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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 effect 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 placéd 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 of a line chaxge
approximation for grids comsisting 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. : .

This study was performed under subcontract to
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INTRODUCTION

One of the préblems encountered in the study of EMP phenomena 1is
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
simulator of the general configuration described by Baum(l). 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 the

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
chambertz). These electrens are produced by two different causes. When
the incident photon beam enters the chamber, 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 the device.

Some of these electrons will return to the device under the influence of

electromagnetic fields, but others may proceed to the wall of the chamber

and there produce secondary Compton electrons. Since electrons produced

12
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Fiqure 1. An SGEMP Simulator
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grating of parallel rods ncar a ground plane in the study of an EMP
parallel plate simulator(s). For other studies where the 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). The above

have been used to find the potential distribution
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-

(7)

dimensional geometry but only those which have axial symmetry For
more general geometries, the expansion of the potential in terms of
spatial harmonics may be employed as was done in this paper. Another pos-
sible approach would be th;.ﬁse of an integral eguation formulation as has

————— i

been done with thin wiré structures; this technique would be of interest
if the charge densities on the conductors were of principal concern(s).
fo determine the effectiveness of the grids in containing electrons,

.it is necessary to deter%lne thé fraction of electrons escaping to the
working Qolumc of phc'CQEmbe; as a fupction of their initial kinetic
energy. To do this, the trajectories of the electrons under the in-
fluence of the potential distribution produced by the grids must be
determined. The effect of an electrostatic field on the paths of elec-
trons has been studied in vacuum tubes and in electron microscopes and
cathode ray tubes. Experimental techniques such as the direct measure-
mant of the electron flux density in the devices have been used. The
cffect of the potential distribution may also be simulated by means of a
stretched rubber sheet(g). 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

16



&

L S

potential on electrons. An analytical technique has been developed by
Hashimoto, et al., using conformal mapping and an axial ray theory to
find the trajectories of electrons in an electrostatic field(lo). The
disadvantage of many of these techniques is that they may only be used
for two—dimensionallfield configurations. Furthermore, many of the tech-
niques assﬁmgionly small deflectidns of the electrons. The method em-
ployed in this papegiof direct calculation of the electron trajectories
by numerical.gechniques does not have these drawbacks and has become
feasible:yithkthe ﬁ;e of high speed digital computers.

In th%; paper computer programs were developed which allowed the
wdrk done by Tes?he”tqibe extended to three dimensions. Single-layer
and two-layer_grid§ composeé of 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 ﬁaps'were drawn. The effectiveness of the grids was

" ‘found as a functioh of the energy and position of the electrons and of

the dimensions and potential of the grid by direct calculation of the tra-

jectories of electrons leaving the ground plane. Plots of the function of

electrons_égcabinéxaé a function of energy and direction were made for a
uniform diétfibution of electrons being emitted from the ground plane.

Many of the calculations performed in this paper required the use
of a digital computer. The CDC 6600 located at Kirtland Air Force Base
at Albuquerque, New Mexico was utilized to do these calculations. Some
of the subroutines used in this paper, in particular BRUTE and DRAW4,

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

17



SECTION I

LINE CHARGE APPROXIMATION

1. Simplifying Assumptions

In this section we will obtain the potential distribution due to a
grid. of wires placed parallel to the wall of the simulator chamber. The
chamber wall will be 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 tc be replaced by lines of charge

as will be shown in Section I-4.

2. 'Single Grid of Wires

The first geometry we will consider is that of a mesh of wires
consisting of cylindrical conductors. The 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
I-1,

The configuration of Figure I-1 may be thought of as the superposi-
tion 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
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Figure I-1. A Single Grid of Line Charges

line charges extending in the y direction. 1In this case, superposition
may 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 I-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 f® in the y direc-
tion with a distance 2a between adjacent line charges. F. M. Tesche(4)
has shown that for this geometry the potential distribution can be found

in closed form by conformal mapping technigues and is

p

O
4mE
o

1 [cosh (1(z+b) /a) - cos(ﬂx/a}}
cosh (T (z-b)/a) ~ cos(mx/a)

¢(x,2) = (1)

where 9(x,z) is the potential, Oo is the line charge density, €5 is

20



the permittivity of free space,»2a is the spacing between line charges
and b is the distance of the line charges from the ground plane.
From the above expression we see that in the limit as z becomes
infinite the potential becomes
oy,
2eo a
To obtain the potential distribution due to the grid of line
charges shown in Figure I-1, we add the potential distributions for the
two orthogonal sets of line charges. Let ¢o(x,y) be the potential
distribution function given by Equation (1) but with Po equal to 1. The
potential distribution for the geometery in Figure I-1 is then given by
$(xiy,2) = pid, (x,2) + P9, (v,2) (2)
where Py and P, are. the charge densities of the line charges extending

in the y and x directions respectively. As z becomes infinite, the

potential becomes

p p —
¢(x,y,2) = 5‘:‘;"" (1_:') + 5-2— (‘2‘) (3)
[0} (e}

Vi acd

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,2) = plo_(x,2) + ¢_(y,2)] (4)
and the potential as z becomes infinite is

)
¢(XIYIZ) = aeo (5)

2o

where p is the line charge density of both sets of line charges.

21



3. Doubld”Grid of Wires

From tHe potential contour plots and electron trajectory plots
shown in Section IV for the single grid case analyzed above, it was
noted that the electrons had a tendency to escape through the center of
the grid apertures. It was thought that placing another grid of wires
above and parallel to the first grid and shifted so that the crossing
points of the wires of the second grid would lie 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 ground plane.
The principle of superposition is again employed to find the total
potential distribution.

For the purposes of this analysis of the double grid case, 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 ground plane. Here we have written the
potential distribution as an explicit function of a and b as well as x,
y. and z. The potential for the double grid configuration may then be
written as

¢’DG(XIYI z,a,b) = pl¢SG(xry:zrarb)
+ p2¢SG(x+a, y+a, z, a, 2b} (6)

where ¢DG(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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is the line charge density on the lower grid, and p, is the

grid, p 2

1
line charge density on the upper grid. As z becomes infinite for this

case the potential becomes

2

¢DG(er:zra:b) =p ) an

A
In this case, since we are considerihg two completely separate
grids, we will not assume that the charge density on the two grids is

the same.

4. Limits on Wire Size for Line éﬁarge Appfbximation

In the single and double grid analysis,_the wires wexe replaced

by line charges. Intuitively,.;; know that for small distances from

therling charge the potential diét;ibution will be that of the logarith-
mic siﬁgulgrity of an isolated line chargeland that a constant potential

~

contour near Ehe line charge would therefore be cylindrical. If this

is indeed so, a cylindridal;qonductor placed so that its surface corre-
sponds F6 such a dontour and maintained 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

e
.'-a-.

distance from th;>wire the contours are indeed cylindrical. We will’
also derive an approximgfe expression for the error encountered in using
the line charge approximation: |

To show that the contours ne;r 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 % = in the y direction.

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

line charge on the z axis is

$(x,z) =

s [ cosh( (2b+8sin (8))7/a) -cos (8cos (8) 7/a) ] )

4ﬂeo cosh((8sin(6))m/a)-cos (6cos(B8) n/a)

where x and z specify a point on the circle at an arbitrary angle 6.
If én/a is small compared to 1.0, we may use the approximation

cos(Scos(B)m/a) = 1.0 (9)

If we further require that § is small compared to 2b, then
cosh((2b+8sin(8))7n/a) = cosh(2bm/a) (10)
Using these approximations, the numerator of the term in brackets, which

we will call N, becomes
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"N = cosh(2b7/a) - 1 (11)
To approximate the denominator of the term in brackets, the cosh and

cos functions are expanded in a power series. The expansions for the

(11)

functions are well known and are
2 4
o b4 X
COSh()fl)-l'i-'i-!-'i'ZTﬁ-... (12)
and
2 4 6
=1 X X _X
cos (X) =1 21 + a1 &l + . . . (13}

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

2} + 22\ (o} - 2
D =( 57 )+( Y )+ .. (14)
where
T, = Gsinkﬂ)ﬂ/a (15)
and
T, = Scos({B)m/a. (16)

Since we are assuming that 67/a is much less than 1.0, both Ti and T2
are much less than 1.0. Ignoring terms of order four and higher, the
denominator becomes

Ti"'T; _n_2
D = T = I/ZES ';:l (17)

The potential of Equation (8) is now

(x,2) = po 1n cosh{zbn/a) - 1

2
47e Sw
° 1/2[?]

Since this expression is not a function of 6, the potential is a con-

(18)

stant on a circle of radius 6 if § is small compared to both %-and 2b.

The above analysis has shown that the contours become cylindrical
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as we approach the linc charges. We will now derive an expression which

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

L4 being cylindrical for a given §. We will calculate the difference in
potential of two points, one at a distance § and at an angle 7/2 and the

other at a distance 8§ and at an angle -m/2. The potentials at these two

points are

p
o cosh((2b+8)T/a) - 1 }
¢ (x,2) * 4ﬂ€o in [ cosh(ém/a) - 1 (19)
X =0 '
z=b+ 6§
and
p
- o cosh({2b-8)T/a) - l}
b(x,2) 4ﬂeo 1n [ cosh(-6m/a) - 1 (20)
X =0
z=Db-6
Subtracting these two expressions and using the fact that the cosh
‘Lé is an even function and the characteristics of logarithms, we find
p .
_ _ o cosh((2b+d)n/a) - 17
¢x,2) ¢(x,2) = Tme [cosh((Zb-G)ﬂ/a) 1)
X =0 X =0
z=Db + 6 z=Db -6

(21)

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

eﬁw/a §n/a

out of the numerator and the term e out of the denominator.

Denoting the difference in potential as A¢, we write R s

P ST/ 2bm/a | -2(b-8)7/a) _ -81/a

Ap = °_ in (1/2) ((e (22)
-8 -
4neo . w/a(l/z)((ezbn/a + e 2(b+6)n/a) _ eén/a)
1f we require that § be small compared to both b and a/m
-(b-6)2 -2 N
o~ (br0)2n/a . ~2bn/a (23)

o and the difference in the potentials becomes
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bo = o % (coshizbrza) = 1.00 | _ "o (&
4“€o e—SH/a(cosh(2bn/a) -~ 1.0} 2ne° a

(24}
Dividing this expression 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 ¢o' we find

éﬁ_= 281 1n cosh(2bn/a) - 1

$ a 2

° 2y
2 ‘a

This expression provides an estimate of the accuracy obtained by sub-

(25)

stituting line charges for the actual conductors for variocus radii of
the conductors. It is informative to calculate this fractional varia-
tion of potential for a few sample cases. The results of these cal-

culations are shown in Table I-1.

§/a b/a A¢/¢o AW
.003 1.0 .12%
.0l 1.0 .48%
.03 1.0 1.7 %
.1 1.0 7.1 %
.003 .5 .15%
.01 .5 .68%
.03 .5 2.4 %
.1 .5 12.7 %

Table I~1 Fractional Variation of Potential

The analysis of this section was done using a set of parallel line

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

28



[ |

gy

charges if the contributions to 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 considerihg 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.
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SECTION II

GRIDS OF LARGE RADII CONDUCTORS

l. 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 .l the error is greater than 10 percent. The errorx
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 II-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 = in the y direction. The conductors
have radius c and are maintained at a potential VO.

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

equation in two dimensions is solved in Cartesian coordinates by the

30
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Figure II-1. A set of Parallel Cylindrical Conductors

(12)

method of separation of variables. The solution is

sinh(Kz)] [C3 cos(Kx) + C, sin(Kx)]

2

$(x,z) = [Cl cosh(Kz) + C 4

(26)

where K, C,, C

1 ot C3, and C

4 are constants which must be determined.

We must alse consider the trivial solutions

¢(x,2) = Co + Cex + Coz + Coxz (27)

whore Cs' Ce’ C7, and C8 are also constants which must be determined.
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We next divide the region above the ground plane into two regions
and determine the proper form of the solution to be used in each re-
gion. Region I is such that 0 < z < b and region II is such that z > b,
In region I the solution musﬁrbe 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 = 0. These requirements

reduce the form of the solution to

=]

- s o (BT nm
CbI(x,z) = nzlAn 51nh(a z) cos(a x) + Aoz (28)

H
In region II the solution must also be an even periodic function of x
of period 2a. It must further satisfy the condition that the potential

at infinity must remain finite. These conditions reduce the form of

the solution in region 1II to

-nn T
Be " z/a cos(®=%) + B (29)
n a 0

Nt~ 8

¢ (x,2) =
Ix nel

where BO and Bn are constants and ¢II(x,z) is the potential in region

IT.

To find the coefficients A BO, An and Bn’ it is necessary to

OI
satisfy the boundary conditions on the surface of the cylinders and at

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

conditions are:

¢I(x,z) = V0 on the surface of
¢II(X,Z) =V, the conductors

. (30)
¢I(x,2) = ¢II(x,z)

at z = b between
d¢I(x,z) d¢II(x,2)
dz dz

the conductors
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Since both ¢I(x,z) and ¢II(x,z) are even periodic functions of x with
periods of 2a, satisfying the boundary conditions on that part of the
boundary for which 0 < x < a insures that the boundary conditions will
be satisfied at all points on the boundaries. For this reason only those
po;tionsrdf the configuratién for which 0 fjx < a will be considered.
Sinée it is impossible to calculate an infinite number of coef-
ficients, the series in Equation (28) and Equation (29) were truncated.
If the contributions to the total potential of the terms removed by thi;r
truncation is small, this procedure will yield a solution very close to
the actual solution. However, the boundary conditions cannot be satis-
fie@iexactly with the truncated series. To obtain the best possible fit
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 satis-

fying the boundary condition on the conductors. 1In region I this squared

‘error at a point on the conductors is given by

2 _ 2 .
‘ERROR = [vo - ¢I(xfz)] (31)

where x and 2z specify a point on the surface of the conductor in re¢ion
I. In region II this error is given by

2

ERROR” = [V - ¢II(x,z)]2 (32)

0
where x aﬁd z specify a point on the conductors in region II.

We next consider the squared error contributions due 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-
ferénce in potential between region I and region II 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

ERRORZ = [6, (x,2) - ¢II(x,z)]2 (33)

and the second by

a¢_(x,z) d¢_.(x,2)
ERROR2 =[a ——%——- - a —ICI?——} (34)

where the expressions are evaluated at points where z = b and
c<x <a.

Care must be taken in calculating the second squared error term
above. When a function is represented by a series the derivative of
the function cannot always be determined by a term-by-term differentia-

(13) We know that this

tion of the series, as pointed out by Van Bladel.
problem will occur, at least in the limiting case of very small radiil
conductors. To gain insight into how this problem cccurs, we will

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

lem in Figure I-2. Tesche(4) has shown that this is

p @
. 1 -y b |

¢I(x,z) = Eg—-[§-+ Z —_— cos(ynx) e Yn 51nh(Ynz{] (35}

0o n=1 'n

in region I and

Po b, T 1
¢£I(x,z) = ;E—-[§-+ Z ——'cos(Ynx)e Tn? sinh(an)] (36)

0 n=1 Tn

in region II where region I and II are comprised of areas 0 < z < b
and b > z respectively, and Yo = nn/a.

We will now differentiate these series term by term and evaluate
the result at x = a and 2 = b. In region I this results in the ex-

pression
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dé¢z(x,z) p ®
I - _o -y 2b
—A—— e [1 + nzl cos(y a) (1 + e 'n )] (37)
X=a
-Zz=b

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

this point at z = b - § and x = a, the expression becomes

/’
dé. (x,2) P w
I __'o -y & , _~y_(2b-§) ]
e 2a€0 [1 + nZl cos(yna)(e n +e 'n ) (38)

xX=a

z=b-§
which does converge. This indicates'that the series representing the
potential could be differentiated using the term by term procédure at
all points except those on the boundary. To avoid the difficulty at
the boundary, the derivative was calculated numerically at the boundary

using the following technique. The derivative in region I at the

boundary is given approximately by

dé_(x,2) é_(x,b) - ¢.(x,b-8)
I - I I
dz - 1) (33)
z=b

and the derivative with respect: to z'inregion IT is given approximately
by

d¢Iéx,z) ¢II(x,b+6) - ¢II(x,b)

dz - 5 (40)

z=b
Since ¢I(x,z) and ¢II(x,z) éonverge for all points in their respective
regions, the above expreséions must converge and will provide a good
approximation to the derivative for sufficiently small §. This method
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 resulging expression is
differentiated with respect to each of Ehe 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 wﬁich will produce the minimum squared
error. This was done 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 and summing the squared

error over the points fsee Section I1I-5).

3. Crossed Cylindrical Conductor Case

The geometry for this case is shown in Fiqure II-2. It consists
of two sets of parallel conducting cylinders like those of Figure II-1
but with one set orthogonal to the other. Both sets of cylinders are
parallel to a perfectly conducting ground plane and the spacing be-~
tween cylinders is the same for each set. This results in a grid with
équa re apertures.

As in the preceding case, Laplace's equation was solved by the
method of sepération of variables. This time it is necessary to
use Laplace's equationiin threerdimensiOns. The genera} solution in
Cartesian coordinates is of the form

sin(klx)][C3 cos(kzy) +

¢(xfy,z) = [Cl cos(klx) ¥ C2

C sin(kzy)}[c5 cosh(yz) + C, sinh(yz)] {41}

4 6

2 2 2
where Cl' C2, C3, C4, C5 and C6 are constants and y = kl + k2' The

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

$(x,y,2) = C7 + C8x + ng + ClOz + Cllxy + Clzxz + Cl3yz
+ C14xyz (42)
where C77 C8' C9, ClO' Cll’ Cl2’ Cl3 and C14 are constants. As in the

case of the parallel conducting cylinders, the space above the ground
plane is divided into two regions. Regions I and II are those spaces
such that 0 £ z £ b and b £ 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 condition
at the ground plane which states that the potential is zero at z = 0, These .

restrictions reduce the form of the solution in region I to

o =]

¢"I (x,¥,2) =4‘z Z

n=0 m=

o Ah,m cos{nnx/a) cos(mmy/a) Slnh(Yn,mz) + AO,OZ (43}

1
where the A terms are constants and Y = —'Vnz + m2.
n,m n,m a

In region 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

[-] @w
¢II(x,y,z} = z Z Bn n cos(nmx/a) cos(mﬁy/a}e_zYn,m + BO o (44)
n=0 m=0 '’ !
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 symmetry of the con-
figuration. Consider the potential at two points in region I as shown
in Figure IXI-3. The first point P is specified by the coordinates x = «a,
y = B8, and z. The second point P' is specified by the coordinates
x' =8, y' = a and z' = 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

o«

¢I(ur6rz) = X z

cos (nT®/a) cos(m™B/a) sinh(Y
n=0 m= n

z} + A z
m

0,0
(45) .

’

Anm
0 []
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and the potential at point P' is given by

- $_(B,a,z) = Z Z A cos(nmB/a) cos(mma/a) sinh(yn’mz) + AO,OZ

(46)
Subtracting these two expressions and interchanging the m and n indices

in the summations of Equation {46) we

oy L

ll

o3

N
NN |

[l i

1 X

BN R

Figure I1I-3. Crossed Cylindrical Conductors - Top View

- are then able to combine the two pair of summations into the expression
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0= nzo mgo {[An,m cos {nma/a) cos{mmB/a) sinh(Yn'mz)]

- [Am,n cos(mmB/a) cos(nma/a) sinh(Ym

z)1} (47)
n

£

Since Yn m = Ym n for all n and m, this equation may be rewritten as
& ’

E [An,m—Am,n] cos (nma/a) cos(mnB/a) sinh(Yn'mz) (48)

For this to be true for all «, B and 2z in region I, Am n must equal
’

An n for all n and m. Substituting this condition into Equation (48},

’

the potential in region I now has the form

¢I (xIYIz) =
n

. An,m fcos{nmx/a) cos(mry/a)

Il o~18
Il ~18

0 m

+ cos{mix/a) cos(nmy/al sinh(Yn mz) + A, Z (49)

' 0,0
A similar argqument can be made for the potential solution in region II.
If this is done, the solution in region II is of the form
e ®
¢II(X.Y.Z) = z z Bn m fcos(nTx/a) cos(mny/a}

n=0 m=n g

+ cos(m7x/a) cos(nTy/a})] e_ZYn,m + B0 o (50)
&

The simplification of the form of the potentiél solutions that was
carried out above greatly reduces the number of coefficients which must
be calculated. Also, since the scolutions thus obtained are symmetrical
about 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 functions of x and y, it can be seen that the boundary conditions
need only be satisfied in the shaded area of Figure II-3 to insure that
they are satisfied over all space.

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

oy (X1y,2) =V

on the conductor
¢II(XIYIZ) = VO

(51)

cbI(x,y,z) = ¢II(x,y,Z)

at z = b between conductors
d
¢I(x z) - d¢II(x'y'z)
dz ¥ dz

For reasons previously mentioned, a truncated series of the solution was
used to approximately‘satisfyAthe boundary conditions. A least squares
fit was utilized to obtain the best possible approximation Eo’the boundary
conditions with the terms employed. The squared error was calculated only
at points in the shaded area of Figure II-3. The residual mean squared
error was also calculated for this case after the coefficients were de-

termined (see Section II-5).

