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Abstract

In the System Generated Electromagnetic Pulse (SGEMP) simulators a
flux of high energy photons is introduced into a vacuum chamber. These
photons strike the walls of the chamber, producing Compton electrons. As
this effec~ is not”present in the environment to be simulated, it is desira-
ble to prevent these electrons from entering the working volume of the
chamber.

In this paper a method of containing these electrons is considered.
It is proposed that a grid of wires be placed parallel to the chamber wall
and raised to a high negative potential, thus repelling the electrons and
containing them between the chamber wall and the grid. The results of a
computer study undertaken to evaluate this approach are presented.

.. .:..

The electrostatic potential is determined by the use’~f a line charge
approximation for grids consisting of wire of small cross section. For
wires of larger cross section a series solution is employed; the coefficients
of the series are determined using a least squares fit. Finally, the effec-
tiveness of the grids as electron traps is evaluated by calculating the-tra-–
jectories of electrons having various kinetic energies, positions, and angles
of departures.
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. . —— —

performed under subcontract to

The Dikewood Corporation
1009 Bradbury Drive, S.E.
University Research Park
Albuquerque, New MeXiCO 87106

a !?moo
—. ..— -—



TABLE OF CONTENTS

Section

INTRODUCTION

1. LINE CHARGE APPROXIMATION”

1. Simplifying Assumptions

2. Single Grid of Wires

3. Double Grid of Wires

4. Limits on Wire Size for Line Charge Approximation

11. GRIDS OF LARGE PJiDIZCONDUCTORS

1. Need for Series Solution

?. . Parallel Cylindrical Conductor Case

3. Crossed Cylindrical Conductor Case

4. Application of the Line Charge Solution
to the Large Radii Cylindrical Conductor Cases

5. Least Squared Error Fitting

111. ELECTRON Tl~JECTORIFS

-1; Need for”Electron”Trajectories ‘

2. Calculation of Electron Trajectories

‘3. Some Approximations for Determining Whether
an Electron Will

Iv. COMPUTER SOLUTIONS

1. Preliminaries

Escape

2. Single Grid of Small Radii Conductors

3. Double Grid of Small Radii Conductors

4. Parallel Cylindrical Conductors Case

5. Crossed Cylindrical Conductors Case

6. High Energy Approximation

Page

12

18

18

18

22’

24

30

30

30

36

41

42

54

54

54

57

59

59

60

116

128

138

159

●

2



Section

v. CONCLUS1ONS AND FUTURE lWRK

1. Conclusions

2. Future Work

REFERENCES

APPENDICES

A. SERIES COEFFICIENTS

1. General

2. Parallel Cylindrical Conductor Case

3. Crossed Cylindrical Conductor Case

B. COMPUTER PROGRjlbjS

,...

Page

164

164

165

167

168

168

168

168

174

182

.

_.}



Q5il!!..

1

2

I-1

.1?2

1-3

1-4

11-1

11-2

11-3

Ii-4

11-5
,,

Iv-1

IV-2a

Iv-2?3

Iv-2C

IV-2d

IV-2e

U3-3a

SJ-3b

Iv-3C

A

A

A

A

A

A

LIST OF FIGUR$S

SGEMP Simulator

Wire Grid Near a Ground Plane

Single Grid of Line Charges

Set of Parallel Line Charges

Double Grid of Line Charges “

Set of Parallel Line Charges with a Point
on a Circle of Radius 6

A Set of Parallel Cylindrical Conductors

A Set of Crossed Cylindrical Conductors

Crossed Cylindrical Conductors--Top View

A Set of Parallel Cylindrical Conductors

A Set of CrosscZ Cylindrical

Coordinate System and Angles

Normalized Potential Contour
for b/a = 1.0 and z = O

Normalized Potential Contour
for b/a = 1.0 and z = a/4

Normalized Potential Contour
for b/a = 1.0 and z = a/2

Normalized Potential Contour
for b/a = 1.0 and z = 3a/4

Normalized Potential Contour
for b/a = 1.0 and z = a

Normalized Potential Contour
for b/a = .5andz=0

Normalized Potential Contour
for b/a = .5 and z = a/4

Normalized Potential Contour
for b/a = .5 and z = a/2

Conductors

Plot

Plot

Plot

Plot

Plot

Plot

Plot

Piot

E2sE2

14

15

19

20

23

25

31

37

39

44

50

60

62

63

64

65

66

67

68

4



~urc.—

IV-3cI

Iv-3e

IV-4a

Pat-jc

Normalized Potential Contour Plot
for b/a = .5 and z = 3a/4

Normalized Potential Contour Plot
for b/a = .5 and z = a

Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.1, B = O radian
and 9 = 0°

69

70

72

73

74

IV-4b Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.1, B = O radian
and 0 = 10°

IV-4C Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.1, B = O radian
and 0 = 20”

IV-4d Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.1, B = O radian
and 6 = 30° 75

76

77

IV-4e Electron Trajectories for b/a = 1.0,
Normalized Energy of :L.1,B = 7r/8radians
and 0 = 10°

IV-4f Electron Trajectories for b/a = 1.0,
Normalized Ihcr~y of 1.1, B = 7r/8zadians
and 8 = 20”

IV-4g Electron Trajectories for b/a = 1.0,
Normalized Energy of 1..1,B = n/8 radians
and 0 = 30° 78

79

80

IV-4h Electron Trajectories for b/a = 1.0,
Normalized Energy of 1..1,B = Tr/4radians
and 0 = 10°

IV-4i Electron Trajectories for b/a = 1.0,
Normalized Energy of 1..1,B = Tr/4radians
and (3= 20°

IV-4j Electron Trajectories for b/a = 1.0,
Normalized Energy of 1..1,B = Tr/4radians
and e = 300 81

82

IV-5a Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.3, B = O radians
and (1= 0°

J IV-5b Electron Trajectories for b/a = 1.0,
Normalized Energy of 1..3,B = O radians
and 0 = 10”

83

5



Iv-5C Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.3, B = O radians
and EI= 20°

nT-5d Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.3, B = O radians.
and 6 = 30°

IV-5e El$Qtron Trajectories for b/a = 1.0,
Normalized Energy of 1.3, B = Tr/8radians
and (3= 100

Iv-5f Electron ‘lYajectoriesfor b/a = 1.0,
Normalized Energy of 1.3, B = 7T/8radians
and e = 200

Iv-5g Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.3, B = w/8 radians
and 0 = 30°

W- Sh Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.3, B = m/4 radians
and O = 10°

IV-5i Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.3, B = fi/4radians
and e = 20°

N- 5j Election Trajectories for b/a = 1.0,
Normalized Energy of 1.3, B = m/4 radians
and O = 30°

IV-6a Electron ‘Trajectoriesfor b/a = 1.0,
Normalized Energy of 2.0, B = O radians
and O = 0°

Iv- 6b Electron Trajectories for k#a = 1.0,
Normalized Energy of 2.0, B = “Oradians
and e = 10”

IV-6C Electron Trajectories for b/a = 1.0,
Normalized Energy of 2.0, B = O radians
“and 8 = 20°

Iv-6d Electron Trajectories for b/a = 1.0,
Normalized Energy of 2.0, B = O radians
and 6 = 30°

Iv-6e Electron Trajectories for b/a = 1.0,
Normalized Energy of 2.0, B = fi/8radians
and e = 10”

Page

84

85

86

87

$

88

89

90

91

92

93

94

95

96

6



.

#

.)

W.w2

IV-6f

IV-6g

IV-6h

IV-6i

IV-6j

IV-7a

IV-7b

IV-7C

IV-7d

IV-7e

IV-7f

IV-7g

IV-7h

Electron Trajectories for b/a = 1.0,
Normalized Energy of 2.0, B = Tf/8radians
and O = 20°

Electron Trajectories for b/a = 1,0,
Normalized Energy of 2.0, B = 7r/8radians
and 6 = 30°

Electron Trajectories for b/a = 1.0,
Normalized Energy of 2.0, B = 7T/4radians
and e = 10°

Electron Trajectories for b/a = 1.0,
Normalized Energy of 2.0, B = T/4 radians
and 6 = 20°

Electron Trajectories for b/a = 1.0,
Normalized Energy of 2.0, B = 7r/4radians
and (1= 300 -

Electron Trajectories for b/a = .S,
Normalized Energy””of”l..l,’B = O radians
and 0 = 0°

.,-.
Electron Trajectories for b/a =“.5,
Normalized Energy of 1..1,B = O radians
and 6 = 10°

Electron Trajectories for b/a = .5,
Normalized Energy of 1.1, B = O radians
and 0 = 20°

Electron Trajectories for b/a =.5,
Normalized Energy of 1.1, B = O radians
and (3= 30°

Electron Trajectories for b/a,= *5,
Normalized Energy of 1.1, B = 7r/8radians
and 0 = 10°

Electron Trajectories for b/a = .5,
Normalized Energy of 1.1, B = 7r/8radians
and 0 = 20°

Electron Trajectories for b/a = .5,
Normalized Energy of 1.1, B = 7r/8radians
and 0 = 300

Electron Trajectories for b/a = .5,
Normalized Energy of 1.1, B = lr/4radians
and 0 = 10°

100

10:1

102 ‘

103

104

105

106

t

107

1C18

109

7



M!Es

N-7 i Electron Trajcxtorics for b/a = .5,
Normalized Energy of 1.1, B = ~/4 radians
and 6 = 20G

IV-7j Electron Trajectories for b/a = .5,
Normalized Energy of l..lYB = Tr/4radians
and 6 = 30°

XV-8a Fraction of Electrons Escaping (Fe) for
b/a = 1.0

IV-8b Fraction of Electrons Escaping (Fe) for
b/a = 1.0

Iv-8c Fraction of Electrons Escaping (Fe) for
b/a = 1.0

IV-9a Fraction of Electrons Escaping (Fe] for
b/a= .5

IV-9b Fraction of Electrons Escaping (Fe) for
b/a= .5

IV-9C Fraction of Electrons Escaping (Fe) fOK
b/a = .5

Iv-lea Normalized Potential Contcur Plots for
b/a = l.Oandz=O

IV-10b Norn]alizedPotential Contour Plots for
b/a = 1.0 and z = a/4

IV-1OC Normalized Potential Contour Plots for
b/a = 1.0 and z = a/2

Iv-led Normalized Potential Contour Plots for
b/a = 1.0 and z = 3a/4

IV-10e Normalized I?otentialContour Plots for
b/a = 1.0 and z = a

IV-11 Electron Trajectories for b/a = 1.0,
Normalized Energy of 1.1, B = O radians
and 0 = 0°

IV-12a Fraction of Electrons Escaping (Fe) for
b/a = 1.0

Iv-12b Fraction of Electrons Escaping (Fe) for
b/a = 1.0

Iv-12c Fraction of Electrons Escaping (Fe) for
b/a = 1.0

110

111

113

113

114
<

114

115

115

118

119

120

121

122

124

126

126

127

8



)
-.”..

lLwQ

IV-13

~v-14

IV-15

IV-16

IV-17

IV-18

IV-19

IV-20a

IV-20b

IV-20C

IV-20d

IV-20C

IV-21a

IV-21b

Iv-21c

IV-21d

IV-21e

Iv-22a

Normalized Pctential Contour Plot for
b/a = 1.0 and c/a = .25

Normalizt?dPotential Contour Plot for
b/a = 1.0 and c/a = .1

Normalized Potential Contour Plot for
b/a = .5 and c/a = .25

Normalized Potential Contour Plot for
b/a = .5 and c/a = .1

Fraction of Electrons Escaping (Fe) for
b/a = 1.0 and c/a = .25

Fraction of Electrons Striking Conductor
(Fc) for b/a = 1.0 and c/a = .25

Fraction of Electrons Escaping (F-) for a
Normalized Energy of 1.1

e

Normalized Potential Contour Plot
b/a = 1.0, c/a = .25 and z = O

No.rnw.l.izedPotential Contour Plot
b/a = 1.0, c/a = .25 and z = a/4

Normalized Potential Contour Plot
b/a = 1.0, c/a = .25 and z = a/2

Normalized Potential Contour Plot
b/a = 1.0, c/a = .25 and z = 3a/4

Normalized Potential Contour Plot
b/a = 1.0, c/a = .25 and z = a

Normalized Potential Contour,Plot
b/a = .5, c/a = .25andz=0’

Normalized Potenti-alContour Plot
b/a = .5, c/a= .25andz= a/4

Normalized Potential Contour Plot
b/a = .5, c/a= .25and z= a/2

for

for

for

for

for

for

for

for

Normalized Potential Contour Plot
for b/a = .5, c/a = .25 and z = 3a/4

Normalized Potential Contour Plot for
b/a = .5, c/a= .25andz=a

Normalized Potential Contour Plot for
b/a = 1,0, c/a= .landz= O

130

131

132

1331

136

136

137

139

140

141.

143

146

14’7

143

14’9

9



IV-22b

IV-22C

u3-22d

IV-22e

IV-23a

IV-23b

IV-23C

IV-23d

IV-23e

XV-24a

IV-24b

IV-25a

Iv-2.5b

IV-26a

IV-26b

IV-27

Normalized
b/a = 1.0,

Normalized
b/a= 1.0,

Normalized
b/a = 1.0,

Normalized
b/a= 1.0,

Normalized

Potential Contour Plot
c/ii= .landz= a/4

Potential Contour Plot
c/a = land z= a/2

Potential Contour Plot
c/a = .1 and z = 3a/4

Potential Contour Plot
c/a = .landz=a

Potential Contour Plot
b/a = .5, c/a= .landz= O

Normalized Potential Contour Plot
b/a = .5, c/a = .1 and z= a/4

Normalized Potential Contour Plot
b/a = .5, c/a= .1 and z= a/2

Normalized Potential Contour Plot
b/a = .5, c/a = .1 and z = 3a/4

Normalized Potential Contodr Plot
b/a= .5, c/a= .landz=a

Fraction of Electrons Escaping (Fa

for

for

for

for

for

for

for

for

for

) for
b/a = 1.0 and c/a = .25

S7

Fraction of Electrons Escaping (Fe) for
b/a = 1.0 and c/a = .25

Fraction of Electrons Striking the Conductors
(Fc) for b/a = 1.CJand c/a= .5

Fraction of Electrons Striking,the Conductors
(Fc) for b/a = 1.0 and c/a= .5

Fraction of Electrons E5capin9 (Fe) for
a Normalized Energy of 1.1

Fraction of Electrons Striking Conductor
(Fc) for a Normalized Energy of 1.1

High Energy Approximation Comparison

322!3s

150

151

152

153

154

155

156

157

158

160

160

161

161

162

162

163

10



Page

28

LIST 01’TABIJ%

Tiible...——

1-1.

Iv-1

Fractional Variation of Potential

Ratio of Voltages Required on Conductors
to be Approximated by Equal Charge Densities 116

128

135

138

159

Iv-2 Mean Squared Error for Various Solutions

Iv-3 Vo/Vm for Various Spacings of Conductors

xv-4

Iv-5

Mean Squared Error for Two Solutions

VO/Vm for Various Dimensions

A-I Series Coefficients for b/a = 1 and
c/a = .25 170

A-2 Series Coefficients for b/a = 1 and
c/a = .1 171.

A-3 Series Coefficients for b/a = .5 and
C/a = .25 17:!

A-4 Series Coefficients for b/a = .5 and
c/a = .l 173

A-5 Series Coefficients for b\a = 1 and
c/a = .25 176

A-6 Series Coefficients for b/a = 1 and
“c/a = .1 177

A-7 Series Coefficients for b/a = .5 and
c/a = .25 178

A-8 Series Coefficients for b/a = .5 and
c/a = .1

A-9 Series Coefficients for b/a = 1 and
c/a = .25 181. ~

===)

11



INTRODUCTION

One of the problems encountered in the study of w phenomena is

the effect of a flux of gamma rays and X-rays impinging upon a satellite.

To study this System Generated EMP it has been proposed to build a SGEMP

(1)
simulator of the general configuration described by Baum . The simu-

lator is to consist of a metal chamber in which a very high vacuum is

to be maintained, a source of high energy photons (gamma rays and X-rays),

and a method of coupling the beam of photons into the chamber (Figure

1). The device to be studied is placed in the vacuum chamber and the

photons allowed to impinge on it. It is desirable that the chamber

simulate the environment of free space as closely as possible. This

requires the damping of electromagnetic resonances of the chamber, re-

duction of the capacitance between the device under study and t5e

chamber to acceptable levels, absorption and/or trapping of particles

striking the chamber walls, etc.

In his note describing a SGEMP simulator, Baum discusses some of

the problems and design considerations which arise in the construction

of such a simulator. This paper considers a possible solution to one of

these problems, the production of Compton electrons at the wall of the

cha*er(2) . These electrons are produced by two different causes. When

the incident photon beam enters the chanber, not all the photons will

strike the device under test; some will strike the wall of the chamber

and possibly produce Compton electrons. Similarly, photons striking the

device will produce Compton electrons at the surface of

Some of these electrons will return to the device under

electromagnetic fields, but

and there produce secondary

others may proceed

Compton eiectrons.

12

the device.

the influence of

to the wall of the chamber

Since electrons produced
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grating of pnrallcl rods near a ground plane in the z~u[lyof an EMP

(5)
parallel plate simulator . For other studies where tic line charge

approximation may not be used or the finite extent of the conducting

plane must be considered, other methods, such as the electrolyte tank,

(6,7)have been used to find the potential distribution . The above

methods are confined to two-dimensional geometries. The electrolyte

tank as well as resistor networks have been used to find the potential

distribution of electrostatic lenses and deflector systems of three-

dimensional geometry but

more general geometries,

spatial harmonics may be

(7)
only those which have axial symmetry . For

the expansion of the potential in terms of

employed as was done in this paper. Another pos-

sible approach would be the use of an integral equation formulation as has

been done with -tfib--wi=-~fic~fies; this technique would be of interest

if

it

(8)
the charge densities on the conductors were of principal concern .

To determine the effectiveness of the grids in containing electrons,
.....

is necessary to determine the fraction of electrons escaping to the

working volume

energy. TO do

fluence of the

of the chatier as a function of their initial kinetic
‘i!

this, the trajectories of the electrons under the in-

potential distribution produced by the grids must be

determined. The effect

trons has been studied

of an electrostatic field on the paths of elec-

in vacuum tubes and in electron microscopes and

cathode ray tubes. Experimental techniques such as the direct measure-

ment of the electron flux density in the devices have been used. The

effect of the potential distribution may also be simulated by means of a

stretched rubber sheet(’). In this method the rubber sheet is deformed

in such a way that the effect of the resulting gravitational potential

on balls rolled on the sheet simulates the effect of the electrostatic

.



potential on electrons. An analytical technique has been developed by

Hashimoto, et al., using conformal mapping and an axial ray theory to

(lo)
find the trajectories of electrons in an electrostatic field . The

disadvantage of many of these techniques is that they may only be used

for two-dimensional field configurations. Furthermore,

niques assume only small deflections of the electrons..—

many of the tec;h-

The method em-

ployed in this paper of direct calculation of the electron trajectories<

by numerical techniques does not have these drawbacks and has become,.,

feasible with the use of high speed digital computers.
,,

In this paper computer programs were developed which allowed the

work done .JbyTesche to be extended to three dimensions. Single-layer
... :. .1.’ .:

and two-layer grids ccxnposedof wires of sufficiently small radii that

they.could be approximated by lines of charge were studied in this manner.
-..’:.– ..,: “—–”,

Programs were then developed to study grids consisting of conductors of!

larger radii. These last programs employ a series solution to Laplace’s

equation and a least squared error fitting technique for the boundary

conditions. In all cases the potential distribution was found and po-

tential contour rnaps”weredrawn. The

“foundtis’afunction of the energy and

effectiveness of the grids was

position of the electrons and of’

the dimensions and ~tential of the grid by direct calculation of the traj-

ectories of’”electrons leaving the ground plane. Plots of the function,of

-.,..
electrons escaping a.&a function of energy and direction were made for a ,

uniform distribution of electrons being emitted

of

at

of

Many of the calculations performed in this

a digital computer. The ClX26600 located at

Albuquerque, New Mexico

the subroutines used in

from the ground plane.

paper required the use

Kirtland Air Force Base

was utilized to do these calculations. Some

this paper, in particular BRUTE and DRAW4,

were developed at The Dikewood Corporation of Albuquerque, New Mexico.
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SECTION I

LINE CIIARGEAPPROXIMATION

1. Simplifying Assumptions

In this section

grid.of wires placed

chamber wall will be

we will obtain the potential distribution due to a

parallel to the wall of the simulator chamber. The

assumed to be perfectly conducting and to be

locally flat. The potential of the wall will be assigned a value of

zero. The problem then becomes, under these circumstances, that of

finding the potential distribution of a wire mesh above and parallel to

a perfectly conducting ground plane. A further assumption will be made

that the mesh consists of parallel cylindrical conductors and that the

diameter of the wires is small compared to both the distance from the

wires to the ground plane and the distance between parallel wires. This

last assumption allows the conductors to be replaced by lines of charge

as will be shown in Section I-4.

2. ‘Sinqle Grid of Wires

The first geometry we will consider is that of a mesh of wires

consisting of cylindrical conductors. me centerlines of all the conduc-

tors lie in a plane at a distance b above and parallel to the ground

plane. The conductors intersect at right angles and form a square grid.

Assuming the conductors have a small diameter, we replace them with line

charges located at the centerlines of the conductors as shown in Figure

1-1.

tion

The configuration of Figure I-1 may be thought of as the superposi-

of two sets of parallel line charges, one set consisting of line

charges extending in the x direction and the other set consisting of

18



f

b I

I x

Figure I-1. A Single Grid of Line Charges

line charges extending in the y direction. In this case, superposition t
1may be used since the wires have been replaced by fixed line charges.

.

It now remains to find the potential distribution due to these sets of

line charges so that they may be combined to yield the solution for the

grid.

19
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Figure I-2. A Set of Parallel Line Charges

Figure 1-2 shows an infinite set of line charges at a distance b

above a perfectly conducting ground plane. The line charges are parallel

to each other and the ground plane. They extend to im in the y direc-

tion with a distance 2a between adjacent line charges. .F.M. T.esche(4)

has shown that for this geometry the potential distribution can be found

in closed form by conformal mapping techniques and is

$(X,Z) =g+[
cosh (m(z+b)/a) - cos(mx/a)
cosh (~(z-b)/a)- cos(nx/a)1

0
(1)

where $(x,z) is the potential, P is the line charge density, co is
o.

20



.

.

the

and

permittivity of free space, 2a is the spacing between line charges

b is the distance of the line charges from the ground plane.

From the above expression we see that in the limit as z beccmes

infinite the potential becomes

P. ~

()—.
2co a “

To

charges

obtain the potential distribution due to the grid of line

shown in Figure I-1, we add the potential distributions for the

two orthogonal sets of line ch.axges. Let $O(x,y) be the potential

distribution function given by

~tential distribution for the

+(X,Y,Z) = Pl+o(x,z)

where pl and p2 are the charge

Equation (1) but with P. equal to 1. The

geometery in Figure I-1 is then given by

+ p2$lo(y,z) (2)

densities of the line charges extending

in the y and x directions respectively. lisz becomes infinite, the

potential becomes

(3)

Confining our attention to the case where the charge densities of the

two sets of line charges are identical, the potential distribution

becomes

$(x,y,z) = Pr$o(x,z) + 40(Y”,Z)I (4) :

and the wtential as z becomes infinite is

t+(x,y,z)
=&

aco
Z*

(5)

where p is the line charge density of both sets of line charges.
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3. Doub~#&id of Wires

From th% potential contour plots and electron trajectory plots

shown in Section IV for the single grid case analyzed abovet it was

noted that the electrons had a tendency to escape through the center of

the grid apertures. It was thought that placing

above and parallel to the first grid and shifted

points of the wires of the second grid would lie

another grid of wires

so that the crossing

directly above the

center of the apertures of the first grid (Figure I-3) would reduce the

number of electrons escaping.

Again we approximate the wires by line charges located on the

centerlines of the wires. We only treat the case of grids with square

apertures and with the distance between the first and second grid being

the same as the distance between the first grid and

The principle of superposition is again employed to

the ground plane.

find the total

potential distribution.

For the purposes of this analysis of the double grid caset let the

potential distribution function for the single grid shown in Figure I-1

with charge density equal to 1.0 be represented by $SG(x,y,z,a,b) where

2a is the spacing between parallel line charges and b is the distance

from the line charges to the

potential distribution as an

y, and z. The potential for

written as

ground plane. Here we have written the

explicit function of a and b as well as x,

the double grid configuration my then be

.

.

$W(xty,z,a(b) = P1$SG(x,y,z,a,b)

+ p2$SG(x+at y+a, z, a, 2b) (6)

where $~(x,y,z,a,b) is the potential distribution for the double

22
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Figure I-3. A Double Grid of Line Charges
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grid, P1 is

line charge

the Iinc charge density on the lower grid, and P2 is the

density on the upper grid. ‘Asz becomes infinite for this

case the potential becomes

(7)

In this case, since we are considering two completely separate

.
grids, we will not assume that the charge density on the two grids is

the same.

. ..- . . . . .
4. Limit’soh Wire Size for Line Charge Approximation

..

In the single and double grid analysis, the wires.. were replaced
.. ,- —- ——-r. .— .=

by line charges. Intuitively, .weknow that for small distances from
..-+

the’line charge the potential distribution will be that of the logarith-
.,. ..i -+

mic singularity of an isolated line charge=-andthat a constant potential
...,.’

contour near the line_charge would therefore be cylindrical. If this
....

‘- ,-..
is indeed so, a cylindrical conductor placed so that its surface corre-

=.. %..

sp&%ls-~&’su-c”h-~ &ofito”urand rna~n~aine i-at-”the-same potential as the
,

contour would produce the same field’distribution outside of the con-

ductor as the line charge. We will show that for a sufficiently small
+,,.-

distance from th~wire the contours are indeed cylindrical. We will “

also derive an approximate expression for the error encountered in using
. . .

the line charge approximation.
..

To show khat the contours near one of the line charges is cylin-

drical, consider Figure I-4. In this figure there is a set of parallel

line charges spaced 2a apart and a distance b above the ground plane.

The set of charges extends infinitely in the x direction and each line

charge extends to f coin the y direction.

The potential of a point lying on a circle of radius 6 about the
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Figure I-4. A Set of Parallel Line Chaxges With a Point
on a Circle of Radius 6

line charge on the z axis is

+(X,2) =&- in
[

cosh((2b+6sin(e))fi/a)-cos(6cos(6)r/a)1 (13)
o

cosh((dsin(e))n/a)-cos(6cos(e)~/a)

where x and z specify a point on the

If 6n/a is small compared to 1.0, we

cos(6cos(e)n/a) : 1.0

circle at an arbitrary angle e.

may use the approximation t

(9)

If we further require that 6 is small compared to 2b, then

cosh((2b+6sin(e))n/a) = cosh(2bn/a) (lo)

Using these approximations, the numerator of the term in brackets, which

we will call N, becomes

25



N= cosh(2bm/a) - 1 (11)

TO approximate the denominator of the term in bracke~s, the cosh and

cos functions,are expanded in a power series. ‘Theexpansions for the

functions are well known‘ll)and are

24
‘&sh(X) = 1 + ~+ ~+...4!

and

2
x’ ‘

cos(x}=l-*+~- ~+...
.

(12)

(13)

Using these expansions, the denominator, which we will call D, becomes

where

= 6si.n(0)?T/a
‘1

(14]

‘(15)

and

= dcos(6)fl/a.
‘2

(16)

Since we are assuming that 6Y/a is much less than 1.0, both T1 and T2

are much less than 1.0. Ignoring terms of order four and higher, the

denominator becomes

T; + T;

[1

2
D=

2!
=1/26:

The potential of Equation (8) is now

(17)

(18)

Since this expression is not a function of $, the potential is a con-

stant on a circle of radius 6 if 6

The above analysis has shown

26

is small compared to both ~ and 2b.

that the contours become cylindrical
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as wc approach the lir)ccll(lrges.We will now clcrivean expression which

will provide an estimate of how severely the actual contours deviate from

being cylindrical for a given 6. We will calculate the difference in

potential of two points, one at a distance 6 and at an angle r/2 and the

other at a distance 6 and at an angle -Tr/2. The potentials at these two

points are

4(X,2) I z -&ln[
cosh((2b+6)n/a) - 1

cosh(6r/a) - 1 1 (1’9)
o

x =0

and

z =b+6

+(x#z) kl”[ cosh((2b-6)T/a) - 1:
cosh(-6V/a) - 1 1 (20)

o
X=o
z=b-~

Subtracting these two expressions and using the fact that the cosh

is an even function and the characteristics of logarithms, we find

$(X,2) - $(X,2) =$ln[
cosh((2bb)7r/a) - 11

0 -i]cosh((2b-6)n/a) -

x =0 Xo=
z =b+d z =b-d

(21)

We now write the cosh in terms of exponential and factor the term

e67T/a -6T/a
out of the numerator and the term e out of the denominator.

Deno’tingthe difference in potential as A$, we write r

P.
A$=—

411& ln
o

If we require that

t

6Ti/a
e (1/2)((e2bfi/a+ e-2@-~)~/a) -e-6~/a)
~-ti7T/a(1/2)((e2bn/a+ e-2@+~)~/a, - e6n/a,1(22)

6 be small compared to both b and a/n

e-(b-6)2?r/a~ e-2bn/a

and the difference in the potentials becomes

(23)

—
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P.

[

&?[/a
(cosh(2bn/a) - 1.0)

1

P*
Ill c

&11
d$’~ ~-Sn/a [1

=— —
2frco a

(24)
o (cosh(2bn/’a)- 1.0)

Dividing th.$sexpression by the potential found in Equation (18) yields

the fractional variation of potential between these two points. De-

noting the potential of Equation (18) as $., we find

2 [a)

This expression provides an estimate of the accuracy

stituting line charges for the actual conductors for

the conductors. It is informative to calculate this

(25)

obtained by sub-

various radii of

fractional varia-

tion of potential for a few sample cases.

culations are shown in Table 1-1.

The results of these cal-

6/a

.003

.01

.03

.1

.003

.01

.03

.1

b/a

1.0

1.0

1.0

1.0

.5

.5

.5

.5

.12%

.48%

1.7 %

7.1 %

.15%

.68%

2.4 %

12.7 %

Table I-1 Fractional Variation of Potential

.

The analysis of this secticn was done using.a set of parallel line

charges. The results are applicable, however, to the grid of line

28



charges if the contributions tc)the potential of the other set or sets

of line charges that make up the grid are small compared to that of the

line charge representing the conductor. Since we are considering only

small distances from the line charge, the potential due to this charge

should be large compared to the other potential contributions if we

avoid points near the intersections of the grid.

I

1

,.,.

d
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SECTION II

GRIDS OF LARGE FUUIIICONDUCTORS

1. Need for Series Solution

In Section I-4 an error expression was derived and the error cal-

culated for several cases. As can be seen from Table I-1, the error

increases rapidly with increasing radii of the conductors. In one case

with a radius of .1 the error is greater than 10 percent. The error

calculations were not carried out for larger values of conductor radii

since larger radii would not satisfy the conditions which must be ful-

filled to use the error equation.

The failure of the line charge approximation to give sufficiently

accurate results for the larger values of conductor radii led to the

use of a series approach to the potential problem. Two configurations

of conductors were considered, that of a set of conductors parallel to

each other and to a ground plane and that of a grid formed by the inter-

section of two sets of parallel conductors which are parallel to a ground

plane.

2. Parallel Cylindrical Conductor Case

The geometry for this case is shown in Figure 11-1. It consists

of a set of cylindrical conductors which are parallel to each other and

also parallel to a perfectly conducting ground plane. The set of con-

ductors extends to infinity in both the positive and negative x direc-

tion and each conductor extends to fuJin the y direction. The conductors

have radius c and are maintained at a ptential Vo.

To find the potential distribution for this configuration, Laplace’s

equation in two dimensions is solved in Cartesian coordinates by the
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Figure II-1. A set of Parallel Cylindrical Conductors

(12) The solution ismethod of separation of variables.

+(X,2) = [Cl cosh(ti) + C2 sinh(Kz)] [C3 COS(KX) + C4 sin(Kx)l

(26)

where K, C , C2, C , and C4
1 3

are constants which must be determined.

We must also consider the trivial solutions

+(X,2) = C5 + C6X + C7Z + C*XZ (27)

where C5, C6, C,, and C8 are also constants which must be determined.
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We next divide the region above

and dctcrminc tl~cproper form of the

gi.on. Region I is such that O ~ z c—

the ground plane into two regions

solution to be used in each rc-

b and region 11 is such that z ~b.

In region I the solution must be an even periodic function of x of

period 2a. The potential must also satisfy the boundary condition on

the ground plane and be equal to zero at z = O. These requirements

reduce the form of the solution to

m

!51(x,z)= ~ A Sinh($Z) COS(&X) + AOZ
n

n=l
(28)

In region 11 the solution must also be

of period 2a. It must further satisfy

at infinity must remain finite. These

the solution in region 11 to

f

an even periodic function of x

the condition that the potential

conditions reduce the form of

‘~~(x’z) = ~Bne-nm’/aCos (~) i-30

n=l
(29)

$1(X,2) =Vo 1 on the surface of

+l(%ZI = $11(X,2)

d$l(x,z) d$ll(x,z)

dz = dz I

‘“’)

where B
o
and B are constants and $ll(x,z) is the potential in region

n

To find the coefficients AO, Bo, An and Bn, it is necessary to

satisfy the bcundary conditions on the surface of the cylinders and at

the bmndary of the two regions lying between the cylinders. These

conditions are:

32
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411(X,2) =Vo ) the conductors

(30)

atz= b between

the conductors
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Since both $I(x,z) and +ll(x,z) are even periodic functions of x with

periods of 2a, satisfying the boundary conditions on that part of the

boundary for which O :x ~a insures that the

be satisfied at all points on the boundaries.

portions of the configuration for which O ix

Since it

ficients, the

boundary conditions will

For this reason only those

c a will be considered.

is impssible to calculate an infinite number of coef-

series

If the contributions

truncation is small,

the actual solution..

in Equation (28) and Equation (29) were truncated.

to the total potential of the terms removed by this

this procedure will yield a solution very close to

However, the boundary conditions cannot be satis-

,, fied exactly with the truncated series. To obtain the best possible fit
G.: .———

to the boundary conditions the method of least squared error was employed.

