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Abstract

Over the last few years the surface currents and charges

have been measured on a variety of scale model aircraft using

sweep frequency techniques. Four topics bearing on these data

are examined in this report. They are: the smoothing of data

to remove experimental noise, the assessment of model-lead

interactions on $harge data,, the effect of HF wire antennas on

the frequency response of the EC-135, and the manner in which .-

fields are excited on the shadowed side of cylinders.
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1. INTRODUCTION

In a previous technical report [1] on this contract, data were presented

for the surface currents and charges measured on a small scale model of the

EC-135 aircraft. The data were obtained using a model 1/216 in scale in com-

bination with the overlapping frequency ranges 0.45 tol.10, 1.00 t02.20 and

2.00t04.25 GHz to simulate the full scale range 2.1t019.7 MHz. As with our

study of the F-111 aircraft [z], it was required that the raw data be presented,

and because of the need to submit these as soon as they were obtained, it was

not possible to include in [1] any analysis or discussion of the data.

relevant not only to the EC-135 model data

field measurements as well. They are, in the

We here examine four topics

but to most of our other surface

order of presentation:

(a) smoothing of the data to remove experimental noise,

(b) assessment of the effect of model-lead interaction on

(c) effect of HF wire antennas on the frequency response of the EC-I35,

charge data,

1. Valdis V. Liepa, “Surface Field Measurements on Scale Model EC-135
~~77ACHILLES I and 11 Data Interpretation,” Interaction Application

.

2. Valdis V. Liepa, “Surface Field Measurements on Scale Model F-111 A
Interaction Application Memo 13, 1977.

ircraft
Memo 14,

rcraft,”



.

and (d) study of the excitation of fields on the shadowed side of cylinders.

A FORTRAN listing of the program used to smooth the data is given in Appendix A,

and Appendix IIcontains some additional data pertinent to topic (d).
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2. DATA SMOTHING

No measurement no matter how carefully performed yields data which are

100 percent accurate; and in practice there are always errors caused by the

non-ideal nature of the measuring instrument, thetmal noise, human fallibility,

etc. This is certainly true in the case of surface field measurements; and

among the numerous possible sources of error are the reflection of energy from

the chamber walls, discontinuities in cables and connectors, interaction

between the model and the sensor leads, frequency drift of the signal source,

and the instability of the pre-amplifier and network analyzer with temperature

and time. In a typical measured frequency response curve such as that shown

in Figure 1, it is clear that most of the small wiggles are not real and are

due to one or more of the above sources of error. Nevertheless, there are

exceptions: the null at 3.5 MHz is believed real and is even more pronounced

for the current measured on the top of the fuselage (see Figure 6 of [1]).

The high frequency oscillations can be removed by numerically smoothing

the data with a low pass filter algorithm for complex-valued data. The method

used is based on the nth order system governed by [3]

3. James A. Cadzow, Discrete-Time Systems, Prentice-Hall, Inc., Englewood
Cliffs, New Jersey, 1973.
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with

y(k) =;(1 - a)[u(k) + u(k - 1)] + ay(k - 1)

a= 21@ + Cos &31T) ,

and b=a+2(l-cosulT),

where input and output data sets are u and y, respectively, the order of the

system is n, the bandwidth is U1 and the sampling time is T. As written, the

equations are for processing a time sequence of numbers, but were adapted to

process numbers as a function of frequency by changing the time variable to

frequency. To avoid the frequency delay which occurs when data are passed

through a low pass filter, the program was written to filter the data twice;

first in the direction of increasing frequency and then backwards, to give an

n= 2 filtering effect for n = 1 input. The other input parameter is fc. This

is related to the cut-off frequency of the filter and representative of the

number of oscillations passed

which make up a given figure.

Appendix A.

through the filter for each data set, three of

A FORTRAN llsting of the program is given in

6



The results of filtering the data of Figure 1 using n = 2 (effective) and

fc = 20 and 5 are shown in Figures 2 and 3 respectively. As expected, the

filtering does remove the small wiggles and improve the appearance of the data,

but it also tends to remove such real features as the null at 3.5 MHz. It is

therefore clear that filtering is a technique which should only be used with

the utmost discretion; and because of the danger that it may remove valid

characteristics, filtering was not applied to the data in [1, 2].

.

