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1. INTR().D UCTION

The purpose of this note is to expand upon certain aspects of Sensor

and Simulation Note XXI by Carl E,

two- conductor, finite parallel plate

article, The plates are parallel to

sions as shown in Fiamre 1.

>;
Baum, This note deals solely with the

transmission line as described in that

the direction of propagation with dimen-

Figure 1

It was our intent to produce graphs of the eq,uipotential and mag-

netic fields for various fixed ratios and produce a computer code that can

be easily used to make such graphs for any other values of b/a, We do

not intend to derive the equations given in Note .XXI but to use them to prc)-

duce varying conformal maps. For simplicity, we define b = 1,

.!,

-,.

C, E. Baum, Impedances and Field Distributions for Parallel Plate -
Transmission Line Simulators, EIVIP Sensor and. Simulation Note XXI,
June 6, 1966’.
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11. OPEEATION

General

The plots produced herein are contained in the first quadrant. The

x-axis is midway between and parallel to the plates. The y-axis is perpen-

dicular to and bisects the plates. This arrangement is shown in Figure 2.

Since the plots are symmetric, reflection across the x and y axes will ex-

tend the graph to all four quadrants. With each graph the ratio b/a and the

impedance are given (assuming a wave impedance equal to that of free

space).

Y

(0, 1)

(0, o) x
P

Figure 2

The program used to produce the maps consists, to a large extent,

of two programs previously written for Note XXI. The first program pro-

duced the geometric factor fg for a given parameter m, where m is a func-

tion of b/a as given below. The second program calcu~ated x and y coordin-

ates from the conformal transformation. These programs have been

incorporated into one program that, for a given ratio b/a,
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1! b

a.

b.

c.

d.

by an iterative process gives an approximation of

m from which f , the geometric factor, is cal-
g

culated (the approximations are within . 001 and

. 00001 of the true values of m and fg respectively),

generates 100 data points along each of 40 curves,

adjusts the data points to the de-sired size of graph(s),

scales, graphs, and labeis the conformal map(s) to

be produced on the Calcomp plotter.

To reiterate, we list some of the equations found in Note XXI tha’:

are of interest.

a/b = z
[

K(m) E(i~o\m) - E(m) F($o!m)
T 1 (1:)

40 =
[

1
arcsin ~

f
g=

1/2

1
1-

E(m)
K(m) )1

(2)

K(ml)

K(m)

From the conformal transformation

— 2K(m)
z= Z (w+jK(m) ! rr.) + j

T

we have
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2K(m)

[

uE(m)
x’ E(u I m) - ~(m)

T

msn(u I m) cn (u [ m) dn (u I m) sn2 (v’ I ml)
+

1- dn2 (u I m) sn2 (v’ I ml) 1

and

[

v’E(ml)
2K(m) VTy.= E(v’ I ml) - K(ml) +

2K(m)K(ml)

gives

value

dn2 (u I m) sn (v’ I ml)c~ (v’ I ml) dn (v’ ml)

1- dn2 (u I m) sn2 (v’ \ ml) ‘1

V7 = v + K(ml)

‘1 = l-m

It might al-so be noted that

f+.
2K(m)Zmax

n

(5)

(6)

(7)

(8)

the abscissa of the edge of the plate where Zmax is the maximum

of 2(u m) for a fixed m. (See Fiwre 3. )

(9)
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I
(A,, 1)

1 ‘“
I

I
Figure 3

The table below summarizes the plots found in this note,

b[a

0.2

0,6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1,4

2.0

5.0

f

.15376

.34613

, 38204

, 41479

.44487

.47264

.49842

, 52245

.54495

, 56609

.67116

.95514

- -5-

Free-space
Impedance

57.97 ohms

130.49 “

144,03 “

156,37 “

167.71 “

178.18 “

187.90 “

196.96 “

205.44 “

213.41 “

253.02 “

360.08 “



The following graphs were reproduced directly from the

Calcomp plots.
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Program EXTEND

Input From Data Card

V-ar i.able
Name Column -: Format

BA 1-14 Real E14..8

20

Program EXTEND

gram reads the particular

Integer 11

Use

Ratio of the dis-
tance between the
plates to plate
length,

l’alue that det{~r -
mines the scale of
graph(s) produced,

accepts any ratio . 2< b/a< 100 as data, The pro-——

b/a in an E14. 8 format, one number (i. e. , one

ratio b/a) per card. At least two data cards are required. The last card

must contain a negative number in the same format to stop the reading cycle,

Any b /a, not within the stated limit-s, read in will cause the program to e:~it

~~ith the following message printed: “ERROR. B/A = x XXXXXXX IS OUT OF

RANGE, ‘‘ where XXX.XXXXX is b/a in an E8, 2 format. The lower bound of

b/a is the limit to which the pr.ograrn can accurately calculate f The upper
g“

bound is the limit to which an acceptable graph is produced. The upper _ _

bound, however, could

There exists an

be extended with some modifications.

option of having the program return combinations of

four graphs of the conformal

wanted. The option consists

with only the unit of measure

sizes are as follows:

a.

b,

Graph .

map depending upon the “magnification”

of the same size graph (except for Graph

changed. The different units of measure

Graph 2:

1 unit- (inch) = 0.75 (6 by 10 inches)

1 unit (inch) = 0.5 (6 by 8 inchc~)

1)

and
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c. Graph 3: 1 unit (inch) = 0.375 (6 by 8 inches)

.. d. Graph 4: 1 unit (inch) = 0.25 (6 by 8 inches)

It is recommended that graph number 1 be reserved for ratios of

b/a <.4.

To utilize this option, add to the data card in Column 20 any integer

one through nine, according to the graph(s) desired. Graphs are drawn ac-

cording to the following chart.

Number in
Col. 20 1 ‘2 3 4 5 6 7 8 9

Graphs No. 1 No. 1 No.2 No. 2 NO.2 No. 2 No. 3 No.3 No. 4
produced No. 2 No. 3 No. 3 No. 4 No. 4

No.4

The default option (i. e. , no punch in Column 20) is one graph accord-

ing to the size of b/a as follows:

Range of the ratio b/a Graph produced

2 < b/a < 100 No. 4— —

. l< b/a <2. No. 3

,4 <b/a< 1. No. 2— —

. 2 ~ bfa< ..4 No. 1

The subroutines that draw the graphs are quite flexible and various

sizes as well as various scales can be employed with minimum alterations.

(IL, IH, m and YM determine the height, length, maximum value of x, arid

“maximum value of y, respectively. )

One 1/2-inch plot tape is required. The instructions to the Calcomp

PI.otter are written on this tape, and it must be specified as a low density
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tape (200 BPI). The logical designation for this tape is 10 and must appear

as such in the control cards.

CPU time to produce each graph varied from approximately 180

seconds for b/a = 5, 0 to approximately 730 seconds for b/a = .2. How-

ever, once the values have been calculated, each additional graph requires

only about 30 seconds. A field length of 560008 is sufficient for loading and

execution. These figures are based on the use of-a CDC 6600 computer.
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Appendix A

FLOW CHARTS FOR EXTEND, ADJUST, EDGE, AND DRAW

6
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TSTART

Flow Chart for

Program EXTEND (lMain Program)

Read
BA,

ND O

L-J~ INITDO = I

I~cDO = 1

._J

vJ.



\

EM=l-EM1
N=N+l

I I
I

L_._l
EPSLON =
FOFM-BA
FGTEMP =\7

/ f
Write TEMP2 = TEMP1 =
ERROR , EM1 EM1I

b
L

Yes

0?

b ,

6
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05 Q3

/aY----\

,J
Calculate
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CEDCK—.. .. . - -—.

