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MATRIX ELEMENTS BY TRACKING CHARGED PARTICLES IN A
- SPECIFIED MAGNETIC FIELD
Elon R. Close
Lawrence Radiation Laboratory
University of California

Berkeley, California 94720

May 12, 1970

ABSTRACT

A CDC 6600, FORTRAN IV program SOTRM is described.

SOTRM generates first and second order transformation elements
by integrating numerically through a specified magnetic field. It

- can also be used for ray tracing. Data input is described and an

villustra,tivé example is presented. The results obtained can be

used in a matrix beam transport program.
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I, INTRODUCTION
Program SOTRM is a CDC 6600, FORTRAN IV program that generates first

and second order transformation elements by integrating numerically

through a specified magnetic field a specific set'of rays which are then

used in ah appropriate elimination scheme [1]. Tt can also ray trace up -

to 30 néarby rays while integrating for the central orbit. For the purpose
of evalﬁétihg the significance of the generated elements, it has the ability
fo apply a previously generated set of éiements to the initiél conditions

of the nearby rays currently being obtained by integration and thus

compare the integrated values of the solution with those obtained. by
applying'the transformation,

ThisApfogram éonsists of a number of subroutinesvahd should be easily
adaptable to various physical préblems. We shall éive in the following
sections brief deécriptions of these routines fhat should help in under-
standiﬁg the program and its subroutines, an explanation of the necessary

data input, and a simple test example. It 1s assumed that the reader is

familiar with the development given in [1]; havever, the program is easy

to use and if the 'black box' approach is taken, it should be possible to
set up problems and run the program without consulting [1].

Thé necessary data input is given in Table ITII, sample test data
is given in Table IV, the resultant output in Table V, ahd the program

listing in Table VI.
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II. PROGRAM AND SUBPROGRAM DESCRIPTIONS

The main program is
PROGRAM SOTRM( INPUT., OUTPUT, TAPEL )

and it is a driving program for subTOutine SOTRM1 which actually generates
thé desifed.guantitiesf The sole purpose of SOTRM'is to input data that
is usea in SOTRMlAénd:fo:éail and execute that éUbroutine under user
control. If it .is desired to incorporate SOTRML into some user written.
prégfém, then SOTRM méy 5e discarded.

The main”program;is'built in the style:
control:% réad; iivcontrol= -1 then STCP else

1§_control=1.ﬁhen

begin comment whatever happens[When contrbl:l. See the input'section;

end else

 if control=2 then

begin whatevef,happens when control#Q;

end else

The main program'is, essentially, described by the data input so we

shall describe it no further here.

SUBROUTINE SOTRML( S¢l,%1,P1,V,W,PR,PI)

R |
REAL Sg¢1,21(1),P1(1),V(5,5),W(5,5,5),PR(1)
TNTEGER PI(1) |

This subroutjne'generates-a.first order matrix V, and a second order matrix W.

~
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It can aleo ray trace one reference ray.and up to 30inearbyvrnys.l Allee
necessarynnalues>afe“supplied and returned in tne ergument liet; the
variables‘annearing .thefe are descfibed in Tanle I. |

Tnere are a nﬁﬁber of labled commonsvin'SOTRMi_that-are_used for
commnnicafing witn the.subprograms and‘thei} names and associated variables,~
are given‘in Table II. | |

Once it sets all the initial condltlons, SOTRND is ba51ca11y a calllng
routine for the 1ntegratlon routines. Presently, the Lawrence Radlatlon
Laboratory'library routine ZAM [2] is used to carry out this integration.
The inﬁegration 1eop will be executed until the éiogram isvshutwdff; The |
three variables in the commnn block LIMIT allow the nser to cdntrlethis |
Shut.off; ‘The integration loep is exited from and the final values
celculatea'whenever Sg = SﬂMAX or the number of.passes through.the loop
is greater.ihan MAX. Thus, any criteria can Be used to delimit the
integretion'range and then one of the &ariables in LIMIT may be used to
actually exit from the loop.

The actien taken with regard to matrix generation and érintout while
integrating will depend on the valuee of the Variabies appearing in the
integer parameter vector Pi These are explalned in the sectlor glv1ng
the data 1npuL to the dr1v1ng program SOTRM

SOTRML is built so that upon entry, the values in 3¢, z1, Pl are the
initial values and uponiexit, all arguments have fheir final value. In
general, succeseive calls fo:SQTRNﬂ will generate cumulative resnlts valid.
over the range of a parﬁicular cail. The exact effect can be ascertained
by consulting Table I. |

Subroutines ZINIT and ZFINAL are used to establish respectively the
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initial values of the solution véctor upon entry.into SOTRMI and the
current, or final, vaiues_of the solutibn vector corresponding to S§, or
‘to S¢1 upon exit from SOTRMI.- It should be remembered that the nearby rayé
have coordinates (dxj, 8601, x5, 36, 8P/P) external to SOTRMI, but we are
integrating (6x1, 5P, Bxp, 8Eé), thus thesé two routines perform the
recessary transformations.

Subroutine SF generates second order elements using'eifher éqpation (20)
or equationﬂ(21) of [1]. The initial values chosen for this elimination
are as given in subroutine SETZ which actually sets the initial conditions
whenAgénerating matrix elements. This subroutine uses the values (A(1),
A(5)) locéted in common YAFS. If we use the dimension less coordinates
(3%1 /o, 591,'8x2/p, 805, ®P/P,) where p is the radius of curvature of the
reference particle, then for a uniform field, we have an optimum choice of
(.01, .1,‘ .01, .1, .0001) for the value of the vector A.

Sﬁbroutine FIELD is expected to set fhe magnetic field values in the
common block FIELD corieSponding to the current value of the integration
'variable Sﬁ. The units are MKS. |

Subroutine GAUSS ﬁakes a position vector R corresponding to S@ and
re turns the value in gauss of the three field components gy, 8p, 3. For
the reference particle, these are in the global coordinéte system; for
E the nearby particle, they are in the local coordinate system; that is,
the moving trihedral.

Subroutine FUNC(S@,Z,F) evaluates the fight hand side of the dif-
ferential equation DZ = F(Z(s@)). See [1], equations (2) and (10).

The purpose of the remaining subroutines used in SOTRML can be

ascertained from the program source listing. In practice, it should be

rt
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'possible to treat a variety of cases by making appfopriate changes to the
two field routines FIELD add GAUSS. The integration routines can be -

changed by substituting another integration package for ZAM [2].

§
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. ITI. PROGRAM CONTROL AND DATA INPUT FOR SOTRM

PROGRAM SOTRM ( INPUT.,OUTPUT ;TAPE] )

This'pfogram'drives SOTRMl and can be used to ray trace or to generaté

e

transfer matrix elements or a combination of these tasks.
| The program is controlled by inputing a quantity S that determines
what thé program will do.  In Table IIT are giveﬁ the valués of S and thé
correSpondingvcard, or cards, read’and the action taken; S =-1.0 |
‘stops the program andvs = 99.0 calls the subroutine SOTRMI .
'Thé program always réads S and after executing the selécted section
- it wili again read S. Thus, one can.-do as mahy cases as desired.. Sche-

matically, we have

I1: S 1= read; - :
execute the appropriate section;

go to I1;

A few coﬁmentsvabout SOTRMI are in order here. The vector Z.contéins
the values of fhe solution'corresponding to S@. Before calling SOTRMI ,
S = 99,'£hé user must bevsure that these values are properly set. Upon
exit from SOTRMl, the values in Z will correspond to the.value of 8¢ which .
existed at the time of exit. Thus; two consecutive calls to SOTRMI will
be cumulétive unless the user resets the values in the Z vector. 'Ihis
fe ature, while'possibly aﬁnoying in some cases, allows one to.have séme
control when iﬁtegrating through a series of elements.
However, when generating matrix elements, the subfoutine SETZ will

store the perturbations in Z upon each entry into SOTRMI. Thus, the
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'generatlon.ef the matrlces is not cumulatlve, 5ut correspond 1nstead to.
- the range of integration within one call to SOTRMH . The final value

of the solution vector used to generate the matrlx elements does, however;f
res1de in Z upon exit from SOTRML.. . The 1nit1al values used to start the
1ntegrat10n loop in SOTRML are stored in the common block ZSAVE, should ,‘.
they be desired. When checking the 1ntegrated values agalnst those B

obtained from the generated transformation elements,.subroutine APTRAN |

applies the transformation to the values in ZSAVE..
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JIV. SAMPLE- DATA INPUT AND CORRESPONDING OUTFUT -

To iliustrate the program data input and output, we use as an example
a 51@.72 MeV proton reference particle which moves in a circle in a uniform
._field of one meter.  The data for these examples are given in Tabie Iv.

B Ih Example'l, we generate a transfer matrix cbrresponding to a #50
_benq. Example 2 traces a reference fay and two ﬁearby rays ‘through a M5O
vbgnd. .Exémple 3 generates a_matrix.correspond to a'MSO bend, saves the
matrix and subseqpently_applies it to three nearby'réys to Check against
the integrated values. 'The output of the program SOTRM for theée three
examples is presented in Table V. |

In Example 3, the values ZTRAN represent the values (6XI, 801, SXQz
86, SP/P) obtained by applying the transformation to the initial values.
Whereés; ZSOLN gives the values obtained by integration. In the first
case,'the'SOlution was used to obtain the transformation, thus the. two
columné‘afe essentially identical. However, the next pass applies the

transformation to an arbifrary nearby ray and the results are seen to be

somewhat different which is, of course, expected.

'
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Table I

SOTRMI Argument List
Comment
The intial value of the independent variable at the time

SOTRMI is called. The final value of the independent

variable upon exit from SOTRMI.

This vector contains the values of the coordinates of the
reférence ray and the nearby rays corresponding to the
value of Sgl updn entry and exit. It is the same as Z
in SOTRM and musf be set as ihdicated on the card CL
input to SOTRM. Note: When generating matrix elements,
SOTRMl will place the initial conditions in Zl1, thus,
destroying any previdusly set values. The matrix is,
therefore, not cumulative for successive calls to SOTRMI .
This vector contains the.momentumAperturbation 6P/P®

of the nearby particles, It is the same as P in SOTRM
and must be set as indicated on the card (2 input to
SOTRM. The dimensions of Pl and Zl must be large enough
to hold fhe required information. Presently Pl has up
to 30 elements and Z1 up to 4 x 31 = 124 elements.

Upon exit from SOTRMl, the first order elements of the
transfer matrix corresponding to the value of 8¢l aré
stored here_if these values have been asked for.

Upon exit from SOTRMl, the second order elements of the
transfer matrix correspondiné to the value of Sgl are

stored here if those values have been asked for. The
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Table I - contd.

