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ABSTRACT

An improved method of extrapolating transient EM fields has
been developed and a computer code has been written to implement the
technique. This paper contains a summary of the theory and a listing

and description of the computer code.
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I. INTRODUCTION

The field extrapolation method reported here is a considerable
improvement over the previously used method. 1 The spherical vector
components are treated directly, using only E9 as input rather than
transforming to rectangular components, extrapolating, and then trans-
forming back again. The new method is much simpler and is faster to
perform numerically. In addition, the numerical method of performing
the convolution integrals has been improved to make it faster and more
accurate. Program M, the new computer method described in Sec. IV,
requires computer time linearly proportional to the number of time points

treated, whereas the old method used computer time proportional to the

square of the number of time points.

1 D. D. Babb and K. D. Granzow, Extrapolating Electromagnetic Fields

From Values in a Spherical Region, Sec. II, WL-TR-64-179, Air Force
Weapons Laboratory, 1965.(EMP Theoretical Note 52),




II. ANALYSIS

The electromagnetic fields to be extrapolated are known withinjand
on the surface of a sphere whose center lies in an infinitely conducting
horizontal plane. The field possesses azimuthal symmetry about the verti-
cal axis and is equal to zero at time equal to zero. The problem is to find
the field as a function of time in the upper half space outside the spilere. |
The field components are given for any r by the fqllowin_g equatiqnszz

00

Er = - Zl —-r—mﬂ(r) aﬂ(t )P.‘E(?ose) (1)
E9 = Z {lﬂ(r) aﬂ(t*) T’;(cose) (2)
£=1 ST . 4t .
) 190 wvsS 1, oo '
Bq)—ﬂzl = 3o E,(r) a,") P, (cos 6) (3)

where only odd values of R are needed in'the surnr_natioris for the assumed

symmetry (the analysis will include both even and odd terms for the sake
— “ _
of generality). The functions P g are normalized Legendre polynomials and

521 are the normalized associated Legendre polynomials of the first kind;

2 K. D. Granzow, Transient Spherical Waves, EMP Theoretical Note

XXIV, Dec. 1, 1966 (also published as ''Time-Domain Treatment of
a Spherical Boundary-Value Problem, " Journal of Applied Physics,
Vol. 39, No. 7, June 1968, P. 3435). The equations here are the ¢ -
independent part (m=0) of Eqs. 2, 3, and 6 of the reference.
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t is retarded time defined ast =t-r/c; A and =

2 y are differential oper-

ators given by
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The field component E 0 is given at r = R by
b3 X ¢ 1 ’
by - v’ — )
EB(R’t ) ELI Aﬂ(t )Pﬂ (cosg) (4)

Upon equating the coefficients of Eqs. 2 and 4, one egn express the unknown -

% %*
coefficients a ﬂ(t ) in terms of the known coefficients A ﬂ(t )
A (R)a () =a (9 - 5)
A A (

It is convenient to express the above coefficients in terms of a dimension-

. % .
less time variable 1 = ¢t /R. The operator AE(R) now becomes

441 -1
£ R.Q+2 o 2 a’T.Q+1-';|

3



Redefine the coefficients

bﬁ('r) = a

£ ¢

g

- TR
BQ(T)_AE( c)

Equation 5, expressed in terms of 7, becomes

AE(R) bﬁ('r) = Bﬂ('r) (6)

Equation 6 is a differential equation whose solution will be found
3
with the aid of a Green's function. The problem now becomes one of find-

ing the Green's function that will satisfy the-following equation:
A,R) G (7, 71) = 8(1-T"), T'>0 S (7)
with the initial condition
a0, =0, k01,2 ..., ¢

The first step is to solve the homogeneous case. This involves find-
ing the roots-of the auxiliary equation, The roots of fite resulting poly- *
nomials are given in the appendix of Ref. 2 as the roots of )'E(Z) = 0. If 2
is even, there is one real root, P o’ and the rest are cqmplex, pﬁni ig,

wheren=1, 2, 3, ..., m;m = £/2 for £ even; m = (g+1)/2 for £ odd. If £

ig odd, there is no real root.

3 The solution given here parallels the solution of the equation = (I‘o)
agil, m,t") = BlL, m, t*) given by Granzow in Multipole Theory in the
Time Domain, EMP Theoretical Note VII, March 1965 (also Journal of

Mathematical Physics, Vol. 7, 1966, p. 634), and in Ref. 1.
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Let Hﬂ('r,fr') be defined as GI(T’ T')IR'G 2, then Hﬂ can be expressed

as a linear combination of exponentials multiplying sines and cosines with

coefficients @ , B

o B and ¥ in yet to be determined.

p (T‘T') m p (7_71)
H(r,7T")=a e £0 + E e 40 [B sing_ (7-7")
£ £ ] In in
n:

Y, COS qﬂn('r-'r')] (8)

In order to apply the boundary conditions, the first £ derivatives of Eq. 8

are needed.

g m -t
dk H (1-7") = & k ep,QO(T ') . Z ep,(ln(T ') rk
K g 2P0 o
dr n=1

. + o
X [(Bﬂn sin kg in '}'ﬂn cos ko zn) cos qun(T T!)

- ] i -
+(B, coske , =7, sin kg, ) sinq, (-7 )] (9)

where
ig
p +iq =r e n
In n T in -
N % _ _

Taking the limit as 7 approaches 7' from above,

dkHE('r, T')

m .
k k .
+ +
k . % Pgo Z rﬂn[B.ﬂn st keﬂn Yn COSkeﬂn]
aTr T~>T n=1

5 , k=0, 1, 2, ..., £ (10)

2k’



gives £ + 1 linear equations in £ + 1 unknowns, and the constants Ofﬂ, Bﬂn'

and 'Y.(?_n can be determined. These constants are given in App. A.
The Green's function can now be found, and the solution of Eq. 6 can

be written

bﬂ('r) =[’ Gﬂ('T-'r‘) Bﬂ('r‘) dr' (11)
0

In order to evaluate the right-hand side of Eqs. 1, 2, and 3, the first £ +1
derivatives of b,Q(T ) are needed, By direct differentiation of Eq., 11 and
application of the boundary condition on H y (and, hence on G 2) expresséd

in BEq. 10, one can write

ab T
L L A+2 (k) ' . '
= = R 6‘1{, 241 Bﬂ("r) +[H 2 (7,7") BE(T ) dT (12)
dr : .
‘ 0
k=0, 1, 2, ..., £+1
where
(k) ¥
H 9 (7: T') = '_k HE(TJ T')
aT
o G -
For simplicity of notation, let
T
Ky k), 1y Qo
CE(T)—J'HE(T,T)BE(T)dT | {13)

0
Substituting the right-hand side of Eq. 9 for H(l;) (7, 7') and defining the

symbols IX JQ('r), Ic JZn(T)’ and IS th(T) for the following integrals:

7 pm(T-'r')
e

Ixﬂ(T) = B‘Q(‘T')df' (14)



p.ﬂn(T-T')
Ic,Qn(T) = e cos qﬂn('T-'.T') BE(T') a7’ (15)

pﬂn(T_Tl)
Isﬂn(T) = e sinqﬂn('T-'r') Bﬂ(T‘) dr! (16)

0
n=1, 2, ..., m

k
one can write Cﬂ (1) as

m

k k K .
= +
Colmr=aypyy I 7 'ZI ¥ in [(B,Qn sinkg, +7, cosko, I ,.(7)
n:
+ (Bﬂn cos kaﬂ_n - 7, Sin kem) Isﬂn(T)] (17)

The terms in the expansion of Er’ Eg. 1, can be written as

ﬂ -
jt2 i
R) c{=3) (18)

1 * _ R
ZE () a ft )“.Z oy (r .
j=0

Similarly, terms in the expansion of EG , Eq. 2, can be written as

xR & gt (gﬁ—j)
Aﬂ(r) aﬂ(t ) =?-B£('r) +.Z Uﬂj (-r—) Cﬂ (1) {19)
=0
o ) % _ —
The terms in the expansion of B b are
4 j+1
10 . %, R Z RPT (4+1-))
S 5?-,_.2(:') aﬂ(t ) = = Bﬂ('r) +. ) “ﬂj (r) -CJ2 (7) (20)
J:

Finally, Egs. 1, 2, and 3 can be written using Eqs. 18, 19, and 20 as

jt2
E =- Y 2(2+1)

2=1 ]

L=, \ =
C’2 (1) Pﬂ(cose) (21)

o0 4

. B
2j\r
0



© 2+1 541 _
sy (B, vyfE) e e
£=1 J

- [R 2 A LA TS NN
z l:? BE(T) +Z “.Qj (?) CJZ ('r)] Pﬂ-(cose) (23)
=1

B
¢
j=0
Given the coefficients of an expansion of EB atr = R, BE(T), one first
calculates the convolution integrals ng('r)’ Icﬂn(T), and Isﬁn(T), Eqgs. 14, 15,
and 18, for each value of 7. The values of Clz(fr) are found for the same 7
values from Eq. 17. The fields Er, EB’ and B¢ can then be determined at

any value of r and a time history can be calculated using Egs. 21, 22, and 23,



III, THE NUMERICAL INTEGRATION

In performing the numerical integration indicated in Eqs. 14, 15, and
16, one need not integrate from the origin for each new 7 value chosen. In

i + + i -
evaluating Ix,e(T AT ), Icﬂ_n('r A7), and Isﬂn(T+AT ), the properties of the ex
ponential and trigonometric functions can be used to evaluate the integral

from zero to 7 using I_ (7), I (7), and I , (7). Thus I (7+AT) can be
x{ cin s x4

£ In
written

THAT

— I
ep£0(7+m' T")

P AT
£0 B (1) dr’ (24)

IXE('T‘*A’T) = e IXE(T) +

7
Applying the trapezoidal rule to the above integral, one obtains

A7

=+, =
IXQ(T AT) = e 5

p AT
£0 [1 B (r+ar) (25)

xﬁ(ﬂ +%1 Bﬂ('r)] +
The trapezoidal rule will probably work well in most cases. However, it
may happen that even though the data points are close ‘enough togetihier to
describe Bg very well, they may be far apart with«egard to the behavior

of the kernal of the integral (in this case an exponential, in the other cases,
the product of an exponential and a trigonometric function). In this event it
is assumed that Bﬂ('r) follows a straight line over thé interval (7, T+AT), since
the data are chosen to accurately describe BE(T). The ini:egral is then eval-

uated exactly. Thus, for large Ar let

BE(TI) =Ct'+D (26)



B£(7+A'r) - 'BJZ(T)
AT

C =
D=B£(T)—CT

The integral in Eq. 24 can be evaluated exactly, resulting in

P AT ' p .. AT\
I (r+ar) = e £0 L7 - L lf1-e % B (1) <
Pyo Pyo
+ B (r+7) - Bﬂ('r)] | (@)

Similarly, for I ,Qn(T +AT) the integral is split as follows:

P i AT

+ = - 7 :
Icin(T AT) = e [Icin(T) cos qﬂnA'r Isﬂn(T) smqﬂnA'r]