7
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3. MODEL-LEAD INTERACTION IN CHARGE MEASUREMENTS

The external shielded loops used to measure the current on small scale

model aircraft in a simulated free space environment have been found adequate

in most measurement situations [4]. When placed on a model, the loop itself

is separated from the surface by the small (approximately 0.5 inn)thickness of

the dielectric spacer. There is therefore no direct current path between the

loop and the model, and the effect of any capacitative coupling is believed

negligible for all practical purposes.

Charge probes, on the other hand, are rather different in design and the

type that we have used most is a small monopole normal to the surface. The

signal lead is passed through a slot cut in the surface and eventually leaves

the model at some point on the other side. The coax in this case is electrically

connected to the model using conducting tape; and if the point at which the

coax leaves the model is improperly chosen, the lead can interact with the

model and so distort the fields which are to be measured. Thus, a coax which

4. Valdis V. Liepa, “Sweep Frequency Surface Field Measurements,” Sensor and
Simulation Note 210, 1977.
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leaves from the nose of an aircraft model will not distort the charge distribu-

tion when the excitation is antisymnetric, but with symnetric excitation (~

parallel to the fuselage) where the dominant currents on the fuselage are axial,

the conducting lead will provide a continuation of the current path and change

completely the frequency response of the aircraft. In most measurement situa-

tions it is fairly easy to find a place on the model at which the coax can be

taken frcm the surface with minimal distortion of the field being measured.

In some cases the place can be located using a theoretical argument, and in

others a combination of intuition and a few trial measurements has proved to

be Sufficient.

From a theoretical point of view a thin conducting lead attached to the

model will not perturb the field, provided it is perpendicular to both the

incident and scattered electric vectors. For a syrsnetricmodel such as an

aircraft, the condition

dicular to the plane of

lead is in this plane.

there is no universally

the optimum location of

is met when the incident electric vector is perpen-

symnetry (antisymnetric excitation) and the coaxial

On the other hand, when the excitation is symmetric

valid prescription for positioning the lead and selecting

the point at which the lead is taken from the surface,

but in general it has been found most effective to choose the point on the

shadow side close to the middle of the model. With aircraft such as the

12



@

-.

EC-135, F-Ill and E-4 (747) illuminated from the top, the best point is at the

center of the bottom of the fuselage in line with the trailing edge of the

wings.

From a single

there is almost no

●

measurement made with the lead in a particular position,

way to estimate what effect the lead may have, particularly

in the case of symnetric excitation. A procedure that could be used is to

repeat the measurement using models of different scales at the corresponding

laboratory frequencies, but this is not always feasible, and substantially

increases the time and effort required to obtain the needed data. There is,

8

however, an alternative approach in which the original measurement is repeated
....

but with the lead departure point changed while still remaining in the general

area where minimal interaction is expected. As an example, consider the

measurement of the charge at STA

field parallel to the fuselage.

bottom of the fuselage at the po

(see Figure 4 of

is then repeated

wingspan towards

sets of data are

F1350T for topside incidence with the electric

In the first case the lead is taken from the

nt in line with the trailing edge of the wing

[I] for a photograph of this situation), and the measurement

with the departure point moved a distance equal to 3/4 of the

the nose. The measured data are shown in Figure 4. The two

almost identical;and though there is about 5 or 10 degrees

change in phase around 9 MHz, the amplitudes are very small here so that even

a small amount of noise has a noticeable effect.

13



The fact that changing the ’departure point of the lead produces no

significant change in the measured data strongly suggests that any model-lead

interaction that may exist has no effect on the field at the pbint where the

measurement is made. Ifwe regard the measured field as consisting of the

vector sum of the true (undistorted) field and a model-lead perturbation,

changing the lead configuration will modify the amplitude and phase of the

undesired interfering signal, and thereby affect the net field in some manner,

e.g., amplitude, phase,or change in null positions. The absence of any such

effect is evidence that the interference is negligible, and that the measure-

ments are not distorted by the conducting lead. On the other hand, if the

measured data do change, it would appear that either or both sets of data

have been affected by the lead; and it is then necessary to

ments with other positioning of the lead until the charges

acceptable level.

repeat the measure-

are reduced to an

14
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4. EFFECT OF I-IFWIRE ANTENNAS

The first measurements [5] made on the EC-135 model aircraft showed sharp

(resonant) spikes in the current at STA:F1200T when HF wires were present; but

since they were considered spurious and caused by probe-lead interactions,

they were neglected in the manual reduction and plotting of the data. However,

similar measurements made under the present program also showed the same type

of behavior. The spikes occur not only in the current data but in the charge

data as well,and after numerous tests and trial measurements it has been con-

cluded that they are real aridcaused by the resonances of the HF wire antennas.