Comment | _ : _ S
nearby rays are assumed to be a vector y = (le[cm],

801 [1r], &xplem], 805[mrl, 8P/P,) and these arrays can

be applied directly as

1j ng) *O2 Wy g ng 5

y; = 2V
‘ J JHk

This is a.real parameter vector the values of which are

param (1), ..., param (4) of SOTRM. See the card A2

" input to SOTRM.

This is an integer paraemeter vector the values of which
are param (5), ..., param (8) of COTRM. See the card A2

input of SOTRM.
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Table IT

SOTRMI Tabled Common Blocks

“;Variable

NUM

ke
P(40)

BB#2

BB1(40)

BBe(&o)
BB3(40)
7(164)

| F(164)

- Comment

The number of rays, including the reference
ray, that are being tracked.' Present 1imit 31.
Global counter

Global counter

Charge [MKS] of the reference particle'and of

nearby particles.

Momentum [MKS] of the reference particle.

Momentum, 1 + 8P/PO, of the nearby particles.

Field BE(rl’ O,:re) fWebers] on the reference
ofbit; Tt is assumed that the field is only in
the two direction [1]. See the figure for the
card B input to SOTRM to obtain the axis
orientation.

The B; component of the field on the nearby

 orbit at the current value of -the independent

variable S@.

The B, component Qf the field onjthe nearby orbit.

The B3 component of the field on the nearby orbit.

_The current value of the solution vector. It's

value corresponds to equations (3) and (9) of

[1]. The units are [Mks].

‘The righthand side of the equation Dz = F(2).

These values are defined by eqpations-(2) and (10)

of [1]
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Block

PARAM

LIMIT

YAFS

WORK

INIT

Variabie

CONST(8)

. 59

SOMAX

u(5,5)

s(5,5,5)

COUNT

STEP

ZSAVE(159)
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" Table IT - contd.

Comment

Contains the conversion factors from external
units to internal [MKS] units.

Current value of the indevendent variable.
The maximum allowed value of S¢.

The maximum total number of steps allowed in
the integration process.

- The current y(+ t(j)) vector for tre elimination
process [1].

The current y{- t(j)) vector Tor the elimination
process [1].
The‘pefturbation values (8% [em], 861 [mr],

" ®xp [em], 805 [mr], 6P/PO) used when construct-
‘iﬁg the first and second order matrix elements.
The first order mafrix ccrrespond to the current
value of_SQ.

The second order matrix correspoﬁding to'the
current value of S6.

The number of function evaluations gsed in the
integration process to move from Sg1 té the
current value of S5¢.

The current number of maximum step sizes taken.
Saves the initial values (le, 801, ™o, 80,
ISP/PO) if ali nearby rays corresponding to S@l

.upon entry into SOTRML.
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Table iII
Data Infut to SOTRM
May 10, 1970
Value of S -Cafd Parameters Read : o ’ Format
1 R K E10. ¢
A2 (I, PARAM(I),I =1,K) ~ (15,5%,E5.9)
param(1l) = Q = signed number of charges . |
param(2) = delsin = max. step size [cm]
param(3) = s¢ max = max. arc length [m]
param(l4) = sgl = initial arc length [m]
param(5) = option |
0 ray trace.
1 first order matrix.
-1 first 6;der-matri;, second order trace.
2 first order éﬁd second order matricés,*
asymmetric.
3 first order and second order matrices,
‘symmetrié.
param(6) = num = number of rays including the center
| refereﬁce ray. May be set to 1 if
generating matrix eiements. Value < 31.
param(7) = max = maximum number of steps that can be
taken, includes all step adjustments of
the variable step size integrator. |
param(8) = nprint

0 No print out of ray trace or of matrix

generation.
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i
Teble IIT - contd.
Value éf . : : _
S .. Card - Parameters  Read Format

%()’\ . ) paI‘a.m(8) ..:_np‘rint (Continued)

>0

Print out every nprint steps, will

- also print initial and final values.

Same as > O except that the matrix
elements will be stored on Tape 1 if

generating elements or will be read

from Tape 1 and applied to the initial

conditions if ray tracing.

2 .3vv B _ v.'i(low iim(i), uplim(i),I =1, 3) (8E10.0)

s

: v SO : reference particle
'/,,,—rff””’——~—_———____—-d}lnoves in the 1,3

s 3 plane

Tow 1im (1)

up lim (i)

The lower 1limit of the referenbé
partiéle [m].
The upper limit of the reference

particle [m].

3 o
(3v3.1) <l K (15) '
B> (1,P(1),T = 1,K) o (15,5%,515.0)

P(i) =

momentum of the nearby particle 8P/P_.

We have to have read in (num -1) of these at least

once.
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Table IIT -contd.

Value of _
S - Card . Parameters Read Format
(3v3.2)  C3 L =t B 15
Ch (I: Z(j—)) i= I:L_) (15)5X1E15-O)
'Z(l)‘= reference ray Fc [mev] ~—
7(2) = angle [deg] | o I;//Aigg/
3
. - : > always
7Z(3) = starting X1 [meters] I present
Z(4) = starting X3 [meters] ’?"
. /
7Z(5) = &%y [cm]
7(6) = 6; [milliradian] there are num - 1
‘ . of these when
7z(7) = ®xp [em] g ray tracing
7(8) = 0, [milliradian] (¢
L . D (a1(1, J3), J=1,10), T = 1,10) (5E10.0)
(p2(1, J), J=1,10), T = 1,10)
Input row wise 5 itams/ card the matrix Al and then
the matrix A2. These can be used as one wishes, but
are presently used with F. Selph field
.5. .
(5v5.1) . El | K (15)
B2 (1,3,4(1,3),L=1,K) | (35,15,EL5.0)
(svs5.2) B K | | (15)
Eh (1,J,A2(I,J),L=1,K) ‘ (15,1I5,E15.0)

Allows one to change values of the individual elements

of Al or A2 or both.
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Table III - contd. . ;

Value of . : , .
S Card Parameters Read o _ ~ Format -

6 . F1 K (15) o

F2 (L,A(L),L = 1,K) (15,5%,115.0)

A(1) =8x [cm] ‘These are the .01 [em]
, magnitude of the : ' i

A(2) = Bx; [mr] perturbation for 1 ITmr] '
o ' the derivative .

A(3) = 8xp [em] ~calculation. Theyl .01 [em]

‘ ) are nominally set

A(L) Bx; (mr] by data statements| .{ [mr]
_ as .

op/ ‘ .0001

i

It

A(5)

b
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Teble IV -

SAMPLE TNPUT DATA
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TABLE VI

PROGRAM LISTING

PROGRAM SCTRM{INPUT=300,0UTPUT=1000,TAPEL=1000,TAPE6O=INPUT,TAPE61 SOTRM.2

COMME

BEGIN

= QUTPUT) _ ‘
NT THIS IS A CALLING PROGRAM FOR SOTRMl. SEE UCRL 19823.

REAL S _

INTEGER KoL, I,MAXRAYNUM,N4,NUM1

REAL P(40)4Z1164) yPARAM{10) 4PR(4),LOW LIMoUP LIM,DUM,A,
ALyA2,ML(5,5)sM2{555+5) U,V

INTEGER H1t 9),H2( 9),PI(5)

INTEGER TEXT(13)
LOGICAL START
COMMON /BOUND/ LOW LIM(3),UP LIM{3)
JYAES/ DUMI10)4A05),Ul545)4VI5,5,5)
JTAME/ A1{10,10), A2{10,10)
/PARAM/ CONST(8)
DATA START/.TRUE./yMAXRAY/31/,(H1{1),1=1,8)/3H Q=,
" 8H DELSIN=,7H SOMAX=,5H SOl=,8H DPTICN=,5H NUM=,
SH MAX=y8H NPRINT=/,(H2(1),1=1,8)/1H ,5H (CM),
2%4H (M), 4%1H /
PRINT 2998
READ 4COl, S $ PRINT 12 ,S & IF(S.EQ.~1.) 2,4
PRINT 5000% STOP
IF(S.EQ.1.) 100,199
BEGIN :
. READ 4002, K, (I,PARAM{I),L=1,K)
IF(PARAM(8).LT.0.0) REWIND 1
IF(START) 102,108

BEGIN
' IF(K.NE.8) 104,106
© BEGIN
PRINT 9000,K § STOP
FORMAT (///%1 K=%I3% YOU HAVE NOT SET*,
% ALL THE INTTIAL PARAMETERS%*///)
CONTINUE
END
START=.FALSE.
CONT INUE
END
" NUM=PARAM{6)
NUM1=NUM-1
N4 =4 *NUM

PRINT 2999,K .
PRINT 3000 , ({HL(I),PARAM(I}),H2(I))},1=1,8)
IF{PARAM(6) .GCT.MAXRAY) 110,112
BEGIN :
PRINT Q001,PARAM(T7)$ STQP
FORMAT(///% TOO MANY RAYSyNUM=%F10.6///)
CONTINUE
END
DO 114 [=1,4,1
PR{T1)= PARAM(I)
DO 116 I= 1l,4,1
PI(I)= PARAM(1+44)+SIGN(0.0005,PARAM(]I+4))
GG TO .1

SOTRM.3
SOTRM. 4
SCTRM.S
SCTRM. 6
SOYRM,.7
SOTRM.8
SCTRM,.9
SOTRM. 10
SCTRM. 11
SOTRM. 12

SCTRM.13

SOTRM, 14
SOTRM. 15
SOTRM. 16
SOTRM. 17
SOTRM. 18
SOTRM. 19
SCTRM, 2D
SCTRM, 21
SCTRM, 22
SOTRM,. 23
SCTRM, 24
SOTRM, 25
SCTRM, 26
SOTRM. 27
SCTRM, 28
SCTRM, 29
SOTRM. 30
SOTRM, 31
SOTRM, 32
SCTRM.33
SCTRM. 34
SCTRM, 35
SCTRM. 36
SOTRM, 37
SOTRM. 38
SCTRM.39
SCTRM. 40
SOTRM. 4]
SCTRM. 42
SOTRM. 43
SCTRM, 44
SCTRM,. 45
SCTRM, 46
SCYRM. 47
SOTRM, 48
SCTRM, 49
SCTRM,.50
SOTRM.S1
SOTRM,. 52
SCTRM.53
SCTRM.54
SOTRM.55



199

200 -

299

30C

302

304

306

308
399

400

499

500

599

600

699
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TABLE VI - contd.