T+AT

pﬂn(T+AT-T')
+ e cos qﬂn(T+AT'T') Bﬂ('r')d'r' (28)

T

For Ar small, the trapozoidal rule is used:

Pynt7 . AT - %
Icﬂn(7+AT) = e [t[cﬂn(ﬂ + > Bﬂ('r)) cos qﬂnAT
At

- IsJZn(T) smqﬂnA'r] +3 BQ(T+AT) | (29)

When Ar is large, Eq. 26 is used for Bﬂ(T') and the integral in Eq. 28 can

be evaluated exactly:

10



anAT
+ = - i
I .Qn(T AT) = e [Icﬂn(T) cosqﬂnAT Is.@n(ﬂ smqﬂnA'r]

- 1 1 - epJZnAT A

) cos qﬂn T
r

. in

Py Byl

+c(z_z).l_epﬂnm. A
r2 Pon ™ Yn sing,, &7
n :

A Byl

9
CP yn Upny

r2
n

+ + CAT P (30)

Similarly, when the trapezoidal rule is used to approximate IS JZn('1-+A'r)

for small Ar, one obtains
p, AT
_ fn A'T
I £n(7+AT) = e [( ol ('r) + B ('r)) squ AT
1, (") cosqﬂnAT] (31)

For large Ar, again let Bﬂ('r') = Cr' + D, and the integral I, (r+AT) can be

sfn

expressed as

- - Py ' “ : -
Isﬂn(T+AT) = e [Icﬂn(ﬂ sin qﬂnAT + Is.en(ﬂ cos qﬁnAT]

p., AT ) 2Cp, q

1 in In “fn
+ r2 (l e cos qﬂnAT) (qﬂn Bﬂ(T) + —rz—

In ! In

p, Ar

n C 2
+e quﬂ At (p}Z B (‘T) + - (pﬂn qﬂn))
r
In
+ 32)
CAar 9pn (
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The criterion used to determine whether At is small or large de-
pends upon the polynomial roots and AT. At fhis time, if p 20 Ar<, 1 then
Ar is considered small, and the trapezoidal method is used for the eval-
uation of IX£(7+AT) by Eq. 25. If r o A7< .1, then Ar is again considered
small, and the trapezoidal method is used to integrate IS ;gn("'""AT) and
Icﬂn(T+AT ) by Egs. 29 and 31, Otherwise, the other method is used.

Since the roots and coefficients appearing in the function H g are
not dependent on any physical parameters in the problem, they are mathe-
matical constants and once determined can be used over a:nd' over for any

values of the physical parameters.

12



IV. DESCRIPTION OF PROGRAM M

Program M has been developed to extrapolate transient multipole
fields through a computerized systém according to the method explained
in Secs. I through III.

The program requires 165 K octal locations on the CDC 6600. Four
tapes labeled 1, 2, 4, and 8 are needed. Tape 2 is the input tape, while
Tape 1 contains the coefficients of the normalized Legendre polynomials
that were picked from the input tape. Tape 4 contains the calculated
quantities referred to as CIE(‘T). Tape 8 enables the operator to dump and
restart the program periodically. Tape 8 is a half-inch tape with 556 bits
per inch. If the number of time points is less than 2000, then Tapes 1 and
4 can be half-inch tapes; otherwise, they must be one-inch tapes with 800
bits per inch.

The central processer (CP) time can be approximated as follows:

(number of time points) x (. 6 sec) = time taken to calculate

all the Q:(-r);_ -

(number of time points) x (, 04 sec) = time to extrapolate.

The peripheral processer (PP) time is approximately twice the CP time.
These times should always overestimate the time required. The program
is set up to dump itself on Tape 8 every 15 minutes. The ability to restart
after dumping is included only in the portion of the program that calculates
the quantities CIE(T). The extrapolation procedure takes so little time that
there is no need for a restart capability during that section.

13



INPUT

The tape input consists of the coefficients of the  begendre expansion

of Ee , B,, and Er (given on Tape 2) in blocks of 496 words, each terminated

¢

by an end-of-file mark, as shown below.

Word
1

2

3-22
23-42
43-62
63-124
125-186
187-248
249-310
311-372
373-434

435-496

Description

observer number (floating point)
time (retarded time in seconés)-
coefficients of EG
coefficients of Er

coefficients of B¢

same as words 1-62

In addition, the origin observer number, the corresponding radius,

the radii to which the extrapolations are perfbrmed, and the observer numbers

and angles are input on cards.

14
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Cards Columns Format Description

1 1-10 I10 observer number of origin of
extrapolation
11-20 E10.3 radius, in meters, of origin
4 -
2,...,n 1-10 I10 observer number of extrapolation
11-20 £E10.3 radius of extrapolation (meters)
21-30 E10.3 angle of extrapolation (degrees)
last 1-80 blank
card

The polynomial roots (p,(!n + iqﬂn) and the Green's function coefficients

(Bﬂn’ ‘Yﬂn) are also on input cards and are read in prior to the above data.
However, these cards are the same for each set of calculations and should
remain with the source deck. It is important to remember that these cards,

as well as data card 1, are not used with the restart program.

QUTPUT
All output is on microfilm. The message below is printed each
time a restart group is dumped on Tape 8.

RESTART GROUP NO IS COMPLETED

LAST TIME POINT WAS

Also, at that time, the extrapolated fields are printed and plotted. Samples

of input and output are shown on the following pages.

These cards start the data cards necessary for the restart program,

15



WWWWWWWWW&NNM[\JNNMNNNHI—AI—*I—*I—!HI—*HI—‘&—ACOCD-JO)C.H)-P-WNHO

TIME

.0006882E-09
.0013803E-09
. 0020725E-09
.0027646E-09
. 0034568E-09
. 0041489E-09
.0048411E-09
.0055332E-09
, 0062254E-09
. 0006918E-08
. 1007610E-08
.2008302E-09
. 3008994E-08
.4009686E-08
.5010378E-08
.6011070E-08
.7011763E-08
.8012455E-08
.9013147E-08
.0013839E-08
.1014531E-08
.2015223E-08
.3015915E-08
.4016608E-08
.5017300E-08
. 6017992E-08
.7018684E-08
.8019376E-08
.9020068E-08
. 0020760E-08
.1021453E-08
.2022145E-08
.3022837E-08
.4023529E-08
.5024221E-08
.6024913E-08
.'7025605E-08
.8026298E-08
.9026990E-08

RUN NUMBER 3400

(14976..90.)

ERADIAL

.1725442E-14
.1332043E-14
.5397828E-13
.0513321E-14
.4398399E-13
.75887T75E-13
. 1894905E-13
.8109012E-12
.2854060E-12
.3706373E-12
.T7950199E-12
.3652238E-12
.0760466E-12
. 1647338E-12
.9038515E~12
.8765915E~-12
.4697238E~-12
.6925373E-12
. 6939536E-12
.6413419E-11
.9204368E-11
. 5922642E-12
.1971062E~11
.4421143E-11
.5600619E-11
.8167243E-12
. 1549070E~11
. 0344092E-12
.9075706E-12
.8389277E-11
. 0504430E-11
. 1364277TE-11
.0194083E-10
. 5429840E-11
.7698652E-11
.0273819E-11
.1281697E-11
.7854093E-11
.6648639E-11

mmmmpppmwwmwwmmmmmpp|—-»—u—-:—u-cooo-qcsmpwwm;—u-a»—-mwo

ETHETA

.9561382E-02
.3609247E-02
.0242935E-01
.A4625592K-01
.9557643E-01
.5069481E-01
.1124492E-01
.7T900290E-01
.5252319E-01
.3351856E-~01
.222558TE-01
.1680717E-01
., 1381586E-01
.2329428E-01
.0354243E+00
. 155663 1E+00
.2800036E+00
.4101130E+00
. 5496928E+00
. 6981895E+00
.8508751E+00
.0033696E+00
. 1764884E+00
.3473180E+00
. 5279938 E+00
.6955284E+00
.8870553E+00
.0813344E+00
.277424TE+00
. 5185944 E+00
.7185576E+00
.9310209E+00
. 1884246 E+00
.4164974E+00
. 6377855E+00
.8852286E+00
.1417310E+00
. 4205628E+00
. 6708952E+00

Fig. l--Sample Output
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BPII1

.8530588E-11
. 1200174E-10
.4137125E-10
.8751608%-10
.5179472E-10
.3519229E-10
.0376415E-09
. 26244 14F-09
. 5078824E~09
. T773188E-09
. 0718328E-09
. 3864419E-09
.7137588E-09
. 0740753E-09
. 4488686E-09
.8485119E-09
.2642331E-09
. 6998756E-09
. 1640664E-09
. 6520619E-09
. 1619452E-09
. 6775986E-09
. 2390666 E-09
.8081792E-09
. 4037093E-09
. 9881683E-09
. 6211620E-09
. 027153 7TE-08
. 0937352E-08
. 1690663E-08
.2381371E-08
.3096350E-08
. 3909864E-08
. 4684533 E-08
. 5445393E-08
. 6270821E-08
.7117980E-08
. 8024903E-08
. 8874563E-08
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APPENDIX A

GREEN'S FUNCTION COEFFICIENTS
(COMPUTER LISTING)
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JRNER

-~

in

GREENS FUNCT!ON COEFFICIENTS

ALPHA

5,459477531E-01

1.750733791E-02

5,610986921E-04

1.014423R83E-05

1.174971B77E-07

BETA

1.154700538F+00

1.216726137F=-01
2.4590477531F~N1

1,2504812A0F=-01
~2,357121774E=02

1,264723817F=-02
=4.381193554£-03

5,854831311E-03
~1.422342446F~03
-~1.522683925E-04

5,032619124F~04
-2.5%9632734E-04
1.483961877F=05

1,396937552F=n4
«3,745467255E-05
-6,489338731E-06

1.495148318E=06"

'1.027253811F~n5
-6.496285499E~06
9.2038R1178E=~n7
3.3A2813415E-08

2,011344840E-06
~5,617771988E-07
-1,572020373E-07
7,100580499F=n8
»1,837343304F=09

1,285288278F~n7
=9,2756785790F£-N8
1,847942247E-08
6:9118663%4F=10
«1.360198879F-10

24

(3AM 14

n.

=2.450477581k=- 11
n.

3. 336073334E-07
-3,336973334E-u7

-1 ,798235278E-ur
4,.4"nN14B322%E-04

1,9551n80(00E-14
-2,2903544435E=-03
3.38435A4262E-L 4

-6,13A81831Nk-y4
3.167£21423E-4"
2.M9100246NE=-"

5.1374587048-15
-7.n25416450E-U"
1.900164063E-CT

=1.220631667E-u?

