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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 integrating 

the equations of motion of a charged particle in a magnetic 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 1 or OPTIK. 2 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, e, and q, and tracked forward to 

find the trajectory traced by a particle leaving 

a target, or can be run backward 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, q,{Pr) values at a fixed 

azimuth e so that a slit or aperture accep-

", 

Work done 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- 972 7, Se pt. 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 

cyclotron with cylindrical or rectangular ge-

0metry. 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 I.h(' 

n1atrix detern1ined 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 program requires 47 ZOO 

octal words of memory for 10000 decimal 

points in the field' array. 

EQUATIONS OF MOTION 

The basic equations are integrated in rec­

tangular coordinates, x, y. The median plane 

motion in a field B is described by 

dZx 
m--==~vXB, 

<l1:Z c 

2 
m i.J =- ~ vXB. 

dtZ c 

The velocity v, traje ctory length s, and time t 
ds 

are related by cit, == ,v; and momentum p, mag-

netic field B, and radius of curvature Rare 

related by eBR '= P. Then 

d Z Bz(x, y) 
~==-
dSZ BR 

Reducing thcsc sccon,cl-ordc r equations to first 

order by the substitution u = <lx/ds and 

w = ely/ds givcs 

dx 
dS 

u, 

~-dS - w, 

du 
dS 

where the magnetic rigidity of the particle 

13 n 1 s rc latc:(I to In ()nlcn1:unl by 

BE 1.31324X10
6 p in units of kilogauss-

inches and M.eV / c. 

MATRIX EQUATIONS 

TRAJ simultaneously Integrates the 

equations of ' motion and 'the cliffe rential 

equations for the first-order'ion optic matrIx 

elements.
3 

When the trajectory length, S, is 
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taken as independent variable, the horizontal 

matrix compatible with a particle vector (x, 

(), op/p) can be written as 

~= 

(

COS k s 
x 

-k sink s 
x x 

o 

1 
k 

x 
sin k s 

x 

cos k s 
x 

o 

~(1-COS k Sl) 
Rk x 

x 

1 sin k s 
kxR x I 

1 

and the vertical matrix compatible with a 

p;i.rf:iclc v('d:()r (y. (I') ;)~ 

(

COS k S ~y S1 n kys ) 

-k Si: k s cos k s 
y y y 

where k = .j""1-!1/R, k = Fn/R, n is the x y 
field index - RdB/BdR, R the radius of curva-

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

netic field, C the velocity of light, and e the 

unit of electric charge. 

k s 
1 

cos 
Rk 

dM
h 

x x x 
x 

"dS= 

(_k 'in" 'in" ) 

co> _k
Z 

cosk s -k sin k s x x x x R 

0 0 

( 

k sin k s 
dM

v 
= - ~ Y 

dS -ky cos kys 

cos kys , ). 

-k sin k s 
y Y 

The matrix equations to be integrated become 

dM
h

(1,1) 

dS Mh(Z, 1), 

dM
h

(l, Z) 

dS = Mh(Z, Z), 

dM
h

(1,3) 
dS = Mh(Z, 3), 

dMh(Z, 11 

ciS 

dM
h

(2. 2) , 

<IS 

dM
h

(Z.3) 

dS 
1 
R 

Z 
k (1, 3). 

x 

3. This procedure is based on Program 
FOCUS, by Loren Meissner (uripublished). 

'. 
• 
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dM (1,1) 
~S M)2,1), 

dM (1,2) , 
~S = M)2,2), 

dM)2,l) 2 
---;-;;;--- = k M ( 1, 1), 

dS y v ' 

dM (2,2) "2 
v =k M(1,2). 
dS Y v 

The int~gration is carried from the initial con­

ditions 

x = 0, 

y ='0, 

dx _ 
dS -

::!Y= 
dS 

cos <p, 

sin <p, 

where <p is the angle between the particle di­

rection and the tangent to the circle at the 

particle location, and 

M
h

(1,1) 1, 

M
h

(1,2) 0, 

M
h

(2,1) 0, 

M
h

(2,2) 1, 

M (1,1) 1, 
v 

M
v

(1,2) 0, 

M (2,1) = 0, 
v 

M (2,2) = 1, 
v 

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

matrices. 

The coordinate system 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 deld (flux 

lines upward) deflects protons to the right 

with the x axis to the left. 

The coordinat~ sys tem of TRANS POR T 

is such that a positive field (flux lines upward) 

deflects electrons to the left with the x axis to 

the right. This sign convention requires 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 usedby OPTIK and TRAJ for parti-

-3- UCRL-19407 

'cle vectors (inches, radians, percent), wh<'rc­

as TRANSPOR T uses inches, milliradians. and 

percent. Therefore, a: scaling matrix is em­

ployed ,by program TRAJ to convert its output 

into the appropriate coordinate and unit system. 

This scaling matrix is introduced by a 3. 7. 1. 

or 3. 7.2. data card, and has the value 

( 
1. 1. O. 

o. 1.) 1. 1. O. O. 1. 

UU= O. O. 1. 1. O. 

O. O. 1. 1. O. 

O. O. O. O. 1. 

for OPTIK (3. 7. 2. ) and the value 

( 1..001 O. O. . 01) 1000. 1. O. O. -10. 

UU= O. O. 1. 001. O. 

O. O. 1000. 1. O. 

O. O. O. O. 1. 

for TRANSPORT (3. 7. 1. ). 

The TRANSPORT R(6, 6) matrix and TRAJ 

M(5, 5) matrix have the following correspondence: 

M11 M12 M13 M14 O. M
15 

M21 M22 M 23 M24 O. M 25 

M31 M32 M33 M34 O. M35 
R( ) 

M41 M42 M43 M44 O. M45 
O. O. o. O. 1. O. 

M51 M52 M53 M54 O. M55 
The corre!3pondence between the OPTIK T 

(6,6) matrix and the TRAJ M (5,5) matrix is 

Mit M12 M13 M14 M
15 0 

M21 M22 M 23 M24 M
25 

0 

T( ) M31 M32 M33 M34 M35 0 

M41 M42 ,M43 M44 M45 0 

M51 M52 M 53 M54 M55 0 

0 0 0 0 0 1 

The TRAJ matrix M( ) transforms a particle 

vector (x,e, y, <p, op/p) in the forward direction. 

V = M VO' 

The reverse matrix, M , transforms a particle 
r 

vector, V to V 0' 

VO=MrV, 

Obviously, MMr = 1, thereforeMr 
-1 M . 



then the following relationship ITlust exist be­

tween the forward and reverse ITlatrix: 

M=(~ :~) M-1= (-~ -: 
o 0 1 0 0 

The effect of these ITlatrices on a particle 

-4-

vector is shown in Fig. 6. Both these ITlatrices' 

are printed as output under the headings of 

forward and rt~VC lose rnatrix. 

PARAMETER INPUT 

The various paraITleters of the calculation 

are read by subroutine READIN. The param­

eters are coded by a floating-point number 

described below. Once a paraITleter ts 

changed, it so reITlains until changed again, 

except for the particle coordinates R, e, <p, 

or X, Y, <p. 

1. R. e. <p. E. DS. SMAX. SOUTo 

Particle input is in polar coordinates 

(R, e), where R is in inches and e is in 

degrees. The outward angular direction <p 

in degrees (shown in Fig. 7) is the angle be­

tween the particle direction and the tangent to 

a circle at the particle location. E is the 

particle' energy 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 rnaxiITluITl 

trajectory length (inches) with the printout of 

the ion optic ITlatrix every SOUT (inches) 

along the trajectory. The FORMAT is 

(8FI0.5), 

Example: a 730-MeV proton starting 

tangentially at 78 -inch radius 

at 172 cleg azin.uth can be 

specified by eithc r of the fol­

lowing: 

i. 78. 172. O •• 730 1. 100. 10. 

i. 78. 172. O •• 730 

2. X. Y. <p. E. DS. SMAX. SOUT. 

Particle input in rectangular coordinates 

'is in (8FI0.0) format. The other paraITleters 

are the saITle as for polar coordinates. 