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

drical Conductor Cases

It was shown in Section I that for small radii cylindrical conductors
a soiution for the potential coculd 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

line charge model to give a first approximation which is then improved by
the use of the series solution. To do this, we write the potential in

the form

(52)

where ¢T is the total potential, ¢LC is the potential from the line

charge solution, and ¢S is the series solution.



The line charge solution term has a different form for each of the
two configurations considered 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.

For the crossed conductor case, the line charge solution used is
that of the single grid, i.e., Equation (4). 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, vy = ¢, and z = h.

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

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

potential at the conductor. The squared error terms due to the matching

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

error term at the conductor boundary may be easily modified to take ac-

count of the line charge solution as will be shown.

5. Least Squared Error Fitting

In this section we have stated that the boundary conditions will be
approximately satisfied using a least squared error fitting procedure.
The error terms for the various configurations and sections of the bound-
aries have been determined. These terms involve functions which are re-
presented by series with unknown coefficients. We will now show how the
coefficients of these series may be obtained to insure the best fit to

(14) For the cases

the boundary conditions in the least squares sense.
under consideration it is convenient to consider errors at a point Pi
which can be represented by .
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ERROR=C(P)+ZA€(P)+ZB€(P) (53)
n=0 n=0

where An and Bn are the coefficients to be determined and C(Pi)’ ei(Pi)
and eﬁ(Pi) may be functions of position. The squared error is
2 ¥ 1 ¥ 2 2
[ERROR] < = [C(P.)+ ) ae(p,) + ) Bk (P.Zl (54)
i nn i nn i
n=0 n=0
Summing the error over a number of points, we have a total squared error
of
2
[TOTAL ERROR]Z = § c(p,) + Z AE(P)+ Z Be(PEl (55)
i n=0 n=0

where Z is used to indicate the sum over the various points.
i

To minimize the total sgquared error, we differentiate this ex-
pression with respect to the coefficients and set the resulting ex-

pressions equal to zero. Differentiating with respect to Am yields

. ‘
Z ZE:(P ) + ngo Anen(P ) + ngo B € (P {le (P ) (56)

m=20, 1, 2...N

Differentiating with respect to B_ yields

ch<p)+
) [ -~ n=0 n=0 J

z A e (P ) + z B €. (P f]s (P,) (57)

m=20, 1, 2...N
With simple algebraic manipulation, Equation (56) may be rewritten as
ZA Ze (B )er(p,) + Z B_ Zs ()el(e) = - [ c(p)el(p,) (58)
: i""m'T i
n=0 n=0 i
m=20, 1, 2...N

Similarly, Equation (57) becomes
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N 1 2 N 2 2 2
I a fe (Pe (P) + ] B e (e  (B) = - ] c(p,)e) (P) (59)
n=0 L n=0 1 i

m=20, 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 A and BO through BN'

0

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

N

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

algebraic equations.

® T{

T T

Figure II-4. A Set of Parallel Cylindrical Conductors
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The preceding analysis may now be applied to the parallel conduct-
ing cylinders case. In Figure II-4 we sce that there are three line
segments where it is necessary to match the boundary conditions in the
space such that 0 < x < a. The segment l1 is that part of the cylinder
to the right of the z axis and for which z < b. The segment l2 is that

part of the cylinder to the ;ight of the z axis for which z > b. Line

segment 1. is the boundary at z = b outside of the cylinders.

3

For a point lying on the line segment ll, the error is of the form

N
ERROR = V, - ¢_(x,2) =V, - Y AN (x,z) (60)
n=0
where
n, = cos(nmx/a) sinh(nwz/a) for n > O (61)
ﬂo =2z

For points lying on the line segment l2 the error is of the form
) i ) N
"ERROR =V, = ¢ _(y,2) =V, - ) B £ (x,2) (62)
n=0
wheré

-n7z/a

£n = cos(nTx/a) e (63)

For”pbints lyihg'on the line ségment 1, the error resulting from dis-~

3

continuity in the potential is of the form

- N N
ERROR = [¢I(x,z) - ¢II(x,zi] = nEJ:Annn(x,z) - nZO BnEn(x,Z)] (64)

and the error resulting from discontinuity of the normal derivative of

the potential is one of the form
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6¢I(x,z)

ERROR = a [ az

where nn(x,zx and

[§
nn(x,z) = the derivative

N ‘
Zo BnEn(x.z)

] (65)

]
= I[an (x,2) -

dz neg- B R
as defined previously and

En(x,z) are

of nn{x,z) with respect to z found

numerically as described in Section II-2 multiplied

by

a, and

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

numerically as

by

Comparing these expressions with Equation (53}, we see that on segment 1

C(Pi) =
l —
2

En(Pi) -

and on segment 1

2

On segment 1., the

3

sults in

i

C(Pi)

el(P.)
n i

1

2
en(Pi)

and the error due

described in Section II-2, multiplied

a. (66)

1

v

s]

-n_(x,2z) (67)
n

0]

Vo

= 0 (68}

"E (x;Z)

n

error due to the discontinuity of the potential re-

nn(x.z) (69)

- z
& (%,2)
to the discontinuity of the normal derivative is
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c(p,) =0
)l
"’
Yp) = n (x,2)
€atti! T Ny iX.2
2 _ L}
en(Pi) = -En(x,Z)

Substituting these relationships into Equation (58) and summing over

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

N N
Z,An ) n (x,2)n_(x,2) + ) A ) n_(x,2)n (x,2)

n=0 ll n=0 l3

N
+ ) B

N ] ?
LB, I - ¢ 2n (x,20 + LA L n(x,2)n (x,2)

l3 n=0 l3

N 1 L]
L3y o+ ) B ) - £ (x,2)n (x,2) = ) Vo (x,2)

n=0 l3 ll

'li:) m=20, 1, 2...N

Substituting into Equation (59), we obtain the following:

—rNT

N N
IB ) & x2)g (x,2) + LA L -0 (x2)8 (x,2)

n=0 12 n=0 l3

N N ' '
+ ) B ) £ (x,2)E_(x,2) + ) A ) - n_(x,2)E_(x,2)

n=0 13 n=0 l3

N 1 L
+ Z B Z En(X.z)Em(x,z) = Z VOEm(x,z)

n=0 l3 l2

m=20, 1, 2...N

(70)

(71)

(72)

"Rearranging and gathering terms for the An and Bn coefficients, Equation

(71) becomes



N
nZO[An{E nn(x,z)nm(x,z) + 2-: [nn(x,z)nm(x,Z)
1 3

+ n;(x,éfn;(x,z)]} + Bn~{§ {-En(x,z)nm(x,z) -
3

- En(X.z)nm(x.z)]}] =Z vonm(x.z) (73)

h

m=0,1, 2,...N
Rearranging the terms in Equation (72) vyields

N L] '
R [%{E RN NODIRERIL
3

+ Bn{% En(x,z)Em(x.z) +Z [En(x,z)im(x,z)

2 13

v g rin g o] ] -1 vyt (74)
2

m=20, 1, 2,...N

If the liﬁe charge solutioné are used to provide a first approxi-
mation to the potential as mentioned in Section II-4 the above equations
are modified slightly. It may be seen that the effect of the line charge
solution will be taken into account merely by replacing the texrm VO with

the term VO - ¢Lc(x,z) where ¢Lc(x;z) is the line charge solution. This

results in the right hand side of Equation (73} becoming

I Wy = ¢ o (x,2)In_(x,2) (75)
1
1

and the right hand side of Equation (74) becoming

L WV = b (x,2) )8 (x,2) (76)
1
2
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We will now apély the least squares crror 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 0 < x < a and 0 <y < a. The surface S, is that part

1

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

aperture, The surface 82 is specified the same way as S1 but such that

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

3

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

S, the error is of the form

1l
| . N N
ERROR = V, = ¢, (x,y,2) =V, - D) AL oy o (x0¥i2) (77)
. n=0 m=n
where o o .
nn m(x,y,z) = [cos(nTx/a) cos (mmy/a) + ¢os(mnx/a)
'
cos (nwy/a) ] 51ph(YnlmZ)
- T /2 2
and 'Yn a=3 ' +m . (79)
'

For points lying on the surface 82 the error is of the form

(x,¥,2) (79)

0 0 n,mgn,m

N o~

N
ERROR = V, = ¢ (x,y,2) =V, - } B
. 0 m=n

n
where

En i [cos (nTx/a) cos(mmy/a) + cos(mwx/a) cos(nmy/a)le n,m (80)

For points on the surface S, the error due to the discontinuity

3

of the potential is
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N N
ERROR = (¢ (x,y,2) - ¢, (x,y,2)] =. ) (A n o (xy,2)
n=0 m=n ' '
- Bn.m En‘m(x.y,Z)] (81)
z

AL ST S

Figure II-5. A Set of Crossed Cylindrical Conductors

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

potential is
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D,

d¢_(x,v,z) d¢..(x,v,2) N N '
_ I S ¢ ¢ _
ERROR = a [ dz dz ] ) [An,mnn,m(x’y’z)
n=0 m=n
-B_ £ (xy,2)] (82)

n,mn,m

where nn m(x,y,z) and En m(x,y,z) are-as defined previously and
[

’

n (x,y,2) = the derivative of n (x,y,2) with respect to z
n,m n,m

14

calculated numerically as shown in Section II-2

. multip}?ed by a,
' (83)

En'm(x,y,Z)

the derivative of en’m(x,y,z) with respect to z
calculated numerically as shown in Section II-2
multiglied by a.
Since the two summations in the equations are finite, they may be re-
garded as merely a more convenient: method of writing a single sum. Thus,

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

- may be carried out much as was done in the parallel conducting cylinders

case. The error terms for this case are seen to be very similar to
those of the parallel conducting cylinders case. Therefore we may write

by inspection the following equations:

0~

N
mzn An,m [g “n,m(x’y'Z)”z,p(x'y’Z) + g nn’m(x,y,z)nz’p(x,y,z)

n=0 1 3

1 1
+ nn’m(x,y,Z)nzlp(x,y,z):l + Bn,m[g - En’m(x,y,z)nllp(x,y,Z)
3
]

L}
- Enlm(xly,z)nllp(x,y,ﬂ =) Vony p (XY :2)

Sy
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£ =0,1], 2, ...N (84)

and

4

N N ' '
) Z.[An'm ) -nn'm(x,y,Z)Ez'p(x,y,z) -0 m(x,y.Z)Ez'p(x,y.za

n=0 m=n S3

+ Bn'm [g En'm(X.Y:Z)Eg'p(X;Y:Z) + g En,m(x,y'Z)EE,p(x'y'z)—]
2 3

+ En'm(x,y.z)iz'p(x.y,z?] = g VOEE'p(x,y.Z)
2

b
1}

0,1, 2, ...N (85)

)
"

0, ¥, 2, ...N

P>2

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} becomes

) (Vo = trctevim) Yy triy,2) (86)
1

and the right hand term of Equation (85) becomes
g (vo - ¢Lc(x,y:2)) Eg, pXe¥i2) (87)
2
where ¢Lc(x,y,z) is the appropriate line charge solution.
Thus we see that the equations for the two configurations are
very similar. The complexity of the grid of crossed c¢ylindrical con-

ductors case is much greater, however, due to the double summations,
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the more cohplicéﬁédgfégiohé over which the error must be calculated,
and the larger number of points which must be used for a reasonable
least squares fit. 1In both cases we have found a set of linear simul-

taneous algebraic equations which may 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 total
number of:éoéfficients, and preféfably should be much larger than the

number of coefficients.
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SECTION III

ELECTRON TRAJECTORIES

1. Need for Electron Trajectories

In the preceding sections the potential distribution for a number
of configurations has been calculated. This information does not tell
us the effectiveness of the yarious grids in preventing electrons which
leave the ground plane with an in;tial velocity from reaching the in-
terior of the chamber. To evaluate this fully, the actual trajectories
of the electrons leaving the ground plane must be determined. The pro-
cedure used to find the trajectories of the electrons is discussed in
this section. However, some limits for the behavior of the electrons
can be deduced from the potential distribution. These are discussed in

the third part 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 density so that the electrons do not ihteract with other par-
ticles or among themselves. If the initial velocity of an electron is
V and the initial position of the electron is X, 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 point is given by the negative gradient of

the potential, and the force exerted on the electron by the electric
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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

eVé

a= - —t | (89)
m

where m is the mass of electron. Integrating twice with respect to
time and supplying the proper constants of integration, and assuming

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

well approximated by
= e 2 - - f
X' = - ™ Vo (At)™ + V(AL) + X (90)

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

given by
-— e -
! £ e ——
V' = Vo(At) + V (9l1)

These equations in their normalized form were used to obtain the
trajectories of the electrons. This was done by stérting 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 entirébtrajectory is determined. The
equations in their present form are not convenient, however, for this
purpose, We desire to write them in a form normalized with respect to
the potential as z + = and in terms of the initial energy.

If the initial kinetic energy of the electron is 1, then the mag-

nitude of the initial velocity is

|v| = ¢ = (92)
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where m is the mass of the electron. The minimum kinetic energy that
an electron may have and still escape is the potential energy of an
electron at z equals infinity. This corresponds to a minimum escape

velocity magnitude of

|ve| = — (93)

where ¢w is the potential as z + =,

We now rewrite equation (90} in terms of V¢/¢_ and |Vl/|ve].

ed -
e _ L o _V_i)- 2 v -
X' = -y (V) fWJ [ve[ (At) + X (94)
But
e
o _l_. 2
— = [ve[ (95)
Therefore, Equation (94) becomes
v | 2 =
vt o= _ _]_'. e YQ_ v b 6
X' = -3 (JjEEL At) 5 + TG;T (At)lve[ + X (96)

Letting

v 1
7 = Lelae (97)
Y2

Equation (96) becomes -
R o=-108 Voare R
X' = = =2 AT + /2 AT + X (98)
2 lV |
. ¢°° e

Writing Equation (91) in terms of V¢/¢_ and V/lve[ and dividing by Ve,

we have

7 e ae v
EAREA (o) 0e 5Al (99)

Since
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B

)

ed,,

1 2
Teih o
Equation (99) becomes
LA -t - v
AR (%) v | 4t « KAl (101)
v |ae

Substituting AT = , this equation is now

2

<

v o1V .
AR A
We now have the equations in the normalized form that was utiliéed in
calculating the actual electron trajectories. The trajectéries were
calculated for various positions on the ground plane and for various
energies and angles of departure. The fraction of electrons escaping
for each set of parameters was recorded in order to evaluate the ef-

fectiveness of the grids.

3. Some Approximations for Determining Whether an Electron Will Escape

Although the trajectory of an electron must be followed in most
casés to see if an electron will éscape, 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 possessed by the electron in order to escape. As stated
in the preceding part, this energ§ corresponds to the potential energy
that an electron would have at z equals infinity 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 assuming the 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 negative z direction. Since this is true, the electron will es-
cape if and only if its initial velocity in the z direction is greater
than or equa1f€c the escape velocity. Therefore, the electron will es-

cape if the following equation is satisfied:

4% cose 2 |v | (103)

where 8 is the angle between 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 héve been described for cal-
culating the potential diitr;pution for the various conductor configura-
tions considered in thisnééper.\\A scheme has also been presented to

find the trajectorieswof”e;ectréns'ﬁnder the influence of an electro-

static potential. dtilizing this information and a digital computer,

P s e TTE——ie e g ey AR Zotame— st s -

)

we evalu&ge\tﬁeLéffeétivenésé o%ﬁgﬁeivarious grids in éoﬁtainin§>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
a series solution for the potential, comparisons are made between the
error obtained ﬁsing a line charggagpproximation aﬁd the error ob-

tained using the series and line charge solution together. Due to

limitations of time and resources, an exhaustive 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 the time needed to do this.

Before proceéding with the results of the computer study, we pre-

sent thg dréying below.go clarify the labeling used iﬁ this section.
The ground pigﬁe corréspénds at all times to the x-y plane. The
angles 6 and 3 afe used in the following parts of this section in
specifying the direction of the electrons leaving the ground plane.
The values of the angle 6 are given in decrees and those of the angle

B are given in radians.
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Figure IV-1. Coordinate System and Angles

2. Sinagle Grid of Small Radii Conductors

We first éonsider thé 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. The other four planes
were parallel to this plane and are located at y = a/4, y = a/2, y = 3a/4,
and y = a. Since the potential is periodic, the plot of the potential
in a plane located at y = 5a/4 is the same as that in the plane at
Y = 3a/4, etc. The potentials in these plots have been normalized so

that the potential at z = = ig 1.0
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Figure IV-2c.
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Figure IV-2d. MNormalized Potential Contour Plot for
b/a = 1.0 and 2z = 3a/4
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Figure IV~3b. Normalized Potential Contour Plot for
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The‘prcceding 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.
Ail og the electrons-in one plot have the same energy and angles of
departu;e. The initial positions of the electrons are evenly distribqted
on the ground~pl§ne beneath one aperture of the grid. Due to the peri-

odicity of the poténtial, no other initial positions of the electrons
. '\\

and only thosé\values bf_s between 0 and m/4 radians need be considered.

The electrog_trajectdfieg here calculated until the electron either re-

3 --turned to thghgrouﬁaiplane or the z component of its position was equal

PO N
S

t6 2, at which time it was déemed to have escaped. For clarity, only
. . el ; ,

e~

-

N

one aperture of the grid is shown in the plots.
In the interest of brevity, a complete set of trajectories for
normalized energies of l(i, 1.3, and 2.0 with value of 8 of 0°, 10°,
. i e, .

20° and 30° with values of 8 of 0, 1/8, and T/4 radians are given only

for the spacing b/a = 1.0. For the spacing of b/a = .5, only the

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

R N
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The preceding plots provided information as to the trajectories
followed by the electrons. It was noticed that particularly for the
6 = 0 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. Actual
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. Double Grid of Small Radii conductors

The double grid of small radii conductors was considered in an ef-
fort to reduce the number of electrons that escape through the centér
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 was set toc a
value of 1/2 of that of the lower grid. This causes the contribution
to the potential at z = » to be the same for each grid. This somewhat
arbitrary choice was made since the relationship between the ratio of
the charge densities and the voltage on the wire approximated by the
line charges is not a simple one. For example, let the grids be speci-
fied by the dimensions a = 1 and b = 1. For the same charge density
on the two grids we will now look at the ratio of the voltages on wires
of varying radii which would be approximated by the line charges. If
4 is the ratic of the voltage required on the wire of the lower grid
to that of the upper grid, we obtain the following table by the use

of Egquation (18).

radius of

conductor A
.1 . 581
.0l .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 uscd 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
singiergrid.imItriswihéeréggiﬁgﬂéd note that the potential contours
for this coﬁfiguration tend to be parallel to the ground plane indicating
a potential;distribution that tends to increase linearly in the 2z direc-

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

later.
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Electron trajcctory plots were made for this case as for the single
pe grid case. In general, the actual trajectory plots will not be pre-
“D ;ented for this and the following cases, but one final plot follows.
This plot is for electrons of -a normalized energy of 1.1 and with the
electronsiri’s'i'ng*iieri:ically out of the ground plane. It illustrates
the tendegcy of the second grid, particularly for the § = 0 case, to
"straightein out" the trajectories of the electrons. 1In the single grid
case, somé of the electrons with an energy of 1.1 and 6 = 0 were re-
turned to £the ground plane primarily due to a change in direction. The
straighteriiing effect of the second grid makes this behavior much more
unlikely. |
¢

;

a
(3

‘J‘
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The following are plots of the fraction of electrons escaping as
a function of 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 iﬁ miné ﬁhéértﬁé potential hasrbeen nérmalized to be 1.0 at 2z = =,
It is not, therefore, equivalent: to the single grid case which produces
a potential of 1.0 at z = « with the addition of another grid which
also produces a potential of 1.0 at z = «. 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.
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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 II-5. The coefficients
for the serigs 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 cal-
culated 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
Line charge Series Series and line
b/a c/a approximation solution charge solution
1.0 .25 4.69 x 10°° 1.91 x 10°° 1.07 x 107°
1.0 .1 4.54 x 107° 1.44 x 1073 7.48 x 10°°
.5 .25 2.00 x 10 % 2.35 x 107> 1.56 x 107>
.5 .1 1.41 x 1073 3.82 x 107> 2.47 x 107°

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 asrthe spacing between the conductor and the ground plane
becomes larger. 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 both 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 appéar that this ratio is the
approximate value at which the use of the series solution results in
significaﬁt 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 seéaratgiy.
On the followipgjpageé are presented potential contour plots for

the four cases presequd in Taﬁle Iv-2. éo reiterate, 15 terms were

used in each solution regionr‘and the potential of the conductor was

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

combination of the line charge and series solution.
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Electron trajectories were found for this case in the same manner
as was donec previously except that only the 6 = 0 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 aregproduccd&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 that Compton electrons could be produced on the conductors

(15)

themselves by the incoming radiation Closely related to this is the

fact that the conductor would shield a portion of the ground plane from
the incoming radiation.(ls) Both of these pPhenomena 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 VO/V°° for the various spacings

of conductors used for this figuration where V_ is the pctential of the

8]
conductor and Vo, is the potential at z = «. If the energy of the elec-

:

tron, normalized to the potential energy of an electron at z = o, ig
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less than this value of Vo/vm' it is impossible for the electron to

strike the conductor.