-1,1497R8654E~0"%
4,372Nn7R88491E-27
9.,397943057E-u7

-6.322543647E-\"

7.R09576674E-:7
~1.176465A3RE- "
4,201240051E-17
-2,175208317E-{r

-2.,R63N5327TE-1uY

-1.3616494B4E-0U/
3.1347R7774E-(0
1!0145?44 7';E-|]R

=3.613798N74E-y"

3.526160697E-17

AT



. DRDER

11

13

14

15

GREENS FUNCTION COEFFICIENTS

ALPHA

9-455415045E-10

5,591806104E-12

BETA

1,935537968F-n8
«5.508427439E-09
«2.167540414E-09
1.,316976252E-09
-1,259618143E~10
-2.447876133E-12

1,090996795F=-09
~8.608565013E=10
2.075000265F=10
9,661797697E-12
«5,961571389E~12
7.814045132E~14

1.,332203948E-10
«3,824698667F-11
-1,930072471F-11
1.,397421009E-11
~2,164655096E-12

=2,642040693F=14

4,921821812F-15

6,709128913E-12
-5.646908368F=12
1,539699500E=-12
9,444466211E~14
-8,973979921E-14
6.260333255E=145
7.792272016E-17

6,8R2519198F =13
<1,983366404E-43
«1,208735098E-13
9.859865150E=14
~2,014073647E=14
~3,938868015F17

2,128277876E-16

25

GAMMA

7.782037385E-y9
-1.252151805E-1
5.762871471E-0¢
-4,253537204E-1"
-1,023060727E-1"
4.268992532E-17

-1,11P2377194E-C¥
2.569915833E~17
2.249641R43E-10

-6,3290N9607E-11
?2.4493229856E-1"
1,423628390E-13

5,48682%3674E-11
-9,72617370199E-11
4,339519564E-11
-4,338124900E-17
-1.5536R297%E-17
2.317121477E-13
2.3431R81201E~1%

-6,6501?5906E-L?
-1,1774R895RE~1&
1,747979A14E-17
-6,21989348756~13
4,5709R127+E-14
4,482946642E-15

=1.,143097187 514

2.98676737RE-13
-5,n50411%23E-14
2.558400667E-13
-2,RA81846973E-14
-1,404752564E-14
3,4843594N83E-1°
-9,9722n2772&-17



16

17

18

19

ALPHA

2,532249605E-14

 9,081%13704E-17

GREENS FUNCTION COEFFICIENTS

. BETA

»1.,475875121E~-18

© 3.1303060A7F~14

«2.,766911750E-14
8.226601011FE-15
6.554518440E-16

~7.,706312548E~16
9.760710785E=17
5.058570337E~19

-8.749930853E-20

2.766960881F~15

~7.982457283E-16
~5.640508052E-16
5:022401228E-16
~1,233359933E-16
8.184798724E~19
2,745034803E-18
n1.458029221E~19
=~1,281460758E-21

 1.146860834E-16

r1.0534584n7E~16
3,339753762E~17
3,338334137F-18
»4,443057363E~18
7.9373788A0FE=19
-7.842450010E~21
«3,900685114E-21
1,420964995E=-23

8.,9n2n8n3n4E~18
~2.567289781E=-18
»2,043579730E~-18
.1,946986463E-18
«5,460800900F=-19
6,984869630E=-21
1.991594317E=-20

26

GAMMA

=3.298933074k~-1"

-2,N36195305E-14
-1,N199317716E-15
9.732490644E-15
~4,N58807770E~15
4,1B6323765E-16
5.31N861987E-17
-6,A37533367E-1"%
-1.162104363E-2"

1.176691N097E~15
~2.117556238E-15
1.,137921305E-15
-1.,377007933E-1%
-~8.529634139E-17
2.,384178407E-17
=1.,RN4119A93E~1L"
-9.R26048277E-20
1.56666057AE-21

-1.N93421914E-16
-5.7957n6014E~1"
4,095405168E-17
-1,917573R25E-17
2.453631919€-18
3,.789795671E-19
~9,n130A5951E-20
1,924947921E-21
4,136166RBTE-24

3.R2738698AF-14
-7.745826507E-1"
3.965367H83E-1"
-5,015479409E-1Y
~3,R78502947E- LY
1.583644725E-19

-1,5060n3481E-2"



JRNER

“1

22

GREENS FUNCTION CCEFFICIENTS

ALPHA

2,626713742E-19

6.29276%90E~22

BETA

=~2.137597346E-21
~6,377146399E=-24
8,711115867F=25

3,388441064F=19
-3,210520846F-19
1,0A9424222F=19
1,295073245E=20
«1,870136934F=20
4,207384067F=21
-1,094486474E=22
~4,454702403F=23
1.849806260E-24
1.216713085FE-26

2.,3423051E-20
-6,7481639E-21
-5,9230187E~21
5.9572332E-21
-1,8487103E~-21
3,1012924E-23
9,7259075E-23
-1.5689975E-23
2.00N9426F-25
4,1326785E-26
~-7.4387430E-29

B,2463349E-22
-8,0156692E-22
2.7769934E-22
3,9535967E~23
-6,0548520E-23
1,6109640E=-23
-6,6384R89E-28
-2,8063795E~25
2,6149045E-26
6,1609512E-29
-5,308B8760E~3N"

27

aAMMA

=9 ,3174579 =27
1.009346R812-272
1,9846R57/52E-2%

~3.185788A75E- v
~2,171510909E-2¢
1.352796493E-1"%
=6,3220R3INTE- /!
1.0204233871€-27
1,R8274nRS$1E-21
~6,530646114E-22
3,4572&ARN7RE=-21
1.72G0342780E-742
=1,23N01807579g-2+

1.n1600N07F=2y
~1.90569434E 24

1.1132139F~21
=1.4473264F=21
-1.338n253F~21

6.372N1861+-=27
«7.89027099+=23
~5.17843R4Fk-24
" 1.272R940F =24
=2.0449QH2" =256
=3.n%747297rF=-28

-7.664n316F=-22
=6.267Q358E-24
3,6N8R742F-22
~1,98154A4A5--22
3.293215nF-24
6,9929579F-24
~3.1296348F=24
2.6873725F-25
9.5507194F-27
=9.0773922k-24
=1.7631070F=-30



GREENS FUNCTION COEFFICIENTS

ORDER ALPHA

23

24 1.3314010E-24
25

BETA

5,0930867E=23
-1,4676576E-23
-1,3929387E-23
1,4669249Er23
-4,9390785E~24
9,7987070E~26
3.4545199E-25
-7.3571241E-26
2.3435406E-27
4,25179465E-28
-1,4059579E-29
-7,1108083E=-32

1,7716307E-24
-1,7548774E<-24
6,22N14478E=-25
1.,0712720E~25
-1,6529793E-25
4,9361786E-26
-2.5239337E-27
-1.272D0268E-27
1,8494371E-28
-2,0138213E-30
<2,9273460E~31
1,4551254E~34

~2,4085912E~26
-2,2489131E~-26
2.5535734E-26
-9,5652898E-27
4,129658RE-28
7,7665402E~28
-2,1887878E-28
1,3711667E-29
1,7983372E~30
-1,7683279E=-31.

28

GAM™4

2.2741778E=28
-4.7383854F =24
2.55519756-248
-3.3965325F-24
-3.6316163F-24
1.97226551F-24
-2.972469645 =25
-1.9775494£=26
8.2206720E-27
=3.7150768E-23
-9,4N04453%-3D
5.9071371F =32

-1.6751000F=-24
~1.6115201=-2%
8.39872214E-25
-4,8483543E-25
8.5947483E-26
2.72053054E-26
-1.,1493455€-25
1.3223388E=-27
4.6191497E-2Y
«1,1452644E-29
1.2767719E-31
1.5613068E-33

3.4R74602F=25
-6.7781091E-26
4,2739134F-26
-6,5453013¢-27
-6.5275031E-27

4.0119770F=27

-7.6459869F-24d
-3,.3869572F=2Y

2.926N769F=2Y
-2.5814010F=30D
-3.3467438F-32



JRDER

26

27

28

GREFNS FUNCTION COEFFICIENTS

ALPHA

2.0780419E-27

2.918N249E-3Q

BETA

2,4209175E~-34
2,0343775E=35

2,7888B654E-27
-2,8216B55E-27
1,0383213E-27
1,8801048E-28
-3,1506805E-28
1,0583406E~-2R
-7.2192198E=-30
-3.4B6188BE=3n
7.,2476444E-31
~2,3665123E-32
-2,4863615E~33
6,6527081E~35
2.5966362E-37

5,283040nE~29
-2.127259%E-29
-9,4599457E-3(
1,7166902E-290
-9037028145‘30
3,77088B44E-31
-2,8398872E-31
5,0618082E-32
-6,5913R94E~-34
-6,0162594E~-34
3.3435882E-35
3,3098070E-37
~2,9675447E-39

3,8981702E-30<,

-4,0917065E-30
1,6463323E-30
2,2169287E-31

~5,1828091F=-31
2,08N0595E-31

29

3AM4

4.,6242906fF =24
5.5X872h2F=-3hH

-2.5486191F -2/
=2.64401H8F-2n
1.405111k=2/
-8.583R111F =24y
1.6707554E-23
4.4RH5899F =27
-2.7853745F 2%
4.1451425F-3y
9.5246695F-32
-6,1225321F -32
2.3R2A213F-34
4 ,50579R5F=-35
-1,B7593R4+-27

2.N403048-27
-4 ,72659276F=-29
3.23105652F =29
-9 .96675N5F =27
-2.410A139F-41
3.344R310F~-31
-1.169R772F=~7)
1.,1772219F-3%1
2.8R67922F-32
-7.9485023F-33
4,1579149F=34
2.0962670F=-35
-8.96414°28FK-37
-2.71829935+ ~ 39

~3.656R472E~3) |
-2.74585R89E-31
2.N479444F =34
-1 .3ANZL27F-30
J.26114A87F=-31
6.5794238F -3¢



JROER

29

30

GREENS FUNCTION COEFFICIENTS

ALPHA

-4,6562108E=~-34

BETA

-2,2648532E~32
-7.2291111E-33

2,327600RE-33
-1,6296881E-34
-1,0525636E-35

1.0807367E-36
-1,3028324E~39
-7.,4893B04E~-41

7,5753441E-33
-1,2042670E=32
9,1326069E-33
3.642596BE~-34
-5,2755589E~33
3,4644725E-33
-7,2824744E-34
-1,4827622E~-34
9.7979848E~-35
-1.3602044E~35
-4,4686338E-37
1,R708971€£-37
-5,1662968E~39
-1,5523285E~40
1,5954713E-43

-7,841942BE-34
6,30766B86E-34
1,8752187E-35

-3,0208323E-34
1,6895392E-~34

-1,3894387E~35

-2,0312298E-35
7.8172020E~-36

~6,2171894E~37

-1,7775071E=37
3,3046735E-38

-5,9228805E-40

-1,0292373E-40

30

“a

GAMMA

-5,7899222F<-32
1.1R0R7?77F=32
-1.378A857F=-34
~2.3122671E-34
2.0361196E-3>
1.198R876F =37
~2.7863136E-34
~2.9813439E-41

-1.3395751F=338
-1,8721419F-3$
9.940)Q797F=33%
-1.1N3RAJ/F-3Z
4.5976810F-33
4,7n5n294F -4
-1.1726A077F=33
4.n046755E-34
-2.71464891F=35
-1.1921527E£=3>
2.25196R4K-34
-4,7710591F-24
-7.9034£241FE-2Y
1.321n138E-4
7.1611665F=-45

4.117n84/F-3X4
4,1172939F-34
-5.5R326R6F -4
1.8202266E-34
7.7947019F-2%
-7.9604181F~32
1.9931698F-35
1,61409770F-36
~1.6264746F-36
2.2386559F-37
6.2132525F-39
-2.5587219F -3
6.0303407E-41



GREENS FUNCTION COEFFICIENTS

ORNER ALPHA BFT2 GAMMA
1,4437792E-42 1.9189870+-42
7.7403594E~45 ~-1.053R474--4a5

qu -—

31
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FLOW CHARTS FOR PROGRAM M
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Set con-
stants and
counters

v

Initialize
variables
and arrays

Call sub-
routine
GREN

v

Perform prelimi-
nary calculation
necessary to

Cf(7+A7)

v

Read in obser-
ver number and
radius of origin

an end-of-file

read on 2
f)

F(1) _
FDUM(I) |
(Buffering)

33




Scan F{1), F{63),
., F{435} to

find observer
number

observer nos

= originob
l?

