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HYBR1D-II, A TWO-DIMENSIONAL MULTISPECIES 
FOKKER-PLANCK COMPUTER CODE 

Abstract 

The computer program HYBR1D-II solves the two-dimensional Fokker-Planck 
equation for an arbi t rary number of ion species plus electrons, with the assumption 
that the electron distribution is isotropic. The ion equations a re advanced using a 
second-order fully implicit split difference scheme. An implicit algorithm is used 
to advance the electron equation. 

The ion velocity and angular finite difference meshes usually consist of 45 and 
20 points, respectively. The electron velocity mesh, which is an extension of the 
ion velocity mesh, usually consists of 201 points. The field length for a three-species 
calculation on the above mesh is approximately 230000 and the running time is 
5 to 10 i.i.nutes on the CDC 1600, depending, of course, on the number of t ime steps 
necessary . 

The code operates without disk files o r tapes. The necessary input consists 
merely of data ca rds . Both CRT plots and e i ther HSP or microfiche printed data 
make up the output. 

Introduction 

This paper summar izes the basic equations of the HYBRID-II code and the 
methods used to solve them. A detailed description of the progmm along with a 
l ist ing is included. 

1. Basic Equations 

We let f (v, 6) be the distribution function for ion species "a , " and f (v) the 
•ilectron distribution function. Here, v is the velocity magnitude and 8 is the angle 
between v and the magnetic axis. We assume f <v, 8) - t Iv, * - 8). The normalized 
velocity x is defined by 

v = vx, (1.1) 
wiuire v is an input constant, and the normalized distribution functions a re given by 

P a ^ ' a ' ( 1 " 2 ) 

a 
where K is a constant. The equation for ion species "a" is then 

+ s (x,e>, d.3) 



where S„ is the source term, and 

8F_ 8F 
° a - V . + B . e r + r . T f -

8F 8F 
ff.-Va+E.T5*+T.Tr-

The coefficients A" . S , C , IS , Y , and F satisfy 

2 3 3 G . 

8x" 

2 3 2 G „ 

8 2G 8G , 8ZG , a a 1 a 
8x" 

8 x ' 

8x x 8 6 ' 

9 3G 

8x86 ' 

a cot 9 a 

cot 9 
•5x59 

"a 2 8H. 

(1.4) 

(1.5) 

(1.6) 

(1.7) 

, 8G . 8 ' G 
r< - 1 a . 1 a 
< - a " " S " 5 F ^•3x^9-

9 G 8 C 
•p. sin 9 a , 3in 9 a , sin 9 

a 2x 89 a z 8x^89 x 8x80 

1 
2x sin 9 

8G „ 8 2G a . c o s 9 a 
2x t>9 89 

3H , a 

E = sin 9 C. 
Z- a 

"F. = 
. „ 9ZG . „ 8G 

sin 6 a. ^ sin 9 a 

(1.8) 

(1.9) 

(1.10) 

(1.11) 

where 

zl ^ 
G a = I l n A a b - 3 - i e B b -

b ^ a 

2 

H a = I t e A a b ^ T ( 1 + ^ a

h b -

(1.12) 

(1.13) 
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I and 

| V*gb - - 8 * F f a , (1.14) 

I 2 

I V h b = -4ir F f e . (1.15) 

i Here, Z is the atomic number ior species "a," m is the mass , and 

r a = 4 i Z* e 4 /m^ . (1.16) 
The Coulomb logarithm is defined by 

* W ( ^ ^ # , f t 

•where 

& 

(1.17) 

a = 1/137, (1.18) 

X D =/ E - , . (1.19) 

The electron equation is 

9F K r / , 8C T A F \ 

where the 8 derivatives in G_ and F are set to 0, and sin fl » i in P . The Quantity A e e e ^ 
is defined as 

X = l / l o g 1 0 R e f r (1.21) 

where 

R e f f = "/(> " xc/x*) « 1 - 2 2 ' 

if x a x c , and R e f f = » i f x S x c . Here, R i s the mirror ratio (if applicable) and x 
i s given by 



e * = - | m e v 2 x ^ , (1.23) 

where ^ is the ambipolar potential. For nonmirror devices, A = 0. It is assumed 
that G. and H., when used in the electron equation coefficients, depend only on the 
isotropic part of F. . 

