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The magnitude ofopen-circuited_andshort-circuitedtransmission

lineimpedances versus frequencyare graphed forvariousvaluesofthe

geometric factor,depthof the transmissionlineand ground conductivityy,

A computer code thatproduces the plotsfor any valueofthe parameters

describedand listed.
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L INTRODUCTION

In thisnotethe influenceofthreeparameters on the frequencyver-

sus themagnitude ofthe impedance

is studied;the studyisbased on an

fora buriedtransmissionlinesimulator

9$
analysisby Carl E. Baum. The shm-

ulatorconsistsoftwo parallelplatesofwidth 2a, separatedby a distance

of2b, and a depthintotheground ofJ!.The geometry ofthe configuration

isshown in Figure 1,

\

—+

-&2aL

z

\

— 2b ,_

Figure 1

Q

,—

ground level

>?
C. E. Baum, “A Transmission Line EMP SimulationTechnique for
Buried Structures,“ EMP Sensor and SimulationNote XXII, June 6, 1966.
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compare frequencyto

the impedance oftheopen-circuitedand short-circuitedtransmissionline
—.

forvariousplate-depths,ground conductivityand geometric factors. A

computer code thatcan easilybe used toproduce graphs for any valuec)f

the parameters isincludedsincenotallinterestingcombinationscan be

presentedhere.

-.

..

-.

.—
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11. OPERATION

General
—.

The plotscontainedinthisnotewere produced on theCalcomp Plot-

ter. Each graph islogarithmicverticallyand logarithmichorizontallywith

150 pointsplottedalongeach curve. The headingof each graph containsthe

threeparameters, thatis,platedepth(L),conductivity,and the geometric

factor.

Practically,itismore desirabletodescribethe geometry ofthe

simulatorinterms oftheratioofthe plateseparationto theplatewidth

(b/a)thaninterms ofthe geometric factor(fg).For thisreason, provisions

have been made tolistb/a to clarifythegeometry. However, itshouldbe

notedthatf and notb/a isnecessary forthecalculationsintheprogram.
g

The code does not calculatefgfrom b/a. Ifthe

known fora givenb/a itcan be determined with

inEMP Sensor and SimulationNote LII1.

geometric factorisnot

the computer code described

The impedances forthetwo curves of each graph are givenby

equations(1)and (2),below. These valuesare computed and plottedfor

various combinationsoftheparameters. Sincethesequantitiesare gen-

erallycomplex, themagnitude of each isplottedagainstfrequency, The

frequencyisin cyclesper second. The curves are distinguishedby tagging

.!.
‘“T. L. Brown and K. D. Granzow, “A Parameter StudyofTwo-Plate
Transmission Line SimulatorsofEMP Sensor and SimulationNote XXI, “
EMP Sensor and SimulationNote LII,April 19, 1968.
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of theopen-circuitedand mag-them with z
L
o

and ‘L~ forthemagnitude

nitudeofthe short-circuitedtransmissionlineimpedance, respectively,

Acceptingfrom Note XXII, alongwith theirrestrictions,we have

the open-circuitedtransmission lineimpedance

(1)

theshort-circuitedtransmissionlineimpedanceand

. ----- ,, ..,. .. . ..., ..,, ,.-_,_.. . .. . .“.. ... . . . . . . ... . . ..,= ,., .

(2)

impedance ofan infiniteor idealtransmissionlineis givenbyThe

-=. . ..

JZL ‘ fJai
co g 60
-=--= -—-. -..

(3)

where thepropagationconstant,k, is — ..

—--

(4)

and skindepthis

(5)



A descriptionofthevariablesisas follows:

Variable Designation
—.

M Ground permeability

f Geometric factor
!2

o Ground conductivity

k Propagationconstant

f Frequency

J? Platedepth

6 Skindepth

UnitofMeasure

L4=P0 = 47fx 10-7

henrys/meter

mhos /meter

cycles/second

meters

The tablebelow summarizes thegraphs foundinthisnote.

2. b/a 1
. .

.47263959 1.0 20.0

20.0

20.0

20.0

40.0

40.0

40.0

40.0

60.0

60.0

60.0

60.0

80.0

80.0

80.0

80.0

a—

5.00 x 10
-3 =

8.00 X 10
-3

1.10 x 10
-2

3.00 x 10
-2

5.00 x 10
-3

8.00 X 10
-3

1,10 x 10-2 *&

3.00 x 10-2

5.00 x 10
-3

8.00x 10
-3

1.10 x 10
-2

3.00 x 10-2

5.00 x 10
-3

8.00 X 10
-3

1.10x 10
-2

3.00 x 10-2
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---k b}a 1 a— —

.47263959 1.0 __loo.o 5.00X 10
-3

The followinggraphs were reproduced directlyfrom the Calcomp

plots.

. .... . .- -,. .
.. .

-.