Store re-
tarded time
inT

Define 7,
AT, AT[2

Print re-
start group

number and
time point

v

Call DOT

tape

34

(Dump proc-
gram on



Space tapes -
(program has
been restarted)

v

Pause
(turn off
SS5)

!

lect E
Se ect 9

ficient from ar-
ray read from
Tape 2

coef-

V

Multiply coefficient
by factor in order
for them to be co-
efficient of Pk(cose

Use second schems
to evaluate

THAT
JLc m( )

r‘fsﬂn('HA'r)

Use trapizoidal
method to evaluate
I (T+AT)

cin

I (T+AT)
sin

v

Calculate

CIE(T+AT)

35



Read run no.,
radius, angle of
extrapolation

Terminate
Program

ficient on Calculate
Tape 4 (R/r)itl

Rewind
tapes

Calculate EG’ Er’
and B, for each

N - %
time point

1.

Print and

36



Subroutine GREN

Read In
p.l!n qﬂn
Read In
Yin Bﬂ_n

J,

Calculate
0 in’ Tin

2 -
Pin” Yn

5
Calculate

Pin %n
2
Paj 4]

l

Return
to
J

37



Subroutine LEG

Calculate
Legendre polyno-
mials using recur-
sion relationships

|

Calculate associ-
ated Legendre
polynomials

Normalize both
sets of polyno-

mials

Return
tod

38
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GLOSSARY FOR PROGRAM M
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Variable Description
ANG angle, in degrees, of the extrapolated fields

B E g coefficients of normalized Legendre poly-
nomials, Bﬂ('r+A'T)

BETA B I
BLAST B 2(7)
CEN Icﬂn(T+AT)
CK CIE(T‘FA‘T)
DEL At [2
DT AT
E E6 field values
ER E_ field valies
EB B ¢ field values 1. ¢
F input coefficient array
GAMMA Y
in
LIMIT number of time points, including time=0
LLL number of Legendre polynomials used
NOBS B observer number of origin of extrapolation
NNJ run number of extrapolated fields
P ' pﬂn
PI T
PCEN I, (7)
cin
2 2
PMQ Pon ™ Yn
PN P .

40



Variable

PQ

Pl

Q

R
RDUN
ROC
ROR
RL
RR
SEN

SM

SUMI1, SUMR
SUM2, SUME

SUMES3, SUMB

T

TAU
THE
THETA
9)

v

XT,XDOT

Desgcription

qﬂn

radius of origin of extrapolation
1, if radiation term is to be plotted; 0, otherwise
radius (R)/speed of light

. . e . . ,jtl
(radius of origin/radius of extrapolation)
radius of extrapolation (r)
2 - 2 .1/2 -

in qﬂn) rﬂn

+
Is.Qn(T AT)

(p

criterion for determining which integration
scheme to use

partiial sums for Er

partial sums for E p

partial sums for B ®
retarded time in seconds
dimensionless time (7) %=

-1 i
7 - sin (qﬂn/rﬁn)—em

ANG expressed in radians

”ﬂj

72j

time increments for restarting

41
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LISTING FOR PROGRAM M
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sh
40

PROGRAM MCINPUT,FILKPR,QUTPUT=F TLMPR, TAPEL1, TAPE2, TAPE4, TAPER,F 1] MPJ
1L) ) J
Gl4FNSInm CEN(22UY, SEN(220), RLEN(220), PN(45), PL(45), P(22n), HJ
1(220), RETA(220), GAMMA(220), F(496), CK(4BR), R(20), R_AST(2n), TJ
20(30°0), THE(270), RH(220), 1{8ON), V(50N}, ROR(A5Y), E(5N00), FR{(50J

J00), =RB(Snu0Y, Pw{220), PMQI220) J
Nl <-NS1Ny XC(RONUY, XS(HONDY, Rr{ANOL), ZZ(20) J
Nlu4Ls PRECISION TH,XSIN,XCrS,SUM,SUME, SUMR, SUMRB, SUM1,SJM2, Sn3,PNJ

1,71 J

DIMENSTINN FHyYM(496), CKDM{4SNY, BDUM(20)
WilumpLz PRFCISION ROR,RZ

SET CJINSTANTS AMU CPUNTERS
Pl23,141592A53589793

r=3rnlpnnng,

LL=’u e

§%=s.1 IR

xTzGpu,

XxDaT=Yan,

112CF=2

12¢0s0

I5375T=Q ——
puazi,

TIITIALIZE VARJAHBLES AND ARRAYS

[ SRR SN Y S S S

2790

ALAST (I
R=wIMNU T
Roalaid 1
REwIND 2
Rewluid 4
REwIND 8
PEKF DM PRELIMINARY CALCULATINNS NECESSARY TO C.
CALL 3REN-(P,N,BETA,GAMMA,PMQ,RR,THE,PG,U,V) )

[w=1

KIS

KPPzl

20 50 I=1,LLL

Lele2-1

LMT=L+2

X=L.

22¢1)=SNRT{X*(X+1,))

DO 40 K=1,LMT

XXs<-1

Ud 30 v=1.,!

TH=THE(KP+N)Y #XK

xCUS=UCNS(TH)

XS =sDSTN(TH)

RZ=SR{KP+N)*w (K=1)

KNzxA+1

XC(<N)=XCDS

X3 («N)Y=XS I[N

RK(«N)=R7

CANTINUF

CO.TINUF 43

LL(_(_(_(_LLL(_LLLLLLLLLLLL'(—LLLLLLLLLLLLLC_LLLLLC_

P N
Uh G O COENOPY BN H

186
1y
240
21
22
?d
24
Y
26
27
78

29

2n
31
32
33
x4
15
BT
37
38
3y
41
41
42
43
a4
45
a6
47
ay
4y
54
51
52
53
54
55
5h
w7
58
59
A0



In
G

80

C

C:

ax

100

O

- O aOOaca

120

KPaxkp+]

CONTINUF

READ IN NOBSERVER NUMBER AND RADIUS OF QRGIN

REAR 400, MORS,=,RDhUM

RIC=R/C

REal Iwn COEFF OF ETHETA,FRANIAL,BPH] FROM TAPF 2
READ (2Y FUUM

TAIS IS PNOINT 14

GONTINUFE

WAS AN END=OF-FILE READ ON TAPE 2

IF YES G0 TO 250 (44) [F =0 CONTINUE WITH 7n
IF «g0F,2) 250,70

CONTINJF

BUFFEX [N THE IVPUT COEFFICTIENTS

DI KO I=1,496

FOIY=FDmMcl)

THIX IS POINT 2

RE&D 1IN COEFFICIENTS OF ETHFTA,ERAD!AL,RPHI FROM TAPE 2
READ (2) FUM

IRCF=]RCF+1

SCAM ~(1),F(63Ysse.4F(435) TOU FIND NDBSERVER NO,
Ppu 40 11=1,8

J=oZel(llel) el

N=F(J)

DOES OBSERVER WO, EQUAL ORGIN DRSERVER NO.

[F THz OBSERVER NO IS CORRECT THEN CALCULATIONS CAN RE3IN 9on
IF Yo7 GO TO ENN O DO=-LOOP AND CONTINUE WITH LOOP
IF (N-NNRS) 248,%0,24n

CONTINUE

CALL SENQOND(CPTM)
IF(CPTH4-18U.)1722,1722,250

GINTINUR

STORE RFTARDED TIME IN T

[N=IN#+q :
TCINVYSF(J+1)

UEFINE TAULDELTA TAU, AND OVE-HALF NETLA TAU
TAUsF({J+1)/R0OC

DT=TAJ=-TPRH

DEL=NTe¢.5

IS IT TIME TO CaLL DOT

IF IT IS TIME GO To 100

IF (CPTM-XT) 150,150,100

CONTINUE

XTexT+XDQT

ISTIT=ISTRT+1

PRIT RESTART GROUP NO, AND TIME POINT
PRIMT 410, ISTRT,T(IN)

CALL DQOT¢DUMP PROGRAM QN TaAPE}Y

CALL DOT ¢8)

THIS IS POINT 3

IS SENSE SWITCH 5 ON OR OFF

IF THS SS IS OFF CONTINUE AT 440D

IF S8 5 IS ON GO TO 110 TO SPACE TAPES AND CONTINUE WITH CalC.

IF (SENSE SWITCH 5311p,140

SPATE TAPES (PROGRAM HAS HEEN RESTARTED)
REWIND 1

REWIND 2

REWINLD 4

DI 120 14Ls=1, IRCF

Rean (2) F

CONTINUF

READ (2) FUUM
44

CL O e o

NN G SR JRg SR GRS SR SN 4N

[ SN Sy 4

[ S Sy SR SN SU SR SN &

[ SN SN Sy S Ny SN SENY SN SUNY SN SN SNay SN SN SN SE SN AN SN SNy 25

A1
62
A3
64
65
66
~7
A8
"9
70

73
74
75
76
77
74
79
ho
W1

845
86
87

49

91
92
93
94
eh
96
37
%4
101
in2
1038
114
105
iné
107
108
199
110
i11
112
113
114
115
116
117

. 118

119
120
121



130

149
G
150

QO

oo

180

170

180

190

DD 130 [(J4L=1,IRCC

READ (1) CK

ReAl) (4)y R

CONTINUF

CALL SECONUJ(CPTH)

XTaCPTMexNUT

PAUSE [N ORNDER FUR 88 5 T0 4§ TURNED OFF
PAUSE 5

COnTINUF

THIS [S POINT 3Ia

CONTINUE

J=.4+22

|P=h

KN=!

K7 =l

N0 214a KK=1l,LLL

KP=z2x7

L=2wK<=1

XL=i.

