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"TRAJECTORY'" --AN ORBIT AND ION OPTIC
MATRIX PROGRAM FOR THE 184-INCH CYCLOTRON"

A. C. Paul

Lawrence Radiation-Laboratory
University of California
Berkeley, California 94720

.. September 1969

ABSTRACT

TRAJECTORY is a Fortran IV program for simultaneously integ_ra‘t'ing

the equations of motion of a charged particle in a magvnetic field and the dif-

ferential equations for the ion optic matrix representing small motion about

the paraxial trajectory. The orbit calculation is carried out in the median

plane with the vertical transformation matrix calculated from a Taylor-

series expansion of the magnetic field off the median plane. The matrix

so calculated is readily used with the ion-optic transport codes

TRANSPORT! or OPTIK. %

The trajectory data can be used to obtain in-

ternal target positioning for a given beam line.

INTRODUCTION
TRAJECTORY tracks charged particles

(protons, positive and negative pions, etc.’) in :

either the forward or reverse direction (Fig.1)
The particles can be started individually from
a specified R, A, and ¢ and tracked forward to
find the trajectory traced by a particle leaving
a target, or can be run bac;kward so that the
beam line can be extended back into the cyclo-
tron to find the required target location. The
particles can, also, be started from a. rec-
tangular array of R, &(Pr) values at a fixed

azimuth 6 so that a slit or aperture accep-

"Work donc under the auspices of the U. S.
Atomic Energy Commission.

1. C. H. Moore, S. K. Howry, and H, S.
Butler, TRANSPORT, a Computer Program
for Designing Beam Transport Systems,
Stanford University Linear Accelerator
Report, 1964.

2, T. J. Devlin. OPTIK, an IBM 709 Com-.
puter Program for the Optics of High Energy
Particle Beams, UCRL-9727, Sept. 1961.

tance can be determined by reverse tracking.

The program output is shown in Fig. 2
with the trajectory printed in polar and rec-
tangular coordinates, and can be used for any
dyclotron with cylindrical or rectangular ge-
ometry. It is possible to determine the target
locations and meson wheel angle required for
a given external beam line by properly choosing
the starting location of particles to be tracked
(Fig. 3).

The orbit calculation can be stopped at
any desired radius, azimuth, or value of tra-
jectory length, so that the accuracy of the
matrix can be checked by comparison with the
matrix determined by actual ray tracing. Also,
the orbit can be stopped. at a given point, the
integration step reversed, and the calculations
continued backward to the starting point, where
any deviation of the matrix from a unit matrix

reflects the error produced by the finite size of



!

the integration step and by the numerical pro-
cedures used. The prclagr.am requires 47200
octal words of memory for 10 000 decimal
points in the field array. ‘ '
EQUATIONS OF MOTION

The basic 'equatiohs' are integrated in rec-
tangular coordinates, x%,y. The median plane

motion in a field B is described by

dzx e
m— == vXB,
2 c
dt
d2 e 3
m g == S VXB
dt
The velocity v, trajectory length s, and time t
are related by g—ts— = v; and momentum p, mag-

netic field B, and radius of curvature R are

related by eBR = P. Then

dly . B¥)
452 BR
dZX ) Bz(x,'y)
a2 BR

Reducing these sccond-order cquations to first
order by the substitution u = dx/ds and

dy/ds gives

W =
dx -
as - v
dy _
ds .WI
du _ B (x,y).
das.” BR
aw _ Bz(x,y)
d8 -~ TBR

where the magnetic rigidity of the particle
BR is rclated to rnomentum by
BR = 1.31324><‘10()p in units of kilogauss-
inches and MeV/c.
MATRIX EQUATIONS

TRAJ simultaneously integrates the
equations of motion and the differential
equations fér the first-order ion optic matrix

elements. 3 When the trajectory lengfh, S, is
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taken as independent variable, the horizontal
matrix compatible with a particle vector (x,

6, 6p/p) can be written as

cos kxs % sinkxsv —1—2(1-cos kxs)
. X . - Rk
Mh= X
: . 1 :
-k _sink s cosk s~ - sgin k_s
x X X k R X /
0 0 - 1 ’

and the vertical matrix combatible with a
particle vector (y. ¢) as

k
. y

cos k s sink s
’ Y y
MV
-k sink s
y y A
where kx = ,/1-n/R, k_= ./1/R, n is the
field index - RAB/BdR, R the radius of curva-

ture CP/eB, p the momentum, B the mag-

cos k s
vy

netic field, C the velocity of 1igilt, and e the

unit of electric charge.

-k_sink's cos k_s 1 sink s
X X X Rk X
dM x
_h.
ds —k2 cosk s -k _sink 8 -= cosk_s|
x X X X R X
0 0 1
-k sink s cos k 8
dM  _ y ¥
v = 2 ) )
dSs -k cos k_s -k sin k s
Y D 2 Y

The matrix equations to be integrated become

dM, (1.4) -

—gs - Mh(Z,i),

dm, (1,2)

a5 - Mh(Z,Z),

dM, (1,3) v

—a5 = M(2,3),

dM, (2, 1).

e 2w,

amype.2) | __

Tas T 7 ke My (1 2),

My 2,3) s
as R~ 52

3. This pr.oce_dure is based on Program

© FOCUS, by Loren Meissner (unpublished).



de(i, 1)

a5 "M

dMV(i, 2) )

—gg—— = M, (2. 2),

de(Z,-i) 2 L

—as =, My (1

aM_(2,2) - : ’

v _ .2

—gs < kY Mv(i, 2).
The integration is carried from the initial con-
ditions

x =0,

y =Y

% = éo§ &,

o e

where ¢ is the angle between the particle di-
rection and the tangent to the circle at the

particle location, and

h(i 1) = 11
( )= O’
h( 1) 0,
M, (2,2) = 1,
M_(1,1) = 1,
M_(1,2) = 0,
v
MV(Z 1) = 0,
M_(2,2) = 1,

i.e., the matrlces are started from unit
matrices.

The coordinate systein used by the ion
optic transport codes by TRANSPORT and
OPTIK are different, as shown.in Figs. 4 and
5. Programs TRAJ and OPTIK use a right-
handed system such that a positive feld (flux
lines upward) deflects protons to the right
with the x axis to the left.

The coordinate system of TRANSPORT
is such that a positive field (flux lines upward)
deflects electrons to the left with the x axis to
the right. This sign convention requi.res a
sign reversal of the dispersive matrix ele-
ments when the TRAJ matrix is to be used
with TRANSPORT. The natural system of
units is used by OPTIK and TRAJ for parti-
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" cle vectors linches, radians, percent), where-

as. TRANSPORT uses inches, milliradians, and
percent. Therefore, a scaling matrix is em-
ployed by program TR:A.T_to<co'nve rt its output
into the appropriate coor'di.né'te and unit system.
This scaling matrix is intfbduced by a 3. 7. 1..

or 3. 7. 2. data card, and has ‘the value

1. 1. 0. 0. 1
1. 1. 0. 0. 1
UU= 0. 0. 1. 1. 0.
0. 0. 1. 1. 0
0. 0. 0. 0. 1
for OPTIK (3. 7. 2.) and the value
1. .004 0. 0. -. 01
1000. 1. 0. 0. -10.
UU= 0. O 1. 001. 0.
0. O_ 1000.. 1. 0.
0. 0. 0. 0. 1.

for TRANSPORT (3. 7. 1.).
The TRANSPORT R(6,6) matrix and TRAJ
M(5, 5) matrix have the following correspondence:

M M M13 M14

11 My 0. Myq
My My, Myz My, 0. Mg
R( ) - xm x32 233 1\1\?4 g' $35
41 Myp Myz My, 0 Myg
0. 0. 0. 0. 1. o
Mg, Mg, Mgy Mg, 0. Mgg

The correspondence between the OPTIK T
(6, 6) matrix and the TRAJ M (5, 5) matrix is

12 Myz My, Myg 0

22 23 24 25
31 32 33 34 35
41 42 43 44 45

51 52 7753 54 55
0 0

The TRAJ matrix M( )’ ti-_ansforrns a particle

11
21

IR
ozz;zz
R EEREZX
2 2 X
oo oo

M
M
M
M
0

°SEXEK

vector (x,0,v, ¢, 5p/p) in the forward direction,
V=MV

0
The reverse matrix, Mr’ transforms a particle
vector, V to VO’

VO = MrV.