‘b/a c/a Vo/Ve
1.0 <25 1.135
1.0 .1 1.38

.5 .25 1.28
.5 .1 1.74

~ Table IV-3. V/V_ for Various Spacings

of Conductors

The data for the plots‘presented on the following pages were ob-
tained using 30'initiél péﬁitions for the electrons on the ground plane.
Due to 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 enerxrgies of 1.1, 1,3,
and 2.0 were used forrthe a/b =Vl.0 and c/a = .25 spacing only and
thé normalized energy of 1.1 was used for the other spacings of b/a =

1.0 and ¢/a = .1, b/a = .5 and ¢/a = .25, and b/a = .5 and ¢/a = .1l.
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Figure IV-17. Fraction of Electrons Escaping (Fe) for
b/a = 1.0 and ¢/a = .25

60

8 (degrees)

Figure IV-18. Fraction of Electrons Striking Conductor
(FC) for b/a = 1.0 and c¢/a = .25
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) Figure IV-19. Fraction of Electrons Escaping (Fe) for a
- e = =i —— .~ - —-_.Normalized Energy of 1.1
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5.0 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 II-S5. 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 time necessary for calculation, the solution ob~
tained by using only the series form was not calculated. Table IV-4

shows the error obtained for these solutions.

Dimensions Mean Squared Error (volts)2
Line charge Series and line
b/a c/a Approximation charge solution
-2 -4
1.0 .25 3.83 x 10 6.28 x 10
-3 -3
1.0 .1 7.60 x 10 2.54 x 10
.5 .25 .172 4.09 x 107>
.5 .1 .243 9.18 x 107>

Table IV-4. Mean Squared Error for Two Solutions

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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Figure IV-20a. tlormalized Potential Contour Plot for
b/a = 1.0, c¢/a = .25 and z = 0
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Figure IV-20b. Normalized Potential Contour Plot for
b/a = 1.0, ¢/a = .25 and z = a/¢
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Figure IV-20d. Normalized Potential Contour Plot for
b/a = 1.0, c¢/a = .25 and z = 3a/4
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Figure IV-21lb, Normalized Potential Contour Plot for
b/a = .5, ¢/a = .25 and z = a/4
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Electron trajectory.calculations were performed for this case as was
done for the other cases except that 25 initial positions 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 are shown. Energies of 1.1, 1.3 and 2.0 and values of
B of 0 and m/4 radians were used for one spacing only but the 1.1 energy
and B value of 0 radians was used for all spacings to provide comparison
as was done in the parall%l condﬁcting cylinder case. The table below
of VO/V°° for the dimen;ions considered for this case is provided to de-
termine if it is poséible fof an electxon of a given energy to strike
the conductors. V. is the potential of the conductors and v, is the

0
potential of z » «,

)

b/a . c/a Vo/Vw
1.0 .25 1.039
1.0 .1 1.172
.5 .25 1.087
.5 .1 1.436

Table IV-5. VO/V°° for Various Dimensions

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

produced.
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Figure IV-24a. Fraction of Electrons Escaping (Fe) for
b/a = 1.0 and ¢/a = .25
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Figure IV-24b. Fraction of Elec¢trons Escaping (Fe) for
b/a = 1.0 and c/a = .25
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Figure IV-25a. ‘Fraction of Electrons Striking the Conductors
(Fc) for b/a = 1.0 and ¢/a = .5

8 (degrees)

Figure IV-25b. Fraction of Electrons Striking the-Conductors
(Fc) for b/a = 1.0 and ¢/a = .5
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Figure IV~26b. Fraction of Electrons Striking Conductor
(Fc) for a Normalized Energy of 1.1

162



l'o
- = O
.8
6 single grid b/a
Fe double grid b/a = 1.0
4T single grid b/a = .5
. 21
Y T T T T T
10 . 20 30 40 50 60

8 (degrees)

Figure IV-27. High Energy Approximation Comparison.

The dotted line represents the plot of the percentage of electrons
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 electron
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 agrecment 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 WORK

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 technigues 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 volume of 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 be undertaken if suf-
ficient computer time were available. In Section V-2 methods are sug-
gested which, it is believed, would substantially reduce the time
required for these calculations.

For those cases where the conductors could he 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-
mation of Equation (103) was found to be sufficiently accurate.

For cases of grids of conductors with large radii the potential
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was found usiing the closed form line charge solution as a first ap-
proximation with a series soluticn 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 potential at in-
finity. Thus, the electrons approaching close to the conductor encounter
a higher potential gradient and are more likely to be repelled the closer
the conductors are to the ground plane.

Significant differences are noted between the line charge cases
and the corresp&ndinq large 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 data was produced for this case to demon-
strate the effects and problems which are encountered when using large
radii conductors.

It is believed that the data presented in this paper provides in-
sight into the features of the various configurations and shows the com-~
parative effectiveness of the grids. As other design considerations
arise, one may wish to moré 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 problem
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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 procduct of functions each of which is a
function of only one coordinate variable, this may be easily accon<
plished. A table 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 multiplying to find the poten-
tial. The gradient could be found in a similar manner. 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
B = 0 case, only those initial positions on the ground plane for which
0 <y < a need to be considered and for the § = 1/4 case only those
positions lying on and 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

SERIES COEFFICIENTS

1. General

In this appendix are presented the series coefficients found in
solving the potential distribution problem of the parallel and crossed
cylindrical conductors cases. The forms of the equations used were
modified by constant multipliers of the coefficients for ease of com-
parison. The form of the solution and the grid of points 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 Cylindrical Conductor Case

The form of the solutions used is

N - .
oo (x,2) = Z Aﬁ sinh(nmz/a) cos{nwx/a)/cosh(ntb/a)
n=1
+ Aoz/b’+ (pic) ¢Lc(x,z) (A.1)

in region I and

-n7
e (z-b)
Bn e cos(nwx/a) + (pic) ¢Lc(x,z) (B.2)

12

d__(x,zy =
I n=0

in region II, where ¢Lc(x,z) is the line charge solution with leading
constants omitted and is given by

cosh (T (z+b)/a) - cos(mz/a)
cosh(w{z-b)/a) - cos(mx/a)

{A.3)

¢ C(xtz) = 1n

L
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

of the conductor at x = c. For this geometry the points used for the
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matching of the boundary conditions were located on both the upper and
lower surfaces of the conductor at x < c¢(n-1)/20, n =1, 2, ... 20 and
at z < b between the conductors at x = ¢ + (a-¢)(n-1)/20, n =1, 2,

... 20. The coefficients obtained for this case are shown in the

following tables.
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n A B
n n
-2 -2
0 4.9658 x 10 -4.1433 x 10
1 L1124 -6.9864 x 10 2
2 .1093 -7.2966 x 102
3 .1097 -7.0768 x 10 2
4 .1087 -6.6765 x 10 2
5 .1040 ~6.1244 x 10 2
-2 -2
6 9.5263 x 10 -5.4364 x 10
-2 -2
7 8.2513 x 10 -4.6168 x 10
-2 -2
8 6.7190 x 10 -3.7254 x 10
-2 -2
9 5.0801 x 10 -2.8161 x 10
-2 -2
10 3.5376 x 10 -1.9782 x 10
-2 -2
11 2.2178 x 10 -1.2608 x 10
-2 -3
12 1.2272 x 10 -7.1722 x 10
-3 -3
13 5.5920 x 10 -3.3997 x 10
-3 -3
14 1.9014 x 10 -1.2390 x 10

pic = .1468

Mean Squared Error = 1.064 x 1075

Table A-1. Series Coefficients for b/a = 1 and
¢/a = .25.

170



n A B
n
-3 -3
0 5.1258 x 10 -6.5851 x 10
-2 -3
1 1.3061 x 10 -9.7048 x 10
-2 -2
2 1.2349 x 10 -1.0518 x 10
-2 -2
3 1.1540 x 10 -1.0292 x 10
-2 -2
4 1.1236 x 10 -1.0259 x 10
-2 -3
5 1.0367 x 10 -9.5966 x 10
-3 -3
6 9.833 x 10 -9.2347 x 10
-3 -3
7 8.8173 x 10 -8.2912 x 10
-3 -3
8 8.1487 x 10 -7.7003 x 10
-3 -3
9 6.9365 x 10 -6.5783 x 10
10 6.1690 x 10 ° -5.8681 x 10 °
11 4.9148 x 10> ~4.6860 x 107>
12 4.1624 x 107> -3.9772 x 10°°
-3 -3
13 2.9810 x 10 -2.8539 x 10
=3 -3
14 2.3538 x 10 -2.2581 x 10
pic = .1168
Mean Squared Error = 7.480 x 10“5
Table A-2. Series Coefficients for b/a = 1 and

c/a = .1.

171




n A B
n
-2
0 .1203 -8.7278 x 10
1 .2923 - .1248
2 .2868 - .1354
3 . 2885 - .1356
4 . 2896 - .1316
5 2796 - .1248
6 .2578 - .1150
7 .2243 ~ .1015
8 .1833 ~8.5127 x 10 °
9 .1390 ~6.6776 x 102
-2 -2
10 9.7053 x 10 -4.8622 x 10
-2 -2
11 6.1043 x 10 ~3.2052 x 10
-2 -2
12 3.3850 x 10 -1.8861 x 10
-2 -3
13 1.5586 x 10 -9.2421 x 10
-3 -3
14 5.3807 x 10 -3.5041 x 10
pic = .2767
Mean Squared Error = 1.558 x 10“S
Table A-3. Series Coefficients for b/a = .5 and

c/a = .25.
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n A B
-3 -2

0 8.3083 x 10 ~1.2195 x 10
-2 -2

1 2.4198 x 10 -1.5803 x 10
-2 -2

2 2.2805 x 10 -1.7383 x 10
-2 -2

3 2.1002 x 10 -1.7381 x 10
-2 -2

4 2.0258 x 10 -1.7519 x 10
-2 -2

5 1.8596 x 10 -1.6503 x 10
-2 -2

6 1.7653 x 10 -1.5977 x 10
-2 -2

7 1.5713 x 10 -1.4369 x 10
-2 -2

8 1.4484 x 10 -1.3372 x 10
-2 -2

9 1.2317 x 10 -1.1451 x 10
-2 -2

10 1.0933 x 10 -1.0225 x 10
-3 -3

11 8.7026 x 10 -8.1817 x 10
12 7.3616 x 107> -6.9463 x 10 °
-3 -3

13 5.2748 x 10 -4.9956 x 10
-3 -3

14 4.1563 x 10 ~3.9510 x 10

pic = .1867

Mean Squared Error = 2.465 x 1070

Table A-4. Series Coefficients for b/a = .5 and
c/a = .1.
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3. Crossed Cylindrical Conductors Case

The forms of the solution used are

N N
¢I(x,y,z) =} Z {a [cos(nTx/a) cos(mTy/a} + cos(mTx/a)
. n=o m=n T

cos(nTy/a)} sinh(Yn mz)/25inh(Yn mb)} + Aooz/b

¥ ¥

+ (pic) ¢Lc(x,y,2) (a.4)

in region I and

N N
rp(xey,2) = ) {8
n=0 m=n

m(.S) [cos{nTx/a) cos(m7my/a)

-Y m(z—b)
+ cos(m7x/a) cos(nﬁy/a)ﬁ e '

+ (piC)¢LC(x,y,z)
(A.5)

in region II where Yn n é\/nz + m2 (EJ and ¢Lc(x,y,z) is the line charge
L]

solution for a single crossed grid with the leading coefficients omitted

and is given by

- cosh(m(z+b)/a) ~ cos(mx/a)
¢Lc(x,y,2) = 1n cosh(m(z-b)/a) - cos{mx/a)
cosh(n(z+b)) -~ cos(ny/a)

+ In cosh(w{z-b)) - cos{my/a) (2.6)

The term pic is a constant whose value is adjusted to insure that the
potential given by the line charge portion of the solution is 1.0 at

X = a and y = ¢ on the conductors. For this geometry the points used
for the matching of the boundary conditions were located at x = c(n-1)/8
and x = ¢ + (a~-¢)n/9 for n= 1,2, ...9 and at vy = ¢c(m-1)/8 and

y=c+ (a-c)m/9 form= 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 point corresponded to the apperture between conductors,
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the point for the matching of the boundary conditions was located at
g, z = b, Only those points for which x > y were used. The coefficients

l. obtained for this case are shown in the following tables.

@
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n,m A B
n,m n,m
00 4.0074 x 102 - .1104
01 4.0260 x 10”2 - .1997
02 .1052 - .1260
03 .1064 - .1101
-2 -2
04 6.272 x 10 -7.1596 x 10
11 - .1722 -7.8816 x 1072
12 - .1461 -4.8780 x 102
-2 -2
13 -4.5895 x 10 -5.2738 x 10
-2 -2
14 -2.0106 x 10 -3.9059 x 10
-2 -2
22 -2.7186 x 10 -1.1611 x 10
-3 -2
23 5.7667 x 10 -4.4008 x 10
-3 -2
24 2.5202 x 10 -3.2261 x 10
-2 -2
33 1.5504 x 10 -2.5466 x 10
-2 -2
34 1.7077 x 10 -3.4254 x 10
-3 -2
44 5.1119 x 10 -1.1367 x 10
pic = 8.5354 x 10-2
Mean Squared Error = 6.275 x 107%
Table A~5. Series Coefficients for b/a = 1 and

c/a = .25.
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n,m A B, m
-2
0,0 -7.4821 x 10 -~ .1020
-2 -2
0,1 -3.913 x 10 ~-6.8826 x 10
-3 ~2
0,2 3.6006 x 10 ~-2.3307 x 10
0,3 8.7687 x 10> -1.8746 x 1072
-4 -2
0,4 5.9525 x 10 ~1.4771 x 10
-2 -2
1,1 -4.7650 % 10 -4.2002 x 10
-2 -2
1,2 -3.3415 % 10 -2.5861 x 10
-2 -2
1,3 -1.7365 x 10 -1.4637 x 10
=2 -2
1,4 -1.2492 x 10 -1.1782 x 10
-3 -3
2,2 -7.2520 x 10 -3.8021 x 10
: -3 -3
2,3 -6.0480 x 10 -5.8940 x 10
-3 -3
2,4 -5.0636 x 10 -6.0690 x 10
=3 -4
3,3 -1.6965 x 10 -9,3250 x 10
3,4 ~2.6606 x 10°° ~2.6163 x 10 °
-3 -4
4,4 -1.3321 x 10 -3.0276 x 10
. ~2
pic = 7.6011 x 10
Mean Squared Error = 2.542 x 10-3
Table A~6. Series Coefficients for b/a = 1 and

c/a = .1l.
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n,m - B
n,m n,m
0,0 .1154 - .2314
0,1 . 1755 - .4097
0,2 .2782 - .2726
0,3 . 2662 -~ .2450
0,4 .1599 - .1639
1,1 - .3252 - .1526
-2
1,2 - .2639 ~9.2444 x 10
1,3 -5.4500 x 102 - .1117
-3 -2
1,4 -9.6815 x 10 -9.0271 x 10
-2 -2
2,2 -4.2613 x 10 -2.2307 x 10
-2 -2
2,3 4.2115 x 10 -9.6293 x 10
-2 -2
2,4 2.8580 x 10 -7.4525 x 10
-2 -2
3,3 4.6487 x 10 4.2115 x 10
-2 -2
3,4 5,6085 x 10 -7.9811 x 10
-2 -2
4,4 1.8237 x 10 -2.7425 x 10
pic = .1833
Mean Squared Error = 4.089% x }.0_3

Table A-7. Series Coefficients for b/a = .5 and
c/a = .25.
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n,n AL Boom
0,0 - .1051 - .1741
0,1 ~6.5391 x 102 - .1336
-3 -2
0,2 -1.9930 x 10 -3.9764 x 10
-2 -2
0,3 1.1666 x 10 -3.3880 x 10
-3 -2
0,4 7.4902 x 10 -2.4173 x 10
-2 -2
1,1 -7.7180 x 10 -7.1494 x 10
-2 -2
1,2 -5.5072 x 10 -4.1261 x 10
-2 -2
1,3 -2,7487 x 10 -2.3332 x 10
-2 -2
1,4 ~1.9461 x 10 ~1.7427 % 10
2,2 ~1.2776 x 102 -4.1782 x 107>
2 -2 -3
2,3 ~1.0835 x 10 -7.6550 x 10
2,4 =7.3335 x 10> ~9.4613 x 107>
3,3 -4.7821 x 10> ~1.2948 x 10~3
~3 -3
3,4 -5.6570 x 10 -1.5460 x 10
-3 -3
4,4 3.9989 x 10 2.2703 x 10
pic = .1385
Mean Squared Error = 9.183 x 10"3
Table A-8. Series Coefficients for b/a = .5 and

c/a =

.1.
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To illustrate 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 Bo,o term changed by only =.6%. Since
this term, together with the line charge solution, specifies the po-

tential as z becomes infinite, little improvement in the potential

soclution is to be expected by the use of the additiocnal terms.
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n,m A B
n,m n,m
-2
00 4.7666 x 10 - .1120
o1 3.6365 x 10 2 - .2098
02 .1210 - .1206
03 L1222 - .1021
-2 -2
04 9,1829 x 10 -8.6371 x 10
-2 -2
05 6.5801 x 10 -5.7384 x 10
11 - .1948 -8.6447 x 102
12 - .1645 -2.5389 x 1072
-2 -2
13 -5.5210 x 10 -2.0104 x 10
-2 -2
14 -1.4014 % 10 -2.8432 x 10
15 2.9949 x 10~ ° ~4.1628 x 10 °
' -2 -2
22 3.0044 x 10 1.0158 x 10
-3 -4
23 2.3377 x 10 -9,9481 x 10
-2 -2
24 2.0358 x 10 ~2.7769 x 10
25 3.8575 x 10 2 -3.2589 x 10~ °
-2 -3
33 1.8698 x 10 -8.8491 x 10
34 3.6226 x 10°° ~3.0328 x 10 °
35 3.9910 x 102 -2.9802 x 10”2
) -2 -2
44 1.6167 x 10 -1.5809 x 10
-2 -2
45 3.2051 x 10 -2.6455-x 10
-2 -3
55 1.2009 x 10 -9.4318 x 10
) -2
pic = 8.5354 x 10
Mean Squared Error = 3.6146 x J.O_4
Table A-9. Series Coefficients for b/a = 1 and

c/a = ,25.
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APPENDIX B

COMPUTER PROGRAMS

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 cocfficients for 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. Program BRPHI
#1 was used ‘to 6btain the potential contour plots for all the line
charge approximation cases qnd program BRPHI #2 was used to produce
the potentia; contour plots for the series solution cases. Program
ETRA #1 was uséd to calculate the electron trajectories for the line
charge approximation caées and program ETRA #2 calculated the electron
trajectories for the series solution cases: All the programs were run
on the CDC 6600 computer located at Kirtland Air Force Base at Albu-

querque, New Mexico.
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EMPEF #|

e . it m—— b —— - —

EMPEF .
TASK (GURRBAX, b6950106 SDH ELEv
DAFWL .
DU\J(A-HTAPEZ)
PRESET. )
MAP(PARTY — 7~

P44TT7774CM60000,

e e e e e e e

o e sem - . e e ea e e e P e mie m s se e e miws cm A o+ a4 4w s
. e i ts e AT e e e w8 e temar E it ¢ mems e mw ettt bRl % S18% e m e b e b mamvi e era—. . ——

LGO. T ’ .

FXIT(SYy "~~~
0000000000000000000000

CARDS

1000
1001
1002
1003
1004

10

100

e R I Bt T O "

PROGRAM EMPEF (INPUT,OUTPUTY ——— 7"~ ="7—
DIMENSION IX(IOO).TRI(10000MAA(100 100)’88(100)H(X(IOO)""T""‘_‘——"—"
EQUIVALENCE (ASZTRI) ~ o Tt
FOPMAT(3FT.3s¢314) "7 7

FOPMAT(IH 106114y "= == Mme t emte i ar e mammiias s em e e m e e
FORMAT(ISH MATRIX AA ° N= =" #o]3)° 7T r orommmemmn e e = e s meemes = =
FOPMAT (1SH MATR[X BB & ~ =7 "7t= tirp=is @ mome s em s el el C .
FOQMAT (15H MATRIX X 777 777 ™) T ' - T - T
CONT [NUE A —— - - e = aae
READ 1000+ ABeCoLIL +KK«NN T - - -

PRINT 1000¢Av3,Cal LsXKX NN
IF(ALEN.0.0) GI TO 400 = - w = = oo e e aman = e e e e e

PEAD 1D00WVQOI'FTRM — b R e e miee ot e eemn aeens
REMOVE THE CMDS QET\-EEN rHIS AND THE \rExr COHHEVT CARD TO CHANGE PROG.

