limits for the results presented in [2] since the
inclusion of the channel shunt conductance is based solely on theoretical assumptions that need further
experimental evidences.
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Fig. 1 –Electric fields calculated at 50 m from the channel base with the nonlinear return stroke model of [2].
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Civil aviation has become an integral component of present day society. It promotes an economic base for a 
community, assists and encourages trade, and is vital for the health, safety and welfare of the general public. Yet, 
we all know some of its vulnerabilities even from very low-level electromagnetic emitters. For example, cell 
phone use is prohibited in all phases of a flight, due to its potential adverse effects on navigational electronics 
on-board the aircraft. Other passenger electronic devices (PED) such as lap-top computers, DVD players etc., 
have been known to cause interference and are prohibited during the take-off and landing phase of a commercial 
flight. In addition to these low-level emitters, both military and civilian aircrafts are routinely required to operate 
under adverse electromagnetic environments (EME), such as  

� Natural- lightning electromagnetic pulse (N-LEMP), 

� Electrostatic discharge (ESD), 

� Electromagnetic environment in and around airports, 

� Intra-system electromagnetic interference (EMI), and 

� Inter-system EMI. 

In this paper, we present the results of a preliminary assessment of an Intentional Electromagnetic Interference 
(IEMI) threat in the context of an airport. We look at the airport as an electromagnetic systems with three distinct 
components; a) the physical airport including the air navigation services, the aircraft and the passenger terminal. 
Out of all the operations carried out at an airport, from an electromagnetic viewpoint, the systems of interest to 
us are:  a) RF interfaces, b) Power utility, c) Communication, Navigation and Surveillance, d) Air Traffic 
Management and e) Other Sensors (e.g., meteorological). The results of our site survey of an airport in 
Switzerland (shown in Fig.1) will be presented 

Fig. 1. A view of an airport in Switzerland
We discuss the potential RF threats in relation to the applicable MIL-STD-464 on aircraft and the FAA and JAA 
prescribed HIRF Environments.
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Modern electronic systems are susceptible to intense electromagnetic fields. Coupling of electromagnetic (EM) 

waves mainly depends on target size, geometry, material properties and characteristics of the incident 

electromagnetic radiation. Usually coupling paths are very complex. Besides front door coupling, where the EM 

wave couples to the system through active antennas and sensors, most systems are very sensible to back door 

coupling. Here coupling paths are mainly unknown, hard to determine and hardening of the system is difficult. 

The EM-wave penetrates through small slits, holes and feed throughs or even parasitic antennas into the interior 

of the system. The field amplitude is then converted into currents and voltages on the signal and power lines. 

Dependent on the amplitude of the induced signals disruption or even destruction of electronic systems and 

components occur. In both cases the system loses the functionality it was designed for.  

Complex and large systems like this Air Defence System usually consist of several sub-systems and components 

which are separated from each other, distributed and connected via data transfer cables and power lines. 

Breakdown of a single component or sub-system often causes a failure of the entire system. In addition data 

cables and power lines are excellent antennas for EM coupling. Hence EM Interference studies with such a 

complex weapon system are of growing interest. Systematic studies are required in order to determine coupling 

paths and error mechanisms of such systems in order to develop hardening concepts.  

The paper presents EMI studies performed with an air defence system. The studies have been conducted 

at the EM-test facility WTD81 (Wehrtechnischen Dienststelle für Informationstechnologie und Elektronik) in 

Greding. Systematic studies were performed with continuous and pulsed low power microwave sources in a 

frequency range from several ten MHz up to the giga hertz regime and with ultra-wideband sources. Furthermore 

novel pulsed HPEM-DS sources which had been developed at Diehl BGT Defence, Roethenbach a.d Pegnitz 

were used to evaluate the system’s sensitivities.  

Requirements regarding support, infrastructure and test procedure are discussed. The irradiation tests were 

performed with systematic variation of parameters like fieldstrength, polarisation, angle of incidence, 

modulation-frequency and pulse repetition rate respectively. Test results and comparison of the system’s 

susceptibility dependent on the source respectively and the irradiation parameters are presented.  
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Risk assessment of critical infrastructures (transportation, communication, energy production and distribution, 
water distribution) have a relevant role today , due to the increasing number of threats, both of natural and of 
intentional action, which could affect the life of a country and the security of its citizens [1]. Power plants 
generating electric energy and the grid upon which it is transmitted and distributed are examples of “hybrid” 
critical energy infrastructures; in such systems typical process and ICT components are combined with power 
devices to setup real-time control functions [2]. In the latest years, these hybrid infrastructures started to be 
connected to internal and external communication networks, and ICT security has become a subject of primary 
concern, especially because such systems are prone to failures and vulnerabilities  can be exploited by malicious 
software and agents. 
This paper addresses the issue of the security of critical energy infrastructures and aims at merging the typical 
aspects of traditional risk assessment, based on reliability, safety and detailed identification of all the possible 
technical weaknesses, with the new concepts of ICT security. In particular, the attention is focused on the 
application of a risk assessment methodology, conceived to carry out a comprehensive security analysis of a 
generic industrial systems [3, 4, 5], in order to perform the security assessment of an energy production 
infrastructure, namely a combined cycle power plant. The methodology basically consists of five phases, pre-
assessment (system modeling), vulnerability assessment, threat analysis, attack assessment and risk assessment. 
As far as the possible attack scenario is concerned, new attack patterns have been developed including together  
safety and security aspects with the creation of “macro-attack” tree templates, taking into account the failure 
rates of all the power plant components. The output of the analysis, namely the vulnerability, threat and attack 
indexes, and the final risk indexes for each service provided by the power plant (Fig. 1)  and their dependence on 
the input values of vulnerability and threat plausibility has been investigated. Finally, the effect of the 
application of suitable countermeasures to mitigate the identified vulnerabilities has been studied and its 
beneficial action on the global risk index highlighted. The results of such analysis show how such methodology 
can be applied to perform comprehensive risk evaluations of other critical energy infrastructures, (e.g., the 
interconnected electric power grid and transformation substations). 

Fig. 1 –  Risk radar chart for the high level services provided by the power plant.
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A detailed knowledge of electromagnetic wave interaction for building grade concrete is of interest in many 
safety critical environments like airports, power stations and civil defense facilities. 

The work consists of a theoretical explanation of the processes leading to reflection at the interface air-concrete 
and to the attenuation inside the concrete wall. Focus lies in properly estimating the pertinent material 
parameters, especially with regard to the water content and the temperature inside the concrete. 

The material complex permittivity is the important parameter that is dependant on the concrete's components: 
cement, gravel and water. It is of interest to compare different concrete mixtures in respect to their permittivity. 

A special measurement system was developed to study this relationship. In use is an open-ended coaxial line 
probe, a network analyzer, temperature and humidity recording system and a climatic chamber with a controlled 
atmosphere. This allows continuous measurements during the hydration process of the concrete. The open-ended 
coaxial line probe is using a reflection method and was specially developed to adapt to materials, whose state of 
aggregation is non-stationary. For instance concrete going from a liquid to a solid state. The advantages of this 
method are the relatively large sample size and the reusable sensor structure.

Fig. 1 – Open-Ended Coaxial Line Probe 
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The clearance of aircraft and aircraft systems to High Intensity Radiated Fields (HIRF) and for other 
aspects of EM certification is a challenging discipline. The HIRF radiated environment encompasses 
high power broadcast transmitters at HF (100 MHz) through to very high power Radar sources up to 18 
GHz. Modern civil standards for HIRF such as RTCA DO160E/EUROCAE ED 14E [1] require testing 
of equipment and whole aircraft platforms up to peak electric field strengths of 7 kV/m (pulse 
modulation). The Electromagnetic environment is onerous and this is compounded by the greater 
integration of digital electronics onto modern air platforms. These challenges lead to greater emphasis 
on electromagnetic protection design for modern aircraft architectures and place stringent demands on 
the clearance and certification process which can encompass computational electromagnetic modelling 
and thorough susceptibility testing.  

The aircraft on-board environment is also increasing in complexity due to increasing pressure for 
airlines to allow the use of passenger ‘carry on’ electronic devices such as laptops, known as Portable 
Electronic Devices (PEDs) and Transmitting PEDs (T-PEDs) such as mobile or cellular 
communications devices. Regulatory authorities are also keen to let market forces decide on the use of 
T-PEDs on aircraft [2]. There is evidence [3, 4] that these devices have caused interference to aircraft 
systems.  

This paper discusses the trends in the civil and military external and internal environment, discusses the 
challenges that these changes represent. Insight is also provided into how the aircraft design influences 
the system response to electromagnetic disturbances and also how these challenges are being solved.  

References  
1. RTCA DO160E/EUROCAE ED 14 E.
2. UK Office for Communications (OFCOM) consultative document ‘Mobile Services on Aircraft - 

Discussion paper on the introduction of mobile services on aircraft’, 10th April 2006 
3. Ross E., ‘Personal Electronic Devices and Their Interference With Aircraft Systems’, National 

Aeronautics and Space Administration, Langley Research,  NASA / CR-2001-210866, June 2001
4. ‘Effects of Interference from Cellular Telephones on Aircraft Avionic Equipment’, UK Civil Aviation 

Authority (CAA), Report 2003/3, 30 April 2003 
H

PE
M

 -
 2

2 
C

ri
ti

ca
l I

n
fr

as
tr

u
ct

u
re

 &
 R

el
at

ed
 T

o
p

ic
s



118 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

HPEM - 22

Damage Factors Estimation for Global Distributed High-Voltage Grids 
under the Influence of the Electromagnetic Disturbances

Kholodov, Yaroslav A.; Bordonos, Alexey K.; Kholodov, Alexander 
S.; Lavrinenko, Natalia E.; Morozov, Ivan I.; Stupitsky, E. L.;

Moscow Institute of Phycics and Technology, Moscow, Russia

Damage Factors Estimation for Global Distributed High-Voltage Grids 
under the Influence of the Electromagnetic Disturbances 

Y.A. Kholodov1, A.K. Bordonos, A.S. Kholodov, N.E. Lavrinenko, I.I. Morozov, E.L. Stupitsky 
1Moscow Institute of Phycics and Technology, Moscow, Russia

E-mail: kholodov@crec.mipt.ru 

When the parameters of the external electromagnetic disturbance are the same as for the powerful geomagnetic 
storms, the technique of the estimation their influence on the high-voltage grids should contain the following 
basic phases: 

the estimation of the induced currents in the transmission facilities induced by the electromagnetic 
disturbance and nonlinear transient processes arising; 

the influence of the induced currents on the operation of the protection automatics for high-voltage grids 
elements; 

the stability estimation for the whole power supply system in case of separate disconnection some 
elements of the network. 
To estimate the induced currents it was chosen the equivalent circuit with two grounded transformers. By the 
comprehensive analysis of the working current protection system for high-voltage lines and the mechanisms of 
their operation it is shown, that the electromagnetic disturbance, continuing 30–60 s leads to the assured 
disconnection for the lines in spite of the automatic inclusion devices. Here the most sensitive to the influence of 
the electromagnetic disturbance will be electric mains with tension 500–1000 kV. 
In this work in addition to the conventional algebraic and statistical models for the extreme cases investigations 
as well as for the network design and optimization problems it is suggested the simulation model which is based 
on the solution of the correspondent boundary-value problem on the graphs for the partial differential equations. 
Though, the circuit theory is developed for a long time the questions concerned with the non-harmonic dynamics 
and nonlinear processes in the global distributed networks are still not practically solved. Moreover, the existing 
methods require solving the high dimensionality equation systems even for the linear networks with the lumped 
parameters. This can be done more efficiently if we will be start our calculations directly from the dynamic 
equations without the assumption that all network process have the harmonic character and that is to suggest in 
this work. Thus, the proposed model has the set of the essential distinctions from the existing: 

it takes into account the time dynamics all network processes and well enough simulates work of the 
global distributed high-voltage grids with given topology. 

it can compute possible effects from the impact of the arbitrary external factors as well as investigate a 
possibility of the extreme case origination in the power grids. 

it can be used for the network testing in the different operating modes before putting them into 
operation as well as on the system design phase. 

it also can be used in the searching of the optimal energy-saving operating modes for the power grids 
with given topology. 
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With the rise of the IP network a new quality of threat arose when real infrastructures such as telecom, electrical, 
transport and even the banking system were connected. The pace of this development is ever increasing not only 
promoting our economy but also giving rise to a new kind of criminal activity and warfare. Targeted IT Warfare 
complementing E-Warfare as stealth and very effective weapon against individuals, groups, businesses and 
countries is already common practise.  In this context so called Bot Networks earned a dubious fame as 
distributed, invincible and up to now stealthy weapons responsible for 90% of criminal on-line activity such as 
Identity Theft, Corporate Espionage, Phishing and DDoS attacks. The next generation of Artificial Intelligence 
based Malware being stealthy circumventing nowadays IP security protection mechanisms and inventing new 
kinds of attacks by themselves is already technological possible. It only requires a criminal or political motivated 
business case, hackers with a research background and a financier. 

Nevertheless, we allowed and promoted the evolution of this kind of E-Warfare by violating the most basic 
principles of reliable design, survivability and inappropriate product selection in favour of economic and 
political factors. Our trust in SW technology to cope with unwanted underlying complexity in lower layers by 
introducing even more complexity on higher layers produced even more havoc. Dependable principles of 
mechanic and electronic engineering were replaced by tool religion, doctrines, and ever complicated 
programming styles. By adding human error the present situation is definitely in favour of malicious elements. 

Recent efforts in Critical Infrastructure Protection (CIP) aim at the understanding and prevention of outages and 
control faults in Critical Infrastructures (CI) by SW simulations. But assumptions are made about the attack or 
the fault scenarios, underestimating the system complexity or ingenuity of humans. Although being useful 
research, little support for our frontline troops the human administrator and security analyst is delivered. 
Therefore a special group at Swisscom in cooperation with armasuisse, IBM research, FUB and Fed Pol are now 
trying to address certain shortcomings in our IT defense lines. In order to achieve this, decent progress and 
cooperation between Industry, Institutions and Government is necessary in the area of technical law enforcement 
support, SW weapons research, code and protocol reverse engineering, troubleshooting support of CIs and 
Decision Support tailored for IP controlled Infrastructures. We constantly look for partners to accelerate progress. 
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The dependence of the spatial correlation between the volume-averaged SAR and the corresponding steady-state 
temperature rise in the model, based on voxelized by researchers at the Air Force Research Laboratory, Brooks 
AFB, Visible Human Project data sets exposed to plane waves at 30MHz, 75MHz, 450MHz, and 800MHz, 
considering 4 cases for each frequency (frontal, lateral exposures with both E and H polarizations), on the SAR-
averaging scheme is investigated. The model features 40 different tissues with frequency dependent electrical 
properties defined according to the Cole-Cole dispersion model, while the thermal properties including 
metabolic heat production rates and blood perfusion parameters for each tissue were compiled from different 
sources (P. Bernardi et al, J.Lagendijk et al, O. Gandhi et al, A. Hirata et al). The electrical and thermal 
numerical simulations were performed using proprietary software package FDTDLab, a Finite-Difference Time-

Domain based electromagnetic and 
thermal computational suite. Relative to 
each exposure condition, averaged-SAR 
distributions were computed for a wide 
range of cubic SAR averaging masses: 
0.1, 0.5, 1, 5, 10, 20, 50, 100, and 200 
grams. The averaged-SAR was computed 
using the IEEE standard SAR-averaging 
procedure, employing different averaging 
tissue masses and various air-inclusion 
factors: 20%, 50% and 75%. Depending 
on the maximum allowable percentage of 
air in the averaging volume, the resulting 
averaged-SAR may feature a smooth 
distribution within the body or a 
markedly discontinuous distribution near 
the body surface (Fig.1).  

One of the distinctive aspects of the approach used in this study is that a global correlation coefficient is 
estimated using the temperature rise and mass-averaged SAR distributions across the whole body model, not just 
their peak values irrespective of the geometrical proximity, for each exposure condition. This approach leads to a 
global assessment of how well correlated averaged-SAR and temperature rise distributions are. The global 
correlation coefficient is here defined also for the case where several exposure conditions are considered together 
for its determination. Indicating with the index n the generic exposure condition and with m the specific 
averaging mass considered, the following formula is employed to derive the corresponding global correlation 
coefficient:

where SAR(m)
ijk,n and T�  ijk,n  are the locally-averaged SAR, derived from the normalized SAR distributions for 

a cubic volume of mass m, and the temperature rise, respectively, at voxel (i, j, k) of the Visible Human model in 

the n-th exposure condition, while SAR (m) and T�  are the ensemble SAR and temperature rise average values 
in the cumulative data set relative to the four plane-wave exposure conditions. 
The impact of this distinctive behavior on the aforementioned correlation is shown to be only marginally 
significant. Most importantly, the proposed analysis indicates that the SAR averaged over 5 and 10 grams of 
tissue provides a better global correlation with the RF-induced temperature rise distribution for the considered 
plane-wave exposures. 

Acknowledgments - The Georgian National Science Foundation is gratefully acknowledged for the financial support of this 
research. 
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Fig. 1. 10-g average SAR distributions for (a) 20%, and (b) 75% air inclusion. 
The latter features a much smoother behavior near the body surface. 
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Currents induced in human bodies near a cellular phone base station were measured by a parallel plate meter at 
1869 MHz.  The geometrical structure of the parallel plate meter was made of two aluminum plates, wood, 
copper foils, and a resistor.  The upper and lower plates having a size of 900 and 2500 cm2 with a thick of 2 mm
are separated by a short distance of 4 cm, respectively.  The copper foils with a thick of 0.13 mm were pasted 
on the aluminum plates. The resistor of 50 Ohms was connected between the two aluminum plates for 
measuring the induced currents by an Anritsu spectrum analyzer MS2721A.  For measurements of induced 
currents, the lower plate was connected to the ground.  Before measuring, the calibration of the parallel plate 
meter was checked using an Anritsu signal generator MG 3694B and an Anritsu spectrum analyzer MS2721A as 
shown in Fig. 1. There are 6 measurement points for measuring induced currents on the roof-floor of a 
seven-story building.  The induced currents were measured when a man was standing on the parallel plate 
meter for wearing shoes and standing barefoot conditions.  The induced currents measured at these 6 
measurement points are presented as shown in Table 1.  It is clear that the maximum induced current of 20.73 
mA was found when a man stands barefoot near the cellular phone base station.  It is also found that a current 
reduction factor of 0.72~0.91 was occurred when the condition is changed from standing barefoot to wearing 
shoes.

Fig. 1 - Picture of calibration system 

Table 1 - Induced currents measured at 6 locations when a man wearing shoes and standing barefoot.   
The unit of induced currents is in mA. 

Location 1 2 3 4 5 6 

Wearing Shoes 9.37 16.58 10.59 10.38 8.00 4.15 

Standing Barefoot  10.10 20.73 12.76 11.43 11.16 5.32 
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The great importance that the men's health has, led to the extension of the research areas from the modern
medicine. So the investigation direction, named functional stimulation, is developed. This is based on the study
of electric and magnetic stimulation of the nervous fibers. Magnetic stimulation offers some advantages
compared to electrical stimulation, such as its non-contact, non-invasive nature and a lack of or minimal
discomfort to the patient. The interest for the magnetic stimulation considerable increased in the last few years, 
due to its utility and applicability. This technique has been successfully used to diagnose a number of disorders
of the neuro-muscular system and to map the motor cortex. Some of the limitations of the technique have been
attributed to the poor focusing of the interacting electric field.
In this contribution, we present a model that combines elementary circuit analysis with the electromagnetic field 
theory to explain the action of the induced electric field upon nerve fibers. Maxwell’s equations predict the
induced electric field distribution that is produced when a capacitor is discharged through a stimulating coil. The 
current source and stimulating coil are modeled as a series RLC circuit. The induced electric field distribution
within the tissue is calculated from the geometry of the stimulating coil [1-2] and the time course of the current
[3]. The tissue is approximated by a semi-infinite conducting medium, considered homogeneous.

x

y
z

a �
�

M(x’,y’,z’)

O

Fig. 1 – Stimulating coil placed over the tissue (conductive semi space)

The effect of the induced electric field upon the nerve is determined with a cable model. Neuronal structures can
be modeled in the form of a cable and the membrane response can be computed by solving the equations
describing the transmembrane potential of the cable in the presence of induced electric fields:
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In our simulations we use different forms for magnetic coils (simple circular, elliptical and rectangular coils,
figure of eight, slinky-coils); designed to improve focality of the electric field induced in the tissue during
magnetic stimulation. The coils have the same number of turns (30), but these turns are differently positioned in
space (different number of turns on each leaf). The radius of the leaf is 25mm. Then, we considered that each of
these coils is a part of the RLC series circuit that represents the magnetic stimulator. The derivative of the
transient current generated by the discharge of the capacitor is maximum at the beginning of the transient
regime. The electric field and the transmembrane potential, generated by these coils, are computed and the
obtained results are compared. All the computations are performed in a Matlab routine.
The model proposed allows a precise knowledge of the moment when the stimulation appears and of its duration
and is useful for the design of optimized coils for stimulating peripheral nerves and neurons in the cortex.
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The effects of ultra short ultra wideband impulse irradiation on human cells are presented. We investigated the 
influence of this factor on the state of interphase nucleus of human buccal epithelium cell.  Some of the earlier results of 
this work were presented in (Kolchigin, 2006). The buccal epithelium cells are the cells of the inner surface of the cheek. 
Due to their large size and easy availability these cells serve as an excellent model for cytophysiological research. These 
cells do not divide therefore  their nuclei are constantly  in the interphase state. Major nuclear content is chromatin which 
can be divided into two components: transcriptionally active euchromatin and transcriptionally silent heterochromatin. 
The balance between these two forms of chromatin determines functional state of the nucleus. In order to study this 
parameter cytologically the original method of evaluation of heterochromatin granule quantity has been developed 
(Shckorbatov, 1999).  

Cells of human bucccal epithelium were obtained from the inner cheek surface by light scrapping with blunt spatula. 
Cells were suspended in 25 �l of solution containing 2.89 mM calcium chloride, and 3.03 mM phosphate buffer, pH = 
7.0.  

For irradiation of cell samples we developed a special device consisting of generator of short impulses, antenna and a 
set of attenuators. The short impulse generator formed the sequence of impulses with amplitude 25 V, wave resistance 50 
O and width of the impulse 500 ps at the half of impulse height. Impulses were emitted at the frequency 1 MHz. We 
investigated the irradiation within the power density ranged from 10-6 to 10-2 W/cm2. The irradiation time in all 
experiments was 10, 20, 40, and 60 s. 

The irradiation in the range of 10-5 - 10-2 W/cm2 induced significant increase in heterochromatin granule quantity. The 
effect was rising in the diapason 10-5 - 10-3 W/cm2 and plateaued or even decreased at 10-2 W/cm2. Effect was observed 
immediately after the irradiation. It was vanishing after 2 h of recovery at power densities 10-5 - 10-3 W/cm2 but remained 
constant during 4 h of recovery after irradiation at intensity 10-2 W/cm2. We assume that high intensity irradiation (10-2

W/cm2) induces irreparable cell damage and cell death therefore cells do not recover. 
Our results can be interpreted in the following way. The irradiation causes conformational changes of the chromatin 

which corresponds to its functional inactivation. Such effects are observed during various stress-related processes. It may 
serve as a primary mechanism of the electromagnetic factor action. Besides, we believe that electromagnetic fields cause 
direct changes in gene transcription as proposed by Blank and Goodman (2004). 
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The SAR induced by the radiation of handset antennas needs fulfill international standards in the 
commercial production. In order to achieve this, many efforts may be found in the literatures including external 
shielding techniques and utilization of directional antennas to prevent the energy from penetrating into the head. 
However, those techniques exhibit shortcomings of either uneasy use or degrading the reception due to the 
directional pattern.  

This paper investigates potential reduction of SAR by properly selecting handset box structures and their 
materials without significantly impacting the antenna performances. The handset boxes are considered for the 
following two reasons. First, it is more nature to consider handset itself and allows the system optimally 
designed at the time of manufacture. Secondly, an increasing trend of using flip-type foldable handsets or 
embedded antennas has significantly decreased the chances of antenna’s radiation to directly illuminate the 
humane heads in normal uses. In this case, the handset box becomes the primary interface to touch the head, 
which should be properly considered in the next stage of efforts to reduce SAR.  

It is thus conducted in this paper to study their influences on SAR and antenna radiation performances with 
respect to the changes of materials and sizes of the handsets by using numerical simulations, which is further 
examined by experimental measurements. The goal is to conclude the characteristics of box structures and 
materials that may reduce SAR while, in the mean time, impacting the antenna radiations in a minimum extent. 
In the simulation, a monopole antenna mounted on a handset is assumed since it provides distinguished radiation 
characteristics that are well understood as it is used in a free space. Materials with their variations on the 
conductivity, permeability and permittivity are considered to provide useful information in serving as references 
in a realistic implementation. Two models (referred as Model A and B, respectively hereafter) are considered 
with Model A focusing on the examination of SAR influences while Model B focusing on the examination of 
antenna radiation. Thus Model A employs more accurate and realistic structures to model a humane head with 
distinguishable organs and a hand palm as the handset is held in a realistic use. Based on a conclusion in Model 
A, Model B simplifies those structures in order to accelerate the intensive computations in the simulation. Both 
models’ results seem to agree very well.  

In the experimental measurement, the SAR is measured using handsets attached on the side facing the head 
with resistive substrates that are formed by dielectric but conductive materials. The resistive substrates 
equivalently model the handsets’ box shell in some extent. In particular, two types of handset configurations are 
considered, which includes a regular handset with embedded antennas and a flip handset with monopole 
antennas. The resistive substrates are obtained from markets, which exhibit the resistance varying from a good 
conductor to an isolator in a circuit point of view, and may exhibit the characteristics of box materials that are 
needed to reduce SAR. 

The studies have shown that the handset box structure does influence significantly on the SAR induction 
and the utilization of magnetic plate, which can be considered for shielding purposes, can indeed reduce the SAR 
induction. Some graph curves and tables regarding to the variations of SAR with respect to the electrical 
properties of handset box materials will be presented, which can be employed as useful references for the 
realistic design of handset box. In particular, our studies indicate that smaller conductivity and relative dielectric 
constant, as well as large relative permeability, of the materials tend to induce smaller SAR inside human head at 
the cost of antenna performance degradation. Also slightly lossy material performs better than lossless material. 
Experimental studies are also show their effects. Tradeoff between SAR reduction and antenna performance 
needs to be considered. In this case, synthesis procedure might be employed for an optimized design.

Acknowledgments – Financial supports from Ministry of Education and National Science Council, Taiwan are 
acknowledged. 

H
PE

M
 -

 2
3 

B
io

lo
g

ic
al

 E
ff

ec
ts



125

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

HPEM - 23

Trapezoidal Envelope Pulse Propagation in Dispersive Attenuative 
Media with Applications to Biological Systems

Oughstun, Kurt; University of Vermont, Burlington, VT, USA

Trapezoidal Envelope Pulse Propagation in Dispersive Attenuative Media
with Applications to Biological Systems

K. E. Oughstun
College of Engineering & Mathematical Sciences, University of Vermont, USA

E-mail: oughstun @cems.uvm.edu

The dynamical evolution of a trapezoidal envelope pulse as it penetrates into a dispersive attenuative half-space
is considered. Both asymptotic methods of analysis [1-4] and FFT based numerical results are used to explain the
complicated dynamical pulse evolution. The material dispersion for microwave pulses is described by the
Rocard-Powles extension of the Debye model of orientational polarization [5] with relative permittivity given by
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where e es � ( )0 is the static relative permittivity, t is the relaxation time, t f is the frictional relaxation time,

and where e• denotes the high-frequency limit of the relative dielectric permittivity described by this low-
frequency model. Because of its central importance in both radar and telecommunication systems, the analysis is
focused on the trapezoidal envelope pulse f t u t tc( ) = ( ) +( )sin w y with fixed angular carrier frequency wc > 0 .

This pulse envelope function may be described by the time-delayed difference between a pair of trapezoidal
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for j r f= , . Both the asymptotic theory and numerical results show that when the initial pulse rise-time Tr or
fall-time Tf of a trapezoidal envelope pulse exceeds a well-defined critical value that is independent of the

material relaxation time, the propagated pulse dynamics become dominated by a set of Brillouin precursors
whose peak values decay algebraically with propagation distance z > 0 as 1 z . In that case the pulse will
penetrate much farther into the dispersive material than that described by the exponential penetration distance for
a time-harmonic wave, carrying a significant fraction of the incident energy. For example, after propagating ten
absorption depths in triply-distilled water at the input pulse carrier frequency, the signal amplitude of an input
1V m ten cycle rectangular envelope pulse with f GHzc = 3 0. carrier frequency is reduced by the factor e-10 to

the value 4 54 10 5. ¥ - V m , while the peak amplitude of the Brillouin precursor is 9 4 10 2. ¥ - V m , over three
orders of magnitude larger that that predicted by Beer’s law. Application of these effects to biological systems
are manifold. For example, each Brillouin precursor carries a nonzero quasistatic component into the tissue for
the duration of the pulse. For a long ultrawideband pulse that induces a leading-edge Brillouin precursor, this
small quasistatic component can persist for a long time before being cancelled by the trailing-edge precursor.
Since cell membranes respond to induced DC levels, the health of the tissue may then be adversely effected.

Acknowledgments – The research presented in this paper was supported, in part, by the United States Air Force Office of
Scientific Research under Grant #9550-04-1-0447.
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Effects from potential exposures to electromagnetic pulse (EMP) radiation due to high power pulse generators, 
cellular phones and other modern electronic accessories employing high frequency signals are of very concern to 
many. Studies of the biological effects from such sources are therefore an emerging research topic. However 
since the biological sample or the area under exposure is relatively small, the use of large test areas for 
measurements such as anechoic chambers or large open spaces does not provide an efficient experimental setup. 
A transverse electromagnetic (TEM) cell, on the other hand, which consists of a rectangular coaxial transmission 
section tapered with coaxial connectors on both ends, is a better choice and offers a uniform EM field in a 
shielded environment [1].  
We propose to report on the development and the application of a scaled version of a TEM cell used in the study 
the germination rate studies of bio-energy sources (corn, soybean) using the cell in both CW and pulsed mode. 
Specifically the development of the test setup and results from the germination studies of wheat, corn and soy 
bean will be presented. The interactions of the TEM cell and nanosecond pulsed electric fields (nsPEFs) were 
preliminarily studied using a full-wave analysis technique. For experimental validation, the TEM cell was 
assembled and characterized experimentally for optimum operating frequency range. In order to apply the TEM 
cell with nsPEFs, a single-ended pulse forming line (SPFL) was used as a pulse generator [2]. The SPFLs in our 
facility can produce pulses with pulsewidths of 60 and 300 nanoseconds, maximum amplitude of upto 60 kV, 
and pulse risetimes of the order of 10 ns that are appropriate to operate in the uniform field region of the TEM 
cell.

Fig. 1 – TEM cell used in this study 

Acknowledgments – Author would like to thank Dr. Kolb from Old Dominion University for providing the pulse forming 
line setup. 
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Exposure to external electromagnetic fields at extremely low frequencies (ELF) induces electric fields and curr-
ents inside bodies. At those frequencies the electric and magnetic fields are effectively decoupled, since quasi-
static approximation can be assumed. 
In this paper such analysis has done with an aim to determine simple and useful expressions in practice for calcu-
lation of penetrated ELF electromagnetic fields into bodies of oblate ellipsoid shape. The body is modelled as a 
half-oblate conducting ellipsoid placed at the perfectly conducting plane in the ELF electromagnetic field. App-
lying image theorem, this problem can be considered as an oblate ellipsoid placed in an axial electric field, E0,
Fig. 1. The model is homogeneous diamagnetic semiconducting material with relative permittivity �r and con-
ductivity �� The wave equation (1) can be formed using the Maxwell’s equations. Solving this equation in ellip-
soidal coordinate system [1] using the separation of variables procedure and satisfying boundary conditions at 
the body surface, the electromagnetic field components inside and outside the body can be determined.
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A similar analysis can be done for an ellipsoid placed in an axial magnetic field. In that case, it can be assumed 
that the magnetic field inside the body has the same values as the external magnetic field.  
In Fig. 2 some of the obtain results are shown. It can be concluded that the penetrated electric field is homogene-
ous and has only axial component. The penetrated magnetic field has only angular component which intensity 
linearly increases from the model axis to its surface. Through the model flows total current in axial direction. 
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Fig. 1 – Conducting oblate spheroid 
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Introduction- With the very rapid development of the wireless communication system and propagation 
equipments, many questions are posed: Electromagnetic field values doorsteps are respected in installation of 
electromagnetic equipments? Many researchers have been performed over the last decades on the biological and 
health effects of ElectroMagnetic Fields (EMF). The researches have covered epidemiological surveys, exposure 
assessment, dosimetry, and analysis of sources… The evaluation of possible risks of EMF exposure requires a 
multidisciplinary approach, with expert groups in multi sciences: physics, biology, medicine, engineering, and 
epidemiology, and at the international and local levels supported by the national governments and health 
authorities. The assessment of health effects associated with exposure to electric, magnetic, and electromagnetic 
field had been performed by the World Health Organization (WHO) [1], jointly with the International 
Committee on Non-Ionizing Radiation of the International Radiation Protection Association (IRPA/INIRC) and 
the United Nation Environmental Program (UNEP) [2-4]. The outcome of such analyses consisted of 
comprehensive reports, published by WHO in the series of Environmental Health Criteria (EHC) documents [5]. 
Works and results- Our work consist to the measurements and statistical study of EM radiation fields in the TV 
band (300MHz to 800MHz), in a Lebanese city where they are more than eight TV stations towers and 
microwave links installed under the building after 1992 (see Fig. 1). Each TV station antenna is installed to a 
tower with a mean altitude level about 40 m, and 2 to 5 KW of power. The city contains about 10000 persons 
and around 3 Km2 areas. An elevated relative risk of infantile leukemia has been raised for levels of superior or 
equal calculated magnetic fields to 0,2 µT, what lowers the value of norm of the magnetic field again to an 
intensity of 0,2 µT. With regard to the EMF the Environmental Protection Agency (EPA) proposes that in the 
ten years come fields magnetic alternative undergo by the population don't pass 2 µT anymore and that the E-
fields don't pass 3 V.m-1 and electromagnetic power density 0,1 µW.cm-² anymore and to all electromagnetic 
field type whatever as is the frequency. The measurements are taken into 300 meters of diameter area around the 
station and along 3 years. The measured values of average E-component respectively M-component vary from (1 
to 10V.m-1, 0.8 to 8V.m-1 and 0.6 to 7V.m-1) respectively (6 to 15µT, 4 to 10µT, and 2.5 to 5.5µT) at (75m, 
100m, and 150m) distance to the station. The risk of leukemia and cancers increases more than 500 % in the last 
15 years (fig. 2) and it is variable from station to anther (Local area is a pertinent factor to reduce or increase the 
risk), incase the population growth increases about 20% in this last 15 years.
Conclusion- The electromagnetic field values doorsteps are not respected in installation these antennas. The risk 
of cancers increases, the greater part of this risk is coming from the EMF radiation. To respect to the health 
assessment, the minimum distance to the TV station antenna must be bigger than half kilometer. 

Fig. 1 – Part of the City view and some TV antennas Fig. 2 - Percentage risk of Cancers and leukemia

Acknowledgments – The authors are grateful to the municipality committee of this town for the help.
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Fig. 1. (a) Measurement setup for discharge current and 
(b) its equivalent circuit.
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Micro-gap electrostatic discharges (ESDs) due to an 
electrified human with voltages below 1000 V is 
known to cause a serious malfunction of high-tech 
information devices. In order to elucidate the 
generation mechanism of such human ESDs, we 
previously measured discharge currents due to the 
approach of a hand-held metal piece using a 6-GHz 
digital oscilloscope with a sampling frequency of 20 
GHz, and then proposed an equivalent circuit model 
to calculate the discharge voltage across a spark gap, 
which cannot basically be measured [1]. From the 
discharge current and discharge voltage, gap 
breakdown fields can be estimated via a spark 
resistance formula. The experimental setup and its 
equivalent circuit are shown in Figs. 1(a) and 1(b), 
respectively. The results showed that at charge 
voltages bellow 600 V the estimated breakdown 
field from the discharge voltage is almost kept 
constant (2×107 [V/m]) regardless of the different 
approach speeds of the metal piece. In calculating 
the discharge voltage, however, inverse Fourier 
transform is required for the discrete data of the 
discharge current and human-body impedance 
measured in the time domain and in the frequency 
domain, respectively. In the previous paper [1], in 
lieu of the inverse Fourier transform, convolution 
integral in the time domain was used to calculate the 
discharge voltage, while the numerical artifact was 
not well investigated. In this study, we have 
calculated the discharge voltages from both of the 
inverse Fourier transform and convolution integral 
from, which are mathematically identical, and have 
examined how their artifact affects the calculated 
waveform. With a 12-GHz digital oscilloscope 
(sampling-frequency: 40 GHz) measurement of the 
discharge current has also been made, and discharge 
voltage waveforms have newly been derived 
through the inverse Fourier transform and convolution integral. As a result, we have found that although the 
calculated results obtained by the both methods were rigorously different, there was in good agreement between 
the waveforms of the discharge voltages just after the spark, which has shown that arc discharges follow the 
spark. Figure 2 shows time changes in spark resistance and spark gap calculated from the discharge current and 
discharge voltage. Since it is difficult to identify from the measured discharge current waveform the time when a 
spark occurs, we have determined three types of spark length: �s at the time when the discharge current has a 
maximum gradient, minimum value �min of spark length and �p at the time when the discharge current reaches 
peak. The results have shown that the estimated spark length is 20-30 [�m] and the breakdown field is (2-3)x107

[V/m] at a charge voltage of 600V, which has been validated in comparison with other researcher’s results 
including our previously published paper [1].�
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Electromagnetic modeling software that uses numerical techniques to solve Maxwell’s equations can be an 
important tool for engineers who need to analyze specific source-antenna configurations. However, very often it 
is more important to know how much a system is capable of radiating rather than how much a specific 
implementation of that system radiates. For example when designing an electronic product with several circuit 
boards, connectors, and cables that must comply with FCC, CISPR or military radiated emissions standards; it is 
usually not very helpful to know exactly how much a particular implementation of this system radiates. This is 
because small changes in any of the many system variables such as cable orientation, dielectric constants, source 
orientation or signal waveforms can (and often do) have a large effect on the radiated field strength at any given 
frequency.     
Fig. 1 shows a circuit board being driven by 1-volt common-mode source relative to an attached cable. The 
board is one-meter above a ground plane. The radiated electric field strength 3 meters away is also shown in the 
figure for several cable lengths and positions. Note that at any given frequency the amplitude of the radiated field 
varies as much as 30 dB. The calculated radiation from a system like this would be highly dependent on the 
specific source frequencies and the length and position of the attached cable.  

Fig. 1 – Circuit board with an attached cable and the calculated field strength 3 meters away for different cable 
geometries.

The dotted line in the figure is the estimated maximum possible radiated field from this configuration obtained 
using a relatively simple closed form expression [1]. Algorithms for several possible configurations have been 
developed [2]. Altogether, these algorithms enable engineers to estimate the maximum possible radiated 
electromagnetic emissions from relatively complex circuit-board/cable/enclosure configurations. This 
presentation describes these algorithms and demonstrates how they can be implemented in math modeling 
software such as Matlab and used to locate potentially significant radiation sources during the design phase of a 
system. Examples will be provided that also demonstrate how these algorithms can be used to troubleshoot 
existing designs. 
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The EMI solution embedded in chip design is more and more important due to the popularity of high-speed 
circuits. One of the approaches to achieve better EMI solution is to adopt a good package design. However, good 
package designs always mean high design complexity and high cost, such as PBGA or FC-BGA [1]. Due to low 
cost and easier fabrication on PCB assembly, LQFP (Low-profile plastic Quad Flat Package) is commonly 
adopted on low-cost electronic devices, especially for consuming products. However, the electrical performance 
of such package is much worse than BGA-based packages, especially on EMI issue. Here, we tried to come up 
with a design methodology to improve the EMI issue by adopting E-pad LQFP (Exposed-pad LQFP) on our chip 
design. An E-pad LQFP means to have the die pad exposed and mounted on PCB directly by soldering. We 
could have a ground ring with bridges connected to the grounded exposed die pad, shown as Fig. 1(a), and make 
all the ground pads of the die down-boned to this ground ring. The 3D models of LQFP and E-pad LQFP were 
built up for 3D EM simulation, shown as Fig. 1(b) and Fig. 1(c), respectively. We implemented two PIFA 
antennas to act as a transmitter and a receiver on the die pad and outside the lead-frame, respectively. The 
simulation results for these two different models were done by HFSS, shown as Fig. 2(a) and Fig. 2(b). One 
could see that, the chip with all the ground pads down-bonded to ground ring of E-pad LQFP shows mush less 
noises coupled on both lead-frame and PCB, compared with the chip packaged by normal LQFP. The near-field 
measurement on real chips with these two different packages was also done by the EMI tester, EMV-200 of 
Hitachi, shown as Fig. 3(a) and Fig. 3(b). The measurement results also show the same trend of EMI 
improvement by adopting E-pad LQFP on our chip design. 

                     
Fig. 1(a) – Lead-frame of E-pad LQFP,       Fig. 1(b) – 3D model of E-pad LQFP,         Fig. 1(c) – 3D model of LQFP. 

                                    
Fig. 2(a) – The H-field simulation result with E-pad LQFP,          Fig. 2(b) – The H-field simulation result with LQFP.

                         
Fig. 3(a) – Near-field measurement result on the PCBA              Fig. 3(b) –Near-field measurement result on the PCBA 

with the chip packaged by E-pad LQFP,                                      with the chip packaged by normal LQFP. 
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Introduction of active RFID tags is now under study for air cargo control and aircraft maintenance. However, 
electromagnetic emission from tags in aircraft has the risk to interfere with aircraft navigation systems [1]. Then, 
the possibility of interference must be investigated for flight safety. Emission from the tag, sensitivities of 
aircraft systems and propagation path loss in aircraft must be taken into account for the investigation.  
This paper describes emission measurement from 433MHz active RFID tags. Since the tag emits FSK signal 
with very low duty factor, a conventional method recommended by RTCA (Radio Technical Commission on 
Aeronautics) [2] often fails to collect real emitted signal. Then, we have developed an accurate but fast 
measurement algorithm covering 2MHz - 6GHz range. The algorithm is employed to measure signal strength 
from the tag in anechoic chamber. The results have shown that the signal strength exceeds the limit 
recommended in RTCA DO-160E Section 21 (Emission of Radio Frequency Energy) at fundamental frequency 
433.92MHz. However there are no spurious emissions exceeding the RTCA limit.  
19 containers, each of which an active tag is pasted on are installed on Boeing 747-400 freighter. Fig. 1 shows a 
configuration of the measurement in the upper cargo deck. Variations of signal strength and polarization from 
the tags have been measured at 9 different observation points such as cockpit, electronic bay or cargo decks in 
the freighter. This measurement is new and very important to analyze the effect of the freighter body and 
containers upon 433MHz propagation. Measured data are now under analysis and detailed propagation 
characteristics will be published soon. However, a preliminary analysis based on cumulative distribution of 
measured signal strength has shown that the signal strength in aircraft is 70dB�V/m or less at 95% probability 
and 78.7dB�V/m at the highest. Unusual high intensity signals, which may be caused by signal accumulation 
from multiple tags, have not been obvious. According to DO-160E Section 20 (Radio Frequency Susceptibility), 
this signal strength is about 55dB lower than the susceptibility level. Therefore, the possibility of direct 
interference with aircraft systems by emitted signals from the tags is very low. Another possibility of 
interference must also be considered between spurious emissions from the tags in air band and aircraft radio 
systems. Necessary information as propagation path losses between tags and aircraft systems through aircraft 
antennas will be presented in another paper. 
Emission from 433MHz active RFID tags has been discussed in two different electromagnetic environments as 
in anechoic chamber and in Boeing 747-400 freighter. The results will be employed to estimate the possibility of 
electromagnetic interference with aircraft systems. 

Fig. 1 – Configuration of Emission Measurement in Boeing 747-400 Freighter 
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Airlines or the civil aviation bureau in Japan are also interested in the installation of active RFID tags in their 
applications on cargo jets. However, aircrafts have some limitations of usage of the Transmitting Portable 
Electronic Devices (T-PEDs) during the flight even if they emit quite low power. That is the reason that the 
some EMI reports were indicated the probability of interference between onboard equipments and T-PEDs such 
as portable phones [1]. Therefore, ENRI started to study on the electromagnetic compatibility between RFID 
tags and onboard equipments� because there is no report focused on the characteristics of cargo jets. 
This paper describes a new protocol to evaluate the potential interference in air applications. In previous time, all 
of the possibilities were tested under the procedure to validate to install high power devices even if the power is 
relatively small. According to the DO-307[2] published by Radio Technical Commission for Aeronautics 
(RTCA), the certification process for low-power T-PEDs was greatly simplified to evaluated the potential 
interference using RF emission of T-PEDs and its coupling path between T-PEDs and onboard equipments.  
We measured RF emission from the active RFID tags based on the protocol written in RTCA DO-160F [3] in 
order to clarify the intentional or unintentional emission because some devices sometimes have many multiple or 
fractal harmonics or components from the internal circuits [4]. We observed the peak emission of RFID tags 
exceeds the limit of DO-160F at the intentional signals. 
Coupling paths are divided into two paths, Back Door Coupling and Front Door Coupling. Back Door Coupling 
means that RF energy couples directly into the aircraft electrical and electronic equipment or into the wiring. In 
this case, the potential interference is evaluated by the peak emission from the RFID tags. And we confirmed the 
peak emission does not exceed the limit of aircrafts system qualification. 
On the other hands, Front Door Coupling to aircrafts radio receivers must be considered in case by case basis 
because of the difference of the aircraft configuration such as seats, galleys or lavatories. In this case, we must 
consider the sensitivity of aircraft radio receivers and Interference Pass Loss (IPL) which is the RF attenuation 
between signal sources in cabin to the RF port of aircraft radio receiver shown in Fig. 1. The IPLs must be 
treated statistically by changing the place of the emission. 
We measure the IPLs to 8 aircraft radio receiver in cargo jet to clarify the difference between cargo jet and 
passenger jet because most of reports measured in the passenger jets. Some measured results such as VHF 
communication system agreed with the references of passenger jets in spite of the windows covered with 
grounded metallic plates. Each IPL is measured at a frequency in the air band and at 433.92 MHz. Some worst 
cases of IPL were 70.35dB to the VHF communication system at 433 MHz, and 45.58 dB to ILS Localizer at 
110 MHz. 
Finally, we conclude that the IPLs are sufficient large to attenuate unintentional RF signals of active RFID tags 
below the sensitivity of aircraft radio receivers. 
�
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Dielectric resonator antennas (DRA) are increasingly popular [1] as they share many of the advantageous of 
microstrip antennas, such as small size, and light weight. In addition DRA exhibit relatively large bandwidth 
than that of microstrip antennas[2]. Moreover DRAs avoid the inherent disadvantage of microstrip patch 
antennas, including high conduction loss, and low efficiency due to surface wave excitation. It has been shown 
that DRA can be excited by a coaxial probe[3], a microstrip transmission line, aperture coupling[4]or a co-planar 
waveguide (CPW) feed [5]. However, to avoid via holes and for ease of fabrication and compatibility with solid-
state devices, the uniplanar configuration could be advantageous. Despite that, the coplanar waveguide (CPW), 
feed to hemispherical dielectric resonator antenna (HDRA) didn’t receive much attention. DRAs of cylindrical, 
hemispherical, and rectangular shapes are the most widely used and investigated.  Hemispherical DRA has 
additional advantageous over the other shapes. The hemispherical shape is much easier to fabricate, and easy to 
analyze due to the absence of edges. In this paper an experimental study was undertaken in order to investigate 
the coupling from CPW to HDRA through capacitive slots. The capacitive coupling to HDRA has been studied 
experimentally and theoretically (using Ansoft HFSS simulation software [6]). An hemispherical DRA of radius 
12.7 mm and r� = 10 was used for the simulations and measurement. The DRA is excited at its fundamental 
mode, . FR-4 substrate of 

111TE r� = 4.3 and thickness 1.58 mm were used for the fabrication of coplanar 
waveguide feed. Very good matching is observed in the return loss,  and radiation patterns, of the simulated 
and measured results. 

11S
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Three fractal monopole antennas using the Sierpinski-carpet geometry is described in this paper. The idea for 
these designs is gotten from semi-log-periodic behavior of fractal antenna. In this paper, we noted input 
impedance matching of antennas throughout the passband of them. In point of view, we will apply the wideband, 
broadband and multiband for these antennas. However, the phase reflection coefficients for these antennas even 
for wideband matching have multiband behavior. Our first wide-band design is named antenna1. This has a good 
input impedance match throughout the passband 2-20GHz. Second antenna is named antenna2. This antenna has 
an interesting behavior while has a multi-band behavior from 1-7GHz and has broad-band behavior from 7-20 
GHz. However, for this antenna, because of two slots in ground plane of this antenna, the 6-7GHz band is 
eliminated. Third of antennas is named antenna3. It has a multi-band behavior from 0.5-17GHz. On average, we 
could match input impedance of antenna, for three desired behavior.  The dimension of main- square for 
antenna1, antenna2 and antenna3 is 45, 60 and 132mm respectively. These antennas are suitable for the 
operating bands of GSM, ICMS, UMTS, Bluetooth, WLAN and HIPERLAN systems. 

                                      
                                                                    (a)                                (b)                                  (c) 

Fig. 3 The pictures of proposed antennas (a) Antenna1, (b) Antenna2, (c) Antenna3 

Fig. 1  Measurement input return loss of  proposed antennas in dB. 

                 Antenna1                    Antenna2                Antenna3 

Fig 2. Input resistance (left) and reactance (right) of the three-iteration Sierpinski-carpet monopole antennas. 
Frequency is shown in logarithmic scale to stress the semi-log-periodic behavior of the proposed antennas 

                 Antenna1                               Antenna2                                     Antenna3 

                  
Acknowledgments - The authors would like to thank Dr. A. Abrishamifar, for their invaluable assistance and funding for this 
research.  
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The canonical Particle Swarm Optimization (PSO) algorithm has been shown to be very effective for optimizing 
EM problems [1]. In this work, tournament selection strategy is incorporated into the PSO algorithm. After the 
whole swarm is moved, we apply p tournaments (where p is the total number of particles in the swarm) to build a 
new swarm [2]. The EM solutions found with the canonical PSO are compared to those found with PSO 
algorithm with tournament selection in order to compare efficiency of these two algorithms.  
The optimization problem is a broadside antenna array with 42-point sources located along the y-axis with a 
constant inter-element distance of one half of a wavelength at the operating frequency. The optimization of 
excitation magnitudes is done to find the minimal side lobe levels. The solution is required to have symmetry of 
the excitation amplitudes, and therefore only one half of the excitations are optimized. To avoid an infinite 
number of solutions due to scaling, one coefficient is predefined. Thus, we have a 20-dimensional optimization 
problem. The criterion for the optimization is that the side-lobe levels should be lower then –80 dB for � < 65°, 
where � is the angle between the array axis and the radiation direction. The cost-function is:                         

� ������� �� � ���� � �����������
�������� � ��

�
                                         (1) 

where Fmax is in the direction � = 90°, �i=i[°], n= 65, and F(�i) is given in dB. The theoretical result exists in the 
form of the binomial distribution of the amplitudes. The ratio of the highest and the lowest amplitude is of the 
order of 10

11
, which is inconvenient from the standpoint of the numerical optimization. Hence, each coefficient 

is represented as sk=ln(ak), k=1,2,…,20, so that the maximal ratio of the coefficients is less than 30. Each 
optimized parameter, sk, has the lower bound equal to zero and the upper bound equal to the largest (21

st
).   

For the comparison we used canonical PSO algorithm and PSO algorithm with tournament selection with 
following parameters: inertia coefficient w=0.73, cognitive coefficient (controls the pull to personal best 
position) c1=1.496, social-rate coefficient (controls the pull to the global best position) c2=1.496, the maximal 
velocity Vmax=0.2. For the tournament selection PSO algorithm, asynchronous update of gbest is used (information 
about gbest is updated after each individual has moved), while for the canonical PSO algorithm synchronous 
update of gbest is used (information about gbest is not updated until the whole swarm has moved). The total 
number of iterations per one run is 300000. Both algorithms are run for 100 times, in order to get the good 
estimation of the average outcome of the optimization. For this problem the preferred value of the number of 
particles in the swarm, p, for the canonical PSO is empirically found to be p=3000 and for the tournament 
selection PSO algorithm it is found to be p=100. The averaged best-found solution results as a function of the 
number of iterations (EM solver calls), for both algorithms, are presented in the Fig 1. It can be seen that the 
tournament selection PSO outperformed the classical PSO algorithm. Further comparisons between these 
algorithms are being made on more optimization problems in order to be able to draw more general conclusions.

Fig. 1 – Broadside Antenna Array 

References  
1. J. Robinson and Y. Rahmat-Samii, "Particle Swarm Optimization in Electromagnetics," IEEE Transactions on 

Antennas and Propagation, vol. 52, no. 2, Feb. 2004, pp.397-407. 
2. J. R. Pérez Lopez and J. Basterrechea "A Modified Particle Swarm Optimizer Applied to Linear Array Synthesis," 

EuCAP 2007 Proceedings, Edinburgh, UK, 11-16 Nov. 2007. 

H
PE

M
 -

 2
5 

D
ie

le
ct

ri
c 

A
n

te
n

n
as

 a
n

d
 A

rr
ay

s



137

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

HPEM - 25

A Comb-shaped DVB-H Antenna Covered Magneto-dielectric Material

Deng, Ya; Chu, Qing Xin;

South China University of Technology, Guangdong, China

A Comb-shaped DVB-H antenna Covered Magneto-dielectric Material 

Ya Deng and Qing Xin Chu, Member, IEEE 
School of Electronic and Information Engineering, South China University of Technology 

Guangzhou, Guangdong 510640, China 
Email: qxchu@scut.edu.cn

Recently, there is a tremendous growth in demand for mobile terminal systems in application such as Digital 
video broadcasting for handheld terminals (DVB-H). It is an emerging technology providing high down link data 
rates for streaming audio, video and data files to portable devices. For the reception of terrestrial television, 
traditionally Yagi or whip antennas are used, however, these antennas must be too large to be assembled in 
handheld devices. Concerning the antenna implementation in small sized portable terminals, as the required 
frequency band, which is from 470MHz to 702MHz, corresponds to a relative bandwidth of about 40% and a 
free space wavelength from 42cm~64cm, the wide bandwidth and long wavelength presents a challenging 
combination. Although miniaturization can be achieved by using high permittivity materials as substrates, high 
dielectric constant material has two disadvantages. One is that the field remains highly concentrated around the 
high permittivity region and the field confinement results in low antenna efficiency and narrowband 
characteristics. The other problem stems from the fact that the characteristic impedance in a high permittivity 
medium is rather low which creates difficulties in impedance matching of the antenna relative to feed networks 
and free space. The adoption of magneto-dielectric material can solve both aforementioned problems. By using 
moderate values of permittivity and permeability, magneto-dielectric material can miniaturize the antenna by the 
same factor as high permittivity material. Furthermore, since the characteristic impedance of magneto-dielectric 
medium is close to that of the surrounding medium, it allows the ease of impedance matching over a much wider 
bandwidth. There are very few effective small internal antenna solutions which could be universally applicable 
to various kinds of DVB handsets. In [1], by using the upper and lower ground planes of a folder-type mobile 
phone, a shorted dipole antenna for DTV reception was presented, but the configuration used was only suitable 
for clamshell mobile phone. An earpiece cord antenna was proposed in [2], it used a matching network to get a 
better performance. One of the disadvantages of this technique is that an external earpiece cord must be used for 
the reception of DVB-H signals. In [3], meander conductive metal pattern and magneto-dielectric material were 
used to miniaturize the antenna size. However, a relative bandwidth of less than 5% made it unable to cover the 
required bandwidth of DVB systems. Although the comb-shaped antenna with a dimension of 200mm*42.5mm 
shown in [4] is particularly useful for DVB application, considering the large volume consumption, it is not 
suitable for handheld devices. In this paper, an improved comb-shaped antenna covered magneto-dielectric 
material is proposed for DVB-H application as shown in Fig.1, which can reduce the antenna size in [4] by 48%. 

It is sufficient to cover all DVB-H channels from 470MHz to 702MHz with | |<-5dB and Gain>-7dB . 11S

(a) Top view                  (b) Side View 

Fig.1 Schematic layout of the proposed antenna 
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Commonly, the computation of scattering and radiation by planar open circuits can be performed using the 
method of moments MoM [1]. Nevertheless, such analysis is difficult because of the singular behavior of the 
Green operator and the poor condition number of the reaction matrix when increasing the discretization fineness 
[2] .Furthermore; the MoM matrix size is proportional to the meshing cell number. This can severely penalize 
the CPU run time while performing the MoM matrix fill in and inversion tasks. To overcome these difficulties, 
an original integral method based on transverse wave formulation WCIP [3]-[5] has been proposed. The 
difference between the WCIP method and the previous integral methods is twofold .Firstly; the formulation is 
not based only on electric fields or magnetic fields equations but on their linear combination which permits us to 
handle diffraction operators instead of manipulating unbounded impedance or admittance operators. Secondly, as 
the WCIP distinguishes the topological characteristics of circuits from their embedding environment, a medium 
representation in the modal domain coexists simultaneously with a surface description in the spatial domain. To 
each representation is associated an integral matrix equation. These two equations are related by an iterative 
scheme. 
The WCIP algorithm has been firstly designed to treat planar circuits that operate inside a rectangular wall [4]. 
Therefore, the extension to free space radiation problems is not obvious. However, satisfactory results, involving 
open structures simulation, have been obtained by an appropriate modeling of the free space environment in the 
modal domain. The major drawback of such modal approach lies in the fact that the involved spectral expansion 
double series of the diffraction operator are slowly convergent. 
This paper proposes a novel rapid method of calculation of the dyadic diffraction operator kernel for open planar 
structures. In this method, the spectral expansion double series of the diffraction operator are divided into 
convergent and divergent parts to be converted separately in next step from modal to spatial domain into integral 
forms. An analytical form of the diffraction kernel is mathematically determined. As a result, the proposed 
technique greatly accelerates the calculation of the diffraction operator kernel compared with the spectral 
summation. The modeling assumptions of this technique are described in detail. Some numerical examples are 
performed to demonstrate rapidity and accuracy of the proposed method.   
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Finite Element Method (FEM) based electromagnetic simulation software offers many useful capabilities for 
parameter extraction in modeling of power transmission lines. One of the difficulties in this class of problems is 
the handling of the open boundaries. A review of finite element open boundary techniques for static and quasi-
static electromagnetic field problems is presented in [1]. Conformal mapping is one of the spatial transformation 
schemes mainly used for the calculation of two-dimensional static unbounded field problems. The important 
feature of conformal transformation is that the governing equation (Poison's equation in static electric and 
magnetic problems) remains unchanged, including the field energy equations which are usually used to calculate 
the per unit length (PUL) parameters [2]. However, in quasi-static cases, a scaling factor should be applied to 
governing equations [3] and energy relations. Bilinear transformation is one of the conformal mapping schemes 
that has been used to extract the parameters of transmission lines over an infinite ground plane [2]. This scheme 
maps the half space y > 0 into the interior of a unit circle and is useful for half-space problems such as microstrip 
and other planar transmission lines. 
In this paper, a new generalization of the bilinear transformation is introduced in order to apply the mentioned 
conformal mapping scheme to full-space power line problems. The introduced transformation maps the upper 
( y > 0) and lower ( y < 0) half-spaces into two unit circles. The air-ground interface ( y = 0) is the common 
boundary of the two regions and is mapped to the circumferences of the two unit circles. The electromagnetic 
boundary condition on both unit circles is identical, which is known as a periodic boundary condition (PBC) in 
FEM literature. Although these circles coincide mathematically, they should be separated for numerical solution. 
An example of an over-head three-wire transmission line with arbitrary cross section is shown in Fig. 1. The left- 
hand side circle in this figure shows the mapped air region, y > 0, with � = 0 and � r = 1.The over-head wires 
(� = 106 S/m) are also included in this region. The right-hand side circle is the mapped lower space, y < 0, which 
is the lossy ground with � = 0.01 S/m and � r = 4. Using a proper scaling factor for the new mapping scheme, the 
quasi-static magnetic and electric problems are solved for the transformed structure using FEM and the scalar 
potentials and electromagnetic fields are calculated. An example of the Az distribution is also presented in Fig. 1 
(wire W1 is excited). The PUL parameters are also derived using the energy relations. The calculated results for 
different cases of over-head lines are compared with those obtained by well-known Carson’s formulation. The 
effect of mesh size on the accuracy of the results is also investigated. 

Fig. 1 – Cross section of a 3-wire transmission line above lossy ground (left) and its mapped geometry (right). 
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Abstract –The efficiency of the Moment Method (MM) when the expansion functions are defined in an infinite domain is checked. It is
shown that an efficient solution can be obtained   if the expansion functions contain the physical behavior of the field near the edges and
at infinity.
Index Terms —Moment Method, Expansion functions, Infinite domain.

Moment Method is used frequently in solving electromagnetic problems [1]. Different expansion and test functions are chosen
in order to have more accurate and fast converging solutions. Here we investigate the possibility to apply expansion functions
defined in an infinite domain. This choice of expansion functions can increase the variety of electromagnetic problems that can be 
efficiently solved by the MM. 

In order to do this we choose a simple electromagnetic problem, the thin, charged circular disc (Fig. 1) for which the analytic
solution is known [2], and compare the analytic solution to our MM solution based on expansion functions defined in infinite
domain. We analyze the behavior of E� (�,z = 0) near the disc edge for � > R and at infinity, and choose expansion functions
which correctly obey this behavior.  It can be shown that

(1) E� (�, z = 0) ~ a1 (� – R)-1/2 + a2 (� – R)1/2  +  …, �� R  (2)  E� (�, z = 0) ~ b1 / ��  + b2 / �� + …, ���

where a1, a2, a3, b1, b2, b3  are constants. Suitable expansion functions for E� are, for example

(3) 1 / � (�2 – R2)1/2,  1 / �� (�2 – R2)1/2 ,  1 / �� (�2 – R2)1/2, … (4)  (�2 – R2)1/2 / ��,  (�2 – R2)1/2 / �� , (�2 – R2)1/2 / �� , … 

Note that the first function in (3) is proportional to the analytic solution. We chose the linearly independent functions (5)

(5) 1 / �� (�2 – R2)1/2,  (�2 – R2)1/2 / ������������������������������������������������������������������(6) ����� = q / 2�� R (R2 – �2)1/2

in order to exclude the analytic solution (6), and used MM Galerkin method.  The results for the surface charge density on the
disc for one and two expansion functions are shown in fig. 2 and compared to the analytic solution.
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Fig.1. Isolated, infinitely thin, flat, circular, conducting disc of
radius R with a total charge q placed on it.

Fig.2. Charge distribution as a function of a point /R�  on the 

disk for 0 / 1R�� � . Green line is for one expansion function
blue line for two expansion functions, and red line is for the 
analytic solution.

It is seen that two expansion functions are enough for excellent convergence of the solution. Note that when taking 3 or more
expansion functions from (3) or (4) – the analytic solution will appear. We conclude that efficient MM solutions based on
expansion functions defined in an infinite domain is possible.
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The subgridding method is a robust and flexible tool in FDTD code because it could dramatically reduce the 
memory and CPU time requirements and improve the total computational efficiency, by the reasonable 
arrangement of grids with different sizes and the corresponding time step set for each mesh within the regions 
that need different investigation. In [1], the subgridding algorithm was achieved through the resolution increased 
fourfold in the subregion by the linear interpolation of the electric field and time and space averaging of the 
electric and magnetic field. However, a relative large error was indicated by a test of rectangular cavity with a 
thin metal plate. K. K. Mei introduced an expansion technique [2] that improved the accuracy by the quadratic 
calculation in the subregion. This subgridding algorithm introduced no extra numerical dispersion and numerical 
stable, and the second-order accuracy of the numerical solutions could be achieved readily in the inner regions 
with standard FDTD method, but the field components on the boundary between the fine and coarse grids were 
just obtained by the spatial and time interpolations, only the first order accuracy. The modification to the 
calculation for the fields on the boundary has been proposed [3], and a wave equation was employed to compute 
these missing field values. The solutions obtained could have the second-order (2nd) accuracy under the 
condition for the uniformity of the material in the whole computational domain. However, such a 2nd accuracy 
can not be preserved, in the case that the regions with different mesh division were filled with different medium 
material. The second-order accurate FDTD method at magnetic media interface in two dimensional cases with 
nonuniform grids has been reported in [4], and the 2  accuracy of the derived equations has been verified by the 
calculation of the relative error of the numerical results of the magnetic field. In this paper, the 2  accuracy 
FDTD technique at the magnetic media interface is employed to analyze the field components on the boundary 
between the fine and coarse grids in a subgridding FDTD modeling that is filled with different material medium. 
The 2  accuracy of the numerical solution of the tangential magnetic field components at the junction of the 
meshes with the different sizes is obtained by the establishment of the nonuniform grids at the interface and the 
introduction of the auxiliary electric fields calculated by the neighboring field components, and the entire 
computational accuracy of the subgridding algorithm can be improved effectively. 

nd

nd

nd

The numerical simulation 
results for a rectangular resonator partially filled with a magnetic material as shown in Fig.1 validate the better 
accuracy of the proposed method than the previous subgridding method without the additional computational 
capacity.
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Fig.1 The Rectangular Resonator partially filled with a magnetic material 
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Introduction- The EM backscattered from a S-Shaped inlet cavity is analyzed generally using different 
techniques such: integral equation method, hybrid combination of asymptotic high frequency and modal 
methods, and the geometrical optics ray method. A new ray tube launching and tracking method based in 
discretized Plane-Wave Spectrum (PWS) of source field is proposed. Fields at any observation point are 
expressed as a discrete sum of all contributions from ray tubes tracked backward within the propagation 
environment, each ray tube representing a sample of the source PWS. We have already applied this method with 
high accuracy in the context of multiple reflections and refraction in dielectric lens antenna analysis, open cavity 
and waveguide analysis (rectangular circular and dielectric)[1-3]. We propose here to demonstrate its potential 
in the context of S-Shaped inlet cavity analysis and compare the obtained results with the solutions and 
measured values figured in [4]. The formulation of the method was explained very clearly in [1, 2]. 
Principle of the method- To find the field at an observation point M, we sweep the directions of arrival to that 
point with ray tubes launched backwards from M. In a multi-reflecting and/or refracting environment, it is 
possible to track a ray launched from M through successive local refractions and reflections. For a given ``tube'' 
of directions of arrival, the ray path is found and saved after this backward launching step. When the four rays’ 
tube reaches the source plane, the directions of the rays, projected on the transverse plane of the wave vectors 
space, define a transverse differential surface in the spectral domain. With the knowledge of both this spectral 
surface and the aperture distribution PWS, we calculate the field associated to the ray tube. This field is then 
transformed along the ray path previously saved, following the usual Geometrical Optics rules: in multi-
reflecting and/or refracting environments, propagation of the field along a ray tube not only changes the phase of 
the field, but also its amplitude and direction, through reflection and transmission operators, and through phase 
front transformations at curved interfaces.  
Validation and Conclusion- Figure 1 shows the two inlet geometries. The inlets are rectangular of the same 
planar dimensions and perfectly conducting and will be analyzed in 3D at 10 GHz with all propagating modes in 
the waveguide sections (6 modes). Figure 2 shows the backscatter vs. aspect angle (�) for the inlets of figure 1 
using SRT method and the Asymptotic Modal (AM). The results agree quite well. The maximum normalized 
absolute error between the two methods is small than 3% for the straight inlet and 5% for the S-bend inlet. More 
applications of the SRT compared to the Asymptotic Modal for another S-form give accurate results.   

Fig. 1- Straight and S-bend inlet planar geometries 

−60 −40 −20 0 20 40 60
−10

−5

0

5

10

15

θ (Deg)

TE
 B

ac
ks

ca
tte

r

S−bend AM 
S−bend SRT
straight AM
straight SRT

Fig. 2- TE Backscatter vs. aspect angle for S-bend and 
Straight inlets at 10 GHz 
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








             
           
         



             
              




  
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             


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Sommerfeld integrals are generally involved in electric field integral equation (EFIE) representation of an 
electromagnetic boundary value problem in planar stratified media. The problems include a variety of 
applications in geophysical prospecting, target identification, microstrip antennas, micro wave integrated circuits, 
and etc. The integrals are semi infinite integrals of Bessel function with highly oscillatory and weakly damping 
kernels [1]. These integrals do not have analytical expressions and the time consuming process of numerical 
integration is the most convenient and reliable choice. 
Since the Sommerfeld integrals of electric field expressions are naturally more singular than those in the 
corresponding potential functions, it is usually preferred to first evaluate the potential functions and then derive 
filed expressions as spatial derivatives of these functions [1]. A considerable body of research has been devoted 
to evaluate Sommerfeld integrals of potential functions using the numerical integration techniques, the so called 
discrete image method (DCIM) [3], and the rational function fitting method (RFFM) [3]. The latter two 
techniques give analytical representations of potential functions. DCIM and RFFM expand the Sommerfeld 
integral kernels respectively in the form of exponential and rational functions. This is done respectively using the 
numerical matrix pencil method (MPM) and the vector fitting (VECTFIT) method giving rise to respectively 
spherical and cylindrical wave representation of potential functions. 
To the best of authors’ knowledge, such expressions have been not reported for the electric field expressions. 
Therefore to accelerate the Sommerfeld integral evaluation we provide new closed form expressions for the 
electric field components. The nth order Sommerfeld integrals of the electric field expressions, Sn, can be 
generally represented as 

� � � � n 1
n n

0

S f k J k k dk
�

�
� � �� �� �

f (�,�,z). 

 (1) 

where Jn is the Bessel function of order n (=0,1,2), k� is the radial wave number, f(k�) is the Sommerfeld 
integral kernel or namely the spectral electric field, and � is the radial distance in the cylindrical coordinates 
system o
To derive closed form expressions for the integrals of the form in (1) we first use the MPM to expand kn

�f(k�) as 

� � i
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�� (2) 

where ai and bi are the poles and residues of the exponential approximation. 
Using Bessel function identities, we then arrive at the following expression e.g., for S0 Sommerfeld integral, 
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a bS 2
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�
� �
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It is see n that the Sommerfeld integrals are calculated for any source-to-field separation distances at a single 
execution of the numerical MPM. Therefore, the proposed technique can provide a faster replacement to the 
numerical integration of Sommerfeld integrals in the EFIE representation of the problem. 
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Sommerfeld integrals are generally involved in electric field integral equation (EFIE) representation of an 
electromagnetic boundary value problem in planar stratified media. The problems include a variety of 
applications in geophysical prospecting, target identification, microstrip antennas, micro wave integrated circuits, 
and etc. The integrals are semi infinite integrals of Bessel function with highly oscillatory and weakly damping 
kernels [1]. These integrals do not have analytical expressions and the time consuming process of numerical 
integration is the most convenient and reliable choice. 
Since the Sommerfeld integrals of electric field expressions are naturally more singular than those in the 
corresponding potential functions, it is usually preferred to first evaluate the potential functions and then derive 
filed expressions as spatial derivatives of these functions [1]. A considerable body of research has been devoted 
to evaluate Sommerfeld integrals of potential functions using the numerical integration techniques, the so called 
discrete image method (DCIM) [3], and the rational function fitting method (RFFM) [3]. The latter two 
techniques give analytical representations of potential functions. DCIM and RFFM expand the Sommerfeld 
integral kernels respectively in the form of exponential and rational functions. This is done respectively using the 
numerical matrix pencil method (MPM) and the vector fitting (VECTFIT) method giving rise to respectively 
spherical and cylindrical wave representation of potential functions. 
To the best of authors’ knowledge, such expressions have been not reported for the electric field expressions. 
Therefore to accelerate the Sommerfeld integral evaluation we provide new closed form expressions for the 
electric field components. The nth order Sommerfeld integrals of the electric field expressions, Sn, can be 
generally represented as 
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where Jn is the Bessel function of order n (=0,1,2), k� is the radial wave number, f(k�) is the Sommerfeld 
integral kernel or namely the spectral electric field, and � is the radial distance in the cylindrical coordinates 
system o
To derive closed form expressions for the integrals of the form in (1) we first use the MPM to expand kn

�f(k�) as 
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where ai and bi are the poles and residues of the exponential approximation. 
Using Bessel function identities, we then arrive at the following expression e.g., for S0 Sommerfeld integral, 

� �� �

M
i i

0 3/ 22 2
i 1 i

a bS 2
b�

�
� �

� (3) 

It is see n that the Sommerfeld integrals are calculated for any source-to-field separation distances at a single 
execution of the numerical MPM. Therefore, the proposed technique can provide a faster replacement to the 
numerical integration of Sommerfeld integrals in the EFIE representation of the problem. 
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The volume integral equation (VIE) approach is one of the most popular methods used to solve the 
Maxwell’s equations and to analyze various complicated electromagnetic problems involving 
inhomogeneous magneto-dielectric materials. Depending upon the formulations of the problems, the 
electric-field VIE (EF-VIE) [1], magnetic-field VIE (MF-VIE) [2], and combined-field VIE (CF-VIE) [3] 
have been separately used to solve pure dielectric, pure magnetic and magnetodielectric problems with the 
help of the method of moments (MoM) procedure. The Schaubert-Wilton-Glisson (SWG) functions [1] are 
usually chosen as the basis and testing functions in the MoM Galerkin’s procedure. The integrals of VIE 
involve, however, 1/R and 1/R2 kinds of singularities caused by free space Green's function and its gradient, 
respectively. We cannot achieve a highly satisfied accuracy by using only the standard Gaussian quadrature. 
To overcome the problem of singular integrals, the most popular approach is the singularity subtraction 
method. However, to the authors’ best knowledge, most of the previous focused issues in the mathematical 
and numerical treatments have been on the singularity over planar triangles, e.g. [4, 5, 6] and few has been 
done on tetrahedrons. Although non-planar case has been considered in [7], only 1/R singularity over 
polyhedral domains was discussed and only one singular term was subtracted. Even though the singular 
term can be subtracted and calculated analytically, the remaining function is not necessarily continuously 
differentiable; thus a standard Gaussian quadrature may lead to an inaccurate solution in general. In this 
paper, we present an iterative, efficient and accurate method for calculating singularities of both order 1/R 
and order 1/R2 involved in the MoM solution of VIE. In our method, a sufficient number of terms from 
Green's functions is subtracted so that the remainder is at least once continuously differentiable so as to 
enable the standard Gaussian quadrature method to be applicable. Similar ideas have been applied for 
surface integration problems in e.g. [4, 5, 6], here it is a further extension. Compared to the usual 
singularity extraction method which only extracts one term, the present method could significantly improve 
the accuracy of singular integral calculations. Compact iterative formulas are also derived and given here 
so that arbitrary terms of singularities can be subtracted and calculated analytically, which greatly facilitates 
its numerical implementation in the MoM procedure and also extendable to integral equation fast solvers. 
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In designing small high-power electromagnetic radiators (of the order of a half wavelength or so in size) based 
on switched resonant circuits, there are questions concerning the control of the resonance frequencies. This paper 
explores some techniques for tuning these frequencies based on the reactive properties of the source. 