ébviously, MMr =1, therefore 'Mr =M 7



then the following relationship must exist be -

tween the forward and reverse matrix:

A B C E -B BF-EC\ .
M={D E F M- l-{-pD. A Dc-aF -
o 0o 1 o o0 1

The effect of these matrices ‘on a particle

vector is shown in Fig. 6. Both these matrices’

are printed as output under the headings of
forw.ard and reverse matrix. '
PARAMETER INPUT

The various parameters of the calculation
are read by- subroutine READIN. The param-
eters are coded by a floating-point numvber
described below. Once a parameter is .
changed, it so remains until changed again,
except for the particle coordinates R, 6, ¢,
or X, Y, ¢. .
1. R. 6. ¢ E. DS. SMAX. SOUT.

Particle input is in polér coordinates

(R, 6), where R is in inches and 6 is in
~degrees. The outward angular direction ¢
‘in degrees (sHown in Fig. 7) is the ang_lé be-
tween the particle direction and the tangent to
a circle at thAe_particle location. E is the

particle énergy in GeV, positive for a positive

particle, negative for a negative particle.

DS is the orbit integration step size in inches,. -

and is taken negative if the orbit is to be cal-.
culated backward. SMAX is the rnaximum
trajectory length (inches) with the printoﬁt of
the ion optic matrix every SOUT (inches)
along the trajectory. The FORMAT is
(8F10.5). '

Example: a 730-MeV proton starting
tangentially at 78-inch radius
at 172 deg azimuth can be
specified by either of the fol-
lowing:

1. 78. 172. 0. .730 1. 100. 10.
1. 78. 172. 0. .730
2. X. Y. ¢. E. DS. SMAX. SOUT,

Particle input in rectangular coordinates

"is in (8F10.0) format. ' The other parameters

are the same as for polar coordinates.
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See Fig. 8.

‘Example: 2. 56.5 -56.50. . 730 1. 100. 10.
3. PARAMETER VALUE

Parameter values used by TRAJ willv be

assumed standard unless changed by one or

more of the following cards in (3F10.0) format.

3. 1. NC2. — — — —input of the order of
' bLag'ran‘;zian interpola-
tion of magnetic
" field values.
3 2. EO. — — = — input of the rest mass
‘ of the particle in CeV.
3. 3. SMAX. — — —maximum trajectory
_ length in inches. .
3 4. SOUT. — — —distance between
matrix printouts in
_ inches.
5. S
SPRINT. — — SPRINT = 0 gives
printout at each inte-
gration step, SPRINT
£ 0 gives distance be-
..twe.en orbit printouts
if not for each inte-
gration step in steps
of the integration size.
37 7. MATRIX. — — = 1 matrix units for
TRANSPORT.
" = 2 matrix units for
. OPTIK.
3. 8 DPUNCH. — —
3. 9. PHIIN. — — — ¢ input unit degrees
for PHIIN = O,
PR/P for PHIIN = 1.
3. 10. DS. — — — — integration stcp size

in inches.
The standard values assumed by the program
for the above parameters are NC2 = 7,
EO = .93_8213 QeV, SMAX = 50 inches,
SOUT = 50 inches, SPRINT =0, MATRIX = 1.,
PUNCH = 0, PHIIN = 0, and DS = 1. inch. 7
4. XFIELD, BSCALE. PSCALE.

Magnetic field input specification.

XFIELD selects the appropriate input



subroutines. BSCALE scales the radial field -
data and PSCALE scales the perturbation
Normally BSCALE = PSCALE = 1.
4. 1. 1. L
field of the 184-inch cfclotron.
4, 2. 1. 1. Radial field + per-

data.

"Radial magnetic

turbation over a given sector.
4, 3. 1. 1. Two-dimensional
polar magnetic field over a given sector.
4. 4. 1. 1.

rectangular magnetic field.

Two-dimensional

The subroutines called by 4.3, and 4.4. data
must be supplied by the user.
5. SELECT. VARIABLE.

The calculations can be interrupted by

the use of this card to give the printout of the
ion optic matrix at the specified value for
either the particle radius, azimuth, or tra-
jectory length. If the appropriate value does
not lie on the integration step, the orbit is
reversed one step and a linear interpolation
is used to find the integration step required to
produce the desired value of R, 60, or S. This
step is then taken, the matrix printed, and
the integration advanced to the original stopping
point. The integration then continues as usual.
The required data are in Format 3F10.4

5. 1. R. ‘Prints matrix when
radius = R.

5. 2. 6. Prints matrix when
azimuth = 6.

5. 3. S.

tory length = S.

Prints matrix when trajec-

If the calculation is to be stopped at one of the
above values so that other parameters can be
changed, set STOP = SELECT by the following

card:
5. 4. STOP. if STOP = 1. Calcula-
tions stop when radius is given on 5. 1. R,
if STOP = 2. Calcula-

tions stop when azimuth is value given on
5. 2, 0.
if STOP = 3. Calcula-

tions stop when trajectory length is as.given on
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N.

Read N. comment cards.

7. R1. R2. DR. AZIM. PHI1. PHI2. DPHIL

Track particles starting at azimuth AZIM
with -
radius R1, PHI = PHI{, ,
PHI1 + DPHI, --- PHIZ2,
radius R1 + DR, PHI = PHI1,
PHI1 + DPHI, --- PHI2,

radius R2, PHI = PHI4,
PHIY + DPHI, --- PHIZ.

The total number .of particles, N, tracked by
this option is

N =(RapRLy o) (PR PHIL ).
Radius is in inches, and PHI in units Selected
by the 3. 9.
The Format is (8F10.4).
8.

option..

This ¢ard resumes the orbit and matrix
calculation after it has been previously termin-
ated without redefining the particle position.

If one wishes to check the numerical accuracy
produced by a given integration step size, he
may calculate the trajectory out to some
SMAX. and then reverse the calculation by
reversing the sign of the integration step and
calculate back to the original starting point by’

the following data:

1. R. 6. PHI. E. DS. SMAX. SOUT.
10. -DS
8.
9.
This data card produces a page eject.
10.

This data card terminates the job.
. Blank cards in the data deck are ignored

except where they arc required in the magnclic

ficld input data sets.



MAGNETIC FIELD INPUT

One of four subroutines is used to read in

the magnetic field. Subroutine B184 is used if
XFIELD = 1. and reads the radially dependent,
azimuthally independent field of the 184-inch
cyclotron. Subroutines B184 and BP184 are
called if XFIELD = 2. and store the radial
field onto which are added field perturbations
read from cards by BP184. These perturbé.;
.tions-extend over the radial increment RMIN
to RMAX and the azimuth sector defined by
AMIN, AMAX. Subroutine B2DP is called if
FIELD = 3. and rcads a two-dimensional field
in polar coordinates. Subroutine B2DP is
called if XFIELD = 4, and recads a two-di-
mensional field in rectangular coordinates.
Subroutines B2DP and B2DR are not supplied

at present.

The sample data shown in Fig; 10 will'track

two protons of 730 MeV and three mesons in

the forward direction, and then two protons in .

the reverse direction in the radial field of the
184-inch cyclotron. All data are in format
(8F10.5) except comment card, whose format
is (8A10).

SAMPLE DATA WITH FIELD PERTURBA-
TIONS

The fo_llowiﬁg example shows data for the
radial mag_lnetic field of the 184-inch cyclotron
and the perturbations produced by the regen-
erator and magnctic channel (Fig. 9). These
perturbations extend radially from 70 to 108
inches to 1-inch ste.ps and azimuthally from
101 to 171 degrees in 1-degree steps. Within
this boundary other perturbations may be
added as shown. The format for the perturba-
tion data is (I3, 2X15F5.0). The radius is the
first number on the card .(13), and the data
must be in radially increasing order. If
more than one card is required per radius for
the azimuthal field, the perturbations are in
ascending azimuthal order at a given radius,
A blank card signals the end of a perturbation

set. Two blank cards in a row signal the end
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of all perturbation sets. - The first card of a

perturbation set gives the azimuth at which the

data begins. In'the example, shown in Fig. 11,
a second set of perturbations begins at 142
degrees and covers the radial range from 98

to 103 inches extending to 156 degrees.

- COMPUTER PROGRAM

A listing of the Fortran IV computer

program is giveh in the Appendix.
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105° probe

Magnetic regenerator
132

Magnetic channel

t
>

8
I
Starting point (R,8) or (x,y)

A

+E
\-DS

Fig. 1. Effect of sign of energy and in-
tegration step size.

Fig. 3.

