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ABSTRACT

- The magnitude of open-circuited and short-circuited transmission
line impedances versus freg};eqpyrgrie gri'apheid ,,f,c,,’,,r Vvarxi'ious values of ther 7
geometric factor, depth of the transmission line and ground conductivity.
A computer code that produces the plots for any value of the parameters

is described and listed.



I. INTRODUCTION

In this note the influence of three parameters on the frequenéy ver-
sus the magnitude of the impedance for a buried transmission line simulator
. _ : "
is studied; the study is based on an analysis by Carl E. Baum. The sim-~

ulator consists of two parallel plates of width 2a, separated by a distance

of 2b, and a depth into the ground of £. The geometry of the configuratibn

is shown in Figure 1.

\
\ -
ground level

2a§

Figure 1

* C. E. Baum, "A Transmission Line EMP Simulation Technique for
Buried Structures, " EMP Sensor and Simulation Note XXII, June 6, 1966,



~The limit of our concern :‘Lnithis note is to compare frequency to

the impedance of the open-circuited and short-circuited transmission line

for various plate-depths, ground conductivity and geometric factors. A

cémpute,r éodé 'fpha‘ticiairilr 'e,asily be used to pi:odiice graphs for any value of
the parameters is included since not all interesting combinations can be

presented here.

-3-



II. OPERATION

General

The plots contained in this note were produced on the Calcomp Plot-
ter. FEach graph is logarithmic vertically and logarithmic horizontally with
150 points plotted along each curve. The heading of each graph contains the
three parameters, that is, plate depth (1), conductivity, and the geometric
factor.

Practically, it is more desirable to describe the geometry of the
simulator in terms of the ratio of the plate separation to the plate width
(b/a) than in terms of the geometric factor (fg). For this reason, provisions
have been made to list b/a to clarify the geometry. However, it should be
noted that fg and not b/a is necessary for the calculations in the program.
The code does not calculate fg from b/a. If the geometric factor is not
known for a given b/a it can be determined with the computer code described
in EMP Sensor and Simulation Note LIIl.

The impedances for the two curves of each graph are given by
equations (1) and (2), below. These values are computed and plotted for
various combinations of the parameters. Since these quantities are gen-
erally complex, the magnitude of each is plotted against frequency. The

frequency is in cycleg per second. The curves are distinguished by tagging

ole

" T. L. Brown and K. D. Granzow, ''A Parameter Study of Two-Plate
Transmission Line Simulators of EMP Sensor and Simulation Note XXI, "
EMP Sensor and Simulation Note LII, April 19, 1968,



ZL and

o

them with ZL for the magnitude of the open-circuited and mag-
S

nitude of the_short—circuited transmission line impedance, respectively.

Accepting from Note XXII, along with their restrictions, we have

the open~circuited transmission line impedance

: - -i2ky
o 1+eJ
7 Z; T4
e}

1re "~ (1)
wl-¢e j2kt
and the short-circuited transmission line impedance
-j2k4 T
1-e
= o ommem s, = —r (2)
Lo i"”’;f"Ls Loo 1+e j2k4
The impedance of an infinite or ideal transmission line is given by .
. z. =f —d 3
Z ¢ 50 (3)
where the propagation constant, k, is
DS (@
_ 5 7
and skin depth is R 7

(5)

|
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A description of the variables is as follows:

Variable Designation Unit of Measure
i Ground permeability =y = AT 107°
henrys/meter
fg Geometric factor
o) Ground conductivity mhos/meter
k Propagation constant
f Frequency cycles/second
£ Plate depth meters
8 Skin depth

The table below summarizes the graphs found in this note.

f

-4 b/a £ g

. 47263959 1.0 20.0 5.00 x 10°°
20.0 8.00 x 10°°

B 20.0 1.10 x 1072

20,0 3,00 x 1072

40.0 5.00 x 1075

40.0 8.00 x 107°

40,0 1.10 x 10”2

40.0 3.00 x 1072

60.0 5.00 x 10°°

60.0 8.00 x 10°°

60,0 1.10 x 1072

60.0 3.00 x 1072

80.0 5.00 x 10°°

80.0 8.00x 10°°

80,0 1.10 x 1072

80. 0 3,00 x 102



ol b/ 2 i

47263959 .0 _.100.0 5.00 x 10
S - ~ 100.0  8,00x 10

100.0  1.10x 100
.100,0 . 3.00x 10

The following graphs were reproduced directly from the Calcomp

plots.
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lZLuI AND

MAGNITUDE OF @PEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSION
LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 20.0 METERS, CONDUCTIVITY = 5.00E-03 MHOS/METER
FG =.473 (B/H = 1 00)
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IO—I L] T L] T ¥ ¥ 1 F ¢ ¢ T T T T T T T T T t T T 1 T T T T T—f’lf‘
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~ MAGNITUDE OF OPEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSION
LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 20.0 METERS, CONDUCTIVITY = 8.00E-03 MA0S/METER
FG =.473 (B/A = 1.00) |
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MAGNITUDE OF OPEN-CIRCUITED ANDTSHORT-CIRCUITED TRANSMISSION
LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 20.0 METERS. CONDUCTIVITY = 1.1DE-02 MHOS/METER
F6 =.473 (B/A = 1.0Q)

102 A 1 A R WS S S W O | A L 3 K VR S TN S S W | K. | 1 S T IS IS T |

A A A 32 L

g M— — .
10" 10° 106 107
FREWUENCY (CPS)
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MQCNITUDE OF QPEN-CIRCUITED AND SHORT CIRCUITED TRANSMISSII
- LINc IMPEDANCE VERSUS FREQUENCY FOR

| L = 20.0 METERS, CONDUCTIVITY = 3.00E-QZ MHBS/METER
L - FG =.473 (B/A = 1.00)

101 1\ Y A [ U W S A A K B WS TR W S U WS ¥ u \ A (SR DY U W O
] C
E /"
B i
b
r
r_
r
L
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: s
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10 1ot 10° 10

- -FREQUENCY (CPS)
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lZLnI AND

{AGNITUDE OF QPEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSION

LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 40.0 METERS. CONBUCTIVITY = 5.00E-03 MHOS/METER
FG =.473 (B/A# = 1.00)