Consider the influence of the source impedance. This might be a simple capacitance Cs . However, at high 
frequencies � �sY s� (source admittance) may have more complex structure. This nonzero � �sZ s�  (source impedance) 
then combines with � �aZ s�  to shift the resonance frequencies. For present purposes we need a model for the 
source impedance. Let us choose an open-circuited transmission line. This has zeros (short-circuit resonances) at 
odd multiples of a quarter wavelength. One might choose the source as having zero impedance at an antenna 
resonance so as to deliver a large voltage to the antenna. Alternately, one can use the source characteristics to 
shift the resonance frequency. 

One type of electrically small antenna is a loop of some kind producing a magnetic-dipole moment. When 
operating in resonance condition there may be some appreciable fraction of a wavelength across the structure. 
Let us model the antenna impedance (up to first resonance of current) as the parallel combination of an 
inductance and a capacitance. This is driven by a capacitive source; appropriate choice of the capacitance adjusts 
the resonance frequency. 

Another type of electrically small antenna is an electric dipole of some kind, i.e., two separate conductors driven 
by some source between them, produding an electric dipole moment. Operated in resonance condition there may 
be some appreciable fraction of a wavelength across the structure. Let us model the antenna impedance (up to 
first resonance of current) as the series combination of a capacitance and an inductance. Again appropriate 
choice of the source capacitance adjusts the resonance frequency. 

As we can see, judicious choice of the frequency dependence of the source impedance can alter the resonance 
frequency and resonance strength of the antenna, whether of loop or electric-dipole type. Here we have chosen 
some simple forms of the source impedance for illustration. More elaborate forms can also be pursued.
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The switched oscillator topology has been described in [1,2]. We have investigated using this fundamental 
configuration to generate four separate oscillator modules; 200 MHz, 300 MHz, 400 MHz and 500 MHz.  This 
system is designed as a fairly optimized configuration in several regards and can be used as a starting point for 
the present investigations.  One of the primary constraints is that the electric fields must be the highest at the 
switch and must gradually decline from the switch section to the coaxial section.  This is to ensure the correct 
position for switch closure. The ratio of electric fields in the coaxial section to the electric fields in the switch 
section is a fine balance between minimizing the length of the radial transmission line (RTL) and maximizing the 
probability that switching events will occur at the switch. In this presentation, we will describe the following 
aspects: a) preliminary oscillator layouts for four different frequencies, b) PSpice simulations of chosen layouts, 
c) Fabrication of two oscillators at 200 MHz and 500 MHz. and d) testing of these two oscillators in a dummy 
load consisting of a 100 Ohm transmission line. In addition to the design and fabrication of this switched 
oscillator, we have also integrated this switched oscillator source at 500 MHz into a helical antenna that has 
bandwidth of 400-600 MHz, as shown in Fig. 1. Fig. 2 shows the measured oscillator output into a 100 Ohm 
dummy load and Fig. 3 compares the measured and calculated transfer function. The measured transient 
responses of both components of the circularly polarized radiation are shown in Fig. 4.  
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A.D. Saharov [1] demonstrated that fast explosive deformation of current-carrying circuits allows one to convert 
the energy of explosion to the energy of ultrahigh magnetic field and proposed a concept of the dedicated device, 
which was called flux-compression generator (FCG). 
Now FCGs are widely used for production of very strong magnetic fields (150 megagauss) and high power X-
ray pulses, for accelerator supplying and other purposes. From the electrodynamical point of view FCG can be 
considered as a time-dependant inductance. In this respect a connected to an accelerator FCG forms the circuit 
with time-dependant inductance and capacitance. A changing in time inductance produces time-dependant 
magnetic field and, therefore, electromagnetic radiation.  
A radiative reaction force, which accompanies radiative process, is induced by the time-dependant electromotive 
difference in this circuit. As a result radiation losses and oscillation damping arise and influence on current and 
voltage generation in such a system. 
Theoretical consideration of radiation losses in FCG made in [2] was based on representation of an FCG coil as a 
helical antenna. According to [2], energy losses in the FCG coil can be described by the sum of diffusion losses, 
which include diffusion of the compressed magnetic field into wires and isolation, and energy dissipation from 
the compressed volume by means of radiation from loops of the FCG coil. 
In present report is shown that besides radiation from the FCG coil the system «FCG with a capacitive load» 
radiates also due to charge oscillation in the capacitive load. The equations describing electromagnetic radiation 
in such a system are obtained. Expansion of radiation field over multipoles is used. Influence of dipole radiation, 
which principal source is the capacitor, on operation of the system «FCG with a capacitive load» is analyzed. 
Multipole expansion allows us to describe influence of dipole electric and dipole magnetic radiation on behavior 
of the system «FCG with a capacitive load». In the framework of multipole approximation explicit expressions 
for radiation losses in this system are obtained. Radiation from capacitive load is shown to be important and even 
determining. 
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Generators using radiation from an electron beam (traveling wave tubes [1,2], backward wave oscillators, free 
electron lasers) are now widespread [3]. All the above devices use one-dimensional distributed feedback, which 
is formed by either two parallel mirrors placed on the both sides of working area or a diffraction grating. 
Electrical endurance of resonator limits radiation power and current of acceptable electron beam. Conventional 
waveguide systems are essentially restricted by the requirement for transverse dimensions of resonator, which 
should not significantly exceed radiation wavelength. The indicated problems can be overcome by the aid of 
volume (two or three-dimensional) multi-wave distributed feedback [4-9]. Use of volume distributed feedback 
makes also available effective modes selection in oversize systems, in which the radiation wavelength is 
significantly smaller then the resonator dimensions. New type of radiation generators using volume multi-wave 
distributed feedback was called Volume Free Electron Laser (VFEL).  
In the present paper operation principles and specific features of VFEL are considered in view of its application 
for development of High Power Microwave source. The properties of a ''grid'' photonic crystal built from 
metallic threads are considered along with its frequency characteristics in view of their importance for VFEL 
lasing. VFEL prototypes operating in millimeter and centimeter wavelength ranges are discussed (see Fig.1). 
Experimental studies of generation threshold dependence on the resonator length for different ''grid'' photonic 
crystals are reported. Advantages of use of ''grid'' photonic crystal with changing in space parameters for VFEL 
lasing are demontrated. Possibility to develop VFEL operating in TeraHerz range is also considered.  

   
Fig. 1 – VFEL prototype 
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The University of Missouri-Columbia is developing a compact power conditioning system to transform the high 
current signal from a flux compression generator (FCG) to the high voltage, high frequency signal required for 
any pulsed power applications. The system consists of an air core, spiral-wound transformer, series exploding 
wire fuse, and an oscillating mesoband source. 

The power conditioning transformer consists of a 1 �H primary winding inductance and a turns ratio of 1:3 with 
a coupling factor of between .75 and .85. Use of the transformer and a crowbar switch to minimize the peak 
voltage across the fuse allows the fuse length to be reduced without risk of arc breakdown. The fuse was 
designed to interrupt a peak current of between 25kA and 40kA in less than 300 ns. The multiple stage fuse is 
constructed using two sections with an effective length of less than 25 cm. A capacitance of about .275 nF 
connected to the transformer secondary is charged to a voltage of approximately 200-450 kV. The capacitor is 
then switched into an underdamped resonant circuit to generate RF oscillations. Using a two stage flux 
compressor built by TTU, we have demonstrated over 125 MW of RF using a simple tri-plate capacitor. 

The low inductance, high voltage capacitor has been redesigned from a tri-plate geometry to a cylindrical 
geometry. The diameter of the capacitor was designed to be 15-16 cm in order to match the diameter of the pulse 
transformer and exploding wire fuse. The length was designed to be 15.24 cm to ensure compactness of the 
complete system. The capacitance of the new high voltage capacitor is designed to be approximately 650 nF. 
This capacitance is more than a factor of two greater than that of the original low inductance capacitor to 
increase the energy of the high voltage energy storage. The increased capacitance and dramatically reduced 
capacitor volume result in an overall energy density increase of a factor of 8 for the same charge voltage. 
However, with this higher energy density, there are higher electric fields, increasing the risk of dielectric failure. 
The capacitor design and construction was therefore adapted from the methods used for the spiral-strip pulse 
transformer, which have previously been charged to well over 450 kV. Although the capacitance is greatly 
increased, the resonant frequency range of the oscillator was optimized to be the same as the original prototype. 
Lowering the inductance of the secondary closing switch and shunt inductor corresponds to a frequency band of 
60 MHz to 250 MHz. 

This paper describes the design and construction methods of the new RF load oscillator. Details of the 
integration of this load with the pulse transformer and exploding wire fuse components are also included along 
with the FCG simulator design. 
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High power microwave (HPEM) sources are designed to generate short, high power electromagnetic pulses. 

The high power electromagnetic radiation is able to disrupt or destroy electronic targets including the control and 

computer electronics of modern weapon systems. After coupling to the target system, the electromagnetic 

radiation is converted into current and voltage transients on signal and power lines. Dependent on the amplitude 

of the signals induced, components may be disrupted or even destroyed. In both cases the system looses its 

intended functionality.  

HPM sources offer a novel and unique capability to attack electronic systems used in command posts, for 

surveillance and in information infrastructure at minimum collateral damage. Short-pulse HPM sources do not 

cause undesirable biological effects on personnel in the target area.  

A range of high power electromagnetic sources have been developed by Diehl BGT Defence in cooperation 

with Rheinmetall Waffe&Munition. Those sources range from small, autonomous, man-portable systems to 

larger high power devices and multi-antenna array systems. Various technological approaches have been used to 

demonstrate potential of HPM technology.  

Pulsed Power (PP) is the basic technology used for development of high power microwave sources. An 

overview on various PP technologies used for high power electromagnetic pulse generation will presented. 

Various applications of HPEM systems will be emphasized.  H
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In order to answer a practically important question that whether the down conductors of lightning protection 
system to tall towers and buildings can be electrically isolated from the structure itself, this work is taken up. As 
a first step in this regard, it is presumed that the down conductor placed on metallic tower will be a pessimistic 
representation of the actual problem. This opinion was based on the fact that the proximity of heavy metallic 
structure will be having large damping effect. The post-stroke current distributions along the down conductors 
and towers, which can be quite different from that in the lightning channel, govern the post-stroke near field and 
the resulting gradient in the soil [1]. Also, for a reliable estimation of the actual stroke current from the measured 
down conductor currents, it is very essential to know the current and voltage distribution characteristics along the 
down conductors [2]. In view of these, the present work attempts to deduce the post-stroke current (Fig. 1) and 
voltage distribution (Fig. 2) along typical down conductors and towers. Solution of the governing field equations 
on an electromagnetic model of the system is sought for the investigation. Simulations are carried out using 
NEC-2 [3] and MATLAB.  Simulation results providing the spatio-temporal distribution of the post-stroke 
current and voltage has provided very inquiring results. It is concluded that it is almost impossible to achieve 
electrical isolation between the structure and the down conductor. Further there will be significant induction into 
the steel matrix of the supporting structure.  

Fig. 1 - Current distribution along tower of 120 m height             Fig.2 - Voltage difference between 120 m tower and 
                                                                                                                 electrically isolated vertical conductor running  

         at the centre 
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Lightning strike to communication towers is a usual phenomenon. Communication towers and its associated 
electronics require lightning protection. Grounding of towers is an integral part of the overall lightning 
protection design. Communication towers are not isolated systems. Usually transmitting and receiving 
electronics are kept in a building adjacent to the towers and different types of cables run from the tower to the 
building. During a lightning strike to communication tower stroke currents are shared by the tower and by the 
shields of the cables along the tower. The currents in the tower proceed towards the grounding system (possibly 
a combination of counterpoises or ring conductors or ground rods or grounding grids) connected to tower legs’ 
foundation. Here we examine lightning strike to communication tower on mount Gaisberg in Austria and 
measured currents at the tower top and those shared by an instrumented grounding strip connected to one of the 
tower leg’s is presented. The measured currents at different locations along the 70-m long ground strip are 
compared with the predictions of a frequency dependant lossy transmission line (TL) model and reasonably good 
agreement was found. From this validation it is claimed that the TL models are appropriate for lightning 
transient analysis of grounding systems. 
The tower top current is measured using a current sensor and analog data is transmitted using a fiber optic link to 
the digitizer system housed in the building next to the tower. The lightning current is measured just below the air 
termination on the tower top using a 0.25 m� current shunt. The shunt output signal is recorded by an 8 bit 
digitizer. The digitizing board has a memory of 16 MB/channel and is operated with a sampling rate of 20 
MSamples/s to give record length of 800 ms [1]. Later, the tower current is offset corrected and filtered with 
250 kHz. To reduce the data size for the analysis of this paper, it was resampled to 2 MS/s. There are buried 
grounding strips connected to each of the tower legs. The grounding strips are expected to carry some part of the 
total lightning currents measured at the tower and dissipates them into the soil. This mechanism is not clear. The 
authors wish to acknowledge the lack of information on the details of any complex grounding system under and 
nearby the tower other than the grounding strips taking off from the tower legs and down conductors of lightning 
protection system of the nearby buildings. The currents were measured at the grounding strip’s take off point 
from the tower or the current injection point, 40 m from the injection point and 60 m from the injection point. 
The grounding strip was at a depth of 0.5 m. The strip had a rectangular cross section with an approximate 
dimension 30 mm � 3 mm, (overall conductor area of 9�10-5 m2). The currents at injection point and at 40 m 
away from injection point were measured using Pearson current monitor (Model 301X). This current monitor has 
a bandwidth of 5 Hz – 2 MHz. Current at 60 m from injection point was measured using a Rogowski coil 
(LEMflex RR3000-SD/24) with a bandwidth of 8 Hz to 100 kHz. Fibre optic systems with a bandwidth of 0,2 
Hz to 5 MHz were used for data transmission from all three sensors to the data acquisition system (Yokogawa 
DSO 708E operated with a sample rate of 10MS/s, 10 bit vertical resolution) located in the building.  

Acknowledgments - The authors thank the financial support received from the Swedish Research Council (VR Grant: 621-
2005-5939) and the Swedish National Rail Administration (Banverket). Lightning current measurements at the Gaisberg 
Tower are made possible by financial support from Verbund (Contract 4500157745), the Austrian Science Fund (Project 
P17336-N07), Telekom Austria and Austrian Broadcasting Services (ORS). The authors also thank the support of the 
European COST Action P-18 ‘Physics of Lightning Flash and its Effects’ and for all the interesting technical discussions with 
working groups: WG1: ‘Measurement of properties of various types of lightning discharges’ and WG2: ‘Phenomenology and 
modeling of the processes in the lightning flash’. 
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We present an analysis of the electromagnetic fields in the immediate vicinity of a tower struck by lightning. The 
electromagnetic fields are evaluated for observation points above, on the surface and below the ground plane 
characterized by a finite conductivity. The computations are obtained using two different approaches.  
First, the so-called engineering models [1,2] are adopted for the description of the spatial and temporal 
distribution of the current along the lightning channel and the struck tower. The resulting electromagnetic fields 
are computed using the Finite-Difference Time-Domain (FDTD) technique, in which the engineering models are 
appropriately incorporated [3].  
The second approach is based on the so-called Antenna Theory (AT) models (e.g. [4]) in which both the 
lightning channel and the struck object are represented by conducting wires and the lightning return-stroke 
current is injected by a voltage source at the tip of the tower. In this analysis, use is made of the Numerical 
Electromagnetics Code NEC-4 [5], a well-known and widely used computer code based on the Method of 
Moments for analyzing the electromagnetic response of antennas and scatterers.  
Simulation results are performed considering two cases, namely (i) a lightning strike to ground, and (ii) a 
lightning strike to a 100-m tall tower. The effect of the presence of the tower as well as the effect of finite ground 
conductivity on the generated electromagnetic fields are illustrated and discussed.  
It is shown that the underground electric fields, predominantly horizontal, are markedly affected by the ground 
conductivity. Above the ground and on the ground surface, the vertical electric field and the azimuthal magnetic 
field generated by a lightning return stroke initiated at ground level are nearly insensitive to the height of the 
observation point above ground. The magnetic field above the ground at such close distance is essentially 
unaffected by the ground conductivity. The presence of a tower results in a significant decrease of the electric 
fields in the immediate vicinity of the tower. Unlike the case of a ground-initiated return stroke, the above-
ground vertical electric field associated with a return stroke to tall tower is very much affected by the ground 
conductivity. Both approaches predict that this component could, depending on the value of this parameter, 
exhibit an inversion of polarity [6]. 

Acknowledgments - This work has been financially supported by the Swiss State Secretariat for Education and Research 
(Grant No C05.0149), Armasuisse (Science and Technology), and the European COST Action P18 ‘The Physics of Lightning 
Flash and Its Effects’. 
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When lightning strikes a tall structure such as a tower or an intelligent building, the lightning current flowing 
through the structure generates overvoltages and transient electromagnetic fields inside of the structure. To 
evaluate the risk of faults and malfunctions of installed electronic equipments influenced by the electromagnetic 
interference from the lightning current, prediction of overvoltages on the power lines and of the characteristics of 
electromagnetic fields inside of the structures is indispensable. 

A new 600-m class truss-structured independent tower is planned in Tokyo, which will be struck by lightning 
several tens of times a year. Thus, lightning surges on this tower have been calculated employing numerical 
electromangetic analyses, namely the method of moments (MoM) and the finite difference time domain (FDTD) 
method.  

Induced voltage on a power line inside of  the tower is investigated by using Numerical Electromagnetics 
Code (NEC-4), which is based on MoM. It has been found that the induced voltages on a power line are sensitive 
to the configuration of the tower and/or the grounding system. Fig. 1 shows calculated induced voltage at the 
upper part and at the bottom of the tower when a lightning current is injected from the top of the tower. The 10-
90% virtual front time of the injected lightning current is 0.25 �s, taking account of a subsequent return stroke. 
The spike of the induced voltage at the bottom appears at about 4 �s is generated because there are lightning-
current paths of different lengths. 

Fig. 2 shows the magnetic field distribution on the vertical cross section of the observatory, when the upper 
corner of the observatory, located at the height of 375 m, is struck by lightning, calculated by the FDTD method. 
Although the lightning current generates magnetic field higher than 10 A/m/kA near the striking point, it 
decreases to below 2 A/m/kA at a point inside of the observatory, 2 m away from the wall close to the striking 
point. 

Fig. 1 – Calculated induced voltage on powe line inside of 600-m class independent tower. 

lightning channel
striking point

tower
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[A/m]

Fig. 2 - Magnetic field distribution inside of observatory for lightning current of 1 kA. 
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In the last years, the scientific community has paid particular attention to the development of formulations that 
can adequately describe the phenomenon of lightning electromagnetic field coupling to buried cables. The reason 
of such interest is mainly due to the fact that the number of power installations lying underground has been 
rapidly increasing in the recent past. Furthermore, such devices are much more sensitive to the effect of the 
lightning electromagnetic fields, due to the massive presence of power electronics. 
The procedure for the coupling analysis basically consists of the following main steps: 1) Selection of an 
adequate return-stroke current model; 2) Evaluation of the lightning underground fields (Er, Ez, H�); 3) Insertion 
of such fields as inputs for a field-to-buried line coupling model, which allows to compute induced voltages and 
currents. As far as the first step is concerned, we adopted in this study the so-called engineering models [1]..The 
field computation can be performed in two ways: one can resort to the exact method, developed by Sommerfeld 
[3] and implemented into a numerical code for lightning calculations in [4], or to use some approximate 
formulas, like the ones presented by Cooray in [5]. Concerning the third step, the transmission line theory has 
been adopted to describe the field-to-buried line cable and can implemented by means of a classical FDTD 
algorithm [6]. 
In this paper, the authors aim at highlighting how the differences between the results in the computation of the 
fields obtained by the application of the two aforementioned methods [4, 5] would affect the evaluation of the 
induced voltages and currents. As a first result, here the shield current on a buried cable has been considered and 
a comparison between simulated results (obtained with the two field calculation methods) and the measured ones 
[7] is presented. As can be seen, there are not significant differences between the two methods and both are in 
good agreement with measured data. 

Fig. 1 – Induced currents on a buried cable. Comparison between measurements [7] and simulations. 
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Lightning-induced voltages are important sources of power quality problems: indeed, they can cause short 
interruptions and voltages sags on distribution systems. The analysis of these disturbances induced on 
distribution networks by lightning electromagnetic pulses (LEMP) radiated by nearby lightning, requires the 
availability of accurate models and relevant computer programs of LEMP-illuminated lines [1,2].  These should 
be able to reproduce the complex configuration of distribution systems including the presence of multi-branched 
lines, shielding wires and their complex groundings models, as well as that of surge arresters and distribution 
transformers. 
In order to extend the analysis of the lightning performance of a single straight overhead line [3,4,5] to more 
complex distribution systems [6], the lightning-induced overvoltage code, henceforth called LIOV code, has 
been interfaced with the electromagnetic transient program (EMTP96) [7,8]. In view of the recent improvement 
of the EMTP implementing the augmented nodal analysis (EMTP-RV) [9-11], this paper proposes a new 
interface between the LIOV code and the EMTP-RV as well as the relevant validation based on experimental 
results obtained by means of triggered lightning technique [12-14]. 
The proposed interface represents an improvement of the one described in [7,8] considering that proposes a new 
treatment of the boundary conditions that allows to overcome the presence of a time step delay in 
correspondence of the LEMP-coupled lines terminations. 
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Damages of wind turbine blades caused by lightning are one of important problems. Historically, the 
electro-geometric model such as A-W model [1] has been used to evaluate shielding performance of transmission 
lines. Recently, new models that take dynamic leader development into consideration have been also proposed 
[2]. These analyses are, however, 2-dimensional and it is difficult to apply the results to a non-symmetrical 
freestanding object such as wind turbines. In order to clarify the lightning striking characteristics to wind turbine 
blades, a three-dimensional leader development model has been constructed. In the model, it is assumed that a 
downward leader from a thundercloud develops to a direction of the maximum electric field and if the distance 
between the tip of the downward leader and earthed objects or upward leaders from the earthed objects becomes 
less than a critical distance, which is called striking distance, the final jump occurs. 
A wind turbine of which height is 116 m is considered and the charge simulation method is used to simulate its 
blades. Figure 1 shows the arrangement of simulated charges inside the blade, which is set on the x-z plane (y=0) 
and the center is set as x=0.  

Line charges

Point charge

    a)� Arrangement of the blades        b) Charge arrangement to simulate the blade

����

���

 Fig. 1 Modeling of blades 
                                                
Positive and negative charges of 20C in a thundercloud are set at the height of 8 km and 5 km from the ground. 
Downward leader is modeled by a uniform line charge and length of each step is 10 m. Furthermore, following 
relations are assumed. 

1) Leader charge density�(C/m) and lightning current 
I(kA): �=38�I0.68                                             

����

���

�

��

���

���� ���� ��� � �� ��� ���

y

Strokes to 
the vertical 
blade

x

Strokes to 
the lower 
blades  

Strokes to 
the ground 2) Striking distance Rs(m) and lightning current I(kA): 

Rs=6.72�I0.8

For simplicity, upward leader development from the blade 
is not considered in this analysis.  
An example of the calculated results is shown in Fig. 2. 
When a downward leader starts in each region, the final 
striking point is determined as shown in Fig. 2. The 
analysis suggests that if lightning current is small, there is 
possibility that lightning strokes to lower blades occur. 

Fig. 2 Relationship between starting point of a downward  
leader and the final striking point. (I=10kA�
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It is known that the response of grounding electrodes to lightning current is usually quite different from the one 
presented to low frequency currents. This behavior comprises different aspects, being the response to impulsive 
currents and the ionization process the most relevant ones. This abstract presents some results of an experimental 
research that is specifically dedicated to evaluating the response of horizontal electrodes submitted to low 
intensity impulsive currents. 
The response of grounding electrodes to low frequency phenomena is given by the grounding resistance RLF . 
When impulsive currents are concerned, it is usual to consider such response by means of the transient 
impedance Z(t), given by the ratio of the instantaneous values of the potential (developed in relation to remote 
earth) to the current applied to the electrode: Z(t) = v(t)/i(t).  
In lightning protection, the impulsive grounding impedance is frequently used to represent a simplified an 
objective response of grounding electrodes to lightning currents, being this impedance given by the ratio 
between the peaks of developed voltage and current waves: ZP=VP/IP.
Since the measurement of ZP is not a feasible task in most practical conditions, it is common to estimate this 
impedance from the measured low frequency resistance by means of the so-called impulse coefficient IC that is 
given by the ratio ZP/RLF.
Two main aspects motivate developing this experimental evaluation. First, in the lightning protection community 
it is very disseminated the idea that the impulsive impedance is always larger than the low frequency resistance.    
On the other hand, the results of some works based in numerical simulation indicate that the impulse coefficient 
is basically equal to or larger than unity. 
In order to develop this evaluation, the experimental setup represented in Fig. 1 was implanted. Horizontal 
electrodes (0.5 cm radius) with 3 different lengths (3, 6 and 12 m) were buried 0.5m deep in a high resistivity 
soil and in a low one (around 100 �.m and 3.5 k�.m). Low amplitude impulsive current waves were applied to 
represent the current of typical first and subsequent lightning strokes (respectively around: 3.5/60 �s and         
0.5/60 �s). Typical results are indicated in Fig. 2 and the impulse coefficients IC found from experiments are 
indicated in the graphic of Fig. 3. The figures are adapted from [1]. 

Fig. 1.  Experimental setup: Impulsive 
current waves impressed by an impulse 
generator from an electrode under test to 
an auxiliary grid. 

Fig. 2.  The current and the 
developed grounding potential 
rise are measured using a two 
channel oscilloscope. 

Fig. 3. Measured IC - Triangle 
(high), circle (low) resistivity soil. 
Empty (front time TF:~0.5 �s), in 
shadow (TF:~3.5 �s).    

The results presented above show some interesting features.  First,  all cases in the high resistivity soil show a 
coefficent IC quite small, around or below 0.5. Considering the low resistivity soil and longer front time, this 
coefficient is around 0.7 for all electrode lengths, while for the shorter front time it is around 0.8 for length of 3 
and 6 m  and around 1.6 for a 12m length. This indicates that the effective length of the electrode fro a front time 
around 0.5 �s is significantly shorter than 12 m. Another interesting feature is that in the high resistivity soil, the 
coefficient IC for waves with long front time is smaller than for short front time waves. The opposite happens in 
the low resistivity soil.  
The final conclusion is that the ratio of the impulsive impedance to the low frequency resistance is significantly 
smaller than reported by results derived from numerical simulation. This leads to the recommendation of 
reevaluating the assumptions adopted for soil parameters, mainly the value of soil permittivity and the frequency 
dependence of soil parameters.  
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Electromagnetic model is one of the classes of models [1-2] recently applied for determining lightning electro-
magnetic field of a lightning return stroke. These models can use either voltage or current source at the base of 
the channel. Current source is more adequate [3] for including measured or analytically defined characteristics of 
the channel base current [4], but most of antenna program codes commonly imply voltage source. 
Determining voltage source involves a few necessary steps: implementation of Fourier transform to a time given 
current channel-base source, calculation of the antenna input impedance in frequency domain and obtaining ade-
quate voltage source in frequency domain or in time domain (Fig. 1) by using inverse Fourier transform. These 
calculations are carried out and presented in this paper for the new proposed channel-base current function [5] 
and the new approximation of Sommerfeld integral [6]. As these calculations can be time consuming depending 
on FFT parameters choice the results for different FFT parameters are very interesting. These results are going to 
be presented in the full paper. 
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Fig. 1 - Voltage source for the lightning channel of h=2600m, a=5cm, and 1m1.0' −Ω=Z ;
ground parameters 10� 1 =r  and 1Sm01.0� −= ; FFT of N=512 and kHz85.12=∆f ;

and parameters a and b of the channel-base current function. 
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As the number of special electronic devices sensitive to Electric (EF) and Magnetic fields (MF) increases,
accurate modeling of the processes involved when lightning strikes a structure such as the CN Tower (CNT) is 
important for ensuring that the safety and electromagnetic compatibility of such devices are not compromised.
In this work, an engineering model based on the transmission line theory is developed and used to simulate a 
lightning strike to the tip of the CNT. The model represents the CNT as a series of Five Transmission Line (TL)
sections with constant parameters and uses another TL section to model the Lightning Channel (LC). A current
source producing a Heidler waveshape is assumed to inject current at the tip of the tower. This source creates
two initial current waves, which have identical shapes but their amplitudes are inversely proportional to the wave
impedances of the LC and the top section of the CNT. Each wave travels in opposite direction with different
propagation velocities (with “v” upwards in the not yet ionized LC; with “c” downwards in the CNT). As the
downward wave encounters mismatches of surge impedances at junctions of CNT sections, reflections and
refractions take place. When these waves are reflected from the CNT into the now ionized portion of the
channel, they travel there with “c” and are reflected and refracted at the front of the original LC wave travelling
with “v”. The “Lattice Diagram” is used to follow the interactions of all reflected and refracted components.
These reflections and refractions influence the total current waveshape and in turn the EF and MF at a distance.
Assumptions have been made to model a strike to the CNT – a perfect ground is assumed; the LC is vertical with
respect to ground and is attached to the tip of the CNT; the speed of propagation inside the CNT and inside the
ionized part of the LC is “c” (3.0*108m/s); the speed of the return stroke current in the non-ionized part of the 
LC is equal to “v” (1.9*108m/s); the decay constant in the non-ionized part of the LC is �= 2000m; the series of
TL sections representing the CNT is terminated at a resistance of 21� to account for grounding; impedances of
different CNT sections are shown in Table 1; impedance of the ionized part of the LC Zch = 300�; impedance of
the non-ionized part of the LC Ztch = 1.5*Zch; total Length of the Lightning Path (LC+CNT) = 8000m.
The described model was used to calculate the current along the tower structure and inside the lightning channel
as well as the EF and MF at a distance of 2km away from the CNT. One of the strokes recorded on August 19,
2005 was used for comparison with calculated results and will be discussed during presentation. 

Fig. 1 – Recorded and Calculated Values for Current, EZ, and H� on August 19, 05 at 14:37:53h 

Table 1 – Impedances of different CNT sections

Section Impedance Unit
L1, L2, L3, L4, L5 160, 105, 140, 86, 120 �
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Considering the importance of global warming and climate change, the problem of possible relationships 
between climate and lightning activity has recently attracted the attention of researchers (e.g. [1]). Positive 
correlations between global lightning activity and global temperature variations have been already confirmed in 
several studies (e.g. [1,2]) where it has been shown that a 1-degree Celsius variation in the temperature would 
result in an increase of lightning activity, ranging from 10% to 100% [2]. 
In this paper, we present a preliminary regional study of the link between temperature and lightning activity in 
Switzerland. Lightning statistics were obtained from the lightning database of the EUCLID (European 
Cooperation of Lightning Detection) network, recently presented in [3]. Any unknown time variations in the 
performance of the system are necessarily neglected. Data for the temperature are obtained from the terrestrial 
meteorology stations in the national network of the Swiss Federal Office of Meteorology and Climatology [4].  
Fig. 1a presents the monthly negative cloud-to-ground flash count and the monthly mean maximum daily 
temperature in Switzerland for the months of August, 1999-2006, where the linear correlation factor is 75%.  
A similar analysis has been done in the region of the Säntis in northeastern Switzerland, characterized by the 
highest lightning activity in that country. Fig. 1b shows the monthly mean of maximum daily temperature and 
the monthly number of the negative cloud-to-ground flashes within 100 km of the Säntis Mountain. The results 
show an 83% linear correlation. 

           

(b)

                                               (a)                                                                                                   (b) 

Fig. 1 –Monthly negative cloud-to-ground flash count and the monthly mean maximum temperature during the 
months of August, 1999 to 2006.  

(a) The whole Switzerland, (b) within 100 km of the Säntis Mountain 
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The interaction of electromagnetic fields and biological tissues (in-vitro or in-vivo) is described in terms of the
fields inside the tissue. The critical points of the phenomenon are the peak values of the E and H fields and the
energy transferred to the tissue, which produces a temperature growing. A lot of work has been devoted to the cases
of monochromatic electromagnetic fields, and some magnitudes, as the Specific Absorption Rate, are currently used
as dosimetryindicators. But for arbitrary time varying fields, and in particular for short-pulse amplitude-modulated
signals, the behaviour of the phenomenon is not fully understood yet. This work presents some results concerning
the interaction of  a pulse modulated plane wave impinging normally on a lossy layered media. This canonical
problem can be used to obtain basic information about the expected peak fields and the energy transfer process in
much more complex situations.

Let us consider an homogeneous plane wave propagating in z direction. For arbitrary time variation, the fields in
some z constant plane are given by

(1)

where  is the propagation constant and  the intrinsic impedance of the medium (the

possible conduction phenomena are included in ).

Let us consider now a plane layered structure transverse to the z axis and formed by N+1 lossy media. In the
frequency domain, the field at any plane z constant in the structure can be written as

(2)

where the wave amplitudes  and can be obtained in terms of the field value of the incident wave in a plane

z constant of the first medium [1] using the relation

 (3)

were and and being  the transfer matrix of the

system, of dimension (2N)2

Let us consider finally the plane wave impinging on this structure. We can suppose without loss of generality that
the plane where the wave data are known is used as origin of zs. The time domain values of the fields using the
expression (1) are

(4)

and from this values we can calculate the peak value of the fields at any z plane. Some results for typical biological
tissues will be presented during the conference.

A different issue is the one concerning to the distribution of the energy transferred to the media. Energy balance
obeys the well known Poynting-Heaviside relation

(5)

but there is not a simple way to establish the value of energy transferred to the material [2], so concepts as
instantaneous Specific Absorption and Specific Absorption Rate have to be used with extreme care. Some
discussion will be introduced during the presentation.
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Previous studies have suggested that in vitro exposure to 700MHz radiofrequency (RF) fields at tissue specific
absorption rates (SARs) up to 4.5mW.kg-1 can affect both evoked and spontaneous electrical activity in rat
hippocampal slices [1]. More recent experiments have found that exposure to 380MHz RF fields at a tissue SAR
of 400mW.kg-1 rapidly and irreversibly abolishes electrical activity in slices, apparently due to localised heating
produced by the interaction of the RF field with the recording and stimulating electrodes [2]. The aim of this study
was to determine whether smaller localised temperature rises could be responsible for the effects reported at much
lower field intensities by Tattersall et al [1].
Extracellular field potential responses were recorded in hippocampal slices prepared from adult rats. The slices
were exposed to RF fields in a new parallel plate exposure system [3], in which the E-field component was parallel
to the slice. This produced better coupling of the field into the tissue than the older system used in [1] and thus
required a lower field intensity to produce a given tissue SAR. This orientation of the E-field also reduced coupling
of the RF into the stimulating and recording electrodes [2]. To determine the effect of localised heating on field
potential responses, miniature resistive heating elements were constructed from 25µm diameter Teflon®-coated
Pt/Ir wire supported by a 1.5mm diameter glass capillary. These were placed within 100µm of the recording or
stimulating electrode and heated by constant electric currents passed through the wires. The heating elements were
calibrated using an infrared camera (Jade, Cedip Infrared Systems).
In the system used in [1], exposure to 700MHz RF at a field intensity to produce a tissue SAR of 4.5mW.kg-1

resulted in changes in the population spike amplitude similar to those previously reported. In contrast, exposure in
the new system with the same input power, which produced a higher tissue SAR of 29mW.kg-1, had no effect on the 
population spike amplitude (Figure). Measurements with the infrared camera confirmed there was no detectable
electrode heating in the new system at this SAR. Heating produced by the resistive elements near the recording or
stimulating electrodes produced changes in the field potential which were similar to those seen during RF exposure
in the older system.
The results indicate that the effects reported by Tattersall et al [1] may be explained by localised heating produced
by interaction of the RF fields with the recording and stimulating electrodes.
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Fig 1 - Effect of exposure to 700MHz RF field (solid bar) on population spike amplitude in the older system
(left, 4.5mW.kg-1) and the new system (right, 29mW.kg-1)

This work was carried out as part of the Electronics Systems Research Programme for the Ministry of Defence.
© Crown Copyright Dstl, 2008.
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Fig1. Vasculature and velocity vector distribution

Vascular Structure Construction in Human Model for Consideration 
of Blood Flow in Heat Exchange during EM Exposure 
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The goal of our study is to advance the method of complex thermal modeling based on detailed vascular structure 
implementation in the FDTD EM-Thermal simulation software [1]. The emphasis in this work is on the 
development of software tool capable of generating relatively complex vasculature based on both the available 
known geometries of human organs and the possibility of manual definition of particular vascular segments. The 
important steps are to build the vascular network for a human eye model which conforms with the existing human 
head geometry and mesh, define the data format to store the information on generated vascular structure including 
the coordinates, diameter, type (vain or artery) and tree structure in the vascular network. In the past several months 
we have implementing the algorithm for reconstruction and regeneration of vascular structure, based on the Discrete 
Vasculature (DIVA) algorithm, suggested by Van Leeuewen et al., [2]. We have described our implementation of 
this algorithm and results obtained from its application to several human organs (e.g., eye and liver) [1]. We further 
investigated the algorithm capabilities and developed the methodology to consider the detailed vascular structure in 
thermal calculations, particularly, modifying the bio-heat equation and computing blood flow vector in each voxel 
tissue. In addition, we are developing a new and more flexible methods for constructing the tissue vasculature. One 
of those alternative approaches is described in the paper. To solve the bio-heat equation first we need to generate the 
vascular structure with sufficient details and then based on vessels diameters and estimated blood velocity in 
capillaries compute the blood velocity vector in each cell of the discrete FDTD model. The new algorithm of 
constricting the vascular structure and blood velocity vector distribution in the tissue considering the blood flow 
conservation law has been developed. 

In our algorithm the simulation domain is described by set of points on its boundary. The vessel construction starts 
from several root points, i.e., the points where arteries are allowed to enter the domain, also taking into consideration 
the existing vessels as input parameters. The construction further progresses from the root points advancing the 
vessels within the tissue and branching them recursively, so that branches of the same depth grow simultaneously. 
The direction of each particular vessel and its branching is controlled by the potential field. This vector field is 

defined in each point of the simulation domain and represent 
the superposition of random smooth gradient fields created by 
the end points of already constructed vessels as well as domain 
boundary. Each boundary point and each point of the already 
generated vessel creates repulsive vector field within certain 
range of action around itself. At every step, the still empty 
areas (which eventually should contain the vessels end points), 
correspondingly, create attractive force.  When constructing 
vascular structure we distribute the end points of arterial and 
venous networks uniformly in the tissue, with density 
sufficient to represent the main vascular structure of the 

relatively large vessels and the end points of venous network are displaced relative to the arterial ones. At the end 
the portion of the domain will remain without any vessel or end point. To account for blood perfusion in remaining 
vessels during thermal modeling the blood velocity vector in the tissue area is approximated by specific model 
which takes into account the conservation law of blood flow. The effective force, i.e., the force that moves blood in 
the capillaries is caused by pressure difference at end points of arteries and veins (high-arterial and low-venous 
cordial pressures). If we assume that in the tissue blood flows does not change with time, then blood velocity in each 
point is proportional to the effective force which can be determined based on defined pressure at each end point and 
assuming that it changes inversely with distance. According to this algorithm the blood velocity vector field can be 
built in the entire simulation domain, with fulfillment of blood flow continuity. The example blood velocity 
distribution based on this work is presented on Fig 1. 
Acknowledgments - We would like to thank Motorola Inc., and Georgian National Science Foundation (GNSF) for the financial 
support of this research. 
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Radio frequency (RF) devices in the vicinity of the human body are increasing; therefore, evaluating the specific 
absorption rate (SAR) of fetuses in pregnant woman has become an important research topic. For example, when 
a commercial wireless terminal is used in the vicinity of the abdomen of a pregnant woman, the electromagnetic 
(EM) waves from the device penetrate her body and the fetus. This is because the wavelength of the EM waves 
of the device operating in VHF band are longer than those of a cellular phone operating in the GHz band. To 
evaluate the SAR of a pregnant woman and her fetus when the pregnant woman is wearing a wireless terminal 
on her abdomen, we used as a numerical model a 26th-gestational-week pregnant Japanese woman [1] being 
exposed to the near-field of a normal mode helical antenna (NHA) with a metallic case at 150 MHz [2]. In this 
numerical model, the fetus was positioned in the left occiput anterior (LOA) of the model’s pelvis, i.e., the fetal 
occiput was directed toward the model’s left anterior side. However, fetal presentation varies frequently at this 
stage of pregnancy and the placenta forms at various locations on the uterine wall. Therefore, we calculated the 
SARs of a fetus exposed to EM waves from an NHA with a metallic case using several pregnant-woman models 
with each model representing a different position of the fetus and placenta. Figure 1 shows four different preg-
nant-woman models (only abdomen shown): Model 1, LOA fetal presentation and anterior placenta; Model 2, 
LOA fetal presentation and posterior placenta; Model 3, right sacro anterior (RSA) fetal presentation and ante-
rior placenta; and Model 4, RSA fetal presentation and anterior placenta. The SAR was calculated using the fi-
nite difference time domain (FDTD) method. The distances between the antenna and the surface of each model 
were kept at 40.0 mm in order to create a realistic situation. In addition, the position of each feeding point is the 
same height in the center of each fetal head. 
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Fig. 1 – Calculation model                                                  Fig. 2 – Averaged SAR 

Figure2 shows the fetus-averaged SARs and the whole-body-averaged SARs for the four pregnant-woman mod-
els. Here, the radiated power of the antenna is normalized to 1 W. The whole-body-averaged SARs for these 
models agree well with each other (approximately 0.015 W/kg). This result demonstrated that the positions of 
the fetus and the placenta have no effect on whole-body-averaged SAR. For the fetus-averaged SAR, the values 
of Models 2 and 4 (when the placenta is in the anterior) are higher than those of Models 1 and 3 (when the pla-
centa is in the posterior). This result confirmed that the EM energy from the NHA is attenuated by the placenta. 
In addition, the fetus-averaged SARs of Models 3 and 4 (when the fetus head is in the superior) are higher than 
those of Models 1 and 2 (when the fetus head is in the inferior). The distance between the antenna feeding point 
and the fetal body surface of Models 3 and 4 is approximately 40 mm shorter than that of Models 1 and 2. This 
result suggests that the fetus-averaged SAR depends on the distance between the feeding point and the fetus. 
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A previous paper [C.E. Baum, “The Combined Field in Quaternion Form,” Physics Note 13, 2003] has 
considered the decomposition of 2 x 2 matrices using the four quaternion units.  This gives a convenient way to 
represent such matrices for product integration, as we shall see.  Such matrices are also useful for casting a 
second-order linear differential equation as a first-order vector/matrix differential equation, the solution of 
which is representable (and calculable) by a product integral. 

The properties of the product integral can then be explored to understand the possible solutions of second-order 
linear differential equations.  Only in special cases can the solution of the product integral be expressed in terms 
of one or a few of the usual sum (Riemann) integrals.  In effect, this gives conditions on the “sum integrability” 
of such equations.  As a special case we consider the solution of the telegrapher equations for a single-conductor 
(plus reference) transmission line. 

A previous paper [C.E. Baum, “Construction of 2x2 Product Integrals from Solutions of Second Order Linear 
Ordinary Differential Equations,” Mathematics Note 96, 2004] shows how product integrals of 2 x 2 matrices 
can be constructed in special cases.  Basically one can take known solutions of second-order linear differential 
equations and manipulate them into product-integral form, obtaining functions such as Bessel functions in the 
solutions.  Such cases are found in the solutions for nonuniform transmission lines (impedance and admittance 
per-unit-length matrices varying along the line).  One should not expect that, in general, such known solutions 
should be found in the form of Riemann (sum) integrals over the transmission-line parameters. 

This paper considers the product integration of 2 x 2 matrices by using the quaternion decomposition of such 
matrices.  This gives conditions for the solution in terms of sum integrals.  This is applied to the solution of 
second-order linear differential equations, including the telegrapher equations. The product integral, together 
with quaternion decomposition, of 2 x 2 matrices gives us some insight into the solution of second-order linear 
differential equations.  In particular this shows when solutions can be expressed in terms of one or a few sum 
integrals.  This in turn applies to the solution of the telegrapher equations for transmission lines. 
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In this presentation, we discuss an analytic method for calculating coupling to the wires in a cable containing a 
large number of individual wires.  We first examine the situation where the wire insulator thickness is small 
compared to the wire radius, so that the capacitance matrix is dominated by nearest neighbor interactions.  In this 
case, it can be shown that the capacitance matrix is proportional to the transverse Laplacian operator  

226 ���� odCbC (1)

where Cod is the capacitance per unit length between nearest neighbor wires in a hexagonal array, and 2b is the spacing 
between nearest neighbor wires.  The equation for forward propagating modes along the line is, ignoring backwards 
propagating modes, 

FRCvb
z
F

od
223 ���

�
�

(2)

where R is the resistance of an individual line, v is the propagation velocity in the dielectric (which is assumed to be uniform) 
and F=I+vQ, where I is the wire current and Q is the charge per unit length on the wire.  This is a simple parabolic diffusion 
equation and easily solvable for many geometric configurations of interest.  It can be used to calculate how an incident 
electric field diffuses into the interior of the cable bundle as well as used to calculate the impedance looking back into a 
single line or group of lines.

We will give examples of the use of this technique as well as modifications to the technique to include situations where the 
wires further away than the nearest neighbors contribute substantially to the capacitance matrix.  We will also show 
numerical examples of the calculation of the capacitance matrix including non-nearest neighbors by successive over-
relaxation and compare them to the asymptotic form that results when small wire diameters are assumed. 
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The coupling of electromagnetic fields to shielded cables has been discussed in a variety of references, including
[1, 2, 3, and 4]. Virtually all of the models assume that the cable shield is nearly perfect, with the result that the
internal voltage and current inside the shielded cable are assumed to have no influence on the current and charge
on the outside of the shield. Under this “good shielding approximation”, the internal conductor of the cable is
found to be excited by the external current and charge through the transfer impedance and admittance (or an
alternate charge coupling parameter) of the cable shield.

In most of the past applications of these shielding models, the shield is assumed to have a right circular cylinder
geometry, and a single inner conductor is coaxially located within the shield. This geometry provides simple
expressions for the cable shield transfer parameters. It is possible, however, that some cables might not be
coaxial, and there may also be more than one internal conductor within the shield. For these more complex
cables, a question arises as to how to model the internal excitation of the cable. This is the subject of the present
paper.

In this paper, the commonly-accepted Vance cable shielding model for a coaxial cable is first summarized. Then,
some early work by Latham [5 and 6] is described, in which a model for the shielding of an offset conductor
inside a braid shield is developed. Finally, this work of Latham is applied to the case of a shielded
multiconductor cable, which is shown in Figure 1.

x

y

z

Fig. 1 – Illustration of a shielded multiconductor cable.

For the shielded multiconductor line, it is determined that the per-unit-length voltage source vector ' ( )sV z is

independent of the internal wire position and depends only on the shield transfer impedance parameters Z�d and

M�d and the external shield current Is. For the per-unit-length current source vector ( )sI z� , it turns out that this

source does depend on the multiconductor wire location within the shield through the per-unit-length capacitance
matrix C� . This current source vector depends on the external shield charge Q�s and the charge transfer
properties of the shield. Equation (1) summarizes these results.

� �
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� � � �� �
� �
� �
� �
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� �� � �� �
� �
� �
� �
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(1)
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In modern high-speed printed circuit boards (PCB) a relevant source of unwanted radiated emission is given 
by any signal trace routed on the outer layers. This paper addresses the problem of evaluating the far-field 
emissions from a PCB microstrip in high frequency ranges. From a theoretical point of view the electrical field 
emitted by a current distribution � �'rJ s  over the surface S of the microstrip traces is given by: 

� � � � � ��� ��
S

s dSGE '', rJrrr , (1)  

where G is the Green function, which should include in this case the effects of the dielectric slab and the 
reference plane. To solve (1) the proper current distributions along the traces is needed. For the past PCB 
generations this problem has been deeply studied and many practical indications have been provided to the 
designers [1]. For those generations the trace lengths were electrically short and very simple formulas could be 
derived from (1), providing upper bounds for the emissions due to the differential mode (DM) and common 
mode (CM) currents [2]. With increasing frequency, electrically long traces had to be considered and hence the 
transmission line (TL) model had been used to evaluate the current distribution [3]. Nowadays typical 
dimensions of trace widths and dielectric thickness are below 1 mm, hence the TL model is adequate up to some 
GHz. The next PCB generation foresees a further increase of frequency, leading to the need for a full-wave 
analysis, whose drawbacks are the high computational cost and the low qualitative insight on the solution.  

In this paper we use the enhanced transmission line (ETL) model proposed in [4-5] to describe the full-wave 
distribution of DM and CM currents along a coupled microstrip. This model extends the validity limits of the 
standard TL model (STL) to higher frequencies and allows performing qualitative analysis on the solution. 
Preliminary results have been obtained with reference to a 50 mm-long coupled microstrip in homogeneous 
dielectric, with trace spacing of 2.5 mm. Figs.1a and 1b show the radiation diagram along the directions of 
maximum emission at 1m, computed at 1.7 and 2.5 GHz respectively. The case refers to a line fed at one end 
with a DM current of 1mA, with the far end open. The ETL results show an excellent agreement with the full-
wave solution, whereas for high frequency the STL solution is clearly inadequate. 

0 1 2 3 4 5 6
-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

theta [rad]

[d
B

uV
/m

]

(a)

ETL
Full-Wave
STL

0 1 2 3 4 5 6

-60

-40

-20

0

20

40

theta [rad]

[d
B

u
V

/m
]

(b)

ETL
Full-Wave
STL

Figure 1:  Radiation diagrams for emission of DM currents of a microstrip at 1.7 GHZ (a) and 2.5 GHz (b). 
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Stands of NSC KhIPT are intended for testing the radio- and electronic equipment and components to impact of 
ultra-short pulses (USP) of microwaves with narrowband (NB) and ultra-wideband (UWB) frequency ranges.  

MW NB stands TF-1, TF-2, TF-3, and TF-4 integrate half-open anechoic chamber (AC) and high-power MW 
source of ns/us pulse duration based on high-current relativistic electron beam (REB) coupling to various 
electrodynamic structures: vircator/virtode, BWO, ubitron, magnetron. Stands TF-3 and TF-4 use REB 
accelerators with the energy supply up to 40 kJ. Except HPM these facilities are capable to generate intense X-
rays with the energy of several hundreds keV.  

MW UWB stands TF-1�, TF-5, TF-6, and TF-7 are designed for USP tests. TF-1� and TF-6 matched to 
transmission lines provide operation in video-pulse mode, while TF-5 and TF-7 loaded to UBW antennas create 
an emissive EMI.  TF-5 test facility incorporates TEM-cell designed as a 4 m nonuniform strip-line with the 
impedance of ~77 Ohm, operational area volume of ~1 m3, and E-field strength of 1-190 kV/m. The emissive 
stand TF-7 is used for polygon tests. It consists of a pulse-power source (~1.6 GW, 70-75 Ohm) coupled to a 
half-circular parabolic reflector (R=0.9 m) IRA that is induced by two nonuniform conical/cylindrical lines. The 
FOM of the IRA exceeds 1.2 GW, and E-field strength at 10 m distance is as high as 120 kV/m.  

Test facilities are equipped with the electric and optic transmission lines, probes and UWB oscilloscopes to 
register the parameters of EMI and test objects. Designed methods and infrastructure of test facilities provide 
studying the response of digital and analog electronics and components exposed to single-pulse and repetitive 
HPEM.  

Test facilities generating NB and UWB microwaves and video pulses. (*)  under reconstruction 

Title (Type) 
Start Date 

Frequency, 

GHz

Impulse
Power, 
�W

Pulse 
Width,

ns

Pulse Rise 
Time, 

ns

�-field
Strength,
�V/�m

Operation Area, 
m3

Operation Mode

TF-1 (NB MW) 
1986

3-10
(38*)

100-500
(10*)

20-30 5-6 0.2-15 
(~0,2*)

~ 1 
half-open AC 

single pulse  

TF-2 (NB MW) 
1986

3-10 6-10 200-600 20-150 0.1-1.0 ~ 1 
half-open AC 

single pulse 

TF-3 (NB MW) 
1991(*)

2.5-40 50-2000 30-50 5-6 0.2-30 ~ 3 
half-open AC 

single pulse 

TF-4 (NB MW) 
1991(*)

2.5-40 0.3-10 600-1000 50-150 0.2-1.0 ~ 3 
half-open AC 

single pulse 

TF-1� (UWB VP) 
1989

0.02-0.4 3000 10-40 2-6 0.4 – 2.5  0.3 
coaxial line 

single pulse 

TF-5 (UWB MW) 
1993

0.15-1.2 6 ~1 0.3-0.5 0.03-0.4  ~ 1 
laboratory hall 

single pulse / 
periodic 100Hz 

TF-6 (UWB VP) 
2005

0.08-2 210 1-5 0.2-0.25 0.01-2 0.7-1.2  
strip line 

single pulse / 
periodic 100Hz 

TF-7 (UWB MW) 
2006

0.15-3 1600 0.7-1.5 0.1-0.3 0.01-10  
polygon 

single pulse / 
periodic 1 Hz 
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In this article, designs and analyses of several CCPW (Cylindrical CPW) discontinuities as microwave reactive 
elements have been realized. The quasi-TEM characteristic parameters of CCPWs have been obtained by CMT 
(Conformal Mapping Techniques) which provide satisfactory accuracy at microwave frequencies and lead to 
closed-form analytical solutions suitable for CAD software packages. Designed discontinuities then simulated in 
CST Microwave Studio 2006B. The obtained results have been demonstrated as inductance, capacitance and also 
input impedance versus frequency and physical dimensions of the elements. The results show that CCPW 
discontinuities can be used successfully as passive elements for related applications. 
In Fig.1, cross sectional view of the transmission line used to form CCPW discontinuities are seen with defined 
physical parameters.  

Fig. 1 – Cross-sectional view of CCPW for construction of related discontinuities. 

Briefly, in this article it is shown that microwave reactive elements can be realized on CCPW type transmission 
lines. For the time being the experimental studies on these elements are going on and as future work they will be 
used for matching and feeding cylindrical type antennas. 

Acknowledgments - This study has been supported by TUBITAK (The Scientific and Technological Research Council of 
Turkey) under grant EEEAG-105E022. 

References  
1. N. Dib and A. Omar, “Dispersion analysis of multilayer cylindrical transmission lines containing magnetized ferrite 

substrates,” IEEE Trans. Microwave Tech., vol. 50, No.7, pp.1730-1736, July 2002. 
2. M. Duyar, V. Akan, E. Yazgan and M. Bayrak, “Analyses of Elliptical Coplanar Coupled Waveguides and Coplanar 

Coupled Waveguides with Finite Ground Width,” IEEE Trans. Microwave Tech., vol. 54, No.4, pp.1388-1395, June 
2006.

3. V. Akan and E. Yazgan, “Quasistatic TEM Characteristics of Multilayer Elliptical and Cylindrical Coplanar 
Waveguides”, Microwave Opt. Tech. Lett., Vol. 42, No.4 pp.317-322., Aug. 2004. 

4. E. Yazgan and V. Akan, “Conformal Mapping Techniques”, Encyclopedia of Rf and Microwave Engineering, Vol. 1, 
John Wiley & Sons, 2005. 

H
PE

M
 -

 3
1 

Si
m

u
la

to
rs

 &
 S

im
u

la
ti

o
n

 T
ec

h
n

iq
u

es



174 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

HPEM - 31

Modeling of a Current Transformer for Electromagnetic Transient 
Simulation in a Power Station

Ametani, Akihiro; Nagaoka, Naoto; Tasaki, Shun; Nishimura, 
Kentaro; Okaba, Shigemitsu;

Doshisha University, Kyoto, Japan

Modeling of a Current Transformer for Electromagnetic Transient 
Simulation in a Power Station 

A. Ametani1, N. Nagaoka1, S. Tasaki1, K. Nishimura1, S. Okaba2

1Doshisha University, Kyoto 610-0321, Japan 
2Tokyo Electric Power Co., Yokohama 230-8510, Japan.

E-mail: aametani@mail.doshisha.ac.jp 

A number of mechanical and electronic (analog) elements in control circuits in generator stations and substations 
have been and are being replaced by digital elements. Since those digital elements are far more sensitive and 
fragile to an electromagnetic environment than the analog ones, the electromagnetic immunity (EMI) becomes 
more significant. In fact, a few disturbances and failures of control equipments have been experienced in 
generator stations and substations in Japan. 
Japanese Electrotechnical Research Association has carried out overall and very deep investigations of 
disturbances and failure experiences, the mechanisms of the disturbances and failures, the strength of control 
equipments against the disturbances and the countermeasures in field which were collected from ten utilities in 
Japan for about 10 years to the year of 2001. It is found in the investigation that one of the dominant causes of 
electromagnetic disturbances against control circuits in a gas-insulated substation (GIS) is a swicthing surge due 
to a disconnector (occasionally a circuit breaker) operation. Because of a complex combination of short gas-
insulated buses and lines in the GIS, multiple reflection and refraction of traveling waves at the boundaries of the 
buses and the lines generate a high frequency surge, which invades via a voltage tansformer (VT, CVT) and a 
current transformer (CT) into a low-voltage control circuit and results in malfunction and occasionally insulation 
failure of the digital elements of the control. 
In a voltage-frequency characteristic of switching surges at CT secondary circuits measured in 15 different gas-
insulated substations in Japan, it is observed that the frequency of the switching surges ranges from 2MHz to 
80MHz and the peak-to-peak voltage from 10V to 600V. It is distinctive that no frequency component from 
20MHz up to 40MHz is observed. Thus, there exist average values of the frequency, about 10MHz and 60MHz. 
Also, the peak-to-peak voltage is generator in the CT than in a VT, and transfer voltages via the CT result in 
more disturbances than those via the VT. 
The disturbances due to switching surges are often malfunction and freeze of a digital circuit and are recovered 
by reset of the circuit. Thus, it is very hard to repeat the disturbances and find the cause. For this, a numerical 
simulation of a transient is very powerful. A simulation model of a VT has been established. However, there 
exists no useful CT model. 
This paper has developed a model circuit of a CT for a transient simulation based on experiments of transient 
characteristics if various CTs. A transient response of the CT secondary circuit is measured, and its frequency 
response is numerically evaluated by Fourier transform. From the frequency response, a CT model similar to that 
of a Rogoski coil is synthesized. A transient simulation is carried out by the EMTP using the developed CT 
model, and the simulation results are compared with the measured results to investigate the accuracy of the CT 
model. 

References  
1. G. Murtaza Hashmi and Matti Lehtonen, Modeling of Rogowski Coil for On-line PD Monitoring in Covered-

Conductor Overhead Distribution Networks, Helsinki University of Technology (TKK), 2006. 

H
PE

M
 -

 3
1 

Si
m

u
la

to
rs

 &
 S

im
u

la
ti

o
n

 T
ec

h
n

iq
u

es



175

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

HPEM - 31

Revitalization Report and Roadmap for the United State’s Department 
of the Navy’s Full-Scale Electromagnetic Pulse Test Facility

Sebacher, Kurt; Miller, Chad; Mazuc, Alan;

United States Navy, Lexington Park, MD, USA

Revitalization Report and Roadmap for the United State’s Department of 
the Navy’s Full-Scale Electromagnetic Pulse Test Facility. 

K. Sebacher, C.Miller, A. Mazuc 
United States Navy, Lexington Park, Maryland, United States

Kurt.Sebacher@Navy.Mil 

The United State’s Navy’s premier aircraft Test and Evaluation facility at Patuxent River, Maryland, operates the 
U.S. DoD’s sole remaining large-scale Electromagnetic Pulse (EMP) test stimulator This system tests aircraft 
and other systems up to and including Boeing 747 size aircraft. This EMP simulator test facility was recently 
extensively upgraded to meet the requirements of United States Military Standards, specifically MIL-STD-464A 
and MIL-STD-2169B.  The upgrades include a complete reconstruction of the existing 5.9 Megavolt 
Horizontally Polarized Dipole (HPD) source, the integration of a new source simulator into the current Vertically 
Polarized Dipole (VPD) antenna, and the addition of a bounded wave antenna array that takes advantage of the 
same source. The HPD upgrades included re-engineering the MARX output switch technology, a change from an 
air to an oil-isolation system, rebuilding MARX stacks, changes to output peaker capacitors, changes to internal 
MARX stage interconnections and new rigging for the HPD antenna support structure. The VPD system 
incorporated the Defense Threat Reduction Agency (DTRA) Fast Electromagnetic Pulse Simulator (FEMPS), 
which required significant modifications to the transfer switch and transfer switch peaker capacitors and 
increasing the charging capacitors to meet specification requirements. This new VPD system can be de-
convolved with a newly installed bounded wave antenna design. The development of a new instrumentation 
system that can adequately capture the high frequency components will also be discussed. The new 
instrumentation system with an expanded bandwidth of 1.4 GHz was the result of collaboration between U.S. 
Government, U.S. Industry and European Industry. This paper will present data taken from test firings from 
before and after the upgrades, and include frank discussions of the issues encountered. Planned future upgrades 
and the overall facility roadmap will be presented, along with discussion concerning the choices made. The 
paper will conclude with the UNCLASSIFIED results of a comprehensive facility characterization performed by 
the Defense Threat Reduction Agency on the newly upgraded system. 
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During a series of tests of the susceptibility of computers to pulses injected on a 10baseT Ethernet connection, an 
unexpected result in the distribution of currents was obtained.  The pulses were coupled to the connecting cable 
using The Electrical Fast Transient/Burst Immunity Test specified in IEC 61000-4-4 where a section of the cable 
was laid in a capacitive coupling clamp and fast current pulses were injected on the clamp which was terminated 
with a matched impedance.  The injection produced a current pulse on the clamp that propagated away from the 
pulser from the injection (“upstream”) end to the termination (“downstream”) end, and the configuration is 
preferable to direct injection in that the perturbation of the electrical characteristics of the Ethernet connection is 
small. 

The unexpected result was that the current injected into the Ethernet port on the upstream computer was 
approximately three times the current injected into the corresponding port on the downstream computer.  We had 
naïvely believed that the downstream computer would be subjected to the greater current because the phasing of 
the current along the clamp would produce a buildup of current in the Ethernet cable in the forward direction.  
An analysis of the behavior of the clamp was performed using the multiline transmission line equations 
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It was noted during the course of the analysis that the signs of the capacitive coupling and inductive coupling 
terms were additive for pulses propagating upstream and subtractive for pulses propagating downstream, and this 
accounted for the observed behavior.  Confirmation of this analysis was obtained by varying the value of the 
terminating resistor on the clamp, which changed the ratio of the voltage to the current on the clamp and thus 
varied the ratio of the capacitive to the inductive coupling.  The sign of the peak of the current injected into the 
downstream Ethernet port could be reversed and the magnitude substantially increased, albeit at the cost of 
degradation of other pulse characteristics.  In the presentation, we will discuss the results obtained and the trade-
offs encountered between pulse magnitude and characteristics such as rise time, pulse width and monopolar 
behavior. 

We then extended this analysis to a class of simulators for high-altitude EMP (HEMP) coupling to long lines 
where a current is injected onto an elevated line parallel and proximate to a power or communications line 
connected to ports under test.  The presentation will show coupling characteristics as a function of line 
configuration in both the frequency and time domains. 
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Performance simulation of antennas are commonly done using two different simulation techniques, the circuit 
model (CM) derived from the Transmission Line Model (TLM), and the other, using the Method of Moments 
(MoM).. However, previous works has failed to emphasize the importance of using a Computer Aided Design 
(CAD) using circuit model in simplifying synthesis of designed antenna structure, especially when multiplication 
of the antenna is done in a form of an array. In this work, two element units of microstrip dipole array antennas 
is simulated, presented and compared to prove the importance and accuracy of this technique. Both methods are 
simulated using Microwave Office. The basic microstrip dipole antenna is accurately modeled and the linear 
array structure is done by combining two basic element units. Both simulation sets of MoM and CM are 
evaluated to determine their level of variation in terms of return loss (S11), bandwidth and resonant frequency 
(fres). The MoM simulated structure is then fabricated on an FR4 board with a relative permittivity (�r) of 4.7 and 
measured to determine the degree of distinction between hardware and the two simulation sets. Antenna 
designed and simulated for each technique achieved the best return loss at WLAN frequency, with S11 values 
lower than -10 dB. CM presented in this work is observed to have less than 5% difference compared to MoM 
counterpart in terms of S11. The frequency resonant shows a different of 2.4% between measurement and 
simulated results. A set of parametric study is also done to determine the level of variation of using this CAD 
model in terms of dipole length and its two width sizes, W1 and W2, against the antenna performance indicators. 

Fig. 1 – CAD Model for the Microstrip Dipole Array 

Table 1 – Details of Simulated and Measured Result for the Dipole Array 

BW 
(MHz)

S11
(dB)

fres
(GHz)

BW 
Range

BW 
(%)

MoM (Sim) 60 -23.54 2.45 2.42-2.48 2.42
CM (Sim) 20 -24.84 2.45 2.44 -2.46 0.81 

MoM (Meas) 100 -22.21 2.51 2.48-2.58 3.88
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Photoconductive semiconductor switch (PCSS) made from high resistivity, wideband gap 
semiconductors such as Gallium Arsenide (GaAs), Silicon Carbide (SiC) and Gallium Nitride (GaN), among 
others, have potential applications in compact pulse power switching systems. In such switch types the external 
laser and optical delivery systems controls the resistive transition time, the switch inductance, and the switch 
temporal closure are nearly independent of applied voltage.  Also, in a particular operation mode (when the 
photon energy less than the band gap energy) one can utilize small laser systems to control the optical absorption 
depth and limit the switch current density.  

In this paper we discuss and compare the design and application of compact power PCSSs that are 
fabricated from compensated SiC and GaN materials, for pulsed power applications. Specifically, we analyze the 
role of the compensation mechanisms in GaN a compared with that of a similar SiC, structure which was 
fabricated and tested in the laboratory [2]. We also present the physical design of the switch for low inductance 
which is intimately associated with the pulse discharge system and the optical illumination system.  Recent 
experimental results of prototype switches and the on and off-state transport mechanisms in the high resistivity 
material with traps and donor/acceptor sites in the materials are also included in our presentation [1].

The experimental setup for the SiC PCSS is shown in Fig. 1, which comprises of a T&M high frequency 
current viewing resistor (CVR) that measures the switch current, while the voltage across the switch is measured 
with a calibrated capacitive voltage divider. The transient waveforms are recorded on a Tektronix DP8446, 
digital phosphor oscilloscope and the discharge energy store is one or more 50 Ohm cables in parallel which is 
used to set the peak current for a given charge voltage. The coaxial cable length determines the switch current 
pulse length and the cable energy store is charged in several microseconds with a pulse charge system up to the 
desired experimental voltage.    When the voltage across the switch reaches the maximum value, a 5 – 10 ns 
optical pulse from a Continuum Surelite II Nd:YAG laser is injected into the switch via an optical fiber ribbon 
cable or a cylindrical lens focused on the edge of the SiC slab. The switch closure discharges the energy stored in 
the cable source in the resistive load. The resistive load can be matched to the cable impedance or mismatched to 
evaluate the switch conduction resistance. Since the conduction resistance of the switch is proportional to the 
optical energy absorbed in the SiC, the resistive transition time is determined by the optical power applied 
through the optical fiber ribbon cable.  

The simulation study focuses on trap occupancy and recombination terms required in the solution of the 
basic semiconductor continuity and Poisson’s equations. The generation and recombination terms account for the 
changes in carrier statistics due to the trap levels and some of the parameters associated with it. 

T&M CVR

50 Ohm
Cable

Resistive
Load

Optical
Fiber Ribbon

Capacitive
Voltage
Monitor

Pulse
Charge
System

Fig 1 – Experimental setup for studying the PCSS Fig 2 – PCSS design used in simulations 
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The design of nanosecond high-current generators is usually one of three schemes: a high voltage microsecond 
pulse voltage generator and pulse forming line; a relatively low-voltage pulse voltage generator and inductive 
energy storage in vacuum; or the switching of energy into a load with the help of a plasma-erosion opening 
switch. The use of an inductive storage (IS) of energy with an electro-explosive opening switch (EEOS) allows 
the charging of a pulse forming line in about 100 ns; this ensures insulation of high electrical strength and 
reduces overall dimensions and weight of the line. The optimisation of various designs that include an EEOS is 
usually performed by examination of a large amount of experimental data for RLC circuit models. We consider a 
theoretical RLC-circuit model of a particular device, the magnetic-flux compression generator (MCG). 

The energy conversion in the IS circuit occurs in two stages. Initially, the energy that is partially lost for fuse 
heating is stored in the inductance; this stage is simultaneously one of heating and of accumulation of magnetic 
energy. At the second stage, the fuse resistance is determined mainly by the density of expanding metal and 
grows by a few orders of magnitude in a short time (explosion stage), when magnetic field energy of increasing 
power is released into the fast-rising resistance of the fuse. We discuss the detonation phase of the MCG, how 
the energy efficiency varies with respect to inductance and the EEOS parameters, and how the energy is released 
optimally to the load; we discuss available experimental measurements. H
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The design and initial experiments of a piezo based high voltage generator with high energy for high power 

electromagnetic (HPEM) sources are discussed. The intention is to describe the general layout and some results 

of conducted tests.  

Piezo elements convert mechanical pressure directly into high voltage. Therefore, no intermediate matching and 

pulse shaping is necessary. It is possible with a few ten grams of explosive to generate pressures sufficient for 

high voltage pulses of many hundreds of kilovolt. The possibility to build compact energy sources with a volume 

of about 25 liters and a stored energy of a few hundreds of joule makes accessible a new way in the design of a 

very compact high power energy source as a cheap and strictly non lethal alternative to small magnetic flux 

compression generators (MCGs) for several pulsed power applications. 

Main advantages of this generator are the compact size, high voltage output, nearly unlimited storage time and 

relatively low costs per experiment. 
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The output from narrow-band high-power microwave (HPM) sources, such as the virtual cathode oscillator 
(vircator) and the magnetically insulated line oscillator (MILO), is strongly dependent on the voltage pulse feed. 
For proper operation of these radiation sources, the applied voltage should have a rectangular, flat-top shape. 
This can be achieved by the use of a transmission line as a pulse-forming unit. Up to now, mainly water-based 
transmission lines have bee used as high voltage and high power units. However, the development in high-
voltage cable technology has made them useful as parts of high-voltage and high-power generator systems. The 
idea of the design of the generator presented here is the outcome of a PhD Thesis [1] and the generator design 
has been presented earlier [2]. The presentation here includes the first trials with the pulsed-power generator. 
The generator is designed to deliver a 200 ns voltage pulse of 500 kV into a 10 � �unmatched load with an 
electric power of 25 GW. The generator has an impedance of 2 � and can deliver a rectangular pulse of 300 kV 
with duration 200 ns and power 45 GW across a matched load. The electrical design of the generator is shown in 
Figure 1. The primary energy storage of the generator consists of a 50 kV, 20 kJ capacitor bank. The 50 kV is 
discharged into a 1:12 transformer that charges a pulse-forming line to 600 kV. When charged, the pulse-
forming line is discharged into the load via a spark gap. The total length, height and width of the pulse generator 
are 4 m, 2 m and 1.2 m respectively. 

Fig. 1 – The electrical design of the generator. 

The measurement results from a first trial are shown in Figure 2. The figure shows the measured load current. 
The primary capacitor bank was charged to 10 kJ (35 kV, 16 �F) and the load was 12 ��at the trial. 

Fig. 2 – The measured current into the 12 � load. 

Acknowledgements – This work is supported by the Swedish Armed Forces and the Swedish Defence Materiel 
Administration (FMV). 
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Marx generators are a commonly used type of high-power pulse source. They come in various forms (triggered 
or untriggered gaps). They can have fast-rising outputs through the use of peaking or transfer capacitors. Their 
usual configuration is, however, single ended, i.e., producing a voltage (positive or negative) with respect to 
some local “ground.” 

Some loads of interest are differential in form. In particular some antennas, such as loops, take this form. Even 
reflector antennas can use a differential feed. Thus one needs differential sources to drive such loads. Here we 
suggest the possibility of differential Marx generators. 

