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Abstract

The impedances and field distributions of the symmetrical two-plate
transmission lines are given for various. ratios of the distance between
the plates to the plate length. A computer program that produces the
field plots for any ratio between .2 and 100 is described and listed.
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I. INTRODUCTION

The purpose of this note is to expand upon certain aspects of Sensor
and Simulation Note XXI by Carl E. Baum. ) This note deals solely with the
two-conductor, finite parallel plate transmission line as described in that
article. The plates are parallel to the direction of propagation with dimen-

sions as shown in Figure 1.
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Figure 1

It was our intent to produce graphs of the equipotential 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 fo derive the equations given in Note XXI but to use them to pro-

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

" C. E. Baum, Impedances and Field Distributions for Parallel Plate
Transmission Line Simulators, EMP Sensor and Simulation Note XX,
June 6, 1986,




1I. OPERATION

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),
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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 calculated x and y coordin-
ates from the conformal transformation. These programs have been

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



a. Dby an iterative process gives an approximation of
" m from which fg’ the geometric factor, is cal-
culated (the approximations are within . 001 and

. 00001 of the true values of m and fg respectively),
b. generates 100 data points along each of 40 curves,
c. adjusts the data points to the desired size of graph(s),

d. scales, graphs, and labels 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 = 2 [K(m)E(ifi lm) - E(m)F(¢ lm)} (1)
T o o

_ . 1 _ _E(m) \
‘. qSO = arcsin {:m {l FOR )} (2)

K(ml)
- )
f, T (3
From the conformal transformation
7 = 2B g nk(m) | m) (4)

we have



_ 2K(m) _ uE(m)
x = = E@ | m) R (m)
msn@ | m)en(u| m)dn (| m) sn2 (v | ml) } (5)
+
1 - dn2 u | m) sn2 (vt | ml)
and
— lE
_ 2K(m) E(v' | y - N (ml), v
y o= — Vel my K(m;) " 2Km)K(m,)
) dn® (u | m)sn (v | m ) en (v' | m,) dn (v' | m,) } (6)
1 - dn2 w | m) sn2 v' | ml)
vl o= v+ K(ml) (7)
m, = 1-m : (8)
It might also be noted that
2K(m}Z
A= 2 === (9)
B 4

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

value of Z(u| m) for a fixed m. (See Figure 3.)
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Figure 3

The table below summarizes the plots found in this note.

: Free-space

b/a g - Impedance
0.2 . 15376 57.97 ohms
0.6 . 34613 130,49 "
0.7 .38204 144,03 "
0.8 41479 156,37 "
0.9 .44487 167.71 "
1.0 47264 178.18 "
1.1 . 49842 187.90
1.2 . 52245 196.96 "
1.3 . 54495 205,44
1.4 . 56609 213,41 "
2.0 67116 253.02
5.0 . 95514 360,08



The following graphs were reproduced directly from the

Calcomp plots.
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Program EXTEND

Input From Data Card

Variable
Name Column Type Format Use
BA 1-14 Real E14.8 Ratio of the dis-
tance between the
plates to plate
length.
NDO 20 Integer I1 Value that deter-

mines the scale of
graph(s) produced,

Program EXTEND accepts any ratio 62_<_b/a§lOO as data. The pro-
gram reads the particular 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 limits, read in will cause the program to exit
with the following message printed: "ERROR. B/A = XXXXXXXX IS OUT OF
RANGE, "' where XXXXXXXX is b/a in an E8. 2 format. The lower bound of
b/a is the limit to which the prograrm can accurately calculate fg. The upper
bound is the limit to which an acceptable graph is produced. The upper _ _
bound, however, could be extended with some modifications.

There exists an option of having the program return combinations of
four graphs of the conformal map depending upon the "'magnification"

wanted. The option consists of the same size graph (except for Graph 1)

with only the unit of measure changed. The different units of measure and

sizes are as follows:

n

a. Graph 1: 1 unit(inch) 0.75 (6 by 10 inches)

b. Graph 2: 1 unit (inch)

0.5 (6 by 8 inches)

o -1s-



0.375 (6 by 8 inches)

1]

¢. Graph 3: 1 unit (inch)

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

1

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 C 2 3 4 5 8 7 8 9
Graphs No.1l | No.1l| No.2 | No.2 | No.2 | No.2 | No. 3T 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
.1 <b/a<2. No. 3
.4 <bla< 1. | No. 2
.2 <bla< .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, XM and YM determine the height, length, maximum value of x, and
maximum value of y, respectively. )

One 1/2—_’1nch plot tape is required. The instructions to the Calcomp

Plotter are written on this tape, and it must be specified as a low density

-20-
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tape (200 BPI). The logical deéignation 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 56000, is sufficient for loading and

8
execution. These figures are based on the use of-a CDC 6600 computer.

=21



Appendix A

FLOW CHARTS FOR EXTEND, ADJUST, EDGE, AND DRAW
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{ START )

Read
BA,
NDO

) 4

NITDO = 1

!
!
INCDO = 1

Flow Chart for
Program EXTEND (Main Program)

NDO =1

Y NDO je— A
) () ()

INITDO = 4 } INITDO = 2 INTTDO = 3
NDO = 4 NDO = NDO-2 NDO = 3 NDO = %
v ¥ 1
NDO = 4 NDO = 3 INITDO = 2
INCDO = 3 INCDO = 2 f NDO = 2

i
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| END J-

' o Yes EM1 =
BA <0 2<BA > 5] 999998999
- <1029

EMI1 =

Write /
- | TEMP2 =
ERROR | EML
X

» (TEMP1 -

TEMP2)/2

A
l

TEMPIL =
EMI1

+7

Is
EPSLON

N=20

— ¥

Call \
e

PROB

|

EM =1-EMI
N =N+1

EPSLON =
FOFM-BA
FGTEMP =

FG
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'. Calculate
PRE, PRE2 Print
XOHMS, X and Y/
CEDCK o/

)
\ Print
\ heading

!

|
%

I=1+1 |=a

Yes

l .
i
7
! I-22
</\Yes RR = 20
- VP=RRxCK1

" I > 2172
| ENC=EMI
\{
¥ Y
oo 1 Call
! 2 L FEEUM
I U = R*CK with VP
t ENC=EM or U
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V=VP-CK1 |, Noo”  *
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B

¥

" Call \

FEEUM y

with VP
or U

N S

ﬁ Calculate
dn2 A,
B D1

r,._w.._ :

/

X =0,
1 Calculate Y

\J =

| Calculate X,
j Y =0

Calculate
Xand Y

U=C*CK
ENC=EM




NPTS = 101
IL=28

IH = 6
MORE = 102

\

I=1INITDO
LAST = -1

XM = 4,0 XM = 3.0 XM = 2.0 ot
YM=30[ YM = 2.5 YM = 1.5 S

—p K =K+1 |-

Call L=L+1
ADJUST & ) --XX(L)=X(K, L)
DRAW YY(L)=Y(K,L

Write
heading
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Flow Chart for

Subroutine ADJUST

X(D) & X(I+1)N\Xes

: =(2)
No

SN XM

Y(I) & Y(I+1
>YM?

Yes (1 onx1+1
>KM9

Is
Yes YKDorSNI+£Z>>
> YM ?