102 1 A | I | 1t 1. s 313 1 A i B I T N T I i i 1 . RO W DO TS I |

S DA U WS VS S |

103 104 10° 108
FREQUENCY (CPS)
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lanl AND

MQGNITUDE GF OPEN- CIRCUITED AND SHERT-CIRCUITED TRHNSMISSI[

~ LINE IMPEDANCE VERSUS FREQUENCY FOR
= 40.0 METERS. CONDUCTIVITY = 8.00E-03 MHOS/METER
FG =.473 (B/A = 1.00) o

IZLS‘
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2| ANDJE

MAGNITUDE OF QPEN-CIRCUITED AND SHART-CIRCUITED TRANSMISSION
LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 40.0 METERS., CONDUCTIVITY = 1.10E-02 MHOS/METER
FG =.473 (B/R = 1.00)
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-
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MAGNITUDE OF QOPEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSIAN
LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 40.0 METERS, CONDUCTIVITY = 3.00£-02 MHOS/METER
FG =.473 (B/A = 1.00)
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107 10t 108 108
" "FREQUENCY (CPS) | -
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2,] AND |2

MAGNITUDE OF GPEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSION
LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 60.0 METERS., COGNDUCTIVITY = 5.00E-03 MHOS/METER
FG =.473 (B/AR = 1.00)

102 L A A 4 E AR D W T 1 il A I AU TV T N U 1

10° 10t 108 108
FREQUENCY (CPS)
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'Zts! f

|ZLOI‘RND

MAGNITUDE OF OPEN-CIRCUITED AND SHORT-CIRCUITED TRANGMISSIOM
e ==L INE IMPEDANCE VERSUS FREQUENCY FOR
L = 60.0 METERS, CONDUCTIVITY = 8.00E-03 MHOS/METER
- .. . FG6 =473 (B/A = 1.00)
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MAGNITUBE QOF GPEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSION
LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 60.0 METERS, CONDUCTIVITY = 1.10E-02 MHOS/METER
FG =.473 (B/R = 1.00)

1(]2 | WS TN VN Y T B W | 3 1 KN DU DU T SO W O T A 1 R R S SO D U0

103 10* 1Q° 108
FREQUENCY (CPS)
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2, AN A

~ MAGNITUDE OF OPEN-CIRCUITED HND SHORT-CIRCUITED TRQNSMISSI[
LINE IMPEDANCE VERSUS FREQUENCY FER

L GD .0 METERS. CONDUCTIVITY = 3.00E-02 MHGS/METER
FG =.473 (B/A = 1.00)
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O 8

MOGGNITUDE OF @PEN-CIRCUITED AND SHBRT-CIRCUITED TRANSMISSION
LINE IMPEDANCE VERSUS FREDUENCY FOR
L = 80.0 METERS. CONDUCTIVITY = 5.00E-03 MHOS/METER
FG =.473 (B/A/ = 1.00)
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MAGNITUDE OF QPEN CIRCUITED GND SHORT-CIRCUITED TRANSMISSIC

LINE IMPEDANCE VERSUS FREQUENCY FOR
L = 80.0 METERS. CONDUCTIVITY = 8.00E-03 MHOS/METER
FG =.473 (B/A = 1.00)
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1L, |

‘ZLDI AND

MAGNITUDE @F Q@PEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSICON
LINE IMPEDANCE VERSUS FREQUENCY FGR
L = 80.0 METERS, CGNDUCTIVITY = 1.10E-02 MHGS/METER
FG =.473 (B/A = 1.00)
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2| AN |7 |

MAGNITUDE OF OPEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSIO
"7 LINE IMPEDANCE VERSUS FREQUENCY FOR
| = 80.0 METERS, CONDUCTIVITY = 3.00E-02 MHAS/METER
FG =.473 (B/A = 1.00)
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MHENITUDE OF QPEN-CIRCUITED fiND SHORT-CIRCUITED TRANSMIGOION
LINE IMPEDANCE VERSUS FRERQUENCY FOR
L =100.0 METERG, CONDUCTIVITY = 5.00E-03 MHOS/METER
FG =.473 (B/A = 1.00)

102 ]1 1 i % L | R RN TG T WO 1 WA X 1 ] ) HES S T O W | 1 A 1 L IS WU O S (S 5 S
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MAGNITUDE OF OPEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSICGN
: ~LINE IMPEDANCE VERSUS FREQUENCY FOR
L "IDD D METERS CONBUCTIVITY = 8.00F-03 MH@Q/MLTER
~FG =.473 (B/A = 1.00) -
.101;4 T S S S S S SN SR T T S A S R S S S S R

10 T I T LD L B §

e g3 10" 10%
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MHGNITUDE Q@F QPEN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSICGH
LINE IMPEDANCE VERSUS-FRERUENCY FOR
L =100.0 METERS., CONBDUCTIVITY = 1.10E-02 MHDS/METER
FG =.473 (B/A = 1.00)
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MFGNITUDE OF OPEN CIRCUITED HND SHDRT CIRCUITED TRQN&MISSIGN
LLINE IMPEDANCE VERSUS FREQUENCY FOR
L =100.0 METERS. CONDUCTIVITY = 3.00E-02 MHOG/METER
FG =.473 (B/A = 1.00)
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Program EXAMN

Program EXAMN accepts parameterg from data cards as follows:

Variable Format by Which
Name Column Type Variable is Read Use
STOPRD 1 Alpha- 1A1 Stops reading cycle
numeric

FG 2-8 Real F9.8 Geometric factor

BA 10-15 Resal F5.2 Ratio of the distance
between the plates to
the plate length (for
clarification only)

L 20-25 Real FT7.2 Depth of the plate
into the ground

SIGMA 30-35 Real EQ.2 Conductivity of
ground

The prognram generates one graph for each data card that it reads ex-
cept the last data card which should contain an asterisk (*) in the first column
to stop the reading cycle. The graphs drawn by EXAMN are logarithmic
vertically and horizontally. The plots measure six inches by six inches.