One can have a differential Marx generator by simply taking two such generators, one operating plus and the 
other minus. One can have a symmetry plane between the two “halves.” The electromagnetic fields then take the 
antisymmetric form. If the generators produce ±V, then the voltage delivered to the load (differential) is 2V. At 
the same time the peak voltage with respect to local “ground” (including the symmetry plane) is only ±V, 
thereby allowing larger voltages in the differential mode. 

Other symmetries for a differential Marx generator are also possible. One can envision spirals and various kinds 
of screw symmetry (translation and rotation). For example, one might have a double helix like the DNA 
molecule, with the cross-triggers taking the place of the A, G, C, and T molecules. We then have many 
possibilties for the design of differential Marx generators. Different applications may suggest different forms. 
There also are many complexities such as various parasitic impedances which need to be considered in arriving 
at optimal designs.
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A switched oscillator is a quarter-wave resonant length of transmission line of very low impedance. One end is 
terminated with a closing switch while the other end feeds a wideband antenna of relatively high input 
impedance. An implementation of such system, known as MATRIX, is still in its early development stages.  In 
this work an electromagnetic “EM” model for the MATRIX system, based on the PDE solver provided by 
MATLAB, is presented. The system is 2-dimensional in that we enforce azimuthal symmetry on the geometry, 
but are able to compute the full three-dimensional EM fields in the structure.  By invoking symmetry, 

� � 0�� � �� , the geometry can be reduced to a 2D structure as shown in figure 1. Our simplified model 

consists of three cascaded sections of transmission lines: a radial transmission line “RTL,” a conical transmission 
line “CTL,” and a coaxial transmission line “COAX.”   
For simulation purposes, we modeled the load as an extension to the COAX with a permeability �load, bounded 
by radiation condition, with 

� �2

,load L c COAXZ Z� � .            (1) 

The voltages, at the input and output terminals of the equivalent transmission line circuit, are related to 
electric calculated fields as follows 

,

,0

,  ,
i COAX

o COAX

d

in z outV E dz V E d
�

�
�

�� � � �� �          (2) 

where d is the RTL gap,  �i,COAX  and �o,COAX are the inner and outer radii of the COAX, respectively. Figure 2 
shows the transfer function � �20logdB out inT V V�  versus frequency for a given MATRIX. The numerical 

analysis of the system showed an increase in the quality factor /Q f f� � due to reduction of the gap spacing d.

Another observation was that the system resonates at a frequency lower than a ����resonant length of 
transmission line. The RTL section has variable characteristic impedance, which makes the effective length of 
the resonating circuit shorter than that of a pure COAX line. 

Fig. 1 - A Simplified model for the MATRIX. Fig. 2 - Transfer functions verses frequency 
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Cost and environmental issues are the factors that push the aeronautic industry to replace the heavy metallic 
pieces of airplanes by composites. Increasing the Electromagnetic (EM) shielding property of composite has 
been a goal since long time ago and several solutions (e.g. Metal mesh, Electroless coating, Conductive paint, 
Vacume metalizing …) have been proposed to reach it [1]. Based on new developments of science in the field of 
nanotechnology, many solutions (e.g. CVD, PVD, Aerosol, Mechanical milling, Sol-gel…) have been proposed 
as well. But only a few of them have been considered to be used in industry. Here for the first time, we propose a 
new method based on electrochemical discharge which will be integrated very easily to the traditional technique 
of composite fabrication. Comparing to the conventional techniques of improving the EM shielding, our 
technique will have the advantage of light-weighting and corrosion resisting. Comparing to unconventional 
techniques, it will have the great advantages of low-costing and simplicity. Based on researches which have been 
done by Wuthrich et al [2, 3], through electrochemical discharge, we could observe the creation of metallic 
nano-particle with the possibility of having the control on the concentration.  
Uncomplicated system contains an electrode, counter electrode, aqueous electrolyte containing salt of desired 
nanoparticle and DC power supply provider of (1A/mm2 at 20V). Electrical discharges occur between the 
cathode electrode which rotated (over 1000rpm) and the electrolyte and causes formation of gas film which has a 
key role in process by avoiding the metallic ions from setting down on electrode. Metal nanoparticles (typically 
10-150nm) are formed in solution which could be separated by drying and deposited on HOPG [2, 3]. The 
deposition could be realized as well directly on carbon mesh which is going to be used in traditional composite 
fabrication. Increasing (by 4 times more) the electromagnetic shielding effectiveness (for range of 1-2 GHz) of 
transition metallic of Nickel particles by decreasing the size (10 times less) encouraged us to focus our research 
on fabricating of this type of nanoparticles [4].   
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Fig. 1 – Left: Principles of Discharge, Centre: Creation of Nanoparticles in Solution, Right: Setup 
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The EMP-interaction with an aluminum enclosure having a wall of carbon-fiber reinforced composite (CFRC) 
material was characterized by means of theoretical and experimental approaches: the simulated results were 
compared with measured data obtained by using a full-scale EMP generator [1]. In this paper the CFRC panel is 
replaced with two different types of transparent shields. The first shield consists of a commercial 175 �m-thick 
polycarbonate sheet, coated on one surface with an indium-titanium-oxide (ITO) film having thickness of 0.5 �m, 
and measured sheet resistance of 13.35 �/�. The second screen is realized with a nanostructured transparent 
metallo-dielectric thin film deposited on the panel surface. Titanium dioxide (TiO2) is used as target material for 
the dielectric layers in transparent metals; the conductive layers are made of silver (Ag). 
The use of blocking layers, made of Titanium (Ti), is necessary to avoid silver 
oxidation. The structure of the resulting coating, which is constituted by 17 layers, is 
(TiO2/Ti/Ag/Ti/TiO2)4 [2]. The thickness of the TiO2 films is 32 nm, of the Ag layers is 
17 nm and of the Ti interlayers 1 nm. The total metal content is 68 nm. The overall 
thickness of the coating is 332 nm. Fig.1 shows the considered 3 mm-thick aluminum 
box of dimensions 70 cm × 70 cm × 70 cm. The incident electric field is simulated by a 
double exponential function with time constants �1=5 ns, �2=200 ns and E0=50 kV/m. 
The numerical simulation is implemented by a three-dimensional finite-difference time 
domain (FDTD) procedure and the thin layer model described in [1] and [3], 
respectively. The electric and magnetic transient fields are computed at positions (x=9.5 cm, y=34 cm, z=17.5 
cm) and (x=2.5 cm, y=53.5 cm, z=27.8 cm), respectively, for comparison with measured data [1]. Figures 2(a) 
and 2(b) represent the obtained transient waveforms inside the enclosure without and with the Ag- or the ITO- 
transparent shield, respectively.  
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Fig. 2 - Transient electric and magnetic fields in the enclosure  without (a) and with (b) the ITO- or Ag-shield. 

It should be noted the better shielding performance of the nanostructured thin film: the E-peak value is reduced 
of factor 34 and the H-rise time is increased of factor 20. The optical transmittance in the visible range reaches 
the value of 70% for normal incidence.  
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The grounding electrodes play important role in protection of telecommunication systems and electrical power 
systems against overvoltages and fault currents. Thus, the analysis of the transient behavior of grounding 
electrodes is necessary for an efficient design of the protection system. 
In general, the transient response of any linear system could be obtained directly, by solving the time domain 
equations, or by frequency domain approach and inverse Fourier transform.  Previously used models can be 
classified as circuit approach [1], transmission-line approach [2] and antenna theory approach [3], [4]. Antenna 
theory approach is most accurate one, but also the most demanding and, until now, limited to the frequency 
domain analysis. 
In this work a novel time domain model of the grounding electrode based on the wire antenna theory is 
proposed. Grounding electrode is modelled as a thin wire antenna excited with the current source at the wire end 
as shown in Fig 1a. The formulation is based on the correspondig homogeneus time domain Pocklington integro-
differential equation for thin wire in infinite lossy medium. Rather demanding Green function containing 
convolution and the Bessel function is simplified assuming the low conductivity of the soil. Thus obtained 
equation is numerically handled via the time domain Galerkin-Bubnov scheme of the Indirect Boundary Element 
Method (GB-IBEM) [5]. Current distribution along the wire for each time step is obtained using the adequate 
marching on in time procedure. Validity of the proposed model is tested using antenna theory approach in 
frequency domain and inverse Fourier transform [4].  
Computational example is related to the grounding electrode in a lossy ground with �=0.001S/m, �r=10. The 
length of the wire is 10m and the radius is 5mm. Grounding electrode is excited by the double exponential 
current pulse with parameters I0=1.1043A, �=0.07924·107s-1, � =4.0011·107s-1.

Fig.1 - a) geometry of the grounding electrode                           b) current induced at the centre of the wire  

                   
Figure 1b shows the current induced at the centre of the wire obtained using the proposed approach and 
frequency domain approach combined with IFFT. The results obtained via both approaches are in rather good 
agreement. Future work will aim to take into account the influence of the earth-air interface. 
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During the last years the Electromagnetic Compatibility Group Research (EMC-UN) has developed laboratory 
tests on high voltage and Electromagnetic Compatibility (EMC). For EMC tests we designed and built shielded 
cabinets to guarantee the measurement quality and also to protect the measuring system. 

Currently, it is possible to buy shielded cabinets with customized characteristics. However, price might be very 
high and the cabinet design and build process gave us knowledge about different materials EMC properties and 
construction techniques. 

The general design required to achieve a shielding effectiveness above -60 dB and to store an oscilloscope and 
an Uninterrupted Power Supply (UPS). Additionally, the cabinet should have signal inputs with different kinds 
of coaxial cables. 

First, the possible materials that could be used for the cabinet construction were analyzed. From this analysis, it 
was established that the better material is the cold-rolled galvanized steel, which has a high relative permeability 
(�r = 2000), for magnetic wave attenuation, a good relative electrical conductivity (�r = 0.2) and also has higher 
mechanical strength, which guarantees the cabinet durability.  

Finally, we decided to build a double isolated shielded cabinet. With this configuration it is possible to improve 
the cabinet shielding effectiveness. 

The built cabinets can be seen in Fig. 1. The pictures show the most critical parts of the construction, which are 
the wave guides for the signal inputs and the door. Note the proper closing of the door. 

Waveguides

Door

Fig. 1 – Shielded Cabinet. Note the door and the waveguides for input signals 
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Academic and military research by industrialized countries has developed various shielding techniques against 
electromagnetic fields. With knowledge appropriation the industry has developed new materials and shielding 
techniques. In Colombia there are no many experimental studies about electromagnetic interference shielding 
techniques. The present study has been performed in order to determine near-magnetic field shielding 
effectiveness for two low–cost metallic and magnetic materials easily found in Colombian market: aluminum 
and iron (cold-rolled).  

The experimental setup consist of two parts: 1) An air–core solenoid (length 0.98m, 487 turns and diameter 
0.46m). The solenoid was connected to a 100Hz to 100kHz frequency range AC source, 2) Six cubical shields 
(10cm x 10cm x 10cm) in aluminum and cold rolled iron. Three shielding thicknesses were determined for both 
materials: 0.5mm, 1mm and 1.5mm. Experimental setup sketch and photos are shown in Fig. 1. 

a) Experimental setup sketch b) Experimental setup photos 

Fig. 1 – Experimental setup: a) Sketch, b) Photos 

Experimental results of shielding effectiveness offered by aluminum and iron shields as a function of frequency 
and shielding thickness are shown in Table 1. 

Table 1 – Shielding effectiveness (S) measured for cubical shields: a) aluminum, b) iron (cold-rolled) 

a) S [dB] – Aluminum 
f [Hz] 

0.5mm 1mm 1.5mm 

100 0,28 0,58 1,53

1000 3,33 6,34 9,54

10000 12,75 16,22 19,01

100000 19,53 21,58 24,28

b) S [dB] – Iron (Cold-Rolled) 
f [Hz] 

0.5mm 1mm 1.5mm 

100 4,72 6,31 7,89

1000 6,07 9,54 11,00

10000 8,64 8,09 8,93

100000 11,57 11,48 12,54

In aluminum case, there is a significant difference between results of Table 1.a) and theoretical equations 
proposed by Miller [1] (50% approximately). In iron case, there is the same situation between results of Table 
1.b) and curves presented by Hemming [2] (50% approximately). It can be explained because used shields were 
closed by mean of screws. Therefore, used shields were not perfectly sealed. A study for aluminum and iron 
cubical shields perfectly sealed with frequencies above 100kHz will be performed, in order to compare 
differences between experimental shielding effectiveness results shown in Table 1 and shielding experimental 
effectiveness results for perfectly sealed shields. 
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Nowadays radio-electronic systems situated in shielded constructions are expected to operate reliably under 
influence of different electromagnetic pulses. The parameters of these potential penetrated pulses should be 
estimated during all the stages of the shielded construction design. However, theoretical solutions of these 
problems face noticeable mathematical difficulties because it is necessary to deal with many different factors that 
influence electromagnetic pulses penetration. These factors include various heterogeneities such as apertures, 
chinks, docking assemblies, etc. that are widely used in real shielded constructions. That is why the 
experimental approach has been used to estimate parameters of the penetrated electromagnetic field (1). 
According to this approach, results of statistical manipulation of experimental data are presented in a form of 
simplified analytical equations, which are convenient in engineering calculations. The analytical equations have 
been used to develop software for estimation of parameters of electromagnetic pulses penetrating into shielded 
construction (2). 
The designed software provides bidirectional transmission of parameters of construction model between the 
software and SolidWorks. This interactive connection allows to use the model at every stage of its design, 
checking and validating engineering solution according to requirements of electromagnetic compatibility. In 
order to increase the model conformity, it is possible to adjust form of the construction, electro-technical 
parameters of used materials and also types, sizes and quantity of heterogeneities. After specifying construction 
parameters and parameters of external electromagnetic pulse, the parameters of penetrated electromagnetic 
pulse are estimated and visualised. The influence of individual components (electrical and magnetic) of the 
electromagnetic pulse can be analysed. As the penetrated electromagnetic pulse is a superposition of two 
individual components – diffused one (penetrated through walls of the body) and aperture one (penetrated 
through heterogeneities), there is also possibility to estimate contribution of each individual component. 
The influence of a wide range of external electromagnetic pulses can be simulated in order to verify and validate 
construction reliability during all the stages of its design without conducting real-life experiments. At Fig. 1 the 
example of created model in SolidWorks and results of estimation of penetrated electromagnetic pulse are 
presented.

Fig. 1 – SolidWorks model (left) and electromagnetic pulse (external and penetrated) (right) 
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System-in-Package (SiP) is a growing trend of the electronic industry consisting in integrating one or several 
integrated circuits (ICs) together with discrete components of various technologies in a single package, resulting 
in one or several electronic systems. SiP allows for higher system miniaturization, performance and offers higher 
system integration. 
However, new electromagnetic compatibility challenges occur with: on the one hand, the constitutive sub-
elements of the SiP within the package are closer than ever to one another. Circuits of heterogeneous 
technologies originally designed to function in their own packages are now placed together in a same confined 
environment separated by distances as small as a few tens of microns only. On the other hand, because of their 
smaller size, complete SiP systems are also closer to one another in the end equipment. Thus, they can suffer 
from significant noise from the neighboring sub-systems. Each SiP may therefore need to be protected from 
external electromagnetic disturbances.  
This paper first addresses the need for electromagnetic shielding of sub-systems in a mobile phone [1]. It will be 
shown that integration of electromagnetic shields within the SiPs against external incident disturbances not only 
offer more compliance to all types of electromagnetic environments, but also place SiP solutions higher in the 
system value chain. 
Then, the SiP-specific boundary conditions are applied to the Maxwell equations for simplification, and a 
definition of shielding effectiveness formula applicable to SiP is proposed. 
Tri-dimensional electromagnetic simulations of simplified shielding schemes are then presented. In order  to 
assess the shielding effectiveness from thin-film deposited shields in SiP [Fig 1], and its influent variables, 
simulation results bench-test shown that a 60dB isolation from DC until 1.5GHz, and a 30dB from 1.5 GHz until 
10GHz can be fitted. 
Various parameters of this shielding technique are then considered and their relative performances influences 
compared. 
Last, measurements of shielding effectiveness of a shielded SiP demonstrator are presented and compared to the 
initial simulations. 
 

 
Fig. 1 – SiP shielding with thin film metal deposition 
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Concomitant with the ever increasing use of electromagnetic (EM) energy, there is also an increase in the 
opportunity, even certainty, for human exposure to EM emissions. Such exposures occur in three main 
categories:  (a) Low-level, repeated, or chronic exposure to employees in certain occupations, users of certain 
technologies, and to the general public;  (b) Accidental high level, acute exposure during development, 
maintenance, repair and operation of EM emitting systems, and (c) Intended low or high hevel exposures during 
medical procedures, security screening, and the application of  EM-based police and military weaponry.  Human 
exposures to EM are not only becoming more common, but the nature of the exposures are entering new regimes 
of frequency, power, and pulse characteristics, which may not have been adequately studied for potential health 
effects.  Furthermore three civilian health concerns: (a) emissions form masts and phones used during wireless 
communications; (b) emissions from electricial transmission; and, to a lesser extent, (c) emissions from radar 
sites, have increased the anxiety of the general public and their governing organizations over the increased, so-
called  „electropolution“ in the workplace, home, and general environment.   

In the context of the increasing amount and complexity of EM exposure, the usefulness of EM technology, and 
public concern, scientifically-based health and safety standards have never been more important, yet the means 
by which they are developed are complicated and often misunderstood. This presentation will review the 
international organizations that conduct and support the research and other considerations (e.g., The World 
Health Organization EMF Project (1), the Bioelectromagnetics Society (2), and the European 
Bioelectromagnetics Association (3)) that provide the information for recognized international standard setting 
bodies (e.g., the IEEE International Committee on Electromagnetic Safety (4) and the International Commission 
for Non-Ionization Radiation Protection (5)) , to recommend human exposure limits for EM radiation.  The state 
of the current consensus as well as continuing controversies over appropriate levels of safe human exposure to 
EM will be discussed.

Acknowledgments: The views, opinions, and/or findings reported are those of the author, and should not be construed as  
official positions, policy, or decisions of the Department of the Air Force or the U. S. Government, unless so designated by 
other documents.  
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A parallel conductance model of the cardiac ventricular action potential is presented. The model is based on the 
Hodgkin – Huxley formalism, the same that we have used in our previous work to model the nerve cell action 
potential [1]. The present article focuses on processes that regulate intracellular Ca2+ ion concentration. The 
model presented here for the mammalian ventricular action potential is based mostly on guinea pig data. 
However, it provides the modelling frame for other types of ventricular cells. 

Mathematical models of the cardiac action potential emerged from the necessity of modelling the heart and it’s 
electrical conduction system. It has proven to be a powerful tool for clearing up some aspects of the cardiac
function. The reason for this modelling action was drug treatment simulation, ment for minimising the 
pharmaceutical industry costs [2]. In 1991 Luo and Rudy presented an ionic model (LR-I) for the cardiac action 
potential (AP) in guinea pig ventricular cells, based on the Beeler – Reuter (BR) model but updated to include 
more recent experimental results [3]. However, they allowed for the possibility of changing the extra-cellular 
potassium concentration. In total, phase one of the Luo-Rudy model (LR-I) describes six different currents and 
uses nine variables, one of which is approximated by its steady state and replaced by a function, so that only 
eight variables are needed in the calculation. Later, Luo and Rudy updated their model further to produce the 
LR-II model. 

For simulating the cardiac AP the Luo-Rudy model was implemented in Matlab. This model uses the Hodgkin-
Huxley formalism and the differential equations that reproduce the responsable currents which produce the AP. 
The main objective of the simulation is the study of the electric behaviour of a patch membrane which is crossed 
by seven current components: one capacitive and six ionic. 

Fig. 1a - Natrium channels parameters Fig. 1b - Calcium chanels parameters 

All of the current components were calculated, and also the action potential was determined and visualised. The 
program allows for changing the simulation conditions, making it possible to alter the action potential shape. The 
user can also see the effects that the current components have over the action potential’s shape. We were able to 
observe that the results obtained are similar to the one published in the literature and to study some physiological 
aspects of the cells function. 
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The preoccupation for improving the quality of life, for persons with different handicaps, led to extended 
research in the area of functional stimulation. Due to its advantages compared to electrical stimulation, magnetic 
stimulation of the human nervous system is now a common technique in modern medicine. A difficulty of this 
technique is the need for accurate focal stimulation. Another one is the low efficiency of power transfer from the 
coil to the tissue. To address these difficulties, coils with special geometries must be designed.  
One of the major problems that appear in the design phase is the computation of the inductivity of the 
stimulating coil and the electric field induced inside the human tissue. For simple shapes of the coils (circular), 
one can determine analytical computation formulas. When, however, the shape and the spatial distribution of the 
coil’s turns do not belong to one of the known structures, a numerical method needs to be used for determining 
the inductivity and the electric field. The idea is to divide the coils in small portions. Starting from this method, 
two computation systems were already designed by the authors of this paper: the first one is classical and it just 
consists of a software implementation (Matlab) [1]; the second one consists of realizing a hardware architecture. 
The physical support is a FPGA device [3]. 
The problem with the software implementation is its running time. Coils are designed by trial-and-error, and this 
approach is impractical if each trial requires half a day of computation. Besides, as this time grows with the 
complexity of the coil, it prevents designing complex coils. FPGA-based hardware however provides the 
necessary acceleration and is, therefore, able to solve this bottleneck. 
An adequate geometry of the stimulation coil can solve the main drawbacks of magnetic stimulation. The form 
and size of the turns, their position inside the coil, the insulation gap between turns are all important parameters 
that should be considered when designing a magnetic coil [2]. In [1] we analyzed the influence that space 
distribution of the magnetic coils’ turns has on the efficiency of energy transfer from the stimulator to the target 
tissue, but the analysis was performed for a Slinky_3 coil of only 18 turns, with applications on transcranial 
magnetic stimulation (TMS). This estimation was based on the software inductivity calculus. Since a less time 
consuming technique is available (hardware implementation), now we can analyze larger coils of various shapes 
and different inner structure. An example is plotted in figure 1, showing a Slinky_4 coil with 70 turns, and one 
can observe the special inner structure of this coil. It turned out that the electrical energy dissipated in the circuit 
of the stimulator – required in order to achieve the activation threshold – is 25% lower for the most efficient 
configuration than for the less efficient one, and the coil heating per pulse is also 35% smaller! 

Fig. 1 – The inner structure of a Slinky_4 coil designed for improved focality during magnetic stimulation 

The three quantities evaluated to establish the efficiency of energy transfer from the coil to the target tissue are: 
the energy dissipated in the circuit during one pulse of duration t� , the peak magnetic energy in the coil 
required to induce a given electric field and the temperature rise in the coil after one pulse [2]. 
Since every medical application requires its own optimal structure of the magnetic coil, the results emphasized in 
this paper can play an important role for future work on coil design. 
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The objective of this study is to derive an on-body UWB channel model with an emphasis on the statistical 
variation of the body posture. The channel modeling is mainly aimed at the entertainment and medical check-up 
application situations, which correspond to chest-ear link and chest-waist link respectively. For the entertainment 
application, extreme activity postures such as running as well as normal activity postures such as standing, sitting 
and walking are taken into account, while for medical check-up, extreme postures are eliminated. To derive such 
a complete on-body UWB channel model, we employ a high-precision human body model based on a statistical 
average of Asian adult males and the frequency-dependent finite difference time domain ((FD)2TD) method [1]. 
First, based on the average power delay profile of all postures, it is concluded that one cluster is sufficient to 
describe the power delay profiles in these two transmission links. Moreover, as expected, the average power 
delay profile decays exponentially with arrival time. Second, assume that all of the obvious peaks in the power 
delay profile correspond to the multi-path rays. Those peaks, of which amplitudes are 30 dB lower than the 
maximum peak value, are taken into account to extract the channel parameters. Based on the Akaike information 
criterion, the Lognormal distribution provides a superior fit to the amplitudes contribution. Third, the arriving 
time of the first multi-path ray could be induced at the fixed mean value because of the tiny standard deviation. 
Forth, the inter-ray delay, which means the interval time delay between two successive rays, is fitted to the 
inverse Gaussian distribution according to the Akaike information criterion. 
Based on the modified Saleh-Valenzuela (S-V) model [2][3] and the channel characterization, a discrete time 
impulse response function is brought forward applying to these two representative transmission links. All of the 
parameters required for the modeling of this impulse response function are summarized in Table 1. Comparison 
is carried out between the FDTD-derived data and statistically implemented model using the distribution of the 
rms delay spread and good agreement has been obtained. 

Table 1 –Model parameters for two representative transmission links 

Parameters Description Characteristics Chest-ear Chest-waist 

�  [ns] Ray-power-decay 
time constant 

Exponential
law 0.22 0.56 

�  [dB] Standard deviation of 
amplitude distribution Lognormal 14.9 8.49 

0
� [ns] First ray average 

arrival time Constant 1.19 1.96 

1k k
� � ��  [ns] Distribution of  

inter-ray delay 
Inverse

Gaussian
�� =0.35

�� =0.26
�� =0.28

�� =0.95

0�  [dB] Mean power gain of 
the first ray*

0
/G�� �� � -58.2 -74.0 

*The mean power gain of the first ray 
0

�  is related to G (the reciprocal of the path loss)   by 
0

/G�� �� �  where ��  is the mean time 

interval between two rays. 
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To protect human health, exposure to electromagnetic fields is limited according to provisions of standards and 
regulations. Given that the electromagnetic spectrum starting from static fields up to infrared radiation is very 
wide, exposure limits are set on domains of frequency: static fields, low-frequency fields, radiofrequency and 
microwave radiation. When assembling the parts of the standard, the continuity of exposure limit values for the 
entire spectrum has to be achieved. In some cases, at the transition between adjacent domains discontinuities in 
limit values occur.  
Such a discontinuity in the frequency variation of the permissible level of magnetic flux density is observed at 
the transition from static to time-varying fields. For static magnetic fields [1] only, derived limits are provided in 
terms of both ceiling values and time-weighted average (TWA) values. On the contrary, for varying fields [2] it 
is provided only one single type of values that has to be regarded as a ceiling value that should not be exceeded 
in any moment of exposure.  
The consequence of suppressing one type of derived limit value is that the maximum allowed level, even in the 
case of short-time exposure, suddenly falls down to the limit for the whole working day. Therefore, there is a 
discontinuity in limit values that leads to an abrupt reduction of permitted exposure level and, consequently, to 
some uncertainties and confusions in the process of checking compliance of measured field levels with limit 
values and reference levels provided by exposure standards. 
To surpass these deficiencies, we searched for a way to harmonize the limit values for static fields with the ones 
for extremely low frequency fields. A buffer frequency range was considered to make the transition between the 
two regions with dual and, respectively, single limitation. Within the transition frequency range, dual limit 
criterion in terms of ceiling and TWA values was considered. We calculated frequency-dependent ceiling values 
to connect with the ceiling limits of static fields at the low end of transition frequency range and with the single 
limit value for varying fields at the high end.  
The calculated frequency-dependent limit values for short-time exposures are based on the allowed relaxation of 
restrictions for the low end of extremely low frequency spectrum. We took into account the low values of tissular 
sensitivity for electric stimulation and the decrease of induced current in the body as frequency decreases. In the 
case of local exposure of limbs, given the lower maximum radius of limbs comparing to trunk and the fact there 
are no critical organs or tissues in limbs, higher values of magnetic flux density are permitted. Consequently, two 
transition functions were calculated for whole-body exposure and local exposure of limbs, respectively. Both of 
them have the generic form: 

bL f
aB = (1) 

The coefficients a and b as well as the lower and upper limits of the buffer frequency range were calculated 
taking into account that the frequency variation of proposed limits should be in quite good agreement with the 
ideal frequency variation required by the biophysical grounds briefly presented above. 
Therefore, we propose a manner of calculating frequency-dependent ceiling limit values that could be used to 
improve human exposure standards. Adding frequency-dependent limits at the low end of electromagnetic 
spectrum can contribute to achieve exposure standards that have continuity on the entire frequency spectrum. As 
far as discontinuities are eliminated, the method will also help the implementation of regulations by avoiding 
some uncertainties related to the relevant value of exposure limit to take into account. Therefore, the method and 
the proposed limits could help to reduce difficulties in checking compliance of measured magnetic field levels 
with the provisions of standards. 
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Radiofrequency (RF) catheter ablation therapy has been recognized as an effective treatment for cancer and a
variety of cardiac arrthythmias [1]. A Novel RF multielectrode ablation catheter is presented where the heating
pattern, and hence the lesion size and relative location, is controlled by temperature sensors at pre-selected lo-
cations. The amplitude (gain) and phase of the RF input signal to each electrode is independently controlled.
Temperature measurements are fed to a microcontroller that adjusts the gain and phase to each electrode inde-
pendently to change the heating pattern. Figure 1 shows a general block diagram of a temperature-controlled
multielectrode ablation catheter. Finite Element Method (FEM) analyses are utilized as a numerical tool to deter-
mine the temperature-controlled heating pattern of the RF multielectrode ablation catheter [2]. FEM models and
current density measurements are used for input parameter design namely gain and phase of the RF input signal at
each electrode. The change in temperature (T ), measured in kelvin (K), during ablation at any point in the body is
given by the bioheat transfer equation (1)

ρc∂T

∂t
= ∇.k∇T + J.E − hbl (T − Tbl) − Qel hbl = ρblcblωbl (1)

where ρ is density (kg/m3), c is specific heat (J/(kg.K)), k is thermal conductivity (W/(m.K)), J is the current
density (A/m2), E is the electric field intensity (V/m) calculated using the Laplace equation, ρbl is the blood
density (kg/m3), cbl is the blood heat capacity (J/(kg.K)), ωbl is the blood perfusion (s−1), Tbl is the blood
temperature (K), and Qel is the heat exchange between the tissue and the electrode (W/m3), usually negligible.
The Specific Absorption Rate (SAR), measured in (W/kg), is defined as in (2). SAR is an important parameter in
defining the tissue-heating profiles.

SAR =
�

ρ−1
�

J.E (2)

Ground Plane

Electrode 1

Electrode 2

Electrode 3

Sensing electrode

Cold junction

Gain

Gain

Gain Phase

Phase

Phase

Signal
RF

Control
Feedback

Temperature sensor 3

Temperature sensor 2

Temperature sensor 4

Temperature sensor 1

Fig. 1 – Block diagram of an RF Multielectrode Ablation Catheter
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Electromagnetic hyperthermia equipment consists of one system for radiation and another for thermometry. One 
of the most important parts of the equipment is the applicator since it determines the area of heating and the 
depth of penetration, among other parameters. In this paper, we present a rectangular waveguide as applicator. 
The waveguides used in applications of communications are filled with air and their dimensions are large, for 
this reason it is not possible to use them in medical applications; therefore, it is necessary to introduce another 
dielectric inside of waveguide in order to reduce dimensions. 
 
This paper describes a process for modeling and for validation of an applicator of electric field for its use in 
oncology hyperthermia in order to obtain the necessary characteristics for this kind of therapy like dimensions, 
focused energy, and applicator capability of achieving increases of temperature in phantom (substitute of tissue). 
In the model carried out by the finite element method and the experimental characterization, we showed 
distributions of temperature and electric field inside the phantom. 
 
The first part of the paper describes the mathematical design of applicator; in this process, different dielectrics 
were studied for their use inside the applicator in order to reduce the dimensions and obtain focusing of energy in 
the tumor region. It was necessary to choose the ideal frequency to achieve a penetration depth approximately of 
6 cm. The material chosen for this intention was deionized water and the frequency was 200MHz. The final 
waveguide dimensions were 8.5 cm x 4.2 cm x 16.9 cm.  
 
In the second part, it was carried out a model by using the finite element method. The modeled is based in 
Maxwell’s and Bioheat equations because these govern the radiation of electromagnetic systems and the Bioheat 
equation relates directly the generation of electric field generated by RF with the heating of tissue. The parts of 
the modeled system were defined (applicator, antenna, container of the Phantom and phantom). Taking 
advantage of the symmetry of the problem, a simplification was realized and a model was carried out in 2D and 
axial symmetry. The Maxwell equations, boundary and subdomain conditions that govern the system were 
defined. Finally, distributions of electric field and temperature were obtained.  
 
This paper also describes the construction and characterization of the applicator. After designing and 
construction the applicator, it is important to know its characteristics, so it can be used in oncology 
hyperthermia. Calorimetric measurements have to be done to determine the increases of temperature obtained 
when the waveguide is radiating. Finally, an electric distribution has to be determined, so it can be used to 
calculate some important parameters for physicians, as for example penetration depth, effective field size, and 
radiation pattern. Finally, we present the comparative study of the obtained results, theoretical and experimental. 
 
The importance of the treatment modelling as a tool in oncology hyperthermia comes from the impracticability 
to obtain detailed temperature measurements throughout treatment region, particularly from depth seated tumors 
and due to the degree of variability among patients; also, it is important because is not necessary a lot of time, a 
big effort or an expensive laboratory. 
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This paper reports results of the research work on development of techniques and devices for measuring of extra low 
radiation in mm-range. This radiation is widely used for investigation of environment and medical diagnostics of 
human physiological state. There are considered basic engineering aspects of measuring extra low mm-range
radiation in the paper. It is also described an original measurer that helps researchers to get more clear understanding 
about environment physics and biomedical physio logy, how low energy mm-range radiation interacts with human 
organism. Certain applications have been proposed for the measurer as for testing calibrating and dia gnostic devices.
This paper should be considered as a current completed step in the research process of a role of extra low mm-range
radiation on environment and human being as well. At this step a previous mm-range extra low radiation measuring 
and medical experience had been analytically summarised. This analysis made possible to accept an assumption how 
we are able to measure (investigate) mm-wave influence on objects and human organism as well. It should be noticed 
that only extra low radiation was taking into account.
There was the main problem, that it was required to measure radiation at the noise level and even lower him. That is 
why the main task had been decided how these measurements must be provided. An original measurer has been 
developed for investigations above mentioned. For example spectral density of impact avalanche transit time 
(IMPATT) diodes amounts 10-12-10-18 W/Hz at 4.8-5.7mm wavelength range. Self-radiation of human organism 
amounts 10-21-10-22 W/Hz. Measuring of this level of radiation requires the development of special techniques and 
devices. It has been measured noise powers for used IMPATT diodes by original device. It should be noticed that 
noise spectral power density is different for these IMPATT diodes. This difference is not essential and all of them 
have the same order of noise spectral power density in 10-19 W/Hz.
Proposed measuring system consists of subsystem of reflected or/and self radiation scanning and subsystem of 
hardware-software processing scanned data from the object. Subsystem of hardware -software scanned data
processing consists of multichannel correlation receiver, receiver to PC junction and program of analyzing and 
indication of scanning results. Main part of hardware system is multichannel correlation receiver, where it is operated 
correlation comparison of test signals and signals obtained during scanning process. Test signals are obtained 
previously for certain conditions of certain object and they are saved as special test data.
The measurer helps researchers to get more clear understanding about environment and biomedical physics, in 
particular, how low energy mm-range radiation interacts with human organism. In medical practice it could be used 
as diagnostic device and calibrating unit of therapeutic low energy mm-range device as well
In conclusion we must determine that getting of regulate statistic data of medical engineering investigations at 
different levels of complexity from a cell to a whole organism will be the next step in the way to make clear 
understanding about the role of low energy mm-range EMW in human life.
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Nowadays, there is an increasing interest in developing new techniques to improve the production of 
biofuels such as ethanol, not only as a renewable and inexhaustible source of fuel but also because it has a very 
low emission rate per gram, which makes it environment-friendly. Ethanol production from maize, also know as 
corn, is a widely used source for bioethanol, and is obtained by processing the product resulting from corn 
biomass fermentation. 

Seed germination is already known to be affected by both the electric and magnetic fields from the earth 
itself, without the application of external electromagnetic radiation. Biological stimulation also plays an 
important role in optimizing corn crops in terms of the maximization of yield, promotion of plant growth, and 
protection against exogenous agents that cause plant disease, among others. Biostimulation can be accomplished 
by applying different techniques such as electromagnetic stimulation, magnetic stimulation, laser, ultraviolet 
(UV), gamma-rays, ultrasound or ionized radiation, application of the effect of “gold crossing” of 
electromagnetic fields and the principle of the “Keops pyramid”, among others. The main advantage of using 
electromagnetic stimulation methods over traditional chemical processes is the absence of toxic residues. 
Previous research has been done in this field of study, with positive results in tomato [1], rice [2], barley [3], and 
lettuce [4] seed germination enhancement.  

Three different methods are proposed here to analyze the effects of electromagnetic radiation techniques 
on corn seed germination, in an effort to prove the results from previous research. These techniques include seed 
exposure to i) moderately high frequency in a semi-anechoic chamber, ii) high frequency in a custom-designed 
transverse electromagnetic (TEM) cell, and iii) low-frequency magnetic field through the use of an in-house built 
single-axis Helmholtz coil system. These methods focus on the effects observed in seed germination after the 
application of an electromagnetic (first two techniques) or magnetic (last technique) field. The protocols 
followed during the experiments are based on the optimization of three parameters: frequency of operation, time 
of exposure and irradiating power. The purpose of the experiments was to organize the results in a 3D space 
(time, frequency, power) in order to compare and find the most efficient area of application to enhance corn seed 
germination.

Fig 1 – Helmholtz coil used for magnetic field analysis  Fig 2 – TEM cell used for high-frequency analysis 
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The characteristics of a signal (f.i. an electromagnetic pulse) are often described by its spectral function in 
frequency domain, which is measured using either a spectrum analyser or a vector network analyser. The 
resulting spectrum is: 

)()()( ��� IjRF �� � f(t), (1)

corresponding to the original signal f(t).

If any outside signal is interfering with the correct measurement of the signal, the usual approach is to perform 
the measurment inside at RF proof environment. In cases where this is not possible (f.i. if a shielded chamber is 
unavailable), it is possible to reconstruct a segment of the spectrum if both real and imaginary parts are known. 
This is making use of the fact that the real and the imaginary parts of the spectrum are related to each other for 
causal signals, i.e. that the imaginary part is the Hilbert transform of the real part and vice versa. Thus, for a 
causal signals the relations between real and imaginary parts of the transfer function are [1]: 
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if the measured spectrum is corrupted only in the range between the frequencies��1 and �2, one can derive two 
coupled integral equations from the relations between real and imaginary parts of the spectrum:
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with known excitations A(�) and B(�) that can be computed from the non-corrupted part of the spectrum, and 
which leads to an system of linear equations for a number of discrete frequency inside the corrupted frequency 
range. 

In our paper we will investigate how large the corrupted part of the spectrum may be for the method to give 
reasonable results. 
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Numerical simulations using the Particle-in-cell (PIC) method [1] have in the past played a vital role in 
understanding the fundamental physics of vacuum tubes in general, and HPM devices in particular. Today this 
numerical tool is commonly used in designing new and improved devices [2-3]. The method uses a “first-
principle” description where the spatial information is calculated and stored on grid nodes. Information 
concerning the velocity distribution of the plasma, on the other hand, is stored on nodes which can be viewed as 
representative macro-particles. The macro-particle description makes PIC a statistical method where the inherent 
noise decreases inversely with the square root of the particle number. In other words, reducing the numerical 
noise in PIC simulations is costly in terms of the number of macro-particles. PIC has for this reason been 
regarded as a computationally demanding technique. To reduce the overall computational cost, it has been 
suggested to replace the simple PIC particles with more complex particles that better can describe the properties 
of the local distribution function [4], thus removing oneself from the statistical approach. Others have looked 
into merging and splitting of particles as a means of (a) reducing numerical noise in general, (b) adopting the 
particle description to a situation where the grid data is non-uniform, and (c) increasing or decreasing the 
accuracy in regions and specific velocity ranges where this might be desirable [5]. 

A somewhat related method called Smoothed Particle Hydrodynamics (SPH) utilizes a particle-only 
description to simulate the dynamics of neutral fluids [6]. In an attempt to improve the accuracy and reduce the 
numerical noise of SPH simulations, an extension to SPH known as Regularized SPH (RSPH) has been 
proposed that enables redefining the entire particle distribution at temporal intervals [7]. The RSPH techniques 
make it feasible to use particles with widely different masses in the same simulation. This opens for a numerical 
description that to a high degree adapts itself to the temporal and spatial variations in the problem being solved. 
In this work, we explore to what extent PIC simulations can benefit from a similar approach incorporating 
particle regularization. In particular, we consider conservation of the first 3 moments of the particle distribution. 
We will discuss whether or not a “deterministic” or low-noise PIC description can be achieved, in much the 
same way as RSPH can be regarded as a low-noise version of SPH. The possibilities of using SPH techniques 
for calculating spatial quantities such as charge density and current density is considered and compared to the 
standard approach of projecting the charge of the particles directly unto the grid. Finally, we conclude this 
preliminary investigation by pointing out the future potential of this new approach in simulating HPM sources.

Acknowledgments – Steinar Børve would like to thank his colleagues, Odd Harry Arnesen and Anette Lauen Borg, for 
fruitful discussions and for letting him pursue this rather theoretical train of thoughts. 
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The reciprocity theorem is a powerful simplification tool in electromagnetism. For example, the behavior of a 
receiving antenna can be deduced from the incident plane wave and the behavior of the antenna when it is 
transmitting. The reciprocity theorem is often derived in the frequency domain (cf. [1]). A direct application in 
the time domain with the FDTD software GORF3D is presented in this paper.  

The time derivative of the open-circuit voltage in the receiving case is proportional to the radiated field in the 
transmitting case when the system is fed by a current source. A similar relationship can be established between 
the short-circuit current in receiving mode and the radiated field when the system is fed by a voltage source. In 
addition, if a small dipole acting as an electric field sensor is considered, the reciprocity theorem may be used to 
computed the electric field at a point of the system. 

The time domain applications of the reciprocity theorem are usually found in the field of the UWB antennas (cf. 
[2]). The fig. 1 presents an EMC application : the maximum value of the received open-circuit voltage is 
considered. The influence of the direction of incidence is investigated. Only one run was used to compute all the 
directions. Compared to the case of one run per incident plane wave, the required CPU time is almost 300 times 
lower in that example, despite the time consuming near to far field transformation.

Forme temporelle du champ incident
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Fig. 1 – (a) waveform of the incident field. (b) electric field (log scale) radiated on a truck by a vertical wire fed with a 
current source (snapshot of the FDTD simulation). (c) and (d) maximum value of the open circuit voltage at the wire 
fed point as function of the direction of incidence (vertical polarization). The results (c) and (d) are deduced from (b) 

by using the reciprocity theorem directly in the time domain. 
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The present paper reports the main results of a basic study dealing with the statistical field distribution 

assessment in a satellite complex cavity stimulated by high frequency power leakages. It is performed by a set of 

3D numerical simulations. The results shall be considered as a reference for the assessment of the oversized 

cavity theory frequency limits. 

The study is based on a generic telecom satellite. Its overall size is 2,30 x 1,84 x 1,80 m
3
, it is made of 

aluminium and features 2 coupled cavities limited by a central tube. The computation strategy has led to the use 

of a Finite Differences in the Time Domain code which solves directly the Maxwell equations in a Cartesian 

grid. It is the most efficient tool for such a wide band study, at least from the computation time point of view. 

The outputs of the code are the 3 components of both electric and magnetic fields on 2000 points randomly 

distributed in the cavity which is excited by a derivative Gaussian wide band pulse. The frequency analyses 

require performing a Fourier transform on the time domain rough results, and then a statistical processing of the 

frequency domain results in order to determine the PDF (probability density function), the standard deviation 

and the mean value of the spatial electric field distribution. 

The meshing comprises about 10
8
 cells the dimensions of which being 4,5 mm. This leads to a high frequency 

limit of about 7 GHz. 

The main goals of the numerical study described in this paper are to assess : 

- the lower and upper limitations of the frequency range in which the mock-up behaves as an oversized cavity, 

- the level of homogeneity and isotropy of the electric field with respect to frequency, 

- the effects of apertures surface, 

- the effects of cavity geometry by adding metallic boxes simulating the electronic units, 

- the spatial limitations w.r.t. frequency, 

- the effects of absorbing materials on the homogeneity and the isotropy of the electric field and on the 

average energy density in the cavity. 

The main conclusions of this study are the following ones : 

- For all cases the homogeneity of electric field is quite good, particularly beyond 1 GHz. 

- On the contrary the results showed in almost all cases a relatively strong anisotropy of electric field on the 

whole frequency range, except when the mock-up is partially filled with 12 metallic boxes, which increase 

the geometric complexity of the cavity. 

- As far as the frequency limitations of the behaviour as an oversized cavity are concerned the lower limit 

seems to have been identified near 800 MHz, but the upper limit could not be found because it is certainly 

out of the computable frequency range of 7 GHz. 

- The apertures surface has no sensible effect on the electric field unless they are of the same order as the 

whole surface of the cavity. 

- Near the walls in a thin layer whose thickness is proportional to the wavelength the behaviour of the field 

does not anymore match with the theoretical statistical behaviour of a complex oversized cavity. 

- The behaviour of the mock-up as an oversized cavity gets worse when adding absorbing materials inside.

            

Fonction de répartition de |Ey²| exprimée en dB
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Fig. 1 – Model without walls, field distribution in time domain at 200 ns and PDF of 10 frequencies 
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Wire antennas are frequent in the HF domain, with radius b which may be as small as 10**-5 in terms of 
wavelength. When computing the input impedance by the method of moments with the usual approximations it 
is observed that the calculation becomes unstable in this situation, as the results, especially for the imaginary part, 
strongly fluctuate depending on the discretization of the relevant integral equation. The aim of this paper is to 
describe the instabilities, explain them and propose better numerical approaches. Commonly the impedance is 
obtained by solving an EFIE along the wire, the unknown current being expanded  on a set of basis functions and  
the voltage at  the right-hand side taken as 1 on the excitation gap and zero elsewhere. The basis functions are 
generally translated copies of a given function with compact support; the number of patches gives the size of the 
impedance matrix Z which relates the electric field along the wire to the current density. The input admittance is 
the diagonal element of  the inverse of Z corresponding to the patch at the excitation point. Using Galerkin 
expansions, the matrix elements are given by   

[ ] −−−= απ ddsdsksdsdfsdsdfsfsfrikrikaZ nmnmmn '/)(/)'(/)()'(4/)exp( 2      (1) 

With )2/(sin4)'( 222 αassr +−=   and a is the radius, nf  the basis functions for patch n, α the azimut 
and there is a double integration over the wire. We studied several numerical schemes, including the thin wire 

approximation  22)'( assr +−= , and different basis functions; an example of the results is given on 
Figure 1, where the functions are sinusoidal and their number varies with the abscissa; C0 to C2 denote 
formulations using different  orders of derivative and ‘fil’ the thin-wire approximation. One reason for the 
dispersion is that the ratio ass /'− , which governs the angular integration, varies from zero to almost infinity 
and no single approximation is valid on the entire domain. However the main cause is that for all numerical 
schemes the condition number of the matrix is very poor and deteriorates when the radius decreases. We relate 
this fact with the non-uniformity of the singularity of the integral equation and we investigate alternative 
approaches of the modeling of the source at the excitation gap. 
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Fig. 1 –Impedances (real and imaginary parts) for different numerical schemes  
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For the EMC analysis of complex systems it is often meaningful to distinguish between the exterior and the 
interior electromagnetic problem [1]. The exterior problem mainly consists of the determination of surface 
currents and charges on the outermost surface of the complex system under investigation. In this context, it is of 
major interest to know the natural resonances of the system in order to identify exterior electromagnetic 
excitations which might lead to resonating surface currents. Mathematically, this problem is best formulated 
within the framework of the Singularity Expansion Method which defines the notion of exterior natural resonant 
frequencies, that also are called natural poles, of electromagnetic scatterers [2]. Techniques to determine these 
natural poles for canonical scatterers already have been investigated for many years and still are a subject of 
current research [3], [4]. To also investigate scatterers of complex shape it is possible to use frequency domain 
scattering data which can be obtained from numerical software tools. Then the task is to fit a transfer function to 
these data in order to obtain the location of the natural poles [5]. 
In this contribution, we investigate and compare several techniques to numerically determine the natural poles in 
an efficient way, such as frequency-derivative sampling and multi-frequency sampling. As frequency domain 
scattering data we will use the results of method of moment calculations that characterize electromagnetic 
scattering of three-dimensional bodies that are composed from elementary geometric building blocks, such as 
cylinders or cones. The analysis will be complemented by an inspection of the surface currents and charges that 
correspond to the natural poles and which might be problematic from an EMC point of view. 
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Airborne vehicle and its payload are extremely expensive and their loss as a result of a lightning strike is highly 
undesirable. So in this age of all weather usage of airborne vehicles, it has become necessary to understand the 
behaviour of an airborne vehicle with its exhaust plume when illuminated with strong electromagnetic fields 
generated by a nearby lightning stroke as shown in figure 1. When the electromagnetic field gets coupled with 
the vehicle, current is induced on the skin of the vehicle body which inturn can lead to mission getting aborted. 
The presence of the ionized exhaust plume can altercate the induced current and voltage on the skin of a 
perfectly conducting rocket body.  
In this paper, an attempt has been made to study the time domain characteristics of the induced voltage (figure 2) 
and current (figure 3) on an airborne vehicle when the transient field generated by a nearby lightning discharge is 
incident on it. For the computation, finite difference time domain (FDTD) technique has been used. The 
distributed electrical parameters in each section of the launch vehicle and its exhaust plume along the axis are 
computed using method of moments (MoM). The computation has been done for the case when the vehicle has 
been just lifted off and the end of the exhaust plume is at a height of 10m above the ground. The height of the 
airborne vehicle is chosen as 10m and its plume length is assumed to be 40m. The conductivity of the plume has 
been assumed to be exponentially reducing along the plume axis from the exit plane of the vehicle. The results 
shown are for a peak lightning current of 30 kA with a maximum di/dt of 40kA/�s and the vehicle is at a 
distance of 250m from the lightning channel. The results show that the presence of exhaust plume will enhance 
the induced voltage and current on the vehicle body by several factors as shown in the figures 2 and 3. |�Vmax | 
and |Imax| shown in figures 2 and 3 are for each section of the airborne vehicle and its exhaust plume. 

Fig. 1. Geometry of the lightning channel 

Fig. 2. Variation in induced voltage along the length 
of the vehicle and its exhaust plume 

Fig. 3. Variation of the peak magnitude of the 
induced current along the length of the vehicle and 
its exhaust plume 
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During lightning, the high current intensity of the stroke channel causes intense electromagnetic (EM) emission 
responsible to many disturbances after coupling between metallic structures and radiation. More frequently, the 
power network is responsible of the conducted disturbance in case of this indirect effect by EM coupling with 
power lines and cables. Also, the building realised with metallic structure is target by EM field emitted during 
lightning stroke. Generally, the electric and electronic devices are located inside the 3D metallic structures, 
where is developed induced current and voltage under the effect of EM coupling. During lightning stroke near 
residential area, the EM environment inside the building is significantly influenced by the induced currents 
distributed in metallic structures. In order to guarantee the immunity of the electric and electronic components it 
is necessary to characterize the EM environment in the building. For this objective, one of the priorities is the 
study of the EM transient behaviour of a 3D metallic structure subjected to indirect impact of the lightning strike. 
In order to evaluate induced voltages and currents in transmission lines, cables, electric towers, … illuminated by 
an EM wave emitted during lightning strike, different works according to the geometric nature of the metallic 
structure are proposed in the literature. Traditionally two approaches are used to treat these problems: 
- resolution of the integral equation by moment method (antenna theory) [1], 
- analytical or numerical resolution of the transmission line equations with second member. 
The antenna theory permit to treat the EM coupling problem in frequential [1] with great rigour but it numerical 
implementation is not easy and require using the Fourier transform for studding in time domain and time 
consuming.   
The purpose of our work is to show that the problem of coupling of the lightning with 3D metallic structure
(fig.1) can be treated directly in temporal by numerical tools simpler to implement based on the Agrawal’s 
model [2]. Not that, Agrawal model is developed under transmissions lines assumptions for the study of the 
coupling between EM wave and lines. Our approach consists in the direct resolution by FDTD (Finite Difference 
Time Domain) of differential equation in potential spatio-temporal in 3D, while taking into account the semi-
infinite environments and the conditions at extremities. Note that, the 3D propagation equation is deducted after 
some mathematical transformations using the Agrawal’s model [2]. For calculating the induced voltage in the 
structure we deduced and solve matrix equation obtained after the numerical discretization by FDTD of potential 
propagation equation; the induced current is calculated by numerical integration of the line current equation.   
In order to illustrate and validate our approach, we propose to simulate a tree dimensional metallic structure 
illuminated by lightning channel (fig.1). The 3D metallic structure is realised with an aerial part and a buried part 
linked by vertical conductors. For this application we compare the results obtained by our development to those 
realised by NEC4 software based on antenna theory [3]. 
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 Fig.1. A 3D structure illuminated by lightning channel.       Fig. 2. Transient induced currents in branch A of the grid. 

Fig. 2 shows the comparison between the transient induced current in branch A realized by our approach directly 
in time domain end NEC-4 software [3] in frequency domain and transposed in temporal by Fourier transform. 
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The objective of the work reported in this paper was to estimate the HEMP stresses coupled onto wires and 
conductors inside commercial office buildings.  The estimates were based on transfer functions measured using 
continuous wave immersion test methods, combined with analytical extrapolation using the measured transfer 
functions to predict EMP response to incident HEMP fields. 

Transfer function measurements were made on three different commercial buildings: 

1. A large warehouse-type structure housing an electromagnetic effects laboratory. 

2. A modern, three-story office building with large windows, and concrete panel and steel 
frame construction. 

3. An older style glass and concrete, single story office building. 

The test approach was continuous wave immersion with transfer functions measured at approximately 800 
frequencies spanning the range from 100 kHz to 1 GHz, and with dynamic range in excess of 130 dB over most 
of the range.  This frequency span and dynamic range combination allows the measured transfer functions to be 
used with various HEMP field specifications to estimate the current coupled to conductors inside the buildings.  
In all, approximately 130 transfer functions were measured, allowing estimation of approximately 130 currents 
inside the commercial office structures.  The transfer functions were measured for both horizontally and 
vertically polarized incident fields, and with the transmitting antenna located at several different positions to 
provide good field coverage and some sensitivity to orientation of the wave relative to the buildings. 

A typical time domain current history, and a histogram of peak currents estimated for one of the buildings is 
shown in Figures 1 and 2 respectively.

Acknowledgement – This work supported by the Defense Threat Reduction Agency under Contract No. DTRA02-03-D-003 
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Figure 2. Histogram of Peak HEMP 
Currents in a Commercial Office Building 
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The analysis of high-frequency electromagnetic field coupling to different kind of scatterers, like, e.g., linear 
structures, equipment and components which might be caused by intentional electromagnetic interference, for 
example, HPM or UWB – pulses, becomes increasingly important. Usually, related test experiments and 
corresponding simulation models deal with devices that are located in free space. In reality, however, electronic 
equipment often is enclosed in different kinds of resonator-like structures, such as cabinets of computers, 
airframes, frames of cars, etc. These enclosures considerably modify the interaction between electromagnetic 
fields and scatterers.  
Often these scatterers are electrically small but still can have own resonances. For the situation of free space, 
common-mode currents induced in such objects can be evaluated by the model of a small (near–resonance) 
linear antenna [1]. In our paper [2] we proposed a method to analyze coupling to electrically small scatterers 
(dipole antennas) in resonators (Method of Small Antenna, MSA) by consequent use of scattering theory. This 
method is an electro-dynamical variant of the method of zero (small) radius potential in quantum mechanics [4]. 
The method of MSA is based on the analysis of the integro-differential equation describing the induced current 
in the neighborhood of the antenna. The corresponding resonator Green’s function is split into two parts: a 
singular and a regular part. The singular one is connected with electrostatic and magnetic energy saved in the 
neighborhood of the antenna and coincides with the singular part of the Green’s function in free space. The 
regular part is connected with the far field and contains all information about system’s resonances. Of course, 
there are differences between the free space and resonator Green’s functions. However, for both cases the regular 
part is constant in the neighborhood of the antenna. This circumstance gives the possibility to analytically 
express the solution for the coupled current in the small antenna from the solution in free space and to investigate 
the input impedance of the small antenna, the current transfer ratio for two small antennas, the coupling of 
penetrated radiation to a small antenna, etc. 
In this paper, the results of the developed MSA were compared to measurements of the input impedance of a 
small antenna inside a resonator and the mutual coupling coefficient between two dipole antennas, which were 
performed in the mode stirred chamber at the University of Magdeburg, where the stirrer was removed. The 
comparison shows a good agreement for lower resonances where the considered antennas are still electrically 
small and the MSA is still applicable. 
Another important problem is the investigation of the scattering of electromagnetic fields inside chambers with 
mechanical mode stirrers. In this case the stirrers have to be electrically large to provide a good stirring of 
electromagnetic fields inside the chamber. However, the developed method of an electrically small antenna 
advances the calculation technique for electrically large piece-plane scatterers inside resonators. To do that, in a 
first step, we split one plane scatterer into an equivalent set of small dipoles. The proper values of the 
polarizability tensor of an elementary dipole and the periods of the grid can be found by comparison of the 
known analytical solution of the problem for the infinite plane itself and for the periodical grid of dipole 
scatterers, which substitutes the plane. Next, we begin to build a MOM – like method, with unknown dipole 
moments of sub-elements. For the calculation of the non-diagonal interaction elements the well known resonator 
Green’s function (in the double sum representation) and for the diagonal elements the results from above for the 
response function of a small dipole in the cavity are used. As usual, the unknown dipole moments can be found 
by solving a linear system of algebraic equations. Using the resulting dipole moments we can find and 
investigate distributions of scattered fields in the resonator. By means of the described algorithm we have 
developed a computer code and made some investigations of statistical properties of fields in the mode stirred 
chamber. The results of simulation have shown that the statistical distribution of the electrical field components 
inside the chamber satisfies the xi-square distributions, which is well known from the general theory of MSC. 
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Enrico Fermi has predicted the generation of electromagnetic field due to nuclear burst before the Trinity 
explosion[1]. The high altitude electromagnetic pulse (HEMP) will disable the electric equipments, 
communication system and control systems. In metal shielding objects, electronic equipment may well evade 
electromagnetic interference, but antenna window or cable channel are inevitably left and the electromagnetic 
field will be coupled into the shield objects through these holes. Therefore, it is important to understand the 
high-altitude electromagnetic pulse (HEMP) environment and its physical process coupling into different 
objects. In this paper, two Fortran softwares MCHII and FDTDM are developed.  

MCHII simulates the physical process in which the electromagnetic signal is generated by the interaction of 
nuclear-explosion-induced Compton currents with the geomagnetic field. The electromagnetic pulse waveforms 
below the burst point are investigated. The effect of the geomagnetic field is considered and the current results 
applicable to the gamma rays are: 

              � �������� � ������������ �
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The numerical results show that the early-time nuclear EMP has a sharp rise-time and a slower tail[2]. Its 
peak value on the ground lies in a region to the south of the ground zero with a distance one or two times of the 
height of burst (HOB). The region with a minimum peak electric field locates at the north of the ground zero. 
This is determined by the angle formed by the geomagnetic field and the locus of the electron movement. Half 
width of the waveform is related to the distance from the target point to the ground zero. The smaller the angel 
�  is, the narrower the half width becomes. High altitude nuclear EMP has a high electric field strength, ranging 
from several kV/m to 40kV/m. 
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 Fig.2 Electric field waveforms at various distances to the burst point 

Then FDTDM researches the transient HEMP coupling to the cylinder object which is shielded in 
another shielding cavity with a hole. Through the calculation , it is found that the electromagnetic field 
energy, which is coupled into shielding cavity, is related to the frequency spectrum. The smaller the rise 
time is, the more high frequency content in its frequency spectrum is, then the higher the energy coupled 
into cavity is. The peak value of the current is the largest in the center of outer shielding object, and the 
wave oscillation period of the current is consistent with the period electromagnetic wave travels back and 
forth along the length of cylinder. That fits to the reference result[3]. 
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Usually the crosstalk or field to wire coupling mechanisms in multiconductor transmission lines (MTL) are 
studied considering lumped loads or devices connected at the line terminations (at source and load ends) or as 
shunt load to ground along the lines, as seen in conventional power system networks e.g. [1-3]. However there 
are practical systems, e.g. in typical Swedish railway systems, wherein discrete devices exist in series with the 
line (booster transformers) or in shunt between the lines (auto transformers and track circuits). With lightning 
transients various parameters that influence crosstalk in MTL systems, such as the ground conductivity, have 
been analyzed e.g. in [1]. 
We shall present various cases of crosstalk mechanisms when the devices are connected either in series with the 
line or in shunt between the lines. The method used for simulating the voltage and current pulse propagation 
along the MTL systems is the FDTD method [4] in conjunction with the recursive convolution proposed in [5] 
for inclusion of ground losses. The passive series components connected along the MTL are simulated by the 
circuit solver ATP/EMTP [6, 7]. Emphasis will be given to present the model that connects the FDTD routine 
with the circuit solver in a more efficient way. The currents entering or leaving a given type of component at a 
given position along the lines are modeled as time dependant current sources in the circuit solver and the 
terminal voltages appearing in the circuit are returned to the FDTD routine as node voltages. 
We shall also present the efficacy of the proposed method and mathematically discuss the validity of the present 
work. The influence of finitely conducting ground on the current pulse propagation is also included in the 
analysis. From the crosstalk analysis it is also shown that the series connected passive devices cannot be 
disregarded as they largely influence pulses propagating on the lines in the event of transient phenomena due to 
lightning or switching. This study could be beneficial for future practical studies of surge protection and 
insulation coordination. 
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In the early electrified railway systems, the design of signal and control networks were not always made in 
accordance with the strict rules of Electromagnetic Compatibility (EMC). This created problems due to 
Electromagnetic Interference (EMI) when old electro-mechanical signalling, control and communication systems 
were replaced by modern sensitive electronic circuits. Modern developments in the railway systems have made 
the system more vulnerable to lightning transients, a natural source of EMI, because the overall network is not 
designed to reduce the lightning surges to the low levels tolerable to the electronic systems widely being 
introduced in the railway system. Railway networks are extensive and modernization of 
signal/control/communication systems are carried out in stages at different times, it is not unusual to find 
transient related problems in a section of the network on account of inadequate lightning protection design or 
EMC design of the existing network in which a new module (equipment or system) is introduced. These 
problems may act as a brake on the upgrading plans of the railways. Also the new railway systems which 
incorporate advanced signal/control/communication systems sometimes suffers from the effects of lightning 
transients because many of the standards and guidelines used in the design dates back to the age of 
electromechanical devices and hence do not include robust transient protection design. There have been many 
attempts to address EMC issues in railways, but usually these attempts were confined to solving immediate 
problems of EMI due to introduction of new locomotive drives and EMI due to sparks at the pantograph. A 
comprehensive review of railway system from the angle of lightning protection and EMC is not yet fully carried 
out. 
The Swedish National Rail Administration (Banverket) reported a delay of about 900-1000 hours in the years 
2001-02. Lightning transients were found to damage important devices that control train movements, causing 
traffic stoppage and delays. This work therefore discusses the EMC problems of large distributed systems, with 
particular reference to lightning interaction with Swedish rail networks [1]. Lightning induces transient 
overvoltages in railway conductor systems such as tracks, overhead wires, and underground cables, either due to 
direct lightning strike to the system or due to the coupling of electromagnetic fields from remote strikes. Models 
based on multiconductor transmission line theory were developed for calculating the induced voltages and 
currents [1-3]. Some experiments have also been carried out to better understand the way in which the lighting 
transients’ couple into the systems and also to verify the models used for analysis [4]. From experiments high 
frequency behavior of different types of transformers used within the railway systems were also derived [1, 6].  
Besides, experimental studies on lightning induced transients entering railway systems, failure modes of relay 
and rectifier units used in the train position/signaling applications for lightning transients are performed. The 
simulation models are being converted to user friendly software for the practicing engineers of the railway 
industry [1]. 
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Bombardier Transportation (contact persons: Michael Zitnik and Georg Bohlin) are greatly acknowledged. 
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A research program is being conducted at Uppsala University, Sweden to investigate the possible susceptibility 
of civilian systems to intentional electromagnetic interference (IEMI), with emphasis on the Swedish railway 
network.  This paper reviews the details of the research program and some of the results. 

There are several possible ports through which intentional EMI can be coupled to the extensive network of 
electrified railways. Besides, Swedish railways are moving to implement the European Railway Traffic 
Management System (ERTMS) in different stages. The susceptibility of ERTMS transmission and receiving 
equipments to IEMI needs investigation. The research started in early 2005, supported by Swedish National 
Railway Administration (Banverket) and Swedish Emergency Management Agency (KBM). 

To have a qualitative understanding of the risks of IEMI to railway systems, a series of EMC audits of several 
railway facilities were conducted. Some buildings had easily available ports, such as power outlets, on the 
outside wall. It is conceivable that a portable IEMI source is used to inject a high power pulse into the external 
power outlet. Therefore, investigations were carried out to determine how far deep an impulse can penetrate into 
a building. GSM-R antennas were tested in an anechoic chamber to determining its susceptibility levels over a 
wide band of frequencies and to translate that information into possible risks from radiated IEMI sources. A 
systematic method for investigating susceptibility of civilian facilities was also proposed. 
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Swedish Emergency Management Agency (KBM). The investigations on vulnerability of GPS receivers were made in co-
operation with the Swedish Defence Research agency FOI. 
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AC and DC traction systems can severely disturb each other by all kinds of coupling (galvanic, inductive and 
capacitive). Often, the AC traction systems have DC fed track circuits and DC traction system have AC fed track 
circuits to avoid interference and false signalling from the same railway. One kind of current can get a short 
circuited path, overcoming the blocks for other kind. Especially inductive devices like transformers are easily 
passed by DC. DC components in AC railway can create interference problems with the track circuits, 
magnetization and eventually saturation of the transformers, corrosion problems, generate even harmonics etc. 
The AC component on the DC railway can induce high voltages in the cables and tracks, can create interference 
problems with the track circuits and other components of the signalling and telecommunication system. After 
some general overview this presentation focuses on three sources of DC current injected into AC railway 
systems: 
1. Pantograph arcing create asymmetry in current and voltage waveforms in both polarities of the AC supply, 

resulting in a DC component. Especially icing can result in severe arcing producing DC at levels which can 
saturate transformers both in the locomotives and in the railway feeding circuits, e g booster- or 
autotransformers. 

2. In many places AC railways, which is mostly the longer distance main lines, run in parallel to DC railways, 
traditionally shorter distance metro or tramways. Often leakage current from the DC railway creates 
interference problems with the AC railway. 

3. Geomagnetic Induced Current (GIC) is another source of significant DC currents on power systems, single 
phase systems as the electrified railways are especially sensitive. 

Due to climate (winter  and icing), geographic position (near the geomagnetically most active region, i.e., around 
the polar circle), during the active solar cycle or solar maxima, AC-electrified railways in Scandinavia are 
strongly exposed to these DC sources and more easily saturate different components such as autotransformers, 
booster transformers, vehicle and substation transformers etc. We will also discuss about different possible ways 
on how to protect the system against the DC component and mitigate the consequences. 
Acknowledgments - The authors would like to thank Bombardier Transportation and Banverket (The Swedish National Rail 
Administration) for providing funds for this work, ABB Corporate Research for providing the facilities, and Dierk Bormann 
of ABB- Corporate Research, Per-Anders Lindeberg, Roger Byström and Ulf Hellström of Banverket, Stuart Shirran and 
Georg Bohlin of Bombardier Transportation for useful discussions and sharing information.
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Arcing in a sliding contact like pantograph-contact wire is a complex phenomenon. It distorts the sinusoidal 
waveform of current and voltage, creates asymmetry between the two polarities, generates a net DC component 
and electromagnetic radiation in a wide band. All of these propagate in the entire traction signalling and power 
system, saturates transformer cores, generate all types of harmonics and create interference problems with 
traction power, signalling and radio based communication systems. 

In order to investigate the arcing phenomenon in the laboratory, an experimental set-up was designed similar to 
the actual pantograph-wire contact system. The overhead wire, placed at the periphery of a wheel, moves at a 
certain predefined speed and the pantograph moves back and forth on a carriage, in direction perpendicular to the 
wire. A small air gap between pantograph and wire is created in which the arc initiates. The variable test 
conditions, i.e., rms current, relative speed between the electrodes, power factor, pantograph materials and air 
gap width, were chosen with possible variations. Voltage drop between the pantograph and the contact wire, 
current, and time varying test parameters were recorded continuously using a transient recorder at 200 
kSamples/s for 10 s, the duration of each test run. In addition, all test runs were recorded using an ordinary video 
camera. 

The arc roots on both electrode surfaces are moving, due to the relative motion between the electrodes. However, 
since the line speed (speed of the contact wire towards the front) is much higher than the pantograph speed 
sideways, the movement of arc root across the copper conductor is more significant. Depending on the test 
parameters, these movements either create a short zero current region or just a reduced slope in the current 
waveform. Correspondingly, the voltage waveform shows either sharp overshoots or minor notches.  

The cathode spot requires very high temperature to supply sufficient electrons in order to maintain the high 
current, which is influenced by the rms current, line velocity and the polarity of the supply. A combined effect of 
all these three together controls the arc root movement. This can be noticed from the distorted voltage and 
current waveform: the distortion depends on the current and voltage levels and also on the polarity of the power 
supply. Higher current and lower line speed enhances the possibility of maintaining the same arc root for a 
longer period of time. When the pantograph is cathode, it is already hot from the previous half period (when it 
was anode), and therefore can supply sufficient electrons quicker to maintain the current, which again enhances 
the possibility of maintaining the same arc root. 

The polarity dependant nature of the distorted voltage and current waveforms leads to a net DC component. 
Different line speed, current and, polarity leads to different patterns of movement of the sliding arc. This causes 
different types of sharp transients, overshoots, and electromagnetic radiation up to the radio frequency band. The 
contact wire, the pantograph and other nearby metallic parts and electrical connections work as radiating 
antennas and create interference with the radio based services, both within and outside the railway system. The 
traction power and signalling circuits themselves also experience interference problems due to inductive and 
capacitive coupling from these distorted current and voltage waveforms and field illumination. 

Acknowledgments - The authors would like to thank Bombardier Transportation and Banverket (The Swedish National Rail 
Administration) for providing funds for this work, ABB Corporate Research for providing the facilities, and Per-Anders 
Lindeberg, Roger Byström and Ulf Hellström of Banverket, Stuart Shirran and Georg Bohlin of Bombardier Transportation 
for useful discussions and sharing information. 
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The paper presents a series of experimental data and simulation results concerning the operation of equipment 
based on power electronics. Also one toggles with problems related to electromagnetic disturbances from urban 
electric driving systems. In some Romanian cities (including Craiova), tram vehicles were imported from 
Germany. They are endowed with traction motors of 600 V d.c. (two d.c. series motors at rated voltage of 300 
V), which must be supplied from a 825 V d.c. network. To fix this mismatch, a first solution was the introduction 
of a resistance in series with the d.c. motors in the rotor circuit. This technical solution presents a series of 
drawbacks, among them being a low energetic efficiency. In order to get a compatibility of the Romanian urban 
travelers transportation with its European counterpart, one must consider the environment requirements, the 
interference with railway systems, the energetic consumptions reduction and the adaptation of consumption to 
the travelers flux. Therefore a solution was adopted for the modernization of existing tram vehicles through 
major changes in the power circuit. 
Owing to the chopper’s electric circuit where, for short intervals (few �s), currents of hundred of Amperes are 
switched, the tram that uses chopper can produce disturbancies in the tram systems. The reducing of these 
perturbancies can be obtained using a radiofrequency filter, in series with the input filter and the smoothing coils 
from the chopper’s force circuit. One performed simulations of the filtering circuits’ influence over the operation 
of a tram’s electric energy supplying system. Using a program dedicated to the electric circuit analysis (SPICE), 
one represents the variations of the voltage when the radiofrequency filter is present or absent. The experimental 
determinations were performed on a tram submitted to modernization with respect to the driving system-
chopper. The voltage at chopper’s output and the current absorbed from the electric energy supplying network 
were been recorded. The numerical recordings were realised for various current steps at acceleration 
(corresponding to the acceleration treadle pressing by driver) and respectively for the braking regime on a tram 
that uses chopper. The different steps for current at acceleration and braking were observed. In the same time the 
numerical records emphasize the choppers efficiency, including the processes for the electric energy recovering 
(through recovering breakings – when other consumers are present and they absorb energy from the tram d.c. 
supplying system). Based on this one also notices the efficiency of the input filter, because through the 
discharging of the capacitor from this filter, the energy transmitted through resistive couplings toward network 
and inductive couplings (between the motors supplied from the same chopper) has no influence over the 
supplying line, the recovering braking regime being normal. 

The above waveforms present certain electromagnetic perturbancies owing to the power converter switching 
processes. These perturbancies might be transmitted through electromagnetic radiation, influencing the operation 
of other equipment. The RF filter action diminishes a lot these disturbances with visible effects over the 
telecommunication equipment. 
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Fig. 1 – Current (red) and voltage (blue) corresponding 
 to chopper 1 for the third running stage 

Fig. 2 – Current (red) and voltage (blue) corresponding 
to chopper 2 for the third running stage
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One possible approach to the design of lens waveguide transitions is a differential impedance matching and 
transit-time conservation method. Ideally one would want to transmit a TEM wave, without distortion or 
reflection form one transmission line to another. These transitions are usually called EM lenses or transient 
lenses. This goal is accomplished by specifying the shape and medium of the EM lens by obtaining a solution to 
an initial value problem. The physical properties of these lenses, given by the permeability and permittivity, may 
vary from point to point in the lens region, with the assumptions that these parameters are real valued and 
independent of frequency. It is also assumed that the conductivity of the medium is zero. 
While we would like to obtain exact solutions, it may become necessary to make approximations to obtain a 
practical realization of an EM lens. 

