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ABSTRACT

Computer programs are presented which: (1) solve Laplace's equation
with tangential and normel fields specified along an open boundary (the
'Ca.uclw problem); (2) solve Laplace's equation with the potential
specified on & closed curve (the Dirichlet problem); (3) solve the first
‘order paraxial rey equation for a crossed-field sheet beam in & uniform
magnetic field. A chapter is devoted to each problem. Each chapter in-
cludes a discussion of the problem, & brief description of the c.;omputer
programs involved, an explanetion of the input variebles, the arrange-
ment of the data 'ca.r'ds, and a listing of the programs in FORTRAN IV.
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i. Introduction

In the course of the work on the design of electron guns for crossed-
field amplifiers, the authors have had to solve a number of electrostatic and
magnetostatic problems as well as problems of space-charge flow by numeri-
cal methods. Computer programs were prepered in FORTRAN IV for use in
the CDC 6400 at the University of California at Berkeley. Though the

fproject as a whole was motivated by and directed towards the primary
objective of synthesizing crossed-field electron guns, some of the
_programs that were written for this purpose may be used in a wider range
.of problems in physics and electrical engineering. This report was pre-
pared to make available some of the programs which find use in a wide
range of problems.

This report contains the following programs:

(1) Solution of Laplace's equation with the tangential and normsl
derivatives specified on an open boundary (the Cauchy problem). This
_program calculates the potentials and fields everywhere in the plane

:when the tangential and normal derivatives of potential are specified on
 an open curve. There are four progrems listed, each suitable for dif-
" ferent kinds of input information. (Two-dimensional rectangular coordinates.)

(2) Solution of Laplace's equation with the potential prescribed on
a closed curve (the Dirichlet problem). This program calculates the

potentials and fields inside a closed region when the potential is
prescribed on the bounding curves. This is suitable for both rectangular
and cylindrical geometry and was, for the most part, taken from a larger
- program written by Kirstein and Hornsbflfor determining trajectories in

" electron guns.



(3) Solution of the paraxial ray equation with space charge for a
sheet beam. Calculations can include a uniform magnetic field perpen-
dicular to the plane of the trajectories. The first-order paraxial ray
equation involves three parameters: the beam thickness, the axial poten-
tial, and the axial curvature. When two of these parameters are speci-
fied, the third may be determined by solving the paraxial ray equation.

VAccordingly there are three programs listed here.

The programs are divided into a number of subprograms so that
parts of the program may be easily modified or used separately. In sub-
sequent chapters, thesé programs are discussed in more detail, indicating
the type of situations in which they may be useful. The appendices give
a brief discussion of the various formats used for input, the arrangement

. of cards in the program decks and Fortran listings of the source progrems.



II. Solution of the Cauchy problem for laplace's equation in two dimensions

Laplace's equation appears frequently in many areas of physics and
electrical engineering. In the Cauchy problem the potential and its
:normal derivative (or the tangential and normal derivatives of potential)
are specified on an open curve. The problem is to determine the potential
and its derivatives everywhere in the plane. The problem arises, for
example, when one has to design pole pieces to produce a specified
varietion of the magnetic field along a given curve. Another example is
the problem of designing electrodes for electron guns where one is re-
quired to produce specified potential and its normal derivative along &
curve representing the edge of an electron beam. Take, for example, the
{problem of designing electrodes to produce & rectilinear sheet beam. We
know from the Langmuirz flow solution that if we can produce a potential
which varies as xu/3 end the normal derivative of potential which is
f_zero along the straight line representing the edge of a sheet beam, then
we can indeed obtain such a beam. We determine the electrodes by solving
 Laplace's equation outside the beam edge with the potential and its normal
derivative specified on the beam edge. The result is the well-known
Pierce3 gun which is shown in Fig. 1. In more complicated electron gun
"design problems, the beam may be curved end then one must solve Laplace's
" equation with Cauchy cqnditions specified along a curve. The method used
to solve this problem has been described by Kirstein.h We first transform
the problem into a plane where the boundary is one of the axes of the
coordinate system. Then we use analytic continuation of a complex
potential function to determine the equipotentials in this plane. Finally,
we transform the equipotentials back into the original plane of the

problem. This is jllustrated in Fig. 2.
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To apply this method, the shape of the curve and the tangential and
normal derivatives of potential along this curve must be given as ana-
1ytic functions of some parameter along the curve. One frequently has
to solve a problem in which the boundary conditions are known at a
-large number of discrete points along the curve. 1In these programs
zihese quantities are first approximated by polynomials using & least
squares fit. Provision is made for polynomials up to degree thirty. It
is very easy to change the programs to accommodate higher degree poly-
-nomials. In problems where the required accuracy of the fit should be
higher along some parts of the boundary than along other parts, weighting
functions may be used to achieve this end. The equipotentials calculated
by this method are the correct equipotentials to produce fields and
potentials corresponding to the polynomial approximations used here. 1In
order to get an estimate of the accuracy of the approximations, the
coordinates of the originally prescribed curve, the tangential and
' normal derivatives of potential along this curve, their respective poly-
nomial approximations and the errors in the polynomial approximation at
-each of the prescribed points on the given curve are printed out. If
the approximations are considered not accurate enough, the accuracies
mey be incressed by modifying the weighting function and increasing the
- degree of the polynomiel. It has been the experience of the authors that
the errors can be made sufficiently small for engineering purposes. To
check the results, one may solve the inverse problem of calculafing the
€ fields on the given curve from the values of potential obtained on a
closed boundary enclosing the curve. This can be done by using the
~ programs for the Dirichlet problem discussed in the next chapter. Since

we have used only the derivatives of the potential and not the potential
-5 -



itself, the values of the potentials printed out in the output may be
wrong by a constant additive constant throughout the plane. In these
programs the constant has been chosen such that the potentisl is zero
at S = 0 on the given curve (S is the arc length along the curve).
First, a program 'RAODP' is used to obtain the polynomial fit. Then one
of two different programs, RAOl and RAOE,ﬁay be used for the solution of
the Cauchy problem. In the following pages short descriptions of these
'programs along with the explanation of variable names and information

about preparing the data cards are given.

Name of the Msin Program: RAODP
Source Language: Fortran IV
Purpose: To calculate polynomial approximations using the weighted

least -squares method.
" Comments: Values of & set of functions and the weights to be used for
the polynomial approximations are specified at equal intervals
of the independent variable S. Typically, they may be the
coordinates and the tangential and normal derivatives of poten-
tial along a beam edge specified at equal intervals of arc
length along the beam edge. The program uses two code numbers,
NCODE1l and NCODE2, both of which may take on values O and 1.

The following choices are possible.

NCODE1l = O NCODE2 = O, when one function and one set of weights
are used.

NCODEl = O NCODE2 = 1, when many functions have to be approxi-
meated, but all of them use the same set
of weights,

NCODElL = 1 NCODE2 = O, when one function has to be approximated

and many different polynomial approxi-
mations have to be calculated using dif-
ferent weighting functions.
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NCODEL = 1 NCODE2 = 1l, when many different functions have to
be approximated, and each function
uses a different weighting function.

Double precision arithmetic is used for the calculations, but

the input and the output have been chosen to have only 8 sig-
nificant digits. The output will be the polynomial coefficients.

The first coefficient is the constant term and the last co-

efficient is the highest degree term. In addition, the values

of the function (given) and the values of the polynomial

approximation, and the error in the approximation are printed

out at all points along the S axis (independent variable).
iExplanation of variable names appearing in the input:

BCD(I) = Any comment (using alphabets and numbers) less than 78 charac-
ters in length which one wants to be printed out at the beginning
of the output. These comments may be used to facilitate identi-
fication and understanding of the output when the program is
used many times.

_{S(l) =~ The value of the independent variable for the first (léft-most)
point on the curve.

‘DS = Increment in S defi.ried by S(I + 1) = S(I) + DS.

SCALE = A scale factor for the independent veriable S. Generally SCALE
is chosen to be 1.0. However, when the maximum value of S is
large, SCALE should be chosen to be greater than 1.0 to avoid

38

overflows (i.e., quantities exceeding 10°° during the computation).

: +
The criterion for choosing SCAIE is to make (S /SCALE)2M 1 jess

than 1038.

M = Degree of the polynomial. M should be less than or equal to

30.
-7 -



NCODE1

NCODE2

Ww(I)

Y(1)

]

]

Number of points along the S axis at which the values of the
function and the weights are specified. N should be less
than 500.

Number of functions to be approximated at one time. NUM
should be less than 10.

Code number for weights. It should be O or 1 as explained in
‘comments. '

Code number for the functions. See 'comments' above.

Weights at consecutive points along the S axis. See 'comments'
above.

Values of the function at consecutive points along the S axis.

See 'comments' above.

The following programs should be in the deck:

RAODP (main program)

WEIGHT

POLDP

CHKDP



DATA CARDS
€ o : - I 1 | o | 1
Column Number 10 20 30 ko .50 60 70 8o
. I I | | ] |
Card
Sequence Format
1 1346 Any comment occupying less than 78 columns for identification purposes
2 (3F10.5,515) s(1) DS SCALE M N| NUM| NCODEl| NCODE2
3 8F10.5 w(1) w(2) wi3) | ....}.
L 5E15.8 (1) Y(2) Y(3) |.....

Notes: (1) NCODEL = O, NCODE2 = O: One set of weights in sequence 3 followed by one set of Y in sequence k.
(ii) NCODEL

0, NCODE2 = 1: One set of weights followed by several sets of Y.

"

(11i) NCODEL = 1, NCODE2 = O: One set of weights, one set of Y, remaining sets of weights.

(iv) NCODEL = 1, NCODE2 = 1: One set of weights, one set of Y, repeated several times.



10

15

29

25

31
32

35
41
42
49
43
45
50

60

FORTRAN IV PRUGKAM RAUDP (INPUTsOUTPUT s PUNCH)

NCODEL 1% A CUVE FOR WEIGHTINGe IF NCOULLL1=0s THE SAME WELIOHTING

FUNCTION IS USED FOR ALL CURVES. NCODE2 IS A CODE FOR CURVE

DATAe IF NCOUE2=0» ONLY ONE CURVE IS FITTED WITH DIFFERENT wEIGHTS
DOUBLE PRECISION SsYsWsSCALEsDSsA

DIMENSION 5(500)sY(500)sW(500)9A(32)sBCD(50)
READ 5s(BCD(I)s1=1513)

FORMAT (13A6)

PRINT 10s(8CD(1)sI=1413)

FORMAT (1HL s 13A6)

READ 1595(1)9DSsSCALEsMsNsNUMsNCODE1sNCUDE2

FORMAT (3D10e%9515)

PRINT 20sDS9»SCALE

FORMAT(6H=-DS = D10e3s13H SCALE = D1043)

DO 25 I1=2,N

S{IN=S(I-1)+DY

Ml=M+1

DO 6V J=1sNUM

IF(NCODE1)31s31s32

IF(J=1)329324+33

CALL WEIGHT(Ws3sN)

PRINT 35s(W(I)sI=1sN)

FORMAT (2H-W/(8D1545))

IF(NCODE2) 41941942

IF(J=1)42942943

READ 4us(Y(I)sI=1sN)

FORMAT(5D1568)

CALL PULDP(SsYsWsMasNsSCALE »A)

PRINT 459Js(A(I)sI=1sM1)

FORMAT (2H-As11/(4D2V,.8))

PUNCH 50s(A(I)sI=1sM1)

FORMAT (4D1548)

CALL CHKDP(SsYsMsNsA»DS)

CONTINUE

STOP

END
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SUBROUTINE WEIGHT(WsSsN)
DOUBLE PRECISION WsS
DIMENSION $(50U)sW(500)
C THIS CALLULATES UR READS THE WEIGHTS AT THe N SAMPLING POINTS
READ LUs(W(L)sI=1sN)
10 FORMAT (8D10e5)
RETURN
END

“-]lla



SUBROUTINE POLDP(SsYsiWwsMaNsSCALESA)

THIS SUBRUUTINE CALCULATES THE POLYNUMIAL COEFFICIENTS FOR THE
BEAM EDGE QUANTITIES BY LEAST SQUARES APPROXIMATION.

DUUBLE PRECLISION S9XsYswsOUMeVIAsUB s SCALCsPDIVBIFMULTB s S1UMA
DIMENSION S(500) s X(500L)sY{(H500)sW(H00) sSUMIB3)sVI(62)sB(32933)9A132)

10

13

16
17
20
22
23
26
28
31
33
35
37
49

41
42

LS=2%M+1]

LB=M+2

LV=M+1

DO 4 I=1sN
X(I1)=5(1)/SCALE

DO 6 J=1sLS
SUM(J)=Us

DO 8 I=1sN
SUM(1)=SUM(1)Y+wW(])
DO 1U J=1sLV
V(J)=0,

DO 16 I=1sN

P=Ww(l)
VI1)=VIL)I+Y (D) #w(l)
DO 13 J=2sLV
P=X(1)#*pP
SUM(J)=SUM(J)+P
VIJ)=V(JI+Y (1) #p
DO 16 J=LB»sLS
P=X(1)*pP
SUM(J)=SUM(J)+P

DO 20 I=1sLV

DO 20 K=1lsLV

J=K+1
B(KsI)=SUM(J-1)

DO 22 K=1sLV
B(KsLB)=VI(K)

DO 31 L=1sLV
DIVB=B(LsL)

DO 26 J=LsLB
BlLsJ)=B(LsJ)/DIVB
Il=L+1

IF(I1-LB) 28933933
DO 31 I=I1sLV
FMULTB=B(1sL)

DO 31 J=L»sLB
BlIsJ)=B(IsJ)—BlLsJ)*FMULTB
A(LV)=B(LVsLB)
I=LV

SIGMA=04u

DO 37 J=1sLV
SIGMA=SIGMA+B(I~1sJ)#*A(J)
I=1~-1 -
A(I)=B(I1sLB)=-SIGMA
IF(I=1) 41941935
DO 42 J=1lsLV
AlJ)=A(J)/SCALE#%#(J=-1)
RETURN

END
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15

20

SUBROUTINE CHKDP(SsYsMeNsA).
DOUBLE PRECISIUN SsYsAsS5YsPOLYSERROR
DIMENSION 5(500)9Y(500)sA(32)sPOLY(500) 9£RROR(500)

Ml=M+1
DO 10 I=1sN
SY=0,
DO 5 K=2sM1

SY=SY+A(K)#S(])##(K-1)

POLY(I1)=5Y+A(1)

ERROR( L) =POLY (1))=Y (I)

PRINT 15
FORMAT(1H1910Xs1HS925X91HY 923X 94HPOLY»23X s 5SHERROR)
PRINT 20s(S(1)sY(I)sPOLY(I)SERROR(I)sI=1sN)

FORMAT (4D25.8)

RETURN

END

-13-



Name of the main program: RAOL

Source Languasge: FORTRAN IV

Purpose: To calculate equipotentials starting from the polynomial approxi-
mations of the tangential and the normel derivetives of the

' potential along the beam edge. The beam edge is assumed to be
straight and is referred to as the U axis.

Comments: The polynomial coefficients for the tangential and the normal
derivatives of the potential along the beam edge should be
given. Since the polynomials prescribe only the derivatives of
the potential, a constant of integration is needed to define the
value of an equipotentisl. This constant is calculated and used
in this program when the coordinastes and the potential of a point
in the U-V plane are given. . The output will consist of the
value of the equipotential, the coordinates along the equipoten-
tial and the slope of the equipotential curve. The value of the
equipotential is calculated from equation (19) of Kirstein's
jper.per)+ by taking the real part of W(w). The equipotential
contour is found by integrating Kirstein's equation (24). The
accuracy of this integration depends in part on the incremental
distance for integration DELU, If DELU is chosen too large,
the potential will change its value along the curve. The inte-
gration step size DELU should then be diminished until the
potential variation along the curve is within desired limits.

The following programs should be in the deck:

~ maol
EQPOT1

- 14 -



Explenation of variable names in the data and the output:

BCD(I) = Any comment (78 columns long) to help identify the problem and

NMAX =

U1, V1 =

POT =

DD(I)

EE(I)

U, v

the results.

Degree of the polynomial (same for both the tangential and the

normal derivative of the potential along the beam edge).

Number of equipotentials required.

The maximum number of points on each equipotential curve.

Coordinates of a point in the U-V plane.

Potential at the point (Ul, V1) in the U-V plane.

Coefficients of the polynomial approximation to the tangential

derivative of the potential. The first coefficient is the

constant term of the polynomial.

Coefficients of the polynomial approximation to the normal

derivative of the potential.