CONTINUE
END ELSE
IF(S.EQ.2.) 200,299
BEGIN - - -- -
READ 4001, {(LOW LIM(I),UP LIM(I},I=1,3)
PRINT 3004, (I1,L0W LIM{I), I,UP LIM(I},I=1,3)
GOTG 1
CONT INUE
END ELSE
IF(S.CE.3aueANDLSLT.4.) 300, 399

[IF{S.FR.3.0.0R.S.EQ.3.1}) 302,304

- "BEGIN

READ 40027":‘[1"(1)1[:1"'('1)
PRINT 2999,K
PRINT 30065¢IP(I),[=1,NUML,1)

END
IF(S.FQ.3.0.0R.S.EQ.3.2) 306,308
BEGIN
READ 40029L ol Z{I)sl=19Lyl})
PRINT 2999,L
PRINT 3008, (I,Z(I),I=1sN4,l)
"END
60701
CONTINUE
END ELSE

IF(S.EQ.4.) 400,499
BEGIN COMMENT INPUT Al AND A2,F.SELPH FIELD, 5 ITEMS/CARD
- READ 4008, ((AL{14J)sd=1410),0i=1.10),
’ ((A2(14J)4d=1410),1=1,10)
PRINT 30104 (AL(14J)4J=1,10)s1=1,10)
PRINT 3011,{(A2(14J)¢J=1»10)+1=1,10)
G070 1
CONTINUE
END ELSE
IF(SeGEua54«AND.S.LT.6.) 500,599
BEGIN COMMENT CHANGE Al OR A2 OR BOTH
IF(SeFQe5.0R.S.EQ.5.1)
READ 4010, Ky ({I,J9A1(T3J))sL=1,K)}$ PRINT 2999,K
IF(SeEQe5¢e0R.S.EQu5.2)
READ 4010, Kel{{l,3,A2{1,d)),L=1,K)$ PRINT 2999,K
PRINT 3010,((A1{19J)sJ=1,10),1=1,10) .
PRINT 3011,((A2(14J)+J=1,10),1=1410)
GOT0 1
CONT INUE
END ELSE
IF(S.EQ.6.) 600,699
BEGIN COMMENT INPUT INCREMENTS
: READ 4002, Kol({IsA{I))sL=1,K)$ PRINT 2999,K
PRINT 3012, {(LeyA(L))yL=145)
GOTO 1
CCNT INUE
END ELSE
IF(S.EQ.T7) 800,899
BEGIN COMMENT INPUT TEXT THAT IDENTIFIES THE TABLES AND

SCTRM.56
SCTRM.57
SCTRM,. 58

- SCTRM.59

SCTRM. 60
SOTRM.61
SCTRM. 62
SCTRM. 63
SCTRM,. 64
SCTRM. 65
SCYRM.66
SCTRM,. 67
SOTRM. 68
SCYRM,. 69
SCTRM. 70
SCTRM. 71
SOTRM. 72
SCTRM. 73
SOTRM. 74
SCTRM . T5

SOTRM. 76

SOTRM, 77
SCTRM. 78
SCYRM.T9
SOTRM. 80
SCTRM.81
SOTRM.82
SCTRM.83 "
SOTRM,. 84

SOTRM.85

SOTRM.86
SOTRM.87
SOTRM.88
SCTRM. 89
SCTRM.90
SOTRM. 931
SOVRM.92
SOTRM.93
SOCTRM. 94
SCTRM.35
SOTRM.96
SOTRM.97
SCTRM.98
SCTRM.99
SOTRM,. 100
SOTRM. 101
SCTRM, 102
SCTRM,. 103
SOTRM. 104
SOTRM, 105
SCTRM, 106
SCTRM. 107
SOTRM. 108
SCTRM.109



*

4014

899

700

- 799

10
12
4000
4001
4002
4008
4010
4011
4012
2998
.2999
3000
3004

3006
3008

3010
3011
3012
5000

800

END'

SUBROUTINE SOTRM1(SO01+Z1,P1,

- BEGIN

29— UCRL-19823

TABLE VI - contd.

QUTPUT THE FIRST AND SECOND CRDER ELEMENTS. THIS
SECTION REQUIRES CUTRT A SUBROUTINE 10 OQUTPUT THE

YABLES.
READ 4014,
"EORMAT{13A10)

CALL OUTRT(TEXT,MLIsM2)

- GOTO 1
CONT INUE

END ELSE

IF(S.EQ.99)

BEGIN COMMENT EXECUTE SOTRMI

PRINT 4012

CALL SOTRML{PARAM{4) 4Z¢+P ML oM25PRyPT)

PRINT 4011
CONTINUE

END
GOT0 1

COMMENT ALL FORMAT STATEMENTS FOLLOW

FORMAT(12)

FORMAT(/% CONTROL=%*F7.3)
FORMAT(IS/(5(15,E10.0)))

. FORMAT(8E10.0)

FORMAT{I5/115,5X4E15.0)1)

FORMAT(5E10.0)

FORMAT(IS/(I5,15,E15.0))
FORMAT(//% END OF SOTRML *//)
FORMAT(//%START OF SOTRML1*//}

FORMAT (%1%}

EFORMAT (* NUMBER OF PARAMETERS READ =*15)
FORMAT(/(A10,F15.8,A10/))

FORMAT((% LOW LIM{XI2%)=%F15.84%(M)
*(M)%/))

UP LIM(#*[2%)=%F15.8

FORMAT(/(* P(%12%)=%F15.8% DELTA P/PO%/))
FORMATI/ # 7(%[3%)=%F15.8%(MEV)*,% Z{x13%)=%F15.8%(DEG)*,
2(% Z(*13%)=%F15.8%( M) *)/,
(2(% Z{*13%)=%*F15.8%{CM) *
* 7(*I3%)=%F15.8%(MR) *))
FORMAT(//% AL(I,J0)1%/(10EL2.6))
FORMAT (/7% A2(1,4)%/{10E12.6))
FORMAT(/%* DERIVATIVE INCREMENTS*/(* A(*12%)=%E15.6))
FORMAT{//%*...END OF CONPUTATIONS...%)

VeWsPRyPI)$ REAL SO1$% REAL Z1(1),PLLL)
WVI5,5) s W{5;5¢5)9PRIL)
INTEGER PI{1)

COMMENT StE UCRL 19823.

REAL Q.DELSO,SO,SOMAX.PO.SOUUTpBBOZ . :

INTEGER NUM'NUMl,N,MAX.NPRINT,l.J.K,L.LOOP,F[N.NXTSTP,COUNT_
2+ 11, STEP,PRTCNT,KK . :

REAL l,PO.P;BBI.BBZ.BBB.F.CGNST,YP.YMvA »T1992),20UT(T)

¢+ 2LSAVE 4 EPS

SOTRM.110
SCTRM, 111
SCTRM. 112
SCTRM. 113
SOTRM. 114
SOTRM. 115
SOTRM. 116
SCTRM. 117
SCTRM. 118
SOTRM. 119
SOTRM, 120
SCTRM. 121
SOTRM. 122
SOTRM.123
SCTRM. 124
SCTRM. 125
SCTRM. 126
SCTRM. 127
SCTRM. 128
SCTRM.129
SOTRM. 130
SOTRM. 131
SCTRM. 132
SCTRM. 133
SCTRM. 134
SCTRM.135
SCTRM. 136
SGTRM.137
SOTRM.138
SOTRM. 139
SCTRM, 140
SCTRM. 141
SCTRM. 142
SCTRM. 143
SOTRM. 144
SCTRM. 145
SOTRM. 146
SCTRM. 147
SCTRM. 148
SCTRM. 149
SOTRM. 150

. SOTRM. 151

SCTRM. 152
SCTRM. 153
SOTRM. 154
SCTRML.2
SCTRM1.3
SCTRML.4
SOTRML.5
SCTRM1.6
SCTRM1.7

" SOTRML.8

SOTRML1.9
SCTRM1.10



10

16
50
46

48

52
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LOGICAL BOOLL1,BOOL2,LAST,TEXT
COMMON  /CASES/ NUM,L,K
/CHARGE/ Q /MOM/ PO,P(40)
"/FIELD/ BBO2,BB1(40),8B2(40),883(40)
"/SCLN/ Z(164) /DER/F(164)
" /PARAM/ CONST( 8)
/UIMIT/ SO,SOMAX,MAX
CIYAFS/Z YPL 5)4YML 5)4,A0 5)4U(545)95(5+5,5)
/WORK/ COUNT,STEP
COMMON /INIT/ ZSAVE(150)

DATA (CONST(I)431=1,7) /1.602072E-199.5343922E-21yl.vl. E- 2y

1.E-3+1.74532925199433E-241.E-4/,
(A(l).l-‘»l.S.l)/ .Olp.l,.Ol..l,.OOOl/
DOUBLE PRECISION T,DELSO
EXTERNAL FUNC
DIMENSION EPS(6)
ASSIGN SC TO LOOP$ ASSIGN 10000 YO FIN
ASSIGN 20CT0O NXTSTP

Q=PR(1)%*CONST(1)$ DELSO= PR(2)%CONST(4)$ SO= SCI*CONST(3)

SOMAX= PR(3)*CONST(3)$ COUNT=0

COMMENT SET THE INITIAL CONDIT!ONS OF THE REFER&NCE RAY

PO=Z1(1)*CONST(2) :
Z(1)= SIN(Z1(2)*CONST(6))8% Z(2)= CCS(Z1(2)}*CCNST(6))
Z(3)= Z1{(3)%CONST(3)$ Z(4)= Z1(4)*CONST(3)

NPRINT= JABS(PI{4))
NUM=PI(2) $ NUM1=NUM-1 $ N=4*NUM $ MAX=PI(3)
IF{PI{1).NE.C) 6,10

BEGIN CUMMENT SET THE INITIAL CONDITIONS OF THE NEAR BY RAYS

FOR GENERATION OF U AND S
TF(PI(1)EQe1.OR.PI(1).EQo—-1) NUM=11
IF(PI(]1).EQ.2) NUM= 21
IF(PI(1).EQ.3) NUM= 31 .
NUM1=NUM-1% N=4%¥NUM$ MAX=PI(3)
CALL SETZ(Z1.P1)

END

IFINUM1.GT.0) CALL lINIT(PI'Zl)

CALL SAVEZP(ZSAVE,Z1,P1,PI1)

COMMENT INTEGRATION AND PRINTY LOOP

STEP= C$ PRTCNT= 0$ LAST= .FALSE.$ TEXT= .TRUE.

IF (NPRINT.NELO) PRINT 4000
CALL INTO(4%NUM,SOsFUNC,Z,F,T,DELSQ)

LOOP..

00 500 Il= 1l,MAX

BEGIN :
CIF(SOJGESOMAX) 46448
" BEGIN ‘
MAX= [1-1$ GOTYO 500
END
IFINPRINT.NE.O.ORL.LAST) 52,2C0

BEGIN
' IF(.NOTLLASTLAND. .NOTL.TEXT) GOTO NXTSTP
SO0UT= SC/CONST(3)$ K=C.