-F’
N

MflGNITUDE OF OPEN-CIRCUITED RNU–~HORT-CIRCLIITED TRFHNSMISSION
LINE IP!PEDIWCE VER5US FREQUENCY F8R

L = 20.0 METERS, CCHWJCTIVITY = S=CXIE-03 MH05/METE~

102

101

10°

.

luq
I 1 , , r—~ rr+-, ,,b , I , , 1 , %

ms 106 107

FRELNJENCY (CFS~
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M9GNITUDE OF OPEN-CIRCUITED RNII SHORT-CIRCUITED TRF!NSMISSION
LINE IMPEURNCE VERSUS FREQUENCY FOR

L= 20.0 “METERS, C~NOUCTIWTy = 8.00E-03 Mt{OS/NETER

3
l-w

lt)2

d

10°

1

lo-’~—m-nnl!r ! # i , , , 1 t r

@
UY lc16 m’

FREG’UENCY [CPSI

-. . ..
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MRCNITUDE “OF

-——

CN’EN-CIRCUITE~ RND 5HORT CIR[-UITED TRRNSM1S511
I_: i-IN_c_IMPEllRPiCE.VERSUS. EREiIUENCY FOR

L= 20.0 METERS # CONDUCTIVITY = 3 ~OOE-02 MHOSiMETER
FG =t~73 [B/fl = 1.00)

f , , , , , t , , , , * , , , # I , ,

m3 @ 10s 106
FREDLJENCY ( CPS )

..-. .
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lWGNITUDE OF 8PEN-CIRCUITEII RblllSHORT-CIRCUITED TRANSMISSION
LINE lMPEOfWCE VERSUS FREQUENCY FOR

L= ~0.Q METEKio CCNNCTIVITY = 5.UUE-03 MHOS/METER

J“
w

102

Id

10°

IQ-L

L.

b

~L,
“1f

, * 1 B , , & , , * # 1 , , , I I , b I I , i 1 1 1 1 ,

m3 10+ 10s ~06

FREiWENCY [CPSI
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MRGNITUDE OF OPEN-CIRCUITED FIND SHORT-CIRCUITED
..LINE-IMFEDRNCE WRWS FRWENcyFa R

m2

.—

_ 101
Ln

-J
l-w

J“
N

10?

10-1

TRRNSMISS1[

L = 40.0 METERS, CONDUCTIVITY ❑ 8.00E-03 MHOS/METER
FG =.973 (6/9 = 1.00]

1 I \ 1 I I 1 1 1 1 I ! 1 1 1 I I 1 I 1 1 I 1 k t I I 1 1

-i I , i I I # I I , I 1 1 1 , * 1 I 1 , # , , , , , ,

103
@ 10s ~06
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OPEN-CIRCUITED F/ND SHCIRT-CIRCUITED TR(VJSMISSIUN

INE IMPECJRNCE VERSUS FREDUENCY FOR
L = YO.U METERS, CfiNDUCTIVITY ❑ l-lUE-02 14HClS~METER

6
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M9GNITUDE HF OPEN-CIRCUITED FIND SHORT-CIREL
LINE IMPEDRNCE VERSUS FREQUENCY FOR

L = YO.Q METERS, CONDUCTIVITY = 3.OUE-02 MHC15/ME,TER

10-L

FG = .q73 [B/fl = l.0~]
I J 1 i 1 iit11 \ 1 \ \ 1

“’’’i’’”:

z,
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LINE IMFEDF?NCE VERSUS FREQUENCY Ff3R

10

103 K? 105 106
FREQUENCY (CFSI

-16-



——

—.

lY!flGNITUDEUF G“EN-CIRCUITED RND SHORT-CIRCUITED TRflN:5MISS18h

102

(n

r+?

10°

10-1

==LINt IMPEDflNCE VERSUS FREQUENCY FHR

L= 60.0 METERS, CONDUCTIVITY = 8.00E-03 MHUS/’METER
_. .FG =.473 [B/f? ❑ 1.001

1 1 1 I 1 I 1 1I I I ) 1 \ 1 t 1 1 I 1 1 ! 1 1 I 1 1 ! 1 +

/

,
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MRGNITUDE OF UPEN-LIRCUITECI Rhn _W3RT-CIRCUITED TR9NsM15s10N
LINE IMPEU9NCE VERSUS FREQUENCY FOR

L= 60.0 METERS, CONDUCTIVITY = 1.lCIE-02 MHCK/METER

102

101

mu

, , 1 , E r # , , , , ,l-J
103
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MRGNITU~’E HF- 8PEN-CIRWITED “;NU

101

SHORT-CIRCUITED ‘RflNSMISSI[

:___L INE IMPEDFINCt VERSUS FREQUENCY FOR

L= 60.0 METiRS , CONDUCTIVITY = 3 .nOE-02 MHOS/’METER
FG =.1+?3 (B/Fl = 1-00)

J“
Iw

—
-1 I 1 1 J 1 I i I 1 1 t 1 I i t I 1 \ 1 1 t 1 1 I 1 1 1 ! {

10-21 f , + , I , # , 1 t 1 * , , 1 8 , , 1 3 i , * &

102 ln3 ld 10b

.FREDUENCY ( CPS )

—.
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LI!IIE IMPEIIFWCE VERSUS FREQUENCY FOR

L= 80.0 METERS, CONDUCTIVITY = 5.OUE-03 MHOS/t4ETER

102

_ 101
L

WJ

.—

--”
l-w

10°

10
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MRGNITUD< OF

-i”
I’N

~ [NE lMPEDRNCE VERSUS FREDUENCY FOR

L= 8~=o METERS, CONDUCTIVITY =8.00E-03 MH~s/METER
FG =.~73 (819, = 1.00)

I

, I t , 8 , , , 1 , { I , , 1 , , $ * , , * i
702

I

103 104 @
FREQUENCY (CfS )
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MOGNITUDE OF 8FEN-CIRCUITED RND SHORT-CIRCUITED TRRNWIIS51CIN
LINE IMPEOfINCE VERSUS FREQUENCY F8R