UCRL-19407 

See Fig. 8. 

ExaITlple: 2. 56.5 -56.5 O •• 730 1. 100. 10. 

3. PARAMETER VALUE 

Parameter values used by TRAJ will be 

assuITled standard unless changed by one or 

ITloreof the folio",?ing cards in (3FI0. 0) format. 

3. 1. NC2. - - -- input of the order of 

3. 

3. 

3. 

3. 

3. 

3. 

Lagrangian intf~rp()la­

tion of rnagnebc 

field values. 

2. EO. -- ~ - input of the rest nlass 

of the particle in CcV. 

3. SMAX. - - - maxiITluITl trajectory 

length in inches. 

4. SOUTo '- - - distance between 

5. 

ITlatrix printouts in 

inches. 

6. SPRINT. - - SPRINT = 0 gives 

printout at each inte­

gration step, SPRINT 

10 gives distance be­

tween orbit printouts 

if not for each inlc-

gration step in steps 

of the integration size. 

7. MATRIX. - - = 1 matrix units [or 

TRANSPORT. 

= 2 ITlatrix units for 

OPTIK. 
3., 8. PUNCH. 

3. 9. PHIIN. - - - <p input unit degrees 

for PHIIN = 0, 

PR/P for PHITN ~ 1. 

3. 10. DS. - - - -integration slep size 

in inches. 

The standard values aSflumed by the prog ranl 

for the above parameters are NC2 = 7, 

EO = .938213 GeV, SMAX = 50 inches, 

SOUT = 50 inches, SPRINT = 0, MATRIX 

PUNCH = O. PHIIN = O. and DS = 1. inch. 

4. XFIELD. BSCALE. PSCALE. 

Magnetic field input specification. 

XFIELD selects the appropriate input 

1.. 

• 

• 
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subroutines. BSCALE scales the radial field 

data and PSCALE scales the perturbation 

data. Normally BSCALE = PSCALE = 1. 

4. 1. 1. 1. Radial magnetic 

field of the 184 -inch cyclotron. 

4. Z. 1. 1. Radial field + per-

turbation over a given sector. 

4. 3. 1. 1. Two-dimensional 

polar magnetic field over a given sector. 

4. 4. 1. 1. Two-dimensional 

rectangular magnetic field. 

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 

-5- UCRL-19407 

5. 3. S. 

6. N. 

Read N. comment cards. 

7. R1. RZ. DR. AZIM. PHIL PHIZ. DPHI. 

Track particles starting at azimuth AZIM 

with 

radius Ri. PHI = PHI!, 

PHI1 + D PHI, ... PHIZ. 

radius Ri + DR. PHI = PHI1. 

PHIl + DPHI, ... PHIZ. 

radius RZ. PHI = PHI!, 

PHI1 + DPHI •... PHIZ. 

The total number ,of particles. N. tracked by 

this option is 

N = (RZ;R R1 + 1) (PHgPHiHI1 + 1) 

Radius is in inches. and PHI in units ~elected 

by the 3. 9. option. 

The Format is (8F10.4). 

produce the desired value of R. 0, or S. This .:8..:.. _____ _ 

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. Z. o. Prints matrix when 

azimuth = e. 
5. 3. S. Prints matrix when trajec-

tory length = S. 

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, 

This card resumes the orbit and mat rix 

calculation after it has been previously ternlin-

ated without redefining the particle pos Hion. 

1£ one wishes to check the numerical accuracy 

produced by a given integration step size. he 

rna y calculate the traje ctory 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: 

9. 

1. R. e. PHI. E. DS. SMAX. SOUTo 

3. 

8. 

10. -DS 

This data card produces a page eject. 

if STOP = Z. Calcula- .:.1;;:..0.:.... ____ _ 

tions stop when azimuth is value given on 

5. Z. e. 
if STOP = 3. Calcula­

tions stop when trajectory length is as given on 

This data card terminates the job. 

Blank cards in the data deck are ignored 

except where they an, required in the magn~lic 

fidd input data sets. 



MAGNETIC FIELD INPUT 

One of four subroutines is used to read in 

the ITlagnetic field. Subroutine B184 is used if 

XFIELD = 1. and reads the radially dependent, 

aZiITluthally 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 pe rturbations 

read froITl cards by_ BP184. These perturba­

tionsextend over the radial increITlent RMIN 

to RMAX and the aziITluth sector defined by 

AMIN, AMAX. Subroutine B2DP is called if 

FIELD = 3. and reads a two-dimensional field 

in polar coordinates. Subroutine B2DP is 

called if XFIELD = 4. and reads a \:wo-di­

ITlensional field in rectangular coordinates. 

Subroutines B2DP and B2DR are not supplied 

at present. 

The saITlple data shown inFig. 10 will track 

two protons -of 730 MeV and three ITlesons in 

the forward dire ction, and then two protons in 

the reverse direction in the radial field of the 

184-inch cyclotron. All data are in forITlat 

(8Fl0.5) except COITlITlent card, whose forITlat 

is (8Al0). 

SAMPLE DATA WITH FIELD PERTURBA­
nONS 

The following exaITlple shows data for the 

radial ITlagnetic field of the 184-inch cyclotron 

and the perturbations produced by the regen­

erator and magnetic channel (Fig. 9). These 

perturbations extend radially from 70 to 108 

inches to 1-inch steps and azimuthally from 

101 to 171 degrees in l-degree steps. Within 

this boundary other perturbations ITlay be 

added as shown. The forrnat for the perturba­

tion data is (13, 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 azinluthal 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 s'ets. The first card of a 

perturbation set gives the aziITluth at which the 

data begins. In the exaITlple, 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 cOITlputer 

prograITl is given in the Appendix. 

• 
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60 

40 
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+DS 

20 
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1530 

15O-MeV 
"'OSOO) 

XB~701-_?T!Q 

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

Fig. 3. Pion orbit tracking in the 
184 - inch cyclotron 
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-----------------FORwAR,n wA"!"ft 1 '(------------------ -----------------RE Vf:II!oF "A TR 11t------------_ 
1.200 0 5 .02141 'l. o. -.02311 1.2185e;! -.02141 O. O. -.;)22603 

21.5R\Q(l 1.7185Q C. ". -2.36o"QIt -21.51!1e;!(, 1.200Q') O. r. 2.14486 
~. O. .1RR~O .['1111410. O. O. .17391 -.01843 C. 
O. (\. -21.1,)0;31 .71~Q1 O. '). rl. 21.1')')11 .711830 o. 
IlAI)IAL OFT~= 1.~()lJI)I" VERTICAL I)El'4- .QQe;!Q18 

J SIINCHI XI P"CI-~I VIIN(HI Rf INCH) oHlnEr., INr)FIt AIr. ... USSI f)P.HllnFGI 

" 11.('('('1 44.'PJ. "0.')77 ol.20Q6 1l~.i?5H Q. ~'5I11F+OO lA~le;!.,) 3.11)25 
n 22.01"\('\ 45. ~"7 1'h 1 ~2 e;!1.264n l1o.IIAOA Q.58AF.+QI') If1304.2 ).1100 

" 7).~(~C ~". '51! 711.b7l 01.3111 0 120.'HI14 9. 43"E+")O 1829Q.5 1.161e;! 

" '4.!")f'('I ~1.7~~ lR."}I] 'H.1"41 171.1''1 e;!.I,l':+OO 181Q'.4. 1. p~5f1 
?h "5.~(Hl 4Q.l1.5 11.740 Ql.~l':O~ 11.1."7'5Qt> R.,,44E+')(I H'~Q4.1 3.2H7 
n 7".UI)(" 4".nOI 11.}511 ')1.~R71 121..1R~O R.141FH)0 17Qt.I.1 ".11"}e;! 