Coordinates of the starting point on the desired equipotential.

UMIN, UMAX

= Limits of the region in the U-V plane within which the

VMIN, VMAX

DELU

equipotentials are required.

Incremental distance for integration in the U-V plane. DELU > O

calculates the equipotential in the direction of increasing U

at the starting point and vice versa.

DELU may be chosen to

be roughly equal to the ratio (length of the equipotential

line/NMAX).

- 15 -
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DATA CARDS
= ) | T T 1 T | L
Colunm Number , 10 2 30 4o 50 60 0
| | I N | i
Card . , . .
Sequence |  Format: ~ A Variable
1l 1346 Any comment occupying less than 78 columns
2 3110 M NOM NMAX
3 3F10.5 nw | wn roT
b 4E15.8 DpD(1) pD(2) S
5 4£15.8 EE(1) EE(2)
6a 7F10.5 | N UMIN UMAX VMIN VMAX DELU
6b ) '-..,o>ooo.-oo.-4-o"ooooo’oﬁo{cooooou coee

Note: Each of the data cards 6a, 6b, ... refers to one equipotential. There should be as many of
these cards as the number (NUM) of equipotentials required.



"FORTRAN 1V PROGRAM RAO1(INPUTSOQUTPUT) ,
THIS 1S THE CALLING PROGRAM FOR EWUIPOTENTIAL CALCULATION IN THE U=V
PLANE -
© COMPLEX FFsWsCLXPOT

DIMENSION DD(32)sEE(32)sFF(32)sBCD(15)

READ 5 (BCD(I)slI=1s13)

5 FORMAT(13A6)

PRINT 1Us (BCD(I)sl=1s13)
10 FORMAT(1H1913A6)

READ 159 MsNUMesNMAX
15 FORMAT(3110)

Ml=M+1

READ 2vs UlsV1sPOT
20 FORMAT(3Fl0e5)

READ 259 (DD(I1)sl=19M1)

READ 259 (EE(I)sI=19M1)

25 FORMAT(4E1548)

DO 30 I=1,M1
30 FF(I1)=CMPLX(DD(I)s=EE(I)}))

W=CMPLX(UlsV1)

CLXPOT=(04904)

DO 35 I=1sMl
35 CLXPOT=CLXPOT+FF({I)#*wW**]/FLOAT(I)

CONST=POT—-REAL(CLXPOT)

DO 70 I=1sNUM

READ 559UsVsUMINIUMAX s VMINsVMAX s DELU
55 FORMAT(7F1l0«5)

PRINT 60sUMINIUMAXsVMINS VMAXsDELU
60 FORMAT(1lH- - UMIN = F10e3s10H UMAX = F1043910H VMIN = Fl10.

X349 10H VMAX = F10e3910H DELU = FlUe3)

CALL EWPOT1I(MaNMAXsFFsCONSToUsVIUMINIUMAX9sVMINs VMAXsDELU)
70 CONTINUE

STOP

END
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10

15

2V

21

22
23

25

30

35

40

45

55

SUBROUTINE EWPOT1(MsNMAXsFFsCONSTsUsVsUMINIUMAX s VMINsVMAX sDELU)

COMPLEX FFsWsDWsCLXPOT

DIMENSION FF(32)sSGN(2)

M1=M+1 .

DELUM=ABS (DELU)

SU=DELU/DELUM

PRINT 10 :

FORMAT{(11H=-POTENTIAL 10Xs5HDV/DU 11Xs1HU 13Xs1HV)

I1=1

LL=1

W=CMPLX(U»sV)
DW=(0esUs)

DO 20 J=2sMl

L=J=-1
DW=DW+FF (J) #wi*|
DW=DW+FF (1)
DV=REAL(DW)/AIMAG(DW)
DVA=ABS(DV)
SGN(11)=DV/DVA

IF (11-1) 2192122

I1=2

GO TO 23

I1=1
CLXPOT=CMPLX(CONSTsUe)

DO 25 J=1sM1
CLXPOT=CLXPOT+FF (J) ®w##*J/FLOAT(J)
POT=REAL(CLXPOT)

PRINT 30sPOTsDVsUsV
FORMAT(4E1565)

IF(LLeLE«l) GO TO 35
SM=SGN(1)3#5GN(2)
IF(SM.LT.UOOAND.DVA.GTOl.)SU=-SU
IF{SMelTeUe o ANDeDVAeLEels ) SV==5SV
GO TO 40

SV=SU*SGNI(1)

LL=LL+1

IF(DVACGTele) GO TO 45
U=U+SU*DELUM

V=V+SU#DELUM*DV

GO TO 50

V=V+SV#DELU

U=U+SV#DELU/DV

IF (LLeGTeNMAX) GO TO 55
IF(UeLTeUMINeOReUeGTUMAX)GO TO 55
IF(VeLTeVMINeOReVeGT«VMAX)GO TO 55
GO TO 15

RETURN

END
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Name of the main program: RAO2

‘Source language: FORTRAN IV

Purpose: To calculate the equipotentials when the polynomial approxi-
mations to the coordinates and the tangential and the normal
derivatives of the potential along a curved beam edge are
given.

.Comments: Before this program may be used, the cartesian coordinates X
and Y and the tangential and the normal derivatives of potential
along the beam edge should be approximated by polynomials in
arc length U along the beam edge. Since only the derivatives
of the potential are given, a constant of integration is needed
to define the value of an equipotential. This constant is
calculated in the program when the coordinates (Ul, V1) and
the potential (POT) of a point in the U-V plane are given.

The point may 5e conveniently chosen on the beam edge in which
case V1 = 0. The output will consist of the value of the
equipotential, the slope of the equipotential in the U-V plane
and the coordinates of the equipotential in the U-V and the
X-Y planes.

The following programs should be in the deck:

RAO2

EQPOT2

Explanetion of variables in the data and the output:

.BCD(I) = Any comment (78 columns long) to help identify the problem and
the results.

M = Degree of the polynomial (same for all the polynomial approxi-

mations).
-19 -



NUM = Number of equipotentials required.

'NMAX = The maximum number of points on each equipotential curve.
Ul, V1 = Coordinates of a point in the U-V plane.

POT = Potential of the point (Ul, V1) in the U-V plane.

AA(TI)

[}

Coefficients of the polynomial approximation to the X-coordinate
along the beam edge. The first coefficient is the constant

term of the polynomial.

BB(I) = Coefficients of the polynomial approximation to the y-coordinste
along the beam edge.
>'DD(I) = Coefficients of the polynomial approximation to the tangential
derivative of the potential along the beam edge.
EE(I) = Coefficients of the polynomial approximation to the normal

derivative of the potential along the beam edge.

.U, V. = Coordinates of the starting point on the desired equipotential.
XMIN, XMAX _
= Limits of the region in the U-V plane within which the

YMIN, YMAX
equipotentials are required.

DELU = Incremental distance for integration in the U-V plane. DELU > 0
calculetes the equipotential in'the direction of increasing U
at the starting point and vice versa. DELU may be chosen to
be roughly equal to the ratio (length of the equipotential

line/NMAX).
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N

FORTRAN IV PROGRAM RAOQ2(INPUTsOUTPUT)
THIS IS THE CALLING PROGRAM FOR EQUIPOTENTIAL CALCULATION IN y=V AND
X=Y PLANES (CURVED BEAM).,
COMPLEX FFsGGoWsCLXPOT
DIMENSION AA(32)9sBB(32)9sDU(32)sEE(32)9FF(32)9GG(52)+8BCDI(1Y)
READ 59 (B8CD(1)sl=1913)
5 FORMAT(13A6)
PRINT 10s(BCD(I)sI=1y13)
10 FORMAT(1H1+13A6)
READ 15sMsNUMINMAX
15 FORMAT(3110)
Ml=M+1
READ 2us UlsV1,POT
20 FURMAT(3FlUeb)
READ 259 (AA(I)s1=19M1)
READ 25+(8B(I1)sl=1sM1)
READ 25s{(DD{(1)sI=19M1)
READ 25+ {(EE(I1)sI=]9M1)
25 FORMAT(4E15.8)
DO 30 I=1sM1
FF(I)=CMPLX(DD(1)s=EE(])
30 GG(I)=CMPLX(AA(I)sBB(I))
W=CMPLX(UlsV1l)
CLXPOT=(Ues0e)
DO 35 I=1sM1
35 CLXPOT=CLXPOT+FF(I)#*Ww¥*%*]/FLOAT(I)
CONST=POT~-REAL(CLXPOT)
DO 50 I=1sNUM
READ 4UsUsVeXMINsXMAX s YMI Ny YMAXsDELU
40 FURMAT(7FlUe%)
PRINT 459sXMIN9sXMAXsYMINsYMAXsDELU
45 FORMAT(11H~ XMIN = F10e3910H XMAX = F10e3910H YMIN = F10.
X3910H YMAX = F1Ue3510H DELU = F1lUe3)

50 CALL EuPOTZ(MoNMAX;FF9GGoCONST,UoV9XMIN’XMAX,YMlNoYMAX9DELU)
STOP

END

)
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SUBROUTINE EWPOT2(MaNMAXsFFsGGsCONST sUsVaXMINsXHAX s YMINs YMAX s DELU)
COMPLEX FF9sGGaWsZsDWeCLXPOT
DIMENSION FF(32)9GG(32)sSGNI(2)

10

15

20

25

3v

35
40

45

50

55
60

65

M1l=M+1
DELUM=ABS (DELU)
SU=DELU/DELUM
PRINT 10

FORMAT (LLH=POTENTIAL 10XslHU 13Xs1HV 13A95HDV/DU 11Xs1HX 13XslHY)

11=1

LL=1
W=CMPLX(UsV)
DW=(0e90,)

DO 20 J=2sMl
L=J=-1
DW=DW+FF (J) s#ty¥**
DW=DW+FF (1)
DV=REAL(DW)/AIM
DVA=ABS(DV)
SGN(II)=DV/DVA
2=(0esVs)

DO 25 U=2,sM1
L=J-1

2=Z+GG(J) ®ywkxL
2=2+GGI(1)
X=REAL(Z)
Y=AIMAG(Z)
IF(II=1)3093063
I1=2

GO TO 40

11=1
CLXPOT=CMPLX(CO
DO 45 J=1sMl

CLXPOT=CLXPOT+FF(J) *wi*J/FLOAT(J)

POT=REAL (CLXPOT
PRINT 5UsPOTsus
FORMAT(6E1545)

IF (LLeLEe1) GO
SM=SGN(1)%*SGN (2

IF({SMelL PeUe e ANDeDVAeGTele) SU==-5U
IF(SM.LT.U..AND.DVA-LE.1-)SV=—SV

GO TO &V
SV=5SU#SGNI(1)
LL=LL+1

IF (DVA«GTele)
U=U+SU%*DELUM
V=V+SU#*DELUM¥DV
GO To 70
V=V+SV#DELUM
U=U+SV#DELUM/DV

L

AG(DW)

5

NSTsUs)

)
VeDVseXsY

TO 55
)

GO TO 65
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70 IF(LLeGTeNMAX) GO TO 75
IF(XeLTeXMINeOReXoeGToeXMAX) GO TO 75
IF(YeLTaYMINeUReYeGToYMAX) GO TO 75

GO TO 15
75 RETURN
END

- 24~



III. Solution of the Dirichlet problem for Laplace's Equation in two

dimensions

In electrostatics one often has to determine the potentials and
fields in a closed region when the potentials are specified on the
boundary enclosing this region. The same problem also appears in the
study of the motion of charged particles (for example in electron guns )
when the potentials applied on the bounding electrodes are specified and
one can assume that the charged particles themselves have a negligible
effect on the electric fields. In electromagnetic problems one can
sometimes assume that the electric field is curl-free. Here again one
has to solve Laplace's equation. The program described here is taken
mostly from a larger progrem written by Kirstein and Hornsbyl for calcu-
lating the electron trajectories in electron guns. Large parts of the

~original program have been retained here with some changes and additions.
The problem may be stated as follows:

Laplace's Equation:

2
éﬁ% +'§—2-= 0 for rectangular geometry
Bx ay
2 2
3% . 1 o¢ 0% _ . .
éra tTsFt 5 O for problems with axial symmetry

" Boundary conditions:

¢ specified on a closed boundary

‘Figure 3 represents the problem. For the solution of this problem, a
net is first superimposed on the region of interest. The differential
equation is reduced to a set of difference equations at the mesh points.

Then these equations are solved by the method of over-relaxation. The
- 25 -
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Fig. 3(a) ~Represents rectangular geometry. The numbering of the mesh
points is shown, where the total number of mesh points for this problem
is NC*KR. Fig. 3(b) shows s problem in cylindrical geometry, where the
z-axis is the axis of symmetry. Typical boundaries along which potentials
are specified are shown by Cl and C2.



program calculates the optimum relaxation factor by Carre's method5

at

various stages of the iteration process. After each iteration an

estimate is made of the maximum error in the potential at the mesh

points of the region and when this error is less than the prescribed

tolerance set by the user, the program stops the iteration process and

prints out the results. The following pages give a brief description

of the program with explanation of the variables which appear in the

input and information about the preperation of the control cards and

data cards. The restrictions on the use of the program and the nature

‘of the output are also described.

Program: Laplace's equation with potentials specified on a closed
boundary.

Source Language: FORTRAN IV

Purpose: To calculate potentials and fields at internal points when the
potentials are specified on a closed boundary. The program
also calculates the potential gand its derivatives at prescribed
points within the region.

Comments: This is an overlay job which is similar, but not equivalent,
to a chain Jjob in the Fortran II system. Overlays are used
because at the present time the CDC 6LOO at Berkeley with a
memory size of lhO,OOO8 will not accommodate the entire.program
at once. The job consists of the main program which calls the
overlays, and two primary overlays. At the present time it
will not be executed unless the entire job is in binary form.
The Fortran-source decks for the main program and subroutines

must be submitted for compilation with a request for binary

- 27 -



decks. Once everything is in binary form, the job may be sub-
mitted for execution. A description of the deck setup
follows the description of the output format.

Explanation of input variables:

DX = Mesh length in the X-direction
DY = Mesh length in the Y-direction
‘NSCC = Number of closed curves. The first closed must enclose all the
other closed curves.
JOBNUM = Identification number for the particular computer run
KODBAS = Code number for problem; 200 for rectangular geometry and 250
for problems with axial symmetry.
 Ni = Number of boundary points in the ith boundary curve

‘Xi 5° Y, 50 935 = The X-coordinate, Y-coordinate (or in axisymmetric case
the Z and R coordinates respectively) and potential of the jth
point of the ith closed curve. The points on each boundary
must be written in clockwise order.

K = This is a code number which is left blank unless the particular
boundary point is on the axis of an axi-symmetric problem
(Rij = 0) when it is equal to 251.

EF =  Accuracy criterion for terminating the relaxation process.
For 1% potential accuracy, EF = 1.0.

"ANODPT = If the potentials of the boundary points have been normalized
in the input and one wants the potentials and their derivatives
at the specified points to be multiplied by some denormalizing
factor, one should make ANODPT equal to this factor. Other-

wise, it should be set to 1.0.
- 28 -



NN = Number of points at which the potentials and their derivetives

are required. The potentials at the mesh points are always
printed out whether one wants them or not.

'Xi, Y. = Coordinates of these points (i = 1, NN)

‘¢i -Values of the equipotentials required

NV

Number of equipotentials required

Restrictions on the wuse of the program:

1) Theclosed boundary should be entirely in the first quadrant of
the X-Y plane. Parts of the boundary may coincide with the
axes.

2) The boundary points are arranged in clockwise order on each
bounding curvé. The first bounding curve should enclose all
the others.

3) The total number of boundary points should be less than 4o8,

4) NC = number of columns in the net
X
= Integrel part of [ X‘;‘" + o.0001] + 2
NR = number of rows in the net

¥
Integral part.of [2”;‘," + 0.0001] + 2

NC S 200, NR S 200, NR.NC § 3250

5) Number of equipotentials NV s 15.

6) Number of points NN at which potentials and their derivatives
are required should be less than 50.

7) Number of intersections of any mesh row or column with a
boundary‘should be less than 20. The restriction can be

usually circumvented by properly orienting the boundary.
-29 -
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Output format:

The first block of output is diagnostic printing about the relax-
ation procedure. It consists of one line of eight numbers for each
diteration of the relaxation procedure. The most important of these are
the first, second, fourth, sixth and last. The first is the total
number of iterations carried out so far; the second is the over-relax-
ation factor used; the fourth is the mesh point number of the point
with the largest absolute change in ¢ in the last iteration, and the
sixth the potential there; the last number is the estimated maximum
error in ¢ (as a fraction of ¢). After thirteen iterations, a line of
. five quantities which are used in the calculation of the optimum re-
laxation factor for the next 12 iterations are printed out.

| The next block of output has the denormalization factor (ANODPT)
“and the potentials and their derivatives at the prescribed points.