The domain of the frequency consists of three consecutive decades
between 102 and 107. The program determines this domain in order to

ZL
s

<R < 102 unless z, = f(F(l))is less than 10 F in
<]

calculate values of ZL and in an area of interest. The range, R, of
o)
1

ZL ' and is 10~

o

ZL
s

which case the range is shifted so that 10-2 <R <L 101.

The program generates approximately 50 values of the frequency for

each of the three decades and calculates corresponding values for ZL and
o

_28-.



The numbers are listed by the printer along with the parameters

.
I'ZL
L s

that determine them. i

Subroutine ADJUST is called in the event values of ZL and ZL
o

fall beyond the upper limit of the renge for the selected domain. This
- routine adjusts the data to the extent of retaining only those points within
the upper limits of the graph. The adjusted points are then plotted.

R Output to the Calcomp Plotter cons1sts of, for each data card, a

ZL
S

ZL
0

. log-log graph of f versus and f versus along with a heading list-

ing the three parameters. Differentiating tags are positioned at the tenth

* point plotted for each curve. . : -

Calcomp Plotter 1nstruct1ons are written on thls tape and it must be

specified as a low density tape (200 BPI). The 1oglcal de81gnatlon for

~ this tape is 10 and must appear as such,ftn the control cards. , ,
CPU time to compile and produce the first graph is approximately
27 seconds., Each subsequent graph takes less than five seconds. The

These figures are

program W111 complle and execute in a f1eld of (53000)8

based on the use of the CDC Chlppewa Fortran System on a CDC 6600

computer,

-20~



Appendix A
Flow Charts for Program EXAMN
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PI =q

MUZERO=14
DELTAP=5, 0
|PIMU  =mu,

F(1)

100 t—p»

F(1) = 1000} _p|

F(1) = 10000} —p

F(1)=100000 | gl

DEOM = L*L*
PIMU*SIGMA
A=l/ (DEOM* 11
DELTAP*DELTAP)

n
3]
o
A

i}
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F(II)=10%%

(I1/50)*F (1) ety
[I=II + 50

No

Yes
FINTV1 = (F(50)-F(1))/50
FINTV2=(F(100)-F(50))/50
FINTV3=(F(150)-F(100))/50

F(M)=FINTVZ

+F(m-1)

F(M)=FINTV1 F(M)=FINTV3
+F(M-1) +F(M-1)
M = M+l

No

-32-



Yes =\ ZLOM(N)

STARTH = F(1)
STARTV = .1
NODECH = 3
NODECV = 3
DECLNH = 2
DECLNV = 2
NPTS=150,KIND=3,
LAST=-1,YMAX=
STARTV*10**NODECV
MORE=155,COX=
F(150)

ZLOM(N) = Zp
ZLSM(N) = Zp_

~-33-



TARTH = F(1)
ODECH = 3
ODECV = 3
ECLNH = 2
ECLNV = 2
PTS = 150
KIND = 4
AST =1

_34 -



ENTER

GOL(N) = log O,
log 1,l0g 2,...,
log 10

Fill XARRAY and

YARRAY with
values to be
graphed

initial-
izgd

Initialize
Plots

Y

Ceﬁter
graph on 10
-{inch paper

Y

Find (1,1)
or closést 4——J
point to (1,
1) on graph

‘IDraw axes, tic marks
Calculate and locate
decade values., Erm-

closest point to (1,
1) on graph.

Terminate 3' to
right of present
graph level with
horizontal axes

inate at (1,1) or [

-35-

N=N+1

|

Scale and
plot XARRAY
(N) against
YARRAY (N)

CALL EXIT

next
graph an
overlay?

CALL

TAG

Yes



Appendix B

Program Listing
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A-N THREFE P A

SENSOR AND

C
C
C
C
C
C
f
C
C
r
C
€
C
C
C
C

COMPLEX FTOX,C1,C2.7INEAL,
REAL MUZERD, L
DIMENSION F{200),
DATA STAR/IH=x/
PI=3.,14159265358979

ZLoMezon

PROGRAM  EXAMNUINPUT,QUTPUT,TAPFS=INPUT ,TAPF6=0UTPUT, TAPFID)
e 4 dedok e ok e g skt ok ok s ok kol sk ok stk ool ok deaolodok ook kol dok ko okl ok g ok Aot ok R R kol ok Sk ok Kok Kok R

RAMETER STUDY 0OF

ST MULATION NOTE 22

THE DPFN-CIRCUITED AND SHORT-CIRCUITED TRANSMISSINN LINE
' STMULATION FOR RURTED STRUCTURES

IS EXAMINEN,

THIS PROGRAM READS THE GEOMETRIC FACTOR,
DEPTH OF TRANSMISSION LINE,
AND RETURNS GRAPHS 0OF FREQUENCY VERSUS

- -MAGNITUDE OF THF [MPFDANCE.

AND GROUND CONDUCTIVITY,

ZLO,Z0,7LS

Ve ZLSM{220), XF(200), YF(20N)

MUZERN=, Q000N125663706143591

PIMU=PI*MYZERD
NELTAP=1.0
: C1l=CMPLX(1.0,1.0)
5 READ (5,10) STOPRD,FG,BA,L
IF (STOPRD.EQ.STAR)
WRTTE (6415) L,SIGMA,FG,BA

1 TRANSMISSION/42X,35HLINE
2ATE DEPTH

3XpZBHGEOMFTRTQerCTQRH}FGI

WRITE (6,20)
FORMAT {1HO,2X,9HFREQUENCY

GU TO 105

=,F5.1,23H METERS,

y STGMA

FORMAT (1AL ,FO.8,2XyF5.242XoF7.742X,E9,2)

FORMAT (1H1,30X,60HMAGNITUDE OF OPEN-CIRCUITED AND SHORT-NIRCUITED

IMPENANCE VERSUS FREQUENCY FOR/ 30X, 13HPL
CONDUCTIVITY =,E9.2y11H MHNS/METFR/ 40
=yF6.,4,7H (B/A =,F5,2,1H))

1A X9 4HILOM,6X g 4HZILS My 16Xy GHFRFQUENCY,y 4 Xy

L4HZE OMy AX 9 4HTILSM 16X, OHFREQUENCY 94X y4HZLOM,6X 4 4HZLSM)

DEOM=L =L %P MUXSTGMA
A=1.0/{NENM*DELTAPRNELTAP)
IFCALLF.5000.)F(1)Y=100,
IF(A.GT.5000.)F{1)1=10Nn0C,
IF(A.GT.50000.)F(1)=10000.