In constructing a transition section for a TEM wave propagating from one transmission line to another, two 
conditions must be imposed for a perfect matching to exist. A plane wavefront in one region should go into a 
plane wavefront in another region., and hence the travel time for waves following different paths should be equal. 
The second condition is that impedances must be matched. These requirements give rise to an initial value 
problem in the case considered here, which is that of finding a transition region between cylindrical coaxial 
waveguides of different size. This initial value problem can be solved by various methods, one of which involves 
an Abel type of differential equation, which is a generalization of a Riccati type of equation. A solution to this 
initial-value problem specifies the lens geometry and medium uniquely. 
It should be noted that the physical principles of impedance matching and transit-time conservation led to this 
type of problem. In the design of reflector antennas, principles such as Snell’s law and power conservation must 
be invoked. 
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The analyses presented in this study show the suitability of the proposed method to complex electromagnetic 

(EM) problems. The finite element method (FEM) which uses weighted extended basis-splines (web-splines) is 

applied to waveguides of arbitrary domain. The eigenvalue analysis is used to compare the proposed method 

with the standard FEM. Firstly; homogeneous essential boundary conditions can be modeled via weight function, 

which is zero on the boundary and positive in the domain. Secondly, a well conditioned basis can be obtained by 

extended b-splines. Combining these two ideas gives the definition of web-splines.  

Web-spline method is a new type of meshless finite elements. The resulting web-method does not require any 

mesh generation and, as a consequence, can be implemented very efficiently. The significance of web-splines is 

that the contribution of basis functions which are near the boundary is added to the inner basis functions. So, the 

number of nodes and computing time is reduced. Secondly, instability problem is solved [1-3]. 

The cutoff wave number analyses of waveguides are determined by solving the Helmholtz equation. With 

different ratio of radius of coaxial waveguides, the finite element matrices are obtained and then the eigenvalues 

for different types of waveguides are calculated. Accurate results were obtained by using web-splines; as the 

relative error for Transverse Magnetic (TM) mode is more accurate than the Transverse Electric (TE) mode 

according to the error analysis [4].

Using web-splines instead of weighted b-splines for the arbitrary domain shown in Fig. 1, the number of nodes is 

decreased up to 40 per cent, so the computation time is reduced. Considering the number of nodes used for 

triangulation, the web-spline method for TM mode analysis with 125, 163, and 198 nodes for linear, quadratic, 

and cubic web-splines provides same results of 10061 nodes for triangulation.  

FEM with web-splines is a successful computational method in electromagnetics, and it is suitable to obtain 

electromagnetic solution for different frequencies. For high frequencies it is noted that the grid width should be 

selected as small compared to the wavelength. In addition, the maximum diameter of circle circumscribing 

domain should be small for higher frequencies in order to provide fast calculation. This new approach for 

electromagnetics can be applied to various structures and more complex electromagnetic problems such as 

biomedical modeling and scattering problems. 

 (a) (b) 

Fig. 1 – a) The triangulation and b) web-spline method for an arbitrary domain 
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Here we investigated gain characteristic of an electrically small dipole antenna in the presence of ENG (epsilon 
negativel.material) [1]. Infinitesimal dipole which is an inefficient radiator in free space [2] was placed along 
the +z-axis and placed in an ENG medium. 

Fig 1.An infinitesimal dipole placed in an EPS medium 

The parameters were chosen to be 1
1
�r�  and 12 �r� 12 �r�  with r1 starting from r1=0.12mm.Radiated

power gain is plotted for different values of radius r1 and 1r� . An increase in radiated power gain with a 

moderate thickness of ENG sphere is noticed at r1=0.54mm and 03.21 ��r� . Though 01.21 ��r� gives a 

higher radiated power gain we consider 03.21 ��r� as it gives a broader bandwidth than 01.21 ��r� . Thus 

we can consider these parameter values as optimized values. 

A lossless Drude model  was studied to observe the frequency dependency of the infinitesimal dipole antenna. It 
was seen that a distinct power gain peak was observed at the operating frequency i.e. at 10 GHz. with a very low 
reactance value. This emphasizes the fact that an electrically small dipole can be used to achieve higher radiated 
power gain.  
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Radar polarimetry has been a very active field since the pioneering work of Kennaugh [1] and Huynen [2]. A 

recent review of the development and current state of the field is given in [3]. The underlying theory of the 

polarization of electromagnetic waves is still to be found in the work by Stokes and his definition of the four 

parameters named after him, which predates the introduction of Maxwell’s equations. A serious limitation of 

Stokes’ theory is that it describes the information contained in the correlations between the components of the 

electric field at the same point of space. Therefore it does not include any physical variable that relates two 

components at two different positions and that can therefore describe the change in the state of polarization and 

coherence of an electromagnetic wave as it propagates through a random medium. All the tools used in radar 

polarimetry so far have shared this limitation, including the target decomposition techniques that separate the 

Mueller or the coherency matrix representing the action of a certain target on an incident wave into different 

components. A decade ago Cloude and Pottier revised the existing target decomposition schemes in a landmark 

work [4] in which they proposed a new framework that included the Shannon entropy and other parameters 

based on the eigenanalysis of the coherency matrix as they defined it. Cloude’s decomposition theory includes a 

physical interpretation consisting in a superposition of independent scattering mechanisms that has gained much 

acceptance in the field of radar polarimetry. The work presented in this paper comprises two parts. First, a 

numerical experiment based on the method of moments and the Foldy-Lax equations is performed by creating a 

scene containing a rough surface and a set of spherical, dielectric scatterers below it. The surface profile has two 

components: a deterministic, large-scale profile that imitates certain topography and a random, small-scale 

component that models a fluctuation that is known only through its statistics. The discrete scatterers below the 

rough surface are included for different values of permittivity, size and concentration. The accuracy of the 

interpretation of this scattering experiment in terms of its different scattering mechanisms as follows from 

Cloude’s approach is tested here. The second part is dedicated to the study of the propagation of the cross-

spectral density matrix as defined by Wolf in [5], which overcomes the difficulties explained above regarding the 

Stokes’ parameters and the associated Mueller or coherency matrices. Namely, it is a physical observable that 

depends on two different points and two different times and measures the coherence properties of the 

propagating field. Since its frequency components obey the Helmholtz equation, it can be studied by using the 

same numerical simulation approach that has been employed in the first part. The importance of this observable 

is that it makes it possible to describe changes in coherence as the wave is scattered by a random medium. In 

addition to this, and due to some limitations in Wolf’s cross-spectral density matrix, we study the behaviour of 

the normalized mutual coherence matrix defined by Réfrégier and Goudail in [6] that shows invariance 

properties that are absent in Wolf’s approach. In this second part we compare this extended coherency tensors on 

pairs of points on the surface with and without the presence of additional scatterers below the surface. 
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Material objects placed in the field of ionizing radiation turn out to be sources of electromagnetic fields. Their 
appearance is associated with the separation of electric charges when the electron emission occurs from the 
body’s surface under the action of the ionizing radiation and the replacement electric currents flowing along the 
surface. Effects of secondary electromagnetic radiation in systems generating electromagnetic pulses (SGEMPs) 
are well known for spacecraft subjected to the action of hard cosmic-ray radiation and x-ray radiation of a 
nuclear explosion, as well as the results of laboratory experiments with x-ray sources. The traditional method of 
calculating the electromagnetic environment near an object being irradiated consists in solving the Maxwell 
equations and the equations for the electron motion. The solution is realized by 2D or 3D computer codes. 
However, this approach is associated with significant technical difficulties. They occur, first of all, due to the 
necessity to solve the self-consistent problem often in a complicated geometry. In addition, in this case, we have 
to deal with quantities of different scales. We mean the sizes of the electric-current layer, of the object, and of 
the region in which calculations are performed. In the present paper, a method capable of reducing the volume 
sources of the electromagnetic field to surface ones is suggested. This is attained by introducing effective 
boundary condition, which allows us to simplify the problem significantly and to reduce it to solving the 
homogeneous Maxwell equations. H
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The analyses of high frequency noises of electron beam is urgent for microwave devices, employing explosion 
emitted electron injectors. The problem is actual as for microwave amplifiers, where self noises of electron beam 
limits the minimum level of input signal and impedes high amplification, as for microwave generators, where 
these noises serve as initial signal for self excitation of the device and determine the oscillation start up. 
According to [1], electrons in explosion emitted beams are injected from separated (different) areas of cathode 
plasma - cathode flares, and the beam consists of numerous electron packets, called ectons. The duration of the 
pulse is 5 – 10 ns, and its average charge is about e1210 . Due to random time of pulse origination and its low 
duration, the explosion emitted beam has a noise term similar to “shot noise” of conventional electronic tubes. 
For working current 5 – 10 kA, accelerating voltage about 600 kV the power spectral density of equivalent 
electromagnetic input signal at 10 GHz frequency can be estimated as 1-2 W/MHz. 
A one-dimensional nonlinear model was used to analyze the influence of this effect on relativistic BWO [2]. The 
existence of shot noise term results in effective density modulation of the electron beam at the input of the 
electron devise. The process was simulated with modulation of electron phase:  

00 sin)( θθθ ⋅+= tf , (1) 
where )2;0[0 πθ ∈ , and the spectral density of )(tf  is equal to the normalized spectral density of the beam noise. 
In case of BWO-generator beam noises don’t have any significant effect on a steady-state operation of the 
device, as the relative power fluctuations 01.0<∆ avPP , but determines the transition process of the generator. 
Transition time, found in accordance to this theory is of the same order as experimental results. 
At the same time, beam noises produce an essential effect on BWO-amplifiers with low input signal. The report 
contains the analyses of minimum level of input signal, when the amplification regime is still possible. 
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HPM oscillators based on the interaction of high-current relativistic electron beams with plasma radiate 
microwaves with the frequency and spectrum width which may be tuned over a wide range. Such microwave 
oscillators are known also as relativistic Cherenkov plasma masers (CPM), they generate microwave pulses at 
the power level of 108 W. The method of plasma preformation [1] in these HPM oscillators and the control over 
its concentration allows tuning the radiation frequencies through several octaves. Moreover, it is possible to 
"appoint" the radiation frequencies of microwave pulses in a sequence according to any algorithm even for 
pulses generated with the repetitive rate of ~ 1 kHz. Here we present the results obtained in calculations 
according to the linear theory and mainly, in numerical modeling. Briefly, the results are as follows. 
CPM can generate microwaves at one frequency or concurrently at several frequencies which correspond to 
longitudinal modes of the beam-plasma resonator. As the plasma concentration varies the radiation frequency 
changes discretely, the interval depends on the resonator length. The radiation frequency may be tuned 
continuously, to do this requires the length of the beam-plasma interaction to be modified. To overlap the 
frequency gaps between neighboring modes the resonator length should be variable within one half of the 
wavelength.  
Almost monochromatic radiation can be obtained if the plasma resonator length exceeds the wavelength not 
more than a few times. With the further increase of the length new frequencies appear in the spectrum and the 
interval between them diminishes. The spectrum irradiated in one pulse may be tuned by several means besides 
the resonator length modification or concurrently with it. As the gap between annular plasma and relativistic 
electron beam diminishes the amplification rate rises and the radiation spectrum broadens. An increase of partial 
reflection of microwaves from the outlet unit following from the change of its geometry or magnetic field profile 
results also in the spectrum broadening. An appropriate choice of magnetic field induction permits to regulate the 
feedback in the oscillator using the normal Doppler effect [2] for suppressing definite set of frequencies in the 
spectrum.  
A major part of the results has practical confirmations [3, 4], for the other ones simple ways of experimental 
implementation are proposed, peculiar emphasis was given to this aspect. Particular parameters are described for 
a microwave oscillator capable to generate frequencies from 3 to 5 GHz with both narrow spectrum and broad 
frequency set, with tunable intervals and borders. On a basis of these calculation and available technology it is 
possible to manufacture a source of microwave pulses to irradiate objects with spectral density of ~ 10 W/GHz 
uniformly within 1-GHz interval during 1 s, first experiments has been recently conducted [5]. 

Acknowledgments – Authors are grateful to V. P. Tarakanov for help in numerical modeling using fully electromagnetic 
code "Karat". 
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Abstract  —  An S-band U-shaped coaxial to rectangular waveguide transition component, containing one
tuning screw is investigated. Both simulation and measurement show a good matching level in a bandwidth of
more than 50%. Good agreement between simulation and measurement was achieved.

Introduction
In this paper we propose a compact wideband, U-shaped coaxial to rectangular waveguide transition. We suggest
a setup which is based on a half-ring, made from a conductive wire, which is connected to the inner side of the 
coaxial cable.

Geometry of the Transition Component
The ring’s thickness is e=2mm and the diameter of the central pivot is k=2.6mm. The transmission element is
located 33.5mm away from the back wall of the device and is made from a 1.3mm diameter conductor integrated
into a 4mm diameter Teflon holder. A special half-ring element made of 1.3mm thick conductor (i.e. brass)
which presented in Fig. 1. An additional 2.5mm diameter screw is located 56 mm away from the back wall,
penetrating 10mm to the waveguide, and is used for tuning the frequency.

Simulation
During the design stage, simulations using CST-Microwave Studio software were carried out. The range of used
frequencies was 2.086 – 3.980 GHz, from which a bandwidth of 1.894 GHz, a mean frequency of 3.033 GHz,
and their respective percentage bandwidth ratio of 62% were calculated.
While associating an effectively received power with amplitudes lower than -9.5dB, it can be calculated that the 
feeding supports a power transmission of f:1.9f.

Fig. 1 – The half-ring inner element 2
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Fig. 2 – Return loss of the transition component. 

Conclusions
We have demonstrated a new broad-band transition component from a coaxial line to a waveguide. The device
has a miniature design. A high quality matching level has been achieved and it is applicable to both rectangular
transmitters as well as to horn antennas. Future studies will involve an optimization process, which hopefully
result in a simpler design, excluding the need for a tuning screw.

Acknowledgments - We would like to acknowledge the support provided by Dr. R. Tel-Vered (Hebrew University of 
Jerusalem).
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Compression in series – coupled cavities is put into effect by sequential operation of the resonant cavities along 
with passing of the microwave pulse. The series compression provides the output pulse power above the single 
cavity possibility. The report studies the system comprising two storage cavities. 
Processes of excitation and transfer were considered for couple of S-band cavities having fixed dimensions and 
intrinsic Q-factor values, the first cavity having characteristics corresponding to a multimode storage cavity. The 
system parameters during excitation and energy extraction were defined by different values of transition 
coefficients of the first and second cavity. The functions of the normalized electric field strength versus time 
were calculated and plotted for different values of transition coefficients. The optimum and possible working 
characteristics of processes in question were determined. The calculated envelope and amplitude of the output 
pulse shows that the total amplification factor over 27 dB and pulsewidth of several nanoseconds could be 
achieved.  
The presented experimental results were obtained at the microwave compressor with the parameters being within 
the ranges used for calculations. The pulses of maximum peak power 1.1 GW and pulsewidth 2.5 ns at –3 dB 
level were measured at the second stage cavity output when the input power was 2.5 MW. The compressor was 
tested at pulse repetition rates up to 100 Hz. The general block diagram, picture of two series coupled cavities 
and oscillograms for and output microwave pulses are presented.  
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The analysis of electromagnetic field coupling to multiple wires buried in a lossy half-space is of interest in 
many electromagnetic compatibility (EMC) applications (communications and power cables, geophysical 
investigations, etc.) and can be carried out by using the thin wire antenna theory, or transmission line model in 
the frequency and time domain [1]-[3]. In this work both antenna theory and transmission line approach in the 
frequency domain has been used to study frequency behaviour of multiple buried wires. The formulation arising 
from the wire antenna theory in the frequency domain is based on the set of coupled Pocklington integro-
differential equations for half-space problems [2]. The frequency domain transmission line model is based on the 
corresponding Telegrapher's equations [1], [3]. The frequency domain coupled integro-differential equations 
frequency domain, arising from the wire antenna theory are numerically handled via the frequency and time 
domain Galerkin-Bubnov scheme of the Indirect Boundary Element Method (GB-IBEM) [2], [3]. The frequency 
domain transmission line equations are treated using chain matrix method [3]. Computational example is related 
to three conductors buried in a lossy ground with �=0.001S/m, �r=10, as shown in Fig 1a. The length and radius 
of all conductors is 50m and 10.25mm respectively. Distance between neighbouring conductors is 36mm, and 
the burial depth is 1m.
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a)                                                                                                   b) 

Fig.1 - Frequency response of a three -wire transmission line - comparison between BEM, TL, MTL and NEC 

Figure 1b shows the frequency spectrum of the current induced at the centre of wire 2 obtained via GB-IBEM, 
TL, MTL, NEC2 + reflection coefficient approximation and NEC 2 + Sommerfeld integral approach. The results 
obtained via different methods vary appreciably. 
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Electromagnetic phenomena along thin-wire antennae and transmission lines play a major role in EMC analysis. 
While in antenna theory focus is put on the direct solution of appropriate field integral equations, transmission 
lines, traditionally, have often been modelled within the framework of classical transmission line approximation. 
It is well known that classical transmission line theory determines a quasi-static approximation of the full 
dynamics of the electromagnetic field which, in particular, neglects radiation effects. This limitation is not 
always satisfying since EMC analysis of transmission line structures increasingly often involves high 
frequencies which do generate radiation effects that need to be taken into account. In order to include radiation 
effects in a consistent way, a generalized transmission line theory has been developed [1,2] and extended or 
analyzed [3-5] over the last years. In the derivation of generalized transmission line theory the relevant field 
integral equations are first transformed into equivalent generalized Telegrapher equations and eventually solved 
by methods which are tailored to transmission line theory. 
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It is the aim of this paper to give a straightforward and compact derivation of this theory and to further point out 
that a generalized transmission line theory, as it is presented here, comprises the same physical features as 
antenna theory. This is illustrated by two examples (vertical monopole antenna and horizontal transmission line, 
see figures) that exemplify the use of generalized transmission line theory in EMC analysis for the investigation 
of radiating transmission line systems. 
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Electromagnetic phenomena along thin-wire antennae and transmission lines play a major role in EMC analysis. 
While in antenna theory focus is put on the direct solution of appropriate field integral equations, transmission 
lines, traditionally, have often been modelled within the framework of classical transmission line approximation. 
It is well known that classical transmission line theory determines a quasi-static approximation of the full 
dynamics of the electromagnetic field which, in particular, neglects radiation effects. This limitation is not 
always satisfying since EMC analysis of transmission line structures increasingly often involves high 
frequencies which do generate radiation effects that need to be taken into account. In order to include radiation 
effects in a consistent way, a generalized transmission line theory has been developed [1,2] and extended or 
analyzed [3-5] over the last years. In the derivation of generalized transmission line theory the relevant field 
integral equations are first transformed into equivalent generalized Telegrapher equations and eventually solved 
by methods which are tailored to transmission line theory. 
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It is the aim of this paper to give a straightforward and compact derivation of this theory and to further point out 
that a generalized transmission line theory, as it is presented here, comprises the same physical features as 
antenna theory. This is illustrated by two examples (vertical monopole antenna and horizontal transmission line, 
see figures) that exemplify the use of generalized transmission line theory in EMC analysis for the investigation 
of radiating transmission line systems. 
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The continuous increase of frequencies of signals which propagate along non-uniform conductors as well as the 
increase of frequencies of intentional electromagnetic interferences prevent the application of classical 
transmission line approximation for the analysis of such systems. 
For arbitrary frequencies, the current that propagates along non-uniform transmission lines and the potential on 
the boundaries of the wire (which replaces the voltage in the high – frequency case) are described by a system of 
integro-differential equations, the so called Mixed Potential Integral Equations (MPIE). In [1-2] it has been 
shown that the system of MPIE can be reduced to a system of differential equations of the first order, the 
telegrapher’s equations of the Full- Wave-Transmission Line theory (FWTL). The parameters of the 
corresponding matrix, as in the low-frequency case, depend on a local coordinate. However, in contrast to the 
low-frequency case, they are complex-valued, frequency-dependent and also contain diagonal elements. The 
imaginary parts of the non-diagonal elements and the diagonal elements of the parameter matrix are partially 
responsible for the radiation of the wiring system. In the low-frequency limit the diagonal elements reduce to 
zero and the non-diagonal elements reduce to the usual length–dependent inductance and capacitance per-unit-
length, respectively. 
In [3-4] it has been shown that the matrix of FWTL parameters for the wiring system, excited by lumped voltage 
sources (or loaded by lumped loads) located at the terminals can be found as exact electrodynamics’ solutions for 
currents and potentials for each of the considered source. 
For further investigations of the physical properties of the parameter matrix it is interesting to consider the 
wiring system with known analytical solutions for the lumped voltage sources. In the present paper we deal with 
an infinite straight wire parallel to the perfect conducting ground, which is excited by two lumped sources (or a 
lumped source and a lumped load) spaced by a distance L. Besides the pure theoretical interest, the solution of 
this problem is interesting for the investigation of conducting disturbances caused by faults of the cable shield, 
and also for the problem of transmission (reception) of telecommunication signals along power lines, which is 
being discussed at the present time. 
For the discussed geometry it can be shown that the region of the wire between the sources can be described by 
FWTL. The solution for the current of an arbitrary excitation is well known and can be found by a Fourier 
transformation. For the special case of the excitation by a lumped voltage source the induced current can be 
represented as a sum of the three kinds of modes: the TEM mode propagating without attenuation; the leaky 
modes which propagate with exponential attenuation, and the radiation mode propagating with powers 
attenuation [5-6]. The solution for the induced potential (which coincides with voltage for this system) contains 
only the TEM mode. The knowledge of the solution for the current and potential allows to derive explicit 
expressions for the FWTL-parameters using our general theory [3-4] roughly described above. The investigation 
of the obtained expressions explains earlier numerically calculated oscillations of the FWTL parameters near the 
terminal regions by oscillations of leaky modes. We compared the obtained exact parameters matrix with 
approximate results of the perturbation theory for parameters, offered earlier in [2], and have received a good 
agreement. The solution of the above FWTL system gives an excellent alignment for an exact solution. 
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An analysis of the propagation of current waves along periodical structures in different radio-technical and 
electro-technical applications becomes necessary. These periodical structures show non-trivial electrodynamical 
properties and sometimes can be used to build filters, antennas and HPM sources. Moreover, they can serve as 
elements for the design of meta-materials. 
In the present paper we outline an analytical method, which describes the propagation of current waves along 
quasi – periodical wiring structures and takes into account radiation losses. 
The homogeneous problem of current propagation along a thin wire of arbitrary geometric form near ground is 
described by Full-Wave Transmission Line Theory [1] which is transformed into a Schrödinger-like differential 
equation, with a “potential” depending on both the geometry of the wire and frequency [2, 3]. The “potential” is 
a complex – valued quantity that corresponds to either radiation losses in the framework of electrodynamics or to 
the absorption of particles in the framework of quantum mechanics. If the wire structure is quasi periodical, i.e., 
it consists of a finite number of identical sections (see Fig. 1), the “potential” can be approximately represented 
as a set of periodically arranged identical potentials. We use the formalism of transfer matrices including some 
methods of group theory [4] and find an analytical expression for the transmission coefficient of the finite 
number of periodically located non-uniformities which also contains the scattering data of one non-uniformity.  
The analysis of the formulae obtained has shown that for some frequencies the penetration through the chain is 
practically free, but for some frequencies it is suppressed. A connection is established between the frequency 
regions with allowed and forbidden zones, which are well known from solid-state physics. The accounting for 
losses leads to the decrease of propagation in the allowed zones (see Fig. 2). 
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Fig. 1 – An example of the quasi-periodical structure                                   Fig. 2 - Transmission coefficient 

Two other effects are noticed. The first effect appears if the potential, which corresponds to one separate non-
uniformity, is not easy to penetrate. In this case for allowed zones the current strongly increases inside the 
structure, what can be a cause, for example, of strong radiation or heating inside the structure. The second effect 
appears for the infinite periodical chain. In this case it is possible to have opposite directions of phase penetration 
(direction of the quasi-pulse) and power penetration. 
We constructed three different types of quasi-periodical systems and measured the frequency dependency of the 
transmission and reflection coefficients and the radiated power for current waves. The measurements have 
demonstrated a good agreement with the results of the developed theory. 
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Time domain (TD) modeling of electromagnetic field (EM) coupling to horizontal multiple wires over a 
perfectly conducting (PEC) half-space finds many applications in the analysis of antenna arrays, transmission 
lines, printed circuit boards (PCB), etc [1]. In this work, the analysis of EM field coupling to multiple wires 
located above a PEC ground at different heights has been carried out by using both the wire antenna model (AM) 
and the transmission line (TL) method. The TD-AM formulation is based on the set of coupling space-time 
Hallen integral equations while the TD-TL model is based on the corresponding Telegrapher's equations. The set 
of Hallen integral equations is numerically handled via the TD Galerkin-Bubnov scheme of the Indirect 
Boundary Element Method (GB-IBEM) [2], while the TD Telegrapher's equations are treated using the Finite 
Difference Time Domain (FDTD) Method [2]. Computational examples are related to two-wire (a=2cm,
L=10m, d=1m, h1=1m, h2=2m) and three wire (a=2cm, d=1m, L=10m, h1= h3=1m, h2=2m) transmission line 
above a PEC ground, as shown in Fig 1a and Fig 2a, respectively, excited by an electromagnetic pulse (EMP):  

0( ) ( )inc t tE t E e e� �� �� � , with E0=1V/m, �=4*107s-1, �=6*108s-1.

                     
a)                                                                                                   b) 

Fig.1 -  Transient response of a two -wire transmission line - comparison between IFFT-NEC2, GB-IBEM and TL 

              
a)                                                                                                  b) 

Fig. 2 - Transient response of a three -wire transmission line - comparison between IFFT-NEC2, GB-IBEM and TL  

Figures 1b and 2b show the transient current induced at the centre of wire 2 obtained via TD GB-IBEM, TL and 
NEC2 + Inverse Fast Fourier Transform (IFFT). The results computed via BEM and NEC 2+ IFFT, seem to be 
in a satisfactory agreement, while TL results are found to be valid only for early time instants. 
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Striplines and microstrips are widely used in microwave integrated circuits, thus making it very important to 
have an accurate knowledge of their characteristics, such as phase velocity, characteristic impedance and losses, 
as a function of geometry and frequency. Simple and accurate design formulas and/or plots are of valuable 
importance to the circuit designers. As a matter of fact there is a trade-off between methods’ accuracy and 
complexity, so that full-wave analyses are usually impractical for design purpose. On the other hand approximate 
methods often fail to give accurate results, especially for non standard section conductors or strong coupling. 
In this contribution we present a full-wave analysis of arbitrary polygonal section coupled lines in a 
homogeneous medium, taking into account the correct edge behavior of the field [1], thus obtaining a very 
efficient procedure [2, 3]. 
The proposed method starts formulating the problem as integral equations in the spectral domain, solved by 
applying Galerkin method. It is based on the expansion of the unknown current density on each surface of the 
conductor in a series of Jacobi polynomials, multiplied by their orthogonality weight, thus factorizing the correct 
singularity of the field at edges, namely a series of functions 
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with �,2,1,0�n . In (1) � �� ���� ,
nP  is the Jacobi polynomial of order n, �,� > -1 are parameters to be chosen so as 

to factorise the right edge behaviour of the unknown function, 2c is the width of the generic face and � ���� ,
n  is a 

suitable normalization quantity. The Fourier transform of (1) can be analytically evaluated as an hypergeometric 
function [4] and results in a generalization of the Neumann series, effectively applied in the analysis of 
conductive structures [2, 5, 6]. It can be shown that the elements of the impedance matrix obtained by applying 
the Galerkin method with functions (1) can be reduced to single integrals. Moreover their computation can be 
sped up by means of an analytical accelerating procedure [4]. Finally, due to the factorization of the correct 
singularities of the field, only few terms (usually 2 or 3 terms) are needed in order to achieve accurate results, so 
that very small matrices have to be dealt with.  Moreover, the method can be generalized to non-homogeneous 
dielectrics, only modifying the Green function of the problem, whilst higher modes can be analyzed by means of 
the same expansion functions. Finally, the accurate, yet fast, analysis of the problem allows for the evaluation of 
the p.u.l. parameters of the structure as a function of the geometrical parameters. 
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East Stroudsburg University has just finished building a reverberation chamber of dimensions 1.4 meters by 2.0 
meters by 2.1 meters.  Initial data suggests that this chamber initializes its “over-moded behavior” between 300 
and 400 MHz.   Above 400 MHz the orientation of the fields inside the chamber at a given point are highly 
dependent on the position of the “mode-stirrer”, a set of paddles that rotate and alter the nature of the resonances 
inside the chamber.  A transmission line placed in this environment will have a response that changes with the 
“mode-stirrer” orientation.  Consequently the amplitudes of the various harmonic resonances on the transmission 
line are dependent on the field geometry, as determined by the paddle location.  This reverberation chamber 
environment provides a way to determine the susceptibility of transmission lines to electromagnetic waves in 
environments where the orientation, polarization and spatial distribution of the interfering signal are unknown.   

Traditional theory assumes that the nature of the interfering signal is known and uses modified transmission line 
equations to determine the response of the transmission line.  Work in the field has shown that above the first 
resonance of the transmission lines the responses are dependent on the orientation of the field to the transmission 
line. This makes traditional plane wave testing difficult at best, since many different field orientations are 
required to determine the peak response of the transmission line.   

The response of the transmission line to the fields in a reverberation chamber can be modeled as a pseudo 
statistical process where the random variable is the paddle orientation.  The paddle changes all aspects of the 
field (including the magnitude).  Ideally, the magnitudes of the fields in the reverberation chamber obey a 
truncated Raleigh distribution.  The resulting statistical response can easily mask resonances on the line that do 
not have a large Q and typically results in a difference between the average response and the peak response of 
between 6 and 12 dB.   

We will describe this effort in detail, present some of the early data and compare this data to the modified 
transmission line equations that have been used by many authors.

Acknowledgments - We would like to thank the office of the President of East Stroudsburg University and the Faculty 
Professional development fund for providing the funds to build the reverberation chamber. 
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The reliability of the analysis of the lightning current spread processes in the power line substantially depends on the 
adequacy of the mathematical model of grounding electrode of transmission tower. So called "impulse resistance" Ri 
is currently used for the description of the spread processes in the earth. Ri is defined as the ratio of the maximal 
voltage to the maximal test impulse of current: 

max ( ) max ( )i
t t

R u t i tmax ( ) max ( )max ( ) max ( )u t i tmax ( ) max ( ) . 

Involving of the impulse resistance Ri is convenient for measurements because it allows to use peak voltmeters. But 
application of this notion does not guarantee the results accuracy for the short time processes. In our full-scale 
experiments we have obtained the oscillatory voltage and current on the grounding electrode of transmission tower. 
The notion of impulse resistance Ri is unacceptable for modeling in this case. In this report we present a new 
modelling technique of the grounding electrode with the use of its transitive resistance z(t) (response on the unit-step 
function), which is determined from the oscillogram of the test impulse of the current. 

Let's split a time interval, where we measure the current i(t), into the N segments with length "h" by the nodes tn=(n-
1) h, n=1 N+1. Next we approximate the transitive resistance z(t) by a piecewise-constant function zn n=1 N+1 
(where zn are unknown constants) and the observed current by a piecewise-linear function (i′n=const). Using the 
discrete form of Duamel's integral [1] with the zero initial conditions we receive recursive equations for zn: 

1 1 1
2

1 2 2 1 1
2

( )

/ , , 2.. , 0

m n

n n m m m
m

n

u z i i

z u i z n N i u
i

m n

( )u z i iu z i i1u z i i1u z i i( )u z i i( )u z i i( )( )u z i i( )u z i i( )( )u z i i( )u z i i( )nu z i inu z i in 1 n m m mu z i i1u z i i1 ( )n m m m( )n m m m( )u z i i( )u z i i( )( )n m m m( )u z i i( )n m m m( )

1 2 2 1 1/ ,1 2 2/ ,1 2 2 , 2.. , 01 1, 2.. , 01 1nz u i z1 2 2z u i z1 2 2/ ,z u i z/ ,1 2 2/ ,1 2 2z u i z1 2 2/ ,1 2 2 , 2.. , 0n N i u, 2.. , 01 1, 2.. , 01 1n N i u1 1, 2.. , 01 1i
, 2.. , 0m , 2.. , 0n N i u, 2.. , 022

m nm n

( )u z i i( )u z i i( )u z i i1 1u z i i1 1( )u z i i( )1 1( )1 1u z i i1 1( )1 1( )u z i i( )u z i i( )n m m m1 1n m m m1 1n m m m1 1n m m m1 1( )n m m m( )1 1( )1 1n m m m1 1( )1 1u z i i1 1u z i i1 1( )u z i i( )1 1( )1 1u z i i1 1( )1 1n m m mu z i in m m m1 1n m m m1 1u z i i1 1n m m m1 1( )n m m m( )u z i i( )n m m m( )1 1( )1 1n m m m1 1( )1 1u z i i1 1( )1 1n m m m1 1( )1 1
2 . 

Then, we can obtain the approximate expression of z(t) by the regression analysis. Now the voltage of grounding 
electrode under influence of arbitrary current pulse can be defined by the Duamel's integral. We can also find the 
electrical circuit with the transient resistivity z(t). In our applications the circuit contains in-series resistor Rs and 
parallel GLC circuit where Rs is resistivity of grounding electrode in the steady-state mode. 

The considered technique was verified both on model problems and on experimental data of the real grounding 
electrodes of a transmission tower. It was shown that our simulation results are very close to the voltages measured 
in the experiments. 
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This paper addresses the issue of the analysis of the effects of lightning flashes (direct and indirect) on power 
grid HV substations, in terms of the evaluation of overvoltage/overcurrent waveforms reaching the devices 
which could be potentially more afflicted by such disturbances, namely the power transformers (or 
autotransformers). The study is mainly devoted to identify the more suitable models, methodologies and 
investigation tools to carry out transient evaluations on HV substations [1] with the final aim to define a 
calculation platform into the PSCAD-EMTDC electromagnetic environment [2] for the simulation of real power 
grid configurations. 
To investigate the cause of lightning failures of interconnection (auto)transformers, the first issue to be 
considered is the definition of suitable high frequency (HF) models for all the components of the power system 
under analysis (Fig. 1) and the development of techniques for fitting the model parameters with rated 
characteristics and experimental tests available for real devices. It should be highlighted that the scientific 
literature is plenty of models to simulate the power transformer HF behavior (see e.g. [3]) as well as the metal 
oxide surge arrester response to voltage pulses of atmospheric origin (well-established circuital blocks have 
already been implemented into the PSCAD-EMTDC environment), whereas, on the contrary, there is a certain 
lack of information on how to represent the other classical component of the protection system against 
overvoltages, namely the spark gap, which is often placed at the beginning of the transmission line (see Fig. 1) 
and whose use (also as back-up) is debatable, in view of the reliability and low price of modern surge arresters,  
and the behavior of the spark gap, inherently stochastic and leading to short circuit when sparkover occurs. 
Physical models of the spark gap [4] are quite complex and not suited for an easy implementation in a circuit 
simulator; to overcome such difficulty, we opted for simpler integral methods [5], whose parameters have been 
tuned to fit computed and measured breakdown characteristics presented in [4].  
Once the HF models of the power system under study have been defined and assessed, one has to face the 
problem of the choice of the line representation [6, 7]. Finally, a further investigation has been conducted in 
order to assess the dependence of the results provided by the power system model on the model itself level of 
complexity, that is to say that higher details have been introduced in some components (e.g.: modeling of the 
interconnections in the substation) and several comparative simulations have been performed in order to 
compare the basic model and the complex one. 

Fig. 1 – One-line diagram of a two-line 380/132 kV substation. 
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The coupling phenomenon for a complex network of lines or cables, excited by external electromagnetic fields is 
one of the most important issues in electromagnetic compatibility research. For this reason, C. R. Paul [1] 
proposed two frequential concepts (by [�] matrix or [S] matrix) to study this problem which allows only the 
determination of the induced currents or voltages.   
In order to avoid the numeric heaviness while taking into consideration the electromagnetic aggression 
distributed along the transmission line, some authors [1-2] propose to replace it by current generators deducted 
after some mathematical manipulations. The choice of this representation of the electromagnetic wave emitted 
by lightning facilitates the modelling; the electromagnetic coupling problem becomes the study of a line directly 
powered by a generator. Unfortunately, this approach finds its limit in the non possibility of a network treatment. 
In our work we propose a new approach permitting to palliate such a difficulty and also to interface the results of 
the electromagnetic coupling with other software which allows the modelling of the circuits with generators 
well-defined.  
For network, we translate the aggression in several current generators located at the nodes, by using an 
appropriate mathematical treatment. Using a topological representation for a network (containing lines, junctions 
and extremities) excited by the equivalent generators (representation of the electromagnetic wave), we deduct 
directly induced currents and voltages on the set of its extremities. 
The principle of the concept which we propose to treat the electromagnetic coupling between the lightning and a 
complex network is based to translating the propagation relations expressed by [�] matrix [1] for all tubes (lines 

or cables) and the electric relations in the all nodes (Kirchhoff laws) to a matrix equation system: � �� � � �BXA � ;

Where the matrix [A] is made up of two submatrices [A1] and [A2] which is deducted from the representation by 
� matrix and the Kirchhoff laws for terminal and interconnection nodes, respectively. The vector [B] includes 
the external field effects in form of localized generators. The vector [X] contains the unknowns of the problem, 
i.e. the terminal total voltages and currents.  

The results shown in Figure 1 and 2 represent respectively the computed and measured (realised by France-
Telecom) induced currents at the last extremity of a radial network composed of nine multi - core shielded cables 
(3 cores). The total length is 2588m and it is at 4m above the ground. The shield of the cable is ended at the 
extremities by two resistances of 40 and 228� respectively and grounded at the first extremity of the segment 4 
[3].  
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Fig. 1 Computed total current at the second extremity  
     of the 9th cable shield using the generators model. 
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Fig.2 Measured total current at the second 
extremity of the 9th cable shield [3]. 
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The Transmission-Line Modeling (TLM) method formulated for unstructured triangular grids is extended to 

model materials exhibiting instantaneous dielectric nonlinearity.  This has applications in modeling various 

optical devices—e.g. switches, limiters, and all-optical photonic circuits—whose operation is based upon the 

nonlinear material properties.  The time-domain formulation of TLM makes it an effective method for modeling 

nonlinear phenomena.  In addition, unstructured meshes facilitate the accurate description of oblique or curved 

material interfaces and allow mesh grading to be applied around fine-features and complex structures. 

The unstructured triangular TLM scattering algorithm is derived via a modal approach which is detailed in [1].  

The equivalent circuit for the triangular node consists of three transmission lines connected at the node centre.  A 

time-domain model of the circuit is obtained via a transmission line equivalent circuit which models the 

inductors as series links and adds stub capacitors at the connection ports to model any excess capacitance 

required on each line.  The dielectric behavior is localized to the stub capacitors, hence the nonlinear stub 

admittance is modeled using a discrete time transform which explicitly factors out the capacitance from the 

scattered state voltages in the stub. This allows an instantaneous capacitance value to be used to retrieve the stub 

voltage [2,3].  A Newton-Raphson iteration is used to solve for the port voltage Vp, since in the nonlinear case 

the capacitance is a function of Vp. 

The propagation of a 1.2m FWHM Gaussian beam in linear and nonlinear media is shown in Fig. 1 to 

demonstrate the operation of the model.  An unstructured triangular mesh was used with minimum, maximum 

and average link lengths of 0.006m, 0.034m and 0.015m respectively.  The operating free-space wavelength 

is 1.55m and the linear refractive index is n0 = 3.  The functional form of the nonlinear refractive index is         

n = n0 + ns(1-exp(-nnlI)) where I is field intensity. Self-guiding behavior is clearly observable in the nonlinear 

medium.  Further results will be reported on other structures which benefit from the advantages offered by 

unstructured meshes.  Finally, discussion will be made about the constraints placed upon the time step of the 

algorithm when integrating the unstructured mesh formulation with negative nonlinearity. 

  

Fig. 1 –Propagation of a Gaussian beam in (a) linear and (b) nonlinear media. 
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










     
   




    
    


              

   
                











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Microwave Pulse Compression Experiments at Low Power 

E. G. Farr1, L. H. Bowen1, C. E. Baum2 and W. D. Prather3

1Farr Research, Inc., Albuquerque, U.S.A.
2University of New Mexico, Albuquerque, U.S.A.

3Air Force Research Laboratory, Kirtland AFB, U.S.A.
E-mail: efarr@farr-research.com 

Microwave Pulse Compression is a technique for converting a long-duration pulse of microwave power into a 
pulse with shorter duration and higher amplitude. This is normally implemented by filling a resonant cavity with 
microwave power, and firing a switch that makes the cavity no longer resonant, thereby dumping the power.  

The advantage of pulse compression is that it allows one to use a source with only modest power to realize a 
source with significantly higher power. Such considerations become important in operational HPM systems, 
because they otherwise can be quite massive, making them impractical for field use.  

In this paper, we demonstrate pulse compression at low power levels. Most of our experiments were carried out 
at L-band, at a frequency of 1.3 GHz. We drove the cavity with either a 100 W or 1 kW amplifier, and realized a 
gain of around 20 dB within the cavity, and 12 dB at the output.  

We experimented with a variety of switches, including triggered and untriggered gas discharge tubes (GDTs) 
filled with low-pressure air. Our trigger was either a 30 kV FID pulser, with pulse width of 3 ns, or a homemade 
pulser built from an automotive ignition coil. We found that if we controlled the pressure carefully, the switch 
would self-break with acceptable reliability, so a trigger was not necessary. Typical operating pressures were 
around 100 mTorr, which was near the bottom of the Paschen curve for breakdown of gases.  

The resonant cavity was a length of WR-650 rectangular waveguide, 3�g in length, where �g is the guide 
wavelength. Our cavity was constrained on the input end by an inductive iris centered in the waveguide, with a 
slot width of one-quarter the waveguide width. On the output end, the cavity was constrained by an H-plane tee, 
with a sliding short tuned to provide an optimal resonance. The GDT containing the switch was positioned �g/4 
from the sliding short.  

An example of our data is shown in Figure 1. Data were measured with B-dot sensors positioned in the side of 
the waveguide, at the location of maximum field, in both the input and output sections of the WR-650 
waveguide. The probes were calibrated to provide the same output. Based on these results, we find a gain of 12 
dB at the output, and a pulse width of 50 ns.  

We will be testing a higher power input source this spring, and we hope to report on those results as well.  
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Fig. 1 – Pulse Compression, input (left), and output (right).  
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Broadband Antenna SWR Improvement Using Parallel RLC Loads

T. T. Gazizov, T. R. Gazizov
Television and Control Department, Tomsk State University of Control Systems and Radioelectronics

634050, Lenin Ave., 40, Tomsk, Russia
timur@tomline.ru

The antenna SWR (Standing Wave Ratio) shows how much of radio's transmitting power is reflected from the 
antenna back to the antenna cable and is very important antenna characteristic. Thus, engineers are often 
interested in SWR decrease. Unfortunately, it is hard to achieve this aim in wide frequency band and with 
various limitations, for example, on structure and form of antenna.
Main object of this work was to design broadband antenna with SWR < 5 in frequency band from 1 to 30 MHz.
One of the SWR decrease methods is using parallel RLC loads in antenna structure. Parallel RLC circuit is the 
most common trap, which anti-resonates at f = 1/2��(LC). By properly integrating one or more of these traps 
into a wire antenna, it is possible to strongly modify the current distribution in wires at different frequencies and 
therefore electromagnetic features of antenna.
First, simulations of antenna structure were done to design the antenna geometry (Fig. 1a). Then, genetic 
algorithm (GA) was used to optimize parameters and location of parallel RLC loads in antenna. (Genetic 
algorithms are stochastic search techniques that guide a population of solutions using the principles of evolution 
and natural genetics. In recent years, genetic algorithms have become a popular optimization tool for many areas 
of research, including the antenna design [1].) Each of four antenna wires was parted with 100 segments and the 
number of segment in which parallel RLC load have to be included was optimized. After this, R, L, and C values 
for load groups in wires were optimized with the same aim: to decrease SWR.

a b

c

SWR

WITHOUT LOADS

Frequency, MHz

simulation
experiment

SWR

WITH LOADS

Frequency, MHz

Fig. 1 – Antenna structure (a) and SWR frequency dependances without (b) and with (c) loads

The real antenna was made according to simulations and its SWR was measured. Simulated SWR for antenna 
without loads is shown in fig. 1b. It is seen that antenna SWR < 5 from 13 to 30 MHz. Simulated and measured 
SWR for antenna with parallel RLC loads are shown in fig. 1c. It is seen that antenna SWR < 5 from 1 to 
30 MHz, according to assigned design specifications. The similarity between the simulated and experimental 
data is satisfactory. Difference found in fig. 1c between simulated and measured SWR can be explained through 
the presence of the matching transformer (50 to 200 Ohms) in the experiment, while the absence in simulation 
(SWR for 200 Ohms). Moreover, some differences between real parameters and parameters used in simulation 
have contributed to SWR difference. Thus, the arrangement of parallel RLC loads and the GA optimization of 
their technical parameters allow improving SWR of antenna without changing its structure or shape.

References
1. J.M. Johnson, Y. Rahmat-Samii. Genetic algorithms in engineering electromagnetics. IEEE Antennas and Propagation 

Magazine, vol. 39, no. 4, August 1997.
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Wide-bandgap Semiconductor Photoconductive Switches  
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High power terahertz (THz) devices, which operate in the sub-millimeter wavelengths, offer the 
possibility of high resolution imaging of objects at relatively far distances (e.g.., relative to the capabilities of 
infrared devices) and provide undetectable THz communication links between troops in the battlefield. These 
devices provide superior performance when operated at high switch voltages for wideband THz applications.   

Although many different schemes for THz generation have been demonstrated thus far, one of the most 
promising techniques for the creation of intense THz fields is through photo excitation of biased semiconductor 
antennas. The figure below shows the three-dimensional models of the standard Auston photoconductive (PC) 
antenna and the power-enhanced wideband PC antenna integrated with wide-bandgap semiconductors, such as 
GaN and SiC [1], investigated under this study. The two interdigitated finger electrodes accompany the large-
aperture antenna structure to overcome the limitation of high bias voltage or pulsed voltage supplies [2]. Shadow 
masks were deposited on the top layer to allow radiation only at every other electrode spacing. This design 
forces the THz radiation, emitted through the substrate, to constructively interfere in the far field. The simulation 
method used in the preliminary simulation study is the finite-difference time-domain (FDTD) technique, which 
provides a discrete formulation of Maxwell's equations for computer programs applied towards electromagnetic 
field problems with complex geometries. Preliminary simulation analyses, using an in-house FDTD code, show 
encouraging results on a proposed antenna system as compared with the standard antenna system in terms of 
increasing the field strength at a specified target location.

In this presentation, we report on the simulation results from which we have obtained through coupling 
of the carrier transport equations in the semiconductor material with Maxwell’s equations for THz radiation from 
an antenna. We also expect to present our fabrication techniques and the testing of wide-bandgap semiconductor 
materials, used in the photoconductive, semiconductor-switch (PCSS)-based THz antenna system.   

Fig. 1 – Schemetics of the standard and power-enhanced wideband PC antennas. 
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
                

             


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Forming of voltage pulses with amplitude of tens of kilovolts and rise time of about 100 ps remains a complex 
technical task and at pulse repetition rate of tens and hundreds of kilohertz is possible only using FID technology. 
When amplitude of pulses is increased to 100-200 kV it was possible to obtain rise time of 100-200 ps but only 
at PRF of up to 1 kHz. 
Further increase of amplitude to 500-1000 kV has been making the task of forming of pulses with rise time of 
300-500 ps almost impossible in repetitive mode. 
FID GmbH has solved several principal problems and obtained a qualitative jump increasing peak power of nano 
and picosecond pulse generators. 
1. Solid state FID switches with peak power of more than 1 gigawatt and transition time from hundreds to tens 

of picoseconds have been developed; 
2. New principles of forming voltage pulses of nano- and picosecond range with amplitude from several 

hundreds of kilovolts to several megavolts have been researched; 
3. New methods of generation of picosecond and nanosecond voltage pulses with extremely low timing jitter 

of less than several tens of picoseconds have been found. 
New principles of generation allow simultaneously achieve high amplitude, short rise time, compact size and 
high efficiency. The ongoing development work and experimental testing of pulses with rise time of 500 ps and 
amplitude of 1 megavolt into 50 Ohm with peak power of 20 GW and pulse repetition rate of several hundreds of 
hertz. 
At the same time a pulse generator is being developed with amplitude of 30-50 kV, rise time of 100 ps, pulse 
duration of about 1 ns and pulse repetition rate of up to 100 kHz.
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1FID GmbH, Burbach, Germany
E-mail: vlad@fidtechnology.com 

At the present days the pulse terahertz range pulse technology is experiencing a rapid growth. In this case it is 
necessary to generate voltage pulses with duration from tens of picoseconds to several picoseconds. The known 
methods of generation of such pulses allow forming of pulses with amplitude from several volts to tens of volts 
which corresponds to peak power of not more than few watts. 
FID GmbH has performed a large volume of theoretical and experimental studies which allowed foundation of a 
new class of FID switches with turn on time of 10-20 ps and operating voltage of from 1 to 10 kilovolts. 
On the basis of these devices pulsers which output voltage pulse with amplitude of up to 10 kV, rise time of 
about 20 ps and pulse duration of 50-100 ps have been developed. 
Research of operating specifications of pulse generators at pulse repetition rate of 1-20 kHz has been performed. 
As a result high stability of all parameters was reached. Jitter of delay time between a triggering pulse and output 
pulse has been estimated as 5 ps. 
A method and testing plant for measuring high voltage pulse with rise time of 10-20 ps has been developed. 
High voltage attenuators manufactured by FID GmbH and Barth Electronics Inc. with bandwidth of up to 30 
GHz were used for measurements. Effects of feeding picosecond high voltage pulses through different types of 
cables and strip lines were researched. 
Pulse generators have compact size, high efficiency and reliability.H
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A miniaturized printed circuit antenna is finding increasing usage in mobile-communication handsets. Thus, 
reduction of antenna size is required for practical use. Several methods for size reduction have already been 
examined through simulation and experiment. But all these techniques are able to reduce the antenna size more 
or less by 50%. Since the resonant frequency of a patch antenna is inversely proportional to �permittivity, it is 
possible to reduce the resonant frequency by using a substrate with high dielectric constant. However, high-
permittivity material entraps the EM energy within the near-field region due to existence of impedance contrast 
between the dielectric material and the surrounding air region and, as a result, the impedance bandwidth 
becomes very narrow. 
Here is a approach of low-profile miniature design using an annular-ring loaded circular patch antenna, which 
has a smaller size when compared to a circular patch antenna without annular-ring for a given frequency. An 
annular-ring patch antenna, which comprises of an inner radius and outer radius, is resonant at a lower frequency 
when inner radius is smaller, when inner radius becomes much smaller, the impedance of feed point becomes 
large and it is difficult to match the impedance using coaxial probe. A cross-slot in the ground plane can achieve 
much more reduction of patch size and the introduction of a concentric slot-ring provides the broadband 
characteristics.  
A circular patch of radius is centered in the narrow annular-ring, of outer radius and inner radius. These patches 
are printed on substrate, of different permittivity and different thickness for getting the desired & ideal result. 
The crossed slot in the ground plane has unequal lateral lengths, with a certain slot width. This structure excites 
two different orthogonal modes with equal amplitude and out of phase difference. The optimized dimensions are 
selected and certain simulations are done according to which results are selected. For better matching of input 
impedance, a circular slot of certain radius is selected at the centre of the cross slot. This antenna provides 
circular polarization and is significantly smaller than the conventional annular-ring patch antennas with a strip. 
The proposed structure is shown as below in Fig.1. In this proposed structure 10 dB Return loss bandwidth is 
improved upto 6.6% compare to conventional Circular, & shorted circular patch antenna. The designed 
miniaturized printed circuit antenna is reduced in size by over 55% & has enough antenna gain for practical 
applications. The relatively wide bandwidth and centre-frequency are not heavily dependent on the feed point 
position, as antenna provides a convenient match to 50�.

R Lvi

 Rc

Fig. 1 – Proposed ARL Antenna 
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Helical microstrip antenna has conformal nature and unique radiation characteristics which have made it suitable 
for space applications. This antenna consists of a tape helix around a dielectric cylinder with a conducting core
(Fig.1). In this article a microstrip helix antenna is designed and optimized for a LEO satellite in X-band. The
aim of optimization is obtaining saddle-shape pattern for compensating free space loss variations in the coverage 
area. Satellite altitude and minimum elevation angle of user terminals are the parameters which determine the
radiation pattern shape.
Radiation pattern of microstrip helix antenna depends on helix radius, number of turns, pitch height and relative
permittivity of substrate. In special physical states microstrip helix is a leaky wave antenna and could have a
saddle-shape pattern which is proper for LEO satellites. A leaky wave is a traveling wave progressively leaking
out power as it propagates along a wave guiding structure. Solutions for the complex-valued propagation
constant �  provide information about the excitation of fast waves [1-2].
For the antenna analysis and optimization, we have used CST MWS (Computer Simulation Technology,
Microwave Studio), the powerful electromagnetic field simulation software which uses FIT (Finite Integration
Technique) method. The validity of the analysis results is approved by comparing them with the results which
have been derived from an analytical method based on reciprocity theory. [3]
We applied a Genetic Algorithm (GA) optimization technique in CST MWS‘s VBA (Visual Basic for
Applications) compatible macro language. In this
optimization the steady-state GA is used and elitist strategy
is implemented. The stochastic selection strategy for
selecting parents is proportionate selection (Roulette wheel
selection). The method for selecting the individuals to be
replaced by temporary population is also proportionate
selection. Fitness function in this optimization is defined for 
the aim of obtaining arbitrary saddle-shaped pattern. In this
problem the real-valued chromosomes have been used and
each chromosome has six genes: b (helix radius), a
(conducting core radius), n (number of turns), p (pitch

length), w (tape width) and rε (relative permittivity of
substrate) [4-5].

Effects of rε  and the radius of conducting core on the
radiation pattern have be studied in the article. Results show 

that, when rε  increases, the portion of leaky-wave radiation 
decreases and radiation pattern tends to the axial mode. When radius of conducting core decreases, leaky-wave
increases and the saddle-shape pattern comes near to the pattern of normal mode.
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Fig. 1: A microstrip helix antenna with 
conducting core
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Evolving antennas using various computational techniques, as opposed to using conventional design techniques, 

is an established and successful method of antenna creation. One of the best examples is the evolution of wire 

antennas for a NASA satellite [1]. 

Microstrip antennas are becoming increasingly used in personal mobile communications devices such as mobile 

phones and personal digital assistants. The main reasons for this are their low profile and low cost. Modern 

mobile communications systems typically require that not only should the antennas be electrically small but also 

that they should be able to operate in several different frequency bands that are not necessarily harmonically 

related. 

Only a very limited number of techniques have been applied to the optimisation of microstrip antennas. This 

study aims to empirically compare the efficiencies of various techniques when evolving multi-band microstrip 

antennas. The goal was to produce a dual-band probe fed antenna with bands centered at 3.5 and 4 GHz, each 

with a -10 dB, or less, return loss bandwidth of 100 MHz. Existing theory and studies at The University of York 

showed that optimising for directivity and polarisation was not necessary, thus making the problem considerably 

simpler. 

The top surface of the microstrip antennas in this study consisted of a 12 x 12 grid of squares. Each square was 

approximately 2mm x 2mm, and could be metalised or not. Meandered current paths and parasitic patches are 

some of the structures that result in one or more of the following beneficial features of microstrip antennas: 

electrically small size, broad-band and multi-band operation. The grid representation should enable various 

optimisation algorithms to generate structures that result in these desirable characteristics. 

Various techniques have been used in this study including a relatively new one called Cartesian Genetic 

Programming (CGP) [2] which has never before been used in any electromagnetic optimisation problems. 

Results so far indicate that steady-state genetic algorithms are the most efficient optimisation techniques. 

The study has yielded several antennas that either fully meet the specification or come very close to it. One such 

antenna can be seen below (Fig 1). 

Measured and Simulated S11 of Evolved Dual 

Band Microstrip Antenna
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Fig. 1 – (a) Evolved antenna and (b) S11 of evolved antenna. 
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     The miniaturization is one of the main goals of research and applications in electrical engineering. In 
applications such as: embedded systems, biomedical and systems for radio-frequency identification (RFID), the 
physical size of the antenna becomes a limiting to the reduction these systems. In this paper some parameters 
was studied to reduce the physical size of the antenna, such as: short-circuit, permittivity and a particular 
geometry of the E-shape patch antenna. The influence on the antennas radiation characteristics of short-circuits 
position and diameter, permittivity value and thickness, as well as, tangent loss, the numbers and length of arms 
are presented. In the analysis of antenna’s sensitivity, the geometry used is of the electrically small rectangular 
patch antenna (Figure 1.a). The resonance frequency is 2.45 GHz, dielectric substrate is the FR4 (�r = 4.6, tan� =
0.02 and h = 1.6 mm) and the other parameters are: a = 13.5 mm, b = 9.6 mm, rs = 0.3 mm, rs = 0.3 mm, df = 1.7 
mm and ds = 0.4 mm, figure 1.a. The metal surface of the rectangular patch antenna is 0.2 mm less than the 
surface of the substrate in each edge. To analyze the short-circuit position effects, the previous parameters 
simulated were maintained constant and the position of the short (ds) were modified for two others positions: 0.5 
mm and 0.6 mm. The results were simulated using the CST-Microwave Studios software and to show the return 
loss and others parameters (figure 1.b). 

        a)                                                                                                      b)

Figure 1. a) Geometry of the rectangular patch antenna and b) results of the return loss for variation in the position 
of the short-circuit. 

   In this work the equivalent circuit models geometry and current distribution on patch antenna, as well as, the 
sensitivity to permittivity, thickness and tangent loss of substrate were obtained. Finally, in this work we can 
show the behavior of the antenna’s response to the introduction of arms to reduce the physical size of the 
antenna. The results can be used as a first step guide to design miniaturized patch antennas. The comparisons 
with literature results are in good agreement and it suggest the design of new types of structures.   
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Adaptive, multi-band, low profile antennas are on high demand for many wireless communication and
sensor network applications. In the U.S.A. the frequency band 5.850-5.925 GHz has been allocated for
Intelligent Transportation Systems (ITS) Dedicated Short-Range Communication Service (DSRCS) and is 
intended for communications that generally occur in medium to short range between vehicles and roadside
units and between moving vehicles.

This paper describes the design and measurement of a low profile microstrip antenna for GPS-DSRC 
application. The antenna operates at both the L1 frequency of 1.5745 GHz (GPS) with circular polarization
and 5.88 GHz (DSRC) with vertically linear polarization. The proposed antenna consists of a corner cut 
patch for GPS (at the bottom layer) and circular patch with ring slot on the top layer for DSRC patch (Fig.
1), in a multi-layer configuration.  The antenna pattern performance at both frequency bands, taking into
consideration the effect of the roof of car as well as the antenna package, has been measured and will be
presented (Table 1).

Fig.1 Antenna Geometry, package and location on the car roof

Theta 0 45 90
Simulated Antenna gain 2.8 5 3.1
Measured Antenna gain 2.3 4.5 3

Table 1. Antenna maximum gain at DSRC frequency at different Theta cuts, (measured and 

simulated)
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Determination of far fields using magnetic line currents [1] has been found to be accurate. However, this 
approach fails when near fields are determined. The magnetic line currents determined from the Eigen functions 
[2] were earlier determined along the periphery of a patch antenna. This approach was found to be sufficiently 
accurate only for the far fields. The accuracy of the near fields using this approach is found to deviate when 
compared to the full-wave model. This problem is overcome by modelling the fringing fields and incorporating 
this to analytical approach by which the Eigen functions are determined. Accurate modelling of near fields is a 
must especially for determining the magnetic interactive currents for patch antenna arrays. The fringing fields 
are modelled as magnetic line currents projected along the outer periphery shown in figure 1. 

Fig. 1 – Magnetic line currents along an equivalent periphery of a patch antenna.  
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As an example the near field is determined for a 4 x 4 cm antenna in frequency domain at a few observation 
points at distances ranging from 0.2 cm to 1 cm with respect to the patch antenna. The dielectric constant, loss 
angle and substrate thickness are 2.32, 0.02 and 0.5 mm respectively. The patch is fed by a normalised current 
source with a feeding pin at (1, 1) cm. The observation points are on the same plane, z = h, as the metallic patch.  
The near fields are determined as 

(2)� � � �� � ,1 1
4 3 ldeh

in terms of the x and y components of the magnetic line currents. 
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Determination of far fields using magnetic line currents [1] has been found to be accurate. However, this 
approach fails when near fields are determined. The magnetic line currents determined from the Eigen functions 
[2] were earlier determined along the periphery of a patch antenna. This approach was found to be sufficiently 
accurate only for the far fields. The accuracy of the near fields using this approach is found to deviate when 
compared to the full-wave model. This problem is overcome by modelling the fringing fields and incorporating 
this to analytical approach by which the Eigen functions are determined. Accurate modelling of near fields is a 
must especially for determining the magnetic interactive currents for patch antenna arrays. The fringing fields 
are modelled as magnetic line currents projected along the outer periphery shown in figure 1. 

Fig. 1 – Magnetic line currents along an equivalent periphery of a patch antenna.  
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As an example the near field is determined for a 4 x 4 cm antenna in frequency domain at a few observation 
points at distances ranging from 0.2 cm to 1 cm with respect to the patch antenna. The dielectric constant, loss 
angle and substrate thickness are 2.32, 0.02 and 0.5 mm respectively. The patch is fed by a normalised current 
source with a feeding pin at (1, 1) cm. The observation points are on the same plane, z = h, as the metallic patch.  
The near fields are determined as 

(2)� � � �� � ,1 1
4 3 ldeh

in terms of the x and y components of the magnetic line currents. 
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A rectangular microstrip antenna (RMSA) or radiator is designed with infinite ground as shown in Fig. 1. The 
permittivity of the dielectric material is 2.65 and the height of the substrate is 1.5mm. The length of the patch is 
13mm and the breadth is 16mm. The structure of RMSA is modified as shown in Fig. 2. On the bottom side of 
the dielectric substrate a rectangular metallic plane of 56mm x 100mm is constructed with three columns of 
square holes, which acts as a ground plane. These square slots are 7.05mm x 7.05mm in dimension and the 
distance between centers is 14.1mm. This lattice of square holes acts as an electromagnetic band gap (EBG) 
structure [1-5]. These structures consists of an uniformly distributed periodic metallic pattern on one side of a 
dielectric slab which is capable of prohibiting the propagation of all the electromagnetic waves of certain band of 
frequencies. The whole structure is backed by a plane ground at a distance of 8.5mm. This structure is named as 
EBGRMSA.

This electromagnetic band gap structure suppresses surface waves excited and thus improves the efficiency and 
the directivity of the radiator. IE3D software [6] is used to simulate both antennas RMSA and EBGRMSA and 
the various parameters of these antennas are tabulated in Table 1. As seen from the table, the resonant frequency 
of the EBGRMSA has been increased when compared to the RMSA’s resonant frequency which shows that the 
size of the EBGRMSA has been reduced. Hence compactness is achieved. Even though VSWR has increased 
slightly it is well within the acceptable range. The radiation efficiency of the EBGRMSA is increased by 36% 
whereas its antenna efficiency has been increased by 70 %. The gain of EBGRMSA is increased by nearly 9 dB 
and its directivity was found to have increased by 1.2 dB.  

Fig. 1  Front view of the RMSA  Fig. 2. Front view of the EBGRMSA

Table 1-Comparison of RMSA and EBGRMSA 

Design Frequency VSWR  S11 Rad  Eff  Ant. Eff Gain  Directivity 

RMSA 4.818 1.56 -13.21 63.39 12.98 -2.56 6.3 

EBGRMSA 5.667 1.662 -12.09 100 83.8 6.74 7.55 
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The beauty of Yee’s 3D FDTD1 (finite-difference time domain) approach is its simplicity, while it is also very
versatile.  There we present a similarly simple and versatile approach, represented by the table below, for
modeling thin conductors (wires) within a 3D FDTD simulation.  Normally a 3D FDTD would have
prohibitively small cells if the cell size was set according to the thickness of any thin wires – so “subcell”
approaches have been developed (Chapter 10 of Ref. 1).  The wire model approach presented here uses a 1D
(TEM transmission line) Yee FDTD approach for the wire, with voltage and current for the “fields”, and with 
easily understood coupling between the 3D and 1D models. This approach was initially developed by Gilbert et 
al.2  Here we present this approach, and new material3 on the “in-cell inductance”, and on the effect on stability
of the wire coding.

Implementation is very simple – usual 3D and 1D FDTD coding is used, except with the addition of coupling
between the two systems provided by:

1D current (I) is feed into the 3D as a current source (JSource)
3D electric field (E) is feed into the 1D as a voltage source (VSource).

However, there is one uncertainty in this approach: normally there should be two conductors associated with a
1D transmission line, yet here there is only a single wire. The basis of this issue is the determination of the
capacitance (C), inductance (L), and conductance (G) values for the 1D equations, and the definition of what
“voltage” means. Often this coding approach is thought of as having an imaginary coaxial outer conductor
around the wire, and the distance to that conductor then defines the C, L, G values according to the usual coaxial
line formulas.  Various solutions have been proposed for this “in-cell inductance” issue.  In our approach we
used the 3D-1D system to simulate a rectangular coaxial line, and adjusted the in-cell inductance so that the
simulation results matched the analytical inductance for the rectangular coax structure.  Furthermore, we have
determined this value for non-square cells also, with a wide range of aspect ratios.

We also derived a stability criterion for this approach.  If the wire is small enough, then the stability criterion is
no different than given by the normal 3D Courant time step limit.  If the wire gets too big, then the time step
limit decreases; and stability requirements sets a maximum limit on how thick the wire can be.
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The beauty of Yee’s 3D FDTD1 (finite-difference time domain) approach is its simplicity, while it is also very
versatile.  There we present a similarly simple and versatile approach, represented by the table below, for
modeling thin conductors (wires) within a 3D FDTD simulation.  Normally a 3D FDTD would have
prohibitively small cells if the cell size was set according to the thickness of any thin wires – so “subcell”
approaches have been developed (Chapter 10 of Ref. 1).  The wire model approach presented here uses a 1D
(TEM transmission line) Yee FDTD approach for the wire, with voltage and current for the “fields”, and with 
easily understood coupling between the 3D and 1D models. This approach was initially developed by Gilbert et 
al.2  Here we present this approach, and new material3 on the “in-cell inductance”, and on the effect on stability
of the wire coding.

Implementation is very simple – usual 3D and 1D FDTD coding is used, except with the addition of coupling
between the two systems provided by:

1D current (I) is feed into the 3D as a current source (JSource)
3D electric field (E) is feed into the 1D as a voltage source (VSource).

However, there is one uncertainty in this approach: normally there should be two conductors associated with a
1D transmission line, yet here there is only a single wire. The basis of this issue is the determination of the
capacitance (C), inductance (L), and conductance (G) values for the 1D equations, and the definition of what
“voltage” means. Often this coding approach is thought of as having an imaginary coaxial outer conductor
around the wire, and the distance to that conductor then defines the C, L, G values according to the usual coaxial
line formulas.  Various solutions have been proposed for this “in-cell inductance” issue.  In our approach we
used the 3D-1D system to simulate a rectangular coaxial line, and adjusted the in-cell inductance so that the
simulation results matched the analytical inductance for the rectangular coax structure.  Furthermore, we have
determined this value for non-square cells also, with a wide range of aspect ratios.

We also derived a stability criterion for this approach.  If the wire is small enough, then the stability criterion is
no different than given by the normal 3D Courant time step limit.  If the wire gets too big, then the time step
limit decreases; and stability requirements sets a maximum limit on how thick the wire can be.
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We present a semi-analytical and rigorous theory for modeling Electromagnetic Band Gap (EBG) devices. The
formulation consists in computation of its scattering matrix (S-matrix) by coupling the Modal Method (MM)
with the Scattering Matrix Propagation Algorithm (SMPA). The numerical implementation requires few
computation times and memory sizes, and permits to achieve very high accuracies.
In Cartesian coordinate system, we interest particularly in a planar multilayer scattering object periodic with
respect to y and invariant with respect to x. Each parallel layer to the Oxy plane can be a perfectly conducting
lamellar grating as depicted in figure 1 or a homogeneous layer. In whole space, invariance and periodicity
permit to write the electromagnetic fields as Fourier developments truncated to the Nth order in view of
numerical implementation. The region containing the stack of scattering objects is called modulated area and is
surrounded by two homogeneous and isotropic regions in which the fields are expressed by the well-known
Rayleigh development. We assume that all electromagnetic components have a harmonic time dependence.
We first extend the MM [1] to the conical and transmission diffracting problem in order to express the scattering
matrix of one metallic cylinder layer. Its principle consists in finding explicit expression of the fields from
resonant modes liable to propagate in each homogeneous slot of the grating. Knowing the transmission matrix of
a homogeneous layer placed between gratings, an iterative process (SMPA) [2] is secondly applied along the z-
axis to compute the S-matrix of the entire structure. Thanks to the SMPA, the modulated area can be automatic
split into several slices in order to avoid numerical instabilities due to growing exponential terms of the
electromagnetic fields in important deep gratings. Besides, the Staircase Approximation [3] can be applied to
modelize metallic cylinders with arbitrary cross-section.
Many numerical results have permit to validate the theory by comparison with the ones stated in references [4,5].
For instance, Figure 2 shows the transmittance versus the frequency for EBG objects with several lamellar
metallic gratings. In the case of five metallic cylinder layers, the numerical accuracy reaches 10-13 (relative error
with the energy criterion) for a development order (N) equal to 5. The computation time of one iteration (one
point in figure 2) is less than 1 second for N=15 on personal computer.
Our future work will deal with the addition of a transverse modal searching algorithm in order to design ultra-
compact and directive EBG antennas. Then, the theory will be generalized to bi-dimensional periodic EBG
objects as a stack of metallic grids (crossed gratings) and woodpile structures.

Fig. 1. Perfectly conducting lamellar grating Fig. 2. Transmittance for EBG objects with several layers
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The purpose of this work is a numerical investigations of the process of electromagnetic wave multiple 
interactions with random discrete inhomogeneities disposed in the stratified media. This media includes the 
semitransparent objects in a view of sphere, disk and plate. In this work we consider the numerical method of
computation electromagnetic wave multiple interactions with discrete random scatterers in the stratified media. 
The method of solving this problem is based on the stochastic modelling of wave interaction with random 
discrete media [1, 2].  
Here is assumed that the wavelength of the wave is less than the sizes of the layers and objects and scattering 
occurs incoherently by an image on statistically independent discrete inhomogeneities.  The oscillator of 
electromagnetic signal is presented as a source of photons with corresponding diagram of radiation. The initial 
coordinates of photons get out in the point of oscillator disposition. The type of wave interaction with discrete 
inhomogeneity is determined according to set cross sections of absorption and scattering. In case of fulfillment 
of a wave scattering condition the direction of photon propagation changes according to set indicatrix of discrete 
inhomogeneity over-radiation (isotropic, Lambert and quasi-mirror types). Solving the problem of linear and 
nonlinear wave propagation in the random discrete media is reduced to definition of photon distribution function 
in space of coordinates and time. 
There is supposed that the interaction of wave with random discrete inhomogeneous take place in according to 
the isotropic scattering indicatrix. Here is considered the source of electromagnetic signal, which disposed in the 
centre of Cartesian coordinates system on the surface of media. In this paper is supposed that all distances 
measured in the relative units. In Fig. 1 is presented the distribution of scattering signal energy in stratified 
media inclusive the semitransparent spherical object. In this picture we can see such as the distribution of 
scattering signal energy is represented the contours of spherical object and layers in media. The semitransparent 
disks (Fig. 2, 3) and holes in barrier (Fig. 4) with radius R=1.5 and R=2.5 are disposed inside media in plane 
z=2.3. In  Fig. 2-4  are presented the results of computation of energy scattering signal in cross-section plane 
z=2.5 (Fig. 2) and z=4.5 (Fig. 3, 4). Here we can see the well-defined projection of disks in Fig 2 in comparison 
with Fig. 3. The analysis of results shows that with increase of distance to disks and the coefficient transparency 
of disks is take place the edge smearing of disks on the images.  
Thus in this work the numerical model concerning linear and nonlinear electromagnetic wave propagation in the 
three-dimensional random discrete media, inclusive the semitransparent objects is developed. Dependencies of 
energies scattering and absorption signals from the parameters, describing the nonuniform structure of random 
discrete media and objects are investigated. 
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Fig. 1 – The distribution of 
scattering signal energy in 
stratified media inclusive 
the spherical object

Fig. 2 – The distribution of 
scattering signal energy in 
the plane z=2.5 for the 
presence  of two disks  

Fig. 3 – The distribution 
of scattering signal energy 
in the plane z=4.5 for the 
presence  of two disks  

Fig. 4 – The distribution of 
scattering signal energy in 
the plane z=4.5 for the 
presence of two holes
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Electromagnetic wave penetration through slots or apertures on cylindrical structures is an important subject in  
electromagnetic compatibility (EMC).In fact, the coupling of EM energy with small apertures of an embedded 
system can seriously damage the performance of electronic circuits installed inside the embedding enclosure. Then, 
the estimation of the penetrated field into the aperture is important to evaluate the performance of the studied 
electronic system. 
Many techniques have been proposed to solve the problem of EM wave penetration into circular slotted cylinders 
due to their wide use in engineering applications. The most important approach which treated such problem is the 
method of moments MoM [1-3]. Although its performance, the investigation of EM energy penetration into 
multilayered slotted cylinders is not obviously solved by the MoM technique. In fact, for multilayered geometries, 
the problem cannot be easily characterized due to the difficulty to extract the Green singularity. Recently, a 
numerical method based on integral equation technique combined with the Galerkin’s procedure has been advanced 
by [4] to solve the resulting multiple coupling system. In this paper, another, original method [5-6] is developed to 
characterize multiple wave penetration in multilayered slotted cylinders. It has been successfully applied to solve the 
problem of EM energy coupling with cylindrical slots [5].Our full wave approach is based on transverse wave 
formulation of the electromagnetic problem. 
The coupling of electromagnetic (EM) wave through multilayered cylindrical apertures is analyzed by a transverse 
wave method called Wave Concept Iterative Process (WCIP). The efficiency and accuracy of the proposed technique 
are validated by illustrative examples in both TE and TM polarizations [7]. 
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Many modern aircraft use some combination of primary structure and shielded cables to provide electromagnetic 
protection for the system electronics. However, unlike a ground-based screen room, an aircraft fuselage requires 
a very large number of penetrations through the shield because of antennas, wiring, and control cables as well as 
pneumatic and hydraulic lines. An aircraft also has to have numerous windows, doors, and hatches for access 
and maintenance. In every case, the penetration through the shield must be hardened, and that requires hardening 
specifications and some method of measuring the shielding to assure that the hardening is adequate. Thus, the 
first step in the implementation of a shielded system is to create a properly written set of specifications in 
measurable engineering units. If this is done, there exist a number of measurement methods and tools that can be 
used to measure the shielding. As a result, the verification and maintenance can be accomplished in a 
straightforward manner. 
Laboratory measurements of hardening element performance can be used to verify the design approach, but in 
order to assure in-flight performance, the hardening must be measured on board the aircraft in its actual 
installation. This is often more difficult than making a measurement in a laboratory fixture. 
This paper discusses the shielding design of a typical aircraft system and describes both CW and time domain 
methods for measuring the effectiveness of the shielding elements and the overall shielding of the whole aircraft. 
Illustrative examples are presented.. 
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Previously the coordination of protections against electrical surges because of lightning in electrical systems of 
low voltage was made using devices with gap and varistores, due to the great handling of electrical charge of 
first. Nowadays they exist varistores of ZnO that can handle to discharge energy and therefore it allows to make 
coordination of protections among them in the different zones from protection. 
The present article shows a procedure to select and to coordinate surge protective devices type varistors in 
electrical systems of low voltage highly exposed to direct lightning currents. The selection procedure considers 
parameters like: Handling of the electrical charge, Curve voltage - current of the devices, Voltage protection 
level, decoupling inductive natural of the installation 
The article in addition shows a comparison between standard IEC 61312[1] and method used for the calculation 
of electrical charge present by each one of the incoming of electrical services of the installation, and whose 
results are very important at the time of select and coordinate surge protective devices type varistors. 
Between some of the reached results it is necessary that the surge protective device in the more sensitive 
protective zone it has a higher  voltage protective level than a surge protective device located in a previous zone 
of internal Lightning Protection System, in order to obtain waveform of current with smaller content of electrical 
charge. The before condition would work in low voltage electrical installation where is not adequate to use 
decoupling net type resistor because the regulation of voltage and efficiency of the system not permit to use it. 
So, the use of decoupling inductive is enough due to that there is a natural inductance in the circuit of the low 
voltage power distribution system. This would seem a contradiction with respect to the generally accepted 
philosophy, in which the best levels of protection (lowest) are in the more sensible zones of protection, so for 
these conditions there would not be a reduction in the levels of electrical charge when a surge is going through of 
a zone of protection to the following one. 
If is required a better voltage protection level on a sensible equipment,  it does necessary the design of a 
protective device with decoupling element type resistor. In this way a protection device closer to sensible 
equipment will have the lowest voltage level protection [2], [3]. 