The resonances are most pronounced In measurements made under the wires at

STA:F1350T for topside incidence with the electric field parallel to the

fuselage.

To better understand the effect of i-lFwires, the charge was measured at

STA:F1350T in the four cases (a) with no wires, (b) with a single shorted wire

only, (c) with a single open wire, and (d) with both wires present. Charge was

chosen in preference to the current because the charge probe is smaller and,

being brought out from within the mode~, is less likely to be affected by

probe-model interaction. .

5. Valdis V. Liepa, “Surface Field Measurements on Scale Model EC-135 Aircraft,”
Interaction Application Memo 15, 1977.
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The amplitude data are presented in Figures 5 through 7. Figure 5 shows

the charges with and without the two HF wires. The wires have a considerable

effect and increase the amplitude from 5 to 50 at 3.5 MHz, as well as producing

smaller peaks at other frequencies. The case of a single shorted wire is shown

in Figure 6 and-here the resonances are fewer and smaller though still clearly

evident. The .frequencies at which they occur correspond to wire lengths of
, .“

0.5, 1.O,and 1.5 wavelengths, as expected on the basis of a transmission line.,.— ,-
shorted at both endsi- kliththe open wire (see Figure 7), however, the resonant

,.
frequencies are shifted and now correspond to wires 0.25 and 0.75”wavelength

.-
long. The res&an~es are those of a transmission,line shorted at one end but

open at the other. The peaks are about three times larger than for the

shorted w!re, and this is again consistent with a transmission line model where

the electric field or charge has a maximum near the open end and a minimum at

the short.

If the charge amplitudes of Figures 6 and 7 are added the resulting curve

is similar to that of Figure 5 except in the immediate vicinity of 3.5 MHz,

where the charge in Figure 5 is larger than the sum of the charges for the

individual wires by about a factor2. This is not surprising since when two

wires are present most of the energy is supported by them, rather than by a

wire and the fuselage as in the other cases. The factor 2 is then consistent

with the higher Q of a thin scatterer or radiator.

17
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5. SURFACE FIELD PHASE AT THE REAR OF

CYLINDRICAL-LIKE OBJECTS

To resolve a controversy about the phase behavior of the surface field at

the rear of cylinders and cylindrical-like bodies such as an airplane fuselage,
..,,, ,

the surface fields were measured on a number of metallic cylinders with open
.=-- --- —— —--.=

and closed ends. . ; ,..=i.=_
..

~-..—:.

..The,,modelsused were,three+holl,ow,steelpipes whose diameters and lengths

(in inches) were 0.715 and 8.46, 1.735 and 16.88, and 1.165 and 54.88. All

three were fitted with copper caps which were soldered in place to produce

closed squared-off ends, but the second pipe measurements were first made

with the ends of the cylinder open to examine the effect of the termination.

As simulators of the fuselage of the EC-135 aircraft whose “average” diameter

at station F520 is 155 inches, the three pipes have scale factors 1/216.78,

1/89.34, andl/133.05 respectively based on their diameters, t

data obtained will be shown for,full scale pipes at the ful”

derived using these scale factors. Details of the cylinders

sions are given in Table 1.

nd the measured

scale frequencies

and their dimen-

21



No.

1

2a

2b

3

TABLE 1

CYLINDER DESCRIPTION

c1 osed. , 21.48. 1.82 11.827.

closed , 42.94- 4.41 9.736

open 42.84 4.41 9.724

closed

Scaled Size*

4656. 393.7

3836. 393.7

3827. 393.7

18544. 393.7

*Values scaled to theaverage fuselage diameter of EC-135 at STA:F520.

The cylinders were mounted horizontally and illuminated with a field

incident in a plane perpendicular to the generators with the incident electric

f~eld horizontal. Using a small current loop probe the horizontal component

of the current was measured at the center front of each cylinder and the

corresponding,point at the back. In addition, for cylinder numbers ?,

22

Scaling
Factor

216.78

89.34

89.34

133.05



2a and 2b, the currents were also measured at the front and

of the length from an end. Calibration was with respect to

at the front in all cases. The measurements made are listed

the data are presented in Appendix B. Here we present only

to this section.