To apply the method of least squares to this problem, the square

of the error in satisfying the boundary conditions as a function of the

coefficients must be determined. We first consider the error in satisf-

ying the boundary condition on the conductors. In region I this squared

error at a point on the conductors is given by

ERROR2 = [V - $l(x,z)]
2

0 (31)

where x and z specify a point on the surface of the conductor in region

I. In region II this error is given by

ERROR2 = [V - $11(X,2)]
2

0

where x and z specify a point on the conductors in region

We next consider the squared error contributions due

(32) i

II.

to the re-

quirements on the potential at the boundary between the two regions be-

tween the conductors. The error here arises from two sources, the dif-

ference in potential between region I and region 11 and the difference

in the normal derivative between the two regions. The two errors are

33



calculated separately, squared, and then added to find the total squared

error for points on this boundary. The first squared error is given by

ERROR* = [$,(X,2) - $T=(X,Z)12 (33)
.L LA

and the second by

d~l(x,z)

[
ERROR* = a dz -a

where the expressions are evaluated

O1l(X,Z)
2

dz 1
at points where z = b and

(34)

c <x < a.-.

Care must

above. When a

be taken in calculating the second squared error teti

function is represented by a series the derivative of

the function cannot always be determined by a term-by-term differentia-

tion of the series, as pointed out by Van ?31adel.
(13)

We know that this

problem will occur, at least in the limiting case of very small radii

conductors. To gain insight into how this problem occurs, we will

look at the series solution of the set of parallel line charges prob-

lem in Figure 1-2. Tesche(4) has shown thak this is

P. m

+;(X,Z) =— [1~+ L Cos(ynx) e
-ynb

ac
0’2

sinh(ynzl
n.1 ‘n 1

in region I and

P. b m
$;l(X,Z) = ~ [1 L cos(ynx)e

O ‘+n=lyn
“nz sinh(ynb)1

(35)

(36)

comprised of areas O < z < b——in region 11 where region I and 11 are

and b ~ z respectively, and yn = nx/a.

We will now differentiate these series term by term and evaluate

the result at x = a and z = b. In region I this results in the ex-

pression

34



.

.

d$~(x,z) P. m

[11+ cos(yna)(1 + e
-yn2b)

dz ‘q
n=1 1

x=a

(37)

-i)●z-

which does not converge. However, at a point a small distance away from

this point atz=b-d and x = a, the expression becomes

d$~(x,z) P. w

[1=—1+ -Yn~ + ~-Yn(2b-6)~
dz 2ac0

cos(yna)(e 1n=1
x=a
z=b-6

(38)

which does converge. This indicates that the series representing the

potential could be differentiated using the term by term procedure at

all points except those on the boundary. To avoid the difficulty at

the ba.mdary, the derivative was calcul~ted numerically at the boundary

using the following technique.

boundary is given approximately

The derivative in region I at the

by

d$l(x,z) $I(x,b) - $I(x,b-d)
: (39)

dz 6

Iz=b
and the derivative with respectto z in region II is given approximatdy

by

d$l~x,z)

dz

+11(x,b+b) - +ll(X,M
=

6
(40

z=b

Since $I(x,z)
t

and $77(x,z) converge for all points in their respective

regions, the above expressions must converge and will provide a good

approximation to the derivative for sufficiently small 6. This methc)d

of calculating the derivative was used for finding the derivative at

z = b of all series used.

Knowing the error at any point on the boundary, we now establish

a set of points on the boundaries. The total squared error is found
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by adding the squared error of each point. The resulting expression is

differentiated with respect to each of the coefficients we wish to find

and the result of each differentiation is set equal to zero. The re-

sulting set of linear algebraic equations will have as their solution

the values of the coefficients which will produce the minimum squared

error. Th-is..wasdone for parallel conductor configuration and the

equation was solved with the aid of a C.D.C. 6600 digital computer.

The residual error was then determined by substitution of the coeffi-

cients into the equations for the potential

error over the points (see section II-5).

3. Crossed Cylindrical Conductor Case

The geometry for this case is shown in

and summing the squared

Figure 11-2. It consists

of two sets of parallel conducting cylinders like those

but with one set orthogonal to the other. Both sets of

parallel to a perfectly conducting ground plane and the

tween cylinders is the same for each set. This results

of Figure 11-1

cylinders are

spacing be-

in a grid with

square apertures.

As in the preceding case, Laplace’s equation was solved by the

qethod of separation of variables. This time it is necessary to

use Laplace’s equation in three dimensions. The general solution in

Cartesian coordinates is of the form

+(X,Y,Z) = [Cl ccs(klx) + C2 sin(klx)l[C3 cos(k2y) +

C4 sin(k2y)ltC5 cosh(yz) + C6 sinh(yz)] (41)

222
whereC ~ C , C , C , C

1 2 3 4 5 and C6 are Constmts and y = ‘1 + ‘2” ‘he

trivial solutions which must also be considered are
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Figure II-2. A Set of Crossed

$(X,Y,Z) = c, + C*X + c9y’+ Cloz

+ c14xyz

Cylindrical Conductors

+ Cllxy + c~2xz + c13yz

(4:!) ‘
I

where C,, C8, C9, Clo, C
11’ C12’ C13 and C14 are constants” As in the

case of the parallel conducting cylinders, the space above the grouncl

plane is divided into two regions. Regions I and II are those spaces

such that O S z S b and b 5 z respectively. In each of these regions

the appropriate form of the solution is found.

-,
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In region I the solution must be an even periodic function of x

with period 2a. The solution must also satisfy the boundary condihion

at the ground plane which states that the potential is zero at z = O. These ●
restrictions reduce the form of the

““f f An,m$I(x,y,z) = cos(nrx/a)
n=O m=O

where the A
n,m

In region

solution in region I to

cos(mny/a) sinh(Yn,mz) + A. OZ (43)
r

terms are constants and Y = — fnz + m~.
n,m a

II the potential must also be an even periodic function
,

of x with period 2a and must satisfy the additional requirement that it

remain finite as z goes to infinity. These requirements reduce the form

of the solution in this region to

411(X,Y,Z) = j ~ Bn,m cos(nmx/a) cos(mny/a)e-zyn,m + B. o (44)
n=O EO t

where the B terms are constants.
n,m

Since we have limited this discussion to grids having square aper-

tures, additional simplifications result from the synunetryof the con-

figuration. Consider the potential at two points in region I as shown

in Figure 11-3. The first point P is specified by the coordinates x = a,

Y = B, and Z. The second point P’ is specified by the coordinates

x’ =B,y ’=aandz’=z. These points are symmetrical about the line

1-1’. Since the grid is also symmetrical about the line, the po-

tentials at these two points are the same. Looking at the equations

for the potential at these two points, we see that the potential at

point P is given by

03 co

$1(a,6,z) = ~ ~ An,m cos(n~a/a) cos(m~6/a) sinh(Y z)+A
n=O m=O

n,m O,oz

(45)
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and the potential at point P’ is given by

.

.

.

.

.$1(i3,%z) = : i An,*cos(nnf3/a)cos(mra/a) sinh(yn,mz) + AO ~Z
n=O m=O

I

(46)

Subtracting these two expressions and interchanging the m and n indices

in the summations of Equation (46) we

-J

1/

1

/

x

f

L
/

+-

Figure II-3. Crossed Cylindrical Conductors - Top View

are then able to combine the two pair of summations into the expression

}

t
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0= ~ ~ {(An,m cos(nna/a) cos(mr8/a) sinh(Y z)]
n=:om=o n,m

- [Am,n cos(mnB/a) cos(nna/a) sinh(Ym,nz)l}

Since Y = Y~,n for all n and m, this
nlrn

For this

A for
n,m

! ~ [A -Am,nl cos(nma/a)ntm
n=O m=O

to be true for all a, 6 and z

(47)

equation may be rewritten as

cos(mnf3/a)sinh(yn,mz) (48)

in region 1, A must equal--w,n

all n and m. Substituting this condition into Equation (48),

the ptential in region I now has the form

+1 (X,y, z) = t i An,m
n=O xn=n

+ cos(mnx/a)

[cos(n~x/a) cosbn~y/a)

cos(n~y/aJ sinh(Y z)+A
n,m 0,02

(49)

for the potential solution in region 11.A similar argument can be made

If this is done, the solution in region 11 is of the form

I$ll(X,Y,Z) = y i Bn,m tcos(nmx/a) cos(mfiy/a)
n.o men

-ZY
+ cos(mnx/a) cos(nfiy/a)le n,m + B

0,0
(50)

The simplification of the form of the potential solutions that was

carried out above greatly reduces the number of coefficients which must

be calculated. AISO, since the solutions thus obtained are swetrical

abeut the line 1-1’, satisfying the boundary conditions on one side of
.

this line insures that the boundary conditions will be satisfied on both

sides of the line. If we further note that the functions are even peri-

odic

need

they

functions of x and y, it can be seen that the boundary conditions

only be satisfied in the shaded area of Figure II-3 to insure that

are

The

satisfied over all space.

boundary conditions for this case, which are very similar to
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those of the preceding case, are as follows:

.

.

(I1(X,Y,Z)= V.

/

on the conductor

+lX(XJY,Z) = V.

I$I(x,y,z)= ‘&(x?y,z)

1 at z = b between conductors

d$x d$ll(x,y,z)
~(x,y,z) = dz

(5:L)

For reasons previously mentioned, a truncated series of the solution was

used to approximately satisfy the boundary conditions. A least squares

fit was utilized to obtain the best pessible approximation

conditions with the terms employed; The squared error was

at points

error was

termined

in the shaded area of Figure II-3. The residual

~o the boundary

calculated only

mean squared

also calculated for this case after the coefficients were de-

(see Section II-5).

4. Application of the Line Charge Solutions to the Large Radii Cyli~-

drical Conductor Cases

It was shown in Section I that for small radii cylindrical conductors

a solution for the potential could be found by replacing the conductors

with line charges and using conformal mapping techniques. For large

radii conductors we found that the accuracy of this method decreases rap-

idly with increasing radii. However, it is still desirable to use this
4

line charge model to give a first approximation which is then improved by i

the use of the series solution. To do this, we write the potential in

the form

where $T is the total potential, $X is the potential from the line
.

charge solution, and $S is the series solution.

(52)



The line charge solution term has a different form for each of the

two configtirationsconsidered in this section. For the parallel cylinder

case, this is merely the solution for the set of parallel line charges as

found by Tesche
(4)

and given in Equation (1). By adjusting the value of

the charge density term of this solution, it may be made to match the

potential of the conductor at one point on the conductor. We chose

to have this point be the one at z = b and x = c.

that

For the crossed conductor

of the single grid, i.e.,

case, the line

Equation (4).

ch=ge solution used is

Similarly for this case the

charge density term may be adjusted so that the solution has the exact

value of the potential of the conductor at x = a, y = c, and z = b.

Using the line charge solution to obtain a first approximation to the

potential affects only the squared error term due to the matching of the

.: ptential at the conductor. The squared error terms due to the matching

conditions at z = b between the conductors are not affected. The squared
o

error term at the conductor boundary

count of the line charge solution as

5. Least ScruaredError Fittina

may be easily modified to take ac-

will be shown.

In this section we have stated that the boundary conditions will be

approximately satisfied using a least squared error fitting procedure.

The error terms

dries have been

for the various configurations and sections of the bound-

determined. These terms involve functions which are re-

presented by

coefficients

the boundary

series with unknown coefficients. we will now show how the

of these series may be obtained to insure the best fit to

conditions in the least squares sense.(14) For the cases

under,.

which

consideration it is convenient to consider errors at a point P,
1

can be represented by
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.

where An and Bn are the coefficients to be determined

2
and E-(P<) may be functions of position. The squared

11 A

[ERROR]2 =
[
C(Pi)+ ~ AnC:(Pi) + ~

n=O n=O

Summing the error

of

[TOTAL ERROR

over a number of points,

1
2

Bnc;(Pi)

(!53)

and C(Pi), E~(Pi)

error is

(54)

we have a total squared error

N 2
2

1[

N
=, 1C(Pi) + ~ Anc;(P.Ji- ~ Bnc; Pi) (55)

i n=o n=O

where ~ is used to indicate the sum over the

To minimize the total squared error,

pression with respect to the coefficients
,’.

pressions equal to zero. Differentiating

we

various points.

differentiate this ex-

and set the resulting ex-

with respect to Am yields

!O = ~ 2~(Pi) + ~ An~~(pi) + n o BnE:(Pi~&~(Pi)
i n=O =

m= O, 1, 2...N

Differentiating with respect to Bm yields

~ A C1(P ) + f B &2(Pi~s~(P, )O=~2~(pi)+nonni ~onn
i 1= =

m =0, 1, 2...N

(56)

(57)

With simple algebraic manipulation, Equation (56) may be rewritten as

N
~ An ~#(P, )cl(P,) + ~ B ~C;(Pi)C~(Pi) = - ~ C(p.)#(P. ) (58)

n=O in L m 1 n
n=O i

11111
i

In =0, 1, 2...N

Similarly, Equation (57) becomes
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(59)

~=o, 1, 2.*.N

Since m may take on values from zero to N, we see that we now have

2N + 2 equations in 2N + 2 unknowns, A. through AN and BO through BN.

If all the parameters of these equations are known except for the co-

efficients, the coefficients may be found by solving this set of linear

algebraic equations.

‘o ‘v
f

I u[
12 i

b

x= a

I

I

I

t I
●

Figure II-4. A set of Parallel Cylindrical Conductors
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The prcccding analysis may now be applied to the parallel conduct-

ing cylinders case. In Figure II-4 we see that there are three line

segments where it is necessary to match the boundary conditions in the

space such that O < x C a. The segment 11——

to the right of the z axis and for which z

part of the cylinder to the right of the z
..-

is that part of the cylinder

< b. The segment 12 is that

axis for which z > b. Line

segment 13 is the boundary at z = b outside of the cylinders.
.

For a point lying on the line segment 11, the error is of the form
J.

ERROR = ‘v -
0

il(x,z) =“VO - ! Anrln(x,z)
n=O

(60)

.

●

where

rl-= cos(nmx/a) sinh(nnz/a) for n > 0 (61)

‘O=z

For points lying on the line segment 12 the error is of the form

,ERROR = VO - $ll(y,Z) = Vo-~B<(x,z)
nn (62)

n=O

where

[n= cos(nnx/a) e
-n7Tz/a

(63)

For”~ints lying “onthe line segment 13 the error resulting from dis-

continuity in the potential is of the form

and the error resulting

the potential is one of

from discontinuity

the form

of the normal derivative of

—

—- )



[

d411(x,d
] u

Nd++d - dz ~ N
ERROR = a

dz
An~:(x,z) - ~ Bn~:(x,z) (65)

n.o n=o 1
where qn(x,z),and ~n{x,z) are as defined previously and

njx,z} =

&:(x’z) =

the derivative of qn(x,z) with respect to z found

numerically as described in Section 11-2 multiplied

by a, and

the derivative’of En(x,z} with respect to z found

numerically as described in Section II-2, multiplied

by a. (66)

Comparing these expressions with Equation (53), we see that on segment 1,
J.

c(Pi) = V.

c:(Pi) = -nn(x,z)

E:(Pi) = c)

and on segment 1
2

c(Pi) = V.

E:(Pi) = o

c:(Pi) = -En(x,z)

On segment 13 the error due to the discontinuity

suits in

c(Pi) = o

c:(Pi) = nn(x,z)

‘~(pi) = ‘~n(x#z)

(67)

(68)

.

of the potential re-

(69)

and the error due to the discontinuity of the normal derivative is
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c(Pi) = o

c:(Pi) = n;(x,z) (7C1)

●

✎

.

●

c:(Pi) = -g:(x#z)

Substituting these relationships into Equation (58) and summing over

points on the three line segments, we obtain the following:

N

~An~ qn-)~mkz)+ fAn~q(X,Z)n(X,Z)
rl=o n m

11
n=O

13

N
+~Bn~- ~n(x,z)~m(x,z) + lAn ~ ~:(x,z)~;(x,z)
n=O 13 n=O

13

,.il +!Bn~- SJx,z)rl:(x,z.1= I Vonm(x,z)
n=O

13 11

In= O, 1, 2...N

Substituting into Equation (59), we obtain the following:
-~\--,, ,“. -,>

N

,- b~ ~n(x,d~m(%z) + fA ~ - I-ln(x,z)cm(x,z)
n=O

12
11=0n 13

+ ~ Bn ~ ~n(X,Z)gm(X,Z) + ~An ~ - n;(x,z)c:(x,z)
n=O

13
n=O

13

Rearranging and gathering terms

(71) becomes

(71.)

(72!)

‘2

Ill=O, 1, 2...N

for the An and Bn coefficients, Equation
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N

q{!A r)n(x, z)rlm(x, z) + ~
[

nn(xmm(xtz)
n.() n11

13

+ @,~)%:(x,d]} + Bn{~3 ~-<n(x,dnm(x,z) -

-5:(x#z,rl:(x,z,]}] =~pnm(x,z)

m= 0, 1, 2,...N

Rearranging the terms in Equation (72) yields

n~(l[An I ~,[
-Iln(x,z)gm(x,zl - n:(x,z)#:(x,z)1}

. +B {1 ~n(x,z)~m(x,z) + ~
[
5n(x,z)5m(x,zl

n 12
13

+ E;,x,z),:(x,zq }1 = ~ Vogm(x,z,

If the line charge

mation to the potential

L

In= O, 1, 2,...N

are modified slightly.

solution will be taken

the term V. - $LC(X,Z)

(73)

(74)

solutions are used to provide a first approxi-

as mentioned in Section 11-4 the above equations

It may be seen that the effect of the line charge

into account merely by replacing the term V with
o

where OLC(X,Z) is the line charge solution. This

results in the right hand side of EquaEion (73] becoming

and the right hand side of Equation (74) becoming

(75)

‘(76)

0
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We will now apply the least squares error fitting scheme to the

.

●

grid of crossed cylindrical conductors. Referring to Figure II-5, which

shows the crossed cylindrical conductor configuration, we see that there

are three surfaces over which the boundary conditions must be satisfied

in the space where O < x < a and O < y < a. The surface S1 is that part-— ——

of the conductor such that z c b, and is to one side of a diagonal of the

aperture. The surface S2 is specified the same way as S1 but such that

z>b. The surface S’
3
is the area at z = b to one side of a diagonal of

the apperture and not on the conductor. For’points lying on the surface

S1 the error is of the form

-.,

ERROR = v-~-’ f#+x,y,Z)
o

=V 0- ! ! An,mnn,m(xIYtz)
n=o m=n

,.-..-,
.-..

where -.

nn,m(x,Y,z) = [cos(n7Tx/a)cos(m7ry/a)+ cos(mfix/a)

.,.!_

cos(nny/a)] sinh(yn,mz)-

and iin,m=~n2 +m2.

For points lying on the surface S2 the error is of the form

NN
ERROR = V - 411(X,Y,Z) =Vo - ~ ~ Bn,m~n,m(x,y,z)

o ., n=O m=n

(77)

(79)

(79)

,

where

-Zy
c = [cos(n7rx/a)cos(m7ry/a)+ cos(mnx/a) cos(n~y/a)le
ntm “m (80)

For points on the surface S3 the error due to the discontinuity

of the potential is
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ERROR = [41(X,Y,Z) - +ll(x,y,z)l ‘ f f [An,m~n,m(x’Y’z)
n=o m=n

Figure II-5. A Set of Crossed Cylindrical Conductors

(81)

.
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and the error due to the discontinuity of the normal derivative of the

potential is



@

.

[

d$l(x,y,z) d$ll[x,y,z)
ERROR = a 1dz - dz =

-B ~,mE:,m(x#Y,z)]

where ~~,m(X,Y,Z) and E. -(x,Y,z) are-as defined previously and

n‘JX,Y,Z) =
●

●

E:,m(x,y,z) =

(82)

11, AU

the derivative of rIn,m(X,Y,Z) with respect to z

calculated numerically as shown in Section II-2

multiplied by a,
..

(83)
the derivative of E~l,m(x,y,z)with respect to z

calculated numerically as shown in Section II-2

multiplied by a..,

Since the two

garded as merely a

the identification
.—

may be carried out

summations in the equations are finite, they may be re-.

more convenient method of writing a single sum. Thus,

of terms to be substituted into Equations (58) and (59)

much as was done in the parallel conducting cylinders

case. The error terms for this case are seen to

those of the parallel conducting cylinders case.

by inspection the following equations:

be very similar to

Therefore we may write

f f ‘n,m[~nn,m(xryfz)n~,p(xfytz)+’l‘n,m(x~Yfz)nj p(x/Y#z)
n=O m=n

‘1
t

‘3

n,m(x,Y,z)ll’i- n’
1~,p(x,Y,z) + B [1 -E n,m(x’y’z)ng,p(x’Y~z)n,m- s

3

-c 1~,m(x’y’z)q~,p(x’Y/z) =~vll o ~ P(X,Y,Z)
?

‘1

5’1



t=o,l, 2, . ..N

P=O, 1, 2, ...N

p>g

(84)

NN

I q A~,m I -nn,m(x,Y,z)EE Jx#YA - n;,m(x,Y, z)~;,p(x,Y, z)
n.Q ~.n ? 1

‘3

E =0, 1, 2, ...N

P =0, ~, 2, ...N

p>x

As in the parallel conducting cylinders case, the effect of using

the line charge solution to obtain a first approximation to the poten-

tial is merely to modify the right hand term in Equations (84) and (85).

The right hand term of Equation (84) becmes

and the right hand term of Equation (85) becomes

v ‘o 1- 4LC(X,Y,Z) c~ JX,Y,Z)
r

‘2

(86)

(87)

where $W(x,y,z) is the appropriate line charge solution.

~us we see that the equations for the two configurations are

very similar. The complexity of the grid of crossed cylindrical con-

ductors case is much greater, however, due to the double su~tions,

1
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the more complicated regions over which the error must be calculated,

and the larger number of pints which must be used for a reasonable

least squares fit. In both cases we have found a set of linear simul-

taneous algebraic equations whic:hmay be solved on a digital computer

“using any standard method such as Gaussian elimination. It should be

noted that the number of error terms used must be larger than the tota,l

number of-coefficients,

. . .
number of coefficients.

Wo
,,

and preferably should be much larger than the
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SECTION III

ELECTRON TRAJECTORIES

1. Need for Electron Trajectories

In the preceding sections the potential distribution for a number

of conf5.gurationshas been calculated. This information does not tell

us the effectiveness of the various grids in preventing electrons which

leave the ground plane with an initial velocity from reaching the in-

terior of the chamber. To evaluate Ehis fully, the actual trajectories

of the electrons leaving the ground plane must be determined. The pro-

cedure used to

this section.

can be deduced

the third part

find the trajectories of the electrons is discussed in

However, some limits for the behavior of the electrons

from the potential distribution. These are discussed in

of this section.

2. Calculation of Electron Trajectories

In this part we are concerned with the actual path of the electrons

as they leave the ground plane. We assume a high vacuum and small elec-

tron flux

titles or

~’and the

density so that the electrons do not interact with other par-

among themselves. If the initial velocity of an electron is

initial position of the electron is Z, we may calculate a

new position and velocity at a small increment of time later by assuming

that the increment of time is sufficiently small so that the electric

field over the distance of travel of the electron is essentially con-

stant. To do this, we must first find the equation of motion of the

electron.

The electric field at a

the potential, and the force

point is given

exerted on the

54

by the negative gradient of

electron by the electric o



.

‘-J

field is therefore given by

F=-eV$ (88)

where $ is the potential and e is the charge of the electron. From

Newton’s first law of motion, the acceleration produced by this force

is

eV$
:=-—

m

where m is the mass of

tinw and supplying the

(89)

electron. Integrating twice with respect to
.:

proper const~ts of integration, and assuming

a small increment of time At, the new position of the electron may be

well approximated by

-1 =x - &v$(At)* + ~(At) + i (90)

SimilUly, the velocity of the electron after an amount of time At is

given by

(91)

These equations in their nornnlized form were used to obtain the

trajectories of the electrons. This was done by st~ting with the elec-

tron at the ground plane and from the initial velocity and position

calculating the new velocity and position at a time At later. We then

repeat the procedure until the entire”trajectory is determined. The

I

equations in their present form are not convenient, however, for this 1

purpose. We desire to write them in a form normalized with respect to

the potential as z + coand in terms of the initial energy.

If the initial kinetic energy of the electron is T, then the mag-

nitude of the initial velocity is

(9’2)
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where m is the mass of the electron. The minimum kinetic energy that

an electron may have aridstill escape is the potential energy of an

electron at z equals infinity. This corresponds to a minimum escape

velocity magnitude of

where $= is the potential as z + =.

We now rewrite”equation (90} in terms of V$/$= and lV~/IVeI.

But

Therefore, Equatiop (94) becomes

-1

Letting

Equation (96) becomes .

Writing E’quation(91) in terms of V@/$m

we have

{93)

(95)

(96)

(97)

z (98)

and V/IVel and dividing by Ve,

(99)

Since
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e$@
—=+ Ivel*
m

(loo)

Equation (99) becomes

●

✎

v’FJ=M’V
lVelAt

Substituting AT = —
2

VJ At + &
t this equation is now

(101)

!-

lv$A~+l+f&tJ. *——
We now have the equations in the normalized form that was utilized in

calculating the actual electron trajectories. The trajectories were

calculated for various positions on the ground plane and for various

energies and

for each set

angles of departure. The fraction of electrons escaping

of parameters was recorded in order to evaluate the ef-

fectiveness of the grids.

3. Some Approximations for Determining Whether an Electron Will Esca]~

Although the trajectory of an electron must be followed in most

cases to see if an electron will escape, in some cases it is possible

to determine this fact from the potential distribution data. The first

case to be considered is that of a lower limit on the kinetic energy

which must be -possessedby the electron in order to escape. As stated

in the preceding part, this enezgy corresponds to the potential energy

that an electron would have at z equalsinfinity and is given by - e$~.

It was found that the following approximation has significance

for higher energy electrons in the line charge cases. If we approximate

the field distribution of the grid by assuiningthe pctential increases

linearly in the z direction and is constant in the x and y direction,

the only effect-of the electric field,is to exert a force on the electron
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in the negativ”ez direction. Since this is true, the electron will es-

cape if

than or

cape if

and only if its initial velocity in the z direction is greater

equai--~othe escape velocity. Therefore, the electron will es-

the following equation is satisfied:

where 13is the

Cose ? ]ve\

angle between

(103)

the z axis and the velocity vector of the

electron.

.
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SECTION IV

COMPUTER SOLUTIONS

.

.

.

1. Preliminaries

In the preceding sections, methods

culating the potential distribution for~, ---

have been described for cal-

the various conductor configura-

‘%
tion.sconsidered in this paper. A scheme has also been presented to

. . .
find the trajectories of electrons under the influence of an electro-

static potential. Utilizing this information and a digital computer,
~--’ _m_ ~_ .—.—— .-.—— ..—=—-— .:,,. . .

we evaluate’the’effectiveness of the various grids in containing Compton

electron produced on the ground plane.

Potential contour plots as well as information on the trajectories

of the electrons are shown for each configuration. For cases involving

.,.7.

a series solution for th’<’”~tenti~l,comparisons

error obtained using a line charge approximation
~,,”.-----. -.,

tained using the series and line charge solution- ,-,.. -..

limitations of time and resources, an exhaustive

are made between the

and the error ob-

together. Due to

examination of all. .,,

cases was not attempted. ,The programs which have been written allow. ... .,.

such a study to be made and suggestions in the future work section

would hopefully reduce

Before proceeding
,.

sent the drawing below

the time needed to do this.

with the results of the computer study~ we pre-

to clarify the labeling used in this section.
i

1

The ground plane corresponds at all times to the x-y plane. The

angles 0 and 13are used in the following parts of this section in

specifying the direction of the electrons leaving the,ground plane.

The values of the angle 0 are given in degrees and those of the angle

~ are given in radians.
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x

Figure Iv-1. Coordinate System and Angles

l..

2. Sinqle Grid of Small Radii Conductors

We first consider the case of Section I in which the conductors

have a diameter which is sufficiently small so that they may be approxi-

mated by line charges. We present potential contour maps for four

spacings of conductors. Since the geometry is three dimensional, the

potential is plotted in several sections normal to the grid. Five planes

were used, the first plane being the x-z plane.

were parallel to this plane and are located at y

andy=a. Since the potential is periodic, the

The other four planes

= a/4, y = a/2, y = 3a/4,

plot of the ptential

in a plane located at y = 5a/4

y = 3a/4, etc. The potentials

that the potential at z = = is

is the same as that

in these plots have

1.0

in the plane at

been normalized so

60



.

.

J

conductor

)

r

/ // / / /_-/ /// / ////////’ / //—— —.- .——
-.9 —

~~ ●6 —
)+ —

. .

,2 —
. . ---

*

4.0

3*5

3.0

2*5

1.5

1.0

●5

0.0
-1.0 -*75 -*5 -.25 0.0 .25 .5 .75 1.0

I

i

F-igure IV-2a. Norma li,zec? Potential Contour Plot for
b/a= l. Oand z = O



A,()

.4 —.—

.2 ——..

-1.0 -.75 -*5 -*.25O*O .25 .5

a

4*O

395

=j.o

2.5

2.0 ~
z

1.5

1.0

●5

0.0
.75 1.0

Figure lV-2b. Nomalized Potential Contour Plot for
b/a = l.~ and Z = al 4

62



.

.

@
“J

100

conductor

,4 —

—— .2 —-

4.0

3*5

3.Q

2.5

2.0’ z
z

1*5

1.0

●5

0.0
-1.0 -.75 -*5 -.25 0.0 .25 .5 .75 1.0

x
a

Figure IV-2C. Normalized Potential Contour Plot f-or
b/a = 1.0andz=a2 /



-1,.0-.?5 .-.5 -.25 0.0 .25 ●’j ●75 1.0

4.0

3*5

3.(3

2.5

2.0 &
a

~Q5

1.0

●5

0.0

.

Figure IV-2d. ?:omalizec? Potential Contour Plot for
b/a = 1.0 and z = 3a/4



.

.

/

conductor

1.0

,2 —

4.0

3.5

3.0

2.5

2.0 ~
a

1*5

1.0

.5

0.0
-1.0 -*75 -*5 -.25 0.0 .25 .5 ●75 1.G

.

$J
Figure IV-2e. Normalized Potential Contour Plot for
b/a = 1.0 and z= a



‘“~+~+y ....-.//,/~////-+- // /–7- ,<~.-—. . -+=:.’*- ~y__%~—-+. ~.z=-?- .-----—--- . .-~ - —---— --— -—— .— . ...- . _ ...—-—----—.- _.~_e ->~_ —— --—~
——---—————— .—=~— -— ----- ___ — ----- _.—. -—

~—~---- — --—” —-—---— ___ . .... ...-
—---- _________---—

—.— —. —— ---- -_---—- ———
~- — .— __ —.—-—

,.—-—- .—-. ...—.- . . -—. -..— .

-1.0 -*75 -.5 -.25 0.0 .25 .5 .75 1.0

4.0

395

3.0

2.5

2.0 z
z

1*5

1.0

●5

0.0

.

Figure IV-3a . Normalized Potential Contour Plot for
b/a = .5andz=0

66



.

.

(

. .
!, “

.9i
,6-
●3-

4.0

f
1J-*O

-1. 0 -975 -*5 -.25 0.0 .25 .5 .75 1.

3*5

3.0

2.5

2.()

a

1*5

1.0

.5

0.0
0

.

Figure IV-3b. Normalized Potential Contour Plot for
bia = .5 and z = a\4

67



\
conductor

\ /

4.0

3*!5

3.0

2.5 ,

2.0 z
z

1*5

1.0

*5

0.0
-I*O -.?5, -.J -.25 0.0 .25 .5 .75 1,0

~
a

Figure IV-3C. Normalized Potential Contour Plot foc
b/a = .5 and z = a/2

68



.

.

1*O

I
conductor

-1.0 -.75 -*5 -.25 0.0 .25 .5 .75 1.0

x
a

3*5

3:0

2*’5

2.0 z
z

1.5

1.0

c-
●)

0.0

Figure IV-3C?. N~r~ali~ed potential contour plot for b/a = .~j

and z = 3a/4

b



conductor,

\

1.0

-1.0 -*75 -*5 -*.250.0 .25 .5 .75 1.0

~
a

4.0

3.5

3.0

2*5

2*O CJ
a

1.5

1.0

.5

0.0

Figure IV-3e. Normalized Potential Contour Plot for
b/a = .5 and z = a

70



The preceding plots were informative as to the potential distribu-

.

tion, but it is not readily apparent whether an electron leaving the

ground plane will escape. In order to determine this, plots of the

electron trajectories were made using the scheme described in Section

III. The grid and the trajectories are shown in isometric projection.

All of the electrons-in one plot have the same energy and angles of

departure. The initial positions of the electrons are evenly distributed

on the ground plane beneath one aperture of the grid. Due to the peri-

odicity of the potential’,no other initial positions of the electrons
‘.,..- \.L

and only those’-valuesof 6 between O and Tf/4radians need be considered..,

The electro~,~rajecto’ries‘werecalculated until the electron either re-
-.

--turned to thqgroundplane or the
--— --..’.+

to-2j at which time it”’~~-~--de-emed
./- ;

one apertur”e--o-fthe grid is shown
\ ,,-..

z component of its position was equal
.—

to have escaped. For clarity, only

in the plots.

In the interest of brevity, a complete set of trajectories for

normalized energies ~f 1.’1,1.3, and 2.0 with value of 0 of 0°, 10°,
*.--’
,.

‘..
20° and 30° with values of ~ of O, n/8, and Tr/4radians are given only

for the spacing b/a = 1.0. For-the spacing of b/a = .S, only the

trajectories for a normalized energy of 1.1 are presented for comparison.
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.