References  
1. International Electrotechnical Commission (1997). Standard IEC 61312 “Protection against Lightning Electromagnetic 

Impulse”.
2. International Electrotechnical Commission Standard IEC 62305-4 “Protection against Lightning. Part 4: Electrical and 

electronic system within structures. 
3. International Standard IEC 61643-12: Surge protection Devices connected to low voltage power distribution systems. 

Selection and application principles. 

H
PE

M
 -

 4
7 

 H
ar

d
en

in
g

: P
ro

te
ct

io
n

, A
ss

u
ra

n
ce

 a
n

d
 M

ai
n

te
n

an
ce

 



258 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

HPEM - 47

Design of SPD´s Class I for Low Voltage Electric Systems, using 
Combinations of Metal Oxide Varistors

Avendaño Avendaño, Carlos Alberto; Ibáñez Olaya, Henry Felipe; 
Ortiz Suárez, Helmuth Edgardo;

Distrital University Francisco José de Caldas, Bogotá, Colombia

Design of SPDs Class I for Low Voltage Electric Systems, using 
Combination of Metal Oxide Varistors 

C. A. Avendaño Avendaño1, H. F. Ibáñez Olaya2, H. E. Ortiz Suárez3

1Distrital University Francisco José de Caldas, Bogotá, Colombia
2Distrital University Francisco José de Caldas, Bogotá, Colombia 
3Distrital University Francisco José de Caldas, Bogotá, Colombia

... 
E-mail: hfibanezo@udistrital.edu.co 

This paper describes the methodology used in the design of a Surge Protection Device Class I (SPDs I) required 
for the protection of low voltage electric systems, highly exposed to direct impacts of lightning. The SPD was 
developed by means of the combination of metal oxide varistors of same nominal voltage and current, with non 
homogeneous characteristics voltage-current. The presented designs satisfy the conditions required by the 
international standard of insulation coordination for low voltage electric systems IEC 60664[1], and parameters 
required by the standard IEC 62305[2]. An equation that allows estimating the number of required varistors is 
presented. This equation is function of both, the electric charge of the lightning partial current and the tolerance 
given by the manufacturers of the used varistors.  
The validation of the equation is carried out by means of the comparison with simulations in PSpice, analyzing 
parameters of each one of the elements as charge, as well as the same parameters for the group. Finally the 
application of the methodology proposed in the design of a SPD class I with capacity of supporting 10kA with 
waveform 10/350�s with a protection level not bigger than 1.5kV, is shown with the purpose to make a 
coordination of protection using only varistors. 
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To recognize the target by its complex natural frequencies s� , one sometimes encounters a problem with a large 
early-time transient signal in the presence of a low-level late-time resonant signature. This introduces a dynamic 
range problem in the transient-signal recording devices (such as digitizers). One would then like to avoid the 
earlytime signal in the recording to accurately measure the late-time waveform. 

One can approach the problem of early-time suppression in various ways. One can use limiters to chop off the 
early-time peak(s). This raises practical questions concerning the response time of the limiter (early-time feed 
through) and the recovery time (hopefully before the beginning of the late-time signal). Another possibility 
would have linear (passive and/or active) analog filters. If the early-time signal is sufficiently narrow in time, 
then special low-pass filters (i.e., integrators) can reduce the early-time amplitude relative to the late-time 
amplitude. One can also use an incident (interrogating) wave which is designed by its frequency content to 
maximize the return of the late-time resonances. 

The present paper considers the use of the polarization properties of the scattering. If the early-time polarization 
is sufficiently different from the late-time polarization, then one can in effect “cross polarize” (in a general sense) 
the radar to the early-time scattering, while letting the late-time scattering (or useful portions of this) through to 
the recorder. 

Continuing the discussion, this paper considers various possibilities for cancelling of early-time scattering 
signals for better recording of the late-time resonances for target identification. Topics include rotation of the 
polarization basis (antenna rotation), and including of various gains (filters) in the radar channels. Of special 
interest is the possibility of using an inverter in one of the radar channels. The case of polarization-independent 
early time scattering, provided that the resonance(s) of interest are approximately characterized by a single 
polarization. This leads to schematic system designs for one or two dual-pol antennas.

H
PE

M
 -

 4
8 

Sp
ec

ia
l T

ec
h

n
iq

u
es

 in
 E

M
 T

h
eo

ry
 #

2



260 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

HPEM - 48

Constitutive Parameters of Left-Handed Materials for UWB Passive 
Devices

Banciu, Gabriel Marian; Militaru, N.; Lojewski, G.;

National Institute of Materials Physics - Microwave Group, 
Magurele, Romania

Constitutive Parameters of Left-Handed Materials  
for UWB Passive Devices  

M. G. Banciu1, N. Militaru2, G. Lojewski2,
1National Institute of Materials Physics, Microwave Group, Magurele, Romania 

 2POLITEHNICA University of Bucharest, Faculty of Electronics, Telecommunications and Information 
Technology, Bucharest, Romania 

E-mail: gbanciu@infim.ro  

Microwave investigations on a new metamaterial are presented in this paper. A new resonator for the unit cell of the 
metamaterial is proposed. The dispersion relations and the Bloch impedance were directly obtained from the scattering 
parameters. The structures were designed by using a Finite Difference Time-Domain (FDTD) method employing periodic 
boundary conditions. The in-house developed FDTD method (Fig. 1a) was previously successfully applied to cross –coupled 
planar filters [2].  

(a) (b) 

Fig. 1. FDTD simulations on a meander structure. 

Estimation techniques were developed and the FDTD signal was processed in order to reduce the computation time, as shown 
in Fig. 1b. The scattering parameters are in good agreement with the simulated responses.  
An effective medium theory in the long wavelength approximation is presented. In this theory, the structure is considered as a 
two-port with the scattering parameters S11, S21, and the propagation factor �  given by 
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Moreover, theoretical models were developed for double- and single-negative media in order to deduce the effective 
permittivity �  and permeability �.   
In this paper, investigations on the utilization of the proposed metamaterial to an UWB antenna in order to obtain a rejection 
of the interferences due to such source as the WLAN systems, are presented. On the other hand, it is shown that the use of the 
proposed can improve the devices dispersion characteristics and the group delay. 
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metamaterial is proposed. The dispersion relations and the Bloch impedance were directly obtained from the scattering 
parameters. The structures were designed by using a Finite Difference Time-Domain (FDTD) method employing periodic 
boundary conditions. The in-house developed FDTD method (Fig. 1a) was previously successfully applied to cross –coupled 
planar filters [2].  
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Estimation techniques were developed and the FDTD signal was processed in order to reduce the computation time, as shown 
in Fig. 1b. The scattering parameters are in good agreement with the simulated responses.  
An effective medium theory in the long wavelength approximation is presented. In this theory, the structure is considered as a 
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Moreover, theoretical models were developed for double- and single-negative media in order to deduce the effective 
permittivity �  and permeability �.   
In this paper, investigations on the utilization of the proposed metamaterial to an UWB antenna in order to obtain a rejection 
of the interferences due to such source as the WLAN systems, are presented. On the other hand, it is shown that the use of the 
proposed can improve the devices dispersion characteristics and the group delay. 
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Coaxial and waveguide probes have been studied for the past 30 years.  Their uses include nondestructive 
material evaluation, subsurface crack detection, and even hyperthermia treatment [1-3].  Existing research has 
focused on obtaining the reflection coefficient, using a single probe, of an unknown material backed by a 
dielectric half-space or a PEC.  While this scenario is ideal for determining the dielectric constant of an unknown 
material, it suffers when one wants to determine permeability or thickness because it lacks two (or more) 
independent measurements.  Several authors have developed techniques—most notably, two-thickness method, 
sample added method, and frequency varying method—to fill this single waveguide probe shortfall.  The two-
thickness method, being the most popular because of its simple implementation, requires two separate 
measurements: one measurement with the material under test (MUT) (of thickness 1) backed by a dielectric half-
space or PEC and another measurement with the MUT (of thickness 2) backed by a dielectric half-space or PEC 
[4].  These two measurements allow for the determination of complex permittivity and permeability; however, 
one must know the thickness of the MUT to use the technique.  The research presented in this paper introduces a 
method to determine the permittivity, permeability, and thickness of an unknown material backed by a PEC, 
using a variation of the two-thickness method and a dual waveguide probe.  The dual waveguide probe, shown in 
Fig. 1, allows for the simultaneous measurement of reflection and transmission coefficients allowing one to 
obtain complex permittivity and permeability with a single measurement [5].  A second measurement is required 
to determine the thickness of the MUT.  The paper will include theoretical development of the method, mainly 
application of Love’s Equivalence Principle and the Method of Moments.  Lastly, measurement results will be 
shown, comparing the results of the technique to standard waveguide methods, to verify its accuracy. 

� �
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Open-ended coaxial probes are widely used for the nondestructive electrical characterization of dispersive 
materials over a broad band of frequencies [1]. Although the method of measurement is simple in principle, the 
determination of the electrical properties of the material requires an inverse problem to be solved. In fact, the 
complex permittivity of the material has to be calculated from the measured reflection coefficient as a function 
of frequency at the probe aperture which can be converted into the aperture admittance. Several formulas for the 
aperture admittance have been  presented, some approximate and others derived from a full-wave analysis of the 
field at the probe opening [2]. However, an explicit form of the complex permittivity as a function of the 
admittance cannot be obtained. In this paper two numerical procedures to obtain the electrical properties are 
examined, both based on a particle swarm optimization algorithm. The former procedure consists in fitting the 
chosen analytical expression of the aperture admittance to the experimental admittance at each measured 
frequency, in order to obtain the corresponding complex permittivity values. In the latter, a model for the  
complex permittivity as a function of frequency such as Cole-Cole is fitted to the measured aperture admittance 
in the whole frequency range (300 kHz-3.6 GHz).  
The analytical expression chosen for the aperture admittance is [2] 
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whereas the complex permittivity according to the Cole-Cole model is [3] 
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The method of the electrical characterization will be applied to conductive plastic materials for electromagnetic 
shielding. The two procedures mentioned above will be compared considering calculation time and reliability of 
the results. The aim of the paper is to develop a fast procedure to obtain in real time the electrical parameters 
from the reflection coefficient measurement. The results of the electrical characterization of a few material 
samples will be presented in details in the final manuscript.
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This paper reports on a novel method of detecting the types and particle sizes of fillers used in rubber composites 
using a free space microwave non-destructive testing technique. The samples were measured at X-band using a 
rectangular dielectric waveguide (RDWG) system which offers the advantage of minimal sample damage, and 
thus more accurate de-embedding, convenience and good repeatability. 

In addition to comparing with the reference standards [1-3], our results are validated by carrying out a full three-
dimensional electromagnetic simulation of the measurement set-up using CST Microwave Studio. This allowed 
the physical properties of computed fields to be analyzed accurately and generated exact analogues to Maxwell’s 
equations, thus leading to a unique solution. The electromagnetic modeling enabled an accurate de-embedding of 
the RDWG set-up, thus enhancing the accuracy of our data. The simulation results agree well with the data 
obtained from the measurement. 

We found that the dielectric constants of both aluminium silicate-and china clay-filled rubbers do not depend so 
much on the filler content, while those filled with carbon black (CB) show a pronounced dependence. The 
dependence levels off, however, for higher filler contents. This differing trend between different filler types are 
partly due to the fact that carbon black is a conductor and hence electromagnetic waves are absorbed and stored 
whereas both china clay and aluminum are insulators. The complex permittivity values differ significantly for 
different particle sizes of the CB -they increased as the particle size of the CB decreases. Finer-sized CBs 
increase both the permittivity and the losses, but their behaviours are almost constant throughout the frequency 
range. This may be due to the fact that finer-sized fillers will result in more particles in the rubber composites, 
and this creates more propagation paths for the waves. 

Owing to its simplicity and ease of sample-mounting, the approach can be applied to other industrial materials in 
both solid and liquid form. The measurement can also be extended to hazardous liquids, and the set-up is easily 
modified for other frequency ranges. We have also demonstrated the use of electromagnetic modeling as an 
alternative to verify microwave non-destructive testing technique.
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The computation of the transient responses of complex metal-dielectric structures (radar targets, antennas, etc.) 
to ultra-short electromagnetic pulses requires accurate and fast numerical schemes. One of such widely used 
techniques is the finite-difference time-domain (FDTD) algorithm. However, in the conventional formulation 
proposed by Yee [1], each cell in the computational grid is implicitly supposed to be filled by a homogeneous 
material. For this reason, the adoption of well-posed orthogonal Cartesian meshes could be responsible for 
reduced numerical accuracy when complex electromagnetic structures having curved boundaries are to be 
modeled. In such cases, locally conformal FDTD schemes [2] provide clear advantages over the use of the stair-
casing approach or unstructured and stretched space lattices [1], potentially suffering from significant numerical 
dispersion and/or instability. 

In this communication, a novel locally conformal FDTD scheme, based on the effective electrical 
parameters concept, is proposed. In particular, a static finite-difference approach is adopted to rigorously 
evaluate the intrinsic capacitance Ceff, and conductance Geff of each non-uniformly filled cell in the 
computational grid. Then, using simple algebra, the effective permittivity �eff, and electrical conductivity �eff of 
the generic cell is easily derived. In this way, the information regarding the physical and geometrical 
characteristics of the electromagnetic structure under consideration is transferred to the position-dependent 
effective electrical parameters �eff, and �eff. The computation of such quantities is carried out before the FDTD-
method time marching starts, hence, unlike in conformal techniques based on stretched space lattices, no 
additional correction is required in the numerical algorithm. Therefore, the proposed scheme has the same 
stability properties as the conventional FDTD formulation. 

In order to assess the numerical accuracy and effectiveness of the proposed technique, several test cases 
have been performed. In particular, for the sake of brevity, only the computation of the fundamental resonant 
frequency fr of a rectangular metallic cavity loaded with a dielectric rod resonator (see Fig. 1a) is presented in 
this contribution. To this end, a cubic FDTD mesh having fixed spatial increment �h has been adopted to 
analyze the structure. As it appears in Fig. 1b, this example clearly demonstrates the suitability of the proposed 
approach to efficiently handle complex structures with curved boundaries, achieving dramatic improvement in 
accuracy over the stair-casing approximation. Further analyses showing the numerical performances of the 
proposed scheme, are in progress, and will be presented at the symposium. 

Fig. 1 – Geometry of a dielectric loaded rectangular cavity (a) and behavior of the fundamental resonant frequency fr
for different FDTD mesh sizes (b). Structure characteristics: a=b=50 mm, c=30 mm, D=36 mm, t=16 mm,
h=7 mm, �r=37. The reference value �r has been obtained using a commercially available TLM technique [3]. 
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In this paper, we study the MUSIC (Multiple Signal Classification) algorithm for imaging two-dimensional 

scatterers [1]. We present three aspects of MUSIC imaging here. First, some properties of MUSIC imaging of 

small dielectric cylinders under TE illumination, which have not been investigated earlier, are studied. Detailed 

analysis of the sources induced on the small dielectric cylinders and their linear dependency on each other gives 

a distinct insight into the use of MUSIC to locate them. It is observed that: 

(1) if the signal subspace is chosen appropriately, MUSIC can detect a cylinder by employing a test function 

corresponding to a non-prominent induced source as well. As an example, we show that for small isotropic 

dielectric cylinder, though the line source is not a prominent induced source, we can detect the cylinder using a 

test line source as in Fig.  1;  

(2) the geometry or material properties of a cylinder may result in a feeble or null strength of the induced source 

along one of the principal axes, and in such a case (called degenerate case) the knowledge of the direction, in 

which the sole independent source is induced, becomes mandatory to detect the cylinder (Fig.  2). The authors 

have recently proposed an algorithm to image such scatterers using a modified MUSIC approach [2].  

Next, we attempt to use MUSIC for imaging large scatterers under the TM incidence [3]. It is noticed that:  

(3) the use of antenna arrangement providing full aspect to the cylinders can indeed generate information about 

the presence and approximate locations of the cylinders, which can be used as an initial guess for contour 

optimization algorithms [4]. We show that the method can generate a reasonable initial guess even in presence of 

multiple large scatterers with separation of less than one wavelength between them (Fig.  3). 
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(a) (b)(a) (b)

Fig.  3: Use of MUSIC to image large elliptic cylinders and the result of DES with initial guess as generated 

using MUSIC. (a) Result of MUSIC for two large elliptic cylinders being investigated under full aspect 

arrangement and TM illumination. (b) Contour optimization result of 250th iteration of Differential 

Evolution Strategy. 

(a) (b)(a) (b)

Fig.  2: MUSIC result for anisotropic degenerate 

cylinder. (a) Pseudospectrum using x-directed test 

dipole cannot detect the cylinder. (b) 

Pseudospectrum using test dipole along the optic 

axis can detect the cylinder.

(a) (b)(a) (b)

Fig.  1: Implication of choice of signal subspace. (a) 

Singular values’ plot. Signal subspace is formed using 

singular vectors corresponding to the first three singular 

values (third one not being prominent). (b) 

Pseudospectrum using line test source can detect the 

cylinder when signal subspace is as in (a). 
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An accurate and efficient technique for simulation of electromagnetic (EM) wave penetration through large systems
of discrete scatterers is of interest in many practical applications, such as imaging through cluttered media (e.g.,
clouds or foliage), or designing materials with suitable transmission and reflection properties for ultra wide-band
(UWB) antenna applications.
The purpose of this contribution is to present the underlying formulation and applications of an algorithm suited
for an efficient and rigorous modeling of propagation of EM waves through large collections of discrete, strongly
interacting, scatterers. The scatterers may form ordered, partially disordered or random systems.
We model the system of scatterers as a doubly (“laterally”) periodic set of cells. Each cell may contain a large
number of scatterers (from thousands to hundreds of thousands), where each scatterer is usually described by
several hundred of unknowns. The total number of unknowns per cell may be in millions.
The approach is based on solving Maxwell equations in the integral form and utilizing a rigorous, non-lossy
impedance matrix compression. The near-field part of the impedance matrix is evaluated by means of the usual
method-of-moments, modified by contributions due to the Green function (quasi-)periodicity (i.e., allowing for
phases arising from propagation of waves with wave vectors of non-zero lateral components). The far-field part of
the impedance matrix is efficiently compressed with a suitably constructed version of the Adaptive Integral Method
(AIM) (Fast Fourier Transform-based) acceleration technique, utilizing the periodic Green function. Our approach
is applicable to scatterers of arbitrary shapes, sizes, and material properties (including magnetic materials), packed
with an arbitrary density. There is no restriction on the scatterer size relative to the wavelength; in particular, the
method is not limited to the dipole approximation for the scattering amplitudes. The computational cost of the
solution is approximately proportional to the number of unknowns per periodicity cell.
The method allows us to rigorously solve scattering and propagation problems for large systems of scatterers, i.e.,
large samples of a spatially extensive medium, while minimizing (through periodicity) the effects of the sample
boundaries. It also allows high precision simulation of periodic and nearly periodic systems, and analysis of
the band-gap structure of complex materials. As an example of such an application, Fig. 1 shows the band-gap
structure of the reflection coefficient computed for a periodic slab of densely packed dielectric spheres.
Due of its competitive performance and accuracy, our algorithm may be considered as an alternative to such
simulation techniques as finite-difference time-domain (FDTD) or multiple scattering (T-matrix) approach.
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Fig. 1: Reflection coefficient for a periodic slab of 100 layers of densely packed dielectric spheres of permittivity � = 5.84
and radius to center-to-center distance a/D = 0.45, plotted as a function of kD, where k is the incident wavenumber.
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Inverse problems are inherently nonlinear, ill-posed and non-unique. Therefore, these problems are usually 
considered in global optimization-based procedures and several types of regularizations are used to overcome the 
ill-posedness [1]. The general form of cost function for optimization routine can be considered as 

� � � �
2 22

00
1 1

, ,
I J T sim meas sim meas

ij ij ij ij r
i j

F E E H H dt R� � � � �
� �

� � � � � ����
� � � �

 (1) 

where ,sim sim
ij ijE H
� �

 are the simulated fields, ,meas meas
ij ijE H
� �

 are measured fields, � �, ,rR � � �  is the 

regularization term and �  is the regularization factor. I and J are the number of transmitters and receivers, 
respectively and T is the total time of measurement. Unfortunately, these methods have two main drawbacks. 
The first is the huge number of the unknowns especially in 2-D and 3-D structures which increases not only the 
amount of computations, but also the degree of ill-posedness. The other disadvantage is the determination of 
regularization factor which is not straightforward at all. It has been shown that by expansion method, instead of 
direct optimization of the unknowns, it is possible to expand them in terms of a complete set of orthogonal basis 
functions and optimize the coefficients of this expansion [2]. The problem here is the imperfect accuracy due to 
limited number of expansion terms, have been used. In this paper, a new hybrid algorithm for fast and accurate 
solving of 2-D inverse scattering problems is proposed using a two-step optimization-based method. In the 
proposed algorithm, a coarse solution is obtained by choosing relatively small number of terms in an expansion 
routine in the first step [2]. Then, based on this answer as the initial guess of the direct optimization problem, a 
more accurate solution is obtained in the second step. In both steps, finite difference time domain (FDTD) and 
particle swarm optimization (PSO) are used as electromagnetic solver and global optimization routine, 
respectively. The most important advantage of this method is that because of a suitable initial guess in direct 
optimization routine, sensitivity of the algorithm to the regularization parameter is decreased and convergence of 
the algorithm is completely guaranteed. 
Performance of the method is studied for several 2-D case studies. Fig. 1 shows the results of a sample 
permittivity profile reconstruction. The results show that the hybrid method is able to reconstruct unknown 
media more precisely in comparison with conventional direct and expansion reconstruction methods. 
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(a)                                                               (b)                                                               (c) 

Fig. 1 – Permittivity profile reconstruction. (a) Original profile, (b) by expansion method after 200 iterations (step 1), 
(c) by hybrid method after 400 iterations (step 2). 
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In this paper, a new approach of the Wave Concept iterative Process (WCIP) [1]-[4] method is presented to study 
the electromagnetic scattering problem by arbitrarily shaped structures in the free space. This iterative integral 
approach is based on transverse wave formulation TWF. The WCIP principle consists in expressing the 
boundary and the closing conditions in term of incident and scattered waves related by bounded diffraction 
operators. A system of equations is deduced from these conditions: The integral relations are described in the 
spectral domain and the continuity conditions are formulated in the spatial domain. The iterative process is 
ensured between the two domains in order to compute the unknown electromagnetic fields. The iterations are 
stopped when a desired precision is reached on the problem value. In the case of embedded circuits, the toggling 
between the spatial and the spectral domains is accelerated by the fast modal transform FMT. Unlike the MoM 
method, the WCIP handles bounded and usually convergent integral operator avoiding to treat possible 
singularities involving the Green operator. It also dissociates its two basic equations which enhances its real-time 
optimization technique. It has been proven that the iterative process of our full-wave approach is always 
convergent [3] and a considerable reduction of the computational CPU time can be achieved regarding the MoM 
simulation time. Despite its performance, the use of WCIP method is limited to closed structures. 
The main motivation of this paper is to extend the use of our full wave approach to the electromagnetic 
investigation of more general class of open geometries, and in consequence to explore the capability of this 
method in predicting their scattering features in free space.  In this approach, the cylindrical coordinate system is 
adopted to the formulation of the problem [5]. Diffraction operators describing the coupling between the studied 
structure and the free space are defined and expanded in an appropriate cylindrical local-domain functions basis. 
The two basic equations are fully reformulated in the spatial domain. A comparative study of the simulation 
computational time of the present method and the MoM method is proposed. Numerical results which illustrate 
the efficiency of our approach are presented for two scattering problems involving structures with sharp edges 
and wedges (corner reflector [6] and L-shape [7]). The computed currents density and the normalized scattering 
coefficient present a very good agreement with the literature.  
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Abstract - Periodic structures often appear in the applications such as antenna design, microwave systems, 
metamaterials etc. and the analysis of electromagnetic wave propagation in such structures has an important 
place in the electromagnetic theory. Among them scattering of electromagnetic waves from rough surfaces is  
important due to both theoretical and practical points of view. For the periodic surfaces having a slow variation, 
one can obtain the solution under the Rayleigh hypothesis in terms of Floquet modes. On the other hand, for 
surfaces which does not satisfy the Rayleigh condition it is required to develop new methodologies.  
In this paper, it is aimed to give two methodologies for the solution of scattering problems related to periodic 
dielectric rough surfaces which are valid beyond the limits of the Rayleigh Hypothesis. The first method is the 
extension of buried object approach (BOA) given in [4] to the present problem. The basic idea here is that the 
irregularities of the rough surface are considered as buried objects in a two half-spaces medium with planar 
interface, that allows us to formulate the problem as a scattering of electromagnetic waves from cylindrical 
bodies located periodically in a two half-spaces medium. By considering that the number of irregularities in a 
period is finite and using the periodic Green's function of two half-spaces medium with planar interface, the 
problem is reduced to the solution of a Fredholm integral equation of second kind that can be treated by using 
one of the known techniques. In this approach, we solved the integral equation via an application of Method of 
Moments (MoM) by reducing it to a linear system of equations. Since the Periodic Green's function can be 
obtained in terms of Floquet modes, the computational cost of the method is very low. This approach can also be 
used for solving scattering problems related to surfaces of infinite extend and having a local roughness. In such a 
case, it is assumed that the local rough surface is periodically repeated in one direction which allows us to 
formulate the problem as a scattering from a periodic rough surface. In order to have an accurate model the 
period should be chosen large enough as compared to length of the rough part. The second method is an 
analytical continutaion method through Taylor Expansion in which the layers just above and below the rough 
surface are separated into two parts by fictitious planes. While the scattered field is represented in terms of 
Floquet Modes above and under of these fictitious planes, the scattered field in the region between these 
fictitious planes is expressed as a Taylor series. Both methods are compared with existing methods and yield 
quite satisfactory results.  
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The need for reliable and accurate prediction of electromagnetic wave coupling to, or scattering from, structures 
arises in many contexts including target identification, antenna design and system vulnerability. General purpose 
computational codes have been extensively developed in the last few decades as computing power and resources 
have become widely available; they have had a significant impact in providing numerical solutions and insight 
into important coupling and scattering mechanisms. However the accuracy of present-day purely numerical 
methods can be difficult to assess, particularly for objects of some complexity, incorporating edges, re-entrant 
structures and partially enclosed scatterers (metallic or dielectric). The classic text [1] provides rigorous 
solutions for closed canonical bodies of simple geometric shape. We describe an equally rigorous treatment for 
structures possessing edges, cavities and inclusions that greatly expands the set of benchmark solutions available 
for the validation of numerical solutions obtained from more general purpose numerical codes; moreover the 
analysis of such a canonical problem, judiciously chosen, can provide great insight into the relative importance 
of the various scattering and coupling mechanisms encountered in complex structures. 

Cavity and edge structures often pose difficulties of accuracy and convergence for standard numerical techniques 
applied to Maxwell's equations becoming pronounced for structures of moderate or large size (in wavelengths). 
The conversion to an equivalent integral equation formulation usually does little to ameliorate the difficulty, 
because most customary approaches rely on the numerical solution of a first kind Fredholm integral equation, 
which is ill-posed, and therefore the computational scheme is not stable and its convergence is questionable. 
Thus, it is highly desirable to transform this type of equation into a second kind Fredholm equation; stable and 
fast converging computational algorithms can then be readily devised, enabling us to reach any pre-specified 
accuracy. This paper surveys recent progress in techniques that address these difficulties for a variety of 
structures, some canonical and some of more general shape. 

For cavities of spherical and other canonical shapes, a process of analytical regularisation [2,3] may be used to 
transform the basic equations to a second kind Fredholm matrix equation. This approach has been adapted to the 
study of two-dimensional scattering problems, including arbitrarily shaped cavity structures, for both E- and H- 
polarizations. 
This technique has recently been extended to three-dimensional cavity structures that are axisymmetric, and 
provides a rigorous analysis of diffraction from an arbitrarily shaped open shell of revolution under excitation by 
an axially located vertical electric dipole or scalar wave illumination. It relies on decomposing the kernel in the 
integral equation formulation into a singular part, which may be analytically inverted by exploiting the solution 
for the canonical problem of the punctured sphere, and a smooth remainder. 
Varying the geometric parameters provides a large number of physically interesting benchmark solutions of 
guaranteed accuracy. Prospects for further progress with this method will be discussed. 
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In this paper, an electromagnetic crystal structure, composed of parallel metallic wire rows and excited by a 
monopole disposed in the middle of the structure, is proposed for radar applications.  
The proposed approach exploits the high frequency dispersion of the radiation patterns of these structures. 
Indeed, it has been shown in [1] and [2] that the radiation pattern steering angle can be changed by varying the 
operating frequency of the structure, which allows scanning the space by varying the frequency of the excitation 
signal as shown in Fig. 1-a. 
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Fig. 1 – Functioning principle. a) Variation of the steering angle with frequency. b) Simplified positioning principal 

Based on this property, a new algorithm has been proposed to perform target positioning and tracking. The new 
radar starts by transmitting an UWB signal that contains all frequencies needed to scan the space. Due to the 
frequency dispersion of the radiation patterns, the different signal frequencies will be transmitted in different 
space directions as shown in Fig. 1-b. If a target is present, then only the signal having the frequency that goes in 
its direction (Freq. 3) is reflected. The other components (Freq. 1and Freq. 2) propagate in different directions 
and will not be reflected to the radar. The radar receptor is composed of frequency detectors that detect selected 
frequencies (Freq. 1, Freq. 2 and Freq. 3). The detected frequency determines the angle of the target and the time 
propagation determines its distance. For the tracking, as the target moves, it will be detected at different 
frequency. 
Finally it is important to mention that since the target position is determined by the detected  frequency, the 
proposed radar needs to be used with a device that compensates for Doppler shifts produced by any movement of 
the target in the transverse direction. 
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Several approaches to extend the operational frequency band of M-Sequence based UWB sensors using 
frequency up and down converters were presented [1] earlier. To make such sensors affordable for broader 
application in industry and research, it is necessary to identify inexpensive manufacturing technologies suitable 
for very broadband circuits. The operational frequency bands of interest cover the baseband (DC to 10 GHz) as 
well as the cm- and mm-bands. In order to ensure these requirements an IC design program for extended UWB 
SiGe sensor components has been initiated at our university. On this way a broad scale of SiGe:C chips has been 
designed, tested and successfully implemented.  
It is known, that the break-down voltage of the standard SiGe-transistor is restricted to a relative low voltage. 
Therefore the signal amplitudes handled with SiGe technology may cover only a few hundred mV. In order to 
gain sufficient transmit power it is recommended to spread the wideband stimulus over a large time which is 
well done by modulating the carrier frequency with an M-Sequence. This approach enables the combination of 
the proven baseband M-Sequence concept with broadband heterodyne or homodyne converters.  
An other very important point is that the whole sensor topology may be implemented by balanced circuits, which 
firstly allows on board integration with the differential broadband radiators (antennas) without introduction of 
baluns. The second benefit consists in avoiding of the so called “via holes” problem. Unbalanced integrated 
circuits need a ground plane that lies usually below the substrate, while the active and passive devices are 
mounted on the top. Therefore, in order to obtain a ground reference for such circuits many via holes must be 
fabricated to make a proper connection between the top and bottom layers. However vias cause additional 
inductances which lead to problems at high operational frequencies. Furthermore, extra costs and complexity 
arise.
Our latest development is a completely balanced broadband transceiver front-end for operation in the cm- and 
mm-wave range which is compatible to our mother M-Sequence baseband system. The transceiver front-end is 
based on ICs designed for a commercial 0.25�m SiGe process with fT = 190 GHz. The design of such front-end 
is a challenging task since not only due to the high carrier frequency but also the large bandwidth. For example, 
every transition between the chip and the chip carrier or between different types of RF-lines can cause 
discontinuities which disturb the broadband sensor signal. With an one-chip solution, one could avoid many 
interface problems of such kind, but parasitic signal coupling on chip would provoke other difficulties. To 
achieve the optimum compromise, we decided to design three different front-end ICs, up-converter, down-
converter and LO-unit, mounted on a LTCC (Low Temperature Cofired Ceramics) RF-board in order to 
minimize the cable interconnections between the RF components. The front-end ICs will be flip-chipped directly 
in the feed-point of the radiators (Rx and Tx antennas).   
The proposed circuit topologies for up- and down- converter ICs are based on differential pairs with emitter 
degradation as buffers and Gilbert cells as mixer cores. The first version of up- and down- converter ICs is 
already manufactured, partly on wafer tested and ready to be mounted into the LTCC test board. The LO-unit is 
buffered with appropriate differential buffers and consists of a tripler and doubler, where both can operate 
separately or cascaded. The frequency multipliers will be driven from the system master clock which typically 
lies in the 10 GHz range.   
In the final paper we will present the broadband M-sequence based sensor demonstrator for operation in cm- and 
mm-wave range in more details. We will discuss measured results of the fabricated ICs and demonstrate the 
feasibility of our approach for broadband sensing in such high frequency ranges.  
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 In medical radars the main objects - the thorax and heart - have back-and-forth motion. In result, radar 
observation of such objects becomes unusual. Let's consider model shown on Fig. 1. The object makes back-and-
forth motion under the harmonious law with frequency �: R(t)=R+�Rsin(�t+�).    

The radar radiates a signal: u0(t)= �0sin �0t. The signal, 
reflected from object, is equal: 
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The receiver is the correlator with an output signal zc
(Fig. 2).  

We believe object is motionless during time of 
integration. Then the output signal of the correlator: 
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At �R<<�0, function zc(t) is close to harmonious function. 
When the amplitude of movement of object �R increases 
and approaches to length of wave �0, the function zc(t)
appreciably changes and gets the complex form (see 
example at Fig. 3) and a complex spectrum. 
In this case is necessary restoration the form of the signal 
corresponding to true movement of object. For this purpose 
the receiver has two quadrature channel zs(t) and z�(t). The 
true trajectory of movement of object is described by the 
formula: 
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�
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To find argument we should calculate function of arc tangent: 
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Then the law of movement of object R(t) will be equal: 

R(t)=R+�Rsin(�t+�).      (5)
      

If the equipment of a radar allows to define distance up to object R, that, subtracting her from R(t), it is possible 
to define the law of movement of object precisely: �R sin(�t+�).
In a paper the circuit of processing of a signal of radar will be given and the algorithm of signal processing for 
restoration of a trajectory will be described at back-and-forth motion of the object.
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Experiments using two-arm and 060  four-arm prolate-spheroidal IRAs are used to obtain better focusing for a 
prolate-spheroidal IRA and these results are compared with analytical results in [1] for comparison. This paper 
presents a summary of the experimental setup and the dimensions of these experiments are based on [1, 2]. 
These setups were motivated by a biological application [3].  
Experiments were performed at the University of New Mexico (UNM) Transient Antenna Laboratory. We feed 
our IRA using a V5.00 �V (peak-peak 1 V) and pst 100�� , rise time ramp-rising step. The experimental setup 
basically includes three components: a prolate-spheroidal reflector with feed arms, a sampling-oscilloscope, and 
a pulse generator. Analytical, numerical and experimental prepulses’ amplitudes agree very well. The analytical 
and numerical impulses’ amplitudes agree. However, the experimental impulse amplitude was smaller than the 
others. It was also broader near the base. We have also a feed arm blockage effect that decreases the amplitude 
of the experimental impulse; however, we did not see this effect in our numerical results. Our analytical result 
was based on an idealized assumption and it did not account for the feed arms. For all cases the postpulse 
behaviors were different. However, this part of the pulse was less important for our biological application. Our 
concern was obtaining the largest possible impulse amplitudes at the focal point to kill skin cancer. The 
analytical waveform, while simple, is still good, albeit not perfect. The geometric shape or alignment of the 
prolate-spheroidal reflector may also causes some errors. The misshape of the reflector will lead to a broader 
focus and smaller amplitude. The prolate-spheroidal reflector was manufactured from fiber and the inside of the 
reflector is painted with copper conductive paint. We checked the reflection from the conductive paint on the 
reflector and measured about 99% reflection; however, there might be some hot spots that do not reflect very 
well and this can cause some errors. 
Finally, experimental setups and problems related with measurements or devices were discussed. Experimental 
and analytical results were compared. Differences between these results were discussed and the differences were 
analyzed.
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In this work, progress in the development of a resonant chamber microwave tomography system is reported. This
includes mainly the system design and calibration, but imaging results using various inverse scattering algorithms
will also be presented.
Relatively recent advancements in mathematical techniques for solving inverse scattering problems have allowed
microwave tomography (MWT) to emerge as a promising technology for medical imaging. MWT exploits the
differences in dielectric properties among various biological tissues in the body to create an image of the contrast
in such properties throughout the imaging region. Furthermore, MWT boasts the use of safe, non-ionizing
radiation as well as being potentially drastically less expensive than existing X-ray-based or Magnetic Resonance
Imaging modalities. Despite these advantages, reliable image reconstruction of acceptable resolution remains a
difficult hurdle, and consequently, only a handful of functional microwave tomography systems have been
designed, assembled and tested within the past twenty years [1].
Our group is currently developing several MWT experimental prototypes with the aim of studying several design
features and inverse scattering algorithms. One system design, reported here, incorporates a resonant imaging
chamber that, using synthetic scattering data, has been shown to produce enhanced images as compared to open
imaging systems. It is theorized that the enhanced imaging is due to two factors: 1) the greater amount of useful
electromagnetic energy that interrogates the object of interest (OOI) and 2) the mathematical features of the
resonant Green’s function that is used in such sytems. This has been reported elsewhere [2]. Images have been
generated via two suitably modified non-linear inversion algorithms: the Contrast Source Inversion (CSI) method
[3], and the Distorted Born Iterative Method (DBIM) [4].
Our prototype system consists of a circular array of twenty-four dipole antennas (evenly distributed at fifteen-
degree intervals) inside a cylindrical metallic chamber approximately forty centimeters in diameter and fifty
centimeters in height. Various wideband antennas have been designed for the system including resistively-loaded
dipoles, the design of which is based on the well-known Wu-King profile [5]. The nominal frequency range of the
prototype is from 1 GHz to 8 GHz. In order to calibrate the system, the electromagnetic field without the OOI
(i.e., the incident field) is accurately modelled using a Finite-Volume Time-Domain software package that we’ve
developed [6]. Obtaining good imaging results depends on the accuracy with which the actual incident field can
be modelled. Incorporating this information into the DBIM and the CSI method will be discussed. The chamber
itself is filled with a matching medium and imaging results obtained with matching media of different dielectric
constants will be presented.
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Since the Federal Communications Commission (FCC) has released the unlicensed frequency band of 3.1 - 10.6 
GHz in 2002 for ultra wideband (UWB) technology and applications, it has received high worldwide interest 
because it is a promising solution for short range high speed indoor mobile communications and the emerging 
reconfigurable and software-defined wireless networks. Consequently, several shapes and designs of UWB 
antennas such as square, circular, pentagonal, hexagonal, elliptical and trapezoidal shape have been proposed to 
satisfy UWB specifications [1]. However, some shapes like the square and circular planar monopole antenna 
have a drawback of a relatively small impedance bandwidth [2].To enhance the impedance bandwidth, several 
bandwidth enhancement techniques have been proposed such as the use of an asymmetrical feed arrangement 
[2], a partial ground, adjusting the gap between radiating element and ground plane [3] and cutting two notches 
in the radiating element or using steps to control the impedance stability [2]. In this paper, a new UWB planar 
patch antenna is proposed as depicted in Fig. 1. We use various bandwidth enhancement techniques including 
adjusting the gap between radiating element and ground plane, partial ground plane, using a step to control the 
impedance stability and notch cut technique which is also used to reduced the size of the planar antenna [3]. The 
proposed antenna is composed of a planar rectangular patch with notch cut and a transition step fed by a 
microstrip line with a partial ground plane. The antenna and the partial ground plane are etched on the opposite 
sides of Rogers RT/Duroid 5880 substrate with a thickness of 1.575 mm, dimensions of  40 × 32 mm2 and a 
relative permittivity �r=2.2. The dimensions of rectangular patch are w=22 mm and h=16.33 mm. The transition 
step of w1 × h1 = 17 mm × 2.5 mm is attached to the rectangular patch. To reduce the overall size of the antenna 
and get better impedance matching, a rectangular-shaped notch with dimensions of ls × ws = 5.6 mm × 13 mm is 
symmetrically cut in the top middle of the radiator and both top edges of the patch are trimmed. The shape of the 
partial ground plane is rectangular with dimensions of 9.5 × 40 mm2. The radiator is fed through a microstrip line 
having a length of 10.5 mm and width wf =3.6 mm to ensure 50-� input impedance with a feed gap g = 1.0 mm. 
HFSS simulation software is used to design and optimize the antenna. The proposed antenna is successfully 
implemented. A measured -10 dB bandwidth of 7.5 GHz (3.1-10.6 GHz) is obtained as shown in Fig. 2. The 
proposed antenna provides an acceptable radiation pattern and a relatively flat gain over the UWB frequency 
band. In addition, a parametric study is carried out to optimize the antenna and provide more information about the 
effects of its geometrical parameters such as the notch cut, the transition step and feed gap. 
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Fig. 1 – Geometry of the proposed antenna Fig. 2 – Simulated & measured Return loss
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For angular scanning a true time array is developed for UHF ultra wideband (UWB) applications in time and/or 

frequency domain. It is based on a 4x4 array with antipodal exponentially tapered slot antennas (ETSA, Vivaldi, 

see Fig. 1 (b)) similar to [1] and a 3 bit phase shifter acc. to Fig. 1 (a) [2]. Distances of antenna elements are 

designed to be compromise between gain, scanning angle, side/grating lobe levels. The uniform spaced and fed 

array maximizes the overall gain. After defining the antenna shape, corrugations are introduced to improve 

antenna matching and gain pattern. Nine equally spaced beam positions for a 90 degree scanning angle are 

induced by an optimized 3 bit phase shifter on high permittivity substrate while 4 bits are usually needed. 

Parasitic resonances are avoided by using PIN diodes in single pole double throw configuration. 

All components and the complete array system are simulated and verified in frequency domain with good 

agreement (see Fig. 2). Adaption to UWB pulses is possible. 

(a) Phase shifter system (b) Antenna array

Fig. 1 – Components 

(a) Insertion phase of the phase shifter (b) Beam rosette at 850 MHz in H plane 

Fig. 2 – Measurements 
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Differential antennas are becoming of great interest for UWB systems because of their simplicity to be connected 
to an input amplifier. The antenna can be connected directly to the system without using an external balun, or 
balanced to unbalanced transition; thus reducing the size and complexity of the UWB system. Most of 
differential antennas reported in the literature are fed with coaxial cables perpendicular to the antenna plane 
[1,2]. This could be of use for some applications, but it may be space consuming in other cases.  

In this work we investigate a differential elliptical UWB antenna fed by coplanar striplines. This allows the 
antenna to be in the same plane as the circuit board, reducing the size of the system, and facilitating the 
connection to the input amplifier or LNA. An example of this type of implementation is given in [3], where the 
UWB antenna is included in a USB stick. 

The proposed antenna is shown in Figure 1 and has a total size of 5.0 x 3.4 cm. Simulations were done using 
CST Microwave Studio and Ansoft HFSS.  Figure 2 shows the simulated return loss, which is below -10dB over 
all the band of interest (3.1 – 10.6 GHz). The transfer function (Figure 3) shows the performance of the antenna 
system in the frequency domain. The fidelity factor measures the pulse distortion produced by an antenna. It is 
obtained by the correlation between the input and transmitted pulses, and is shown in Figure 4.  

Results revealed a good performance of the studied UWB antenna. Its peak radiation is in the y direction; 
therefore it can be connected directly to the system as it exhibits low radiation in the direction of the circuit. Its 
reduced size and totally flat characteristics make it a good candidate for use in UWB Systems. 
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Figure 3. Transfer function of a 2 antenna system Figure 4. Fidelity factor in Y-Z and X-Y planes.
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Antennas that can be manufactured using photo-etching techniques are attractive for a variety of applications 

because they are planar, light-weight, low cost, and can easily be integrated with monolithic microwave 

integrated circuits. For many of these antennas a balanced-to-unbalanced transition is needed from the etched 

transmission line (e.g. a coplanar-waveguide) to the two feeding points of the antenna structure (e.g. a Vivaldi or 

etched dipole). The principle of operation of such a relatively compact and wideband uniplanar coplanar-

waveguide (CPW) to coplanar-strip (CPS) balun was described in [1, 2]. This type of balun was previously 

characterized using a two element back-to-back configuration. In this presentation results of a more 

comprehensive characterization of this balun type will be presented. The reflection coefficient of the balun as a 

single element terminated in a load is investigated, and the magnitude and phase balance as function of 

frequency are also determined using a test circuit, based on a characterization technique described in [3] for a 

double-Y balun. Simulated as well as measured results will be presented for a designed CPW-to-CPS balun on 

FR4 substrate with an operating bandwidth from DC to 2 GHz. An important characteristic of the newly 

designed balun is the implementation of etched bond wires, which is very desirable for manufacture 

repeatability. A relatively simple phase compensation technique and the resulting improvement in phase balance 

results will also be presented (see Fig. 1 for the simulated phase balance between the output ports). As a final 

validation of the balun performance radiation pattern results of an etched dipole fed through the balun will be 

shown, with and without the additional phase compensation. 

0

10

20

30

40

50

P
h

as
e

d
if

fe
re

n
ce

[d
eg

re
es

]

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Frequency [GHz]

Without phase compensation

With phase compensation

Fig. 1 – Simulated phase balance between output ports. 

References 

1. J. Thaysen, K. B. Jakobsen and J. Appel-Hansen, “A wideband balun – how does it work?,” Applied 

Microwave and Wireless, vol. 12, 2002.  

2. K. Tilley, X.-D. Wu and K. Chang, “Coplanar waveguide fed coplanar strip dipole antenna,” Electronics 

Letters, 30, (3), 1994. 

3. B. Jokanovi, V. Trifunovi, and B. Relji, “Balance measurements in double-Y baluns,” IEE Proc.-Microw. Antennas 

Propag., vol. 149, 2002. 

U
W

B
 -

 0
4 

U
W

B
 M

ic
ro

st
ri

p
 a

n
d

 A
rr

ay
 A

n
te

n
n

as



280 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

UWB - 04

Array Antenna for Directed Radiation of High-Power Ultrawideband 
Pulses

Koshelev, Vladimir I.; Plisko, Vyacheslav; Sukhushin, 
Konstantin;

Institute of High Current Electronics, SB RAS, Tomsk, Russia

Array Antenna for Directed Radiation of High-Power Ultrawideband
Pulses

V. I. Koshelev, V. V. Plisko, and K. N.  Sukhushin
Institute of High Current Electronics, SB RAS, 2/3 Akademichesky Ave., Tomsk 634055, Russia

E-mail: koshelev@lhfe.hcei.tsc.ru

One of the promising ways in the development of high-power sources of directed wave beams of UWB radiation
with multimegavolt effective potential is excitation of a multielement array antenna from one bipolar voltage
pulse generator. In the previously created [1, 2] sources of UWB radiation with 16-element array antennas there
were used a series-connected wave impedance transformer and a power divider of the coaxial construction. The
array elements were excited via the cable feeder. Such construction had two restrictions: a small number of
channels in the power divider and, respectively, elements in the array as well as a low level of the voltage pulse
amplitudes or short life time of a source. The latter was conditioned by the cable breakdown.
In this paper, a 64-element array is presented that is intended to be excited by means of high-voltage bipolar
pulse of the length 1 ns from a generator with the output impedance of 12.5 Ohm. A combined antenna [2] is
used as the array element. The array aperture is 1.41×1.41 m. Fig. 1 presents a physical configuration of the
array and feeder system. A new thing in the feeder system is a combination of the wave impedance transformer
with the power divider. The feeder system has three stages with division in four in the each stage. The length of
one channel from the generator to the antenna input is 1.2 m. Transformer oil is used for electrical insulation.
The total output impedance of the feeder system is 0.78 Ohm.

(a) (b)

Fig. 1 – Physical configuration of the array antenna (a) and feeder system (b)
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Transmitting and receiving antennas in high-power UWB radar should be separated in space. When sounding
remote objects by UWB pulses with both linear and dual polarizations [1], it is necessary to have array antennas
providing a receiving of the reflected signals with a small distortion of the signal waveform and for two
polarizations. This is important for the sounding object recognition [2]. To create a receiving array antenna with
dual polarization, a dipole active antenna providing a necessary frequency pass band at small dimensions was
chosen [3].
This paper presents the results of investigations of an element of a dual-polarized array antenna as well as the
first experience on the development of a 22 array antenna module. Large multielement arrays are supposed to
be created basing on the developed module.
Two crossed dipoles with dual polarization are used as the array element, each of them being loaded to the active
FET element with a symmetrical output [3]. The developed balancing unit consists of a phase inverter (providing
the phase shifting to 180°) and a two-stage ring summation unit. Fig. 1 presents a physical configuration of the
dual-polarized antenna. The dimensions of the crossed dipoles with active elements are equal to 45×45×45 mm.
The balancing unit is made at a 162×98×1-mm dimension printed circuit board. The waveforms of the pulses are
recorded by two dipoles presented in Fig. 2: orientation of the first dipole coincides with the polarization plane
of radiation (curve 1) and the second dipole is orthogonal (curve 2) to the first one. Measurements of the active
antenna characteristics were made in the frequency and time domain. A receiving TEM antenna was used for
comparison. The active antenna frequency band is 0.3–4 GHz. The effective length of the antenna is 1 cm. The
distortion of the pulse waveform at the field strength being less than 10 V/m is not higher than 15% RMS. A
dynamic range reaches 50 dB. Polarization isolation between two receiving channels is no less than 25 dB. The
antenna breakdown in the incident field with the strength of 6 kV/m takes does not occur. The antenna current
consumption is 100 mA at the supply voltage of 3 V.

Fig. 1 - Active receiving antenna with dual polarization Fig. 2 - Voltage pulses at the antenna output
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Ultrawideband (UWB) communication antennas require impedance bandwidth over 3.1—10.6 GHz. 
Considering the small sizes of personal wireless devices, it is highly desirable that the UWB antennas have small 
form factors and can be manufactured at low cost. Most UWB antennas reported in the literature are planar 
monopoles and dipoles for omnidirectional radiation patterns, and tapered slot antennas for directive radiation 
patterns. 
Combining the electric- and magnetic-type dipole antennas can extend the pass band to the lower frequency 
direction [1]. In terms of the spherical vector wave theory, this corresponds to a reduced antenna radiation 
quality factor for a combined radiation of TM and TE spherical waves compared with a source radiating either 
the TM or TE modes only [2]. Three-dimensional UWB antennas for high-power electromagnetic pulse radiation 
applications were reported in [3]. 
In this paper, two small printed combined UWB antennas having a small dimension of 20 mm�30 mm are 
presented. One antenna has a horizontal feed and the other has a vertical feed. The antenna is realized by the 
conductor trace created by selectively etching the top surface of a copper-clad dielectric substrate having a 
relative permittivity 10.2 (Rogers RO3210). The geometry of the antenna having a vertical feed is shown in Fig. 
1(a). The arms 1 and 2 form the electric-type radiator (ER), essentially acting as an electric dipole. The 
magnetic-type radiator (MR) is realized by the loop, which is formed within the arm 1 of the ER, performs as an 
equivalent magnetic dipole. Finally, an edge-mount SMA connector is attached from the bottom left, and excites 
the two radiators via two slotlines forming an asymmetric coplanar waveguide feed. Specific dimensions of the 
ER and the MR are designed such that the balance between the excess electric energy of the ER and the excess 
magnetic energy of the MR below the individual resonance frequency shifts the resonance of the combined 
system into the lower frequency direction. The measured VSWR response is plotted with respect to frequency in 
Fig. 1(b). The antenna satisfies VSWR�2 from 2.93 to 10.67 GHz, suitable for entire UWB band operations. 
The combined antenna also features directive radiation patterns with a higher maximum directivity than 
conventional dipole-type UWB antennas.  Therefore, the combined antenna simultaneously achieves both a 
wider bandwidth and a higher gain compared with the conventional dipole-type UWB antennas. 
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Fig. 1 – The combined antenna geometry and the measured VSWR response 
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In this paper, we present an UWB disk monopole antenna with an integrated slot filter printed in its ground plane 
for cognitive radios [1]. In cognitive radios, communications can be carried over a very large range of the 
frequency bands, which necessitates the use of frequency reconfigurable antennas. The reconfiguration scheme 
can be either a variation of the transmit bandwidth of high Q antennas or an insertion of stopbands in UWB 
antennas to suppress undesirable bandwidths. The proposed antennas falls in the second category as it is 
composed of an UWB disk monopole antenna to which we insert stopbands that can be shifted. The schematic of 
the proposed antenna is shown in Fig. 1.  

Fig. 1 – Schematic of the designed antenna with its return loss curve. 

The insertion of a slot in the ground plane produces notches in the UWB response of the disk monopole antenna. 
The frequency of the notch can be varied by varying the slot length. Also, by inserting multiple slots in the 
ground plane and disposing them in the proximity of each other, it is possible to couple them to form a filter in 
the same manner as with conductor resonators but with the difference that the resonances are for stop band and 
not pass band. 
The disk monopole antenna, without the slots in its ground plane, exhibits a UWB behaviour and is impedance 
matched from 2 GHz until 12 GHz [2]. The different slots can be inserted to have wide stopbands or multiple 
stopbands as shown in Fig. 2 representing the frequency responses of a transmission line over slotted ground 
plane.

            
Fig. 2 – Frequency response of a microstrip transmission line with slot printed ground plane 

References  

1. W.Q. Malik and D.J. Edwards, “COGNITIVE TECHNIQUES FOR ULTRAWIDEBAND COMMUNICATIONS”, 
IET Ultra Wideband Systems, Technologies and Applications Seminar, Apr. 2006. 

2. J. Liang, C.C. Chiau, X. Chen, and C.G. Parini, “Printed circular disc monopole antenna for ultra-wideband 
applications", Electronics Letters, vol. 40, Issue 20, pp. 1246-1247, 2004. 

U
W

B
 -

 0
5 

A
n

te
n

n
as

 f
o

r 
U

W
B

 C
o

m
m

u
n

ic
at

io
n

s



284 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

UWB - 05

A Compact UWB Antenna with Band Notch Characteristic

Choi, Se-Hwan; Lee, Ho-Jun; Kim, Jong-Kyu;

Korea Electronics Technology Institute, Seongnam-si, South 
Korea

A Compact UWB Antenna with Band Notch Characteristic 

S.H. Choi, H.J. Lee, and J.K. Kim
Korea Electronics Technology Institute, Seongnam-si, SouthKorea 

E-mail:  shchoi@keti.re.kr 

The frequency range of UWB system is from 3.1 GHz to 10.6 GHz. However, there are several narrow band 
services that already occupy some parts of UWB band. In order to solve this problem, UWB antennas had better 
have a built-in band-pass filter. This structure can reduce interferences from near by WLAN standard 802.11a, 
which its frequency range is 5.725 - 5.825 GHz. Recently, the Ministry of Information and 
Communication(MIC) of Korea announces the frequency range of UWB systems that consists of low band(3.1 - 
4.8 GHz) and high band(7.2 - 10.2 GHz). In this paper, we propose a compact UWB antenna with band-notch 
characteristic. To create the band-notch characteristic, the spoon-shaped slots are added in the monopole antenna.  
Fig.1 shows the geometry of the proposed antenna. This antenna consists of two parts. One part is a radiator 
made by LTCC and the other part is PCB(�r=4.5) feeding to the radiator. CPW line is used for the feed line. In 
the bottom of the radiator, a pad is located to attach with PCB and this pattern play a role of impedance 
transformer. The pad and radiator are connected by via-hole. The base of radiator is tapered with shape of a half 
circle. This tapering of the base results in a smooth transition for wide impedance matching. In order to get the 
characteristic of band notch, we insert   the spoon-shaped slots in the tapering section. These slots resonate at the 
frequency decided by slot’s size. Slots consist of the narrow line part and circle part. The resonant frequency is 
mainly determined by the length of a line and the diameter of a circle.  
Antennas in this paper are simulated by using CST Microwave Studio 2006 and are made by using low 
temperature co-fired ceramic(LTCC) process. This antenna has the size of 15mm * 15mm and was measured by 
using the network analyzer HP 8510c. Fig.2 shows the measured VSWRs as the change of slot length. These 
results are similar to the simulation results. When SR is 1.4 mm and SL is 2.27 mm, the stop band where VSWR 
is higher than 3 is from 4.8 GHz to 6.3 GHz. The proposed antenna is a good candidate for UWB systems where 
stop band is needed.  

(a) Top view                   (b) Side view of LTCC 
Fig.1 Geometry of the antenna 

Fig. 2 Measured VSWR for various length of slot 
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An ultra wideband radio technology has become an important topic for microwave communication because of its 
low cost and low power consumption. Therefore, the ultra wideband antenna design and impulse signal analysis 
is going to the main challenges for ultra wideband system. In ultra wideband applications, antenna must be 
extremely wide bandwidth. Recently, a lot of ultra wideband antennas have been reported by many research 
groups. Most of the reported antennas have omni-directional radiation patterns [1-2].  
In this paper, we propose analysis of impulse signal and quasi rhomboid shaped element bowtie antenna 
design by using a flat reflector for ultra wideband communication systems. The proposed antenna is designed 
on FR4 substrate, since it is small size, easily fabricated and low manufacturing cost. The detailed geometry 
and parameters of the proposed antenna are illustrated in Fig. 1. Photograph of the antenna prototype and size 
comparison with a metric ruler are illustrated in Fig. 2. In measurement, it is found that the propose antenna 
have impedance bandwidth of 119.83 % (2:1 VSWR) which covered frequency range 2.85-11.37 GHz. This 
antenna has unidirectional radiation patterns over the frequency range of 3.1-10.6 GHz for ultra wideband 
technology, and the results are presented in Fig. 3 in the E-plane and H-plane, at frequency 3.1, 5.1, 7.1 and 9.1 
GHz, respectively. Fig. 4 shows the gain of the proposed antenna over the operating frequency. For comparison 
purposes, the average gain of the quasi rhomboid shaped bowtie antenna without the reflector is shown in this 
figure, which average gain achieved in the quasi rhomboid shaped bowtie antenna using a flat reflector is 
much greater than without the reflector about 2 dB. The advantage of the proposed antenna is that it can be 
used to design impulse receive transmit system for ultra wideband applications.  

Fig. 1 – Structure of quasi rhomboid shaped antenna 

Fig. 2 – Fabricated prototype of quasi rhomboid antenna 

    (a) 3.1 GHz      (b) 5.1 GHz 

    (c) 7.1 GHz      (d) 9.1 GHz 

Fig. 3 – The measured radiation patterns in E-and H planes 

Fig. 4 – The measured gain of quasi rhomboid antenna 
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In this paper, we present the latest achievements in the area of super-computer modeling of broadband antennas 
operating in the frequency range up to 100 THz. The emphasis of our modeling was directed towards achieving the 
highest possible antenna gain and peak power, the highest gain uniformity, and the lowest sidelobes, while maintaining 
the smallest antenna aperture and the lowest multi-antenna coupling. 

The modeling efforts were based on earlier achievements in the development of broadband horn antennas operating in 
the frequency range up to 100 GHz [1]. In our modeling process, the entire THz frequency region extending from 100 
GHz to 100 THz was covered using three TEM-Horn antennas - one operating from 100 GHz to 1 THz, the second 
from 1 THz to 10 THz [2] and the third from 10 THz to 100 THz. To ensure the high power capability of the antennas 
a high voltage dielectric insert was placed inside of each horn. The low frequency of operation of modeled antennas 
was limited by the size of the antenna aperture (mouth of the antenna), while the upper frequency was limited by the 
angular opening of the horn antenna. 

The modeling was done using the FDTD and 3D codes. The model grid consisted of 10,000 x 500 x 400 cells for an 
antenna operating from 100 GHz to 1 THz. An antenna operating from 1 to 10 THz required 32,000 x 500 x 400 cells, 
and an antenna operating from10 to 100 THz required 100,000 x 500 x 400 cells. Calculation of gain, size of the 
radiated beam (E-field plot), rise time of the generated E-field and the E-field derivative resulted in reaching 
conclusions regarding antenna design, in particular, optimization of antenna dimensions and frequency scaling. 

The most important conclusion from our modeling is that for the first time, a broadband high gain (50 dB) antenna 
operating from 10 to 100 THz, allows reaching a rise time of 5 fs at peak power greater than 100 W. In addition, the 
results led us to conclude that use of a single high gain and high power broadband antennas will permit achievieng 
power density of 10 TW/m2. Furthermore, one can only forsee that 100 THz antenna array consisting of 100 x 100 
antennas, occupying an area of 3 mm x 3 mm and focused to a single point, would result in reaching peak power 
density of 100 PW/m2 and peak E-field intensity of 6 GV/m. 

Considering our modeling results, an assessment of potential future applications of broadband high power THz 
antennas permit us to conclude that such antennas could be used for: 

• THz radar systems (stratospheric [3] and anti-collision radar), 
• THz imaging (IR, Raman and THz spectroscopy, THz microscopy).
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Many terahertz applications in different fields have arisen in the past because of the special behavior of terahertz 
radiation and its interesting interaction with a multitude of materials. Examples are fusion plasma imaging 
(renewable energy), radiometry (in medicine) or night vision applications which are used in a wide frequency 
range, from 500 GHz to 5 THz. 
In contrast to superconducting detectors, which require expensive cooling systems, room temperature detectors 
additionally promise a low priced usage in multi-pixel THz cameras. 
As the simplest case, the working principle of a thermal detector of the bolometric type is shown in figure 1. 
Dependent on its intensity an incident radiation changes the electrical resistivity of the bolometer. By applying 
an external current source this thermal effect can be detected as a variation of the voltage which can be read out 
by an electronic circuit. 
In our case semiconducting YBaCuO bolometers (figure 2) are used. Because of their small detection area and 
their low radiation coupling efficiency, planar antenna structures are used to improve the sensor properties [1]. 
The main challenges at this are on the one hand the requirement of a large bandwidth (1 to 4 THz, typically) and 
on the other hand the difficult matching of the antenna to the device due to the extremely high detector 
impedance that is in the M� range. 
The purpose of this paper is to present modeling investigations dedicated to self-complementary planar 
broadband antennas because of their frequency-independent characteristics. These structures are attached on thin 
substrates to avoid losses due to substrate high order modes. 
The antenna properties (radiation diagram, reflection coefficient, input impedance) have been investigated by 
software modeling [2] after which the simulation results were confirmed by experiments. Because of practical 
reasons, large-scale models were used to test the planar antenna concepts in anechoic chambers (in the 2 to 
8 GHz range, typically). In the design process some specific problems have occurred such as the need for a 
symmetrical source for a large frequency band. Different geometries (among which bow tie, log-periodic, spiral) 
will be considered.

Metal
Contacts
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Bolometer

Absorber (���C)�
Thermometer (R, T)�

Reservoir (T0)�
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              Fig. 1 – Bolometer Principle                         Fig. 2 – 3D Bolometer Assembly 
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There is a strong need for wideband and sensitive receivers for radioastronomy and remote sensing applications 
in the terahertz (THz) region. Superconducting Hot Electron Bolometer (HEB) mixers are a competitive 
alternative to conventional mixer technologies in the THz range [1].  
A HEB THz detector typically consists of an ultra-thin (i.e. a few 10 nm thick) superconducting micro-bridge 
coupled with a planar antenna. We are developing HEBs for imaging systems at THz frequencies (from 1 to 5 
THz, typically) based on high-Tc YBa2Cu3O7-� (YBCO) materials sputtered on MgO substrates. As the operating 
conditions of the device are based on heterodyne detection, the unknown electromagnetic input signal is down 
converted to an intermediate frequency (in the 1 to 40 GHz range, typically) by means of a THz local oscillator.  
In the THz range, YBCO materials without any antenna would be totally reflective to the electromagnetic 
radiation. For optimal device integration, planar antennas should be used. The aim of this work is to investigate 
broadband THz antennas dedicated to HEBs. A number of different antenna structures (log-periodic, Sierpinski 
fractal and square-spiral antennas) have been investigated before deciding the final antenna shape. Finally, log-
periodic antennas were selected because of the best wideband and quasi-constant impedance behaviour. After 
designing the THz log-periodic antenna with the help of empirical formulas, we were able to scale it down to the 
microwave region (from 2 to 18 GHz) for experimental validation purposes. The issues arose from having an 
electrically thick (~ 10 cm) and MgO-equivalent substrate (�r = 10) which was needed and supplied to realize the 
large-scale model. 
In order to get a symmetric antenna feed, a balun (balance / unbalance) device should be used. However, to 
design a wideband balun for a very thick substrate is not an easy task. We have considered a simple solution 
consisting in feeding the antenna symmetrically through the substrate with two coaxial cables, the inner 
conductors being connected to the two halves of the antenna. The transition between these cables and the source 
coaxial cable could then be performed by using a commercially available wideband 180° hybrid power divider. 
Finally, for confirmation, a large-scale experimental log-periodic antenna on an epoxy substrate (figure 1) was 
tested by simulation software [2] (figure 2) and measurements which were performed in anechoic chambers 
(figure 3). We have proven that the simulation results were confirmed by measurements.  
This work is going to lead to the final design the linear arrays of HEB detectors. 

Fig. 1 – Experimental Antenna Fig. 2 – Simulation Model Fig. 3 – Antenna Measurement 
Setup
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A novel technique is described for the TLM simulation of the slow-varying envelope of a carrier wave using the 
principle of dynamic phasors which enables the computational element size to greatly exceed the normal /10 
restriction. Many electromagnetic problems such as radio propagation, RADAR or optical devices have time 
dependent or non-linear behavior which can best be simulated using time domain differential techniques such as 
TLM or FDTD.  However, in many practical cases the problem size is often many wavelengths which makes it 
computationally too expensive to solve directly using time domain differential techniques.  On the other hand, by 
using a dynamic phasor representation of the waveforms, simulation of the dynamic phasor amplitude and phase 
variation is only restricted by the carrier wave envelope bandwidth and the system time constants.  The 
simulation in the time domain of electrically large problems then becomes more manageable. The principle of 
dynamic phasors was first described in [1].  The carrier wave is represented by a phasor with a time dependent 
amplitude and phase and it is this which is then applied to the simulation algorithm.  Dynamic phasor 
propagation can be represented by propagation along a transmission line with complex conductivity and 
resistivity : 

,     G j C R j Lω ω= + = +G R       (1) 
where C and L are the per unit length  capacitance and inductance. The TLM [2] implementation of dynamic 
phasor simulation therefore is achieved with a node that has complex conductivity and resistivity as given by (1). 
Care must be taken to note that the terms are distributed and for large cell sizes the lumped equivalent circuits 
will not be valid. A formulation for the cell using distributed parameters has to be used as given by the Norton 
equivalent circuit in Fig. 1. where vL

i and vR
i are the incident voltage pulses from the left and right respectively 

0Z L C= , tlZ = R G  and the other quantities are calculated  at each time step. To illustrate the TLM 
simulation of dynamic phasors, the propagation of a pulse with a 1 GHz carrier frequency and modulated by a 
Gaussian envelope along a lossy transmission line with a capacitive stub that halves the characteristic impedance 
and propagation velocity is given in Fig. 2.  The complete waveform was simulated using standard TLM cells of 
length z=1.5cm (/20) and is compared with the dynamic phasor simulation of the waveform using cells of 
length  z=30cm (). Two profiles are shown. One is after propagation for 10ns and the other after 20ns. The 
dynamic phasor simulation reproduces the same attenuation as for the normal TLM simulation (-3.6dB/m).

Fig. 1 – Norton equivalent circuit of a dynamic 
 phasor TLM cell with capacitive stub added 
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Fig. 2. Simulated propagation with capacitive stubs 
representing a relative permittivity = 4 using both 
normal TLM and TLM with dynamic phasors 
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The multiple signal classification (MUSIC) algorithm has been of great interest in the inverse scattering 
community since it was proposed to locate point-like scatterers from the multi-static response (MSR) matrix 
generated by an array of transceivers [1-5]. MUSIC imaging was first applied to acoustic imaging, where scalar 
field is involved [2,3,5]. Recently, MUSIC algorithm was generalized to electromagnetic imaging of small three-
dimensional targets [4,6].  

This paper focuses on two phenomena in electromagnetic MUSIC imaging that are different from the ones in 
acoustic MUSIC imaging. The first is regarding the spatial resolution in the presence of noise. In acoustic 
imaging, the test function used to generate MUSIC pseudo-spectrum is the Green's function of the background 
medium associated with a monopole source. In electromagnetic imaging, the test function that is used to generate 
the MUSIC pseudo-spectrum is chosen to be the Green's function of the background medium associated with an 
electric or magnetic dipole. Although the test dipole can be oriented in any direction in the noise free case for the 
non-degenerate scatterers [4,6], the MUSIC pseudo-spectrum depends noticeably on the orientation the test 
dipole in the noisy scenario. The second phenomena is regarding degenerate scatterers in which only one or two 
independent components of an electric or magnetic dipole are induced inside some small scatterers due to special 
shape or composing material of the scatterers. For example, a needle-like or disk-like small object may present 
only one or two dominant components of induced electric dipoles. For an anisotropic small sphere, when some 
components in the principal axes of the permittivity tensor are equal to the permittivity of the background 
medium, the number of independent electric dipole components is less than three. In degenerate cases, standard 
MUSIC algorithms [4,6] do not work because the arbitrarily chosen direction of test dipole is not necessarily 
located in the space spanned by actually induced independent dipole components. 