XBLTO|-227Q _

Pion orbit tracking in the
184-inch cyclotron

INGUT NaTa L/0ROINE 90, N96ANG  106,000700 3.112000 760728 1.960000 200.0N00€0  10,000060
PIGEV/CY= 1,34IR31R .
PSEINCHESI = 1,000
ARV = INI= 14 T64AF¢0h
CIGEVI=  ,T707240
4 SUINCHY XCINGH)  YCINCH)  ROINCH)  AT(DEG) INDEX 8(6AUSSH NPHE(NEG)
1 % 24,836 RH,607  9N,0969 106, M0N0 4. A2TESON 1922349
? tenor 25,404 Rb, 379 90,1512 1D6.634A Se76TE400  19602,2
2 24000 26,779 46,139 90,2056 19742692 6. TIIEH00 19602, 4
“ 000 27,747 B5,A99 90,2600 17,9032 7.757€406  19TR3, 1
s 44000 28,712 B5,629 90,3143 1CH,53A9 2,6585400 19942,5
6 20,475 95,357 @ 19941792 9, 4555000 20047,9
N kA6 RSLNTS 9 19948031 1.0126¢01  20152.5
8 TomAC A5 A6 7AL ONL6TSE 11344357 1aN6Aten]  202C143
“ RaBPC 32,563 N4,4T7 9045283 111.7ATO 1e094E+01  20177.8
19 QANN 13,492 RG,1A2 FULSANR 11146997 1,093 ¢31  20n57.0
LE 124000 344437 A1,AR26 9N, 63%0 112,3312 1.0745401  19R05,1 .
o el e e e FABWARD MATR[X=em e memmmm e oo - B S REVERSE MATR[ Xwm=ewmmmmee—ne
1.04254 01T 0, o ~NN565 105660  -.01017 6, Co ~s£0572
9.97562  1.056A0 O, N =1.14927 ~9. 97867 1.346256 0, e 1.1418
Ly 0. $95195 «7M9A1L 0, e 0, «93301  -,00881 6,
n, o, -10,91745 «93A0F 0. LN LN 10,90265 «9519% 7,
SANIAL DETMa  1,000008  VERTICAL DETMe  ,909A0Y
4 SUracH)y XCINGHY  YOINCHY  RUINCH)  AZEDERY INDEX R{GASS) NPHIINER)
12 35,379 A3.499  9NL6AR0  112,982% 1.0516001 19723,0 2.8722
13 W.IE  A3,152 90,7387 113.5931 10022F¢01  19540,0 2,9452
14 27,250 A2,795  MNGTRPS  114,22%6 9. MVEL40C 193571 249443
15 384180 A2,42T  NNGAL0D  114,R536 046726400 2.9608
16 39,106  82.049 97,8921 115,4833 9e40TE 00, 249795
17 40,028 Al,662  9N,9462 . 114,1127 9e 2TRE +QC 2.9932 .
17 40,966  Rl.266 90,9965 L16.7416 9. 362E+00 340107
e T41,859  R0.95T 91,0492 117.3702 9. 495E€ 40N 1,0299
2n ©2,768 0,440 9141023 117,9984 94 590€+00 3.0521
. 21 20,000 43,672 80,013 91,1557 119.6263 De653E+40T  1A55R.4 3.0764
meememeemmnomce o FORWARN MATRY VEQSF WATR[X=r—=mceema—aoo
. l.2000% 02147 0. LN =.02317 1.21859  =.02147 Qe Qe -e02263
21458190 1421859 Q. LR -2.36994 ~21.52196 1,20055 0. 3N 2434606
0. 0. « 78830 01843 0. [ [ 77397 -.01843  C.
0« 0, -21,15%31 17397 0, L1 0 21. 15531 «7883C 0.
RANIAL DETM= 1.n00A1R° VERTICAL DETM=  ,999973 .
3 SUINCH) X{INCH)  YUINCHD RUINCH)  AZ(NER) INDEX B(GAUSS) OPHT (NEG)
22 46,572 7,577 91,2096  119.2537 9.65RE+00  1R4T9.5 .
21 454467 794112 91,2640  119,8R0A 9.58AF¢0N  18394,2
24 460358 78,677 91,3189 120.5074 9. 434E490  18299.5
25 47,266 TRL213 . T1.3TE3 17141337 275400 1819
26 49,125 77.740 91,4304 W heGESOC  1A084,
27 49,001 77,2859 91,4R71 ALL6IE#N0 17961,
7R 49,812 T6.76T 91,5446 . TebTIESO0  17820.2
29 80,70 TA 2AT  GL,A020 12346347 Ta226F+00 176%59.4
se 514409 T5.759 91,6620 124,25A9 6.ALTE+Q0 17673.3
" 52,4%6 75,742  91.7222 12648826 heoeb6F N0 172605 2.4793
membomm e eem e ENRWARD VATRIXmmmmrem e e cmmmmm—e—mecesacuaREVERSE WATRIXewamemeemcanoo

1447529 o N34R2 Ne Na -aN5347

Fig.

la%4R13

=eN3482 0o O ~ei5111

2. Example of program output.
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v

4
X (0,0,0) (0,0,0) -X
XBL702-238! o B . XBL701-227!
F:ivg. 4. TRAJ and OPTIK Fig. 5. TRANSPORT coordinate

coordinate system. . system.
& __Forward ray ( X,6,8)
Reverse ray (X,8,8)

&S5 Paraxial ray (0,0,0)
Reverse ray (00,0)

-XBL7O1-2272
Fig. 6. Beginning and end points for particle

vectors tracked by the forward and reversc
matrices. '

90° .

Dee

I80° ion source

(80.0", 225°,15°)

X8L701-2273

Fig. 7. Polar gcometry of 184-inch cyclotron; ¢ is
taken positive for positive radial momentum (out-
ward).

G



-9- . UCRL-19407 ----

Dee ?

(0,0) C

(56.5,-56.5,210.)

XBL701-2274

Fig. 8. Rectangular geometry for 484-inch cyclotron
for same input conditions shown above; :
¢ -¢

rect ﬁpolar' polar’

Yi

100 78905"94° 3.16°) Magnetic' regenerator )

80
60 -
Channel septum bar
40 |
106, 166°
20 (19°)
0 L i | 1 »X
O 20 40 60 8/0 00 120

Fig.' 9. ‘Backward tré.ck‘ing into magnetic channel. "
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23347
23181
23037
22928
22816
22729
22630
22541
226419
221395
22326
20n43
12169
6135
RLANK CARN
le
2e
3.
e
Te
1
3e
2
2

.
. RLANK 7ARD

10Re

Fig. 10.

1e

1.
23127 23306
23164 23147
29020 23004
22915 22902
22802 22789
22709 22698
22618 22606
22531 22520
22470 22459
22387 22379
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10HT
10H
o
10H
10H
1GhC
10H

1CH.
10H

t8al10} - o
.
’
LT

.

K 740 ‘QEV'

I0HCH CYCLOTH,
104 Oley

10K .

1CH0Y, 224784,

10H2459. 2244,

oM 22482. 22,

10H1. .

10H33E, 22326,

10H 219,

10M. 15265, 1

10H56. 15180,y

10H0350.  75é&,

10H 7339, 6,

10HT7. 1)

104 - .

10H 5. o

10H coe

10H 2. 168, o

10K ’
1CH

IcH ’

IC..

T.

'

.

'

’

,

e

1eH .