The preceding plots provided information as to Ehe trajectories

followed by the electrons. It was noticed that particularly for the

6 = O case the electrons tended to be forced to the center of the aper-

tures. This led to the consideration of the double grid configuration.

Otherwise, the results were much as anticipated and little new informa-

tion was obtained from the detailed information about the trajectories.

To obtain a quantitative measure of the effectiveness of the grids, the

trajectory program was run using 100 initial positions for the electrons

and recording the fraction escaping and the fraction contained. Acktial

electron trajectory plots were not produced in these runs. The results

of the runs are summarized in graphical form on the following pages.
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3. Mublc Grid of Small Radii conductors—. ——

The double grid of small radiiconductorswas considered in an ef-

fort to reduce the nufier of electrons tha~ escape through the center

of the aperture of the single grid. The potential for this configura-

tion is given by Equation (6). In this equation there are different

charge densities for each of the two grids. For the purposes of anal-

ysis in this paper, the charge density on the upper grid

value of 1/2 of that of the lower grid.

to the potential at z = = to be the same

This causes the

for each grid.

arbitrary choice was made since the relationship between

was set to a

contribution

ThiS somewhat

the ratio of

the charge densities and the

line charges is not a simple

fied by the dimensions a = 1

on the two grids we will now

of varying radii which would

A is the ratio of the voltage

to that of the upper grid, we

of Equation (18).

1

voltage on the wire approximated by the

me. For example, let the grids be speci-

andb=l. For the same charge density

look at the ratio of the voltages on wires

b@ approximated by the line charges. If

required on the wire of the lower grid

obtain the following table by the use

r I 1
radius of

conductor A

F

.1 .581 “

.01 .633

.001 .741

Table IV-1. Ratio of Voltages Required on
Conductors to be Approximated
by Equal Charge Densities.
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If the possibility exists of different radii wires being employed for

the upper grid than are used for the lower grid, the problem becomes

even greater.

Using the two to one charge density ratio mentioned above, contour

plots were made for the double grid configuration as was done for the

single grid. It is interesting to note that the potential contours

for this configuration tend to be parallel to the ground plane indicating

a potential distribution that tends to increase linearly in the z direc-

tion. The effect of this on the electron trajectories will be discussed

later.

‘

‘-J
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Electron trajectory plots were made for this case as for the single

)

grid case. In general, the actual trajectory plots will not be pre-

(@l
sented for this and the following casesl but one final plot follows.

This plot-is for electrons of a normalized energy of 1.1 and with the

:T..

electrons rising vertically out of the ground plane. It illustrates

.
the tendency of the second grid, particularly for the 6 = O case, to

i
9

“straighten out” the trajectories of the electrons. In the single grid
.

:
case, some of

–j!
.

turned to the

straightening

unlikely. ‘
z

the electrons with an energy of

ground plane primarily due to a

effect of the second grid makes

1“

,.

:

.

1.1 and 8 = O were re-

change in direction. The .

this behavior much !mre

‘J
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The following are plots of the fraction of electrons escaping as

a func-tionof energy and direction. As in the single grid case, 100

initial positions were used for the electrons at each energy and direc-

tion. In considering the results for the double grid case, one should

keep in mind that the potential has been normalized to be 1.0 at-z = =.

It is not, therefore, equivalent to the single grid case which produces

a potential of 1.0 at z = CIJwith the addition of another grid which

also produces a potential of 1.0 at z = CO. Even so, the double grid

configuration does not seem to have sufficiently better characteristics

to warrant a detailed study. Therefore, only the results of one spacing

of the grids is presented.

/“
-e-
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4. Parallel Cylindrical Conductors Case

The’potential distribution for a series of cylindrical conductors

set parallel to a ground plane was found using the approach of Section

II-2 and the least squares fitting of Section 11-5. The coefficients

for the series for the potential are given in Appendix A. The line

charge solution was used as described in Section II-4 to give a first

approximation to the potentials used in the analysis of this configura-

tion. For the purposes of comparison the mean squared error was calc-

ulated in the same manner for three different solutions. The solutions

used for the comparison are the line charge solution only, the series

solution only, and the series and line charge solution together. The

results of the error calculation for these three different solutions

are shown below.

Dimensions Mean squared error (volts)
2

r
Line charge Series Series and line

b/a c/a approximation solution charge solution

1.0 .25 4.69 X 10
-3

1.91 x 10
-6

1.07 x 10-6

1.0 .1 4.54 x 10
-4

1.44 x 10
-3

7.48 X 10
-6

.5 .25 2.00 x 10
-2

2.35 X 10
-5

1.56 X 10
-5

.5 .1 1.41 x 10
-3

3.82 X 10-3 2.47 X 10
-5

[

Table IV-2. Mean Squared Error for Various Solutions

All the series calculations were made using fifteen terms of the

series in each region and with potential of the conductor set to 1.0.
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The first thing we note from the table is that the line charge approxi-

mation becomes better as the radii of the conductor approximated becomes

smaller and as the spacing between the conductor and the ground plane

beccxneslarger. The series solution also becomes better as the distance

from the conductors to the ground plane increases, but the error in-

creases with decreasing radii. In tith cases where the ratio c/a is

.1, the error of the line charge solution alone is comparable to that

of the series solution alone. It would appear that this ratio is the

approximate value at which the use of the series solution results in

significant improvement, at least for the number of terms of the series

calculated here. As Table IV-2 shows the combination of the series

and line charge solution results in appreciable improvement over the
—.

use of either one separately.

:.
On the following pages are presented potential contour plots for

the four cases presented in Table IV-2. To reiterate, 1S terms were

used in each solution region and the ptential of the conductor was

normalized to 1.0. The solution used to obtain these plots is the

ambination of the line charge and series solution.

.
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Electron trajectories were found for this case in the same manner

as was done previously except that only the 13= O angle needed to be

considered. The data obtained from these trajectories are shown in

graphical form on the following pages. Since we are now using con-

ductors of finite radii, the possibility of the electrons striking the

conductors must be considered. Since we do not know the type of col-

lision to expect between the electrons and the conductors, the percent-

age of the electrons striking the conductor is merely listed. If the

collision is elastic, the program may be easily modified to continue the

trajectories after the collision. If the electrons are absorbed by the

conductors, the fraction of electrons striking the conductors should be

added to the fraction of electrons contained. If secondary Compton

electrons are produced from these electrons, and data is available con-

cerning the initial velocity distribution of the secondary electrons,
:

the program may be modified to account for this phenomenon.

Another consideration that arises due to the finite size of the

conductors is

themselves by

fact that the

that Compton electrons could be produced on the conductors

the incomfig radiation.
(15)

Closely related to this is the

conductor would shield a portion of the ground plane from

the incoming radiation.{15} Both of these phenomena are dependent on the

direction of the incoming radiation. These effects were ignored in the

present analysis, but could be accounted for if more detailed informa-

tion concerning them were available.

It is useful to calculate the ratio V V@ for the various spacings
d

of conductors used for this figuration where V
o
is the potential of the

conductor and Vm is the potential at z = =. If the energy of the elec-

tron, normalized to the potential energy of an electron at z = =, is
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less than this value of VOfl~, it is impossible for the electron to

strike the conductor.

‘b’s ~
1.0 .25 1*135

1.0 .1 1.38

.5 .25 1.28

.5 .1 1.74

Table IV-3. Vo/V= for Various Spacings

of Conductors

The data for the plots presented on the following pages were ob-

tained using 30 ‘initialpositions for the electrons on the ground plane.

Due &o the increase in computer time needed to calculate each trajectory

the number of trajectories had to be reduced from the 100 used in the

line charge case. For similar reasons, normalized energies of 1.1, 1,3,

and 2.0 were used for the a/b = 1.0 and c/a = .25 spacing only and

the normalized energy of 1.1 was used for the other spacings of b/a =

1.0 and cla = .1, bia = .5 and cia = .25, and bla = .5 and cia = .1.

.
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S.0 Crossed Cylindrical Conductors Case

The potential distribution for the grid of crossed cylindrical

conductors was found using the approach of Section II-3 and the least

squares fitting of Section 11-5. The actual coefficients for the series

for the cases studied are given in Appendix A. For the purpose of com-

parison, the error was calculated using the line charge portion of the

solution along and for the line charge and series solution combined.

Due to the longer bime necessary for calculation, the solution ob-

tained by using only the ser<es form was not calculated. Table IV-4

shows the error obtained for these solutions.

f

Dimensions Mean Squared Error (volts)*

Line charge Series and line
b/a c/a Approximation charge solution

1.0 .25 3.93 x 10
-2

6.28 X 10-4

1.0 .1 7.60 X 10
-3

2.54 X 10
-3

.5 .25 .172 4.09 x 10-3

.5 .1 .243 9.18 X 10-3

5 I

Table IV-4. Mean Squared Error for Two Solukions

On the following pages, potential contour plots are shown for the

spacings shown in Table IV-4. The potentials are those found using the

line charge and series solutions together. The potential of the con-

ductors was normalized to 1.0 and 15 terms of the series solution were

used in each region.
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f

.

Electron trajectory calculations were performed for this case as was

done for the other cases except that 25 initial psitions for the elec-

trons were used. The problems encountered due to the electrons striking

the conductor are the same for this case as they are for the large radii

parallel conductor case and the percentage of the electrons striking

the conductors

~ of O and Tr/4

and 6 value of

as was done in

are shown. Energies of 1.1, 1.3 and 2.0 and values of

radians were used for one spacing only but the 1.1 energy

O radians was used for all spacings to provide comparison
.

the parallel conducting cylinder case. The table below

of Vofl= for the dimensions considered for this case is provided to de-

termine if it is possible for an electron of a given energy to strike

the ”conductors. V. is the potential of the conductors and V- is the

potential of Z+OJ.

3’::”

L-

c/a

.25

.1

.25

.1

vo/vm

1.039

1.172

1,087

1.436

.

Table IV-5. Vofl= for Various Dimensions

.

..

J

6. High Energy Approximation

It.was mentioned in Section III-3 that the approximation of Equa,-

tion (103) was found to be good for high energy electrons for the line

charge cases. To illustrate this, the graph of Figure IV-27 was

produced.
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Figure Iv-27. High Energy Approximation Comparison.

The dotted line represents the plot of the percentage of electrons

.

J—

that would escape according to Equation (103) for an energy of 2.0. The

other lines are the percentage of electrons that escape from the electrcm

trajectory data for the various line charge cases where the energy is 2.0.

It can be seen that this approximation is quite good for a number of the

cases and an investigation of this sort for higher energies shows that

the agreement becomes better as the energy increases. It is not possible

to compare this approximation to the large radii conductor cases due to

the electrons that strike the conductors.
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SECTION V

CONCLUSIONS AND FUTURE

1. Conclusions

It has been found that the incoming radiation in an EMP simulator

will produce Compton electrons on the wall of the simulator. In this

paper techniques have been developed to determine the effectiveness of

using a grid of wires parallel to the wall of the chamber in reducing

the number of these electrons escaping to the working volun’teof the

chamber. Several configurations have been studied and various radii

of the conductors have been considered.

It is not the intention of this paper to present an exhaustive

parametric study of the problem. The computer programs to do this

have been written and a more complete study could

ficient computer time were available. In Section

gested which, it is believed, would substantially

required for these calculations.

be undertaken if suf-

V-2 methods are sug-

reduce the time

For those cases where the conductors could be approximated by

line charges, the solution for the potential distribution was found in

closed form. The single grid case was studied in some detail and data

presented which characterizes the grids. A brief study was made of the

double grid configuration but the results did not justify a more de-

tailed investigation at this time. For each case, the normalized

energies between 1.0 and about 2.0 or 3.0 were found to be the only ,

ones for which actual calculations of the electron trajectories were

required. For normalized energies greater than 2.0 or 3.0 the approxi-

WORK

mation of Equation (103) was found to

For cases of grids of conductors
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be sufficiently accurate.

with large radii the potential o



—

.

- d

was I_oul)d u:;jliyLIIC closc]d form line Cl)dLCJt’$iUIUljLIl),Isd first ap-

proximation with a series solutim added to improve the accuracy. A

least squared error technique was used to match the boundary conditions,

Electron trajectory calculations were performed for each of the cases.

In all cases, reducing the distance from the ground plane to the

conductors resulted in a decrease in the number of electrons escaping

for a given energy. As the conductors approach the ground plane their

potential must increase in order to maintain the same

finity. Thus, the electrons approaching

a higher potential gradient and are more

close to the

likely to be

potential at in-

conductor encounter

repelled the clo:ser

the

and

conductors are to the ground plane.

Significant differences ~e noted between the line charge cases
,

the corres~nding l=ge radii cases, especially when the comparison

is made to the crossed conductor,cases. The rather large radii of the

conductor for which the most data was obtained makes these differences

particularly apparent. More daka was produced for this case to demon-

strate the effects

radii conductors.

and problems which are encountered when using large

It is believed that the data presented in this paper provides in-

sight into the features of the various configurations and shows the c(>m-

parative effectiveness of the grids. As other design considerations

arise, one may wish to more thoroughly investigate a particular case.

The programs in Appendix B provide this capability and may be modified ‘

to include such effects as secondary Compton electrons produced on the

grids, etc.

2. Future Work

It would be advisable to pursue a more detailed study of the prc~blem
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than was possible in this paper. TO do this we suggest the following

method for reducing the time necessary for the electron trajectory cal-

culations. The programs as they are presently constituted recalculate

the gradient of the potential for each iteration from the expression

for the potential. It would appear to be faster to produce a table

from which the gradient of the potential could be found by a “look up”

procedure and a few algebraic manipulations. Since the series solu-

tions are of the form of the product of functions each of which is a

function of only one coordinate variable, this may be easily accom~

plished. A &able could be made of the value of these functions in

the x, y, and z directions and the potential at any point found by

“looking up” the appropriate values and

tial. The gradient could be found in a

multiplying to find the poten-

sirnilarmanner. A similar

table would reduce the time needed to calculate the line charge por-

tion of the gradient. The symmetry of the problem helps to reduce

the amount of storage necessary for this procedure.

The symmetry of the problem also could be used to reduce the num-

ber of electron trajectories it is necessary to calculate. For the

6 = O case, only those

O<y<aneedtobe
——

positions lying on and

initial positions on the ground plane for which

considered and for the 6 = v/4 case only those

to one side of the line x = y need be considered.

.

. .

As mentioned previously, a further investigation into the effects

of the electrons striking the wires and the effects of radiation in-

cident on the wires should be undertaken.
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APPENDIX A

SERSES COEFFICIENTS

1. General

in this appendix are presented the series coefficients found in

solving the

cylindrical

madified by

potential distribution problem of the parallel and crossed

conductors cases. The forms of the equations used were

constant multipliers of the coefficients for ease of com-

parison. The form of the solution and the grid of pints used for the

fitting of the solutions are shown for each geometry. The coefficients

are then tabulated. Unless otherwise specified, all solutions for which

data’is presented used 15 terms of the solution in each region.

‘2. Parallel ~lindrical Conductor Case

The form of ‘thesolutions used is

N

+l(X,Z) = ~ A ‘sinh(n~z/a)cos(nmx/a)/cosh(nnb/a)
n~=1

+ Aoz/b + (pie) +w(x,z)

‘inregion I and

(Al)

‘:1 (~-b)

411(x,2) = f Bn e cos(nnx/a) + (pi~) $K(x,z) (A.2)
n=O

in region 11, where @W(X,Z) is the line charge solution with leading

constants omitted and is given by

$Lc(x,z) = In
cosh(Tr(z+b)/a)- cos(nz/a)
cosh(n(z-b)/a) - cos(nx/a) (A.3)

The term pic is a constant adjusted to insure that the potential given

by the line charge portion of the solution alone is 1.0 on the surface

.

4

of the conductor at x = c. For this geometry the points used for the
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matching of the boundary ‘&onditionswere located on both the upper and

lower surf-acesof the conductor at x c c(n-1)/20, n = 1, 2, ... 20 and

at z s b between the conductors at x = c + (a-c)(n-l)i20, n = 1, 2,

... 20. The coefficients obtained for this case are shown in the

following tables.

●
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n

o

1

2

3

4

5

6

7

8

9

10

11

12

13

14

I
An B

n

4.9658 X 10
-2 I -4.1433 x 10

-2

.1124 -6.9864 X 10-2

.1093 -7.2966 X 10-2

● 1097 I -7.0768 X 10
-2

.1087 I -6.6765 X 10-2

.1040 -6.1244 X 10-2

9.5263 X 10
-2

-5.4364 X 10
-2

8.2513 X 10
-2

-4.6168 X 10
-2

6.7190 X 10
-2

-3.7254 X 10
-2

5.0801 X 10-2 I -2.8161 X 10
-2

3.5376 X 10
-2 I -1.9782 X 10

-2

2.2178 X 10
-2

-1.2608 X 10-2

1.2272 X 10-2 -7.1722 X 10
-3

5.5920 X 10
-3 I -3.3997 x 10-3

1.9014 x 10
-3

-1.2390 X 10
-3

pic = .1468

Mean Squared ErrOr = 1.064 x 10-5

,

.

Table A-1. Series Coefficients for b/a = 1 and
c/a = .25.
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.

n An Bn

o 5.1258 X 10
-3

-6.5851 X 10
-3

1 1.3061 X 10
-2

-9.7048 X 10
-3

2 1.2349 X 10
-2

-1.0518 X 10
-2

3 1.1540 x 10-2 -1.0292 X 10
-2

4 1.1236 X 10-2 -1.0259 X 10-2

5 1.0367 X 10
-2

-9.S966 X 10
-3

6 9.833 X 10-3 -9.2347 X 10
-3

7 8.8173 X 10
-3

-8.2912 X 10-3

8 8.1487 X 10
-3

-7.7003 x 10-3

9 6.9365 x 10-3 -6.5783 X 10-3

10 6.1690 X 10-3 -5.8681 X 10
-3

11 4.9148 x 10
-3

-4.6860 X 10
-3

12 4.1624 X 10
-3

-3.9772 X 10-3

13 2.9810 x 10
-3

-2.8539 X 10
-3

14 2.3538 x 10
-3

-2.2581 X 10
-3

pic = .1168

Mean Squared Error = 7.480 x 10
-5

Table A-2. Series Coefficients for b/a = 1 and
c/a = .1.
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n An B
n

o .1203 -8.7278 X 10
-2

1 .2923 - .1248

2 .2868 - .1354

3 .2895 - .1356

4 .2896 - .1316

5 .2796 - .1248

6 .2578 - .1150

7 .2243 - .1015

8 .1833 -8.5127 X 10
-2

9 .1390 -6.6776 X 10
-2

10 9.7053 x 10-2 -4.8622 X 10
-2

11 6.1043 X 10
-2

-3.2052 X 10-2

12 3.3950 x 10-2 -1.8861 x 10-2

13 1.5586 X 10-2 -9.2421 X 10
-3

14 5.3807 X 10-3 -3.5041 x 10
-3

@C = .2767

Mean Squared Error = 1.558 x 10
-5

.,

,

.

Table A-3. Series Coefficients for b/a = .5 and
c/a = .25.
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,

.

_ g)
+.

—

n

o

1

2

3

4

5

6

7

8

9

10

u

12

13

14

An

8.3083 X 10
-3

2.4198 X 10
-2

2.2805 X 10
-2

2.1002 x 10-2

2.0258 X 10-2

1.8596 X 10-2

1.7653 X 10-2

1.5713 x 10-2

1.4484 X 10
-2

1.2317 X 10
-2

1.0933 x 10
-2

8.7026 X 10
-3

7.3616 X 10
-3

5.2748 X 10
-3

4.1563 X 10
-3

.C= .1867

%n

-1.2195 X 10-2

-1.5803 X 10
-2

-1.7383 X 10-2

-1.7381 X 10-2

-1.7519 x 10-2

-1.6503 X 10-2

-1.5977 x 10-2

-1.4369 X 10-2

-1.3372 X 10-2

-1.1451 x 10-2

-1.0225 X 10-2

-8.1817 X 10
-3

-6.9463 X 10
-3

-4.9956 X 10
-3

-3.9510 x 10
-3

-5
m Squared Error = 2.465 x 10

Table A-4. Series Coefficients for b/a = .5 and
c/a = .1.

- i.)
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3. Crossed Cyl.jndrical Con(luctorsCase—

The forms of the solution used are

I$I(x,y,z) = f f {An,m [cos(nfix/a)cos(mTy/a) + cos(mfix/a)
. .. n=o nl=rl

cos(nTy/a)] sinh(yn,mz)/2sinh(Yn,mb)I + AmZ/b

+ (Pie) 41X(X,Y,Z)

in region I and

(A. 4)

NN

$ll(X,Y,Z) = ~ ~ {B (.5) [cos(nWx/a] cos(mWy/a)
n,m

n=o m=n

-Y~,m(z-b)
+ cos(mKx/a) cos(nry~a)])e + (pic)4K(x,y,z)

(A.5)

c): and @~(x,Y,z) is the line charge

with the leading coefficients omitted

in region II where Y =-
n,m

solution for a single crossed grid

and is given by

+m(x#YA = in :::::::::;:;: ::%%

+ In cosh(~(z+b)) - cos(i’ry/a)
(A.6)

cosh(It(z-b])- cos(my/a)

The term pic is a constant whose value is adjusted to insure that the

potential given by the line charge

x=aandy= c on the conductors.

portion of the solution is 1.0 at

For this geometry the points used

for the matching of the boundary conditions were located at x = c(n-1)/8

and x = c + (a-c)n/9 for n = 1,2, ...9 and at y = c(m-1)/8 and

Y = c + (a-c)m/9 for m = 1, 2, ...9. If the x and y coordinates of

a point corresponded to those of the conductors, points used were on

the upper and lower surfaces of the conductor. If the x and y coor-

dinates of a peint corresponded to the apperture between conductors,

174



the point for the matching of the boundary conditions was located at

z=b. Only those points for which x ~ y were used. The coefficients

obtained for this case are shown in the following tables.

4

.
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●

n,m A B
n,m n,m

00 4.0074 x 10-2 - .1104

01 4.0260 X 10
-2

- .1997

02 .1052 - .1260

03 .1064 - .1101

04 6.272 X 10
-2

-7.1596 X 10
-2

11 - .1722 -7.8816 X 10
-2

12 - .1461 -4.8780 X 10-2

13 -4.5895 X 10
-2

-5.2738 X 10-2

14 -2.0106 X 10
-2

-3.9059 x 10
-2

22 -2.7186 X 10
-2

-1.1611 X 10
-2

23 5.7667 X 10-3 -4.4008 X 10
-2

24 2.5202 X 10
-3

-3.2261 X 10
-2

33 1.5504 x 10
-2

-2.5466 X 10
-2

34 1.7077 x 10
-2

-3.4254 X 10
-2

44 5.1119 x 10
-3

-1.1367 X 10
-2

pic = 8.5354 X 10-2

Mean Squared Error = 6.275 x 10
-4

Table A-5. Series Coefficients for b/a = 1 and
c/a = .25.

176



q

n,m

0,0

0,1

0,2

0,3

0,4

1,1

1,2

1,3

1,4

2,2

2,3

2,4

3,3

3,4

4,4

A
n,m

-7.4821 X 10
-2

-3.913 x 10
-2

3.6006 x 10
-3

8.7687 X 10
-3

5.9525 x 10-4

-4.7650 x 10-2

-3.3415 x 10-2

-1.7365 X 10
-2

-1.2492 x 10
-2

-7.2520 X 10
-3

-6.0480’x 10
-3

-5.0636 x 10-3

-1.6965 X 10
-3

-2.6606 X 10
-3

-1.3321 X 10-3

lic= 7.6011 x 10
-2

B
n,m

- .1020

-6.8826 X 10-2

-2.3307 X 10
-2

-1.8746 X 10-2

-1.4771 x 10-2

-4.2002 X 10
-2

-2.5861 X 10
-i

-1.4637 X 10
-2

-1.1782 X 10
-2

-3.8021 X 10
-3

-5.8940 X 10
-3

-6.0690 X 10-3

-9.3250 X 10
-4

-2.6163 X 10
-3

-3.0276 X 10
-4

leanSquared Error = 2.542 x 10
-3

Table A-6. Series Coefficients for b/a = 1 and
c/a = .1.
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rn,m
0,0

0,1

0,2

0,3

0,4

1,1

1,2

1,3

1,4

2,2

2,3

2,4

3,3

3,4

4,4

A
n,m

.1154

.1755

.2782

.2662

.1599

- .3252

- .2639

-5.4500 x 10-2

-9.6815 X 10
-3

-4.2613 X 10
-2

4.2115 X 10
-2

2.8580 X 10
-2

4.6487 X 10
-2

5,6085 X 10
-2

1.8237 X 10-2

Ipie = .1833

B
nfm

- .2314

- .4097

- .2726

- .2450

- .1639

- .1526

-9.2444 X 10
-2

- .ll17

-9.0271 X 10-2

-2.2307 X 10
-2

-9.6293 X 10
-2

-7.4525 X 10-2

4.2115 X 10
-2

-7.9811 X 10
-2

-2.7425 X 10
-2

IMean Squared Error = 4.089 x 10
-3

Table A-7. Series Coefficients for b/a = .5 and
c/a = .25.



+

n,m

0,0

0,1

0,2

0,3

0,4

1,1

1,2

1,3

1,4

2,2

2;3

2,4

3,3

3,4

4,4

A
n,ln

- .1051

-6.5391 X 10
-2

-1.9930 x 10
-3

1.1666 x 10
-2

7.4902 X 10-3

-7.7180 X 10-2

-5.5072 X 10-2

-2.7487 X 10-2

-1.9461 X 10-2

-1.2776 X 10
-2

-1.0835 X 10-2

-7.3335 x 10
-3

-4.7821 X 10-3

-5.6570 X 10
-3

3.9989 X 10
-3

?ic = .1385

B
n,m

- .1741

- .1336

-3.9764 X 10-2

-3.3880 X 10-2

-2.4173 X 10-2

-7.1494 x 10-2

-4.1261 X 10-2

-2.3332 X 10-2

-1.7427 X 10-2

-4.1782 X 10-3

-7.6550 X 10-3

-9.4613 X 10-3

-1.2948 x 10-3

-1.5460 X 10-3

2.2703 X 10-3

tieanSquared Error = 9.183 x 10-3

I

Table A-8. Series Coefficients for b/a = .5 and
c/a = .1.
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Tb il~uktrate the effect of using more terms in each solution region,

a run was made using 21 terms in each region for the b/a = 1 and c/a =

.25 crossed cylindrical conductor case. The coefficients obtained are @

shown in Table A-9. It can be seen that although the mean squared error

was reduced substantially, the B term changed by only z.6%. Since
0,0

this term, together with the line charge solution, specifies the po-

tential as z becomes infinite, little improvement in the potential

solution is to be expected by the use of the additional terms.
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‘1

n,m A B
n,m n,m

00 4.7666 x 10
-2

- .1120

01 3.6365 X 10
-2

- .2098

02 .1210 - .1206

03 .1222 - .1021

04 9.1829 x 10-2 -8.6371 X 10
-2

05 6.5801 X 10-2 -5.7384 X 10
-2

11 - .1948 -8.6447 X 10
-2

12 - .1645 -2.5389 X 10
-2

13 -5.5210 X 10
-2

-2.0104 X 10
-2

14 -1.4014 x 10-2 -2.8432 X 10-2

15 2.9949 X 10
-2

-4.1628 X 10-2

22 3.0044 x 10
-2

1.0158 X 10-2

23 2.3377 X 10
-3

-9.9481 X 10
-4

24 2.0358 X 10
-2

-2.7769 X 10
-2

25 3.8575 X 10-2 -3.2589 X 10
-2

33 1.8698 X 10
-2

-8.8491 X 10
-3

34 3.6226 X 10-2 -3.0328 X 10
-2

35 3.9910 x 10
-2

-2.9802 X 10-2

44 1.616’7X 10-2 -1.5809 X 10-2

45 3.2051 X 10
-2

-2.6455–x 10
-2

55 1.2009 X 10
-2

-9.4318 X 10
-3

~ic = 8.5354 X 10-2

Jean Squared Error = 3.6146 x 10-4

Table A-9. Series Coefficients for b/a = 1 and
c/a = .25.
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APPENDIX H

COMPUTER PROGW

In this appendix are presented the computer programs used to ob-

tain the data for this paper. These programs appear in pairs. The

EMPEF programs calculated the series cocfficieritsfor the conducting

cylinders cases. Program EMPEF #l calculates the coefficients for the

parallel conducting cylinders case and program EMPEF #2 calculates the

coefficients for the crossed conducting cylinders case. Progr?unBRFHI

#l was used”to obtain the potential contour plots for all the line

charge approximation cases and program BRPHI #2 was used to produce

the potential contour plots for the series solution cases. Program

ETRA #l was used to calculate the electron trajectories for the line

charge approximation cases and program ETRA #2 calculated the electron

trajectories for the series solution cases. All

on the CEC 6500 computer located at Kirtland Air

querque, New Mexico.

the programs were run

Force Base at Albu-
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IF(FTQM. EO. ).O) GCI TCI 500 .---- -.– ...
—---.—----.-—.....4-..—- .,..,.-,..-.--—

GO TO 30 ‘-- ...-.—- .--.-— —-----------..---— ------—--- --—-—— .--.—---..—

AC= VO/PIC( C,g*A!Pt C?]o O)
..--. — ----- . —-<— --- -——— —— . ----- --—- ._.,__ . - —.—

CONT INUF
----------- ------- ---- . . . . . ...- . .. . .. . . . .,------ . ...- —-- -------- .. -----

lF(ETRM. E9. l.fi) GO TO 365
.--— .. .. . . . . . ... . . .. . ------- ------ .-- .._ . ..-— .. .._. -. .---— .

DO 250 J=l QNI’~”-
.-. —_— . . ...-. .— —.’.-. —--- — . - -.—. -——— —-- -. —-- ,.-- —---- - __

DO 200 N= IGNN ---”-” ‘—----’- ””-’--- ‘“”-
------------- -------- . .. ... .. . ..-.”... .. . . . . . . ..- ..- ..-.

Do 100 L=l QLL - ‘---—-‘- ‘-—---- ‘--- ---------- -.--—. -–__-—,- . ..._ _ .-.,. __,

X=f’G (~ ●@OL-l “o) / (1 ●ooL\l..- . .... . ... . . . . . . . . . . . . . . . ___ . . ---- .._. -—. --_... -..- .-...-.. — -..-7.
YV=R-SOQT (C”o~-X002)
Y?= Q* SOQ7(CD O?- X* Q2) ”--- ----- .. . .. . . .—-.. —. ..- -— -.. .______ ._ ___ _., _- ._. _ ---

-..
AA(JQN) =PIl(N*Xt YFJ~AIR* C)”? II(J*X* YN*A*RQC)+AA (J*N)

.. ... . . . . . . . . . ... ----
....

“AA(J+!JN, N+ NN)=p12(Nt X\ YPtA~i3~C )0 P12(J!X~YP*A* B~C)+AA (J+ NNIN*NN) ’-.-.”-” ‘“
100 CONTINUE “- “:’- - “ ““’
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DO 200 ~=1 cK~—–—--–-—-----——-
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X= C+[4-C)9[]. I19K-] ,Q
PJl=~Il(J,x,BtA*~,c)
pJ?=D12(J* X+8t At BtC)
pJ?=-PJ2 - ----

)/(I,O*KK) ““ ‘“ “
---- .. . . . . . . . . .

opJl=DPr l(J,x*e?h,8*c)
. . .. .. . . ______ . .. . .. . . ------ -- .,-_-L----- .,r _____ —---

DpJ?=DPT2(Jex*Bs A,8*c) ... ----- . .. —---- ------ .. .... . . . . . .. . .----- . .. . . . =--_- ---

DPJ?=-0PJ2
,.. . . . . .. . . . . ------- . . . . .. . -- .,.., , ._,..+>-- ---- —.- . .. . . .

AA(.IQN) =AA(Jw’!)*PT1(N *X, at AtRtC}ePJ]*D~Il(N *X+RtA,QtC)~f)PJl . - .- . ----- --

AA(J+NNcN} =AA(J*KIN,N) ●P1l(FIsX,R, A,P,C)5PJ2*[)0 Il(N,XcRr A~B*c)”OPJ2——
AA (J*W4*N*NN) =AA(J*NN ,N+NV)-p 12(N*XtB*AQEt C) ~PJ2-~p12(’JtXtB*At8 *C) “ ‘-.

}a~~J~
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CONTINUE - “
. .. --—.— ....—-—. ..-. —— .-. ._ ..- .- .--.,- .._ ------- -_, -

DO 750 L=liLL-”
-.-—-- . —— ..—------ -_ -,,__ _______ ______ ---- -,-_

x=c@(].O~L-l.n)/(1.OSLL )-—-----–’---––
-—-.—- ---- ..-.-— ------- .-—.-- .— - . . .. ___ -

YV=~-’50PT (C0G7-XOC2)
. — ------- .—— .-.-—-—- -— — -———---—.

y?=il&soQT(ce~>-xeQ2 ). ‘–-—- –—-–— ---------- -.–- -- .. ..-—-— ________ _

Ba(J)=~~(J)*P[l(JcX*yN* As BtC)O(VO-?IC (xt{~*A* 5*C~AC)) ‘ - ““ -
I?9(J*NN} =BQ(J*%V)+P12(J ~XsYPt As5tC]*(Va-?IC(X~ YPrh,RtC,4C))
CONTINUE”’-–’- ‘-- ‘- ‘“” ‘“ ‘- ‘“” - ““-- “-

- . ---- .— —____

eQeovoosQes.oQT~Is- Is THE vEXT c~~~ENT CA,QD oo*ea*aoo*=-————

F4SO=VNONN”—–– —“—-’--
— --- -.- .. - —- — -,____________ —- . —-

NSO=VSO*4 ---- ‘-”-””-”-–-’-” ‘--””-- ““--”—-’---” ‘--- “----’
- .—-- --- --- ..- ---- .. . .. . . ---—

hJ=NNa2” ‘-—

<=} ‘--- .-–—-—-—- --—----””- ”- ‘–-–-– --——-”””--’----–’” ------- ‘—” ‘“ ‘--”---”-
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—-— ..- ——__ ____ ———.—.—___ _
—--- - . . . -------- -.. ..-— .. ----- .- ..-. . ..+-. .. -.,. ---- ------ ,.-, .-G

DO 325-l=ItyS~
J=J+} - “

.-.—---- ..- ——-— -.. ———. ------

AA(I)=A4(J,K ~“----”.-—–-’- “—---—” -””------------- ‘- ——-”—-—--
— .- -. .-

IF(J.FOcN} K=K*l
----- . . .--—-- . . .. ... .. . . .. . .. --,- -.-—--- -- --—- . - -. —--- -.—.—. - -——

IF(J.F().N).J=fi
-------- . .. . . .. . . . . . .. .. . . .. . . . . . . . .. . . .. . . . . . . . . . . . . _- . ..-_ ,- .,----- --.