The choice of the test dipole direction has been investigated in [7,8] in two and three dimensional degenerate 
cases, respectively. However, to the best of our knowledge, the effect of the choosing test dipole direction on the 
resolution of imaging has not been investigated in electromagnetic imaging. In this paper, we propose an 
algorithm to obtain the direction of the test dipole that yields optimal resolution, and it can also deal with 
degenerate cases. Compared with the previous MUSIC algorithms [4,6-8] that search for the test dipole direction 
so that the corresponding Green's function vector is orthogonal to the noise space, the proposed algorithm 
determines the test dipole direction so that the corresponding Green's function vector is in the space spanned by 
the dominant eigenvectors of the MSR matrix. The analysis of the induced electric dipoles in eigenstates 
provides the physical insight of the proposed method. The theoretical and numerical results show that the 
amplitudes in three directions of the optimal test dipole direction are not necessarily in phase, i.e., the optimal 
test dipole may be not corresponding to a physical direction in the real three-dimensional space. The proposed 
algorithm was tested through numerical simulations and was found to not only provide better resolution than the 
standard MUSIC algorithm but also work well in the presence of degenerate objects. 
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The truncation of the computational domain for Finite-Volume Time-Domain (FVTD) simulations has 

traditionally been realized using either absorbing boundary condition (ABC) such as the Silver-Müller ABC [1], 

or finite-volume absorbers derived from perfectly-matched layers (PML) [2]. The flexibility offered by the 

FVTD method when applied in an unstructured polyhedral (e.g. tetrahedral) mesh allows shaping the outer 

boundary for an optimum balance between accuracy and computational cost. 

The performance of the Silver-Müller ABC is described first. This truncation technique is characterized by an 

extreme simplicity of implementation in FVTD, since it only requires setting incoming fluxes at the outer bound-

ary to zero. However, as a result, only first-order accuracy is achieved, which translates into an absorbing 

performance degrading rapidly as the angle of incidence deviates from normal. Therefore, to achieve a near-

normal incidence condition, the Silver-Müller outer boundary of a FVTD computational domain is usually 

shaped to match expected wave-fronts. Reflection coefficients realized in practice using a sphere as outer do-

main boundary for scattering and radiation problem can be as low as -40 to -50 dB. For many radiation problems, 

this performance yields sufficient accuracy for engineering purposes. There are, however, large classes of prob-

lems where low-level scattered fields or small coupling coefficients need to be accurately modeled. In those 

cases, PML-type absorbers can be used as a domain truncation for superior performances, typically resulting in 

reflection coefficients down to -70 to -80 dB. The traditional PML implementations of uniaxial PML [4] in the 

Finite-Difference Time-Domain (FDTD) method consider rectangular box-shaped computational domains. The 

PML layers are arranged as uniaxial media with an appropriate direction of anisotropy, dependent on the location 

of the truncating layer. In FVTD models, there are no restrictions or principal axis for the definition of the do-

main truncation. Therefore, spherical [2] and ellipsoidal [3] absorber configurations with excellent performances 

have been demonstrated using approximate PML formulations: The principle presented in those two papers can 

be extended to more general (i.e. “conformal”) convex computational domain truncation. The main advantage of 

arbitrary shapes is to minimize the volume of computed space through adaptation to the structural shape, while 

preserving the accuracy of the results. In the example presented in Fig. 1, different shapes of the computational 

domains are computed, delivering transmission coefficient between two dielectric resonator antennas (DRA) 

with negligible differences. Those absorbing layers can be placed much closer to the simulated structure as a 

Silver-Müller ABC, and therefore result in a lower computational effort. This demonstrates how the efficiency of 

the computation can be enhanced through the use of conformal absorber models.
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size reduction relative to the sphere. RHS: S-parameters of two DRAs on a common ground plane and absolute error between the spherical 

PML formulation and the simulation results obtained in the rounded box and ellipsoidal computational domains. 
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Abstract Resonant cavities are essential building blocks in almost all types of particle ac-
celerators. Considerable effort has therefore be invested into theoretical and numerical models
for computing their eigenmodal properties. We present a time domain approach using a finite
element (FE) discretization for extracting resonance frequencies (2; 4; 3) The finite element
approach is efficient in modeling delicate geometrical features with a variable level of detail
(LoD). The cavities are modeled as devices with ohmic loss where both the boundary wall and
filling material can be lossy. For cavity walls with finite ohmic conductivity σ we use a sur-
face impedance boundary condition (SIBC) for efficiently modeling surface resistivity (1). The
inclusion of a SIBC implicitly models boundary losses and their influence on the eigenmodal
solution. We present numerical results for increasingly complicated geometries, modeled with
and without loss.
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Ultra-wideband (UWB) radio sensors promise interesting perspectives for localisation, object detection and 
identification in short range environments [1]. In [2] we gave an overview on their application in UWB sensor 
networks. We presented measurement examples showing the potential of the sensor networks for imaging of its 
environment. These examples were based on migration algorithms [3], [4] known from remote sensing e.g. 
ground penetrating radar, or through-wall applications. In this article we describe drawbacks of these migration 
algorithms for the imaging of distributed objects by a sensor network and propose a new imaging algorithm. We 
compare performance of both imaging algorithms by a simulated example. 
Our envisaged scenario assumes a number of sensor nodes that are static or roaming through the unknown 
environment. The nodes illuminate the environment from different positions and acquire so information 
necessary for the imaging algorithm. In contrast to the migration algorithms where a sensor is moved usually 
along a linear track, the static nodes are distributed in the network in a random way and the track of moving 
nodes is flexible and can be even changed by purpose. Thus, the environment is observed by the sensor nodes 
non-uniformly. The traditional range migration algorithms are not capable to properly fuse these non-uniform 
observations (impulse responses) together. Especially distributed objects are improperly mapped in the fused 
images. Their intensity in the image varies according to the topology of the sensor network. We can actually 
observe a projection of the nodes distribution in the environment on objects. Fig 1 shows this effect on a focused 
image of an environment inspected by a sensor node moving along oval track (black dots). The simulated 
environment contains 3 walls and one point like scatterer. The over-illumination of some parts of the walls (see 
Fig. 1 left) is due to neglecting the spatial information of the network by the range migration algorithms. Besides 
the over-illumination, the focused image is further corrupted by disturbing artifacts produced by the range 
migration algorithm. Thus, the correct interpretation of this focused image is almost impossible.  
In this article, we propose a new algorithm which will take the networks topology into account. It is based on the 
cross-correlated imaging algorithm [5]. Thus, it inherently reduces number of disturbing artifacts as described in 
[5] and moreover it removes the varying intensity of distributed objects (Fig. 1 right) by the proper data fusion. 
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Fig. 1 – Focused image of the environment (left - range migration algorithm, right - proposed algorithm) 
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Considering the problem of estimating the impulse response of a system, wherein the stimuli and the responses 
of the system can be acquired Experimentally. The instrumentation inaccuracies add errors during deconvolution. 
The errors being such that the correct dimension of the impulse response of the system where the system is 
represented as a vector might not be estimated accurately.  

The problem with data acquisition cannot be totally averted. A possible solution to the above problem, without 
delving into optimizing the methods of acquiring data is a feasible solution. A fair estimate of the system under 
consideration can thus be obtained by using the cross correlation among the system responses obtained for the 
various input-output pairs. An acceptable estimate of such is presumed on the premise that optimal techniques 
are employed when system responses are individually estimated. In the present work, an asymptotic conical 
monopole is used as test object placed in TEM cell, its impulse response is estimated using a set of input and 
output data using deconvolution technique in time domain. The instrumentation used in the experiment is Solar 
Electronics Pulse generator Model 9355-1, a TEM cell (cut-off frequency 500 MHz) and a 500 MHz 
oscilloscope from Agilent.

            Fig. 1 – Measurement Setup Fig. 2 – Input/Output waveforms for Impulse Response 
estimation
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In this paper we investigated a new time-domain finite element method (TDFEM) based on Lagrange interpolation 
and high-order Whitney elements for temporal and spatial expansion, respectively. This approach is motivated by 
goals of achieving computational efficiency and further applying on UWB antenna’s simulation. Compared with 
the reported TDFEM scheme[1], which is based on Galerkin’s method with a piecewise linear temporal expansion 
of electric field, in our scheme, the electric field is expanded in terms of second-order Lagrange interpolation 
polynomial, namely multistep interpolation, both for a more robust interpolation and a more efficient 
approximation[2]. Moreover, this method allows for a consistent time discretization of the electric field vector 
wave equation with the augmented PML regions. The formula will be briefly described as follows. 
On one hand, in frequent domain, we employ the Laplace transform to the second-order vector wave equation. By 
letting s=j�, in the PML region, with a testing function 

iN
�

 (second-order Whitney edge elements) and applying 
Green’s first vector identity, the electric field will satisfy the following equation: 
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where,
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0/E r s� � �� � �
�

 and 
0J
�

 is the electric current source and the electric current in PEC. 

On the other hand, in time domain, it is useful to introduce the appropriate mechanism which will enable us to 
express discrete sequences in a matrix system (1). In order to do that, first we employ the inverse Laplace 
transform to obtain a semi-discretized matrix system, secondly, we use a discretization with respect to time:  

� � � � � �, j jj
E r t e t N r��
� �� � (2); � � � �3 2

40 / 45 / 9 / 1      nW t t t t t t t t t t� � � � � � � �� � � � (3)

where the electric field ej(t) are expressed in terms of 2-order Lagrange interpolation polynomial. Following a 
procedure analogous to that for Galerkin method, the time step scheme can be easily derived. It is of interest to 
note the testing function is shown in (3), which is found to appropriately match the Newmark-� unconditional 
stable scheme in the non-PML region.    
Finally, the numerical results are exhibited. The typical case is a dipole antenna. For the source impulse as a 
function of time, we use Gaussian pulse with the frequency equivalent to 294.6MHz. Fig.1 demonstrated the 
features of electric field value (hereby we show Ey) with respect to time and �. Fig.2 illustrates the radiation 
pattern of E-plane and comparison to control group using the approach given by [1] shows good agreement. 

Fig. 1 – TD Radiation Pattern of Dipole Antenna (Ey) Fig. 2 –E-plane Radiation Pattern(dB) Comparison 
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In this paper we investigated a new time-domain finite element method (TDFEM) based on Lagrange interpolation 
and high-order Whitney elements for temporal and spatial expansion, respectively. This approach is motivated by 
goals of achieving computational efficiency and further applying on UWB antenna’s simulation. Compared with 
the reported TDFEM scheme[1], which is based on Galerkin’s method with a piecewise linear temporal expansion 
of electric field, in our scheme, the electric field is expanded in terms of second-order Lagrange interpolation 
polynomial, namely multistep interpolation, both for a more robust interpolation and a more efficient 
approximation[2]. Moreover, this method allows for a consistent time discretization of the electric field vector 
wave equation with the augmented PML regions. The formula will be briefly described as follows. 
On one hand, in frequent domain, we employ the Laplace transform to the second-order vector wave equation. By 
letting s=j�, in the PML region, with a testing function 
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On the other hand, in time domain, it is useful to introduce the appropriate mechanism which will enable us to 
express discrete sequences in a matrix system (1). In order to do that, first we employ the inverse Laplace 
transform to obtain a semi-discretized matrix system, secondly, we use a discretization with respect to time:  
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where the electric field ej(t) are expressed in terms of 2-order Lagrange interpolation polynomial. Following a 
procedure analogous to that for Galerkin method, the time step scheme can be easily derived. It is of interest to 
note the testing function is shown in (3), which is found to appropriately match the Newmark-� unconditional 
stable scheme in the non-PML region.    
Finally, the numerical results are exhibited. The typical case is a dipole antenna. For the source impulse as a 
function of time, we use Gaussian pulse with the frequency equivalent to 294.6MHz. Fig.1 demonstrated the 
features of electric field value (hereby we show Ey) with respect to time and �. Fig.2 illustrates the radiation 
pattern of E-plane and comparison to control group using the approach given by [1] shows good agreement. 
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The GIMLI: a compact High-power UWB radiation source 
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This paper presents the first results of the tests carried out on a compact general-purpose high-power ultra-wide 
band source named the GIMLI. The system was designed for dual use field and lab applications. The GIMLI is 
powered by a compact, coaxial 12-stage ISL Marx generator with a rise time lower than 25 ns and an operating 
voltage up to 360 kV. A fast monocycle pulse is sharpened thanks to a pulse former. The former is made of a 
switching assembly with a peaking and a grounding multi channel spark gap under a N2 pressure of 6 MPa. The 
spark gaps are followed by a monopulse-to-monocycle converter based on a coaxial Blumlein pulse forming line 
(Fig. 1). The bipolar signal measured at the output of the MPF has duration shorter than 2 ns with a rise time of 
250 ps. The peak-to-peak output voltage is 250 kV measured on a 50 � resistive load. Electromagnetic energy is 
focused by a dedicated TEM horn-antenna (Fig. 2). High-power radiation tests performed in the ISL anechoic 
chamber show that the field measured at a distance of 9 m from the TEM Horn-antenna is higher than 120 kV/m. 
Susceptibility tests were carried out on PC and commercial electronics. 

Fig. 1 – The 360 kV Marx generator with the bipolar pulse former connected to a 50 wideband voltage divider during 
characterization experiments. 

Fig. 2 – The half TEM horn-antenna of the GIMLI on its 2.5 m long ground plane. 
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Recent developments in bioelectric experiments have indicated that short electromagnetic pulses can be used to 
treat cancerous cells while not having a deleterious effect on adjacent healthy cells [1].  This effect has led to the 
design and testing of an impulse radiating antenna (IRA) laboratory model which focuses a large electromagnetic 
pulse generated at one of the foci of the ellipsoid of revolution at a point (small volume) located at the second 
focus [2].   The Prolate Spheroidal Impulse Radiating Antenna (PSIRA) has many of the features of the original 
IRA design and, therefore, many of the analysis techniques developed for the IRA can be used for this antenna 
with only slight modifications to take into account the different shape of the reflector.  It is anticipated that in 
order to achieve the extreme fields necessary to treat cells with subnanosecond electrical pulses, faster rise times 
will be required. 
 
The pulsed power used for the original reflector IRAs consists of a hydrogen spark gap switch under high 
pressure (1500 psi) using a thyratron which charges up ceramic capacitors and are discharged into the spark gap.  
For this original IRA design, it was believed that the rise time of the pulse was determined by the resistive phase 
of this gas switch, about 100 ps [3]. However, the theoretical limit of switch operation for this type of IRA 
(driven by a gas switch), and presumably the PSIRA, is given by the inductive phase of the spark channel, about 
20 ps for a 1 mm single gap.  However, there is a voltage dependency on this limitation and for 1 MV switching 
voltage it is about 100 ps [4].  Obviously, the PSIRA design that achieves the closest to the optimum value will 
also obtain the highest peak power necessary for the medical application. 
 
This paper will review various techniques for the PSIRA to achieve this ideal rise time to the maximum extent 
possible.  The following approaches to peak-up the voltage rise time to near ideal behavior have been evaluated: 
(1) different spark gap switch designs, (2) solid state switching using GaAs photoconductive semiconductor 
switches (PCSS) or silicon carbide (SiC) or silicon (Si) fast ionization dinisters [5], and (3) the use of nonlinear 
transmission lines [6].  Recommendations will be made for a working PSIRA pulsed power design for medical 
applications that will achieve a specified level of field intensity.  In addition, the critical issue of repetition rate  
and total pulses  for this system must be addressed in detail. It has already been established that a large number 
of pulses must be delivered to the cancer cell in order to obtain a good probability for cell death [1]. This study 
will allow the medical community to evaluate the practical implications of implementing a PSIRA for cancer 
treatment. 
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This paper considers a possible technique for reducing the rise time of high-voltage switches by placing an array 
of smaller-voltage switches in a traveling-wave geometry. This same technique can also be incorporated in a 
Marx generator. 

Fundamental limits for switching speed are based on the arc inductance for the shortest switch-electrode spacing 
for a given voltage across the switch. This in turn requires the highest dielectric-strength switching medium, this 
also being influenced by any requirement for repetitive switching, requiring switch recovery before the next 
pulse. By rapidly charging the switch some improvement can be gained, but this has its limits. 

By analogy to traveling-wave or distributed amplifiers, let us have a switch-closure propagate along a line array 
of switches. With differential charging voltages ±Vch across the whole array of N switches, each switch initially 
has a voltage of 2Vch /N across it. This is accomplished by some high-impedance resistive grading network, say 
N resistors, each of resistance R across each switch. 

One then triggers switch 1, which, in turn, overvolts switch 2, and on to switch N. The switches and associated 
electrical connections form the center conductor of a transmission line along which waves can propagate. As 
each switch closes it sends out two waves which can be designated as forward and backward. Each wave has 
amplitude Vch/N, adding up to Vch for the whole array. Ideally the wave speed approaches the speed of 
electromagnetic propagation in the surrounding dielectric medium (near c in the case of various gases). In this 
case the forward wave has a rise time limited approximately by that of a single switch, each switch contributing 
to the sharpening of the wavefront. The backward wave is, of course, highly dispersed and appropriately 
terminated for negligible reflection. 

Now let us substitute for each switch section a Marx-generator section. The connections between successive 
switches are replaced by two high-� dielectric blocks. As such, these dielectric pieces act like conductors at high 
frequencies, thereby becoming part of the waveguide structure. The traveling-wave Marx generator is then quite 
similar to the traveling-wave switch. The difference lies in how the switches are changed.
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The Electromagnetic environment in which air vehicles have to operate is becoming increasingly complex with 

developing threats arising outside the air vehicle and the demand from passengers to operate increasing numbers 

of diverse personal electronic devices within the cabin in flight. Modern airframe design is also exploiting new 

developments in materials and structures to construct ever more efficient air vehicles that impacts on the 

electromagnetic performance of the vehicle. 

The recently started High Intensity Radiated Field Synthetic Environment (HIRF SE) project has the goal of 

providing the European aeronautics industry with a computational framework which can be used in the 

development phase to enable electromagnetic aspects of the airframe design to be accounted for at an early stage 

of the design process. Currently much of this work has to be done at the test phase, risking considerable re-work 

costs if problems arise. It is expected that the application of the HIRF SE framework will thus confer a 

substantial economic benefit and in addition it will provide a considerable reduction in the certification and 

qualification tests required on an air vehicle. The HIRF SE programme’s main objectives can be summarized as: 
1. Full validated and integrated solutions to model, simulate and test air vehicles for electromagnetic 

aspects during the whole life cycle; 

2. To build, from both past and ongoing works, an integrated approach to electromagnetic modelling of air 

vehicles with an open and evolutionary architecture. 

The first objective addresses the current drawbacks of the actual design, certification and modification approach 

with the assistance of computational electromagnetics techniques. The second objective addresses the gathering 

together of the whole currently available numerical simulation competence to cooperate in the solution of 

complex electromagnetic problems. HIRF SE proposes to overcome the difficulties of this hybridisation process 

using an innovative and systematic solution based on a high level of software integration, offering an open and 

evolutionary architecture: a computer framework. The framework will incorporate a number of already existing 

elementary codes for the simulation of physical processes of electromagnetic field penetration and scattering and 
will have the capability to deal with the complete foreseen internal and external electromagnetic environment. 

K€

t

K€

t

Reliability 
Accuracy 

t 

Reliability 
Accuracy 

t 

Figure 1 Testing cost versus increasing complexity of air vehicles. Figure 2 -Reliability and accuracy versus increasing of air vehicles. 

The HIRF SE project will be validated on small and medium air vehicles by real tests. The expected technical 

and economic benefits of the programme are illustrated in Figures 1 and 2. The HIRF SE project will increase 

the confidence in the EMC assessment process as shown on Figure 2, fulfilling the current and future reliability 

requirement that increases as a function of the number of safety critical functions performed by electronics.

We will report on the initial phases of this EU Framework 7 research programme, which brings together a 
community of forty-four airframe manufacturers, research institutes and universities.
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Several types of pulse generators with amplitude from 200 kV to 10 kV, rise time from 200 ps to 50 ps, pulse 
duration from several nanoseconds to 100 picoseconds have been developed. At amplitude of 100-200 kV 
maximum pulse repetition rate in continuous operation can be 2-5 kHz. Testing of such pulse generators has 
been performed which shown that total efficiency can reach more than 60% at pulse duration of 1-2 ns. Tests 
have also revealed that electric strength of connectors and transmitting cables is rapidly decreased at pulse 
repetition frequency of 1 kHz and higher. 
At PRF of up to 10 kHz amplitude of voltage pulses can reach 30-50 kV with rise time of 100-150 ps. In such 
pulse generators transformer oil used for insulation and cooling purposes allow reaching of compact dimensions 
and high efficiency. 
At amplitude of 10 kV, rise time of about 100 ps and pulse duration of 0,5 ns an operating frequency of 200 kHz 
in continuous mode has been reached. Jitter of delay time between an external triggering pulse and output high 
voltage pulse from the generator is about 10-20 ps. 
A new type of pulsers which form voltage pulses with amplitude of 5-10 kV, rise time of 0,5-1 ns, pulse duration 
of 1-2 ns, operating at pulse repetition rate of 3-6 MHz has been developed. 
All pulsers have high stability of specifications and can be used in multichannel systems to reach high peak 
power. 
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The effect of electromagnetic wave generation by the electric current pulse propagating at the superluminal 
velocity along a conducting surface may be promising to create high-power wideband microwave generator [1]. 
The oblique irradiation of the electron photoemission-ability surface by the plane front of pumping radiation can 
be employed to produce the superluminal current pulse [2]. 
One variant to realize this scheme of electromagnetic pulse generation is the system comprising a plane vacuum 
photodiode with a transparent anode and using laser radiation to initialize electron emission [3]. 
This report presents results of experimental researches in characteristics of such radiating element with the 
cesium-antimonide cathode of �50 mm and the anode of the optical transparency 0.7 (Fig.1). The anode-cathode 
gap varied from 1 to 4 mm. The electron emission was initialized by the pulse of laser radiation of the 
wavelength 527 nm and the duration 1 ps that incident at the angle 45� on the photocathode. Photoelectron 
acceleration was induced by applying voltage from 20 to 60 kV to the anode-cathode gap. 
The time dependence of the electric field strength, the photoemission current, the photodiode pulse voltage and 
laser pulse parameters have been measured in experiments. The dependence of the generated electromagnetic 
field on the laser radiation intensity, the anode-cathode gap size and the accelerating voltage have been studied. 
The far-field radiator spatial-angular distribution of the microwave radiation electric component has been 
measured.
The performed researches have shown that the generated wideband pulse ( 0 3.3 , / ~ 1of GHz f f� � ) is directed 

at the angle specular to the laser radiation angle of incident, the electric field amplitude increases with the 
increasing of the accelerating voltage. 
Under the voltage of about 50 kV the electric field strength of 44 kV/m at the distance of 1.3 m has been 
recorded that corresponds to the generator power ~10 MW. 

Fig. 1 – Scheme of photoemission radiating element 
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The parameters of the current and dipole moment that arise during the discharging of a plane vacuum diode by a 
short photoemission pulse are studied analytically and numerically. Electron emission is induced by the ionizing 
radiation incident obliquely on the cathode. An approximate analytic model is developed that, under certain 
conditions, makes it possible to reduce the problem to that having a known solution for the normally incident 
ionizing radiation. In the case of a short pulse, scaling relationships for the parameters of the dipole layer are 
obtained as functions of the diode parameters (the interelectrode gap and applied voltage) and the angle of 
incidence of the ionizing radiation. So, experimentally, a planar accelerating diode comprising a metallic cathode 
and grid anode was initiated by an oblique short soft X-ray pulse from a point laser plasma source. The plasma 
was formed when a short-pulse (�0.3 ns) radiation from laser facility was focused onto a plane Au target. The 
parameters of the photo-emission current and accelerated electron current are measured. Comparison between 
the theoretical and experimental parameters of the currents arising in the vacuum diode discharge is carried out. 
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Now the question on long influence (more than 1 s) strongly rarefied streams of relativistic electrons and plasmas 
(more than 1011 1/�m2�s) on dielectric and conductive surfaces which, not leading to thermomechanical effects, can 
essentially change optic-electronic properties and functionalities of such surfaces is practically not investigated. 
The practical importance of job is very great, as its performance will allow to answer a question on a status of optic-
electronic and navigating systems which job can occur in conditions of the artificial radiating belt formed at large-
scale space experiments. 
In the given work it is analyzed interaction of an ionic stream with a superficial layer of a solid-state target and the 
preliminary physical model of such interaction in view of that streams are rather rarefied is developed. At 
characteristic energy of ions E=1,3 keV depth of their implantation in a target from aluminum l=2,1�10-6 sm 
( 6 3/ 21,5 10 (keV)l E�� � , sm), characteristic concentration after end of action of a stream n =(0,3–8)�1018 sm-3 and 
accordingly average distance between ions 0,5�10-6–1,5�10-6 sm, i.e. compared with thickness l. After a temperature 
relaxation its increase is equal �T=730�, that in itself can lead to thermal decomposition of some materials. However 
the greatest interest that system of individual microeffects, which form ions in the surface layer, changing its optical 
and represents electrophysical properties. The nature of defects is caused by education of vacancies and introduction 
of the beaten out atoms in next between knots. Calculations of stochastic movement of ions in a superficial layer 
have shown, that defects have the form of the wedge structures. Concentration of the displaced atoms does not 
depend on energy of flying particles and causes constant linear density of the displaced atoms along a wedge of 
displacement. Density of streams of plasma at which accumulation of microeffects leads to their merge and 
education of a superficial layer to others optical and electrophysical properties are certain. Influence of this layer on 
functionalities of some optical and electronic devices is estimated. 
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The ultra-widespectrum(UWS) electro-magnetic pulse is very useful in many applications, such as radar target 
identification, underground and hidden objects detection and remote sensing. The high power UWS pulse source 
generates a single-polar pulse, a bipolar pulse will be formed when the single-polar pulse goes through the 
combined the Chopping-Peaking switches, the Chopping switch is on the side near the pulse source and there is 
a transmission line of a certain distance from the Peaking switch. A high power bipolar pulse generator with 
combined Chopping-Peaking switches is designed and developed. Operating principle is studied and the circuit 
analysis is performed. The peak-to-peak voltage of the forming bipolar pulse is double of the impulse peak level 
in ideal�the duration of the bipolar pulse can be changed by adjusting the gaps of the Chopping-Peaking 
switches. Experimental study on the bipolar pulse generation with Chopping-Peaking switches is discussed in 
this paper. The single-polar impulse voltage is 205kV in the experiment. A bipolar pulse with maximum 
peak-to-peak voltage of 360kV is gained, which in rate is 1.76 of the input pulse. The duration of the bipolar 
pulse can be changed and the maximum equals to the input single-polar pulse. The steeper the input pulse, the 
higher the peak-to-peak voltage of the generated bipolar pulse. 
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The paper deals with the theoretical problems associated with simulation of transient and steady-state processes
in radiators of high-power short radio pulses. We present the results of analysis and synthesis of principal
resonant and non-resonant units of these systems, namely, coupling windows with supplying waveguides, energy
storage systems (compressors), switches locking the pulse output line during the charging phase, and radiating
units.
The algorithm of model synthesis has been developed for the systems, in which the energy is compressed in a 
section of supplying waveguide, while for the energy radiation a standard antenna possessing suitable
electrodynamic characteristics (radiation efficiency, directional pattern, etc.) is used (Fig.1). The following
problems have been solved:

– synthesis of the energy-storage resonator (optimization of the coupling window, selection of the
working oscillation and estimation of its spectral characteristics, analysis of spectral characteristics of
the energy-storage resonator in discharging phase and additional spectrum sparseness);

– synthesis of the switching system (lock), correlation of its operating frequency with the resonator’s
operating frequency;

– a complete electrodynamic analysis of the system ‘storage resonator + unlocked switching system’,
refinement of all compressor’s parameters during the charging phase;

– simulation of the transition into the discharging phase, computation of basic compressor’s parameters;
– analysis and synthesis of the radiating unit.

We have considered the structure, in which an open resonator acts as a compressor and a radiator 
simultaneously, while resonator’s mirror possesses different transparency during the charging and discharging
phases (Fig.2). 
All the problems are solved in the context of the rigorous time-domain approach based on the finite-difference
algorithm with the ‘fully-absorbing’ conditions [1]. This technique allows us to study long-term transient
processes obtaining reliable results. To study spectral characteristics of open resonant systems, a computational
procedure based on the analytic connection between space-time and space-frequency characteristics of the forced
and free electromagnetic oscillations in these structures has been developed [2].

mirror with 
varying
transparency

lock

storage

coupling window

Fig. 1.  Fig. 2.
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The demand for bandwidth for long haul networks is relatively static, current and future developments in short 

range data applications will require larger data capacity for audio/video streaming. UWB systems offer a 

technology that can achieve good performance for short-range wireless high-throughput applications. However 

UWB signals are only limited to short distances of a few meters, due to the combination of very low transmitted 

power and the poor performance of long RF cables at high frequencies. A typical UWB cable has a loss of 4 

dB/m at the UWB bandwidth. In a typical indoor scenario with antenna separation of 2-3 m a total length of 5 m 

UWB cables is needed. With this length of cables a loss of 20 dB will be introduced and the system’s 

performance will be reduced substantially. This poor performance limits the distribution of data over wired 

UWB links or wide wireless networks, remote UWB antenna systems and even within instruments. 

An efficient solution can be achieved using UWB over optical fibre technology. The combination of very low 

loss of optical fibres 0.5 dB/Km at modulation frequencies up to 100 GHz with the immunity to electrical 

interference, which prevents cross-talk between signals in different cables and pickup of environmental noise, 

makes transmission of UWB over fibre a reliable technology for UWB transmissions. With optical fibre systems 

an effective approach is proposed to achieve extremely high data rate transmissions. Thus, real time indoor 

environment applications such as sharing images, music, video streaming, data, and voice among networked 

fixed and mobile devices can be realised with undisrupted transmissions [1-2]. 

This work presents a novel UWB over fibre system, illustrated in Fig.1. This point to point UWB over fibre 

connection is experimentally implemented with a tunable laser source to emit through a Single Mode Fibre 

between 1530-1615 nm. The concept of the characterisation system is based upon the classic vector network 

analyzer (VNA) technique [3]. The results confirm that an improvement of 20 dB can be achieved with the 

proposed system in comparison with conventional 5 m UWB cables. Due to the very low attenuation of single 

mode fibres, only 0.5 dB/Km, distribution of UWB signals up to 60 Km can be achieved with our system before 

the noise floor is reached. This enables longer range UWB systems than has hitherto been reported. The 

frequency is limited at 12 GHz, but can be extended upwards in frequency with the use of an appropriate LNA 

with very small degradation in performance. This technology can be used to distribute UWB signals around 

buildings or medium range networks. Thus, this approach can provide bandwidths of several GHz for high-

throughput wireless communication and sensor networks services.

Fig.1 - Schematic diagram of the designed UWB channel sounding system. 
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Carrierless ultrawideband transmission (called impulse radio, IR) is a promising wireless technique to realize

high data rates. Without carrier, the frontend architecture is simplified in comparison with conventional systems.

Therefore, IR has also the potential to be a low-cost technique. On the other hand, UWB devices demand for

components that have constant characteristics over an ultrawide bandwidth in the range of GHz. This is difficult

to realize and leads to an increase of costs. So in practice, a trade-off between system behavior and economic

aspects must be made. This means that non-ideal behavior versus frequency cannot be completely neglected. The

question is which performance can be achieved using non-ideal components in an UWB impulse radio system.

To answer this question before constructing a prototype, suited component modeling and simulation techniques

must be applied. In literature, many proposals have been presented how single elements can be modeled [1], but

to our knowledge, a full description of the non-ideal transmission chain including all critical elements and effects

for IR has not been presented before. This paper starts with finding the critical components and effetcs. Critical

is the oscillator due to jitter, antennas because of their frequency dependent patterns, the multipath channel,

interference and the frequency dependent low noise amplifier. Then component modeling is performed as an

extended version of [2]. Finally, the interfaces between the components are realized and implemented into

Advanced Design System (ADS). To estimate the system performance, system simulation is performed, and the

bit error rate of a non-ideal impulse radio system based on pulses for the FCC regulation is determined.

First, the distance between transmitter (Tx) and receiver (Rx) is fixed while sweeping the UWB interference

power: The power spectral density of the interference power is supposed to tremble around a constant level

inside the FCC mask. Since different interference power can be expressed in terms of different receiver SNR, it

is possible to determine the dependency between BER and SNR. The result can be seen in Fig. 1: For the shown

indoor scenario (Line of Sight) with a distance of 2.4 m between Tx and Rx, the BER increases with worse SNR.

The simulated BER is only then a good estimate of the actual BER if the number of simulated bits is at least

factor 10 of the inverse simulated BER. This is respected by the fact that the number of simulated bits is 10
4
.

Fig. 1 – Bit error rate versus SNR for non-ideal UWB transmission based on the shown scenario

Second, the bit error rate is calculated for several indoor channels to get the distance dependency of the system.

The effect of spatial fading will be very small since for UWB signals, it is inprobable that destructive

superposition of paths will occur for all frequencies inside a range of GHz.

References
1. A. Sibille, “A Framework for Analysis of Antenna Effects in UWB Communications”, Vehicular Technology

Conference, Stockholm, Sweden, 2005.

2. J. Timmermann, D. Manteuffel, and W. Wiesbeck, “Simulation of the impact of antennas and indoor channels on UWB

transmission by ray tracing and measured antenna patterns”, International Conference on Ultrawideband, Singapore,

2007.

Tx
Rx

U
W

B
 -

 0
9 

U
W

B
 -

 C
o

m
m

u
n

ic
at

io
n

s



310 EUROEM 2008, European Electromagnetics

O
ra

l P
re

se
nt

at
io

ns

UWB - 09

Requirements of Preselect Filter and Front-End Linearity for Low-
Power UWB Systems Operating in a ‘Worst Case’ Interference Scenario

Lauer, Oliver; Barras, David; Vahldieck, Ruediger; Jäckel, Heinz; 
Fröhlich, Jürg;

ETH Zürich, Zurich, Switzerland

Requirements of Preselect Filter and Front-End Linearity for Low-Power 
UWB Systems Operating in a ‘Worst Case’ Interference Scenario 

O. Lauer 1, D. Barras2, R. Vahldieck1, H. Jäckel2 and J. Fröhlich1

1IFH, ETH Zurich, Switzerland
     2 IFE, ETH Zurich, Switzerland

lauero@ifh.ee.ethz.ch, david.barras@ife.ee.ethz.ch 

Ultra-wideband (UWB) communication within the 3-5GHz range operates in the presence of strong signals 
originating from other wireless services (e.g. ISM, UMTS, W-LAN), some of them just a few MHz away. These 
wireless technologies feature a much higher transmission power than UWB signals. Through the system specific 
non-linear characteristic of front-ends these services tend to interfere with UWB signals through their 
intermodulation products (IMP's), resulting in a loss of sensitivity. Therefore, adding a preselect filter in order to 
minimize this degradation will allow for robust communication within the UWB band.  
In the following a numerical procedure for the derivation of the preselect filter is proposed. The transfer function 
of the front-end is modeled by a finite polynomial. As out-of-band signals a three-tone excitation: 

1 1 2 2 3 3( ) cos(2 ) cos(2 ) cos(2 )x t A f t A f t A f t� � �� � �
is applied. The frequency of the IMP's generated by an n-order non-linearity is given by fIM:

f
IM [l ,k ]

� �k � f
1
� l � f

2
,k � l � m� m � 2,3,...n

The corresponding amplitudes result from the trigonometric terms of the excitation. By setting a level for the 
maximum acceptable degradation in receiver sensitivity, the minimum filter order can now be numerically 
evaluated for different front-end characteristics.  
The non-linearities of the front-end are mainly characterized by the second- and third-order IMP's. The latter is 
related to dynamic range and mainly depends on the front-end current consumption. The second order non-
linearity reflects the circuit topology. For balanced circuits IMP2 is considerably larger than for unbalanced 
ones. The order of the preselect filter is directly related to the amplitudes of these two IMP's. Smaller IMP’s  
require a higher order of the filter and vice versa. The order of the preselect filter can be reduced by feedback 
and offset cancellation techniques [1]. 
A “worst-case” interference scenario has been used with maximum allowable transmission power for the 
determination of IMP's. Services such as GSM900, GSM1800, DECT, UMTS, ISM2.4GHz and IEEE802.11a 
have been identified as the most threatening for UWB applications. To examine a “worst-case” scenario it was 
assumed that one channel of each of the three considered services are active at the same time and the interference 
sources are only 10cm away from the UWB receiver. Furthermore the antenna is assumed as isotropic with no 
reflection, polarization and matching losses for the observed frequency range. As an example of an analog front-
end realization the system described in [2] is used. The required signal-to-interference ratio (SIR) is +5.3 dB, 
which results in an IMP power limit of -67.9 dBm for reliable 
communication over a distance of one meter characterized by 
a bit error rate equal to 10-3. In Figure 1 the intermodulation 
products that potentially fall within the 3-5 GHz UWB band 
are shown for three different front-end characteristics. In this 
simulation, the filter order has been determined such that the 
IMP noise floor stays below the aforementioned power limit. 
Results show quantitatively how the pre-filter order N has to 
be traded-off against the receiver linearity. Furthermore it can 
be seen that a symmetric realization performs better in the 
presence of a noisy environment. This kind of analysis can 
also be conducted for ‘real-world’ interference scenario with 
considerably lower interference power [3]. Using the proposed 
framework the corresponding preselect filter with minimal 
order can be determined for a given specific UWB-receiver 
structure and near-by interfering sources. 
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Fig. 1 – Potential IMP in UWB channel for three 
different second-order front-end non-linearity 
realizations (IIP3=-12 Bm is assumed). 
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Abstract – This paper presents the design of a new compact low-pass defected ground structure filter (DGS 
LPF). This structure is based on coplanar waveguide (CPW) lines and �/2 resonators. The behavior of the 
structure has been simulated with full wave 2.5D electromagnetic simulator Sonnet 11.54.  An equivalent circuit 
model (Fig. 1 (b)) is used to investigate the DGS characteristics. Both simulations have shown that the proposed 
filter introduces a very low transition coefficient in the stop-band and is well matched (Fig 1 (c)). The proposed 
low-pass filter provides the bandwidth of 8.5 GHz, from 3 GHz to 11.5 GHz with the stop-band rejection more 
than -20 db. The simulated structure is 24×23.4 mm2 in dimension. The proposed low-pass DGS filter has been 
fabricated and measured. Good agreement between electromagnetic simulation, equivalent circuit simulation and 
measurements has been observed. 

Fig. 1 (a) shows the schematic diagram of the proposed low-pass DGS filter structure. It consists of the two 
�/2 DGS slot resonators in the ground planes, which are loaded with the open-end stubs. The proposed DGS 
slots consist of two square heads and a connecting slot with a gap of 1 mm. The DGS units located 
symmetrically on the both sides of the transmission line. The CPW lines, used for this filter, were designed for 
characteristic impedance of 50 �. This impedance corresponds to G/WG of 0.2/2.8/0.2 mm. The substrate 
material has a permittivity of 3.38 and a thickness of 0.813 mm. Copper with a thickness of 35 µm has been used 
as metallization. The slot-head areas basically control the inductance, whereas the width c of the connecting 
rectangular slot controls the capacitance. The series inductance has been increased by adding the open-end 
sections of the transmission line between the two DGS heads in the ground plane as shown in Figure 1. In order 
to investigate the dependence of the filter parameters on the dimensions, the EM simulations were carried out for 
different values of the parameters a, b and c, see Figure 1 (a).

S11

S21

a)                                                                b)                                                                         c) 

Fig. 1 Proposed DGS LPF : (a) schematic diagram, (b) equivalent circuit, and (c) EM and circuit simulations. 

S11

S21

S11
S11

a)                                                                 b)                                                                         c) 

Fig. 2 (a) EM simulation for different values of the gap c, (b) fabricated low-pass DGS filter, and (c) EM simulated 
and measured results of the proposed low-pass DGS filter. 
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The paper presents a fast algorithm to solve the inverse scattering problem involving discrete small scatterers 
imbedded in the half space. It can be applied to the detection of subsurface objects and the reconstruction of the 
image of the sample placed above a flat substrate. This paper is presented in the framework of the total internal 
reflection tomography (TIRT), a kind of near-field technique, which can be used to improve the resolution [1]. 
In TIRT, the sample is illuminated with different evanescent waves through a substrate in total internal 
reflection and then the permittivity of the sample is reconstructed from measurements of scattered fields. The 
most commonly used methods to solve the TIRT problem are the Born approximation and the numerical 
optimization method. Although both methods have their merits, the former applies only to weakly scattering 
samples and the latter is computationally expensive [2].  

In this paper, a special case is considered where multiple scattering is included and the computation cost is low.  
The sample to be studied is discrete scatterers that are much smaller than the wavelength. The small scatterers 
could be of any shape and their composing materials could be anisotropic. When the multiple scattering effect is 
taken into account, the inverse scattering problem of locating the scatterers and retrieving their polarization 
tensors (i.e., scattering strengths) is nonlinear. For the small discrete scatterers, however, the nonlinear inverse 
scattering problem of the TIRT can be solved by an analytical and noniterative method. The proposed method is 
fast in the sense that no associated forward problem is iteratively evaluated. In addition, there is no convergence 
problem involved. The positions of discrete scatterers are determined by the multiple signal classification 
(MUSIC) method [3]. After the spheres are located by the MUSIC method, the inverse problem of retrieving the 
polarization tensors is still nonlinear. Despite the nonlinearity, there are noniterative analytical algorithms for 
the problem [4,5]. The two-step least squares method used in this paper is a modified version of the method 
proposed in [5].  

The orientations of electric dipoles induced in scatterers and their linear dependency are carefully analyzed 
under various polarizations of the illumination, so that the proposed MUSIC is able to locate correctly the 
scatterers. The paper also discusses the influences of the propagating and evanescent waves, the substrate, the 
separation of scatterers from the substrate surface, and the level of noise on the resolution of imaging.  Various 
numerical examples have been carried out to test the effects of the aforementioned factors on the resolution of 
imaging. 

In conclusion, the algorithm presented in this paper can be easily applied to solve other inverse scattering 
problems involving half-space reflection and transmission. For the inverse scattering problem in the framework 
of the total internal reflection tomography, the following conclusions are drawn: 
1. The locations and polarization tensors of scatterers are obtained by MUSIC and least squares method. Since 
there is no iterative evaluation of associated forward scattering problems, the proposed method is 
computationally fast, compared with the numerical optimization approach. 
2. Theoretical and numerical analysis indicates that the incidence with a mixture of TE and TM polarization is 
more effective for the MUSIC to locate the positions of scatterers than using only TE or TM incidence. 
3. Compared with propagating waves, evanescent waves that are characterized with large transverse wave 
vectors help to improve the resolution, whereas they are vulnerable in presence of noise, especially when the 
scatterers are far from the surface of the substrate. 
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Abstract High-performance band-pass filter has been studied and exploited extensively as a key circuit 
block in modern wireless communication systems. The requirements of compact design, low insertion loss in the 
pass-band and high rejection in the stop band are necessary. To meet the requirements, much effort has been 
made to develop a variety of compact band-pass filters [1]. One of the most common methods for implementing 
a planar filter is to use DGS-coupled microstrip filters [1], [2]. In this paper, we design at first a cascaded band-
pass filter, which is composed of 3 open-loop �/2-resonators. The three elements are electromagnetic coupled as 
shown in Fig. 2. The simulated  results of this cascaded band pass filter show a good result in pass band and in 
reject band. The Simulation results are depicted in Fig. 3, which show the response of a three-pole band-pass 
filter and hid dimensions. It can get the 3-dB attenuation pole frequencies f1 at 0.5 GHz, f2 at 4.2 GHz and the 
center frequency f0 of the filter at 3.1 GHz. In order to develop and to minimize this planar three-pole microstrip 
band pass filter, two ideas are developed and implemented, the DGS-Technique and the coupling matrix-method 
[3]. Using DGS resonator on the ground structure, a compact filter with improved response has been  realized as 
shown the Fig. 3. The second process will be done through coupling-matrix procedures [4]. The distance (s) 
between resonators will be mathematically searched and defined, thus, an improvement in reject band of this 
filter will be realized and the second harmonic will be suppressed. The new multiplayer-BPF has been fabricated 
and simulated on a substrate with dimensions of (0.57�g x 0.28�g). The substrate has a relative dielectric 
constant of 3.38 and a thickness of 0.813mm. The measurements show good consistency with the simulations. 
Therefore, it is expected that the proposed structure with its characteristics will be a strong candidate for 
applications in various integrated microwave circuits. 
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Figure 3.  Simulation results of the cascaded 
BPF . 

Figure 4.  3-D view of the new BPF. Figure  5.  Photogtaph of fabricated 
open-loop band-pass filter.

Figure  6.  Mesured results of the proposed 
compact BPF. (*) Simulation results.

Figure 1.  Layout of  the open-loop cell. 
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 Fig. 2. 3D-view of conventional BPF. 
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In this paper, a high-compact model of the loaded coupled transmission lines is introduced using employment of 
fractal technique on the previous proposed loaded coupled model in [6] for further size reduction in this type 
BLC. A novel miniaturized BLC is designed and analyzed at 900 MHz on a 0.762-mm-thick substrate with a 
relative dielectric constant �r = 3.5. Increasing of electrical and magnetic coupling and making the best use of the 
vacant space in the structure of conventional BLC are two important features of the new BLC. The size reduction 
of this new BLC has been reported about 79% with a comparable performance. The use of connecting lines as a 
cascade two unit elements instead of the internal series stubs is a useful method for increasing bandwidth in 
Digital elliptic filters [7]. The implementation of this method is more difficult in practice and needs suspended 
bars and dielectric shims. In [6], a loaded coupled transmission-line with maximized coupling has been 
introduced which has a simple structure for implementation and the same performance with a cascade of two unit 
elements. In this paper has been tried to expand this technique and reduce the size of this type BLC further by 
increasing of the cascade two unit elements. By this idea, the number of the lumped element in its equivalent 
circuit will be increase; particularly the negative capacitors and its size reduce. The frequency response of the 
compact BLC has been simulated by ADS full-wave simulator. Layout of the proposed compact model has been 
shown in Fig.1. 

Fig. 1 –  A Layout of the Proposed Compact Model 
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In this paper, a high-compact model of the loaded coupled transmission lines is introduced using employment of 
fractal technique on the previous proposed loaded coupled model in [6] for further size reduction in this type 
BLC. A novel miniaturized BLC is designed and analyzed at 900 MHz on a 0.762-mm-thick substrate with a 
relative dielectric constant �r = 3.5. Increasing of electrical and magnetic coupling and making the best use of the 
vacant space in the structure of conventional BLC are two important features of the new BLC. The size reduction 
of this new BLC has been reported about 79% with a comparable performance. The use of connecting lines as a 
cascade two unit elements instead of the internal series stubs is a useful method for increasing bandwidth in 
Digital elliptic filters [7]. The implementation of this method is more difficult in practice and needs suspended 
bars and dielectric shims. In [6], a loaded coupled transmission-line with maximized coupling has been 
introduced which has a simple structure for implementation and the same performance with a cascade of two unit 
elements. In this paper has been tried to expand this technique and reduce the size of this type BLC further by 
increasing of the cascade two unit elements. By this idea, the number of the lumped element in its equivalent 
circuit will be increase; particularly the negative capacitors and its size reduce. The frequency response of the 
compact BLC has been simulated by ADS full-wave simulator. Layout of the proposed compact model has been 
shown in Fig.1. 

Fig. 1 –  A Layout of the Proposed Compact Model 
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In this paper, a new model for further reducing the size and increasing the bandwidth (BW) of a class 
miniaturized elliptic-function low-pass filter has been presented. A compact elliptic-function low pass filter 
using microstrip stepped-impedance semi-hairpin resonators has been developed and a multiple cascaded filter 
using semi-hairpin resonators has been designed. The overall BW of the proposed low-pass filter has been 
shown to be increased by more than 40% with a size reduction about 80% compared with the conventional ones.   
In order to increase BW and reduce size, in this paper a developed model of the stepped-impedance hairpin 
resonator has been proposed. The layout of this low-pass filter is shown in Fig.1. 

Fig.1- The Stepped-Impedance Hairpin Resonator 

The prototype filter has been synthesized from the equivalent-circuit model and is shown this structure provides 
a wide band-pass with high harmonics suppression in a wide stop-band. To optimize the performance of this 
filter, electromagnetic simulation is used to tune the dimensions of the prototype filters.  

the relationships between lamped and distributed elements have been derived using ABCD matrix and their 
equivalent-circuit models.Several different microstrip low-pass filters using different stepped-impedance semi-
hairpin resonators which were designed at 3-dB cut-off frequencies f1,f2 and f3 GHz respectively. Finaly, a 
multiple cascaded wide-band low-pass filter has been designed and proposed using these different microstrip 
filters.The proposed low-pass filter has a 3-dB pass band from dc to 3.26 GHz. The return-loss is better than -12 
dB and the rejection greater than 30 dB within stop-band.  
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Recently, considerable attention has been given to the ultra-wideband (UWB) technology. There are several 
areas in which UWB technology can be applied, such as communication systems, automotive collision-detection 
systems, medical imaging, ground-penetrating radar etc. Here, due to its extremely wide bandwidth suitable to 
perform accurate imaging of objects, the UWB technology is applied to detect a target object embedded in a non-
homogeneous field region. The detection is not trivial, since the field backscattered by the target can be confused 
with the reflections produced by the discontinuities in the field domain. A numerical approach is therefore 
proposed to solve this kind of problem by using an approach derived by previous studies on Time Domain 
Reflectometry (TDR) [1]-[2]. The field is analyzed by a numerical electromagnetic solver and the sensed signal 
is filtered by the discrete wavelet transform (DWT). 
First, a two dimensional configuration of a non-homogeneous region is analyzed by the finite difference time 
domain (FDTD) method. The computational domain is composed by several regions (�0, �1, �2,…) and by a 
scattering region �s, whose electrical characteristics differ significantly from those of the other regions, as 
shown in Fig. 1. The UWB signal has rise times of few picoseconds and pulse durations of hundred picoseconds 
resulting in a spectral shape smeared out over a wide range of frequencies, from few megahertz to ten gigahertz.  
The use of the FDTD requires a closed domain where absorbing boundary conditions are applied. The cell size �
must be less than one tenth of the minimum wavelength � of the considered signal, ��� �/10. The time step �t
must be compliant with the stability criterion: �t � �/2c. Obviously, the computational cost is strongly dependent 
on the physical dimensions of the considered domain. When an enclosure �s, embedded in the computational 
domain, is excited by the UWB field, a backscattered field is generated. The signal can be monitored at a given 
point P, where it appears as the sum of different contributions given by the incident field, the reflected fields by 
the several regions and the scattered field produced by �s. To detect the target scatterer, it is therefore crucial to 
discriminate the different reflections. To this aim the DWT can be applied to the captured signal in P in order to 
extract the approximation coefficients. For many signals, the low-frequency content provides the identity of the 
signal, while the high-frequency content gives flavour or nuance. Wavelet analysis lets us to capture these two 
different aspects of a signal, i.e. approximations and details. The approximations and details may be extracted 
using a discrete sampling or successive filtering techniques. To extract the approximations and details as 
independent signals, we can pass the signal through a pair of complementary low-pass and high-pass filters to 
get two different signals [3]-[4]. The low-pass filter yields the first level approximation coefficient and the high-
pass filter yields the first level detail coefficient. Repeating the filtering and the downsampling, higher order-
level approximation and detail coefficients are extracted, so they clearly allow to estimate the presence and the 
size of the discontinuities, as shown in Fig. 2. 
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                          Fig. 1 – Computational domain.                    Fig. 2 – Example of DWT extraction.  
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The quality of the electric power is becoming an important issue for electric utilities and their customers. The 
quality of the electric power is largely synonymous with the voltage quality and the continuity of the service. The 
general strategy to assure the continuity of the service of the power supply is based in the detection in real time of 
the defect affected the power network. Generally the defects appear less often in equipments (transformers) and 
most of the time in power line. For this reason it’s essential to control the state of the power line. Classically, 
using the TDR (Time Domain Reflectometry) technique it’s possible to localize the defect in line or cable. Also, 
wavelet analysis is used in many areas of engineering and is specifically suited for examining non stationary 
phenomena. Since a few years, some works devoted to the analysis of signal records (voltages and currents) made 
on power networks by the wavelet technique are published in the literature [1]. Usually these works are to isolate 
in time frequency industrial of the frequencies caused by a defect. This allows us to locate in time the appearance 
of failure and it’s rang frequency.  
In our work we propose a procedure for localization in space and in time by TDR and discrete wavelet transform 
(DWT), and identification of the defect nature in power network by traveling wave. Also using continuous 
wavelet transform (CWT) we deduce the dominant frequency in instant where appears the defect. 
For this study we treat and deduce few information’s in the power network response without and with defect. At 
first, it’s essential to know the response of the power network excited by impulse voltage. For this objective we 
use the temporel formalism proposed by S. Kaouche [2]. This formalism consists in translating the nature and the 
topology of the network in a matrix [A] making appear the lines and the set of the localized networks (nods of 
extremities and junctions). This procedure allows us to elaborate a system of linear equations: [A] x [X] = [B], 
where: [X] : unknown vector (currents and nodes’ voltage) and [B] : source vector. 
The technique of the TDR and the response analysis by wavelet intervene subsequently. The steps of the proposed 
procedure are described in the following: (1) - localization of a defect in space and in time in an electric network 
by TDR and discrete wavelet transform (DWT), (2)- identification of defect nature by travelling wave, (3)- the 
continuous wavelet transform (CWT) is applied to the difference of the responses (without and with defect) of the 
network in order to obtain a dominant frequency. 
In order to illustrate our work we present the first simple application. We consider 3 tri-phase power horizontal 
lines connected in Y (figure 1.a) with two defects at two different points (E and F) . The double defect is a 
galvanic contact of 15� between the phase 1 of the line 3 and the soil and situated in the F point to 430 m of the 
interconnection (bus bar) and a short circuit between the phase 1 of the line 2 and soil situated to the point E to 
350 m of the node interconnection. 
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   Fig.1.a Power network in Y. 

Figures 1.b. and 1.c show the analysis by the wavelet transform of the difference network responses in point A 
(without and with defect) when we use the Gaussian generator voltage Vs (t). These results put in evidence the 
presence of two reflections due to the changes of the lines impedances in power network. The first reflection in 
figure 1.b at t=5.66µs (position 116 in spectrogram) traduces the short circuit default; in fact, the calculating of 
the reflection coefficient at the time of the first oscillation gives value of -1. The second reflection at t=6.2µs 
(position 127 in spectrogram) traduces galvanic contact where the reflection coefficient gives values of -0.939 
and fault resistance of the 14.75�. To supplement our analysis we conduct an analysis of the CWT (fig. 1.c). The 
optimum of the coefficients norm is realized respectively where frequency value is 2.73 MHz for first default 
and 1.7MHz for second. 

1. C. Buccella, M. Feliziani and G. Manzi, “ Accurate Detection of  Low Entity Cable Faults by Wavelet transform,” International 
Symposium on Electromagnetic Compatibility : EMC  August 9-13 , 2004 Santa Clara, Cuba, pp. 936-941. 

2. S. Kaouche, ‘‘Analyse de Défauts dans un Réseau de Lignes ou de Câbles’’, PHD thesis, Université of Jijel, June 2007. 

Fig.1.b. Spectrogram of the coefficients. Fig.1.c. Scalogram wavelet time- frequency. 
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The real-time automatic images processing and pattern recognition are very important for many problems in 
medicine, physics, geology, space research, military applications and so on. For example, it is necessary for 
pilots and drivers for immediate decision-making in poor visibility conditions. An approach to image 
enhancement through artificial neural network’s (ANN) processing is proposed. The structure and weights of 
ANN are tuned with use of evolutionary concept [1]. We introduce the method for images enhancement through 
approximation of image transform function T. This function is approximated with use of ANN which is trained 
evolutionary in the time of test images processing. Each ANN is genetically encoded as the list of its 
connections. Truncation selection is used for parental subpopulation formation. Original crossover and mutation 
operators, which respect structures of the ANNs undergoing recombination and mutation, are used. Nodes with 
sigmoid activation functions are considered. The population size adapts to the properties of evolution during the 
algorithm run using simple resizing strategy. In this work we adopt pixel-by-pixel brightness processing with use 
of ANN paradigm. The topology of ANN is tuned simultaneously with connections weights. The ANN 
approximating T function should have three input nodes and one output node. During the training we evaluate 
each ANN with respect to the visual quality of the processed images. For acceleration of image processing is 
applied the approximate calculation of the local statistics for every pixel [1]. 
The three-step procedure for image enhancement is proposed: (1) multiplicative adjustment of image brightness; 
(2) local level processing using ANN; (3) global level auto smoothing algorithm. The artificial neural network 
training stage with use of single 128�128 pixels image takes about 70 seconds on the Intel Pentium IV 3 GHz 
processor. After completion of the learning process the obtained artificial neural network is ready to process 
arbitrary images that were not presented during the training.  The processing time for 512�512 pixels image is 
about 0.25 second. The ANN, as a rule, included 3 input nodes, one or more hidden nodes and one output node. 
The results of initial images [2] (see Fig. 1, 3, 5, 7) enhancement after applying the three-step processing is 
presented below (see Fig. 2, 4, 6, 8). It is significant that the three-step method has the small computing 
complexity in comparison with the algorithm of Multi-Scale Retinex [2], [3]. This method is allows using the 
trained ANN with acceptable rapidity processed the packets of images. The speed of image processing with used 
of Intel Pentium IV 3 GHz processor is amount to 1 Megapixel in second. 

Fig. 1 Fig. 2 Fig. 3 Fig. 4 

Fig. 5 Fig. 6 Fig. 7 Fig. 8 
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The propagation of an ultrawideband electromagnetic pulse through a linear, dispersive attenuative dielectric
medium described by the Lorentz model with two isolated resonance frequencies is presented in the context of
the classical [1-3] and modern asymptotic theories [4] as generalized by Shen and Oughstun [5]. The analysis is
based on the asymptotic approximation as zÆ• of the exact Fourier-Laplace integral representation of the
propagated wave field, given by [4]

A z t ie u e di
c

z c

C
, ˜ ,( ) = ¬ -( ){ }- ( ) ( )Ú1

2p
w w wy f w q                                                   (1)

for all z � 0 , where

f w q w w w w q, ˜( ) � ( ) -( ) = ( ) -( )i
c
z
k z t i n                                                        (2)

is the complex phase function describing the dynamical space-time evolution with q � ct z and where

k̃ c nw w w( ) � ( ) ( ) is the complex wave number. The earlier asymptotic description [5] of dispersive pulse

propagation in a double resonance Lorentz model dielectric showed that the inclusion of an additional resonance
feature in the dielectric permittivity resulted in the conditional appearance of a new, intermediate frequency
precursor field structure A z tm ,( ) in the propagated wave field A z t,( ) in addition to the high-frequency
Sommerfeld A z ts ,( ) and low-frequency Brillouin precursor A z tb ,( ) fields previously described in the classical
and modern theories [1-4]. The propagated wave field structure is then described by the coherent superposition

A z t A z t A z t A z t A z ts m b c, , , , ,( ) = ( ) + ( ) + ( ) + ( ) ,                                                (3)

where A z tc ,( ) describes the contribition of any poles that may be present in the input pulse spectrum. If the
envelope function u t( ) of the initial pulsed plane-wave field A t u t tc0, sin( ) = ( ) +( )w y is bounded for all time t ,
then its frequency spectrum ũ w( ) can have poles only if u t( ) does not tend to zero too fast as tÆ•. Hence,
the implication of nonzero A z tc ,( ) is that the total propagated wave field A z t,( ) oscillates with angular
frequency wc for positive time t at z = 0 and will tend to do the same for z > 0 for large enough t . This
contribution then describes the main signal evolution in the dispersive material. The dynamical space-time
evolution of each precursor field structure can be traced to the dynamical evolution of the saddle points of the
complex phase function f w q,( ) and so are a characteristic of the dispersive medium. A sufficient condition for
the appearance of this middle precursor was also given there [5] in terms of the energy transport velocity for a
time-harmonic wave. These results are extended in this paper through a careful examination of the middle saddle
point dynamics and their asymptotic contribution to the middle precursor field. The critical importance of these
middle saddle points is fully realized when the input pulse spectrum is centered in the passband between the two
resonance frequencies, as typically occurs for optical pulses. In that case, these middle saddle points provide the
majority of the observed pulse distortion.

Acknowledgments – The research presented in this paper was supported, in part, by the United States Air Force Office of
Scientific Research under Grant #9550-04-1-0447.
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Ultra Wide Band-Impulse Radio (UWB-IR) based systems are well known for their inherent capability to
provide accurate ranging [1 and 2]. Remote positioning of such systems using radio over multimode fiber
technology has been the interest of researchers lately [3 and 4]. The advantages of such systems are two fold: i)
the range extension of UWB-IR to greater indoor coverage distances, and ii) cost benefits resulting from the
consolidation of  head end equipment.

In this paper, we describe the details of a system model for evaluating the performance of a ranging system
employing UWB-IR over multimode fiber. Such a system has two distinct parts; i) a wireless section, including
antennas and wireless propagation through air, and ii) a Radio over MultiMode Fiber (RoMMF) section,
including Electrical to Optical (E/O) conversion, propagation through fiber, and Optical to Electrical (O/E)
conversion. This model combines wireless and radio over fiber [5] sections of the system to predict system
performance in terms of Bit Error Ratio (BER).

Fig. 1 shows the calculated contours of constant BER of a UWB-IR over a multimode fiber ranging system.
The most interesting result is the dominant impact of wireless distance, in comparison to fiber length, on
performance. The results shown in the figure are verified by experimental results that demonstrate accurate
ranging capability of UWB-IR over 150 m length of multimode fiber. This verification process used the PulsOn
210™ UWB radios from Time Domain Corporation [6]

In the presentation, we will describe the details of the system model and the experimental procedure used for
validating the performance evaluation model, and provide some crucial experimental validation data.
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Fig. 1 –  Contours of constant BER for a RoMMF based UWB-IR ranging system
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




 







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Abstract: From the viewpoint of a communication engineer we find problem arises when the propagation 
conditions over the transmission channel vary with respect to time. The state of art technology to prevent this 
effect due to time variation is equalization, a well known method for removing Inter Symbol Interference (ISI) 
affecting a transmission channel[1,5]. Recent literatures shows a trend to mitigate this effect, decision feedback 
sequence estimation technique[1,2,5] by truncating the channel memory to a reduced number of terms and by 
removing the branch matrix the tail of the ISI using decision made on the surviving sequence. Here we show a 
different class of idea from seminal principle of Turbo-Decoding[3-5], which can be applied to equalization.  
The basic principle underlying turbo equalization[2] is that an ISI wireless channel can be regarded as 
convolutional coder & therefore the concatenation of a coder, an interleaver & the transmission channel itself 
can be considered as a turbo coder. The adaptive equalizer combines a maximum posteriori channel equalizer 
with a recursive least square algorithm to allow adaptation in the equalization stage. This stage iterates with a 
soft input, soft output & error correction stage. Here we have tested the adaptive ability of equalizer on 
unknown time invariant & time varying ISI wireless channel by computer simulation on a Matlab platform. 
From the outcome of the simulated result it can be seen that it is one of the best methods for getting the 
information back from the often heavily scrambled & distorted received signal[2-5]. This scheme tracked 
unknown wireless channels accurately without a penalty in terms of signal to noise ratio (SNR). 
In this paper we will show the implementation of the concepts in a MATLAB platform & measure the 
performance & display as bit error rate in comparison to SNR. 

References  
1. S.Ariyavisitakul and L.J. Greenstein, “Reduced Complexity Equalization Techniques for Broadband 

Wireless Channels”,  IEEE Journal  on Selected Areas in Communications 15(1):5 15, January 1997. 
2. S. Ariyavisitakul, N. R. Sollenberger and L.J. Greenstein, “Tap Selectable Decision Feedback 

Equalization” IEEE Transactions on Communications, 45(12):1497 1500, December 1997. 
3. C. Berrou, A. Glavieux, P. Thitimajshima. “Near Shannon Limit Error-Correcting Coding and 

Decoding: Turbo-Codes.” IEEE International Conference on Communications, Geneva, Technical 
Program, Conference Record,vol. 2, pp.1064-1070, May 1993. 

4. C. Berrou, M. Jezequel, C. Douillard, S. Kerouedan. “The Advantages of Non-Binary Turbo Codes.” 
IEEE Information Theory Workshop, Proceedings, pp.61-63, 2001. 

5. D.N. Doan, K.R. Narayanan. “Some New Results on the Design of Codes for Inter-Symbol 
Interference Channels Based on Convergence of Turbo Equalization.” IEEE International Conference 
on Communications, vol. 3, pp.1873-1877, 2002. 

�

U
W

B
 -

 1
2 

U
W

B
 -

 P
ro

p
ag

at
io

n



323

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

UWB - 12

Ultra Wideband Propagation Loss Around a Human Body in Various 
Surrounding Environments

Yamamoto, Hironobu; Kobayashi, Takehiko;Tokyo Denki 
University, Tokyo, Japan

UWB - 12

Modeling of Electromagnetic Waves Propagation in the Flows of 
Turbulent Plasma Inhomogeneities

Spitsyn, Vladimir; Fedotov, Ilya;Tomsk Polytechnic University, 
Tomsk, Russia
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Ultra wideband (UWB) technologies have been anticipated for use in wireless body area networks (WBAN) 
because of their low power consumption and anti-multipath capabilities.  A number of measurements have been 
carried out to characterize UWB propagation in the WBAN scenarios [1].  Most of the previous studies, however, 
have not evaluated the effects of surrounding environments.  In this paper, UWB path losses were measured 
between on-body antennas (a fixed transmitting antenna and a receiving antenna placed on a grid on a body 
surface) in three different surrounding environments.  The environments included a 7-m radio anechoic chamber 
(approximately 240 m3), a classroom (6.6 m wide × 4.3 m depth × 2.5 m height = 71 m3) and a small room (2.6 
m wide × 2.7 m depth × 2.3 m height = 16 m3).  The radio anechoic chamber can be considered as a room 
extending with an infinite volume in terms of radio propagation.  Commercially-available UWB meander line 
antennas [2] were used for transmission and reception.  The transmitting antenna was fixed on the back waist of 
a volunteer (an adult male, 1.75 m tall, and 60 kg) placed at height of 940 mm from the floor and separated 20 
mm apart from the body surface.  The receiving antenna was placed at 100-mm intervals on the body.  When the 
receiving antenna was placed on the back of the body, the path was roughly line-of-sight (LOS); and when in the 
front, it was non-LOS (NLOS).  Frequency domain (from 3.1 to 10.6 GHz) path losses were measured with a 
vector network analyzer between the antennas; and UWB path losses were calculated by integrating the power of 
the path losses over the occupied bandwidth.  The distributions of UWB path losses are shown in Fig. 1.  The 
cases of the small room, particularly NLOS, yielded higher reception power than the cases of larger rooms.  This 
was attributed to the ample multipath from the nearby floor, wall, and ceiling.   The maximums, minimums, and 
medians of the path losses of UWB and CW (6.85 GHz) measured in the three environments were derived, as 
shown in Fig. 2.  The variation ranges in UWB were smaller than ones in CW (in particular, 20-dB smaller in 
NLOS).  This is because nulls caused by interference were cancelled out by the ultrawide bandwidth.  The 
results indicate that UWB technologies are more advantageous than narrowband ones from the viewpoint of 
reducing fading margins, although frequency selective fading inevitably takes place. 

Acknowledgments –The authors would like to thank the members of the former UWB consortium, National Institute of 
Information and Communication Technology, Japan, and in particular Shunsuke Sato (now with Sanyo Electric) for valuable 
help in the experiments and discussions. 
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Fig. 1 – The distributions of UWB path losses 
in three environments. 

Fig. 2 – The maximums, minimums, and medians of UWB 
and CW path losses in three environments. 
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There are considered the numerical models of electromagnetic waves multiple interactions with moving 
turbulent inhomogeneities in the flows of slightly ionized plasma. We supposed that the turbulent 
inhomogeneities in a flow of slightly ionized plasma are corresponded to the statistically independent discrete 
scatterers. To the analysis of this problem a method of stochastic modeling is applied [1], [2]. There are 
employed the different geometries of the flow: sphere, cylinder, cone and paraboloid. The indicatrix   of 
turbulence over-radiation are supposed by isotropic, Lambert and quasi-mirror types. The waves propagation in 
the spherical and cylindrical turbulent flows are researched. We modelling of wave propagation in widen 
spherical cloud of scatterers moving along the radius of sphere. The wave propagation in the cylindrical 
turbulent flow with inhomogeneous profiles of velocity and concentrations of turbulences is considered. In the 
results of computations we received the angular and frequency spectrums of multiply scattering signal.  
We investigated the scattering of electromagnetic wave on the turbulent plasma inhomogeneities disposed near 
the body of revolution surface in a view of cone and paraboloid. Here is implemented the modelling of multiply 
wave scattering on the inner surface of turbulent flow. The turbulent inhomogeneities are moved along the 
generatrix of body rotation.  On the base of computation we received that the increasing of equation order 
described the scattering surface is reduced to the focusing of signal energy near the axis of body rotation. The 
comparison of calculated frequency spectrum of scattering signal with the experimental data of radio sounding 
followed to exhaust plume of space vehicle [3] shoves the good accordance (see Fig. 1, calculated results - 
dashed and dotted curves, experimental  results - full curve). On the base its comparison we do the conclusion 
about the realized in indicated experiment of the radio wave multiply scattering on the inner surface of the 
turbulent plasma body of rotation. 
There is developed a three-dimensional stochastic model of electromagnetic wave multiply scattering in the 
stratified random discrete media, including the inhomogeneous flow of scatterers in a view of  parallelepiped [4]. 
Here is considered the source of electromagnetic signal with isotropic indicatrix of radiation, which disposed on 
the surface of stratified media in the point with coordinates x = 0, y = 50, z = 50. In the Fig. 2 shows the results 
of calculation the distribution of energy absorbing in stratified media, including the semitransparent object. Here 
we can see the missing of energy wave inside of the object because the coefficient of wave absorption in this 
area is very small. In the Fig. 3 is presented the result of computation of energy scattering signal in the media. 
Here we can see that the photons are registered in the area of object shadow. This result is explained by the 
chaotic direction of moving photons in the media after acts of scattering on the discrete inhomogeneities. We has 
been received the increasing of width of scattering signal frequency spectrum (see Fig. 4), which is explained by 
the multiply interaction of wave with moving scatterers of flow. 

Fig. 1 Fig. 2 Fig. 3 Fig. 4
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In recent years, there is a high demand for antennas that can operate over a large frequency range. Very popular 
antennas for using in ultra-wide band (UWB) mobile and wireless communication systems are monopole 
antennas. UWB monopole antennas are suitable candidates because they are unbalanced and also they are 
relatively convenient to match to 50 ohm. In this abstract, newly designed monopole antenna for UWB operation 
is proposed. Presented antenna is of low profile, simple structure and cheap and easy to manufacture.  
Proposed antenna is mounted on the ground plane with coax probe feed. All antenna parts are made of 0.5mm 
thick copper. In Fig. 1. and Fig. 2., geometry of the proposed antenna is presented. The antenna consists of an 
‘empty’ rectangular box that has five sides. The box is placed above ground plane on the piece of foam. The 
open side of the box is faced toward ground plane, with the top side parallel to the ground plane. 
By using the same geometrical concept, broad family of antennas for operation in various frequency bands, can 
be designed. Antenna model 1 has box dimensions of 20x20x20 [mm] and ground plane size of 80x80 [mm]. In 
Fig. 3. measured VSWR of the fabricated antenna (antenna model 1) is shown. It is seen from the Fig. 2, that the 
antenna model 1 has VSWR less than 2.2 from 1.8 to 15GHz, which is 157% bandwidth. In Fig. 4. some 
simulated results of the antenna which  box dimensions are 65x50x45[mm] and ground plane size 140x135 [mm] 
are presented.   This antenna is optimized for multiband operation and has VSWR < 2 for frequencies from 0.6 to 
1.2 GHz (67% bandwidth), from 2.05 to 2.75GHz (30% bandwidth), from 3.4 to 4.3 GHz (23% bandwidth) and 
from 4.8 to 6GHz (22% bandwidth).  
In this abstract some measured and simulated results of the new antenna geometry are presented. An extensive 
parametric study of presented antennas is currently under way. 

     
Figure 1: The geometry of the proposed antenna                            Figure 2:  Side view of the proposed antenna 

Figure 3: Measured VSWR of the antenna model 1                   Figure 4: Simulated VSWR of the antenna model 2 
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To eliminate the interference between the existing and upcoming ultra wideband communication services, Ultra 

Wideband Antennas with band-stop functions are being investigated [1-3]. A common approach is to implement 

certain features in the antenna structure, like half wavelength slots at the centre frequency of the required stop-

band, to cause resonances and current concentration around the features to eliminate radiation at the required 

frequencies. This paper investigates the effect of including such features on the phase centre behavior of the ultra 

wideband antennas. An antenna using a circular monopole of radius 20 mm at 1mm distance from a 120x120 

mm
2
 square ground plane is studied, as an example. Then, different slot features are included inside the circular 

antenna to create a stop-band at 5.5 GHz as its centre frequency. HFSS (High Frequency Structure Simulator 

Based on the Finite Element Method) is used for simulation of the configurations, and computation of the 

radiated field, and its phase for different θ ranges at ϕ = 0°, 45° and 90° planes. The antenna phase centre is 

determined as the origin of spherical waves, over the selected far field angular ranges [4]. It is found that certain 

feature shapes have small, or even beneficial, effects on the antenna phase centre behavior, while others 

deteriorate the performance. Examples of Phase centre location behaviors, for the θ range of 80°-90°, and in 

different φ-planes are shown in Fig. 1, along with their return loss curves. Complete results and other cases will 

be presented and discussed during the conference.  

      
Fig. 1 - Phase centre locations and return losses for a circular monopole antenna without and with slots 
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This paper describes the approach taken to match a low
impedance pulsed network to a folded bowtie antenna
while providing a boresight gain greater than 6 dBi. The
output of a 3-ohm transmission-line will be fed into this
simple TEM structure, shown in figure 1.  A variety of
bowtie structures were modeled with FEKO, a 
commercially available hybrid finite-element and method-
of-moments code. A parametric study of plate angle and
plate shape (flare angle and length) was performed to 
optimize the impedance match for ~1.2 GHz frequency
regime.  An investigation of bowtie shape was performed to
adiabatically adapt the pulsed network source impedance to 
that of free space.  Preliminary measurements of system
performance in a 50’ x 30’ x 25’ anechoic chamber are described.  The results measured compare well with
those calculated. 