The next block contains the equipotentials. The X and Y coordinates
of points on the equipotentials are printed below the value of the
Vequipotential.

Finally the potential matrix is printed out. The numbering of the
- mesh points is indicated in Fig. 3.

Deck Setup for Laplace's Equation:
‘a. Job card (see CAL 6400 FORTRAN GUIDE. The field length must be set
to the maximum 140,000 octal.)

b, 1nvpUT.!

c. T7-8-9 card.?

1 This card is punched beginning in column one.

2 The numbers 7, 8, 9 are all punched in column one.
- 31 -



d. OVERLAY (XFILE, 0, 0)3

e, (program MAINl).

f. OVERIAY (XFILE, 1, 0, C015572)°

-g. (Subroutines: PART1, MAIN2, MAKTAB, FNDPS, SORT, LOCAT, ININ, CEJE,
JEJE, CHECK).

‘h. OVERIAY (XFILE, 2, 0, C066106).

i. (Subroutines: PART2, MAIN3, USER2, GETCO, DECC, ITRATE, MAING,
MAINY, INTPLT, MAINS, EQUPOT, ZEROIN, TABLE).

J. 7-8-9 ca:rd..'4

k. (Data).

1. 6-7-8-9 card.

3 This card is punched beginning in column seven.

4 Each binery object deck includes as its last card a 7-8-9 card.
This card is included in addition to the 7-8-9 card of the last binaxry
deck in this block. 32



R4

PROGRAM MAINL (INPUT»ONTPUTsTAPEL s TAPEZ s TAPE3=GUTPUT s TAPET)

COMMON DUMOVER(1)

PRINT. 1 ' ‘ ,

FORMAT( 40HIMAINI 1LLOADED NEXT STECP IS OVERLAY )
CALL OVFRLAY(SHXFILF+140s0)

~CALL OVFRLAY({(SHXFILFE+?s0s0)

STOP

FND
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1

"~ PROGRAM PART1
COMMON DUNMOVER(7034)

CALL MAINZ -
RETURN :

END-

-3 -



SUBRRNAUTINE MAIN2

CMAIN2
C 0001551
.C MASTER PROGRAMME

)

20
21

22
23

COMMON CSoCO5aNT3oUT3 o MT 4o T4 9KTL4INTS9aNL3sNELINESISNCINR Y
TRKODBAS DX o DY s JORN jHig MY T o NOWD 3 TIM

DIMENSION NT3(780)sUTR(TRAD) s NTLITRN)SHTL(TBOs4)Y oKTLH(TRN)
INTS(3SDe2 ) s HL{4) o JLL4Y o XDATA(SOO) s YDATA(SN0) «UINATA(SOD) »
INCDATACSAT) aNBPRI2NAT) g NBRC(290) o XIR(20020) s YR (200920 )
FUBPRI20D920) s UBPCI220e20) s KODHPRI200427) sKODRRC(Z0020)
DIMENSTION KSCCP444)

EQUIVALENCE (UWANT sNJYAMNT)
FQUIVALENCE (HBPR o ONPR Y 9 (UNPC o KODNPC)

TAPES USED IN THILIS PRAGKAWM

NiRT1=1

CH=N,NOO2

CIH=NeHIH

DO 1 I=14200

NRPR(1)=n

NBPC(1)="

NO 1 J=1,20

XR(I4J)=0

YR(TeJ)="

URPR( Ly J)=0

UBPC(IsJ)=0

READ 100s DXsDYsNSCC s JORNII s KODRAS yNSCCPoNSW T oNSW 29 TIM
PRINT 101sJ2BNUM

[F(NSCCP)39342

READ 1049 ( (KSCCP(T aJ) s Jd=194)s1=14NSCCP)

Kr=n

DO 11 NCURVT=14NSCr

RFEAD 102 sNPTS

KA=KR+1

KB=KR+NPTY

READ 107 (XBATACLY sYDATACI Y s UDATACT Y o NCOATA(T ) 0 I=KASKR)
DO 23 [=XAsKHK

NEARST=XDATA(T) /DX+0e5

IF(ARS (XDATA(T)Y/DX=FLOAT (NFARST))=eNNNDN6)2N 421421
XDATACT) =XDATACI Y4+.00N1 %N Y

NEARST=YDATA(T)/DY+0,5

IF(ARS (YDATACL)/DY=FLOAT (NFARST))=aN0N05)22+23923
YDATA (L) =YDATA(I)+40001%DY

CONTINUE

XDATA(KR+1)=XDATA(KA)

YOATA(KB+1)=YDATA(KA)

HDATA(KR+1)=1IDATA(KA)

NCDATA(KIR+1)=NCDATA(KA)

PO 10 MP=KALKB

LP=/P+]

CALL FNDBPSIYDATA(MP) sYDATAILP) o XDATA(MP) s XDATA(LP ) sUNATA(MP ) »
LUDATACLP ) s NCOATA(HMP ) o NCRATATLE ) o DY o MidPR o Xi3 9 PR 9 KODRIPR )
CALL FRD2PSEXOATACAP ) s XBATACLE )Y s YDATAIMP Y s YDATA (LD ) SURATAIMP ) »
TUDATACL DY 9 WCBATAC D) oric AL 1 o L) o7 o fliti2e a Y3 ol 11D s ODP )

' - 35 -

0 15
0016
0017

no19
0020
n021
n22
0u23
0024
NG25

26
nNG27
0628
00649
0030
00631
0032
0533
U3y
00635
n036

0039

41
0042

0044
00459

0LU48
0049
nousQO
N051
0052
0053
QUS54
0 55
0056
0057
N058
0059
0060
0 61
0062
063
00064
0005



10
11

8

50
51

52

53
54

31

32

34
35
30

40

CONTINUF

CONTINUF

NPTS=KB

XMAX=XDATA (L)

PO 6 J=2sNPTS
TF(XDATA(J)=XMAX) 69655
XMAX=XPATA(J)

CONTTINUFE

NC= INT (XMAX/DX)+2
YMAX=YDATA (1)

DO 8 J=2sNPTS
IF(YDATA(J) =YHAX )88 7
YMAX=YDATA (J)

CONTINUF

NR= INT (Y iAX/DY)+?
CALL SORT(NRsNAPK o Xyt H1P1)
FALL SORTIMC o NAPC YR o 1RPA )
NF3=0

NE4=0

NF5=0

PO 30 IR=1sNR

YM=FLOAT (IK=-1)%DY

DO 30 IC=1sNC
NOFPT=(IR=1)*NC+1r
XM=FLOAT (IC~1)#DX

CALL LOCAT (IR sXMsXBoNAPRVBPRHL(3)oHLI1)sUL(3)sUL(1)sLXsDX)
CALL LOCAT(ICsYMsYRBsMNIPCoURPCoHL (L) sHL(2)sUL(4)sLL(2)sLYsDY)

MU=3#LX+LY+1
GO TO (50935193393193293293293%934) 9MU
IFI(NSCCP 304530451

DO 52 I=1sNSCCP

IF(KSCCP (T 91 )=NOFPT)S2 453452
CONTINUF

GO 1D 30

NO 54 J=1+4

HL(J)=0e"

J=KSCCP(1+2)

HL{J)=1.0

J=KSCCP(1s4)

HL(J)=1eD

MXR=13

NUWANT=KSCCP(1,3)

GO TO 35

CALL CEJE(HLsULsMKRIUWANT)
GO TO: 35

CALL JEJE(HL s UL sMKR s UWANT)
GO TO 35 .

PRINT 1024NOFPT

STOP

JCALL IMIN(HL,UL s MRy IMANT )

CALL AKTAB(NOFPToHL o IWANT s MKR 9 UWANT)
CONTINUE
[F(KODBAS-200)41540540
REWIND NBI1
WRITS (NBI1) NPTS
- 36 -

0 66
9 67
0 68
0069
Q070
0071
0672
0 73

0u75
nuTe
ou77
NL78
nuitly

nnsl
nna2
83
84
385
0086

0088
089

0091
0092
0 93
Qu94
N035
0096
0097

98

99
010¢C
01C1
0102
0103
0104
0105
N106
0107
0108
0109
0110
0111
0112

0115

0117
0118



WRITE (NBT1) (XDATA(T)sYDATA(I)sT=14NPTH)
REWIND NBI1 ’ :
41 IF(NF4)37+37+36 ‘ 0123

36 CALL CHECK{XDATASYDATASUDATASNPTS) 0124

N 37 RETURN
101 FORMAT(49H1 SOLVE FLULIPTIC PARTIAL DIFFe EUUNeeesJOB NUMBERST6///) 0126
102 FORMAT(45X915) 0127
107 FORMAT(3L15.7415) 4 0128
103 FORMAT(45HN COMPUTER CANNOT DFECINF wHlFTHFR POINT NUMRERy [5433H 16 n129
LINSINE OR OUTSIDE THT RIGINON,) 0130
100 FORMATIPELDa T 915X 215/080X 0215421 19F10e%) . 0131
104 FORMAT(45X9215) 0132

END 0133
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- CFNDAPS:
C 0001552
~C

~J

10
11

12

13

SUBROUTINL FNDIBPSIY1eY2eX1 X241 1s1!12,NC1sNC2sDY s NBPRGXRsPHI 3 KODF)

TO SET UP TABLE OF MFcH ROUNDARY POINTS
DIMENSTON NBPR{200) s X2 (200920) sPHI(200:20) sKOPE(200420)

IF(Y1=Y2)84+7+8

RETIURN
YUSAMAXT{Y1sY2)
YL=AMINL(Y1,sY2)

MRNL= INT (YL/DY)+?
MRNU= INT (YU/DY)+1
TF{MRNU-MIRNIL)Y 749 +9
SLOPT=(X2=-X1)/7(Y2=-Y1)
SLOP2={1)2-U1l)/(Y2=Y1)
DO 13 J=MRNL s MRNU
L=NBPR(J)+1
DIFF=FLOAT (J-1)%DY=-Y1
XR{JsL)Y=X1+DIFF#*SLNPY
[F(NC1=NC2)12510912°
IF(NC1)11s12s11
KODE(JsL) =NC1

GC TO 13
PHI(JsL)=UL+DIFF#S.0P2
N3PR(J)=L

RF TURN

END

- 38 -

N136

0134
0135
0137
0138
01329

0144
0145
0146
0147
0148

0150
0151
0152
0153
0154
0155
0156
0157
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-

CSORT

C

w N

10

15

20

22

25

100

-

SUBROUTINF SORTI(NRsNAPR s XEPR $1JSPR)

nnn15s3
SORT AND REARRANGF BNNMNDARY PCIMTS AND VALUE
DIMENSION NRPR(2970) 9 XRPR(200520) sUURPR(20N52N)9F (20) sG(20)

DO 25 IR=1sNR

J=NBPR(IR)

IF(2%(J/2)=J) 1291

PRINT 10NsMRsJs (XRPR(IRK) sK=19J)
STOP

K=n

N=J)

IF(N=1)2599515

K=K+1

FIK)=XBPR(IRs1)
G(K)I=UBPR(IRs1)

DO 10 L=1sK

XAPR{IRsLI=F (L)
URPR(IRsLI=GI(L)

GO TO 25 .
XMIN=X3PR(IR»1)
PHI=UBPR(IRs1)

DO 22 L=2sN

J=L-1 ;
IF(XBPRIIRILI=XMINI21920920
URPR(IRsJ)=UURPR{IRLL)
XRPR{IR$JI=XBRPR(IR4L)

GO TO 22

URPR(IRsJIY=PHI
XBPR(IRsJ)=XMIN
PHI=UBPR{IRsL)
XMIN=XBPRIRsL)

CONTINUE

K=K+1

FIK)=XMIN

G(K)=PHI

GO 10 3

CONTINUF

RETURN

FORMAT(28HO MESH ROW OR .COLUMN NUiBER»s15s34H APPEARS TO INTERSEC

1T BOUNDARY ATs15920H POCINTSs THE NUMBER/83HN OF POINTS REING ODD

2AND SO IMPOSSIBLF. CN=0ORDINATES OF ALLEGFED INTERSECTIONS
354619
END

-39 -
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0159
3160
0162
0163
0164
0165
0166
0167

0169
2179
0171

0172

0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0138
0189
N190
01351
0192
N193
0194
N195
0196
0197
0198
0199
n200
0201
0202




SUBROUTINE LOGCAT(IRsXM s XBPReNPPRsUBPReHLsHRIULsURSLAMDASDX) 0205

CLOCAT
C 0001554 0203
.C LOCATION OF MESH=PNINT ROW=-WISE OR COLUMN=WISE, 0204
DIMENSION XBPR(2NNs20)sUBPR(2004520) sNBPR(200) 0206
HL=140 0207
HR=1,0. : 0208
T UL=n,0’ 0209
UR=0,0 : . 0210
LAMDA=0 _ 0211
N=NBPR(IR) 0212
IF(N)30s3Ns3 0213
3 J=1 : 0214
4 TF(XM=XBPR(IRsJ)) 1051005 0215
5 IF(J=N)6s598 0216
6 J=Jd+1 0217
GO TO &4 X 0218
B8 HR=140 0219
J=J+1 : o 0220
GO TO 16 0221
10 HR=AMIN1 ( (XBPR(IRyJ) =XM) /DXs1e0)
IF(HR=140)12513412 . 0223
12 UR=UBPR(IRsJ). : 0224
13 IF(J=1)16915+16 0225
15 HL=1,0 0226
GO TO 20 : 0227
16 HL=AMINL( (XM=XBPR(IRsJ=11)/DXs1s0}
IF(HL-1e0)18520418 _ : 0229
18 UL=URPR(IRyJ~1) _ 0230
220 IF((J/72)%2=0)2422424 : 0231
22 LAMDA=2 0232
'RETURN 0233
24 IF(HL=140)28926+28 ' 0234
26 IF(HR=1eN)28+30,+28 0235
28 LAMDA=1 . 0236
30 RETURN - 0237

END 0238



SUBROUTINE ININCHL sUL 9 W R s UWANT) 0241

CININ .
C nnnN15SS : 0239
. C TRFATHFNT OF INTERNAL POINTS 0240
DIMENSION HL(4) s (4) 0242
COMMON C54C95 0243
NHNOT1=0 0244
' NF I XU=0 0245
DO 10 J=ls4 0246
IF(HLIJ)=140)5910+5 0247
5 NHNOT1=NHNOT1+1 0248

IF(ULCJ)) 1091046
6 IF(UL(U)= 1eNE=-128) 747510

7 L=J 0253
NFIXU=NFIXU+1 _ 0254

10 CONTINUF 0255
IF(NHNOT1)14512914 0256

12 MKR=1 0257
RF TURN 0258

14 TF(NFIXU=-1)16425%912 0259
16 I=1 0260
HMIN=HL(1) 0261

DO 20 J=2s4 0262
IF(HL(J)=HMIN) 18920920 0263

18 HMIN=HL(J) 0264
CI=U ‘ 0265
20 CONTINUF : 0266
IF(HMIN=C5)22412417 , 0267

22 MKR=2 - 0268
UWANT=UL(]) . . 02665
RETURN 0270

25 IF(HL(L)=C95)26926916 , ‘ 0271
26 IF(HL(L)=C5)27+27+35 . 0272
27 HMIN=1%0 0273
' DO 30 J=1ls4 0274
IF(J=-L)28+30,28 0275

28 TF(HL(J)=r%IN)294+29930 0276
29 HMIN=HL(J) : 0277
=) ' ) _ 0278

v 30 .CONTINUFE 02719
IF(HMIN=C5)22931931 0280

31 MKR=13 ' 0231
-~ UWANT=UL (L) ‘ 0282
RETURN : . 0283

35 MKR=5 0284
RETURN : 0285

END ' 0285

- -



CJIEJF

- C

~NG

10
11
31
12
13
14
15
16
17
18
20
21

25

SURROUTINE JFJE (HL ol JL o K2 o 1 JWANT)

0001556

TREATKENT OF POINT JUST FXTERIOE
COMMON C5+CYQ
DIMENSION HL(4) sUL(4)
NETXU=0

DO LO J=1s4
IF(HL{J)=1e0)15+1045
[F(UL{JY)Y 1Na106
IF(ULGJY= 140F=128) 747510
L=J

NF I XU=NFIXU+1
CONTINYE
IF(NFIXU=1)124+13511
MKR=1

NC 31 I=1s4

HL(I)=1l."