L= 80.0 METERS, CHNBUCTIVITY = 1.1OE-O2 NHOS/PIETER

m]

IOU
J“

N-4

,

L_,.10-2
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tWGNITUllE OF OPEN-CIRCUITED
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f/ND SHORT-CIRCUITED TRRNSMISSIO

‘“-- LINE IMPEIIRNCE VERSUS FREMJENCY FOR

80.0 METERS, CONDUCTIVITY = 3.00E-02 MH~S/METER
FG =.973 (BIFI = 1*OOI
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MFIGNITUEJE OF OPEN-CIRCUITFD flND SHORT-CIRCUITED TRFINSMISS18N

.. ...LINE IMPEDRNCE VERSUS FREBUENCY FOR
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ITUDE OF OPEN-CIRCUITEII FIND SHORT-CIRCUITED TRRN$MISSION
‘LINE IMPEDF?NCE VERSUS FREQUENCY FOR
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Program EXAMN

Program EXAMN accepts

Variable
Name Column -

STOPRD 1 Alpha-
numeric

FG 2-8 Real

BA 10-15 Real

L 20-25 Real

SIGMA 30-35 Real

parameters from.

Format by Which
VariableisRead

1A1

F9.8

F5.2

F7.2

E9.2

datacards as follows:

Use

Stopsreadingcycle

Geometric factor

Ratioofthedistance
between theplatesto
the platelength(for
clarificationonly)

Depth oftheplate
intotheground

Conductivityof
ground

The prognam generatesone graph for each datacard thatitreads ex-

ceptthelastdatacard which shouldcontainan asterisk(*)inthefirstcolumn

to stopthereadingcycle. The graphs drawn by EXAMN are logarithmic

verticallyand horizontally.The plotsmeasure sixinchesby sixinches.

The domain ofthefrequencyconsistsofthree consecutivedecades

between 102 and 107. The program determines thisdomain inorder to

calculatevaluesof z
Lo

and z
Ls

in an area ofinterest.The range, R, of

-1 -1and z < R < 102 unlessZ
‘L Ls

is 10
Ls =

ffF(l))islessthan 10 in
c1

which case therange is shiftedso that10‘2 <R < 101.

The program generatesapproximately50 valuesofthefrequencyfor

each ofthethreedecades and calculatescorrespondingvaluesfor z
Lo

and

-28-
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The numbers are listedby theprinteralongwith the

1 s
parameters

1

thatdetermine them,
-—

the

for

eventvalues

the selectedfall

SubroutineADJUST is calledin of z
Lo

and z
Ls

beyond theupper limitoftherange domain. This

ro_utine_adjuststhe datato the extentofretainingonlythosepointswithin

theupper limitsofthe graph, The adjustedpointsare thenplotted, —

~~Outputto theCalcomp Plotterconsistsof,for each data card. a

log-loggraph of_fV<rsus=

ingthethreeparameters.

-., -.

ZL and fversus z
L

alongwith a headin,glist-
0 s

Differentiatingtags are positionedatthetenth

-One one-halfinchplotI:apeisrequiredby Program EXAMN, The—

Calcomp Plotterinstructionsare writtenon thistape and itmust be

specifiedas a low densitytape(200_BP1). The logicaldesignationfor

thistapeis 10 and must appear as such_inthe.controlcards.

CPU. time.to compile and produce the firstgraph

27 seconds, Each subsequentgraph takeslessthan five

is approximately

seconds. The

program willcompile and executein a fieldof(53000)8, These figuresare

based on theuse ofthe.CDC Chippewa Fortran System on a CDC 6600

computer,

,—-
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Appendix A

Flow Charts for Program EXAMN

-30-



“-START
1

- ..d
?I
MUZERO~&
DELTAP=500

4

v

I

END 7

I

Q
No

rl e
eadin

End Su -
ieadin

DEOM = L*L*
PIMU*SIGMA
A=l/(DEOM*
DELTAPWELTAP)

+ F(1)

>

= 100

No
v

--02
.-

—
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Y2

m ---

FIJiTVl= [F(50]-F(l))/50
FINTvz=(F(I”oo)-F(so))/50
FINTv3=(F(150)-F(loo]]/50

I

t

QM=2

7
●

F(M)=FIN~Vl F [M)=FINTV3
+F(M-1) +F(~-1) -9

M = M+l *

-3s-



z3

N=l

“T7
Write

Yes
ZLSM(N)
ZLOM(N)
F(N)

ZLO=ZL
~+e-j2k~

‘nl-e-J2k~

‘Ls‘ZL~
1-e-j2k~

l+e-J2k~

ZLOM(N) = ZLO

ZLSM(N) = ‘Ls

-++

! f

7
STARTH = F(1) ‘
STARTV = .1
NODECH = 3
NODECV = 3
DECLNH = 2
IIECLNV = 2
NPTs=150,KIND=3,
LAST=-l,YMAX=
STARTV*1O**NODECV
MORE=155,COX=
F{150)

I
No

Y CALL
DMW

)9
4

-33-



—.

Y4
~TARTH = F(1)

L
ODECH = 3
ODECV = 3
ECLNH = 2
ECLNV = 2
PTS = 150

KIND = 4
AST = 1

1

I

.34-



GOL(N) = log O,
,Og l*log 2,09.,
,Og 10
Fill XARRAY and

YARRAY with
values to be

—=

Write
error

+’ ‘o ~

6-
Yes

Plots Yes
initial-

ized
.