AC=0. 0 D70 RRIWRRN IR Y OITE -NT_Lari - HANGE PR
IF (ETRM.EN,1:0) GO 10 S00 - e = e e et e
GO TO 30 = e e e e e e e e e s ——— e
AC=VO/PIC(CIBeArR,Cr140) = — ot o e e e
CONT INUF e v ccrmimmm s t s mem e w m eae erec ame 4w e mes 1S i e A S ———— - e e ot et . s n m o a ar
TP (ETRMLED. 120} GO TO 365 ~T7 777770 =7 i oo s m e
DO 260 Jo] JNN T or T e s e e
DO 200 Nzl NNT 77 "7 - mmoemmmes mem m s mmen -'-‘--~-~—----m e et m s e m ot —ren v -
DO 100 Lol all == o e e e e e
X=CO(140°0L-1.0)/(1.0°LLY]

e SR [CooP R BoR) o rim semmies oot e st i v o = i s e e

YP=R+SQRT(CO®2=-Xa02) " ™
AACJION)=PTY(INeX YHeAsRICIOPTI IJaXaYNGAJRIC) ¢AA (I N e Tt

-AA(J‘NNvaNN)-DIZ(N X'YPvAvaC)‘"PI?(JvaYPvA By C)bAA(Jo‘JN N'NN) et T

CONT INUE
DO 200 K=l .KR™ -
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TXz=Ce(A=CYP(Y.NBK=) D )/(1 0¥KKYy 7 ¢ -

PJI=PI1(JeXeBeAsB¢C) ' et Tt s B e T
PJ2=P12(JeXsBvArBsC) Tt v Tt T e rmm mmms e B TR
PJ2=-PJ2 .. i m it e ek e m e b mta e i e e rmes et s mes Siee e mmtase f it e—— e = i =
OPJI=DPTY (JeXeBrA By C) 77777 TUTTTUIT NI semsmm amoimo smrimm s S e o e
DPJZ=0P 12 (JoKeByAgRaCY 7777 W77 TSI s mimes e mn imis s
DPU2=-DP U2 e rieroen e e memerm t o e e e e iemmie e ek e m m——— e e o
AACJe NI SAA(S ) +P TN+ XeBeAYRICISPJLI4DPI1 (N+XsRsAJRCIONPYL ~— o —mrm -
AACJeNNNIZAAT JeNN NI +P T (MeX s RrARCIEPUZ2+¢NP T (NeXsByAWB1CYPOPJ—
AA(JeNN. N*NN)-AA(J NNvN#V\H PIE(NonBn’thC)"PJ? anE("thBtA BsC)y -
I“DpJZ R T e

T UTTAA(JWNNNY = AA(J'NONN)“PIZ("thB'AvBsC)“PJ}. DPIZ(V'X;BvoBvC"’DPJl """ "‘

200

CUNT INUE

DO 250 L=1,LL”
X=Co(1.0°L~-1.0)/(1.0°LL)
YNZR=GORT (Co82=XBop) & — T e e

T YP=ReSORT(CeSP-X0e2). . ; : " z

BR(JI=RR{J)+PI1(JeXn YN.A 8 Cietvo- PIC(X.YV.A.B C'AC))
B%(Jowu)-BR(J uw)¢P12(J.x.YP A.B,C1°(V0 PIC(X.YPvA-RoC:AC))

CONT INUE T
cocossocsea0 THIS IS THE NEXT COMMENT CARD ®esscoooaa

TTTTTT ONSO=NNeNN
S RMLNGQeg T TTT TTTITIINT s e s e e e o e e e e
T T N=zNNe2 7T
. T T j;; S

_ 350

e

DD 325 J=14NSQ T TTTI T TTI S o s sinnin s s e
J=del T T o
AACT)Y=ARLY,K) - N

IF(J.EQLN) K=Kl ”

IF(J.FOLNY J=0 _'__'—" T .;““““""u' i R PP
CONT INUE - e '_'._'—'"

PRINT 1002.N - 7
TF(N.LT.300 PRINT 1001 (AA(TY,I=1eNSQ) T 777 W mmmrmm == 7777 = =7

PRINT 1003~ _
PRINT 1001(B3{1) =1y~ 77 77— 77— - e era
CALL MATSOLV( Ne3¢IXeTRIVAALOBRXX) ~ ~ - —— ——
PRINT 10064 T
PRINT 1001 (XX (1) I=leN)__ 77— """ T -
DO 350 I=1. I‘QOOO_ L . —-----.---——--...-._.-..... .‘”—_.——T'-' -“-.--.-.—_._..-.,.._______
AA(TY=0.0  _ T — S
DO 360 1=1,1007 7 "7 : ——————— e S
BR(I)=0.0 ’ T s s s e e e —_ ———

" CONTINUE ™ — - - S— —

ALSO REMOVE T=E FOLLOWING CARDS TO CHANGE PROGRA?
CONT INUE Tttt T o rTmeTe T o

7 FRR1=0 ..0 i e i a e
ERR?=0,0 e . .
ERRS=0,0 bt "‘"-'—'" B LI e T
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DO 378 L=1.bLC

__YP=R.SORT(Ce¥P-Xoe2) "
ERR1=VO=PIC(X«YNs»AsBICrAC)

""375 CONTINUE

370 CONTINUE

380 COMTINUE

TTTDO 380 Nzl NNTTTT

L L T T O el L L I L T TP —

) x_—_CO (1 '(]GL-l .0)/(1 .OOLL] T TTmoT T orThron rmmmmmommmrmrmmmme T remimEmm e mEm s s e
TNSR=SORT(Croz~xee2) | T T T T T I

. L ——— % 8 e — 81 e v W A . e w3 e B A e b ® fie S e S Mmoo

Sl T by e ol
DO 370 N=l.NN T T

ERRIZERRI-PTLINGX YNy AWB CI#XX (N}~ 7777
ERR2=ERR2-PJ2(NyX,YPyAsBsCI#XX(NINN ')

ERRS= EQRS*ERH1°ERPIOERR2°ERR2"“'t:::::::;zilim::j“*::“-::"—-"~«m-—- R
E]PR=0,0 [T T I e T s s e
EXRP1=0,0 T T T T ST e e e e e
DO 385 K=1,KK T L T T e B T
X=Ce (A=C)®(]leN0K" RYARY 024X e e e e e

T ERRTEERPRI S (XX(N)SOT1 (NyXsBeAsByCI=XX(NeNNIOPI2(NsYaByAyRyC)) ™ 777777777 77

ERR2=ERI2+ (XX (N) #DPI1 (NsX»BsArBaC)-DPI2(NsXsBrAsBIC) XX (NeNNI )™

) ERRS=FRRS» ERRU’ERQI +ERR2®ERR2 Tt T T
—.... ERR1=0.0 L .
ERR2=0.0 B e e I e e it T TR

.:. 385 CONTINUE " e s m vae t e et s v am e = —— et s 8 = anfl e vem e os s

. 100S FOPMAT(® MEAM SQUARED ERROVR = #,G11,.4)

ERRS=FRRS/ (2, ?b(LLoKK))'
PRIMT 1005, ERRS ™77 77

500 CONTINUF

.-

c

400 CONTINUE

STOP T

IF(AC.ER.0,0) GO TN 207"
STOP RFMOVING CARNS AT THIS POINT
GO TO 10 T

.
amitem & waen, vm e R T

END

NOLIST

FUNCTION DPIT(NsXeYA484C)
DDII-(PII(NcX Trhe BoC)-PIl(NoXyY R“.OSvAvaC))/(B“.10)"__""""—"*_"'
RETURN - .. memie b e i mre = merar e
END T

FUNCTION DPI2IN«XsY+AsBsC)
DP12=(PI2(N, XoY*B‘*.O:vA’BoC)-PIZ(N,X'YoA BoC))/(B".lO) et
END 4 m tiem mm e memmam e cmmme b m i e it e mem e 0t = s aw wimd A sem ia ¢ mmsmsmmmrt Al e m % A ademe ee  ensee b emme e amme = |
FUNCTION P11 ('JoXoYoA'BvC)"— Tt T e e/
pl 3 1(‘159 - -y sa e e rw ot eia m v = oea . e em e i marm . eeremmenm
ANz FLOAT‘H) v e mmemva = me sme m—-—a

FACT=(AN=]1,0)0°P1/p "7 " 757777 ee
]F(AN.EO.l.O) GO 10 100 - C—e e.e ctim e e e mims meees e i s e a e
PI1=SINH(FACT®Y)PCOS(FACT®X)/SINH(FACT®B) —

o is Mo e ema s e Saradn e A e mm = mm i 8Y e ¢ e A w =t b 6.t o — —
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GO TO 200 & e e ooe e , . _ .
100 Pll=Y/R s S e C e e -
‘200 CONTINUE Cm s e Ce e e e e

RETURN & 7 f i e st s e e o e et e s o

£ND C L e o i s s et mmm e+ e e mees s mme e e eiierama et s e e emermmenmeem e o e ae

FUNCTION PL2(4, XeYs Ay B|C) T

12714159 ) S

ANSFLOAT (N) 0™ = = oo e s mmeeen e e e e
T FACT=(AN-=1,0)9RT/p T T —
T PI2=EXP(FACT®IB-Y))SCOS(FACT®X)" T mmememesmmoem mmomnn s e
RETURN. T e e e

END e e nt e m e e immm s demeeimm eimes mmm o emmee e e e = . e e e

END’ _
FUNCTTON SINH{X) T 77777 7 ormmes mmmremmrmmimmmmseesr oo i e n 0
SINH= (EXP(X)=FXP(=X})/2.0" =" T T oo oo semss s s
——r RETURN ™ = e e — e
e BN T e e e e
- FUNCTION COSHI(X) = = " -7 i mom oo ms s o s e e e e e
| COSH(EXP(X)*EXP(=X))/2,0 = &~ —w == e memoemmmemsreomm o e

RETURN ~ e e et et e e e e m e m e e e e % e e

END | mote e e ——— e e

T FUNCTION PIC(XsY4418yCrACT - —-

: 5153.16159 - e e e e e e e e e

- T1=COSHIPTE (Y R)/A)=COS (PI°X/A) - s
T2=COSH(PIA (Y=81/4)-COS(PIPX/A) "7 = & »7 mmmsosimcecmer moee e
PI(- ACOALOG(TIITZ) - e s omms  m mir wmeE e AT e e W e m s % Smwd ® e TR m e SreereEmae meem xRS
RETURN e e e e o e

“END- —_— ———————— ——— ———— U — —_

LLBRARY © =& o=~ meomr m e oo s = s e e = e e e

MATHOO0O0S3 -~ -~ "~ 7777
LAST et e et e e e e s s e e e e .
00000000000 00000000000 ~ 7 7T T T TTTTTT T T T A e s e e e e e
+01,000+0),000+00.250+ 020*020 015 Tt o mTmiT T T A e e

«01.000 +1.0 e s st te evm e ae Srm—are = e m o = 5 e o e aen s
«01.000+01,000400. 100*020*020*015_——"_—'"
c01.000 +1.0 —— e e meet e o are e o mmm s m e e s e tre s e s
+0}.000+00.5004+00. 2:000?0 020*015 TTUTT T o TrTTmETm e mvmm e mmm e mememm o rmmm e
e01.000 +1.0 e

«01.,000+00.500+00, IUO‘OPO%OZO*OI'S~ T T T T s T T T TS e e
«01,000 +1.0° ~° TTT T ottt mmmmTrm T e - T

«01,000+400.500+00., 25000?00020#015 CTTrmm T mmememmrEmmm T o e e

+01.000 : e e e e e
+01,000400,500+00,100¢0204020+0]57 7 77" . S
P01 000 T L L L

nOpa0000000NA0NR00000000 —T T T T T T T T T T -
2000000000000000000000 7™ "7 77" T T T
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"

EMPEF #2

EXIT(S)

n000000000000000000000"'“"‘"““'“““"’“"”“"'"'

CAROS

1000 FORMAT(3FT7,.344106)°

1001 FOPMAT(2H 4 1AG11.4) 7 = === ==

; PROGRAM EHPFF(INPUT QUTPUT) — 7o nrn T T e e s T e e e
T " DIMENSION 1Xx(100) .TRI(IOOOO) 9AA(100o100) 088(100) oXX(lOO)'—"—' T T

EQUIVALENCE [3A, T°I¥ c

EMPEFPSVT1774CMA0000, T - e .
T2S<(GURRAX146950105=5DHELEy ™~ ")~ - = T
DAFWL. e e - T e e -
RUN(Asy g TAPEZY ™77 T T s e e
B I e
MOE IPART) = ememee o < oo womem s et e 4 # Cars e s i e e
LGO.--- ———— e — e vor — — — N ——— e # S — . = —_— . Y - & " —— . ® —— — -

. e e e . = - e amm e e b ke mm— e = ——

1002 FOQMAT(ISH M‘TATQIX A'A N_ .‘. '13) D Cer v et ) O S
. 1003 I’OD"AT(]DH HATQIX BB o . e .. . S, e e C et e e e s

1006 FORMAT(1SH HATQIX X

10 CONTINUE

READ 10006A+8BeCoMT e M2KKNN
T PRINT 1000¢A93¢Co

HI'NZOKK'NN Tt

IFLA.FD.0.0) GO TO 400 T

READ 1000,VO0

) - e o o
) - N

c REMOVE THE CAJDS PETWFEN THIS AND THE NEXT COHWEVT CARD TO CHANGE PROG.

T AC=0.0
) LN=NN "7 777

1F(NN,GT,0) AC=1. 0/(PIC(C-B Ay BvC 1 0)6PIC(A B AvRval 0)) T e
meme NNEKK e e esimeaes o .

DO 20 J=1KK 77 °
20 NN=NN+KK=J

T T T ST Y GOy S —

IF (LN.EQ.S) GO TO 370 amn e aresimremeee See e+ eees mamimms i sasueet mamess e via meie mmeens aes 4 s . e

ISTEP=0.0 ~ ' 7

T o

TT142=1
) " DO 300 J=1eNN"T
IJ1=1J1+1 o

1J2= IJl*ISTEP'“"““_'"—"_—"—_—'"”'“'—"”"_ T T

IF(1J2.6T.kK) TJ

IF(1J2.6T.Kr) ST
T IR (TJ2,.6TWKK) I
’ NSTEP=0.0"" "~ 77

IN1=O B

1=1 """ Tt
FP=]STEP+1 "~
J2=1J1+ISTEP"
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250

D INP=] T T T T e e __ .

T AACJIANMeNSNNI=AALJeNN N+ =DPI2LINT «IN2eXs Y ZNeALRCYEDPIZ -

T T DO 300 NSl NN TTTTToTTr s T mem e m e e e e e - - e e
tn{l: rnl*l - TR M NS @ s mm s e rsmanos sl s e moss e .« - - emiae R - - . o —
----- I"?:INI .NSTEP-—-— - — - tde b s am SR AR e e 4 S (TR G AL M e S T B4 R C— - W
T CIND.OT KK) " [HLS] & 50 7 5mrms=m o = = m e en s s s s e
i IF(IN2,GT.XK) NSTEP=NSTEPs] - -
IFCINZLGT.KK)  IM2=INLeNSTEP © 7 =i om s mommrmmr oo memm mos s o oo =0 e
- LL Nl’N? . R L . . . L) - - —- - - - - - - - —— - - - —
) DO 300 Ll=l.LLl—— 7"~ ‘
TTTTTUYSFLOAT(LLI=1)SC/FLOAT (N =) TTUTTTTTITITI T e s e s mm s e
O IFUYLGTLC) YSCeFLOATILI-N1I® (A-CY/FLOAT(N2) 7~
"""" DO 304 L2=1sLL T T mmmmTITm T T e m e e
© X=FLOAT(L2~1}2C/FLOAT(M]=1) """ " ~"7rm7 "= e
TTTTTIE(XGTLC) X=CHFLOAT(L2-N1) @ (A=C)/FLOAT(N2) —"-=— T e e
IFtY.6T.X) 60 TO 300 . .77 e
IF(Y.6T.C) GO TO 100
ZP=R+SORT (Co®2-Y®e2)
T IN=R-SORT(CeT2-Yea2)” - o o
- 60 TO 200 T Tttt T T T T
100 2zP=R - - - -
"IN=R Tt T -
200 CONTINUE’ -
PUISPTLLIJL 1 120¥ Yy ZH A1BCY TTUTTT rmTTTT T T mem T T m e m e
ST PUZ=-PIRLIY I TU2e Y ZP ARG T
AATJIeNI=PTT (IN1oIN2v X9 Y eZNA AR CI BRI s 8A (g N) — 770 i o e
AALJoNNoNeNN]T ==PT2 LINL s IN2e X9 Y eZP1A+BsCI2PJ2¢AA(JoNNY N.MN)"_‘*‘“ T
: IF{Y,LT.C} GO TO 250 STt
T pPUL=NP I (Tl JU2e X Yo ZN Ay B CY T T -
02J2=nP12(1J1 e 1J24X s ¥ e ZNeABsCY T Tt T T T e e s mme
DPJ2=~DPJ2 T Tt T Tt T e
AAESeNHONYSAALJNNON) sPTT(INT9IN2vX3Y9ZNsA1BeCI#P U2 DPII(IvaINZ- -

IXeYeZNoAsBC)*DPJI2
AALIWNI=AALIr 1 +DPTL(INT«IN2eXoYe7NsAsR«C) °NPJ]

AA(JON‘N‘J)—AA(J!NONN)"?IE(INI'INZ!X’YIZN AIB'C)bDJl OPIE(IvaINZvT—
IXeYeZMeAIBCYPDPI) e
CONT. INUE

CJEINLGTLYY GOTO 300 T
IF(Y.GT.C) GO TO 200 .

LT BB =RAIL P IL (I IJ29XeY 9 ZNeAsBaCIE(VO-(PICIXe7N1AsBsCrAC) s T 777
IPICIY ZNvAB1CoAC))) Tt
BB (JeNN) =BR(J+NN) P T2 (1J11I1J21XsYeZP1AsBrCI 2 (VO (PIC(X1ZPsAB4Cy 77—
. 1AC)sPTICUYsZPsAsBsCrAC))) T T T T
300 CONTINUE e e o

c ss00000050080THIS [S THE NEXT COMMENT CARD oesedcscas T

TUNSA=NNONN T

NSQ=NSQRh I 'L.'f_‘:.'."_’_'f::_' [
"N= NNe¢g2 o L L L
T k=1
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S BBI1)=0.0
CONT INUE
_ALSO REMOVE THE FOLLOWING CARDS TO CHANGE_ PROGRAM
60 TO 366

J=0"

ERRS=0.0" i
D0 1600 Ll=YslL "
Y=FLOATI(L]1=-1)3C/FLOAT(NL=-1) ~777°

tl~__; D0 325 [=]NSA T T TS s S sl s e
: _:J J+l 'fff _ ." _U_f'“:f:"t"‘“””""“"'—'""""””‘“““”'"_"
U T amy=Asg) T e e e e e e e
- F (L ROuNY KaK o] 7717 T TS s et s s e o
IFLJ,EQuNy g0 70 e R )
325 CONTINUE ~ o T e e
“PRINT 1002.N i
IR AINGLTL30) PRINT 1001-(AA(I)'I =19NSQ) T T - )
T PRINT 1003 T mTTr T TTT
PRINT 1001 (BS(I)Y I=14N} Tornrm ot mrmmmmemTm e h —
TUUTY CALL MATSOLVE N34 IXsTRIVAA04BBXX) - TTrhTrTT T T tmmen o rrmEmm e
L PRINT 1004 A
T UBRINT 1001+ (XX (1) [=] gN) T TT I T o i e
_ D0 350 1=1.10000 T T T T T T T e
350 AA(1)=0.0 T e T B
~ DO 360 1=1r19Q______“_______"___."_m.w__n_-_____"___m___“_::f__—"__—

CONT INUE — Tt T T T Rt
D0 365 T=131000 T TS T T T T T T
XX(1)=0.0 —
CONT[NUF T e e e i e e e e e —
NPT=0 Tt Ty T T T Ty T e e e e e e T s e e e/

IFIY.OT.C) Y=CFLNAT(L1-N1}®(A=C)/FLOAT(N2) "~ 7~ - ) T
DO 1600 L2=1<LL . AT e e maem e emien e e e
CX=FLOAT(L2-1)2C/FLOAT(N]=-)) =~~~ - o memmm e e s e T
IF(X.6T.C) X=Ce¢FLNAT(L2-N1)1°({A-C)/FLOAT(NZ2)
IF(Y.6T.X) GO TO 1600
JF{Y.GT.C) GO TO 2100 4 T T T/t
7P =RAGORT (CBOPoYBpp) == =mmr i m e e emmimmm t en e emmeeem e m—— ——
FNZR~GOOT ((802=Y 802 ) == =TIt s s st e e
GO TO 2200 e e —m——— e e et n . e e e - ———
ZP=R" T 7T - e /T - T T T T
T R
CONT [NUF ™ —— e e e e e me timm e s mmen e e e e mie e m———
NPT=P\JPT’1N-~————'——‘———‘- e m—— . - e— et A tE W MM A W S e~ e hemm S 4 mimm. e meascamrt Pt @ ESews W P 1w @ mes mamea
NSTEP:O e e e e ——— e . /= —— A e s m—— B ePltihe B Lie e e M A S e i R mtim = § emm a4 bms e h mem ) - —— - ——
IN1=0— — - O PN
NP =] 7o T e e e e iim e e s et feinin s e e

ERR]1=ERR2=0,0

IF(Y.LE.C) EXR)=-PIC{XeZNsAsBsCrACI=PICIY+ZNsA9B,CyAC) " = =" rme— =
IF(Y.LE.C} E?QB--PIC(X zD ARy CH AC)-PIC(Y.ZP AoB.CoAC) ---- T st

DO 1500 I=1eNN
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1

1400 ERRI= FRQIH’II(INI:INBsX YeBeAy B'C)“XX(I)-PIZ(INI:INZ XeY1B1AsBrCI™

300°

T ERR Y= (VO/FLOAT(NMY=PTI{IN]«INZe X Y ZNv AR CIOXX (T} +ERRY -

INI=INDe) T
INP2=IN] e NSTER 7 - s mmmmmmmmmrs o mmiee e e
IFLINZ.GT XKD IN1=1 T tTmormm T e mr