RETURN
K=1
K=K+2
Yes
o C = X(1)
D = Y({)
KK neg. ? E = X(I+1)
F o= Y(I+1)
No
L=L+1 XF(L)=C,YF
=D, L=1+1
XF(L)=E
YFUP=F
XF(L)=C
<E> ol YF(L)=D
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Flow Chart for
Subroutine EDGE

ENTER -

Y2 = YM -
KK = 2 E
, = f
. : Y
Figure B & | Yi=YM
SLOPE ™ kx =1 [ RETURN
M=1

N -
(Yo > yio e YL=¥M

\/ figure X1

iYes ]
Y2 = YM / KK = 3
figure X2 M
° > RETURN

=
1i
w
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X1l =XM
figure Y1
KK =1

X2 = XM
figure Y2
KK =2

No

g
I
2

K=2

= A
T
N Do

=29~

v

( RETURN )



( ENTER )

f

Figure
initial
values

Print
either KIND =
i1 or2?

E
i
RETURN

'

27?

Scale
data

\"\]'o

Flow Chart for

Subroutine DRAW
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: : e
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Appendix B

PROGRAM LISTING
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PROGRAM EXTEND(INPUT,0OUTPUT,TAPELOD) EX 1
CREREKRARKKRKKKAKESERERREEABRRRNRRXBRE N IR R A AR RS RKRRRR KRR AR AR ER AR R ER KRR kAR AR R

C *
C EXTENSICN CF *
C *
L SENSECR AND ST ®¥UtLATICN MCTE NUMEBER 21 *
c *
C EQUIPCTENTIAL AND MAGNETIC FIELL MAFPING *
C FOR PARALLEL TwO-PLATE TRANSMISSICN LINE *
i *
C THIS PRCGRAM READS B/A FROM DATA CARDS AND RETURANS M AND FG (GECMETRIC =%
C FACTORY, K{¥), K{M1), E(M}, E{ML), ANC FIELC PLGT *
C {B/A BETWEEN .2 AND 100.)} *
C *
C NDC = * GRAPHS PROCUCED * #
C 1 * hC1 * *
C 2 * NOLy NO2 * GRAPH MC1 Qe750/UNIT *
C 2 * NG2 * GRAPH A(Q2 0.5Q0/UNTTY *
C 4 * NO2, NO3 * GRAPH NQO3 0.375/UNIT *
C > % NGC2, NO3, NO& % GRAPH AC4 Ce250/UNIT *
C & * KNQ2, NO4 % *
C 7 * NO3, NO& % IUNIT = 1 INCH *
C 8 * NG3 * *
C G * NO4 % *
'S x
CRA AR AR RE KRR AR IR EERRE AR R R K E KRR ER AR R R R AR KRR KRR KKK R AR KRR KRR KKK KK
DIMENSICN X{42,1Cl), Y(42,101}y XF{LLO)y YF{110)s XX(101), EX z
1Yy{10ol) FX 2

COMMON /SHARE/ ENC L IFLAG,LPICK Ex 4

COMMON /HOLD/ CE,CELl,CK4CKLyPHILZELZF EX 5

5 READ 1C, BA.NDC EX €

10 FORMAT (E14.8,5X,1I1) EX 7

INITDO=1 EX g

INCNC=1 ‘ Ex 9

IF (NDO) 158,1%8,2C . Ex 1c

15 IF {BA.GE.2.} NDO=S X 1t

IF (BAGTeelodAND.BALLT.2.) NDO=8 ExX 1z

IF (PA.GF..4.AND.BA.LE.1.} NDD=3 Ex 13

IF (BA.LT..4} NDO=1 EX 14

2¢ GC TO (25420455455 455435440445,50) s NCC EX 1¢

25 INITDO=4 EX 16

NCO=4 EX 17

GO TO &G EX i8

2Q NDO=4 . EX 15

INCDC=3 ’ EX 20

GC TC €0 ' _ EX 21

35 ND(=13 EX e

INCDO=2 o ) EX 2

GC TC &0 EX 24

-39.
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1‘)

40

45

50

55
60
£5
70
15
80

85

95
10¢

1C¢E
11¢
11¢
12¢C

12¢5

13C
13¢

14C

INITDO=2

NDO=13

GO TO 60

INITDO=2

NDQO=2

GO TC €0

INITDO=?2

NDO=1

GO TO &0

NDO=NDO-2

IF (BA) 21C»31G,¢5
IF (RA-,2) 75,85,7C
IF (BA-100.) 85,8%5,75
PRINT 8C, BA

FORMAT (10X, THERROR. s11H B8 OVER A =,E8,2,17H IS CUT OF RANGE.)

GO 10 5

TEMP1=0.C

TEMP2=0.0

EM1=,59956556%

N=0

FGTEMP=0,.C

CALL PROB {(EM1,C1,FOFM,FG)
EM=1,0-FM]

N=N+1

IF (ABS(FCTENMP-FG)-1.0E~6) 1404140,95
IF (N=-3C) 10C,1CCy14C
EPSLON=FOFM—-RA

FGTEMP=FG

IF {(ABSIEPSLON)}-1.0E-6) 140,140,105
IFf (EPSLON) 11C.14Cy13C

IF (TEMPL1) 115,115,125

PRINT 120, EPSLCN

FORMAT (55H ERRCRLF{M)IS LESS THAN B/A FCR Ml=]l.

l4F16.8)

G0 70 21¢

TEMP2=EM]

CO TO 13¢

TEMP1=EM]

EMI=(TEMP14TEMP2)%C, ¢

GO TO 90

CONTINUE
HALFPI=1.57079¢€326794897
RPIZ2=0.62€6167723€¢75¢€13
XOHMS=120.C*3,14159265358979%FG
PRE=RPI2*CK

PREZ2=CEL1/CK]
PREZ=HALFPI/{CK*CK1)
CEDCK=CE/CK

PRINT 145, XOHMS,EM,BA,FG,CK,CK1,CE,CEL

THE CIFFERENCE IS

EX
EX
EX
Ex
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
£X
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
EX
EXx
EX
EX
EX
EX
EX
EX

EX

EX
EX
EX
EX
EX
EX
EX
£X
EX

25
2€
27
28
29
3¢
31
32
33
34
35

.3¢

37
38
35
40
41
42
43
44
45
46
47
48
«S
50
51
52
532
54
55
56

58
55
60
61
62
62
64
6%
66
67
68
66
7¢
71
72
73



14¢% FORMAT (1IH1445X,36H CONFORMAL MAPPING FOR FINITE PLATES/21Xs74HFIE EX T4
ILD AND POTENTIAL DISTRIBUTICON FOR PARALLEL TWC-PLATE TRANSMISSION EXx 75
ZLINEL FRW2,TH CHMS,/1HO 915X 41HM 412X 43HB/ A, 14X 42HFC, 13X, 4HK{M),11X EX 76