---——- .— _ _______ _
CONTINUE -

—.— .—____

P?IFJT ]oo2,N’--””-—””-- ‘--–-”-——----”--–”——-
——-- —______ ___ ..-.__

IF(N.LT.30) p41MT 100lt(AA (I)t I=lTNSQ)
.-. ___ .- . —. ——.-— .. .— -—-— . _. ------

-- - .. --- -. . —— . ---- . _ . ..__
?RINT 1~03

-—-

PR~NT 1001 .(Ba(I);I=} *N)
--—. - - -——___ .—. —-— ---—.-—— ----——-— .. . .. ....-—

CIILL MATSOLV( Vt3*IXt TRI~AdsOsBRtXXi- - ‘---–-—–-—--
—-—--——- —-- -_

P2JNT 1004
. ------ .. ---- ---------- .._ ------- -. ___ ---- .. ______
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p~f~T ]001 . (XX(~} ,-1=~, N) - —----------
—-—- .—-— ——— ——. —.

Da 350 1=1. 1.!000
—----- ---------- ------ -——-- .-. -. —- -—-. ---. -. ———_- . ....- —.-

--— —.. .— -- .... ...— —.. ______ -. .._.,__ .. .. . . . .. . . . . .. . . . . . . .. .,---
All(r) =o. o
DO 360 l=lc-l OO--—---

—.. —- ——---— .— —— —--—____ _.

RR(l) =O. O ‘--
—--—— ..__ ..-. -—— .-___ ------ ____ . . .

CONTINUE “- -
-.--—.—- . . -——-—-.---—. —.— —— -—

ALSO QEMOVE ~+E FOLLOWING CARDS TO CHAVGE PROGRAq “ ‘-- ‘ “ - ‘---’ ‘–--’”
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CDNT INUE .:-”._ . _______ . .. __-., -- -------- . . .
ERR1=o. o
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c2R?=@.’o–-
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DO 375 L= I*LL

.. —., -— ------------ ,.—--- -.. . . . .. . . ..- ------- . . .. . . . . .- —..- ... .. . -----------
. . ...-. . ------- . . . . . . . . ... . . . . . . . . . .. . . .. . . . . . . . . . .. -------- ---

X= Ce(l, OVL-l. P)/(l. OOLL] ‘--””.””.-..,.. - ..
YN=fl-sfln T(c~”?-x~02}

. ..- . . -------- . . . . . . . . .. . . . .... . . . . . . ... . . . .. .. . . . . . . . . . . . . .—-. .
----- -. ~p=q+qn2T ~co=,-xe~,) . .... . . .. . . . . . .-—-..-– .. .. . ... . ---.--- -- . . ..-. —------- ------ .. . .. . . ..- -.
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~Q~,’=vo-p ~; ( ~ , ~N , h;~,c, *C)–------—-- -.--— ----------- -— ----- .---. -—..-. .. . . . .. . . .. . .

E2R?=V0 -P Ic(~t YP, At BtCt AC)”” ‘-.. .“ “’”- -
. . . .. .. . . . . . .. . . ..- ---- . ---- ,. . ..

DO 370 N= IcNN
,- .. . . ,----- . . .. . .,, .. . . . . . . . .. . . -. ... .. . . . . . . . . .

Ef?Rl=EQ~l -pll(Vt X, YN, A, R* C) ’}XX(N) “-
. . . . . ..- . . . . . .. . . . . . . . .. . . . . ... . . . . . . . . . . . .--

ERR2=ERQ2-P 12( V9X, YP, A, B1C)*XX(N+NN. .)-
.. . . . . -., ---- . .. . . ... ----- -. -.. .- . ;.....--_ -----

COMTINUE
--- -... -.--—-- .- —— - ..-. .. --— .. . . . .. . .. . . . . . -. —..

ERQs=EQl?s +ERkl” ERPl+ERR2’ERR2 ------. ––---”-
-.. -.... -— . . . . . . .. . . .. —-.-—- -. - - . --

CONTINUE “ “ “ ‘“ “ “ ‘“ .’. - ‘---------”-- - “-’.----—---—-–—---–” ‘“-----..---- ..— — .-- —----- —-—---- —— ----- ...—. ------ -— ----- --.—- .-. .— ---- ..---
EQPi?=O ,0 --__._— -- _____ __-__ --__ -—-. -.———-— ------ ---
E2P]=0. O —----- —.-. .— —-- .— -------- -------- .----. — -------- .....—. .-
00 395 K=l, KK

------- . . .. .. ..
——— —— -- ...— — .— ---- ------ . -.—

X= C+(&-C) V(l.06K-)/(l*O@KK)
--- —.. — -— ..-

——. -
DO-3;0 ti:l; tiq-—---” --

—— —— -—— —
-.. .— –__

ERpl=E~Rl +lXX(V) @OIl(N~XS BCAt B* C)- XX(N*NN) op12(N* YtRt Atq*C)l - ‘..-”--”-’—. . .
ERR.? =ERN2+(XX (N) OnPIl(Nt X tBt As8*C)-DP 12( V* X~B~At Bt C)~XX(N+NN ))-’—-–——–
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iONf IiUE-”” - . “’”’
... .,. . . . . . . . .. . s---------- .-. .

ERR S= ERRS:ERR}: ERQ1+ERR20ERR2
-—— -—-—— —-..—- -— -—-— -— ....— .-— .

EI?Rl=Oo O “’”- - “-
,..- . ..- ——— —— -—— .-— -—-- —— —-- -

E2RZ=O;0
-----—- —-- .-—-— . ... —--- — - . ..- ..- . ----------- -. - — .- —-... ..---, . ..— .. —- -

CONT ,NUE .—-–--. —- —...--—— . . .. . . . . .. . . .- -— —-— ... .—.. .-. —.. --- .,,--- .- ----- .

ERRs=ENQs/ (2. ~O(LL+KK))
-— --- .- . . . . . .. . .. . . ._ .---- ------------ -------- . .. . . ...- .

P?lhl T 1005, ERRS
.------- —— . ..-— —.-— ------------ .-.. ”— --. ..— —— -- ------- —

foPMAT(~ MEAV SOIJAI+ED Ei?a OR = ~,G~l,4)
. ..-. . .. . . . . . . . . .. . . . . . .

CONTINUE - ‘ . . . . . . .
.. ----- . . . . . ..- —--— —— — .—-— -.. — ..---- .-—

IF(Ac, ~~, (),()) fjo “T() 20’””- ‘--- ‘-.. —-–-- ..-----:... –_,_______ - _- .--- ..,. . .- —..-..

STOp RF~OVING CARnS AT THIS POINT .’. ~ ‘-
. . ...!... -., ,.- . . . .. . . . . . . . . .. .

GO TOIO ..-”
-.-...— ------.-..-—.— ----------.....----- ..-----

——-—-—-— —-- .—-----——
CONTINUE-–-–——

— —— --- —----- --. —.—
STOP ----- .——-.——.— — —— -——— .—— —
END . ., .. . ..-.. -—-._,. . . . . . ... . ... . ... . .. . .. . . . . . . . ... . . . . . .. .. . . .. .. . ... . . . . . ... . ... . .. . . .

NOLIST
FUNCTION DP11(N*XSy*A*9*c)
OPIl=(PI l(N, X, Y, A.6, C)-PIl(N, XtY-Ro, Os!A!@!c) )/(88 .10) ---—.-- .-’”-’”’--–-—.
RETURN” “ ‘

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

ENn
. .. .. . ...- -.. -. —— -- .- —.. — -. . ..-. ... . .. . . .. . . . . . . .- —..- ——. -— --- ...— ...--. . ------- .-

FUNCTION DP12[Ntxt YrAt13t C) ‘“ - ‘“”
. .. . . . .. . . . . . .. .. . . .. . .. . . .-. ..— . . . .---- -.

op12=(p12( N?xf Y+ RQ.05t A~B9C) -P12(N, X, YtA, BtC))/(B@O~O). - .--———--.--—-
FIETURN ““ ‘“” ““ ‘“ ““ ‘“-. - ... . -’. ”-”-’-.’”

------

END
. . .----- ------- ------- . .. --— ----- .. . ..- ------- . .-. .—. . ..--. — .. . . . .. . ..-. .--. —.- _--l

FIJNCTION PI1 (rJ, X* YtA~B, C)-—” ‘-—--- ”-------” —--–—---—
— .—— —-__—

91=3. ]4]59 ““ “-- -
. .. . . . .. . . .. . . . . -. ..-. . .. . . . . . . . . . . . . . .. . . . . . ... .. . ..

AN=FLOATot)’”-
.--- —.- ..-. .-. — ...-. . . . ... . . . . . ... . . . . . . . . . . . . . .-.-,_. .-- .,._ .

FACT= (A N-l. O) OPl/A
--, ..- —-------- .. . ..-. .— ______ .. -—-- -------- —. ___ ,. .-_ ..-_ __—

IF(AN. E~. leO) GO TO 100 ‘- “-”. ‘-
. . . .. . . ---- ---------- -- _-,.. .T. - . -—..

. ...... ..- ------ .. . . . .. -------- ..-,
PIl=SINH(F AC TsY)v COS(F4CT@X )/S INH(FACTo8) “– “ , ,.
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GO TO 200 ‘“”
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PIl=Y/fl
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FUNCTION PI~(’4tXiYtA~BsC) .- . . . . . . . . . .

PI=3.14159 .
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AN= FLOI$T (N) “-”
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. .. . . . . . . . . ..—- ..___ .--, —_________ .—-.—- .._— —--— .— -- ... —- —____

FU~CTIoN PIC(Xt YtAJ8t CtACI—-——-—--–———— —_-
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--. .— ---- .- .....--— .-. — —-————— ——— ——. — —— ---- -

Eu?EF*ps *T177*c~60000. ‘-- ““
. . .. . . . . . . . . . . . . - ..-. . . .. .. ,-----

TL5<(GuRn Ax,4695nl o4-5oH$ELE?
—— .- .--— -— —

)
-.. .—— —-. —--— ,. --- -. _____ ___

OAFdLo
. ... .. .. . . —- .. -.. _ . . . . . .. . . . . . . ------- -------- . . . . . . .-.--

RuN(A~ , ,TAP~z)----.’- —.”-— -----
~---- ——— —. —--- .—— —--- —-.—- --. -.— ---- -—--

pPEs ETO .
... .. —-—. . .. .. ----- ,...-.,, . ... . ... ... . . . .. ......- .. . .. . . . . . ------- ,, . .. . . . . .. . .. ,-----

~*p(p ART) .. . . . . . . . .. . . — -.-_. _-... --- T__.. -.. _-.. T... --- ------- . . . . .. . . .... . . . ------ ,-------

LGO; “’ ‘---- ‘——-.-—.
——< ——-. — —-- ---. .- ———. -—--- --- —----- .- —.-..__ ___

..—. ------ ---- ... . . ... .— - .------ .— ---- ------- .----— .—-— .. —-- ..- —... .. . . . . . . ...— —
EXIT(S) . ““
no(joool)()()r3c)()()ooo(-)ooo oo—----------”- ‘--

—. ----- ... --— -——— ------- . ------- ---...—- ----

cAaos. ...
,.

1000
1001
1002
1003
1004

]0

. .

c’-.

. . . .
. .

“.- . . .

. . . .. ... . . . . . . . .. —----- -— .. ----- ..----- ... . ... . .--—. .-- _.,.. ,------ .. . . . ... .. ...

PROGI?AM EHPEF( IVpUT. OUTpUT)-—”–-—-’—-—. - ‘“” ““-.-’--–— . ----— -----------------
DIMENSION IX(lOO) ;TRI’(lOOOO ), A4(100tlo O) t813(100) tXX ( 100)----- -—..--—— —

. . . ..
EOIJIVALFVCE (~At TQI)

,------- ... . ..- . .. .. . . . .-. ..-. -—. - ------ .. ---- . . . .. .-_ .—. ..- .___,

FO?,MAT(3F7,3,41G) ..: . ------- --- -.., . . . . .
...-. .. —--- . . . .. . . .. . . . ... .. . . . . ----

F02’.’LT (~}{ ., ~nG1 ~ ●4). . ..-_. _-.._. . ... .--------- - -–.-—_- --__ ..--; -,_______ __

FOR~4AT(lSH NAT?rx AA “N=-: ~13) ........... . .............. .... ...... ........
....

FO~~JAT(]5H PiT?IX iEl “ )“ ‘“ ----
- ..... —..—. . . . . . . . . . . .. ----

Foi7u AT(l SH M~TQIX X
.. . .. . -..

) . ””””--.-”
------ -.

.. ---- .-- .-.-— .— .._ ... . .. ..- ... ... .. ,._.,___ -
CONT INUE ‘
2EA() 1000tA~~oC~Filot.J?*KKtVN ‘-” .“ ‘“ - .“

-- .. ..— ------ . . . . . . . .. . . -. -..,_

?QINT 1000 tA”i4t C*hJlt N2~KK?NN ‘ “ “ “ .
-. .-.., ---- .’ .-. . . . . . .... . . . . . . ..:

If(~o FO. o.o) Go Tf) ~oo . . . .. ... . .
-------- . .. .. ..- . ... ---- . ..--. .. . . . . . . . . . . ___

~EAII 1000, VO
. . . . . . . . . . . . . . . . ... . . . . . . . .. .. . . -. .-, .-_.

i?EMOVC THE CAQDS PETWEEN THIS ANO THE NEXT. COHMENT CARD TO CHANGE PROGs
AC=O, O -

. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---
LN=NN ---------------------------- . . .— -,-. . .. . . ... .. -. .,--- -— -- .. —— -- ——— .—. —

IF(NNo GT, O) AC=l.o/(PIC(CSB~A;R?CQl.O)+PIC(A~BsA~RsC~l,O)) ‘- --...,...—.—

NN=KK ‘--- .
. ------- - . . . ------- — .- . .._- .-- —..- .--’- .— - .- —-- -. —.. .— -, ----- -_

DO 20 J= I tKK ‘“-.. “ ‘. ‘..--’--’----–––- ‘---– ‘“-
----- .--. ----— —----- -—- .. -—- .—. —_

NV= NN*KK-J
. ... .. -------- — ----- —-- .- —-----— . . . - —-------- .,-- -. —-.. ..— —-. ,— ,,... _

IF(LN. EO.5) GO TO 370
.__ . ... .-. —---- . .. ---- .-. —..-. ---------- .- ..-,- . . .. . . .. . . . . . . . ..- .-. _

Is TE?=O*O
. . . . ..- . ....-. -—------ —. . .... . . . .... .. . . . . . . . ... -- .-., ., —.,--- ... ----- . .-...-,-- . . . .. .

IJI =0 ‘- ‘-”-”--
.—. -—-. --. — ---——— .—. — -------------- ------ -— --- -------- -.-—- ___

—--l~i=l —— — —-— .
. . Do 300 ~=1 INN-_.,.._-.-.-.-—. -—.. -.,--. —-. --,------------- —--..-—- .- —._._- ._’

. .
IJ1=IJ1+l

. ... . . .._ --- . .._.-. .. . . . .. . . . . . . . . ... ... . . . .. . . . . . .... . . ,--- . . . . . .-- .,_ ‘
~J2=*J1 ●lsTE. ___-.. __._-_. -—-–-— .. . . —- . . –- -------- —--. ----,. -.— ,, .--,. ---.-.., ..-

IF(IJ2.6T. KK) I.11=1 - “--
.—----- ------ .-. -.. .— —-.. .-—-- .—-— ------ ... ----- .-.----.,- .

IF(IJ?. GT, KY) ISTFP=ISTE?+I ‘-
------- . . . . . . . . ------ ------ . . . . . . .. . . .,,-. ..—,.-

--- xF(]J2eGT.KK~ IJ2=IJ1’1STEP.”‘-.-–--”“--.”- .—.. —--- .-.---—-..-.—-— .__

VSTFP=O.O.- ‘—”” .“--’
--------.,,-----...... ....-.-.—....---,...,,-----.............. .

~N1=o ...... ................ ..-– .............. .. .... .. ........—----.----------,_______

.. — —---- —- - .....-—— . .....

J
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,- .-—.
~N2=1. -- -- - . . . ..--— . . . . . . . . . . . . . . . . . . ., ., .-’. -. .. . . . . . -,

. -----
00 300 N=l,NN ‘–-”-----”--“—- --‘--~- -‘.. “ —. .-....... ..... ...........-------,

..,. I’w}=rNl+l - --------.-—..--------......------. ...... ..._._.- ....... ......-----

“-—. ‘IW?=lN1●NSTEP”–--—–— -— .-— —.- ---,-.—-_._..-.___ _-_..__..-._...-....... ..
.. .

IF{ IN2. fiT. KKl ‘ItJI=l ““
. .. . . . ...- ------- . . .. . . . . .. . . . . . .... -. .,.,-. . . . . ... . .-. -,----- _

.. .
IF fIN?. G’T. KKl VSTEP=NSTEP*I ‘ ‘-”- “ “- ‘. “’” ““ “- “ ‘----. .
IF{IV?,(iT,KKl ~h,~=~~]+~~~Ep -------------------------------------------------_________

...-
LL=N]+N2 ... .- .. .. .. .----...... .... .. .......... ........-------....-’,_-

.. .
DO 300 LI=l,LL— —-—______ —.—

Y= FLOh~(L 1- I}”~c/FLOAT(NI-l }
-- ..---—-- —- . . . . ______ -------- --- ...____ . --- ->-----

IF(Y. GT. C) Y= C+ FLr)AT(L 1-N II*(A-C)/FLCIAT (N2} ‘-———--—–
DO 300 L2=I!LL” ‘. “- - . - ‘-- ”----

--------- ,-. .—. - .— ----- - . .=------- .

x= FLo AT(L2-11 *c/FL oAT(Nl-1 )“---””
..-. —_..,—---- -—-- -—-—- ______

I&txc GT. c) x= C+ FL04T(L2-N I) Q(A-C)/FLOAT(92)
-.---— -—.—--- —--- .. ___ ___

lFf’f.GT.X} GO TO 300 . .-::’ .-.-.----—— ----------..-—- -—_

IF(Y. GT. CI GO TO 100
. . .-

zP=Fl+~OUT(cO*7-ySo2)

ZV=P-SORT (c@u~_y*e~ }’-’—--——–.__
——.—-—- —-——

GO TO 200‘---—-—. —— --‘----——–’-”- ‘-‘“--—––—- -‘—--—--—-
ZP=R -

..--—— __. L .——- ---—. ____ —— —___

——. .
. .

.— .—--

. . .. . .
------ -.

-----
-.. .

100 -.. .. ZN=R —. ——— ———. .-. .— —-- —____ —-. -—

?._

,200 “CWTJME”
.—— —— —

PJ]=Pll (I JIG1-!Z CYqYtZ}l, A~BSC)
-. ...-. . . . . . . .. .. . . ---— _. _.. _ ._ =___----- -------- ____

----
?J? =-012(IJ ]!l J2tvt YtZp tAt RtC)

----- —
,...

AA(JeN)=PI~(I*)l,[tJzsX*Y •zV.AtRTC)*~Jl+AA(Jt}/) - ~—------ ---— .——--— ---- . . . .. . —
. . .

AA(.J+NN, N+ Nld )=- ~I?(INl~lN?tXtY*ZP~As 8*c)o PJ2+AA(J. NN*N*NN }
-. —---- . . . . .. .

.- IF(Y. LT, C) GQ TO ?50
. . -= .._. . .._-. . -

‘------ ~DJ}=f)pl] (~ Jl, rJ~, x,y, zt+, &,~; c)”––--–—— ——— ‘-——

D= J?=nPIZ (I J1*IJ?*Xt YrZh~~ At BtC) “’
-. —--- .--. .-— —-.-—.-. -------- .. ——— —-— . .. -.--—-_

DP.J?=-0PJ2
.—. . .. ---- -’. ,.. ---- .. ----- .. . . . . ,-----

.,. ,
AA(J+N~ltN )= AA(J*NucN)*P[ ~(INlt IN2, X, YtZN, At B* C)~?.J2+OP [l(i Nlr IN2t

- ,-. —. .
---

kX+Ys,Ztd, &t B. C) ’>DPJ? ““ ‘--- ‘----’
------ . . . .- .-— -. ._ ._. - _________

-—.
A4(Jt N)= AA(J*”4)+oPIl(INl tIM2tXtYt7VrA~~~C) ‘OPJ1 “–

-- . . .. -...—______ ._. _ ._
. . .. . .

AA{ J+ NN*M*NN} =AA(J+NN, N+VV) -~ P12(IVI GIV2t XsY12Nt A,Rt C)@ DPJ2” - ‘---”- ‘.—--—.
AA(J*~f+Nk/)=A4(JtN+NN} -?12(INl tIN2tX,YtZN~A tB, C) e~J1-0P12(INlt IN2t

-— —
-..

l’XcYtzklt fi,BtC)*DPJl
. . . .. . . —-

250 COMT.TNUE
-- . - - - .—.-.——--- . . .. - , --- ..-. _- . -—----- .—---- _________ -_..__,_ ._ _

.—... . .- —_. -----— _________ .-_.
JF(N.GT. l)”ti~”-TO 300

-—-— ——-—----
..-. .

IF(Y.GT.c] Go TO ?OO-”–—–--–---”-” ‘-––— —–”------— -——–”---— --—--——-. .-
8~[J)=SR (J} +PIl(]Jl!IJ2 tX,Yt ZNr A,.8tC)*fV0-{PIC (X,7;, A*B*CSAC) +------ ‘–-

lPIc(Y,ZN,AQB* C*AC)))
,. .-. —. . . . .. . .. . . .

H9(J+NN }= OR(J*VV)+P12(IJI SIJ2~XTY tZPt At B* C)o(V0- (p IC(Xt ZPt A*9f Ct”
------ .

----
lAC)+Pr C(Yt ZPt A~B~ct AC})l “-- “--- ‘- - ‘“- ”-”--

. ----- .. —.- . . . . ..- ----- -------

‘-300 COMTIWE”” ““-’-—” --
.- . . ..— — ..—-— .. —---— ---. — —.— ____ -

c *eaeooeeosev~THIs IS THE VFXT COMMENT CA?D—._.
e#c. *6eoo*B -’-- ”--”” ”-. —---—.- —

$4SO=NNONN
... —--- ..—- - .—._ ... ..:. _ _ ._ .._ . . ------ ---- .,,..- —-

. . ..- -— . .. . . .. —..- ., ..._ -. .-._., .. ___ ._---. -------- ,_ ._..
NSQ=VSO*4

. .-. —-_-__,
- - ----- . ------

N=NN~2
-.——_ _____ _______ .- _-, ..__ .._. .

..- -..—.
K=l ‘“--

—_——,—_ -—..-—___ –----_____________ ..

,..-, - . .. . . . .-. _ . . .



-.—. . . . . . .. ..——. . —— ---- ... . . . . . .. . ,---------------- .. . - .-. . . . .. --- . . . _ .. .
(- J=O

““.. ~~ 325 l=l,NsO—’ . . .. -—---- . . .. . . . .- .--,- . . . . .— .. ---- ----- . . . . . . . . . .. —- ----
—-—. — ...—- ——.. — .— --- .- —--- .---, -. . . . . . .--—. —-- . ---- -,. .— -.. ,------- .—. .

,, J:J+]” “’------
. .. . .. - .

AA(I) =AA(J, K) ‘-.-”- ‘“-. ‘—-’--””’-.---—-’” ‘“’-
—.—— —— —— -.. .. . . . .. .. .. - - -

..-.
IF(J. EO. N) K=K+l

.- _. ..- -- -— ..-.,. . . .. . . . . .. .. . . . . . . . ..— --- . . .. . . . . -. .,.- ., ---- . . .
--- . . --. ..—...— ------------- .- .-..., ., .”-, . . . . . . . . .

]F(J, EO. N)J=O
.- .

.- ...- .-. ..—.. . . . . . . . . . . . . . . ------- . .. . . . -- . . . .. . . .. . .. . . . ----- . . .. . . .-
. 325 CONTI~UE

.- PRINT ~*02, N . - . -:----------------- . . . . ----- . . . ----- . ... . .. . . . .. . . . . ... . . . . .
. . ..—-.

<. iIF(N. LT.30) pqINT 1001.;(AA(I)’*l=l*VSQ)”
-—.--— —-

......
- PQINT 1003

. . . . . . . ... . . .. ------ .- —— - -, . . . . . . .. . . . . . —-.
. . . . . ,----- ... ----- . . ..- ...-. .——.—.---— ~—---—- ,.— —

PRINT lnOls(f~q (I). l=lt N)--”—...—.
>~CALL NAT SOLV( N~301Xt TRIt AAt OtR8tx X)

.. ---- .. . . . . . . .. . . .—.-.. — -. . . . . . .—-.. ------
.?,. --’. .. . ..- .— ----- -—,.-—- .--. — ---------- .- —.— —.—. -

P?INT ln04 “’. . .
.“. .< : ?RINT 10o], (Y. X( I)-t I=l\N) '-"---. ------ .''---"----.'"----""----'-"---.""""------"". ‘- .--’ -

‘-’ ““ Do 350 1=1.10000”
...——-.—-— ....-—. --------.—— ..-—— —-- —---.—.—-—

*

.—. ——-— — .—— ———— —--— ....—
:-350,Ai(r)=ooo-:-,---

“ 00 360 I=1*1OO
———— .-—

.... . ..--—-— —----—- ..-—- ------.....-—.---— .—— .—----—---— ..—— ...
.:;89(1)=0.0.-— — ——- --—- .-—— ..—-. .——-—.—— -..-.,-.-----------------

360 cONTINUF
. .. c ALSO REHovE T’{E FOLLOWING’ CARDS TO CHANGE PROGI?AY ‘–-------------—

—-
—--, . Go To 366--—–.--..– ---—__ .- —--- . .. . . . . . . . . .. . . . ---...-———— -— — ——— —

-----
.. -—. — --—— .-- —.-— —.—-— —-— —-. .— _-- —__
-,370 CONTINUE

DO 365 1=1;100
.--.—— ----—-...—----.-.------....-—.......------—-.—--- ..-.,.....—-

355 Xx(!)=o.o
..-------— ----—- .-—.—-.— ..—- ..—.--..——— —— .—-— — .—-.—

-366

—----
. .

----

.-- .. .
..

-.2100

.’ ?200

i ... .
;___ --

.“-. .

.. . .

i .-..
.. .

..-. -.———- —. .-. . .. -—-. . . . .
CONT INUE=

.. -,.-. ------ - . - . --, . . . ... .. . . . . ..... . . . . . . .. —’. .
—..——— -_-. — --—- ..-. -— —- -—-—.—-—-—-—-——- .. _.. - ----- .

NPT. O
El+?s:o .r-1”--”—–--------”.....---- .------ --------.---------.—---- . .. ..... . ........ . . . . .
00 1600 L1=l$LL

. . . . . .. —--— --- —-- —---- .--— .— -—- .-—-— --. ..— .— ..- ... . . ...- .—

Y= FL04T(L 1-1) ’3C/ FL OAT(~ll -1)
......-. .. ... ...-------............— .--.,- ------..

IF(Y. GT. C) Y= C+ FLn A1(L1-Nl )”(A-c)/FL0AT(N2) “- ‘“-: ““. - ““ ‘- - ‘-
. . . . .. ..- ---

oo 1590 L2=1+LL ~~~~ . . -.
. . . . . . . . .. ... . .. .. . . . ----- .. . .

x= FLo&T(L2- l)9c/FLo AT (Ml -l )’”.-
------ . . . . . . . ..- ..-----—-— ——. -— .— ----- ------- .

IF(X. GT. C) X=c+FLOAT (L2-Nl) e(A-C) /FLOAT (N2)
IF(Y. GT .x) GO TO 1600
IF(Y, GT, C) GO TO 7100–—-”——

.——-—., .—-_ —-—--

2P=R+50RT(C~->-YS*2) ----------------- ,. ,
. . . . . . . ----- .--, .. .. . . . . . .. . , . . . .. . . . ... .

zN=R-so QT(c~”’2-Y *52) –-.’ --- ”-’--- ”-’”-.’’-- ”-”” -- ‘“—---—–---.--—-
. . .. —- -. --— -.

GO TO 2200
....—.-. _______ .—-----.— —......-.-.—— —- —---.---—.---..— _.,

zP=R ---- -.--— —-— — -— ----- .-— — -— -. -—-— —----- — .- —-—.-

ZN=U
----- ------- ----- —--- ------ .. . . . . . .. .. .--- .— .-. --------- ------- .. ----- . . ..-— .,,.-. .

CONTINUE-
.— --— -——c--— .—. .—-— ..- ,---- .. . . . .. ----- ----- --—. -. .-.., . . . .. . . ..- -,-

~pT=,dp T+l”..-_-._. _.. -. —.-. – . ..-. ______ -- —---- . . -.-. --:--------------- . . . . . . . ..- -. .-—-.

NSTEP=O
—— .—. -- ——-— — .. -—- .-- —-.—-- .-, —...- ------- .- —- ------ . ... . . .. ..- ------ ,___ d

I!dl=I)——— — .-—- —.--—-—--- . . . ..... ---. —---.. . . . . ...- ... .... . ...—---- .

iv;=]-“-”-—-–_ -- —---- .—. .— —--— ..---— ....— -------- .- —----- .- ......-- ._,_ _-, -

ERQ1=ERR2=0. O
----- ---- .—. . ..- -. .. . . . . . . . . . . . . . . . .

IF(Y. LE. C) E2’?l=- PIC(XSZV tAt13t CtAC)-P IC(Y*ZN tA~Bt Ct AC)””--’ -
-. ..-. .,-. ,— -- -

IF(Y, LEe C) E>q2=- P1c(x, z2, A, R,c,4c)-PIC( Y, ZPt AT B, Ct AC) ------ . . . . . .. . . . .

00 1500 1=1*NN “ ‘ -
. . . . .. ...-.—. ...----.-___

-. .-. . . . . . . .
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. .

INI=IN1+l
.-------,., ..>,.-. . . ..

1~~=~~1 +~s’T@---—---- ---------- . . . . . .. .. ..,_,___ --- —.. ..— ---- .:_.._- ,. ‘.. .. —-— .- ._.

. .

IF{l N.2. GT. KK) IN]=l --------- ---. . . . . . . . . . . . . .. . .. . . -. ___ . . . . . ---- .- ...- . .----- ._

IF(IN2. GT. KK) VSTCP=NSTEP*l ‘“ .-. . ----- .. . . . . . .. . . . .. . . .-, . . . .. ---- ... ___ _.. .
.. .

IF(IW. GT, KKJ IN2=INl+Ns TEp - ..- -- .. . . . . .— —... --, ------ ------ -, ----- ,----- -

. IF(Y. GT+C) GO TO ]LOO ., . . . . . . . . . .. . .

EQQI=(VO/FLO~T(N~II-PIItI LJl, IVZ,X, Y,ZN,A,R,CI~XX( I))+ERQI - ..- - .

E?P2=(V0/(FLOAT(N’il)-P12 (IVI$IN2$X,y, 2D,A,B,C)SXX (I+NF1))+ERR2 . . . . . .. . .. . . .
1300” Cf3NTINlJE ‘“

_— ---- .._- -——-—---- ---— ——..- —. - . .- ..- --——- .-— - .

G2 T(I 1S00
. .- . . . . . . . .- . . - . .. . . . . . . - _ . .

1400 F2Ql=ENQl +PI~(INl, IN21 X1 YtBSA,9sC) 0XX(I)-P12 (IN11JN2*X*Y,B *A*B?C) ——
~&xx(J~NN} . --- .-. .

E2R%=ERR240p11(I~J~\JN2 ,X SY,B*A.8!C)0 XX(I)-OP 12(I~I,1N~,x,Y,B,A,B,c -----. . ‘l)OXX(ItNN) ------ .. . .. . .._ ----- .. . . .... . .,-- ... ---- -. _.,. . . . . . . . . . __

1500

1600,..

-—. .
-.

1005
1006

c

. 400

-... .

CONTINUE
...— .- —- ._ .----- .-. _ ___ ---- -., --- . ..-. —. .-. -.— . .._ .______ --------

FQRS=ERRS+ERI-’I CERP1 ..rRR~GERR2 —-——---–—---- ______
CONTINUE ----

- —.. --- -,- . -—- -—.-.— .—— -—-._.- ____ -

ERQS=ER~S/(FLOAT(NPT) ]––—--- ——_____ .- . . ~—__ _

E72s=~RRsf~+0 - ., .. ---- ------- --------- .. -_-, .-_->- - ----- .--—— — - ---- — . ..— _. - _ ---

PRINT I005,FRQS- .—.. -— —.

P?}NT }1106, AC -’-- -—---–-–——— -— -—-- -- -.. - ..-. .- —. —.—

FO?t~AT(~ UEA$l sO[lfiQEfI F220R = ~.G]] .4) ‘-”–-—”.-”-————
FO~:.~AT(G PIC COEFFICIENT AC s ,Gj].t+) “ “ - ------- .--- ----- ----- -. ..-.

SIOp REqOVING CAPnS AT THIS POINT —---— —---- -——————— .—____

Go To 10 ‘-- ‘“ “’ ““” ‘- ‘-. ‘- ‘- . . .. . .. . .- - . ----- .- ... ---- . . -- . --- -_..