IF(A.GT.500000.)F(1)=100000.

M 40 11=50,150,50
FOIT)=10%%{T1/50)%F (1)
FINTVI=(F(50)-F(1))/50.
FINTV2=(F{100}-F(50)) /50,

FINTVAR={F{150)-F{100)) /50,

DN 65 M=2,149 .
TF (M=5Q) 45,65,50

-37-

EX

EX
FX
FX
FX
EX
£X

FX .

£X
EX
FX
FX

1

7k ook ook e ok e d e ok ko e it ook kokok ookl kR Rk R R Sl ok koo ko ko R Rk R ok kR ok kR ok kR ok ok Rk k&

—~ ‘
S S s N B NS N2 TN S

1')
14
15
1A
17
18
19
20
21

22

%3 -

24
el
76
27
28
20
20
31
12
33
34
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74

83

as

S0,

FAMI=FTINTVI+E(M-1}
Y TR A5

IF {M=100) 55,65,60
FIM)=FINTV2+F (M-1)
" TN 65
FIMI=FINTV3+F(M-1}
CONTINUF

70 N=

1y150

NELTA=SQRT{1.N/{PTIMULF (MY XSTGMAL)
IINEAL=FCRCL/(NFLTARSTIGMAL

A= %w{ -7

NOEL TAY

CR2=CMPLY{R,0}

CIOX=CEYP(C 2)
TLO=ZINFALX(TLO#FTOXI /L. N-ETOX)
TLOMINY < AQSLTLD)
TLS=2Inr At %1 . 0~FTOX} /(1. D+ETOX)

TLSMINM) -

ARSUZILS)

CONTINUE

WRTTE (6,751

FORMATY

(1X;3E10642,17%:3F1042,13%X,3F10.2)

STARTH=F( 1}
[FOZLSMELToLlTeal)l STARTY=.01

IF(7LSH

(11.GFaal) STARTVY=,1

NODECH=3

NODEC Y=

2

NECLNH=2,

NECLNY =

£

NPTG=] 60

KTINN=3
LAST=-1

YMAY=STARTVH] O & x{NOHEOYY
MORE=1455

COX=F{ 150G

IF(ZLOM

)
(1501.GT.YMAX]) GN TO RD

G0 T 85

CALL ADJUSTIT s ZLOMGNPTSyCOX 9 YMAX ¢ XF,YF 4 MORE,NFEWPTN)
CALL DRAWL{STARTH, STARTV.NODECH,NODECV,,DECLNHyDECLMV,NEWPTR, XF,
LYF KIND,

LAST,,RACK)

G T 90

CALL DRAWL (STARTH, STARTV,NUOECH NOUECV,DECLNH NECLNV NPTS, Fy 7L0OM,

LKINM,LA

ST,BACK)

STARTH=F( 1)

NUDECH=

3

NONECV=13

NECLNH=
OFCLNV=

2
7.

NPTS=150

KIND=4

,38_

CORINN) o ZLOMINND o ZLSMINNT o FINNES50) ¢ ZLDMINN+ST Y, 7L SMN
IN#GO Y G FINNET N0 ZUOMINN$T OO0} ,ZLSMINN+T00) ) o NN= 1,

FXx
Fx
X
FY

gx

FX
rx
£x
Fy
FX
FX
rx
Fx
FX
FX
FX
Fx
nY
X
| X
FX
FY
(24
FX
F ¥
Fx
X
FX
£X
£X
F X
FY
£x
FY
EX

JEX

FX
FX
X
F X
EX

FX

E£X
FX
£X
EX
FX
FX
X

1
LR
27
iH
10
Hn
4l
H 7
47
oty
(!
Yo
67
4R
4y

5

82
|1
REA
86
b fy
8T
SR
Y
LI
el
£ 2
H 1
&y
55
Hréy
a7
&9
H)
71
71
72
73
74
75
74
7r
73
79
N
ay
B
a3



LAST=1 EX

IF{7LOM(150).GT. YMAX) GO TO 95 £X

CALL PDRAWL (STARTH,STARTV,NODECH ,NODECV,DECLNH, DECLNV,NPTS, Fy ZLSM, EX
1KIND,LAST,BACK) EX

- 60 TO 100 - EX

95 CALL ADJUSTI(F,2LSM{NPTS,COX,YMAX ¢XF,YF,MORE,NFWPTS) EX
CALL DRAWL(STARTH, STARTV,NODECH,NODECV DECLNH, DECLNV,NFWPTS,XF, EX

- - 1YF4KIND,LAST,BACK) EX
100 CALL HFAD{ 6o y6e9LySIGMA,FG,3A,BACK) EX
GO TO 5 EX

105 CONTINUF X

END FX

e . =39-



SHRRMIITINE NRAWL (STAQTH,STARTV,NDDFCH,NJDFCV.DFCLNH,ﬂFFLNV.NﬂFQ.X TL

1ARRAY , YARRAY K INDJLAST,XT)

1!