‘F1
No

Initialize
Plots

E&-
Igraph on 10
inch paper

,

Find (1,1)
or closest 4
point to(l,
~1) on graph

RETURN

4
Yes

Terntinate 3“ to
right of presen
graph level witl
horizontal axes

<

Is
No next

graph
overla

Yes

s

4
No n=no .

f point
o plot
?

w +1

TN=N+I

t
—1-”’

f

4
/ CALL

TAG

L
No

\

rlosestpoint to (1,
1) on graph. ‘LJ ~:i&V ,

-35-
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Program Listing
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c P~~G~AM FXAMN(I NPlJT,17UTP lJl”, TAP~5=INpUT ,TAPF6=OUT PIJT, TAP FIOI EX 1
~*********************************************************************1x******* **
c *
c. A THREE f’ARA~ETER S T UDY O F *
c 4
c. s F N snQ AND S [ qU LA T I CIN NOT E 2 2 *
r, *_
c THE f)PFN-CIPCUITEO AND SHnRT-CIRCUITED TRANS41SSInN LINF *
c-” SIMULATION FnR 13URIEn S“TPUCTU”RES IS EXAti[NEn. *
r, *
c’ THIS PRf)GQAM REAT)S THE GEOMETRIC FACTOR, *
(- DEPTH OF Transmission LINE, AND GRIWN9 CnNDUCTIVITY, *
r ANO RET(IRNS GRAPHS CIF FREQUENCY VERSUS *
r MAGN~Tu~E nf= THF [)+PFDANCE. *

; *

c,*****+***************************************************$*********************

~fi
4fl

COMPLEX ETflX~Cl!C?~71DEAL? ZLOjZfl??LS Fx ~

?FAL ~UZERfl,L FX ~
I)!MFNSI13N F(?OO), ZLOY(200), ,ZLSM(220), XF(200), YF(20n) FX !+
9ATA STAP/lH*/ FX 5
PI=3.141 59?65358979 FX A
MozFRn=.Q OO00125663796i43591 FX 7
PIMIJ=pI*MuzEpfl .Fx 8.
~ELTAP=l. Cl EX ~
C1=CMPLX( 1.0,1.0) FX In
READ (5,10) STOPF17,FG,BA, L,Slf3NA FY 11
FORMAT (lAl?F~. fl,2X,F5.2t?X tF7:??2X_,E9.2) Fx 12
IF (~TOPRD.EQ.STARl GLI TO 185 Ex 1’
biR~TE ‘( 6, l~)-L, SIGMA,FG,j3A FX 14
FORMAT (1H1,30X,60HMAGNI TUDE OF nPEN-CIRC(JITED AND sHnRT-CIRCuITE:D EX 15

1 T~ANSMJSSI!3N/42X,35HLINE IMPEDANCE VERSUS FRCQ(IENCY FnR/30X,13HPL FX 1.6
?ATE DFPTH =,F5.l,23H METERS, CCJNIJUCTIVITY =,E9.2,11H MHflS/METFP/40 FX 17
3X, 23HGEP~FTR[C FACTCIR (FG) =,F6.4,7H (i3/A =,F5c2tlH)) Ex ]R

NRITE (6,7c)) ~~ =. ~x 11>
FORMAT (lH0,2X,~HFREQ(JENCY,4X ,4HZl_OM,6X,4HzLSH, 16X, 9HFR,FQUENCY,4X, FX 20

l%}iZ1OM, 6X,4HZLSM,16X, 9HFRFQUFNCY,4X,4HZLOM.6X. 4HZLSM) Fx 21
OEnM=L*L*PI MU*STGYA
A=l.O/(nE”flM*C)ELTA~*DFLTAP)
IF(A.LF. 5OO(I.)F(1}=1OO.
IF(A.GT .5000. )F(1)=1OOO.
I~(A.GT.!iOOOO. )F(1)=1OOOO.
IF(8.GT. 500000. )F(l)=l 00000.
nn 40 11=50,150,50
F(I~)=lO**(II/50)*F(l )
FINTvl=(F(5~)-F(l))/5~.

FINTV2=( F(1OO)-F(5CI) )/50.
fINTV3=_(F( 159)-F(.] 00).) /~O.--
oo.fi5 M=7..t.l.l.5 ..__ -... —–-.
TF (M-50) 45,65,50 _

-37-



—.

-38-



- —.

LA ST=l
IF(7Li3M( 150) aGTo YMAX) GO T(I 95
CAL L”ilRAHL ("S-TARW9-STARTV? NODECHt NflDECV* DECLNHt ~ECLNV* NpTs?FtzLs Mt

lKIND,LAST,BACK)
GO TO 100

Q5 CALL ADJUST(F, ZLSM,NPTSfCCIX ~YMAx tXF~yFtMnREtNF~pTs)
CALL DRAWL(STARTHt STARTVtNOllECH*NODECVtDECLNH~ OECLNV~NFMPTStxFt

lYF,KIND,LAST,BACK)
100 CALL HEAD(6e,6e,L, SIGMAtFGtBA ~BACK)

GO TO 5
105 CONTINUF

END

-39-
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SIIRFPIJTTNE T)FAWL (S TAQT~i, ST ARTV, Nfl DfCH, Ni]OFCV, nFr, LMW, DFr L~l V, NPr S,X T[ 1
l& RR4Y, YPRp AYt KIMn,l. AS T,XTl T1 7