RETURN

L=% . .

GO TO 14
IF(HLIL)=C9%)20e2014
HMIN=1.0

NO 17 J=1s4

IF(J=L)15517515

IF(HL () =il TNY 16417517
HM IN=HL(J)

I=J

CONTINUF

UWANT=UL (1)

MKR=2

RETURN:
IF(HLIL)-C5)25421921

MKR=5

RETURN
HMIN=1e0

DO 28 J=1ls4

26
27

’8

30

IF(J-L) 26528526
IF(HL(J)=HHIN) 27528528
HMIN=HL ()

I=J

'CONTINUF

IF(HMIN~ (95)18,30,30

UWANT UL (L)
MODCL+1 94 +1

HL(L)=HL(J)

HL(J)=0.0

AKR=3

RFTURN.

FND

I B0TH DIRFCTIONS
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0289

0287
0288
0290
021
0292
0293
N274

0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
03079
0310
0311
0312
0313
0314
0215
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331

0333
0334

0335

0336
0337



CCFJF

-C

~N O

10

11

15

14

16

17

138

20

22
24

25

30
31
32

33
34

35
36
37

SURRAUTINT CFJITIHL oI o K2 s UWAMNT)

nnn1sny

TREATHENT OF POINT JUST

DIMENSTION HLO4) sUL(4)
COMMANN CH (N5

“MARK=0

NHNOT1=0

NFIXU=0

DO 10 J=1ls4
IF(HL(J)Y=1aN)551Ns5
NHNOT1=NHNOT1+1
IF(UL(JY) 1021096

EXTERTOQRZZOMPLETELY

IF(UL(J) = LeCE=128) 797510

L=J .

NF IXU=NF1XU+1
CONTINUF
IFINFIXU=1115430s11
MKR=6

RETURN

L=5

HYMIN=10

DO 18 J=1ls4

CIF(J=L)16s18s16

IF(HL(J)=1INY 179185 1R
HMIN=HL(J)

I=J

CONTINUF

IF(4ARK) 22920622
UWANT=UL (1)

MKR=2

RETURN
IF(HMIN=CY5)25425924 .
UWANT =UL (L)
J=MOD(L+1s4)+1
HL(L)=HL(J)

HL(J)=0e0

MKR=3

RETURN

AKR=T

RFETURN
IF(NHNOT1-1)35431425
IF{HL({L)=C95)33533432
MKR=4

RETURN _
IF(HL(L)=C5) 24934434
MKR=5 =

RETURN

IF(HL(L)-C5%5) 36936414
IF(HLILY=C5)37+34434
MARK=1

GO TO 14

TND
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LXTERTOR

N340

0338
0339
0341
0342
03473
0344
0345
0346
0347
0348

0353
0354
0355
0356
0357
0353
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372

0374
0375
0376
0377
0378

- 0379

0380
0381
0382
0383
0384
0385
0386
N387
0388
0389
0390
0371



SUBROUTING CHECKIXDATASYOATASUBATASNPTS) Gi3J4

CCHECK .
C 0001558 0392
Re CHECK TUAT NEIGHBNURG ARE DNEFINED €393
COMMON - C59CIOG aNT 30T 3 aNTLsHT LK ThaNTH o NE3sNE 4 aNES 3 NC o NP 0395
COMMON KOPRAS ¢DX eNY 0396
DIMENSION XDATA(SNO) sYDATA(SON) o MATA{BNN) oNT2(T780) «1:TI(780) s N397
g INTG4(T780) sHT4(TBU4) sKTL(TEN) s NTE(290,42) 0398
C ‘ 0399
DO 30 IN=1.NF4 0400
DO 20 INN=1s4 0401
IF(HT4{INsINN)IB 920" 0402
5 GO TO (697989} s NN N403
6 N=NT4&(IN)+1 0404
GO TN 10 0405
7 N=NT4{IN)+NC 0406
GO TO 10 0407
8 N=NT4(IN)-1 0408
GO Tn 10 0409
9 N=NT&4(IN)-HNC 0410
10 DO 11 Jl=1eNF3 0411
IF(NT3(J1)=N)I11+2n,11 0412
11 CONTINUFE 0413
DO 12 J2=1sNF& 0414
IFINT4(J2)=N) 12920412 0415
12 CONTINUE ~ 0416
DO 14 J3=14NF5 0417
: IF(N=NT5(J391))14920,13 : 0418
13 TFINTS5(J3s2)=N)14427420 ' ' 0419
14 CONTINUF 0429
‘ DO 15 ¥K=1s4 . 0421
IF(HT4(INZ)) 15916915 ‘ 0422
15 CONTINUF 0423

7 PRINT 100sNT4(IN) N :
STOP

16 “M=NT4(IN) 0426

YH=FLOAT ((V=1)/Nr)ysny
Q= 0D (M=14NMC)

XHM=Q# DX . 0429

- GO TO (21640921 940) 91NN _ 0430

21 DO 26 IP=1sNPTS N431
IFCARS (YDATACIP)I=YM)=e003%NY)22+26426

- 22 RHO=(XDATA(IP)=XM) /DX 0433

- IFCINN=1)23+24523 0434

23 RHO==RHO : : 0435

24 TF(RHOY26925925 ' 0436

25 IF(160=RHU)I26427+27 0437

26 CONTINUL : 0438

GO TH 17 . 0439

40 DO 45 [P=1sNPTS 0440
[FEABS (XDATAUIP)=Xri)=a003%DX)V 429464046

42 RHO=(YDATA(IP)Y=YM) /DY 0442

TRFUINN=2Y434444473 ‘ 0443

43 RHO==12H0 : p
3 ! - ,4)4 - 0444



44 TF(RHO)46+45045 . : 0445

45 IF(1e0=-RHO) 46927927 . T 0446
46 CONTINUE ' 0447
GC TO 17 0448

27 IF(C5~RHO)52452459 0449
50 NE3=NE3+] : 0450
NT3INED) =4 . 0451
UT3(NE3)=UDATALIP) 0452
“NT&4(IN)Y=0 0453
GO TO 30 0454

52 NE3=NE3+1 ' ; 0455%
NT3(NE3)=N _ ' 0456
UT3(NE3) =UDATA(IP) : 0457
IF{RHO=C95)54 954 453 0458

53 RHO=1a0 0459
54 HT&4{INsINN)=RHO , 0460
20 CONTINUF ‘ 0461
30 CONTINUE : ‘ 0462
RETURN " : 0463
100 FORMATC14HO POINT NUSMRFReI5927H HAS NEIGHRBOUR=PCINT NUYRERsI15s10H 0464
1FOR WHICH/62H NO ROUNNARY VALUF OR FIMNITE DIFFERCNCF TQUATION IS A 0465
2VATLARLF ) 0466
FND : 0467

- b5 -



SUBROUTINE MAKTAB(MsHL s UWANT s [MKR 9 KODFE)

CMAKTAR
C 0001559
.C

C

10
11

15
17

20
21

22
23
25
26

30
31

35
37

38

40

42

- 44

100 FORMAI{?Hﬁ POINTsI5s67H NEAé BOUNDARY WITH DERIVATIVE-TYPE BOUNDAR
1Y CONDITIONS IS SUSPFCTe/46H BOUNDARY SHOULD RE COINCIDENT WITH ME

101 FORMAT(46HO THERE APPEAR TO BF TWO BOUNDARIES NEAR POINTsI5942H WI
1TH DERIVATIVE-TYPE BOUNDARY CONDITIONSe/22H THIS IS INADMISSIBLE.)
102 FORMAT(THO POINTsI5555H NEAR BOUNDARY WITH DERIVATIVE-TYPE ROUNDAR

WRITE DETAILS OF POINT INTO APPROPRIATE TABLE OR SIGNAL ERROR.
COMMON "C59C95 sNT3sUT3 o NT4sHT4sKT4aNTH 9 NE39NE4 s NESSNCaNRsKODBAS
DIMENSION NT3(780)sUT3(780)sNT4(T780)sHTL(T80s4) sKTL(T80)>

INTS(39092) sHL (4)

DO 11 J=1,4
IF(C5=HL(J))7+7+5
HL(J)=0e0

GO TO 11

IF(HL{J)=C95)11511510

HL(J)=1.0
CONTINUE

GO TO (1593793192694 0442 944) §MKR

DO 17 J=ls4

IF(HL(J)~1.O)3O917,30

CONTINUE
IF(NES) 29921420

IF(M=NTS5(NES5s2)=1)21525921

NES=NES+1
IF(NE5=390)23423522
PRINT 103

sToP -
NTS(NES5s1)=M
NT5(NE59+2)=M

RETURN

KODE=KODBAS
NE4=NE4+1
IFINE4=T780)32432,22
NT&(NE&4) =M
KT4(NE4)=KODE

DO 35 J=1ls4

HT4 (NE4sJ)=HL (J)
RETURN

NE3=NE3+1

" IF(NE3=780)38338+22

NT3(NE3)=M
UT3(NE3) =UWANT
RETURN

PRINT 100sM
STOP

PRINT 101sM
STOP

PRINT :102sM
STOP -~

2SH LINE.)

1Y CONDITIONS/34H IS

TOO CLNSE TN ANOTHER ROUNDARY o)
-1‘6-

0470

0468
0469
0471
0472
0473
0474
0475
0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490

0492

0493

0494
0495
0496
0497
0498
0499
0500
0501
0502
0503
0504
0505

0506

0508
0510
0512

0514
0515

0516

0517

0518
0519

0520



103 FORMAT®86HO THE TABLE OF BOUNDARYs IRREGULAR OR REGULAR POINTS IS 0521

1FULLe RERUN WITH COARSER MESH.) 0522
END 0 A 0523

- 47 -



PROGRAM PART2

COMMON "DUMOVER (27718)
CALL MAIN3 '
CALL- MAING'

CALL MAIN3

CALL MATIN4

CALL MAIN5

RETURN :

END



SUBROUTINE DECC ' ' 0530

ChECC
C 00015511 A 0528
L CALCULATE COEFFICIFNTS OF DIFFFRENCFE EQUATIONS 0529
' COMMON C59C95sNT3sUT3oNTLosHTLsKT4sNTSsNE3sNELsNESsNCsNR9KODBAS» 0531
1DX DY s JOBNUMs UMAT o NEQU s DUMSNUMPT 3D IFCO 9 X9 Y sHL oMy COFFT
DIMENSION NT3(780)sUT3(780)sNT4(T780)sHT4(T80+4) sKT4L(TBO) 0533
: 1NT5(390,2),UMAT(32503,NUMPT(?900),DIFCO(2900,5), : 0534
2HL(4) sCOFFT(5) sDUM{20) s JOBNUN( &) 0535
C . 0536
NEQU=0" : 0537
Ja=1 0533
K5=1 0539
4 IF(K5=NE5)6+6+5 0540
5 IF(J4~NFE4)858+35 \ 0541
6 IF(J4=NE4) 79720 0542
7 IFINTS5(K5s1)=NT4(J4))20+20+8 0543
8 IF(NT4(J4))1691699 0544
9 M=NT&4(J4) 0545
Y=FLOAT ((M=1)/NC)#DY .
Q= MOD (M-1,4NC) f
X=Q#DX . 0548
DO 12 I=1s4 0549
12 HLII)=HT4(J4s 1) } 0550
NEQU=NEQU+1 0551
CALL GETCO(KT&(J4))
NUMPT (NEQU) =M : 0553
DO 15 =155 : 0554
15 DIFCO(NFQUsI)=COFFT(T) : 0555
16 "Ja=J4+1 0556
GO TO & : - 0557
20 NPL=NT5(K551) ' 0558
NPU=NT5(K592) . 0559
DO 23 I=1y4 : 0560
23 HL(I)=1e0 ' 0561
DO 31 M=NPLsNPU ‘ , 0562
Y=FLOAT. ((M=1)/NC)#DY .
Q= MOD (M=1,NC)
X=Q*DX 0565
: NEQU=NEQU+1 , 0566
CALL GETCO(KODBAS)
NUMPT (NEQU) =M 0568
. DO 30 I=1,5 0569
30 DIFCO(NFQUsI)=COFFTI(T1) : 0570
31 CONTINUF 0571
K5=K5+1 0572
GO TO & 0573
35 RETURN; 0574
END 0575

- 49 -



SURROUTINE ITRATE(BETASNMAX s UCORR Y TCORRsGNORM) 0578
CITRATE

C 00015512 0576
.C THE EXTRAPOLATED-LIERIIANN ITFRATINN 0577
' COMMON DUMLsNC sNR s KODRASsDX sDY s JOBNUM s UMAT s NEQUs DUM2 s NUMPT s DIFCO 0579
DIMENSION DUM1(7025) sUMAT (3250)sDUi2(20) sNUMPT(2900)sNIFCO(290055) - 0580

1 s’ JOBNUM( &) : , _
’ DMAX=0" : 0581
GNORM=0 : 0582
DO 2 I=1,NEQU 0583
J=NUMPT( 1) 0584
K=J+NC 0585
L=J~NC 0586
RES=DIFCO( 151 ) %UMAT(J+1)4+DIFCO(T92) #UMAT (K) 0587
1+DIFCO(I »3) ¥UMAT(J=1)+DIFCO(T4) #UAT (L) 0588
2+DIFCOLT95)=UMAT(J) 0589
DELTA=RETA#RES , 0590
UMAT(J)=UMAT (J)+DFELTA 0591
GNORM=GNORM+ABSF (DELTA) 0592

IF(ABS (DELTA)-DMAX)242,1
1 DMAX=ABS (DELTA)

UCORR=UMAT (J) 0595
ICORR=1 0596
2 CONTINUE 0597
RETURN; 0598
END | 0599

- 50 -



©© . " SUBROUTINE USER2 = - - S | | : 0601
. CUSER2 o _ o .

;. 00015818 | ‘ 0600
“a « _RETURN .

SEND T - 0604

- ‘51' -



SUBROUTINE GETCO(XAODF)

CGETCO

C nNO015527

“C ;

C CALCULATION OF DIFFERFNCF FQUATION COEFFICIENTS FOR POISSONS

C EQUATION IN CYLINDRICAL COORDINATES WITH AXIAL SYMMETRY (X=ZsY=R)
.C BASIC CODE IS 250 CODE FOR AXIS IS 251

c FOR POISSUNS EQUATIOM IN RECTANGULAR CO-ORDINATES)

C USE BASIC CODE 29n.

C

10

15

20
21
23

COMMON. DUMLI sDXsDY s JORNUMGUMAT s JFOLIaDIIM2 s NLITSoNPFREF 9DUM3 sNUMPT »
IDIFCOsXsYsHsMsC

DIMENSION H(4)sC(5)sNIIMLI(T028) sUMAT(3250)sDUM2(3)sRU(127) 9+ JOBNUM(4
1)sDUM3(15) sNUMPT(2900)sDIFCO(290095)

TAPES USED IN THIS PROGRAM

NB12=2"

R=DX/DY

IF(KODE~=250)6+546
IF(KODE=251)7+10+7
Tl=(H(1)*#H(3)¥R*#2)/(H(2)*H(4))
T2=(H(1)+H(3) )*¥(1e+T1)
T3={H(2)+H(4) ) *(1le+1la/Tl)
C(l)=H(3)/T2

C(2)=H(41)/T3

CC(3)=HI1) /T2

C(4)=H(2)/T3
EL=R/(H(2)*H(4) ) +1e/(R*¥H(1)*H(3))
GO TO 5. '

T1=045%DY/Y )
T2=1.0+H(4)*T1

T1=H(2)*T1
EL=(T2=T1)*R/ (H(2)#H(4) ) +140/ (R¥H(1)#H(3))
Cl1)=1a0/ (EL*¥R*¥ (H(1)+H(3)))
C(3)=C(1)/H(3)

C1)=Cl1)/H(1)
C(2)=R/(EL*(H(2)+H(4)))
Cl4)=(140-T1)*C(2) /H(4)
C(2)=T2#C(2) /H(2)

GO TO 15

T1=240%R/H(2) #%2
EL=T1+1e0/(R¥H(1)*H(3))
T22140/ (EL*¥R® (H(1)+H(32)))
C(1)=T2/H(1)

Cl2y=T1/EL

C(3)=T2/H(3)

C(4)=040

C(5)=040

IF(NLITS) 20520521

RETURN

IF(M=N3FREF)23,26+26

LAM= (NBFREF-M=1)/127+1

LAM1=LAM+1 |

PO 24 I=1,LAM1 -52 -

0605
0607
0608
0609
0610
0611
0612
0613

0615

0616
0617
0618
0619
0620
0621
0622

0623
0624
0625
0626
0627
0628
0629
0630

0631

0632
0633
0634
0635
0636
0637
0638
0639
0640
0641
0642
0643
0644
0645
0646
0647
0648
0649
0650
0651
0652
0653



3

24

RACKSPACE NBIZ2

. NBFREF=NBFREF-127%LAM

25

26
27

28

READ (NRI2)
GO TO 21

IF (M=NBFREF~126)28+28527
NBFREF=NBFREF+127

GO TO 25 :
LAM=M=-NBFREF+1
C(5)=(=BU(LAM)¥DX*DY) / (24 *FL)
RETURN . - .