!
7

% e ke o ol e e ok oo o o ool ke o ke e e s e e S kool ol ok ook R ok RoR ROk Rk kR R R ol ok T ok ko e ook R Kk

i I B B |

10
15

20

25
In

[FS
o

40

&5

50

55

60

65

THIS SURROUTINFE SCALFS, DRAWS THF AXIS FMR THF LOG LAOG
PLOTS THF DATA WITH ANY NUMBER OF OVERLAYS ON THF CALCOMP PLNOTTER,

GRAPH,

DIMENSINN X{200), Y(?00), GOL(11}, XARRAY{NPTS}, YARRAY{NPTS)

DATA GOL/0.04.1T7609,,30103,.47712,.06020645.H69R97,,.77815y 484510,,903
109y 495424410/« IFT/2HI2/ ,CORFCY /N ./ ,CORETX/ O/ JFT/2HTTY/

NO S [=1,NPTS
XETY=XARRAY(T)
Y{T)Y=YAPDCAY( T}
THROKK=KIND

[F (KINP=3) 15,25,10
TE (KINN=4) 15,150,15
URITE (&,20) KIND

FORMAT (41H THE KIND OF GRAPH ASKED FOR IS IN FRRNR,I8)

RETURN

17 (1n-2) 30,35,30

CALL PLOTS (TR,TB,10)

1n=2

RNODEC=NONDECY

REALH=RNODEC*DECLNV

YS={ 10.-REALH} /2.-45

CALL PENT (0.,Y¥S,-3}

K=0

CALL FLAG (K,STARTH,NODECH}

K=3%{K-1}

CALL FLAG (K,STARTV,NODECV)

GO T (40:34545Ce55,60,65,70,75,80), K
CALL FIND1 (STAPTH NNDECHDFCLNH,XXX}
CALL FINDY (STARTV,NNECV.DECLNV,YYY)
G0 TO RS

CALL TOSMAL (STARTV,NODFCV,CORFECY ,YYY,DECLNV)

CALL FIMNNY {(STARTH,NNDECH,DECLNH XXX}
GO T 85

CALL TOLARG (STARTV,NODECV,CORECY,YYY)
CALL FINDL (STARTH,NNOFCH,DECLNH,XXX)
GN TO 85 ; -

CALL TOSMAL (STARTHGNODECH,CORFLX ¢XXX 4DECLNH)

CALL FIND1 (STARTV.NODECV.DECLNV,YYY)
G Ty RS )

CALL TOSMAL {STARTH,MODECH,CORFCX XXX ¢DECLNH}
CALY. TOSMAL (STARTV,NODECV,CORECY,YYY ,DECLNYV)

0 TN 85

CALL TOSMAL (STARTHyNODECH,CORECXK ¢XXX 4DFCLNH}

CALL TOLARG (STARTY(NADECV,CORFIY,YYY)

~A(Q~

AND

TL
TL
TL
TL
Tl
TL
TL
TL
T
TL
TL
TL

T

TL
TL
TL
Tt
TL
TL
TL

CTL

TL
TL
Tt
TL
Tt
TL
TL
TL
TL
TL
TL
TL
TL
Tt
TL
TL
T

TL
Tt

TL

*
*
3

13
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70
75

80

85

- 90

95
100
105

110
115

" CALL PLOT (XX90.0,2)

YY=(GOL(J)Y+REALI)*DECLNV

GnN 10O 85 .

CALL TOLARG {STARTH,NODECH,CORECX4XXX)

CALL FIND1 {STARTV,NODECV,DECLNV,YYY)

50 70O 85

CALL TOLARG {STARTH,NODECH,CORECX ¢XXX)

CALL TOSMAL {STARTV,NODECV,CORECY,YYY,DECLAV)
GG TO 85..

CALL TOLARG (STARTH,NODECH,CORECX XXX)

CALL TDLARG (STARTV,NODECV,CORECY,YYY)

NODECH=NODECH+]
NODECV=NODECV+1

XX=0.,

POWERX=ALOG10{ STARTH)
ILOG=POWERX+SIGN(. 000001 ,POWERX)
DO 100 I=1,NODECH
REALI=I-1
INUM=TLOG#+(1-1)

CRR=XX-,12

RER=XX+.,13
CALL SYMBOL (RRy=a3,.,14,2H10,0.,2)

TF (INUM,GE, Q. AND.TNUM.LT«10) CALL NUMBER (RERy=421ly 4104 INUM,04yJdF
17)
T IF {INUMLLT.0.0R.INUM.GE,10) CALL NUMBER (RERy~.21,4.10,INUMyQ.,IFT

1)

CALL PLOT (XXy04,43)
IF (I-NODECH) 90,105,90

0N 95 J=1,11

XX={GOL{J)+REALT)I*DECLNH

CALL PLOT (XXy0.0,2)

CALL PLOT {XXy=e05,2)

CONTINUE
CONTINUE
NODEC=NODEC V-1

N0 115 1=1,NODEC
REALI=I-1 ]

NN 110 J=1,11
CALL PLOT (XXyYY,2)
W=XX+.05

CALL PLOT (W,YY,2)
CALL PLOT (XXyYY,2)
CONTINUF
NODEC=NODECH-1

DO 125 1=1,NODEC

~ RELDEC=NODECH-I

N0 120 J=1,11
XX=DECLNH*(RELDEC~-(1.0-GOL(~J+12)))
CALL PLOT {(XX,YY,2)

-41-

44
45

_ 46

47
4R
49
50
51
52
53
54
55
56
87
58
59
A0

61 -

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

85

86
87
as
89
9n
91
9?2



12n
125

135
140
14%

150

155

165
170

175
180

184

" 190

I=YY¥+,.05

CALL PLDT (XXeZ,42)

CALL PLOT (XXeYY,y2)

CONTINUF
POWERY=ALOGID(STARTVLO, **x (NODECY-11})
JLOG=POWERY+SIGN(. 000001, POWERY)

N0 140 t=1,NODECYV

YAND=YY-, N7

CALE SYMBOL (-.5,YADD,.14,2HI0,N,.,2}
RYF=YY+.03

JNUM=JL0G-(T-1)

TF (JNUMLGELDJAND  JNUMLLT 10} CALL NUMBER (=425,RYT, 10, JNUMy 0. JF

1Ty

IF {JN!IMOLT.q'DR.JNl’M‘GEOlO, CALL NUMBER (-.25|RYE'010!JNUM1(’-'FFT

1)

CALL PLOT (XX,YY,3)

IF {1-NODECVY 130,145,130
DO 135 J=1,11

YY=DECLNVR( (NNDECV=-I)-(1.-GDL{~J4+121}1})

CALL PLOT (XXsYY,2}

W=XX=.05

CALL PLOT (W,YY,?2)

CALL PLOT {(XX,YY,2)

CONTINUF

CONTINUF

CALL PLOT (XXXe%¥7Y4—3)

NG 225 I=1,NPTS

IF {X{T}.GEesls} GO TN 165

M=

X{T)=X{T}=*10,

M=M+]

IF (X({I)-1.) 155,160,160

REALM=M
XX={ALOGLO(X( 1Y )-RFALM+CORECX } ¥DECLRH
G0 TN 180

N=0

IF (X{T}.LEL10.) GO TO 175
X(1)1=xX{t}/10.