3y SHK(ML) 12X 4HE (M) y 11X, 5HE{ML)/LHO,10X ,F10.8,6E16.7) EX 71

N0 250 I=1,42 Ex 78
REALT=1 ‘ EX 7S

IF {I-21) 15Cs15C,L16C Ex 80

15¢  R=(REALI-1l.)%*,CS EX 81
U=R*CK EX 82
ENC=FM FX 872

CALL FEEUM (U,EM,SNU4CNUDNUsEUsXMLAST ,ISTCP) EX 84

PRINT 155, UgReTel,l,1 EX 85

155  FORMAT U 1HC, 49Xy 2HUZ 4EL14 .7 42X s THU/KIM)=4F5,2/1H0, 30X, 2HX (, 12,3H,J) EX 8¢
LeOXy2HY 125 2Hed) 929 %9 2HXT 312 43H,J) 99X 42HY (5 E243H,J)) Fx 87

GO TO 17C Ex 88

16C  RR=(REALI-22.}1%,.C5 EX 8§
R=-1.04RR . FX  9¢
YP=RR*CKL EX 91
V=VP-CK1 EX 92
ENC=EM1 EX 93

CALL FEEUM (VP EML,SNV,CANVONV,EVLE 4XMLAST,ISTCP) EX 94

PRINT 165, VeReI4I41,1 EX 9%

165  FORMAT (1HQy48X93HV =4E14.7 42X, BHV/KIML)=4F5,2/1H0,30%,2HX(, 12,3k, EX 96
1Y e9Xy2HY (31253, d) 925 X4 2HX{ 1293HeJd) 39X 42HY (5 12,43Fsd)) EX 97

17C DO 235 J=1,1C1 EX 58
REALJ=J EX 9§
R={RFALJ~-1.)}*.Cl EX 1¢C

IF (I-21) 17%,175,18¢C EX 101

175  VP=R*CK1 EX 102
v=VP-CK1 EX 103
ENC=EM1 EX 104

CALL FEEUM {VP,FML,SNV,CANV,DNV,EVLXMLAST,ISTCP} Ex lC5

GU TO 1858 EX 106

18C  U=R#*CK Ex 107
ENC=EM EX 1Ce

CALL FEEUM (UyEMySNUSCNULDNUSEU s XMLAST ,ISTCP) EX 10§

185  SNVSQ=SNV*SNV EX 1€
DNUSQ=DNU*DNU Ex 111
A=SNUXCNUXDNU*SNVSQ EX 112
B=DNUSQ*SNVECNV*ONY EX 117
Di=1.0E0-DNLSQ*SNVSQ EX 1l4

IF (I-42} 18C,2CC,2CC EX 115

19¢ IF (I-21) 19%,22C,215 EX 11¢
165  IF (J-101) 2€5,2CC,2C5 EX 117
20C  Y{I[,J)=0.CEQ Ex 118
G0 10 210 £X 119

205  Y{I,J}=PRE*{EV1-VP*PRE2+PRE3*Y=-B/DL) EX 12C
21C  X{I,4J})=PRE*®(FU-UXCEDCK+(EMXA)/D1) EX 121
GO TO 235 EX 122
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21¢
22¢C

22¢%
23C
235
24C

245
25C

258

26C

265

29¢
3¢

308

31¢C

IF {J=-101) 225,22C+225

X{I,4)=0.0EQ

GO TO 23¢
X{1,J)=PRE*(EU~U*CEDCK+{EM®A}/D1)
Y{I4J)=PRE*{EV1I-YP*PRE2+PRE3*Y-B/D1)
CONTINUE

PRINT 240, ((X{I4d)4Y(T,J)oX{1sJ450) 4Y(1,4+50)),d=1,50)
FORMAT {24X42E16.7+11X,1H*%,8X,2E16.7)
PRINT 245, X(I,1C1l),¥(1,101)

FORMAT (7€X,2E1€.7}

CONTINUE

NPTS=101

IL=8

[H=6

MORE=102

N0 205 I=INITDC,NDC,INCDC

LAST=-1

CU TO (255,2€5,26C4,27C), 1

XM=4,0

YM=32,0

G0 TO 275

XM=2,0

YM=14,5

GO 70 27¢

XM=3,0

YM=2,258

GO 70 275

XM=T7,5

YM=4,5

IL=10

DO 3200 K=2,41

IF (K-21) 28G,3CC,280

DO 285 L=1,1C1

AX{L)I=X{K,L)

YY(L)==Y(K,L)

CALL ADJUST (XXs YYSNPTS, XM, YM,XF,YF,NCRE,L!
[F (KeEQL41) LAST=1

IF {K-2) 26%5,26C,255

CALL DRAW (XMsYM,ILyIHsLXFyYF,1,LAST}
GO TO 200

CALL DRAW (XMyaYM,IL,yIH L XFyeYF42,LAST)
CONTINUE ' S
REALL=IL

REALH=IH

UP=REALH/YM

CALL HEADIN (REALH,REALL,BA,UP,XCHMS)
CONTINUE

GQ 70 5

CONTINUF
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SUBROUTINE HEADIN (REALHREALL,BA+UP4XCHNMS}
CAEAAERRERXKERKERRKEEKE R R R R KRR KRR IR E AR AR RKRKE AR L R KRR R LRI RR K

c
C
C
c

THIS SUBRCGUTINE PRINTS THE KEADING AND
CCRRESPONDING NUMBERS €N THE GRAPH.

kC

1

*
&
%
*

Cokd ekt k kR R ARRR RN REIRRKRERRE R IR R AR KRR R F Rk Rk kR R KR LK KKK %K
BACK==(REALL+3.C)

RLOZ=REALL/Z
CENI=RLOZ-1.

«C
E€

CENZ=RLOZ-2.2¢
CEN3=RLC2+1.30
CEN4=RLOZ2-C. €€
CENS=RLO2-C.CE€

HEl=REALH+.7
HI2=REALH+.5

£

HI3=REALH+,.,22
CALL PLOT (BACK,Cuey—3)

CALL SYMBGL

1LINE.

CALL SyMBOL

12}

CALL NUMBER

CALL SYMBOL

CALL NUMBER

Upt=upP/2.C~0

{CEN24HIZ4414:54HFOR PARALLEL, TWC-PLATE TRANSMISSION

OHMS,Ce 1 54)
{CEN14HI143414432HFIELD AND PCTENTIAL CISTRIBUTION:G.,2

{CEN3sHIZ2 4144 XOHMS 04 y4HF6.2)
{CEN4+HI3,441445HB/A =,04,45)
{CENSyHE3¢al49eBAs0. 44HFS.2)
«437

UP2=(REALH-UP}/2.0-.281+LP

UP=UP+.CS

CALL SYMRCL
CALL SYMBOL
CALL SyMBCL

K{M) +30.0,:8}
0,90.0!5)
K{Mi},0.0,9)

{-C.EC,UPly.14,48HU
(~C.80,UP2,4.14,5HU
€-1.30,UP,C. 14,9HV

nohou

CALL PLCT (REALL#43.04+04+3)
CALL PLCT (REALL434G+0.4-3)

RETURN
END
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SUBROUTINE ADJUST

{XgY NPTS o XMy Y™ ,XF,YF,MO0RE,L)

AC

1

CHERZEEEXREEREK KKK R EEER R R R R REREER KRR AR IR kR kAR kR kk kR Rk Rk kKRR K

C
C
C
C
C
C

ic
15

20

25

35

40

THIS SUBROUTINE ADJUSTS ALL DATA POINTS IN THE FIRST QUACRANT THAT
OVERFLOW THE GIVEN LIMITS OF THE BOUNDARY TC THE BCUNDARY WITHOUT THE
L3SS OFf THE SLOPE FRCM THE INTERIGOR PCINT TC THE EXTERICR POINT