END

(BUCT)sT=15127)

- 53 -

0655

0657
0658
0659
0660
0661
0662
0663
0664



-

SUBROUTINE MAIN3

CMAIN3

- C

72
21
22
23

75
775
776

30

108

76
31

35
36
38

40
45

47

49
50

02007 S 11

COMMON C59C95 oNT3sUT3aNTL4oHTLsKTL4sNTSsNE3sNELINESINCINRIKUDBAS Y
10X sDY s JOBNUMs NSW1 s NSW2 9 TI My '

2 UMAT oNEQU sNPITAs EWANT s BFINALONLITSoNBFREFsDUM»

30PMsBETAIBEEPRIEIGENSNIToNITPsNUMPT4DIFCOsDUM29sNITSUB

DIMENSION DUM(9) sDUM2(12)

DIMENSION NT3(780)sUT3(780)sNT4(T780) yHTL(TB0s4) sKTL{TRO) »
INT5(3902) sUMAT(3259) s NUMPT (2900) sDIFCO(290055) sP(12)
TAPES USFD IN THIS PROGRAM

NOUT2=7

GNORML=140

MTAPE=NOUT2

IF(C5-0e0002)2157221

RETURN

CALL DECC

NC12=0

CALL ITRATE(BETAsDMAXslJCORR s ICORR s GNORM)

NIT=NIT+1

EMAX=EIGEN*DMAX/ (Ai3S (UCORR)#(140-EIGEN))

NC12=NC12+1

NITA=NIT-NITSUB

PRINT 103sNITAsBETAsGNORMsNUMPT ( ICORR) sDMAX s UCORR EIGEN s EMAX
IF(EMAX=EWANT )75+75535
IFINIT=NITP=1)776+776+775
IF(OPM)30s76930

OPM'-:]_ .Q v

WRITE (MTAPE»101)
WRITE (MTAPE»102)
11=1sNPIA)

WRITE (MTAPE»105)
WRITE (MTAPE»106)
14)

WRITE .(MTAPE»107)
WRITE (MTAPE»108)
FORMAT ( 3HEOF )

REWIND MTAPE

CONTINUF

CALL USER?

RE TURN

GO TO 21
IFINIT=1)36436+40
BETA=14375
IF(BFINAL)22+22+38
BETA=BF INAL

GO TO 22
IF(BFINAL)45945422
P(NC12)=GNORM/GNORML
IF(NC12=12)47 949,49
GNORML =GNORM

GO TO 23

IF(NIT- 13150551550
EIGEN=P(12) - 54 -

~ JOBNUMsDX sDY sNRsNC
BFINALsETGENSBETASREEPRoNITAs (UMAT (1)

NE3sNE49NESs (NT3 (1) sUT3(I)sI=1sNE3)
(NTG(TI) o (HTA4(TsJ)eJ=194)sKT4L(I)sT=1sNE

INT5(1+1)9NT5(I1s2)9s1=19NES)

0745
0746

0750
0751

0752
0754

0791
0792
0793
0794

0796
0797
0798
0800
0801
0802
0803
0804
0805
0806
0807
0808
0809
0810

0812
0813
0814

0815
0816
0817
0818
0819
0820

0823
0824
0825
0826
0827
0828



"w

51

55

56

57

58
59

60

65
70

101
102
104
103
105
106
107

GO TO 58

N10=P(10)-P(11)
D11=P(11)-P(12)
IF(D11)156956455
IF(D10-D11)504+50957
IF(D11-D10)50s50+57
EIGEN=P(10)=-D10%*%2/(NH10-ND11)
IF(EIGEN=-140)58550550
IF(EIGEN=-1.0)5956N0+60

REENW=2eN/(1e0+50RTF(1e0=(FIGFN+BFTA=1e0)#%2/ (T IGEN¥RETA®%2}))
IF(ABS (BEENW-BFEPR)/(2+0-NEENW)~405)6N965965

BF INAL=B3EFNY

BETA=BFINAL

EIGEN=BETA=~1.0

GO TO 70

BEEPR=BEENW
BETA=BEENW=(20-BEFNW) /440

PRINT 104sP(1Q0)sP{11)sP(12)sETGENeBFREENW

GO TO 22
FORMAT(I1592E15e7+2115)
FORMATI(4E1567115//(1P7E1567))
FORMAT(//5F15e7/7/)
FORMAT(I591P2E1Re791544F1547)
FORMAT(///3115///7(1691PE1547))
FORMAT(//7/(16+4F1Ne6916))
FORMAT1///7(216))

END
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0629
0830
0831
0832
0833
0834
0835
0836
0837
0838

0840
0841
0842
0843
0844
0845

0847
0849
0850
0851
0852
0853
0854
0855
0857



SUBROUTINE MAING
CMAING

COMMON C59C959NT3sUT3sNT4oHTLsKT4aNTS5sNE39NELINES s NCoNRsKODBAS s
1DXoDY s JOBNUM s NSW1sNSW2 9 TIMy
2 UMAT s NEQU o NPT As EWANT 9 BFINAL oNLTI TS s NBFRFF 9 DUMy
30PMsBETABEEPRSEIGFNsNIToNITPaNUMPT 4D IFCOsDUM2yNITSUB

DIMENSION DUM(I9)sDUM2(12)

DIMENSION NT3(780)sUT3(780)sNT4(780)sHT4(T780+4)sKTL(TBO)
INTS5(39052) sUMAT(3250) s NUMPT(2900)sDIFCO(2900+5)9P (12)

C TAPES USED IN THIS PROGRAM
NTAPE=5
C .
NLITS=0 0755
OPM=140 ~ 0756
C5=0.0002001 0757
71 NPIA=NC#*NR o 0758 .
READ 100sBFINALSEWANT s INPTMK 0759
EWANT=EWANT/100.0 0760
MKCON=0 0762
IF(INPIMK=-1)14+66 0765
1 MKCON=0 0766
EIGEN=0.95 0767
NIT=0 0768
BETA=140 0769
IF(BFINAL~10)353,2 0770
2 EIGEN=RFINAL=1,0 0771
3 DO 4 I=1.NPIA 0772
4 UMAT(1)=040 0773
GO TO 9 0774
6 READ (NTAPF;IOI) JUNK s WOT s WOT s NROSNCO 0777
IF (NR+NC=NRO- Nc0)7.8,7 0778
7 REWIND NTAPE 0779
GO TO'1 0780
8 READ (NTAPE,108) BFINALsFIGENSBETASBEEPRSNT Ty JUNK 0781
L(UMAT(I)sI=1sNPIA) ' 0782
REWIND NTAPF 0783 -
9 NITSUB=0 , 0784
IF(MKCON) 16911916 0785
11 NITSUB=NIT 0786
16 DO 18 I3=1sNE3 0787
JK=NT3.(13) 0788
18 UMAT(JK)=UT3(I13) 0789
RETURN: , /
100 FORMAT(2E1547515Xs15) 0848
101 FORMAT(I1592FE15e792115) 0849
108 FORMAT(4E15479115/110/(7E1547)) 0856
END = -



CMAINS

-

C
C

SUBROUTINE MAIN4

THIS CHAIN USES INTPLT TO CALCULATE POTENTIAL AND FIELDS ON A
PRESCRIBED CURVE AND THEN CALLS CHAIN(4sA&4) FOR EQUIPOTENTIAL PLOT
DIMENSION NT3(780)sUT3(780)sNT4IT80)sHT&(T780s4) sKT4(T80D)sNT5(39092
1) sUMAT(3250) sX(50)sY(50) :
COMMON C5’C959NT39UT39NTQ9HT49KT49NT5’NEB9NE49NE59NC’NR$KODBA59
1DZsDRs JOBPOT s NSW1sNSW2s TIMIUMAT
READ 5s ANODPT
5 FORMAT(F1045)
PRINT 69 ANODPT
6 FORMAT(19H-ANODE POTENTIAL = F1045)
PRINT 7
7 FORMAT{42H=~POTENTIALS AND FIFELDS ON PRESCRIBREDM CURVE)
‘READ 10sNNs(X(I)sY(I)sI=1sNN)
10 FORMAT(I5/(2F10e5))
PRINT 15
15 FORMAT(8H- X11Xs IHY9X s 3HPHIOX s 2HPY9X » 2HPX )
DO 40 J=1sNN
CALL INTPLTIX(J)sY{J)sPHI sPYPXs0UT)
IF(OUT)305930520
20 PRINT 25
25 FORMAT(35H=THIS POINT IS OUTSIDE THE BOUNDARY)
GO TO 40
30 PHI=PHI*ANODPT
PY=PY#ANODPT
PX=PX*ANODPT
PRINT 35sX({J)sY(J)sPHISPYsPX
35 FORMAT(5F12.5)
40 CONTINUE
RETURN"
END
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CINTPLT

C

~

i

NNANONAOON

£ o

o Wi

11
15

16
17

18

19
20

SUBROU%INE INTPLT(ZGIVEN;RGIVEN’VPOT,DVDRoDVDZoOUT)

11001514 ,

DIMENSION NT3(780)sUT3(780)sNT4(T780)sHT4(T780s4)sKTL(T80)sNT5(39092
1) sUMAT(3250) sM(4)sH(4s4) s VRI4L) sVZ(4) sV (&)
COMMONTC59C959NT39UT39NT4’HT49KT49NT5’NE39NE4’NE59NC$NR9KODBAS$
1DZ sDR s JOBPOT s NSW1 9 NSW2s TIMsUMAT

CALCULATES VsDV/DRsDV/DZsBYLINEAR INTERPOLATION AT ANY POINT(ZsR).
IF POINT 1S OUTSIDF THE REGIONsSETS(OUT)=1+0eSHOULD WORK FOR ANY
REGIONSs INCLUPDING THOSF WITH HOLESsPROVIDFD EITHFR(A)V [S SPECIFIED
EVERY WHERE ON THF BOUNDARY OR(R)DITTO EXCEPT THAT ON THE X-AXIS
(=2-AXIS)DV/DR=04ACCURACY OF DERIVATES IS LESS NEAR BOUNDARY.MAY
WORK FOR POINTS ON BOUNDARY.

IF(ZGIVEN) 11,47
OUT=140

RETURN:’

IF(RGIVEN)8+844
IF(KODBAS=20N)1s14
OUT=0. -

Z2=ABS {(ZGIVEN)

R=ABS (RGIVEN)

IL= INT (R/DR)Y+1

JL= INT (Z/DZ2)+1
IF(JL=NC) 2950550
IF(IL=NR) 3550450
IF(JL=JLP)6354+6
IF(IL=ILP)5+404+6
M{1)=(IL=-1)%NC+JL
M(2)=M(1)+1
M(4)=M(1)+NC
M(3)=M(4)+1

IND=1

NTOT=1,

PO 31 K=1s4

MM=M(K.)

DO 10 JJ=1sNES
IF(MM=NT5(JJs1))1051659
IFINT5(JJ92)=-MM)1Ns16516
CONTINUE
IF(NF4)30530511

DO 15 JJ=1sNE4
IF(NT4(JJ)=MM) 154518515
CONTINUE

GO TO 30

DO 17 'Ls1s4

H{KsL)=1en

GO TO 20

DO 19 L=1ls4

H(KsL)=HT4 (JJsL)
ML=MM=NC

MU=MM+NC

VR(K) =040 - 58 -

1209

1208
1210
1211
1212
1213
1214
1215 -
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225,
1226
1227

1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260



22 VRIK)={H(Ks4) % (UMAT (MI})=UMAT (MM) ) /H(Ks2)~H(Ks2) * (UMAT (ML) —=UMAT (MM)
1Y/H(Ks4) )/ ({H(K»2)+H{K 94) ) *DR)

23 VZ(K)={H(Ks3) ¥ (UMAT(MM+1)=UMAT(MM) ) /H(Ks1)-H(Ks1)*(UMAT (MM~ 1)-UNAT
1(MM))/H(K93)) /((H(Ks1)+H(K3))¥NDZ) :

30
31
40

50

51
52
53

54

55

61
70

62
71

63

72

64

IF(ML)23,23,22

NTOT=NTOT+IND

IND=2#IND

VIK)=UMAT (MM)

X1=R/DR=FLOAT (IL-1)

X2=2/DZ-FLOAT (JL-1)

GO TO(50951952952953950953954954951950953954+452+51951)¢NTOT
OUT=140

GO TO 99
XI=X1
ETA=Xx2"
K=1 :

GO TO 55
XI=1e0-X2 )
ETA=X1

K=2

GO TO 55
XI=140=X1
ETA=1e0=X2
K=3 B

‘GO TO 55

XI=X2

ETA=140-X1

K=4

Il1= MOD (Ke4)+1

I2= MOD (K+1ls94)+1

I3= MOD (K+2s+4)+1

GO TO(50961361962961950962963961962+50963962963963964) 9NTOT
IF(XI/H(KsI1)+ETA/H(KsK)=140)70970+50

DVDR=VR(K)

DVDZ=VZ (K)
VPOT—(V(IB)-V(K))*XI/H(KQIl)+(V(Il)-V(K))*ETA/H(KQK)+V(K)

GO TO 99 _
IF((H(I39K)—H(K9K))*(XI‘loO)-(ETA-H(I3’K)))50971971

DVDR= (14 0=XI)#VR(K)+XI#VR(13)

DVDZ=(1e0-XI)#VZ(K)+XI*VZ(I3)
VPOT=(V(I3)=V(K))*XI+(V(I1)=V(K))*ETA/H(KsK)+V(K)

GO T9D 99

Cl=1e0=H(I1s12)

C2=1,0-H(I3413)

IF(C1%#XI+C2*¥ETA-C1#C2)50972972 ’
DVDR-(VR(IZ)*VR(Il))*XI+(VR(IZ)-VR(I3))*ETA+VR(I3)+VR(Il)—VR(IZ)
DVDZ=(VZ(I2)=VZ(I1))*#XI+(VZ(I2)=VZ(T3))*ETA+VZ(I13)+VZ(I11)-VvZ(I2)
VPOT”(V(I?)-V(Il))*XI+(V(12)“V(13))*FTA+V(13)+V(11)~V(I?)

GO TO 99

C3=1,0-X1

. C4=1.0-ETA

Cl=C3*C4

C2=ETA*C3

C3=XI#ETA

C4=X1#Cq4 -5 -

1261

1262
1263
1264
1265
1266
1267
1268

1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288

1292

1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315



DVDR=VR(1)#C1+VR(2)¥C2+VR(3)#C3+VR(4)#C4 1316

DVDZ=VZ (1) #C1+VZ (2)¥C2+VZ(3) ¥C3+VZ(4) %Ch : 1317
VPOT=V{1) #C1+V(2) ¥C2+V (3)*C3+V(4)%C4 1318
99 IPL=IL: 1319
JPL=JL” 1320
IF(RGIVEN) 10051015101 1321
100 DVDR=-DVDR 1322
101 RETURN:" . ~ 1323

END . 1324
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CMAINS

C
~ C
C

[aXala!