FR=CAT((2.%XL*1.)/7(2.2XL*{XLel.)}))
SELECT ETHETA COEFF, FROM ARRAY READ FROM TAPF 2 J
MJILT. CQEFF, RY FACTOR IN ORDFR FOR THEM TO RE COFFF OF NORMAL 17EDJ
ASSOCIATED LEGENDRE POLYNOMINALS
B(KL)YSF(J+KK=1)/FF

DJ 180 JJ=1,KK

Kl=z4Z+1

PCEM(AZ)=CEN(KLD)

XezFXP(P(KZ)Y«DT)

XAz2(<Z)wDT

15 NE_TA TAU LARWE 0OR SMALL

IF 1 ARGF GO TN 160 IF SMAILL GO TO 170

[F (DI *RR(KZ)Y=-SM)Y 170,170,140

COInT[NUF

DELTA TAU [S LARGE

USt SECOND SCHEME TO EVALUATE ICLN AND ISLN
CEN(KZ):XE'(CE&(iZ)tCOStXA)wSEN(KZ)tSINtxA))
RNO1=1./CRRIKZY*¥R(KZ))

G=(4(XK)=RLAST(KKY) /DT _ o
UEN(KZ)=CEN(KZ)-H01*((1.-XE*COS(XA)!t(P(KZ)*BLAST!KK)thR01*PMUfKZJ
1))eXE*SIN(XA)*(BLAST(KK)*Q(KZ)o?.thPQ(KZ)tROi)g%oDTtP(&Z)) J

[ U SN G SN S [N SURY Gy SN SN [ S Sl

o

[V GO AN SURY GHUY SNy NN SN SHNY SNpy SUNN AU GG JER S

SEN(KZY=XE«(PCEN(KZI*SIN(XA)+SEN(KZ)*«COS(XA}))eRD ttti.n!E-CHStxA)fT

1*(0‘KZ)~HLAST(KK)".*GtPQ(K7}tRn1)¢¥E*SIN<XA)*(P(KZ)*BLAST(KK)+G*RJ
201«PMAILKZI)I¢G#DTH*QA(KZ))

G0 70O 180

CONTINUE

DELTA Tay 1S SMaLL :

USE TRAPIZUDIAL METHQOD TO EVALUATE ISLN AND ICLN

CEN(KZ)=XE®( (CEN(KZ)+DEL#BLAST(KK))*COS(XA)=SEN{KZ)#SIN(XA))+NEI w8
1(AR)

SEN<K2)=XE*(tPCEN(K7)+DEL*BLASTfKK))-SIN(XA)+SEN(KZ)tCOS(XA))
CONTINYF

LiT=L+2

CALTULATE THE C QUANTITIES

0o Aol Kesi,LMT

SJi=n.,

g 130 N=1,KK

Kils<y+]
Sd4=SJM+RK(KN)t((BETA(KP+N1tXS(KN)*GAMHA(KP#N)*XC(KN))'3EN(KD+M)+(
IRETA(AP+MI®XCIKN) =GAMMA (KP+ ) e XS (KN) ) *SFN{(KP+N))

cOLTINUE

THIS 1S POINT 4

[PeiP+]

[N SN SN S S SN SN S S A SN SN SNy G SNy SNy Sy Sigy Sy
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122
123
174
125

1726
12/
17s
12y
140

142
133
134
135
136
137
134
139
14y
141
142
143
144
149
146
147
144
14y
150
121
1=2
154
154
155
196
157
158
159
160
161
162
143
164
165
166
167
168
169
170
171
172
173
174
17%
176
177
178
179
1RK0
in1



200
210

A\ VRPN @]

N O
w
o

2690

[

270

280

281

290

$00

CALTP)=SUM

CONTINYF

COaTINUF

DO 224 tg=1,26

HuMeldysROTY)

BLAST(lJy=H(TD)

03 230 14=1,450

CAD T JYsCKET DD

WRITE THF € QUANTITIES ON TAPE
L21TE (1) CKDM

ARITE THE NORMALIZED COFFF, DF FTHETA 07l

ARITE (4) 8DUM

13CC=1RGCC+1

TPR~=Tal

THI1S [S POINT 24

HAVF 8 NRSERVFR NOS, REEN SrAMNFD
CONTINUE

TAPE 4

IF YES THFEN GO RACK TO 1A Th READ IN MORE COEFF

GJ TO 60

THIS IS POINT 44
LIMIT=INA1

WwRITE (1) CKDM
w[TE (4) BDUM

REaAD UN NO, RADIUS,ANGLE QOF FXTRAPDLATION

REAN 400, NOBS,RL,ANG
NN¥J=(NQORS/100)w100
THETA=(ANG/180.,)*P]

IS CARD BLANK

IF (RL)Y 390,390,270
CINTINUF

NJR=EL.L*2+4

RN=2/3L

CALL k3 (NJK,PN,P1,THETA)

Cai_CULATE THE RATIQ OF RADII TO THE J+1 POWER

D9 280 J1=21,NJK
RIR(I)=ROw*(])
D0 281 1=1.,6000
RK(1)=0.

REWIND 1

REWIND 2

REWINU 4

READ (4) BDUM
READ (1) CKDM

CALCULATE EXTRAPULATED ETHETA,ERADIAL.

DI 340 11J=1,LIMIT
IP=c

K/Z=0

DN 290 1JL=1,450D
CA<(IJuy=CKUM(IJL)
N7 s00 rJL=1,20
3CIUL)=RBDUMCTJLY
REan (1) CXDNM
REAT (4) RDUM
S'ind=N,

SJnt=0,

SJ412=0,

SUMs=l,

DY 330 M=1,LLL
L=2eM~1

LisL+?

[P=]lP+1

SUME=0,

46

%

AND BPHI FOR EACH TIME PT,

[ G SN VRN AN SERY SN NN GUNN GH U SN GRS GENY GHN GO GHN G SN

[ U NOY SRR SRNY SN SN AN SRy SNy SR ANy SNy SNy S5y 08

C o o

e L cccccCccoeccadc o

1R2
143
1h4
1R5
116
187
ind
189
190
191
192
193
164
195
196
197
198
199

201
202
2nd
214
2ns
2né
207
ang
2ne
210
211
212
213
214
215
216
217

218
219

221
222
224
224
225
226
227
224
229
230
231
232

233
234
235
238
237
238
239
240



140
c
150

o OaQ

a0

140

[ ]

2 C1

180

190
c

DO 130 [JL=1,1RCC

READ (1) CK

ReaAll (4) R

CONTINUF

CALL SECONUJ(CPTH)

XT=CPRTM+xNOT

PAUSE IN NRNER FUR SS 5 TN a2 TURNED QFF

PAUSE 5

ST I NUF

THIS 1S POINT 34

CINTINYF

J=)+22

["se

KNe!

R7=1

09 21d KK=1.Lik

Ko=<7

LE2¢K<=1

AL=i,

FFRalaRT((2.wXLe1aY /(2. #X[.*(XLel.)))

SELuCT FTHETA CNEFF. FROM ARRAY READ FROM TAPF 2
MJLT, COEF+, RY FACTOR IN DRNFR FOR THEM TO RE COFFF 0OF NORMA[ [7ED
4SSOCIATFD LEGEYDRE POLYNOMINALS

R(k£)sF (J+KK=1)/FF

) 184 JJ=1,KK

KizA7+1

PCrN(AZ)=CEN(KZ)

XESFYXP(P(KZ)Y=DT)

XA=(<Z2)wDT

13 NE_TA TAU LARGE DR SMaALL

lF 1 ARGF GO TN 160 IF SMAI L G TO 170

[F (D1 «RR(KZY=-SM) 170,170,140

CAnTINUF

DELTA Tay IS LARGE

JSE SECOND SCHEME TO EVALUATE IGLN AND 1SLN
CEN(KZ)=XE*(CEN(KZ)*COS{XA)-SEN(K7)Y«SIN{XA))
RO1=1./(RR{KZ)*RKIKZ))

G=(4(XK)=BLAST{(KK)Y/DT
CEN(KZ)SCEN(KZ)Y=RO1%( (1. -XE+CNS(XA)) 2 (P(KZ)«BLAST{KK)*GwRO1+PMI(KZJ
1)) =XE*SIN{XA)*(ALAST(KK)*G(KZ)¢? , *GwPQ(KZ)*RO1)4&GweDTwR(42)) J

[ SR S

[ GERY U GH

(SN S SN S NN SR SN SUN N SN SR U SN SN AN SNN SUN SN SEp S GH JHGE SEN G U N

SEN(KZ)=XEw (PCEM(KZ2)*SIN{XA)+SEN(KZ)#COS(XA))aRQLe( (1, ~XE#CNS(XA)LJ -

1w (O(KZ)*RLAST(KK) »2 . *GePQ{K7)wRNLIXEWSIN(XA)w (P(KZ)®BLAST(KK)+GwRJ
201«PMA(KZ) ) +G*DTHQ(KZ))

GJ TO 180

CANTINUE

DELTA Tay IS SMaLL

USE TRAPIZUDIAL METHOD TO EVALUATE ISLN AND ICLN
CEV(KZ)=XE®((CEN(KZ)+DEL¥BLAST(KK))®COSIXA)=SEN(KZI#SIN(XA))«Nkl «R
1(4n) .
SEN(KZ)Y=XE*{ (PCEN(K?)+DEL*BLASTIKK)YY«SIN(XA)+SENIKZ)I®OS(XA))
CAanTIVYE

L1T=L+2

CALTULATE THE C RQUANTITIES

DY 200 K=1,LMT

SJi=n,

UD 190 N=1,KK

KRilseoys]

SUI=SJM+RK(KN) #C(BETA(KP+N) «XS(KN) ¢GAMMA(KP4N)#XCIKN) ) #ZEN(KP+:) + (
IRETL(XP+MI®XCIKN) =GAMMA(KP ¢+ 1) XS (KNn)Y)*®SFN{KP+N})

COSTINUE

THIS IS POINT 4

[P=l1P+]

[ S SNy S SN SN NN SN SNOY GNNY AN Sy SNy ANg S SN SEN RN G 64
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122
123
174
125

176
127
174
172y
150

142
133
134
135
136
137
134
19
140
141
142
143
144
145
146
147
144
14y
1910
191
182
1R3
154
155
196
157
158
159
160
161
162
163
164
165
166
167
1468
1569
170
171
172
1735
174
17%
176
177
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150
in1



200
210

270

230
C

260

C

270

2K0

281

290

3040

CA(IRP)=SUM

GCONTINUF

CONTINUF

D0 220 14=1,20

ROUM(LUY=R(TY)

BLAST(]J)y=H(IJ)

NJ 230 1.J=1,4510

Cap=1¢ L Jy=CK(1J)

ARITE THF € QUANTITIES ON TAPE 1
WwRITE (1) CKDM

WRITE THE NORMALIZEN COFFF, OF FTHETA 0/ TAPE 4
WRITE (4) 8DUM

[3CC=21RCCe1

TPrR~=Tal

TH1S IS POINT 24

HAVF 8 ORSERVER NOS, REEN SrAMNFD
CONTINUE

1F YES THEN GO RACK TO 14 TN READ IN MORE COEFF
GJ TO 60

TSIS IS POINT 44

LIMIT=2IMA1

wRITE (1) CKDM

w3ITE (4) 8DUM

REAN YN NO, RADIUS,ANGLE OF FXTRAPDLATION
READ 40N, NOBS,RL,ANG
NVJ=(NORS/100)=100
THETAS(ANG/1B0,)*P]

IS CARD RLANK

IF (RL) 390,390,270

CINTIVUF

NJA=L-L*2+4

RNs3 /3L

CALL -EG (NJK,PN,P1,THETA)
CALCULATE THE RATIn QF RADI! TO THE J+1 POWER
DY 280 JT=1,NJK

RIRCI)=R0ew(])

D0 281 1=21.,6000

RK(I)=0.