NDIMENSION X{NPTS),
L=0

[=0

I=1+1

Y{NPTS),

IF {I-NPTS) 104+35,45

K=C
IF
IF

IF

IF
C=X{
D=Y{1)
E=X{1+1)
F=Y{I+1)

1£,40,15

CALL EDGE- (C 9D sEsF 4K yKKy XM, YM)

[F (KK) £,20,2C
L=L+1

GO TO (25,304+3C),
XF(L)=C

YE(L)=D

GG 70 ¢

XF{L)=C

YF(L)=D

L=L+1

XF{L)=E

YE{L)=F

G4 TC 5

IF {(X{I).LESXM,ANDLY{I)WaLE.YM)

GO TC 45
L=L+1
XF{L}=X(1)
YF{L)=Y(])
GO 10 5
RETURN

END

KK

{X{T)eGTo XM AND S X{I+1) «GTeXM)
{Y(T)aGTYMJAND.Y(I+1)GTaYM) GC TC 5
IF (X{T)}eGTaXMORGX[I+1)aGTaXM)
(Y(I)aGTaYMCRY(I+1)GTLYM)
(x)
1)

GQ TQ 5

K=1
K=K+2

GO TO 40
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SUBROUTINE EDGE {X1sYlyX2,Y2¢KeKKeXM,YM) ED 1
CoREFFEEAKERRKERERRKARARRKERFXRRERRERREREREERERERR KR F R KRR KRR KR RKER KRR RER KRR AR KK

C *®
c SUBROQUTINE EDGE CALCULATES THE INTERSECTION CF THE LINE ACJOINING *
C TWO POINTS AND THE LINES X=XM, Y=YM OR BOTH *
C *
Chtrrrkrrrkkikkhkhkkkatprpkbhkrkhkeikr e bhhkbrrpberrgeiokRkRk ke gs

IF (X1=-X2} S,455,5 ED 2

5 SLOPE=(Y2-Y1l)/(X2-Xx1) EC 2

B=Y1-SLOPE*X1 ED 4

M=1 . ED 5

10 GO TO (15,55,8C),y K ED &

15 IF (X2-X1) 2%,2C,2C EC 7

20 X2=XM £D g

Y2=SLOPE*XM+B EC S

KK=2 ED 1¢C

GO TO (50,3C,4C)y M ED 11

28 X1=XM ED 12

Y1=SLOPEXXM+B EC 12

KK=1 ED 14

GC TO (50,3044C)y M ED 15

3¢ IF {(Y1l.6T.YM.OR.Y2.GT.YM) GO TO 35 EC  1lé&

RETURM ED 17

35 K=2 : ED 18

M= ED 19

GO TO 10 Fn 20

4¢ IF (Y1e6TeYMuANDY2.GTaYM} GO TO 45 EQ0 21

K=2 En 22

M= £C 3

GO TO 10 ED 24

45 KK==1 EC &

50 RETURN ED 2¢

55 IF (Y2-YLl} €546C46C EC 27

6G Y2=YM ED 28

X2={YM-B)/SLCPE ED 25

Kk=7 ED 30

GO TO (75,70), M EC 31

&5 Y1l=YM ED 32

X1={YM-B}/SLOPE ED 232

KK=1 ED 34

GO TO (75,7C), ¥ EC 35

7C KK=3 , _ ED 3¢

75 RETURN - ED 37

80 IF (SLOPE) 85,5(,SC EC 38

8% K=1 ED 29

M=13 ED 40

GO T 1o ED 41

sc K=1 : EC 42

' M=2 : ED 43
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35
1¢C

GO TO 10

IF (yz-Yl) 1C5,1CC,1C0
Y2=YM

KK=2

RETURN

Yl=YM

KK=1

RETURN

END
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SUBROUTINE DRAMW

(XMaYMyIL s IHeNPTS ¢ X oY s KINDyLAST)

T

1

C e dot ok 3 s e e A o o A ok ok o ok ok ok ko ko ok ol ok o o i o oo ke ok ok ok e R o i ok o o ok e o e ke ok e o ek Kok e ke e o ok i koK

c

C
C
C
Cx

10
15

20
2%

30
35

40
45

5¢

85

7C

*
*
*
*

THIS SUBROUTINE SCALES, DRAWS THE AXIS FCR ThE GRAPH, ANC PLOTS THE
ADJUSTED DATA WITH ANY NUMBER OF OVERLAYS Ch THF CALCOMP PLOTTER.

sz e vk e i o ke o e 2 ok ok ok vk ok o e o ok ok o ok ook ok o ok e ok e ok X ik e o i ok e o ok ok ke o ol ik o ok sl sk o o i e o i i ke i ok oK e ok ol e e ok ol o ok ok ok ok ok
NDIMENSION X{NPTS), Y(NPTS} T8 2
CATA IFT/4HEEB.2/ 1B 3
REALH=TH T8 4
REALL=IL T8 £
SCALEX=XM/REALL T8 &
SCALEY=SYM/REALH TE 7
RSCALX=1./5CALEX T8 8
RSCALY=1./SCALEY TR S
IF (KIND-1} 10,+2C,5 T8 10
IF {(KIND=-2) 1CyS5+1C TR 11
PRINT 15, KIND T3 12
FORMAT (41H THE KIND CF GRAPH ASKED FOR IS IN ERRGR,FA.2) TR 13
RETURN B 14
[F (GI-2) 28:3C,425 TH 15
CALL PLOTS (TB,TRB+10) TR 1A
n1=2 ™ 17
DO S0 I=1,4 T8 18
GO TO (325,4C4+35,4C), 1 T8 19
NN=IH+1 TR 2C
GO TO 45 ™ 21
NN=TL+1 T8 22
D0 90 N=1,NAN T8 212
REALN=N T8 24
GO T80 (50,6C,7C,ECty | T8 25
R=REALN-1. T8 2%
CALL PLUT (-.CS54R,42) T8 27
CALL PLOT (Q0.sR42) TR 28
YNUM=R®SCALEY T8 2¢
RR=REALN=-1.C1 T8 24
CﬁuLL NU“RE‘R {"céyQRyoC?yYNUM)O-QIFT’ TR 31
CALL PLOT (QasR,3} T8 132
IF (N-NN} 58,S(,+55 TR 23
CALL PLOT (C.+RFEALN,2) T8 34
G} TO sG TR 35
R=REALN-1. TR 3¢
RIN=REALH+.05 T8 37
CALL PLOT (R4RR,2} T8 38
CALL PLOT (R4REALH,2) T 3§
IF {N-NN) €54S5C4€5 T8 4C
CALL PLUT (REALNJREALH,2) TR 41
G0 TO S¢ T8 42