'" 77.onn 4'1.A11 lb. ""7 QI."i44t. 12).('101 1.b71t:;+on 17~ 10. 2 1."\171 
'0 '11.('('.'" "0. 7 \~ ~,.. 7f>7 '11.1-002') Ill.b141 1.216F+OO 116"iQ.4 1. 'b'\1 

" 7q.ru·,/"j '.il .... n'l 7<;.7')Q '11.f>h?O 124."}'5!i'l 6.1117f+OO 1747).3 ).4IQO:; 
1\ 11'\.(\r,O '.il. ~<;6 1o;.7~2 QI.7222 124. QR26 ".44bF+no l1260.5 ~.4"fQ) 

- --:..-------------- FOIIW AR I"} "AT R I '( ------------------ ------------------PEVEPSE "~TRIIt------------
1.4752" .1"\)41112 I). /). -./)5)41 1.~4R13 -.rn482 O. o. -.(.5111 

Fig. 2. Example of program output. 
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y . y 

z z 

x----- (0,0,0) ~-..,.--~X 

XBL 702 - 2381 XBL 701-2271 

Fig. 4. TRAJ and OPT 11<: 
coordinate systcrn; 

.Fig. '). THANSI'OHT c()()rdinat<· 
systenl. 

(O,O,O) 

( X,-8,8) 

Forward ray (X,8,8) 
~o~ Reverse ray (X,8,8) 

~e",e(c:,e Paraxial ray (O,O,O) 
Reverse ray (OP,O) . 

XBL 701 - 2272 

Fig. 6. Beginning and end points for particle 
v(,ctors tracked by the forward and reverse 
Hlatriccs. 

Dee 

Oo-t-------...!...-H.--+--------1800 ion source 

XBL 701- 2273 

Fig. 7. Polar gcon1ctry of 184-inch cyclotron; <), is 
taken positive for. positive radial momentum. (out­
ward). 
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Dee 

(0,0) x 

(56.5, -56.5,210.) 

XBL 701 - 2274 

Fig. 8. Rectangular geometry for 184-inch cyclotron 
for sanle input conditions shown above; 

<1>rect = Apolar - <1>polar" 

Magnetic regenerator 

UCRL-19407 ----

septum bar 

1061
; 166°· 

( 19°) 

20 40 60 100 120 
XBL702- 2329 

Fig. 9~ "Backward tracking into magnetic channeL" 



4. 1. 
R:lI,r)JAL FtJ::'Ln 

1. lOA. 
21~47 

21181 
2'Vn7 
22928 
2281f. 
2277. 1) 

22630 
22')41 
22479 
22~q') 

:::>:::>17.f. 
2f)r)4 '~ 
12169 

613') 
RLANl( (ARn 
1. 81. 
2. 81. 
'. 2. 

,1. 77. 
1. 78. 
1. 79. ,. ,. 
7.. 11. 
2. f), 

. RLANK r:ARr> 

1. 

1. 
211~7 

21164 
2'302() 
22915 
22AI12 
22709 
2261~ 
22')'31 
:::>2470 
i21R 7 
2279R 
19265 
11250 

C:;O:;6() 

21306 
21147 
23004 
22902 
27.789 
211698 
22606 
27'320 
27.459 
27.179 
222'36 
18347 
11)380 

')O'?' 

,. 1. 
,11QC:;7q 
22'), n, 
:::>,n. n. 
2'-1'), "'. 
.Q1~21' 
9!,), n. 
9n, /., 

-10-

;n284 
21110 
22990 
22888 
22776 
22687 
22594 
22510 
22'.47 
?2171 
:::>2116 
17327 

9560, 
1.'>17 

21761 
21112 
221')77 
22874 
2216'~ 
22616 
2258'3 
22'i03 
2243') 
112162 
;:>191 f, 
162S6 
8792 

1. 

2121A 
21094 
22964 
22860 
22752 
2266' 
22572 
22498 
2242' 
221')4 
711'11 A 
15180 

BI)UI 

100. 

71217 
'1n7'i 
22952 
22845 
22741 
7.2654 
??,)61 
;?2491 
?241? 
2?146 
? 12nQ 
14116 

7189 

to. 

7.3198 
210'51, 
22940 
22830 
22730 
22641 
22551 
224A7 
22401 
7.233A 
2n68,} 
13133 
6745 

Fig. 10. Example of radial magnetic field input data. 

4. 7., 1. I, 
RADT AL ~AGNE TIC F I flD MW RF.GENF:RATOR A~I') CHANNEL PURTURBAT I ON~ OF 184 

1. 
23347 
21}81 
2'3f)17 
22928 
22816 
22120 
22630 
22541 
224"19 
22395 
22326 
20()43 
17.169 
611; 

10~, 

231~7 

2 ~ 16/~ 
23020 
22915 
22802 
22109 
1.2618 
22511 
22470 
22187 
22298 
19265 
11250 

;'5(,0 
~LANI( r.6.Rf') 
70. 
101 

71 
71 
71 
71 
71 
72 
72 
72 
72 
72 
n 
B 
B 
73 
13 

101 
101 
101 
107 
101 
loA 
loA 
lOR 
lOR 
lOR 
~LANK 

"4' 
98 
99 

100 
101 
102 
103 
I\LAt..IK 
~LA.~K 

1. 
ALAN< 

-17 -16 -~A, 

-2 -14 -'Ii 
-?1 -11 -41 

2A '37 49 
92 98 IO? 
-3 -8 -I:? 
-1 -12 -21 

-21 -30 -42 
28 38 C;1 
91 106 112 
2'5 18 9 

7 -I. -14 
-11 -24 -37 

22 31 47 
99 111 119 
-n -n -0 
-n -I) -n 
-0 -I') -I) 

-0 36 79 
-0 -10· -14 

-0 -'" -f) 
-n -() -1"1 

o 0 0 
-I) -I) -f") 

-1"1 -1"1 -f") 

f:ARn 

2'5 25 
11"11) ton 
200 ,-no 
375 l75 
~nl"l ?I'ln 
tOI) In') 

CARn 
CARn 

~9,05 

CARn 

1. 
23306 
.:?1147 
23004 
22902 
22189 
22698 
22606 
22520 
22459 
22379 
222'6 
18347 
101~O 
"in?, 

1. 

-'h 
-3h 
-'it' 

62 
H'll 
-14 
-33 
-57 

65 
III 

-2C:; 

-?1 
62 

t22 
-0 
-0 

-0 
124 
-11 
-0 
-0 
o 

-0 
-0 

2, 
Ion 
2M 

'" 200 
10n 

94. 

-4 
-17 
-68 

16 
117 
-0 
-0 
-0 

166 
-6 
-n 
-0 

n 
-n 
-0 

-71 
-no 
-(Jr, 

87 
79 
-8 

-56 
-76 

89 

-4 -,0 
-78 

86 
102 
-0 
-n 
-0 

200 
-0 
-0 
-0 

-0 
-n 

1. 
21284 
:n130 
22990 
7.2888 
22776 ' 
22687 
22594 
22510 
22447 
22371 
1..:?116 
1."'327 

9560 
4"i17 

-, 
-77 _1"), 

91 
49 

6 
-15 
-61 

92 
61 

8 
-11 
-68 

81 
69 
-n 
-0 

1 
?1'3 

2 
-0 
-0 

o 
-0 
-0 

25 
100 
?nn 
l75 
2M) 
1M 

23261 
23112 
22977 
22874 
22764 
22676 
22583 
22503 
22435 
22362 
21916 
1(,~56 

A792 

171·. 

,p ?A 
-Q7. -1t14 
-;1 -11 

92 91 
, 6 - 18 
:!1, 17 

-92 -t06 
-44 -20 

91 08 
2') -11 
24 41 

-f);? -1 f)A 
-'50 -2~ 

85 80 
'1 -7 
-f) -0 
'-n -,., 

4 4 
2i4 202 

, l 

-0 -0 
-!"'I -n 

o -0 
-0 -n 
-1"1 -0 

2') 21) 
1 nn 1 ')n 
20f) ,no 
375 175 
200 ,r)l''1 
If)O 11')1') 

42 
-1111 

11 
8" 

-46 
,0 

-114 
3 

84 
-4l 

" -118 
-6 
75 

-41 
-0 
_0 

3 
180 

1. 