UCRL-19823

SOTRML1.11
SOTRML.12
SCTRMLI.13
SCTRM1.14"

'SCTRM1.15

SOTRML.16
SCTRM1.17
SCTRM1.18
SOTRM1.19
SCTRM1.20
SCTRM1.21
SCTRM1.22
SOTRM1.23
SCTRM1.24
SCTRM1.25
SCTRM1.26

"SGTRM1.27

SCTRM1.28
SCTRM1.29
SCTRML.30
SOTRM1.31
SCTRM1.32
SCTRM1.33
SCTRM1.34
SOTRM1.35
SCTRM1.36 .
SCTRM1.37
SOTRM1.38
SOTRM1.39
SOTRM1.40
SCTRM1.41
SOTRM1.42
SOTRM .43
SOTRM1.44
SCTRM1.45
SOTRM1.46
SOTRM1.47
SOTRM1.48
SOTRM1.49
SOTRM1.50

"SOTRM1.51

SOTRM1.52
SCTRM1.53
SOTRM1.54
SOTRM1.55
SCTRM1.56
SOTRM1.57
SOTRM1.58
SCTRML1.59
SCTRM1.60
SOTRM1.61
SOTRM1.62
SOTRM1.63

" SCTRM1.64



W

54

- 55
.56

58

60

62

64

66

68
70
72

73

74

76

17
78

80

3. . UCRL-19823

TABLE VI - contd.

IF(TEXT) 54, 60
BEGIN COMMENT QUTPUT REFERENCE RAY
IFIABS{Z{1)).GT.1.) 55,56
Z0UT(5)= Z(1)+ 1000. $ GOTC 58
Z0UT(5)= ASIN{(Z(1))/CONST(6)
CONTINUE
Z0UT(1)= (Z{1)/CONST(2)}* PO
Z0UT{2)=12(2)/CONST(2))*PO
Z0UT{3)= Z(3)/CONST(3) '
I0UT(4)= 2(4)/CONST(3)
PRINT 4002, STEP,SOOUT»Ke{ZCUT(L)4L=1+5)+
. COUNT :
END .
IF(LAST) 62,6
BEGIN COMMENT SET THE FINAL CONDITIONS OF THE
REFERENCE RAY :
L1(2)=ATAN2{Z(1)+2(2))/CONST(6)
Z1(3)=2Z(3)/CONST(3)
Z2114)=2(4)/CONST(3)
$S01=S0CUT

END

IF(PI(1).EQeOANUMLI.NE.O) 66474
BEGIN
DO 72 K=1,NUM]
BEGIN
L=4%K$ CALL ZFINAL(ZOUT,0)
Z0UT(6)= Z(L+2)% 20UT(7)= Z(L+4)
IoUT(5)= P(K)-1. .
IFITEXT) PRINT 4004,K,(ZAUT(T)4I=1,T7)
IF{LAST) 68,72
COMMENT SET FINAL CONDITICNS OF THE NEARBY
RAYS
DO 70 I= 1.4
Z1{L+1)= Z20UT(I)
CONTINUE
END
IF(PI(4).LT.0.AND.TEXT) CALL APTRAN{(O)
IF(LAST) GO TO FIN
GO TO NXTISTP

END
IF(ABS(PI(1)).GT.0) 76,100
BEGIN
DO 86 KK=1,5
BEGIN
L=4%KK
K=KK
CALL ZFINAL(YP,0)
K=KK+5

CALL ZFINAL{YM,20)

CALL YPYMS(KK,5,5)

DO 78 I=1,5
UCToKK)I=(YP(T)-YM(I))}/(2.0%A(KK))
IF(PI(1).NE.1) 80,84

DO 82 I=1,45

SOTRM1.65
SCTRML.66

SCTRM1.67

SOTRML.68
SOTRM1.69
SOTRM1.70
SCTRM1.71
SOTRML.72
SOTRM1.73
SOTRM1.74
SOTRM1.75
SOTRM1.76
SOTRM1.77
SOTRM1.78
SOTRM1.79
SOTRM1.80
SOTRM1.81
SOTRM1.82
SOTRM1.83
SOTRM1.84
SOTRM1.85
SOTRM1.86
SOTRM1.87
SOTRM1.88
SOTRM1.89
SCTRM1.90
SOTRM1.91
SOTRM1.92
SOTRM1.93
SCTRM1.94
SCTRM1.95
SOTRM1.96
SOTRM1.97
SCTRM1.98
SCTRM1.99
SOTRM1.100
SOTRM1.101
SOTRM1.102
SOTRM1.103
SOTRM1, 104
SOTRM1.105
SCTRM1.106
SOTRM1.107
SOTRM1.108
SCTRM1.109
SCTRMI.110
SCTRM1.111
SOTRM1.112
SOTRM1.113
SCTRM1.114
SOTRM1.115
SOTRM1.116
SCTRML.117
SOTRM1.118



82
84
86

88

100

102

103

104
200
202
203

204
500

501
502
504
506
508

509

%2 )
- CONTINUE
- CONTINUE -
- - CONTINUE.
END
IFITEXTLAND.PI(1).NE.O) 88,100
BEGIN
- " PRINT 19006'((I"(U(l'K)'K=1'S)),I=lv5)
PRINT 4010
IF(PI(1).EQ.-1)
PRINT 4007,
(([’(S(I'K'K)'K-"lys))1[-’-1'5)
IF(PI(4).LTa0JAPI(Ll) LEL])
CALL APTRAN(1,PI(1})
END
END
IF(PI(1).GT.1} 102,104
BEGIN :
CALL SF(4444,10,1)8% CALL SF(3,60,14,2)
CALL SF(2,7241743)% CALL SF(1,80,19,4)
IF(YEXT) 103,104
BEGIN
PRINT 4008,
(((XQJ'(S(lprK)szlvs))1J=1’5)9l='l'5
IF(PTI(4).LT.0) CALL APTRANI(1,PI(1))
END :
END _
IF(LAST) GOTG 509
END .
NXTSTP.. : ' ’
CALL INT(SO,FUNC,2,F,T,B00L1)% TEXT= .FALSE.
IF(ROOLL) 202,204 )
BEGIN
STEP= STEP + 1
PRTICNT= PRTCNT+1$ IF(PRTCNT.EQ.NPRINT) 203,204
BEGIN :
TEXT= .TRUE.$ PRTCNT= ¢
END
END
CONTINUE
CONTINUE
END OF LOOCP
IF(.NOT.LAST) 501, 508

BEGIN

-3po-

TABLE VI

SIIsKKyKK)={YP(I}+YM{I))/(2.0%A(KK)

IF(NPRINT.EQ.O) 502,504
TEXT=.FALSE.$ GOTO 506
TEXT=.TRUE.

LASYT= .TRUE.$
COTO LOOP
CONTINUE
END -
IF(PIC1).NE.O) 510,

MAX=2% S

512

- contd.

OMAX= SOMAX+.05

UCRL-19823

)

SCTRM1.119
SOTRM1.120
SCTRML1.121
SOTRM1.122
SOTRM1.123
SOTRM1.124
SCTRM1.125
SCTRM1.126
SCTRM1.127
SCTRM1.128 -
SCTRML.129
SOTRM1.130
SOTRM1.131
SOTRML.132
SOTRM1.133
SOTRM1.134
SCTRM1.135
SCTRM1.136
SOTRM1.137
SOTRML.138
SOTRM1.139
SOTRM1.140
SCTRML. 141
SOTRM1.142
SOTRM1.143
SOTRM1.144
SGTRML.145
SOTRM1.146
SOTRML.147
SOTRMI.148
SCTRML.149
SOTRM1.150
SOTRM1.151
SOTRM1.152
SOTRM1.153
SOTRM]1 . 154
SOTRML.155
SCTRM1.156
SOTRM1.157
SCTRM1.158
SOTRML.159
SOTRM1.160
SOTRML.161
SOTRM1.162
SOTRM1.163
SCTRM1.164
SOTRML.165
SOTRM1.166
SOTRM1.167
SCTRM1.168
SOTRM1.169
SOTRM1.170
SOTRML. 171
SOTRM1.172



. 510

®

511
512

514

516
518
FIN..
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TABLE VI - contd.

BEGIN

CO 511 I=1,5,1

CO S11 J=145,1
VI(T,d)=U(1,J)
IF(PI(1)eEQe—1) WlIsJy
CONTINUE

3= SULadad)

END

IF(PTI(1).GT.1) 514,518

00 516 [I=145,1
DO 516 J=1,5,1
CO 516 K=19591
N(l.J,K)=
CONTINUE

S{14JsK)

10000 RETURN

B BB o® B R B

6000 FORMAT(*1 THE

4002 FORMAT(1Xe 15,1 XeF10e552Xs13,

FOLLOWING HEADINGS ARE TO BE USED FOR COL. 1-7%//
19X, %K= 0%, 11Xy ¥PX(MEV/C)#,4Xs¥PY{MEV/C)I%,9X %X (M) %,9X,
AY(M)%o5Xy S THETA(DEG) % 94Xy *FUNC CALLS*/19X,#K=(1,NUM=1)%*,
O6X o BX{CM)I%, LOX %X (MR)* 48X %Y (CM)%,9X,%Y (MR)*,5X,*0P/P (%,
12X o %¥CPX/PO% g BX o XDPY/POX/ 20X o ¥ULT 9 ) ¥ 93X 9%/ J=%,4Xe%1%,13X,
22k, 1INy ¥ 3%, 13N g%G% 13Xy %5% /20X e %S (14J,K) / K=%04Xo%1%,13X,
Kk 13X g ¥ 3%, 13X g% 4% 313Xy %k5%///5X %1% 433X, *¥SO(METER) *

92Xy XK%y 14X,

HL1Ry 1IN g% 2% 13X p%¥3% 5 13X g% 4¥ 9 L3X g %5% 313X %6%,13Xy%T7%//)
SE15.74114)

4004 FORMAT (19X, 13,7E15.7)
4006 FORMAT(20X %U(*] 1%, J)*éX.SElS 7)

4007 FORMAT (20X, #S{*T1%,KoK)*,

2X9S5EL15.7)

4008 FORMAT(20X,*S(#11%,%#11%,K)%2X,5E15.7)
4010 FORMAT(/)

ENC

SUBROQUTINE - ZINIT(P1l,Z1)
REAL P1(1},21(1)
COMMENT ZINIT ESTABLISHES THE INITIAL VALUES

BEGIN

THESE ARE ORIGINALLY FURNISHED
Z1(L+3) CM, Z1{L+4) MR,

OF THE NEAR BY RAYS.
AS Z1(L+1) CM, Z1(L+2) MR,
THESE ARE CHANGED TO Z1{L+1) M, Z1(tL+2) DELTA P(K)/PC,
Z1(L+3) M, Z1(L+4) DELTA P(K)/PC. THE INPUT MOMENTUM