— *-

TABLE 2

.— ___ -FIEASUREMENTSPERFORMED

~ ,(The data are in Appendix B).:+, ,.,i!-’Y.’:f~_.~’:.’

back at points 1/4

the incident field

in Table 2 and

the data relevant

,.
*

f3 Cyliender, Front Center Back Center Front l/4* Back 1/4.

a

Number

1 Figure B.1 Figure B.2 Figure B.3 Figure B.4

2a 1 B.5 B.6 B.7 B.8

2b B.9 B.1O B.11 B.12

3 B.13 B.14

*The Front l/4andBack 1/4 indicates the measurement made at a point 1/4
of the length from an end.

d 23



From corresponding measurements on the open and closed cylinders it is at

once evident that open ends have no significant effect on the currents at the

stations considered. Thus, for example, the phase curves in Figures B.6b and

B.10b (Appendix B) are virtually identical. It is therefore sufficient to con-

fine attention to the

To elucidate the

excited, consider for

closed cylinder data.

manner in which the current on the rear of a cylinder is

example the measurements made at the center of the

second cylinder with the ends closed: Figures 8a, b and 9a, b.

the phase is almost constant for f > 12 MHz and oscillates about

given by physical optics. At the rear, however, the phase shows

At the front

the zero value

a progressive

decrease (time convention e‘Ut] with increasing frequency, and the mean rate of
.—

decrease of approximately 26.20/MHz implies an effective phase center about

2182 cm behind the cylinder, i.e., an excitation path of this length. The

only way that it is possible is if the dominant excitation is around the ends

rather than over the (half) circumference.

For excitation across the ends and hence

the center of the back, the path length isD+

along the rear of

L/2, and assuming

the cylinder to

that the phase

velocity is that of light the progressive phase in degrees is

_ ’360 ‘MHz(D + L/2)cm
4 c

+ 180

24



where c is the velocity of light in cm/sec and the 180 degree phase change has

been added to have the current in the same direction as that in front of the

cylinder. For ,the second cylinder,

‘$
= ‘27”760 ‘MHz + 180

and when this phase is subtracted from the measured phase, the phase at the rear

of the cylinder is shown in Figure 10. The progressive phase variation has now

been eliminated, and the slight overcorrection or rise in the phase curve with

frequency that now exists could be attributed to the approximate nature of the

8

above formula and/or measurement error caused by slight alignment errors in

positioning the cylinder parallel to the incident electric vector.

A similar analysis can be applied to the phase data at the rear of the

other cy

electric

the ends

ridersmeasured, and.leaves no

engths considered the primary

It now follows that computed

little bearing on the interpretation and understanding of the surface fields on

doubt that for cylinders of the

means of excitation of the rear is via

data for an infinite cylinder have

the rear of a finite cylinder. This is in contrast to the situation for points

on the front.

.

d
‘

i ,<
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APPENDIX A

DISCRETE DATA FILTER PROGRAM

(For discussion see Section 2)

COhF’LEX B(3},A(138)
DIMENSION F(138),Af-lP( 138),FI(i3S) >FILEN1(4)

KIIHEN.SION FILEN(4),COHNT1 (18),COMNT2 (lS),TITLE(lS)
LOGICAL*I FILE(30)rBLAt/K
INTEG~RK? LEN
DATA I+LANK/’ ‘/

c

C READING FRCJH THE ORIGINAL t_ILE
c

110
101

120

400

121
300

209

URITE(5?101)
FORPfiT(///ENTERER FILE Nfif+E’)

CALL SCARIIS(FILE,LEN>O,LINNUH ,gllO)
FILE(LE)l+l )=BLfINK
CALL GTFILE(l/FILE~1Fi3UB ~&120)

GO TO 121
iJilITE(.5,400)
,FflRtifiT( ‘FILE DOES NOT EXIST’)
GO T(3 1?0
REfiD(lr34) FILEN1
FORE(4T(18A4)
REAO(lr300) COflXTl
REf3D(l ~300)COPlNT2
F:EAD(17300)TTTLE

REt’<D(l/2(JO)FMI,FMA,AMIN ,AM.4XYPMIN,PMAX>NN2
FoRtiAT(4F8.3?2FE *2?15 )
L2=t40D(NN2Y3)