COMTIMJF”’’---–—- ‘—”
- -. . ---- _ ____ . .. _ _ ------- o—--- .-— -—-_

sToP ‘ “ -—-— --. —-. . ... . . .. . . . . . . -. -.,..- . . . . . ., .— .-. . -. ..,- ------- . . ...

Evn - ‘- “
—-— ---------- .. . ------- -------- . . . . . .--. ----- ——-—-.— . .. .. . .-. —___ __

FUNCT~ON PI](~lt M?tx Fyfzt A,8rc) “--- ‘--” -------------------------------- ---
NI=MI-1

.----- . . . . . . .. . . . . . . . . . . r----- : ----- .“-.. ___ ----- .---_, ___

V2=M2-1 ““ -
..--. —- . .. ... . . . . . . . . . .. . ______.- ,=rL- ------ ._ .__. . .. . ----- ,

IF( (Vl +N2) .F~.0). GO TO loO .---- ——-.--------------–—. – —— ______ _.

PI= ACO<(-]CO “.1 -
------- . . . . . . . ----- ..-,, .- .-—______ ._ ___ .__= ------

FACT= pIOSG=T (( FL OAT(N]))~@z+ (( FLofi T(FJ2))0@2) ~ ,6 . . . . . .. ____ ______ ----
—

PIl=COS (P J~FLq AT(Nl)*X/A )@ COS(Pl~FLOAT (N2)*Y/A }OSINH(FACT@ Z }-----------. .
l/S{ NH(FACTORl
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.“- ‘— S=ll . “ ““‘“----”--- ..--”. —--–. -----–—---”--— --” “---”-’–-””.—’ -.. “-”-””- - ‘“ - RRT ‘
oo~N=l QNN ““”” “ ‘“ ‘

. . .

00 5 )./=~,~*,~,,,.-----——------- ................ .
!3RT

... ...... .... ... QRT
IF (( A(~t N)-cl)[ I))v(A(M+l, N)-CU( 11).GT,OD) GO TO 5.’ BRT

-----
K= K+} . . . .. . . . . ,-. .-. .-— . . ...- ,.. . . .. . . .. . . . . . . . . .. ,,

RQT
IF (K, GT.500) GO TO 20””-’. ‘-”’

.. . . . .
QQT

‘— sAVEX(K )= FL QAT(V-l)~OX*P(l) ‘-—”—-.’—–-.--- –---—”–-—-—--- “.” “. ‘ 9QT

SAVFY(K) =FLOAT(M-l)~OY+P (3)+(DY/(A(M+l~N)-A(M*N) )\~(CU(I)-A(M,N)) 8RT
5 CONTINUE ‘-’-”.- “-”-”-”-.” “-- ““ “ “- “ ‘“ RRT

00 10 M=l*MN -
------- __-— ---- .-, ..— -. -., . ..- ... ..,. . . . -. RQT

...
00 10 N=l~NONf~l

---------- —------ .. . . . . . . . .. !.-. . . .----- ------ .
-----

RRT
IF (( A(!4t N)-C’J( I))~(A(M*V+l)-CU( 11). GT. O.) GO TO’l O” -–-– ‘--’ ~ ““” RRT’—- -- K=K+l. . . .. —---- ------------- .--., . . . . . .-—.. - . . ..-. --._ —-. —----------- . . . qQT ~

-----

-.

In -

15-----
-----

20
25

30

-----
.-. .
-..
. .. .
. .

35

.- .._.

40””
45 “

..- . .

. . . . .
-.-’ . . . . . .

. . . . .
.-

- —-. ..

IF (~.GT0500) GO 10 20– —-.”----—”----—.----------——-—--‘“““” ‘- RRT
SAVE XI K)= FLOAT (N- I) ODX+P(I )+( DX/(A(P ~N+l)-A(M~Nl))O(CU (1)- A(M*N)) RRT
SAV!?Y(K }= FLOAT (V-l )* OY’P(3)

—----- . . . . . . ..-. -—— ., ----- ,----- . . . . 9RT

CONTINUE ---- . “ ‘- “-–—--’”’-–’------’- ‘–---— --—
——- -— . .._ -.

BRT
FOQMAT (lHO/l;iO*~OX,FI0.6,9H CON TOUR/ 33x* 13HN0, nF PTs, =~14) %RT

IT (<, LT. ~) GO TO 45’ - “ ~ ‘“
..----- ... . .. . . . .. .. . . .. . . .. . .

13RT
Go TO 30

... ..-. — -------- ---- ------- . . . . . . . .. . . . . .. . .. . . . ------- --
8RT

CONTINUE “
----------- _______ .. —...- .. . . . . . . . . . . . . -.- .-,-_ -. .,--- . . . .. . .

FoQYAT (]x,P31~e~* ARRAy OVFRFLOW FOR ,FI0,6,9H CONTOURi BRT

CALL ORnER (P)” “. . . . . . .
-.. . .- .._.

00 4(’) MI SLJ4=],3 .-. ---..--,-.

?RT
.—---- .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . qQT

LOAO=O
. . ------ .— --—- ------- —______ ---- .- ------- .... - . _- .

Do .35 Joy=~, <.- ---- .-

QRT
---------- —---- .. —- ------- -.- —— ------- ------- .

3QT
IF (5 AVFX(JOy). GE.l. E5) Go TO 35

--, ,-. ,- —- .- . .. ..- . . . . .,,,
BRT

LCIAO=LOAI)+l -- . . . . . .
. . . .---- ------ --------- _. .______ ------

flRT .

SAVE X( LO AO)=S:VEX(JOY1 .-. –..
.. . . . .. . . . .. .. ----- .,_ . . . . . . ..-_ . . .. . . . .

RQT
sAVFY(LOAo )= SiVEY(JOYj..~ ..1: ‘ 7“ ‘~ --- ‘:.-:–- ‘--. -l-~--.-.-’-- ‘“-”- ‘:
CONT SNIJE

QQT
F?RT

IF (L OAOe LT’05) GO TO 45 ~R T
---.-—-—- .— ---- ----- —--- .-— — —

<=Lo AO . —..-——- .- —- ——. .. --., ---

CALL ORDER ‘(P)–
BRT . ..-. —---- . -- -- —-- --. —..--. —-------- ._ -., .
RRT. .

CONT INUE ~‘-————-”—- ”–”—--’ .----–--—---- -.-— .-”-— ‘--—- – ‘.’- RRT
CALL PLO T(FLO~T (I L) GP (5)43,6 ,0, Q-3)

..—---- . . ..—-— ----- _. ._. _ . .. . . ~qy. .:

RETUPN
. ...-. —-. -.-. -., — ------- . . . . .. .. . ... ---—--- --, -- —.-— ------ ._ . .. . . . .

RRT ‘ J

EV9
.._ -. ._ ___ .—— ---------- .- .,___ .. -.,._ -------- .,, ._. _____ ,...-------- .. . . .

qQT . .
SURROUTJNE-” O~nEQ. ‘(P)—--–

————— --- ...._e
OR ‘-

COMMON /GOOP/ DX, DY, IPLOT,SAVEX (500), SAVE Y( 500) ‘-------–-’-”- --’ ““” OR “
OI~ENSION PX (500). PY (5001, P(7)

. . . . . . . . . . . ._. _
Of? I

v= ~xe~x+r)yooy - - “ “.--””---’”---—”” ‘--- ---—–-----’- --- ~ ““ OR ..”

CALL’ ‘jORT (s AdEX, TPLOTf SAVEY)
.- .-—.. ..-. — -— .—. -- —--- —-—- ---- ..---

.oR --
~~Ax=O “ .“ - ““ ., —----- ----- .. . . . . . ------- -------- -_ .-_.,. ,-

9RTEMpx=s AvEx(l )---------------- .— -- .. . . . . . . . .. . . ------ ----- ----- -. -.-..,-
OR ‘-

.
... . . . . . ____ ..----- . .
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. . . .. . .

. . . .
.. !----

. . .. .
lcqf’y=s’+~~’f f.~,~..-.-.:.-.,_:..:: -.:’:::-”’:’.”:.:::.::.:_.. .:. . ...-’..:: ... ... .,. . .‘
46=(i ------- ._. ..,.. .“-.,,
IFr)=O

. . ..— -. . . . . . . . . . . . . . . . . “.. .- . .----- .-. =
..:---- . . . . -------- ,,------ ... ... .... ------

i=i
. ....—--- -- ..-., .—-—-- -.. . .. ”...--. . . . .

. .
“--”-.’”-”rP=l ‘-----.— ----..—-- ......—-.-—......------ - ------.—— .------------. ..

..ioiolo”” -.
.. . .. . . . . .. . . . -.

-------- . . . . .. -—-—- ,-. .—. -..—— .- .. ..--— — —- . .. . . . . . . . . .
5 r?=?’ __..______-,__Z..._-...--.—,-------. .– ......... . ......... . ..-.

I= JHOCD “----- .——.— ___ -.. ._-——-. .-—-.,---. —------- ... .._- .
PX(l)=s AVEX ([) ------- . . . . . ..— -..—- . . .

‘-”> Y(l) =SAVEY{I1
.. ---,- . .. . . . . . . . . . . .. . . .. . .. -..-=. ..-.

1.0”” ‘ Px(l~l=<AVEx(Ij.—
——— ---- -.—. .-—_. . .

?Y(IP)=SAVEY (I)” ---’– ‘“. ”-- ‘---”-. “-------- “ ‘----’-----”---”--’” “ ‘“ - - “----
is

..- . . ..——- .-—Kaljt$r=o ----- ——..... .. .....--—.- —.. .... .. .. . ....
. . .. ~. ~. J=*, ~pL,lT..-...—---- ._._ A---..-..-.-.-_-—.-. ...-.—--– .. ........ .. .

IF (s~VFX(J). ~T. l,E5) GO TO “50 ”-. ‘—--– ””----
----- . ... . . .... . . . . . . .. ..

—----
SX=S4VEX (J}- S~VEX (I)----

—— —- ---- .,- --- .
-----

SY=SAVFY (J)-SAVEY( 1). ‘---”——–”--—--—--—- ‘“-
.- .-— .— -.. . ..--—-- .-. .

--- .-,
DEL= sx~s I*s Y*sY” -

-—- —--- -—— --, . .
. . .

IF ~(WL,. L.T. I .F:I.2) Go To 50-. --------- ---------------- . ____ -,...
------ ,, -,. .

. ..-
KEEP=O . ‘:.

. ,- —----- - ..— .-. —— —-— — —----
—---- ._

If (PEL. GT. V) GO- TO’-30””
.-— .— — ——- .—. .

—. - . ------- . .--. ——. .—--— --——— .. — -—. .- .- —.-.. --- .
. .
—.-.

.. .

- .—
. .

... .
----

~o..

----- .

? s-
3&’
3S -“:
.40.
4s ““.
s0.... .
—.-. -

KK=J+6’ ,——. .. —- . . . . . ------ . . . . .
<I(=MINo (KK., I~LOT)

. . .----- . . ..- . . .
-—- —.—.——— . .. ---— . . . ----- ..---- .—-. . . . . . .. .. . .. . . . . .

DEL T=nEL. . . . :::,_. .,__.-.. - -.. _______ _________ -. __-_. —.-.. .-- .-,
KEEP=-~

IF (.J. FO:IpL~r) “GO, TO- 30” ---- ‘-”–- ‘“— -- ‘--—-- ‘- —”--”---- “--”’
Kfl=J+t

——-=. --, ------- . . . . . . . . .---. ——

00 25 K= KR, KK”-”
. . . ...- ------- - -.. .— -- . . .. . ...-. —--- .- .-—. .. . . .. . . . . . . .

--------- . ..— ----
SXC=SAVFX (~)-’; AVEX. ( 1) ;--

. . ---- ... . . . . . .

SYC=SAVEY (K}-~AVFY (I}
—- —-- . —— .-—-—---- -——. -———- —-— — -—

(IELC= sxcQsxc*sYc~sYc ‘“. ” - . - ‘“”--–-”” ‘-” .- ‘-- -
. . . . . . . . .

IF (MLC. LT. I. E”-17) GO TO 25”- “----- ”—--”---:”-——--.’ -’”””-”
- ----

IF (DELC-DELT) 20t25t25
. . . . . . . ------ .- ---- . . . . . . . . . . . .

OELT=OELC ‘---” . “-”- ‘ ‘-
..-—- -. ------- .=. ---——— ..-— —.-. ..— —. ...=

_—-— -. -. ——...>.—- —-- ---- ..—. .-. .——.——- . -. . . . .- , ..
KEEP=K ‘- ‘“
CONTINUf “““’----—––-”—–—---

——— —-—--—. — ..— —— .- . . .. .‘.

IF (KFEp) RO*35,7S
.. —.-. -— —-- . . ....= .-- —..- . ------ ------- ------ .-

iF (lb) 45,4~,45
-— -- .— ----- -— . ..-.. --./.’ -------- . -- .. ..— . ....- . . .

JHOLO=J - - “- “ . ‘“- —–--” ”--
__ -._ .-— ..-. — ----- ------ .. ---- . .. . . .

IFO=IFD+l ‘—–-–--——.- ‘-—--”------”-—--”- ‘-
.- —-. — -----

KOIJ!4T=KOUNT+1
----- —-.-—— . . . ..- . . . . ... ... . . ---- - ---------------- . . . . . ..

.

-.

- ....-. -
SF (i6. FO.1) ~~ TO 100 - “’

,. .,

“IF (lpm FQ, JPLOT) GO TO 95-- ‘ ‘-’”
.-. —------ --- .--— —.. - . .. ----- . . . .

..-—.
]’4b X= IHAX+l

— . . .- - . —.--—. .——-— —..—---- — ---— — ..-—.— — . —- .-.
..-.

IF (l~4AX. LT. (i? LOT+5)_J .G~ ,TO-15----------- ----- ---------------- . . -.. .
TSX=DX(TP)-TE”~PX

-------- . . . ... . . ..- -------- ... . . . . . . . . . . . .

TSY=PY(IP)-TEMPY
. . .. —- .. . . . ------- . . . . . . -.—-.-—- .. —. —--- . ...—.- -. -.. .

OR ‘:
OR .
OR
OR
of? ‘
OR
OR
OR
OR
OR
OR ‘
OR

OR
OR=’
OR
oR -

OR
OR -
of?
OR “Da .-

OR ‘
OR
OR “

OR
f3?
OR
oR

OR
OR
OR ‘“’
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
off
OR

.. .—-. .---—.. ——---- .. . ---
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’15 ‘ F4zM/2 “ - ‘.”---
----- ------ .-. — ..----- . ------ .- ------ . . .... . --- - -. ..-. .. . .. . . .. . sf?T .-

‘.-. “. ‘ IF (~,LTsl) RCTURN” -- .“---–--”--’ ”’–---’-– ‘“” ‘“”---------” ‘--”-’ ””----------—--’ ””--’ sRr ‘-. .
<= NUq-M

-- . . . .. ,-. .---— -—. .—-. —--. ..-— .—-. — -— ----- . ... . . ..- . .. -—- . .. .
SRT

.-. .
DO 25 J=lsK ‘- “ ‘--”- - ‘---”” ----------- “–- ‘-–-’--

-------- . . . .. ... . . . . . .. . . . . . . SRT “

I=J “
.- . . . . . . . . . . . ... .. . . .. . . . . . . . . -- ... . . . ... . . . . . . . . . SRT

20 IM=I*M
.. . . . ...- ------ . .. . .. .. . SRT

- ]F (~f?y{l) ‘L E. KEY(IH)) Go To ~5-s ------ .. . . . . . . .... . . . --------
-. -.. . ‘ SRT

---- - -.
T2=KFY1 ( r)” ““-- “-” ‘----” —”---”——-—

-- —..
‘- SQT. -

.-

. .
-.

-. .
—

. +~KF;( ~, - “- . ... ... .. ....... .. .............. .. . ----------- . -- ..----- .. . ..
SRT

<EY~ ( I)=KEY] ( lW)----- - “-–--”-—--–--- ”------ ‘“--— ‘-—- —-—–-—
-— -- . SQT -

.- —— - -—
<EY(l)=KEy(IM) .

. . . . . . . ... —----—. . . .. . . . . .— __. —— .. -—-. ... . . .. SRT -

KEY1(IM)=T2
.——. . .. .. -—-. -.- .-— .-—. - .--. -. —-—- .— .--. -— -- . . . . --- - . ~~~ .. .

‘ KEY(I~)=T ‘“””–-’ ------
-..--—- -- —.. . . . ------ .—--- —-. .— —-- . .

SRT

.’-’I=S-Y
----— - ---— . . . . .. .— --. — ----- -— —---- - -.---— -- —-—.. .-— —. . .. . . . Sf?l --

- IF: [ I ,GE ; 1 )“ G9 10-20—-.-—-——--— ———-—-—-——’—” ‘--” ‘ ‘“ SRT ‘-

25. -.’ CONT INUE. ‘“— ‘-—-- ‘“”
—.- - —-—— —.— .-. . ~RT ...

..
GO TO 15

—. —-. ..y —- - -- _... - -—--- ---- ------- . . . .. . -- —-. .. . . . . .- —.. --—. - . *RT -.,
. . . . .. ..

FNil ‘--’
.. —— -—-— -..—-—— .--------- . . . . . .. . ..- . . . . .. . . .. . . . . . . .. . . . . .

SRT
. .

--

5“
10
15
?!

’25
:...
.~.
—

-,
.

..

. -.

35....
40.

.. -----
+%. .
—.. -

- .
.—.

1- .-

. .
.

-.. .
SUu~CJ~JTINC D4 (x~~TN*xMAx*Y~IN~yflAx~IL~ IHsSx*syt~~Ts*x*yO~IND*LAsTJ ~{+-
OI~EhjSIONx( N>Ts) . Y(N~TS) 04

134TA lFT*JFT *F%* FY14HF6+lvh HF6*2* 0,6v Oa59/
IF (~INm-)1 lr~,]s.s’ “ “-”

rJ4. .. .. . . . . . . -. .. ..--— — —— -- . .--- .—. - .—. . -
~4 -

IF (< lNn-2) ~fi!90t 10 “--——”—-—–-——-’-—
— —-

“ 04-–’. . .. . . ..- --.—. ----- -.
?ETU2N . <

.- ----- --------- ..---- ... . . . --- ------ .. . . . . ~4 .7

]F (]0-2) 20*?5*20--- ——-– —--———”--” -—. ”----—–—
CALL, PLOTS (T.t TR+l O)

‘--— “- ‘- --04 ‘-------- “—. ... . -., ------ . . . . . .. . ------- ------- .. ..-. — -----
. . . . ...-. —- -----

10=?
—.— --—- - —---.—- ——---——- ,--- .

H -“~! s

C4LL PLOT (FX*FYt 3i---—--”. ”-’----”-- ”—--’ “-
------- .- —-- .. ---— . . . . .. . . . .

r)4 ‘ ‘{
. ...-. . .

?EAL14=~H
. . .. ---- .- -..-—- -. -—.- . . . . . . . . . ...—.— ..— .- . ..- . .

n4-!
~EhLL=l L--- –.-- –— -- —-–-–. ------- -:-------- .-----– .--. --—----- --- .- . . ;: --

scALFX= ( XMAX-~’4 Itl) /R FAiL-–—--——”-—-----— ---
——-. . .

scALEY= (Y MAX-Y YIN)/REAtiH
——. — -———-”- no :

. ---- --— ------ .— -. ---- —------ ------ ‘.-—-- .. -.., .
qsCALX=l ~/s C4LEX, - ““ 04-.
asc&LY=] ./se’ALEY”.

—— —------
04 ‘-..-. ———-. — -— ---- -- —-.= . ..-4 .. ——. .— - .-- —---- .--— —.. . . . .. . . . . .

DO R5 1=1,4 04 ‘. ..-. .-—— -—- .— --- ..- ———-- . ----- . . ..--—. —— —,-. . . .
Gil TO [30t35!,~0’t3~) s 1 04 .

VV=IH+] . . . .
. -. —-— —— --- —-----. ——-.. -. —-— .. —---- .. —-.. .

1)4 .
GO TO 40— ‘- ‘

——— ——-— - -.-— .-. ..— .
.’ 04-’—~ -- —--- —.— —- —--- .----- —---- --- —... .—— —. ----- .

NN=IL+l ‘--.— 04 ““’. . ..-— —-—- ——- —-. .. . . . ---. —-- .—— —-— -. - — . . . .
D(J R5 N=lI~N 04

~— — - ——-- —-. —-. .-.. ---—- ---- -——.— ---—— - ---- .- ...- . .
QEALV=N 04-”. - . .. . .--.. -. —- —— .-— —-- —-— .—
GO. TO (45*.55N.55~~5~ s 1

-—- - -——..-.. -- - .
@4”- - ,—— —

17=RF AL N-1 .
.- —— - -- .

~f4 -

CALL PLn T (--- ‘?5’~~v R~sy+Fy p2j----------- —. -..-,_ ‘—-—”—”--.-”-’-’” “ p4 ‘ ‘
—--- ..- -.. .-q - —. ---— --- ..--- ——--”-.--- -— .- .

CALL PLfJT (Fx*?0SY*FYs2)
YNllt-4=20 SC AL Ey” YMIN

r34-—---- . ------ . . . . . .. . . . . . . . . . -- —--- ------- .- —.... .
04

lf (A R%(YNu M}.LE, I .E-10) -YWM=O.’--’----—-----— ------ ---------------- - ~4 ,
Rq=(~fl AL N-]. )eSY- .03

---- .- -—- ---- -....-,..-.-.—— ----- --- -

CALL NU~BEQ (-
.-. _-— -.—- ——- ----- ._

●6. FX, RR+ FY, .1 O, YNUM*O. ,JFT)
;: ..

. . . .- . .. . .
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9.._1-

.

CAL L- PLO T’”(FX*?OSY+f Y,’3)

4
----- —- -— . .. . ..-— -. —-.--— .—. —.— -.——.

#L --
., . . . . . . .. ..—-------- .. . . . . . . .. . ----------

. IF (N-$ IN) 50~f15$S~ ,,., ..-__ . .. . .. . . . . . .. .. . . . .. . . .. -—. .. . . . ;;.
. . .. . . . .. .

50 ;. cALL PLOT (F X~2EALNe SY+f YsZ)
(io To 85.-. ... .

----- . . ---- . . .. . -— —-.. --- ..---—-... .— —--- - . . . ... . . .. . . . ,.
n4-.

57-”
——-— -----— ..— . . . . . .. .. ....!-.... . .. .

R= RF ALN-~,
.. -.. -.. .— ...- .-. ..-. — --------

r)4
2R=w E4L$i+. f)5

,. .,.-— . .. . . .. . . . . -------- . . . . . . . ------ -_ . ..- . . . . . . . . . . ..
04

---- . .-
CALL pLOT (RQSX~FX iRROSY.+FY q2)”-— ------ .--. --”-. ----’- –.- —”-”--’ ‘------ .- ‘.”

~4.-.
. . -

CALL PLOT (Q GSX+FX, REALH*SY +F-Y*2)”’”’ ‘“ - - .
..-. ..— . . .. ..- —-. . . . .

04.--—
. IF (N-N~) 60* H5*60 “-’

. .. ----- ——-— ., -_-_, . ---— --- .. —___ . . .
134 ~

60 CALL PLOT (REALNo~X+ FX*REALH*s Y+ Fyt2). ""-------"-"""---.-"----'-. ‘.- ‘ 94-’... . .. . Go To ~~.-... . . . . . . . . .. . . . . . ... . . . .. . . .-—. . . ---- . ...---- -
04

-—— -------- ,.-. -- .-— —— .—-. - ..-. —----- - .—— ----- .—— -- . - .- -
6$- . Q= PFALL*; O< 134 “’-—-—. - .. ___ ~.. — — ——- -.. — .—-, -,. .
. . ... .

-----
—-- -
.---, .

70. .. .. ..

7“5 ..-””., ----
----
—,-.
..-.
—--
----
-.
,..

/? 0-’”
R5
90.. . .
.. . ..
.. . .

95”’------
. .

-— -.. .
-.. .
-----

—- -

. .

. ----

2Q=PEALU-RFALN+10 U*

CALL pLn T (~”$X+FX QRR*SY+Fy *2)-—---. -—”--—.-–-—-. .—------ “-- !34

CALL pLOT (R E~LL’$S%+FX tR?~SY+FYt2)
,.-. —— ----- ----- -— -- . . . . . . —..-,- . ..

04 “

IF (W-NN) 70* A5*70 . ---- ‘- ‘.----’- ‘-’-
—- —---- -—-- —. ——-- . —---- .-

r)4 .

CALL PLOT (R EALLe SX+FX; (22-l”c)*SY+FY”~2)
——— ——- -.—.-.

04 ‘..... . .— . ....—_.. , .----- .,. ,..-—— -_____ -..._____ ......-
GO TO 8’5
I?=RF AL L- REALN+l.

04
—.—. —- —-.. -—

D4--

CALL pLOT (Rs SX+Fx, -”, (354, F’y,2-)—.—--— -- ----
------ —- -.. - --

04
CALL PLOT (R*$X*FX, FY~2)

---- -—— ------ ——-—- — -- —. ——-— .- . . . .. .
-—.- .- ““-

XVUM=I?~SCAL F%* XHIN
.-. .---— —— .——,

04-

IF (A9S(XNIJM) .LE.1 .E-lo) XNUH=oo ------------------------ -.-_. —.._.. .. . . .. ~4 ..,,
QR=R’J5X-.25

-. .--,-. ...- ....— . - . . —-. —.. —------- --. .-— —.. .,- --. .— ---- ,. -

CALL ~lU~flER (~Q+F~,-.

04..
25+F% ●lo, xNuq, oo, AFT)”----”-””-.”- --------------- -. ~4-.,

CALL PLOT (Pe SX+FXJFYt31
.. ’.- . .. .. . ..- -— -—-- ------- .-. ,

0’4-
IF (N-NN) RO*~5\8fi ‘“ . ‘“”---””. .-

. . . .. . . . . . . . —___ . . . . . .. . ~4. ~

cALL ~LOT ( (R-l a)e SX+FXqry,2 )--—-.-----— ___ -—---— ---—- ”---- 134. “

Continue --- - ~ --- .. . . .
. .. . . . . ------- . ... . . . .. .. . . . . . . .. . . . .. . . .. . ..

n~

CALL pLOT ((x( l)-xfl IN)* RSCALXSsX+FX~ (y(l) -YM1N)6?qCALy@SY +Fy*3) 1)4

DO 95 I=)~N~T5 - “’ ‘“ ‘- ”..-”--’ “-.” .’
-- .,.. --. —,. .. --..,- ._. -

04.
XX=(X([ )- X\f IN)@i?ScALX —-–-’ -’-——-””-—-.–-.”——

—-.-—— .- . . . . . -.
04

YY= (Y ( I ) -YMIN) “RSrALY ‘----..”-—---–--”—
—— ----- -.

t34”-

CALL PLOT (X X* Sx*~Xt YYe SY*FYt2) ‘-. ”””.--”---- ‘----- ”-.--” .----’ -’-’-- .“-”” . 04

If (L AST. LT .@) RETURN —----, ----------
-—— - - . - ~4. .-

CALL pLOT (( RF ALL+30) ~S:i+FXt FY~-3)
------ .------- ------- —--- . ..---- . . .

. . . . .. -_. . ,--- ,,. - . . .
~4. .

-
RETUQN . . ob

END
.

n4
suQI?ou TIVE PA T(A, P’, X* Y,PH)

-.—-.—- .-— — —.--- .. —-— —— ___ -—
.

?H=oe O
.. . . . . . .. . .. . . ,- . . ..— .- ---- -=-— - -. -—-.. -- .—. .-.--— ---- . . --- . .. . . ---------- .—

IF {X. EOs OoO) .QETURN.-—— ——--—-—--–--’----’
—-- --- --z .---— _

. - . .--. —-— -- —---- .- ..-. -—- .-’--.— —- ——.. --—---- - —. _______ .—.
PI= ACOS (-1.) - “

x]=(x*~) op~/A.————____
——— --- -— -———— ——- ——

COSHl=(EXp (Xl ~ +ExP(-Xlk5 ‘-.-–”—-.”.,—-’——–’———-———
x2=(x -R)o PI/A ‘“-”

,.
----- .. --—-- . .. .. .. . ... . .... . . -..—. -------- . -- . . .. . . . . . .. . . . . ..

COSHZ=(FXP (X Z)+ EXP(-X2))~,5
.-. —-- .- —-.. -------- .--. ..-. — -------- —----- -—-—,— _-

COSl=COS(PIOy/A) . “
. .. ... . . . -------- .- —------ . .. . . . ..- . .. . . . . . .. . . ... . . -----.- -.

IF( (C0SH2-C051 ) ,LF.O ,001) RETURN -------- ------ .--. ----- ..—-.. _-_- _--., _..._a
Xl=(COSHI -CO Sl)/(COSH2-COSl) ‘--”—-–-—-——.-

—.-—-— ——.—--3

.- —---- . . . . . . .. .._ -,- . . .,. ..-. .—- .- ...-

199



PH=A/(2.~PIoQ)~ALoG(xl ] “-
.. . .. -—. ----- .. . . . . . . . . . . .. . .. . . . .. . . .. . . . ------- .. -,-_

i?ETU?N .“ “’ ‘“. ‘ “’--”-””-’ .----” --”
. . .... . . . ------ . ... . . . . . . . .. . . . -------

.-
END “ .,... --— ——.—. -— .. . . . ... . .. . . .. .. ---- ., ---- .— ----- .,. . ..-_ -_. , ------ --------- -c-,

LTBRARY .’ -
-..-—- —.. -.. ,----- . . . . . .-- ._. ----- . ...=.. . . . . . . . . . . . . ---- -- .-, ....... - . . . -

PLO TO OO02Q
. . . ... . . ------ .. . . . . . ,----- -, --.., ______ ------ -- .--., .-- . . . ------- ._ ..,- . . .

LAsT ‘“.’ - .- . ------ .-— - ------ .. .. . .. ... ----- --- - -- .. -— .... . .. .. . . .. . .. -------- .. . .. -._. ._ _

Ofi OOOOOOOOofi CJfioo Iloofio CJ -------------- -----
-. .. . . .. . . . . . . . .. . . . . . . . . . . . . . . . .

000000000000 ”0000000000
------ :. .,.,. .. . . . .. . . . . . . -_ -.. ._____ ------ . .— -----— —--- . .- -i

. . ..-. .. . . .. .._ . .. . . . . . . . .. . . . . . . .-------- .- _,,- -, -t,_- ______ --- -., .- ..-. . .. . . . . . . .-

...-. ---- .. . . . .. ... -._. ,------ .,-,._ -r- --- .-+ --, . .. . .-----... ...—.. —-A. _. ..- . . .

--.——. — —----————- .. —_____ ------ --- . _ -- . . . . . -------- - -. ., ,. ._ .,- ---- -. ----- _

------ . —----- ..!. ..-— ---- _____ , -. _.. - _- _______ . . .._ -.. - -------- --..——— -. —.. — ______ _.

--------------- . . . . ----———- .-- —- ------ -..-—- .- —___ .7---.______.-.—. .-..__” .. ... ____ ...
------- . . . . .. .—. .—-. .... . .. . . .. . .. .. . . . . .. .. . .. ”..- ..------------ ._-,.. .. .... --..-- ---
—- -—. ——.. . . ,. .. . _________ -------- .- —. —— - .-. --. —__ -. .. . . . _ - —-.—.—.
L —.-.— -— ———. -—. — ———- ,- —-

——--- . .. . .. . . . . .. --— --——-,---— ----- -— -.-— ------ ..-. .—- . .------- . ... ... ...--— —— __ -
. - ..--. — — ——---- ,- .- -. -—-: .---- —- —- .—. - ._.
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#l!)

(01’

BRPHI ?%2

. . . . ...-— ,, .,-.. . . . . . —- . ..-. ., ----- -. ...- .. . . . . .. .. . . . . . .. . . . . . . . . . . . . ..

.

.

.

~— . . . ... . . . —- ——. —--. — ..— ----- —— ..— -+
----- .—-—.-... . .----- .-.. -.. —. .- —--- ---. ..--. — --- . ... .. . . . ..-— —..-,-— -.. —.... ._ ---- ,—. -.

-— ---- — -—.. .- —----- .— -—-— —-. - ... ...— .- —...— .- —.. —— --- .—--------- .—. . -. .-—_-
------ .. --—- . . . . . .. ----- ------ ... . .. . . . ----- ... . . .-. .

F~~?EF* ?4. T477*c’460000.
TASK (GU?RAX* 469501 O6-5OM’*ELE?

-— -- —---- —— . .—— -
). . . . .. . .- —.- -. .-— —--- ---. — .

DAf WL ●

.——. -, ------ .. .. . . . . . ..—___ _-_a

QUV(A*; -STAPEZ)
— —— .—— .-. — -. —-— -— —-—--— ——— .
—. --— — _ .,. -.— —-

PQESETo “-
------- ----- --. .. -—-- . . ----- .-- . . . . . .. . . . ...—.-

-— --- —- --- .- .-— . .....—-- .. ---- ..-— — -.— --~Ap ~pART1. ._,. -.. —---—-—-
-— ——— —.. —

LGO(LC=377777)
---— --— ——— --- —-— ——— -—-

—— —..-—
0000000000000000000000 “

—...—— .—-. -. —- -—— - -..—— .—.-.. -—— —..—.-
-,.-.—— ——— - —-. ——-— -—

cA~os

:—.”-

------

c. .

5. .
.q99..

.-. .

. .’..
--- .
—.. .

776
-.777

. . ..
. .
—-.
—----

“Q88

. . .
.-

. . ..-

. .

.?f31-

... .

PRoGRAM WPH1 (I NPUT, OUTPUT, FILMPL)-. -”
-— —.-. .- .— --— .. —— -- —. —-- .,.--—

DIMENSION A(51~10{ )~P(6)~CU (20) *xl (100)*x2(100)
—.-—

****O SFRIES SOLUTION -- cOuNTOUR MA?s @~a*OOQO@@-————--..—------ . . . . ... .. . . . -.---—--— -_ —___ _-
E2U1V4LENCE (vo~~q!. . . . ... . .. . . . . -_” ... . -. _. ---- ._ __-_ ...- .----. -.,----- . . . . . ... .
CO~JTl~Jl)E
QEA(I q9Q. Nxt Ay, Btct AAt VOt OIfl --- “—–---’-” -—---– “’—--””-----–--–”-- ”----

---- ___
.- .-. . ------ ------ .—— - .-. —— --------- .. . . —— , .——-.