2 
-0 
_0 
_0 

-0 
-0 

23238 
23094 
22964 
22860 
22752 
22665 
22512 
22498 
22423 
22354 
21618 
I'Hef) 

a07(,) 

1. 

54 
-99 

30 
81 

-0 
-0 

-10 
111 

-0 
-0 
-0 

-0 

21211 
2;071) 
22952 
22A45 
22741 
22654 
22561 
22493 
22412 
22346 
21209 
1'+ 1 36 

71A9 

45 
-78 

, 1 
81 

'4 
-19 

22 
75 

-0 
_0 

-18 
82 

-0 
-0 
-0 
-0 

3,~ 

-55 
30 
86 

41 
-54 

22 
82 

-0 
-0 

-2t 
50 

2, 
1M 
20n 
37<; 
,on 
lno 

In. 

23198 
231')1)6 
22940 
22830 
22730 
7.2642 
22551 
22487 
22403 
22338 
20685 
13113 

1'174'5 

14 

?? 
89 

16 
-% . 

28 
01 

2. 
-12 

21 
90 

-0 
-0 

-16 
22 

-0 
o 

_0 

-0 

Fig. 11 Example ·of radial and azimuthal perturbation 
magnetic field data input. 
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S 1M rI .. TRAJ . 
PflUGI-CAI-I1ItAJIINI'UTolJUTPU1.TAPlil 

PII( r;J'AM II'AJ 
l-'IWljl{/\."1 10 CAlL"" "Ii- 11"1111\ IN GIVt·/I.·,,\t;i')(IIC (IElC IN PGl.M 
nfl IIUI ... t..I~J1""I{ Llill"'II/l.ATr~ SI",ulTANrUl'>LV JPlI[GRAtll\l; TH( 
nIHH'! "'Il"l '..IUAIIHN·; fui Ttl!. tlMS' Cttl;(M IlN llPrJC I4"TII.III: 
rLl~'tNrs. ·'lIf· ,",kUGH"M I~ IIA:::OIU l!N ft;(LS IIV lCRf/\ "'ElSN[R. 

A. L. PAUL 
SU'I .• 30. I%~ 

IM'UT IIAIA ,.1'. T111-1A. Pili. E.I):::O. ~~AX. SUUT. 
7. X. v. 1'111. r. IJ~. :::OM"'. SOUTo 

PAI\T 'CU: INPUT ,/I, pelCR 
PARTICLE IhPloJ IN 
1(t;C 1A~GUlAH COCRLlI hArE 'i 

). I'AHM. VAI.U~. 

I'AIOM'" I IIAlUf ... XN(l IJIWER Cf I"'TUIIPOl"UCN 
1',11,1\"''''7 \(AlUr.-EO REST ENlRGV llF PA~T1CLe 
P"~"'=3 VALUE-SMA):: MIIX TlUJECTCA'f LENCT" 
PA P!'1" 4 VAlUE"SCLT ~"TMJX P;(It..T 50TH SllE 
I'ARM"" VAlUE*JMAX MAX "'UMBER OF INTEGRATN ...... ,,"'=(, VAl"'E"SPI<I"lT PRI"T SHf SIIf 
PAltM: 1 'VLAUE"'MATR IX 1 fCR TRANSPCRT 

2 FeR OPT IK 
PflRM=B VALIJt:=I-'LN(I-i"1 PLNCH "ATRIX 
P"'~M"9 VALUE "Pt-I-IN 0 FO~ CEGRHS 

. l FCR. FR/P 
PAI\I'1=IO VAlueuns INTEG'UTlul~ STEP SIZE 

It. FIELD. IISCII.LE. PS,CAU:. 
FIHU"'I IUUIAL "IElIJ 
FIFln .. , hAOIAl flHO PUS PURrUR8ATtONS 
flUIJ"l 2 OI~HSICNAL FCLAIl flELO 
"I~LO~', 1.-0" .. t:"'~IC""L IIECTUGUlAR flHe 

'1. S~U:C. VlI.l UF.. 
SH[C-\ VALUf-F RADIUS fOR "ATR()t curpUT 
~ILH .• ' VALur.THTA fen MAlIIlX O\.lTP ... T 
S,I-lEf....l VAll.r-Tf.',J[crckV LEhcr .. feR I!AlI<IJl( 

01.. 'PUT 
:::OrLl:f...~4 vAlUe-I. STCP AT CESIItt:fl It VALUE 

'VA LUI: -2. S'l!P.u CFSIREC J VAltJE 
VAlU[-). STOP AT OfSI~!;Ll S ,-AlU[ b.,.... nA()" TlTlr- (AMC~ 

1. 1'1. jolt'. nl<. AllI~. PI-Il. P1i12. LlPI1I. 
51A~T rAIITICUS A1 All",UTI--A1'", 
Iotl(fi jo(fdJl"'S"Fl.I.FH,)R~ •• P2 IN SJEPS of eli 
EACH 101 Tli Ptll VALUE GUI~( fRC'" PHil TO 
PHI2 II~ STfPS Of (,~HI 

H. Cl,"''''''UI: (lHUIT A~C "''''Tllllt CALCUL.aTICN fRO!! 
P(;INI l;F lFlll'4li\1ATI-1N IIF LAST INTC:GAAlIllN 
I.t .• "11 Hl.IfFlNHC ~TAIotTlNG I-'OINT UR NU 
L~" or I. CATA CHI) TO ~U(.lT O .. IHI~ 

'J. ~lA(" ,.J t:c J 
10. SICP 

6LAM CARDS HI TliI:: lJATA SH Allr IGNCI<f-Il ExeCPl ~HERE 
PEUUlllfC IN TI-f ~A,;/l;ETIC .. IELO GAlA StTS w~EIlF. THEY liRE USED 
AS CAJA. L[LI"'Il(~S, 

TI(AJF.ClfHIV I't.TKI.x CLNVU .. TJ(1N 
I-'OSlTlvE Fn·LU i\I:-NIJS HECHlG.~S TU TH LEfT ,UTH THE 
"')1, A .... 5 ON TI-l: lrt·T 
1:~ITS uf "'ATKIX CCMPA1A6lE lolTH PAPIICU: Vt:CIOA 
!X.Tl1ET;\,t)I'/I'J It~ u"'ITS Uf INCHES, .... HIANS,fIUC.110N 
liSt, A 3. 7. 2. 

r~hlllSPuk1 "IATk II( Cul....vt~T HN 
I-'lJSlfllit f-JEID A[NOS, rLt:CHLNS ru THE LEFT wlH. THE 
H AXIS GN T"'E s;!IGHT 
(..;NITS llr .-IATiIiX LGMPATAttLf. ~ITH TH£ PArtTlClE VECTOR 
1l(.THE;T .... Ill'/I-" II, Utl.ITS IIF INl."ES,"ILLlPAOlAtl.5o,Pt:HCENT 
,Js, .. A 3. 7. i. 

C.HA t-r..Io',.,Altl4l-!lJ.lJ) l~(.H'T ..... ll-u- Nl..trlJ Hit MAGNH" FIELD l~PUI 
"Tl~. f...Alul H."("'AT tHAIOI 

:,6.,IIH r DATA 
b. I. 
TlU'K 1..10 .'4['1 PRUTU~:::O 

, 4. I. I. I. 
C ~AOI'&L flHll fOR 11:14 I~CIi f...YClOl110N 
(. bl. lOti. 1. I. 
C US-f)}. 124'>R. U4'H. 2,4.':1/. 
C 77~:;", 1.24H. 22.toI}. nlto). 
c "l7 Jt~. ?"I. i"'~. aH~. l2BH. 
(. 71'116. ,1'">I·j. lll'l'J. 7l!)ij~. 

t 16'~t.. 1"1;)11. 141fb •. I~IJ~. 
t n/'l/. u!:/O. llu". 67/,~. 