IFLIN2.GTXKY  NSTEP=NSTERel = -7 oormers o rmmemme mmemee s - - - -
IF(IN2.GT .KK) IN2=INL+NGTER = nv == soms sommmmoos mwemsim e o e cemee -
IF(Y.GT.C} GO TO 1400 S -

Eszz(VO/(FLO'-\T(N‘I))'PIZ(I\H:INZ:X.Y;ZQ:AvaC)“'XX(IONN))OERRZ s
CONT INUE T T T Tt T T e e e
GO 1O 1500

12XX (] +NN)
ERR2= ERRE‘DPEI(INl:INZ’XthB A B:C)“XX(!) DPIZ(IVTclNZlXpY:B A BsC -

TLYSUX [ JeNN) T T e R SR
1500 COMTINUF T T i R T PR

ERRS=ERRS +ERP19ERP ] +ERRZPERR2 "~~~ . -
1600 CONTINUE e e
o ERRS=ERRS/(FLOAT(NPT)} ™~~~ - -— - -

ERRSZERRS/ D, 0 &« o mirm = e somme Smimn o s s = e e -

==°° PRINT 1005,FRRS~ —
i PRINT 1006 AC ~ — = == mmTrm o omos s s s o —_— _
1005 FORMAT (s MEAM SQUARED ERROR = 94Gll.a) ™~ -

1006

T 400

 N2=TEMP

FooMaT (e PIC COEFFICIENT AC ° +Gll.4)
STOP REYQVING CAPDS AT TH[S PO[NT T Tt T T T T T T T T T

6o T0 10 e em e it e eae e im e mme m e e e
CONTINUF "7 Tt T s T T s T e e e
eToP = e cme e mme er s e e e e e s

©ENn e e e e e e e e e v——— e+ + e e s —t e e e e
FUNCTION PII(”‘I)M?vX'Y:ZvA B'C) TTrTr T T T T e e
N1=M1-1 R e emeer e em et e il et e e
T e e e e e e e e e s
]F((VI*NZ).FU-O)' GO T0 1gg¢ ~ "~ T T TT AT T T T

PI=ACOS(-1.0 ™
FACT= °I°<OQT((FLOAT(‘\11))°°2*((FLOAT(NZH°°2) }
PI1= COS(pI°FL0AT(Nl)“X/A)°COS(PI°FLOAT(N2)°Y/A)°SINH(FACT“Z)“‘“‘_‘“‘““
l/SINH(FACTGB) — e e e -
TEMP= NI
Nl=N2~ e

JB ot e rmeemmmeme o

NZ=TEHP '
PI1=COS(PIeFLOAT (M]) “X/A)°COS(PI°FLOAT(NZ)"Y/A)“SINH(FACT“Z) T e —

1/SINHIFACTeR)  +P]) e e e

P11=21 1/2 0 e e e e e e — ———
TEMP=N]"""" ~~ - —_—— ————

NJSND & 7T T s mmiiams mmmmosiom s s st s e
NZ:T EHP M T T T T TS T I ST SS S S S  erinSnemS memert S s e
G0 T0 200 7 - e e n 4 e e s e ————— e e
CONT JNUE =7 (T m7 7 r T mmememan semos nei— - s sems e n s ek e
PIlm2/8 & 7 T TSI T o nm S mmsem e s m ¢ e s

190



D

e

200

T END

TN2=M2-1

_RETURN

CONT INUE
NZ2=N2+]
Nl=Nle+177

RETUR_N—-_—- ttTFTFT T rTm T TTTTTTT— T

FUNCTION P2 (" 1y M2 X Y-ZquB|C) T
PI=ACAS (1. 0, e S S e s o e e e s
N1Hy-] -:_ e --."..-u,-;—:;::::.;::_-:;";;..__. R

FACT=P[2sQRT ((FLOAT (Nl))°”2’((FLOAT(N2))°°2)

FACT=FACT/A
12=COS(PIeFLOAT (M) ®X/A) #COS(PI®FLOAT (N2)®Y/ &) SEXP (FACT®(B-2)17 7"
TEHP N1 T - T sTTrEm e s
NlzN2
NZ TEMP ™
PIP= COS(DlﬁFLOAT(Nl)‘X/A)DCOS(PI°FL0AT(N2)°Y/A)°EXP(FACT°(8 Zyy——

ap[p T e T e S e

Pir2=PI2/2,0

TEMP Nl Pt M A et e e o e e ¢ ———— G § S eSS m e e e e e — = —_— — e -

‘N1=N2 T
N2=TEMP

e e e —

N2=N2+Y T — T Tt T T -

NY=NYey o T
- QETUQN e M A AP Ee - S M E— e e @ & Metes ¢ S Em o Em e e Emtw . e — - e R

END e e

FUNCTION DPIL(NYIWN2eX2YeZsAsRC)F
OPT1=(PI1(N11 121X, v,z,A 3 C)-PIl(Nl N29sXeY1Z=,05%R, A0 8 C))/(.lO“B)

RETURN 77~ ” o s e e e e s
e i
FUNCTION DPT2(N1N21X3YsZs8e¢BsC) o C

OPT2=(PI2(N1 124X YeZ+.0528 AvB'C)-PIZ(NlvNZvX.Yy?vAyP'C))/(.1058)‘"“'"
RETURN, Lo L .
END

NOLIST

FUNCTION COsSHixX)
COSH=(EXP (X) *EXP(-X)) /240 "

END ] . - -——‘-'.'_'-"-'_-—- . ® A m masmrm—y s mem e E—— m——a—_ =
FUNCTION SINH(X) _ i i —=- e
S Inn= (EXP () =EXP (2x)) /240 T L T T L T DT T
RETURN 7 7o mmim s s S T T T s e e e
_END e e e e e e e,
FUNCTION PIC(X,Yy84B8yCyAC) "~ - —
Tol=3,16159 O T TTUTTTTTUTTTTT - - -

Ti= COGH(PI"(Y B)/8)=-COS(PTex/A) "~ BRI L e e o
TZ COSH(PIe (Y- U)/A)-COS(PI°X/A) TeTm o T TrmesTmTr T T - mm e
PIC=AC®ALOG(T1/T2) T Bt ettt
RETURN_ kIR I e

— T END
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LIBRARY -
4ATH000053

MeT000053 T T s e ——
000000000000C0NO000OVRQE" " 7 T T . _"_'_:_."_ o ”:____'—'-___ -_; ToToTTme T
+01. 000¢00 ‘30()#00 3*0*00'300090005*005-' T T
«01,00° . oo o TTmmm T mmm e - Tt TR T
«N1.000¢00,500+00.1004009400%+005+005~ ~— ~ T 7T - T
+011000401,000400.250+009+009+ 005008 "I T T T :

+01,00
+01,000+01,000+400,100+009+003+005+005

'01 90

'0000000000000000000000" . . - -
0000000000000000000000" e ————————,, o
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BRPHI #1

EMPEF P4y TaT7. 60000, = 0 T .

TAGK(
DAFWL
RUN(A
PPESE

MAP (PART)

LGO.
00000
QA?DS

c

880

881

101

DY=YUaAX/S50,

— e e

GURRRX 46950104 =5DH/ELE )

DIMENSION a(S1,101 1+P(6)4CUL20)"
CHANGE MADF_TO NOPMALIZE B AND MAKE A VARTABE})))))1))1NNIINN) )"

Nv=20
Cu(l)=,01

CU(2)=.,05

192 TAPEZ) ® T .
T, 7 TTTTmTo T e T e o

00000000000000000” =7 "7 7T T T e e
$PROGRAM BRPHILOUTPUT W FILMPLY 777 7 70 L

DO A%0 KK=3IWNVT
CU(KK) =CU(KK=1) ¢,05
CONT INUE oo

DO RB1 KK=1, NV T
CU(KK)=CU(KKI®2, """ 77" " . - e e e
_CONTINUE . “ .
C=] .

Boy b e —— P e
DO 400 NN=] & 77T T e s ) - o
DO 400 NNN=1sS ™~ — T~

Z=(FLOAT(NNN)=1,0) /4,0  ~~77 ~T—mm=mmmmosmmmoms momemmnmnm romm e e
Z-_-AYDZ cre e s e B et I R R TS S e S St e s e e T
AY=FLOAT (NNY " ", T
PRINT 1019aY" — — 77777 T - e .
FORMAT (1M1 4®A=24F20,8s/) ~ 7777777777 7 S
XMAX=4 @ay < T CTUUT o TTmmmmmmTmImIms I e mom o mommmm e
DXx=xwaxs100, o T T

YMAX=AY

Y=ep,eAY-Qy 0TI mTT T ommme T memem s o o
DY=YMAX/25, ) S
YzmBY=DYy  TTTTTTTTTTTTmmeeees T mmmm

DO 20 J=1,SV T I
Y=Y+DY

X==DX " T T
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DO 10 I=l.101

X=X+DX

503 CALL PHI(AY»BoXa Y, PH) T o T T T

T APH‘DH—' o - - - - - e - T T T

e AL L BHI(AY 2 BoXeZ PHY =TT SRR e s s emi oo
" RPH=PH T T T - -

TUUCALL PHI(AY 12.9BiX e Y+AYIPHY T

CPH=PH

CALL PHI(AY 2.8By X ZeAY PHY ™~ 77 77 7T pmnmmm s e s e

_ PH=(PHsAPH¢RPHICPHI /4. _ e
T OA(Je1Y=PH - ;::~Z - - _ S
10T T CONTINUE T T
200 FORMAT(1X.«F20.8} S
100 FORMAT(IXs11El2.6//) - —————

29 CONTINUE _  ~ — - - e

C1z=Y T i T e T o
1Z1=1Z+10

D0 302 K=1.9

09 301 J=1.Si

301 7 CONT INUE

- [Z=1Z+1177 7" -

- [71=07s]10° == T = e emmeme s iesnes soiimos e — e -
PRINT 303 " = "Tm mTreTIr e mmo e ssiseel s s oo e miee— oo oee e
3092  CONTIMUE =W "T7 7T TT T T s s T memm e m T s pmn r T e mr e
303 FQRMAT (/) & — T Temmmem memmmomeensissmemsmemn el s e
300 FSQVnT(lXcllEIZ 4) - ot s e e e oot T
. N=101 - - U P U O ———a - —
— gegp m o mmmmee e - ———— - mm e e e e . -
; P(1)=0. e et e e e - -
TTT 2 (2r=nxe100. - o - T Tormm T o mm T e
R P(7) ==AY e e e e —e R - - -
. Play=AY ~ ~ ThTmTmrrTmTT— /T T T e e e e
9(5?-.8—""”“"f" ottt o o B
- p(()* p (5) o e et e e e e e it o e e ettt e e v e e
- J=R. e e et Mt e memmrm e e en e e mi mmmm meem e e e e maiee o e eimee e -
—=—- yag " N mimmaemam e o me e n et st mies e e = s hmn = e mn mem m % i msieas een ——
T Cath. BRUT (A« Vn .CU;NV|IvJ) —" Teem T T T T
4} CONTINUE - T ’ CrTr oo orTem T TTTrTm o moTTTm o mmrmnm T T e m e
40 COMTINUgE -~ & 77777 7wmo/mmmemer mommeee n i e w Tt T . T
700 CONTINUg ~—~ "~ TTTmrr iR e TTTTTT T T T e e mm s
400 CONTINUE' - ~=====nm =ermsm=eoes =emes o s S - - - - -
- ©GIMP e e el i Sl i nims s e ——

T TTEND:
NOLIST
SURROUTINE RIUIT (4 +4MUMNMN+2Cl)s NVQILQJ).—.-- T T T e ART -
DIMENSION &(MA4NN)s CU(NV)Ye P(T7} T TTT o RRT
COMMON /GO0P/ DX NYKeSAVEX(SO0)+SAVEY (S00) C RRT
- Call Na (P{1)«P(2)sP(3}e2(6),]IL J'DKS)qP(b)clcSAV‘l'SAVFYclc‘ll RRT
DY=(P(4)-P(3))/FLOAT {HH4-]) : BRT
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DX=(P(2)=P (1)) /FLOATINN=1) ' o o o ART
NOMM] =MM=] e e BRY -
NONM] sMN=] —7 = rrmm=ers om0 e s e e e e . _——. e - . . RRT K
DO 45 [=heNy * 7o Ti i mememss e e - RRT
we— o C O A S I T
D0 5 N=]eNN 7 . e C . aRT
. DO 6§ Mz] o NQUH  7rmm = —m s oo b im s s+ i ART
IF ((A(H.N)—C“(I))°(A(M~l N)=CULT)).6T.0.) GO TO S = BRT
e KaKe) A R R T T TR 1Y

IF (K.GT.S00) 6O TO 20° " e el . . . B8R T
T GQAVEX(K)=FLOAT (N=])18DXeP(]) Tt T s s m s e o - e 2 - BRY

SAVFY (K} =FLOAT (M- 1)°DY‘P(3)*(DY/(A(HtlyN)-A(M'N)))°(CU(])—A(H'N)) BRT
5 CONTINUF ™~ S RRT

DO 10 Mof oMM & -=wemmme—oe e e e el ART
: DO 10 Nzl aNONH] == == soomm mmesemees - e = e et ART
T IF ((A(M,N)- U(I))’(A(M'wol)-CU(I)).GT 0.) 6O TO 10 ~——~— ~-=" * """ RBRT

—-—--—-K K*‘ e mt4 e % S emcem wmn Nt eeLem S8 % Wl MR S e @ Eimn § SRS S e Gt e e St . ——_— 03 S ——— e W 8 s qQT

T T IR (KL,GTL,S500) GO TO 20T T UTTTTToTTT T T T o o o RRT
SAVEX (K} =FLOAT (N-119DX+P (1) +(DX/ (A (M, N«l)—A(M'N)l)°(CU(1)-A(M N)) RRY

T SAVFY(K)-FLOAT(H 1120Y+P(3) —™ " - T s s - BRT
10 °  CONTINUF e - 121
15 FOoRMar {1H0/1H40+20%,F10. 64 9H CONTOUR/BBXvIJHNO. nF PTs, =914) 8RT
]r (< LT l‘) Gr) TO QS - - - cewrn - = ow ORY roam . e . .- e - o owr e e - .. . BQT

S aD TO Qe rvemmmem——— el e s s s ART
20 CONTINUE ° _ e e e e e e

2% FOOMAT (1X,23'see ARRAY OVERFLOW FOR 'F10.619H  CONTOUR) BRT
30 CALL ORNER (P)’ o - e aRT
h B0 40 MGUMEL 3 (= mmo I mmeems s s s Ao T
B LQADRQ e e e o e e e aRT
DO 25 JOY=1.K7"7
IF (SAVFX(JOY),GE,1,ES) GO TO 3S TUUT T T e e e ART
LOAD=L0ADeY 77 : ST TT T T T T e s e BRT -
- SAVEX[LOAD)Y=SAYEX (JOY) ~ 77 77 TTUTTirn s et s mn e 8RT
SAVFY(LNAD) =SaVEY(JOY). o7 T T Tt TTT mmmesimTremmems s 5By

35 CONT INUF BRT
N IF (LOAD.LT.S) GO TO 45 RRT
U7 k=L 0AD ST T T T T e e e e eTTr st RBRT
40" ° CALL ORDER “(P)~ . TP A
45 CONTINUE - —— e s oo

e me dimmeam G e mewe - e 4 Ao . S —te e M e e Y . ————— e %+ . RQT

caLL PLOT(FLOAT(IL)°P(S)‘3 6»0” 3) TTThT o rmmmmms T o o BRY "

= RETURN. T RRT © .
) BNy R i e s e s e w o opor
A SURROUTJNE ORNER (P - TTTTU0R
277 77T COMMON /GOOP/ DXeNY s 1PLOT(SAVEX(S00) s SAVEY (500) 77— o o oR -

DIMENSION PX(500). PYL(S001, P(T) T v T o

:;»“" v: nxﬂnx Of\YDDY e T TrTT T T mE s m e es e e t : OR i
T CALL SORT (SAVEX.JPLOT«SAVEY)Y o - T R 0 12
TA=g - T Y e e e e e e R

TEMPX:SAVEX(1')'-“’-_—'———_‘"” T oo e oo TT I m s e s e e e OR .-
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S

‘:”"(6=0
.= 1FD=0
1=l

l“w

15~

T TIF (DELLGT.LV) GOTTO 30 - T
. .. KK=J+4K ToTmmmmer s T T e e e e
L R=MINO (KK qPLOYY T T T T I T T
pELT=REL T T T I T
- KEEP=-1 ” T e e e T
IF (J.FQ.IPLOT) GO TO 30 T T
. KB=Jsi o — e e e e e e o
T D0 25 K=KR,KK T T T T m e e e e o
SXC=SAVEX(X)-savex(l) —~ = " - oo
SYC=SAVEY (K)=Savey (1) e
NELC= SxCeSXC.5YCaSYC " T T T ST m e
R IF (DELC.LT.1.E=1P2) GO TO gs‘jj:f'”""" Tt T T e
L. IF (DELC-DELT) 20+,25+25 T i o ) -
20, " DEL¥=DELC T T Tt o ommermen o - -
KEEP=K - o e e e e s e
25" CONTINUF - - - ———— e
30 IF (KFEP) RAs3S,7s 77 "omUotomtormeomooT momm o m ot oo
35 7T IF (IFN) 45,640,645 ~TTTmmommmm e m -
4l JHOLD=J T T TTUTTTTTTI T smmmesem s mem s s s
4S 77 IFD=IFDeY T T T R T

50

- ———

TOIF (IMAX.LT.UIPLOTS)) GO TO 1S 7

TUeY(ly=sAvEYID) T T
PX(I2)=SAvEX(TIT T
PY(IPY=SAVEY([y ~ 7~ === mmweme

T IF (KDUNT.EN.IPLOT.AND.IFD.NE.O) )
TTIF LIPLGT.4) CALL D& (P(1)9DrP(3)sDrthr4e2(S)sP 6] IPePXyPYr24-1)

TKOUNT=0

TEMRPY=SAVEY (1

Theem e Fel W emteeme e taris s e er A

P=]

L I R c ermm—m e s

Go TO 10~ T
iP=2 ]
_1=JHOLD

- .- - - - — .
FRYTRECPRpS — — B e X L P

PX(1)=SavEX({ID

00 S0 J=l.[PLaT

IF (SAVFX{J1.6T.1,E5} GO 7O S0 °

TSX=SAVEX (JY-SGVEX (T} ™
SY=SAVFY (JY-SAVEY(]) 77

DEL= SX85%¢SYaSY ]
IF (DEL.LT.1.F=12) 60 7O 50"~
KEEP=0 N

KOUNT=KOUNT+ 1"

IF (X6,FO,)) 6D TO 100

GO TO 557

TIF (1PLFO.IPLOT) GO TO 9577 °
IMAX=[MAX+] — :

TSX=PX ([P}~TEWPX
TSY=PY([P)-TEMPY "~ "7
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TEND
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DIMENSION X ([N2TS5)« Y{NPTS) D4
DATA IFTWJFTeFXaFY/4RF 6.1 44HFG, 210, 610 59/ D&

- IF (<INPN=1) 119,15,9 unhaeeeatemaa i o T S

5" IF (XIND=2) 10,090,107 = T ‘ ~ T pa
i RETURN g

15 IF (In=2} 20:25:20 o
20 CALL PLOTS (T-yTBy10) ~7 7777 """ 7T T T T T T T DA .

Io ? e met e o m me = s a——— Tttt - - - e NG
' ST T TT T e S e e e e S e DQ'

25 CALL PLOT (FXsFY931 7

e e e e e g =Y
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; . QEALL:IL T - bt B bamiim et ¢ Amad e e eit4 e = w osem s o= s 4 Dl{. )
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» e — s O

REALN=N
e __. GO TO (454552H5475) 1 -~ ____‘0‘0 .
45 . R=RFALN-1. | e e et e o4 -
CALL PLOT (=.)5+¢F¥ ReSY+FYs2) ' R o VS
" CALL PLOT (FX«R9SY+FY42) . 5 14
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TCALL PLOT (FXeReSYSFY,3)

50

an "
RS
8

95 .
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’ Q=RFALN-1.—'

TCALL PLOT (R¥SXSFXRROGY+FY,2)
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IF (N=NN) S501R5,50 et o mn e ae e e e e e N
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e e e e e ~ Py
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e e e e D

CALL PLOT (PUSX+FXRRESY*FY12)
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IF (N=NN) 70945,70

. CALL PLOT (REALLESX+FXy(RR=10) PSY«FYs2) T ope

e T T

GO TO 85
RzRFALL-REALN+Y, - D4="

e e e e — - e D4

CALL PLOT (R®3X¢FX4FYy2) T - T DT
XNUM=QeSCALEX+XHIN ' TToD4 T
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CALL PLOT ((R-1,)eSXeFXFY,2)7 T " ™ === mm e e (YR
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RETURN . . . be
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mr i et e i e s = O
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X2=(X=-R)2PI/A ~ . — e e i S el e e tmim eemmem e a e st mime o b e e esee semes e
COSH2=(FXP(X2) .Exp(-xz))a 5 S g S

CO0S1=C0S(PIeY/A) "
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FYPEF P4 THTT1CMA0000, ) :
TASK (GURRAX146950106=-50HELEy _ ) A ) e e e e
DAFWL » .