/ FEEUM \

\

Print ‘
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i
\

/
with VP ‘

or U f

r
——..

~–.-–-.. v...-----
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I
1
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L ....–.-.. >,_..,__
heading

111

v

0
I

*1-...(~/ , #-----

/ c~l~~[la~e x,
I

Y-=o

L“
l—

‘.- a-

ENC=EM ]

& ~No l. _.. .
i-.. ...”....

~ Calculate ~

0-7

I X and Y ‘-
4

I

I
-1uheading

+

<

No Is
.———

J = 101?
/ >M - ‘“””-

I
I Yes

o5_...__h
VP= R’~CKl
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ENC=EM1
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IL =8, I
IH=6

MORE = 102

Y

L-JT. = INITDO

LAST = -1

I

04

b

XM =7.5
YIU =4.5

IL ‘ 10

I

(-)-@/”,&
—1

I
i

●

*
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Flow Chart for

Subroutine ADJUST

I

.: fl, ~~. 4*
< NO +

1~ “~~11=1+1 Yes
2 \Are Yes

(I) & Y(I+l)
No ~YM?

No
\ /

/

\Is
4

1 <>

Yes x( I)orX(I+l)
K=l

>XM?

/
(No

K=K+2 QQ

5’L=L+l

KK

K ‘9
XF(L)=C, YF L= Li-1

=D, L=L+l

;1

XF(L)=X(I)
3 ~

XF(L)=E YF(L)=Y(I)

YF L)=F



Flow Chart for

Subroutine EDGE

i

Is
X1=X2?

Yes
Y2>Y1?

$?
~;l

-<REjuRN1

‘A
Q/’’J--*Kp - - ‘“----‘-------i ““’–

d

I

‘2 = YM
figure X2 4

‘M
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7
1

KK=l

t

X2 = XM
figure Y2

KKL2

I
I
I Y

K=2
M=2

A
K=2 -
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GE3
1mFigure

initial
values

Flow Chart for

Subroutine DRAW

I

oRETURN

; Yes

1 F----l F---

4

.-t

r
N .~+l

oI,

I

1“
LoCall

PLOT

.-.

*
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Appendix B

PROGRAM LISTING
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PROGRAM ExTENIl( INPUT?13UTPUT tTAPE10 ) Ex 1
~*******************************************************************************

c *
c E ~ lEN S I Gh C F *
c *
~ SENSCR Alto ~ I FuLAT I c h hCT E NuM e ER 2 1 *
c *
c ECU!PCTENTIAL AND MAGNETIC FIELC PAFPING *

c FaR PARALLEL TitC1-PLATE TRANSMISSICh LINE *
c *

c Tt-IS PROGRAM REhCS 8/A FROM DATA CAROS ANC RETURhS F ANO FG (GEGMETRIC *
c. FACTCIR), K(W)? KIM1), E(P), E(PL), ARC FIELC PLaT *
c f8/A ‘EIEThEEN .2 .4~a 100.} *
c *
c NDC = * GRPPHS PRGCIJCEII * *
c 1 * Kcl * *
r 2 * Pial? N132 * GRAPH htll 0.750/UNIT *

c a * ho2 * GRAPH KC12 O.FJOO/UNIT *

c 4 * N02, Na3 * GRAPH NC13 o.375/uNIT *

c G * FiQ2, N03, N04 * GRAPH hC4 C.250/UNIT *

c i * N02, N04 * *

c 7 * Na3t N04 * liJhIT = 1 INCH *

c f! * Nt)3 *
c q * N04 *
c

*
*
* 6

c*ti*****************************************************************************

5
10

15

2C
25

?0

35

CIMEhSICN X(42,1CI), ‘f(42,101)t XF(lLO}, YF(11O), XX(lOl)r
lYY(LC1)

COPFaN /SPARE/ EhC,IFLAG,LPICK
COMMON /HOLD/ CE,CEl,CKsCKl, PHIfZEf ZF
READ lC~ BA,INOC
FORMAT (E14.F,5X,11)
INITD13=1
INCnG=l
IF {NCICI) 15,15,?C
IF (gA.GE.2. ) ~oa=s
IF {9A.GT. .1.ANQ.BA.LT.2. ] NC)Cl=8
IF [eA.GE.. 4.AND.BA.LE.1.} Ni-ln=3
IF (BA.LT..4) NOCI=I
Gc To (25$ ?0,55 ,55,55,35,40,45 ,501? &cc
INITOCI=4
NCO=4
GO TO 6C
ND[!=4
INCOG=3
GC TC ~o

NnrJ= 3
INcDa=2
GC TC 60

EX Z
Fx ?
Ex 4

EX 5
EX 6
EX 7
Ex F
EX 9
EX 1P
EX 11
Ex 12
EX 1?
Ex 14
EX 15
EX 16
EX 17

.

EX la

EX 1S
EX 20
~x 21
EX ?2
Ex 22
EX 24
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40

45

50

55
60
~~
70
75
80

90

95
Ioc

1C5
11~
115
12C

1?5

13C
135

14C

1NITDIJ=2
NDCI=3
GO TU 60
INITfJu=2
Non= 2
GO T(I 60
INITDo=?
NoO=?
GO TO 60
NDO=NOO-2
IF (8A) 31C,31G,65
IF (RA-.2) 75tP5t7c
IF (8A-100. ) E15,G5t75
PRINT 80, 6A
FORPAT (1OX*7HERRCIR. JILH 8 OVER A
GO Tfl 5

=~E8.2t17H IS CUT OF RANGE.)

TEMP1=O.C
TEt4P2=o.o
EM1=.’399579955
N=O
FGTEPP=o.c
CALL PROB lEMl,Cl,FOF~,FG)
EM=loO-FMl
N=N+l
IF (ABS(FGTEIIfP-FG)-l. OE-6) 140,140,95
IF (N-3C) 10C,LCC,14C
EPSLON=FOFM-FIA
FGTEHP=FG
IF (ABS(EPSLON)- 1.OE-6) 140,140,105
[F (EPSLON) 11C,14C,130
IF (TFMP1) li5,115,125
PRINT 120, EPSLCh
FORMAT (55H ERRCR.F(M)IS LESS THAN f3/A FCR Pl=l. THE DIFFERENCE

1,F16.8)
GO TO ?LC
TEHP2=EM1
CO TO 135
TEMP1=EP1
EM1=(TEMP 1+TEMP21*C.5
GU TO 90
CONTINUE
PALFPI= l.570796326794897
RP12=0.6?6C1S7723675E13
XOHPS=120. C*3.1415926535 8979*FG
P<E=RPi2*CK
pQE2=CE1/CKl
PRE?=HALFPI/(CK*CKl]
CEOCK=CE/CK
PRINT 145, XOHMS,EMt 8A,FG,CK,CKl,CE ,CEL