L.J=NN2-L2-2
READ(ir201 )(F(J),fihlP(J ),PI(J),F(J+l ),AMF’(J+l ),PI(J+l)rF(J+2)r

*AtJ?(J+2) YPI(J+2)~J=l ,LJ,3)
201 ,WRH4T(3(2F3,37FS .2))

L3=3-I.2
GO ?o (31r32,33)7L3

31 REAn(lf202)F(NN2-1) 7ARP(NN2-1 )?PI(NN2-1) 7F(NN2))AMP(NN2) rPI(NN2)
202 FCRHAT(2(2F803?F8.2))

GO TO 33
32 REAI((l,203)F(Ntt2) r6MP(NN2) ,FI(NN2)

203 FORHAT(2F3.3YF8. 2)
c
c Cf).NbE,RSION OF DflTfi INTO COMPLEX FORfl
c

33 DLl 12 I=lJN1/2
F.J=F’1(1)/’37.272El
A(I)=CHF’LX(CiIS(PJ) rSIt4 (PJ))XFlhP(I)

12 C(INTI)]UE
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c
C FILTERING ROUTINE
c

wSITE(A,1OO)
100 FCJRllhT(/r’EFITEFi FILTER ORDER X CUTOFF FREQUENCY (CYCLES PER PLOT),

*IN FOK’NAT 12>G5.1’)
READ(5,102))J,FC
FORiiAT{12r,G5.1)
E=A.2822*FC
P=FLohT(NN2)
T=I./F’
XN=N
u=2.%&(I./xN)x(l.+COSiU*T) )-2.
v=u+2.-2.*CCS(U*T)
!I=l ./U%(U-SERT(V%K2-U*”*2> )

E(i)=fi(ll)
co 11 ~z~,:o

J=:l-i
~i:~):{j. -!”J>/2.t(f}(~)+h{.J+l ))+Q*B(l)
B(I )=5(2) ,..—.——- . —

11 CCINTI&
113 10 K=l,N
R{3)=B{1)
nil 13 I=17NN2
i3(2)=(l.-n)/2.%(A(I )*R(3))+(I.$R<:)
B(1)=R(2)
~(~)=fi(~)

,}{I)=B(2)

13 CONTINUE
B{3)=B(1)
1~0 10 1=1,$4)42
J=NN2+1-1
B(2)=(l.-Q)/2.X(A(J)+B(3) )+Q$B(I)
L!(1)=L%(2)
E(3)=A(J)

A(J)=H(2)
10 CONTINUE

Do 1+ I=1,NN2
XR=REhL(h(I) )
XI=(tIHAG(t3(I))
PI(I)=ATA)42(XI,XR)*57 .295S
9HF(I)=E9W(A{I))

14 CONTINUE
L

C CALCULATION OF THE h!Ebl tllNIMA Z MAXIHA
c

hMItl=AMF(l)
kwlx=AH7N
PHIN=F1(l)
F’f_i#.x=F’?+IN
DO 15 J=2,1WK!
IF(9MF(J). GE.AMIN)GO TO 16
AHIN=AHP(J>
GO TO 17

1A IF(fi14P(J) .LE.hHAX)EO TC! 17
AilfiX=At4F(J>

17 IF(FI(J) .GE.PMIN)GD TO 18

32



FtiI)J=PI(J)
GO TO 15

18 IF(FI(J) .LE.PHAX)GO TO 15
FtiAX=FI(J)

15 CONTINUE
c
C CREATION ANO FILLING OF THE NEW FILTERED FILE .
c

401

34

501

lJRITE(6,401)
FORhAT(/,’ENTER NAHE FOR THE FILTEREIl FILE’)
REA5i5,34)FILEN
CfiLL CK’EATE(FILEN,O,O,O)
CALL SETDSN;9,F’ILEN)

lJRITE(8Y34)FILEN
FCSKHT(4A4)

USITE(S,ZOO)CON?4T1
UFIlE(S,300)COtiNT2
WRITE(8,300)TITLE
UKITE(8,501 )FMI,FMA,AHItJ,AMAX ,PflIN,PMAX,NN2
FORMAT(4F8.3,2FS.2,15)
L2=NOD(NN2?3)
LJ=Nt/2-L2-2
URITE(S,502) (F(J),AHF’(J) ,F’I(J),F(J+l ).OMF(J+I ),pl(J+I)

XrF(J+2) rfitiP(J+2),PI(J+2) ,J=1,LJ,3)
502 FOR?iAT(S(2F8.3,F8.2))

L3=3-L2
GO TO(61,62,63),L3

61 1JRITE(s,503)F(NN2-I ),A):P(NN2-1), F1(NN2- I)!F:NN?)?