LOHINC A 4. 1,

12

* 10H. b 1. LAy LoevD '
s 10H v LUH ’
« I0H v LOH )
s l0H v 10l LI
*  10H « 100 '
v 10M wans LOM avenns v
* 10k v lon .
* 10Heuessan + d0u »
- /

DATACTUXTCU) yJ= T2Ly 70007

* 10H + LOH .
*  LOMIM ASSENDI, LOHNG CHELEP Uy
= 10H s+ 10H tXT,
#  LOHAMAX IN ST, LOREPS CF DR
OLOH FiRs LOAMATIRFLO0.0,
*  10H « 10H »
* 10H..ess + 10H '
&« 1OH . lf)h i
»  1OM . o1oM .
* 10H FOLLOw, lONIN\.v A&, 2,y
* /

CATALYEXT(S) +d= T6Ly 0002/

- v 10 +
*  10H TIT, 190 T CARD .
* 104 v« 10K *
A luNN.k'ﬂAX'IJk.. 1018 SCALE ’
- » LOH *
* IONAS ABCVE 4 LOH .
LY » LOH BLA,
*  10H » LOH v
* 10M KNIy LOHNGPHAAX,UR,
* 10H + 10H .
* /

DATALTEXTLY) »J= HOL, 840D/
* 10H... v 10K .
s 10K + 10K .
« 10H + LOH *
&« L0H v+ lOM PLR,
% 1OHNG UKDER U, LOHF AZ EMUTH
= LOH RAD, 10MIUS. R4R(,
¥ H " v 1O 0
¢ LONMATUI R, ZX1) 1CHSFY.C) .
DT . LUH '
L vl +
® 1

LATALTEXT ) oJ= A4l HHO}/

& v+ Lo .o
& 10H v LOH
+ 10 MLA Y LOHNK CARY

LIS D1} v 104

+  LOHMNK CARD v DK
« lo0n v L0

* 108 e 10H
* 104 » 10n
s 10H v 10n

* 104 v+ 10K
« ./

TATA{TEXT(J)ed= EEl. SGCH/
= 10H 100 y
* 1OH- == m= oo = .
» ok »
¥ LOH ¢ 10h .
5101 s lOH 3. —l4,
& /

190

fa¥al

Pt ¥

3¢

150

an

200

60 T

aun

510

PRINT 3000
NTEXT=900
PRINT 3CYO, L TFXT L)) 0 =1 «NTEXT)

CALL INLTAL

G Ty 200

MADTAL FIELD ~l|H NUOAZ IMUL HAL
CONTINUE

READ 2020, 111LE

PRENT 2020,T1TLE

KEAD 20104R 112, DRy0 LS
FHINT 3010 ,KLer2, 00,875
NS=JF I XEOR2-KLD/OR)# )
N1leNB

HEAU 20104 ITAND Iy d= el
PRINT 3020, 01ABUL Iy =1 NIt
KEAD 2010, 8JUNK

CALL Hi¥s

IFLIETELDGAEL2) N Ty 200

104

104 T,
104 »
LOHN G RMAY (LR y o
LOH ’
19H ’
10H '
1OH .
LOH PAL,

10KF RACILS
1OHENDIAG FRCy

10H N
10H} ’
10H .
10H '
10n BLA,
104 .
10He 1. 1. CA,y
10H o
LoH '
1oH ’
10H +
10H KAL,
1WH .
lmmx CeHp

.
lnnuscau .
LoH N
toH .
10H ceer
104

LUHTUKBA) ILNS'
1OHFUR E#CH
10HT) o887 dpans
0OH .

104 .
101 ens
RLLE .
10H... .
10H ’
10H ’
10H ’
oM »
104 BLA,
10H ’
10H .
10H '

'

108

0H .6 0.

VAF#TATICAS

KADEAL FIELD PLUS PULIM PURILNHAIIUNS

CALL BP184
w m 200

2 DIMENSIDNAL FIELO INPUT,
CONTINLF
CALL D2uP
6C T 200

> DIMERSIONAL FIFLD EnpLY,

CUNTINUE

CALL BZDR
LCONTINUE
CALL READIN(ICU}

LALL UwBlT
6C TG 200

CINTIRUE

KKPP=(

KR=(BP2-RP]L}/IKPeL. 0L
KT={THO2-THL L) /DT HE+1 .01
Ix=AZIMY

FURTRP1-0RP

w520 JR= [.KP

520

PURZRGK+OKP

THE = THE L-GTHE

M) 920 JT=1,X¥
THE=THE¢OTFE
XD=—RUR*COS(TX)
YOERORESINIT R}
THETA = X~ THE
KKPP=KKPPe L

PRINT 3040 JKKP Py KRPP
CALL UKhtT

PULUR COGRCINATES

(900,4£0,400,900, 100,100,130, 15C,5CCH, (GL

UCRL-19407

1o
rene
10m
lOH‘!SLALk‘

CARL

lCH
10H aee
104 -

1eniAL FIELD
H

10K RMIN TO
10H
10H
1CH

1CH
LOHNK C#RO
1018 .

1CHRE

RAIL

1CH
10HIAL FIELD
oy .
104

LOH

1CH

tOH Tene

iOH
16H. ..

10H
1CHIN ASSENDI
n

€

FCH. .. 0115}
10H €0

icH ’
1CHau W .
ton

1N .
1cH ’
1or

Lo

ich

LOHAK C#3C
1CH

.
BLA,

10hH
1CH
1ok

LCHEac.5 3C.5

RECTANCULAR CCLRDINATES

i ]



HIne (0 ARKLING

C
<

"y

Qe

¢ *ex
4

~

Sl

“t2
[

<
4

4102

oy §

620

4103

4in4

w106

-13-

Wy tG eon

frrumn .
(18 .

SURRPUTINE ARntaT L i : :

THTLGER N PUA SR oS e da Ky

VEAL L0y Tadt ¥ 2ok o AgT EMPLCOVC oL 20 SPACEHL
LUMMEE HEAG, T b YR8 2 €140t Lhulad
UIMERS TG CHEC 14 ) THAR L T4 ) o ALA, 2 )

LAVA w/in/

UATA My GO EAR) KoL 8 /402 290 060G 1T, -7
IEGFLAL by ME GO T ular

T=Teh ’

D 4101 Jedy i

4y=Yid)

ALHAI192,1.54168861,

-

oo

$IBFTC

CALRESG, 1IRR L )AL RN, 1IOFT2,U)4ATKe2 1 IPFII I CATRGL,LIOF 14,0}

SUA ALKOATLI-K) EF (KyJ}
Yusatn

LONT LIUE

HEHOLER M) oL

CALL FLNCTIRY}

KFIURN

0k Kelo M

CUNTINLL
FLAG=F1aGel

TF (FLAG LGT. 1)
CG=,5%1

L=, 166666056¢1
Gz 333333333000
) 4121 JA=l.M
FALSA=N) =ALLIAY=CUTHEJA BON

ACLOM, L) 1S ALY FUR ARRAY AA(~Mel 4]
AL,Z) 1% ARIL) FUR L 81 ThEEN L AND M,
ACJAL2)=COET (JAsen

ACJA L)AL SA L2}

CUNT THUE

G0 1O 0263

L 4102 J=1N
£031=Y0d)
CONT TNUE
wxl

CALL FUNCT
HETURN

(R}

0 41as JsleN
20I)2Y (B COSEIN, )
THMPLSI=Y L) 1CLSE (e d)
CaNYEINUE

TaT+CO
CALL FONET (1)
i 4104 J=lun

FLIIEYLUIs(CM- M, 0)
THAP LI L EMP LD} #L2%F UM )
CANEINUI

CALL FUNLT (M)

4GS S=leN
ZUJdeY D eHeR(¥, d)
HMPlJl-lT(M-'(J)#LZ'r(?’yJ)
LUNTINUE

1=74C0

CALL FUNCT (M)

00 4106 J=1N
EMPLUN*LIoFEM, )

CoNTINUE

P aMODER, MY 4L
CALL FUNCT{R)
PETURN

£l

SIBFTC BAKSTEP

cn

i
2

SIRFTL

4

Gl katats]

Wan
3010

?

2

3
.

SUBNOUTINE SAXSTEPIASY

CLMMON
TFLAG, SyD5eUIL4),VE 14D, UV0 43140 0 JMA X, KILL,BIEL,
GRAUPHT INAKIB) (57 +X INLO] JHRHU «BRHE T, THET A2 BCLE(2)

CUMMON/ZCUMS /87T 4R

LACC=57.2957 795131

IFLAG=N

CALL ARKINT

CALL AKKINT

AS=ARSTIS+30ULDI2H) . .
KETURN

(220

N

SUGHITUT 1M Klas

DIMENS TIN UL ) VL&) sV 4,14)
COMMEN TFLAG oS e DS oU o VDV o JMANG KILLYBTBL o (NAU-PPI.
XMAXy XMING YAAX g YMIN g ZMAX oL MIN g EXyisY o€ 7o XIN Y INQ 2N,
)(U'V(\.I‘lqlnh(uUNHl.l.VNTAv
RIF v
MMIN/BCIM/ (L CE00 )
MENZCOM LA T Sy AL Ea NG Z e RRy NA G RiGy TARR (2€0), TABAT 2001, TABDE 260)
(-li NACINZ2 ZTABRLEA00 ) JNBT oRE THE o REEMZ2 o (20, RL IMG
CEMBUNZ LM/ ENCALE PSCALE JTARILZ 0U)
CUMMONZAJURL /£ R G RP 4 1R
$ORMANE DL $MALNFSIC FEELD UF
rukMATLLOXIOEY L T)

INCH CYCLLIRON®Z /)

it 184

FLELDY DATA FUR THE LP& INCH SVI\.CPRUCVLLI"RCA

HARMUNIC FUNS

RADTAL MAGNY TG
AZLMUTHALLY AVERAGE FILLE

ND=NBE
HErl-DF

D) 50 Jgs1oNd
k=RepR
TARR L ) =@

c
C

oa

neoAo

SHIAFT

2010
201uv
300
3020

303

3040
3050
106¢
3070
304¢
LR D)

200

e
120

340
40
4000

anc

w08
410

43

>
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TARILSP*uNLALL
TAKH( D) =X
DIRRAE)

CUNFINUY

ERINT 3010, ATAFREdIad=1 JNK)
PRINT 3010 B
PR INT 3010

PRINT 3010, LIABR LI}, d=)
AMA X =K 2

BLLFZan2

XMIN=HI

ML el

YMINe ~30N000 .