EX 25
EX 26
EX 27
EX 28
EX 29
EX 30
EX 31
Ex 32
Ex 33
EX 34
Ex 35
EX .36
Ex 37
Ex 3e
EX 3$
EX 40
Ex 41
EX 42
Ex 42
EX 44
EX 45
EX 46
EX 47
EX 48
EX +’9
EX 50
EX 51
EX 52
EX 5?
EX 54
EX 55
EX 56

is Ex 57
EX 5P
EX 55
EX 6C
EX 61
EX 62
EX 6?
EX 64
EX 65
Ex 66
EX 67
EX 68
EX t55
EX 7C
EX 71
EX 72
EY 73
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FORMAT [1 H1,45X,36H CONFORKAL MAPPING FOR FINITE PLATE S/21 X,74HFIE EX 74
lLC AND PIJTFNTIAL i31STRIBbTIQN FOR PARALLEL TMC-PLATE TRANSMISSION EX 75
2LINE.tF8.2,7H GHMS,/lH0,15X,lHM,12Xt3HE/A, 14X,2HFG,13X,4 HK{M),11X EX 76
3!5HK(M l) f12X!4HE(M)~ llX,5HE{Ml)/LHO,LOX,FIO .8,6E16.7) EX 77
f10 250 1=1,42 EX 78
REALI=I EX 75
IF (1-21) 15C~15Ct16C EX 80
x=(REALI-1.1*.C5 EX 81
u=R*cK EX 82
ENC=EM Fx 8?
CALL FEEUM (U,EP,SNU,CNU,DNU,EU,XMLAST ,ISTCPI Ex 84
PR[NT 155, UtR!I?ItIrl EX 85
FCRMAT f lHC,49X,2HU=tE14.7,2X,7HU/K fkf)=,F5.2/lH0,3C)X,ZHX(, 12,3H,J) EX 86

1,9X, 2HY{,12, ?H,J),29X,2HX[ ,12,3Ht J) t9Xp2HY(t12t3Ht J)) FX 87
Gn To 17C EX 8E
RQ=(REALI-22. )*.C5 EX 8S
R =-1.O+RR F% 9C
VP=RR*CK1 ~x 91

V=VP-CKL ~x 92
ENC=EM1 EX 93
C4LL FEEUP (VP IEWl,SNV,ChV,DNV~EVl ,XMLAST, TSTCP) EX 94
~RINT 165? VtRtI~ITI~I
FORMAT (1H0,48X,3HV

EX 95
=tE14.7~2XdIHV/K( Ml)=rF5.2/lHOf30X ~ZHX(112t3bp EX 96

lJ),9X, 2HY[,12, 3ti,J),2~X,2HX{ ,12t3H, J),9X,2HY(,12t3P, J))
Drl 235 J=l,lcl

EX 97 e
E% 5P

I?EALJ=J Ex 95
Q.=(REALJ-1.)*.C1 EX lCC
IF (1-21) 175,175,18C EX 101
VP=R*CK1 EX 102
v=vP-CK1 Fx 103
ENC=EMI EX 104
CALL FEEUP (VP,FP1, SNV,CAV,(INV,EV1 ,xFLAST,ISTCPI
GU TO 185

EX 1C5
EX 106

U=R*CK
ENC=EP

EX 107
Ex 1C8

CALL FEEUPI (UT EM,ShU,CNU,ONU,EU, XMLAST ,ISTCPI EX 105
SNVSQ=SNVX~NV EX LIC
DNUSQ=DNU*DNLI EM 111
A=SNU*CNU*I)NU*Sf$VSQ Ex 112
FI=DNUSQ*SfiV*CNV*DNV Ex 11?
Dl=l.OEO-ONLSC!*ShUSQ EX 114
IF (1-42) 19C,2CCt2CC
IF (1-21) 19E,2,2C,215

~x l~q
Ex 116

IF (J-101) 2C5,2CC,2c5 EX 117
Y(I,J)=O.CEG ~x 118
GO T(3 210 ~x llq

Y(I,J)=PRE*(EV1-VP*PRE2+PRE3*V-8/Dl ) Ex 12C
X( I, J)=PKE* (EU-U*CEl)CK+( E~*A)/Dl) EX 121
Go TO 235 FX 122
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215
22C

225
23C
235

24C

245
25C

27c

29c

IF {J-101 I 225,22 C,225
XI I, J)= O.OEO
GO TO 230
X( I, J)= PRE*(EU-U*C EDCK+(EH*A)/Dl)
Y(IIJ)=PRE *( EV1-VP*PRE2+ PRE3*V-t3/1111
CONTINUE
PRINT 240, (( X( I,J),Y[ I,J),X(1tJ+50 )tY(1~J+50) ),J=1t50)
FORMAT (24X, 2E16.7, 11X,lH*t8X,2Ei6. 7)
PRINT 245, X( I?1CI)?Y(I!101)
FORWAT (7CX,2E16.7)
CONTINUE
NPTS=101
IL=8
Ili=6
MORE=1O2
17tl ?05 I= IhITflC,NDO, INCDC!
LAST=-1
C(I TC! (255,265 r26C,270)~ I
xr’!=4.o
‘fM=z.()
CO TO 275
XM=2.O
YM=l.5
co TG 275
XM=3.o
YM=2.25
Gil TIJ 275
~M=7.5

‘iM=4.5
IL= 10
DO ?00 K=2,41
IF (K-21) 28C,3CCr280
00 285 L=l,IC1
XX(L)=X(K,L)
YY(L)=-Y[K,L)
CALL ADJUST (XX, YY,NPTSt XHtYM,XFtYF ,PCREtL)
[F (K.EQ.41) LAST=l
IF (K-2) Z$5,2SC,2S5
CALL DRAW (XM,YM, IL~IH,L,XF,YF,l, LAST)
CO TO 300
CALL DRAM (XM, YP, IL,IH,L,xF,YF,2 ,LAST)
CONTINUE
QEALL=IL
QEALH=IH
UP=REALH/YM
CALL HEADIN (REALH,REALL,!3A,UP,XOHRS )
CUNTINUE
GC TO 5
CCINTINUF

EX 123
EX 124
EX 125
EX 126
EX 127
Ex 128
EX 129
EX 130
EX 131
EX 132
EX 133
EX 134
EX 135
EX 1?6
EX 137
EX 138
EX 139
EX 14C
EX 141
EX 142
EX 142
EX 144
EX 145
EX 146
EX 147
EX 148
EX 149
EX 150
EX 151
EX 152
EX 153
EX 154
EX 1’55
EX 156
Ex 1’57
EX 158
EX 159
EX 16C
EX 161
EX 162
EX 16?
EX 164
EX 165
EX 166
EX 167
EX 168
EX 165
EX 170
~x 171
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SUBROUTINE HEADIh {REALH,REALL,BA?UP tXCHPS ) t-c t
~***************************************%***************************************

c *
c THIS SU6RCUTINE PRINTS THE EEAOihG AhC *
c CCRRESPCINOING NUMBERS 12N THE GRAPH. *
c *
c*******************************************************************************

BACK=-(REALL+3.C) I-D 2
RLo2=REALL/2.c kc ?
CENI=RLC12-1.E6 *C 4
CEN2=RL02-?*26 l-c 5
CEN3=RLC2+l.~0 I-C 6
CEN4=RL02-G.66
CEN5=RL02-G.C6

1-c 7
i-e e

ti[l=REALli+.7E f-c 9
!J12=REALH+.5 !-c lc
H13=REALH+.22 1-c 11
CALL PLOT (BACK,C. F-3) l-c 12
CALL SYM13GL (CEN2,H12, .14,54HFGR PARALLEL! THC-PLATE T~h~SWISSIQ~ I-C 1?

ILINE. CIHFSrC. ,54) *C 14
CALL SYMBOL fCENltHI lt.14t32tiFIELD AhCI PCTENTIAL CISTR18UTION~0.,? PD 15

1.2) IJQ 16
CALL NUME!EB (C EN3YH12r .14rXGHPS,0. T4H~6.21 PC 17
CALL SYMBOL fCEfN4,H13,.14,5HB/A =,0.,5) bc 18 e
CALL NUM13EN [CEh5,H13~ .14S8Ar0. ~4HF6.2 ) l-c 1$
UPl=UP/2.C-O.43i’ *q 2C

LlP2=(REALH-uP}/2.o-.2fll+uP t-c 21
UP=UP+.CS t-o 22
CALL SYN13CL [-C. EC,lfPIt.14~8HU = K(Mlr90.0t8) t-c 2?
CALL SYW80L [-C. &?O~UP2t.14~5HU = 0~90.0s51 PC 24
CALL SYMBCL {-1. 20tUP,C.14~9HV = K(M1lrO.0,9) He 25
CALL PLCT (REALL+3.Ct0. f31 l-r 26
CALL PLCT (REALL+3.CtO.~-3) Pc .27
RETURN t-rl 28
END Et 29-

-36-



.