TB 432

R=REALL+.CE
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75

80

85

SC
G5

10C

108

11C

RR=REALH-REALN+1, T8
CALL PLOT {(R,RR,2) T8
CALL PLOT (REALL,RR,2) T8
IF {N-NN) 7%,9C,175 1
RRR=RR-1. T8
CALL PLOT (REALL4RRRy2) T8
GO 70 S0 T8
R=REALL-REALN+1l. T8
CALL PLOT (Ry=4(5,2) T8
CALL PLOT {(R4Cey2) : T8
XNUM=R%SCALEX _ B
RR=R=-,25 : ' ) ' . B
CALL NUMBER (RRy4=e2544CT s XNUMsTasIFT) T8
CALL PLOT (R,Cey3) T8
IF (N-NN) BE,G(C4E5 T8
RRR=R=~1, TB
CALL PLOT (RRR4C.,2) T8
CONTINUE T8
Xx=X{1})*RSCALX T8
YY=Y(1)*RSCALY T8
CALL PLOT (XX4YY,3) TB
DO 100 I=14NPTS T8
XX=X{I)*RSCALX T8
YY=Y{1)*RSCALY T8
CALL PLOT (XX,YY,2) T8
COMNTINUE T8
IF (LAST) 1CE5,11(,11C T8
CALL PLOT (CayCes3) T8
CALL PLOT (QeyCey=3) T8
RETURN 1B
R=REALL+32, B
CALL PLCT (RyCey3) T8
CALL PLCT (R40ey=3) TR
RETURN T8
END T8
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SUBRCUTINE PROB (EM14+AB,BA,FG)

PR

1

Colek koo R ok Kok 2ok ok o o o ok o o ok ok o 2 ok o o o R o ok A ok e o A Rk o o ok ko R ok ok ok K

C
c
c

THES SUBRCUTINE CALCULATES THE GECMETRIC FACTCR AND B CVER &

*
*
*

ChiRgrkrekrifhrdhkdkpkhbkpbrhbhRrhb Rk bk Rkt &4 kokkk dokkokkkkkkkdkokdoriifok fkkkkkEkkhk

COMMON /SHARE/ ENCLIFLAG,IPICK

COMMON /HCLB/ CEZCELl «CK,CK1+PHIZE4ZF

EM=1.0-EMI1
PI=2.1415G2€E535€<T7S
RP=0.,3183C9€FEELE3ITSCT
Pe=1.E57C7G€3267G48G7
X=SOQRT(EM)

CALL ELLPIN (X,Y,21}
CK=Y

CeE=Z

X=SQRT{EM])

CALL ELLPIN (X4Y42)
CK1l=Y

CEl=2Z

CK=(P2~CE*CKL1) /{CEL-CK1)}
ENC=CM
PHI=ASIN{SQRT{(1.C-CE/CK)/EMF)}
LF=XKINC{PHI,FMC}
ZE=EKINCIPHI +EMC)
AR={CK*Zt-CE*ZF} /P2
BA=1.0/A8

FG=CK1/CK

RETURN

END
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SUBROUTINE FEEUM {VU,XMySNeCNyDONSEXMLAST,ISTCP) FE 1
CHAERKEER AL LR AR KRR AR RN R R RRE R KRR I AR AR R R KRR KRR Rk Rk R R R KRR Rk Rk R

C *
c CALCULATION OF THE JACCBIAN FUNCTICAS BY *
C THE ARITHMETIC-GEOMETRIC MEAN *
C *
CHRH R FT R ERK K AR KRR R KRR KRR R AR RN RR R Rk Rk Rk kR Rk kKR Xk
DIMENSION A(10CO), B(1C00}, C(1000} FE 2
IF (XM=XMLAST) 5,2C,5 FE 2
5 SQM=SQRT( 1.~ XM) FE 4
A{1)=0,5EC*{ 1. CEC+SQM) , FE ¢
B(1)=SQRT{SQM) ' - FE 6
CL1)=C.5EC*{1.0EC—SQM) FE 7
DO 10 [=2,100C FE 8
[1=1-1 FE S
ACIV=0.SEC*(A({IT)+B(II)) FE 10
BUI)=SQRT(A(ILI)*B(II}) FE 11
ClI)=0.SEC*(A{II)=B(II)) FE 12
IF (ABS{C(I))=1.CE-10) 15,10,19 FE 12
10 CONTINUE FE 14
15 1STOP=1 FE 15
20 PHI=2,0EQ**ISTOP*A(ISTOP) *VU FE 16
D0 35 I=1,ISTQP FE 17
[I=1STOP+1-1 FE 18
ARG=C(II)/A(TI)*SIN(PHI) FE 1S
IF (ABS{ARG)-1.CE=5) 3C,30,25 FE  2C
25 FACT=ASIN(ARG) FE 21
GO TQ 35 FE 22
30 FACT=ARG FE 23
35 PHI=0.5EQX{PHI+FACT) FE 24
SN=SIN[PHI) FE 25
CN=COS(PHI) FE 26
DN=SQRT{1.=XMkSN*SN) FE 27
E=EKINC{PHI 4 XM} FE 28
XMLAST=XM FE 25
RETURN FE  3C
END FE 31-
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SUBROUTINE ELLPIN {X,EK,EE) EL 1
CHERRhRIIAARR AR ERE IR RERARS KRR RN E R ERRRER R IR RN KRR KR KKK KAk Rk kR dok Rk kR

C *
c COMPUTATICN CF COMPLETE ELLIPTIC INTEGRALS K, E *
C *
Chddkrkkkphhkk Xk kb AR Nek Rk hhhhk kR r Rkt bRk b enikk ke hkkhkrrhedkuk
DIMENSION AKP{5C) EL 2
IF {X=-1.0FQ) E,7%,1C EL 3
5 [F (X) 10420425 EL 4
10 PRINT 15 ) EL 5
15 FORMAT (8H ELLPINT} EL €
STOP FL 7
20 FK=1.57076€3267C48G7 EL 8
EE=EK EL 9
RETURN EL 1C
25 IF (X-.SSSEC) 3C,5C,5C EL 11
3c AKQ=X EL 12
DO 3% N=1,5¢C , EL 12
AKP{N)=SQRT{1.-AKC*AKQ) EL L4
AKO={1.EQ-AKP(N)}/{1.EQO+AKP(N)} EL 15
IF (AKO-14E-12) 4C44C,35 EL 16
35 CONTINUE EL 17
N=5GC FL 18
4C FR=1.57C7963267S4867 EL 19
AKR=1.5707663267548S7 EL 20
NM1=N-1 EL 21
D0 45 I[=1,NM1 EL 22
D=1.EQ+AKP (N~} - EL 23
TEMP=2,EQ*AKR/D EL 24
AKR=TEMP EL 25
45 FR=D*ER—-TFMPXAKP(N=1) EL 26
EK=AKR EL 27
EE=ER EL 28
RETURN EL 29
50 AKP Z=1.0EC-X*%X EL 3¢
AKP{1)=SQRT(AKP2) EL 31
U=ALOG{ 4. /AKP{1}) EL 32
Al=1.0E0 EL 33
FEE 1=AKP 2%(C, 25EC EL 34
SUMK=U+{U-A1}*FEEL EL 35
Bl=C.5E0 EL 36
C1l=AKPZ*0.5FC EL 37
SUME=1.CEC+(L-BL)*Cl EL 38
nO 65 1=2410C EL 39
Al=1 EL  4C
TWOR=AT+A1 EL 41
TWORM1=TWOR-1.CEC EL 42
TWORM3=TWOR-3,. CEC L 42
ANOW=A1+1.EQ/(AT*(TWCRML]} EL 44