Figure 1. Folded bowtie antenna geometry. 

The results of a bowtie, formed from 20-cm-long triangles (forming one-half of the bowtie structure), were
compared for gain and impedance.  These two parameters are considered the most important in this investigation.
Table 1 shows the gain resulting from the parametric study of flare angle and plate separation at 1.2 GHz.  The
maximum calculated gain occurs when the plate separation angle is 120 degrees and the flare angle is 90 degrees.
The load impedance of the antenna on the pulsed forming network is shown in Table 2 as a function of plate
separation and flare angle.  The acceptable impedance of 70 Ohms occurs when the plate separation is 60 
degrees and the flare angle is 90 degrees.  These results indicate that further studies and investigation should
focus on geometries with characteristics that include the 90 degree flare angle and separation angle of 90 degrees
±60 degrees.

flare angle (deg)flare angle (deg)
30 60 90

10 -3 -1 -1

60 2 2.5 3.9

120 5.5 5.5 6.1

170 5 5.1 5.1

180 4.5 4.6 4.4pl
at

e 
se

pa
ra

tio
n

(d
eg

) 30 6 90 0

10 100 30 30

60 190 160 70

120 270 240 120

170 285 260 140

180 285 260 140pl
at

e 
se

pa
ra

tio
n

(d
eg

)

Table 2. Load impedance of bowtie calculated at
1.2 GHz as a function of plate angle and flare
angle.

Table 1. Gain calculated at 1.2 GHz as a function
of plate angle and flare angle.
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For military applications it is of interest to affect distant targets with short electromagnetic pulses of high 
amplitude. Such pulses with and a broad spectral content from 100 MHz to several GHz are known as Ultra 
Wide Band Pulses (UWB). The standard Impulse Radiating Antenna (IRA) is a reflector type antenna with high 
directivity. A modified, collapsible textile IRA which can be integrated in a standard parachute was developed as 
part of a project initiated by the German Armed Forces Institute for Protection Technologies (WIS) in 2001. The 
design of the antenna and first measurements were presented shortly after.  
From these tests emerged major questions demanding further research:  

� Electromagnetic considerations. The maximum amplitude of the radiated field is limited by the design 
of the feeding section. How can the geometry be optimized to minimize reflections and maximize the 
capability of handling high voltage? 

� Aerodynamic considerations. What is the best type of parachute for the application in question. The 
required loading capacity is about 30 kg. The design should guarantee a stable flight under any 
conditions. 

These questions were subject of subsequent studies from 2003 - 2005. The existing parachute IRA was modified 
and tests were conducted. In addition, a set of different IRA’s exhibiting different aerodynamic properties were 
developed and tested.  

In this contribution, test results and the properties of different electrical and aerodynamic parachute designs will 
be discussed. The discussion includes measurement results as well as simulations of the electromagnetic fields 
for different designs of the feeding section and simulations of the static and dynamic behaviour for different 
parachute designs. The simulations are complemented by videoclips of dropping tests conducted in 2006. 

Fig. 1 –Aspects of the Antenna Design 
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The double-ridged horn is widely used in frequency-domain measurements and can exhibit a nearly 20:1 
impedance bandwidth, albeit with substantial and undesirable pattern variations [1].  Aside from high frequency 
pattern degradation, this antenna also exhibits a deep transmission null in the on-axis response located just above 
the upper end of the operating frequency range.  For the particular design examined here, which is representative 
of a broad class of commercially available antennas, this notch occurs at about 18.5 GHz as is shown in Fig. 1.   
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Figure 1: Measured magnitude and phase of the transfer function (as defined in [2]) of the double-ridged horn. 

The notch is due to reflection of power at the feed and not splitting of the principal lobe.  It is compelling to 
attribute such a notch to a resonance in the cavity behind the feed region.  However, it can be shown 
conclusively that this is not the case.  Instead, the notch is due to coupling in the feed region to high-order trough 
modes of the ridged waveguide.  Removing the two walls of the horn that are perpendicular to the H-plane has 
been shown to improve its radiation pattern somewhat at the expense of increasing its H-plane beam width at the 
low end of the operating frequency range.  However, the trough modes exist even in the absence of these walls. 
That is, an open, 3-sided trough can still partially guide electromagnetic energy.  Thus, versions of this horn 
lacking these walls are still susceptible to this problem.  Indeed, experiment has shown that removing these walls 
from the particular horn considered here has practically no effect on the notch in the transfer function or the 
input impedance of the horn.  Even if this notch is considered to be outside the antenna’s operating frequency 
range, the nearly perfect transmission zero causes great variation in the phase of the transfer function at the upper 
end of the operating frequency range (as can be seen in the figure) as well ringing in the time domain response 
[2].  This ringing is pronounced and makes the antenna, which is otherwise a very good design, not well suited 
for time domain measurements.  Thus, it would worthwhile to eliminate or at least ameliorate this behavior. 

Because of the complexity of such a horn, an analytical solution for the electromagnetic fields is difficult to 
implement.  Thus, a commercial finite element simulation has been used here to model the horn.  Nevertheless, 
analytical techniques can be employed to glean further information from the numerical simulation.  The fields in 
any particular cross section of the horn can be obtained from the finite-element numerical simulation and then 
expanded in terms of the orthogonal modes of the corresponding uniform ridged waveguide.  These are 
computed from a quasi-analytical eigenvalue analysis [3].  We present results of this analysis indicating coupling 
to high order trough modes (TE6n modes in notation given in [3]) that reduce the gap field to nearly zero thus 
resulting in the impedance at the feed point of the horn near 18.5 GHz becoming very low in magnitude and 
predominantly inductive.  Measurements involving de-embedding verify this prediction.  Finally, we provide an 
improved design in which the depth of the notch is greatly diminished while its center frequency is significantly 
increased thus providing an extended frequency range and very much improved pulse response. 
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TEM horns of large bandwidth have been described by a number of authors [1-4].  In order to achieve large 

bandwidths, these horns are physically large: the horn in [1] measures l = 600mm (length) × h = 750mm 

(aperture height) × w = 200mm (aperture width); those in [2] and [3] measure 480×733×310mm, and in [4], 

450×600×250mm.  The TEM horn antenna described in [2] and further developed in [3] was designed to have an 

elliptic height profile combined with the near-optimal taper described by Hecken.  Impedance calculations were 

based on a microstrip approximation, and a bandwidth of 15:1 was achieved for a VSWR = 2. 

In this paper, the effect of variation in horn height (aperture size) and horn length on gain and VSWR was 

studied with a view to developing a horn with a 6:1 bandwidth ratio but of much smaller size, for specific 

practical application in the band 2 to 12 GHz.  By reducing the height of the aperture, the low frequency cutoff is 

increased, as described in [3].  It was also shown in [3] that the high frequency performance is determined 

strongly by the flare shape.  For the specific case, the horn width profile was calculated by means of the near 

optimal taper, but dimensions were obtained using the parallel plate waveguide equation in combination with an 

elliptic function plate separation.  The horn length was varied until the VSWR performance at 12GHz was met. 

Figure 1shows the Gain and VSWR performance against frequency for the resulting compact design, as well as 

the VSWR performance of [3].  Both sets of values were calculated by means of the commercial software 

FEKO© [5] which had previously been shown to give an excellent approximation to a constructed physical 

antenna. The VSWR remains below 2:1 from 2 to 12 GHz, while the gain is fairly constant at 15dB.  Figure 2(a) 

compares the cross section of the compact horn with that of [3], while the physical appearance is shown in 

Figure 2(b), with the compact horn scaled 2.4 times. The compact horn measures 200 x 200 x 101mm. 
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Fig. 2 – Physical shape comparison of the 

compact horn to that of [3]. (a) Dimensions, 

(b) enlarged 2.4 times and compared to [3]
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Fig. 1 – Gain and VSWR performance of the 

compact horn (solid line) vs frequency.  VSWR of 

the horn in [3] is also shown (dotted line).
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We introduce here a new antenna, the folded horn. This antenna was first proposed by C. E. Baum [1] for 
radiating high-power mesoband (medium-bandwidth) signals from a very compact package with high efficiency 
and moderate gain. These antennas were intended to operate at a frequency of a few hundred megahertz, for the 
application of upsetting electronics at a distance. In this paper we provide the first experimental results for the 
folded horn.  

The advantage of folded horns over other antennas, such as pyramidal horns, is that they have no dimension 
larger than 2 wavelengths. The requirement to keep the antenna size small becomes apparent at lower 
frequencies. For example, at 200 MHz, where the wavelength is 1.5 meters, a folded horn with dimensions of 0.5 
x 2 x 1.7 wavelengths has a size of 0.75 x 3 x 2.6 meters. An antenna of this size can fit onto the bed of a truck 
while looking sideways. However, for example, a pyramidal horn would not fit into such a limited space at this 
frequency.  

The folded horn works as follows. The feed point and switch are located in the Feed Section, in which the horn is 
expanded in the H-plane. A cylindrical wave is launched from the feed point, which is positioned at the focus of 
the parabolic bend. After reflecting off the parabolic bend, the waves are focused in the H-plane and then 
proceed into Aperture Section, in which the fields are expanded in the E-plane. The fields in the large dimension 
of the aperture (H-plane) remain focused, because of the parabolic bend. The fields in the short dimension of the 
aperture (E plane) are only slightly out of focus, because there is little difference in ray path lengths in this plane.  

In this paper, we build and test the first prototype low-power folded horns, operating at a nominal operating 
frequency of 3 GHz. We describe several iterations, resulting in a realized gain of 10 dB over 3-5 GHz, an 
aperture efficiency of 80%, and modest return loss. This is quite good performance for such a small antenna. 
This design could be adapted to high-voltage designs, and it could work well in a dual-antenna configuration, 
with two antennas positioned back-to-back, driven by a dual-output source.  

A number of areas are worth investigating in the future to improve the folded horn. These include investigations 
on the 180° bend, opening angle, and feed point of the horn. Different configurations may be of use, such as the 
bi-folded horn, with two folds. This configuration may better accommodate a two-horn array with a single high-
power source between them. Ultimately, high-power versions will have to be built and tested.  

Fig. 1 – The Folded Horn Antenna.  
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This paper presents a slotline antenna with a novel taper.  Since the introduction of the exponentially tapered 
slotline antenna (also known as Vivaldi or notch antenna) in 1974 [1], slotline antennas with various tapers have 
been very popular as traveling wave antennas capable of operating over multi octave bandwidths with end-fire 
radiation patterns.  In addition to the exponential taper, types of taper shapes investigated in the literature include 
the linear taper and the constant or stepped width tapers [2-4].  Uniplanar configurations as well as antipodal 
configurations [5-7] with those tapers were investigated for very broadband continuous-wave applications as 
well as transmission and reception of ultra wideband pulses.  In this paper, we introduce a new taper based on 
the integral of an expression using a modified Bessel function of the second kind.  The goal of introducing this 
taper is to minimize the antenna length while maintaining similar or better performance than conventional tapers. 

The proposed antenna is investigated theoretically using Ansoft HFSS which uses a full-wave finite-element 
solver as well as the conformal finite difference time domain method (CFDTD).  Parametric studies to 
investigate the effect of taper parameters on antenna performance such as impedance bandwidth, radiation 
patterns, and gain are carried out.  The proposed antenna exhibits an extremely wide 10-dB return loss 
bandwidth as well as stable radiation characteristics over its entire frequency band of operation.  The 
characteristics of the proposed antenna are compared to the conventional linear and exponential tapers.  The 
design details, theoretical simulations, as well as experimental results will be presented. 
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A method to widen the microwave spectrum with radiating two pulses of different FWHM is presented. Based 
upon this method, a high power ultra-wide band dual-pulse radiating antenna is developed. The antenna is made 
up of a half-IRA over a ground plane. The diameter of the reflector is 2m with F/D=0.4, and the ground plane is 
a rectangle of metal with length of 8m and width of 6m. Three TEM horns are adopted to feed two pulses to the 
reflector. The antenna can radiate two different bipolar pulses with peak-to-peak width of 1.7 ns and 3 ns 
effectively. The 3 ns bipolar pulse is after 1.7 ns bipolar pulse with a delay of 12.5 ns. Simulation analysis and 
experiments on the antenna are taken. Good agreements between calculated and measured results are obtained. 
The radiated spectrum of the 1.7 ns pulse covers from 240 MHz to 400MHz, while the radiated spectrum of the 3 
ns pulse covers from 110 MHz to 210MHz. The radiated spectrum of the combined 1.7 ns and 3 ns dual-pulse 
with 12.5ns delay covers from 100 MHz to 430MHz.Results show that to radiate the combined pulses is a more 
effective method to widen the microwave spectrum than to radiate a single pulse. 
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Digital beamforming in array-based UWB radar delivers a high-resolution 3-D image of subsurface in GPR 
landmine detection while simultaneous data acquisition by elements of the array significantly increases the 
scanning speed.  Such a GPR system with a single transmit antenna and a linear receive array has been 
developed in the Delft University of Technology [1]. In this system the imaging that combines a weighted near-
field focusing of the array with migration in the direction of mechanical scan is done by software means only. 
Since it needs be as fast as possible for a real-time application we developed an advanced algorithm based on 
migration by regularized, parametric space-time deconvolution [2]. The algorithm deconvolves a space-time 
point spread function out of the data volume by means of FFT and inverse Wiener filter controlled automatically 
with numerical criteria for stability and accuracy [3]. The prior knowledge of GPR impulse response and ground 
impulse response is used to form a point spread function. Fig. 1 illustrates imaging results for a single array 
element obtained from the experimental data by classical diffraction stacking and by the developed algorithm. 
The numerical performance of these algorithms is given in Table 1 for the subsurface case. The comparison 
shows clearly that the proposed technique provides sharper and much faster focusing. 

Fig. 1 – Efficiency of radar imaging: (a)-(b) images of metal sphere of 2 cm diameter in free space by diffraction 
stacking and deconvolution; (c)-(d) images of buried landmine PMN-2 by diffraction stacking and deconvolution 

Table 1 – Performance of imaging techniques 

Technique Image resolution, [pixels] Computational time, [s] 
Diffraction stacking 44 x 101 71  

Space-time deconvolution 1024 x 410 5 
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Recently, human being imaging by means of active and passive radars became hot research and development 
area due to concealed weapon detection and search for victims/survivals in buildings on fire or after earthquake. 
It has been demonstrated that mm-wave radars and radiometers can produce high-quality images [1]. However 
both require several seconds of time for data acquisition, during which the scene and objects under investigation 
should be completely still. Furthermore, both system types require expensive mm-wave multi-channel receivers 
and large antenna arrays (combined with mechanical scanners). Low-frequency UWB radars might be a faster 
and cost-efficient technological solution for this application. Use of low frequencies has an additional advantage, 
i.e. possibility to penetrate through skin and human tissues, walls and natural materials which makes it possible 
to use these radars for medical imaging, victim search after earthquake or for security applications [2]. The major 
challenge associated with low frequency use is the cross-range resolution of the radar, which believed to be 
inversely proportional to the central operational frequency of the imaging radar [1]. This paper describes 
theoretical and experimental study on cross-range resolution of short-range UWB radars and demonstrates 
principal possibility of high-resolution images (sufficient for human being imaging and concealed weapon 
detection) produced by low-frequency UWB radar.  
The requirement of high cross-range resolution in imaging radars results in a need for an antenna array (at least, 
at receive part) with a certain aperture. The aperture size L depends on an algorithm to determine an angle of 
arrival and the operational bandwidth. Assuming utilization of a simple algorithm based on triangulation 
principle (Fig. 1a) one can derive the cross-range resolution �X at the down-range R>> �R (where �R is the 
down-range resolution �R = c/(2B), c is speed of light and B is the operational bandwidth ) 

.
BL
cRX ≅∆

(1) 

This equation proves that the cross-range resolution depends not on central operational frequency but on 
operational bandwidth and allows for high-resolution images at low operational frequencies. This is proved 
experimentally by high-resolution imaging four spheres diameter of 3.9cm and separated by 10cm between their 
centres (Fig 1.b) and 60cm high aluminium foil-covered doll (Fig. 1c, d) at the frequency band from 3GHz till 
8GHz. Data acquisition has done in time domain at the distance 50cm and with an imaging aperture of 30cm by 
30cm. Kirchhoff migration algorithm has been used for imaging.  

L

∆X

R

∆R

  a   b   c   d 

Fig. 1 – Triangulation principle for determining of the cross-range resolution of UWB radar (a); radar images of four 
metal bolls (b) and a doll (c); photo of the doll (d) 
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This paper proposes a method of measuring the scattered signal from a human body when illuminated by ultra-
wideband (UWB) radar. From the radar received signal, the method computes the impulse response of the 
human body. This method may be of interest to researchers who seek to use UWB technology to sense and 
image human body [1]. The proposed method solves the problem of signal distortions caused by the transmitter’s 
component imperfections and the receiver’s additive thermal noise. When the first reflection of the air-human 
body transition is strong, the signal distortions may cause subsequent reflections attributed to signal penetration 
[2] to be undetectable to the receiver. Finding the impulse response will aid the detection of signal penetration 
because the method decouples the undesirable signal distortions with the target’s scattering characteristics.  
The UWB radar used in the measurement transmits 1.8 V, 200 ps pulses, with pulse repetition rate of 1 MHz. 
The transmitter and receiver share the same Vivaldi antenna [3]. The receiver first amplifies the received signal, 
and then records the signal with a 50 GS/s sampling oscilloscope. The recorded signal is then processed in a 
computer to find the impulse response of the target. The targets used for the measurement are human phantom 
and human body. The human phantom consists of a liquid layer of human tissue simulant that is placed in a 
transparent plastic container (40cm x 38cm x 28cm). The liquids used are – cooking oil, GSM 1800 solution, 
saturated glucose solution and water, to simulate the dielectric properties of the human tissues. Measurements 
are also done at the torso region of a human body, at heart and stomach cross-sections. All the targets are placed 
at boresight direction, and at far field region of the antenna. 

� � � � � � � �� �1
0h t F F r t F r t G ��� �� � � �� � � �            (1) 

Eqn. (1) describes the method to compute the human body target’s impulse response, h (t). r (t) and r0 (t) are the 
received scattered signal and the received reference signal (reflection from a large metal plate). However, 
because both r (t) and r0 (t) are corrupted by thermal noise, at higher frequencies, the signals’ spectral ratio 
results in random values with large variances. A frequency window, G (�), is used to filter out the noise 
contributions. The windowing function, however, will limit the resolution of the impulse response. Hence, given 
a set of measured signals, a compromise has to be made between maximizing the imaging resolution of the UWB 
radar and minimizing the noise contribution of the impulse response signal.  
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Fig. 1 Measured received signals and computed impulse responses for two human phantom 

Fig. 1 shows the measured scattered signals of two human phantoms, and the computed impulse responses of 
these signals. The labels “1” and “2” indicate obvious second reflections from the targets in the impulse 
responses, while these reflections are not obvious in the received signals.  
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The multiple signal classification (MUSIC) method is well known to detect point-like targets in single (or narrow) 
frequency domain [1]. Yet, its application in ultrawideband (UWB) is relatively less reported. This paper applies 
the MUSIC to UWB microwave imaging for breast cancer detection. The main conclusions of the paper are two 
folds: (1) theoretical and numerical results show that the MUSIC method is an effective and useful tool in 
detecting small tumors surrounded by randomly distributed clutters; (2) the UWB MUSIC method is more stable 
than the central frequency MUSIC in the presence of the random inhomogeneous background medium.    

The following configurations are investigated. The antenna array is placed above the skin of the flattened breast, 
and is immersed in the coupling medium whose dielectric property matches the skin permittivity. The dielectric 
property of breast tissue is described by the first-order Debye dispersion equation [2], and the randomly 
distributed clutters are modeled as the variation within a prescribed threshold about the nominal value. The UWB 
(1-11 GHz) multistatic data are collected at the antenna array, which are modeled as the forward scattering data 
contaminated with the noise [3]. The forward scattering problem at each sample frequency is obtained by solving 
the three-dimensional Fodly-Lax equation.  The MUSIC method applies to each frequency component of the 
collected multistatic data. The projection of the test half-space Green’s function onto the noise space of the 
multistatic matrix at each sample frequency, and the weighted sum of these projections is defined to be the inverse 
of the MUSIC pseudospectrum. Therefore, there is a peak in the MUSIC pseudospectrum at the position of the 
tumor. Theoretical and numerical results show that the UWB MUSIC method is statistically more stable than the 
central frequency (6GHz) MUSIC in the presence of the randomly distributed clutters [4]. For example, Fig. 1 
shows the comparison of the central-frequency and UWB MUSIC imaging results.  

As an alternative to the most commonly used beamforming technique, the MUSIC method provides a statistically 
stable tool in the UWB microwave imaging for the detection of breast cancer. 

Fig. 1 – MUSIC pseudospectrum in the z = -0.03 m plane for a numerical simulation where two tumors are present 
together with randomly distributed clutters. The radii of the tumors located at (-0.02, 0.01) m and (0.01, 0.03) m are 

3mm and 2mm, respectively. Left figure: Results of central frequency (6GHz) MUSIC, where only the bigger tumor is 
identified; Right figure: Results of the UWB MUSIC, where both tumors are identified and the bigger tumor shows 

stronger intensity in the pseudospectrum. 
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     Abstract  This paper presents a new type of reconfigurable compact bandpass microstrip DGS filters 
employing metal-loaded slots etched in the ground plane and a capacitive gap in the microstrip feed line. With an 
additional variable capacitor, a new type of tunable band pass filter based on coupled DGS resonators was 
realized. To get a tunable passband, active devices using Varactor diodes are applied on the DGS section, which 
is the back side of the microstrip transmission line. One-pole DGS-element has been designed and fabricated. 
Relying on the proposed one-pole DGS-element, a two-pole (Quasi-fractal) tunable BPF was designed and 
simulated. The new   tunable BPF consists of two similar coupled slots. On each DGS-element, a variable 
capacitor has been inserted, which allows for shifting the passband. This electromagnetic effect improved the 
reject band [1, 2]. We also presented the equivalent circuit of the proposed Quasi-fractal BPF based on the 
equivalent circuit model of the DGS. The circuit parameters are derived from the equivalent inductance and 
capacitance, that appeared due to the perturbed ground current in the ground plane because of the presence of the 
slot. The theory is validated using the commercial Microwave Office.  Compared with a conventional bandpass 
filter, the new BPF provides similar Q-factor with very compact size, and provides sharp transition bands, a wide 
upper stop-band and improved pass-band response symmetry. The BPF without Varactor was simulated and 
fabricated. The measured and simulated results are agreeing well, as shown Fig. [1-3]. The one-pole DGS 
element with Varactor was simulated and fabricated. Good agreement between simulated and measured results 
have been achieved. The quasi-fractal BPF has been simulated on a substrate with dimensions of (0.52�g x
0.37�g) as shown Fig. [4-6]. The substrate has a relative dielectric constant of 3.38 and a thickness of 0.813 mm. 
The proposed quasi-Fractal tunable structure will be later fabricated and measured. All dimensions are in mm.  
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Ultra-wideband electromagnetic pulses that propagate through dielectric materials have been shown to give rise

to specific transients, the so-called Sommerfeld and Brillouin precursors [1], that are a characteristic of the

dispersive material. Of particular interest, the Brillouin precursor has a peak amplitude point that only decays

algebraically with propagation distance, rather than exponentially [2]. This unusually slow decay rate of the

Brillouin precursor is highly desirable in radar applications where the material being interrogated is highly

absorptive or in applications that require long interrogation distances. However, many physical applications,

such as radar and biomedical imaging, require propagation of electromagnetic signals through conductive

material. Thus, a detailed analysis of the transient field structure associated with an ultra-wideband pulse

propagating through a conducting material is needed.

Our method of analysis is an asymptotic approximation to the (exact) integral representation of the electric field

component of the propagated field on any plane

�

� � �

�

������ �
�

��
� �������

�
�
� �� �� �

��
����

����

�� ��   (1)

where

�

� is the propagation distance into the material. Here,

�

� is greater than the abscissa of absolute

convergence for the initial electric field component

�

���� �� on the plane

�

� � � whose spectrum is

�

������ ,

and

�

������ � �� ���� ��� � is the complex phase function, where

�

���� is the complex index of refraction of

the conducting material and

�

� � �� � is a dimensionless space-time parameter and

�

� denotes the speed of light

in vacuum. In a dielectric material, the complex phase function

�

������ is analytic at the origin

�

� � �. Thus,

a saddle point of

�

������ actually crosses the origin, the very point that provides the slow decay rate of the

Brillouin precursor. In a conductive material,

�

������ possesses a branch point at the origin, which prohibits

saddle points of

�

������ from crossing the origin. The presence of this branch point calls into question the

existence and decay rate of the Brillouin precursor.

Here, we study the propagation of a step-function modulated sine wave through a conductive material whose

complex dielectric permittivity is given by a Debye model [2] with static conductivity

�

�
�
��� � �� �

��

�� ���
� �
�
�
�
�

�
, (2)

where

�

�� is the high frequency limit of the dielectric permittivity,

�

�� � ���� ��� , and

�

�
�

is the static

conductivity. We have found a non-uniform asymptotic approximation to the propagated field that is valid for

low levels of conductivity,

�

�
�
�����

��
S/m, which is appropriate for loamy soil. We then study the decay rate

of the peak amplitudes of the transients. Our analysis shows that the Brillouin precursor decays exponentially,

not algebraically, with propagation distance. When we increase the level of conductivity above

�

����
��

S/m, a

space-time domain appears about which the non-uniform expansion fails. We will address the issues faced in

finding a uniform description of the propagated field that is valid for all levels of conductivity.
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This paper describes an effort in progress to develop a remotely-operated robot-mounted pulsed electromagnetic 
induction (EMI) system for rapid identification of a UXO-free corridor. Very often there is a requirement to lay 
underground utility lines (water, or electric) through an area that is known to contain UXO. Obviously, an 
ordnance-free corridor must be identified before trenching equipment can be used to prepare the site for 
underground utility lines. 

The EMI system developed consists of a 140 cm X 80 cm transmitter coil and an eight-element array of 28cm X 
30 cm receiver coils. Signals from a pair of receiver coils along the short dimension of the array are subtracted 
yielding four differential data channels across the long dimension of the array. As a target approaches the array 
from a direction perpendicular to the long side of the array (the direction of forward motion) the response will 
undergo a phase reversal (sign change). This sign change aids significantly in identifying the exact location of 
the buried target in the direction of motion. Furthermore, target position perpendicular to the direction of motion 
can be estimated by comparing the target response amplitude obtained from adjacent differential coil pairs. 

To obtain good overall system sensitivity we found that it was necessary to carefully control the transmitter coil 
current waveform. Our transmitter coil current rises exponentially to a peak value of around 15 amps in 
approximately 7 ms and afterward attenuates linearly to zero, without significant undershoot, in approximately 
80 microseconds. Rapid transmitter current turn off insures that the eddy current response of most UXO targets 
is of sufficient strength to guarantee detection to a depth of at least 4 ft. Of course the transmitter current is 
periodic (in our case a repetition rate of approximately 50 Hz) so averaging (stacking) can be used to improve 
signal-to-noise ratio. 

The details of our receiver coil amplifier (or signal condition circuit) will also be addressed. In order to reduce 
noise it is important to limit the usable bandwidth of the receiver coil amplifier as much as possible but not so 
much as to distort the target’s natural eddy-current response. Good overall dynamic range requires that the 
receiver coil amplifier have minimal DC offset and drift. Other important design considerations include the 
parameters of the analogue-to-digital converter including maximum sample rate and resolution (number of bits). 

To date, our EMI system has been tested in the laboratory and seems to meet the original sensitivity goal (i.e. 
have the ability to detect a medium size UXO at a depth of approximately 4 ft.). Furthermore field testing of the 
EMI system and integration with the remotely operated robot is planned for the near future. Our presentation will 
elaborate on the topics discussed above and present results from the complete integrated system. 
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The design of complex modern radar systems frequently makes use of computer simulations to predict 
performance. This is particularly true for multifunction/multimode radars with adaptive modes of operation. The 
goal of this work has been to develop a generic model, capable of being applied to many different radar systems, 
thereby avoiding the need to develop a completely new simulation model for the radar under consideration. The 
simulation makes use of the Signal Processing Work System (SPWS) package, which allow the user to link 
together functional modules to form the complete simulation model. The modules can be specified at various 
levels of sophistication. Having developed and verified the interfacing strategy for these modules through the use 
of a simple radar example, work is focused upon refining the framework and investigating its use for novel 
modeling techniques. 
In this paper, it is proposed to present model for Radar Signal Processing chain of Air-borne Radars. Plot Data 
Generation includes modules of Signal Processor along with Raw Data Generation for target, clutter and noise. 
Signal Processor modules consists Platform motion compensation, Moving target indication, Windowing, 
Doppler filtering, Constant False Alarm Rate (2-D CFAR) and monopulse (d/s) angle Calculation. Radar 
simulation is rapidly gaining popularity because of several reasons - an important one being the modern radar 
system are becoming increasingly more complex and less tractable to straightforward analysis. The primary 
reason for this popularity of simulation is cost factor. A simulation is almost a necessary prerequisite if the radar 
is designed to operate in remote areas or hostile environment. The objective of simulation is to compare the 
simulation results with offline data analysis. The several possibilities are component design, algorithm testing 
and system function evaluation, training, testing radars and integrated system performance analysis.. 
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permission to publish this work. This research work was supported by Primary Radar for AEW&C project LRD-264. 
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Tripwire-operated bounding fragmentation mines continue to be a significant hazard for deminers.[1,2]  A 
compact and reliable detector of tripwires would be a useful addition to the deminer’s toolkit.  This paper 
describes recent work on a detector capable of finding standard military tripwire obscured by vegetation.   
Typical military tripwire consists of thin galvanized iron/steel wire, coated with dark green camouflage.  It is 
formidably difficult to detect using conventional metal detectors, since it presents a small target area, and has 
high electrical resistance, inhibiting the induction of significant current in it.  Many modern mine detectors use 
some form of pulse-induction technology.  This enables them to detect quite small buried targets, but even the 
best will struggle to find vegetation-obscured tripwire.  This project builds upon earlier work using pulse-
induction, polarization, and acoustic techniques.[3,4,5,6]  A detector has been built using a phase-discrimination 
technique which gives promising results on military tripwire from the former Yugoslavia.  The detector can 
outperform a top-of-the-line commercial mine detector in finding the target.  In laboratory tests the prototype 
detector could detect a stretched tripwire a short distance away, while at the same distance the commercial 
detector could not.  The prototype can also give an indication of the target’s nature, i.e., that it is likely to be a 
tripwire rather than some other metal object.  Figure 1 shows the detector output current for targets of different 
metal and shape.  For certain values of phase delay the tripwire can be distinguished from all other targets.  
Further work is needed to extend the range of the detector, and this is in progress. 
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Figure 1 – Detector output showing discrimination between tripwire and other metal targets 

References  
1. C. King Ed., Jane’s Mines and Mine Clearance, 9th edn., Jane’s Information Group, London, 2005. 
2. International Campaign to Ban Landmines, Landmine Monitor Report, Human Rights Watch, Canada, 2005. 
3. L.J. Carter and C.Y. Liao, An optimal technology for detection of vegetation-obscured tripwires, Proc. SPIE:  
Detection and Remediation Technologies for Mines and Minelike Targets XI, Orlando [USA], April 2006. 
4. L.J. Carter and C.Y. Liao, A new approach to detecting vegetation-obscured tripwires, Proc. IEEE First 
International Conference on Industrial and Information Systems (ICIIS 2006), Peradeniya [Sri Lanka], August 2006. 
5. L.J. Carter and C.Y. Liao, Sensing technologies for tripwire detection, International Conference on Sensing 
Technology, Palmerston North, New Zealand, November 2005. 
6. C.Y. Liao, Tripwire Detection Methods, ME Thesis, University of Auckland, New Zealand, 2006. 

U
X

O
-T

ID
 -

 2
 

U
X

O
-T

ID
 -

 T
ar

g
et

  D
et

ec
ti

o
n

 &
 S

en
so

r 
Te

ch
n

o
lo

g
ie

s



343

O
ra

l P
re

se
nt

at
io

ns

EUROEM 2008, European Electromagnetics

UXO-TID - 2

Implementing a Complex Frequency Shifted PML for Finite-Difference 
Time-Domain Simulation using a Simple Recursive Integration 
Approach

Giannopoulos, Antonios; The University of Edinburgh, Edinburgh, 
UK

An Overview of New Technology, Dielectric, Electromagnetic Field Sensors 

M. G. Harrison1, D.H. Wu2, T. J. Wieting3, R. Forber4 and K. Yang5

1Air Force Research Laboratory, Directed Energy Directorate, Kirtland AFB,USA
     2Naval Research Laboratory, Code 6362, Washington, DC USA 

     3FFA, Inc., Crofton, MD USA 
4Integrated Photonic Technologies, IPITEK, Carlsbad, CA USA 

5Opteos, Inc, Ann Arbor, MI USA 
...

E-mail: michael.harrison@kirtland.af.mil 

There have been active efforts to design new electromagnetic (EM) sensors that are largely or entirely 
constructed of dielectric materials since the 1980s.  There is a clear advantage for such sensors in an EM field 
environment where minimal disturbance of the field being measured is desired.  The researchers developing such 
sensors have found additional advantages such as small size, large bandwidth, wide dynamic range and the 
ability to replace conducting wires with fiber-optic cables that eliminate any electromagnetic interference that 
might appear on conducting cables, and allow low-loss remoting of sensor elements from sensor transceiver 
electronics and signal processing systems. 

This presentation presents a survey of three current efforts to develop and improve EM sensors that utilize 
dielectric materials, either crystals or polymers.  The objective of the presentation is to inform the audience of 
new or near-term capabilities that may be of use for particular applications.  The sensors that are currently ready 
for use or that are being field tested are electric-field sensors.  In addition, there are  programs aimed at the 
development of magnetic-field sensors using magneto-optical materials.  The sensor programs that will be 
discussed are being developed by (1) the Naval Research Laboratory (NRL) in cooperation with FFA, Inc., (2) 
IPITEK, Inc. and (3) Opteos, Inc.  The sensor systems developed at NRL and Opteos are based upon dielectric 
crystals.  The sensor system developed by IPITEK is based upon a polymer material.  Each of the sensor systems 
described requires a special laser system to activate the field measurement system and photo-detectors to detect 
the changes in the laser light properties (polarization or phase) that provide information on field intensity and 
polarization. 

The effort at NRL has extensively addressed the electro-optical (E-O) response of a large number of crystals and 
investigated the influence of photorefractive effects and dielectric field reduction effects.  Much effort has been 
invested in identifying the properties of crystals that affect their performance in a sensor system.  This has 
allowed the NRL team to determine figures of merit (FOM) for candidate crystals and to identify the type of 
crystal that should produce the best performance for a specified application.  The sensor utilizes the property of 
the crystal to change the polarization angle of the light passing through the crystal when an EM field is present.  
There is also a significant amount of work involved in packaging the sensor such that thermal and piezo-electric 
effects are minimized.  These types of instabilities plagued many of the early efforts to develop practical, 
dielectric-crystal based sensors.  Their current work is with Lithium Niobate crystals. 

Opteos has developed one very practical E-O sensor system using very small crystals attached directly to a fiber-
optic line that can survey the field on a printed circuit board.  The initial system could only measure CW fields 
but Opteos has now developed prototypes for E-O sensors that can measure time-varying electric fields, an 
electro-optical voltage sensor for detecting voltage levels within an object and a magneto-optical (M-O) sensor 
for measuring magnetic field levels.  The very small size of the Opteos sensors is very attractive for applications 
where field measurements must be made within confined spaces. 

IPITEK in collaboration with BYU has developed and demonstrated bias-stabilized wideband sensors utilizing 
EO polymer on small glass chip waveguides and also as polymer-in-core sensing fibers.  In either case, external 
E-fields produce instantaneous phase modulation effects detected as intensity modulations in the sensor 
transceiver.  The development is aimed at miniaturized 3-axis vector E-field probes, and fiber-sized embedded 
probe arrays for HPM test and evaluation.   
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The perfectly matched layer (PML) is the most efficient and widely used method for the truncation of finite-
difference time-domain (FDTD) computational grids. Since the original paper of Berenger [1], that introduced 
the PML technique in the FDTD numerical solution of Maxwell’s equations, a number of different formulations 
have appeared, as well as, different numerical implementations of it [2]. However, it has been demonstrated that 
the standard PML stretching function - as introduced by Berenger - does not result in optimum performance for a 
number of specific problems, especially when waves impinge the PML at small angles or when inhomogeneous 
waves play an important role [3]. The complex frequency shifted (CFS) stretching function [4] given by (1) 

� i +
� i

� i + j�t
i = (x,y,z)  (1) 

allows us to alleviate some of the performance issues associated with PML absorption in such cases [5]. 
However, the direct implementation of the CFS function into the PML formulation often means an increase in 
the computational requirements and in algorithmic complexity hence, the CFS PML has not been as widely used. 
This paper presents a new, simple and efficient implementation of a PML with the CFS stretching function. This 
new formulation termed Recursive Integration PML (RIPML), by just a simple algebraic manipulation, results in 
an implementation that does not drastically increase the required computational resources. By using this 
formulation – which is based on the stretched coordinate PML – there is no need to redevelop or even recode the 
main FDTD update equations as the RIPML can be applied as a correction – or source - term to the appropriate 
field components, where is needed, after the main FDTD field update equations. For example, the application of 
the RIPML to the E

x
 field component - for a y-directed PML – is given by the following equation: 
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which is then followed by a simple update of the memory variable �zyby
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CB is the standard FDTD update multiplier for the magnetic field derivative and RA, RB, RC and RD are: 
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                                                  (4) 

The performance of the RIPML is very good and compares favourably with the performance of the 
convolutional PML [5]. In addition, as it is media agnostic it can be easily applied to inhomogeneous problems. 
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The perfectly matched layer (PML) is the most efficient and widely used method for the truncation of finite-
difference time-domain (FDTD) computational grids. Since the original paper of Berenger [1], that introduced 
the PML technique in the FDTD numerical solution of Maxwell’s equations, a number of different formulations 
have appeared, as well as, different numerical implementations of it [2]. However, it has been demonstrated that 
the standard PML stretching function - as introduced by Berenger - does not result in optimum performance for a 
number of specific problems, especially when waves impinge the PML at small angles or when inhomogeneous 
waves play an important role [3]. The complex frequency shifted (CFS) stretching function [4] given by (1) 
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However, the direct implementation of the CFS function into the PML formulation often means an increase in 
the computational requirements and in algorithmic complexity hence, the CFS PML has not been as widely used. 
This paper presents a new, simple and efficient implementation of a PML with the CFS stretching function. This 
new formulation termed Recursive Integration PML (RIPML), by just a simple algebraic manipulation, results in 
an implementation that does not drastically increase the required computational resources. By using this 
formulation – which is based on the stretched coordinate PML – there is no need to redevelop or even recode the 
main FDTD update equations as the RIPML can be applied as a correction – or source - term to the appropriate 
field components, where is needed, after the main FDTD field update equations. For example, the application of 
the RIPML to the E
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 field component - for a y-directed PML – is given by the following equation: 
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The EC DELVE Support Action has analyzed the bottlenecks in the transfer of Humanitarian Demining (HD) 
technology from technology development to the use in the field, basing itself on the assessment of the European 
HD Research and Technology Development situation from early 1990 until 2006. The situation at the European 
level was analyzed with emphasis on activities sponsored by the European Commission. This was also done for 
four European countries and Japan (national activities). Based on this analysis a number of bottlenecks for the 
transfer of technology from the research to the end user were identified and potential remedies were suggested. 
Lessons learned and recommendations were established for the benefit of similar future research programs, 
primarily as an advice to the EC but with a wider application range. Results are provided in full in [1][2]. 

Notwithstanding the previously mentioned bottlenecks, in some cases it has indeed been possible to bridge, at 
least partially, the gap to market, bringing new or improved technology all the way to the end users. Four 
selected success case studies were analyzed [1] in order to identify the enabling factors and the circumstances 
which actually made this happen. 

The first example focused on the MINEHOUND dual sensor detector [3], now in production, which combines a 
ground penetrating radar (GPR) from ERA Technology Ltd (UK) and a pulsed metal detector (MD) from Vallon 
GmbH (Germany), to reduce the false alarm rate normally encountered by metal detectors. This results in 
improved productivity of mine clearing operations. The output to the operator from both the metal detector and 
GPR is by means of audio signals and LEDs. A number of trials have been completed over the years, including 
field trials in real minefields in collaboration with several NGOs, alongside the currently used MD and under 
ITEP invigilation. Trials in live minefields show that the FAR can be reduced by a factor of between two and 
seven times with respect to a standalone MD, and the GPR also detects zero or minimum metal mines that are 
difficult for the MD. (Note: For a description of the competing US HSTAMIDS/AMD-14 system, see also [3].) 

Success factors include here: (i) the use of a number of funding sources over the years, both civil and military, (ii) 
constant dedication, (iii) early GPR experience, (iv) continued visibility and readiness to communicate and 
disseminate information, (v) operational experience with GPR products, (vi) clear vision of end user 
requirements and acceptance and potential market, (vii) targeting the development of a “simple” acoustic 
interface, and (viii) commercial awareness and focus on delivering a commercial product. 

As a second example we looked at the field tests of sensing equipment carried out within the Japanese three main 
R&D projects in HD, which ran under three different ministries working in cooperation with each other in the 
timeframe 2002-2007. We termed the project as a success in the sense that it has been possible, by a concerted 
effort, to bring a number of systems to the field test phase, to scientifically evaluate their detection performance 
comparing it with currently used metal detectors, and to publish the results.  

The 3rd and 4th examples focused on the development of a polarization camera for the detection of surface laid 
man-made objects at TNO in the period from 1998 to 2006, and the development of GPR technology at IRCTR 
(Delft University) in the period from 1997 to 2006, respectively. Full details are provided in [1] and [3]. 

Acknowledgments - The DELVE project (www.delve.vub.ac.be) was sponsored by the European Commission under 
contract FP6 IST 2511 779. 
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Multi-antenna (multiple-input multiple-output, or MIMO) system architecture, which promises unprecedentally 
high spectral efficiency, has recently emerged as a new paradigm of wireless communications in rich multipath 
channels, and was also enthusiastically welcomed by the industry and has been already incorporated into several 
popular standards of wireless access (e.g. IEEE 802.11, 802.16, WiFi, WiMAX etc.). However, it is also well 
recognized that the wireless propagation channel has a profound impact on the MIMO system performance 
(spectral efficiency, reliability, etc.). In ideal conditions (uncorrelated high rank channel) the MIMO channel 
capacity (i.e. the ultimate upper bound on the error-free information transmission rate) scales roughly linearly as 
the number of transmit (Tx)/receive (Rx) antennas. The effect of channel correlation is to decrease the capacity 
and, at some point, this is the dominant effect. This effect is highly dependent on the scenario considered. Many 
practically-important scenarios have been studied and some design guidelines have been proposed as well.  

In this tutorial, we analyze the effect of the wireless propagation channel from a completely different 
perspective, by using jointly the techniques of information theory and electromagnetics [1]-[3]. Electromagnetic 
waves are used as the primary carrier of information. The basic electromagnetism laws, which control the 
electromagnetic field behaviour, are expressed as Maxwell equations. Hence, we ask a question: What is, if any, 
the impact of Maxwell equations on the notion of information in general and on the electromagnetic channel 
capacity in particular? In other words, do the laws of electromagnetism impose any limitations on the achievable 
channel capacity? Below, we concentrate on this last question and try to answer it. We are not targeting in 
particular scenarios, rather, we are going to look at fundamental limits that hold in any scenario. Analyzing 
MIMO channel capacity allows one, in our opinion, to come very close to answering this question. 

Our approach is a three-fold one. First, we employ the channel correlation argument and introduce the 
concept of an ideal scattering to demonstrate that the minimum antenna spacing is limited to about half a wave 
length for any channel (i.e., locating antennas closer to each other will not result in a capacity increase because 
of correlation). Secondly, we use the plane wave spectrum expansion of a generic electromagnetic wave and the 
Nyquist sampling theorem in the spatial domain to show that the laws of electromagnetism in its general form 
(Maxwell equations) limit the antenna spacing to half a wavelength, for linear antenna arrays, but only 
asymptotically, when the number of antennas is infinite. For a finite number of antennas, this limit is slightly less 
than half a wavelength because a slight oversampling is required to reduce the truncation error when using the 
sampling series. In any case, the existence of the minimum spacing limits the number of antennas and the MIMO 
capacity for a given aperture size. It should be emphasized that this limitation is scenario-independent. It follows 
directly from Maxwell equations and is valid in any situation. Thirdly, we consider the MIMO capacity of 
waveguide and cavity channels [2] and demonstrate that there are final number of degrees of freedom in that 
environment too, which is dictated directly by Maxwell equations, that can be exploited for MIMO 
communications. Electromagnetics and information theory can be nicely united in this case to produce insight 
that is not available by using either of these disciplines separately. In particular, it turns out that the traditional 
single-mode waveguide transmission, which is so popular in electromagnetics community, is optimal only at 
small signal-to-noise (SNR) ratio. 
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Grounding system (GS) performance is different at low (LF) and at high frequencies (HF); while at LF often the 
whole area of the grounding system is effective in discharging current to ground (Fig. 1a), at HF only smaller 
part near the current injection point is effective (Fig. 1b). Latter is also true for fast varying excitation such as, 
for example, lightning related current pulses. Consequently, GS HF and fast pulse performance might be 
significantly deteriorated in comparison to the LF performance, for which GS are usually designed. This poses 
practical problems for safety, EMC and electric system operation, for example, due to excessive voltages 
between points at GS, high impedance paths to ground for lightning currents and high impedance return current 
paths for surge protective devices, etc.  

This tutorial describes state of the art in modeling grounding systems at HF and transients and presents design 
guidelines to improve performance of practical grounding arrangements. Short survey is first given on the 
different approaches to modeling: from the simple circuit models to rigorous electromagnetic models with 
validation and comparison of the different approaches. The full-wave analysis method based on the rigorous 
electromagnetic field theory approach, which is considered as the most accurate since it is based on least 
neglects, is explained in more details [2]. This method enables: 
� To analyze possibilities to improve the efficiency of the grounding system in dissipation of the current to 

earth especially in the beginning of the lightning pulse (or at high frequencies). 
� Speaking in circuit terms, to look at possibilities to ensure low impedance path to earth for surge currents, 

which is important for the operation of protection devices. 
� To analyze transient currents, fields, potentials and voltages distributions in order to optimize protection 

measures.
� To analyze transient grounding behavior in conjunction with the connected electrical or electronic systems, 

especially including the surge protective devices. 

Discussion on the limitations of this analytical method and its validation with comparison with experimental 
results are also presented. Today this complex approach is utilized by software methods that enable interactive 
optimization of grounding systems. Software simulation enables parametric analysis in frequency and time 
domain to identify parameters with dominant influence in practical cases, which lead to simple design guidelines 
for improved HF and transient performance. In addition to software based analysis, the tutorial focuses on recent 
advances in analysis based on simple formulas for basic parameters that characterize impulse efficiency of 
ground electrodes important for practical applications [2].  

(a)                                                                                                              (b) 
Fig. 1 – Different ground grid performance at low (50-Hz) (a) and high frequency (1-MHz) (b) (Conductor potential 

distribution in 60-m by 60-m with 6 by 6 meshes ground grid for current injection in the middle point) 
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The focusing magnet in a relativistic klystron accelerator (KA) focuses electron beam to intensify beam power 
and to prevent electron beams colliding to wall of accelerating tube by producing Lorentz force.  
We manufactured an electron beam focusing magnet that has 1.2 Tesla peak as DC magnetic field. Magnet was 
designed as modular type with 10 pan-cake style solenoids.  Every module has exact same configuration. The 
bore of module solenoid is as tight as possible to KA beam tube to increase focusing efficiency, so that all 
cavities are positioned between modules. 10 modules were integrated as big one solenoid by put spaces between 
modules same as module height, without loosing flatness of axial field. This configuration makes it possible to 
save thermal load as much as 228 kW to 120 kW from Joule heating in coils. The magnetic field center of each 
solenoid was measured with a special measuring system. Then the center of the assembled focusing magnet with 
respect to the beam center was aligned with the individually measured field data of the pan-cake solenoids. The 
error of magnetic field center and direction error of magnetic flux line with respect to solenoid axis was less than 
200 � and 3 radians, respectively. The hitting print on circular disk from accelerated electron beam in the 
klystron beam tube showed perfectness of alignment. This paper is to report design, fabrication, alignment and 
its performance.  

Acknowledgments – We appreciate ADD for sponsorship of this research project. 
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The aim of this study is to present some results obtained during simulations of LEMP coupling to transmission 

and communication lines used in typical military systems caused by nearby (tens to hundreds metres) lightning 

strike. This lines are typically tens to few hundreds meters long and they are drawn by earth surface. As a worst 

case were chosen lightning parameters mentioned in [1] for 5 % probability of its occurrence in negative flash to 

ground: peak current of return stroke 80 kA, time to peak 18 s, time to half value 200 s. It was chosen MTLE 

(Modified method of Transmission Lines with Exponential decay) model for upward moving return stroke 

current. Figures 1 a) and 1 b) shows both, typical shape and magnitude of LEMP components at distance 100 and 

200 metres  from strike point as a simulation results for channel length 2500 m, attenuation constant 1000 m, 

current propagation velocity 1x10
8
 ms

-1
 and ground conductivity 1 mS/m.  Figures 2 a) and 2 b) shows typical 

time behavior of induced overvoltage and current at impedance matched termination load for 100 metres long 

transmission line located in parallel to horizontal component of E vector. 

Influence of transmission line height and length, termination impedances, earth conductivity and striking point 

location upon overvoltage at ends of the line will be presented. All simulations will be carried out in Matlab. 

Fig. 1 a) Vertical component of E  

               b) Azimuthal component of H

Fig. 2 a) Induced overvoltage at termination load 

   b) Induced current at termination load 

Acknowledgments - This investigation is a part of study of project "Like hood classification of military equipment actual 

immunity against lightning and other electric discharges with emphasis on computer and telecommunication technique 

JISKRA" (CEP: OPVTUPV200701). 
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Broadband low-profile antennas, such as spirals, log-periodics, and bow-ties, substantially suffer in gain and

bandwidth when they are brought close to a conducting surface. Thus, when standard broadband antenna designs

are conformally placed on vehicle bodies, they can no longer achieve the high data rates required by modern

communication and networking applications. A simple remedy for this has been to place an absorber lined cavity

behind the antenna to preserve some bandwidth, at the expense of reduced gain. However, recently introduced

high impedance ground planes (HIGPs) have novel electromagnetic features that have been shown to improve

conformal antenna performance without the detrimental effects of absorber losses. In [1], thin metamaterial

HIGP designs were incorporated into the antenna substrate to replace the lossy absorber layers, maintaining

broadband characteristics and avoiding losses.

In this paper, we present a thin triangular-patch mushroom structure HIGP designed as a meta-substrate for a

broadband bow-tie antenna. Specifically, two different-scale triangular-patch mushroom HIGP samples were

analyzed and optimized using Ansoft’s commercial full-wave solver HFSS v.10. The sizes and periodicities were

designed such that the two samples have band-gaps that appear successively in frequency. Subsequently, we

incorporated both designs into a single, multi-scale periodic HIGP, along with the active bow-tie antenna printed

directly onto a RT/Duroid 5880 substrate to form the HIGP-antenna combinations. As seen in Figure 1, these

designs were realized using the T-Tech Quick-Circuit system, and were characterized using an Agilent E8362B

network analyzer.

We discuss the results of this characterization, and specifically show the advantages of the multi-scale HIGP in

increasing the bandwidth of the conformal bow-tie designs.

Fig. 1 – Conformal bow-tie antenna on a multi-scale triangular-patch HIGP
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Nowadays, many IEC standards for household are established the surge immunity test for basic immunity 
requirement. However, the test waveform and test level that require in the standard are not relative with the 
installation points. We often found that if the EUT passed the surge immunity test in the laboratory, it may be 
damage after installation at the working site. 
This paper is sought to review the different surge immunity test requirements, test waveform and test level of 
surge immunity test that require in IEC standard for household uses. 
In detail, an author would like to show general basic information of surge overvoltages that can occur on low-
voltage a.c. power systems, surge parameter at difference installation points comparing with the specified 
waveform and test level of surge immunity test requirements in IEC standards i.e. Standard for electricity 
metering equipment (AC) (IEC62052-11:2003), Standard for residual current operated circuit-breakers with 
integral overcurrent protection for household and similar uses (RCBOs) (IEC61009-1:2003) and Standard for 
uninterruptible power systems (UPS) (IEC62040-2:2005). 
The above this comparison, the author would like to propose the Technical Committee to review and revise test 
requirements, test waveform and test levels of surge immunity test that require in IEC standard to relate with the 
installation points. 
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In the past years, an increasing amount of effort has been invested in the development of new materials, with 
good mechanical properties, low weight and low cost. In particular auxetic materials benefit from their negative 
Poisson's ratio and are investigated closely in the last decade. A natural step forward is to investigate the 
electromagnetic properties of these materials, in order to provide good electromagnetic shielding. 
Under test are the chiral panels presented in fig. 1. In this case the chirality is defined by geometry. It’s shown in 
[1], [2] that in the isotropic composite chiral media consisting of chiral microstructures, the electromagnetic 
properties are those of the equivalent homogenous dielectric material. 
In this paper our aim is to investigate the influence of the material properties (tan � and �) over the transmission 
and reflective properties. We investigate the interaction between a plane wave and an infinitely large sheet of 
auxetic material, at normal incidence. Test details can be found in [3]. In this test we have the same geometrical 
properties (D - Internal cylinder diameter, L - Cylinder separation, h - layers’ height, g - ligament width) but we 
insert variations in material properties: tan � = [0 , 0.5] and � = [1.5 , 10]. S11 (fig. 2) and S21 are computed. The 
parametric curves are plotted in figures 3-6 in order to facilitate shielding design with this improved material. 
We represent first minimum of the reflectance (fig. 3) and its position (fig. 4). Similar graphs for the first and 
second maximum (also of interest in shield design) are omitted due to size restrictions in this abstract. 
Transmittance is plotted at two frequencies: 1GHz (fig. 5, close to GSM band) and 2.4 GHz (fig. 6).  
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In recent years, there has been increasing concern about adverse health effects of pregnant woman and her 
fetus exposure to pulsing electromagnetic (EM) waves during magnetic resonance (MR) imaging. However, the 
safety guideline regarding the SAR for protecting the pregnant woman and her fetus has not been established in 
various organizations.  On the other hand, several studies presented the results that thermal influence of the fetus 
causes growth-delay and developmental defect [1], [2].  According to ICNIRP (International Commission on 
Non-Ionizing Radiation Protection) report based on these results [3], it has been suggested that adverse effects 
on embryonic or fetal development will be avoided if the temperature of the fetus did not exceed 38 oC, and the 
body temperature of pregnant woman did not rise by more than 0.5 oC.

In this study, the temperature rise distribution in a pregnant woman model due to the RF pulse radiation is 
calculated by use of bio-heat transfer equation. Figure 1 shows the calculation model including the pregnant 
woman model and the birdcage coil at 64 MHz, which is employed as one of the fundamental RF coils for 
magnetic resonance imaging (MRI) system. �The coil consists of two end rings, eight legs, and RF shield. The 
diameter and the length of the birdcage coil were set as 600 and 700 mm, respectively, so that the woman model 
can be inserted.  A cylindrical RF shield, with a diameter of 740 mm and a length of 1,260 mm, has been located 
lateral to the coil.  Before the calculation, the capacitors on the birdcage coil were adjusted so that the resonance 
frequency of the coil is around 64 MHz. Figure 2 shows the calculated temperature rise distribution in the 
observation plane which is the coronal plane (xz-plane) including around the center of the fetus. In this 
calculation, the SAR values (corresponding to the heating source) are normalized to the whole-body average 
SAR limit in the IEC standard, which is 2 W/kg for normal operating mode.  It is confirmed that the temperature 
rise of the maternal surface is low, because the temperature rise of the body surface is alleviated by difference of 
temperature with the ambient air.  Moreover, it was found that the maximum temperature in the fetus is 37.5 oC,
therefore, it is confirmed that this result is lower than the threshold dose [3]. As further studies, it is necessary to 
calculate the SAR and temperature rise by the other RF coils used in conventional MRI systems.  In addition, 
although the SAR and temperature distributions were calculated by a sinusoidal wave excitation in this study, the 
wave form of RF pluses must be considered for the actual imaging. 
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Fig. 1 – Numerical calculation model                                    Fig. 2 – Calculated temperature rise distribution 
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Recently, a new threat to information communication infrastructure has emerged due to intentional high-power 
electromagnetics (HPEM) that may be known as intentional electromagnetic interference (IEMI). The 
information communication systems are composed of communication cables and equipments such as computers,
routers, and hubs constructing the networks. If these equipments are exposed to HPEM environments over their 
immunity levels, they are physically broken down or their processing powers are dropped away. Since the
disruptive interference for information communication terrifies civil society, it is important to examine the 
security level of information communication against intentional HPEM. Our eventual goal is the development of 
the evaluation and countermeasure method.
In this paper, the throughput capacity of communications was investigated depending on modulations and 
exposure levels of HPEM. The equipment under test (EUT) was a commercial 10 Base-T hub with 8 ports. The 
throughput rate was measured by means of a network performance analyzer (SPIRENT Communications: 
Smartbits 200) with a personal computer (PC). The HPEM fields were created in a giga-hertz transverse 
electromagnetic (GTEM) cell (ASTEC: model 5317) with the use of a synthesized signal generator  (Hewlett 
Packard: 8664A) and a high power amplifier (Amplifier Research: 100W1000M1). Our test experimental 
configuration is shown in Fig. 1. Test measurements were performed turning modulations of HPEM. Then, the 
amplitude modulation (AM) was adjusted the degree of modulation and the modulated signal frequency, the 
frequency modulation (FM) was adjusted up its deviation and the modulated signal frequency, and the pulse 
modulation (PulseM) was adjusted its repetition frequency with duty ratio 1:1, as the operation carrier frequency 
changed. One example of test measurement results is shown in Fig. 2. The horizontal axis was the operation 
carrier frequency. The vertical axis was the electric filed strength measured in the same place as the EUT by 
means of an isotropic electric field probe and its meter (HOLADAY: HI-4422 and HI-4416), from which the 
throughput capacity began to drop away. Then the EUT was not physically broken down. From Fig. 2, it is found 
that there is the vulnerability of the EUT depending on each modulations and their parameters. The EUT had
most vulnerable level to AM with the degree of modulation of 100 %, although existing immunity tests uses AM 
with the degree of modulation of 80 %. Also, the EUT has vulnerable wide band to FM.
As shown to experimental results, a new test method should be necessary to evaluate the security of information
communication equipments. It has to be discussed the ways and means by many experimental measurement
results. These aspects are currently under investigation and will be presented at the symposium.

         
Fig. 1 – Test experimental configration                                            Fig. 2 – Test measurement result

Acknowledgments - This research was partially supported by a Strategic Information and Communications R&D Promotion 
Programme膠(SCOPE) (073103006, 2007) from the Ministry of Internal Affairs and Communications, Japan.

References 
1. W. A. Radasky, C. E. Baum, and M. W.膠Wik, "Introduction to the Special Issue on High-Power膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠

膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠膠," IEEE Transactions on Electromagnetic 
Compatibility, vol. 46, 2004.

2. "Electromagnetic compatibility (EMC) - Part 1-5: General - High power electromagnetic (HPEM) effects on civil 
systems," International Electrotechnical Commission膠(IEC), IEC/TR 61000-1-5, 2004.

3. T. Tominaga, "Draft text of Recommendation K.hpem ``Application of requirements against HPEM to 
telecommunication system’’," International Telecommunication Union, Telecommunication Standard Secter (ITU-T), 
Study Group 5, TD613, 2007.



357

Po
st

er
s 

1

EUROEM 2008, European Electromagnetics

P - 1
Consideration of the Sensors Gain-Phase Characteristics in High 
Resolution Image Reconstruction Devices

Zaridze, Revaz; Kakulia, David; Tabatadze, Vasili; Mazmanov, 
Dimitri; Saparishvili, Gia; Uzunoglou, N.;

Tbilisi State University, Tbilisi, Georgia

Consideration of the Sensors Gain-Phase Characteristics in High 
Resolution Image Reconstruction Devices 

R. Zaridze1*, D. Kakulia1, V. Tabatadze1, D. Mazmanov1, G. Saparishvili1, N. Uzunoglou2

1Tbilisi State University, Laboratory of Applied Electrodynamics, Chavchavadze Ave. 3, 0128, Tbilisi, Georgia 
2Microwave and Fiber Optics Laboratory, Institute of Communication and Computer Systems, National 

Technical University of Athens, Greece 

rzaridze@laetsu.org

In [1] was presented developed ideas of article [2] - remote sensing methods for buried objects visualization 
which consist of two parts: first one is determination soil’s electrodynamic characteristics (like permittivity and 
dielectric loss tangent) on the frequency in order to find the best EM monitoring pulse, for deep penetration of 
its frequency contents waves. Second part dedicated to buried objects image reconstruction by means of 
reflected field. There are presented results for the holographic/photographical method of immersed body 
visualization. All researches are dedicated to create software package for of high resolution image recognition 
devices. For mentioned methodology important condition is to treatment of exact reflected field. The main goal 
is to get information from the reflected pulse form. In reality, during all kind measurements of the reflected field 
(especially in case of the pulse detection) we are using some receiving (pickup) antennas, which are very far 
from ideal one. As an example, in Fig. 1 shows the receiver antenna s11 parameters and as a result of this, we 
are getting distorted image. It is well known, that the main information of the image contains in the phases of 
the frequencies spectrum reflected field. The amplitudes of the reflected field are not so responsible for high 
resolution (in case if the signal is not noisy!) as the phases of the received signals. So, the main problem is to 
build antennas with minimal pulse-shape and frequency-phase distortion or to consider its distortions. 
Motivation of this paper is creation of computer program to consider gain-phase characteristics of the receiver 
antennas to reconstruct real reflected pulse based on measured one. This is important issue in creation of an 
image recognition system software package for high resolution image reconstruction, target detection and their 
discrimination system.  

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Fig. 2, 3, 4 corresponds to the torus image reconstruction respectively for one two and three frequencies. These 
frequencies are in relation 0.69:0.85:1 this is the relation analogical to visible light base colors: red, green, blue. 
The phases of these frequencies are chosen so that the outer fields of torus for each frequencies liquidates each 
other and we get  comparably good resolvability of reconstruction image. First we reconstruct the torus image 
for one frequency (Fig.2) in this case the quality of image is not good. Here is seen the other fields out of the 
torus and it is difficult to distinguish the form of the torus. After that we superpose as complex numbers to the 
field of first frequency the field of second frequency. We choose the phase difference between these two 
frequencies for getting better quality of the image which is shown in Fig.3. Here the outer field is apart to torus 
but it is desirable to avoid this field too. For this reason we superpose to this image the field of third frequency 
and choose the phase for this frequency too. The phase difference between first two frequencies stays the same. 
It gives an image represented on the Fig. 4. The change of amplitudes of spectral components do not affect on 
the result of reconstruction effectively. 
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Microwave energy is a heating source used for localized hyperthermia, which is one of the thermal treatments 
for cancer.  Depending on position and size of the target tumor, several types of antennas, which radiate micro-
wave energy to the target, can be selected.  In this study, a microwave antenna for the intracavitary thermal ther-
apy was developed and was especially investigated to treatment of bile duct carcinoma.  Figure 1 shows scheme 
of the treatment.  A long and flexible microwave antenna is inserted into a forceps channel of endoscope, which 
is used to insert the tool for treatment.  Finally, the antenna is guided to the bile duct through the papilla of Vater, 
which is placed in the duodenum [1].  The authors have been studying coaxial-slot antenna [2], which is one of 
the thin microwave antennas for interstitial microwave hyperthermia.  This time, based on this technique, a long 
and flexible coaxial-slot antenna for intracavitary heating shown in Fig. 2 was developed.  In addition, in order to 
prevent overheating the surface of the bile duct, thin thermocouple was equipped around the antenna tip for tem-
perature measurement.  The thermocouple, which is a thin metallic wire, may affect the electromagnetic distribu-
tion around the antenna.  In addition, measured temperature by the thermocouple may not be exactly.  Therefore, 
the heating pattern of the antenna and the measured temperature by the thermocouple were evaluated by use of 
tissue-equivalent solid phantom.  As a result, the heating region by the microwave radiation was observed only 
around the antenna tip.  In other words, although thin metallic wire is placed close to the antenna, any undesira-
ble hotspots were not observed around the antenna.  Moreover, thermocouple placed vicinity of the antenna tip 
could measure the temperature around the antenna with some ingenuities.  From these results, it can be said that 
the developed antenna is useful for the treatment of bile duct carcinoma.  As a further study, the effectiveness of 
the antenna will be investigated by the animal experiments.
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Fig. 1 – Scheme of the treatment                          Fig. 2 – Antenna of trial manufacture for intracavitary heating 
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The paper aims to compare the accuracy of the measurements performed by two frequency selective measurement 
systems, for the analysis of the electromagnetic compatibility (EMC) of Software Defined Radios (SDRs). The EMC 
measurements are made in Open Area Test Site (OATS) conditions. The compatibility aspects take into account the 
interferences (INTF) between signals emitted by the SDR sources (the harmonics and the Adjacent Channel 
Interference levels), their relative spatial positioning and the polarization of the emitted signals, in complex 
propagation environment. The measurement systems used are the TS-EMF system and the FIELD-NOSE system. 
They use isotropic antennas but different signal capture techniques. The paper proposes a measurement procedure 
which allows similar measurement settings of the two systems. Fig. 1 illustrates some results obtained by using the 
FIELD-NOSE system in the study of the INTFs generated by two SDR emitting sources. The diagram identifies the 
INTF signals measured at a 10 m distance from the emitting sources, in the following situations: yellow - 3rd

harmonic, vertical polarization (VP), 2 m distance inter-sources; blue –INTFs, 2 m distance inter-sources, VP; black 
–INTFs, 2 m distance inter-sources, orthogonal polarization; red –INTFs, 4 m distance inter-sources,VP. In fig. 2 a 
comparative example of the measured signal is represented when using the two systems (the power mentioned on the 
x-axes of the graph is the power of the emitting source). The incident signal has a carrier of 800MHz and the 
resolution bandwidth (RBW) used was either 10kHz or 30kHz. One observes that dispersion of data sets is 
sufficiently low, but differences between the two systems results of the measured E-field are significant. This is due 
to both uncertainty differences between the systems and to different environmental impact on the way the signals are 
captured (duration between samples, differences in sensor technology, etc.). 
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Fig. 1 - Comparative report of the interfering 
signal levels on the third order harmonic 

Fig. 2 - Comparison of E-field level measured by the two 
frequency-selective systems

We followed a comparative study regarding error calculation and uncertainty given by each of the measurement 
system in the aim of increasing the reliability of the assessment. The results of the study also contribute to the 
optimization of relative spatial positioning of the emitting systems in different propagation conditions.  
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This research work is placed in the framework of the time-domain analysis of waves reflected by fractal objects
and the remote description of their fractal characteristics. The problem consists of determining a direct
relationship between the fractal descriptors (dimension, lacunarity, …) of highly irregular surfaces and the
characteristics of electromagnetic signals scattered by these surfaces. As it is has been recently reported [1],
wavelet analysis is an efficient tool for remotely extracting the self-similar features of fractal objects from their
scattering data. . The analysis is extended here to the rough (Weierstrass) surfaces.
The resolution of the direct and inverse scattering problems involving rough surfaces is of crucial interest in
practice for predicting, e.g., the ocean electromagnetic echoes or the remote estimation of agricultural ground
roughness. The height profile of such natural surfaces may be advantageously described by the Weierstrass
function (see, e.g., [2]). In our prevous work [3] the lacunarity descriptor of the Weierstrass surface has been
remotely determined from the wavelet analysis of the scattered electromagnetic field in the near-field region. In
this communication the lacunarity of the rough surface is extracted from the scattered field in the far-field
region. This result opens the door at multiple applications in the area of remote sensing. 
The Figure below illustrates how extracting the lacunarity of a rough surface from the Wavelet Transform
Modulus Maxima (skeleton) of scattering data. The lacunarity may be derived from the distance between two
particular and detectable bifurcations in time-scale domain. Many other results will be shown and discussed at 
the conference. 
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Fig. 1 – Wavelet Transform Modulus Maxima (skeleton) of the far-fied signal scattered by a Weierstrass surface. The 
arrows indicate the location of bifurcations along the scale axis that allow the remote estimation of the rough surface

lacunarity.
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A magnetosensitive element based on the "silicon-on-insulator" structures with a thin (~100 nm) silicon layer is 
considered.  
Its design combines the conventional Hall element and a two-gate field-effect transistor with a control system 
such as metal--insulator--silicon--insulator--metal. The controllable Hall element has the following experimentally 
confirmed advantages: 
1. Range of measured dc and pulsed magnetic fields  (10-6 … 5 T). 
2. Wide range of operating temperatures (1.7 … 600 K). 
3. Low energy consumption (operating current 0.1 … 0.4 mA). 
4. Range of operating frequencies  0 … 100 kHz. 
5. Stability to ionizing (gamma-ray photons) and neutron irradiation no worse than 1 Mrad and 1014 cm-2, 
respectively. 
Figure 1 shows the characteristic response of the Hall element to a pulsed magnetic field, Fig. 2 characterizes the 
linearity of the magnetic sensitivity of the element. The two-gate control system provides new Hall-element 
circuit capabilities for measuring and processing of magnetically induced signals. In particular variations of gates 
potential make possible to control the magnitude, dynamic range and temperature dependence of  Hall elements 
magnetosensitivity,  

Fig.1 - Characteristic response of the Hall element to a pulsed magnetic field 

Fig. 2-Magnetic sensitivity of the element 
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The paper presents results of development a compact repettitive ultra-wideband pulse generanor [1, 2].
An equivalent circuit of the generator is shown in figure 1. The main elements of this circuit are pulse transformer 5 and pulse
forming system, which consist of an accumulative line 7, a commutating switch 8; a radial line 9 with a multi-spark switch 10
on the outer end , an isolating capacity 11 and transmitting line 12. Moreover there are control system 1; charger 2; primary
capacity 4, thyristor commutator 3, load 13.

Fig. 1 – Equivalent circuit of the generator

The pulse transformer is autotransformer with ferrite core. The primary winding is made of 200mm – wide copper foil with
polyethylene insulation. The copper wire of the secondary winding is wound on polyamide insulation frame. The winding
coupling coefficient is 0.8.
The pulse transformer and pulse forming system are installed in 130mm - diameter common metal case filled with hydrogen
with overpressure 70 atm. This technical solution permits exclude the isolator, which separates the volumes of pulse
transformer and pulse forming system. In consequence, the reliability of the device increases essentially.
Thanks to the original forming system, output impulse amplitude is equals or grater then value of charging voltage. The output
impulse has various forms in dependence upon values of isolating capacity and wave impedance of transmission and
dimensions of radial line.

U,kV

t,ns

Fig. 2 – Output voltage impulse on equivalent load

The generator tests were carried out in short-term periodic rate with pulse burst time up to 10s, pulse-repetition rate of 1000
Hz, pause between pulse bursts to 10s. According to the results of experiments output power measured in transmitting line is
200 MW. The voltage impulse form on equivalent load of generator is shown in figure 2.The real load of the generator is
antenna, for example, the new parabolic antenna [3].
At present time, similar impulse generator with output power near 5 GW is on test.
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In this paper, we developed a solid-state pulsed power system (based on solid-state switch) for the high power 
EMC testing. 
The major advantage of a solid-state pulsed power system is the higher pulse repetition rate than non-solid-state 
pulsed power system (based on gas switch such as a thyratron, ignitron or spark gap). But its pulse peak power is 
much lower than non-solid-state pulsed power system [1][2]. In order to solve with this problem, we applied 
spatial power combining technology by using multi-source/multi-antenna array system. 
The designed system is composed of two parts: a solid-state impulse generator and an ultra-wideband antenna. 
As shown in Fig. 1, a solid-state impulse generator is composed of a power supply, a trigger pulse generator, 
sub-nanosecond pulsers and power divider. Sub-nanosecond pulser has a capacitor as energy storage and a 
series-stacked avalanche transistor as a discharging switch. Power divider uses for the time synchronization of 
the triggering pulse leading to the each sub-nanosecond pulser. A solid-state impulse generator can produce a 
10kV pulse with a rise time of 560ps and a pulse repetition rate of up to 1kHz. For the radiation of impulse 
signals, we designed TEM horn antenna (ultra-wideband antenna) with a center frequency of 400MHz. And it 
has the frequency band from 200MHz to 1.2GHz with SWR <3.  
By using this system, we tested free space impulse radiation at a distance of 3m in the laboratory. Fig. 2 shows 
configuration of the test bed. We measured E-field strengths in one source/one antenna system and two 
source/two antenna system, respectively, for the experimental verification of the high power impulse radiating 
ability using a spatial power combining technology.  
In the test results, we obtained 1.4kV/m E-field strengths value in one source/one antenna system and 1.89kV/m 
E-field strengths value in two source/two antenna. As a result, E-field strengths of the two source/two antenna 
array system has more upgraded performance by over 35% than the one source/one antenna system, and the 
spatial power combining efficiency is 67.5%. 
In conclusion, we verified the possibility of high power impulse radiating ability using the spatial power 
combining technology. 