SUBROUTINE AOJUST (XtYTNPTS~XMtYPtXF tYF,PORE tL) Ac 1
c*****#***************************************$*********************************

c *
c THIS Subroutine ADJUSTS ALL DATA POINTS Ih THE FIRST CUACRANT TPAT *

c n’dERFLOW THE GIVEN LIMITS OF THE 80UNOARY TC THE BIllNOARY HITHOUT THE *

c LOSS OF THE SLOPE FROM THE INTERIOR PCIhT TC TkE EXTERICR POINT *

c *
c*******************************************************************************

5

Ic

15

c)

2G

25

2C

35

40

45

DIMENSION X(NPTS), Y(NPTSI, XF{MIIREI, YF{HCRE)
L=O
1=0
1=1+1
IF (1-NPTSI 1C,35,45
K=O
IF (x( I] .GT. XM.ANO.X(I+l).GT. XFf) GO TO 5
[F (Y(I) .GT. YM..AND. Y(I+1).GT.YM) GO TO 5
IF (X( I) .GT.XM.CR.X(I+I). GT.XM) t(=l
IF (Y(I) .GT.YM.CR. Y(I+l).G7. YM) K=K+2
IF (K) 15,40,15
C=X(I)
O=Y(I)
E=X(I+l)
F=Y(I+l)
CALL EDGE.. (C,D,E?F,K,KK,XM tYM~
[F (KK) 5,20,2C
!_=L+~
GO TO [25,30 t3C), KK
xF(L)=C
YF(L)=D
GO TO 5
xF(Lj=C
YF(L)=D
L=L+l
XF(L)=E
YF(L)=F
GO TO 5
IF (X( I) .LE. XM.ANO.Y{II. LE. YM) GCI TO 40
GO TO 45
L=L+l
XF(L)=X(I)
YF{L)=Y(I)
GO TO 5
RETURN
END

AC
AC
AO
AC
AC
AC
AC
AC
AC
AC
AC
AC
A i]
AC
AD
AD
AC
AC
A !O
A/1
A 1:
A 1:

A C
A 1;
A 1:
A C
AC
A c
A [1
A C
A 1:
A C
A [;
A [!
A [:
A f)

2
2.
4,
5
6
7
e
9

lC
11
12
13
14
15
16
17
L8
19
20
21
22
23
24
25
.26
27
28
29
3C
31
32
~;

34
35
36
37-
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SUBROUTINE EDGE {Xlt Yl~X2tY2tKtKKtXHtYM) ED 1
c*******************************************************************************

c *

c SU!3ROLITINE FDGE CALCULATES THE INTERSECTION CF THE LINE ACJOINING *

c TWO POINTS AND THE LINES X=XP, Y=Y$J OR BOTH *

c *
c*******************************************************************************

5

Lo
15
20

3C

35

4C

45
50
55
6G

IF (X1-X2) 5~$515
sLclPE=(Y2-Yl)/(x2-xl)
B=YL-SLOPE*X1
F!=l
GO Tfl (15t55tF!C)r K
IF (x2-xl) 25?2C,2C
X2=XM
Y2=SLOPF*%M+B
KK=2
GO TO (50t3Ct4c)? M
X1=XP
Y1=SLOPF*XF+8
KK=I
GC TCI (50,30,4Clt H
IF (Y1.GT.YM.OR. Y2.GT.YM) GO TO 35
RETURN
K=2
M=~
GO TO 10
IF (Y I.GT.YM.AND. V2.GT.YP) GO TO 45
K=2
?.!=2
Gfl T(I 10
KK=-I
RETURN
IF (Y2-YII 65t6c,6c
Y2=YM
x2=(YP-Eil/sLcPE
KK=7
GO TLI [75,70]? b
Yl=YtJ

Xl=(YM-f3}/SLOPE
KK=I
GO TC! (75r70)t K
KK=~

RETIJRN
IF (SLOPE) 85,SCrSC’
K=l
p=?

GO TfJ 10
K=l
M=z

ELI 2
EC ?
ED 4
ED 5
ED 6
EC 7
ED 8
Ec $
ED IC
ED 11
ED 12
EC 12
ED 14
ED 15
EC 16
ED L7
ED 18
ED 19
FIY 20
Ea 2i
EO 22
EC 2?
ED 24
EC 25
ED 26
EC 27
ED 28
ED 2$
ED 30
EC 31
ED 32
ED 22
ED 34
EC 35
ED ~k
ED 37
EC 38
ED 39
ED 40
ED 41
EC 42
ED 42
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GO TO 10
95 IF (Yi2-Yl) 1C5,1CC,1C0
ICC y.2=YM

KK=?
RETURN

105 yl=yM

KK=l
<ETURN
END

ED 44
ED 45
ED 46
ED 47
EO 48
ED 49
Eo 5C
EC 51
EC 52-
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SUBROUTINE DRAW (XHqYMt ILtIHtNPTS~XtY tKIKDILAST) TB I
c*******************************************************************************

c *

c THIS SUf3ROUTINE SCALES, DRAhS THE AXIS FCR TkE GRAPH, ANC PLCITS TPE *

c ADJUSTED DATA wITH ANY NUMBER OF IJVERLAYS CA THF CALCOMP PLOTTER. *

c *

c****************************************?***************************#**********

5
10
15

20
25

3G

35

40
45

5C

65

?C

flIMENSIflN X{NPTS)t Y(NPTSI
CATA IFT/4HEF.2/
REALH=IH
REALL=IL
5CALEX=XM/REALL
SCALFY=YM/REALH
RscALX=l./SCALEX
RsCALY=l./SCALEY
IF {KIND-I] 10r2c~5
IF (KIND-2) lC,$5tlC
PRINT 15, KIND
FnRMAT (4~H THE KIND &f- GRAPH ASKED FGR IS Ih ERRGP7F8.2)
kFTIJRN
IF (GI-ZI 25,3C,25
CALL PLOTS (TB,TP,1O)
nI=~
On 90 1=1,4
GO Tfl (:5t4Ct35?4C)~ I
NN=IH+I
G@ TO 45
NN=IL+l
(In 90 N=l,Nk
?EALN=N
GO TO (5C,6C,7C,EC}, I
R=REALN-1.
CALL PLUT I-.C!3,R,2)
CALL PLCT (0.~Rt2)
YNUM=R*SCALEY
RR=REALN-1.GI
CALL NU~HER [-.6,RR, .C7,YNUM,0. ,IFTI
CALL PLOT (0. ,R,3}
IF (N-NN) 55,$C~55
CALL PLUT (C.,RFALN,2)
GO TO SC
R=REALN-1.
?<=REALH+*05
C4LL PLOT (R,RR~2}
CALL PLOT (RtREALHf2)
Ir (h-NNl f5t$C165
CALL PLUT (REALh,REALH,21
CCI TO ~0
3=REALL+.C5

TB 19
Tg 20
TB 21
TB 22
TQ 22
TB 24
T9 2s
TQ 26
T8 27
TF! 2!2
TB 27
T9 20
TB 31
Tf3 ??
T9 ?3
TB 34
T8 35
TR 36
TB 37
T13 38
TO 3S
TB 4C
TE! 41
TR 42
TB 43
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75