P(K) IN UNITS OF DELTA P(K)/PO 1S CHANGED TC 1+DELTA P(K)
/PO o

INTEGER KyLpNyNUML,NUM
REAL P,POsCONST

COMMON  /CASES/NUM,L,K
/MOM/ PO,P(40 )
/PARAM/ CONST(8)
/SOLN/ Z(164)

NUML= NUM-1% N= 4%NUM

DO 10 K=1,NUML,1

BEGIN

P(K)= PL(K)+1.0

UCRL-19823

SCTRM1.173
SCTRM1.174
SCTRML1.175
SOTRML1.176
SOTRML1.177
SCTRM1.178
SCTRM1.179
SGTRM1.180
SOTRM1.181
SCTRM1.182
SCTRM1.183
SOTRM1.184
SOTRM1.185
SGTRM1.186
SOTRML1.187
SCTRM1.188
SOTRM1.189

SCTRM1.190

SOTRM1.191
SOTRM1.192
SCTRM1.193
SOTRM1.194
SGTRM1.195

SOTRM1.196

SGTRM1.197
SOTRM1.198
SOTRM1.199
SOTRM1.200
SOTRM1.201
SOTRM1.202
SOTRM1.203
SOTRM1.204
SCTRM1.205
SOTRM1.206
ZINIT.2
ZINIT.3
ZINIT.4
ZINIT.S
ZINIT.6
ZINIT.T
ZINIT.8
ZINIT.9
ZINIT.10
ZINIT.11
ZINIT.12
ZINIT.13
ZINIV.14
ZINIT.1S
ZINIT.16
ZINIT.17
ZINIT.18
ZINIT.19
ZINIT.20
ZINIT.21



* % B B

* % #

10

END
RETURN -
ENC

L=4%K
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TABLE VI - contd.

Z(L+2)= Z1(L+2)* CONST(5)

S ZlL+4)= Z1{L+4)* CONST(5)

ZL+2)= PUK)*COS(ZIL+4))%SINIZ(L+2))
SZlL+4)= PUK)ASINIZIL+4))

SZ{L+l)= Z1(L+1)*CONST(4)

Z{L+3)= Z1(L+3)%CONST(4)
CONTINUE

SUBROUTINE ZFINAL(Y,M)$ REAL Y(1)$% INTEGER M

. COMMENT

* BEGIN

'~ CGMMENT SF CBTAINS THE OFF DIAGUONAL ELE
TRANSFER MATRIX

INTEGER NyNUM,L ,,K
" REAL -POyP42,CONST
COMMON /CASES/NUMyL 4K
T T /MCM/ POLPI(40)
/SOLN/ 2(164)
/PARAM/ CONST(8)

N=M

Y{4)=ASINIZ(L+N+4)/P(K))

Y(2)=ASIN(Z(L+N+2) /(P(K)*COS(Y(4))))/CONST(5)
- Y(4)=Y{4)/CONSTL(5)

Y{1)=Z(L+N+1)/CONST(4)

Y{3)=Z(L+N+3)/CONST(4)

RETURN
ENC

SUBROUTINE SF(NL,N2,N3,N4)$ INTEGER N1,N2,N3,N4

BEGIN

INTEGER MLyM2,M3oM&yKyK1yL o NUMyTo11,KK

REAL Z,PCyPysYPsYM,A,U,S

COMMON

/CASES/
/SOLN/
/YAFS/

NUM, L K
Z(164) /MCM/ PO,P(40)
YP(S)yYM(5),A(5)3U(5:5)95(5+5,45)

M1=N1$% M2=N2% M3= N3$ M4=N4
IF{NUM.EGC.21) 2,20

COMMENT ASYMMETRIC SOLN

DO 10 KK=1,M1,1

BEGIN

Kl= KK+M4

L= 4%KK-4
. K= KK+M3

CALL ZFINAL(YP,M2)
CALL YPYMS5(KK+M3,10,M1+M3)

DC 10 I=1,45,41

UCRL-13823

ZFINAL ESTABLISHES THE FINAL CCNDITIONS OF ANY NEARBY RAY
IT IS THE INVERSE OF ZINIT EXCEPT THAT IT WORKS ONE
RAY AT A TIME. .

MENTS OF THE SECOND ORCER

SF.2C

LINIT,22
ZINIT.23
LINIT .24
LINIT.25

CLINIT.26

ZINIT.27
ZINIT.28

- ZINIT.29

ZINIT.30
ZINIT.31
LINIT.32
ZINIT.33
LINIT,.34

ZFINAL.2 =

LFINAL.3
ZFINAL.4
IFINAL.S
ZFINAL.6

IFINAL.T

IFINAL.8

IFINAL.Y

ZFINAL.LO
IFINAL.LL
IZFINAL.12
IFINAL.13
IFINAL. 14

ZFINAL.15

ZFINAL.16
ZFINAL.17
LFINAL:1B
ZFINAL.19
ZFINAL.20
ZFINAL.21
ZFINAL.22
SFa2

SF.3

SF.4

SF.5

SF.6
SFa7 -
SF.8

SF.9
SF.10
SF.11
SF.12
SFa13
SFal4
SF.15
SF.16
SF.17
SF.18
SF.19

SF.21



10

20

30

1C

12

"END ¢
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BEGIN v
SUIyM4sKL)=

(YPUI)=A(M&)I®U(T,M4)~ A(KLISUII,KL)
—S(IyMayM4)B(AINMG)#%2)-S (I ,KL,KL)*(A(KL)I*%2))/
(2.%A(M&4)FALKL))

S(I4K1aM&)=S(I4M4,KL)

- CONTINUE

END

RETURN
COMMENT SYMMETRIC SOLUTION
DO 30 KK=1,Ml,1

* BEGIN

END

L=4%KK-4
__K=KK+M3 ’ >
‘CALL ZFINAL(YP,M2) )
K= K+10
CALL ZFINAL(YMyM2+440)
Kl=KK+M4
CALL YPYMS({KK+M3,10,M1+M3)
DO 30 I=1+5,1
BEGIN
) S(IeM4,K1)=
(YP(I)+YM(I)-2. 0*(5(1;”4'M4)*A(M4)**2
+S (14K, K1)®A(KL)®X2) )/ (4. 0%A (ML) *A(KL))
S(]'KlgM‘t): S(lvM‘O’Kl)
CONTINUE :
ENEC

CEND -

RE TURN

SUBROUTINE SETZ(Z,P)
REAL Z(L1),Pl1)}
CCMMENT SETZ SETS THE NEAR BY RAYS FOR GENERATICN OF THE FIRST

BEGIN

ORDER MATRIX F AND THE SECOND ORDER MATRIX S

INTEGER NUMLsNUMyKgNyL

REAL PO, YP,3YMyA,U,S,CONST

COMMON /CASES/ NUM,L,K
JYAFS/ YPU 5 ),YMU 5 )AL 5),U(S, 5)+5{5,54+5)
/PARAM/ CONST(8)

© NUMLl= NUM-1% N= 4*¥NUM

no 10 K:S'Ngl

2{K)= 0.

DO 12 K=1,NUM1,1

P(K)= 0.C

Z{5)=A({1)

2{10)=A(2)

7(15)=A(3)

2120)=A(4)
Z(ZS)‘—Z(5)$Z(30)=—Z(10)$l(35)=-l(15)$l(40)=~l(20)
P{5)=P(5)+A(5)

SF.22
SF.23
SF.24
SF.25
SF.26
SF.27
SF.28
SF.29
$F.30
SF.31
SF.32
SF.33
SF.34
$F.3%
SF.36
SF.37
SF.38
SF.39
SF.40
SF.41
SF.42
SF.43
SF.44
SF.45
SF.46
SF.47
SF.48
SF.49
SF.50
SF.S51
SF.52
SF.53
SF.54
SETZ.2
SETZ.3
SETZ.4
SETZ.5
SETZ.6
SETZ.7
SETZ.8
SETZ.9
SETZ.10
SETZ.11
SETZ.12
SETZ.13
SETZ.14
SETZ.15
SETZ.16
SETZ.17
SETZ.18
SETZ.19
SETZ.20
SETZ.21
SETZ.22



% 3 W % 3

14

- 16

18

ZO

22

24

30

P(10)=P({10)-A(5) :
IFINUM.GT. 11) 14, 3C
BEGIN C

Z(K)= Z(5)
L{K+40)=-21(5)
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D8 16 K=45,57,4

Z1(46)= 2(10)% L(86)=—l(10)

DO 18 K=62,70,4
Z{K)= Z2(10)
CZ(K+40)= ~2(10)}

DO 20 K= 51475412

Z(K)=_7115)
L(K+40)=-2(15)

CUZ(79)= Z(15)% Z(119)=-2(15)

DO 22 K=
Z{K)= 2(20)
Z(K+40)= -2(20)

P{K)= P(5S)"
P(K+10)=P(10)
P{19)= P(5)
P{29)=P(10)

END C
CONTINUE

R ETURN

ENC

68498448

Z(56)=21(20)% 2(96)=-2(20)
DO 24 K= 1‘!920v3

SUBROUTINE FUNC(S0,Z,F)$% REAL SC$ REAL Z2{1),F(1)
COMMENT FUNC COMPUTES THE RIGHT HAND SIDE OF THE DIFFERENTIAL

EQUATICN DZ(SO)=F(Z(S0)) WHERE 2 IS IN R¥*(4%NUM).
Z{(1) TC Z(4) ARE THE REFERENCE RAY AND Z{(4%*K+1) TO

Z(4%K+4) oK IN (lyeessNUM-1),ARE THE NEARBY RAYS.