~****c***********************************************************+***************
r $
c TH[S SUFRCIUTINE SCA1.rS, IIRAHS THF AxIS FnR TMF LCTG LnG GRAPH, AN[J *
c PL(\Ts THF CIATA i.J~TH ANY NUMBER OF OVERLA’fS CJN THF CfiLCC!MP ~LfJTTFR. *
c *
rk***********************************************************+***** *************

l_)IMENsIfiN x(700), Y(?OO], GOL(lI}, XARRAY(’NPTS), YAQRAY(NPTS) TL ‘
DATA GOL/0a0,a17609,.30193 ,a47712, ,65206,069R97 ,,77815va8451~,+~t73 TL 4

lL~9,s~5~*~/*,1*’~/,IF~/2HI 2/,CORFCY/l./,CORECX/~. /,JFT/2HI?/ T1. ~
~~fl 5 I=I,NPTS TL +
K(T)=XAFR4Y(1) TL i’
YtT}=YAP~AY(r} Tl_ R
lHRUKK=KIVn

●
TL ?

[F (KTNP-3) 15,25,10 TL 10
JF (KIVP-4) 15,1’5f3,15 TL l,]
!dRITF (6,20) KINP TL 17
FnRMAT (41.H THE KIND OF GRAPH ASKED FOR IS IN FRRnR,18) TL !>
QFT~jRN TL ]4
Ir {in-2) 32,35,30 TL 15
C4LL PLOTS (TB,TB,19) TL 16
In=2 TL 17
RNUDFC=N(IOFCV TL 1~
QI=fiLH=RN(IL)EC *DECLNv T!. [~
Ys=(lo*-QEALH)/2.-*5 TL 70
CALL PlflT (~~e,YS,-3} TL 71
K=o TL ?2
CALL ~LAL (K, STAF!TH,NflOFCH) TL ./7
K=3*f~-1) T1. 74
CALL FLAG (K,STAR~V,NnDECVl TL ~~
Gn TC} t40t45,5C?55t60t6~ r70t75tRO)* K T1. .?6
rfllt. rINDI (sTAPTH,NODECH~DFCLNH ,XXXJ TL 77
CALL FINnl (STAR TV,N’’nECV,~ECLNV,YYY ) TL 23
GO Tfl 85 TL 7q
CALL TCISMAL (STARTV,NClt)FCV,CORFCY,YYY ,DECLNV) TL 30
CALL rr~inl (STARTH,NnOECH,DECLNH,XXX 1 TL 7.1
GO TO 85 TL 37
CALL TflLARC (STARTV,NOfJECV,CORECY ,YYY) TL +J
CALL FIND1 (sTAPTH,NfJ~FCH,DECLN}t,XXX ) ‘i-t- 34
Gfl T(7 85 TL 35
CA1!. TflSMAL (STARTHtN(?OECH !CCIRFfrX !XXX,DECLNH) 7’L ‘~f\

CALL FINill {STARTV,NODECV,DECLNV ,YYY) TL 37
Gil TO R5 TL Jf!
CALL TOsMAL (STARTH,NOF)ECH,CORFCX ,XXX,DECLNH} TL. -I,q

CALI. TPsMAL (5TAQTv,NnDECV,C[3RFC.y ,Y~Y,t)ECLNVl TI 47
G(-J Tf) 55 TL 41
CAIL TOSW4L (STAP.TH? Nfll)ECH,CORE&X ?XXX,nFCLNH) T! ‘,9
CALL T(ILARG (STARTV,NnDECV,CCIR~rY ,YYY} TL /67
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70

75

90_

95”
100
105

110
115

GO TO 85
CALL TOLARG: (STARTH,NODECH,CORECX ,XXX)
CALL FIND1 ?STARTV,NODECV,DECLNV,YYY )
GO TO 85
CALL TOLARG (STARTH, N13DECH,CORECX,XXX )
CALL TOSMAL (STARTV,NODECV,CflRECY,YYY tDECLNV)
GO TO 85.
CALL TOLARG (STARTH,N(_lDECHtCORECX, XXX )

TL 44
TL 45
TL 46
TL 47
TL 48
TL 4Q
TL 50
TL 51

~A~LTnLARG (STARTV5.N~_DE)V,C_flRECYtYYYfl_ TL ’52
NODECH=NODECH+l, TL 53
N13DFCV=NC)DECV+1 TL ’54
Xx=(). TL 55
POWERX=ALOG1O( STARTH) TL 56
ILOG=POWERX+SIGN( oOOOOOl ,POHERX) TL 57
DO 100 I=l?NCIDECH TL 58
REAL1=I-1 TL 59
INU’4=IL(7G+( ?-1) TL 60
R!i=XX-e12 TL 61-
RER=XX+.13 TL 62
CALL SYMBOL (RR,-. 3,.I4!2H1o?O.,2) TL 63
IF (TNUM.GEs OoAND.INUM.LT. 1(3) CALL NUMBER (RER, -*21, .1O,1NUM,O.,J F TL 64

LT) TL 65
‘_lF_ (=IN=UJLT_,0e(3RoI NUM.GE*l=O)_ _C_A~L=_NUMf3E_R=(RER,_-021, ●10, INUM,O,, IFT TL 66
1) TL 67
CALL PLCIT_(X.XtOO ,3) TL 6U
‘IF (1-NODECH) 90,105,90 TL 69
on 95 J=l,ll TL 7@
XX=(GOL (J)+RFALI)*DECLNH TL 71
CALL PLflT (XX,O.0,2) TL 7?
CALL PLOT (XX,-o05,2) TL 73
CALL PL”OT (XXtOsO?2) TL 74
CONTINUE TL 75
CONTINUE TL 76
NODEC=NOC)ECV-I TL 77
00 115 I=L,NODEC ‘TL 7R
REAL!=I-1 TL 79
r)n 110 J=ltjl.. TL 80