80

85

9C
55

10C

lo~

llc

RR=REALH-REALN+l.
CALL PLIJT (R,RRt2)
CALL PLOT (REALL,RRt2)
IF (N-NN) 75,9CV75
RRR=RR-1.
CALL PLOT (REALLtRRR,2)
Go To ~o

R=REALL-REALN+l.
CALL PLOT (R,-.C5,2)
CALL PLOT (R,C. ~2)
XNUM=R*SCALEX
RR=R-.25
CALL NUMHER (RRt-.25t. C7tXNUM,O.,I FT)
CALL PLOT (RtC.~3)
IF (+NN) ~5,$CSt5

RRR=R-1.
CALL PLOT (RRRtC. ;2)
CONTINUE
XX=X(l)*RSCALX
YY=Y( l)*RSCALY
CALL PLOT (XX,YYt3)
DO 100 I=l,NPTS
XX=X{I)*RsCALX
YY=Y{I)*RSCALY
CALL PLOT (XX,YY,2)
CONTINUE
IF (LAST) lC:,lIC,llC
CALL PLOT (O.?C. $3)
CALL pLfJT (OOrC. r-3)
RETIJRN
R=REALL+?.
CALL PLC!T (Rt00r3)
CALL PLCT (R,O.,-3)
RETURN
END

TB 44
TB 45
TB 46
TB 47
TB 4E!
TB 49
TB 50
TB 51
TB 52
TO 52
TB 54
Tf3 55
Ti3 56
TB 57
TB 5@
TB 59
TB 6C
T8 61
TB 62
TB 63
TB 64
TB 65
TB 66
TB 67
TB ee
TB 65
TO 70
TB 71
TB 72
TB 7?

‘-TB 74
TB 75
TR 76
TB 77
TB 78-
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SLjBRG(ITINE PRO13 (EP1,AB,8A,FG) Pk 1
c*******************************************************************************

c *

c THIS SLBRCUTIKE CALCULATES THE GECHETRIC FACTCR AND E CVER A *

c *
c********************************************$**********************************

COMMON /SHARE/ EhC,IFLAG,IPICK PR 2
CCMkCIN /HCLD/ CEfCEltCK,CKltPHI IZEtZF P~ ?
EM=l.O-EM1 PR 4
PI=2.1415$2C535E$7q
RP=0.31f!3C9F E61E37SC7

PR 5
PR 6

Pi=l. E7C7Ge326754E!97 P!? 7
x=SQRT(FM) PR 8
C4LL ELLPIN (X,Y,Z) PR 5
CK=Y PR lC
CE=Z PR II
x=SORT(FM1) PR 12
CALL ELLPIN (X,Y,.Z) PR 1?
CK1=Y PR 14
CE1=Z
cK=(P2-cE*cKI)/(cEl-cKl )

PR 15
PF? 14

ENC=EP PR 17
P~[=ASIh(SQRT((l..C-CE/CK l/EP)l PR LE
ZF=XKINC(PHI, FKC} PR L9 e
ZE=EKINC(PPI,EMC)
APl=(cK*zE-cE*zF)/P2

PR 2C
PR 21

f3A=l.O/Ad PR 22
FG=CK1/CK
.RETIJRN

PR 22
PR 24

END PR 25-
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SUBROUTINE FEEUH (VUtXM, SNtCNtCJN?E,XPLASTt ISTCP) FE 1
c*******************************************************************************

c *

c CALCULATION OF THE JACOBIAA FUhCTIChS EY *

c THE ARITHMETIC-GEOMETRIC HEAN *

c *
c*******************************************************************************

DIMENSION A(1OCO), 8(1COO), C(1OOO)
IF (XM-XKLAST) 5,2C~5

5 SQM=SQRT( 1.-XM)
A(l)=O. 5EO*tl.CEC+SQt41
8(l)=SQRT(SQ~)
C[L)=C.5EC*( L.OEC-SQM)
D(J 10 I=2,1OOC
11=1-1
A(I)=O. 5EO*(A(II)+8( II )1
BII)=SQRT (A(II)*B( II))
C(I)=O. 5EC*(A{II)-B( II 1)
IF (A6S(C( I))-1.CE-1O) 15,10t10

10 CONTINUE
15 ISTOP=I
20 PFI=2.0EO**I STOP*A(ISTOP )*VU

DO 35 I=l,ISTCIP
II=ISTOP+l-I
ARG=C(II)/A(II)*SIN[ PHI)
IF (ABS(ARG)-I.CE-5) 3C,30,25

25 FACT=ASIN(ARGI
GO TO 35

30 FACT=ARG
35 PHI=o.5EO*( PHI+FACT)

SN=SINIPHI)
CN=CC)S(PHI)
DN=SQRT( l.-XM*SN*SN)
E=EKINC(PHI,XM)
XMLAST=XM
QETU!?N
END

FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE

..
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SUBROUTINE ELLPIN (X,EK,EE) EL 1
c*******************************************************************************

c *
c CCIPPUTATICN CF CQMPLETE ELLIPTIC INTEGRALS K, E *
c *
~*******************************************************************************

5
10
15

20

25
3C

35

4C

’45

50

DIMFNSICIN AKP(5C)
IF {x-1.OEO) 5,75,1c
IF (Xl lC)~2U!25
PRINT 15
FCIR~AT (eH ELLPINT}
STOP
FK=l.5707~6326754E57
EE=EK
RETURN
IF (Y-.$S5EC) 3c,5cf5c
AKQ=X
DO ?5 N=L,5C
AKP{N)=SQRT (l.-AKG*AKO)
AKO={l.EO-AKP(N))/{1.EC)+AKP{ N))
IF (AKO-I.E-12} 4C14C,35
CONTINUE
N=5G
FR=I.57C7~6326754E!57
AKR=l.570156326754L!57
NM1=N-1
OCI 45 I=l,NML
D=I.EO+AKPIN-11
TEMP=2.EO*AKR/D
4KR=TEMP
FR=D*ER-TFWP*AKP{ N-1)
EK=AKR
EE=ER
RETURN
AKP2=1.OEC-X*X
AKP(1)=SQRT(AKP21
lJ=ALoG[4./AKP{l)]
Al=l.OEO
FEE 1=AKPZ*C*25EC
SLMK=U+(U-A1)*FEEI
131=C.5E0
C1=AKP2*0.5FC
SLJMF=l.CEO+ (L-R1)*C1
no 65 I=2tloc
AI=I
Thf2P=AI+AI
ThORMl=TROR-1.CFC
ThCiRM3=TkI@R-?. CEC
ANOk=Al+L.EO/(AI*(TWIRMl 1)

EL 2
EL 3
El. 4
EL 5
EL &
CL 7
EL 8
EL 9
EL ~~

EL 11
EL 12
EL 13
EL 14
EL 15
EL 16

EL 20
FL 21
EL 22
EL .23
EL 24
EL 25
EL 26
EL 27
EL 28
EL 25
EL 3C
EL 31
EL 32
EL 33
EL 34
EL 35
EL 36
EL 37
EL 3~
EL 39
EL 4(!
EL 41
EL 42
EL 42
EL 44
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f==ThQRM1/TkiOR
FEE=F*F*AKP2*FEE1
TERMK=( U-ANflW) *FEE
SuMK=SUMK+TERNK
13Nflki=Bl+(l.CEC/((AI-l. 0EO)*(Tki[1RM3))+1.OEO/( AI*(THGRN1 )))*O.5E0
c=((TkoRM2)/{TwaR-2.cEc) )*F*AKIJ2*C1
TFRMF=(U-BNOh)*C
SUME=SUME+TERME