ULAN'" r. AI<O 
". 1. ')7.. 
.., • 2. 1 b ~l • 
5. 3. 12.') 

2241';. 
27 J~5. 
UJlb. 
lCOlt]. 
1Zlbe;. 
'IJ5. 

2;.olt/Ca 
7ll·) I. 
2I.JtI. 
19n;. 
1I("i(. 

., ~.I.oU. 

1. 'H. I'd. l() •• 730 .5 30. ")0. 
7. <,II. 'H'j •• 5 1:i3. S. 1 !:I. !:I. 
10. 

fLLL:lwnNo.. " 4. I. I. 1. CARD 
fI TlI: CAII.O 
fl MIN, ,(MAX. OM .OSCALE 

Z2lt5f"J. 12 .. 41. 
22)19. 2l.311. 
Z213b. 22116. 
laH1. 11l2'a 
tC leO. 9'SbO. 
SCll. ,,'>1·'. 

I(AOIAl FIELD IN ASSfNOING (fOER QF It/iOIUS 
[XTF.t.I)ING f-IOCi04 f1MIN TO IIMAX IN STEPS Of OR 
t-UIotI'!ATCriflO.CI 

iILAp.;K ·CARO· 

r-r:UlJk'r'T~ A 10.2.1. I. CARD 
II JL f- l.AIotIJ 
11111 r.:, M,. ..... lI.CIl.tiSCAL[ 
1U\l..dAL f'lflll AS AOUVt­
ILlA .... K ('AIW 
I\MIN,IoI,., .... X. 1)1' .1:I5(.Al[ 

rUI<tJURJATlUr-.SIN Ass,umiNG C"OE~ CF AZlfOjUTt- Fill( EACH 

))AllluS. k,f 1I).llIll. a ua •• tll1~ I 
Frl',"' .... ' I I i9!.III;F5.01 

IolIII.1I. LAoI)) 
IllANK tABU 
III ANI'. (AI(1l 

OHUNSION '111.11111 
LIIMf-NSlliN UI14I,VCI41,UIII',.11t1 

(OMMON I fL A(.~ ,llS .U. V .llll, J"'AX.~ILL .BH~L ,(;I(AI). P)' I. 
2 X~A)t,lI'1IN ,VIo'AX.VMIN,l "A)(.ll'l "'.6X.bY .Pl.X I~.V IN,ll'" 
1 )(O,VO,lO.!\foIltU.Ii"HI:' ,n·t-TA • 
~ I:IOLUI11 

l.r.I1MUN/HUJIol/tHlf1QUIlI . 
(llMMON/COI41/ II-' I t.l U.r,C I. NC/ I NI-I, iliA ,NH,' Atk (2W) I.TAlli\llCC I. T,\IH!Il.OOJ 
(OMMeN/(.O"'Z/1 Alilt II <,01) I. Nil I,R I 1,.1. KL I/1Z.IfL 1,II1.1l.L IM4 
(UMMUN/CLM31 P, 5.'1" II , SOL T. S,PRI ~ I .[,5li ,"Ars;! I) .IPUM ..... 
f...(JMMCNILCM41 eSCALl', I-'\(A 1 t • lA IjIJ 17 on I 
('C'1MCNIC("4'5/All.K 
(U.MMONI C{I\~ 6/1l:'4A T lI. T Mtt r X. S,. A 1)(.01'1 A TX .M,",UIoIC E 
COMM(N/C("'11 tlr 1 .>(P2 ,I)I{\-' • A 11 ~lr, rHE L , fHF.1 ,[ Tilt: 
r.OHMON/AJUNf:1 ~1.~2.1)I-' . 
COMI'40N/CAltKII Ni:::~'" 

2000 rUIIMAfI~FLO.C' 
2u10 fuRMATIf:lHO.OI 
lOlC FORMATIl2MI 
3000IdI(MATllIU.I 
1010 FUPMAT 11·H-) .<O<~l. I-'2.JR.lll S= <o<)F 10.3, F l~.f: J 
3020 rrlHMATI10X10fL O.ll 
303C FORMATI1I)X7A10) 
3040 fIJI("'ATILHO,l'ili" .... ~TI(ll.: NUMtst~,14.1)(9011 .. -'.lM. P.IIRTICLE ~UHtlER,14J 

C 
C 

CIM[NS,ICN rr HllOOOI 
ltJUIVAl [NCEI TtllT ,u I 
CATAI If Xli JI .J" I. 4011 

1011---- --- -- -. t 011- -- -- ----- , 
• 1011----------. 101-----------, 
• I(lH 1011 
• IOH IIiH 

lOti lOH 
• lOll lOti Pllli, 

IUltillIS ,,.,, (d. IllHVlN "AuNH. 
• lOti 11K. • \0111(1"1. IAPlt..iLI A. 

IOHAr.CIlUSlV I, 10ltNTft;~ArIM~, 

IOHI-t::II(NTIAL • IOHfIJLJATluN:' 
I 

CATAITEXTIJloJ= 41. aOIl 
'" 10HION LJI-'T Ie 10IH~A';(I. , 
(0 IOHE FRO(jI<A'-1 101l1S, lIASC:D (i. 

• 10MSM:". 
• 1011 

lOti 

• 101i 

IOIt 
10H 
lilti 

lOti 

IOH---------- , 
1011----------. 
lOt-! • 
T(lH PIWCPAM T. 
IOH • 
10HCI(A~ Td c ..... 
IOHIC r l('lO I, 
IOH~ coulle iNI\, 
1 Gtt THI: , 
.... 't-fl}k It E r I, 

10.., I::LI:. 
10HN fOCL S ,IV. 
10H 
10H 
10H "'.~. p. 
10H 

• lOti 
C< IOH 

Il)H 
lOH 

SF!'T. ], IOHC. 1'»6<' 
1'1'" 

• lOti 10H 
10H 

10H 

• 10H 
I 

1~!'uT IOHDAIA 

CAT,&IH,XT 1 J) ,J: 'I. 1201/ · 10H l'IH 10H · 10H I. 10H~ • THE TA •. , 10MPHI. F .CS., · 10HT. ))41<.. IUH ICLt, INPU. lOftT " PtlLUR. · lotlX. Y. 1'111 •• 1011 E. OS. lO"SMAlt. SCU, · If}HTICLt: IM)lJ. IOftl IN 10H 
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, .... 11' (J I "'Tl ,.. ... 1 J) +(l-~ I'" ,J' 

41/)., LU~lrlNIlr: 

I ~T +e 0 
(.lIll fi...I"1CT 1M I 
IIIl 410f. J= I. "I 
't'IJ I=TlMPI JI ... t I-H /o4,.J I 
II J I=YIJI 

41n,<. lvNTlNUE 
C 

"~MntH 1<, 141 +l 
CALL FUNCT Ii-< I 
PI'TUR", 
fNrl 

'WFTC flMsn ... 
~uI-\1I0uTINt: 'jAKSTEPIASI 
CL . .,.",()N 

I IFIA,;, S. 0:';. U1141, VI l't l,eVllo,1.41.J"'A It,I(ILL,B1I!l. 
GI{AU.PHI ,Y,,",AICI81. t)(, _ INlol ,fI~H{] ,IHl.I1CI, THET A, E!CLCll I 

Lt" .... MC.";(/tIJ .... S/tllI .1{ 

i,ACe",., 1.l<tr;11'/~131 
IFL AGEO 
(IIll AI<K ('"< , 
(,I.Ll '~K nd 
A":AP.~t St,lul DI <'II 

"lHUI<N 
r ~:IJ 

.. IIH ft. '1\ u .. 

( 

$I),II:IIU r 1·'11 1'.1 ~'. 