RUN(As S TAPEZ) — — —— — — ———— o o o o oo, ooooooe—e—e—————m—m——
PRESET, R _ o i

MAP (PART) -

SLGO(LC=377777) . . —— - - e e e = —

0000000000000000000000
CARDS

PROGRAM RRPHI (INPUT,0UTPUT,FILMPL)Y ™7
DIMENSION A(514101 J+P{6)4CUC20)+X1(100)+X2(100)
¢ 777 seese  SERIFS SOLUTION  -- COUNTOUR MAPS ecessgagee ™~~~
"7 EQUIVALENCE (VOsvVo) . "~ —

5 CONTINUF, I L
_READ QgQ-NXQAYvB[C'AA.v_\_/Q:_D.IH__

‘999 T FOOMAT IS 6FL0LSy T T T L T
IF(MX,EQ.0) GO TO S00 ‘ o L

e SR 10500 e e e s

7. IF(DIM.E0.0,0) 60 TO FTTUUC T L I

NX=0 — . . o

D0 776 1=1.KK_

° 776 NX=T1+¢NX T T erTTTT T T T T T r T T T e e e
_77T CONTINUE "7 -
o READ BBARG{X1 MY N=1yNXY 77 o S
OQINT BAB (X1 (N)WN=lyNX) " — "=~ 7~ e
READN BBARL (X2 (M) yN=lyNX)Y 777 . - - TToTm TTmr T mme e
PRINT 8884 (X2(N)N=1sNX) Bl - . ] B
T Nx=kk T Lo

‘888  FORMAT(7G11.4) , T
AC=V02?AA/ (PIC(CIByAY1ByCr1,0)¢0IMPPICIAY BaAY RCH 100 )
NV=20 . B .
Cutl)=,01_ e e e e e e e i
CU(2)=,05 _

DO B8R0 KK=3 4NV

CU(KK) =CU(KK=1)+,05 L L T T
RBO CONTINUE ) oo
DO 881 KK=1sNv — — ; e e e e — —
CUKR)=CUIKKY R,
BB]__'CONTINUF _ e _
ND1M=5°0 1M -

201



DO 40N NNME1sMOIMT T T

.. ZSAYO(FLOAT(NNN} ~1.0)/6.0 T mT o rmmm e o e e e
PRINT 101,4ay LT T T T e e e e e T e e e e
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e g YD T T e e i e ol s o
B N S Y
- veor” e e e e et e e e et e e e e e e e e
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IF(J.LE.26) GNTTOSQ" T -
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60 10 16 e e e
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A{Js )1 =PH+PJCI{Y X4 AY+B«CrACI/VD
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CONTINUE "~ 77 o o mmmem e e e r e - -
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12127 e 0 ~ T T T e s s oo Semsss e — e e
SRINT 303~ - T TS T e s memsm o s mmmee
CONT INUE U
FORMAT /7)™ N - - M
FOAMAT (1, 11€12,4) "7 = mmmmmmnmme e e T T e e
N=101 e U O U P
oG] " T o e i e f o s e
pll)=0,""7""7" - —== g S
N R S 1 11 I et et i bt e it ettt et
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P(&aY=P(SY

J=R - " e e et hmm mmmm e e mim e mem e s - s mem e e s aamaat am s mver et s e e s

1=R "~ e b e e o et e~ o+t mmiamm e 4 = ¢ e mmmamam e e e %= v ear T vt % ear ¢ mm o e
CALL RRUT(AMsN,P, CU-NV;I;J) e
CONT INUE e Jy T mme e e

LONTINUE "~~~ — T T T T T T T T e e mme e e e
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CONTINUE . et e e e wv meaies mes e s C e e e
GO TO § ~ rmrmmemesmsammme s e mnnn il

§00 COMT [NUE & o ===+ msimssms irems o ammm o die el el s el s ee e
STOP e et tameme e emmim a it eme e e h e e e em e o e e e e
e PN T T e =t s e e e , e e iven et evemten mammmin i s mmime s mee
SURRQUTINE PHI(N+a,yR» C|X|Y-Z¢X1-X2'PH'VO'OIH) ) T i -
DIMENSION Xl(IOO)oX2(100) o Tt eT -
. V0=Vo .- v e e e e e e mveome - U
m BHE0,0 ¢ T et e e emeemiemm i mmees e s s emie e e
[F(NIM.FQ.1.0) GO TO 1000 - -7 ~ mrmommosrrmsrnm e meme 0
TTTTTIF(YLGTL.RY GO TO ?00'" , i - - T T T
- DO 100 ol oN 55 =T e e e e e e e -
= PH=PH+PI1 (1] XyY' A B C) °X1 ( [)/VO'_‘ TTTTTmmTmm e T rmm e e e
100 CONTINUF e emmm e e e . .
GO TO 400 "~ ST T TTTTT T TTTTTo e T T T I e
200 CONTINUE T~ — T T T T T e e _ T
TTTTTTDO 300 I=1.N - - ' Tt et
T PH=PH+PJI2(] X Y'A 8.C)“X2(1’)/V0 -
300 CONTINUE o Tt ToTTTEm T T e
400 CONTINUE ™ — —°""7— —~— T/ 77 .
o RETURN "7 7 - - T T Tt T T T T

CONTINUE ~ " — 7= ==

KK=N == = e e e e e e e e —

N=0

00 1101 LR KT o o o e
PO PR - A kA PG S
PEW Py = e ot e e 4 e+ s o e £ e o o ot @ e+
T e e e e s e e e
O S
e
M=o T

CPH=PHePTTI(IJ1J20Xs Y0 ZsABaCIOXL(JI) /Y0~
60 TO 1200 7

IJz2=1""
D0 1200 J=1,4N
[J1=1Jdl el =& I TTITTTTITTTtT T T T T e e e
1JP=1J1+ISTEP

IFL1J2.6T.xK)  1J1=1
IF(IJ2.6T.XKK) ISTFP=[STEP+]1 "
IF(1J2.6T,.KX) 1J2= IJl‘ISTEP
IF(Z.G6T.R2) GO 7O 1100 '

e A et e m A 4 e e . = e e e

e e e e — i e . —— e e m = s g o e e

PH=PH+PTI2(1J]1y1J21 X 1Y9ZsAsBaCIOX2(JI/VO "7 T TThrTTTT T mmmmmemn e
COMT INUE . ——— . —— et 4 -t A e T S W @ A A——E m4 e e ) & e b tamm m w W i rE S 8 e et e Ev® MOt B s ma—— e e me e oA

N=KK

- PH=PH/VO ~

- TEMD Ay T T T T S Smo e e o S e e s e
——yoy _— ——
- S R EMP T T T mIImesemimorocoo s s sl s mSaimse e e
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END
TFUNCTION PITH(M1oM29XeYeZoAsB4CY 777 7
77 Nisml-r ) ST

N2tz e et e m e e e et e e e ¢ e e n et 4 e e o e = e e o
IFC(NL+N2) ,FR.0) TGO TO 100 77 77
Pl=ACNS(-1.,0 ) ‘ ) o
FACT=PIoSORTLIFLOAT(NY})I382+ ((FLOAT(NZ))®922) ) /A
. _ PP1=COS(PISFLUAT(M1}®X/A)®COS(PIPFLOAT(NZ)®Y/A)SINHIFACT®Z) ™ "~ ™ """

. L/SINH(FACT®R) T

R e e o e e et e e o e oo e e o et e et e o
N1=N2 e e e -

N S
T T N2=TEMP 7 7 ~ :
T PPYI=CNS(PISFLOAT (M1)°X/AYPCOS(PI®FLOAT (N2} ®Y/A} °STNHIFACT*Z)
1/SINH(FACTeB)  +PP] T

TTTT PPIzPPL/2.07
_"__ TEMP=zNy ~ T Tr—————— T T TeTTmTTTTTTI T T
TTT oN1=N2 T R B
- NZ:TEMP' T T T T T T T T T T T T T T s e e s me e T s e e
U7 6o T0 200 T T __
100 CONT[NUE T - i —
T oepl=z/B T Tt
200 cowTyNUE ~~— —— " e O o oo
N2=N2+1 - - T TTTTT T T e
NI=Nle] ~ 07 T T s s T e s S e e e e e e
PIIl=pPP) T T TTTIT mimmmen mTEE AT Tmm T e m s s e e et
BETURN T TS TS ns e emssman e s s

— g e e e e e e et e e e e e e -
FUNCTION PII2(H4] qMZ-X;Y-Z|AvaC_)__"_:-___‘ TR T e

PI=ACOS(-1.0)
) Hl=M1l-1 _'_ e

NPoMZo) e et e e e et e e = e e o
FACT=PIoSORT((FLOAT(NLI}}®22+ ((FLOAT(NZ})}®22) "7}
FACToFACT A & oo = S , T e e e e e e e
OPP=COS(PISFLOAT(NI)Y®X/A)2COS(PISFLOAT (N2)eY/AYREXRP(FACT®(B~-2)Y "7
FEUPoN] ‘N AORTTAEYS R A e
Nl=N2

N2=TEMP

T PP2=COS(PICFLOAT(N11®X/A)®COS(PIFLOAT (N2)®Y/A)®EXP (FACT#(B-Z)) " " ~
Loppa e TTLYAL LR AR L o e

AP aeDp g T me TS mem e s e e
. e L U S e

77T oNl=Ng T

- NP_:TFMP- - - oot TTTTTTTE A T mm T mm T e s e e
B oNp e ] T T e = e e e e e e
T ONI=NYe) T - B - o ) -
pli2=ppeg T UTTTT Tt T T o Tttt T T T
. RETURN T e meemmo oo mmemo oo e m
CEND e e e e e e e e et e e -
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FUNCTION PICIXyYyasBsCoAC) =~ 777
PI1C=0.0 ' o w
P1=3.14159
T1=COSH(PI2(Y+8)/8)-COS(P[2X/A)
- T2=COSH(PI2(Y=-3)/8)=COS(PI2X/A)

JF(A85(72),L7.0.001)G0 TO 100 o S
PIC=ACPALOG(T1/T2y 7 1 77T TTIIToomeie e e e e
100 RETURN e R L
e Y T = T e e e e e e e e
FUNCTION PTIY{ 14XeYrAsBLC) - - s
T T Pl=3.,14159 7" e T T T i - - T

AN=FLOAT (N} et et s mmmee b im et e e i e e e e
FACT=(AMN=1,0)2P]/A — 77777 = me—mr memem s mn e e nfadehi bl bt
]F(A\J FO 1 0) GO TO 100 —em e rem s mhiee m “ eri e v b m—— et e se e emow .
- PH‘QINH(FACT"Y)°C0$(FACT’X)/SINH(FACT*’B)——'-M"'"—' CrTmmTmmiTmEEm T T o

G0 10 200 7 N i T T et T e DR T

100 PII=Y/R =TT - e e
" 200 CONTINUE = —" "=~ -

RETURN -~ T"== 75 f meme s eimsi el mmce enmmsis mncimsees s e o
— EnNp T — —- —— —— —_ S e —
- FUNCTION PI2(NyXaYsMaByC)Yy— ———— ——— - o -
e 2 Yoo 1N 5 1 B J

ANSFLOAT (NY ©° © === smmmmrmmmmem e es e e m s e i s

.- FACT— ( AN ‘ .O)QPI/A fum s mr s eme 6 et e # Y TETS A e e P TSP rEE Y (e Svmw R e e Mamsaimen =8t S e b I3 AEeew rime v PRy
°le= E(P(FACT"(B Y))°CO'§(FACT°X) T Tm et TErTTTm T T T T s m e
2ETURN . —— e e et e mme e s e e e

- e e e e o L m e e e e+ < e e e et e+ e e
= FUNGTION COSH(x) * =7 e oo s s e
| COSH=(EXP(X)*EXP(=X))/2,0° TTTTT T m
RETURN U

END
- FUNCTTON SINHIX) & — = mrmmmm s s omem oo o e e —— ——
- SINH"(EXP(X)"—X"(-X))/Z 0 e st e v e e e emmims mmmemmn e e tee m—— e

RETURN cem e et mmmes ot e £ e e e 4 2 o e 2+ s e+
e ENQ T T T e s s el s e
NOL ST o rmrm==== "m mmmmmemmsmmesss s et ot s e e -

SURROUTINE BRUT (AvHYaNNe2CUNVyILJ) 7 "7 77 oo e s e e RRT

DIMENSION & (MM NNYy CUINVY, P(T) i i SR < 123
- COMMDN /GOOP/ DX aNYy '(vSAV"X(SOO)QQA\VEY(SOO) momme rmemre e - BRY -
' CaLL Na& (P(]).D(?),P(B),P(Q),]L JvD(S)cp(‘))cleAVFX SAVFYolv 1) -~ BRT-
DY=(P(4)=P(3))/FLOAT (MM=-1y" =~ "~ =00 o BRT
DX_(P(z)'P(l))/FLOAT(NN 1) T Tt T ITIm s s e e s RRT
NOMM]zMM=] "7 R
NONM] =NN=] " == =~ e e i eee o e em e e e e —— e RaT:
DO 45 J=]l NV "7 °°77 R e bt et BAT -
K 0 . - . —— - ———— e —AimS m 4 e G emme et A A 4 WG WS e V) sedmm—m . ek b hmm a5 7 e - o - BRT
D0 § N=Z] NN © 7 fmm f e e el il s ART
DO & U=] . NOMM1 s e e m e e o . — e e e e aan e ART
IF ((A(MJN)=CU(T})*(A(4+1,4N)-CU(1)) GT.0.) GO TO § -7~ =7 "-" = BRY
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S

: T K=K+ 1’

10

15",

20"
2s
30

35

40
65"

£=K+]
IF (X.GT.

Sag) GO TO 20 °°

SAVEX (K} =FLOAT (N=1)eDX«P (1) s
T SAVEY(K)=FLOAT (M- ])60Y‘P(3)*(OY/("‘(M’I'M)-:'\(H'N}})”(CU(I)-A(H‘N))

CONT INUE
Do 10 H=1
DO 10 N=1

o MM
sMON21T 7T

IF ((A(H-N} C”(I)l“(A(M Qol)-CU(I)).GT 0.) GO

IF (X,GT,

500} GO TO 20

To-lo-.---——-——-—-——-—- - .

SAVFX(K)-FLOAT(V-])°DX*P(1)*(DX/(A(H N*l)—A(HoN)))°(CU(I)-4(H|N))

SAVEY(K)= FLOAT(W I)“DY*P(3) o
T CONTINUF U - T T T T T T

PRINT 15,

FORMAT (1H0/1%0420X¢F10.6,09H COVTOUR/33X-13HNO. oF prs. —-I41

IF (<,LT.

TG0 70 30

PRINT 25,

Cutty K

4) G0 10 45°

cutny ™7

FOSHMAT (1X,23430¢ ARRAY OVERFLOW FOR «F10.6+9H
CALL ORDER (P}

DO 40 “ISU4=1,+3
~ Loap=0 T

CONTOURY — "7 ™

DO 35 JOY=l X'~ TTT T T e e e e—
T1F (SAVFX{JOY).GE.l.ES) GO TO 3S - Bl
LoANSLOAD ] L5 AR e e e e e e
C QAVFXI(LOAD)=SLVEX (JOY}Y ~ Tt TmmT s — ————— .
SAVEY{LOADI=SHVEY (JOY) - T B mT
CONT INUF ' TS T T T T T Tt T s
IF (LOAD.LT.SY GO TQ 45 ~——77 === 7" T N e
K=L0aD T T TRt rrTeTToTimes s mmmes
CALL ORDER (Py —— '~/ m T o TTE T e

COMT INUE = 7

RETURN

END

SURROUTINE ORODER (PY

COMMON /G00°P/ DX DY:IPLOT.SAVFX(SQO)oSAVEY(SOO)

DIMFENSINN PX(S500), ths

V= nx
CALL SORT
TUAX =0

" TEMPX=SAY

1=l T
60 Y0 10

TEMPY=SAV.

K6=0

1P=2

0012 P

AN

"CALL PLOT(FLOAT(ILY®P(5)+3.690,¢=3) 7 = ~ 77777 - "—=—=—— =
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°DXOﬂY°DY - —_— e e . e—ee
(SAVEXs IPLOTWSAVEY) ~ "~ "7 7" 7

Ex { 1 )::“ —__-—."_-"‘ ———— _": —-—‘-. .-——-:-:.;. . .’—--_ . ietee foem ahm e e me v s w o

EY(l}) - e vemm

ART
ART
BART
BRT
BRT
RRT
RRT
BRT
RR]T
RRT
BRT
ART
8RT
RRT
BRY

" RARTY

BRT
BRT -
RRT
BRT
8RT
RRT °
BRT
BRRT"
RRT
RRT"
BPT
RRT °
BRT



. . P e m e ¢ S et wE N A S e w ey

_-I=J”0LD“ e g OR -
PX(1)=SavEX (1)~ oo e titte aree o e e mm e e e v e e OR

PY (1) 3SAVEY (1) ™77 T TTIU T Tmmiossc s mmmsmes mne s emmsmesimmeot 0 OR
L0 B (1P OSAVFX ()7 T T e e e e s e e
' pY(IP)=SAVEY‘([)—_—"'""""' i R e e A S o]
L5 KOUNT=Q &7 wmwmmseisiisis el e R oR
N0 SO J:lOIPCOT*H—M""""_"”"""‘ - —- . - OR -

IF (SAVFX(J).6T.1,ES) GO TO SOQ "~ 770 "7 77 TroTmm ot T o OR

T Sx=SAVEX(J)-SaVEX(D)Y T — - o
C SY=SAVEY(J)y=Sevey(ly T T TR TR TR T OR
DEL= SX25x+5Yy8SY T - oR "~

IF (DEL.LT.1.E-12) GO T0'50” R L.

T TKEEP=0 T . TUORT
. 1F (DEL.GT.V) GO TO 30 o T
e TR -oi

N KX=MINO (KK, IPLOT) ™™ T T OR”
_ . DELT=DEL_ o T T oRY
S -1

_ KEEP==}
T IF (JLEQLIPLOT TG0 T0 307 - ) TTTTTTTT O OR
- Reg ) —_ —m c——m- oR -
| DO 25 K=KR.KK' o - DL
T sXC=SAVEX(K)=SAVEX(D)T T T T - R A

SYC=SAVEY(X)=SAVEY(I) ~ 7 Tt o e o OR
_ DELC= §xC¥gxCsSYCRSYC ™ —TIT T T T T I T T OR
T LT

IF (DFLC,LT.1.E-17) GO TO 25 7™~ ™"
IF (DELC-DELT) 20425125 R
20 DELT=DELC e s e i in e e e e e s oR

KEEP=K - TTTTTTTE TTmme T e mm e m e 2 e " OR
e e TN e e e e e e oR
20 IF (KEEP) AND13IG,78~ ~ 777777 T T T e S e T e OR -
35 IF (IFD) 45,440,45 " TTTTTITIIR mmosm i m e s S mm e T e OR
40 Tt JHOl_D:J. Tt T T T T e T T e e e e e e e e OR’
e TFntlrpey c——- et e e et s+ 00
Sﬂ; KOUNT':KOUNT‘I ———————— TETmmTmeEmTTTT o mm T e mmmmmmem o s T s e OR

et e e e s OR

1IF (KOUNT.FQ.TPLOT.AND,IFD.NE,O) GO TO 5SS

IF (IP,6T.4) CALL 06 (P{1)sDsP(3)sNsMeMsP(S5)aP(H)4IPPXyPYr20a~]) 0OR

IF (1P, FQ.IPLOT)Y O TO 95 OR
IHAX:IHAXOI ST T e e e e T T T T T T m R T e 2 OR

IF (]“A'X.LI. (IPLOT+5)) GO TO 1 OR

- TSXPX (IP)=TEMDY © * =om==iesomt memes s se—smem—— s esmsem s s R
TSY=9Y(IP)(—TE-"PY T T Tt e m s s mm e - s— OR .
* DEL= ) TSX®TSX+TSY®TSY ; QR

IF- (DEL.LT.V) GO TO 110 Lbet i e mem ew e se b es + e bem besa e e e m am e memiomne m e s e 64 s omes e OR

GO TO 100 N - .» PR - e sy —E 4 SB cum S B e arm vt 0 W m memar e cm a3 s e -rew Py .- . OQ

55 CONT JNUE 7 mrm s mm s s oo e e ot e rm 4 m e e s e OR
. "1F (X6.,NELN) 6O TQ 60777 777ttt T maET A mr T mmr emmm ’ OR
c PRINT 108,y (PY(LYPY(L)sLsL=1yIP) "7 smimrms mmm s mm immmmemmn 2o o
SAVEX(IP)=SAVEX(IP)+10, "~~~ <-— === s e me—— . o= OR
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IF (IP.GT.6) CALL D4 (PC1}sDeP (3} eDsMs%eP(5) 1P (6] 1P 1PX4PY124~1) OR

60 IF (X6} 70+470.65° . ’ ” T T ) OR
6s K620 e e e e e em e e e OR
TSX=OX(P)=TEMORTT T emeeem e e o oR"

L TeYEDY (2] -TFMOY © e eeemmmecimemione s e e e oR
DEL= A

IF (DFL.GT.V) GO TO 10077~ "7/ == == ——— = oo mem e e OR
px(l,:rEpr - LT I B C eere - am e Mmte  w i emmnra b msisis em o w ee Y e e owvs OR