IF (TERMK-1.CE-lL) 55,55,60
55 IF (TERNE-1.CE-11) 7cT70?60
60 c l=C

Bi=RNoN
A1=ANCIW

65 FEE1=FEF
7C EK=SUMK

EE=SCME
RETIJRN

75 FF=l.CIEO
EK=I.oE75
!?ETLIPN
ENn

EL 45
EL 46
EL 47
EL 48
EL 49
EL 5C
EL 51
EL 52
EL 53
EL 54
EL 55
EL 56
EL 57
EL 58
EL 59
EL 6C
EL 61
EL 62
EL 63
EL 64
EL 65-
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SUBROUTINE GCINT (XL I, XL2, E, SUM) GO I
~*******************************************************************************
c *
c INIEGRATIUN BY GAUSSIAh CUAORATURE *
c DATA SPECIFIES THE ~RDER OF G-Q INTEGRATION *

c *
~**************$****************************************************************

DIMENSION A(130), ANS(130), X(1OOI, R(1OO}, U{1OO) GO 2
CATA M14G/ GQ ?
DATA U/-.99fj2377C97lC559990726238699457457 9-.977259949983774,-.957 GO 4

19168192137$2,-. 5328l28G827867? ,-.902098806968874,-.865959503212260 GQ 5
2,-.8246 I223GE33312,-. 778305651426519 t-.7273l8255 189927, -.67I9566E4 CO 6
3614180,-. 612 !53EE$667~8O,-.549467l25O95l28 ,-.48307580168617~,-. 4l3 GQ 7
47792C43716C5,-. 341$94CSO825758 !-.268152185007254,-. 19269758070 1371 GQ P
5,-. ll6O84O7O675255~-. 387724175CJ60508E-1 ~+.387724175060508E-l T.L160 GO $
6E407C67525!V. L$26S75807G1371, .268152185007254, .341994090825758, .41 CQ lC
73779 Z043716C5f .4 F3C75801Ei86179~ .5494671250~5 i28T.612553889e67980t . GQ 11
~h7~g566E4k141 &c,.7273 182s5189927,. 7783056514265 19,.824612230833312 CQ 12

/,.8E59595032122tC,.9C2 C98806968874, .9328128(38278677, .9579L68192137 GfJ 13a

$~2, .577259G49GE3174,. q9C726238699457,.99f1237709710559/ Ga 14
RATA R/.452l277CSE533l9E-2 ,.104982845311528E-L, .164210583819O79E-1 GQ 15

1, .222458491~4167CE-1, .279370069800234E-l ,.334601952825478E-1, .387R GC) 16
?2167574472GE-L,. 43F7C9C8185673 3E-1, .486958076350722E-1 ,.53227846S8 Go 17
??93&9E- lf.5743976$C$S3 916E-1~. 613062424929289 E-it .6480401345660 10E GQ 18 e

4-l! .67912C45E15233SE-I ,.706i16473912868E-lt .728865823958041E- 1~.74 GO 1$
5723169057S6P3E-1 ,. ?61iC3619006262E-L ~.770398181642490E- 1~.77505S47 GQ 2C
6’;784248E- 1,. 775C5547~784248E-L ,.770398181642480E-lt .76110361900626 Go 21
72E-1, .7472216SC57$683E-1 ,.728865323958041E-1 ~.706116473q12868E-l t. CQ 22
H6791Z045815233SE-1,. 6480401345660 10E-l,. 6L3O62424929289E-1, .574397 GQ 2?
969f19g391&E-1, .53227g46S839368E-l ,.4Fi6958076350722E-1, .438709081856 CO 24
$7?3E-1, .3@7R2167S744720F-l ,.334601952825478E-1 t.279370069F!00234 F-l CQ ~~

$, .2224584~lS4167CE-1, . L64210583819079E-1,. 1O49828453I 1528E-1, .457i CQ 26
$27799853319E-2/ CQ ?7
CI-K=O.PEO CCJ 28
%= 1 GCJ 2~

—

A(II=XLI GQ 3C
5 XN=N GQ 31

SUY=O.OFO Go 32
l-t=(xL2-xLl)/xN CQ 33
20 lG I=l,N GQ 34
x1=1 Ga 35

lC AI I+l)=XL1+X1*H CQ 3&
C(2 25 I1=l,N GQ 37
ANSI II I=O.CEC C(? 3F
12Cl 15 J=l~M cc) 39
X{ J)=[A(I l+l)-A(IL))*b( JI+(A(IL+l)+A(I1)I Go 4C
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CALL FXEVAL (FX,XX)
20 ANS(ll)=ANS( I1)+FX*R-(1 )
25 ANS(I1)=( A(I1+l)-A(I1) )*0.5EO*ANS( 11)

DO 20 I=l,N
30 SbN=SUM+ANS(I)

IF (A8S(SUM-CHK)-E) 4C,40,35
35 N=N+N

ERROR=SUM-CHK
CHK=SUM
IF (N-13G) 5,5,4(

40 RETURN
END

FUNCTION EKINC (X,XM)
COMFON /SHARE/ EAC,IFLAG,IPICK
IPICK=I
UPLIM=SIN(X)

5 CALL GQINT (G.OEC,UPLI P,1.E-1O,SUM)
EKINC=SUM
IPICK=O
RETURN
END

FUNCTION XKINC (X,XM)
COWMON /SHARE/ ENC,IFLAG,lPICK
LIPLIM=SIN(X)
IF (UPLIM-.$95EC) 1C11ct5

!5 IFLAG=l
UPL IM=X
GO TO 15

10 IFLAG=O
15 CALL GC)INT (C. CEO,UPLI W,1.E-1O,SUM )

XKINC=SUM
RETURN
END

SiJBQOUTINE FXEVAL (FX,X)
COMMON /.SHARE/ XN~IFLAG,IPICK
IF IiPICK) 2Ct5t2C

5 IF (IFLAG) 15,1C,15
10 x2=x*x

Fx=l.oEo/SGRT((l.O-X2J*( 1.O-XM*X2))
RFTURN

15 SINX=SIN(X)
FX=l.OEO/SCRT(l.-XY*SINX*SINX)
RETURN

2C X2=X*X
FX=SQRT((l.O-XH*X2.)/(1 .O-X2))
RETURN
END

-47-

GQ 44
GQ 45
GQ 46
GQ 47
GQ 48
GQ 49
GQ 50
GQ 51
GO 52
GQ 53
CQ 54
GQ 5!5-

EK 1
EK 2
EK ?
EK 4
EK 5
EK 6
EK 7
EK 8
EK $-

XK 1
XK 2
XK 2
XK <
-XK 5
XK 6
XK 7
XK F!
XK $
XK 10
XK 11
XK 12-

FX 1
FX 2
FX 3
FX 4
FX 5
FX 6
FX 7
FX !?
FX S
FX 10
t=x 11
FX 1.2
FX 12
FX 14-
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APPENDIX C

of

Sensor and Simulation Note 52

A TABLE OF VALUES OF TTIE GEOMETRIC IMPEDANCE

FACTOR (fg) FOR VALUES OF THE SIMULATOR CONFIGURATION (b /a) ●
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The purpose of this appendix is to include a more comprehensive

!ble of b/a versus f ,

d)

As in Note 52 the simulator configuration b/a is the
g

ratio of the plate separation to the plate length. The geometric factor fg re-

lates the transmission line impedance to the free space impedance.

The values in the following table

same computer program documented in

However, refinements were required to

were produced essentially with the

Sensor and Simulation Note 52.

generate the desired range of values.