10

15
16

20

21
22

25

26
30

35
100
101
102
103
104

SUBROUTINE MAINS

02007 S15

MAIN PROGRAMME FOR PLOTTING RESULTS OF 020067

COMMON - C59C95aNT3oUUT3aNTL o HT4sKTLsNTS s NE3 9 NELINESsNC 9NR
COMMON KBASsDXsDY s JORMUMINSWL aNSW2 s TIM o IMAT s XV YV NP s NVINXsNY

DIMENSION NT3(780)sUT3A(780)sNT4(TRO)sHTL(T78Ns4) sKTL(TRNO)INT5(39052
1)

DIMENSION UMAT(3250)sVIL15)sNPI15)sXV(20N915)sYVI200,15)

TAPES USED IN THIS

M= 3
N=7

PROGRAM

READ 100sV(1)sV(2)sV(3)sNVsNXsNY

NVR=NV=-3
IF(NVR) 79795

READ 101s (V(I+3)sI=1sNVR)

READ (Ns102)
NPIA=NR#*NC
READ (Ns103)
READ (Ns1n4)
READ (Ns105)
READ (Ny106)
IF(NV)26326+10

WRITE (Ms107)
NL=NV
IF(NV=6116916+15
NL=6

WRITE (Ms108)

JOBNUMsDXsDY sNR s NC

(UMAT(1)sI=1sNPIA)

NE3 sNE4INFESs (NT3(I)sUT3(I)sI=1sNE3)
(NTA4(T)Y s (HT4(T9J)sJ=1s4)sKT4(T)sI=1sNE4)
(NTS5(Is1)eNT5(Is2)sI=1sNF5)

CALL EQUPOTI(VeNVINPsXVsYV)

(VII)sI=1sNL)

CALL TABLE (XVsYVsNPyNL)

IFINV=6)26926+20

NL=NV =6

IF(NV=12)22,22,21

NL=6 .
WRITE (M,»108)

(VII+6)91=14NL)

CALL TABLE(XV(197)sYV(197)sNP(7)sNL)

IF(NV=12)26+26425

NL=NV~=12 .
WRITE (M»108)

(VII+12)sI=1sNL)

CALL TABLE (XV(1913)sYV(1s13)sNP(13)sNL)

PRINT 130

'END OF EQUIPOTENTIAL SECTION

FORMAT(29H=CLEMENTS OF POTFENTIAL MATRIX)
PRINT 354 (UMAT(1)slsT=1sNPTA)

FORMAT(4(F15484515))
FORMAT(3E15.69315)

FORMAT(3E15.6)

FORMAT(I11542E15e752115)

FORMAT(//(7E1547))
FORMAT(///3115///(165FE1547))
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/428
/429
/430
/431

/433
/434
/435

/441
/442

/7445

/450
/451

/7453
/454
/455

/457
/458
/459
/460
/461

/463
/464
/465

/467
/468
/469
/470

/7519
/7520
/7521
/522
/523



105

106
107
108

FORMAT(///(1694F1046516))

FORMAT(///7(216))

FORMAT(1H1930Xs15H EQUIPOTCNTIALS///)

FORMAT(///6(F13e697X)//)
" STOP

END

-.62.-

/524
/525
/526
/527



SUBROUTINE EQUPOT(VsNVsNPsXVsYV)

CEQUPOT

c

[aNaNa! NN

[aNaNa)

10

15

20
25

27

30

35

40
45

02007 S 12 :

COMMON DUMsNCsNRsKBASaDXsDY s INUMINSW L sNSW2 s TIV s UMAT
DIMENSION DUM(7025) sUUMAT(3250)sNP(15)sV(15)sXV(200+15)9YV(200+15)
DO 2 K=1sNV '
NP(K)=0

NRS=NR~-1

NCS=NC~1 -

DO 45:IR=1sNRS

DO 40 IC=2,4NCS

N=(IR=1)¥NC+IC

IF(ZEROIN(IRSIC) 14095940

CURRENT POINT IS IN
IF(ZEROIN(IRSIC+1))254910925
RIGHT~HAND POINT 1S IN

DO 20 K=1sNV
IF((VIKI=UMAT(N) ) # (UMAT(N+1)=-V(K)))20s15415
NP (K)=NP(K)+1 ’
I=NP (K)
YV(IsK)=FLOAT (IR-1)%*DY
XVIIsK)=(FLOAT (IC-1)+(V(K)=UMAT(N))/(UMAT(N+1)~UMAT(N)))#*DX
CONTINUE , :
IF(ZEROIN(IR+151C))40527940

POINT ABOVE IS IN

DO 35 K=1sNV
NN=N+NC
v IFCOVIK) =UMAT (N) ) # (UMAT(NN)=V(K) ) 135530930
NP(K)=NP(K)+]
I=NP(K)
XV(IsK)=FLOAT (IC=1)#*nX A
YVITeK)=(FLOAT (IR~1)+(V(K)=UMAT(N))/(UMAT(NN)=UMAT(N)))#DY
CONTINUE }

CONTINUE
CONTINUE
RE TURN
END
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/329

/328
/330
/331
/332
/333
/334
/335
/336
/337
/338
/339
/340
/341
/342
/343
/344
/345
/346
/347
/348
/349
/350

/353
/354
/355
/356
/357
/358
/359
/360
/361
/362

/365
/366
/367
/368
/369
/370



L FUNCTION ZEROIN (IsJ) : /372
- CZEROIN, '

C 02007 S13 , /371
.C ZEROIN 1S SET NONZFR” UNLESS POINT (IsJ) IS IN TABLE 4 OR 5. /373
" C © /374

COMMON C59C95,MTB,UTB,NT4,HT49KT4,NT5,NEBoNEéothpNCsNR : /375
DINENSION NT3(780)9UT3(780),NT4(780)9HT4(78094)aKT4(780)aNT5(390,2 - /376

: 1) ; . L7377
ZEROIN=0e0 A /378
NP=(1=1)%NC+J S : /379

DO 55 K=1,.NES . /380

. IF(NP=NT5(Ks1))6s70s5 /381

- 5 IF(NT5(Ks2)-NP)55470570 /382
55 CONTINUE » - /383
6 DO 66 K=1sNE4 ' /384
IF(NP=NT4(X))66s7Ns66 ‘ © /385

66 CONTINUE , /386
ZEROIN=1.0 /387

70 RETURN /388

END ' /389
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CTABLE

10

20

30

40

SUBRQUTINE TABLE (XsYsNPsNV)

02007 S14

DIMENSION X(200915)sY(200515)sNP(15)

DIMENSION BUF(12)
TAPES USED IN THIS PROGRAM
NOUT1= 3

NV MUST BE NOT GREATER THAN 6

N=NOUT1

L=0

L=L+1

M=0

NN=1

DO 65 J=1sNV
IF(L=NP{J))5+5+3
IF(J=1)653465
NN=2

GO TO 65

M=1

GO TO (10920930s4N95060)5J
BUF(1)=XI(LsJ)
BUF(2)=Y(LsJ)
NN=3

GO TO 65
BUF(3)=X(LyJ)
BUF (4)EY(LsJ)
NN=3" .

GO TO 65
BUF{5)=X(Ls3)
RUF(6)=Y(Ls3)
NN=3

GO TO 65
BUF(T7)=X(Ls4)

BUF(8)=Y(Ls4)

50

60

65
80
90
92
91

70
1nn

NN=3

GO TO 65
BUF(9)X=X(L¥5)
BUF(10)=Y(Ls5)
NN=3

GO TO 565
BUF(11)=X{(Lsb6)
BUF(12)=Y(Ls6)
NN=3

CONTINUE

GO TO (912480590) sNN
WRITE (N»100)
GO TO 91

WRITE (N»1000)
DO 92 I=1y12
BUF(IY=0e
IF(M)Lls70s1
RETURN
FORMAT(2NnX)

(BUF(1)sI=1412)

/391

/390
/392

/393

/394
/396
/397
/398
/399
/400
/401
/403

/404
/405

/407

/409

/411

/413

/415

/7417

/7418

/419
/420"



1000 -FORMAT{12F1045) . : | o S
END e | | | S w27
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IV. Solution of the First-Order Paraxial Ray Equation for a Sheet Beam

in a Uniform Magnetic Field.

In this chapter we shall be concerned with the motion of electrons
in electric and magnetic fields. The problem involves the solution of
the Lorentz force equation, Poisson's equation and the equation of con-
tinuity of current in a self-consistent manner. When certain symmetries
are assumed, one can solve these equations to obtain certain special
exact solutions. However, the designlof electron beams involves a num-
ber of competing factors and it is seldom possible to satisfy the
requirements of the beam with these special solutions. In general it
is desirable to use approximate methods in which the effects of the
various parameters may be studied and adjustments may be made on the beam
specifications. For thin laminar beams the paraxial ray eqnation6 is a
differential equation which satisfies all the equations of space-charge
flow approximately to first order in beam thickness. When the emission
velocity is zero, we can write the first order paraxial ray equation for
a sheet beam in & uniform magnetic field perpendicular to the plane of

the trajectories as

+
20 r" + 9 ‘v’ + (¢ 0 + ik 2(p +2kb~}2r]qr +nb2)r S S— (k.1)
0 0 0 00 0 0 o W\I;2ﬂ¢P
0o 0

where

9o = axial potential

r = half-thickness of the beam measured along the axis of the beam
kb = axial curvature

b = magnetic field

I = total current in the beam
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EO = dielectric constant of free space
n = charge to mass ratio of an electron
w = width of the beam in the direction of the magnetic field

The primes indicate differentiation with respect to the arc length s
along the axis of the beam. The sign of the beam half-thickness is
positive above the axis and negative below the axis. The curvature

.kO is taken to be positive if the center of curvature is reached by

: moving in the positive r direction from the axis, and negative otherwise.
The + sign must be chosen for the right hand side when r is positive and
vice versa. We refer to Fig. L. for an explanation of the symbols. 1In

this report we shall uée the following normalizations:

nd
s = ——XE§ ] (k.2)
EOwc
2
113)
o = —Lp 0 (1.3)
€0 “e

nbo

"

where J&kvis the cathode current density and wc

The normalized equation is

H-

+ /
0 2k0 2¢o + 1)R

2
114+ @ IR 12 o
_2¢0R QO R’ + (¢o + hko

jﬁi— (4.%)
N2,
where we have used the fact that

I= 2rkayk (k.5)

where Rk is the half-thickness at the cathode. The lower-case symbols
"refer to unnormalized values and the upper-case symbols refer to normal-

ized values.
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Positive curvature

@b
Beam edge

Beam edge
Cathode

Negative curvature

Fig. 4: Typical electron flow for generalized coordinates.
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The equation may be 80olved for one of the parameters ¢ _, R, K. when

0’ 0

the other two are specified. Therefore we have three different programs
to solve Eq. (L4.4).

A. Solution for axial and beam-edge potentials.

| When the shape of the beam is specified, we know R and KO as
functions of S. Then the paraxial ray equation may be solved forrthe

potential ¢o along the axis. Furthermore we can obtain the potentials

and fields along the beam edges. We have the relation:

2

® =0 +AR+AR (4.6)
The coefficients Al and A2 are given by:
A = ook +E, + 3k (1.7)
Va,
A=-l<¢”-z¢1<2-x~f2_¢7> (4.8)
2 2\ 0 oo 00

The input qQuentities are the axial curvature and the half-thickness
measured along the axis. Since the equation for ¢o is a second-order

differential equation we need initial conditions for ®_ end ¢ ./ at the

0 0
starting point of the solution. Integration is done by fourth-order
Adams-Moulton Predictor-Corrector method. A short description of the

program follows.

'Name of the Main Program: INPUTP

viSource Language: FORTRAN IV

Purpose: To calculate the potential along the axis and the ?otential
and fields along the beam edge using the paraxial ray equation

when the axial curvature and beam half-thickness are given.
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Comments: The second derivative of the beam half-thickness and the
curvature should be specified at equally spaced intervals along
the axis. The helf-thickness is found by numerical integration
involving a Taylor series expansion. The curvature is integrated
to obtain the slope of the axis. The beam half-thickness and
the slope of the axis are used to calculate the coordinates of
the points along the axis and the beam edge. If the code num-
ber is NCODE=0, only the parameters along the axis are deter-

mined and if NCODE=1l, the beam edge parameters are also calculated.

The following programs should be in the deck:

INPUTP (Main Program)

AXIS1

PARAXP

DERIV
:DTPO

INT

Comment: The subroutines DERIV, INTO, INT are common to both Sections

A, B and are listed only once at the end of Section A.

Explanation of input variables:

CARD

I Reads BCD(I), any comment of 78 columms or less in length to identify

the computer run.
II Reads L2,NN,NNN,NCODEL FORMAT (4110)
L2 An integer which subdivides the intervals DELS at which the
axial curveture (Cl) and second derivative of half-thickness

(R1) are given. (L2 = DELS/DS)

- 71 -



NN Maximum number of points spaced DS along the axis. (NN=(NNN-1)*I2+1)
NNN Number of points at which Rl and Cl are specified.
NCODE1 Equals "0" if only axial parameters are required.

Equals "1" if both axial and beam edge parameters are required.

III Reads RK,DELS,S1(1),S(1),THETA(1),PPSS(1),PPS(1),PP(1) FORMAT(8F10.5).

Vi

RK Cathode half-thickness.

DELS Interval at which the Rl and Cl are specified along the axis.

S1(1) Initial value of arc length along the axis,

s(1) Initial value of arc length along beam edge.

THETA{1) Angle between the tangent and the Y-axis at the starting
point of the axis.

PPSS(1) Initial value of the second derivative of the potential
(¢O”) on the axis. If not known, this may be set equal to
zero.

PPS(1) Initial value of the first derivative of the potential (¢0’).

PP(1) 1Initial value of potential (¢0).

Reads R(1),RS(1) FORMAT(2E15.8)

R(1) Initial value of beam half-thickness.

RS(1) Initial value of first derivative of beam half-thickness.

Reads YY(1),22(1),¥(1),Z(1)  FORMAT(4F10.5)

YY(1) Initial value of Y-coordinate of beam axis.

ZZ(1) 1Initial value of Z-coordinate of beam axis.

Y(1) Initial value of Y-coordinate of beam edge.

Z(1) Initial wvalue of Z-coordinate of beam edge.

Reads R1(I) (I = 1,NNN)  FORMAT(5E15.8)

R1(I) Second derivative (with respect to arc length) of beam

half-thickness.
-T2 -



L)

VII Reads CL(I) (I=1,NNN)

C1(I) Axial curvature.

FORMAT(5E15.8)
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FORTRAN IV PROGRAM INPUTP{INPUTsOQUTPUT) ‘
THIS 1S THE MAIN PROGRAM FOR CALCULATION OF POTENT]IAL ON THE AXIS
USING THE PARAXIAL RAY EQUATION
DOUBLE PRECISION DS
COMMON PHISOSsDSIDELSsNNNsNNsL2 sNCODE19519C19R195S9CsR9CO9RS
LRSS IPP sPPOIPPOLI THETASYY s ZLZ3sSsYsZsPsPSsPRIRK oL
DIMENOION 351(1Uu)sCl(10U)sRI(100)9s55(8UU)sC(B00)IR(800)sCS(800)
IRS(80UV)sROS(80V) sPP(BU0) s PPS(800)sPPSS(BOU)sTHETA(B80DO0) sYY(800) »
222(800)95(800)sY(800)9£4(800)9sP(800)sPSIB00)sPR(BOD
DIMENSION BCD(13)
READ 5+(BCD(I)sI=1913)
5 FORMAT(13A6)
PRINT 1Us(BCD(I)sl=1413)
10 FORMAT(1H1+13A6)
READ 15sL2sNNsNNNsNCODE1L
15 FORMAT(4110)
PRINT 16sL2sNNsNNNsNCODE1
16 FORMAT(16H=LZ = DELS/DS = l4+s50H NN = MAX NUMBER OF POINTS SPACED
XDS ALONG AXIS = I4/36H NNN = (TOTAL ARC LENGTH/DELS+ 1) = 14+10H N
XCODE1l = I4)
READ 2UsRKIDELS951 (1) 9sS5(1) s THETA(L) sPPOLS(1)sPPS(1)sPP( 1)
20 FORMAT(8F1045)
PRINT 21901(1)9s0(1)sTHETA(L1) sPPSS(1)sPPS(1)sPP(1)

21 FORMAT(1O0H= 59(1) = FlUe5s5XsTHS(1) = Fl0e595XsL1HTHETA(L) =
XF10e5/95X9LUHPPOO(L) = Fl0e595Xs9HPPS(L) = F10e595X98HPP(1) =
XF1l0e.5)

DS=DELS/FLOAT(L2)
PRINT 25sRKsDS
25 FORMAT(31H=RK = CATHODE HALF-THICKNESS = F542s54H DS
XCREMENTAL DISTANCE FOR INTEGRATION = D6e3) ‘
READ 3UVUsR(1)sRS(1)
30 FORMAT(2E15e8)
READ 355YY(1)92Z2(1)sY(1)s2(1)
35 FORMAT(4F10.5)
READ 40U (R1(J)sJ=1sNNN)
READ 4Us (C1(J)sJ=19NNN)
40 FORMAT(5E15.8)
C(1)=C1(1)
SS(1)=81(1)
RSS(1)=R1(1)
CALL AXIS1
CALL PARAXP
STOP
END