F(-)oh!AT (150~Fln,5)-’
]F(fil X, EQ.0) GO TO S00

--. —--- . . ..--— — -- -— ---- —--- .-— .. .. . ... . . . ...— ... ____ -—

KK=NX
----- ------ ... . . . . ..- .. ..— — -------- .— ---- --------- ------- ... —-. . .

IF(131Mo EOc0,0) GO” TO 777-’—--’”-
—---- .— -—. --—— --...—-----------.-. ... .

........- --------....--—-—.. -.—----.-—-—. -.--—..._____ .-._ ..
Nx=o
Do 776 1=1,i(~-—--”—— ——’—

—-— -- —. .— —-——
_-— -—..--z ------—-—. ..-—-—- ...-.— —...--—- -—_. _..._-.

NX=I*NX “
Continue-- .—---

-. ——-— -.--. — —-- —-— —--—- ---—. — _.. _ . .. . . . . . . ___

2EAD F388, (Y] (’f) ,N=l !NX\-–—-”-”——-” “---– “ ‘“——-”- ‘-”-- —-- —-–-- –”--” ‘“-’
D?JNT ~fi~O(X](N),N=]9~X)

—---- ._ . .. —.. —.. -—— -.. —- —— .-—-— .. -_--,

i?EAf) 88 R,(x2(’J)~N=lt NX)” ‘--”-–-
—— ---------- ..— — ----- --- -------- ------ .—. .-

P21NT 8880 (x2( N)~N=l~NX)”—--——--—
-— -—— —.—- — ,-. —

. . .. . . ... . .. . . . .. . --—. —--- .— - -- —-— .-z -.-—— . ..-. __ ..- -----
VX=KK “ ,

FOQMAT(7G11 .4)--—”-’-- ““” —,--- ‘.---”—--” ‘------’-”””---”--”’ “--”’---- ‘--”–”-’-—-’-

AC= VO@A4/( PIC(C~B, AY~B! C,]e O)+ O] fl=PIC(Ay, R,Ay, ~,c, lco) -).-... --------------. . . .. . . . . . . . . .. . . -- ..-., —._ . . .. —________ _
NV=20’ “-”” ‘“-”- “.—-— —. —-. ---. .-— ------- .— -- . ------ -.. .-— .— --- ----- . ... .. ------ -., ,---- .-
Cu(l)=. ol -.. -.... — —.. —.- --- -- —— --- . ----—---- -— .---—-- —- —--- --------- .— -—.
CU (7)=:05
‘DO 880 KK:mV

—,

CU(KK) =CU(KK:l) ‘-c”05‘—----”’ “--—-” --”-- ‘–- ‘“’--“—--- ‘----””““---’--–--”‘—......-.
CONTINUE

.-. —-— ..— —— -- —----- -- —..-. --------- .——---- .. . . . .. . . ------- -_

DO 881 KK=l *NV
.—. . —., -—— .-—- —--- —- .-— -— -. -.-— .—-, ....— -—_. ------- ..__ ..

.--- —-- -— --- ------- .-. —.-.---—-. . ..- —-— — ., . . . ..— _. .. .._ _.
CU(K<)=CU(KK )02. ——-— .— -—-. ,.-.-. — -- —.... —.—
“CONTINUE “-

-—. — —------- .— —..-. .. —..- ... ._—
——— -—— ..— —

‘“~DIM=50(j1/4— —.-. .— -- — ..—-— .

.- —____ .— -—-—-- . . . . . . . ,.. . --,--
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101.
-----
.-. .
----- .
—- -..
----

DO 40fl NNHLII~lOIM
. . ----- . .. ..- ____ ... . .. . . .. . . . . .. . . . . . .. . . . ... ..- . ... ..-. .— .

Z= AY*(FLOAT(NVV) -1 .0)/4.0-’-’ ‘-
. ..... . . . . . . . ... . ... .. . . .. . . . . .. .. -...,. . . . . . . . . . . -.

?RINT lo~,dy .- .“
------- -—--.—. -- —--- ---. .. —--- ..— — —-a.— -— ---- .. —.- ---

FOQ~AT(IHIqOA=~,Fpoc8,/) - .. .. . . . . . . . . . ... . ..- ,--,
------- .. .. .. . . .. . .. . . . ..-. .-.-— ..-

X4AX=T.Q4Y -
. . . ----- .. . .. . .. . .. . . . . . . .. . -,. ,

DX=xqhX/l OOc---- ‘-””-- ‘-. ‘“.’-. —-––--”–-” “ ‘“”------- “ ‘–-------”. -—”--------- ‘------ ‘--
Yqh X=AY

.. -—-- -- . . . . .. . .. . . .. . .. . ..- . .. . . . . . . . .. . . .. . . . . . . . . . . . . .. . ... .. . . . . . .

DY=Yq4X/25;-
——.. ——. —--- .——. -.. —---- -.-. .-— —. -—. -. ._.

Y=- AY-13Y
. .- —-... -.-. —— —-—.- —- “-..-..—. ------ . . . . .. . ..- . . . . .. . ------ ...-. — ___

..- .
00 20 .J=l;’il

.--------------— ---..-------.—........----------....------—— -—-.—— -
. ..—..- —y=y; ~y’” - .:-— ——— . . .. . -.-— ----- ..- —— - .—. - ----- ..-. c ———-— --------------..----
——..

X=-nx ‘-
——--——c —— —-- — — —-

—----

DO 10 I=l; Iol
-———- —- —. —-- ------- .-— -.--— -—.—. .- —.. —-—. —

-..
x=x+o~

-— ----- —-—- —-- ---- ---- -.—- ----- --- —-_—--.——- .—-— -.. - -. . .. .- —---- -,
--------

IF(J; LE*26) G~-TO-’50-
— —- .- ——-— .——-— ——.

—-----
A(J, I)= A(52-J*I)-’—

—— —— -———
. . .

GO TO 10 -
.-. .-. —- —— - ..-. .. —----- ------- .-. .- —--. —.—----- .—. . . . . . . . .-----q

50

. .

10
2(-)0
100
?0
. .

.- .

301

..-

302
303
300.

-..
.-. .

. . .

...
-. —...
. ... .

------

CALL Pi{ I(Nx. ~y, B,c, Y, X* Z* Xl* X2*pH~VO*DIM )
A(Jo I)=~H+P ]c(Y, X, AY, BOC, AC)/Vo
A(J, l}= A(J, I)* Dlfl@?l C(Z, X, AY~i3~C?AC)/VO-— —

-- .— —

COFJTINUE
. . . .. . . . .- ——--- .. ..—--- .-- —..- ,. ---— ——- -———— .— .-— ——

~op,4AT(lx, E20,8) ..--.. —–-— ---------------- ----- ------- -- .-. -_.-. ---. -_- . . . .. . .. ---—

FDRMAT (lxr~ ;E1204//)-—-—.— —-------
——

CONTINUE
. .. ---- .. —- .. ..— — —-------- .--. -—. .-. ——- .- —--- ------- . .. —- ----. .—-----

Iz=l ‘.
-.. .-— —.- .. —-—- ------ .. —-. -. —--- .. ... . . .. . . . . . . . —.-— .---. .—-—, -. .. . . .. .--, -

Izl=lz+lo
------------ _.. ___ ------ . . . . . . . .. . . . . . . . . . . . . . . . . . -------- -—

00 3n2 K=l *9. —-- ‘“-——:- ‘--—- ‘--– ‘--–- ‘- ‘—--–’–-
---— --—- ---—— .— ..- ----- ._. *

00 301 J=1!51” ---- ‘“-” ‘——- “--------
-. . .. .. . -. . --- .-.-— ... .. . . . . . - . - . ... . - - -.. —-

COVT I~IUE ‘.-
.. . . .. . . . . . . . .. . . . ... . . . . . . . . .<. =.- =.. .

12=12+11
. ..-— ------- -.-. .-— ------ ----- .— ..- . ...-— .... . . ... . . ..- -. .-. . . . . . . . ___

IZI=IZ*1O
-.---— .-—.—- ——-—.— .—.—------.—.—----—--—-..—-- -.-...-——-.-— .--..-—

C?~~hJT 303’ --- --—. — -— —--- .—. —- .— ——.-. - — ----------- ------ -. --,-_ ------

CONTINUE
----— . . . . . . ------ - . ------- . .. . ...- . . . . . . . .. . . .. . ... .. .. . .. . . . . .. . . . . ------

FOPllh T (//)---———_
.—-— — —— ——- ___ .-—

F~~MA+(iX;llE12.4)........ .. -..----—--.-—-....—.-------.--— .-..,. . . ..... ... . .—..-..
~=lol ., . .-...-..-.,.—--–---— ,--------------– --------------------- ---- .------,—

$!=51
.-. -. —. —— - -.-— —____ — .— ---- ---- -—— ----- ——— - .. —-- .. —.-. -., ___ . . . . .

?O1 =0.
.-. —. — —.— .—-— —----- -. —.-’-- -.-——- ..-. —---- —----- ------ ..— --

P(?) =OX*]OO ;--——-----” -—”-. ”–---”---’ ------ ‘.”- ““”----—- ‘---.—-
.. --—-- . .. —- .— -----

?(3)=_Ay ‘“. -——–____
---— --- ------ .-— ——. .------------- ------ -------- ---

P(4)=4Y
. .-— — .. . ..-. ——-. . ..- —— - -— ---- - . . . .. . ..- .— --- .. _. .-. . . . . . .. ----- .—

P(s) =.11
—-- -— --- .-. —. —--— ———-— -. -——— ..—

P(6) =P (5)”
~—— ——. .----— - ------ —.. —-- - -—-- . - . .... . . . . . . . . .

J= R- “-
-..—-—— . ------------ . ------ . . . .. . .. . . . .. . ------ . .. . . .. . . .... . . . . . . —______ -----

I= R-” ..-....-..— — -..-— .——..-.....—------..-.--------.-------..........-..--....—-.—_.
cA[. L RRUTg A, M, NSP, CU, NV TISJ) ‘-’

------ ----- .- .. . . . -. --.-— ------ ------ .-. _ --- .,.,_

CONTINUE ‘-’--
..- ..- ------ ---. — . .. .. ...- -.-—----- - . ---.-.--— ------ —.. . ..- —.

.CONT]NUE-—--——_
—-- —-- --- -. —--- . .----. — .—- -. --— -— —--- ---. — —-—-

CONTINUE ‘————–.--—–--–---”-
__ ----- ----- _.-L ------ . . . . . ---— . . ..— -.+

.
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400 CONTINUE
.. . . . . . .. . .—.- . . . ... . . . .. . . . . . . . . . . . .. . . . . . . .. . . . . . .... . . . . .. . . . . .. . . . -.

GO TO 5
- . . . . .. .. . .. .. . . -.. — . . ... . . . . . . . . .. .. . . . . . . . . . .. . . . . . . .- ,. . .. . . .. . . . . --, .. . ..

“ s00 CONTINUE’
.. ---—--- . . ... ... . ..- -. .-,-. - .— . .. . . . . . ... . .. . . . .. ... . . . . . . . . . . . .. .. .. . .. ..

srcJP “
\

..-. ..-— .. . . . . . . .. . .. . ,----- .- .,.... . . . . . . . . ... . .. .... . .. .. . .. . . . . .
——. . END . .. —-- --..-.-– —-. . . . . . . . . . . . ----— . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-- —- - . .- . . . - . . . . . . . . .

suuRo(JTJNE PH1(N. A, R,c, x,y, z, Xl, X2, pH+V0t01t4) “ .’” . . .... ...- . .. . . . . .. . -. .,-
. .

oI~FNsIoN X1 (1OO)QX2(1OO). “ “’ “
-. . . .. . . . . . . . .. .. .. . . . . . . . . ..

..,, .
Vo=vo ‘ - ‘“ .’.’

.-. ..-. ..— . . . ... .. . . ----- ... —.-. . . . . ... . . . ... . . .. . .
.-

?}{=0,0 “ . —------ .— ---- .,-.. —-. -.— -. .. . . . . . .. . . . . . . . . . ... . . . . . . . . . .. .. . . . . . . . .. .

IF(n Iq*EQol. o) GO TO 1000 “-. “.”-- ”-”’’-.’.’”-. ““”-”-”’ ““.””. ““ “——-.
IF(ys GT. P) GO TO 200-–----———-

—. —.—— .-— —— —-— . .. . . . ..- -3
----
-.

‘. 100

“’ 200
-- . . . .
..-

300
400

. . .

1000-.. .
----
..-

1101

-.
-.. -..
—----
.-.

. . .
..-.

.

,—.
-----
. . ..

-..

1100
1200

--
.-,

00 100 I=l!N” ““’
-------- -------- ..+ —-. . . .. . . . . . ---.—- -— -—.. - ~-— ------ . . . . . . -.

P}{=PH*PI] (1 .X, y’. A, BfC) *Xl (l)/VO”– ‘---’-’------’””-”--””- ‘-..—- .---—---”——-.”””. - ‘-”
cONTINUE ““

..... . . . . . . . . . . . . . .. . . . . . . ... . .. . . . . . -, ., . . . . ... . . . . .. .. . . . . . . ..
Go To ~oo .–-. ;-_ .--—.. —.. –.--—— ---------------- . ... . . . –-,., –--.. -—--- . .. . . . . .. . . . .

CONT INUE” ‘“”-–--—--’–-”—–-”–—
—.——. ---.---- . --- .—— —— ------ _, _.. . ... .

00 300 I=l,N––—-
——-. — ---—. —.— —.— ——— —----- ---

?H=PH+P 12( I,x*Yt A* B?c) *x2( I)/vo —
— —— -— —- -

CONTINUE “- “.
. . . .. . ... . . . . . . .. ..— ,- .------- . ..._. —-- . . .. .. ..- ------ .— ----- ----

CONTINUE.-.”-
—-. — — ———- - — —&- —- —-- —-, ,---- ---

I?ETU?NJ ‘-”--
—— . —---—-— ———— —-—. -—. -.— ----

CONTINUE ...... .. .... ... ........--- _____.-------- .. ......__– --—— -------... . ..-

<I(=N ‘--- ----—-
—-— ---. .— -—- ——- —--— ----—-——— -— --— --.—— -,.--.—

V=fl ““”” “ -“
.- .-— ------ —---- --- --- .. -. .-.. . . . . . .. . . . .. . -.. .-. .— ., -_ .._ ... ,., -

00 1101 1=1 ~KK”-–” ”---–---—-” ‘----– ----” “–-’-’ ‘—-------—”—” ‘.’-- —-”-”.’ ‘------’-—
N=~J+I “

. . .. . . .. . . . . . . -—-. -- .-.. --, .-. —- . . - -. - .- . .-, . .. . . _-. .-.,- . . . . . . . . ,.

TEPP=Y “-”” --. —’-—”--’”” ---. ---- ”––--– --”
. . . . . .. . . . . .—-— . .. . . . . ... .—----- -- —-_ -----

Y=z “
.- —-— ..—— --- .- —--- . ..’. ., ------ . . . . . . . . . . . . . . . . . . . . . . . . . –. —. —-—.._. . . . ..-

Z= TfYp —--” —-— —---- ‘-”-—---” --’-- ‘“ ‘.- . ‘-- - ‘“ ““
,---, ---- -.. - -- --- . . .,, - . . . . . -.

~5TEp=o ______________ ......... -– ...------------- --------- . ... ....

lJ}=O “ “.”- ‘.--—’-‘---”-’--.“-- ‘“-”“
.... . ---------.............................. .....

IJ2=1 .- “-
.— --- .—- ------ ----— .- .-—. . . . . . -.-...—- .- —--— —---- .—______ ----- _-

00 1200 J=I?N
------ -------- . ------ . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . ---

IJl=IJ.1+1 - ---:: .—.. - -. .
. ---------- -——- -—- ..-. ---- . .. . . . ----- _.. — —-- --- __ ------ ___ .

. . . . . . . . . . .

IJ?=IJl+ISTEf’
. .

Ir(lJ20GT.~F) IJ]=l
IF(IJ.?. GT. ~~) IS TFp=ISTEP+l --

. . . . . ..- —-—. . . .--. .- ——-— ..- ------ ._-. ._,. -.

IF(IJ2e GT*KK) IJ2=IJ1 *I STEP
,. ----- . .. —.. .. - —----- ----- - --. —-. —---- --——- . . - -. ._. .

IF(Z. GT. P) Go TO 1100 “- ‘-’-
. . . . . . .. . . . - .-.. —-- ----- ---- .-.. --.-— ------------

PH=PH+P IIl(IJl, IJ?, XjY, ZtA, BCC) @Xl(J)” /VO -“- ————--—---
—---- -—. —-—

. ... . . . .. . . . . . . .
GO TO 1?00

.. . .. . -. —-—— .-. —.-— .- —.- -.. .— ____

PH=PH*p 112( IJl, ]J?tx9Y, z tAtf3r C)* X2( J1/VO ‘-”
- ..- .. . ...——..-— ,------ -- __ --.,,. . . . . . .

.,----— .... ---- -. —.- -.— - —— —.- ——— .
CONTINUE d--.—-—— —
N=KK “’””

-.--—- .—.-. ... . . ..-— . -.. . ..-. . . . . . . . “-— --- -.. . . . . . . . . . . . . .. ..

?H=PH/VO
------ — ---------- .. —-- —— -- --------- .- ---.. —-— ------ .— ---- —---- _____ .

-- —.-- —-. — .-. .--— ----—. .-. -.. .. ..— .
TEt4D=Y

. . . . ---------- . ..-- ...-— ---------- .--. — -- . . ..— .-

‘Y=z
...— .— —— --———-—— —— ——

.-. . ~=~FMp ---- -------------- . ..—--- -— . . . .. . - ..---- . . .. . . . .. . . . ..- -. .-.--— . .. _. ..- . . . . . . .
-, .. .

,?ETURN “-”
. ——- —---- —-- --- .-— ------- .— --- -- —-- --. —-- -. -—--- ..... . . ..- ,. ...-.4

- ... . -- —-. —-- -. ... . . . . ..- . ...-.-.-—
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ENO

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

FLJNCTION PI]1(~it~12tX~YtZtA~R~C)
.. .. ..- ---- ---- .—. - ------- ------- ._ . ..- ..- . .._

. ..- . . . .. . . . . . .. . . . . . .... . .. . . —. -.. ,- ..,... . . . . .. . . . . . . ..
tdl=h]-~
N,2=142-1

------ .-. —.. ----- ------ ----- --. -.— ------ —----- . .. . . . .—--- --. — . ----- .. . . . . ---

IF((N1+N2).FQ.0) “GO TO 100’ ””.”
.. ------ . . . . . .. . --------- . . . . . . . . . .. . . . ... --—.- . . . . .. . .._

. . !, . . . . . . . . .. . .
?I=ACflS(-1.O )

..

FAcT=oISSOPT ((FLOAT(Nl )) ~~2+((FLOAT fN2))@s2) “’ )“-/h
. -- -.. .. . .—-_— . _ ___

iP~=co~(PIoFLUAT(hjl) ex/A)@cOS(PI*FLOAT(N2) *Y/Al~SINH(FACT~Z)”- ‘-’--- -----— - . . .. . ..- .- .,-., ..-—---- -.. ..—
l/SrNH(FACT:fI) .“’ --- . ‘. ‘“ --..: . ;.- --._:.-.- -.--.-.,.--._.., .-__-.-. . . ----. . . . ----- ---- . .. . . .. .. . ... .... . . . . . . . .

TFh4P=Nl_- . ... .——~;=ff2.., —— ——.— —-— —— ..—

----
N2=TEMP” ‘. --”” - ’. ---’-.--”-—---’-— -”--– ‘“’ ‘- ‘“..-””-. --—-”--—--.-.-.’”-” ‘“---’-

- --- .-
N2=TEMP.

-—-— —— —— -—. -—-- --—.—- .— —- -..-.— —..-— --.—
.-. -

PP]=cf)s(PI*FLOAT(hll)OX/A) OCOS(pI’FLOAT(MZ)ey/A) OSIN~{FACT*Z)--– —–—- ‘-”. .
l/SlNH(FACT~f3) +PPI

-,.. . . --—— - -
-.—-
--.—
..---—
...-.
----

–100.-. --”

.29P

- ..
. .

i+i=wlli ;o’-”--—–-—
.-

- --- -—-.— .—
TFMP=N1

---- - . -—-———- - . --- _ — .— — --- .
—— .—— ~ —————_-

i4i=N2‘:’”
—

.-.-—-....-— ——— — —-—— -.—— -------..-—--.-—---—--------.........------
$./~=TEUp--—-- -—
Ga To 200

--_—-.—— —--———- ..—
———-- -- ..-— ———- . .—-—-—-—— .

CONT INUE
-.—-—. —

.— ———. — .— .. —-— .—— .----
PP]=Z/B~oNTIN”E ,.-.. _ ______ . . . . . . . . . . . . .----- .–.--..-_-..-. _--—-- ----------- --- ---- -- . -.

..-— — ———— .——-— ——— —--—. .-—- ----- - . . . . . . .
N2=N,?+l .. . ..- .--. — -------- .. -—. .—.Nl=hfi+i .—......—-- —-..—-...-——--------.-. —. -------

-------.--———---.’— -. —.-. .— —-—. -------- ----- . . .

21 J I=PPI ‘-”’---”” ‘“–---””.”--”-. . .. . .. -.-— . .. . . . . .. -—. ----- —-—— ____ ----- -----
2FT11RN

-. ....-. . .. .. . . . . . ..
—------ “--.-:’ .- -— —- —. —— ------ —---- --- --------- .. —----

Ftin .
--—-—-—- --- -. .. . . . . . . . . -. . .. , -

-.
~u}Jc~lllN PI12(~I,MZ,x!Ysz!A,B*C) ‘--- .“ ”-’-. -—--v--— -----

-. ...,.- .. ----- .
. . .---- .__. - --.-—

?l=Acf)s(-l. o)
-—— — —----- .-

. . . .. ----- ------- ----- ------- . .. . .
N] =141-] .

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

&4~=M2-] “’-. . ‘- “- ‘-—- ‘-”– ‘ ..”- ‘“–-.–--– ‘-”-. -“–-.”:-’-
-.-. -- —.—-- -------- . ..----- . .

. .
FACT= PIOSOQT((FLOAT(N1) )* ’2*( (F LO AT(N2))S=2) )

. . .. .. .. . . . . . .. ... . . . .. . . . . -.-.-
--

FAc T= FACT/A “ .“ ““ .’ “ - .- “
. . ------- .—. .. -.-— ..— —. . ..—.- ..-.

-..
D??=cos (p IGFLo AT(Nl)@xf A) 9COS(PI 0FLOAT(N2) ~Y/A}@EXP (F ACT@ (8- Z))-”-”- .“ “.

. . . . . . . . .
TEMp=Nl

. .. . . . . . . . . . . . . . .. . .. . ..---. —
. .. . . .. .. —...- ,-. ..--. — --------

NI=N2
..--. —------ .—-. — .-. .-—- ------- ----- ., ...,-- . . .

.
. . . . ..--. -.. —— ..-. -.. —- -. —-- .. -—.

‘N2=TE~~p
------- . -------- . . . .. . . . . . .. . . ... . . . . . . .. . .

. .
?p?=cQs (? I' FL,o AT{ Nl)~x/A) "cos(PI *FLoAT(N2) @Y/ A)~Ex P(FAcT*(B-z)l' - - ‘- ‘------

l*pP2 “-, -
._ -.. . . . . . . . . . .. . . . . . . . . . . .. ... . . .. . .------- ... .. —-- -----

. .
?P2=PP2/2. (1- – ‘-— -- --- ‘-”---- “--- . ‘-”---” ---- .“---- ‘-”. -—’.- ‘--”- —’-”

. ... . . .. . . . .
-.. . ----- - —--- .-. —.—-—-—-- -——— ---- .. —.. —--- ------ . . ——----- . -——— . . . -

TEMP=N1—-- ..—
MI=N2

——-—
-—. . —.-. —,4 —-. . . ----- . . . . . . ..-- .—— - -.-- ..-— ------ .-. .-. .— --- . . . . . . . . .

NZ=TFMP - —---——~2=N2* ~.. .,-_- . ...__ -_- . . ....-._ -- .,----------- —–.. =--- ..__ .-. .. ... ..-. — -. =,. .. . . .. . .. -_
—. - —-— —— ---— -—-——— —---...-—— .— ---- .

..—.-.. —.--— ..-. - --— ----. —.- -—-.—— .-. ——. .-- —-- .. —---- -— . .. . ,.---
_. ___ .--— —. .-.—---- ..—. —----- - —.-—-. -- -—. —...- -. ---- ----- .- .--— - — - .. .. ..

..—— -.. ——-- .-—.. -- —-. — .-. .—.. ---- ..----- .. —.--. .— .--. .— . . . . .. ... .. . . . ... .
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.200
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FLJ’JCTIOPI p1c(%tyt4*~tctAc)” --- . -
. .. . . .

PJC=(), ()
. ..-.,. .. . ... --- . . . . . . . .. . . . . ... .

?1=3.14159
ll=COSH(P1~(Y+9)/b)-COS(PIGX/A)
T2=COSH(PI~(y-3)/a]-COS (PI’$X/A)

. . .. . . .. .. . . .. . . .. . .. . ———

Ir(A9S( T2).LT.O,Ool)GO TO 100 ‘“” -
. . .. .. ...

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

——-.— ... . --- . . -.
... :------- . .. . ...

pIc=Ac@ ALo6,(,T1/T2)’ “- “r-_-- –...,.,,.._, . . . .. , --_, ---, -,,-,-,._. --,. -... .-, -:..:.. - ,’:-..
-- —-------- ------- -------- .. .... ..- . . . . . . .,

2ETURN
ENn–—--—--”-’--’ —-–--—-- .-.”.”.———-----”’:--—---–’ ‘--’–---.”--’-- ‘..-
FuMcTToN PI1( l+X*Y,A~R~C) ‘“-’ ““

. ... . ... .-. . . . . . . . . . . ..

? 1 =.3 . 14159’---
. . . ...— _.. --— — —— -—.-—.-———- -—. —-- .— —.. .—. —- . . . . ..

Av=FLo AT(N)
. ------- . ...-— -— ...- —----- . . .. . . ,. ---—. .. . .. .. . . .. . . . . . . . . . . . .. . . . . _

FACT= (AN-l .O)OP I/A’
—------- _______ -- —-. ------ ... .-. .— ,_ --,- -. -,--- .. -_ .. . . .. .

lF(AV, Fnsla O) GO TO 100
-------- ,- ..,... . . . . . . . .. ..— -.. . . . .. . . . . . . ..

PIl=s INH(FAc T~Y)*cos (F AcTSx)/s IFJH(FAcT@ 8)--" -.------- ....---.' --. --'-------- --
GO TO 200 .“. .

. ..-— ------ —,- . .. .. -.-— -- .. .. . ._ --_. — .— --- —.. — . . . ..-.— -------

?I]=Y/R
.-- —----- .-— -— --. .-— . . . . . . .._ __________ . . . . . . .----- .-.__. . .

CONTINUE - —---------
—— —.— -----

RETURN
.-—— — ..-. .— ------- ~-.. . . .. . . . .,, ------- ...... ------ ------ -. .-. . ... . . . .

END . .. . . .—— .. ...- .—— - ,—— — —— . ... ...--— —--, —.. - .—

FUNCTION P12(:J~X*Y~A~BtC) ——— — —— — _. -.. _ _

?I=4C05( -100)- ‘.--”-.---—------—”’-’- --”--:”--—-—’” --- —----- -’ - ‘-
AN= FLOAT(N) ‘ . -- .-— ------ —---- .. —- .--. .— .-- ..__ ---------- ..-...., . .. .. . . .

FACT= (A N-1 .0) ‘p I/A’----” ‘-” ‘.--- .”---- ‘--’. -... --’---------—--- -.”. ‘-””- ‘ .“--” . ..
?I?=EKP (F ACTa(B-Y) )’+COS(FAC’fo X)

------- . ..- —-. — .--x — -,-—— —.-, ___ -- .. . . .

2ETU?N - “’ . . . . .. . . . . .. . .. .. ----, . . . .. . . . . . .. . . . . . ... . . . . .

END “
... . . . . . .--— — ., --- .-- . ... .. __,.-. . ... . .. . . . . . —---- -- —--- -. . ._- _. .._

FuNCTION COS~i(X) “
---------- . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . -

COS~=(EXP (X)+ EXP(-X) )/2.0 ”’----
. . ----- . .. ..,, ,---- . . . . . . . . . . . . .

2ETURN ““-.”-
.- —- -.. ..— __ -.--—- . . ..-_ _., _ ----- .. . . . . ----- . . .. . . . . . . . .. . .

ENn
. . . . . . .... ------- . . . . . . . . ..-. .--. — . .. . . . . . . . . . . . . . . . .. . . . .. ,----- ______ . . ..

FUNCTION SINd (X) ‘-.
-—. ..-. . .. —-- . . . . . .. ..- .-- .,--- -..._-—- —---- .- —___

sINH=(Ex P(x) -cx P(-x))/2. o ----- ----- -- . ------- .- .... ---—-. . .. —..- —------ ..

?ETURN ‘-” ‘--”
-. .-. . .-- .-—-- .-. .. ----- -. .--— ..---- —— .--— ._ —,- ____ .. ...

END
------- —— -- — —— —-------- ------- . ....- .-. -— —--— ..—-- . ..-. .— -- ..-,.- . . . . . .

NOLIST
-.. .-. — -- .. . . . —--- .-- —.... . . . . . _--. .— . ..-. -.— ------- _____ ._ .-<..

SURROIJTTNE RRI)T (A*Hq~NN~~*CU*NVtILtJ) ‘,-
..----- ------ .— ...- .. ..— .. .

oIHENs ION A(!~l.’INN), CU (NV). P(7) ------- .---. — -- .-— .- .,. ,.,,

co Wqo~J /G@o P/ t3X. DY.<,s AV:X( 500) .sAVEy (500) ‘“’ “’” .,------ . . . .. . . . . ..

CALL 04 (p(l) 9~(7)~P (3)*7 (4)t IL, Jt D(S) *P(6) tl, SAVFXt SAVEY?l *-1) .
Dy=(P(4) -P(3) )/ FLo AT(H}i-1). - -.. . . . . . . . . . . .
0x=( P(2) -P(] ) )/ FLo AT(NN-1) ‘----.---–----’--.”” .’- ‘“—”–” . ----- .,

NOM~l=t4M-1
-------- ..— -— ----

NcIN~~=N?J-1 “–-’ .— .-— -.. -.. .—-— —----- .. . . .. . . .. . . . ... . . . . . . . . .. . . . . . .

DO 45 1=1 *NV’ -- ‘“--—”-” ‘“-——.. ”-’— -- .- --–-—-—
—-. —. .. . . .

K=o’-.
—.—— —-------- —.- .. . . .. . .. . . .. .. . ... . . . . . -------- . . ... . . . . . . .

00 5 N=l. NN-”
-. .-— . —- ..- ..—--.... .. ------ . . . . . . --- -- . .-, .-_ .. ___ - --- . .

DO 5 ~=lt NOMHl ‘-
—---- .. -—.. ,.— . . ... . . . . . . . .,-_-..,. .. . . . . .

IF (( A(H~N)-cll (I)) +( A(q*ls N)-CU( I)), GTo Oo) GO TO 5-–”’
.- .. . . . .

9QT “
BRT .
BRT ..
fIRT.
RRT
RRT
13QT -- ‘
pQT (
RQT .
RI?T
f3RT
flRT
BRT

-—. . . ..-—. . .. . ... .,_ --,_ .+ ,. -.. . .-.-.---— . . . . ...—— -
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<=~t~ . . . . ... .. . .. .
..... .

IF (K. GT,5001 GO TO 20--
-— --- . ... .. . . . . . .. . . .. .. . . . . . .. . .. . ---- -. .-.-—... .

54vEx(K )= FLo Ar(v-])@Dx+P(l )-” “
. . . .. . . . . . . . . . .-

“ sAvEY(K) =FLoAT(M-]]sOY*P (~)+(f)Y/(A(M*l,q)-A(M,N) ))o(CU(I)-A(~tN})
5 CONTINUE

.- - . . . . ... .. . . . ..–, . . . .

~~ 10 }1=],~~~ -. L ,- .- -- ---- . . . . .. . . , -

DO 10 N=~,N@?~” -----
.. -—.- ------ .-. ------ ------ ..-. .. —-- .

‘.”” IF ((A(M*N) -CfJ(I)j”(A(N*N+l )-CU(I))oGT,O*) GO TO” lO’”.--—----”-- “-”——
<=K+]” ‘“

. . . .. . . - . -—.- -... .—. -. . .-— .—---- . -. -— --- .. .——- —— - . - .

IF {<.GT.500) GO TO 20 -
,.. --- -... .

- .. . ...
SAVFX(K }=FLOfir(~-l)ODX*p (l)+(13X/(Aft4tN+l)-A(~;N) )}o(CU(I)-4(M1N)). . .
5AvEY(K }=FLOAT(M-])~DY*p (3) “.-

. . . .. .. . .. . . . . .-

10 . CONTINUE - ““ ‘“-
.- .-—.- .- .——--- ———- .—— ——---- . . . .

.,

FiRT :
RRT t
RRT
13QT
Iy? T
RRT
RI?T
FIQT
RQT
RRT
qQT
8QT
~RT .-.. - ----

P?lNT 15, CU(T)}K
.— -- .-. —.- —---- .-. -- —— -- . ...- .. —-- ----- — . . .... -— ----- .— .- t7RT ..

15” f~~~AT (lHo/l+o!2flx~F10.6*9H coNT9uR/33X*13~NOC oF pTss ‘*14~ fIRT
.. .