The

t ive

incrementing values of b/a were selected, to allow interpolation with rela -

error of no more than one part in one thousand, A third column containing

differences of the geometric factors is included to aid interpolation. The range

of b/a in the table is from 0.01 to 99.0, The se limits allow the approximate

values of f for small and large values of b/a to be used with a minimum ac -
g

dracy of four significant digits.

The approximation of fg for small b/a is

and for large b/a
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b/a ‘ (dif)!.& ,—.
.010

,011

● 012

.013

.014

.015

.016

.017

.018

.019

.020

.021

.022

,023

,024

.025

.026

.027

.028

0.009768
.000955

0.010723
.000952

0.011675
000948

0.012623 ‘
.000946

0.013569
.000941

0.014510
000939

0.015449 ‘
.000935

0.01G384
.000932

0.017316
.000929

0.018245
.000926

0.019171
.000923

0.020094
.000920

0.021014
.000918

0.021932
.000914

0.0228Q6
.000911

0,023757
.000909

0.024666
.000905

0.025571
.000903

0.026474
.000901

.029 0.027375 .
.000897

,030 0.028272
.000895

.031 0.029167
.000893

.032 0.030060
.000889

.033 0.03091+9
.000887

. 034 0.031836
.000885

,035 0.032721
.000882

.036 0.033603
.000879

,037 0.034482
,000877

.038 0.035359
.000875

.039 0.036234
.000872

.040

●(Jill

.042

.043

.044

.045

.046

.047

.048

.049

,050

.051

,052

.053

.054

.055

.056

.057

.058

.059’

.060

,061

.062

,063

.064

.065

.066

.067

.068

.069

0.037106

0.;;7976

0.038843

0.039708

0.040570

0.041430

0.042288

0.043144

0.043997

0.044848

0.045697

0.046544

0.047388

0.048230

0,049070

0.049908

0.050744

0.051578

0.052409

0.053239

0,054066

0.054891

0.0s5715

0.056536

0.057355

0.058172

0.058987

0,059801

0,060612

0.061421

.000870

.000867

.000865

.0008G2

● 000860

.000858

.000856

.000853

.000851

.000849

.000847

.000844

.000842

.000840

.000838

.000836

.000834

-.000831

,000830

.000827

.000825

.000824

.000821

.000819

.000817

.000s15

.000814

,000811

.000809

.000808

bja 52
.070 0.062229

.000805
.071 0.063034

000804
.072 0.06383i “

.000801
. 073 0,064639

.000800
.074 0.065439

000798
. 075 0.066237 ●

.000796
.076 0.067033

.000794
.077 0.067827

000792
.078 0.068619 ‘

.000791
.079 0.069410

.000789
.080 0.070199

.000786
. 081 “0.070985

,000786
.082 0.071771

.0007s3
.083 0,072554

.000781
● 084 0.073335

, 000780
.085 0.074115

.000778
.086 0.074893

.000776 a
,087 0.075669

.000775
.088 0.076444

.000773
,089 0.077217

.000771
.090 0,077988

.000769
.091 0.078757

.000768
.092” 0.079525

.000766
,093 0.080291

.000764
.094 0.081055

.000763
.095 0,081818

. 000761
.096 0,082579

.000759
.097 0.083338

.000758
,098 0,084096

.000756
. 099 0,084852

.000758

I
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bia f (dif)L .—.
GO 0.08561 -

.00745
0.11 0.09306

00731
0.22 0.10037 ‘

.00716
0.13 0.10753

00702
0.14 0.11455 “.

.00689
0.15 0.12144

.00676
0.16 0.12820

.00663
0.17 0.13483

.00653
0.18 0.14136

00641
0.19 0,14777 “

00630
0.20 0,15407 ●

.00619
0.21 0.16026

,00610
0.22 0.16636

.00600
0.23 0.17236

00591
0.24 0.17827 “

.00581
0.25 0.18408

.00573
0.26 0.18981

00564
0.27 0.19545 *

.00556
0.28 0.20101

.00548
0.29 0,20649.

.00540
0.30 0.21189

.00532
0.31 0.21721

00526
0,32 0.22247 ●

.00518
0.33 0.22765

.00511
0.34 0.23276

.00505
0.35 0.23781

.00497
0.36 0.24278

.00492
0.37 0.24770

.00435
0.38 0.25255

.00479
0.39 0.25734

.00473

b/a (dif)2
GO 0,26207

00468
0.41 0,26675 ●

. 0“0462
0.42 0.27137

.ooJ}56
0.43 0.27593

. 00451
O,li’ :8044

,00445
0.45 0,28489

.00441
0.46 0,28930

.00435
0.47 0,29365

.00431
0,48 0.29796

,00425
0,49 0,30221

00421
0,50 0’.30642 “

00417
0.51 0;31059 “

,00411
0.52 0,31470

00408
0,53 0.31878 “

00403
0.54 0.32281 “

00399
0.55 0.32680 “

,,00394
0,56 0,33074

,00391
0.57 0.33465

00386
0.58 0.33851-’

00383
0,59 0.34234 “

00379
0.60 0.34613 ‘

00375
0.61 0.34988 ●

.00371
0.62 0,35359

,00368
0.63 0.35727

.00364
0,64 0.36091

.00361
0.65 0,36452

00357
0,66 0.36809 “

.00354
0.67 0.37163

.00350
0.68 0.37513

.00347
0,69 0,37860

.00344

b/a
0.70

0.71

0.72

0.73

0.74

0.75

0.76

0.77

0.78

0.79

0.80

0.81

0,82

0.83

0.84

0.85

0.86

0.87

0.88

0,89

0.90

0.91

0,92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

(dif)L
0.38204

00341
0.38545 “

,00338
0.38883

.00335
0.39218

00331
0,39549 “

00329
0.39878 “

.00326
o,f+0204

00323
0.40527 ‘

,00320
0,40847

.00318
0,41165

00314
0.41479 ‘

00313
0.41792 “

.00309
0,42101

.00307
0.42408

003b.t
0,42712 “

.00302
0.43014

.00299
0.43313

,00297
0,43610

00295
0.43905 ●

00292
0,44197 ● ‘

.00290
0.44487

00287
0.44774 “

00285
0.45059 “

00283
0.45342 “

00281
0,45623 “

00279
0,45’302 “

.00276
0,46178

00275
0.46453 “

● 00272
0.46725

00271
0,46996 ●

.00268
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b/a (dif)L_

*

L
0.4726b

(dif)L_
0,88498

.00390

(dif) b/a

2,501.00 0.73901
.00608

0.74509
,00596

.01312 4

1.05 0.48576

0.49842

0.51064

2*55

2.60

2.65

4.05 0.88888
.00385

0.89273 @
. 00380

.01266

.01222

.01181

.01143

.01107

.01073

.01041

.01010

. 00982

. 00954

,00928

.00904

,00880

.00859

.00836

.00817

.00797

.00779

1.10

1.15

1.20

1.25’