_Y.Y=_(~OL( J)+R_~ALi)*DEtLNV - TL 81
CALL PL.flT _(_XXtYY,2)
W=XX+.05
CALL PLOT (W,YY,2)
CALL PLOT (XX,YY,2)
CONTINUF
NOD!5C=NODECH-1
DO 1?5 I=l,NODEC
RELDEC=NOr)ECH-I
f)13 1?0 J=l,ll
XX=DECLNH*(RELDEC-( 1.O-GOL (-J+12)))
CALL PLflT (XXtYY?2)

T[. 92
TL 83
TL 84
TL R5
TL 136
TL 87
TL RR
TL R9
TL ~fl
TL 91
TL Q7
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z=Yv+*n5 TL 9?
CALL PL(IT {XX!7.~2) TL q!+

CALL PLUT {XX,YY,2) TL ’75
CONTINUF TL Qf>

PDw~Ry=ALOGl~(sTARTv*10. **(NC)OECV-1)1 TL ’37

JLOG=POWFRY+YIGN{ ●OOOOOl,PflWERYl TL 9R
no 140 I=I,NIx)FCV TL 9Q
YAP17=YY-.o7 TL Igf)
CALL SYMBnL (- .s,YADD, -14,2H10,fis,7 ) TL 101
RYF=YY+.03
JNUM=JLfiG-(1-i}

TL l~?
TL LfI?J

lF fJNU~aGE* O,AWOoJNUMaLT, 101 CALL NUMRE? (-.25, RYr, olO,JNlJM,Oa, Jr TL 104
ITI TL 105

IF (JNllM* LTe~*OR*JNllMsGF* lO) CALL NUMBER (- .25, RYE, *lO,JNUM,n*, IFT TL 106
1) TL 107

C4LL PLCIT (XX?YY,3) TL 10B
IF (1-Nll’oECV} 130,145,1?0 TL 10~
0’7 135 J=l,ll TL Llfl

YY=DECLNV*( (NnOECV-I )-(1*-GPL(-.J+I2I 1) TL TTI

CALL PLG’T (XX?YY!2} TL 112
M=XX-.O5 TL 113

C4LL PLOT [W,YY~2) TL L14

CALL pL~T {%X,YY,?) TL 115

C.ONTTNUF TL 115
C(3NTINI.)F TL 1~7

CALL PLOT (XXX,~+Y9-31 TL LIR
!ICI ?25 I=l,NPTS T!_ 119

IF (X(T).GE*l.} GO Tn 165 TL 17~
M.o TL 121
x{l)=x(rl*Io. TL 122
M=M+l TL 17?

!r (X(1 )-1.] 155tt60?16CI TL 124

REALM=V TL 125

XX=[ALPG1O( X(l) )-REALM+CCIRECX )*fJECLNH TL 126

GO Tn 180 TL 1%7

N=o TL 17f?

IF [X(I)CLE*lO, ) GO TO 175 TL 12Q

x(I)=x(I)/lo.
N=N+I

TL 170
TL 131

Go TfI 170 TL 137
REALN=N TL 173

XX=(ALOGI O(Xfl)l+REALN+CORFCXI *f)ECLNH TL 134

IF(Y(I).GE.1.) Gfl T(I 195 TL 135

M=(3 TL 13A

Y(I)=Y(II*1O. TL 1?7

~=M+l TL 1?0

IF(Y(I)-1.I 185!l~cl$190 TL 139

QEALM=M TL 140

YY=(ALUCIO(Y (I)) -RFALM+CORECY )*’dECLNV TL 141
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GO TO 210
N=o
IF(Y(I). LEolO. ) Gn
Y(I)= Y(I )/10.

. ,N=N,+ 1
GO To 200

TL
TL
TL
TL
TL

14?

Tn

143
144
145
146
147
148
ll$q
159
151
152
],53
154
155
156
157
158
15~
160
161
162
]63-

., . .

205

.. . . .,, ,. . TL,,, . . -.
“-“--”-TL-

205 REALN=N
YY=(ALOG1O(Y[ I) )+ REALN+C~RECY )* DECLNV
IF( I-1) 220$z15$2~”

TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL
TL

210
215

CALL PLOT(XX,Yy~2)
IF(I,FQO1OeAND, IHBOKK”EQo3 llCALL TAG
IF(IoEQi lOoAN~-IH90KK+EQa 41CALL TAG

220

225

XX*YY,lI
XX,YY*-1)

CONTINUE
IF(LAST) 235,230t230
RMYDEC=N-OOECH
xT=-xxx+RNoDFc*nEcLNH+3.
CALL_ PLO.T(XT~-YYY~-3)
RFTURN

230

235
END
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SU8Rn UTINE FINOI (STAR T, NOWC?DECLN, XY) F1 1
c********************************w**********************************************
c *
c THIS SU8R13UTINE LOCATFS 1 W THE VERTICAL OR H(3RIZUNTIAL AXIS- *
~ *
c*********************************k*********************************************