PY (] y=TEMPRY ™ 7T T T T T T e e e T T T T T T T T T o OR

6o TO 100 - e e e oo o OR

T K=l T T - - g i OR

e o e el 1 e s e e e = = A s e em = el 4w em St » PR - OR

_____ T e ]

RO IP=1pel 7 T OR
' PXUIP)=SAVEX (Y 77— T T T e e e T e o OR
YT PY(IP)=SAVFYLJY T .
SAVEX (1) =SAVER ([) 4] E6 7" "7 77 === = momms o s e OR
77T IF (J-JHOLN) 90485490 i L
RS . IF-O 0 - .- -— B it I I e I A i T — e . OR

JHOLD=0""""

QO = =g e e e S

- — ————— i — v e — - OR

e QR

IF (IP=IPLOT) 154QG4G5 =" = = ==s === s ——m—=oce—eee s = o OR
85 1Sx=0xX (1P} -TEMPX - e e e e m——— e —— e 4 o OR
T TSY=PY{IPY-TEtPY ~ = - - —=--=s-+ OR -
DEL= TRXOTSX e SYSTGY © =" 77m o e e e OR
IF (DEL.LE.V} GO TO 110 - -——-—-~~--7~-7-——--.-—_« — = o8
100 CONTIHUE R e e e e e e g
105 FORMAT (10X +7HFROY 7S5/(15X+2E15.5,F4)) "~ wr-s- = =c= o v oo s OR
CALL N& (P{1}.Dy 9(3)'D-HH-P(S).P(G)-IP-PX.PY-Z-—H T OR
- SAVFX(I)'SAVE*(I)*!.E6 i OR

RETURN oo T 0=
110 lp Ip;l TTOY ST RIS s I ST o e T ST s et s e T . OQ

PX(IPY=TEMPX "7 TTTTTT T TmE e m s e T T T os s (0124
PY(IPY=TEMPY =7~ 7= U T mTmo oI s o mmm e s s OR
e e ——— .- e e At S e i e e am i b R it e A St o bt — L d — OR

53 TO 100
—— e — EMD - —————— - e - —-— —— — Oq

SUIROUTINF SO3T (KEYWNUMeXEY]) &7 w77 momrrmmmemmmeemmemes =m0 2 SRT
INTEGER KEY (NUMJ o T KEYD (NUK) T2 7177 mrameis mmmmirmm e coenns oo SRT ~

5 IF {NUM.LT.2) RETURN —°7 - = == " - L) G
g e e —me omT -

10 I:IQI o 4 e el e ——————— e 4 A e s e S 4 S5 . % W emmahmsiaes & = ema e e e s Aa6 S am 4k SRT -

"7 T IF (1.LE.NUM) GO TO 10 B T ST SR
——r .-y -— “ ‘ 1 — e fe—— . - SRT . -

15 = M/? TTEm s e mTTm e AT - e SQT .=

IF (4.LT.1} Qs TURN,___.__._.._.____--‘. e e e e s m i e e e b s m e b - §RT —

- - —_ .- - — - e e s atee e = SpT -

K=NUM=H "

- DO 25 J=14K
I P R - — s = SRT

20~ If-{:[oH"_-_—'_-""_“——‘-_-' CoTTTrt T vmEr e T rer T T - " SRT

...... e e = tar s ame e o s e — . SRT

208



IF (KEY(1).LE.KEY(IM)) GO TO 25 T T mn o e e SRT -

| T2eKEYI(D) - ST el e e e . SRT
e IKEYAD) S Y - , SRT

. KEYT (1) SKEY] (IM) Tm.m = ol ommsms e s rmm e ami— i . SRT
KEY (1) =KEY (M) SRY
KEYY (IM)=T2 SRT
KEY (M) = T/ 7TTI e emese s e  2RT
Lo fmt © T eI e mmen sememme e e Rt

IF (1.GE.1)76G) T0720 - T s e SRT

25 ___ CONTINUE it DY
60 T0 15" e -

Fun e e e e i e e+ —mae e SRT
SURROUTINE D% (XMINGXMAXyYMINYMAXyILs ITHeSXaSY W NPTS XY« XKINDWLAST) D&
DIMENSION X({N®TS). Y(NPTS) . O Tt D&
DATA JFT JFTsFXsFY/6HFB 1 14HF6.200.690,597 =~~~ =nom = 04 -
IF (KIND=1) lowlses’” ~ " ""7° "7 7

eme - v

P B TR

ST UTIE (XIND-2) 710,90, 1077 e

o RETURN " e R RPN
.15 IF (10-2) 20425420 ~ ~ 0T T o Tmmmommmmmmme T T T DeT

20 CALL PLOTS (TR,TR,10) "~~~ 7 77 T T ommmmmmmmmmm s ettt DAt
LS g e e e - e e e

025 CALL PLOT (FXsFYs3) ~ — — e - D4
QEAI_H:[H i e R 0G4

T REALL=ILC . e e e s
- SCALEX= (XMaX-AMIN) /REALL ~ 7 7 TT e oo - oa
SCALEY=(YMaX-YMIN)/REALH 7 --:-—-...______.'._..____,.._..___-.___.. et
RseALt=L/SCALEX LT DT I T e
- RSCALY=1./SCALEY 7~ "~ , SEETIP O
. DO AS =144 - I L L R b

GO TO (30+35930+35)y 1 DA o T Tt T N4
0 NN=THe ) 4 A e e e e 04

" 60 10 ao......k_ o et e e a1 e+t e 4 o St — e e ~ = b4 e aen © DG

35 NN=IL 1 e e ———— . AT D4~
40 DD 85 N=1,NN - - ' T ermmmmE oot T B oY
"REALN=N T - e D4 -
GO 710 (as.ss‘fgs.‘vq,,' 1 T S e e meme e s D4

e et e e mrmamim e b mesam s e amm e o memre e e eaman D&

465 R=RFALN=-1, .
7 _ CALL PLOT (=.AGeFx RESY+FY, 2) ~——— 7 - T oormmmem T e e m D4
CALL PLOT (FXeRESYWFY ) = 777w mm momommsmmas— amemmes memeess ey
. YNUM=ReSCALEYsYHMIN R Rt R DG

_ "IF (ASSIYNIM) LLE.1.,E=10) YNUM=0, "~ 777777 e -~ : — = D -
RR=(REALN-1,.,)*SY-,03 T o mrm T e o Tt T naG ,
CALL NUMBER {(=.6¢FXsRR+FY o101 YNUM, 0,9 JFT) 777 C e 04 -
CALL PLOT (FXsReSYsFYed) ~ rTmm e e ‘06
. 1IF (N=NN) 50185150 mme e e e o e eemm e D4
=) CALL PLOT (FXeREALNSSY+FY 2) = 177 0 nimmmmimvomsmm s = oo 04

- —t_ Go TO 85 -::" —————— e 0 'Y
55 RZRFALN-1. __~ e rmmme e e e e e mm————m e = e e D&
RR=REALH+.,05" T T TTTrm T mtTTmT mm T on e D&
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“CALL PLOT (R¥SXeFX RRESYsFY 2y o7 @ == cn emrmwe cesmeee e g
_CALL PLOT (RUSX+F¥4REALH®SYs+FY,2) =~~~ — 7 == "7~ S NG
ITF (N=NN) 60+35.60 ‘ T 7 D4
0 TICALL PLOT (REALN®SKCFX REALKROSY+FY,2y =~ &~ &~ =77 ° 77" D4

0 TOAS . LTI
65 R=PFALL+.05 ' ; I — e oe
RR=REALH-RFALNGY b ——— e sm— e oy

CALL PLOT (RPSXeFXWRRESY+FY42} ~—° " = "7 "~ " D4
CALL PLOT (REALL®SX¢FXsRRISYIFY2) - T D4
" IF (NeNN) 70088570 0 T e s
70 CALL PLOT (REALL®SX+FXs(RR-1,)95Y+FYs2} D4
Y =0 To 8S Asr & R R e T na
-3 R=PEALL-REALN‘1.””.—-— TTT O TTE T T s pm e T : D4
TTU T CALL PLOT (RESXeFYXe=,0S+FYa2) T T 7T Da
TTOCALL PLOT (BPSXMFXFYe2) ~5 07T TIT TTTTITTTITI ST TTTTITT T T Db
TTUANUM=ReSCALEX e XMINT T T T - - " D4
©OIF (ARS(XNIM) (LE.1.E=10) xNyM=Q, T T 77T T 04
RR=ReGX~,25 - T T T T T T T D&
CALL NUMBER (PReFyY = .25+FYr 10+ XNUM 0.+ IFTY TTT DA
CALL PLOY {R®IXeFX2FYe3y ~~~ =~ 7 - ——/— 7 ommm e D4
“IF (N-NN) 80+3354:80 o T T e o " D&
/0 ‘CALL PLOT ((R=1.12SX¢FXsFY¥12) N4
‘8% CONT INUF, na4
Q0 CALL PLOT ((X{1)=XMIN)ARSCALXTSXeF Xy (Y1} -YHMIN]O®RQCALYISYFY 3} D&
D0 '95 1=1.MPTS - R e
Xtz (X {])=-X4INVoRSCALX
¥Y={Y(])=-YMIN)®RSCALY ~~ = T T S oo o NG
95 CALL PLOT (XX®SXeFXyYYOSYFY,2) 7 " "rrmmomssms mommeeomr ===— = D4
IF (LAST.LT.0} RETURN o o s o D&
(CALL PLOT ((RFALL*3.)®SX¢FXyFY¢=3) =" " = - =rrom = oo 0 4
‘RETURN . ‘ e Tt meme s © D4

i e mm e e e e e e s e e s . D4

END

i_L ‘.GQARY . PSS S e T S 8 SR e S e e At g . e - - v e maeem a —m = r— - -
VPLOTO00020 ~ T T T T T T T S e S s s mmmm e S e e

' LAST © e M e e mmm e e sl el e oo oo e,

s 0E0a00000000000000C0C00 "~ T T sesms s mw e - ——— Cm eememin s e e e e e
VORC00000NN000000000000 T T TTITIITIIIIT T s T Tt T e e e
£0000000000000000000000 -~ T T T TITTI I o mm s s e T e
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»

ETRA #l

———— e ————— = -
o T - - pu— - —— - —-— - —_— - - - .
————— e - — e et =t A e - - - - e et S e e— s ——— - et

FUPEF «P44TT777.CHA0000, e »
TASK{GURRAX ¢4A950105=-SOHyELEY '}

NAFWL («DUM) L . e e e il

RUN(Avy s TAPEZY

PRESET. o T ) o ) - -
MAP(PART)' T T T T T T e e T T T T T T e e e
LGo. . e
FYIT(S) _ o T T T T

000G000000000000000000° T T T i

CaRDS

PROGRAM ETRA(INPUT,QUTPUT,FILMPLY ™ 777
DIMENSION P(Y)XPTS(10001)sYPTS(1001)
1000 FORMAT(S(SXFT7,.3)) .
1001 FORMATI(SX10HCONTAINED  9SX9FT7.345X0F7,.345X,F7,3)
1002 FORMATISX10MESCAPED  #5XeF7.395X0F7.345X0F7.3) "~
1003 FORMAT(ARFT7,3e«13) ' -
1006 FOPMAT(10H 1=1000 «3(5X4F7.3)) ’
1005 FORMATI(31H NUB8FR OF FSCAED FLECTRONS = BEER £ 1
1006 FOPMAT(33H NUBER OF CONTAINEN ELECTRONS = T3y T ’ N
1007 FORMAT (11X4®A2 11XePR®41]1X2C%,9X,¥DT29X 0ZMAXD (AKX PENGP 99Xy 2 THET AR
ITAP QX4 PRETAY S TXy2NX® 3 1 Xy ENY?) ’ o o CoTtooTTT
1008 FOPMAT(R(SX4F7,3).213) )
90 READ 100348+ eCoNTeZ7HAXeENGyTHETAWRETAINXeNY NG NT' — 7777 77 momme— =77

e ——— — — - —— = - - —

JF(AFN,0.0) S0 Tn 170 oo e
READ 1003+40HD1 9RHN2 s AA+RByCCeXSHIFWYSHIF«START ' — — ~ 777 - - -

i 02 eRHO) s2 .0 , . et e e

- STARTSAA e e e e e — e e e

— e BREROa. g T T T e e e e e e i e
AacA T NN EE
ceoc e e e e i e e e e eim e et e e e e
XSHIF=C T T TT T Tt T T Tt T TTTTm T T e
YouTFaa T e e e e e e e e
ABET=RETA ~~~~ T T T ommToTmmTmmnTm s T onmmmmmmenE T T

T ATET=THFTA
DO 165 MRAR=] N T T T . T T T T
D00 165 MTo] (NI == === T e e m e e e —
NE=0 T e e e e e e e it et ee e e e e
Ne=0 e e e e e e s e e e e e i e
RETA=ARFTEFLOAT (MR=~)) - - T o -

i THFTA=ATETOFLOAT (MT-))" 77— = 7T mrmommm e e e e e e
THFTA=TRETA+STARTe 1745~ 77 T T oTmmmmommem T e o e T .
IF((THETALEQeD,0) JA.(BETA,GT.N.0)) GO TO 165 T Tt B
PI=3.1A159“_W___ . ) i . U - T Tt

L R=leo T T T



g
13
11
12

100

i

X4B8X=7ZMAX | _
IF (MX.6T.5) GO T ja = —===wrm— = e e e e e e e e e

00 10 [=le25 L P
YoTS(I)=8

XPTS(1)=(2,0%Cr2S 0y (FLOAT(I)=1,0)
XPTS (1425122000 (2,00A/25.0)° R6EA0IF(FLOATL(I)I=14N)
YPTS(T¢PS)=R*(A/25,0)c(FLOAT(I)=1.0) ’

TXPTS 14501=2.19C¢2,0947.86603-(2.0°Cr24.01% (FL_QA'T'E_I}_:_I_’._(_"_.)( ToTmmrm Tt

YPTS({I1+50)=R+A

XPTS(1475)=(2.0%A/25.0}%.266032(25,0- FLOAT(I)) - -
YPTS(1+75)=R*(4/25.0)°(25.0-FLOAT(I}) e T
CONT INUE o o

CALL DRAWA(0.044,0¢0.0:¢5,008+10¢1009XPTSsYPTSsle~1)."
IF(RHNZ .EQ.0M) GD TO 13
DO 8 I=1.50
Y2TS(I)= RR*YSHIFe, 5 ~— T TTT T
xPTS(I)..stIF~YSH1F° BA603- AA‘*(ES 5 FLOAT(I))/ZS L
CONT INUE T TT T rTm T T T
CALL DRAWA((Q.Dy4, 0,0 O'S 0 8!10!509XPT59YPT5020 1) T T T TE s
B0 9 I=l.S500° =~ ~— -7 T~/ Tt/
XPTS{TY=XSHIF - YSH[F°.86603-.86603‘CC“(ZS.S-FLOAT(I))/2(0.5 YR oo
YDTS(I)-YSHIF".SOPB ~50CC2{25.5-FLOAT(I)} /26,5 ~— =~—~ === ——
CONT [NUF - T
CALL NRAWL{D eV 1440504015098 ¢10¢50sXPTSeYPTSy2e -1y "7 "oosommmnms o
CONTINMUE ’ ST T ;
DO 1] I=]92G = mrmmmomeims mmens e e el e e tmmmene e e e e
XPTS(1)=2.N2RA6AN0(FLOAT(T)-1,0}/25.0 T - - e
YRTS(I)= (FLOAT(I)-].O)/ZS 0 ’ TN ST s T o T s e e P s e
CONT [NUF . T o ) T oo rrTmrm s mmmm o
CALL NPAWLG(0«My6,0+0.095. 0081lO'ZSvXPT59YPTSoZo'1) T TR o s
CONT INUE R,
PRINT 1007°
PRIMT 100R(A13CoDT s ZMAX G ENGeTHETAGBETANXINY = TeTem st emren =T e
PRINT 100R, D*H].QHOZ.AA.BB.CC.XSHIF YSHIF o Ceo o T s e
D0 160 KK= 1.NY Tt T T T T T S T T e T e e e e
DO 160 K= I.NK e e e et e e e e e e 4 e e m e e
1=0 ——— .. e e e e e e e e e e = e e
-(FLOAT(KK;- .S)/(FLOAT(VY ))' TTT TS s mmemooemem e sremesiemems e s
Y52, 00A T e e e e e e e e e e e -
—(FLOAT(K)-.a}/FLOAT(NX)’ - I B T Tmr T mmn o T

Xx=xep,08C " oo e o e et et e s mn o emn ammn e e w0 e marn —n e

7=0.0
VESORTUZL00FNG) ~ 7 o7 mrr s o m e T T e S s S T T e s s e e

VZ=VeCOS(THETA)~ —r— =" e -=- T
VX=VeSIN{THETA)8COSIRETA "~ & "7 mimn ns ¢ ommmwsccsmesise cons e s e
VY= VOSIN(THET'“}"SIN(BETA) STt ot MR TS memmmemmem e rem im0

e r e sm e e cmman v e e 4m et mar m—— o o ea e an it ees trmam e mema mamtw e aamn e s e s — e

J=0 e i etttk i
CONTINUYE ~~~— 777 7 77 r e s mme e mmm mm mnm n s sy /e v
JREJe] o T At e sememmooomeneme e osnses sl s s e
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_ ’t_)

I=1+1 T ) Co
CALL FIELD(A'R!C.DHOI!K!YQZ'EiX'EEY'EF7)

CALL FYELD(AAVARICCIRHOZ)X=XSHIF Y =YSHIF 1 ZyEXVEYFT) = -
TERM1=RHO1CR® ((1,0/A)+(1,0/C)) ' e m e e e
TERMP=RHO2BRSY ((1,0/AA8)+(1,0/CCY) ~ "7 ~7mmwres e e oes T
TERM==1,0/(2.78P ]2 (TFRY] +TERY2)) : o
 EXCRHOL S TEDMIFEX eDHO2 @ TERUBEX - = =+ mmmr = o= ot oom s oo e e
EY=PHN1®TERMETEY +RHO2° TERMCEY - - -
Ez RHN1® TERMSFEZ e RHOPO TERMEEZ 7" 7= 7 mim o7 s comrms s me e oo
=X +VXBNT+FXTI8 Ga (NT#82) T - e
Y Y@VYO[‘)T.F‘YQJO Se(pTew)y """ TTTTT T mmomTm o mem e mmemne - -
7= 7~V7“DT*F7’J°.S°(DT*'2) T Tt T mhm o ommrommEn T o mmm T T e
UX=VX e EXORQDT T T T T T e T T T e s T e T T
Y VY sy 8ROQT T e e e o e e mt i e e
VZ:VZ.EZGRGDT TS T TE o o mmrEmEE s s mEe o o o - TToT TTTomrEoTT e e
P(38Y-2)=X"TTTTTTT i e R
P(3ey-1y=Y T - — —-
SR o e
TXPTS{T) =X e Y8 REEOF™ - T TT I s sm e e s
YQTS(‘[):Z#YO.:‘"'" TTTTTITTINT T T T s T e e e e A e i

IF(XPTS (1) .GT,6,00 XPTS()=6,07" """~ 777 7— =77~
IF(YPTS(T),GT.5.0) YPTS(I)= 5-0""_—*"“’_"—'—""”“*—'m*“"”_"""’__——"—"
[F(J.FQ.3) PRINT 1000 P Tt T nmmr e T

IF(J F.Q 3) J 0 oo TSI TS SSmmmesAss  Smem e es mmaem e  m = ot mm— . o m A mr e e = e as o ——
IF(1,FQ,1000) PRINT 1004,x,y,z T L LD LI TR
IF(I=-1000)1104150,150 ° : e e e e e e e e
1F(7-xMax)1304130,120 e - -
CONT [NUE . ) Tt mom T mmmmm e e e e e
E NE‘l - o—— -t el - e sen t e e i imeer m . e . - - - _ e _
GO TO 180 T Tt

TF(Z)150s1409100

CONT INVE e -

NC=NC+1

L)

CONTINUF

IF(NX,GT.G) GN TO 160
IF(NX,GT.5) GO TO 166 -
CALL DRAW4(0+791440904005.0182101T1+XPTSsY2TSs24~1)""
CONTINUE T mmm o s e
CONTINUF

CALL DRAVA4 (00144090, 0'5 0¢8+10+140, 0 0.092s1)" 777 7 TmriE T
PRINT 10064NC T TTTTTTT T T T
PRINT 1005,NE '~ 777 77 "o e mm e = m o ToomT o TTrm T o
CONTINUE 7 T T T T T T T T T T e e
GO TO qo" Tt TTTT T T T T

CONTINUE ° T T T T momr e TTTT T T T meemmes
SToP -~ e e e e o i L
BN - o e e e e — e e e e e e
SURRQUT INE FIrLD(A.B.C.RHO.X.Y.Z'Ex'EY.EZ)'"‘“""““’““"““"'““‘““”‘
TREAL N1JN27TT7 T T Tt T T T T T T
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IF(RHOLFO.N.0T GO TO 1007

PI=ACOS(~-1,0)