1.30

O*751O5
. 00586

4.10

4.150.75691
,00576

0.76267
.00566

0.76833
.00556

0.77389
00547

0.77936 “
.00538

0.78474
0“0530

0.79004 “
.00521

0.79525
.00512

0.80037
.00505

0.805b2
.00497

0.81039
.00490

0.81529
.’00482

0,82011
.00475

0.82486
.00469

0.82955
:00461

0.83416
,00456

0.83872
.00449

0.8~653
.00576

0.90029
.00372

0.52245 2,70

2.75

4.20

0.53388

0.54495

4,25

4*3O

0.90401
.00357

2.80 0.90768
.00363

0.911311.35 0,55568 2,85 4.35
.00359

.003S6

.00351

.00347

.00344

.00341

.00336

.00333

1.40 0.56609 2,90 4*4C 0,91490

0.91846

0.92197

0.92544

0.92888

0.93229

0.93565

0.93898

1.45 0.57619 2.95 4.45

1.50 0.58601 3.00 4,50

1.55

1.60

1.65

0.59555

0.60483

0.61387

3.05

3.10

3.15

4.55

4.60

4.65

0.622671.70 3.20 4.70

1.75 0.63126 3,25 b.75
.00330

0. ’34228
.00327 e

1.80

1.85

1.90

0.63962

0.64779

0.65576

3.30

3.35

3,40

4.80

4.85

4,90

9.94555
.00323

0.9G878
.00320

0.95198
.00316

1.95 0,66355 3.45 4.95
.00761

.00745

.00728

.00712

.00698

2.00

2.05

0.67116

0,67861

3.50

3,55

0.84321
,00443

0,84764

5.00

5.05

0.95514
.00314

0.95828
.00436

.00431

,00!+26

,00420

.00414

.00410

.00404

.00399

.00394

.00311
0,96139

.00307
0.96446

.00305
0.96751

.00302
0.97053

.00299
0.97352

.00296
0.97648

,00294
0.97942

.oo2~l
0.98233

.00287

2.10 0,68589 3.60 0.85200

0.85631

0.86057

0.86477

0.86891

0.87301

0.87705

0.88104

5*1O

2.15 0.69301

0.6999!3

0.70682

3,65 5.15

2.20
.-’

2.25

3,70

3*75

5.20
.00683

.00669

.00656

.006k3

.00632

.00G19

5.25

2.30

2.35

2.40

0.71351

0.72007

0.72650

3.80

3.85

3,90

3.95

5.30

5*35

5.40

2.45 0.73282 5.45
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bia bla

8.50

8,55

8.60

8.65

8.70

8.75

8.80

8,85

8.90

8.95

9.00

9.05

9.10

9.15

9.20

9.25

9.30

9.35

9.40

9.45

9,50

9.55

9.60

‘? .65

‘3.70

9*75

9.80

9.85

9.90

9.95

(dif)2 .—bla (dif-)

5.50 0.9852

0.9881

7,00

7*O5

7.10

7,15

7*2O

7,25

7.30

7.35

7.40

7*45

7.50

7.55

7,60

7.65

7.70

7,75

7.80

7.85

7,90

~7,95

8.00

8.05

8.10

8.15

8.20

8.25

8,30

8.35

8.40

8.45

1.a615 1.1230
.0029

.0028

.0028

,0028

.0028

.0027

.0027

.0027

,0022
1.0637

● 0019

.0018

.0019

.0018

.0018

.0018

,0018

.0019

.0018

.0018

.0017

,0018

.0017

.0017

.0018

.0017

,0017

.0017

.0016

.0017

.0017

,0016

.0017

.0016

.0017

.0016

.0016

.0016

.0016

.0016

5.55 1,1249
.0023

1,0660
.0022

1.0682
.0022

1.0704
,0022

1.0726
.0022

1.0748
.0021

1,0769
.0022

1.07~l “
.0021

0.9909 1.1267

5.65 0.9’337 1.1286

1.13045.70 0.9965

5*75 0.99!33

1.0020

1.0047

1.1322

5.80 1.1340

5*85 1.1358

5.90 1.0074 1.1376

1,1394

1.1412

1.142C4

1,1447

.0027

.0026

.0026

,0026

.0026

.0026

.0025

.0025

.0025

.0025

.0025

.0024

.0024

.0025

● 0023

.0024

.0024

.0023

.0023

.0023

.0023

.0023

5*95

6.00

1.0101

1.0127

1,0812
.0021

1.0833
.0021

1.0854
.0021

1.0875
.0021

1.0896
.0021

1.0917
.0020

1.0937
.0021

1.0958
.0(120

1.0978
“-”,0020

1.0998
,0(120

1.1018
.0020

1.1038
.0020

6.05 1.0153

1.01796.10

6.15 1.0205 1.1464

6.20 1.0231

1.0256

1.0281

1.0306

1,0331

1.0356’

1.0380

1.1481 . —.

1,1499

1.1516

1.1533

1.1550

1,1566

6.25

,) 6.30

6.35

6.40

6.45

6.50 1,1583

6.55

6.60

1.16001.0404 1.1058
.0019

1.0429 1.1077
.0020

1.1097
.0019

1.1116
.0020

1.1136

1.1616

6.65 1;0452

1.0476

1.0500

1.0523

1.1633

1.1649

1.1666,

1.1682

1,1698

1.1714

6.70

‘6.75

6.80
.0019

1,1155
.0019

1.1174
.0019

6.85 1.05h6

6.90

6.95

1.0569 1.1193
.0019

1.0592 1.1212
,0018

1.1730
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=.=

b/a (dif)L_b/a

10.0
53

1.1746

b/a

40,0

L
1.61s5

1.6234

1.6310

1.6385

(dif)

70.0 1.7936 #
.0045.0303 .0079

.0076

.0075

.0073

.0072

.0070

.0068

.0067

.0066

.0064

.0063

.0062

.0061

.0059

.0059

,0057

.0056

.0056

,0054

.0054

,0052

.0052

.0051

.0050

.0049

● 0049

.0048

.0047

.0046

.0046

11.0 1.2049 71.0 1.7981
0045

72.0 1.8026 “
.0276

1.2325 42*O

43.0

12.0
.0255

.0235

,0044
73.0 1.8070

.0043
74.0 1.8113

●001+3
75.0 1.8156

.0042
76.0 1.8198

.0042
77.0 1.8240

.0041
78,0 1,8281

1.258013.0

44.0

45.0

1.6458

1.6530

14.0 1.2815
.0219

1.303415.0
.0206

16.0 1.3240 46,0 1.6600
.0192

17.0

18.0

1.3432 47.0 1.6668

1.6735
.0182

1.3614 48,0
. 0172 .0040

79.0 1.83211.680119.0 1.3786 49.0
.0163 .0040

80.0 1.8361
.0040

81.0 1.8401
.0039 ,

82.0 1.8440
.0038

83.0 1.8478
.0038

84eo 1.8516
.0038

85.0 1,8554
.0037

86.0 1.8591
.0037

87,0 1.8628
.0037

88.0 ,1.8665
.0036

20.0
:=

21.0
r—

50.0 1.6865
.0156

1.4105 51.0 1.6928
.0148

.0141

.0135

22,0 52.0 1.6990

1.4394

3..4529

1.4659

1.4784

1.4904

1.5020

53.0

54.0

1.7051

24.0

25.0

1.7110
,0130

55.0 1.7169

1.7’226

1.7282

1.7338

1.7392

1.74b6

.0125
26.0

27.0

28.0

56.0

57*O

58,0

.0120

.0116

.0112
1.5132

1.5239

59*O

60.0

89,0 1,8701
.0035

90,0 1.8736

29.0

30,0
.0107

.0035

.0035

.0034

,0035

.0033

,0034

,0033

,0032

.0032

.0105
31.0 1.5344 61,0 1.7498 91.0 1.8771

92.0 1.8806

93,0 1.8S40

94.0 1.8875

95.0 1.8908

96.0 1,8942

97,0 1,8975

98.0 1.9007

99.0 1.9039

.0101
32.0 1.5445

1.5543

1.5638

62.0

63.0

64.0

1.7550
.0098

33.0

34.0

1,7601

1.7651
.0095

.0092
35.0

36.0

37.0

1.5730

1.5820

1.s907

1.5992

1.6074

65,0

66,0

67.0

68.0

69.(I

1.7700

1.7749

1.7797

1.7844

1.7890

.0090

.0087

.0085
38*O

39.0
.0082

.0081
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