STARR=START F1 2
nn 15 I=l,NGr)EC --FL 3
N=! FL 4
IF (A13S[STARR-l cO)-l*nF-6) 20,20?5 F1 5

% IF [STARR-ls~O) 10!20?20 FL 6
10 STARP=STARR*I Oe FI 7
15 C13MTINtJE F1 R
~q RFAl,N=N-1 FI 9

XY=REALN*DEC 1-N F1 10
RF’T$JRN cl 11

END F1 17-
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(START,NDDEC,CORECS SXY,DECLN) TSSUBROUTINE TCISMAL
c***********_***********_*********"**.*.***********_**********************************

c *

c TOSMAL DETERMINES THE NUMBER OF DECADES DIFFERENCE f3ETWEEN 1 AND *

c THE LARGFST VALUE LESS THAN 10 *
P *

;*******************************************************************************

5
10

_ 1s

20

CORECS=O.O
XYMAX=START*l O,O**NODEC
RELNO13=N~DEC
XY=RELNOD*DECLN
IF (A.8S(XYMI N-1.01-1..OE-6) 20T20_t10
IF (XYMAX-1S90) 15t20,20
CgREC_S:C=ORECs+l.._ _.. .

XYMAX=-X”YMA”X*l O-
Gfl TO 5
RETURN

-45-
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SUBROUTINE FLAG (K,SHV,NODEC) FL 1
r**#******************************************************************dc*********
c *

c SUBROUTINE FLAG DETERMINES-WHAT CflMBINATION OF SUBROUTINES *

c“ ‘- ‘FIND1, TOLARG AND T13SMAL SHOULD RF CALLEO* *

Ce *

c*********************************************************************fl`*********

IF (A6S(SHV-1* }-lsOE-6) 25,?5,5 FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL

5
10

IF (SHV-1090~10,25?30
ZHVT=SHV*lO* **NODEC
IF (A13S(ZHVT-l eO)-leOE-6)
IF (ZHVT-1OO) 20~20*25
K=K+2
RFTURN
K=K+l
RETURN
K=K+3
RETURN
ENrI

20,20,15

—

15
?n

25

30

— .

.
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SWIIRUTTNF tlFA13 (G L, GH, L, ST GMA, FG, BA, BACK I Hfl 1
~****************************************************************** *************
r. *
~ THIS SLJRRCIUTINF PRINTS THF tiEADI_NG ANP *
r CflRRFSPCINOTNG NUMRFRS ON THE G~ApHa *
c *
~*************************************************************************+*****

CALL ~LfJT (-BACK,O.,-3) Hn 7
GLc17=GL/2. H!) ~
X1=GLO?-3.6 }{!) 4

x?=GLn2-?.16 Ftn 6
X?=GLn2-?. 06 HO h
X4=GLf17-1 ,2!3 ${n 7
Y5=cLn7-. 9 Hn ~~
YL=CH+l.06 Hll ~
Y2=GH+.73 ~.1~ in

‘f3=GH+.~ Hn [~
Y4=Gti+.?7
Y5=-.y

HP 12
HO 13

CALL SYPRflL (XL,Y1, .14,60HMAGNTTU(}F LIF CIPEN-fIRCUITED ANO $H~~T-CI Hn 16
lR~.[llTEO T~.4NSMI SSIflNr0.?60) I-i!l Is

CALL SYMBnL (X2,Y2$.14,35HLINF IMPEDANCE VFRstfS FPEOIJENCY F13R,0.,3 }I!~ 16

15) m 17

CALL SYPRUL (X3,Y?,.14,51HL = MFTFRS$ CC3N13LICTIV1TY = tm LO
1 MHrlS/METER,O.,51} lm la

CfiLL S’fMNIYL (X4!Y4,.14?22HFG = (B/A = )!0.,?7) }Irl 7,7
CALL SY~nnL {X5,Y5, .14, 1~14FRF~[JFNCY (cps),O.,15) ~in 71

XN1=X3+.36 }W 72

xN2=’f3+.3.7 ~1} 72

‘XN3=X4+.3J3 ~f) 74

xN4=x4+2. w wl 75

CALL NI}MBCP (Xfill~Y3?.141L~0.~4HF5 .L) pn ?h
CALL NlJMqFi7 (XN2,Y3,.14?S1G~At~. ~4HF9.2) }4~ 77
C5tL NiJM&EP. (XN3,Y4,. 14,FG,f?.!4HF5 .3] Hrl pa
CALL NUMBER (XN4,Y4,. 14SRA,0. ,4HF4* 7}
Y6=(GH-1.75)/2e+.l

Hi) >Q
1+11 71

ChLL SYMDI.YL (-a80, Y6~.14,12.HZ AND Z,90.,12) HI) 31
X51=-.7 w) 37
YSI=Y6+.12 Hn 71
00 5 1=1,7 !40 J/+

CAI.L sYMFJflL (XS1,Y51,. 14j1HLS!10. ●1) Pm 75
5 YSI=YS1+l.37

xs2=-
HO 7 t,

.80+.15 H!> ?7

YS?=Y6+.23 }/0 IR
CALL SYMF!13L (XS2,YS2, .07,1Hn~90. ? 1) W] 3 r;

YS?=YS2+1.3F’ HP (+n

C4LL SYMHCIL {XS2,YS2,. 97,1HS?90. , 11 ~rl ($1

1?0 15 T=I*2 l-m t+?