IN
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30

2V

31

32
34

21
22
23

24
35
36
40
5V

SUBROUTINE AXIsl

DOUBLE PRECISION DS

COMMON PHISSsDSsDELSsNNNsNNsL2 sNCODE19519C19R195S9C9R9CO>9RS
1RSS PP sPPOPPSOYTHETAIYY 9LLsSsYsZsPsPSsPRIRK L
DIMENSION S1(10V)sCl{10U)sR1(100)95S5(8BUU)sC(BOO)IRI(BOO)CS(8B0OO)
1RS(B0OULV) sROS(BUU) sPPIBCO) s PPS(B80U) sPPSS(BO0)sTHETA(B8O00)»YY(800) »
2LZ{80U) s5(8BUU) Y (BOU)sZ(8UV)IP(BOU)PSIBOO)sPR(BOO)
DIMENSION COST(800)sSINT(800)

COST(1)=COS(THETA(1))

SINT(1)=SIN(THETA(L1))

N1=NNN-1

N2=NNN-2

L3=2#%L2+1

DO 30 J=1sN1

S1(J+1)=51(J)+DELS

DO 35 J=19N2

RSSS=(R1(J+1)-R1(U))/DELS
Bl=(Cl(J+2)=2e%¥CLUJ+1)+CL(J))/ (2 e*DELSH¥2)
B2=(C1l(J+1)=Cl(J))/DELS~B1#(2.*%S1(J)+DELS)
B3=Cl(J)-B1#S1(J)*%2-B2%#S51(J)

DO 35 K=1slL2

I=K+L2%(J=-1)

SS(I+1)=55(1)+D5

RSS(I+1)=RSS(1)+RSSS*DS
RS(I+1)=RS(I)+RSS(])#DS+e¢5%RSSS#DS*#2
RUI+1)=R{I)+RO(I)*DS+e5¥RSS( ) ¥DS* %2
ClI)=B1%5S5(])#%¥2+B2%#SS(1)+B3

CS(1)=2.#B1%SS(I)+B2

THETA(L+1)=THETA(I)+B1# (SS(I+]1)*#3~SS(1)#%#3)/3,+B2%(SS([+1)+55(1))
X¥*¥DS/2.+B3%*DS

COST(I+1)=COS(THETA(I+1))

SINT(I+1)=SIN(THETA(I+]1))
COSTDS=(COST(I+1)=COST(1)) /DS
SINTDS=(SINT(I+1)=SINT(I)) /DS

YY(I+1)=sYY (L) +COST(I ) #DS+0e5#COSTDORPSH#H2
ZZ(1+1)=LZ(1)+SINT(I)*DS+0e5%SINTDSHDS##2
IF(NCODEL1-1)21+31,31

Y(I)=YY(I)=R{I)*SINT(])

Z(1)=ZZ(1)+R(I)*COST(])

IF(I=1)32932934

GO TO 35

DY=Y(I)=Y(I~1)

DZ=Z(I{—£(I-1)

DSS=SQRT(DY*#24DZ%#%2)

S(I)=S(I-1)+DSS

IF(J=N2)35422+35

IF(K=L2)35523,23

K=K+1 -

IF(K=L3)24+364+36

GO TO 20

CONTINUE

IF(NCODEL-114554054V

PRINT 50

FORMAT ( 8H- POTXHHTHETAGX s ZHYYBX 9 2HLLEBX s IHLYX s 1HY9X 9 1HZ )

PRINT bbs(bb(I)’THETA(I),YY(I)9AA(l)ah(l)vY(l),L(l)vlzloNNl)
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[

55

45
6V

65
70

FORMAT{7FL1045)
GO TO 7V

PRINT 60
FORMAT ( 8H~

PRINT 659(SS5(J)sTHETA(J)sYY(J)sZZ(J)sJ=15NN)

FORMAT(4F104e5)
RETURN
END

SSTX9sSHTHETA6Xs2HYY8X 9 2HZZ)
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SUBROUTINE PARAXP

THIS SUBROUTINE SOLVES THE PARAXIAL EWQUATION FOR AXIAL POTENTIAL
WHEN THE AXIAL CURVATURE AND BEAM THICKNESS ARE GIVEN AS FUNCTIONS
OF ARC LENGTH ALONG THE AXISe

DOUBLE PRECISION DSsTEMP

LOGICAL SWPR

EXTERNAL DERIV

DIMENSION ZV(2)9ZPRIME(2)sTEMP(2+8)

COMMON ~ PHISSsDSsDELSINNNsNNsL2sNCODE19S19C1sR195S9CsRsCSsRSs
1RSS PP sPPOsPPSSy THETASYY 942 9S59Ys2sPsPSsPRIRK s

DIMENSION S1(1UU)sCl(100)sR1(100)9S5S(8V0)sC(B00)R(800)CS(800)
IRS(BUV) sR55(BU0) sPP(BUV) s PPS(BUU) sPPSS(B0U) sTHETA(800) sYY(800) »
2ZZ(80V)95(8LUU) sY(8UU)sZL(8UV)IP(80U)IPSIB0D)sPRI(BOO)

MM=2

T=SS(1)

ZV(1)=PP (1)

ZV{(2)=PPS(1)

VV=SQRT(2.%PP (1))

B1=RK/VV/R(1)

B2=-2¢*PP(1)#RS5S(1)/R(1)

B3==PPS(1)#R5(1)/R(1)

Ba4zm=4e#C (] ) ##2%PP(])

BS5==2e%C(1)%#VV=-1e

PPSS(1)=8B1+B2+B3+B4+85

PHISS=PPSS5(1)

CALL INTU(MMsTsDERIVIZVIZPRIMEITEMPSDS)

PRINT 1094V(1)9ZV(2)9sZPRIME(1)+ZPRIME(2)

lU FORMAT( 9H=PP(1l) = F10e6914H PPS( 1) = Fl0e6914H PPS( 1) =
XFlO0e6915H PPSS( 1) = F1l0e6)
NN1=NN=1

DO 15 I=1sNN1
405 PP(I)?ZV(I)
PPS(I)=2V(2)
VV=SQRT(2+%PP(]))
B1=RK/VV/R(I)
B2==2¢#PP(]1)#RSS(I)/RI(1])
B3==PPS(I)#RS(I)/R(])
B4z==L4o#C(])*%2%PP (1)
BS5z=2¢#C(1)%¥VV—-]1,
PPSS(1)=Bl+B2+B3+B4+8%
PHISS=PPSS(1)
CALL INT(TsDERIVsZVsZPRIME s TEMP s SWPR)
IF(eNOT+SWPR) GO TO 405
PPSSS=(PPSS(I)-PPSS(1-1))/DS
Al=2,%PP(1)%C(I)+VV
A2==0e D% (PHISS-AL®*C(]1)~-81)
P{I)=PP(I)+AL1*¥R(I)+A2#R () 3#%*2
PRUI) =Al+42e%A2%R(1])
A51=20?PP(I)*CS(I)+20*C(I)*PPS(I)+PPS(I)/VV
pS(l):‘=Pp$(l)+A51*R(I)+A1*RS(I)+20*A2*R(I)*RS(I)“005*(PP555'C5(I)
X*Al‘C(I)*A$l+6l*RS(l)/R(l)+RK/R(I)*ppS(l)/VV**3)*R(I)**2

15 CONTINUE
PRINT 20

20 FORMAT(38HLIPARKAMETERS ALONG THE AXIS OF THE BEAM)
PRINT 25
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25 FURMAT(9H~- OS11Xs1HC12X92HCS11X9 1HRI2X92HRS11Xs3HRSS10X s
X2HPP11X s 3HPPS1UXs4HPPSS)
PRINT 309(55(1)9CUL)sCOIE)sRITIIRS(I)IROS(L) PP L) 9PPS(1)sPPSSLI)
XI=1sNN1)
30 FORMAT(9E1345)
IF(NCUDEL1=1)8VUs4094V
40 PRINT 45
45 FORMAT (49 1PARAMETERS ALONG THE RIGHT HAND EDGE OF THE BEAM)
PRINT 50
50 FORMAT (9H- S11XelHY12Xs1HZ12Xe1HP12Xs2HPS11X92HPR)
PRINT 559 (o(I)sY(I)esZ(I)sP(I)sPS(I)asPR{I)sI=1eNN1)
55 FORMAT(6E1345)
8U RETURN .
END
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SUBROUTINE DERIVI(TsZsZPRIME)

DIMENSION Z(2)+ZPRIME(2)
DOUBLE PRECISION DS
COMMON PHISS» I
ZPRIME(1)=2(2)
ZPRIME(2)=PHISS

BB=T

RETURN

END
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$

FORTRAN IV SUBRUUTINE INTO(NOsXsDERI sYsFyeTsHPRO)

COMMON /INTC/ IPMX9sAREF s EMAX3SSSReHFAC » SWAM s SWE X

COMMON /INTP/ HPRsXXsNsbULsELBsIP s IToNRKROS»SWIN

DIMENSION Y(1)sF(1)sT(8s1)

LOGICAL SWAMs OWEXsSWIN

INTEGER HFAC

DOUBLE PRECISION TsHPROsHPR s XX

DATA IPMXsAREF sEMAX9SSSReHFAC» SWAM 9 SWEX
/10249160916 0E=69100eU3s29¢TRUE 43¢ TRUE,/

HPR=HPRO
XX=DBLE (X)

N=NO

EUB=EMAX
ELB=EMAX/SSSR
IP=1

IT=V

NRKS=0

SWIN=SWEX

CALL DERI (XsYsF)
DO 9 I=1sN
T(5+1)=DBLE(Y(I))
CONTINUE

RETURN

END
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100

109

2V9

SUBRUUTINE INT(XsDEKI sYsFsTsSWPR
) .

COMMON /INTC/ IPMX9sAREF s EMAXsSSSReHFAC s OWAM s SWEX
COMMON /INTP/ HPRsXXsNsEUBSELBsIPsITsNKKSsSWIN

DIMENSION Y(1)sF(1)sT(8Bs1)

LOGICAL SWAMsSWEXsSWIN
LOGICAL SWPR

INTEGER HFAC

DOUBLE PRECISION TsHPRsXX

DOUBLE PRECISION Dt

FORMAT (36HU CANNOT LDLCRULASEL H BECAUSE OF HMINe 21PL16e89120)

CONTINUE

SWPR=4FALSE

TEST=04V

H=HPR/DBLE(FLOAT(IP%24))

IF ( (NRKS olLTe 3) eORe (eNCTe SWA‘VI)) GU TO 20

ADAMS=MOULTON STEP,.

CONT INUE

DO 109 I=1,sN

D=DBLE(F(1))

T(&4s1)=D

YUI)=SNGL(T(5s1)+H%(
25e0DURD=59e UDVHT (351 )43 7e000%#T(29])= 9e0DO*¥T(191) ))
CONTINUE

X=SNGL (XX+24 4UDO#H)

CALL DERI (XsYsF)

DO 119 I=1sN
D=DBLE(F(I1))
D=( T(5e1)+H*(
Fe0DU*D+19e0DU*T (451 )~ H,0DO*T(34])+ T(2s1) 1))
T(6+13)=D
E=ABS(SNGL(D)=Y(1))/14.0
TEST=AMAX1 (E/AMAX1 (AREF s ABS(SNGL(D)) ) sTEST)
CONTINUVE

GO TO 3Uu

ZONNEVELD STEP,.

CONTINUE

DO 209 I=1sN

D=DBLE(F(I))

T(4s1)=D

1

YCI)=SNGLIT({5s1)+H*(

12eUDU%*D ))
CONTINUE

X=SNGL(XX+12 e UDO#*H)

CALL DERI (XsYsF)

DO 219 I=1,N
D=DBLE(F(I))
T(6s1)=D

2
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ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
LAM
ZAM
ZAM
ZAM
ZAM
ZAM
LAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
LAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM
ZAM

26
27
28
29
30
31
32
33

35
36
by
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

70
71
72
73
14
75
76
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78
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C
C

219

229

239

249

300

3u5

309

Y{I)=SNGL(T(bs)+H¥*(

X 12.000%D »)

CONTINUE
CALL DERI (XsYsF)

DO 229 1=1sN

D=DBLE(F(I))

T(7+1¥=D

3

Y(CI)=SNGL(T(591)+H*(

240DUH*D )}
CONTINUE

X=SNOL(XX+24 4UDO¥#H)
CALL DERI (XsYsF)

DO 239 I=1sN

D=DBLE(F(I))

T(8s1)=D

4

Y{I)=SNGL(T(S5s1)+H¥*(

3¢ 7500 T 491 ) 4502500 T(69]1)49eT7500%¥T(79[)=0e75D0%D 1))
CONTINUE

X=SNOL(XX+13 ¢ UDU*H)
CALL DERI (XsYsF)

DO 249 I=1sN

D=DBLE(F(1))

E=ABS(SNGL (H#*(

=166 VDU¥T (49 )+48e0D0*T (691 )+48e0D0%T( 79l )+48e DO*¥T(891)
~12840D0%D )))

5 .

D=( T(591)+H*(

4e0DURT (4 9] )+ BeUDURT(69])+ BaUDOHT(T79I)+ 460DO*T(8s1)
})

T(6+1)=D

TEST=AMAXL(E/AMAXL(AREFsABSIONGLID)) ) sTEST)

CONTINUE

BOTH ADAMS—MUULTON AND ZUNNEVELD METHOUS CONTINUE FROM HERLEe

. CONTINUE
X=SNGL (XX+24 ¢ 0UDU¥*H)
IF (TEST .LEe. EUB) GO TO 310
IF (IP#HFAC «GTe IPMX) GU TO 309

REPEAT OSTEP WITH SMALLER He
NRKS=u

IP=IP#HFAC

IT=IT#HFAC

DO 305 I=1sN
Y(I)=SNGL(T(b5s1))
F{I)=SNGL(T(&s1))

CONTINUE

GO TO0 1

CANNOT DECREASE H BECAUSE OF HMINe.
CONTINUE

IF (4NOTe. SWIN) GO TO 310

PRINT 60UUUs XsIPMX
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aNaNaNaNa¥a¥ala)

N

310

319

339

SWIN=eFALSE»

CONTINUE

ACCEPT CURRENT STEP.

XX STILL HAS NOT GELN CHANGLD SINCE ENTKY.

YYIXX) IO STILL IN T(5s ),
FOYY) IO IN T(4s )

IT=1T+1
XX=XX+HPR/DBLE(FLOAT(IP))
NRKS=MINU (NRKS+194)

DO 319 I=1sN

D=T(6s])

T{(5+1)=D

Y(I)=SNGL (D)

CONTINUE

X=SNGL ( XX)
CALL DERI (XsYsfF) .
IF (IT «LTe IP) GO TO 320

X IS A MULTIPLE OF HPRINT.
SWPR=+TRUE
IT=1T-1P

CONTINUE
IF (TEST +GEe ELB) GO TO 330

I[F (MODUIPsHFAC)+MOD(ITsHFAC) oNEe 0) WU TO 33

PROCEEDL TU NEXT STEP WITH LAKGLR Hs USING LZUNNEVELD METHUD e

NRKS=0
IP=IP/HFAC
IT=1T/HFAC
RETURN

PROCEED TO NEXT STEP WITH SAME He
CONTINUE

DO 339 I=1sN

T(1s1)=T(251)

T(241)=T(351)

T(3e1)=Tl4s1])

CONTINUE

RETURN

"END
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‘B, Solution for beam thickness
When the shape of the axis is determined by specifying the curvature

KO of the axis, and the potential ®_  is specified along the axis, the

0
paraxial ray equation (4.4) may be solved for the beam half-thickness R.
The convention of signs is the same as in section A. The initial con-

ditions R and R/ at the starting point must be specified. A short

description of the program follows.

Name of the Program: INPUTR
Source Language: FORTRAN IV
Purpose: To calculate the beam half-width using the paraxial ray equation
when the axial potential and the axial curvature are specified.
Comments: The second derivative (with respect to arc length) of the axial
potential and the axial curvature should be specified at
equally spaced intervals of arc length along the axis. The
axial potential is.fbund by integration. The curvature is
integrated to obtain the slope of the axis and hence the co-
ordinates of the points along the axis.
'Thé following programs should be in the deck.
INPUTR "(Main Program)
| PARAXR
DERIV
- INTO

INT

Explanation of the input variables:
. CARD
I Reads BCD(I), any comment of 78 columns or less in length to identify

the computer run.
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II

IIT

Iv

VI

Reads L2,NN,NNN FORMAT(3110)

L2 An integer which subdivides the intervals DELS at which the
axial potential and axial curvature are given. (L2=DELS/DS).