D1=(COSH(PI®(/7-R}/A)-COS(PI®Y/A)) e T

N1=(COSH(PTe(748)/A)~COS(PI®Y/A)} o ] ) o T
. D2=(COSH(PTe(/-B)/C)-(CAS(PTIeX/Cyyy ~~ ~ ~ ot T T

N2=(CNSH(PI2 (7B} /C)=COS(PI®X/CY) ’ o ’ o

TERM=],0
EX=TERMS (PT/CI8([].0/N2)=(1,0/1 D2) Yy ESIHN(PIeX/C) T T mm s
EY=TERM& (PT/810( (] ,0/N1)=-{1.,0/¢ N1y ryeSIH(PLIRY /4 TTTeme oo
EZI=(PI/A)3((SINH(PIS(Z+BI/A) /NI~ (SINH(RIe(Z-0)/741)/C plLyy 7
EZ272={01/C)e {(SINH({PI®(Z+B8)/C))}/N2=(SINH(PLle(Z-R)1/C1)/¢ peyy -

EZ=TERMO(EZLl*fZ22y ~ ~— =~~~ T T T T = —-

100 ConVINVE T o T T T
RETURN - ———— W = e o . AW MMt w B Mmoo W e w3 T w8 v m—— . e o A M P 8 e e 87 . M AL B e P W W e — e ——
o ENO T T e
T owOLIST - S T
TTTTT T FUNCGTION cOSHIX) -
T COSH=(EXP(X) *EXP (X} /200 - - -
L RETWRN T T T T
ENR _ ' o -
T 77T FUNCTION SINH(XY T — - ) . _
T sIemstexPox)=FXP =X 200 T T L I LTI T
RETURN TTUTTm T T mm e e T
e i T e e o el e e —
- SUBROUTINFE NRAWG (XMINGXMAXsYHINsYMAX e IL s THoNP TS X Yo KINDLASTY 4977
COMYON /DU/DUY ’ B
COMMON JR27/ SXsSYWFXsFY ~~ oot T mm T T
DINFNSION YINDTS), YINPTS) .
DATA JFT e dF T X oFYsSXeSY/GHFB 3 ¢a4HF64210.610.59.R0,4.80/"
XU=XMAX~XMIN ' - a B TeTotororTmnTon momommemmEm s emaer e
) Y4=YMAX=-YMIN ToTToT o Tmr s T T memn o mmmm o T s s o e e o
DEoLH:IH o - Tt o ’ o T Tt TTmmem oot
- CREALL DL =TT e o M sl s s
' OSCALEX=XY/RFALL 0 T T TTTTT Ot mm o mon rmEE o e e
SCALEY=YM/RFALKY ~~~— T TTT o ormromEnTe o m o mmmmem o mmmm e e
- RSCALX=} ./SCALEX"'""—""_M"_m'"’“"_’""'""N o TTTm T T
- RSCAaLY=1./SCALEY "—_i’ TTToTTTTETT T e T T T e e e e e R
IR RINNS Ty 1R R0, g e e e s e emim
s IF (KIND=2) 10411Qe10 ~~ 777 77 T mTormon o ommme e m e . )
10 PRINT 1S+ KINO T e T e T )
1S~ FORMAT (&]lH THE ¥IND OF GRAPH ASKED FOR IS IN EIRORF8.2) " 7~
e RETURN T m s PP A N
P07 T IF (10=2) 25+30425 ° 7 T T T ) T
25  CALL PLOTS (T9,TB.10} i

30

35

10=2

CALL PLOT (FXeFYsn} 7~
DO 90 I=)e6 T
GO TO (35+409735440)y 1
NN=THel

214



63 TO 45 77
4 NN=TLel =
45 7 DO Q0 N=]1.NN" T~

REALN=N - .

GO TO (S0+A0270s8BNA)Yy T~ 77770t TTTIT T T TmTmT ommmme s o s e T e e
<0 R=9F ALN=1] . .. A . T, e e e

CALL PLOT (=+0S5¢FY4ROSY¢FY2)’
e CALL PLOT (FX» R"SY*FY'E) ' T
T YNUM=RESCALEYSYMIN i e e o e e e e e
IF (ASS{YNUM).LE,).E~- 10) YNUM=0," - oo

T RR=({RFAIN-1,)3%8Y=-,037 T TTT T TTT T T T T o T TR o e

CALL NUMRED (= 6sFXRR+FYy,100YNUM, 0,9 JFT) e s
CALL PLNT (FX+R8SYsFY43) - T T B
IF (N=NN) 55190455 Tt DI
§5 T CALL PLOT (FX4REALN®SYsFY,2) "7~ "7 == " wemm o e
0 To 5a - D e de
60 RzRFALM=], ~ =" T T T T T T T T e e e e T T T e T e e

"7 RR=REALHe,05 7T -
T CALL PLNT (POSXeFXyRROGYeFY2) 7" =7 7 777 rmmor i mmmmn e n m e
T CALL PLOT (RPSX¢FX o REALHESY#FY92) === =7 =mmmms——rrs e s mnes o s
TTTT IR (N=NN) ARG G0 e QG T T S e e e s e e m e e
65 CALL PLOT (REALNSSXsFXJREALHOSY+FY,2) *= = -« - =mo om0 oo
i G0 TO 90 & & e e S S
70 REQFALL#.0§ T Tttt e o e -
RR=PEALH-RFALN1,
CALL PLOT (RPSXeFX 4 PRESY+FYe2)
CaLL PLOT (DEALLNXtFX.RQ%YtFY.Z)
IF (N=NM) 75990475 .
75 QRR=RR=-1, - - e e e e e
: caLL PLOT (REALLGQXva,RQQ’SY'FYnZ) T T s T
co 10 90 A e e
a0 RzRFALL-RFALN+1., -~ - CmTTTITTEomsmncs s mmemeomomssmimc—em—mos s -
CALL PLOT (R®3X+Fx+=-,05+FYy2)" c T o ‘
CALL PLOT (RESXsFX, FYy2)7 77777777 7 0 7777 00 7 o e e e
XVUP p°chLEx’qu\, .. A vrae e mcsiaass e W Lt eems m oL L e e m e e e e s w4 wwe s e b e .o .
1F (ABS{XNUM) .LE.].E- 10) XNIUH 0. o omne o mmm e o n mmmm e o
- RR=R&gX~,25 Tttt T T T e 7 e
CALL NUMBER (YRsFx4=,25+FYs,100 XNUHyO.vIFT) T T T s
CALL PLNT (ReSX¢FXyFYs3) =~ - o oTTmoTmen s s s
IF (N=NN) R5480,85 " '777r— T o - - T o
RS * RIR=R-]. e e e e e
CALL PLOT (RRRESXFXFYy2) ~ 777 77mmimmmrmmrmn s o s mm oo
Q0 7 CONTINUE "™ """
Y 2o YMINGRGEALY = * 7 = srmmmee e eseme o me il eacia e
- XX==XMINeRSCALX -~~~ -~ T T T T T T s T T e s s e T mmem e e
IF (YMIN) Q5+100s100 ~~7 7777770 oo Tt e nmEn s mem
Q8 "TTTCALL PLOT (FXesYY@QYsFY43) " " 7 ="~ - —
‘CALL PLOT (PEALL®SX+FX1YYSSYFYs2) oot
100 IF (XMIN) 103+1104110 °
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108 CALL PLOT (XXISXeFXsFYe3y ~— ~ 7~ 77 B oo T o e D&
CALL PLOT (XX¥SX+FXsREALHESY+FY,2) ' o

116 XX=(X(1)=XMIN)SRSCALX -
YY:(Y(])—YMIN}“RS(‘.ALY PETmTIT T S oTIm s T T T S r e m oy mmaem s T mee

- T OCALL PLOT (XX3SX+FXeYYRSY4FY3)}™ ~ 777 R o T o
DO 115 I=1.NPTS - oo e .

- XX= (X {])=XMIN)ORSEALX ™ """ "=77TTT o mms mcemson o mmem

YY=(Y(])=YMIN}3RSCALY =~ =~ T o S
CALL PLOT (XXPSXeFXaYYOSYeFY2) 7777777 77 ¢ mmemsen s eemes e
115 CONTINUE ~°=7 7" 7 77— s e s e - e

IF (LAST) 12041284125 77" 77 77
120 RETURN © === = = mremeee — e e e e e -
123 R=RFALL+3.
’ CALL SYHMBOL(6.497.0e¢,160UMe 0,13y 7777
CALL PLOT (R®SX+FXsFYes=3)7 "
RETURN
END
LIBRARY 77 T

PLOTOQ0029 ~— T T TTToTmrme o T - e T T e
LAST = 7 o T

0ngo000000000000000000°
+01.000+01.000¢01.000400,030+403,000402,000¢00.,174+00.397+10¢10030467 7"

+01,000400,000 3.0 g

n000000000000000000000:'ffif'”:jj"“"m':j~ = —;-‘ - oa
0000000000000000000000 e ~ — o - :,.
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D

1000
10u1l
j100¢
1003
1004
100
1000
100¢

1604y

99

1010

1i6
11

PROUKAM ETRACINAJT2OUTPUT W F ILMPL)

UIHENSTON P9 o XPTS (1001 oYpIS(LI00L) W AP0y 9 X21100)
tQUIVALEMCE (VUWvVO)

FORMAT (9 (SXFT43))

PORMAT(SKs LOHCUNTAINED 4 SKeF 72345R0F 70 345K0t 1,3)
FOURMu[ (5K 1UHESCAPED (OXsF T eSeokot 1.305K0F143)

FORMWI(BF /o306 13)

FORMab IO )=1000 1 3SR F L))

FORAAT (3] NUMBER OF ESCAPED eLeCIRUNS = v 13) :
FORMAAT (33 NUMBER OF CUNTAINED ELECIRUNS = v 1 3)

FORMAT (llX'“A°'llX|°d'ellX.'C"9k0?UTf'9X|?£HAXY'UXv'ENG?vvk"lHETA?

1IA® 1 X e 9RETAC s TKyONKCy TR ONYS)

FORMAT (B(5XFT7,3)9213) :

PI=ACOS(=1.0)

KEAU LU03+15K1P,AA

HEAU 1003'A'B'C1D[|ZHAX'ENG"HEIAQdElAvVlvNYvVBvN!
1IF(A.tU,0.0) GO O 170 i

KEAU JUJQ+CHRAUWVO NN

FORMAT(Z2F 143013

IF(ORIPEQ.140) GO TO HY

DiM=1.0 :

FF(NYLEL]1) DIM=0,0
AA=VU?AA/(PIC(CRADvUvoUoCRAU:I.0)’UIH?”IC(Aod'AoB'CRAle-0))
KK=NN .
1€ (MY, £Q,1) GO TO 777

NNz=U

VO 1o I=zlkK

NN=1 eNN

CUNI INUE

KEAD JULYs(XI (I I=1 Nty

PRING 1011sCALCE) o121 eNN)

TREAU LO11 e (x2C D s lm) et

ge

1011

PRINE LUT e (X201 v =) otiny
PINE=SP122,0% (1 ,0+DIM)I®AA3/A+KL(])

NN=KK ) :

CON! INUE

ABEI=gLTA

ATEI=THETA

U0 165 MB=]1NB

U0 165 MT=14NI

NE=V

NwIKE=0

FORMAT (TGl 44)

NC=U

BETA=AUETOFLOAT (4B=1)

THEIA=ATET®FLOAT (NT-])
IF(UIHETALVEQ.040) + Ao (BETALGTL040)) GO O 165
Pi=3.16159 )
K=]e0

AHAA=/MAX

IF(NA,GT,5) GO 10 12

IF (e ,£80,1) CALL OKRAWG (0401440904095 :0+9391031+04040.00)0=1))
[F(NY,EQ.1) GO 10 14

DU L0 J=).25 ’

YPIS(])=8

KPT5(1)1=(2.0%C/25.0)° (FLUOAT(I)~1.0)
APTS(§425)=2,0%Ce (2 UBA/25.0)%.86603° (FLOATIL)=~1,0)
CYPTS([425)=84 (A/2540) * (FLOAT ()=1,0)
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APTS(]+50)1=¢,00Cel,00A2 BEO0I-(L,U8C/ 20 Ny (b NALLLIY~],0)
YPISULebnY=Hen )
XPTolle?8) (. U%A/ 20 ) nboUleidou=FLIAT L]}
TPISLI 4751 s8¢ LAZ25.u3 0 (25,0-ELUAT (L))
1V LORTINUE :
CALL URANG (U Oel UrU Uen 0eBslOUslUUsXP IS YPIS ) e=1)
DO 1L t=1eds '
APTS (1) =2.0%8,06603° (FLOAT(T1=1.00/¢25.0
YPISE = (hLOAT LT} -1,01725,0
11 CuntinuE '
. CALL URAWS {00 et qUsUeUsS.018r109250APTISeYPISe2s=1]1
le CONYENUE
1¢ CuniLNUE
PRINIL JOQ/
BRINGE JOUdsAstyCoDl s MARSENGY FHELAIBETAIHNXINY
FRINI 1UT0»CRAD VO 9N
ENGEENGEP IHF
UU L6y KK=1sNY
VO by K=lsNK
I1=0
T=(PLUAT (KK~ o537 (E UATINY )
Y=Y®2,0eh
IFINY £G. 1) Y=0,0
Xz (FLOAT(K) = SY/FLUAT (NA)
A=xed ., 0vC
£=0WV '
V=SUR1 (2,U°ENG)
VZz=VeCUS(INLLAY
VASVSIN(THETAY®COS {1 TA)
VYEVESIN(IHLIATESING LT A)
J=0 .
100 CONTINUE
NENRA!
1=1%1
CALL FIELD{ABC A Yl DT s VAIVY s VAN LRIEY ¢ ELs AL o K2 NY s AA)
EX=LA/VO
EY=ETY/VO
tZ=t/i/V0
EX=-tX
LY==ty
tl=~t¢
A=X*VRODTSEXER® 50 {iv02)
YIYPYYEDTeRYENE 58 (g, oeg)
L27OVISDTHELERS 54 ( 0og)
VX=VAeExaRepy °
VYSVY«EYeRSEDT
VZ=V¥ZlebZ2oreD]
YW HeE=Y :
Xwlnb=X
P(32J=2)=A
P(3fu-1)=y
P(3fyy=z
KPIS([)nxeY®.db603
YPTS(1)=Ze¥E,5
IF(ARTIS(]) oG eta0) X ESU11=4.0
FEAYPTISUIN.06T.5.0F Yriatir=5.0
IF(daeu.3) J=0
200 IF (AUSEXWIRE) «GT.A) AxIRE=XWIRE~SION(A®2, v A¥1KE)
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1F (A4S IXWIRE) o GT LAY L 10 200
IF(NTLLEL]L) GO 1D 21%
210 IF (AUS(YWIRE) «GToA) YuluwEzYWIRE=510N(a%2, s YHL<F)
FF (AaS (YWIHE) JGT4A) &0 HU 210
F=CRap
LECUURmIRE®® 2o (LB %0 ) (LEL(F*92) ) oURLLIYWIRE®#20(L=B)*0¢)
J.LES(CRAD®®2)Y) GO 1y 220
60 1 230
21Y IF(TAWIREO®2e (L=B) %%/, Lk, (CRAD®®Z)) GU TU 220
Gty lu 230
220 NwINRESNWIRE+]
G0 1V 150
23y CONIINUE .
IF(IEW.100) PRINT JOLasXeYed
IFLE-100)1100150015%0
1009 FORMAY {# NUNBER OF tLtCIRINS HITTING wldF = #413)
110 YF(L=XMAX)130¢1300lCU
120 LUNITINUE ’

NE=RE ¢}
60 19 150
130 IF (2114041609100
140 CON'INUE
NC= L+ .

150 CONIINUE
AIFINALGT L S) GO TO l6v
IF(NALOGY,.S) GO 1D 16w
CALL URANG(U019,010,Ue5.098010414XPTSeYRISe2e-1)
164 CONITINUE
160 CONIINUE
ﬂbpl_l CK>I~0AC1O¢P00¢00—“.¢000G0MCoboO-.Q‘CoC.Now-
PRINI 1GO6INC ‘
FRINI [005NE )
PRINT 1009 ¢NWIRE o
165 CONVINUE
G0 Tu 90
170 CONTINUE
©oSTOM
END
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SUBRUJTINE FIELD (A n.\,-*.mac_'<r.<«-<N»42»F».m«n~r\o\;.\.N-Zu.obbv
DIMENSION ALL100) v L EUY)
trx=bY=t{zu,0
(Ux=vAa({
pys=vrepDl
Ul=eeeyr
LimM=1,u
IF(RY JLE 1) DIMz=0.0
m_nla—.u).rmcﬁaC—u OX=oltd
IFUT  LE UoUl) QY=,.0-
1F(ULLLEU. 0L} Dezou?
POTI=PIC(XedvArdsCrn )
POTER0LHePICIY el v Aetiey AR)
POT=FJl ] «RUlZ
EX=(PICIXeDAsLeAebs( AAY=POTL}/0N
EY=UIHEPICLY+DY o ZrvarnneCeAA}=PUT2 YUY
BZ=IRECIX LoDl A - A& SDIH®PICUY s L+ UdrAVvHIC AR -PUT DL
IF(NY LE, L) GU 1D J0u '
ISter=0 ’
14l=v
1J2=t
KK =N
=0
DO L10] [=1.KK
1104 =Nt} )
DD 2yl J=lN
{41=1014+1
1J2=1Jdl+]5ikp
IF (LI 6T RRY 1=
IF{1J2eGT KK ESTEP=15TEP e}
FF(LJe 6T eRR)  1Je=1d1elsiEr
IF(L.061.8BY GU TO Luu
POT=PIYCESL e lJ2eX Y el cAgtdeC)
EX=tP LTI e ld2 e XeRe i e bovBeCl=PUT) XL () /DX EX
EYSEPIIETdleldeeXaY et el e Ao BrC)=rUT YKL (JIZDY+EY
EZ= P CIJI v J2eKaY e/ -plsAsBeCI-FUTI*XL LU /DL EL
6o lu 200
100 CONTINUE
POT=PIECEJIv1J2eXeY s/ easHyC}
EX=(HI2UIJislJeoX+2 tolevarBeCE~POT) e X2 (J)ADXEX
LYSIP 20T a1 J2e Ko Yot taloAsBaCI=PUTIOXL(JI/0Y LY
EZ=(FI20II B2 XaY e v ABaCI=POI YR X210 /DL+EL
200 CON!INUE
HETURN
300 CONTINUE
PO SUQ J=]eNN
JIF(L.GT )Y GU TU 60U
POT=Y 111 (JeXo 9 AvBsC
EX= P I (JeasDX oo A CY=POTI oAU/ PAE
EZ=tP I (JeRed+02aAe s Cy=POT )RR (DD YEY
60 Tv 500
400 CONTINUE
HOTRPlIgetJe ke drhstd o)
EX=tP 12 (JrR+DAs 21 A Cr=POTI@X2(JIFDKEL
E2=iF 112 (JdsXel4DZvAvt e CY=PUTI®AZLIY/DL+E?7
500 CUNILNUE
HETUrN
LND

220 .



PUNLITUN P L (MleMee toToaloArge ()
Nlz=Mi=1
N2=12-])
LF UL eN2) ot W, 00 o U 100
PIsALUSI~1lU ) ,
FACIZPIOQURTULPLOAT L LI ®e2e ((FLJATINZIY 2920 ) /A
Pl1sLub(m]e *rc>_.._,.»\»..hcuﬂx_.,rc>_ALx_a_\;,.u_zznmbr_.~,
1/SINn(FACT®g)
TEMP=N)
N]l=wnNe e
Neg= It M : N
PIISLUS(PI#FLOAT (NI IRAZAY S CUS(PIOFLOAT (NI Y Y/ 0) oS INH(F ACT®Z)
1/SINM(FACIOY) 42 ) : ’
Pl1=F1i/2.0
TEMP 2N
N]=ne
N2=leup
~ 60 v Zou
100 CONITiINUE
PI154/8
200  CONIINUE
7 N2=NZ+|
Nl=Nl+]
. RETURN _
END ' ' g

PR

PUNCITUN r_m,z_.;n.x.—.m.b.u.n.
P1=AL0S(-1.0) -
Nlshl=~] : o
Ng="¢~]

FACIZPLOSURT CIFLOAT (21119920 ((+LuAl (N2)1®9C) )

FACI=FACT/A
PI23CUS(PLOrLUATINDL) 7£/A)2COS (P IUPLUATINS Y )} PLAM (R ACTO ty=L))
TEMP=ENL L

- Nl=Ne -

Ne=1rup :

rle= rcv.v_omrcp_,zm,o>\>.ancm,t_.7rc>q.z»_c4\>.on>x,m>n_.ﬁa =)
1+P1¢
K123 0c/2e0 . -

1EMPaN]
Nl=ne
N2=it P
Ng=Nce]
N1=N[e}
RETURN
END

FUNCTTUN PIC(XsYvAeneCoAC)

PIC=0.L .

Pl=d.1aly
dw-r:uza;_c.<.a.\:,-ncuﬂr_ay\»,
I2zbusH(w]®(Y=g8)/n1=(J5(P1®L/A)
TIF (ARSI LYW Vaunidu0 HU 100

PIC=aCeaiuo(lj/le

JU0 HETU=NS
t.ND
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et Line
harge
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