BEGIN

INTEGER K. K1,NUM,L,COUNT :
REAL QBAR, ABAR,BB3K,WK, DELPB.QBARHK,Q PO, P BB0Z2,881,882,8R3

"COMMON /CASES/ NUM,L,K
/CHARGE/ Q

JMCMZ PO,P(4C)

/FIELD/ BB0O2,BB1(40C),B8B2(4C), 883(40)
/WORK/COUNTY, STEP

COMMENT ESTABLISH THE FIELD AT THE CURRENT PCSIT]ON IN

CALL FIELD 3% COUNT= COUNT +1
QBAR= Q/P0$% ABAR= QBAR * 8B02

COMMENT REFERENCE RAY

F{1)= -1.%ABAR%Z(2)$ F(2)= ABAR*Z{1)
F(3)= Z(1)$ Fl4)= 2(2)% Kl= NUM-1

IF(K1.EQ.0) RETURN
DO 10 K=1,Kl,1
BEGIN

L=4%K$ DELP3= SQRT(P(K)**Z—Z(L*Z)**Z—Z(L##)**Z)

WK= DELP3/(L+42(L+1)*ABAR)$ CBARWK= QBAR/WK

FIL+2)=({QBARKWK)

*(Z(L+4)%*BB3(K)-DELP3*BR2(K))

UCRL-19823

SPACE

SETZ.23
SETZ2.24
SEVZ.25
SETZ2.26
SEVZ.27
SETZ.28
SETZ.29
SETZ.30
SETZ.31
SETZ.32
SETZ.33
SETZ.34
SETZ.35
SETZ.36
SETZ.37
SETZ.38

"SETZ.39

SETZ.40
SETZ.41
SETZ2.42
SETZ.43
SETZ.44
SETZ.45
SETZ.46
SETZ.47
SETZ.48
SETZ.49
SETZ.50
SETZ.51
FUNC.?2

FUNC. 3

FUNC.4

FUNC.5

FUNC.6

FUNC.7

FUNC.8

FUNC.9

FUNC.10
FUNC.11
FUNC.12
FUNC.13
FUNC. 14
FUNC.15
FUNC.16
FUNC.17
FUNC.18
FUNC.19
FUNC.20
FUNC.21
FUNC.22
FUNC.23
FUNC.24
FUNC.25
FUNC.26

‘!:
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. +ABAR¥DELP3

FIL+4)=(QBARWK) *(DELP3%BB1(K)-Z(L+2)%BB3(K))
FIL+L)=Z(L42) /WK
FIL+3)=Z(L+4) /WK
: CONT INUE
END
RETURN
END

SUBROUTINE YPYMS5(MyN,AS)

INTEGER M,N,AS :
BEGIN COMMENT YP(5) AND YM(5) ARE SET EXACTLY FCR THE FIRST
, ' STEP. ALL OTHER STEPS ARE SET USING THE CALCULATED
v VALUES OF THE MOMENTUM P.

COMMON /CASES/ NUM,L,K

COMMON /YAFS/ YP(5)3YM{5) yA(5) yU(5,5)35(54545)

COMMON /WORKZ COUNT(STEP /MOM/ PO,P (40)

REAL YP,YM,A,P :

INTEGER STEP,NUM

IF(STEP.EQ.O +A. M.EQ.AS) 2,4

BEGIN . /

YP{5)= A(S) '
YMI5)= —A(5)
RE TURN
END ELSE
BEGIN
YP(5)= P(M)-1.0
[F(M#N.GT.10 .A. NUM.FQ.21) RETURN
YM(5)=P (M+N)=1.0
~ RETURN

END

END

SUBRCUT INE SAVEZP{ISAVE21,P1,PI1)
REAL ZSAVE{({1),Z1(1),P1(1),PI(1})
BEGIN
COMMENT THE INITIAL VALUSE 71,P1 THAT SOTRM1 WAS CALLED
WITH ARE SAVED
INTEGER NUM,L,K,NUM]
CCMMON /CASES/ NUM,L,K
NUMl= NUM-1 .
DO 20 L= 1,NUML,1
DO 18 K= 1,‘011
BEGIN
ZSAVE(S5*L-5+K)= Z1{4%L+K)
ZSAVE(5*L)= P1(L)
END
RETURN

- ENC

SUBROUTINE CUTRT(TEXTsR,T)

FUNC.27
FUNC.28

"FUNC.29

FUNC. 30
FUNC.31
FUNC.32
FUNC.33
FUNC. 34
FUNC.35
FUNC.36
YPYM5.2
YPYMS5.13
YPYMS .4
YPYM5.5
YPYMS .6
YPYM5.7
YPYM5.8
YPYM5.9
YPYM5,.10
YPYM5.11
YPYMS5.12
YPYMS.13
YPYM5,.14
YPYMS.15
YPYM5.16
YPYM5.17
YPYMS .18
YPYM5,19
YPYMS5.20
YPYM5,21
YPYM5,22
YPYM5,.23
YPYMS .24
YPYM5.25
YPYM5.26
SAVEZIP.2
SAVEZP.3
SAVEZIP.4
SAVEZP.S
SAVEZP.6
SAVEZP.T
SAVEZP.8
SAVELP.9
SAVEZP.10
SAVEZP.11
SAVEZP.12
SAVEZP.13
SAVEZP.14
SAVEZP.15
SAVEZP.16
SAVEZP.17
SAVEZP.18
SAVEZIP.19
CUTRY .2
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"INTEGER TEXT . OQUTRT.3
REAL RI(545),T{54545) : OUTRT. 4
BEGIN COMMENT THIS ROUTINE REQUIRES EXTENDED FORTRAN UUTPUT. SEE . CUTRT.S

UCRL 19463. 1T QUTPUTS THE FIRST AND StCOND CRDER ELEMENTS OUTRT.6

@

10

30

32

38

IN A TABLE LIKE THAT APPEARING IN UCRL 19182.  IT CAN BE .~ OUTRI.7
DELETED CR REPLACED. IT IS CALLED FROM PROGRAM SOTRM © OQUTRT.S§
INTEGER I,JsK,N i ‘CUTRT.9
CALL CUTMODE( 1HS) OUTRT.10
CALL FLIM(1C,130) DUTRT.11
CALL PAGE QUTRT.12
CALL SU{TEXT) $ CALL LINES(I) QUTRT.13
CALL S(1CHI*R(J,K)%)) $ CALL LINES(I) OUTRT .14
CALL S(laH(*x J / K =%)) (IUTRT .15
DO 10 J=1+5,1 : OUTRT. 16
BEGIN ' QUTRT.IT
' CALL SPACESI(8) OUTRY. 18
CALL DUTI{J,1) OUTRT. 19
_ CALL SPACES(8) _OUTRT.20
END . OUTRT.21 -
CALL. LINES(1) DUTRT.22
0O 22 1=1,5,1 QUTRT. 23
DO 20 J=s145.1 : OUTRT,. 24
IF(J.EQ.1) CALL SPACESI(1}1) CUTRT.25
IF(R(I,J).EQ.0) OUTRT.26
CALL S{21H(* 0.0000000& 00%)) OUTRT.27
IFIR(IoJ).NE.C) . CUTRT.?28
© CALL OUTRIR(I4J)s.FALSE.,17,7) QUTRT.29’
" CONTINUE QUTRT .30
CALL LINES(L) OUTRT.3L
END" CUTRT.32
CALL LINES(2) OUTRT.33
CALL S({12H(*T(1,J,K)%)) $ CALL LthS(l) QUTRT. 34
CALL S(l4H(* [/ J/ K =%x)) OUTRT.35
DO. 30 I= 1,5,1 ‘QUTRT.36
BEGIN CUTRT.37
" CALL SPACES(8) QUTRT.38
- CALL QUTI(I,1) OUTRT,. 39
_CALL SPACES(8) CUTRT .40
END QUTRT.41
CALL LINES(1) OUTRT .42
DO 44 I=1,5,1 OUTRT .43
DO 42 J= 1,45,1 CUTRT .44
DC 40 K= Jy5,1 OUTRT.45
BEGIN. CUTRT .46
CIF(JL.EQ.K) 32,38 OUTRT.47
BEGIN . CUTRT .48
CALL CUTI(142) CUTRT.49
CALL OQUTI(J,3) QUTRT.50
CALL SPACES{(S) " QUTRT.S1
CALL SPACES(17%(J-1)) CUTRT.5?
ENC OUTRT.53
CONT INUE QUTRT.S54
IF(T(I,J,K).EQ.0.0) . "OUTRT.55
CALL S{21H(* 0. ooooooo& C0*)) CUTRT.56



4+ % # 4

- 40

42

44

OF

720
731

10
12

15
17
20

_39'_i
" TABLE VI - contd.

IF(T(I4JsK)aNELOLO)
"CALL CQUTRIT(L 4JsK)poFALSEL»1T747)
‘CONTINUE
CALL LINES(1)
CONTINUE
T END '
CALL PAGE
CALL S(L13H(*END QUTRT*))
CALL LINESIL)
RETURN
END

SUBROUTINE APTRAN(II4KKEY)
INTEGER I1,KKEY,STEP

THIS ROUTINE APPLIES THE TRANSFER MATRIX CCRRESPONDING TG THE VALUE

KEY TC THE NEARBY RAYS.

JINIT/ ZSAVE(150)

/CASES/ NUM,L,K

COMMON 7MOM/ POL,P(40) /YAFS/ YP(5),YM(S),A(5)4U(545),5(5454+5)
COMMON /WORK/ COUNT,STEP

DIMENSICON ZTRAN(150)52SOLN(15C),4V(5)

IF(I1I.EQ.Q0) 4,8

READ(1) LSTP,KEY,U,S
IF(STEP.NELLSTP) 720,9

PRINT 731,STEP,LSTP

FORMAT (*OWRCNG STEP ON DISK.
RETURN =

KEY= KKEY
WRITE(L)
CCNTINUE
NUML=NUM-1

DO 20 L=1,NUM]

M=5%L-5

Co 20 I=1,5

SUM1=0.0

SUM2=0.0"

DC 12 J=1,5

SUMI=SUML+U(I4J)*ZSAVE (M+J)
1F(KEY.EQ.1.0R.KEY.EQ.—-1) GO YO 12

0O 10 K=1,5
SUM2=SUM2+S (1,0, K)®ZSAVE (M+J)*ZSAVE (M+K)
CONTINUE

CCONTINUE

IF(KEY.GT.0) GO TO 17

0C 15 J=1,5
SUM2=SUM24S (1,0, J)*ZSAVE(M+J)RZSAVE(M+Y)

CCMMON
COMMON

STEP =#110,5X%LSTP =%[10)

STEPJKEY,UpS

ZITRAN(M+1)=SUML+SUM2
- CONTINUE

V(5)=0.0
DG 30 KK=1,NUM1
L =4 %KK

UCRI,-1982 %

(IUTRT.S57
CUTRT.S58
QUTRT.59
QUTRT.60
OUTRT.61

"CUTRT.62

QUTRT .63
OUTRT .64
QUTRT,.65
CUTRT .66
CUTRT .67
QUTRT .68
OUTRT.69
APTRAN.?2
APTRAN.3
APTRAN.4
APTRAN.S
APTRANLG
APTRAN.T

‘APTRAN.8

APTRAN.9
APTRAN. 1O
APTRAN.11
APTRAN.12
APTRAN.13
APTRAN.14
APTRAN.15
APTRAN. 16
APTRAN.17
APTRAN.18
APTRAN.19
APTRAN.20
APTRAN.21
APTRAN,.22

APTRAN.23
APTRAN.24
APTRAN.2S
APTRAN.26
APTRAN.27
APTRAN.28
APTRAN.29
APTRAN.30
APTRAN.31
APTRAN, 32
APTRAN.33
APTRAN.34
APTRAN.35
APTRAN.36
APTRAN.37
APTRAN.38
APTRAN.39
APTRAN.40
APTRAN. 41

APTRAN.42
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30

40

60
70

" 80

90

" CALL DERI

~ho-

TABLE VI -~ contd.