RExNIND 1

REWIND 2

REWIND 4

REAR (4)y BIUM ~

READ (1) CKDM

CALCULATE EXTRAPULATED ETHETA,ERADIAL, AND BPHI FOR EACH TIME PT,

DI 240 11J=1,LIMIT
IP=t
KZ=n
DN 290 1JL=1,450
CACIJu)y=CcKOM(IJL)
DTS00 1JL=1,20
3CIuL)Y=RDUMCTJLY
READ (1) CKDM
REAG (4) RDUM
S lrid=D,
gui=0,
SJA42=0,
SJMS=0,
P 330 M=1,LLL
L=2eM~1
Li=L+<
IPsIP+L1
SUME=0,

46
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1R2
183
1h4
1R5
146
187
1n8
189
ivo
101
192
193
14
195
196
197
198
199

2ni
2n2
2nd
214
2r5
2né
2n7
N8
a2ne
210
211
212
213
214
245

‘216

217

218
219
2290
221
222
223
224
225
226
227
224
229
230
231
232

233
234
235
236
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238
239
240
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310

311
312
420

330

34p

341

450
4e0
342

371

345

350

360

370

SuMIel,

SJraz,

Nd 320 JJ=1,L1

L3=1P~JdJ+1

Ld4=1pP~}J

KIsK7Z+1

SUMF2SUME«VIKZ)wRORCJJI«CK (1 3)

[F ¢Jd-L1) 310,320,320
SUMITI(KZINROR(JI*{INCK (L 4) +SUMR
SIMRzH(KZISYROR(JI) «CK(LZ)*SiIMR
1Feads1y320,320,311

lF(JJ-1)312-312132n

§JARNSSUME

CINTINUF

S =5UMI=(SUMRNPN(L+1))#2Z ()
SJNYSSUMP+ROXR(M) #P1(L+1) +SUHMEwPL (L 41)
SU 4=3UMI+ROCB (M) #PL(L+1) +SIIMBePL (L 1)
S 4=3UM4+RO=A (M) *P1 (L+1)+SUMRD+P1(L+1)
CONTINUE

[Telldet

ECIT)Y=SUM2/R

EICIT)=SYMS/(CwrR)

ER(IT)=syM1

RA(ITI=SUM4E/R

LONTINUF

TF(RNJIM)Y 345,345,341

N0 s42 ILM=1,1I4,5¢

PRINT43N ,NNY,PG

PRINT44n0n,RL, ANG

PRIYTAS -
HM2 L MYe49

Mz TN

PRIMTA6N0, (TCIIKY,RKCTIK), [ 1k=Md, MM)
FORFAT(IHO, 36XTIMF«31X#RADIATINN TERM#)
FIR“AT(1H ,31X2(E14.7,20X))

CIOINTINVYE

03 371 KK=1,4 ’
CALL GRAPH (KK, IN,4,4,10HLOCAL-TIME,10HRADIATIO JNNJ,T.RK,8,5,A,,

PO

(GUGy SUR SR GHNS U U GHNY

FONR SN S &

S SENE S S A

<

135,,7.)
CALL SYMR”L (6.60-14l01418H( 000008)

CALL SYMBOL (7,56.,,14,.14,6H, N 0.,6) .

CALL VUMRER (6,72,,14,,144RL,0,,4HF6.,0) o =
CALL VUMRER (7.68,,14,,14,AMG,0.,4HF3.0)

CIOInNTINVUE

PRINT AND PLQT THE FIELDS J
COMTINUF

DO S50 I M=21,IN,50 J
CALL STPG (PGQ,NNJ,RL,ANG) J
MYz ILM+49 J
MJzITLLY J
PRI“T 420, (TCLIR)Y ,ERCITK),F(TIIK),EB(IIK), [IKeMJ, MM) J
CR.TIVYF J
IF ¢IN-MM) 370,370,360 J
MYz -M+] J
CALI. STPG (PG,NNJ,RL,ANG) J
PRIMT 42n, (TCIIKY,ER(IIK),E(IIK)Y,ER{IIK), [1K=MM, IN) J
CHLTINYE J
N <80 KK=1,4 J
CALL GRAPH (KK, IWN;4,4,10HLO0AL-TIME, 10HE-THETA SJNNJ,T,E,8.5.6.,3J
1.01'!.) J
CALL SYMBOL (6.6s41%s.14,8H¢ oy, 8)Y j

CALL SYMROL (7.56,.14,,14,64, .)ﬁﬂfnﬁi

241
2472
4y
244
245
246
247
LY
249
250

251
22
253
254

255
256
4
258
259

260

261

262
263
2ha
265
266
267
258
2hY
2710
271
272
274
274
275
276
277



RE: I
390
400
410
4210

430
449

CALL NUMBER (6.72,.14,.14:RL,N,,4HFA,0)

CALL NUMBER (7.68,,14,,14,ANG,0.,4HF3.0)

CALL GRAPH (KK,IN,4,4,1nnL0CAl =TIME,10HE=R

134,06,
CALL SYMBOL (6.602+194,.14,8H(

GALL NUMBFR (6.72,.14,.14sRL,N,,4HF6,0)

OIGI)R)
CALL SyYMECL (7.56,,14,,14,6H, 2 )s0,26)

CALL VUMBER (7.68,,14,,14,ANG8,0.,4HF3,0)

CALL SRAPH (KK, IN,4,4,10HLOCAL-TIME,10KB=PH!

131!“-’
CALL SyMgaoL (6,6s.,18,.164,8Ht

CALL VNUMBER ¢6+72,.14,,14,RL,N,,4HF6,0}

SANJ,T,ER,R.5,6,,

0000 B)
CALL SyMBNOL (7.56,.,14,.14,64, +)s0,08)

CALL VUMBFR (7.68,,14, ,14,ANG,0.,4HF3.0)

CONTINVUE
CALL SECOND (CRTM}
GO TO 240
CONTIVUE

CaARD AWAS BLANK TERMINATE TWE PROGRAM

FOR“AT (110,2E10.3)

FORMAT (3M ,«RESTART GROUP NOQ «15,w 1S COMPLETE LAST TIME PDINT

LWAS*ELQ,. 3)

FORMAT (1” .31XG(E14.7,6X))

FORMAT (1H1,48X«RUN NUMBER«15,9Xw,
FORMAT (4BXw(wF6,0,%,,#F3.0,x,))
END

48

PAGE #F5,0,%.w)

J
J

,NNJ.T.ERIR.Eoﬁ.rJ

RPN S SN SNE SN SN SN SN SN Uy Sy Sy S S R

278
279
28
2m1
2R?
253
2i4
285
o6
aR7
268
289
290
291
2v?2
293
295
296
297
298
209

Jo1

302~



1n

210

3n

SUBKOUTINE LEG (NN,P,P1,THETA)
DIMENSINN P(45), P1(45)

DOURLFE PRECISION P,P1

Pt1)=1,

P(2Yy=CQS(THETA)

3J 10 J=3,NN

XM=l
POL)=((2,«XN+1, ) *COSITHETA)#P ([ -1)=XN*P{I»2))/(XNe1,)
CONTINUE

N=NVvel

DI 20 1=1,N

X\=1
P1(1)=XNw(COS(THETA)*P([)=Pt1e1))/SIN{(THETA)
CAONTINUF

Pl1y=P(1)e{(N, 5)ew,5

DO s0 1=2.+

XN=T=-1

FACTN=SQRT((2,#XN+1,)/2,)
FACT=SQRT((2,#XN+1,)/(2., #XN#(XN+1,)))
PCIY=P(T)y«»FACTN

P1(1)=P1([)«FACT

CONTINUF

RETURN

E.ii

49
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i

20
30

40
50

60
70

an

gn

160
1ic

120
130

SUKROJUTINE GREN (P,0,BETA,GAMMA,PMQ,RR,THE,PQ,U,V)

DIMFNSION UC500), VESNO), PC220), Q(220), BETA(220), GAYMMA(22n),

1MO(220), PU{220), RR(220), THR(P2M)
DOURLE PRECISION ZM,FY,UXsVX,FJ
P1=3,141592653589792

K7=n

Do 30 I=1.,20

L=l=2-1

Mz (L+1)/2

KX=KZ+1

KYsSKZ+M

REAN 120, (P(KP)Y»Q(KP),KPEKYX,KY)
D3 10 KP=KX,KY

READ 13n, UFTA(KP),GAMMA (KP)
CONTINUE

D0 20 J=i,M

KZ=KZ+1
RR(K2)=(P(KZ)*P(KZ)*#Q(KZ)®Q(KZ)) 2,5
THE(KZ)Y=P1=ASIN(W{KZ}/RR(KZ}Y)
PA(KZ)=P(KZ) #Q({KZ)
PMO(KZ)=P(KZ)#P(KZ)~Q(KZ)*Q(K7)
CONTINUE

COMTINUE

IN]T=1

KZ=10

DO 110 1=21,20

Lagwl-1

LizsL«+1

L2=L+2

X=L

un 10d J=1,L2

Y=y

%=1,

DO 40 K=1,.J

§85=¥

IMsZM*(X+S5-1,)#(X=S5+2,)
CONTINUE

IF (J-1) 50,50,60 i
Fd=1, o - ' o,
GO TO 70 -

FdefFJde(Y=1,)

CONTINUE

KZ=x2+1

UXz2ZM/ (Xe (X4l ,)*F Ja2.vw(J=1))
UtKzZ)ysux

IF tL=-(J-1)) 80,90,90
VIKZ)SV(KZ=1)

GO TO 100

CONTINUE

VX2 (KZ)w (Xu(Xbt ol Y=g dr(Y=2,))/(Xe(X#1 )m({Y=1,)elY=-2.))
VIKZ)YSVX

CONTINUE

CONTINUE

RETURN

FORVAT (OXF13.0,7XF13.0)

FORVAT (2E22,15)
END

50
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C

in
20
2N

SURROJTINF STPG (PG, ING,RL,aNG)
PRINT 1n, ING,PG

PRINT 20, RL,ANG

PRIMT 3n

PL=PG*+1.