2. Computation of Rosenbluth Potentials 

The quantities g. and h, . defined in Eqs. (1.14) ar.d (1.1 5), are Rosenbluth 
potentials. Changing notation, we let, 

V 2 h = -4?7f, (2.1) 

V 4 g = -art , (2.2) 

30 

f(x,.0) = 2 , V. (x) P. (cos 6), (2.3) 

to 

g(x, B) = ]X G (x) P, (cos 6). (2.4) 

CO 

h(x, 8) = > H. (x) P. (cos 9), (2 c ' 
j=0 ' J 

where P. are the Legendre polynomials. 
We define the functional 

M (f)(x) = ttyty'^dy, (2.6) 
J J x 

N,(f)(x) = I f ( y ) y 2 + i d y , (2.7) 
3 JO 

J-00 

Hy) y ^ d y . (2.8) 
x 

E.(fXx) = I Hy)yi+idy. (2.9) 

.4. 



Then, 

V a m - [-•j-1Nj<v., + xJM.(v . ) ] . ( 2 1 0 ) 

•ax1 = 2 p T I?*3" M j < vj> • « + l ) x" 5" 2 N j <vjj}. (2.11) 

V ^ (srM^-1 VV + x j + 2 VV] 

• 2 H T [ x l" J N J < v + *" R J < v j i l ] - < 2 - i 2 > 

"Sx1" W*~T \W~n [<3 + 2 , x 3 + 1 M i ( V j ' " ' j + 1H~*'2 E j ( vj>] 

"5T=T fj* 1" 1 R j ( Vj> - .0 - llx" J Nj (V.)jJ, (2.13) 

9 3 G. 4ir ( 1 r 
~^ * Wh {25-+T (j (J + 1> « + Z ) ^ " 1 M. (V.) - (j + 1) (j + 2) ( j + 3 ) x - j - 4 E { V ,j 

- -SJTT [j (j - I) (j - 2)x-J-3 R. (V.) - (j + 1) (j) (j - l ) x _ i - 2

N j <V.)]},(2.15> 

The Legend re polynomials satisfy 

J P j (*<)-(2j- D ^ P j . j <C)+(j- DP^M'O. (2.16, 

P0<"> * >• « . X 7 ) 

P l <">-«• (2.18) 
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P-°lx> •= <2j - 1 1 ^ 1 + P j " ^ ) ' (2.19) 

where u » coa fl. Combining Eqs. (2.6) through (2.19), one can compute the necessary 
derivatives of g. and h. with respect to x and 8. 

3. Boundary Conditions 

For the "nonmirror" configuration, the ion boundary conditions are 

F„ (K.6) = 0, (3.1) 

8F„ 
TB? (0 B) = 0, 

3 (x,0) = 0, 

8P 
(x, w/2) = 0. 

(3.2) 

(3.3) 

(3.4) 

Given a mirror ratio R, we define 6, „ by 

s i n 2 9 L C = 1/R. (3.5) 

*ca = e < t / i m a v 2 , (3.6) 

x 2 Z 
s i n 2 9 L = l if x2 <. R

a _ a

t U',7) 

] + - x ^ 2 * 2 4 Z a 
= \ if rT * R-\ • ( 3 - a ) 

\ 
We liee that 9, is a function of x. Conditions (3.2) and (3.3) are replaced by the 
requirement that F a (x, ©L, M ) = to *• e - * F a is 0 on the lous-cone boundary. 

• 6 -
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The electron boundary conditions are 

Ffc(a>) = 0, (3.9) 

- ^ (0! = 0. (3.10) 

4. Construction of Finite Difference Mesh 

The ion velocity mesh is represented as I x . J . , , where x, = 0, Xj • x , and 
Xj, = "'max = i o n x rraximum. We lei hj = x'm a x,'(J' - 1), and x 2 = f h , 0 £ 11 <, 1 
(f, is input), and then compute r. satisfying 

x j + J -K. = r , ( X ^ - X J . J ) (4.1) 

for 2 £ j < J'. We then define 

V + l = 2 x J ' " XJ'-1 (4.2) 

and compute r„ satisfying (4.1) for 

J' + 1 £ j < J. 

Thus we see that the electron velocity mesh is an extension t>* the ion velocity mesh, 
and the double geometricity enables us to represent low energy ions and high energy 
electrons on the same mesh. 