*AMF(NN2),FI(NN2)
503 FORRAT(2(2F9.3,F8.2)>

GO TO L3

62 UR17E(8,504)F(N!42), AMP(NN2) ,PI(NN2)
504 F02HAT(2F8.3rFS.2) .

63 GO TO 110
END
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APPENDIX B

CURRENT DATA MEASURED ON VARIOUS CYLINDERS

AS A FUNCTION OF FREQUENCY

(For discussion see Section 5, particularly Table 2, page 21.)
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20.0

16.0

a,o

U.o

0.0

c

200.0

100.0

-100.0

-200. C

—
S9U CM OIR CLOSCO CYL. L-U6!5G CM FRONY

S RUG 77 UH

D U.o S.o 12.0 16.0 2

3SU CM OIR CLOSEO CYL. L-USS6 CH FRONT

9 RUG 77 urn
——

0.0 U.o S.o 12.0 16.0 20

FREQIJENCT lMtlZl

Figure B.1: Current at front center of cylinder No. 1.
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12. D

U.Q

0.0

200.0

100.0

-100.0

-200.C

0.0 U.o B.o 12.0 18.0

—— -— ———— --r-——— 1
U CR DIR cLOSED CYL. L.U656 CH 9RcK

\

k

-.—..—- ._ — . . _-,&-f RUG 77 IJn
———

0

0.0 U.o 8.0 12.0 }6.0 20.0

FREQUENCY lHHZ1

Figure B.2: Current at back center of cylinder No. 1.
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12.0 ——~ ——-—— —
SSU Cll DIR CLOSED CYL. L-U65S CR FRONT CJ,2

I

I13.o

I

U.o

9 RUG 77 Utl

r U.o IY.o 12.0 16.0 2(
0.0

0

200.0

S9U CM 01S CL09E0 CYL. L-U656 CM FRONT 0.2--l

100.0

I

t

-100.0

9 RUG 77 Un

0.0 U.o 8.0 12.0 16.0 20.0

-200.0

FREOUENCY IHHZI

Figure B.3: Current at front 1/4 of cylinder No. 1.
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t2. o ~ ..—_. ~. —.. — .— ---- —- . . . ..— - .-—-—— - -— —--- -.., __
3SU c?l DIR CL flSED CYL. L-US5E Cm SRCU 0.2s

8.0

U.o

U.o
(

290.0

100.0

0.0

-100.0

-200.0

D U.o 13. o 12.0 113. O 2(

i356 Cn LRCK 0.25

9 RUG 77 Un—.——.
0.0

—-

U.o 8.0 12.0 16.0 2(

FRE’JUEIJCT f14Hzl

Figure B.4: Current at back 1/4 of cylinder No. 1.
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3
0

6.0 ———————

U.o

2.0

0.0

S9U CR DIR CLOSEO CYL L-3836 CM FRONT

8 RUG 77 UH

0.0 10.0 20.0 So.o Uo.o 5(

200.0

100.0

-100.0

-200.0

(

S9U CH DIR CLOSEU CYL L=3896 CH FRONT

Lf

8 RUG 77 UH
—.—— e — — .—
3 10.0 20.0 90.0 Uo.o 50.0

0

FREQUEMCY (HHI!)

Figure B.5: Current at front center of cylinder No. 2a.
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U.o

3.0

1.0

0.0

!!fIu CM DIR CLOSED CYL. L=583B Cll BRCK

9 RUB 77 Utl

0.0 10.0 20.0 3!).0 Uo.o !51

200.0

100.0

-100.0

-200.0

f

3!ac Cl! LIIII CLOSED cYL. L. J36 CH BRCK

\

!3 RUG 77 Ull

o 10.0 20.0 30.0 Uo.o 50.0

FREQUENCY [MHZ)

o

Figure 6.6: Current at back center of cylinder No. 2a.
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6.0

U.o

2.0

0.0
I

200.0

100.0

-100.0

-200,0

— ———— .-— ——
S9U CH OIR CLOSEO CYL. L-38SC CH FRONT 0.2

.,

!3 RUG 77 U!l
1

2 10.0 20.0 30.0 Uo.o 50.0

9SU CR OJR CLOSED CYL. L-3896 CH FRONT 0.2

.