RETURN

FORMAT (1H1,4B8XeRUN NUMBER#15,9X+,

s o PAGE «F5,0,%,w)

FORMAT (48Xw(wFb.,N,w.,#F3.0,%,)w)

FORMAT
END

(1HO, ZEXNTIME*15X#ERADIAL « 1 IXCETHETA#15X#HPH] W)

51
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in

21

30

40
50
&t

7¢C

a0

90
ing

110

120

SUBROUTINE DOT (NUM1) J

DIMFNSIAN Lt1), NFILE(65), NFAD(65), NSSUBS(1n) J
DATA XRX,NSB,NSSUBS/1,9,3L00T,6LIFENDF,5LGETBA,6L.OUTPTRB,6LINPUIR, 4y
1LLOCF, 4LXRCL, 6LENDFIL,5LUMERRY J
NurizNJMY J
GO TO (20,120,10), KRX J

lzltJtKﬁLtM*Nt[[t[Jtth[Lt[Mt[NtJItJJtJK*JLtJMtJNtKItKJOKKtKLtKNtKJ
IzAwR*CaDrbwf uGaHwQwP«QuwS*ReTwA*B*CeDeEFw AwSwTwReWSQeXeZWReWxY | «GJ
sjedaKep vMeNw o] JelKell #IMeINeJlwdJo el e JMe INkK T @K JoKK®KL_#KMaK)
[2aaB*CaDebuFeGaHeOwP*QuaS*¥RaTwAwH*CaD*EF s A+SeTaReUnQuXwZ#RaWwYw] wGJ
[slwdeKul «MueNe ol o lKw [LaIMeINwJIwddoJKe Lo JMa JNeKTwKJeKKa K] #KMeKJ
[=A*RAC*DwE+F «GaH* QP+ Qe S*RuToA«B*CoDvEFwAwSwTeReUNQwXwIdReWwY*| «GJ
I=ladnKepeMaNel [*]lgw [KallLo#[MwINeJloJIwJKuJlw M JNOK]I#KJoKK K| *KMaKJ
[=A4B*CaDwEwFaGuHeNePwQoS¥ReToAvBeCoD*EFwAsSuToRwWeNeXw?*ReWeYw| #GJ
[slwdwKal sMaNw [ [wlJwIKwlLeIMwINeJloJ o Ko LM INGK TwK JoKKa K| «KMaKJ
KRXx=2

LMsLOCF(L(1))-1

KK=h0

DO 50 J=1.,65

KX=XK+1

LOCAL=L(1+J=LM)

NAME=LQCAL AND,77777777777777000000R

IF (NAME,EQ,0) GO TO 60

NAME=LOCAL .AND,7777778
NFILE{KK)=L(NAME=-LM),AND.777772777777777808000R

NFAD(J)=NAME

Jdz=d-1

IF (JJ,EQ.UY GO TO 50

Do 30 LMN=1,JJ

IF (NAME,EQ,.NFAD(LMM)) GO TO 49

CONTINUE

NFAD(<K)=NAME

GO TO 5n

KKsKK=1

CONTINUF

NFsKK=1

N=NF+1

ASSIGN 10 TO JK

JM=h .

JKzJK=1 : - : P>

,LOCAL’L(JK-LM}.AND.777777777777770000003

IF (LOCAL.NE,NSSURS(13) GO TO. 70

JOL=L(JK=LM),AND,7777778

JK=JK+JAQL

IF (JM,EQ.NSB-1) Gn TO %10

LOCALSL{JK=LM),AND, 777777777777770000008

D0 90 JJ=2.NSB

IF (LOCAL.EQ NSSUBS(JJ)) GO TO 4100

CONTINUE

GO TO 86

JMz IM+1

GO TO 80

LOCAL=JK

LAST=NFADINF) -3

LINEL=L(LAST&8=-LM)

ASSIGY 130 TQ KENT2

KFIELD=NFAD(1)

KFIELD=L(KFIELD=-LM+4)

WRITE (NUM) LOCAL,KENT2,(L(1=LM),1=401,L0CALY,N, (LCT=LM),I=2,N)
WRITE (NUM) (LCI-LM),152,400),(L(¢I=LM),12L0CAL.LAST)

END FILE NUM 52
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130

140
150
160
170

180
190
200

211

RETURN

p0 00 J=1,NF

LFL=NFADCD)

LCLFL~LMY=NFILEC(J)

DY 140 K=1,3

L{LFL=LM+K)=LFL+8

IF tJ=1) 150,150,160
L(LFL-LM+4)=KFIELD

G2 TO 170

LLFL=LM+4)=NFAD(J=-1)

FFOONYTLE(JY  NE,1725242025240006000NB) GO TO 18N
L{LFL-LM+H8)=34000000n000n0008nna0Ns
LLFL=LMe2)=L(LFL~[M*2) 41

D0 190 X=5,6

L{LFL=LM+K)=n

LOLFL=LM&7) = INEL

REaD (NUM)Y (L(!=-LM)y,l=2,400),¢L(1«LM),1=L0CAL,LAST)
REAL (NUM)

IF C(EJF,NUMY 220,210

RET.RN

ENL
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62
63
64
)
(oY
¥4
8
AY
70
74
72

74
75
76
77
78
79
A0
n1
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SUBROUTINE GRAPH (1A,JM,IU,JC,IR,IL,IV,RR,AA,AP,B(C,RS,A)

COPYRIGHT 1966 CHRIS ASHLEY
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AL

70

an

DIMENSINN BR{JMY,AA(JM)
DATA JD,IC,IM,1w,3T,AC,AR,BE,JE,ID,CN,C0,BU,C0,CF,CG,CH/=3,-2,2,1D
1:9U-|'071-081-14’2H[9’4HE8|1110?11132!1135:-33‘.273704799"ﬁn65102
263,.5278692375/

AS=n,

gBF=n,

JF=1

1K=JM

IF ¢IA,LE.0.0.IK.GT,100N000) [K=%

IF (IE,NE.3)Y GO TO 50

IF ¢tIA,EQ.%Y GO TO (300,530,460,530),1Y

CALL PLOT (AS,BF.JD)

GO TO 60

CALL PLOT (IN,O,1)

IF ¢IV,EQ.0) GO TU &0

CALL REMARK (28H # FILMPL IS nNQT DECLARED. #)
STnpP 9

1c=3

AD=n,

AT=0,

IY=[A

[8=z1y

[o=JC

[7=1v

BV=AP

AE=RC

AU=RS

RG= AR

JH=EY

AF=JUH

IF (IY,LE.2) AuU=0. :

IF (1Y, ILT.2.0.]1Y.GT.4) 1Y=3

IF (IY,LE.1.0.lY.EQ.4) BG=0,

IF ¢(16G,LT.1) IQ@=1

IF (19,L7.1) 10=1

IF (BY,LE.V,.,0.8¥Y,GT.8.95) BV=8,

IF (AE,LE.V,,0,AE,GT.B8.95) &E=8, .
1F (12,.GT.999999999) 125999699999 : P
DO 70 JG=1,I1K

AV=ABS(BR(JG))

BRzABS(AA(JG))

IF (AD,LT.AV) AD=AY

IF (AT,LT.dH) AT=BH

1F taAD,LE.0,.,) AD=1,

IF (AT,LE.0,) AT=1,

JI=2L0G1nCAD)

[H=ALDG10(AT)

IF (10,«#J]l,GT, ALY JI=Jl-1

IF (10, x«IH.GT,AT) JH=[H=-1

GO TQ ¢(110.80,80,110),1Y

IP=aG

Bl=1pP

BI=23-R!

AW=3Vv~8G

Il=5uW

Anz=]1

BJ=BW-AW

Jud=1p+]1

AGsRY-8BJ
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JNeJ[~3
on Clzif.eeJN
DD 93 JNal,9
CJaJgp
93 IF(CJ*Cl»RW,GE,ADYGN TD @7
JN= N+
GO TO 9n
97 BXeCJeCl
BXeRX*AW
CALL NUMBEN (Bl1+CN,aAU-BU,AC, (RI-BG)»BX, AN, ID)
CALL PLOT (AH,AU.IBE)
CALL PLOT (RI,AU,IM)
CALL PLAY (RI,AU~,05,1M)
CALL PLNY (BI,AU,IM)
IR=(RAVeRGI*.58
00 100 JA=1,JJ
ARY=JA
AS=rY*+8T
CALL PLOY (AS-AU, M)
CALL PLDT (AS,AU-,N5,1M)
CALL PLOT (AS,AULIM)
IF (JA,LY.Yd) CALL. NUMBER (AS=CF,AU=BU,AC, (AS=BG)eBX,AN,1D)
IF (JA,EQ.JJ) CALL NUMBER (AS~CG,AU=BU,AGC, (AS-BG)eBX,aM,ID)
IF tJA,EQ.10) CALL SYMBOL ((BV+BG)*,5-CHM,AU=CO,RE,IB,AN, W)
ing CALL PLOT (AS,AU,IE)
. CALL PLOT (BV,.AU,INM)
IF C(I1Z,N8.0) CALL- MUMBER (Bv=CO,AEs,05,BE, 17, AN, JE)
CALL PLOT (B, ANy lE) ;
GO TO (170,178,4140,140),1Y
110 AlxlG
JRzJI+*1-1G
AY=JUR
SL=10.ww JR
CALL NUMBER (AH&CN,AUrRBlU,AC,BL,AH, D)
CALL PLOY (AH.AULIE)
BZzBY/Al
Adz=-BZ
{Aza]*,5
DO 130 Imel,IG
BX=1R
AJ=AJ*BZ
DO 120 Jasl, 10
BY=z.JA
BMsAJ*ALOGlO(BY)*RZ
CALL PLOT (BM,AU,IM)
CALL PLOT (BML.AU=,05,IM)
120 CALL PLOT (BM,AU,IM)
IF ¢(1R,LT.1G) CalLl, NUMBER (RM=CF,AU=BU,AC,10.,ww{JR*IR),AH,ID)
IF (13,EQ.1G) GALL NUMBER (RM-CG,AUsBU,AC,10,ee(JR+1G), AH,ID)
[F (IR,EQ.10) CALL SYMBOL (RVw.5-CH,AU-CQ,BE,1B,AH,INW)
130 CALL PLOT (BM.AU,IE)
IF (1Z.ME,0) CALL NUMBER (BY~-CO,AE«,05,8E.1Z,4H,JE)
CALL PLOT (BY,AM,IE)
GO TO (170,470,140,140),1Y
140 JK=AY
Az JK
AKXz A= AK
AZmAE=AU
JB=a?
C3=J48
AL=AZ~-CR

SsJK+JR
1 J 55



160

170

190

200

210

220

240
250

BNsAEmAL
CK=AE=All
JP=TH=-3
CL=10l.»eJP

DO 153 J@=1,9
cM=JQ

IF(CM*CL#CK,GE,ATY GO TO 157

JPz.p+1

GD TO 150

BH=CM*GL

AM=R3R*BW

CaLl PLOT (RV,AK,[M)
CALL pLOT (HV+|050AKJIM)
CALL PLNT (BV,ax,IM)

DO 160 Ja=1,1S

BY=JA

BF=BY+AK

CALL PLOT (RvV,BF,IM)
CALL PLOT (Bye+,05,RF,IM)
CALL PLOT (Ry,BF.,IM)
CALL PLOT (BV,AE,IM)

GD TN (2720,7200,200,220),1Y
BA=10

JS=IH*1

BO0=JS§-1IN

CD=10.w*B0O

ANEAE/HA

Ad==-AN

DO 190 (R=1,10

AJsAJ+aAN

Do 190 JA=1,10

BYsJA
BM=AJ+ALOGLO(BY)*AN

CALL PLOT (Bv,84,1IM)
CALL PLOT (Bv+.95,8M,IM)
CALL PLOT (BYV,8M,IM)

GO TO (220,200,200,220),1Y
CALL PLOT (AG,AE,IM)
CALL 2LQT (AG,AE+,nB,IM)
CALL PLOT (AG,AE,IM)}

DD 210 JA'—'l;JJ

BY=JA -

ASzAG-BY .