YMAXe 3000

RETUMN

N

A1)

n2op
SUBRUUTINE R/OP
KLTURN

£ND
SUBKUUT INL B20R

“E TURN . .
ENDY -

C WP Lse
SUBROUTINL #PLA%

DIMENS N U141, VELe), DVL4, 14}

CUMMUN TFLAG S oS Ue Va3V ) JMAXS KILL yBTHL JGRAD PRI,
2 XBAKY XHIRGYMAX (YAINCZHAX s ZMINGEX o BY oEZo X IN )Y INy 2Ny
2 X0 ,¥0, 00 SKHO, BRHL, THETA,
3 8alLoi2)

COMMUN/BCUM/ B4 100C0)
CUMMUNZCOME/ZTFEELC O NC Ly NC 2o Nk NALNBy TABR (2600 4 TABAL 200 ) 4 TABiS( 200)
COMMINZCUM? / TABRLEZ00D o NB L KLEMI JRLIND , RUINY, RLIMG
CUMMUNZCIING/ B5CALE, PSCALF 4 1AFU1200)

CIMENS IGN CARD(LS)

GIMENSTUR TARLEZNC)

FCRMAT (HFL0.4)

FURMATEL 3, 20157 5.0

FURMAT(LH ,¢PURTURHATLINS #/ 1X#KMIN (RM8Y JUR AL, A2 ,CA3%6F10.4)
FURMAT ALHO #RADTAL MAGNETIC F1ELD EXTERDING FRCM Kx4FHed,
1 “TQ Rz&, Fdoedy * IN | [NCH STEPSe/ .
2 (LOXLOFL9.1) )

FORMATLLHO,

AXIHR ¢ BXIHIN 145X A1 06, 5X 1L 4 SXIHLLE,5X3H1ZL 15X 2HL26,

2 5(3Nljl,5l3ul06,5!3H161-5X3Hlkﬂ-SX)VIil-ﬁl]HlSh,Sl!Hlbl-
3 S5XM16E,SXIBLI/)
FIIRMATLIX 14,4 150 F6.0,14F8.C)

FORMAT [5XShSKIP 4 15,2 X19FT.0)

FORMATCLH }

FORMAT L 1O, 4Ny A HE= 23 [ 10}

FURMATLIND §42X10F 4o ()

FURMATEIHO, $FERLY PUKTIREAT IS REGIN AY
L %/ 73

FORMAT (1HO,#PUR TLRRATICN SLKS =L, LY
t 1X¥PUSTUREAT ICN SUNS SKIEVPPED=¢F9, 1)
FORMAT(IOXLOFH. 1)
FURMAT {141, # TOTAL

ICae13,5xaF{CEGIal el XS,

MAGNETIC FIELD PURTURBATICAS4/)

FOPHAT U108 MAGRETIC FLELD PLHTURCATIUNSS )
FURMAT [ THO ¢ 2X) 3}
FURMAT (LHO o5 MINy XHAX) YMIN, YHAX 2 24F L b0 3)

HEAU 2000 REIS, PHAX sUR AL 482, LA
PRINT 30003k MINoRAAX DR VAL, A2 4 A
FDl=] .
TR eY .
Ki=10ix
k2= [F X
Je=x1
FRINT .!U(O.A‘HN'RMI\lv(I\(J)uJﬂKviZ)
LAL=LF IX(A

1A2=1F1x(a2)

M=142-141+1

AR=K2=K1+1

ABsNRENA

PRINT 3070, NRsNA NS

JLMIN=K {

J1MAX=K2

BSUM=0,

KSUMS P=0.

R=HMIN-DR

KC=K1~-1 .

CUERMEN-KULE/DHK b o), ()l"ll
HI%NAK REL Zimp e 1,000 b

£O 10D J=1,200
TABL 4 J) =TABH(I)

Dl 200 K=14R

#=R ¢DR

TABKEK) =R

AK=KU +K

JKNA=(K-1).6NA

DU 200 [AZ=1 ,NA

JK= JKNaeTAL

HEIK) 2 TAGL (VKD *BSCALE
A=AL=DA

U 270 1AL=]1.NA
AzA+lA

TAHALIAZb2A

HEAD FltLn PERTURBATIONS A1 €ALH KATIUS
IF Jlatdey DG wW0Y JSE PURTUREATIUNS
(F J1.6T.0  READ N PURTUKEATICNS TU

FGR LS AZIMLIHS

KADLAL MACNETIC FBELY

K=

PRINT 4130

CONTINUE

READ 20304 J1yLARYD

FH{S1L LT a0 ) POINT 3090, 01 t
ICKalCKel
IHJLGL
FIOKLER. 2)
(v IR SV o}
IFCIL.OT A2 L ORLLILLLT L TALY)Y STuP
JCFLOxJL-EAL

J2=0

COUNT INUE

KEAD 20104 J14CARD

IFE41.0T,0) GO TO' 435

IFUICK.EQ.2) 50 TG 700 ”

GO 10 AC8
Su 1¢ 100




oc

hie

4

“nn

atn

e

20

HYD

“c

Gib T 400

Jeal-KC

TELEIL LT LILMINE UKL ASELGY JIMAKY ) GU TL 500
PRINT 3UHOJ L ARE
IFLg7=0L) 44C,45U0,440
FIUFLD=IUFLD-1Y

CUNTINULE

TJOFLO= LIOFLN4L .

N 470 fsla)d
[FEXIES RLET RR WD IO LY i

rEIJ =D be A )orSCALE
BSUPaRSUMPCARLIT)

CONTERGE

Jraan

[T

[RYER T

FRLUT A05000 1. CARD
CO 520 J=1,1%
BEUMSPrhSUNSELARBE )
€0 TU 430

CONT INUE

YMIN=AMINL (KUINGRL IME)

XHAX ZAMAXL LR MAX, KLEM2)

RLEIM3 =kMIN

KU1 Mo zRMAK
FFECTAZ-TAL4L)LGEASY) LU TC T20
YMI K= AL

vax=az2

CUNTINUE . . .
PRINT 2120 :

PHINT 3130 ,HSUM, RSUKSP

Jl=-NAsl

Jesa

00 K eieNR

JhJleNA

d2vgleNa

KR=KE-1+%

PRINT 3140, K4

FRINT 41004 L00I) o dmd1 032
CONT L NUE

PRINT AGUD, XNy XHA Xo YMIN, YMAX
FEAQ 2010, JUNK

KETURN .