     

Fig. 1 - Solid-tate impulse generator                       Fig. 2 - Test bed configuration 
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We present a novel solution of the problem associated with the analysis of transient and steady-state processes in 
axially-symmetrical (�/�� � 0) radiators of pulsed and monochromatic electromagnetic TE0n- and TM0n-waves.
The solution is based on the construction and further usage of original fully absorbing boundary conditions in 
standard finite-difference algorithms. This approach allows truncate efficiently a computational domain in open 
initial boundary-value problems [1–3]. The algorithms, being modified by this means, allow one (in contrast to 
the well-known approaches based on the approximate boundary conditions [4]) to obtain reliable data on space-
time transformations of electromagnetic fields under resonant conditions. 
The main results are:
� Basic electrodynamic (amplitude-frequency and pulse-response) characteristics for a number of simple 

axially-symmetrical radiators of TE0n- and TM0n-waves have been obtained, analyzed, and summarized.
Structures under study are monopoles, mirror and resonant antennas. Models with a coaxial feeding line and 
an infinite flange in z = 0 plane have been considered. Usually we analyse the directional patterns D(�, �, k)
and the antenna efficiency ��k) over a wide range of a frequency parameter k (k = ���� is the wave number 
and�� is the wavelength in free space; �, �, z and r, �, � are cylindrical and spherical coordinates). Moreover
the pulsed patterns Dp(�, r, t) [5] in near-field and far-field zones of radiators, pulse-mode power radiation 
characteristics and field vector distribution in the computational domain Q have been processed.

� We proceeded with the study of slot resonances [6]. The excitation of slot resonances allows one to vary 
predictably basic characteristics of standard axially-symmetrical radiators of TM0n-waves. New data have 
been obtained for the dazzled-state antenna phenomena and the effect of maximum growth of the antenna 
efficiency. Both caused by resonances in narrow radial and longitudinal short-circuited slots in outer and 
inner conductors of a coaxial feeding line. Furthermore the effects of complete transmission of the input 
energy into free space through narrow longitudinal slots in the closed end of a coaxial waveguide have been 
studied.

Some of the results and conclusions can be considered as known or anticipated. However, as a whole, they give a 
comprehensive data on practically interesting omnidirectional radiators and operating conditions. As an example, 
we can refer to the radiation mode of the cavity resonator, in which higher modes are excited. Or the radiation 
mode of a homogeneous disc resonator based on the monopole being an extension of a central conductor of a 
coaxial feeding line. In the latter case the most interesting effects are the break of the standard half-wave 
rearrangement of the directional pattern (being typical for monopole antennas) and considerable enhancement of 
the frequency band, which guides long TM0n-waves practically perpendicularly to the radiator axis.
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It has previously been shown that microwaves (MWs) and extremely low frequency (ELF) magnetic fields (MF)
at low intensities affect conformation of nucleoids in cells of different types [1]. Recent data have shown that
MWs from mobile phone affect nucleoids in human lymphocytes [2,3]. Effects of ELF MF depended
significantly on collinear static MF. Experimental evidence has indicated that the MW effects have also been
dependent on static MF. The physical model has been developed to describe effects of weak static and
alternating magnetic fields [4]. Recently, we presented the model of slow nonuniform rotation of the charged
DNA domain for combined effects of microwaves, static and alternating magnetic fields [5].
The oscillation of the center of mass , ,x y z of the charged nucleoid (DNA domain) in static MF 60B Tµ= , and

high frequency electric modulated fields, ( )0( ) ( )E t E Cos t Sin tω ω= :

( )( ) ( )( ), ( ) ( ) , ( ) 0,m t x kx Q t By E t m t y ky Q t Bx m t z kz+ = + + = − + =
where k is elasticity coefficient , )(tQ - a charge of nucleoid, )(tm -its mass, 0E -amplitude, ω - high
frequency of an electric field and ω - low frequency of an electric field. The axis z is directed along a vector of
a magnetic field and passes through a place of fastening of nucleoid, the axis x is directed along an electric field.
The mass and a charge of nucleoid slowly and periodically change in due course as a result of interaction with
proteins and ions. In the received solution there is a low-frequency resonance at 0 2 qmω ω= Ω + ,

where 0, 1, 2,...m = ± ± . In this case the radius of the center of mass increases in time under the law:

( ) ( ) ( ) ( )0 0 0 0 14 2m qr t q E J tCos tω ω ω= Ω .

Such resonant growth of radius of the center of mass may affect binding of DNA with structural proteins and
enzymes resulting in the experimentally observed effects. The predictions of this model are:

1. Amplitude of the electric field should be large enough to induce oscillations of nucleoids.
2. MW effects should be observed only at specific carrier frequencies.
3. Effects of MWs should depend on modulation.
4. Effect should be observed in specific intensity flux densities of static MF.
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Recent advances in electronic technologies have made it possible to generate and transmit (in air or via cables) 

short signals with a complicated time dependence of their amplitudes. Thus, the transmission of fractal signals 

has become a possibility. A fractal signal is a signal whose spectrum or time realization has a fractal structure 

defined by the Cantor set. In this study, we investigate a sort of the fractal signal, the fractal wavelet. The fractal 

wavelet (FW) is a pulse with an intricate waveform and spectrum specified by the pre-Cantor set [1]. The FW 

spectrum is UWB and self-similar; i.e., its parts are similar in shape. The FW time dependence is described by 

                                                                    0

0

( ) cos((1 ) 2 )
N

n

n

s t f tξ ξ π
=

= −∏                                                   (1) 

where 0 1/ 2ξ< <  and N → ∞ . It will be shown below that the choice of N depends on the electronics 

capabilities. 

 The spectrum corresponding to realization (1) has the self-similar structure of a Cantor set and is 

controlled by parameters ξ and 0f . 

Fig. 1 – Theoretical UWB fractal spectrum 

A new fractal ultra wideband (FUWB) signals have been developed for use in communication and radar systems. 

The basic advantage of fractal communication is the noise-immunity. In this paper, we compare the noise 

immunities of the FW signal and the Barker signal interfering with Gaussian noise or an electromagnetic pulse 

(EMP). The efficiency of extracting a fractal wide-band signal from the noisy environment is at least comparable 

to, and in most cases is much higher than, the extraction efficiency for a Barker signal. It should be noted that 

this advantage of the FW signal is highlighted in the presence of EMPs. 
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In the recent years, due to rapid development in ultra wideband (UWB) systems, wide-band antenna with the frequency 
band of 3.1 ~ 10.6 GHz becomes demanding in practical applications for short-distance communication. However, 
many antenna parameters such as antenna size, bandwidth, and simplicity to manufacture affect the design procedure. 
Several UWB antennas such as slot antenna [1-2], LTCC antenna [3] and monopole antenna [4] have been introduced. 
Monopole antenna is one of the most common antennas in UWB systems due to easy design and omni-directional 
radiation pattern. In this article, a novel star-shaped monopole antenna for IEEE 802.15.3a and IEEE 802.16 
application for the USB dongle is proposed. This proposed antenna is composed of the star-shaped monopole with 
unsymmetrical CPW feeding structure to obtain the ultra-wideband operation. Good impedance matching for the 
ultra-wideband operation can be achieved with the impedance bandwidths of 11.0 GHz by varying the positions of the 
embedded slits. To demonstrate the above deduction and guarantee the correctness of simulated results, the 
electromagnetic simulator HFSS based on the finite element method has been applied for the proposed patch antenna 
design. Fig. 2 shows the related simulated and experimental results of the VSWR for the proposed patch antenna 
design of Fig. 1. From the experimental results, the measured impedance bandwidth (VSWR�2) can reach 6.5 (2 ~ 13 
GHz) for UWB system which provides much greater bandwidths for the operating band to meet IEEE 802.16 
specifications. The measured antenna gain of the proposed UWB antenna is 4.5 dBi across the operating bands.  

    

Fig. 1 the proposed star-shaped monopole antenna for UWB communication. (a) geometry, (b) measured and simulated VSWR 
against frequency. 
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The popular use of cellular phones and the proliferation of dedicated antenna have generated exposure of living

beings to high frequency electromagnetic fields (HF-EMFs), raising public concern about possible effects of HF-

EMFs on the environment and to human health. Despite intensive research, it is still unclear what are the

biological effects of HF-EMFs and whether exposure is harmful. Organisms have many efficient molecular

mechanisms to defend themselves against environmental stresses. In particular, they can accumulate heat-

induced chaperones that can prevent heat-damages in native proteins and membranes. Here, we hypothesized

that significant biological HF-EMF effects might be more efficiently detected in organisms deficient in

chaperone expression or that suffer from a chronic overload of their chaperone network because of the presence

in their cells of toxic aggregation-prone, recombinant proteins.

Polyglutamine expansion protein (polyQ) aggregation is the molecular basis for several important

neurodegenerative diseases, including Huntington’s disease [1]. PolyQ aggregates alter protein-folding

homeostasis in cells [2] and render cells sensitive to mild temperature changes. Because HF-EMFs are suspected

to have thermal and non-thermal effects on organisms, we analyzed the impact of HF-EMFs on transgenic

�������������� ������� nematodes expressing polyQ’s with an intrinsic propensity to form toxic aggregates in

the muscle cells, resulting in a progressive age-dependent paralysis: the longer the polyQ repeats, the earlier is

the onset and the more severe is the paralysis [1].

Here we first characterized, at different culture temperatures and as a function of age, the motility of

recombinant �� ������� expressing a yellow fluorescent protein (YFP) fused to a polyQ of 35 glutamines (Q35),

as compared to a YFP without polyQ (Q0). A detailed analysis of the motility at 22°C revealed that on the third

day since hatching, the motility of the Q35 animals was reduced by 50% (� 10%) as compared to the Q0 animals.

Thus, in Q35 animals, as little as a 0.5°C difference in culture temperature resulted in a significant and

reproducible biological difference of motility. Q35 animals in TEM cells were than exposed to HF-EMFs for 3

days at 22°C for 64-66 hours, continuously or intermittently (2 hours on and 2 hours off). The field was applied

at a frequency of 900 MHz and at an intensity of 5 V/m or 500 V/m. The temperature was monitored during the

experiment using a highly sensitive temperature probe: whereas the HF-EMF field at 5 V/m did not cause any

measurable temperature rise in the culture medium of the nematodes, the field at 500 V/m led to a temperature

elevation of about 0.1°C. Motility assays were performed immediately after the different HF-EMFs treatments.

We found that, unlike the significant measurable effect caused by as little as 0.5°C difference in culture

temperature, the four tested HF-EMF regimes were significantly ineffective to ameliorate or deteriorate polyQ-

dependent paralysis in �� �������. Further studies are therefore necessary to detect and characterize possible

potentially hazardous biological effects of mobile phone radiations.
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
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Auxetic materials are investigated closely in the last decade[1], [2]. One of the important proprieties of these 
metamaterials is the thermal expansion, desired to be zero or negative. In thermal expansion studies the main 
assumption is a homogenous increase in temperature in the entire volume of the material. In the microwave 
shielding applications, were high absorption of the electromagnetic energy is desired, we may find ourselves in a 
certain situation were high power level waves interact rapidly with the structure. The hexachiral honeycomb 
investigated in this paper, interacts at microscopic level with the incident electromagnetic waves, as a result the 
power dissipation is not equally distributed inside the structure. One of the advantages of these metamaterials in 
microwave shielding is their intrinsic sparse nature, giving them good heat dissipation properties but thermal 
phenomena are slow, so we can expect localized temperature increase. 
Electromagnetic simulations were performed in order to prove this concept. In fig. 1 we plot the power loss 
density inside the ligaments of the hexachiral honeycomb. The two frequencies chosen (3.06GHz /10.69GHz) 
are those corresponding to a minimum in reflectance/transmittance. 
In the case of the hexachiral panel under test, the Salisbury shield configuration will not alter its mechanical 
properties, but will provide better shielding properties. In fig. 2 the surface current in the resistive sheet is plotted 
as a indication of the transversal power dissipation distribution (the two frequencies: 2.94GHz/6.01GHz 
corresponding to a minimum/maximum of the reflectance). Again we find an uneven distribution of the energy.   
While other effects (as dramatic increase in temperature with material melting as an effect) cannot be foreseen in 
these applications (except in the highly improbable case of exceptionally high power levels), microscopic 
changes in temperature can affect the metamaterial in the direction of the expected thermal expansion.  
The aim of this paper is not to address the mechanical/thermal characteristics of the chiral honeycomb but further 
investigation would be necessary with this new hypothesis: thermal effect can be localized (is even expected to 
be). 

Fig. 1 – Power loss density - hexachiral honeycomb; 3.06GHz (left) and 10.69GHz (right) 

                 
Fig. 2 – Surface current - hexachiral honeycomb in Salisbury shield configuration; 2.94GHz (left) and 6GHz (right)
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The results of the theoretical and experimental investigations of the relativistic backward wave oscillator with an
electrodynamic system of increased cross-section (D/�>1, D is the mean diameter of the slow wave system and �
is the wavelength) and a modulating resonant wave reflector [1] are summarized in this work. The backward
TM01 wave is reflected from the resonant reflector at the cathode end of the device due to the locked TM02
oscillation excited in the reflector. The z-component of the electric field at the electron beam radius in the
reflector is several times greater than that in the adjacent waveguide. This promotes efficient modulation of the
electron energy in the reflector region. The increased cross size of the electrodynamic system decreases the 
probability of RF breakdown and provides conditions for efficient operation of the device in the low magnetic
field range (below the cyclotron resonance region). 
The theoretical analysis shows that the preliminary modulation of the electron beam in the reflector influences
on the generation start conditions, on the characteristics of the mode selection, on the oscillation frequency and
on the efficiency of generation that can reach 40 – 50 % [2]. 
The microwave devices listed below were realized in the experiments.
� X-band oscillator with efficiency ~40% and output power ~ 0.8 GW at as strong guiding magnetic field as 

2.7 T [3];
� X-band oscillators with efficiency 20 – 24% and output power 0.5 – 0.8 GW at as low guiding magnetic

field  as 0.7 T [1,2];
� S-band oscillator with pulse-to-pulse mechanical frequency tuning in the frequency band ~10% at the

multigigawatt output power [4,5] and at as low guiding magnetic field  as 0.4 T;
� X-band oscillators with efficiency ~ 31%, output power 4.3 GW and microwave pulse duration 21 ns at as

strong guiding magnetic field as 4.5 T [6];
� Q-band oscillator with efficiency ~35% and output power 0.16 GW at as low guiding magnetic field  as 2.2

T.
The repetition rate regimes (10 – 100 Hz) were realized at low the magnetic field mentioned above that was 1.5–
2 times lesser than the magnetic field corresponding to the cyclotron absorption of the back wave condition.
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The efficiency of plasma electrons acceleration by a short powerful laser pulse propagating across an external 
magnetic field is investigated theoretically and numerically. The linearly polarised EM wave created in a vacuum 
is transformed into the elliptically polarized extraordinary wave at the plasma boundary. Development of the self-
modulation instability is accompanied by the deep modulation of the broad wave packet, which results in a 
transformation of the packet into a chain of solitons with the soliton width of the order of the skin-layer width. 
Short wave packet injected into in the weak nonlinear plasma is not a soliton and in the process of relaxation it 
loses fast and slow components due to the dispersion in the group velocity, but the main part of the pulse 
transforms into the envelope soliton. Initially electron is accelerated on the front edge of the pulse, but later falling 
into the region of decelerated phases, gives the energy back, to the rear edge of the pulse. The deviation, observed 
in simulations, of the strongly nonlinear pulse from the soliton is connected with the appearance of relativistic 
electrons and deviation from the approximation of weakly relativistic plasma, used in the analytical model. The 
longitudinal component of the electric field of an elliptically polarized resonance electromagnetic wave can be 
used for an efficient acceleration of plasma electrons across an external magnetic field. The simulation shows that 
in addition stochastic relativistic electron heating on top of the soliton structure is observed when the threshold of 
parametric instability is achieved [1,2]. Conditions for the decay of a laser pulse with frequency close to the upper 
hybrid resonance frequency are analyzed. In the process of parametric instability development electron trajectory is 
the spiral with the increasing step and increasing period of circulation. 

Fig. 1. Sto�hastic electron heating of plasma electrons with the increase in the field amplitude, / 0.p 1� � � ,

/ 0.c 9� � � ; (a)� � 0.16 ;.(b)� � 0.2  [ p�  and c�  are the plasma frequency and gyro-frequency, 

x /eE mc� �� ,  is  the wave amplitude, xE /x xu p mc� ]. 
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This article describes the shielding effect of electromagnetic fields appearing in unilateral asymmetric
transmission lines (see figure1) which can support two different modes of propagation usually defined by "C"
and "�" modes [1]. For this purpose, an integral method, especially transverse resonance method (TRM) is used
in conjunction with an adequate choice of trial functions. The mathematical process of this method makes use of
operators formalism in electromagnetism which consists to emphasize systematic character in this method [2],
this allows to analyze efficiently the dispersion effect of those asymmetric structures
The TRM method is based on the evaluation of the impedance operator �Z (or admittance operator �Y ) [1] to
which the Galerkin's technique is applied. So, the full-wave behavior of shielding is analyzed with respect to the
dispersion parameters. Cosine trial functions with edge singularities were used [1].
The obtained results have been validated with a good precision compared with those available in the literature.
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Fig. 1 � Cross sectional view of shielded unilateral asymmetric transmission lines

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3

Width of the central slot w (mm)

1.41

1.44

1.47

1.50

1.53

1.56

1.59

1.62

1.65

1.68

1.71

E
ff

ec
ti

ve
pe

rm
it

ti
vi

ty

Suspended coupled
microstrip line

Coupled microstrip line

C mode
mode�

(b1=b3=3.429 mm)

(b1=6.858mm;b3=0mm)

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3

Width of the central conductor strip w (mm)

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

E
ff

ec
ti

ve
pe

rm
it

ti
vi

ty

Suspended coplanar line

Coplanar line
(b1=6.987mm ; b3=0mm)

(b1=b3=3.4935mm)

mode�
C mode

0 4 8 12 16 20 24 28 32 36

d2/d1

1.30

1.35

1.40

1.45

1.50

1.55

1.60

1.65

1.70

1.75

1.80

E
ff

ec
ti
ve

pe
rm

it
ti
vi

ty

Coupled microstrip line

C mode
mode�

(b1=6.858mm ; b3=0mm)

Suspended coupled microstrip line
(b1=b3=3.429mm)

0 4 8 12 16 20 24 28 32

d2/d1

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

E
ff

ec
ti

ve
pe

rm
it

ti
vi

ty

Suspended coplanar line
(b1=b3=3.4935mm)

mode�
C mode

Coplanar line
(b1=6.987mm ; b3=0mm)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

C1(mm)

1.25

1.30

1.35

1.40

1.45

1.50

1.55

1.60

1.65

1.70

1.75

1.80

1.85

E
ff

ec
ti

ve
pe

rm
it

ti
vi

ty

(b1=b3=3.429 mm)

(b1=6.858mm ; b3=0mm)
Coupled microstrip line

Suspended coupled
microstrip line

Symmetric case

C mode
mode�

0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2

C1(mm)

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

E
ff

ec
ti

ve
pe

rm
it

ti
vi

ty

Coplanar line
(b1=6.987mm ; b3=0mm)

C mode

Symmetric case

mode�

Suspended coplanar line
(b1=b3=3.4935mm)

0 1 2 3 4 5 6 7

b3 (mm)

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

E
ff

ec
ti

ve
pe

rm
it

ti
vi

ty

Asymmetric case (d2=4d1)

Symmetric case (d2=d1)

C mode
mode�

w/a=2.6
C1=0.378mm

w/a=1.3
C1=1.028mm

w/a=0.1
C1=1.628mm

C mode
mode�

w/a=0.1
C1=1.628mm

Coupled microstrip structure

0 1 2 3 4 5 6 7

b3 (mm)

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

E
ff

ec
ti

ve
pe

rm
it

ti
vi

ty

Asymmetric case (d2=4d1)
Symmetric case (d2=d1)

C mode

mode�

w=2.6mm
C1=0.378mm

w=1.3mm
C1=1.028mm

w=0.1mm
C1=1.628mm

Coplanar structure

Fig. 2 � Influence of horizontal and vertical metallic sides of shielding on effective permittivity
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The Valentine antenna was originally designed for an optoelectronic ultra-wideband (UWB) radar demonstrator 
[1]. The first prototype was built to support high peak voltages of 25kV. Because of its high gain and its 
capability to radiate short pulses without dispersion in the frequency band 300MHz – 2.5GHz, this antenna was 
chosen to be the radiating element of a high power, high voltage UWB source [2]. This antenna is made of two 
curved metallic strips and a copper coaxial-to-strip transition with a N connector. Some modifications were 
made to improve the dielectric strength of both the antenna and the transition to drive it with a 300kV, few hertz 
transient source. A 3-D model of the antenna was first performed on a time domain electromagnetic software, to 
study the influence of these modifications on the main characteristics of the radiating element. Then, tests in 
frequency and transient domain were realised. Results show that the S11 of the antenna remains relatively 
unchanged and the gain is very closed to the original low voltage design in the frequency band. Furthermore this 
new antenna is able to take over 300kV-2ns duration impulse. This paper describes this high voltage antenna and 
its main radiation characteristics. 
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Gain and bandwidth metrics of broad-band low-profile antennas severely deteriorate when they are placed

conformally onto the conductive skins of air, sea, and ground platforms. This detrimental effect is primarily due

to out-of-phase reflections from the conductive body interfering with the antenna’s self radiation. Furthermore,

lateral waves launched by the antenna couple into the thin substrate placed between the antenna and the platform,

giving rise to surface waves resulting in significant diffraction from the edges of the substrate.

To remedy these two major mechanisms degrading antenna performance, high impedance ground planes (HIGP)

were proposed [1]. HIGPs made of a 2-D periodic arrangement of a mushroom structure not only provide

perfect-magnetic-conductor (PMC)-like reflection, but also suppress the surface waves within the stop-band of

the substrate modes. Thus, when the antenna is conformally placed over the HIGP, its gain is expected to double

from the free-space value, due to in-phase reflections. Additionally, its bandwidth is expected to be as large as

the band-gap of the mushroom structure, provided the original design has sufficient bandwidth to cover the band-

gap of the HIGP.

Previously considered HIGPs were made of square-patch mushroom structures having a single periodicity. Here,

we consider a multi-scale triangular-patch HIGP design. Element sizes can be chosen such that the band-gap of

each periodic subsection is placed successively in frequency. The final multi-scale composite HIGP structure has

increased band-gap, thus providing increased bandwidth for the conformal antenna. Furthermore, triangular

mushroom elements provide a natural platform for the particular broadband antenna used in the bow-tie antenna

design as shown in Figure 1.

Using Ansoft-HFSS v.10, we simulate the performance of the bow-tie antenna in free-space, on a conducting

ground plane, on a PMC, and on the multiscale HIGP. Three HIGPs are considered, two having uniform

periodicities with different scales, and one having the multiscale design. We present our simulation results and

demonstrate the performance of the broadband, conformal bow-tie antenna placed over the multiscale HIGP.

Fig. 1 – Bow-tie antenna inside multi-scale HIGP
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The aim of the present study is the identification of low-level radiofrequency (RF) radiation effects on plantlets 
developed from exposed seeds of Zea mays. A proper investigation of the biological effects requires well-
characterized and controlled dosimetric conditions, because nonthermal RF effects are suspected to occur in the 
exposed biological material. The exposure system is a TEM cell model IFI CC104 SEXX powered by a RF 
signal generator, while the biological target - cereal seeds enclosed in a Petri dish - is placed inside the cell, in a 
restricted area, characterized by a quasiuniform electric field distribution. Several samples of 40 seeds were 
exposed in different exposure conditions. One variable was the exposure duration (chosen between 4 and 72 
hours), and the other one was the electromagnetic stimulus waveform. A 900 MHz signal, either in the form of a 
continuous wave (CW) or as an AM and FM waveform, modulated on the same carrier, was used for the 
irradiation. Corresponding samples of not-exposed seeds were used as controls, in proper conditions. The 
incident E-field (rms value) in the TEM cell did not exceed 6V/m, and it was measured by an E-field probe Scan 
EM-EC (model CTM030) connected to a spectrum analyzer. The dosimetric part of the study was approached by 
two methods: a) theoretical and b) experimental. A numerical model was built with the finite element method 
implemented by COMSOL Multiphysics, and it allows the simulation of the experimental situation. The 
experimental dosimetry approach made use of the differential power method.  Numerical modeling was able to 
provide complementary and accurate information to the experiment, valuable especially when the field 
distribution inside the sample need to be evaluated, which is almost impossible by experimental means. The 
uniformity of the field in the unloaded TEM cell was primarily analyzed by using the computational method [1] 
and then also experimentally assessed, and results converged well. The electric field distribution, the absorbed 
power, the specific absorption rate (SAR) and the heating of the sample were determined in present work with 
reliable accuracy. The SAR in our experiments did not exceed 100mW/kg and no thermal shift could be 
measured by means of the fluoroptic thermal probe Luxtron One.  
Biophysical investigations on plantlets developed both from the exposed and not-exposed seeds, followed after 
12 days of plant growth. They were focused on the quantification of differences between exposed and control 
samples, regarding: a) pigment concentration of chlorophyll a, chlorophyll b and carotenoids (by UV-VIS 
spectrophotometric analysis); b) nucleic acid concentration; c) average water content; d) average length of the 
plants.  Some statistical significant effects were observed in a preliminary study [2] and there are indications that 
low-level 900MHz exposure may induce changes in Zea mays seeds and they may be different for CW and 
modulated signals. Experiments are underway, and final conclusions will be available soon.  
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In recent years, EMI were carefully investigated in order to find possible prevention methodologies, in 
particular in ICs which may include several Operational Amplifiers (OpAmps) [1]-[3]. The most sensitive 
circuits to EMI are, indeed, the analog ones and, among them, the OpAmps. One of the undesirable effects of 
EMI is the shift of the output DC mean value (offset) that may force the amplifier to saturation and may cause 
failures in the (eventually) following circuits. The susceptibility to interferences has been correlated to some 
special features of the OpAmp transient response. In particular, the asymmetric slew rate and the parasitic 
capacitances play a significant role, at low-medium frequencies and at high frequencies, respectively [3]. 
Hence, in order to intrinsically reduce EMI effects a promising approach [2] is based on the design of 
strongly symmetrical amplifier, as the one shown in Fig.1. 
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Fig. 1: Symmetric amplifier proposed in [2] 

Unfortunately, this architecture is not suitable for the low voltage supply of the current ICs. Therefore, an 
alternative solution has been investigated and the immunity to electromagnetic interferences of  the 
symmetrical topology in Fig.2  has been demonstrated. The proposed amplifier has been designed in UMC 
0.18um standard CMOS process and can be powered at less than 500mV. A lot of simulations were 
performed also with very large interfering signals (Vp=500mV and frequency ranging from 1MHz up to 
4GHz)  conveyed to the input pins of the amplifier. The proposed architecture allows the reduction of EMI 
effects by more than one order of magnitude compared to classical amplifiers suitable for low voltage 
applications (such as the Miller amplifier). The maximum offset induced by spurious signals (with an 
amplitude of 500mV, very large compared to the 500mV power supply) is less than 20mV. 
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Fig. 2: The proposed amplifier, suitable for low voltgae applications 
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A small antenna for location aware wireless sensor networks is presented. The antenna is designed to be tolerant 

to neighboring materials. It can be placed in the proximity of different dielectrics or conductors, while 

maintaining sufficiently low return loss and stability of resonance frequency. In contrast to readily available, but 

expensive, antennas based on ceramic materials, our design purely relies on machined metal sheets, which can 

also be replaced by printed circuit board (PCB) structures and metallization, providing a low cost solution for 

future wireless sensor designs. 

The two operating bands of the antenna are the 868MHz ISM Band as well as the 1575MHz band for reception 

of GPS signals. As the European 868MHz ISM Band is closely located to the European GSM900 band, the 

antenna has to offer a narrow resonance at the desired frequency of operation. Remaining exactly matched for 

this band and still blocking the GSM900 signals, while being directly mounted on and thus extremely closely 

exposed to varying proximities, was the main challenge for the design of this antenna. The same can be done for 

US GSM and ISM bands with minor modifications. The distances used for the antennas evaluation are as close 

as /35 to the bottom of the antenna as well as to its side. In the conductive simulation scenario the antenna is 

placed in the edge between the sash and the frame of an aluminum window, with 2mm of non-conducting sealing 

in-between. Figure 1 shows the simulation setup and Figure 2 the results of the reflection coefficient 

measurement. 

Different environmental characteristics are especially found in automobiles, where standardized sensor hardware 

shall be used on dielectrics like plastics and leather, as well as directly mounted on the car body, which is 

typically made of steel – a conductor. Another conceivable area of operation is home automation, where sensors 

are being randomly placed on window frames (made of wood, aluminum or plastics), concrete walls, doors or 

even furniture without caring for electromagnetic phenomena. The ability to receive GPS signals enables 

tracking of sensors outside of the car. Sensor readings can be classified by relevance with location information. 

Fig. 1  – Antenna located in the proximity of conductors. The ground-plane of the antenna is depicted in blue, the 

antenna itself in red, the conductive window frame in dark grey and the windows sash in light grey. The (red) active 

element is sized 53mm x 9mm, height over ground is 9mm.    

(a) free-air (b) between sash and frame of an aluminum window

Fig. 2 – Input reflection coefficient of the Antenna for two scenarios. The antenna remains resonant within the 

required bands. The worse matching in the proximity of a conductor is compensated by higher antenna gain. 
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In this work, we compare the computational performances of two promising numerical methods to solve time 
transient, 2-D current distribution problems in superconductors with transport current and/or applied field, 
namely the finite element method (FEM) and the semi-analytical method (SAM). The later is a recently 
published generalization of the so-called “Brandt method”. For the purpose of an objective comparison, both 
problems are solved using the same time integration algorithm, i.e. DASPK, which is a very efficient high order 
adaptive time step integration method. This algorithm is built-in in the COMSOL Multiphysics package, which 
served as our benchmark for the FEM, whereas we had to implement it in a compiled version of the SAM based 
on a C proprietary code. As a first result, the SAM proved to be more efficient than the FEM for small problems, 
such as the case of a single strip, which is explained by two main factors: 1) the reduced number of elements 
used with the SAM (no mesh in air regions), and 2) there is no matrix assembly nor linear system resolution to 
perform at each time step, but only dense matrix products. As the number of element grows in the geometry 
discretization, the SAM progressively loses its advantage over the FEM. The threshold at which the crossover 
occurs was evaluated for the case of a simple superconducting strip with different mesh coarseness. 

The main limitation of the SAM at this stage of development is the difficulty to include magnetic materials in the 
model, although this has already been achieved in the past by researchers in computational electromagnetic.
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Figure 1.  A prototype of tapered LWA with 

holes made in the center line of the antenna 

Figure 2.  Return loss of full and half Leaky Wave Antennas (on the left) 

and The measured and simulated radiation patterns of E field of  half 

tapered LWA (at 8 GHz on the right).  

Figure 3. The normalized phase constant and attenuation 

constant of tapered LWA frequency and width 
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Onofrio Losito 
     

ITEL Telecommunications Research Laboratory on EM 

Via Labriola, 39 - 70037 Ruvo di Puglia, Italy 

E-mail: o.losito@itelte.it

Substantial enhancements were achieved since pioneering 

studies on microstrip leaky-wave antennas (LWA), and they 

are now very popular and widely used in applications thanks to 

their advantages of low-profile, easy matching, narrow 

beamwidth, fabrication simplicity, and frequency/electrical 

scanning capability. Nevertheless, in some applications 

especially with regard to communication applications, the main 

beam variation of LWA should be as low as 

possible. Moreover disadvantages of the LWA 

include the fact that it is usually narrowband. 

A tapered stepped microstrip LWA (in which 

each step can irradiate in subsequent ranges of 

frequency), is a possible first solution studied 

to obtain a broadband and fixed mainbeam 

LWA[1]. But the impedance mismatch 

between subsequent steps, reduces the 

performance. Furthermore the excitation of a 

higher order mode without dominant mode 

perturbation, requires a more elaborate feeding 

scheme. Consequently, we had studied a 

curved design of tapered antennas, where the 

profile of the longitudinal edges was designed, using the reciprocal slope of the cutoff curve, in a symmetrical 

way respect to the centreline of the antenna, as shown in 

Fig. 1. The cutoff curve was obtained for different widths 

of the multisection broadband microstrip LWA. 

To efficiently suppress of the dominant mode (the bound 

mode) we have used a physical grounding structure along 

the length of antenna, which also allows, a reduction of the 

impedance mismatch, the adoption of a simple feeding, 

and the reduction of sidelobes. This solution, used to an 

antenna from 8 to 11 GHz, improves the band, (33% for 

VSWR<2), the gain (12 dBi) and the efficiency (up to 

85%) with reference to conventional  uniform microstrip 

LWAs (which have band of 22% for VSWR<2, peak gain 

up to 10 dBi and efficiency up to 75%)[2]. Symmetry 

along this metal wall, invites the application of image 

theory. In fact, due to the image theory it is also possible to 

design only half of an antenna with the same property of one in its entirety, reducing up to 60% the antenna’s 

dimensions, as shown in Fig. 2 [3].  Nevertheless, we note that a tapered LWA for a fixed frequency, changes the 

main beam radiation angle. This occurs because the phase constant β  and attenuation constant α  vary with a 

cross section along the length of antenna, as shown in Fig. 3. So for a fixed frequency and for ours LWAs 

profile, we had predicted a corresponding beam radiation range [
minϑ ,

maxϑ ] with respect to endifire direction, 

and the angle of main beam using a simple equation obtained by geometrical-optical approach.  
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Modeling and extraction of inductivity on–chip interconnect has become an issue of great interest for integrated 
circuit design in recent years. This paper proposes to analyze and extract loop and partial inductivity, magnetic 
interaction, along with some of the high frequency effects such as skin and proximity effect. We also want to 
extract self inductivities and mutual inductivities for accurate crosstalk analysis. The paper is an introduction to 
the problem of modeling, analysis, and extraction of inductivity for integrated circuits. 
With technology scaling, on-chip frequencies are increasing as device values exceed 50 GHz. The parasitic 
inductivity of on-chip interconnect is becoming a concern. The fast and accurate simulation of circuits with on-
chip inductivity is a growing problem, and future trends show that the relative contribution of inductive effects 
on circuit behavior will continue to increase as technologies shrink further and low-k dielectrics are used to 
diminish capacitive effects. Inductive effects have become important in determining power supply integrity, 
timing and noise analysis, especially for global clock networks, signal buses and supply grids for high-
performance microprocessors. 
We want to analyze the basic physical processes which cause inductive effects. Capacitances have very strong 
geometry dependence. Inductivities, by contrast, have relatively weak geometry dependence, allowing for 
accurate calculation with relatively simple analytic formulas. Magnetic coupling, however, is dense, leading 
immediately to circuit-level intractability for large problem sizes. The inductivity matrix is dense physically 
because magnetic fields induced by a current can spread much further and must be terminated by eddy currents 
induced in nearby conductors. Furthermore, the partial inductivity formulation is mathematically dense. Partial 
inductivities are defined by flux areas that extend to infinity. Physically meaningful loop inductivities are only 
obtained when the more distant flux areas are cancelled out by distant partial mutual inductivities. Small mutual 
inductivities cannot be discarded without disrupting the passivity of the network.  
High-frequency interconnect analysis are relegated to full-wave Maxwell’s equations solvers. Q3D Extractor is 
an interactive software package that electrically characterizes three-dimensional interconnects structures such as 
those found in connectors, Printed Circuit Boards (PCBs), and Multi-Chip Modules (MCMs). We want to use it 
to solve the loop and partial inductivity matrices. Parameters extractors, solve the differential form of Maxwell’s 
equations with volume discretization and finite-element techniques. 
We want to chose the more important 3D on-chip structures models and analyze them. In figure 1 is presented on 
of the structure that we want to model and to compute the inductivity matrices. 

Fig. 1 – Three-layer stack inductor 
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The paper is devoted to local field impedance properties in the near field of linear antenna arrays. The attention 
is focused on radiating near field region of whole array, where each separated antenna of the array can be treated 
as point source [1]. Consequently, the fields emitted by every single source can be calculated using far-field 
equations. The total EM fields in a particular observation point are obtained as a sum of the fields radiated by 
individual sources [2]. To obtain correct near field morphology, the phase shifts arisen from different distances 
between particular sources and the observation point must also be taken into account.  It has been proved that 

under these conditions, the local field impedance em /E H� �  is essentially equal to intrinsic impedance of 

free space if only the field produced by each unit antenna of the array has both vertical and horizontal component 
of equal amplitude and the phase shift between these components is constant for every single antenna. In order to 
verify proposed theorem, the near field of two antenna arrays has been examined by using of method of moments 
and the value of error function has been determined. 

em 0

0

100%err
� �

�
�

� � (1) 

Both arrays contain four half-wave dipoles separated by the distance of one wavelength. For the first array, the 
dipoles are located collinearly. In the second array, to satisfy conditions mentioned above, the dipoles are rotated 
by an angle of 45O. In both cases the array are excited with 1600. Phase progression. Obtained errors in local 
impedance are presented in Fig. 1. As can be observed, for the second array, satisfying required conditions, the 
errors are dramatically smaller that for the first array.
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Fig. 1 – Error function (1) in vicinity of a) collinear array, b) rotated dipoles array 
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A numerical procedure employing the finite-difference method (FDM) is used in order to calculate the induced
voltages across points on a underground pipeline, running parallel to a faulted line, and remote earth. We
develop a mathematical differential model based on contour integral method to obtain the numerical form of the
Helmholtz equation. We determine directly the numerical form of equation for non-homogeneous media, to
clearly put in evidence the electromagnetic phenomena. A physical model for experimental calculus of induced
voltage in an underground pipeline will be created based on the differential numerical model.
A numerical procedure employing the finite-difference method (FDM) is used in order to calculate the induced
voltages across points on a underground pipeline, running parallel to a faulted line, and remote earth. We
develop a mathematical differential model based on contour integral method to obtain the numerical form of the
Helmholtz equation.
We determine directly the numerical form of equation for non-homogeneous media, to clearly put in evidence
the electromagnetic phenomena.

Fig. 1 The system under  investigation. The faulted phase
 A 3D model for the system under investigation

The numerical and geometrical data for this example is taken from [3], [4], for an objective reference and
comparison.
A physical model for experimental calculus of induced voltage in an underground pipeline will be created based
on the differential numerical model.
Using the results obtained in literature from applying the finite-element method (FEM) and those obtained with 
the Technical Recommendation no.7, we made a comparison with our results obtained with the finite-difference
method.
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A few years after the early investigation on ultra wideband (UWB) wireless system, considerable research efforts 

have been put into the design of UWB antennas and systems for communications. These UWB antennas are 

essential for providing wireless wideband communications based on the use of very narrow pulses on the order 

of nanoseconds, covering a very wide bandwidth in the frequency domain, and over very short distances at very 

low power densities. A number of techniques have been developed in past to design antennas with wide band 

impedance matched characteristics. The use of beveling technique, cutting notches at bottom, and dual feed are 

some examples of techniques used to improve the impedance bandwidth [1-4]. Slotted on patch radiator is 

another method that can provide broadband frequency response characteristics [2-3]. In this paper, some 

examples slotted UWB antennas are designed by studying their current distribution characteristics. The slots cut 

on the patch radiator means disturbance their current flow thereby wider impedance bandwidth can be achieved. 

The geometry of the antenna implies the current courses and makes it possible to identify active and neutral 

zones in the antenna, thus it will be possible to fix which elements will act on each characteristic [1].  The active 

zone is the matching and radiator zone. Acting on matching and radiating areas allows controlling the bandwidth. 

To better control an antenna behavior, it is necessary to identify neutral zones where geometry modifications are 

useless because neither the radiation pattern nor the matching bandwidth is much influenced.  For example, the 

pentagonal antenna has a diamond neutral zone. Indeed, this zone can be removed with no much influence on the 

matching bandwidth as shown in Fig. 1. The neutral slot size is precisely measured in order not to degrade the 

antenna performance. Thus, to control antenna characteristics and where to place the slot on the antenna are 

critically determined by identification of its active and neutral zones.  
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The first return stroke in a negative cloud-to-ground lightning discharge is thought to be preceded by the initial 
or preliminary breakdown, which can be defined as the in-cloud process that initiates or leads to the initiation of 
the downward-moving stepped leader. The amplitude of the preliminary breakdown pulses can be comparable to 
or even exceed (see Figure 1) that of the first return-stroke pulse. Preliminary breakdown pulses were studied by 
a number of researchers, including [1-5]. 
In this study, the characteristics of preliminary breakdown pulse trains in cloud-to-ground lightning discharges 
were examined and compared to those of similar pulse trains in attempted cloud-to-ground leaders [studied by 
6]. The arithmetic mean pulse duration and interpulse interval for preliminary breakdown pulse trains in cloud-
to-ground discharges were found to be 4.8 �s and 65 �s, respectively, versus 17 �s and 73 �s for attempted 
cloud-to-ground leaders. This implies that preliminary breakdown pulse trains in ground discharges contain a 
larger fraction of “narrow” pulses with durations less than or equal to 4 �s than the pulse trains in attempted 
cloud-to-ground leaders. Also, submicrosecond-scale pulses are observed as part of pulse trains associated with 
cloud-to-ground discharges, but not with attempted leaders. If all preliminary breakdown pulses with durations 
equal to or less than 4 �s in our dataset were excluded, the mean duration of the remaining 108 (out of a total of 
655) pulses would be 16 �s, which is closer to, but still outside of the 20-40 �s range for “classical” pulses. We 
also examined the occurrence of pulses of different duration and amplitude in different parts of the preliminary 
breakdown pulse train. Pulses with larger durations (>4 �s) tend to occur earlier in a preliminary breakdown 
pulse train.  
We speculate that the preliminary breakdown pulse train occurs as a result of interaction between a descending 
negative leader and the lower positive charge region in the cloud.  

Fig. 1 – (a) Electric field record of a cloud-to-ground flash showing preliminary breakdown pulse train followed by 
two return strokes and (b) preliminary breakdown pulse train shown in (a), but on an expanded time scale of 0.95 ms. 
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Fig.1 Simulation model of twisted pair in metallic 
tube 
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Twisted pair transmission line composed of several lines is used widely as data communication signal lines in 
computer network system. In power distribution line and wiring for control signal, we use also twisted pair wire 
because of the low inductance, low surge impedance, low coupling and high performance of electromagnetic 
interference suppression. Twin-lead transmission line with no twist in power distribution line has well been 
modeled, but it is not clear how the surge characteristic of twisted pair depends on the number of twist or 
windings[1-2].  We used the Method of Moments (MoM) to study the surge characteristics of twisted pair single 
phase electric power line. The method used is the frequency domain MoM for transient analysis, and surge 
response is given by inverse Fourier transform after computation of frequency spectrum.  
The work presented in this paper is concerned with the shielded twisted pair transmission line covered with 
dielectric in metallic tube. For the modeling of the wire with dielectric, we adapted a dielectric coating of wire 
segments[3] to reduce computing time. Fig. 1 shows the model of twisted wire in MoM. We used about 2000 
segments to construct the model of a winding pitch formed by six segments and an insulator with thickness 1mm�
and a conductor with radius 1mm.  
There are two propagation modes in common mode that are fast surge and slow one as shown in Fig.2. Few 
influences of the number of the strands occur in the fast propagation surge, but the increase of the serge 
impedance and the decline of the propagation speed are caused by twining in the slow propagation surge. 
The relation between surge impedance and number of twist is shown in Fig.3. The result shows that wire 
stranded less than with several turns/m has almost same surge characteristics as the parallel lines, but the surge 
impedance decreases in tens of % when the number of the strands increases. According to the result, there are 
several surge propagation paths and the influence of twine over the surge becomes the decrease of the surge 
impedance and the decline of the propagation velocities in differential mode. However, the effect of the strand is 

smaller than that in the free space without the metallic 
pipe. 
We measured the surge characteristics of the model line 
experimentally, and there are good accordance between 
simulation results and experimental results. It is 
possible to simulate the surge in twisted pair covered 
with polymer dielectric insulator by MoM. 

Acknowledgments – The author wish to thank the authorities of MEXT for foundation the research. 
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Testing of technical installations for immunity to impulse magnetic field of Tesla intensity is an important task 
of electromagnetic compatibility. The lightning discharge is the most typical source of such fields. The current, 
originating in a discharge channel attains hundreds thousand Ampere. Simulated sources of lightning discharges 
are widely used for testing of technical installations for immunity. At realization of the experiments, for 
quantitative determination of immunity of tested equipment it is important to obtain   pattern of a magnetic field 
distribution near to the lightning discharge. Instrumentations for multipoint recording of the impulse magnetic 
field are necessary for solution of this problem. The instrumentations should be working at exposure to strong 
electric fields attacking   electronic circuits of the equipment.  
Designed passive loggers are intended for monitoring magnitude of maximum induction of an impulse magnetic 
field (see Table). They can be used at testing radio- and electro- equipment of different assignment for immunity 
to impulse electromagnetic attack. Electronic devices, power supplies and transmission lines are absent in the 
loggers. They ensure a long storage of the recorded information. Overall dimensions and construction of the 
loggers allow using them in hard-to-reach places, tight volumes, and also in conditions where attack of set of 
unfavorable factors does not admit presence of staff. The great advantage of these devices is the simplicity of 
their operation. Application of the loggers simplifies a procedure of data acquisition at multipoint measurements 
of impulse magnetic fields that is especially important at realization of cost-intensive single experiments. 

Table 1 - Brief performances of the storing loggers 

Operating range 0,1...1 Tesla 
Duration of measured pulses beyond 0,1 ms 

Overall dimensions ∅ 5 mm  5 mm
Storage time of information, over 24 hours 

Basic error, under 10 % 
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Because it substitutes a whole “switched line length” concept in one passive structure the Rotman lens [1], [2] is

investigated here as true-time-delay beamformer. The problem is, that it is a traveling wave structure, which has

to be sized in the order of several wavelengths to give proper functionality. The design is hard at lower

frequencies and this is the first time this structure was built and measured for the low UHF band. The system

concept comprises a 1 x 4 phased array antenna, for which the Rotman lens provides the ultra-wideband phasing

of the antenna feeds. The lens is fed by SP9T PIN-switch, which provides the different scan angle positions. The

system specifications define a scan angle range of ±45°, a frequency range of 500 MHz – 1000 MHz (67 %

bandwidth), desired VSWR of 2:1 and the number of beam directions is 9. The system will be initially used in

CW mode. The prototype is etched on an Arlon substrate with a dielectric constant of 10.9 and dimensions of

609.6 mm x 914.4 mm x 3.23 mm. The lens structure has a very small dummyport region compared to

wavelength. Further research will concentrate on improvements of the matching and hardware implementation

into a whole array and pulse-mode operation. Results are given in Fig. 1 to Fig. 4.

Fig. 1 – Rotman-Lens on Arlon substrate Fig. 2 – left: currents at 450 MHz, right: at 1000 MHz

Fig. 3 – Matching of the beamports Fig. 4 – accumulated phase for BP1
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The paper proposes an analysis for the optimization of information transfer by using Multiple Input Multiple 
Output (MIMO) and Single Input Single Output (SISO) technologies in indoor environments while taking into 
account the distance between the emitter and the receiver, the environment characteristics, the wave polarization 
and the relative spatial positioning of the network elements. Another task is identification of situations when the 
MIMO systems better fits the technical needs then the SISO systems. For certain network configurations, SISO 
systems can provide reliable links, thus accomplishing the information exchange with a lesser resource 
consumption. There is however a limit beyond which this type of system becomes inefficient and where MIMO 
can offer a significant increase of performances. In the first phase the E-field distribution was mapped in the 
indoor analyzed environment by the frequency-selective system Rohde&Schwarz. Fig.1 shows the field 
distribution in a room 4.9x6.3m2 where the Access Point (AP) was placed. One observes that the minimum E-
filed level is sufficient for assuring maximum performances of the SISO system. In this case using of the MIMO 
system in unjustified. Behind one or more walls (in our case the width of one wall was 60cm, made by bricks), 
the wave absorption is significant, and these conducts to decreasing of the S/N ratio under the optimum needed 
by SISO. In this situation MIMO provides a higher transmission rate (almost double). This aspect is revealed 
also by simulation, as shown in fig.2, where BER is better for MIMO.  
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Fig. 1 - The influence of the polarization type on the 
MIMO signal and the SISO signal strength

Fig. 2 - Comparison of the BER

The results of the study contribute to the improvement of: a) positioning of the AP in a room; b) selection of the 
wireless 802.11g technology (MINO/SISO), in order to fulfill the transmission transfer rate need.  

Acknowledgments – The paper presents results obtained during activities under the research project with Contract No. 
367/01.10.2007, supported by the Ministry of Education and Research of Romania, under the National Program “Idei”. 

References 
1. C. N. Chuah, D. Tse, J. M. Kahn, and R.Valenzuela, “Capacity scaling in MIMO wireless systems under 

correlated fading,” IEEE Trans.  Inform. Theory, vol. 48, pp. 637–650, Mar. 2002. 
2. P. J. Smith and M. Shafi, “On a Gaussian approximation to the capacity of wireless MIMO systems,” in Proc. 

Int. Conf. Communications, ICC 2002, 2002, pp. 406–410. 
3. A. Grant, “Rayleigh fading multiple antenna channels,” EURASIP J. Appl. Signal Processing, pp. 316–329, 

2002.
4. N. Chiurtu, B. Rimoldi, and E. Telatar, “Dense multiple antenna systems,” in Proc. IEEE Information 

TheoryWorkshop, 2001, pp. 108–109. 



391

Po
st

er
s 

3

EUROEM 2008, European Electromagnetics

P - 3
Electromagnetic Fields Radiated by Negative Lightning using an 
Electrical Network Model

Rakotonandrasana, Jean - Hubert; Beroual, Abderrahmane;Ecole 
centrale de Lyon, Lyon, France















               
          




                

        
               
              
     
             


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                




 
 

               

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Radar UWB: Human detection through a wall 
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La Rochelle, France  

E-mail: christophe.liebe@univ-lr.fr 

The detection of a target behind an obstruction is a very interesting theme for a wide range of industries. For 
example, seeing through a wall could be utilized by rescue services, searching for people in rubble and in 
buildings on fire. The military industry could use this technology for bomb-disposal, neutralization of 
aggressors, hostage rescue, etc. Many methods exist to see through walls (1), which can be divided into two 
general groups:  

• Passive systems - imaging system types running in millimeter and submillimeter wavelengths 
• Active systems - radar system types running in centimeter and millimeter wavelengths and even in X-ray  

Nevertheless, most systems are still under development or in pre-research status and they are not ready for 
manufacturing. A detailed view of the scene under observation is not necessary. Only relevant information i.e. 
number of people, positions, speed of movement, etc. is required. UWB (Ultra WideBand) radar is very good 
solution for obtaining this information, because it presents a lot of advantages compared to other systems: a good 
capability to penetrate wall and floor materials, a good spatial picture resolution (approximately ten centimeters), 
noise robustness due to a large bandwidth and the possibility to detect and localize a human body. 
The main part of our system is composed of UWB communication modules. We re-configured the software and 
the hardware of these modules to obtain a bistatic UWB radar. The acquisition (fig.1) below left is radar echoes 
received through a 15cm-thick concrete wall. The pulse marked “E1” corresponds to the direct field between the 
emitter and the receiver. The echo “E2” is due to the reflection on the wall. The presence of the echo “E3” 
highlights the human body located behind the wall. The echo “E4” corresponds to a wave reflected by the wall 
behind the human body. We developed a mechanical scanning system. This system scans the scene, degree by 
degree, with an opening of 60°.  
The picture represented in figure 1 on the right, is obtained by the juxtaposition of the 60 scans, and is rebuilt in 
polar coordinates. No treatments were used to obtain this result. The development of algorithms has optimized 
the detection of a human body through a wall and the surrounding environment. The drawback of this system is 
the slowness of the mechanical scanning. Different solutions will be discussed to improve performance.

      

Fig. 1 - Top left: photo of measurement scene. Below left: vertical cut of the radar picture, following the blue 
line. On the right: results of the measurement scene through a 15 cm-thick concrete wall.

Acknowledgments – This work was partly funded by the University of La Rochelle through a Bonus Qualité Recherche
project. 

References  
1. A. Gaugue and J.L. Politano “Overview of current technologies for through the wall surveillance”, Proceedings of 

SPIE, Vol 5989, 2005, pp. 1H-1 – 1H-11. 
2. “Ultra-Wideband Radar Technology” J. D. Taylor, 2001, CRC Press. 

Wall

Human 
Body

Open
Door 



393

Po
st

er
s 

3

EUROEM 2008, European Electromagnetics

P - 3
Ultra Wideband Low Profile Single-Arm Spiral Antenna using 
Electromagnetic Bandgap Structures

Saed, Mohammad; Texas Tech University, Lubbock, TX, USA

Ultra Wideband Low Profile Single-Arm Spiral Antenna Using 
Electromagnetic Bandgap Structures 

Mohammad Saed 
Texas Tech University, Lubbock, Texas, USA

Email: mohammad.saed@tu.edu 

Electromagnetic band-gap (EBG) structures exhibit unique electromagnetic properties that have led to a wide 
range of applications in electromagnetics.  In this paper, electromagnetic bandgap structures are utilized to 
enhance the bandwidth of a low-profile, unidirectional, one-arm Archimedean spiral antenna built on a thin 
substrate and backed by a ground plane.  It is well known that placing a ground plane (a perfect electric 
conductor) closely behind a spiral antenna to make the radiation unidirectional severely limits the antenna 
bandwidth.  In order to mitigate the ground plane effect, and therefore increasing the bandwidth significantly, 
electromagnetic band-gap structures are employed.  Specifically, the one-arm spiral is placed over an EBG 
surface which in turn is backed by a ground plane.  Several types of EBG surfaces are investigated for this 
antenna.  These surfaces use a variety of periodic patch shapes.  To simplify the construction, the patches are not 
connected to the ground plane.  The EBG surfaces behave as artificial magnetic conductors in the frequency 
band of operation.  The use of EBG structures with planar antennas such as microstrip and printed dipoles was 
investigated in the literature, primarily, to suppress surface waves resulting in increased antennas efficiency and 
better radiation patterns.  Some attempts to incorporate EBG structures with spiral antennas appeared in the 
literature.  However, they differ greatly from our proposed configurations, both in the EBG structure used as 
well as the obtained results. 

The proposed antenna configurations were investigated theoretically using Ansoft Designer which uses a 
frequency domain full-wave method based on the method of moments.  Furthermore, theoretical simulations in 
the time domain were carried out using the FDTD technique.  Parametric studies to understand the effect of 
geometrical and substrate parameters on antenna performance (impedance bandwidth and radiation patterns) is 
carried out.  Theoretical results were verified experimentally.  It has been shown that the proposed antenna 
improved the bandwidth greatly.  The design details along with simulation and experimental results will be 
presented. 
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Figure 1.  An examples of  Duocel® open cell aluminium 

foam: 9x3x0.5  cm3 slab (porosity: 10  PPI, actual 

density: 6.1%)  
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Since Metal foams were discovered by the scientific world 

at the beginning of the last decade, they have been subject 

to investigation for more than 10 years. Characteristic 

properties like low apparent (or actual) density guarantees, 

for example, lightweight and high stiffness/specific-load 

ratios. Moreover, their porous structure and intrinsic non-

homogeneity give good acoustic and thermal isolation 

properties and also strong impact-absorption and vibration 

damping capabilities.  

Nevertheless, their employment in EM application is new 

in literature. Fig. 1, shows an example of an open cell 

aluminium foam, produced by ERG Aerospace and 

called  Duocel® foam. We can see that its low 

apparent density, (8%) and its capability to allow 

both light and air to pass through, can be useful in 

several applications. The analysis of the shielding properties 

of different kinds of Duocel® aluminium foams slabs 

obtained by varying porosity and apparent density, has been 

investigated and performed through experimental 

measurements. Their shielding properties have been both 

discussed and shown. Metal foams are complex and random 

structures which requiring sophisticated analytical models. 

Moreover, because of its versatility and its capability to deal 

with heterogeneous media, the Variable-Mesh Finite 

Difference Time Domain (VM-FDTD) method, is naturally 

the most appropriate approach [1], though unfortunately, it is 

computationally onerous. The 2D laminated  wire-mesh 

screen model, 

developed  by 

Casey [2] and compared with commercial aluminium shield 

perforated periodically with apertures, was a first step to solve the 

EM problem of the rigorous evaluation of the metal foam’s shielding 

effectiveness [3]. Encouraged by the results, we have improved the 

previously 2D model, developing a preliminary analytical 3D model.  

Therefore the electromagnetic shielding behavior of a slab of metal 

foam, has been investigated considering a model with a double wire-

screens mesh, separated by an air space. In fact, from the shielding 

effectiveness analysis of the double wire-mesh, shown in Fig. 2,  it is 

clear that the shielding effectiveness of a double screen is greater 

than that of single screens with double thickness. The single screen, whose meshes are assumed to be square, is 

described by an equivalent sheet impedance operator as mentioned in [3]. The agreement of both experimental 

and theoretical data, shown in Fig. 3, give us the possibility to optimize this model in 3D. 
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Figure 3. Shielding Effectiveness (E field) for  

aluminum foam slabs described in Table 1, 

compared with theoretical values of 3D model.

Table 1 – Esaminated Foam Types 

Duocel® Aluminium foam 

Type I Type II Type III Type IV 

10 PPI, 6.1% 

actual density.  

20 PPI, 8.5% 

actual density.  

40 PPI, 7.9% 

actual density.  

40 PPI, 8.7% 

actual density.  

  

Figure 2. Shielding Effectiveness (E field) for single and 

double wire-mesh screen with single and double 

thickness. 
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The fundamental element of integrated EMI filters is the integrated L-C structure. To understand the HF 
behavior of integrated EMI filters, HF modeling of integrated L-C structure is essential. 
The planar integrated L-C structure consists of alternating layers of conductors, dielectrics, insulation and ferrite 
materials that produce an integrated structure with similar terminal characteristics as the lumped components [1]. 
The integrated L-C winding consists of a dielectric substrate with conductor windings directly deposited on both 
sides, thus resulting in a structure having both sufficient inductance and capacitance. This realizes the equivalent 
integrated capacitance as well as the inductance. By appropriately terminating the four terminals A, B, C and D 
of the integrated L-C winding, the same structure could be configured as equivalent L-C series resonator, parallel 
resonator or low pass filter. 
This paper proposes the frequency domain modeling of the basic 2-conductor integrated L-C cell by using the 
multi-conductor lossy transmission-line theory.
The structure of a 2-conductor planar integrated L-C cell is shown in Figure 1. Figure 2 shows the cross-section 
at x-y plane. The previous models consider only two conductors and treat them as a four-terminal two-port 
network [2]. However, if the common ground surrounding the two conductors is considered, as shown in Figure 
3, this structure can be treated as two transmission lines (with respect to ground) with magnetic and electric 
coupling between them. The equivalent circuit of an infinitesimal section is shown in Figure 4. 

Fig. 1. Planar integrated L-C cell                                    Fig. 2. Cross-section of integrated L-C cell 

Fig. 3 - Adding the ground plane                         Fig. 4 - Equivalent circuit of a infinitesimal section 

The paper will present the results of the analysis of the planar integrated L-C with different terminal 
configurations. The main conclusions of the studies performed will end the paper. 

Acknowledgments – The research work was suported by the Romanian Ministry of Education and Research CNCSIS in the 
TD project under the contract number 7, CNCSIS Code 317. 
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Time response of scattering and radiating objects excited by different kind of sources can be obtained with a few 
manners. The most obvious approach is to measure parameters of object under investigation but sometimes it 
could be difficult. In such situation very useful can be computer simulations in time or in frequency domain. 
Usually, for time domain,  Finite Difference Time Domain (FDTD) technique is used. However some problems 
can be appeared if we take into accounts high-resonant structures because to reach stable state of the results, 
quite long time of analysis can be required. Other technique consists in analysis of the structure in frequency 
domain (for example with Method of Moments -MoM) and then using Inverse Discrete Fourier Transform 
(IDFT) the results can be transformed into time domain. Of course, to obtained good results we need appropriate 
number of frequency samples. However, in practice, when we analyze electrically large structures over wide 
frequency range it can be very time consuming process. Additionally, to store all samples for many observation 
points of interest (it can take place in case of hybrid method MoM-FDTD) big computer memory could be 
desired.  
In this paper, one proposed method that allows to save memory requirement and shorten time of analysis. It  
consists in combining Asymptotic Waveform Evaluation (AWE) techniques [3] with approach based on robust 
interpolation technique [4]. The AWE technique is based on rational approximation of current vector over a wide 
frequency range from relatively small number of discrete frequency and frequency derivative samples. The idea 
of the second technique is as follows. First, the rational function (obtained by AWE) is expressed in terms of 
Chebyshev polynomials and then its poles are determined. Afterwards, taking advantage of properties of passive 
systems the residues are calculated. Finally, the resulting pole-residua model is analytically transform to achieve 
time domain response.  
Advantages of the proposed approach: 

1. Unlike the IDFT technique, the proposed approach doesn’t require a large number of  equally spaced 
frequency points. Instead of  that in computer memory we store coefficients of rational function only. 

2. Time of evaluating coefficient of rational function is much shorter that time for obtaining  appropriate 
number of frequency samples necessary for conventional IDFT technique.  

These two advantages results in less requirement with respect to time of analysis and computer memory.  
To examine efficiency and accuracy of proposed approach the results of the near field Ez component at distance 
d=1m from dipole excited by Gaussian pulse is presented. As one can see the agreement is quite well. More 
complex structures were also analyzed. 

Fig.1. Time response of the near field Ez component at distance d=1m from dipole excited by Gaussian pulse. 
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Today, generation of short high-power electromagnetic pulses (EMPs) is of considerable interest. Specifically, 
EMPs are generated by rapidly reconfiguring the field of a system where a charged electron bunch interacts a 
conducting solid. A charged particle moving rectilinearly and uniformly either near or through a conducting 
medium generates time-varying currents in it. The currents induced produce electromagnetic radiation. Thus, 
electromagnetic radiation arises due to the reconfiguration of the field of a charged particle–medium system.  

In this paper the experimental and theoretical results on generating EMPs by using nonrelativistic electron 
bunches passing through diaphragms of various geometries are described. Results obtained agree with the 
predictions of the transition radiation theory as applied to nonrelativistic charged particles passing through 
screens. The influence of apertures of various configurations on transition radiation spectra is studied.

Experiments were carried out with the setup described in [1]. Electron bunches were formed by Bernstein–
Green–Kruskal waves (BGK waves). These are stationary nonlinear waves whose profile depends on the initial 
distribution function of trapped particles. At certain ratios between the velocities and densities of modulated 
beams, the potential of BGK waves may vary with time in the form of a short pulse. Thus, if the initial 
distribution function of trapped particles is constant along the particle paths, continuous electron bunches may be 
generated. 

When electron bunch passes through the aperture it excites inductive currents, which are the source of 
transition radiation. Inductive currents consist of conductivity electrons involved in the motion under the 
influence of external coulomb field of electron bunch falling upon. The transition radiation spectra were 
calculated in wave zone. Theoretical results coincide with experimental ones. 

Fig. 1 – Experimental transition radiation spectrum 

Acknowledgments - This work supported by STCU, Project �3473.
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













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



  





              


        

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Recently, the development of several new types of high power electromagnetic (HPEM) systems has received 
widespread attention. The HPEM systems can be divided into four types according to the classification based on 
bandwidth, such as narrowband, mesoband or moderate band, sub-hyperband or ultra-moderate band and 
hyperband [1]. Among these systems, mesoband systems are appropriate for some applications because of its 
size, simplicity, operating frequency and bandwidth. Specially, mesoband systems can be compact and portable 
systems since they have small size and light weight [2]. Mesoband systems designed to generate damped 
sinusoidal signal which has wide bandwidth use a spark gap switched oscillator. For high directive system, a 
multirod and a reflector antenna could be used [3-4]. 
In this paper, we present radiated field of a mesoband dipole antenna and compare the difference between a 
dipole antenna without multirods and a dipole antenna with multirods. To radiate the high power damped 
sinusoidal signal, this system is composed of high voltage charger, Marx generator and a dipole antenna with a 
spark gap switch which uses pressurized dielectric gas or insulating oil to generate high voltage pulse. This 
system is operated in the VHF band and it can radiate a peak voltage of few hundreds kilovolts. Mesoband 
dipole antennas with multirods and without multirods are evaluated through simulation via the Finite Integration 
method (FI-method) and measurement. Simulated radiated field waveforms presented in Fig. 1 shows that the 
field strength of a dipole with multirods is double the field strength without multirods. These simulated and 
experimental results will be useful for design of mesoband systems which use a dipole antenna. 

Fig. 1 – Normalized radiated field waveforms of a mesoband antenna at 20 m 
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This paper discusses the computational prediction of effects on IC component due to electromagnetic pulse 
penetration and coupling on PCB strip lines. The main effect of EMP on IC is ‘coupling’ on line attached IC and 
coupled abnormal voltage or current are injected to IC [1]. Analyzing and evaluating the EMP coupling on line is 
important work to predict IC components from EMP attacks [1]. If the coupled abnormal voltage or current are 
injected, malfunction or destruction are occurred in IC. The interactions and coupling between the external 
source and the strip lines of PCB were calculated with computational simulation using the BLT equation [2]. To 
make the BLT equation suitable for the PCB condition, the characteristic impedance and other characteristic 
constants are calculated. And the used IC component was modeled as RLC load to set up the BLT equation [3]. 
To show that the simulation results are reliable, the commercial computer simulation software were used and 
compared with. Voltages and Currents of each pins of the semiconductor were compared and discussed. The 
errors between the calculations by commercial computer simulation software and the BLT method are 3%~5%. 

Fig. 1 – BLT equation 

Fig. 2 – Electromagnetic penetration onto PCB strip line (left) and commercial EM alanysis software(right) 
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We investigated the malfunction and the destruction characteristics of CMOS IC devices under high power 
microwave impact by magnetron [1]. High power microwave was rated at a microwave output of 0 to 1,000 W 
and at a frequency of 2.46 GHz. It was extracted into a standard rectangular WR-340 waveguide and CMOS IC 
devices were located in the waveguide. CMOS IC devices operated the condition of normal function and standby 
so that we investigated the influence of CMOS IC devices on the damage effects in the different of conditions by 
high power microwave. COMS IC devices showed two types of damage, malfunction, which means no physical 
damage, was done to the system and after a reset the system returned to normal function, and destruction, which 
means the system incurred physical damage and operation could not be recovered without a hardware repair [2]. 
The surfaces of the destroyed CMOS IC devices were removed and the chip conditions were analyzed by SEM. 
The SEM analysis of the damaged devices showed onchipwire and bondwire destruction such as melting due to 
thermal effects. The obtained results are expected to provide fundamental data for interpreting the combined 
mechanism of semiconductors in an artificial microwave environment.

Fig. 1 – Damage effects of digital IC devices by HPM test setup 

(a) HPM system setup (b) LED circuit 

Table 1 – Tested CMOS NAND devices built in three difference technologies 

IC Logic Technology Family Part Code 

High Speed CMOS HC 74HC00

High Speed CMOS TTL-Compatible HCT 74HCT00CMOS NAND

Advanced CMOS AC 74AC00
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Generally, the electromagnetic compatibility is considered at electronic component level, board level and 
electrical system level. In view of the electromagnetic protection of the electrical devices and the human beings 
it is very impotant to consider the electromagnetic compatibility problems and to make a coresponding design at 
buildings level, such as: hospitals, control rooms of radar or radio transmitters, offices or just houses. This is a 
very dificult problem, for exemple in the case of hospitals where there are a very large number of 
electromagnetic field sources and a great diversity of places which must be electromagnetic protected: operating 
rooms, diagnosis rooms, electrotherapy rooms. 
Because of their good mechanical performances [1] and their special electromagnetic proprieties, the chiral-
honeycomb structures were considered to obtain the sandwich panels, used as electromagnetic absorbers or/and 
shields for inside or outside the buildings.   
By means of electromagnetic simulation using CST software, we compared the reflectivity of the homogeneous 
dielectric slab with the reflectivity of the chiral-honeycomb slab, made by the same type of material. For 
considered dimensions of the unit cell, the chiral-honeycomb slab is an effectively homogeneous structure for 
frequencies less than 5 GHz. 
In order to decrease the absorption frequency for a Salisbury screen, or to decrease their thickness for a given 
frequency, we used a chiral-honeycomb slab having the permittivity, �, greater then one. Fig. 1a shows the 
decrease of the absorption frequency with the increase of the medium permittivity between the resistive sheet 
and the perfect electrical conductor plane of the Salisbury Screen. 
In view of increasing the absorption bandwidth of the Salisbury screen there were used two or more layers, 
obtaining the multilayer Jaumann absorber, which have two or more minimums in  the reflectivity.  
Fig. 1b shows the variation of the reflectivity with the dielectric permittivity of the medium, in case of the 
Jaumann absorber with two layers. 
We made an optimization and we propose same panels based on chiral-honeycomb slab, with a view to be used 
in the electromagnetic protection at the buildings level. 

Fig. 1 – Reflectivity versus frequency for various permittivities in case of: a) Salisbury Screen; b) Jaumann absorber  
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This work shows the design, realization and measurements of a prototype for an implantable antenna. The 
complete RF system with insulation, transceiver and power supply has been designed in order to be integrated 
with an implanted glucose sensor. 
Recently some small antenna designs have been proposed for implant uses [1], but today no established solution 
is yet defined. In fact, several aspects as electrically very small antennas, possible dual band performances, 
active component placements and shielding, biocompatibility, power supply and constraints due to body’s 
dielectric nature need to be investigated for an implantable system, thus increasing the difficulties of the task. In 
this work we tried to consider the aforementioned characteristics from the antenna point of view.  
Implantable systems can transmit data over the Medical Implanted Communication System band (402-405 MHz), 
that has been chosen to reduce the wave attenuation in the complex human environment but, as a drawback, 
requires electrically very small antennas. Combining all the performance reductions due to the small antenna size 
and the effect of the lossy environment, the overall resulting system becomes highly inefficient. Nevertheless, 
the applications for implanted devices are very promising, especially if indoor communications are considered.  

Taking into account the glucose sensor shape [2], the proposed prototype antenna has a hollow cylindrical 
geometry which allows the maximum use of the available volume and, at the same time, provides the required 
space for all the active components. Actually a battery, a local processing unit and a transceiver produced by 
Zarlink Semiconductor [3] could be placed “inside” the antenna. The use of this latter integrated circuit (IC) can 
reduce the power consumption (thanks to its capability to switch from sleeping to an operational state and vice 
versa) but requires a dual band antenna, to cover also the wake up signal. In fact data transmission (up to 
800kbps) is performed over the MICS band and a signal at 2.45 GHz is necessary to wake the implant up.  
Dual frequency properties increase the complexity of the antenna design and in our case the duality feature has 
been obtained designing some slots. In this first attempt, a very simplified model for the human body was 
considered, where the device is just immersed in a phantom liquid simulating the muscle tissue. Two different 
body liquids, one for each working frequency, have been realized following the recipe in [1] and [4] leading to a 
good concordance between measurements (using the HP dielectric probe kit 85070E) and the desired dielectric 
properties (as reported in Table 1). The antenna has subsequently been covered with plastic material (1mm thick, 
PolyEthylEtherKetone), in order to guaranty biocompatibility. Immersing the complete RF system in the body 
phantom liquids, we performed several range tests in different anechoic chambers (according to the working 
frequencies) showing very promising results. In fact, the communication between the base station (that remotely 
controls the unit) and the implant has been found working up to 4 meters (2 meters is the reading distance 
specified by Zarlink) in the MICS band and almost up to 1 meter for the wake-up signal. 

Table 1 – Body phantoms characteristics  

Frequency Recipe Target values Measured values 
MICS [1] �r= 57.1, tan�= 0.622 �r= 57.06, tan�= 0.6573 

2.45 GHz [4] �r= 52.5, tan�= 0.2488 �r= 53.62 tan�= 0.2563 
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Downward positive lightning effectively lowers positive charge to ground and accounts for about 10% of cloud-
to-ground discharges [1]. The highest directly measured lightning currents and the largest charge transfers to 
ground are thought to be associated with positive lightning [2]. Positive lightning has been found to be related to 
sprites which occur in the middle atmosphere [3]. Positive lightning can be the dominant type of lightning during 
the cold season.  
We acquired electric field records of 20 positive cloud-to-ground lightning discharges consisting of single or 
multiple strokes in Florida during warmer (May-October) and colder (November-February) seasons. In addition 
to wideband electric field data, field derivative (dE/dt), as well as HF and VHF radiation signatures associated 
with positive lightning were also recorded. The wideband electric field measurement system had a useful 
frequency bandwidth of 16 Hz to 15 MHz. The upper frequency bandwidth of the dE/dt measurement system 
was 17 MHz. The HF and VHF measurement systems had their center frequencies at 5 MHz (with a bandwidth 
of 4.7 MHz to 5.4 MHz) and 36 MHz (with a bandwidth of 34 MHz to 38 MHz), respectively. The sampling rate 
was 100 MHz. Preliminary breakdown pulse trains occurring tens of milliseconds prior to the first positive return 
stroke were observed. Some positive lightning discharges were preceded by cloud discharges. One flash included 
in the positive lightning data set was actually a bipolar one. It was composed of three negative strokes followed 
by a positive stroke and then by a negative one. Various features of positive lightning such as multiplicity, leader 
stepping, slow front and fast transition in return-stroke waveforms, and continuing currents following return 
strokes were examined. 

(a) (b)

Fig. 1 - Electric field records showing (a) Bipolar flash composed of three negative strokes followed by a positive 
stroke and then by a negative one, recorded on October 5, 2007 and (b) Two-stroke positive lightning flash with 
preliminary breakdown pulse train preceding the first stroke, recorded on January 19, 2008. Both records were 
acquired in Gainesville, Florida. 
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