IlIM(N~ 1 Jill 1111'.1, VI141.1)'V14.14) 
CUlMeN If-l AI; ,!), 05 ,U.V ,1)'1, JI<'A)I, ",I Ll,al Ul .([~AO , ... t-I, 

7 X'1A)(, )1"1 1\, Y,"1AX ,Y'IIN" "AX./ I'll t. ,1.:)1, ill, t",)( It., Y IN, Ill'll, 
I. Xu,yn./'l ,1.11 Hfl,l\lOol,: , ,T.rTA, 
\ .If.! nil, 
,'j'MM;IN/fI(I'I"/,'t I fCOll1 
l.(":"~' N/C.l'-t IIII III ,;,tl.L I, bU.I. P\M. Nil, r~I·. T Af.P I lCO I ,lAUAll00 I, TJ\AUC lCO) 
I ,,11MCN/1'1I11111\111( II ,"HII • MI 1,1011 I i'li ,~I.IMi',;.1 ,,,., ,Al 1"'4 

f.1.:-IMf''"</IIJI)P\1 I HI ,IU,,:~ 
'IOlln 'lkMAlIllil.~~II',NI-IH, Illlll lit flit le't IMH C"'LL1M(N.11I 
JOI (l r !)I'MItT C I,ll( 1U1·).I) 

C M\!Jllll ~,"!;r~1 TIL flHIl UAIA H'H IHI' If't '''<':11 SYP\Ct-RIlCYI,liHIl.(/\ 
(. A/II-'U!tIAllY .\>11'101/1(;1: ~II.Lt) H/lI{I'ILNIC ftlJNS 
C 
.< 
C 

I\O"'l\jrt' 
io/",U-OII 
n,) '>0 J'" 1,,,,(1 
.,.=R+t..lR 
T"IH<" JI"~ 

), .. , AIIUI J I .'I~t.flil 
lAtWIJI". 
,IIJ)". 

'>/) t:UNIINLJt 

~)o(INT ·WIO.I Tflt"HI JI,Jtl,t.iHI 
VklNT 1010 
VIlIPliI 3011) 
~~I~T ]OII),tlflIlI<IIJI,J"'I.t.lIlJ 
)I"'A)I.*1(7 
fll I ~'] .1017 
)"'IN" HI 
)lttrH_I<i 
'W~I N- -l()fiOUIi. 
YM4X· HJlI )1)11. 
10/1 TIJIolN 

",U 
tllH TC MDP 

SUOftUUT INI: Tl/:')P 
"(TUAN 

f'" 
SUI1!1UUT INl II"IIH 
'tFIURPli 
~Nn 

'1I\1--TC tlPlli't 
SurlROUT INL IIPlll4 

OIMf'lS 11),'4 ul 14I,Vll'tI,IlVI4. 141 
Cl1M~UN I fl Ar. ,5 .IlS, U, V .~)V, 'JMo'lX, Kill, HI III , ('Il."t"J ,Ph I, 

l MMAX',Xt4I 1\ ,V,'1A)( ,YAI N .11'4)( • HI! /1,. ex, ey ,f l. X It. I. 11\,ll"'. 
l. XO,Yf), lO,.IKHO.AIHIIJI.Tt-F.TA, 
3 HClDI21 

cm1MIIN/[J(.uJoIIIH 100CO) 
CUi'lI"l"N/I.:U~ IIII' I fl t: ,r...Cl, N(;2.Nk. NA, NO.1 Ae [1 Ilcnl ,TA!!AI .20:lI ,TI\B,H zr.c I 
L\;MMrIN/C(.JM21 '"Il~ Ilionl, Nil l.kll)oll .Rll"'. Illl~" Itll"" 
LU"lMtJN/(.m''''/l!:;CALf,I-'SC~lF, I Ai"t, IlOO) 
OIi'llNSICN CA~III"J 
1)j"'[flSIUN TMlll ~IlCI 

20aO FCio/,MA·'lliFIO.41 
70lU I'IJHMATlI1,/KI:;r'>.01 
JI110 rl)RMATIIH ,Ct ... ·Jr<fUIl.HATln~'i ./IX.J(MIN,IU1A)(,tJR,AI,,62,CJ\."'bFIO.41 
JOIO r,HI"'AT Htt\J,CtkAIJI ~l MAGNf:T Ie f1 t:l 0 t:XTt-t.DIN" .... l.CM I~ .... FI:I.l, 

I "'TU N, .. *, fa.~, .. IN I INCH SU:I-'S-I 
I IIOXI'"1I-I'J.l1 I 

301'1 r-OIl~flTllrlO, 

. 1 iX IHI<, ilX 3H If) I ,5J( ~HI06, 5X 11.1111, 'j);3Hl H, r;XJHl,,'. 5)(~1-i116. 
l. ~:< 3HI] I. 5X)d"H:>, 5)')Hi4i, 511 JHI 't6, 5X ]t'151, 5)3HI 56, SJ( k1161, 
J ':iX~HI6t.~)C1hlllll . 

~0/10 rnIl.144TIIXI""IS.fl •• Ool4F6.C"1 
)00;.0 rnRfIIATI':<X5h$KIP ,1<;';'>1(1'>11.nl 
lfJ6C FORMAJ( III 1 
)(171) HJ~MAIIIHO.*N,J,'IA,tH="jllul 

)I)'\C fOW"'.A I III( I 'S,?X I"~ Ii. (I 
3ulO HJIU>lATlltlfl,Ctl'IH,'] PUI'III<t:IATIOflS IlIlilfl. A1 It:aCtI:'.5uTfCEGI,,CltIIX'j. 

I *111 
~II)() HJRMATlllln,-PUftfLl<r.Afl(,f.; ~l.."S ,,"Fifo II 

I IX-V\J ... TlJRf"ATtCN S\JO.jS SKII-'PfD=H9.1I 
lU C fllR"'A Tlln)!. 10fU. II 
3110 fOll.MAfll'"iI • .(ITl!TIIl 'MG.'f[lIL .. HLD PUItTURI!,6TIC/\~'/1 

'JIII) ~IWll"fIIIlO,Ct"'IlGM!H. tll'LU .. l..~TU~I'ArluNs_, 
11',0 FllkM41111lO,I.XI 'I 
'tllllll .-t,:kMA I IllIll ..... ">11 ill, l(~;"I(," M tN, "MA)- 1041" 1 :..3 I 

< 
C 

c 

V!,AU 21J{Jo. P/;I "1, ,,1111) ,,/1<, A I. A2 ,LA 
.... ~INT }nlo,k~H"ft:~A.),l)I\,AI.Al.r.1I 

'"'(llEI. 
[.1l.1(_1. 

1\1"11" I II Illklo' ll~-k UIlIlJftH J t I.or:) I 
Ill-If 1 XIII "'~'fI)(-I<r..1 )/D1:!'. )*1.0011 
Jr."K 1 
FfU NT .HI20,I\MI,'4.R,M", ,Itli J I, J"'Kl, K21 
lAlclf IXI HI 
1"2=JF-IX I .0.21 
",A*Ib.2-IAl*1 
/1.101:11.7-1( 1+1 

~1i"NR_NA 

PIl.INT 3070,N,l.NA,~B 

JLMIN::K L 
Jl~A)(.·1(2 

uSUM=O. 
HSUMS P=O. 
R:I'I>IIN-OH 
Kr."1(1-1 

1:0 100 J= I .71)0 
100 TABlIJI:TA(lflIJI 

nu 200 K=1 ,i~K 
~=H. * Oil. 
tAlhd"":ft 
II.I(:kU"K 
JIC.NI\= Ir.-II ofINA 
:)(.) }IIO ,t.l "I .~" 
JK_JkN",.IAL 

7'lC IqJII.I"1ABllro<.'ofI!i~(AlF 

lI"Al-0/l 
r'.J no IAL "I ,NA 
A~A"'liA 

un TAIlAIIA.2la" 

( IIEAO FULl) .... r!o(rUIUIATldN~ ~1 lA(d kAr.W';o t-IJIl. l'..i HI:-IlfHS 
( If JI.\-ll.U uC 1~lIl oJ '>1 VU)o(l'JI{I"\lIur-..~ 

'c If Jl.Ll.0 ~I""IJ IN PIJI<'lJH·ATH.t.~ II "All/Ill tlACNr'IC f IHu 
r. 