N=N+1

GO TN 170

REALN=N
XX=(ALOGIN(X(I ) ) +REALN+CORECX ) *¥DECLNH
IFIY(I).GE«l.) GO TO 195

M=0

Y{I)=Y{I}*10O.,

M=M¢ ]

IF(Y(I)~1.) 185,190,190

REALM=M
YY=(ALOGIOUY(I)Y)=-RFALM+CORECY)*DECLNV

~42 -

TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
T
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
Tt
TL
TL
TL
TL
TL
TL
TL
TL
TL
Tt
TL
TL
TL
TL
TL
TL
TL
Tt
TL
TL

913
Q4
95
Qh
a7
98
gq
100
101
192
103
104
105
106
107
108
109
110
111
112
112
Lta
115
1146
117
118
119
121
121
122
173
124
125
124
127
128
129
130
131
132
123
134
135
13A
137
138
139
140
141



195
200

205
210
215

220

225

230

235

60 TO 210
N=0
1F(

Y({I).LE.10,) GO TO 205

Y(1)=Y{1})/10.

_ N=N+1
60 TO 200

REALN=N

YY=(ALDGIO(Y([))+REALN+CDRECY)*DECLNV

IF(I-1) 220,215,270
CALL PLOT{XX,YYy3)
CALL PLOT{XXyYYs2)

‘60 TO 225

CALL PLOT(XX,YYs2)

IF(1.F0.10.A
IF(T.EQ.10.A

CONTINUE

ND. THROKK.EQ.31CALL TAGIXX,
ND . THBOKK.EQ. 41 CALL TAG(XXYYy=1)

IF(LAST) 235,230,230
RNODEC=NODECH
XT==XXX+RNODEC*DECLNH+3,

RFTURN
END

C CALL PLOT(XT,-YYYy=3)

YYe1)

T

L

TL
TL
TL
TL

TL
TL
TL
TL
TL
TL
TL
TL

TL
TL
TL
TL
TL
TL

142
143
144
145
146
147

148

149
150
151
152
153
154
155
156
157
158
159
160
161
162
13-



SUBRNUTINE FINDL (START,NOMFC ,DECLN,XY} F1 1
€ e v s e e koo i ook e Aok et ek ok koK o Aot s ek RoR ol oot ook deal otk Aok ek ok Ak sk ko keookok kol otk

C *
C THIS SUBRQUTINFE LOCATFS 1 ON THE VERTICAL OR HORIZONTIAL AXIS. *
r *
e e e e ok e s o ok ok ok sk o e et ook i ol ol o o e o R o ok o e o o o o o o o s e ksl b o R ok o sk o o ke ook
STARR=START ] ) F1 2
AN 15 1=1,NONEC ' i . T -F1 3
N=1 F1l 4
IF (ABSUSTARR~1.0Y-1.0F-A) 20420,5 1 5
5 IF (STARR=1.00) 10,420,220 Fl 6
10 STARP=STARR*!0, F1 7
15 CONTINUE , . - Fl K]
2N REALN=N-1 F1 9
XY=REALN®=DFCIN F1 10
RFTURN ) ) - ’ 1 11
END F1 12~

-44~



SUBROUTINE TOSMAL (START,NODEC CORECS XY ,DECLN) TS 1
Cokgkddokokkokokok kR kR R Rk kR kR Rk ARk kR kR kkbkkkokk bk kkkkkkkkkd ko kRk kX k¥

C . *
C TOSMAL DETERMINES THE NUMBER OF DECADES DIFFERENCF BETWEEN 1 AND *
C THE LARGEST VALUE LESS THAN 1. *
od *
Ctt****t#**t***#t**ttttt##*tt**tt**t*****tt*ttt*t#t##*tt#*****tt#*ttt#**t*******
CORECS=0.0 TS 2
XYMAX=START*1 0, 0%%NODEC TS 3
RELNOND=NODEC TS 4
XY=RELNOD*DECULN TS 5

5 IF (ABS{XYMIN-1,0)-1,0E=6) 20,420,100 . IS 6
10 IF {XYMAX-1,00) 15,20,20 ' TS 7
15  CORECS=CORECS+l., TS 8
- - XYMAX=XYMAX*10, - - T ST T ' TS 9
G0 TO S TS 10

20 RETURN o a I o - TS 11
END TS 12~



SURRNAUTINF TOLARG {STARTLNUDEC yCORECL,XY ) T! 1

[ ek o s Sk e gl e o ek o o Ol B e o ok 3% o e s o ok i o e ool otk e ko R R K oK ok K e o e ek K ek
[ &
r TOLARG DETIRMINES THE NIIMBER NE DECADES DIFFERENCE BETWFEN 1 AND *
r THE SMALLFST VALUF &REATER THAN 1, &
r - %
(7 e 5 ol e i o o o sk ek oK e ol ol e o e e ok ok ook sl ek dolok ok kR ik ok R R R R R R Rk kR R R R Rk kR
XY=, TI. ?
CNRECL=%.1 ' TL 1
XYMIN=START TL 4
'3 [E {ARSIXYMIN=1.01-1.9F—-6K) 20,473,110 TL 5
in IF {XYMIN=1,7) 20,20,15 TL A
15 CORFCL=CNRECL=-1.0 Tt 7
XYMIN=XYMTN%, ] TL ]
anoTH 5 TL o
20 AGTUPN TN
FND T 11-

-46-



SUBROUTINE FLAG (K'SHV,NODEC) L1

[ e 2 e ool ok ook ok ok ko ok ok s o e kol ok ARk ok ok ke ke ok o o ok ok ok e o ok ok o sk ok ek ok ok o ok ok ok ok ok kok R lekok R R okokok ok
C *
C SUBRDUTINE FLAG ODETERMINES WHAT COMBINATION OF SUBRAUTINES *
C ’ : TTT T FINDY, TOLARG AND TOSMAL SHOULD BF CALLFOD. *
C *
C Aok dok ok ok ok ko ok R ok ok R ok ok ok ko kR ok ok Rk ok ko koo Rk kool Rk kR ok kR okok ke ok ok olok dok ok Rk Rk