9 RUG 77 UH-. .———— . .

20.0 30.0 Uo.o SC0.0 10.0

Figure B.7 Current at front 1/4 of cylinder No. 2a.
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!L. O

3.0

1.0

U.o

c

——— -—. . —— .. -- ——.. .——. _ —— —...—- .-. -.—__
30U CM OJfI CLOSED CYL. L-3BSB CH BRCK 0.25

II

.
s RUG 7? U?l

; 10.0 20.0 30.0 Uo. o 5(

I

1

0

..

3SU CH 0111 CLOSED CYL. 1-38S6 CH 69(

-200.0 L-- 9 RUG 77 Un— —-
0.0

. . ..— —

10.0 29.0 SD. O 40.0 50.0

FREQUENCT !Hti Zl

Figure 3.8: Current at back 1/4 of cylinder No. 2a.
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S.c

U.o

2.0

0.0
1

200.0

100.0

-100.0

-200.0
0

3SU CM LIJR OPEN LYL. L-3836 CR FRDNT

e RUG 77 UH

I 10.0 20+0 30.0 Uo.o S(

S9U CM DIR OPEN CYL. L-9696 CH FRONT

.- —...—.—.— 8 RUG 71 Un
>

— —— .—
10.0 20.0 So.o Uo.o 5(

0

I

1’

fflEUUEMCY [MHZ)

Figure B.9: Current at front center of cylinder No.



1-
.

6.0

U.o

2.0

O.c

— —. —e __ .—— -

S9U CM DIR OPEN CYL. L-S133B CH 511CK

B RUG 77 LIH I

0.0 10.0 20,0 30.0 Uo.o So.o

200.0

100.0

-100.0

-200.0

———._ —.-—

\

.— . ——.-—

CH DIR OPEN CYL. 1-90S6 CM 612CK

-— s RUG 77 urn
—...—

0.0 10.0 20.0 30.0 Uo.o 5{

FREOU:NCT (HHI)

Figure B.1O: Current at back center of cylinder No. 2b.
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S.o

U.o

2.0

S9U CM DIR OPEN CYL. L-SC138 [H FRONT 0.25

-——-0.0
9 RUG 77 Ul!

0.0 10.0 20.0 90.0 Uo.o 51

200.0

100.0

-Ioo.c

-200.(

39U C)!OIR OPEN CTL. L-9836 CH FRONT 0.25

9 RUG 77 Uli. . ——-— ——
J 10.0 20.0 50.0 Uo.o 50.0

FflEQUEtiCT (HH7.)

Figure B.11: Current at front 1/4 of cylinder No. 2b.
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. .

o.D
5 RUG 77 Urn

,—. ——— — . . . . . . . . ..-. — ————. .—-— —

0.0 Io. c! 2B. D 30.0 ao. o 5{

2D0. D — -7 .

-~

lDO. O

-l DO. L

-200. C

3S% CM DIR OPEN CTL. HL-3a36 El! BBCK O. 5

S RUG “77 UR
-. —. —.-— J.——A—— A----- . . -.——

) 10.0 20. D 30.0 Qo. o 5(

FI?.ESUENC7 (IIHZI

Figure B.12: Current at back 1/4 of cylinder No. 2b.
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12.0

8.0

Y.o

0.0

-—— —.—
SSU CM OIR CLOSEO CYL.L=18SUS CM FRONT

1

I

I! 9 RUG 77 U!!
II

0.; S.o 1s.0 2U.O S2.O

200.0

100.0

0.0

-100.0

-200.0

.— .- .—.— ._

99U CH OM CLOSEO CYL.L-155U’d CH FRONT

s Ruo 77 Utl

0.0 8.0

Figure B.13: Current

16.0

FFIEOUEtJCYfHHZ)

at front center
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6.G

U.c

2.<

0.[

-. —. —.
SSU M DIR CLOSEO CTL. L-1B5U4 CM BRCK

. —— —..——
2U.O 32

200.0

. .

100.0

-1OU.O

-200.0

0.0 8.0 16.0

\

—
0 8.0

Fjgure B.14: Current

———
16.0

FREQUENCY (MHZ]

at back center
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