K=KK

"CALL ZFINAL{V,0)

DC 30 J=1,5
ZSOLN(S*KK+J SRR N ND)
CONTINUE

DO 40 [=1,NUMIL
ZSCLN(S*1)=P(1)-1.0
N=5%NUML
CIF(NLEQ.I5%(N/15))
NA=15%(N/15)+1

GO TO 50

NN=N-14

PRINT 55

GO TO 45

FORMAT(///11X5HKZTRANy 1OX5HZSOLN, 15X5HZTRAN,10X5HZSCLN 15X5HZTRAN,

llOXSHZSOLN)

DC 90 I=1,NN,15

‘DO 70 J=1,5 -
K=I-14J4 .

L=K+10

PRINT 60, (ZTRAN(M),ZSOLN (M) 4M=KyL45)
FORMAT (SX2E15.755X2E15. T55X2E15.7)
CONTINUE

PRINT 80

FORMAT(1HO)

CONTINUE

RETURN

« ENC

¢+ Yo F o ToHPRQ)
SEE LRL CCMPUTER CENTER

FORTRAN IV SUBROUTINE INTGUING,X,DERI
COMMENT THIS IS THE LRL INTEGRATOR ZAM.
' WRITE UP FOR ZAM D2 BKY ZAM.

COMMON /INTC/ IPMXyAREF¢EMAXsSSSRyHFAC, SWAM,SWEX

CCMMON /INTP/ HPRyXXsNyEUBsELB, [P, IT,NRKS,SWIN

CIMENSION Y(1),F(1),T(8,1)

LOGICAL SWANM,SWEX,SWIN

INTEGER HFAC

DOUBLE PRECISION T,HPRO,HPRyXX

CATA IPMX,AREF,EMAX,SSSR,HFAC, SWAM, SWEX

$ /16384 ,1.0,1.06-8 4100.042s.TRUE..TRUE./

COMMENT NCTE THAT EMAX=
TAL DATA, EMAX= 10E-6 IS PROBABLY BETTER. .

HPR=HPRO

XX=DBLE(X)

N=NC

EUB=EMAX

ELB=LEMAX/SSSR

1P=1

17=0"

ARKS=0

SWIN=SWEX

(XsYyF)

DC 9 I=1,N

10E-8 IS PROBABLY TOC SMALL FOR EXPERIMEN-

UCRL-1982%

APTRAN.43
APTRAN,44
APTRAN.4S
APTRAN.46
APTRAN.47
APTRAN.4B
APTRAN.49
APTRAN.50
APTRAN.S1
APTRAN.S?2
APTRAN.S3
APTRAN.S54
APTRAN.S5S
APTRAN.S6
APTRAN.S57
APTRAN,S58
APTRAN.S9
APTRAN.6O
APTRAN.61
APTRAN.62
APTRAN.63
APTRAN.6S'
APTRAN.6S
APTRAN.66
APTRANLG6T
APTRAN.68
APTRAN.69
APTRAN.T0

>APTRAN 71
tZAN 2
LAM.3

ZAM. 4
IAVM,S
LAM, 6
LAM7

"IAvM.8

IAN.9

1AM, 10
ZAM.11
AV, 12
IZAV.13
LAM .15
ZAM.16
IAV .17
ZAM. 18
ZAM.19
IAM.20
AN, 21
1AM, 22
1AM, 23

CZ1AML24

AN, 25
AN, 26
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T(S5,1)=DBBLE(Y(I})

ZAM. 27

9 CONTINUE IAM,.28
RETURN '~ ° ZAM. 29
END IAM.30
SUBROUTINE INT(X,DERI sY,FsT,SWPR ZAV .31

X ) 1AVM.32
COMMON /INTC/ IPMXyAREF,EMAXySSSRyHFAC, SWAM, SWEX ZAM,.33
COMMON /INTP/ HPRoXXyNyEUBSELBy [P, IT,NRKSySWIN LAV .34

C ' ZAV .35

DIMENSICN Y(1),F{1),T{8,1) 1AM.36
LOGICAL SWAM,SWEX,SWIN ZaM.37
LCGICAL SWPR 7AM.38
INTEGER HFAC 7AM. 39

DOUBLE - PRECISION T,HPR, XX 2AM. 40

DCUBLE PRECISION D,yH 1AM. 41

6000° FCRMAT (36KO0 CANNOT DECREASE H BECAUSE CF HMIN. 2+ 1PE16.8,120) IAM .42
o ‘ 1AM .43
1 CONTINUE 1AM, 44

SWPR=,FALSE. LAM, 45

TEST=0.0 : 1AM .46

H=HPR/DBLE(FLCAT(IP#24)) 1AM 4T

IF ({(NRKS .LT. 3) .0R. (.NOT. SWAM)) GC TQ 200 IAM .48

o 4 . ZAM .49
o ADAMS~MOULTON STEP. ZAM.SO
100 CONTINUE - ZAM,.S1
0C 109 I=1,N IAM,.52

D=DBLE(F(1)) ZAN.S53

T(4,1)=D ZAM.S4

Y{I)=SNGL{T (51 )4H*{ IAN.55

X 55.000%D-5G.000%T(3,1)437.0D0%T(2,1)- 9.0D0*T(1,1) )} ZAM.56
109 CONTINUE ZAM.57

X=SNGL (XX+24,CDO%*H) IAM,.58
CALL DERI (XyY,F) A% .59
‘DC 119 I=1,N 1AM, 60

D=DBLE(F(1)) IAN.61

= ( T(S,[)4H%( IAM.62

> IAM.63
X G9.000%D+19.000%T(4,1)- 5.0D0%T(3,1)+ T(2,1) ) ZAM. 64

T(6,1)=D . , ZAN .65
E=ABS(SNGLI(D)-Y(I))/14.0 IAM .66

g = TEST=AMAX1(E/AMAXL(AREF,ABS{SNGL(D))}),TEST) ZAM. 67
‘ 119 CCONT INUE ZAM. 68
C L . IAM .69

GG TO 300 ZANM.T0

o 2AM.T1

C ICNNEVELD STEP. LAMLT2

200 CONTINUE ZAM.T3

pC 209 i=1,N ZAM . T4

D=DBLE(F{I)) ZAM.TS

T({4,1)=D ZAM.T6

c 1 LAMLTT

Y(I)=SNGL (T(5,T)+H*( ZAM.T8

X 12.0D0%D )) ZAN.T9
209 CONTINUE 2AM_80



c
c

219

229

239

249

300

X

“hpo . UCRL-19823

TABLE VI - contd.

X=SNGL (XX+12.0D0*H)
CALL CERI (X,Y,F)
DC 219 I=1,N
D=DBLE(F (1))
T{6,1)=D
2 o
Y(I)=SNGL(T(S5,[)+H*(
12.000%D - v ))
CONTINUE
CALL DERI {X,Y,F)
DC 229 I=1,N
D=DBLE(F(1))
T(7,1)=D
3
Y(I)=SNGL (T (5,1 )+H%( . .
24.000%D })
CONTINUE
X=SNGL {XX+24.000%H)
CALL DERI (X,Y,sF)
DC 239 I=1,N
D=DBLE(F(I))
T(8, 1)- :
4
Y(I)= SNGL(T(S'I)+H*(
3.7500%T (4, 1)+5.25D0%T(641)+9.7500%T(7,1)-0.7500%C ))
CONTINUE v
X=SNGL {XX+18.C0DO%*H)
CALL DERI (X,Y,F)
DC 249 I=z1,N
D=DBLE(F(I))
E=ABS(SNGL {H%( A
—16.0D0%T(4,1)+48.0D0%T(6,1)+48.0D0*T(7,1)+448.0DC*T(8,1)
~128.000%D 1))
5
D=1 T(5,1)+H*(
4.0D0%T (43 1)+ 8.0DO*T(6,1)+ 8.CDO*T(T751)+ 4.0DO%T(8,1)
))
T(6,1)=D -
TEST= AMAXl(E/AMAXl(AREF,ABS(SNGL(D))).TEST)
CONTINUE -

BOTH ADAMS-MOULTON AND ZCNNEVELD METHODS CONTINUE FROM HERE.
CONTINUE
X=SNGL(XX+24.0CO0%H)
IF (TEST .LE. EUB) GO TO 310
IF (IP*HFAC .GT. IPMX) GC TO 3C9

REPEAT STEF WITH SMALLER H.

NRKS=0 '

1P=1P*HFAC
: ]

IT=IT*HFAC

DC 305 I=1,N

TY(I)=SNGL(T(S,1))

FII)=SNGL(T(4,1))

/A¥.81
LAM .82
LAV .83
AN B4

LAV .85

ZIAM. 86
ZAM.87
2AN.88
ZAM.89
ZAM,. 90
71AM.91
1AM, 92
7AM.93
IAM.9G -
7AM.95
IAM.96
AV .97
ZAM.98

S ZAM.99

ZAM,.100
1AM, 101
2ZAM.L102
IAVM.103
ZAM,.104
ZAM.105
ZAM. 106
ZAM,107
ZAM.108
ZAM. 109
LAML110
IAV.111
ZAM. 112
ZAM.113

LAM.114

ZAM, 115
ZAML 116
ZAM. 117
ZAM.118
IA¥,.119
ZAM.120

ZAML121

IAM. 122
1AM.123
AV, 124
1AM, 125
IAM. 126
LAM.127
LAM,.128
1AM, 129
ZAM. 130

IAV.131
LAM.132
ZAM, 133
ZAM. 134
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CONTINUE
6e T0 1

CANNCT DECREASE H BECAUSE OF HMIN.
CONT INUE-

IF {(.NOT. SWIN) GO TOQ 310
PRINT 6000, X,IPMX

SWIN=.FALSE.

CONTINUE

ACCEPT CURRENT STEP,

XX STILL HAS NOT BEEN CHANGED SINCE ENTRY.
YY{XX) IS -STILL IN T(5, ). . ‘
FIYY) IS IN Ttla, ).