(20 : '

I 10 CHUSS

aXal

“n

ce

-

s

a0

arn

L0
4anc

¢

SUdruU T INE CROSSEJTAGAS)
CUMMENZCIMS /P21 R

CLUMMUNZCUMB/RAA T X, THATX s SMATX s DMATX s MPUKGE
A ~HMATX
n 21-1%ATY

CS=AS—SMAT X :
IFLJITALILIO,F0, 40O
JTAG=4

JSK=SIONTL.0L,08)
JST=SIGNLL.01.0T)
J55=516n1 1,018,089
FETURN

KSP=STUNELLOL R

KT =S (6N DT
K3SeSIONTL. UL NS ) .
ITLJSR «NL K SW) JTAG =1L N
IFCISTONEoKSTH JTAGEZ
SFLJSS UL LKSSE JTAL=Y

CU T 1410,620,630,660) 3145
JSR =R GV -
PTURN

PRI

i TURM

NETSRANY

B TURN

CONTINLE
RETURN

END
sk IC DISCUT

LaXaka Yoot o R RN

15
20
28

15

SUBRUUYT INE DISCOTUXALZALTABK 2T ABY s TAHZ +ACaNLaNYINZJANSY

1220 EXTHAPCLAT[UN SEYOKC ZPAX

1az| NE EXVRAPOLATION

X = OPNER NF INTERPULATICA IN X

10Z= CRDEK GF INTERPULATION IN Z

F 102=0 Y=FUXbg 1 EoNC 2 DEPENCENCE seauncasaenosNCav—0
I[v$=1 I+ NCL1 IS MEGATIVE I.E NX=NY

14520 IF NC1 [S PGSIFIVEL Iste s NX*NYSRZ

OIMFRSION TABXINL) ¢TAUYENY) TABZ (NZD)WNPX(R) (NPY L), YY(E)
CALL UNS (NC, 12, 10X, 10Z41MS)

IFOI0L=1) SelCylC

CALEL DISSFRUXALTABX,LsNY, [DXNNoNTH
ANNZTOX®L

CALL LAGRAN (XA TARX(NNE S VABY (AN (NNNARS \ N1y NY )
Gu Ty 70

TARGEZA

tHIX=1EXe1

PiEz=1uLel

1F LAY 15425415 .

1F {2ARG=-FAnZINIY)Y 25425,20

1A G2TABIUNY )

CALL OISSLK (ZAMGTABL, 1y Ry LD ZoNPZINZ)
NS NY /8L

NeZL=NPZPIL

t=i

1£01MS) 37,20,40

CALL DISSERIXALTAUR o LeNXs IDXoNPX, N1

U 35 JIENPLLEPIL

HPY (1) =4 J= [} NXsRPXL 1)

APXUIISNPX (1)

[=1+1

GG TH 50

) 45 JU=NFLyaPIL

-14

LXal

l2Xal

s

1S=tdy-1)erxel .
CALL DISSERUXALFALX o1 S onX 4 IDXoNEXE 1 D01
NPY L L s (1)

t=iel

50 Ul 55 =l.lP1Z

>

w

7

o

W

X

o

an

2%

an

%)

on

NLUC=NPX(])
ALOCY2NRY (1)

UCRL-19407 ---

CALL LAGRAN (XA, TABX{NLAIC), TABYUNLUCY] 4 IP1X,YY T\ AToNYD

CALL LAGRAN (ZARGyTANZANPIY+YYIPLZsANS NEeY)

RETURN
END

SUBROUTINE UNS. L IL 1AL TON, 1INE e IMS)
TECLICY 540010

ALY

NCa-1(

GN TN AN

IMS =0 <
AC=1
LHINC=L00)2C25425
As

€0 TN 30

tA=]

A =NC-100
Tox=NC/10
IDZ=NC-FuX*10

RETURN

END

SUMKIUTINE LAGRANIXA, X, Y Ny ANS JNX NV}
OIMENSTON XINXD o Y(NY)

SuMd =0,

00 3 I=l.N

PRUD=Y(L)

DU 2 J=beh

A=X(LI=X1J)

IF 1A 1,241 .
Y= (XA-XEIN ) /A

PROD= PRUNH

CONT INUE

SuM= SUMe PRUD

ANS =SUM

RE TURN

tND

SUBHOUTINE FISSERUXA JTAR, LeMXe 1D, NFX, NTALY
CIMENS IGN TARINTAE)

APT=1De1

MPR=MPT/2
APUSNPT~NPY

IF INX=NPT) 1045,10
WPX= 1

HETUKN

M OW=TeNPY
WUPP=[eNX~{NPUSL )

on 15 [I=KLDwe NUPP
Moc= gt
IFLTABLITI-XA ML 5020020

CONTINUE
APXSNUPP-NPESY
HETURN

M =NLUC~-NP R

MJ=NL+ U

B2 25 JJ=NL,NU

DI S=Jy :

LF {TABLJSI-TARLIIeL D 125,30,25
CONTINUE .
NPX=NL

RETURN

HOUTALIMDIS)=XA) 4l 4%, 04
NP X=NDIS-10"
BETUMN

APX=NID [ S+)

PETURR
END

$IBFTC FICLL

[4
4

an

ne

3o
1

20¢C

“ng

SUBKUUT ENE FlEla

UTMENSION 10263 .VI14)s00 14140
CCMMUN 1FLAGYS eVl o JMAXe KILL, BTLL

CRADLPF Iy

2 XMAX o KNENy YEAX Y ATN o ¢cMAX oZMIN, BX o BY 4 BLyXINGSYIN,ZINY

k4 XOs¥0, 20 uRHE W BEIHCT o TFEY A,
3 BhLLoi2)
COMMUNZBCOP/IE10CCC)

COMMONZCDULZIFLELCINC LA RC2 NRoNA N W FARRTZ00) 148412000, TABSE 2C0}
COMMOCN/COMZ7180BRTE200) yNE TR LLPLoRLIMZ, FLIPI,RL A4

COMMIN/CGMI/Fs SMAX, SHLT o SPRIAT (DSHs MATR 120 IPUNCH

COMMGN/CCMA/ESCALELPSCALE +TAEL{200)
COMMON/CUMS /82T 4R

2OXEAMIHF FAAXS 301Y 03/

X=XIN

Y=Y IN

RESORTIXTSLeYER2)
ALT=97.295 TH*ATANZ (X, ¥ ) +9 0,
LELAZ1.LT.0.) AZT=3c0.vadl
LEAR LG XHAX) Ll T %90

) TE 1T00,260,2C0 500 THILD
CONTINGE

AzALY

IFCALLELYMIND Ta) T 700
IFLALGE.YMAX) GO TO 100

1F (KL GELRL IM4) GL T 70C
IFLR.LTLRLIMS) GD Tl 700
CUNT iNUt

CALCULATE MaUNETIC FIFLD ®l ENL CRACIERT CH/LA

FURMATLLHO o 10 LH# ) 2X9PARTICLE t CCATION TUT
20X5ANIN, £ AMAX22F15,5/7)

GF FIELD RANGES®/

¥




an

CHsSB

RY=k~08

R2mic+ DR

CALL DISCOTCA, R, TAEA, Ry TAER 4NC2,MAS NBo AR F )
CALL DISCOTEALRL «TADA 413 ) TABRGNC2 o NA WNB oKk BL1Y
CALL "DISCOTUALKRZ s TAHA 413 s TABR oNC2 9 NAGRBo REE2)
CHAR={H2-111/12,20R) -
PHE=ATAN2 (X, Y)

ux=0.

EY=0,

#F TURN

B0 CONTINUE
“TCTANGUL AR
CONTINUE
THOLE TR (hu ot 6 b
[SRTEINY
12220 Sk !

CALL DISCLTY Vil o VAT TAB KL oNCLGNB L ol L, N Lo 82 )
CALL DFSLeelORL P TABRE G TABE ST ABE T oNCTo AL ToR1 1eND L2 91)
CALL DINCOT 0L, TARKE o $AGK, TABKI W ACL RNFR NI L NEL 2]
CHADE LIS =0l B/ U2 ,08050) !
P PATARZE X, Y)

e,

[ ATUN

HiTUMN

RS

PHEBT SGIU MRy n e XVAX  YMIN AL YMAX

Hre0Ln

CuAD= U0

BN a0, 0

O OTHATES .
¢
nee

RID]

SLTUPN .
PR N

SEBE G FUNCT

SUKKULTTHE FUNCT(M) ‘
COARUN TFLAGeSeD S L VeV, IMAX KIL LW BTRL, CRAD, PHTY
XAAXe XATN, YNAX W YMIN o A MAX JZMIN s BXoBY dBZoXINGYINGZIN,
XO YUy 20 2P ML BEHUL s TEET A, ) .-
AnLD L) 3 M
COMPONZBLUF /B L1DGOD Y
OIMENSTON UR4)WI14)sDVi4 04