IF (ABS{SHV=1,)~1.0E~6) 25,2545 FL 2
5 IF (SHV=1.00) 10,25,30 FL 3
10 ZHVT=SHV*10, **NDDEC S S ' o FL 4

IF (ABS{ZHVT-1.0)-1.0E~6) 20,20,15 FL 5
15 IF (ZHVT=-1.0) 20,20,25 FL 6
20 K=K+2 FL 7

RFETURN FL 3
25 K=K+1 FL 9

RETURN FL 10
30 K=K+3 FL 11

RETURN FL 12

o END FL 13-



c
r
C
.
C
c

-A

SUBRDUTINE HFAD
" e e s o ok oo ko st o ok e e e ik Aok sk i e o kol s o ok ok ke ek o o o e o oo o ol e ke Rk o e o e e e e o B ok e e e o b e ke ke R kol o kR K

{GLsGHHL ,SIGMALFG,BA,BACK)

THIS SURROUTINE PRINTS THF HEADING ANP
CORRFESPONNING NUMRFRS 0N THE GRAPH,

CALL PLOT (-BACK0.¢-3)

GLD?=GL/2.
X1=G6L02-3,6
X?2=GLN2-2.16
X3=GLOA?-3, N4
X46=GLN?2~1,2R
X5=(L02-. 9
Y1=GH+1,064

¥ 2=GH+,78

¥ 3=GH+.5
Yoe=0GH+,2?
¥5==-,5

CALL SYMROL
1RCUTTEN ToAN
CALL SYMBNL
15}

CALL SYMROL

(XLsY¥Yl,a14,60HMAGNTTUDE OF OPEN-CIRCUITED AND SHNRT-(CI

SMISSIONsD. 460}

{(X29Y¥2,.14435HLINE TMPEDANCE VFRSUS FREQUENCY FOR40.,3

(X33Y2sa14,51HL = METFRS, CONDUCTIVITY

1 MHOS/METER,,N. 451)

CALL symanL
CALL SYmroL
XN1=X3+, 316
AN2=X3+3,7
XN3=X4+4328
XN&4&=X442, N4
CALL NUMBER
CALL NUMRER
CALL NUMBER
CALL NUMRER
Yo={OH~1, 75}
CALL sSyYMBOL
XS].:—.T
¥YSI=Y6+.12
N0 5 I=1,7
CALL SYMROL
¥YSi=YS141.32
XS2=~.80+.15
¥YS2=Y6+.,23
CALL SYMROL
YS?=¥S2+1.722
CALL SYMBOL
D0 1% 1=1,2
ARSTON=Y 6=,

{(X43Y¥44.14422HFG = (B/A = 1340.422)
(X5 Y5144 1HFREQUENCY (CPS})40.415})

{XMLyY¥3galbdyel oDas&HFS,. 1)
{XNZ s Y3 ¢el4 s STGMAN . 44HED,2)
(XN3 Y4 4.144FG oM. 24HFS .3}
(XN4 Y4 4.144BA,0. 44HF4 .2}
/2e%e1

{(—e80sY¥69.14,12H2 AND

7,90.512)
{XStyYSlpeldylHL 490441}
{XS23YS2 4,074 1HD 90, 41}

{XS23YS24a0T41HS90.,1)

5

~-48-~

HN

HN
HO
H
HN
HNY
Y
HO
HM
[20D)]
MM
HD
HN
HN
HO
HO
HN
HO
HP
HD
HO
HAY
HN
HN
HN
HN
MR
HD
HN
1D
HIY
Hy
HnY
HN
HO
HD
HN
HR
Hn
HD
HN
HT
O

1

20

34

19

472
4 3

*
*
%
*
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1
15

DO 10 J=1,2

CALL PLOT (=.95,ABSTGN,3)
CALL PLOT (=.65,ARSIGN,2)

ABSIGN=ABSIGN+4
Y6=YAh+1.32

CALL PLOT ({BACK,0.,-3)
RETURN

- END
o - )

-49-

HD
HD
HN
4N

HN
HD
HND

44
45
4h
47
49
49
5!’\
51-




IRROUTINE TAG {X,Y,1SCRT) TA 1
= o ok e e ool o e ok i o oK 3 oK i e ok e e e o e Aok ol B e e ol ol ke B e ok e Aol o ok K R i ke e e e il i e ke Rk

e

ALL PINT {XX,YY,3)

. -50-

%
SUSROUTIME TAG POINTS OUT AND LABELS THF CURYVES ON THFE GRAPM, x
%
= ke e e ook e ok e ok e ode ok ok ok e ok o ke e e e e ok R ok SOROK R R A ko oR ek ke ook ek ok e Rk kR Rk ok ke ok kb ok k&
SLL PLOT [ XeY43) TA 2
= (1SCRI}Y 15,5,70 TA 3
PITEC (6,10 TA 4
IRMAT (10X, 33HARGUMFNT FRROR IN SUBRMITINE TAG.) TA s
AL EXIT : TA A
=Xkl TA 7
f2¥-,04 TA ]
ALE PLOT (XX,YY,e2) TA 3
=Y+ ,064 17- S
SLL 2107 (XX, YYe3) TA 11
ALL PLNAT {X,Y,2) TA 12
=X+, 4 TA 13
WLL PLAT (XX, Y¥s2) TA 14
I=XX4,2 TA 15
rzy-.07 TA 1A
1T 2% TA L7
{=X+,04 TA 1R
T=¥+,1 TA 19
ALL PLOT EXX,YY,2) TA 20
X=X~,.04 TA 71
ALL PLOT [ XXeYYy3}) T4 P2
ALL PLAT (X,Y¥,2) TA 73
¥Y=Y+.4 TA 74
ALL PLOT (X,YY,2) TA 25
7=X~.06 TA 76
7=Y+.55 TA 27
ALL SYMBNL (XZ Y7 palé st HZ0usl} TA 29
L=X7+.12 ' : TA 29
L=YZ~.1 . TA 3D
ALL SYMBOL (XLyYLgeldslHLaOayl) TA 31
0S=X7+.23 TA 37
ns vI=-.15 TA 33
F {:SCRT) 30,5,%5 TA 34
ALY SYMBOL (X0SyY¥0S1a074EHSDeyl) TA 3%
0 40 TA 36
ALEL SYMBOL (X0SsY¥0S3e07+1HO,04,1) TA 37
A=XT -, 1 TA 38
Y=¥7-,15 TA 10
ALL PLOT [XX,Y¥Y,3) TA 40
Y=Y¥Y¥+,.35 TA 4]
ALE PLOT (XX,YY,2) TA 472
‘X=X714%.35 TA 43
T4 44