—44-



@

55
60

=
7C

F=TWORML/THWOR
FEE=F*F *AKP2*FEE]
TERMK={(U-ANCW) *FEE
SUMK=SUMK+TERMK

ANOW=B1+{ 1.CEC/{{AI-1.CEC)*{ TWORM3})+1.0EQ/ (AI*{TWCRML)}}*0.5EQ

C={(TWORMZ)/{TWCR-2,CEC) ) *F*AKPZ2*(C1

TFRME={ U~-BNOW) *C
SUME=SUME+TERME

IF { TERMK~-1.CE-11) 55,55,560
IF {TERME-1.CE~11) 7C,70,60
C1l=C

B1=BNOW

Al=ANOW

FEE1=FEF

EK=SUMK

FE=SUME

RETURN

FF=1.0EQ

FK=1.0E7¢

RETUEN

END
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SUBROUTINE GQINT {XL1,XL2,E«SUM)

GQ

1
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C
C
C
C

INTEGRATION BY GAUSSIAN CUADRATURE
DATA SPECIFIES THE QORDER OF G-Q INTEGRATICN

*
*
*
*

(% % % ok ok oo e sk aode o e s ek ook oote doode e ok ol e ok i i R o e o sk o o i ok o ke ok ok ke ok ool ok ook i ok e ook ko kol ok e Ok R R koK Rk K kR

1C

15

DIMENSION A{13C}, ANS({130), Xx{100), R{100}, U(100)

CATA M/4C/

DATA U/-.6982377C9710559,y~.990726238699457y-,977259949983774,-.957
19168192137¢€2,-.6328128C8278677,4-.302098806968874,-.865959503212260
294-e82461222C€33312,—.778305651426519,-.727318255189927,~.671956¢84
36141804—- €12 553 EEG66TFB0y-4549467125095128,4-.483075801686179,-.413
4T7732C043716C5,-.3416G4060825758,-.268152185007254,~.19269758070Q1371
54=a116084070675255,4-~4387724175060508E~1,+.387724175060508€-1,.1160
6840TCETS2E55,,1626G758070137144268152185007254,.3419940908257589.41
T37792043716CS,.4E3CT758016861794.549467125095128,.612553889667980,.
867195668461 41E6C+.T7273182551899274+.778305651426519,.824612230833312
G,y.8658595032122€¢C,.5(2098806968874,.932812808278677,.9579168192137
$92y 4577256545583 7174,.G5C726238699457 ,.998237709710559/

NATA R/.4%521271CGE533196-2,.104982845311528E-1,.164210583819079€E~1
144222458491G416T7CE-144275370069800234F~-1,.334601952825478E~1, .3878
?21679744T2C0E-1,44387C9C81856733E~1,.486958076350722E-1,.5322784668
2293€8E-1,.574397€GCGS3916E-1,.613062424929289€E~-1,.648040134566010¢
4=1967512C45E15233GE-1,4.706116473912868E~1,.728865823958041F-14.74
57231€905715683E~1,.7611C03619006262E~-1,.770398181642480E-1,.77505G47
65784248BE~1,.775C05G475784248€E~-1,.770398181642480E-1,.7611036150062¢
T2E-1,.747231€6SCST7S683E-1,.728865823958041E~1,.70611€473912868E-1,.
B6T912045815233GE~11.648040134566010E-1,.61306242492928GE~-1y 574397
G69NGG391EE-1,.53227846583G6368E-1+.486958076350722E~-1,.43870908185¢
$723FE—~1,.387R21675744720F~1,.334601952825478E~-1,.,2719370069800234F-1
$442224584G1541€7CE-1,.164210583819079E-1,+.104982845311528E~1,.4521
$2770985331GE-2/

CHK=0.0ED

N=1

ACL)I=XL1

XN=N

SUM=0,0FQ

H={XL2=XL1}/ XN

CO 1C I=14N

X1=1

AfT+1)=XL1+XI*%H

L0 25 I1=1,N

ANS{I1)=0.0EC

DO 1S Jd=1,M

XCdy=(A({T1+1y-ACTL) I *U(JY+{ATTIL+11+A(]I2))

X{Jd¥r=X(J)*0, 5EQ

00 2C I=l,¥

XX=x(1)
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GQ
GO
GQ
GQ
GO
cQ
cQ
GQ
cq
GQ
cQ
GA
¢Q
cQ
GQ
GQ
GO
GO
GQ
GO
cQ
GQ
GO
cQ
ceQ
CQ
GO
GO
GA
GQ
18]
¢Q
GQ
Go



]

20
25

30

35

40

10
15

15

2C

CALL FXEVAL (FX,XX)
ANSTT1)I=ANSCILI+FEX*R(T)
ANS{T1)=(A(I1+1)~-A(11))*C.5E0*=ANS{I1)
DG 20 I=1,N

SUM=SUM+ANS(T)

I[F {ABS{SUM-CHK)-E} 4C,40,35
N=N+N

ERROR=SUM-CHK

CHK=SUM

IF (N-13C) 5,5,4C

RETURN

END

FUNCTION EKINC (X4 XM)

COMMON /SHARE/ ENC,IFLAG,IPICK
IPICK=1

UPL IM=SIN({X)

CALL GQINT {GC.O0FEC,UPLIM,1.E-10,SUM}
EKINC=SUM

IPICK=0

RETURN

END

FUNCTION XKINC (Xx,XM)

COMMON /SHARE/ ENC,IFLAG,IPICK
LPLIM=SIN(X)

IF (UPLIM-,G9EEC) 1Cys1Cy5
IFLAG=1

UPL IM=X

GQ TC 15

IFLAG=C

CALL GOINT (C.CECyUPLIM,1.E-10,SUM)
XKINC=SUM

RETURN

END

SURRQOUTINE FXEVAL (FX,X)
COMMON /SHARE/ XM,IFLAG,IPICK
IF (IPICK) 2Cs5,42C

IF (IFLAG) £s1CHy15

X2=X%X

FX=1 0EQ/SQRT{{1.0-X2)*(1.0~XM=%xX2))
RETURN

SINX=SIN(X)
FX=140EQ/SCRT(Lle-XMXSINX®SINX)
RETURN

Xz=X*xX
FX=SQRT({10=-XM%xX2)}/{1.0-X2})
RETURN

END
. _47.

EX
EK
EK
EK
EX
EX
EK
EK
EX

XK
XK
XK
XK

-XK

XK
XK
XK
XK
XK
XK
XK

FX

FX
FX
FX
EX
FX
£X
FX
FX
FX
F X
FX
FX
FX

44
45
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47
48

5C
51
52
53
54

58~ .
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APPENDIX C
of

Sensor and Simulation Note 52

A TABLE OF VALUES OF THE GEOMETRIC IMPEDANCE
FACTOR (fg) FOR VALUES OF THE SIMULATOR CONFIGURATION (b/a) .

January 1969
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The purpose of this appendix is to include a more comprehensive
sble of b/a versus fg. As in Note 52 the simulator configuration b/a is the
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 were produced essentially with the
same computer program documeﬁted in Sensor and Simulation Note 52.
However, refinements were required to generate the desired range of values. |
The incrementing values of b/a were selected to allow interpolation with rela-
tive 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 tc'> 99.0. These limits allow the approximate
values of fg for small and large values of b/a to be used Wifh a minimum ac-
‘iracy of four significant digits.