PN

<
c
XIN=vil)
YiIN=VLI2)
LIN=VI3)
CALL FIELD
Cx=0,0
Gy=0.0
RZ=B2 skl
THETA=ATANZIVI4}Vi5)}
SUK=GRAOAL FHOTSINITHETA-PEE)
[
3
MVIM el dEvia)
WM Z Jxu(n)
Vit ey
Wl N avthl e/ VL)LY
R RTINS B R Y]
BYAMead od2- ek ngk 1 sv iy )
t
v Bl M KA EX
AVIKL S b v )
RN R AR AR RIS AT N}
VLAY )e V)
LVE My LEORs sV T 3 89K+ 50K E
o .
[ VERTICAL AATKiX
WiMelL)e VL2
DYIMLZ s VLY eNUK
DVIM, 13 vil4)
WA EAYE VIL3ERS K,
4
[
[N AVER
i)
$14FTC INITAL
SUKRUUTINE INITAL
[
c .
DIMENSEON UfL4) WE16},DV I, 14)
COMMUN [FLAGSsNSsUs VoDV o JMAX KILLyBTBL,C2A0,PHT,
L XMAX, XATN oY WARpYMT s ZVAN G ZMINGBXGBY S EZ X INAY IN, 21N,
2 XOhyYCy 20 ¢BRHN G URHIE 4THETA,
3 BoLD(Z) :
COHMCN/BCL M/ 0(19CCCH
CIMMONZCUMLZTEFELOwNU D o NU 2 NG NA s Ny TAER (207, T2RAC 200 ) » TARHI 200}
COMMUN/CUAZ/ TABKL{200) ¢ NHL L ELIML +RUIM2Z4RLIP3,RLING
CLAMGN/CCMIZP  SHAX ) SULT o SPRIN 4OSB I MATH X, 1PUNCH
COMMUN/CEMS/ dSCALEYPSLALE W TABN{200)
CUMMENZCUMO/XMAT X, THATX o SFAT X, DMAIX JMPLRCE
¢ .
<

iSBes 24
SAAX:E N,
SiuTane.
SopiMT =0,
wAAx =200,

PSCALI=],
MATRE X=1
1PUNCH=0
EYATY =1UODOY .
TAATX= 1 C0U00.
$AATX= 100000,
[IMaTX=0,
FPURGE =1
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RETURN
FND

STBEIC (REIT
SUBRUUTINE UVBLT

(4

OIMENS TR ULL4) W V14) oDV L4 14}

LUMMUN EFLAG S 0S s Us VeV o JMAX KILL o BYLL o CRADOHI,
4 XMAKy KMENy ¥YMAX GYMIN JZMAX 3 ZFIN X BY oF 2o X IR, Y IR, 21N,
2 XOW YOy 20, 301Gy Uk HIEL W THETA,
1 BULDE2)

®ZBEIOOG0)

8 BATFTELUMNCT o NCZ o MG RAS AR T AR (2001, TAYAC 2000, TARSL 2CC)
CUMANNZCEMI/Y S SHAK, SULE  SPRTRTDSH, FATR X 1PUACH

LOMMENZGIM A/ BSCALE P SULALE TABLEZD0)

CUMMON/CLMGZALZL R

CIMMCRZCOME/EMAE 2y THATY S PATX , (MATX s MPURLY

4

<
2000
2010
3010
304 01

FURMATCLOX S 10.5)

PCRMAT(LFL0.5, 110} .

FURMAT CI AL S vba a0 lb a 4920 10L 401X 12030k S ol ol AN 640

FORMAT(IHOLZX NI 20 2000 INLI) o4 XPHX CTRGIT) 02X 0 CERCHY o 2X THREIRCHY o
i DXTAZLULGY s XS F TN X SSXEHFLLAUSS ) JCR P L {0F 5 )

e

PILINE s340

#LAG R
JESPRILIZAnStIN) el
JESTIP=mpAXul s ))

T JESUNT/ABS (NS e, 0]
JESTIP=MARCLS L)
riLLet
ST OUP2UMAT X4 .
ALDE2) =S
S=d.
JADLOL=PULDE LI e 0001
IF{JROLLEE.NELS) CALL START
SX1=90L0¢2)
RALD=57,29577951 31
IFLAG=V

SORTAXU*E2+yi 082 )

FQ.1) JTAGE=C
CALL CRO3S (UTAGyAS)

FALN LOLP

e takaXs)

Cit 300 J=1 JMAX

CALL A#KINT

IFLKILL WEBwa=1Y GEOTH
x=ULi)

12

BSESHLX1)

“an

sl

CALL CHIELSEJIAG,AS) .
EFEJTAGL T el b D TAGL LI 1) L T Lyn

I

Latens

Rxz e

ANXzAS

PIXEALLT

Pa=-DS

CALL BAKSTEPLAS)

T (124, 12801200 e D180 !
5= (SHANX=ASIONSI/LASX-AY)

o 130

CRMATX=R 20 ST/ IRX-p )

T0 139

CTMATX=2ZDYUESE/ CAZX -0t b}

NT INUE

CALL daKSTEP{AS)

x=U01)

¥=0t2)

FHINT=50,~RACLS(TRETA-P F{)
TFEPHOUTLGT o 16041 PHILT=PHULT=360,
Bli=AMAXLTARS L82) eal)

ANE-GLRADAR/BY

S5=AS

FRINT 3010,J5350X Y 4= oA2 [4ANsBZ, PHCLT

CALL CUTFILT
WHITAG LU dSTu ) GO TU
PRINT 3040
0S=0nSI-08

CALL 42aKSTEP(AS) ™
Ns=081 . .
IFLAG=C

CALL AMK INT
JTAG=4

CINT INUE

3e0
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ae

1 (UL (=L aPSTER D)
CUNFINGE

LU -Lvan .
FHOUT & 900 = KACHT§ 1T 1A -1l )
FFCPIUTLG T, Lol ) PHEUD :PEUUT=- d60,
Pha ARAX LEAKS L7 Dy W1 )

ANsGRULTSR /1Y

§5=45

PRENT 2000, 30nS8 XVl A7 L Aliale 2y [ty
CONY INUE

TEAMUC T~ L e BT R P 11290, 20C29)
trtdobuad) Lo 19 290

CALL Utk 1

BRINT 3040

LFOKTLLLE dam o0 R AL T, SPAX)
CONT INUE
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CUMMEN TEE AG S o DS a1ls VeV 4 J¥AXSKILL s BIBL .Ln(Ac'Prl.

7 XMAX s XMTRG YMAX G YALIN o JMAX oZMIN s B X oBY P 2iXIAYINs ZEN,.

XY e 20 MO o S HU L W THE A,

3 nBuene2)

an

200
291
0ta
3120
3nc

CIMMON/BCUN/BELCCLC)

‘ 7COML/ I LELIEANG 1o RG24 Niy NA  NR, TARR [2COD y TABAT 2001, TABIE 2602
CUMAGN/ZCOM3 /P SHAX s SUUT s SPRINT oDSHo MATR IX ¢ [PUNCH

CLMME c.nr«/mcus PsLME.TALu(znl))

CLMMUN/CLNS /ALY R

FORMAT(1CXSFLOLG)

FOPAAT {9F 10,5, 110)

FURMAD L1XISaT9.202X209, ?,2?9.3,2!!:12 3.FS. thXFQ.})
PRRMATELYXS5F 10,50 10X5F £ CL5)

FORMATEL5X L3 AL UATIFUR WARE MATRIX L84 LE=1, LCX181 H-) ,

v AILVERSE MATRIX®, 14 (1H=))

PRIy
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2
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2020
3019
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1
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e o

e

URSAT (1H o 1TXERADIAL DE[FF] 00 Co IXRVERTILAL LETM=*FICL6)

BIMENSICHE MA04) gKMALSL 1% ) JRMATLG, 50, UUES,443)

DATA 14/ 20860,/

LATA aMAR/2050.7

CATA SAZZ4 ) o0/ .

IAg MATRIX CONVERTION €18 BEND LEET FCR ELECTRANS .

WITH +X AXIS TC LEFT - .

TRANSPURT MATKR(X CCHVENTICN +H BEND LEFT FGR ELECTRENS

WITH X AXLS 1C K1GhTY

rava UL/ 1 NUL 0. sBae-.Cly 10000 s1eyCoetle =104y
DapQaslessCiUleves v CCC..l..C.y
LoslesOosOuyton
[EPPY PN DIPS I Y
2ue9. 4

-l..l.-C.-

MATHTX

PRINT 3ol
1ien

Ne-2

LG 220 13=1a2
NaNe

TP R NEY PPe
Ly 2la Jr=lse
i .