AQST5N=Yh-.C!5 [40 4]
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DO 10 J=1?7
CALL PLOT (-c95,Ans~GNt3~
cA~L PL(7T (-.65, AR ST GN,2)

IQ ABSIGN=ABSIGN+.4
15 Y6=Y6+1.3?

CALL PLOT (9 AC K,O. 1-3)
RETIJRN

END

-.
... .

44
45

46
47
4Q
4 q

~n

51-

—
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ALL SYMf3nL (XZ,Y7t. 14tlHZt(?.tl}
L=X7+.12
L=Y7.-.I
ALt. SYMBflL (XLtYLq .14?lHL,0. ,11
0S=Y7+*23
ns <Z-.15
F ~ .SCRT) 39,5,75
All SYMBOL [XOS,YOS1s07, 1HS?Oa,l )
D m 40
ALL SYMBOL (XOS, Yr3S,.07~lHOfO*,l ]

-X=X7-.1
y=Y7-. l5

ALL PL12T (XX~YY,3)
‘Y=YY+*35
ALL PLQT (XX,YY,2)

‘X=X2+.35

ALL PlnT (XX,YY,3)

TA 6

TA 7
TA ‘,
TA ‘?
T4 la
TA 11
TA 17
Th !7
TA 1.4
T& 15
TA Ih
TA 1/
TA lR
T~ l,q
TA ‘C)
T& 71
TA 72
TA 73
TA 74
TA 75
TA ?6
T4 77

-_50-



YY=YY-.35

CALL PLOT
CALL ~LOT
RETIJRN
ENn

——

TA
(X X, YY,2) TA
(X, Y,3) TA

TA
TA

45
46
47
4R
4~-

.- -.

.
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$llR9ClllTl NE A!) JUST(X, Y, NPTS~XN ~YW?XF~YF,Mf3RF?L) A9 1

r****************#**********************************************k*fC *************
c *
r THIS SUBQ(.I!JTINE ADJUST; ALL DATA P!71NTS IN THE FIRST 01JAD9AWT THAT *

r 3VERFL~lW THF GTVFN LIMITS nF THE R(?UND&RY Tn THF F)CIUNDARY MJT14[1UT Tt~E *

c LnSS nF THk SLnPF FRrjM THF INTFRInR PmNT TO TWE FXTF?IOR ~nlNT *

r, *

C ****************************@* ***************************** +*******************

DIVFNSION X(MPTS}~ Y(NPTS), XF{~~OpF) ~ VFfMPRF)

L=cl

T=fl
[=~+1

TF (1-NPTS} l??3!5~45
K=fl
IF (X( I) .GT.XW.AND.X(I+I) .GTeXM} G(I Tn 5
IF {Y(I) .GT*YM.AND.YIT+l )*GT.YM) GO TcI 5
TF (X( I) .GT.X~.nR. X(I+l) .GT.XP) K=l
[F (Y(I}.GT. YW.llR.Y(Ttt] .GT.YM) K=K+2

IF (K! 15,4~3,15
C=X(TI
rl=y(t)
F=X(I+I)
F=Y(T+l}
CALI. EIIGE {C,D,EIF, K,KK,XM,’rM)
TF (KK) 5,20,2Q
L=L+l

Gfl Tn (?5?3CiT~O)F KK
y~(L)=f’

YF(L}=D
G(_) Tfi ~

XF(L)=C

YF(L)=~
L=L+l
XF(L)=F
YF(L)=F

CO T17 5

lF (Y(I}.LF. WM.AND.Y(I)-LE-YM) GD Ta 40
(ln TO 45

L=L+I

YF(L}=X( II
YF(L)=Yf I)
Gf) To 5
~FTIV?N
r~lp
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S(J8Rn[JTTNE EOGE (XLt Yit X2~Y;; KTKK; XM~YM)
~“D:l -

c$*********************************************************************:@********
c *

c SUBROUTINE FDGE CALCULATES THE INTERSECTTON OF THF LINE ADJOINING *

c TWO POINTS AND THE LINES X=XM, Y=YM OR 13flT}+ *

c ,— .— *

~********************************JK*************************************e******** ““

5

’30

4 n-

90

IF (XL-X2J 5995?5
SLOPF=(Y2-Ykl/tX2-Xll
B=Y1-SL(IPF*X1
Y=l
GO VI (15r55~80)t K
IF (X2-XII 25,20,20
X2=XM
V2=SLOPE*XM+B
KK=2
Gfl TO (50G3(?~401t M
X1=XM
Yl=sLnPE*xM+B
KK=l
GCI TO (50,39940)? M
IF (Y1.GTcyM*ORe y2sGT.YM) GO TO 35
RETURN
K=2
Y=7
Go T(l 10.—=_ .=___
IF (YlsGT.YW*ANDs Y20GTmYM) GO Tfl 45
K=?
Y=? __ --- --- _- -_ – -_ .-. ----
GO TR 10
KK=-1
RETURN
IF (Y2-Y1) 65?60!60
Y2=YM
X?=(Y!4-F!)/SLC)PE
KK=~

Gn To (75?701, N
YI=YM
Xl=(YM-B)/SLOpE
KK=I
G13 m (75,701, M
KK=3
RETURN
IF (SLOPE) 85?90,90
K=l
q =-~

GO TO 10
K=l
M=2
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Gn 7-0 10
C15 !F IY2-YI) l’15~100,1fi0
!Iln y?=yM

KK=7
R~TIJRN

105 YI=YM

KK=I

RETURN

END

..,.
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