The ion angular mesh is represented as ™ , _ , , where 6, = 0 or 8, c 

(depending on whether or not there is a mirro*), and 9, = ir/2. An extra point B.+. is 
added for reflection purposes. 

5. Finite Differencing 

Let 

\ , ? V. <5-1) 

and 

, , - t / t . . (5.; 



I « 

Then Eq. (1.3) may be written as 

8 F a _ 1 » V , _ 1 
^ ~x 2 8 x ^sTnT 

8H 
+ f . S. (5.3) 

The te rm 8 G / 8 x is differenced in space (dropping the subscript "a") as 

3T3 A. . . , F . . . . - A . , F . . , 
"5x" ~ 2Ax. 

3 

\ i ^ ( F i . i + l - F i . i ) B U - ^ i . i - F U -
" ^ xi-i '] 

J _ fc < F i + i . i + i - F i - i . i + i )

 c

 ( g n - i . . i - i - F i - i . i - i r | ( 5 4 ) 

where 

B u ± i - W j + i W ' (5.5) 

A x . .1 = X. - X. , , 
3 + 2 3 3-1 

(5.6) 

Ax. = i ( A x . i +Ax, i). 
3 *• 3 - 2 3 2 

(5.7) 

The 8ff /30 term, Ax. i , AS., a n d A 8 . , i a re defined analogously, 
a 3" 2 3 3*2" 

In advancing from cycle n to cycle n + 1, the coefficients and the source are 
explicitly evaluated at cycle n. Splitting is used: 

F ( a + 1 ) ' - < i * S a + i r s 

A^ ~T ~dx ~2 *a a' 
a X j 

3G a . 8 
8x 8x 

. „(n+l)' . J - , 
k F < n + 1 ) ' • ff a ^ 8 F a l 
[ A a F a + B a 3 5 C a ^ F J ' 

(5.8) 

(5.9) 

p.(n+l)_ F ( n + 1 ! ' 

' T — : — 
x. sin 8. 

8H , 
a . 1 f „ 

"3T + S \ Sa" 
(5.10) 

fe^HI& ,^,^& .. 



,. 8 F (n+1)' 8 F ( n + 1 ) l 

i. e . . all terms except those of mixed second derivative type are implicit. 
The solution of Eqs. (5.8)-(5.11) involves sweeping the difference mesh along 

x = constant lines and B = constant lines. The procedure is adequately described in 
UCRL-71662. 

In the event of a mirror configuration and nonzero ambipolar potential, the finite 
differencing stops at the loss boundary. The loss boundary is represented by 
approximating B. (x) (see Sec. 3) by the nearest mesh point. An inverse function 
x , ( e ) is defined, also approximated to the nearest mesh point. 

The electron equation (1.20) is also differenced implicitly. The technique is 
merely a restriction of the ion equation integrator to one dimension. 

6. Source Terms 

The source term can be represented as 

i a 

where J is a current, and S is a shape function of density 1, satisfying 

3f(x,«> = a , e - b , ( * - c , > V d ' ( < ! ° s * - e , > 2 (6.2, 

The constants a - e are allowed to vary for each source snd for each species. 
t o 

Clearly d - 0 for electron sources. The current J is of the form 

J* = A* + B£ x/iT i-C* n , (6.3) 
a a a » a a a 

where n is the density. 

7. Initial Distributions 

The initial value of P (x, 9) is given by 



F U , e ) = a

, e - b ( ] £ - c » e - d " c o s 9 - e , > (7.1) 

where c corresponds to the initial energy, and a is computed so that F has the 
i a ' 

correct initial density n . The constant K is strongly related to a, Clearly, d = 0 
for electrons. 