1(.1("0 

PH.INT IL\() 

40C (.UNTINlJ[ 
IH:4(J Ifllll.JI,I..IIH') 
IHJl.(,T.U) 1'<I[H 30'JO.JI 
lCK-IC",·t 
IH JI.':.[.I) GI) Tn "(U 
11-'11(.11..(;1.1.71 ;;\) Ie 1tlO 
cn IlJ •• ro 

'.Oll. H IIJ I.GT .IAlI.!JIl..( JI.LT .!AIII ~TlJP 
410 J8F-lOaJI-1 Al 

JZ"C 
430 CUd INUE 

ft EAD lOI O. JI .Cflll.lJ 
IFlJI.cr.OI Gn TO' 435 
IHICI(.(l~.ll 'i'J TO 70() 

.. _------



Gd Til ~()u 

'01': J"JI-I(I:; 
IrcIJI.U.Jil'IN'.lIH.IJI.GI.JH1AkJI GIJ Tl -'00 
P~ll\IT )1J'Hl ,J I.f II.~ I; 
Ire J"-..I1 I 4 ... (.4' .. ,,),44 1' 

IJtJf lll=Jllf'l 0-1 ~ 
.,,>1': CU,.I I~('l 

IJUf-UJ= IJ(JFLO+I, 
ql! .lt1c) I "I t1 ~ 
I J-e ..1-11"';-';/\. IJ,JI-I.:)+ I 
I'll J) :d'\ll J )'CAI',lC J 1.~SCAl t 
H:-'U t" 1\:.li~1t c.;" >llJ f I I 

'" 11 I'U,," II f~u' 
J"aJ! 

t"I'1 

",)t; HoIlrrr ~o"o.Jl.Clljo(lJ 

[(J 5iO J=I.I 'J 

";.0 ( t1S.U~:)jJ"hSUI1SP'I..Akili JI 
[0 ToJ '.30 

100 lUr.cT I~Uf: 
)Mlro.:.o\'1lf101Ik'HN,IolLIMli 
)(,.10\)( "11,,..1\ Xlll{ ,.AI( .IoCLI M21 
Hl 1:-0) .. I<MI~ 
JoIll P"4 "k~AI( 
I rll 110.1- IA 1. II • CI- • '~I~ I l..tI H.: 720 

""'AX ~A7 
120 (1IfIITINUr: 

PI<INT ?liO 
"IfINT )1111.1-ISUt-4.H$Uf'SP 
JI.:-~A·I 
J/=O 
IIti '100 K -1,,"'k 
Jl ~ J I • /V .. 
J/·J.t',p.,A 
"H.-In-I',( 
Pit I ,'\iT !I',,).K'" 
h"INT 1l1'1,IrCJI.J"'JI.J2J 

Wl,) tqrnl"tlJl 

t'I{IiIlT '.(Jl)(),Xi~IN,)(~·IA}(.Y"\IN.YMAx 

j.'"'AIl i0.10. JU;~!{ 
1".IUI(N 
,.'.,j0 

Uh" IC I:kll$S 
~oJd"lIull'rl: LI<I,~SIJIIIG.A'i I 
r.rM.~r;,\j/CljM')/1/1 ,II. 
(I,MMUN/CI)l'!h/k'4A I •• TMII f)(, S:-1ATx, OMA T X ''''PU~;GE; 

r:"'.:R-:(f'oI"TX 
Ill::AI 1-'"'' 'I" 
CS""S-5"'''T )( 
IF I J T 11.(.11 'JO,'100, 4110 

lOC JT"G-"4 

JSIoI.-=SIC,NI1.Ol,ORI 
JSf;SIt;NII.OI.uTI 
J5$.:5 I~'~I 1 .01, OS I 
H:IURN 

4')( Kt:;lh'iIl..NII.Ol.LJ!() 
K~T=S ,f,NI1.Ol.rlTJ 
";,S"~I(.N( 1./) I,OS I 
Ir(JSR.,\ll.,,\,q JT"G=I 
11-1 JST .t-.~ .K~ J 1 Jrhl,:<'! 
If (J !> S • f ~ r: • " S S I J '" \,. t 

1'1 'UI"j 
J:., .. ",:,f 
11\ TUloiN 

.. \n JS!:..:Y.!:. .... 
44C IIrT'-'kN 

.. OC LC~TI N'-'t: 
IH·T tJk~~ 

-14-

c 
c 

IS-IJJ-UO"')(tl 
CALL 1)l~5I:'HI.A.rAI!)(.I~ ••• )(.ID)(.~PXIII'''lJ 
Nj.>V( II'NPJ(III 

4" 1-,*, 
')0 lJfJ ':0') ,.lolPIL 

NlUCtNj.>KIII 
t.lllC y .. NPY III 

UCRL-19407 ---

:o~ (b.ll LA(;II.AN IJ(A,rl\l:lXINl.dC),'/lJ:lYINlUCVI,IPIXt''-VI11,t.I.t.l'l 
CALL lAGRAN IlA,{G,TAt1ltNP11.VY,IPll.ANS, ... l'J, 

70 flF IlJI(N 

"" 
SUIUUHHIN( liN,) 11l:,"h.,III)I'.IIII.II'4!i1 
II IIC I 'l ..... tel " ,"1\-' 
NC--Ie 
Gil r II , .. 

10 I M~·LJ 
"-(;-Ie. 

15 1f-INC.-LOOI7r.,iI!>,;'.! 
Ie (A,·n 

(0 TO 30 
25111."'1 

I\C.=NC-IOQ 
30 10)('N(/10 

tnl"NC-ll)x*W 
j:lt:fUR~ 

'NO 

SU"kIlUTI r~F. lA~K ... t..II(A. x. Y.N .... ,.S .... x .NY I 
OIMt-NSIOIIi )(II'';)(I.YIN,() 
SU."1 "0. 
CO J I ~l.N 
PkUO=V(I) 
DLJ ,. J~l.N 
""x III-XIJ J 
IF IA I Id.1 

I ,I" 1 XA-IIIJ)IIA 
PI((JO .... II.ull·t1 
l.oJNr'NU( 
Su"''':o.Uf'UPltlJO 
IINS-SUM 
fit' TUI~N 
I"Nl) 

sual(uUTI;~t rI SSOd xA, To\". I.~JII, f[) I hFlI. NT H I 
CIMHSICN TAI)INTA~I 

.... PT=IO·l 
t.I'''"fIPTI? 
II.PU_IIIPT_Nf'd 
If INI(-NO> TI 10'''010 

'i I'IPX: 1 
lI['TtJJ<N 

1 C Hf!W=I.IIIPij 
:~UP"'" ,.NX-' NN+l J 
or: l'i I I :'~l(l, .. NUPP 
1'tl[J,z: II 
If'TAIH 111-XA 1I'>.iO.'20 

15 r.CNTlNUf-
t-PX", Nu""-r~PB+l 
Hf.TU~1'4 

? C /l.l:Nl fJt:-;~p fI 
MJ;Nl.1U 
LliJ Z'J JJ=Nll,\iU 
..,nl S=JJ 
If lTo\nIJJI-I"HtJJ+III1':i,30.l~ 

1'; CGNTI Nllt 
NPX"Nl 
II(TUItN 

3( If IlAI"rJllI~I-l(AI 41'.V),l':o 
35 NPl(.:NUI5-tn 

IIHUI-(N 

"( /l.P X. "'I) I ~.l 

tNO ~~T~N 

t.ltlf·lf. 01 SCu' fNO 

SUlIRtlul I Nf 1)1 SCl.jf (I(II,l". T AdX ,J AllY,' AHi, /l.C ,NI, N'Y ,NI • .IIr..5 I 
( 
C IA"O .. nll,PUAlIUN U['(O"-[ If'AX 
C 10\.:1 Nr. /.:Jf'.lK,APlllAliuN 
c.. IIIX" IJ ... ·OF.R nF Ir..Tf.I(PUlATI(r~ II\" x 
C. lt1I'" CkOf.R GF INTERPUlAT (liN I .... l 
C If" 101"0 ,(~fIX),I.I:.t-.( 1 O .. PE".CtNCE •••••••••••• NC·--O 
C I'"S:I ,t- N~l IS ~rEGATfVE 1.£ .. NX-NY 
C I."S"O If NCl IS PCSITI"'tfl 1.1; •• NX"NY.I/l.l 
( 
( 