If (K*LT.4) Go TO 45-”’
..— —. . . . . . . .. . . . .—. - . . . .. —- --- ..-— .-— . . .. .“ ml-

-----
GO TO 30

..-- .-. —.-. -—. ---— ——----——- ---—— -. —--- --- —— —-— .-- . . .

. 213.-

flQr

‘RiNT ~~, cUfl)-----—-—
- -—-. . - . -------- ---- --- -. .———- -—— -—--- -

RRT .
?~ foCtJ4T (]x,23~{sII0 ARRAy 0$f~RFi_(3kJ FOR ,F1O.6,9H CONTOU2)– ““.’”- QQr’

30 CALL OROER (p) RRT
00-/,0qIsuY=l*3 6~r.—. —

., LOAD=O
-.—.— ——-- —. ——--- ~R*

00 35 JOy=l*~
...----——-- ..-----..--—-—-...-—--. .— —- --------.—-

......
lF (sAvFx(JOY).GE.l.E5} GO TO 35 ‘--—

———.————- .....

—-

-35..

40

45.’.

ioA17=LoAC)+l
. .... . -—- — . .- , .-.---- ——, ... .........

SAVFX(L~AD) =S~VEX(JOY) –-”—----’” “----—”—--———
-—-——- . —-—----- .. . -

54vEY(LoAo) =s~vEY(JoY) ‘-’. -
—.. . . ... . .. .. . —- ... . . . - .

...-—--- .-—
CONTINUF

--—..———— ——-— .-. —- ------- -----

IF (L~AD*l-T,~) GO TQ”45
-—- .- .-.-—— . . . .. . - . . ... . .- —... . . ------- .

. .. . . ..—-. —-- -------- .=. ..— .-. . . ..-_ —- ------- —----
K=LOAD ,------- ..-. — ------- -----
cALL ORDER (p}- ‘–

,—.— . . . .. . ---- - . - . --- ..

COMT]NUE “ ‘–—---—--.-__--,-
—————— .--—-— - ..-

.c4LL .pLoT(FLofiT (Il)eP(5)+3:6s 0,s-3)--- - —----’-
—-.-—--—. .- .

RFTl~2hl - “ “-” “-. “--”.”””-””----”-
-— *-- . .. --— .— ---

—. .-— ---- --... —-— — . _—--— —.-—
cur?

—---- .—— - .— —-- ------

13RT
BQT.
RRT
RQT” -
BPT
RQT .
F3QT
RRT
=jQT
oRT
RRY
BRT
qL?T -

L.!.
.-. .

SUPQOUTIN: ORf)EQ” (P}
..----- -— -- . -.-. —-- .. ..-. . . . . ------- .—. .-. .-.—— - .-. . .

OR .
COMMON /GOOO/ Dx, DY, IPLOr, sAvEx(500 ),s Ati EY(500) ""--- .-." ----------- ““. oR-.-.
DIM~NsIflN PX(~OO), PY (500), p(71 “--

. . . . .. . . .- ———-— —- ——-— ..
OR -. . .. . .. . . .. —..——-— —.— —.—— - .- .--— —-——- . . . . . .

v= (-)Xc)f)x+nyooy--” “ ‘“ 0!? .’.. .
CALL SORT (S fivEX, IPLOT+SAVEY)

-------- ------- .- .. .. ..- ——.. - .-, ---- ,.---,
OR ...- -.. -— .--— . .. ---- —-—-----——- -~ -.-— ---- — . .

~~hx,=rl OR ‘.’.— ----- —— --- .— . . .. . .. . . . . . . . . . ... .. —------ -------- . . .
TEMPX=SAVEX{] )-–: OR =.,.
TEMPy=s AvEy(]) ------–—---- ‘“”--- ‘--— ---”. --—--—-—--.-—

—. —-- ...-.
OR -— —- -— —-———— . . - .. - .

K6=0 ‘- “ OR ‘-
—.- ..-—--- —---- .. . .. —. .-.

IFr)=O.’-’ -”----. —-”-
-, -. . . . . . -------- .. . .

OR
‘-. ” 1=1’

-------- .--. .-. .— -—-. -------- . . . ----- .-------------- -.. —--- ---- --. .— . . .. OQ
. .---- . .. —- .-. -.- —— - -— --— . --—. — -- .- ----. — —----.-—- —— --. .-—.. . . . . . .

]?=1 OR ------ ...._-— —.—. .- —- —---- .-— --- -. ----— .- .—-.. .- —-—— . . . . .-
GO TO”-10 OR “-..-— —-—— -.. — .——--. .-—- —--- .

5 ‘“. - IP=2
—------ .-— — -. -—--— .-----

OR

. ..-. ------ .—-’.
.r. ---— — — .-----
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‘x ( \ )=sAv~x ( [ )’’--’----------.... -----.------------. ... .......-..—.. ... .
A-. .

?Y(l)=SAVEY(I)’-—
....---- ----- -------- . . . . . ..-- . ..— ..-- . . . ------ .-, ---- .- —.,

lti”.- ?X(l?)=SAVFx ( l )----------------
------ . . . . . . . ... --— . . ..-. .. .. . . . . . . . . . .. . .. . --

—--- - -., ..-. ..,-_— ,------ .
PY(IP)=SAVEY (i)

----. .— . .. .. .... -— ---- ------- .- . . .. . . .
.. . ...- ------- .. . . . ------ . .. . . . . . .. . . . . . . .. . . ..

15 <OUNT=O
. .

‘“--- 00 50 J= I * 1pCn T-—–—- .-”- ““’—--4—---——.—--—-
..— — - .

lF (S AVFX(J). (I T.l. ES) GO TO SO
.. ----- . .. —---- . .. —---- . . . . . . .. . . . .. . . .

-J

OR -

OR
OR
OR
OR
OR
OR -
OR
OR \
OR

I

OR ‘“
OR

-----
SX=SAVEX (J)-s LVEX(i)---” -–-’”--

—— ——- .— .. . . . .
. . . . .

SY=SAv EY(J}-j~VEY (I)”- ‘-” -
—“--- . .. . . .. .. . ----- .. . . . . ..- ..” -

——-
DEL= sxes<, sy*sy-—-—

— —-.
.- .-. .

:; F:o:L:LT.Sl ●E-l Z!) GO TO”’SO
——— ---------- ------ .-. ..-. —- .-. .-— .. .. . . . . . . . .

. . .. . .. .. ... . ____ ——. — —-— —.. . ..
= OR -.-----

----
. . . . .
-..

. ------
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-.. .

—.. .
—-.
.. .. . .

20---

25 “
no
35
40--
~~ “

so “..-. —

. ... .. .
.

-
.,.

--..—”

IF (DEL .GT. V!>GO TO 30
--------------- .- —-”. . . . . .. . . . ..... . . . . . . -------- . .

KK=J*fj
... ----- .,. —-— — ----- -..--—— ,------- -..-—— -- —.. . .. . . . . .

_______ _ _
KK=MINO(KK+IPL”OT)

—.- ---
-. ...- -.--.—— _ —. - —-. -— —---— .- —.-.. ... .. . . .

i) EL T=i)EL... _____ ‘ -------------
t(EEP=-1

-— ..- -—— —-- .. ..—... —.-

IF (J. FQ, IPLOT)-GO-. TO”:30.—-”—--—-—
..-— — -----

. ., . .--— ...-- —— - — — _— ___ -— .-— ___
<E3=J+1 “

-—.—- ..---

130 25 K=~!3*KK-
—-- ——--- ——— ——-— .. _-. . .

SxC=S~VFX (K) ‘%AVEX ( ])-—--—”—---—-— –——.——-. -, .._. . . .
SYC=SAVEY (K)- SAVEY (I) ‘--””- ‘-”’----’-.’-

-, ----- ,. .. ---- .— ---- .- .-_. .

DELC= sxc~sxc’sycasyc ---. -—--- ”-----
-—-— . . . . . . . . . ,.

IF (DE LC, Llo]. E-l?) GO TO 25
-.. -- . . .--, .. ..—. ,..--.. ——— .— —- —.-— ..- . ,

IF (OE–i C- DFL.~) 20,25,25-” ‘-. .- ‘-”” -----
----- ,____ ------ ---- .

. . . . . . .. ... . .. . . . . . . . . . . . .. . . . . -- ._ .. .._- . . . ... . . .
DEL T=OELC ‘“’——
KEEP=K ‘--

—— -- —--—. .- _._-. .. . .. __ .__ .-. _____ . . . . . . .
COK,T *A,”E. . . .. .——. . . .. . .. . .. . . . . . . . . . . . . . .. -- . . ..-. -.— .— .....-.. —--- -— . .

IF (KEEp) R0135;75-’
. .. . . . . .. . . . ..-. —— .------- . .... ___ ________ _____ .. ____ ---

IF (IFO) 4S+4fi~45
... ___ ------ _______ ,---- ---- ______ .--_-, ._ .._ -._.

- --- -.—.--.—— -. ._,--- ---- - _ .. ----- ______________ -., -- . .. .... .
JHf)l. D=J” “~Fn=*FD+l . -- ——--–—---- - ------------------ --------------------- ------ .... .

f(OIJNT =KOuNr+l -------- “’”- ‘—--- ‘.-—” ‘ ‘-’- ‘--- - ‘“”-- ‘-—-”----’ ‘- ‘–’” “-
IF (KtiU~JT .FOOTpLOT OANDOIFD. NE. O) GO TO 55 “’.--—-—---------’” ‘--’
IF (I P. GT, &) CALL 04 (?(l) SOQP(3)~13*MO~, P(5 )sp(6), lPt Px*DY *2*-1)
IF (<f>,~(j.~) Gf) TO 100

IF (Ipo FQ. lpL~JT) GO TO 95
I~AY=lf4AX+l ‘-’–.

. .. ... . . . . .. . . _____ -— ——— --- .- —--- .-e .- —.. . .. . .

IF (l~dx. LT. ( IBLOT +5) ) GO TO 15-”.--’- –---– ‘- ------”-— ”-.-’ --”------ .“
TSX=PX(IP)~TEf~~X” .’ . ‘—---” -’”””.-”-–-----’--

—- --- .-— —.. .—--------- .. . .

TSY=PY(IP)-TEYPY
. .------ --------- _- .._-. . . . .. .... . . . . ---- — ---- —.—- -..-.--

‘---”. DEL= “ - T’sxo Tsx+Tsy~Tsi —,

‘. IF (DFL. LT*V) GO TO 110
........... ..............--------.--,----._,-,........... .

GO TOl OO’ .”.- .......-------. .......-.—----.....------... .. .-

55 CON TJNUF
. ...-.-= -_ . . . ..- -. . .._ __ .-.. . . . .. . . _____ .. .... . ...-.,.-, .. . . .

.If (<4. NEsn) 60 TO 60 --’-” ----- “---”-” ‘“’
-------- .- ..,--- . .. . . . . .

c PQ\NT ]0~, (P~(L). PY(L)*L~L=l*Ip) . .. . . ..-.-_-— .- .,-- --------- ..----- . . .
..

SAVE X( Ip)=Shv FX(IP)+l Oe’
. .---- .- —__ ----- ______ ____ ... ..-

.-=. ------ ..--.-—- —------ . .. —. —- . .. .
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OR
OR -
OR .,

OR
OR
OR -
0/?’
OR
OR
OR
OR
OR
OR
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OR
OR
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OR
OR
OR
OR
OR
OR
@R
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OR
OR .
()~--
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OR
OR
OR
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60
65

7n”
. .

75

IF [IpeGT.f*iCALL 04 (P(l) *O*p(3) *D*14*q*~(5)~P (6)oIP*px~pYt2~-1)
IF (K6) 70~70c6s ’ “. . -- . . .

. .

K6=tl
.— -.. .. . . .... . ---- . . . . .. . . . .---- --- ----- -.. . . .

Ts%=”X(p)-TEY~X--” “
. -. . . .. . . . - - . .— . . .. ... . . .. . . . . -=-.

. TsY=PY(z)-~F14~y - “
.. ----- . .. . . . . ----------- . . . . . .. . . .. . . ..... . . ---- . .

DEL= TSX5TSX+TSY’TSY :
. . .. . . . .... .. . . . ---- . . . . . . . . .. . . ..-_ .

IF (~ FLc GTGv) Go TO 100-’-------”—— —-. -... -._.. .-... _... ------- . .
?X(I)=TEMPX “--” .. . . . . . . . . ...—. ..— —. . .. . , ----- . . ..... . . . . . . . . .. .

PY(l )= TEHPY”” ‘“”-” “ “-:-–--”-”--’ –”- —-–-– — ----.—- -—-—— . --- ——__ . ..

GO TO ]00 --
. . ..-. . . . . .. . . . . . .. -,. ,.

“’K6=1
-- . . . . . ..- .—— —_______ —— ~— -,-. .- ...

..Go To ~--. .. .-—-- ...-—.-— ------- —-— ---- ...—-- -...---..— ~-. . . .

J=KEEp
-— --— —----- . ..—. — .-. . -------- .. .. —- .— ---- -—_. —..- ----- - —.. .- .

R@ “ ~p=IP*l .’”
----- ..-.. -—. ----- ...— .. —- _. .-. . .. ._ .,- ___ ---- . .. .. .,-. . . . .

?X ( ~P) =’SAVFX (~)” —-----——-’------— ”--------- ‘-—-——-–’---”-” ‘-”- - “---
?y(I~)=SAVFy (~]) -------

——-. — —— -- ---- —. ..-

SAVE X( I)= SAVE K(I) +l. E6 --” ‘- ------- .-- —---- ._ .- ___ . .. ----- -------- . . . .
—---

IF (J-JHOLn) qo,8<, go--—---
-— --—-—-— -——. — —_.. ._ .-.

Rs . IFD=o - . . --- . . .
------- . .. -—- . . .. ___ . . . . . —.-. . . . . . .. . . .. . .

-... J}{()[_D=()— --–-———
— -— —-- ----— .--—,. .-—. — - .

q~-.. - ]=J .--.... .. .——— - ,.-..-—.-. ..______ __________ -. .-—-- ._. _ - . ..-= .

IF (lp-~pL~T) 15., q5,95 ------- .-—-- ..-——-- .. —._.. _--_. ._.. ---- _ .

95 TSX=DX(IP)-TEI~PX -
..-. .-_— ------ ... —.... . . . . ... .----- ---------- . . . .

-.
TSY’DY ( 1P) -T E*t?Y’ “ --.——--–--–--—___

--——. —.. ---..

DEL= TSXa TSX+TSY~TSY -
.. --—--- -- —.- . . . . . . . .... ... . .. ..-. —- . . . . . . ..

IF (PELc LE. V) GO TO 110-””” “
-—___ .- —--- ______ ...—— -- -. -.. . . .

100 CONTI/JIJE
... . . . . . . . . .. . .“.. ---- ---- ..-. . . . .

103 FoRMAT (1ox,7HFRC)U 75/(15x,2E15.5,1.4]) ‘---”--”-‘“ ““--“-”“ ‘-”-
CALL ~~ [P(l}*D*P(3)IO~~*~~P(5)SP(61C1PSPXSPY*2S-11 -“’ ‘..- .—-.
5AvFx(I)=sAvEf(I}+l.E6’ ‘“. -----.-.,.-—----- .....-------........ ..

R~TIJRhl . . .----. .----..... .---- .-.....................

110 ~p=~p*~.- -r---------------..-.— .... ...—----..—-— ---------.__. .

pX(ID]=TEIAPx ---–.
.. -—.-. --—- -------- .-. . .—--. ,.-_,---- . .. ..-. . . .. .

PY(]P)=TEMPY””-
-— . ..- -.. -.. — -------- ----- ,------ .. . . . . ... . . . . . . . ..

.GO TO 100
.....—— ...—-_ ..-..— .---.—______-------.-._ ---------,_

‘--— END .—-._—___ ....— —-— ______ —. .
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OR
OR -
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OR
OR
OR 3
OQ
OR
OQ
Oa
OR
OQ

SLJ~QOUTINE SO~T (w EY, NUM*KF.Y1 )
.-. -.. ..—-— -------- .—— - ------ ----- - ““ sQr

INTEGER KEY(~lIJq) ,T, KEYl~VuY) tT2-.. -.--. A-----
--------- . . . .. . ..- ... . . . . SQT ‘-

5 IF (W~. LTc2) QETIIRN “.- ““------
—. .. ——______ .—— - .— - .-. . sRT --

. .
.- 1=1

. . . .. . .’ ..----- .-- —-_ .. ___ . .. ______ .-,. z --—- ---.—— .— ..- . ..

10

sRT ‘--
1=1 +1 ‘—----””’. -.-—--” --—-——---—-—-”--””-”- “-------- . ‘----” ‘“--- ‘“’ “’- “‘ sRT ‘-

.—. _
IF (IcLE.Nu~~) GD” TO 10

—- —-. -— ‘-—--”---- ‘–- “ sRT’ -
-.. --.-- q=~-~ –—–— —— ------ SQT. -

15
~=~,z, —--- .–- -—. .- -.-——--...—--- -—–.- .--. —.. .--. -. —------- . . . ... . .. . . sRT ‘-

IF (~a LT.1 ) Q= TURN’--––-– ---–----’ - ‘—- .-’--–-”-”-—-– ‘- ‘- ”.- ‘. !jRT -
...

K= NIIM-H
., ------ —--- ...-. — .. ______ .— - --- .-— _- . .. . . . . ..- _- SPT .-

00 25 J=l~K
.——— .- ....— .--- .—- .--. ..-— .- —... .-. —- —.. ...-— .- . ..- SGT

-———
.I=.J - ‘-—-

--—-- —— —-— ‘-–—-— ----- - ‘- SQT ---

20. - ~~=~+H---—’ —. ..----— --- ._,----- .— =,______ ----- ____
SRT .

. . . ----- .. .. .. .. ... .. . -————---- —.- . .-.—- ..-
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IF (<EY(I),LE.<EY (IH)). . .
T2=KEYI (I) ““ “ “

. .-, .
T=KEY(I)

. .. . . . . -. . . .

KEYI(I)=KFYI(IY) -.
.- . .. ..-

KEY(I) =KEY(I~)
<EY1(IM)=T2-— . -. . .. . -— . .
<EY(I~)=~- _+ . . . . . . . . ..-..
‘1=1-M-

Go To 2s ‘“’” ‘
. . . . . . . . . . . . . . . . . . . . . . SRT ‘“

. . . . - ---- , . . - . . . .. . .. . . . . . . ..
SRT

,.. .. . . . . . .. . .. . . . .. ,-. . ..
SRT.,, --- . . . . . . .— -.. ---- ... . .. ..7-. —.— . . .... . . . .—
SRT
SQT
SRT-..-.—- -.. .--, --- . . . . . ., ----- .--, . . .. ... .
SRT “. .----- . .. -.. _ -- _., ,.. ._. . . . . . .. . . . .. . . . . . .
5RT

‘----’ IF- (l. GE:l)’-Gi) .10-20
—--— ——— _________ -—------- . ..__ ----

sRT

25 CONTINUE “ ““ ‘“-”” ““------”-
.- . . .... ------- .. —--- --------- . ----- . . . . .

sQT
------- .——

60 TO”15
— ..-. —-—-- —-. . -.-, _-_— -. _.. - ----- ---

-., ,..
SRT

: . . .. . . ..-.— ----- . .----- .— ----- —..--—. ,. ___ --------- ----- ....,.-- .END. -. . .
sRT

--. ,
SURROIJTINE D’} (x!4TNs X~AX~Y~IN *Yf4AXJ IL* IH*SXISY ~N?TS*x!Y*K INo!LA!; T) DG.-
DIMENSION X( NaTS). Y(Np TSI

. . ..-. ---- . ~4 .. .
. . . . .

DATA lFT*JFT ~~x~FY//4HF 6.lr4HF6c2* 006~Oo59/ ‘-
,..-..—- . . . . . .. . . . . .

04 -. —.
. IF (K IFIO-l),l’JQ 15-5. -

-.. -.. . .. .. . . . . -.-..—-——. --.—— .- ._ ___ ..- D6. _

5. . ..— -’-
IF (KIND-2) 1nt90t10

. -—- .—
‘——”-”D4-”-

. 1 n“” RET UQN”” - “. ““”’ - “–”’”- “-— ----
. ..— ,------------ .- _____ . .... . . . .. ---, .. ”.-

04”-”
, 15 IF (10-Z) 20$?5)20

—.—- --------- -------- ----------- _- --—— —---- -
r14”–

20 CALL pLOTS (T~t Tq,l’O)”-’’--L-— ‘-”- ‘–””--” ‘–-
. . . .. . . . ... . . . . . .-. —.-. . .. . . . .

D4 “
.. . .. . . . .. . . . ..- .— ..,-. .——-—- —-_— —-,. To=?

—— --- .— -- —----- .- __ -.. . . . . . . . . . .. ~4 ..-

. 2.5- ,

-..

-. .
-..

3n. .. .

35
fin-. ...,..
--

45.-

. . ..-

-., . .
-..

Stl ““-----,.

5-5 ‘

;~L~ PLOT (Fx~FY*R)
—— .—-— -.—.—— — ----— . .. . . .

D4
2EAI. H=l H “–-

. .. . .. . .. . . . .------- —---- . .. -_. . ---- ------ ____ __, .-- ..._ -----
~EALL=*L. -. —--..—– —-_–-—–—-– —--.. –._..-_. -—. ______ -.

$C-ALEX= (X MAX- A~IN)/REALL
-. .-. ... -_ ., .-,___ . . . .----- . . .,.
. ..—. ------~ _______ .,—.. — —.- ._ .._ _____ ...-.

‘jc AL EY=(YHAX-Y~ IN)/REALH ,. . . . . . . . .. . . .. .. . .. . . .
I?SC ALX=l ●/S C&LEx -------- ._.- .-,.. j“.. j.-: --.lj. __.. __--. —,-__ —–.. ,.
2SCALY=1 ./se Al_EY .- .-—-- ... ..-__ ------ . .. ---- .— - --—. ,----- ----, . ... -
Do 85 1=1,6
GO TO (30,35 ?30*35)”, I “-” - “ ‘-” ““’-”- ‘“ ‘–” “
VN=IH+l

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

GO TO 40”” ----- -–----—–- “–’–-—
..-. —- . ..-— —.. —— -- ----- . .. . . .

-.—- .— .--— .,- . . ..— ... ...— .__ .,_ ----
$J’.J=IL+1 “

——-—- ..-— ,,-.
.. —...- -..—.. . . . . ------ -. ... . ---- ...---- . . . ..- ,,

DCI 85 N=lt NN

r)4 “
04
I-)4
134-’
~/+ .

04 “
04
I-)4
r)4
04
04–
04 “

?< ALi=N - ‘“ -——-— - .—-— -----
D4 -

G9 TO (~5*5S~155*7S); I ‘--- ‘“
. .... . . . ..- ..-,- .- —---- . . . .. .-.

D4. . ... . . -..—- ... . . . . . -. -—.,- .
P= RF ALN-]. ‘ “ .

:------- . . . . . . . . . . . . . . ,-, -,,.-
D4

CALL PLOT (-. ,15+ FX, RQSY+FY,2) “’
,. .._ .---— ___ ___ ___ .--, _ .,. . .-

CALL PLOT (F XO?OSY+FY,2) ‘-
04. ..---- .....— -------------- ..—,- ------- .—..-. . . .
r14

YVUM=QOSCALFY*YHIN ‘-” “’
----- .-..-. . . .. . ----- . .. . .. . . . . ,----- .. .

“ 04

IF (Aqsl YNII~) .LE*l :E-10) YNUH=OO”--—---”-----”------–—”-— “. ““-
2i?=(i7EAL V-1. )fi SY-.03

D4 -. .. . . . . .-, ,.. - -- .,.- ------ . . . . . . .
I-)4 ,

CALL NIJ~BER (- .6* Fx, RR+ fY, .lo!YNuMt o. fJFT)’-’ “-”-
.-. —_ -—. .. . .

CALL pLOT (F X42” SY+FY~ 3)”--
04 “. . . . . . ,. .-—_- --——— ------ . *4.’

IF (N-NN) 50* R5~5rI
----- ., .-—.. ---, -- ...,. .. . .. ---- . . .

04
CALL pLOT (F~c2EALNo SY+FY,2) “-

.. -.., ,. ..__ __ .-. ,., ---- ,-, --- _____ _..
04-------- _., .._ .. . . . ..._- .- ”-- . . . . . . . . ..... _______ -.,.,-

60 TO 85 D4.
2= RF~LN-1 ,-–------”—-” “

.. ----- ... . ..----- ..-. ..— ... . ... . ..- ------ . . . . -
04

RR= REAL H+ 005----- .. ___
.. ---- . . ..- ------ ______ ______ ------- ._ .,. . . .

04

. . . .. . —- —---- ..-. .— .—.

h$



““”-’CALL PLOT (R O~X+FYt RR GSY’FY*2} ‘-- “ “- “-
., ....-. . . . . . . . .. . . . . . .

04. .
CALL PLOT (R b$X+Fra REAL H~SY+FYS2) ‘- ““

... . . . . -—. . . .
04.-- . . .. —- ---- ..-

.ilF (V-NN) 60*.a5*6n
,.

04
go {CALL QLOT (Qc4LMoS~+FX~REALH*SY*FYt2) .-. “ .

-- .. . . . - .. .
D4

. GO TO 85
- . . ..-——-——-- . . . . -- ..

04
65

----- ----- . .. . . . . .. . .______ -, =...- .- . . .. . ..---- .,-. — _. ..-. . . . .
i?=RF4L1. *.05 04. .. . . . . .. .—.
RR=REALH-RFALf~* 1.

—— -.. -.-— —--. — --— —.- . ..- .. --—. . . . ...
04

CALL ‘LOT (Q@SX+F%,RP@SY+Fyt~) .- ~ -..: --- ..-. . . . 04.-.
cALL PLOT (RE4LLO<x’FxSR~9-sYfFY?21

———_ —— -- . ... . .
04- . ----

lF (N-NN} 70*Q5!70 . - ““”” ‘- -..-’-- ”-— --–—”—--.”-” ‘–—--.-” ‘–”D4
‘70’- CALL PLOT (RE&LL*%~:FX t(R~-I.)@SY*FY *2).-

. --------- - ——.-— .- —-. - . . ..
04..— -.. —. . . .. .— -—... .- .-—. .... . . .. . . . . .

GO TO 85 04
’75 a=REALL-REALN+~ ;----- -_

—- . . . . . . . . .. . ..... . . . . . . . ..-. — __ . . . ——. .
-----

04

CALL PLOT (Qs~x*Fx ~-.05+FY-;2.) -”-’
—..___— -——- .--— —. .. .. .

. .. .. . . .
CALL pLOT ‘{W05X+Fx tFYt2)”” --”

/34 “. -.-— — .—- - ..— - .- - . . — ... . - .— . -. . = .- .
D4

— . .—.
XW~*=QGSCAL~x+X~If.J

—--- ..—— —.— —. —... DL_,
. . .

lF (AQS(XMi}M) .LEalt~-lO~ XNUM=O, “--”
.. -. —, -- . - ---- - . . . ----- .

04. . .
T?R=Q’SX-.25

- - . . . _________ .- . .. . .
C)4—-.. .

CALL NU14BER- (=2+Fy~- .2s+FY;* lo*xNu~*o.f IFT)
.—— -——.—--- ~4..

—..
CALL PLOT {R*%X*FX,FYS3} ‘-- “ “-”-” -

._——- -—— . . .- .. . .
04

‘IF (~-N~) R0*a5*8fT’ .-’ - - -
-------- .. ..— . . . . ,

‘CALL ~L(lT (( R-1. )@SX+FXt FYQ2)
oft

80 134

‘Rs cONT INUE n4
90 CALL PLOT ((X (I )-X41N)GQSCALXSSX +FXt(Y( l)-YHl~J) e2KCALY”SY*Fy ?3} ~4

00’95 I=l*Np~s
... -.. ... . .

,.
XX=(X(l)-X*A1~~~~SrALX “-‘- .. ‘“-- ‘“”- ‘-

----. ..-- .,

YY={Y(ll-Y~l~)0~SC4LY ‘“ “ - ‘-
..-..- --- .--. . ..

r)4
95 CALL PLOT (XXsSX*rX tYY~SY*FYr2) ““”.

-—.—- .------- ,. ._-. -------- ------- D4

IF (LAST,LT.o) RETURN
-... .. . . . . . . .

114
-.

*CALL PLOT’ ((RFALL +3.)5SX*FX*FYT-3) ‘“”. ‘ “--
- . .-—. . . ..-.—-- .

04
‘3ETU2N “ “

----- . .. . . -. . . . . . . . . -
04

Evo - ‘-
-.. —----- .. ...-. .’ ------- .. . . ---- .. -.—- . ... . - - -- . .

04
.—____ ..—. ..--—-— ..— . . .- . -. . - ----- - - - --- --- . . . —- . . -. -— . . . . . -. . .

i.LhfWARY “. ____ -m— —-
~PL2TOOO029

—.— . .. ----- .- —-- -... .--— ——-— _. —-. .—— ...-- . . . . . . . . . ..

‘LAST
-. . . . . . . ... . . . . . . .. ..-— . . . . . . . . . . . . . . .— -.. . ------- ----- . . . .. . . . . .

.omaaooooo oooooofiooooo ------- - ‘-- ‘---- - ‘----
..____ . . . ... . .. . . ------ ,--

. ..-. ..-— — . . ..—. — .— --- . .. !.. _— -- .. ---—. . . . . . . . . . . . .. . . . . . . .

~~ocoooooo oon~~o@ooo ~oo --”- .---””
. . . .. . ... ..-, .— . ..- ------ .- .-— —— ,.. —-- .- .,___ ..-.

LO(IOOQOOOOO OOOOOOOOoOOO -
-.-— ..-. --— .,, -. ----- ----- ---- ---- . ----- . .. —-- ....= ..-.

..-— . . . . . ._ .. ---- — -———. .. . .—— - -. ——---- --- .— -..-. —. .— -- ..- .- .— .-. *
. .

. . . .----- . .. ---- .-— —. . . . .. .

0

-—

I
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_& )k
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.—. .--—----—- -. —--- . - —-.-—----— .—. - . .. . . .- —--- .. ___-— --- ------ ...-. .-— _____
-------- ----------- ---- .,.- . -.-—...-. .— -------- ----- . . . ..-. — . . .... . . . . ... .. . . .. .. . .... . .

- —.— --.—— . . . . . ...— ~- .— ..- .-- —.- ,.. ...- ---- . .. .. -. —-- ------- ------- ..— — -—

Fup~F,?f+,T777,cM~ooflo* “--” “’””- ‘ “ “ ‘- ““”— ““ ““” “-. “---.-. .-. .--— .--— ------- —— -- --.....—— ..-— — .—-—-—-- ._. _ ._
TAS<(GU2QAX*469501O5-5DH$ELE? )
i_IAF#L(*OUM)

. ... .. . ..- . . . . . . . . . ., .,-- . . . . . . . . . . . . .. ... . . .—---- ., --- ----

Q(j~(*t , ,.f~p~z)--”— -- ‘--- ——----. —.. —_________ .,,___
------ .— -- .,. —- .-— ------- ----- _-

. . . —. .-. . . . . . ---- . . . .. .. . . .... ... . . . . .. . . . ... . . . .. . . . . .. .. . . . .. ... .
PDEs ETo

MAP (PART j ‘––-”---.—–---——- “- ‘-.” -— -------- ‘----”’”
. . . . . . . ,.--—-. —- —------- .. --— .——

. -.—.—-——— -- —.. —— -—--— .— —-—-- - . . . . . - —-. .. ..— ---.--—- .- —-—- ——-————
LGO,”.~y ~ ~ ~~, ---------- .-–.-— --- _________ –__ _- —-- .— ----- . . .. .. . ..— --- -------- .-, —.— ._--_-

orlocr)ooo oooooooooo o~oo —–-—-–————
—----- -——--- —.-—

1000
IOfll
1002
1003
1004
1005
10’05
1007

1008
90

-- ,-.

-.

--

,- .-— — .-. -. —--------- .. .. . . . ------ .-.—--- . . ..-— — . .. --— —.-.--

?20G?A~ FT2A(INDu T,OUTpUT, FILNP~)
.— ----- —_-—- ..-_— —_ — . -------

. . .. ---- -—. - .—--. — ------- .. ..-.
(3[MFUSI(7V P(9) QxPTS(lOOO 1)* YPTS(1OO1 )
FoP~#AT (9(5x, F1 .3))

-------- .. . . . . . . . . . . . . . -----

FoRA~AT (5x. 10~iC3NTA [NED 15x~F703*5x~F703*5Xs F703) ‘“ “’” “.- “ - ‘-- ‘ ‘--
FOOK!AT (% X,l Odssc APED

. .. . .. . . . . . . . . . ----- . ..
*5xs F7.3J5xs F70.3t5x *F703) —.— ...-—-- ------- ---- _

FoQMAT(RF703$~ 13) .“-
FoOMAT(~fil-i I=loon” s7(5Xt F703)) ‘- ‘-’”

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

rfiPMAT(j]H NIJ l~FfJ OF FsCA~ED FL EC TRONS = . . . . . -.— .. . . . . . . . —-
“ *13)

FOPIJAT (33H N(J+fj EQ OF cONTAINED ELECTRONS =
. .

*T 3)” - ‘“

FqDubT(R(5X.f7.3),~13) “ “ ‘- “ - ‘-’
..-— .. ..- .-- . .._ ..._. .-

2EA@ \On31A, h,c!PT. Z~AXt EYG?THETA, RET A, NX$PJY$ N8*NT"--'--- ‘-’-”---”-—” ‘“--
I~(A.~fl.O.O) 1-% TfI 170

----- -.. . . . .-—.,.. . .