The density n is defined by 

'Jo •'o 

'2 f » 

0 
n = 4» K I I F (x, 6)x 2 sin 9 dx dfl. (7.2) 

and the energy E by 

E a 4 m

a

? 2 < x 2 ) a - ( 7 - 3 > 

where rlflr-
I I F (x, 9)x* sin B dx d» 

-In Jo a 

<x >a " T ^ r ^ ; • (7.4) 

Jn 
K (x, 6)x sin 8 dx dfl a 

•'O J0 

8. Potential as a Function of Magnetic Field 

For a mirror system, we compute 0(0), where 1 S ^ £ R, and 0(1) = 0, 0(R) = 7 
{denoted earlier as ambipolar potential). We let 

ntt*.*) = £ z

a

n a W '* ) ' (8.1) 

m i n a - = _ J L = r ' ^ " [ 

n » , « = 4rK, x J x Z + JC* dx f ' i t + X o a a ds F _ ( X J 6 ) J ( 8 . 2 ) 

a a j Q \ ca j r - j a VI 

-10-



where 

and 

Also, 

x o a = Z a e * / r m a 5 2 ( 8 - 3 > 

s 2 ( x 2 + x 2 ) 
„ * » C O B ^ * = 1 , C a • (8.4) 

X 

n e (0. 4) = 4,rK e N x 2 dx P e (x) ^ 1 - x 2

e / x 2 

ce 

where 

2 . „^ / l _ - 2 
- • • ^ 

and 

p i . i m - 2 p ? , i i w + p e i . i i w -

(6.5) 

m v (8.6) 

Given ^. the idea is to find 4 satisfying 

n.(<M) = n f i <tM). (8.6) 

and we let $ = 0*(^). 
P r e s s u r e t e r m s a re defined similarly. We let 

(8.9) 



Here, P a (0 ) is defined like n W,0*(^)>, but a factor i m v > x (1 - u ) is added to 
the Integrand for the perpendicular case, and a factor m v^ Ufl (1 - \ji[\ - JJ') ) 
+ 0*Z /w tri v for the parallel case. The electron term F^ n («•) drops the second 

j ~2 / 2 * / l ~ 2\ 
term in (8.5). and a factor j m » (x - e<& [•* m v ^ is added to the integrand in the 
first term. 

A few other diagnostic quantities are computed, such as 

K_ = inf 'eg 
5r<pj*»Jp,»)so 

(8.10) 

W ( PII ( 0 ) ,JP„W)>O' 
(8.11) 

>F (8.12) 

R * R # (1), vac ' v a c (8.13) 

max m i m l (8.14) 

9. Charge Neutrality Requirements 

For mirror systems, a self-consistent ambipolar potential at the mirror, £ i s 
computed at each time step by requiring charge neutrality. We let 

ions 
(9.1) 

n (t) » n (0 . (9.2) 
e 

Suppose we're advancing the ion and electron equations from t to t + At. Let 

<J+ = n + (t + At) - n + (t) . (9.3) 

-12-



d_ = n_(t + At) - n_(t). (9.4) 

If n +(t) > n_(t) and d + 2: d_, we raise 0 by an amount A0 and readvance the 
distributions from t to t + At. It n + U) < n_M and d + <, d_, we loner • by an amount 
A# and readvance the distributions from t to t + At. This procedure is repeated until 
the above test is negative. If the neutrality requirements are not met after a certain 
number of tries, the calculation is stopped. 

10. Numerical Integration 

We define c. and d, satisfying 
J * 

f X J J 

J f ( V d x i = J V ( V - (10-1) 

xl . 

r'-'l I 

where 

where 

2hl - h+ + 3h^ h + 

: 6h (h^ + h ) 

(10.2) 

Note that in Eq. (10.2) ft ranges from 9, to ir/2, and 8, is either 0 or 6 , - , . 
For two-dimensional Integration, 

[ft (x, e) dxde * 2 , e i , f (x . , e 1 ) , (10.3) 

e. . = 2ir x? sin 6, c .d , . (10.4) 

Uneven Simpson integration is used. That is, if x. , = x. ± h. , 

x ' + l 
f1 f (x)dx = a j f (x _j) + a 2 f (x ) + a 3 f (x ) , (10.5) 

(10.6) 

-13-



h .̂ + hf + 3 h + h _ ( h + + h _ ) 
: 6 h + h _ (10.7) 