;JPH·t~ SIUN T AIIXI N II, 1-\OY( t.. "'1.1A81 (Nil ,NPX (1'1 I. NPY (8 I,YY I B, 
(All tiNS ("Ie,1 A, 11))( .WI. If'S I 
lffIOl-11 'iolCrlC 

'i C\ll lJlSSfRI)(A,TAUX,I.N't'.I!1X,N~,""'11 

r..""~"Tnx.l 
(All lAGI(J\N()(A.TA~xll.\j1.1Alnlhr..I,Nt..r..,A"S,f\1,NYI 

('ll Til 10 
10 lA;».GtaiA 

11-'1)(~I(;:Hl 

1"ll"lIJlH 
p. I'AI 1 ':J .('':.1 ~ 

1':J It 11 ALII.> -I o\t1/lr~ 1 I I 15.2.,,1'0 
70 IA,,(j"TA~/1 ;~I ) 
/~ CAll fliSS-lk IlAI'G.T,\tHtI.f\lolIJl.NI'I.Nll 

f\'(; N,(/f;l 
""~ll =,"~lt I r:l 
tot 
IFII!1S1 31,30,4(1 

'0 l"ll nl!:.St"lilxII,IAuX'(.NII.ln)l,NP)(.NII 
nu 35 JJ:NPl.;.jPll 
tll-"n I.:IJJ-ll*NX+NPlIIIJ 
t.. ... XI II"NP1UI I . 

j') 1=1+' 
l..r, Tf) .,0 

4rt pry 45 JJ.:.r..fl,,~PIl 

UEHTr. 1'1(1 U 
SUBIWUT I ~~ (I ~ l,J 

OII1t:N51.JN 11(14),VI141.n\.14.141 
C.CMM(.N Ifl o!G.~, C5.U .V.l'V. J'"A)(. Kill. £!r Cl ,,,f\AiltP~ I, 

1 X:1AX, J( 1"1. PI, YI-'AX, '.41 ~~ ",.Ax ,ZI'II iii, in: ,n •• n l,l( IN ,v I ~,ll"', 
2 XO,vO.10.uRtlf;.ljf'iiLl,TI-ETA, 
3 (\lilutll 
cr:H~tlN/tlr.IH/IlH IOCCel 
CCM,..CN/( CI1111f Itl C,Ntl. hCl, /l.ll, NA ,Nil.' AtIU IO'J I. TAil !'! I UO I, JAOd( leO) 
COMMCN/C~1.""l/1"11){ 112'hll ,NM l.k II "I ,RI I":!, 1'1 (fOl, fll (I~(. 
co~ MI) 1~/C{;"'3/'" 5,..,l\x. SOl. T ,SPRI"" .U~~, ,.AHI I) • I PUr-.Ch 
cc"" ... Gt~/CCM41 I'SC At E. PS(.~ 1 [ .J A EL 12 00 I 
CCfoI~C,'Oc..u:~SOlI .R 

3010 I-'IIR""IITll!() .1011 H. J"x .... ""TI(.lt: t t:(ATliJt. (';T Ijr f l[l·J kAN!.t:*/ 
1 2IJX~(iMltj."',~· IAI("''"' 31"1'>." 2lH .... A"JN.t.~joIA.I(.:*~fI5.~I/i 

)(:: )(IN 
Y~' 1"1 
~"SORII x##i+v"'''2, 
fill =~ 1.1'1<; 1,,"" 'AlIlIX .YI ",If). 
IflAII.lI.o.1 AlI"3tO.tAII 
IH I<.GI .X .. ~A)(I ,,11 II, til.lO 
(11 H I1no,}filJ.2CCh!lr,1"11.1f1l1l1 

20e c:nNTI!II .... £ 
A=AII 
IFIA.lE.Y~lhl l~" T'J "00 
IFtA.I.>LVI'(AXI GG fro '00 
IHI' .• GI.H.lIWoi (a: fL' 70C 
IrIR.LT.ItLl~)1 GfJ Hr 700 

4:"10 (U ... , INUl 

CALCULATE P'o\LM:TI(. HFlI) tl lNL. (kA[IF/l.T (IUI1~ 



• 

C"_llSI:\ 
Al"'j(-D~: 

Ul_j.(t-/H! 

tl\ll 01 SCI111.~ ,I'... T AtA.I~. T"t!1I. tN:2. "'A. ~fi. r.~. f.ll 
(IILL 1.)1 SC(J T I A,n • TAnA ,lj. T I\lHl,NC2 ,NA ,NO .~ .. ,131 I 
(All 'UI :itl' T I A,"'2. ' .... lA.IJ, T AeR ,:-,je2. "'A ,f\e. "'~. eZJ 
1I'.1[1:('\?-!lllll Z .~(lKI 
Pit I :AT.''.''I X ,YI 
:.J}C=f). 

t'v",n. 
Ilf TUIO:'\I 

',(1/1 1;IINTIN\JI-

I·r Cll\IIjI.Ull'or< (1!·l!"'ltlfl't\ 
In( U:Nl I "WI 

It! II [1111.1 \.I. If .;\; [,' fief' 
H .~-U~l~ 

I' I ~:I I 1/"1. 

tALI I)I~t·,' I,~ •• · ,I 10,11' 1.1 AIII"lflh""Nt.l.NBl.,-;1I1,NIII,Kll 
L.U t !l1<;L·,T, III ,~·I. T IItIN,I, , 10111:.1 AU~ I,NCI. H 1,"III.r.;O I''ll) 
(hll 01 "C.\1 11,/,:<;', rAIIKI. '.Mr' .• lAtH, I .M':l ,I\~ I,NlIl.'II:I. tI'J 

I' ~ <1\. 

",'(·V. 
I"Ill.'''' 
Htl--I 
1'llIfd .1(;1/1. ~j .. ur,.".)("'''t.V'''IN • .II.VMfI~ 
1'/-0. 'I 
C""I)" 1.). 0 
1'111 ~(l. (j 

to[ TUIJN 
INti 

litH It fUtliL T 
'iUK"ULTlt~E f.U~JCTI") 

(,]:oIHUN IFlAC,!,>,U~, l.; 'v,n 'v ,JM")(. Kill, IHfll, (l{hO, PHI, 
I )(,-IAX. J "lIN. Y~AX .Vf'.IN,l MAX ,l MJ", AX .BY .Bl,X I,... ,Y U., liN, 
'- XO.YO,lO.iW~!I~.t).Hul.TI-[;rA. 

3 IH'UlIlI 
CCI'I",r J,.I [JtLW/u II 11l,00 I 

!)IMtONSJ()N lJI14I,'I'1141.U\l14.141 

1(1 N::I/Ill 
y IN::I/I2I 
£1 f\j=V (3) 

(All fiElD 
'11.=0.') 
1,j'l':f}.0 
,·.'z=u/-onIlOI 
TH£Th:I~TAI~ZI"14I,v(<;) ) 

:;\.ij(d;I1AU"'1j ~HCI *~p.j I TltU f.-PI-II 
~ '.J~ :'J l "iJZ 

,lVI" 01 l""vl',1 
)V, .>4.1 I ~ 'v 1 'I I 

1.;1111',' I"VI/,) 
tV I '~ ." I - \I ", I "'\,II • V I I, I -to ,~V 

11'11"',',1 \1",) ',,;x-I/""·IJI 
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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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