NN Maximum number of points spaced DS along the axis
(NN=(NNN-1)*L2+1) ,

NNN Number of points at which second derivative of axial poten-
tial (P1) and axial curvature (Cl) are specified.

Reads RK,DELS,S1(1),THETA(1),RS(1),R(1) FORMAT(6F10.5)

RK Cathode half-thickness,

DELS Intervals at ﬁhich Pl and Cl are specified.

S1(1) Initial value of the arc length along the axis.

THETA(1) Angle between the tangent and the Y-axis at the starting
point of the axis.

RS(1) Initial value of the first derivative of the beam half-thick-
ness.

R(1) 1Initial value of half-thickness.

Reads PPS(1),PP(1) FORMAT(2E15.8)

PPS(1) Initial value of the first derivative of axial potential
(¢O/).

PP(1) Initial value of axial potential (¢O).

Reads P1(J) (J=1,NNN) FORMAT (5E15.8)

P1(J) Values of second derivative of axial potential.

Reads C1(J)  (J=1,NNN) FORMAT (5E15.8)

C1(J) Values of axial curvature.
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DATA CARDS

I I T I | |
Column Number - : 1Io_ 210 3|o ljo 5|o 7;3
Se gﬁ:ﬁ ce Format Variables
1 1346 Any comment occupying less than 78 columns
2 3110 12 NK| NNN|
3 6F10.5 | Rk | DELS si(1) |mEETA(1) | RS(1) R(L)
by 5E15.8 PL(1) PL(2) FL(3) PL(k) PL(5)
PL6) | ceeevevenecochonceens
5 S5E15.8 || Cc1(1) c1(2) c1(3) c1(4) c1(5)
c1(6) Chetescececns L.




aNaNa

5
10
15

16

20

25

27

30

FORTRAN IV PROGRAM INPUTR({INPUTsOUTPUT)

THIS IS THe MAIN PRUGRAM FUR CALCULATIuUn UF SBLAM HALF=THICKNESS
FROM THE PARAALAL RAY EWUATION ULING AXLIAL PUTENTIAL AND AXLAL
CURVATURE

DOUBLE PRECISION DS

COMMON RROOSIDISDELSINNNINNILZ29OL9CloP1l9059CrRICSIRSIRSSsPP9PPS
XPPSSesTHETA»YY 9lls5sYsZ sRK

DIMENOSION 51(108v)sCll1UU)sPL{1UU)55(8Buu)sCIB8UD)IR(800)sCoOLE00) s
1RS(80u) sROS5(80OV) sPP(B0V)sPPS(8U0) sPPSS(B0U)sTHETA(B800) sYY(B00O) »
2ZZ2(8BOV) 958UV ) sY(8UU)$Z(3V0)

OIMENSION 8CD(13)

READ S5»(BCDI(I)sI=1913)

FORMAT(13A6)

PRINT 10s(BCD(I)sI=1s13)

FORMAT(1H1913A6)

READ 159¢L.2 9NN sNNN

FORMAT(311v)

PRINT 16sL2sNNsNNN

FORMAT (Lor-L2 = DELS/DS = 1495UH NN = MAX NUMBER OF POINTO SPACED

XDS ALUNG AX15 = [4/36k NNN = (TOTAL ARC LENGTH/DELS+ 1) = 14)
READ 20sRKsDELS9S1(1) s THETA(1)sRS(1)sR(1)

FORMAT(6F1045)

DS=DELS/FLOAT(L2)

PRINT 259RKsDS

FORMAT{31H=KK = CATHODE HALF=THICKNESS = Fbe2s54H DS
XCREMENTAL DISTANCE FOR INTEGRATION = D10e4)

READ 27sPPS(1)sPP(1)

FORMAT(2E1548)

READ 3Us(P1(J)sJ=1sNNN)

READ 30 (C1(J)9sJ=19NNN)

FORMAT(5E15.8)

ctly=C1(l)

SS(1)=511(1)

CALL PARAXR

STOP

END

L
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30

35

SUBROUTINE PARAXR
THIS SUBRUUTINE SOLVES PARAXIAL RAY EWUATION FOR BEAM HALF
THICKNESS AND ALSO CALCULATES THE COORDIANTES OF THE AXIS AND
BEAM EDGE
DOUBLE PRECISION DSsTEMP
LOGICAL SWPR
EXTERNAL DERIV
COMMON RRSSSDSIDELSINNNINN9L29519C1oP19559CaRICSIRSIRSSIPPSPPS
XPPSSyTHETA»YY sZL9sSeY s/ sRK
DIMENSION S51(10u)sCl(10U)sP1(10U)s55(8UL)sCLBULO)YIR(BOO)ICO(BOO) S
IRS{BOU) sROS(BUUV) sPPLBUU) s PPSIBUU) s PPLSSLEOV) s THETA(EO0) sYY(800) »
22Z(80U)s5(8U0) 9 Y (BUU)»Z(LEUD)
DIMENSION COSTIBUOL)sSINT(800)
DIMENSION ZV(2)sZPRIME(2)sTEMP(892)
COST(1)=COS(THETA(1))
SINT(1)=SIN(THETA(1))
N1=NNN-1
DO 30 J=1sNl
S1(J+1)=S1(J}+DELS
N2=NNN-=2
N3=NN-L2-1
PPSS(1)=P1(1)
DO 35 J=1sN2
PSSS=(P1(J+1)-P1(J))/DELS
Bl={Cl(J+2)=2e#CLl(J+1)+CL1(J) )/ {2 %¥DELSH*¥2)
B2=(C1(J+L)=Cl(J))/DELS=BL#(Ze¥S1(J)+DELS)
B3=Cl(J)=B1#S1(JI*##2-B32%85]1(J)
DO 35 K=1»sL2 '
[=K+L2%(J-1)
SS(I+1)=5S(1)+DS
Cll)=pl*55([)##24+32#5S(1)+83
CS(1)=2e#B1¥SS(I1)+B2
PPSS(1f1)=PPSS(I)+PSSS*D$
PPS(I+1)=PPS{])+PPSS(1)#¥DS+¢5%PSSS*#DS#*#2
PPUL+1)=PP L) +PPS( 1) #DS+e H#PPOS( 1) #DS#H

THETA(L+1)=THtTA(I)+Bl*(ob(I+l)**3-b$(I)**B)/B;fBZ*(bS(I+l)+ﬁb(l))
X#DS/24+B3#DS

COST(I+1)=COS(THETA(I+1))
SINT(I+1)=SIN(THETA(I+1))
COSTDS=(COST(I+1)-COST(I1)) /DS
SINTDS=(SINT(I+1)=-SINT(I)) /DS
YY(I+1)=YY(I)+COST(I)#DS+045%COSTDSHDSH#%#2
LZUI+1Y=LLUT)+SINT(I)#DS+05%#SINTDS*DS*%2
MM=2

T=55(1)

ZV{1)=RI(1)

ZV(2)=RS(1)

VV=SQRT(2+%PP(1))

F1=RK/VV

F2==PPS(1)%#RS(1)

F3==(PPOO (L) +4e¥C(1)*%2%¥PP (1 )+2e#C(1)*VV+1e)*R(1)
RSS(1)=(F1+F2+F3)/(2.#PP (1))

RRSS5=Rouo( 1)

CALL INTU(MMs T 9DERIVIZVZPRIME s TEMP2DS)
PRINT 4094VI(1)s4V(2)sZPRIME(]L)sZPRIME(2)
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40 FORMAT (8H=R(1) = FlOe6913H R5(1) = Fl0e6912H RS(1) =
XFlUe6913H R55(1) = F10e6)
DO 45 I=1sN3
I=1
405 R(1)=2VvI(])
RS(I1)=2v(2)
VV=SQRT(2+%PP(1))
Fl=RK/VV
F2==-PPS(I)#RS5(1)
F3==(PPSO(I)+4e%C(I)#%2%PP (1 )42 *C(I)*¥VV+1e)*R( 1)
RSSUIN=(F1+F2+F3)/(2.%PP(1))
RRSS=RS5(1)
CALL INT(TsDERIVsZVsZPRIME s TEMP » SWPR)
IF(«NOTe5WPR) GO TO 405
YCI)=YY(I)=R(I)*SINT(])
Z(I)=ZZ(1)Y+R(I)*COST(1)
45 CONTINUE
PRINT 5u
50 FORMAT(8H- OOTXsSHTHETAGX s 2HYYEX 9 2HLLEX 9 1HYYX 9 1HZOX 9 IHRYX »
X2HPP8Xs1HC)
PRINT 559 (0501 ) s THETACI s YY (L) 9ZZCL)aYUL) ol (I)sR(L)sPP(i)sC(I)s
XI=1sN3)
55 FORMAT(8F1l0e59E1244)
PRINT 60
60 FORMAT (9H1 OSLLIXs2HPPYX s 3HPPLEX 9 4HPPSS I X9 1HRI1IX92HRS 10X
X3HRSS)
PRINT 65’(bb(1)0PP(I)9PPD(I)9PP55(I)’R‘l)st(I)9Rbb(1)’l=l,N3)
65 FORMAT(7El1244)
RETURN
ENO
SUBROUTINE DERIV{(TsZsZPRIME)
DIMENSION Z(2)¢ZPRIME(2)
DOUBLE PRECISION DS
COMMON PHISSsI
ZPRIME(Y)=Z(2)
ZPRIME(2)=PHISS
BB=T
RETURN
END
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C, Solution for axial curvature

When the beam half-thickness R and the axial potential ¢

Oe.re

specified, the shape of the axis (i.e., the curvature of the axis) may

be determined from the paraxial ray equation (4.h4). The resulting

equation is a simple quedratic equation in KO and when it is real, it

represents a real solution. A short description of the program follows.

Name of the Main Program: CURVC

Source Language: FORTRAN IV

Purpose:

Comments:

To calculate the axial curvature from the paraxial ray equation
when the axial potential and the beam half-thickness are given
as functions of arc length along the axis.

The second derivative of the axial potential and beam half-
thickness (with respect to arc length) should be given at
equally spaced points along the axis. The initial values of
potential and thickness and their first derivatives are also
given, and potential and thickness are found as a function of
arc length by numerical integration. The equation for the -

axial curvature is & quadratic equation and is easily solved.

The following programs should be in the deck:

CURVC (Main Program)

PARAXC

All the input quantities are read in the main program.

Explanation of the input variables:

CARD

I Reads BCD(I), any comment of 78 columns or less in length to

identify the computer run.
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II

III

Reads L1,L,N FORMAT(3I5)

L1 Number of initial point on axis. It must be greater than 1.
L  Number which relates 'DS' as a fraction of 'DELS', L=DELS/DS.
N Number of points spaced 'DELS' along axis.

Reads RS(L2),R(L2),PPS(L2),PP(L2) FORMAT (4E15.8)

NOIE: The numbers L2 and Ll both refer to the same point on the
axis. Ll is the initial value for the numbering of points spaced
'DELS,' and L2 is the initial value for the numbering of points
spaced 'DS.' Input is specified at intervals of 'DELS' while
integration is done and output is given at intervals of 'DS.' Ll
and L2 are related by the formula L2=1+L*(Ll-1).

RS(L2) 1Initial value of g%

R(L2) Initial value of gé beam half-thickness

PPS(L2) Initial value of §§9’

PP(L2) Initial value of ¢., beam potential on the axis

O’
Reads RK,DS,SS(L2),YY(L2),22(L2),THETA(L2),C(IX) FORMAT(7F10.5)

RK Cathode half-thickness.
DS Incremental distance along axis for integration and for out-
put.

SS(L2) Initial value of arc length along beam axis.

YY(L2) Initial value of y-coordinate of beam axis.

ZZ(L2) Initial value of z-coordinates of beam axis.

THETA(L2) Angle (in radians) beam axis mskes with y-axis.

C(ILX) Curvature of axis at the point ILX=L2-1, which correéponds to

the value of arc length SS(L2)-1.
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VI

Reads RSS1(J), J=L1,N (five numbers per card)

2
RSS1(J) Values of Q-E'spaced DELS along axis.

d3s?
Reads PSS1(J), J L1,N (five numbers per card)
2
PSS1(J) Values of §——% spaced DELS along axis
o8
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= SURROUTINE PARAYC
LNIMENSTON PGa1(20n)sPPSC(0AN) PPG(aNN) PP (OAN) JRECT (2AN) 4R (9AN) s
TRS(ONNY GRIONNY VY (ONNY 4,77 (ANNY 4 (QNANY 4T (0ARY A TMIOANY) 4 ~OST (0NN,
PSINTIONNY) s THETA( QAN Yy qa8 (NN
T COMMON LisLoetL oilgL¥sPcST4Rac4PPcS PPR,PP,RaS, RCaReYY977+CosCSo
1THFETASRK NS 4SS
;COGT(L?):COS(THETA(La))
FSINT(L2)=SIN(THFTA(L?))
SYY(L2-1)=YY(L2)=CORT(L2)#Da
CZ72(L2=1)=77(L2)=SINT(LD)*¥De
PPac(LL?)=Psc1 (L)
Req(L?2)=R391(L1)
NELS=NS*¥FLOAT (L)Y
N1=N-1
T ONN=L2+L# (N=-L1)
‘NN1=NN“1
DO 28 J=L1.N\1
RSSS=(RSS1(J+1)=Reg1(J))/DFLS
Pses=(PsS1(J+1)=-Pec1(J)) /NFLS
N0 28 11=1,L
s T=T14b3t(J=1)
S SS(T+1)=SS((T)Y+NS
o RSS(T+1)=RSS(T1)+Re5S*NS
"PPSS(I+1)=PPsS(I)Y+PSge#Da
"RS(I+1)=RS(IV)+RSS(T)*¥NQ+NdBHRGCQ#NGHH*
PPS{I+1)=PPS(I)+PPS( 11 #NS+NR*PcggRN#H)
_ TRIT+I)=RITIV4HRS (T %NS+Na*ReES(T ) *NC* %2
28" PP(I+1)=PP(1)+PPg(T)#Na+n,a¥PPca(l)#Na*#ts
DO 4n I=L2 4NN
VV=SQRT(2.¥PP (1))
Gl=44,%PP (1)
G?=?o*VV
GAz2 ¥PP (L) *RSS(I) /R(II+PPa(I)*RS(T) /R(I)+]1e=RK/ (R(I)*uy)+PPaS(1)
Gu=G2*G?
LYW 2ch R Ik
TIF(GL—GSY4340L2 4472
42 A1) =(=A24+SQART(A4=RE) ) /(D #R])
S CIM(T)=0.
. GO TO 428
43 C(1)==G2/(2.%#G1)
S CIM(1)=SQRT(GS —GQ)/(?.*GT)
425 CS(T)=(C{IVY=C(T=1))/DR
THETA(TH+1) =THFTA(T 1+ (T)*Na4n, 5 g (T *NCQikk)
CCFOSTIT+1)=COS(THETA(T4+1))
SINT(T+1)=SIN(THFTA(T4+1))
COSTNS=(CcOST(T+1)~COST(T)) /NS
SINTDS=(SINT(I+1)=SINT(I)) /NS
YY(I4+1)=YY(I)+COST(T)I%NS+NS*COSTNSHNGH*¥*D
2ZU14+1)=22Z (1) +SINT(TIY#DNS 4N RECINTD QRN GH*¥*D
40 CONTINUE
PRINT 445 o
445 SORMAT(TH1 GS21X 9 1HR 414X ¢ 2HRQ 414X 43HIRCC 4 13¥% 4 27HPP 412y 43HPPg,11X,
X4HPP<SS) ,
PRINT 460, (SS(T)4R(T)4Ra(T),Rec(T)PP(11,PPa(]),PPac(1),1=L2,4NN)
450 FORMAT(FB.24F274445C15,,4)
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“PRINT 455 - :
458, FORMAT(102H1 IF IMAGINARY C Is NOT 7ERO, THEN <OLUITION NOT PHYSICA
‘XLe CIRVATHRE SET SQUAL TO REAL PART OF SOLUTION)
LPRINT a8 _ :
45 FORMAT(OH— = 'SS11X,6HC RFAL7X,11HC IMAGINARYRYX,SHTHETALNX,
T 12HYY13Xs2HZZ13Xs IHR14X 4 2HPP)
. PRINT 50 (SSUT)srt Ty s TMIT Y 3THETALTYoYY(TY9ZZ(TVeR(TY4PP(T)s1=L2,
TNN1) ' '
- 80 FORMAT(8F15.6)
RETURN
c FND
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