[T=1T+1
XX=XX+HPR/CBLE(FLOAT(IP))
NRKS=MINO(NRKS+1,4)
DO 319 I=1,N
D=T(6,1)
1(5’1)=D'
Y(I)=SNGL (L)
CCONTINUE
X=SNGL{XX) :
CALL CERI (XyY4F)
IF (IT .LT. IP) GO TO 32C

X IS A MULTIPLE OF HPRINT.
SWPR=.TRUE.
r=171-1°P

CONTINUE
IF (TEST .CE. ELB) GO TO 330
IF (MOD(IP,HFAC)+MOD(IT,HFAC) .NE. 0) GC TO 330

PROCEED TO NEXT STEP WITH LARGER H, USING ZONNEVELD METHOD.
NRKS=0

1P=1P/HFAC

IT=1T/HFAC

RETURN

PROCEED TQ NEXT STEP WITH SAME H.
CCNTINUE

.DC 339 I=1,N

Tlle1)=T(2,1)

. T(Zy[)zT(31I)

T(3,1)=T(4,1)
‘CONTINUE
RETURN

END

1AM, 135
ZAM. 136
ZAM.137
IAM,.138
JAM. 139
2AM,. 140
ZAM 141
1AM, 142
2AM.143
LAM. 144
2AM . 145
1AM, 146
LAM . 147
7AM. 148
ZAM, 149
1AM, 150
ZAM. 151
1AM, 152
IAM. 153
LAM. 154
1AM, 155
1AM 156
LAV, 157
2AM. 158

" 2AM.159

ZAM.160
AV, 161
1AM, 162
ZAM 163
LAM. 164
LAV, 165
LAM, 166
ZAM.167
AV . 168
IAM. 169
ZAaM. 170
IAM. 1T

ZAML1T72

ZAM. 173
ZAM. 174
ZAM.175
ZAM.176
LAV 177
IAM. 178
ZAM.179
ZAM. 180
ZAM.181
ZAM. 182
ZAM. 183
ZAM.184
ZAM.185
ZAM. 186
7AM.187
1AM, 188
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SUBROUTINE FIELD

COMMENT THIS ROUTINE ESTABLISHES THE FIELD AT THE CURRENT =
POSITICN OF THE REFERENCE PARTICLE AND THE NEARBY
-PARTICLES. THE ORIGIN IS THE ORIGIN COF THE REFERENCE
PARTICLE. THE ACTUAL FIELD IN GAUSS IS QUPPLIED BY TFKE
SUBRCUT INE GAUSS.

BEGIN

- COMMON-

" RETURN

END

INTEGER K,yK1l,L,NUM

REAL 14K R 4PC,P,BB02,BB1,882,BR3,Z,G,CCNST
DIMENSION R(3),G(3)

/CASES/ NUMyL.K

/M0OM/ POL,PL4O)
/FIELD/BB02,BR1({40),BB214C),BB3({40)

/SOLN/ Z2(164) )

/PARAM/ CONST(8)

K1=NUN-1

COMMENT THE POSITION OF THE REFERENCE CORBIT IN THE GLOBAL
COORDINATE SYSTEM 1S R{1),R{2),R(3). SEE FIGURE 1 UCRL

19182.
RUL)= Z(3)

RU2)= 0.0

R(3)= Z(4)

CAEL GAUSSI(R,G)

BB02= G(2) * CONST(7)

IF({K1.EQ.0) RETURN

DO 10 K=14Kl1,1

BEGIN
L=4%K$ Z24K= Z(L+1) .
COMMENT SEE UCRL 19182 FIGURE 1. WE ARE TRANSFORVMING
FROM THE PRIMED YO THE GLOBAL UNPRIMED COCRDINATE

SYSTEM.,
K(;)-ffl(3)+L4K)* 2123
szv-‘ Z(L+3 -

R&3)= N Z14)- Z4K * Z(1) [/ -

CALL GAUSS(R G)
COMMENT NOTE THAT THE FIELD HERE, BBL(K)...BB3(K),
REFERS TO THE FIELD COMPONENTS IN THE PRIMED
COORDINATE SYSTEM. SEE UCRL 19182 FIGURE 1.
BB1(K)= G{1)* CONST(T)
BB2(K)= G(2)% CONST(7)
BB3{K)= G(3)%x CONST(7)

END

SUBROUYINE CAUSS(R,G)$ REAL R(1),G(1)

(OMME
T

F

NT

HIS VERSION OF GAUSS SETS A CONSTANT FIELD = 17.036E4 GAUSS
WHICH CORRESPONDS TC A RADIUS OF 1 METER FOR PC= 510.72

OR A FROTON

UCRL-19823

ZAM. 189
ZAM.190
FIELDL.2

FIELD1.3 .

FIELDL.4
+HIELDL.S
FIELD1.6
FIELDLL7
FIELDl.8
FIELDL1.9
FIELDL1.10
FIELDL. 11
FIELDl.12
FIELD1.13
FIELOL.14

FIELD1,15

FIELDL.16
FIELD1.17
FIELDL.18
FIELDL.19
FIELC1.20
FIELD1.21
FIELD1.22
FIELD1.23
FIELD1.24
FIELD1.25
FIELD1.26
FIFLDL.27
FIELD1.28
FIELDL.29
FIELD1.30
FIELD1.31
FIELD1.32
FIELD1.33
FIELD1.34
FIELD1.35
FIELD1.36
FIELD1.37
FIELDL.38
FIELDL.39
FIELD1.40
FIELD1.41
FIELD1.42
FIELD1.43
FIELDL.44
FIELD1.45
FIELD1.46
FIELD1.47
GAUSS1.2

GAUSSL.3

GAUSS 1.4

GAUSS1.5

"GAUSS1.6

GAUSSL.7
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TABLE VI - contd.

BEGIN

REAL €+PO,P
CCMMON/CHARGE/ G

/MOM / PO,P{40)
Gl1r=C. ' ‘
612)=(PO/Q)*1.E4
GL3r=c.

RETURN

ENE

SUBRCUT INE FX&LD

COMMENT

BEGIN

RETURN
ENC

SUBROU
BEGIN

THIS RCUTINE ESTABLISHES THE FIELD AT THE CURRENT
PCSITION OF THE REFERENCE PARTICLE AND THE NEARRY
PARTICLES. THE ORIGIN IS THE ORIGIN OF THE REFERENCE
PARTICLE. THE ACTUAL FIFLD IN GAUSS IS SUPPLLED BY TrHE |
SUEROUTINE GAUSS.
COMMENT THIS VERSTION OF FIELD CAN BE USED WITH AN IDEAL
SEXTUPOLE AND AN IDEAL QUADRUPOLE. 1T ASSUMES THAT THE
REFERENCE ORBIT HAS FIELD ZERO.
INTEGER KoK1lyL,NUM
REAL Z4K.R.PO,P,BBOZQBBI9BBZyBBJ,ZngCGNST
DIMENSION R{3),G(3} i
COMMON  /CASES/ NUMyL,K
' /MOM/ PO,PL4O) .
/FIELDIPBOZ,BBI(#O).BBZ(AC),BB3(40)
/SOLN/ 2(164)
/PARAM/ CONST(B)
Kl NUM-1
CCMMENT THE REFERENCE ORBIT FIELD IS SET TQ ZERO.
BBO2= 0. 0
[F{K1.EQ. RETURN
DO 10 K=1, Kl l
REGIN
L=4%Kt Z4K= Z(L+1)
COMMENT R{1) AND R(2)
IN THE PRIMED SYSTEM.
RELY=Z(L+1)
R(2)=2(L+3)
CALL GAUSSI{R,G)
BBL(K)= G(1)% CONST(7)"
BB2{K)= G(2)% CONST(T7)
BB3(K)= G(3)% CONST(7).

GIVE THE DISPLACEMENT IN METERS
SEE FIGURE 1 UCRL 19182.

END

TINE GAUSSI(R,G)$ REAL R{1),G(1)

COMMENT THIS ROUTINE FURNISHES THE IDEAL QUACRUPQOLE FIELD
USED AS AN EXAMPLE IN UCRL 19182,

REAL Q4PC,y?P

REAL PO
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GAUSS1.8

GAUSS1.9

GAUSSL.10
GAUSSLl.11 -
5AUSS1.12
GAUSS1.13
GAUSS1.14
GAUSSL.15
GAUSS1.16
GAUSS1.17
GAUSS1.18
FIELD2.?2

FIELD2.3

FIELD2.4

FIELD2.5

FIELD2.6

FIFLD2.7

FIELD2.8

FIELDZ2.9

FIELD2.10
FIELD2.11
FLELD2.12
FIELD2.13
FIELD2.1¢
FIELD2.15
FIELD2.16"
FIELD2.17
FIFLD2.18
FIELL2.19
FIELD2.20
FIELD2.21
FIELD2.22
FIELD2.23
FIELD2.24
FIELC2.25
FIELD2.26
FIELD2.27
FIELD2.28
FIFLD2.29
FIELD2.30
FIELDZ2.31
FIELD2.32
FIELD2.33
FIFLD2.34
FIELD2.35
FIELD2.36
FIELD2.37
FIELD2.38
GAUSS2.2
GAUSS2.3."

GAUSS2.4
GAUSS2.5

GAUSS2.6

GAUSS2.7
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RETURN
ENC

I UCRL-19823

TABLE VI - contd.

COMMON/CHARGE/ Q

/MOM / PO,P(40)
B0={PC/Q)*1.E4/2.0
G(l)= BO*R(2)/.0508
G(2)= BO%*R(1)/.0508
G(3)=C.0

SUBROUTINE CAUSS(R,G)$ REAL RI(1),G6(1)"

BEGIN

- - ENC

COMMENT THIS ROUTINE 'FURNISHES THE IDEAL SEXTUPOLE FIELC
USEC AS AN EXAMPLE IN UCRL 19182,
REAL C,PC,P
REAL 80
COMMON/CHARGE/Z Q
/MOM / PO,P(40)

- BO0= (PO/Q)*1.0E4/10.0

G(1)= (2.C*BO*R(L)I*R(2))/(.0508%%2)
G(2)= (BOX(R(1)**2-R(2)%%2))/(.0508%%2)
G{3)= 0.0

RETURN

GAUSS2.8
GAUSS2.9

GAUSS2.1C .

GAUSS2.11
GAUSSZ2.1¢
GAUSS2.1:
GAUSS2.1¢
GAUSS2.1¢
GAUSS2.1¢
GAUSS2.17
GAUSS3.2
GAUSS3.3
GAUSS3.4
GAUSS3.5
GAUSS3.6
GAUSS3.7
GAUSS3.8
GAUSS3.9
GAUSS3.1(
GAUSS3.11
GAUSS3.1¢
GAUSS3.1°:
GAUSS3.1¢
GAUSS3.1°¢
GAUSS3.1¢
GAUSS3.11

N
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: - ‘

A. Makes any warranty or representation, expressed or implied, with

respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,

_apparatus, method, or process disclosed in this report may not in- -
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages ’

resulting from the use of any 1nformat1on apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
— ‘ with the Commission, or his employment with such contractor.
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