KJ+N -
PHATAL N2 =LY
1o=1ge3 |
VAAIIJ.’)I'L([&)
CONT INUE
L 230 ad=146
Lt 230 hK=1.5

BAALSI KK D EKAA (I KK ) SUUTKK o JJ oMATH IX }
D! 240 JJ=144

FAALCId WJ D) EPHALNGN)

FAAL LSS T S=RMACSD N

KVAT(LoSP=QMALL 2} $bMACZ J5F-RNAL2: 2}4RNALLYS)

PUALL2 > ) =RMAL2, LIMFNMAL L5 )=PMALL 1 )*KMA(2,5)

FETR=RMACT, L 10RAA242 1-RMALE,2)#RMALZ, 1)

PERZKMALY 3 k1 81456 J-KMALS & JERHAL4 13 )

PRENT 3030

PRINT Jozu.((PMAlJJ.KK).KK*!,S).(“HAHJJ.KJMKJ 1.5)..“ 1.4}
PRINT 3047 DCTF DRV

IFCIPUNCHLEC L) WRITE (2,2010 0 (IRMACIN 1 d2)J27L 450001} edl=21,4)

IFCRILLLF
FETURN

1.ANDJTPUNCFL BG 1} GO TL 4CC

LWl 2

AMelF EXIS/SLLTI-1

O TORNEY P

WEADE2 V2010 CALEMALIL 4 02) 03221 4500 d1dpdlzle4)
PRINT 20000 {HEHALIL 30 7) s 3251 e5)0d 151040
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VIMENSTON U164} VEE4) JOVES, La)
CoMMUR TFLAGLS (DS U VOV, JAAX KILL s BTEL +(RADGPK I,
TMAKS XMINGVHAK YMIN G ZHAX o7 MINg BX BY JBZoXTNG YENS ZIN,
XO YO ZO P HE cBRIIL, FHETA,
ACLHE2)
CORMU/BLLK /R(LO00N)
COMMENZCOMLZ IR FLEHC Lo NC 20 NRe NA NU TABK (200) . TABAT 2001, TABY( 2000
COMMENZLUMS/Pe 58X SUUT VS PRINT ,DS 60 MATR [X 5 EPUNCH
COMMUN/CUAL/USCALE s PSCALL o TARULR200)
COMMONZLCHE/KAAT Ky TMATX o3 MAT X0 DMATX s MPLRGE
COMMUHZCOMIZRPL o /P2 JHP (A ZIML THEL  THE2 ,CTHE
COMMON/CARRTZ NESNN
NIMERSILN X(A)
FORMAT [8F10.0)
FORAAT (AAL0)
FORMAT (1HL)
FORMAT(IHD »EP{GFV/C )= ek 10,7/
IXOUSCTNCHFS )= 3F 5,3/ 1XCBRIKG- 1IN 1= 12 .4/ IXPE(GEVI=2F1N.T )
FORMAY (1HO (S INPLT DATA =o1X8F12.8)
FURMAT (1OXHALN)
NATA RADsFL/.01745329,.49348213/
Pl=3. 14159
Br2=e. 0wl

PeErE e,
PRINT wata
CONT vt
1PUNC H=0

HE CONTINUE

FEAD 2CCOM {XLdb,a=1 kY .
1oL 1FIXOX{1)¢.0001) +1
GYTN (110,2C042C0.400,5%5C5C0,6CC4650,7C2,750,390} ,1GU
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CENT INUE

IR CARS (XTS5 ot t .l.m-n) GUOTU 2L
FeX(h) '
g\l\IGN(l.vl)

beABSILY .
FSURTIESAD e 811130 )

Papegy

BRHN JF 31324800

FRHOT =1 N8R EU

LONTINUE

LELAPSIXEAD ) wivkolle) IIS=XT0)
LHAXETH. 6T WCu) SMAX=X(l]
IFEX{3b. 5T, 0,) SULT =X(B)
JHAX=ISMAX/AUS(OS)) el

PRINT 3030,(XtJ} id=l,8)

PRINT 20204P4f1 5 BRHD WL

INPUT PARTILLE LECATION

»0=x12)

YO=xt3)

IF(JPHIINCEG LY X[4}=h7, ?(5779‘)lil‘A|AN(¥(’~|l
THETA=PAD S X( 4) .
1IFLIGU.EN,.3) GU TIt 320
R=X0

TX=YOORAD °
X)==RE(LS(TX}
YO=R®SINITX)
THEFAzTX-THETA

CUNTI Nut

REVURN

CONTINUE

PRINT 3030,(X(J) 4J=1.3}
K=[FIXeX(21e.0000)
IFIKGTL10) G TG L0 .
GO 10 (610,420,430,440,45% 40,4 TC4EC 49044751 4K
NC2= TFIXEX () s .0:0001) .
AL aNC2= ML (L. 10D

GO 10 100

LO=X(3)

G0 T 100

SMAXSX( 4)

SRR

SauTexi3)

GN 10 100

CONT 18U

JMAXE LEIXIXE )

[SU SVINTY)

SPRINT X113}

GO T 100

MATR [X=X(3)

AR GANE L4

€0 1O 100

IPUNCH=X (3)

GC T 100

JPHTIR=X(3 e,

GO0 TO 100

CONT INUE

£SeX(3)

JMA X= L SMAX/ABS(LS)I el
SR GIRTIDY

SPECIFY L'I‘CAYIUI Pk UFSIREL CLTRUT MATRIX

9. 2. IHLYA

5. 4. |,.AA1)( .
S5¢  S.  TUKN UFF FATHREX GPTIGN (PUGLED

LONT LHUE

1an=s

FRINT 203040 J)ed=143)
KeTEIXIX(2)¢01)

IFEKLGTLS) GO T 100

Gl T (510 05200330,561,545 14K
RMATX=XE3)
wooTn ey
TMATX =X(3)

a0 Tu ey
SHATY =X1 1)

GG YL B4y
LMATXexd 3)

[+ 0 (T
HMAT X 1A00LCC,
THATX = 1000D30,
LMAT Xz CONGON. .
MPURGE=1 .
Gu 11 100 .

MOUPLE =0

Gl Tat 100

CONT INUL

PRINT MWD

HRINT 3030, Ex1Jbed=le4)

If CARSIXT 33D culaCa) ASCALE=X(3)
PSCALE-USCAL |
IF{ADS{X(4)).GF.C) PSCALC=X (A}
IFECLD=1FIXIX{2)+.00001)
I6U={GO*IF IELU-)

RETURN

NeX(2) 4,01

PRINT 3030,1X(J)y971,2)
i 610 J=1 4N

KFAD 2020, X

PRINT 040, X

5¢ Tu 110

1.

BRINT 3030 40X0 5) o d= 14 8
THEX(eblTalaof=1") K{ad=t,
FLXE8hlT Laor=1M) X{3)=1,
WPL=X{21

@p2=x(3)

DRP =X (4}

ALIMU=XU5) $K A
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RLTYRN
C
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c
70C CINTINUL
PRINT 3030,X(1)
[FUIRIEEN
16U=2
RFTURN
4
c
750 PRINT 3010
GO T 110
890 1GU=1
$00 KETUPN
ey
$1UF TC START .
SUBRUUTINE START
5
NAME vy [A3] INETAL UG) VALLUE
1 XIN X x0
H YIN ¥ Yo
3 [AT] Ko
4 Uy /DS SENCTHE 1A
5 0x/0s COSTTHETAY
3 M25 .
T HURLLZ MLy .
i\ [Lre ¥ M21 e
v HiIR 17 M12 0.
10 (1YY "2 2 1.
9] VERTICAL M32 14
1 VERTICAL M43 Ve
12 TVEKTICAL  va2 0.
13 VEKTICAL  M34 0.
14 VERTICAL  Mo4 i.

CUMMCN . ‘
TFLAGY S NSsUTL4) VI LA b DVE4y 1600 dPAY  KILLBIDL,
GRAD $PHL o XMAX g XM INs YMAX g YMIN o JMAX 4 Z¥ [Ny
BXeBY B XN YINGZINGIO2 YD 20 BREC, EFHCL o THET S,
auLDe2}

COMMIEN/BCOM/ BU10000)

CUMMUN/ZCUMS /7 £2EWR :

e

an

foLvizi=o
wih)r=xo0
uizi=vo

Lk aa
uts)=SINtTHETA)

utsy
ite)
utTi=l.

L9 =0

Bi9I=0

u10)=1.,

uitlir=l.

urL21=0

Ll s=0

Utlayet, .
RESURT(ANEXDIYOEYD )
AZT=50,295 TOCATANZ(XD +YC) 490,
THEAZL.LT .00 a21=60,¢A21

=CUSIThETAY

=0

fa¥al

RETURN
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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 information, 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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