YY=YY-.35 TA 45
CALL PLOT (XXeYYy2) TA 46
CALL PLOT (XyY,3)

TA 47
RETURN TA 4R
END ] , TA  40-

-51~




SURROUTIME ADJUST{X, Yo NPTS XM, YM Xk, YF, MORF,L} AQ 1
r*&*****t************#****$***t********#***R*******#t***t*ttt*#*k*k#t*#**#****#*

C %
r THIS SUBROUTINE ADJUSTS ALL DATA POINTS IN THE FTIRST NUADRAMT THAT ¥
¢ AVERFLNW THE GIVEN LIMITS 0OF THE AROUNDARY TN THE BOUNDARY WITHNUT THE &
C LNSS NF THF SLOPF FROM THF INTFRINR POINT TO THE EXTERIOGR PNINT *
C %
v o e e e de o e ol o e ol ok o ol vie e o e ol ikl v ok e e e ol ol e o ol o e e ol i ke e e e e el ke ke deoie e ke e e e e ool R ok ol e ok ook ok
NIMFNSION X(MNPTS), Y{(NPTS), XFIMORF), YF{MDORF} AD 2
L=0 AN 1
=0 AD &
- I=1+1 AD 5
TEF {(I-NPTS)Y 17,435,45 AD A
1n K=0 AD 7
IF (X(E)aGT XM ANDLX{T4#1) . GT. XM GO TN S AD q
TE (Y{I)aOT.YMAND.Y(I+1).GT.YM) GO TO S AD o
TE {X(I)OT XM NRX{T+1) 6T XMY K=1 AN LN
IF IY{T}eGTaYMaDRaYITHITLGTLYMY K=K+2 . A 11
ITF (KY 15,440,415 AD 12
15 C=X{T} AR IR
ND=y{1} ATY 14
F=X(T+1) AD 15
F=y{1+1) AD 14
CALL ENGE (C 4N 4E4FKeKKy XM, ¥M} AD 17
TF {(KK) 5,203,20 AD 1R
20 L=bL+1] AD 19
GO TO (25,30,30), KK AN 2n
’8 YE{LY=C AD 21
YELLY =D : AD 22
60T 5 N ) AD 23
20 XF{L}=C - ) AN 24
YE(LY=D AR 25
L=t +1 A 2A
XF(L)=F , A 27
YF(L)=F : : - - ADY 2R
GO T 5 AD 29
R TF (¥{T ). LELXMJAND, Y({I).LE.YM) GO TO 40 i AD in
GO TO 45 AD 3]
40 L=t +1 B : AD 37
XE(LY=X{T) an 33
YFR{LY=Y(1} AN 14
GO TO S5 AD 15
45 RETURN Al 3£
END AD 37—

-592 -



SUBRDUTINE ENGE (XLyYLgX29Y? 9K oKKoXMypYM) T - ep 1
o T T L T T A L T T T S R R Ty S g g s

C . *
c SUBROUTINE FDGE CALCULATES THE INTERSECTYON OF THF LINE ADJOINING *
c THO POINTS AND YHE LINES X=XM, Y=YM OR BOTH *
C ST T T T T T T s e - . ] *
(‘,****t*****t*tt*t*****************#***#*******t****t*t****ttt*tttt*t***t**#t****”
IF (X1-X2} 54955 - FD 2
5 SLOPE={Y2=~¥1}/1X2-X1) ED 3
B=Y1-SLOPF*X] ED 4
M=1 _ED 5
10 G0 TO (15455+80), K EN 6
15 IF (X2-X1t 25420420 ED 7
20 X2=XM - ED 8
¥2=SLOPE*XM+B ' ED o
KK=2 ED 10
GO TO (50¢30540) s M ED 11
25 X1=XM Fn 12
Y1=SLOPE%XM+B ED 12
KK=1 , ED 14
GO TO (50430,40), M En 15
30 IF (Y1.GT.YM.OR.Y2.GT.YM) GO TO 35 EN LA
RETURN ED 17
35 K=2 o ED 18
- M=? ' . ' ED 19
.. 60.TO 10 ED 290
40 IF (Y1.GT.YMJAND.Y2.GT.YM) GO TO 45 €D 21
K=2 T e T e e . ED 22
S M=2 , En 23
) GO TO 10 [ RN : ED 24
45 KK==1 FD 25
&N RETURN : ED 26
55 IF (Y2-Y1} 65,60,60 END 27
60 Y2=YM En 28
X2=(YM~B) /SLOPE ED 29
T KK=2 ED 20
G TO (75,70}, M ED 31
65 Y1l=YM ED 32
X1=(YM-B) /SLOPE END 33
KK=1 ED 34
GO TN (75,701, M EN 35
70 KK=3 - EN 34
75 RETURN . ED 37
RN IF (SLOPE} 85490,90 EN 3R
‘85 K=1 FD 139
M=3 T SRR - . ED 40
GO TO 10 _FD 4)
90 K=1 ED 42
M=2 END 43
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ags
100

145

6N 14 10

TF [Y2=-Y1) 175,100,1N0
Y2=YM

KK=72

RETURN

Yi=YM

KK=1

RETURN

END
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ED 45
FD 46
N 47
M. _&4R
MRS 69
ED 50
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