The approximation of fg for small b/a is

-1
£ =§ 1+ =2 [1'*‘111

b 27a
g Ta b

}

and for large b/a

H,
n
SR
[
o]
p o
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b/a
.010

.011
.012
.013
014
.015
.016
.017
.018
.019
.020
.021
.022
.023
.02k
.025
.026
.027
.028
.029
.030
.031
.032
.033
.03
.035
.036
.037
.038
.039

f&
0.009768
0.010723
0.011675
0.012623
0.013569
0.014510
0.0150L49
0.01G638%4
0.017316
0.018245
0.019171
0.02009%
0.02101%
0.0219832
0.022846
0.023757
0.024666
0,025571
0.026474
0,027375
0.028272
0.029187
0,030060
0,030949
0.03183%
0.032721
0.033603

0.034582

0.035359

0.038234

(dif) b/a
.040
.000955
L0581
.000852 '
.0162
.000948
043
000848
: oLt
.000841
.05
,000939g
. 046
.000935
.0u7
.00083%2
. 043
.000929
.043
.000928
. 050
.000823
.051
.000920
052
.000918
.053
.000914
. 054
.000811
. 055
.0003089
.056
.000805
. 057
.0009053
. 058
.000901
. 059"
. 000897
060
.000895
061
.000893
.062
.000889
.063
.000887
.064
.000885
.065
.000882
. 066
000879
L,067
.000877
.068
.000875
.069
.,000872

E&
0.037106
G.:37976
0.038843
0.039708
0.040570
0.041430
0.042288
0.043140
0.0L3997
0.0k4848
0.045697
0.0L65LY
0.047388
0.048230
0.049070
0.049808
0.050744
0.051578
0.052409
0.053239
0.054066
0,054891
0.055715
0.0565386
0.057355

0.058172
0.058987
0.059801
0,060612

0.061421

30

(dif) b/a
070
. .000870
: .071
.000867
.072
.000865
,073
000862
074
. 000860
.075
.000858
.076
. 000856
.077
000853
. .078
.000851
. 079
000849 '
. 080
. 000847
.081
. 0008k
.082
.000842
.083
000840
.084
. 000838
.085
.000836
.086
. 00083k
. 087
-, 000831
.088
, 000830
1089
. 000827 ,
.090
.000825
- 091
00082k A
.092
.000821
. 093
000819
.094
.000817
. . 095
. 000815
. 096
.00081kL
.087
,000811
.098
.000809
.099
.000808

f&
0.062229
0.063034
0.063835
0.0648639
0.065439
0.066237
0.067033
0.067827
0.068619
0.0639410

0.070199

10.070985

0.071771
0,072554
0.073335
0.,074115

0.074893,

0.0756589
0.,076uL4L
0.077217
0.,077988
0,078757
0,078525%
0.080291
0.081055
0.081818
0.082579
0.083338
0.084096

0.084852

@i

.0003805
.000304
000801
.000800
.000798
.000796
.00079%
.000792
.000791
.000789
.000788
.000786
.000783
.000781
000780
.000778
,000776
.000775

.000773
. 000771

.000769
.000768
000766
.000764
.0007653
000761
.000758

.000758
.000756

.000758



@

0.35
0.36
0.37
0.38
0.39

f

g (dif)  b/a
0.08561  — 0.40
00745
0.09306 0.41
.00731
0.10037 0.42
.00716
0.10753 0.43

. .00702
0.11455 | 0.0
.00689
0.1214% 0.45
.00676
0.12820 0,46
.00663
0.13483 0.47
.00653
0.14136 0.48
00641
0.14777 0,49
. 00630
0.15407 0.50
L00619 | -
0.16026 0.51
.00610
0.16636 0.52
.00600
0.17236 0,53
.00591
0.17827 0,54
.00581
0.18408 0.55
.00573
0.18981 0.56
. 00564
0.19545 0.57
. 00556
0.20101 0.58
.005438
0.20649 0.59
.00540
0.21189 0.60
.00532
0.21721 0.61
. 00526
0.22247 0.62
.00518
0.22765 0.63
,00511
0.23276 0,64
.00505
0.23781 0.65
. 00497
0.24278 0.66
.00492
0.24770 0.67
. 00485
0.25255 0.68
.00479
0.25734 0,69
. 00473

2 if)  b/a
0.26207 0.70
L0045
0.26675 ' 0.71
.00462
0.27137 0.72
L0056
0.27593 0.73
.00451

‘204 0.74
,00UL5

0.28489 0.75
L00441

0.28930 0.76
L00435

0.29365 | 0.77
00431

0.29796 . 0.78
00425

0.30221 0,79
00421

0.30642 0.80
| L00417

0.31059 0.81
L00411

0.31470 0.82
. 00408

0.31878 0.83
,00403

0.32281 0.84
,00399

0.32680 0.85
,00394

0.33074 0.86
,00391

0.33465 0.87
-.00386

0.33851 0.88
.00383

0.34234 0.89
.00379

0.34613 0.90
.00375

0.34938 0.91
L00371

0.35359 0.92
.00368

0.35727 0.93
. 00364

0.36091 0. 94
.00361

0.36452 0.95
.00357

0.36809 0.96
. 00354

0.37163 0.97
.00350

0.37513 0.98
00347

0.37860 0.99
L0344

51

£
£

0.3820¢%
0.38545

0.38883

- 0.339218

0.39549
0.39378
0.40204
0.40527
0.40847
0.41165
0.41479
0.41792
0.42101
0.42408
0.42712
0.4301L
0.43313
0,43610
0.43905
0.44197
0.44487
0. LL77L
0.45059
0.45342
0.45623
0.45902
0.46178
0.46453
0.46725
0,46936

@if)
.00341
.00338
.00335
.00331
.00329
.003286
.00323
.00320
,00318
.00314
.00313
.00308
.00307
L0030y
.00302
.00298
.00297
.00295
,00292.
.00280
.00287
.00285
.00283
.00281
.00279
.00276
.00275
.00272

.00271
.002638



1.35
1.40
1.45
1.50
1.55
1.60
1.65
1.70
1.75
1.80
1.85
1.90
1.85

2,00
2,05

2.1¢0
2.15
2,20
2.25
2,30

2,35
2.40

2.45

f

£
0.4726%
0.48576

0.43842
0.51064

0.52245
0.53388
0.5L495
0.55568
0.56609
0.576189
0.58601
0.59555
0.60483
0.61387
0.62267
0.63126
0.63962
0.6477¢9
0.65576
0.66355

0.67116
0,67861

0,68589
0.69301
0.69988
0.70882
0.71351
6.72007
0.72550
0.73282

(dif) b/a
2,50
01312
2.55
.01266
2,60
01222
2,65
.01181
L01143
2.75
.01107
2,80
.01073
2.85
01041
2.90
.01010
2.95
.00982
: 3.00
. 00954
3.05
009238
3.10
.00904
3.15
.00880
3.20
. 00859
3.25
.008386
3,30
.00817
3.35
00797
3.40
00779
. 3.45
,00761
3,50
. 00745
3.55
.00728
3,60
.00712
3.65
.00G98
. 3.70
. 00683
3.75
.00669
3.80
. 006556
3.85
00643
3,90
.00632 .
3.95
.00G619

f

£
6.73301
0.74509

0.75105
0.75691

0,76267
0.76833
0.7738%
0.77936
0.7847¢4
0.7900%4
0.79525
0.80037
6.80542
0.81039
0,81529
0.82011
0.82u486
0.82855
0,.83416
0.83872