CALL PLOT (AS.,AE.IM)
CALL PLOT (AS,AE+,p5,1IM)
CALL PLOT (AS,AE,IM)
CALL PLOT (AH.LAE,IM)
CALL PLDT (BG,AE,IE)

GO TO (270,270,250,250),1Y
CALL PLQOT (BV,AE+,05.,1IM)
CALL PLDT (BYV,AE.IM)
AJ=BV+B2Z

DD 7240 IR=1.,1G

Aad=rJ-87

D2 240 Ja=1,1n

BY=11-JA
BMz=AJ-B7+AL0OG10(BY)»B2Z
CALL PLOT (BM,AE,IM)
CALL PLOT (BM,AE+.05,IM)
CALL PLNT (BM,AE,IM)

GO TO (270,270,250,250),1Y
10=CK*,5
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280

290

deo

310

320
330

340

350
360
370
380

CALL PLNT (RG,BN,IM)

CALL PLNT (RG-.09,RM, M)

Cape 2LNT (BG,BN, M)

CapLt JUMBER (BG=Bl,RkN=-CR,AC,CReHB,RT, D)

CALL PLOT (RG,BN,IEF?3

DY Zal Ja=1,1S

RYzJA

BF =t ~RY

CALL PLOT (RG,HF,IM)

CALL PLOT (RG=-.NH5,RF,IM)

CALL PLNT (HG,8F.,1M)

IF (J&,LT.IS) CALL MUMBER (RG-Ri,BF=CF,AC,(RF=AlL)«RBR,RT,IND)
IF (JA,FQ,18) CaLL NUMBER (RG-BU,RF&«CN,AC, (BF=AU)wHdR,RT, 1D
[F tJA,EQ.LlQ)Y CALL SYMBOL (9G-CO, (AE«AU)Y* . 5~CH,RE, IL,RT,IW)
CALL °PLAT (RG,BF,IE)

CALL PLOT (BG,AH, M)

G2 TN (300,530,460 ,530),1Y

CALL DLDT ‘HG‘.”blAk,[M)

CALI PLOT (BG,AE, M)

AJz AE+AN

[AzRaAwx,5

CALL NUMBER (RG=BU,AE-CG,AC,1n,#*wJS,RT,ID

CALL 2LNT (BG,AE,!IE)

pa 29 IR=1,10

AdseJ=AM

oo 230 Ja=1l,1n

HY=11~JA

BRizi )= AN«ALOGLO(BY)wAN

CALL PLDT (BG,BM,IMm)

CALL DLnT {EG-lnslHMOIH)

CALL PLOT (BG,BM,1M)

IF (1R,LT.10) CaLL ""UMBER (RG-Bi!,B8M«CF,AC,10,*x(JS~1IR}Y,3T,11)
JF ¢I-,EQ.10) CaALL NMUMBER (RG-BU,BM+«CN,AC,1N,.e«(JS-10),37,1)
1F ¢(IR.En.IQ0) CALL SYMBOL (RG-CG,AE*,5=-CH,BE,IL,BT,IW)

CALL °L0T (BG,BM,IF)

GJ TO (%n0,530,461,53n),1Y

DY 450 JGg=1,IK

BPa4S

CE=vF

[J=1

IF (BR(J4G).LT.BL)  -1J=3 . : G

IF (AA¢CJGY . .LT.CD) 1d=1J+1

GO TO (430.,310,390,410),14

IF (AA(JGY.GT.-CD) GO TO 350

[T=1

AS={ALOG10(BR(JG))-AY)#*BZ

BF={ALQGLU({=AACJL))=HO)*AN

IF (JFLER.3Y GO TO 340

JF=13

G7 T0O 3ARD

RUz=Q+SNRT((AS~RP)w»2+ (RF~CFR)ww?)}

IF (B3,LT..5) GO To 44¢

Bl=",

[F tAS,GT.BY) AS=Ry

IF 18- ,6T.AE) BF=AE

CAL!. SYMROL (AS,BF,aR,IT,aH,InM)

GO TO 4%5¢

AS=fALOGLO0(BR(JGI)-AY)wBZ

BF =1
JF =21
[F (AS,GT.BV) AS=8vy
IF (8F,GT.AE) 8F=AE
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CALL PLOT (AS,RF,IE)
GJ TN 45)

390 IF ¢(HR(JG) GT.=RL) GO TO 4nn
1T=9
AS=(ALOG10(=BR(JG))Y=-AY)»BZ
BF=(ALOG1L0(AACJG))~RO)+AN
G2 TO 330

400 AS=i1,
BF=(ALDGLIN{AA(JG)Y=80) wAN
GO T0O 374

410 I[F (BR({JG).GT.~RL.D.AA(JG),iT,-CD) GO TO 420
17=7
ASEZ(ALOGLN(=BR{Ju))mAY)eRZ
GO T 370

420 AS=1L:,

GG TO 3AD

430 AS=(ALOGI0(BR(JG)Y=AY)eRZ
BF=(ALOGL0CAA(JG) ) -RO) »AN
IF (JF,EQ.2) GO TO 440
JF=2
G TO 380

440 IF tAS.GT.8V) ASsHy
IF (Br,GT.AE) BFSAE
CALL PLOT (AS,BF,IM)

450 CO~TINUE
RET IRN

467 DO 220 JG=1,lK
AS=HR(JG)/BX+RG
BF=4A(JG)/BB=AU
Jd=1
1F (AS,LT.0) IJ=3
IF (BF,LT.0) [J=ldst
GN TO (470,500,480,490),1J

470 1F (J3,EQ.1) GO TO 5in -
IF (AS,GT.8V) ASsHY
IF (BF,GT.AE) BF=AE
CALL PLOT (AS,BF,IM)

G TQ 520
480 ASsD,

GO YO 510
490 AS=n,
500 BF=0, -

5140 IF (AS,GT.dV) AS=Bv
IF (BF,GY.AE) 8F=AE
CALL PLDT (AS,BFLIE)
220 CONTINUF
RETURN
530 IT=1
IF (1Y,EQ.2)Y GO TO 540
Bx=88
B=AY
AN=RZ
Ch=R
Ria=al
]T=9
540 JL=IT
D3 6697 JG=1,1K
BP=AS
M- 13
1F (1Y,NE.4) GO TO 5510
AQ0=zBR(JG)

BRIJGI=AA(JG)
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550

560

570

580

590

600
610

620

630

549

650

$690

 AA(JG)mAD

AS=HR(JG) /8X«RG

IF (AS,GE.0,) GO TO 560
AS=zn,

JF=1

[F (AA(UG).GT.CD) GO TO 620
IF (AA(CIG)Y.GT.=CL)Y GO TO 59n
BF=(ALQG10(=AA(JGY)Y=BO)#AN
IF (1Y NE,4) GO T 870

A=z AS

AS=HF

BF=4aAQ

[F (JFr,FR.3) GO TN %80
JF=3

G2 T 61n
BAZHN+SART((AS-HP ) we2+ (RF~CFlew?)
IF (B3,L.T..5) G40 Tp 64)
Bz,

IF (AS,LT.BG,0.8F ,LT,AY) 1T=2
IF (AS,GT.BV) AS=RY

IF 8% ,GT.AE) BF=AF

CALl SYMROL (AS,BF,AR,IT,AH, 1)
1 T=ut

B T &850

gF=iv,

[F CIY,NEL4)Y GO TO s00
Ail=as

ASN=1F

BF =40

JF=1

I[F (AS,GT.dV) AS=BY

IF (RF,GT.AE) BF=AE

CALIL PLOT (AS,8F,I1F)

GS TQ 65n
BFz(ALOGT10C(AACJS))-HO) wAN
IF (1Y,NE.4)Y GO TQ A3n0
Ad=AS

ASsHF

BF=4AQ

IF (J¥ ,FR.2)Y L0 TO K41
JF=2

G TQ 61n )

IF (AS,GT.BV) AS=Hy

IF (B~,GT.AE) BF=AE

CALL 2LOT (AS,BF,IM)

IF (1Y,NE.4) GO TO 660
AD=BRUJG)

BR(.JG)=24(JG)

AA(J3)=4D

CINTINYUE

RETURN

END
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SJBRNJTINE SYMBOL(X,Y,HAT,LBEL,ROT,NCHAR)
DIMFNSION DFLX(11,3),DELY(11,3),NDEL(3),LBL(2)
DATA UELX/OOl'vnll‘ln?-l-!n2)"onll-01: -02..D?..Ul.ﬂ.-ﬂ-'"--'-ﬂpn-02
1.0..0..0.0.ﬂ,ﬂ.n.0..U2;ﬂ-:ﬂ..n..--0?sﬂ./

DATA UELY/-UZ».ﬁ2..nl.--Di,-.02.-.02.-.01,.01..02..02.0.:.09.-.ﬂ2,
1-.09,.O?,n.,O.O,O.U.O,D,.02,0..-.02-0-.-02-0./
DATA NQDEL/11,5,6/

1P=3

I[F (NCHAR.LT,~1) IpP=2

CALL PLOT(X,Y,[P)

IF(NCHAR)YH,5,R

[1S17=7

[F (HT,LT.(.220750)) ISIZaé6

IF ¢AT,LT.(,155525)) IS1Z=5

1F tHT,LT.0.110375)) [S1Z=4

[9=¢0

1IF(R0T,GT.45)10=1

CALL PLOT (LBL(1),10,1812)

RETURN

Lvi=LdaL

IF(LVL NE,31.AND.LVL . NE.2,ANN,LVL.NE,®)LVL=1
FF(LVL,FQ.9)LVL=d

NMzADEL(LVL)

SF=HrT/,N4

DU 7 l=zq,NH

CALL PLOT (X4DELX(I.LVL)®SF,Y«DELY(!,LVL)®S§F,2)
RETURN

gND
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SUBROJTINE MUMBERCX,Y,HT,Faind,ROT,FORMAT)
DIMENSINN FORM(3)sTEMP(3)
1S17E=7

[F ¢(HT,LT.(.220450)) ISIZE=s
1F (HT,LT.{.,155525)) [SIZEk=x
IF tHT,LT.t.1103%75)) [1S1ZE=4
CALL PLOT (X,Y,X)

[OR=n

IF{ROT,.GT,45)108=1
FORM(1)=1H(¢

FAR*(2)sFDORMAT

FIR"(3)=1H)
E“Cﬁﬂitﬁn.FnRM.TEMP)FNUM

CALL PLOT (TEMP(1),10R,ISIZ%)
RETURN

END
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