2EAn ]oo3, nH.)l. ?Hn2, bA?PB, CCr XSHIF*y SHIF*s TAR?” ~~~’~”~~~~~~--~~.~
?tiOP=QHO]/2. o----- .- —- ._. -
ST AR T=AA

—--— ..—.-—--- . . . .. . ..--— — -—--—— .-. —--- -----
~B=Re* ,0 ..- ~—----- —---.– _. —–— ------------ .--_. -..--—.._-._ ---------- ,,—.-. ----

-.. -.. . .. —- . . ... . . ------- .--—. . .. . ----- . ..— —.-. ..— .. . . . . -. .-— . ..-
AA=A ----. .— ------- . . . . .. . . . . - .. ..-. ..— . ..-. . . . . ... . . .. . . -- —.. . . . ... . . . . . . . .. . . . -
Cc=c
XSHIF=C ‘“”-- –’--- ‘“--—

. .. --— --> .-—.-. . . . . . . . .-. .-_ —- .--- .---— .- ___ -. --,-..
. . . . . ., .-—- . . . . . . . . .. . .. ., .-—-- ..-. . . . . . . ------ .. . . . . . . . . . . ..-, . . . . -

YsHIF=A ------- .— -.-— .. -.-—- .------ ..-— --— .-. .—- .--, ,-. . . . .. . . . . . —-. . -..
Afj ET=aETA
AT ET’= THFTA ... . . . ... . . .— —..- . . ..- . . . ... . . . . ..---- . . . . . . . . ,---- .. . . .. -.
DO 165 MP=lo N~+
DO 165 MT=lo~T

-. --— .—..---- —-- —.—- —.- ------ .-. _ .. . . . ... --- . z -- —-. .—
. ---- ., ----- . .. ------ .- ...,- ..—. -....—— .. . .. ...-.-. ___ . .. . . . . . . . . _., ._ .. .

vE=O -.-. .— .. ..—. .- .- ___ .. . . . . —-— ...-. ——-- .-. —.. . ... .— -,-- ., -,.- . .. . . .. . . . . . .-
Vc=o
RET A= AQFTGFLOfi T(}Aq-] )”-”

... —- . . . -..—. ..- .. . . . . .. . . . .. .. ... . --- . . ..

TiFTA=A TFT~f Ll)AT(~T- l) —-”-”—’—-” --—--””—-–— r””
—.. ,-. .- —.-— —---- .

.-
THFTA=THE’ TA+STARTO. ];45

-. —---- . .. . . . .. -.-,. --- -.. —.- .--- —,, .-O . . . .. ---- ~,.

IF((THETA .E009.0) .A. (B ETA. GT .n. o)) Go To 165 ‘-- -
------- ..-. —. .. .. . .

..- -. . . . ... ,- .-,_. . . . .. . . -.. ,-
.? 1=3.14159 .. .. —-. ...... . . . ------ . . . . . -,- . . .- . ..- —.- ------ ,.___ ...----
R=lc O —.. ——. , .. . -e. .. -—.- .-. .~-,- ... _,-. . . . ..--. —... -. . . . . . . . . .. . . . . . ..-,

%J

---

211



XqbX=ZuAX.-..” —-.

IF (P{X. GT ,5) “ GO TO”-12 “-”–’---’.’--”—-.-”–-””” ‘ “---” “ ‘“-
-. =-.....-. . . . . .. . . . . .- .—. .,—. -

DO 10 1=1!25 ““ “-” “ ‘- “
.- . . . . . . . . . . . . .

. . . . . ---- ..-. — ... . . . . .. . ..— .- —-— ..-. . . .
YPTS([)=EI

----- . . . . . ....— . .----- . . . .. .
----- ----- . . . . . . . . . . . . .. . . . .—

xPTs(I) =(2.0 Qc/?5.0)~(FLo AT (1)-1.0)

.

. .

. . .. . .
-..
. . .

X?TS
yDT~

xPTs
Y?TS
XDT~
YPTS
COhJT
CALL

(
(
(
[
(
(
1

1+25)=2.
T+~5)=R+
T+50}=2.
1+501=8+
1.75)=(2
1*75)=13+
NUE
r)R’Ati& (r).

/25.o)*.R
FL~AT(~)-
●66603-(2

66030(FL0
1.0)
.ooc/24.o

AT(I)- 1.0), - . . . . - .- - .

AT(I)-l.O)
—. . ... ... . ----- -

----- .... .. . .. ——
)@(fLo

..-
..-. . .. .. . . .. .. .

..—- .—---- ..—.—-— ——T(I))25.o-FLOA
T(I))

.-.
..-. . . . .... . .. . . . . . ...

. . . .. ---,-1 ).-””.” ---5.O*8*1O*100*xPTSF
IF(RH02.E0.00[)} Go TO 13
Clcl R 1=1*5O
y3Ts(r)= FJf+tfS}{IFSc~ “-–”--”-–—””--- -——-—’—--- ‘—

.. .—.—

XPTSII) =XSHIf*Y5HlFe .R6603-AA@ (25,5-FLOAT(I))/25e5” ‘
. - - . .— —...-—-.—-

CbNTINUfI
,.. . - .—.—.—— .- _— . ——-—-—

CALL nQAW~(O*~*4eO*0*0*5*0 *8t10t50*XpTS*ypTs*2t-1 1“ ““- ‘“-
. .- . - .. . . . . . .

DO 9 1=lt50’ “ ‘–---”
-— -.. . .. . .. . . . . . .-. -.— ..— —— ---

xPTS[l) =XS}iIF*YSHTFO .84ft03-.~6603~CC@ (25.5-FLOAT (1))/24,5
... . ..-. .. ..—.

Y?Ts(I) =YSHIFLI.5+FR -Q5*cc@(z5.s-FL04T(I))/24 .5 - . ..- . - . .--—-— --- .-——

CONTINUE
CALL 0QAW4(0 *O?4.0*0.0*5*0 *8*10 *50*XPTS*YpTS?2~-1 )-” ‘“-.

. -. - - ...- . . .. . .— .

CONT]NUE -
. . . . . . . .

Do 11 1=1 *25-- ”——–”’---- ‘-”-
- . -. -. - . . . . . . - . .-- ..., 4. . ------- ----- . . ..

xPTs(i) =2.0@. m6603~(FLoAT (1)-1.0)/25.0
— . .

Y?TS(J) =(FLOPT(l)-I ●O)/25*o
.- .-. .-— . -- -—. -—— - ---- . . --- f . - . --- -

COPJTINUF -
.-,..- . . .=—. - . — .— - . .- - --- . . .

CALL 0~AW4(0.nt4 .OtO.0t5.0s8 r10*2S1XPTS~YPTSt2r-1)” “-
. - -- .. . . - - . —

CONTINUF
.. . ...-. . . . . .. .

~alNT ~“07. .-__. -.. -_.. --_ .. .. . .._—. - . .. . ..-. .... ..---. --.. -.. —..-. --. —. —-.

----- .
—.
.-

8..
—-.
-.
-—

0.-.

. . PQit.f7 }nnR. A*<, CsnTt7~AX *FVG,THFTA ~f3ETA1Vx$Ny-”
-------- ... . ..- . ---- . . . . . .,,

?7~Nr in6RoP’~’~l;RH02*AA*~~*cC* XSHIFtYSHIF “ “-- -
. ---- ------ -- ..---

DO 1611 KK=l*Ny ‘--’- “-’””
. . -.-—- — ..-. — -— --——--.-——-- -—-- ---

Do 160 K=l*NX’ ‘“---
..-. .- .- ..,- . ... ---- . ----- —.. - . --- .- . - ---- - .—..- -.. .--—-— -

1=0
. . .. . .-— --—. - . - ---- . -—- . . -- -- -- —----- . . .---—---- ------ ----

Y={FLOAT(KK)- ,S)/(FLOAT(Vy ))” “-–- T- =- . . .. —-- -. —-— .- _- .._ ... ---- .---—

Y=Y~2.05A
.. . . . . . . .-.. . . . ..-. . . .- --- . -- . --- . --- ---- . . .. . .- . . ---- .— . .— .-

x=(FLO&T(K)-.3)/FLOAT (NX)- - “--–- ““ ‘-- ‘---’-””
., ..- ---- - - . - - . .

. . . .. . . . . —.- - .-—- — —. .. .. ----—-- - . . - -— —.----— ----- ... ----- ...—. ... —-
X=X*2.O*C _ _ .____--— ------
7=0.0

. ..-——- ——- - -- - .. . .-—-. -- . . -. ---- ---- -- —. .—

V=SO?T(?, 0GEN13)-–—---- -.-.—. ---. .— .. ----- -- —-.. -— -—. .- ——, . - . —--—.— —- —-—

.-.

.-.
,.

.

..
—- . VZ=V@CO$ (TWFrA)—–:— ‘-.-——— —- — — ——-.. —. - - . —-—--— .—

VX=V~SIN (THET.l)OCOS(pETA1 -. ---- . ..- . .
.. ---- ... . ---- ----- ------ ------

VY=V051N (T HE T~)SSIN(RETA)
-.. . .— ..-. ----- - -—. . . .. . .. .—-.---. .— —--- ----- .. ---- -..—-

J=fl
-.. . . . . . .. . . .. . . . . —. -.. —. .. . .. . ..- . . . . . --- .- —---- -- -.. —

CONTINUE”--——-–--—–- “--”-—–”-
._ .-— . . .. ... . . . . ----- . ..-. —..- .--.. —- --- —-- .-” ----

J=J+l - ‘ ,.. —- --- -— ..—-- .— ---- ---- .. . ..—. .- .. ... . . . . . . . . ------- . . . . . .. . . . . -—.

.
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1=[+1 ‘-”’ .. . . . .. ..- . . . . .. .. . . . . . ... -,,------ —.-—. .
. .

.,.

-----

.,
. - —-$

. .
-.
-,. -
..-.
.——.
-----

---

c . .
. .. .

110
1.?0

,.150
. . . . .
.,_.

164
160

“-165

170

----
. . ..
-------

CALL FIFLn(A *PsC*QHOllX,Y,Z *E[:X,EEYtEE?) . . . . ..-. . -.

CALL FIELD (AA~R@~CCcaH02! X-X5HIF ~Y-YStiIF*Z*EX~EY~rZ) “ - - “
- . . - . -— .

TERMl=RHO]ORO((l.O/A)*( l.O/C)) . ..-. ,----- ------ . . .. . ..- .- —-.. ,,. .

TE~~?=P}<02*P9”(11.0/AA )+(loO/CC)) “ ‘- ‘-
. . . . .. . . . ... . . . . . .. . . . . . . . .. . . . .. . ....

TERM =-1.0/(?*1~~pI~(TFRWl+TEN~2) ) . .
. . . .. . . . . . . .

EX=RHOl ~TEPM”>~EX +DH02~TERW~EX “ .’ -’ ’--’-- ’---- ‘--- ----”’”-–- --”--”-----’.-.- -’- .’ “-
EY=PHOl ~TEP\!s~EY +Qt402eTE2M~EY .’ .

. . .. . . . ------ . . . .-

Ez=Rtl~] ~TFRtJQ=Ez +Q}{o~o TE~q~Ez -------------------- . . . .–. --_ –... . . . . . . . . .. .. .,,

X=X+VX~nT+FXa’~@oF@[DT~~~) . . ....- . . . . . . . . . . . . . . . . . . . . . . ._

y= Y+vyon T. FyVJe,5G( D~GG2). ---- —--- —----------- ---- .. ...... _. ..... . .. . . ..

7=~. V~*~T+~722 e05a(~TS~2) .” ~--—--- --- -- ------- _. . ---- _._--. .._.. - -----

VX=VX+EXe Rent --.----,. _..
—— .-—-—.._ ------- ----------- --- -. —.—. — ..-. —.——. .. _. -_,

vy=vy+Eyo~e~T—-’–..—--------.—---.--—......... ...--..-—_.-------..-..--.--.-,_-
vz=vz’~z”RboT”” ——---------........---------- ..... .. ... .. ------.--_...-.._-
?(3~J-2)=x-.— —— -——-—_ —-. . —----- .—--. — .-— --—. — ____ ..__
, ~ ~oJ-l ~ by,_-———_-—_ .—— ——--—.. ——— --—-

P(~OJ)Sz
.. ..—. —- ——-— —---- . . . . .. . -------- . . . . . . . . . .. ... . . . . . . . . ------ -------- ,

x? TS(I)=X+Y*. R6603 - -—-— ---. — -.—. — -. .-,___ ______ —--. — -— __
----- .--— .. --— ------- .. ___ ._ ---- ----- ,, ------ . ..—. ,----- -. -_. . . .. . .

yPTS(l)SZ+Y*mn

IF(x PTS(I). GT *4.0) XPTS(I) =4*0 —-— -------
—— --- ------- ------------- . . . .. .. . . .

IF(y~TS(J). GTo5,0) YPTS(I )=5,0
——- —. - — —-— --- —— -- _________ ,_____

If(Je F(2.3) PR [NT 1000~P “- - ‘--” ‘- - ‘“””. “-’- ‘-’.-’- ‘-”
. . . . . . .. ..-

IF(J, E0,3) J=~ .
.. ---- .——. ---. .— -. —___ ------ .-- . . . ., ___ . . . . ._. _ .. ___ . . . . .

IF(lc FO. IoOO),_??IA\T loo49x, y,z-”” ------- ---------- --–, ------------ . . .
-.-..—.

IF(I-lOOO) ] $0*150.150”” .’ -
. ----- ——— -------- .. —-—-- .—--. —- . . . . . . . _. ----

IF(Z-X~4X )130*130,120 ‘ ~ “ “ ‘“-” “
,_ .. .._— —.. . . . . . . . . . . . .

coNTIqu~ --- .,
. . ..-. ..-— ------ ,.. ____ ._ -.. . ______ ,_ .-. _ .-- _.. .. . ..

WE=NE*I ‘—
. . ... . .. . . . .. . .. .. . _., ,_, . . . . .. . . ... . . . . .. .. ... . . .. . .. ------- . . ...

GO TO 150
. .. . . . .. . . . .. . . . . . . . . ... .

IF(Z) IGO*14O*1OO’” - ~
. .

CONT INuE - _________ _-_- _-. ____—.–
Nczhlc+l
co)JT lKI(JE

-----— ----- -— .-.” ,. ..-. ---- . . . . . ------ . .. . . . ..- .-_. ,. .---” ._
●

IF (NX .GT .~i Gn - TO” 160 —-—--- –-”--- –————----
———-———

IF(NXo GT ,5) 60 T(7 164
., ---- .------- . . . .. . . . . . . . . .. . ----- . . . . . . .. . ... ______ ._, ___

cALL 0QAN4(0 00*4. O* O. 0s5. 0,8,1 O, I. XpTS..Y~TS t2$-l) ----- -—-–----—–——----
CONTINUE ‘“-

. .. ---- . . . .-. — .-- .,-- -.—. ----- ------ ---

CONTINUE
.- —— - .— -. . ..-_ ,. .,,---- ------ . . . . . . ..-. .— - -. ___ ---

CALL D~Ai!4( 00{)t4s O*0,0!5c O08sl OQltOOO*Oo O?2* 1)” ‘--. --”
. . . .. . . . . . . . . . . . . . ,— -

PRINT IO 0~, NC ‘-. “ ~ ““ ~
---- -- .-—-- ------------ ._ ___

P~INT 1005, NE
--------------------- . . . . . . -., —.— .. -- . . . . . . . . . . . . . . . ------- . . . ..

CONTINUE “--
——— — -— --— .-. —--—-—- -z- ._ ..-_ _________ .

. .—— —
GO TO 90

- .— ----- —.— -. _- —___ _. —

COiJTINUE
.—— — . .. --— .-. .-. .— ------ ------ -_ .,--- . . . .. . . .._ . . . .. .. . . . . . .. . . . . .

STOP “-
. . -—------- -------- .—— — —---- . . . . . . . . . . ----— ---- ---- ..__ .__.

E.Nn’ - ‘“-–’———-–-–---”–- ‘-- ‘-
.. ___ . . . .. . .. +,.. ---- . . ----- . . . . . ,---

<uQQouT
REAL N1

JNE FIELD (A~B*C*RH3 *X* Y* ZSEX*Ey*EZ) ‘--– . -- —--– -----”” ----: ””----. . ..-. . . . . . . . . . . .--. .-—- —.-— ------ ---- ----- ,___
SN2 --”- - “’ .-

.— —_. . . . ..-— .

— ‘J
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.-—.

. . .. .

. . .

.. .

- 100

.. .. ..
---- -..
------
.—,
—-. .
. ----
-----
.-

-.-—.
-.

.

.,

●

-.
--

?fi’-
25 ‘

35

lF(QM.FO+fl. oi GO-TO 100-- ‘–-”—-” ------
----- .. —-—- --—..—— . ..-. ——-— —

?I=ACOS(-I .0) ~ .

ol=(cos~(p Io(7-R) /A)-cos(DI*Y/A)) ‘- ““ “- ‘“ ‘“”” - ‘“ - “- - ‘-”
.. ----

Ml=(Cf)SH (P I~(7+B) /h)- COS(PI@Y/A) } “
.. . . ... . . -------- . . . . . ... . . . ..--’.—

D2=(cfls~(pl~(/-B}/c)-(c~s (pI*~/c})} -“- ~ L ,-- - ~ - .. -.
. .. . . . . .... . . . . . .

v2=(cosH(P19(z+B)/cl-cos (~I*x/c))
... . . . . . . . . .... .. . . . . .. -----— --. -.. .— .--. -.— -----

TE~~=I.()
. . . . . .-

EX=TE~~~@(P1/C)O([l.O/N2) -(1.0/( r12)})*srfJ(PIax/~) --- - --— ----------------
EY=TEQM@{pr/A)a{(I.O/Nl) -(1.0/( Ol)})esllj(P[!Y/A) ‘ “--”’-- ‘“- ‘“- ‘
EZl=(pI/P)~(~~I~JH(?IGIZ +B)/~))/NI-[S[~J}t(~IO(Z-0) /&l)/( “Dl))

—. . . . . -— -

EZ?=(oI/C)~((~INI’(PIO(Z+B) /C))/N2-(SINH(DI~(Z-RI/c) )/( D2)) “ ‘“” “-
EZ=TEQ’4U(EZ1”EZ2)

. -—.—- - -- .— .——----- .-— ---- . ..——— .--—— -——-—
. . . ..—. . .. . - - . - . - -------- ---

~~NT[NuE.. ----------------- —-_. –—------- _---- __-. ——. -_–---------–— ----
------ . . ...-. .-. .-—

RETURN.. .. .. . . .—-. -. —-.-—---- .. —-- ——-. . ..-. — -.--—- .-. .--— ... -—--—--
E$4~

.-. _.-— ----
. ----- ------ .— ---- ——- . ..—__ .- —- .—— .--—

NOL Is T’---
.---. .— - _-- —-— .--- —--—. -. —-.

- .—— —---— —— —— —-— ——-
fiJ$ICT ION” COsH(X)–
cwi~4=(Ex P(x)< :k-xp(:xj”)”/2.0

- —. —— -- — —.——-—-——- — —-

2ETUQN
..-- .—— —-—- ------- .-.. --— . . ..- ---- —— . ..- - ——..---.—- ..—-

-------------- .. . .. . . .. . . . . . . . . . . ..-— ----
ENn “ ‘“- “ - ‘- ‘- ‘--

-. ..-. -_
——— —— —--—-- .. —- ——— —---

FUNCT 10N S [NH(X ~-– —-— _____ ._ . ._-_.___ --.. _–___. —_- _-
5[NH=(Ex P(x) -Fx P(-x) )/200 .=----- . ..-..- .- ._. . . . .. . . ,____
QETURN

_._. ... . . . . . .—. -—.—-- -——. —.-
. . . . . . .- .-—. ,--. — ... . . . -—- .. ----- . . . . . . .. .=----- ----- ---- ----- .-

EVil
. .. . . . . .. ..-—

suORo(jT]NE n~a~~ (XMINt XM~X, yMJN, yWAXGIL, TH;NpTS, X,Yt K ItJOr LAST). 49 . .... .

couU~NJ /D~/~UJ

CO UL’OV /R.27/ sx,s’f,f~,fy . ‘- . -- . . . . . . -.

.. -. . ..- ----- ------ -----

PI’’FvS1fl~ Y(~9TSlt Y[Np TS)
.. ..- .-.

~lhTA jFf. .tFT*rx .Fy. sXs SY/4t{FFl .3*4 HF602*0 m6~0.5Q*OFI0 *m80/’ ““ “ ‘ “-
xW=X~fi X-XMTN ‘.-”” “- ““ - ‘-- ”.’ “

... ..
----- .-. —-- -—----- .. -—-. ------ . . . . . . .. . —---- ----- ——-— .— ---- . .

Y4=YYAX-YMIN . . . . .. ------- .= -.. . . . . ... ... .. . . . . . . .
aEALt{=~H -.. ---- - ._-.,--._:.:.. . . . .. . . –—. – -:.::. -.– --- - - ------------------------- . ..’
2~Al_L=rl_

----- -.....-—..—---- ----- -----..--—-- -..— ,...-— ..-
scIILEx=xq/R~Al-l- ‘--

,--------.

SC AL EY=Yq/PFhLH --- –- ---- --- . .
------ ------ ---- . . . . .. . ..-- —.- ..-— ------- . . . ..

2SCALX=I ●/S CAL EX”—--—---–--–-. --_ —.--. ”a-----
—---- —-—- .- —— - .---—. . . .

~SchLy=~ •/Sc~LEy - ‘-””- ”-—------------- --:, . ~..
-- —--- .. ——-—-— ----- ------- . .

lF tKl~Jn-1) l~!20*5
. . . . . ------ . . . . . . . ---- .. . . . . . . . .. . .. . - ... . . . . . ..- ------ . .

IF (KIND-2) l~*I)o?10
. . . . . . . . . . . . ----- . .. . . . . ..— .. .. . ..-. — .. . . . . . .

7RINT 15s KIN’)
,------- -------- . . . . . ----------- -.-. — . . . . . . .

FORMAT [41H THE KIND OF GRAPH ASKED FOR IS IN E~QOR*F8a Z!)””’ ‘“--
I?ETUQN ‘-”” ‘“--

---- . . . . . . . ---- . . . --- .. ------ . . . . . . .. . .-. —--- .- . ..-. .

IF (10-2) 25~~Ot25
. -- . . . .. ... . . .. ,- . . ..— ----- . .. . ------ . .. . . —. -..

;:L: PLOTS (T9, TRt10j——–
. . . .

,- _..._= .—----- ----- .-- —.- ..- -. ---—--- ... .. . . --- . ...-.
=

CALL PLOT (F X* FY*3)
-------- .- .--.-, ----- . . .. . . . . . . . .--. ..— . . .. . . . . .

Do Qo 1=l*f4
-------.-.—...........-------.. ...........---- -----

GO TO (35t40*~5?f+O)* I
NN=IH+l
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.

. .

50

r . .

—. .. .

55 “-

60 “----

-. . . . .

,-

75

P,(-l

. .

. .

R5 -

a-) ““

GO TO 45 ““- ‘-” -
---- ------- . . .. . . . . . . ---- . . . ----- ..-. . . . . -

VN=IL*l “- ‘-’-
------- ---- ----- . . . . .. -...,. . . . . . ---- .-, ,

Do ~. ~,=1, NN . . . .. . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . ..- - . .. . . .. . . . . . . . . . . .. . . .

REALN=N
. ... . .. . . . . . . . -. . . . .-. .

Go TO (50t60$70t@n), 1 --- ---
. .. . . . . ---- .. . . . —---- ------- - . .. .. ----- .. . . . .

Q=Q~A~PJ-1 ,
. . . . - . . . . . . . ---- . . .

CALL PLOT (-0 Q5*FY*Ro Sy+Fyo2)” - “’”’ “ ‘-” - “ “ “
CALL PLOT (Fx*?~SY*FY*2) ,

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

yNIJk~=ROSCAL FY+YHIN - - - - “
------ ----- .. . ------ . . . . . . . . . . .

IF (Aq S(YNllP~. LE, ]eE-10) YNUM=OO” ‘
. . .- . .

i??= (q FALv-l. )~s Y-. o3’ ‘-”-----” —
_-. —- -- —-- .—— .-. — ——— —------ -----

CALL NIJ)~PEu (-.
. . ..- . . .----

5+ Fx. RR* FY, olO*YNUNt Os~JFT) - ‘
------- . .. . .

cALL PLn T (F XC QG’5Y+Fy?3) -
-. . . . . . ----- .. -—. . . .. . . .. . .

IF (N-NN) 5s*~0,5fi ~ ---- ---- . . .
. . ..-. . . . . . .—.

cALL PLOT (F X,? EJ$LN@SY+FY~i?)
—. —--- - . . . . ---------- ----- ------ ------ . . .

GO TO 90 ““ ‘ ‘“-” -”---”-” ‘–-”-’–-
-,—-—--- ._ .---— —- .---— - _- —- ---- . . . . ..

Q= QFALN-I.
------ .- —- .--— -.--—-—— .---— ------ .- .-— —- ——- —---- .. - -,-..—

2R. QEALH+. r15-_—— - ———-—— .--— —— .-. .

CALL pLn T (pe$x*FX ~RR*Sy*Fy*2) ”-’” ‘--- “---” ‘---”- ‘---’–”- ‘- “-”-- ”--’ “ - “ “
CALL pLOT (R”~x+Fx ~REALH6SY+FY *2)------ ‘-”

-—-----— ..- ——. - .- —....-- ------- .

IF (N-NN) 65 Q90*6%””-- ... . . . . . . .. . . -- —. .--— -- —.--— —— -—-- --—— —---— .

CALL PLOT (R E.~LN@sX+FX *R EALH” SY+FY+2) “- -
. . ...- -------- . . . . . . .. ..

GO TO 90
. .. . . . . - .- .-. . . ... . . . . . .. . . ..-. .-— --- ------ .--. .— --- . . . . .. . ... . . . . . . .. .

2= QFALL+ .05
-, ----- . . ----- ... . . . . -- . . . . . . - .----- - . . . .

za=OEALH-R~ALN+l .
.. ---- -- --------- ------ . .. ..- --, .—. - ------- . ..-. —---- .—-- . . . .

CALI.. PLOT (Pn~X*FX, PP0SY*FY*2) -
,.

cALL PLOT (P EALLo CX+FXt RP” Sy+Fy*2)’ ‘ “’”’
. . . . . . . --- ..---— — ..—. . ..

JF (N-NN) 75*90\75
.

QQQ=RR-I. ““” ‘“ ‘-
. . . . . . . . . . . . . ----- . . . .

CALL PLOT (Rt ALL4<X+FX ~RR?*sy+fYt2)” “ : “--
. ------- ---- ----- ..

GO TO 90
. -. . . . . . -------- . . . . . .

R= RFAL L- RE4LN+1 . -. ...- .-. . . . . . .—— - .. . . . . . .. . .--. —---- _--— .-— ——--- ,...-

CALL pLOT (9e~X+FX, -,05+ FY\2)-- “ ‘“
. .

CALL PLOT (W0~X+FX+FY~2)-’
. . ------------- ------- ..-. ——--. -.— ~——— .- . .. .. . . . .

xvuk!=R~sc AL Ex4x YIv ‘-” ‘“”””-”--—- ‘-
.------- .--. ---. —- —-— — .. —-- .— ---- .

IF (A Q5(XNIl~) .LE. I. E-10) xwq=o, -- “.- -
. . . . . . . . . .. . . . . . --------- ------

2R=R~5X-.25
. . . ----- -. .- .—. —- .—. . .. .. .--- . ... . .

CALL NUMRFR (~2+FYQ - .2 S+FY? •lO~XNuqto; , IFT) ---- ---- --–-—.–.-— . . .. . ..
CALL PLOT (R05X+FX*FY!3) “

. . ..— ., ----- . .. ----- ------ .. . . .. -

IF (V-N!J) R5~~O*8%’ “ “---”” -”---”----–-’”-- “ ‘
---- --— —— --—-- —----- .- —..-

RZ’R=R-1 .
. . . . . ... —--- -— --—--- .— -- ---- -.---— .-. .— --— —.. —— -------- ...-

CALL pLOT (PQRGSX+FXt FY*2)
.- —— - .. -—--- ------- . ----- —-—. . . . .. —-- ----- -

CONTINUE ‘- “’-”--’-—
.—-—

YY=-
,yw1NQp5c*Ly .-. ..-... _--. -.- . . ..-. –.. .. . . . . -. ------ -. ---- . . ‘

xx=- XWINORSCAL X-------. —— __
—.- —-- ..-. -.. .—-.--—— —--- —------ -, ---- -— -.. . -.’

IF (YMi N) qS+100*]OO
--—....-.----- . ..... . . . . . . . ------ -.-.-— . .

qq...---
CALL PLOT (rx*YYQ<y+Fy,3) ---— ---- ——-. -..--—____

———— .— -

.CALL pLn T (p EALL9~X +Fx*yy*5y ’Fy92) ‘ “ - ‘“’ “- “ ““ “-
100 IF (XMIN) 105* 11 O,11O ““

----- .. . . . . ------- --. _--— ,.—.- . . .. ... .

: tJ

- —-
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I

105 CALL PLOT (X X* SX+FX, FY.3} -- - -- - . .
-. —.. . . . . . .

04
CALL PLOT (xx’5x+Fx *REAL H~sY*FY*2)

. .. . . . .

110 xx=(x(l)-x~rt4)*RscALx . .. ,-. – -. ..

YY=(Y(l )-YMIN)@RsCALY
,------- ------ . .. ..-. . ... . . .. . . .. . . . . .. —--- --, . .. . . . .

CALL PLOT (XX’>SX+FX *YY@SY+FYr3)-
..—.- -- . . . . . ------- ------- .. . . . ~.

Pa ]]~ T=1,NPT5 - . . . .
. --- . . . - ..-— - --- - . --- - . . . .—.

.
XX= (X( I}-XAfIN)*RSCALX’- ‘--””––-–—

—------ . . . . . . --- .—. —. . ---- ---
. .

YY=(Y(I )-YMIN}*?SCALY
.—---- . . ---— .. . . .- . .- -- — - - . . . ..——-- . . .- - . -

. . .
CALL PLOT (XXaSX*FX*YY*SY+FY~2)

.--.— ---- . --- . -. --- . . . . . . ..—-- -..

115 ‘“ c~NTINtlE
. .. . . . . . .- - . . .. -—.- . . —.—.—— --- —-. —- ———-.-—--— . —- - . . .

IF (LASTI 120*125t125 ””””
----- ------ ---- ----- .— .-. ----- . . .

]?0’” RETUQN
. ..+- --- .+. -.. — .---_— —...—— .- —.-. . ..-. —— .-. ---- —— - . . ..-. .

123 R= QFALL’+3. ‘-—- ‘---—–--—--–-” ‘– ‘--—----’-———
.---— . . ..

CALL SYMBOL (6.’t*7. O*. l4*OUq*O. $13)
------ ..- . . . . . . -— —-- .-. --. —— . . ..-— — ...

CALL PLOT (Rs~X+Fx*f Y--3)
.. . . . ---- .- . .. . . . ... ..-. .—— ..—- —. —___

i?ETURN
END

L ~8~AQY ‘-———_
—.— ..— —— —-

PLO T000029—-- ‘–—------
.. ——. -—. ——— —--- ——— - .— ---- --- —--- -. —-.—-—--—. —-

LAs T’ - ‘“

15no(?oooor )ffclooooo ooooo o’””------- ‘--–”-”
-. .-. . .—. .. —-. ..-—---—

+01.000 +ol. oof)+ol. 000+00 ; 030+03.000+02! .000* oo.17f+too .397* 10*1 O*O3*O4
.. . ——

+01.000+00.000 3.0
. . .

-, ..- .— --- . . . .. —— --- . ..— — —.. — . . . . ---—- -.-. -— —-. . .. —-— . .

~oooooo oooooooooflfloooo ‘--- .--”
-..—— .- . .._. ..— — .—=. — -..- ----

0000000000000000000000” “ ‘
.---- -.. ---- .—-~ .. . . . .: .._ --

~---- . ..._. .—., -., ------- ..—---- ...--—— ..-. — ------ -_
:

..---- ..... .._ —. .—---- _.. --
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10U6 fOR~~l(8(5x*f 7,3),213) “
PI:AC~~(-I,u)

90 KEAU 1U03,5KIP,AA
iiEALJ \UO~*A?B~C”$ollLMAX*tNG~ lH&l A$tiEIA,WX,NY$V~,N I

AF(A.tU,o.0) W TU 170 -
HEAU ltl]o+CRAL)*VO*NN

101,0 tO~MJ~l(i!Fl,3t13)
lF(>~lI-’.Euel,O) GO TO HU
L)IM=l.U
lF(!~Y.LE,l) DIF!=O,O
AA=V(J@AA/(P]C(CdA[)}U$ A!d,CRAO, lcO)+UIH-~IC (Astj?A,tJsCNAOO l,OJ)
K14=NIN-
IF(~YrLQ./) GO TO 777
NN=U
W (,/6 l=l?ft~

7/b NN=i*NN
777 CONIINUE

t4EAd l(lll!(Xl([)~I=l!Ntll
PKINI 11)11, (Z1[I),l=l,NW)

.-
14EA{J “lOl~,(XZ([)~I=I~NPl)
PRINI lUll$(XZ (I)*l:l,fdN)
PlNt=Pl*200~(l,o+DlM)~AAQd/A+xz (1)
NN=KK . .

80 CON!IWE
ABEl=dLTA
ATLi=lH~TA
uo ib$ t4E4=l*Nti
lJo lb> MT=l$N{
14E=u
NhIf4t=(J

1011 FoRf4.lr(7till.4}
Nc=U
13ET.Q=AUEIC’FLU4T (qu-1)
lHE!A=ATEt*f LuATIY1-J)
iF((fHLTA,~Q,O .O),A. (tiEIA ,GToOeO)) GO 10 165
$’1=3.14159
14=liu
X14AA=LMAX
lF(NA,rJl*5) Go 10 12
IF(NY,&O, l) CALL 0t4Aw4 (000$40U,0,0!S,0,9t 10?1 *O,O$O,O*1O-!)
lF(Nf,tO,l) GLI 10 14
WI 1(1 j=l,~~ “
YPT>(I)=8
XPT>(l)=(d.UeC/25,0)01FLOAT (1)-1.0)
XPT>(l*25)=LiU*C+(d.UeA/25 iO)@.8bbU3~ (}LOAJ (l)- 1.U)
yPT:(Ij25)=S*(A/25,0)* (k”LOAT(;)-l. ~)

‘d
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