0.84321
0.8476%

0.85200

0.85631

G.86057

0.86477

0.856891

' 6.87301

0.87705
0.8810%

52

(dif) b/a
4,00

.00608
) L,05

. 00596
L,10

. 005886
4.15%

.00576
4,20

. 00566
4,25

.00556
5,30

. 00547
.35

.00538
4,54C

.00530
h.45

.00521
4,50

.00512
4,55

.00505
L,60

.00497
L,65

.00490
‘ 4,70

.00482
4,75

L00475
4,80

.00468
L,85

- 004Gl
4,90

00456
4,85

00449 ‘

5.00

L00LL3
: 5.05

.00436
5.10

.006431
5.15

.C0h26
5.20

. 00420 ‘

5.25

00414
5.30

L.00410
5.35

L00404
S5.40

.00339
S, b5

.00394

f
£

0.,838498
0.888¢28

0.89273
(. 849653

§.90029
0.90401
0.90768
0.91131
0.91490
0.91846
0.92197
d.gzsuu
0.92888
0.93228
0,93565
0.93898
0.94228
0.,94555
0.94878
0.95198

0.9551%
0.95828

0,96138
0.96445
0.96751
0,97053
0.97352
0.97648
0.9738h2
0.98233

{dif)
. 00390
.00385 ‘
.00380
.00376
.00372
.007%67
.00363
.00359
.00356
.00351
L 00347
.003L4

.00341
00336

.00333
00330
,00327 .
.006323
.00320
.00316
00314
,00311
.00307
00305
.00302
.00289
.002396
. 00294
.00291
.00287



b/a
5.50

5.55
5.60
5,65
5,70
5,75
5,80
5.85

5.90

5,95
6.00

f
£

0.9852
0.9881
0.9909
0.9937
0.9965
0.9993
1.0020
1.0047
1.0074
1.0101
1.0127
1.0153
1.0179
1.0205
1.0231
1.0256
1.0281
1.0306
1.0331

10 0356'

1.0380
1,040k
1.0429
1.0452
1.0476
1.0500
1.0523
1.0546
1.0569
1,0592

(dif)

.0029
.0028
.0028
. 0028
0028
.0027
.0027
.0027
©.0027
L0026
. 0026
.0026
.0026
.0026
.0025
.0025
.0025
.0025
.0025
L0024
.0024
. 0025
.0023
L0024
L0024

.0023
.0023

.0023

.0023
.0023

b/a
7.00
7.05

1.Q3615
1.0637
1.0660
1.0682
1.0704
1.0726
1.0748
1.0769
1.0791
1,0812
1.0833
1.0854
1.0875
1.0896
1.0917
1.0937
1.0958
1.0978
1.0998
1.1018
1.1038
1,1058
1.1077
1.1097
1.1116
1.1136
1.1155
1.1174
1.1193
1.1212

.0022
0023
L0022
L0022
L0022
0022
L0021
L0022
L0021
L0021
L0021
L0021
L0021
L0021
L0020
.0021
.0020
-, 0020
. 0020
,0020
.0020
0019
,0020
,0019
.0020

.0019
.0018

.0019

.0019
.0018

b/a
8.50

8.55

£
£

1.1230
1,1249

1.1267
1.1286
1.1304
1.1322
1.1340
1.1358
1.1376
1.1394
1.1412
1.1429
1.1447
1.1464
1.1481
1,1499
1.1516
1,1533
1.1550
1.1566
1.1583
1.1600
1.1616
1.1633
1.1649
1.1666
1.1682
1.1698
1.1714

(dif)
0019
L0018
.0019
.0018
.0018
.0018
.0018
.0018
.0018
.0018
L0017
. 0018
L0017
. 0017
.0018
.0017

.0017
.0017

.0016
.0017
L0017
.0016
.0017
. 0016
L0017

.0016
L0016

.0016

.0016
.0016




b/a

-

~10.0

11,0
12.0
13.0
14,0
15.0
16.0
17.0
18.0
1.0
20.0
21.0
22,0
23,0
24,0
25.0
26,0
27.0
28,0
29.0
30,0
31,0
32.0
33.0
34,0
35.0
36.0
37.0
38.0
39.0

iﬂ
1.17L6
1.2049
1.2325
1.2580
1.2315
1.3034
1.3240
1.3432
1.3614
1.3786
1.3949
1.43105
1.45253
1.4384
1.4529
1.4659
1.6784
1.490%
1.5020
1.5132
1.5239
1.5344
1.5445
1.5543
1.56338
1.5730
1.5820
1.5807
1.5992
1.8074

(dif)

,0303
0276
0255
0235
.0219
.0206
.0192
.0182
.0172
.0163
.0156
0148
L0141
L0135
.0130
L0125
.0120
.0116
L0112
.0107
.0105
.0101
.0098
.0095
.0092
.0090
.0087
,0085
0082

.0081

b/a
40,0
1.0
2.0
43,0
B, 0
45,0
L6.O
7.0
8.0
49,0
50.0
51.0
52.0
53.0
5.0
55.0

57.0
58.0
53.0
60.0
61.0
62.0
63,0
64,0
65.0
66,0
67.0
68.0
69.0

‘g
1.6155
1.6234
1.6310
1.63%85
1,6458
1.6530
1.6600
1.6668
1.6735
1.6801
1.6885
1.6928
1.,6990
1.7051
1,7110
1.716¢9
1,7226

1,7282-

1,7338

1,7392
1.7456

1.7498

1.7550

1.7601
1,7651
1.7700
1,7749
1.7797
1.7844
1.78¢0

54

L0079
.0078
.0075
.0073
L0072
0070
.00638
0067
. 0066
L0060
.0063
.0062
L0061
.0058
.0059
. 0057
.0056
;0056
L0054
L005L
L0052
.0052
0051
.0050
L0043
0048
LO00u8
L0047
L00L6

. 0046

b/a
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
33.0
8k .0
85,0
86.0
87.0

88.0

88.0 -

90,0
81.0
92.0
93.0
9.0
95.0
96.0
87.0
38.0
g9g.0

£
£

1.7936
1.7681
1.8026
1.8070
1.8113
1,8156
1.8198
1.8240
1.8281
1.8321
1.8361
1.8401
1.38440
1.8578
1.8516
1,3554
1.8591
1.8628

1.8665

1.8701
1.8736
1.8771
1,8806
1.8840
1.8875
1.8908
1,8942
1,8975
1.9007
1.9039

(dif)

L0045
.0045
L00LY
L0043
L0043
L0052
.0042
L0041
.0040
.0040
L0040
L0039
.0038
.0038
.0038
0037
0037
.0037
.0038
.0035
.0035
L0035
L0034
.0035
L0033
0034
. 0033
.0032
.0032