2h 3 - h 3 + 3h+ h 
a 3 6 h + ( h + + h / - ( 1 0 - 8 > 

11. Reaction Cross Section 

The reaction cross section between two species is defined as 
• °o ^s 

!B,t)0 n . ( E ) d t 
< g y > a b = J " f ^ " f l ^ ' ~ • « » • » 

dt 

Jo d 9 Jo "2 d uJo V 1 

— f - f s f u 

I ds J udu I Ij(s,t) 

where 

',<-.») •C 2 -*»)f .( £ ^' b (H i )*' .( & T i K( 4 T 1 )] . ( 1 1 - 2 a > 

TT - * 

1.602 X lo" 7 5 ' 
(11.2b) 

An approximation to (11.1), where a = deuterium (D) and b - tritium (T), assuming 
there exists a tritium distribution of the same shape and energy as the deuterium 
distribution, is 

roo 

<Jf Jo "3 ° D T ( E > f D (v ) dv 

Jo 

( ° V > ^ f V v (11.3) 

where 

5 2 
. ? m D v 

(11.4) 

The quantity a D T (E) is given by 

1 0 Z 4 X a = 2.25 X 10 4 exp (-44.4/^ED/E if E < 20, (11.5a) 

-14-



1 0 ' 4 X o = 4.62 X 10" 4 E 2 - 0.137 if 20 £ E< 30, (11.5b) 

(11.5c) 

1 0 2 4 X or = 8.5b X 10" 2 E - 2.93 if 50 5 E < 87, (U.5d) 

4 
-A.96XJ0 . if 8Y £ E < 107, (11.5e) 

(E - 107)' +4000 

1 0 2 4 X a = 3.56 X IP* j f i 0 7 £ E < 1 3 7 , (11.sf) 
(E - 107T + 7200 

1 0 2 4 X a = 8.7 - 0.0314 E if 137 £ E < 185, (11.5g) 

1 0 M X a • 7.05 X 1 0 3 / E 3 ' 2 if 185 £ E < 400, (11.5h) 

1 0 2 4 Xo- = 255/(E - 110) if 400 £ E. (11.51) 

The quantities f (v) appearing in Eqs. (11.1) and 11.3) are defined as 

f a ( v ) ° ? \ ? a < v ' e ) a 4 n 6 d $ - < I 1 , 6 ) 

12. Role of Subroutines 

The code Is controlled from MAIN. Subroutine INITIAL sets up initial datav 
subroutine TLOOP controls beam turnoff and time-step changes; subroutine 
RESTART controls the code restart procedure; subroutine TDSTORE stores data for 
time-dependent plots; subroutine GETR computes mesh ratios for geometric meshes; 
subroutine GAMMAIN computes In A . ; subroutine SOURCEE computes the source 
terms; subroutine FINIT computes the Initial distribution functions; subroutine 
XINIT computes the meshes; subroutine EEPRINT controls printed output; subroutine 
EEPLOT controls plotted output; subroutine BOUNDARY computes the ion loss 
boundary; subroutine POTSHAPE compotes *(*); subroutine DENSE)PT computes 
n(^). p.ty), Pn W)i subroutine XSWEEP advances the difference equations; subroutine 

-15-



COEF computes the coefficients; subroutine AMBI controls the <t> computation; 
subroutine CHOPDST sets the ion distributions to 0 outside the loss boundary; 
subroutine GNANDE computes the densities and energies; subroutines QCALC, EVALS, 
and GETFG compute < < r v >

a v . > subroutine FINDS1G computes a <E>; and subroutine SIGV1D 
computes < ° v >

D T using the one-dtmnnyional integral approximation. 

13. Table of Parameters and Variables in Common 

Variable Function 
IY 
JX 
J XI 
NEQ 
NO;:ZH 

MX 
LZ 
NB 
NPTS 

NSOR 
KNSET 
ND(2) 
XMAX 

XMAX1 

BRATIO 
FGMMESH 

NSTOP 
NPRINT 
NPLOT 
NRSTRT 
NCHEC 

MIMAX 

NSL 
DTR 
VNORM 
DTI. DT2, DT3 
NSET1, 2, 3 

Number of 8 mesh points. 
Number of electron x me^h points. 
Number of ion x mesh points. 
Number of ion species. 
Number of simultaneously stored 

values in arrays for time-dependent plots;. 
Number of terms in Legend re polynomial expansions. 
Number of <li mesh points. 
Number of • mesh points. 
Number of mesh points in Chibychev quadrature in 
* (0) calculation. 

Number of Gaussian sources per species. 
Number of problems to be run. 
Indicates FR80 or HSP output. 

f , (see Sec. 4). 

Number of time steps (cycles). 
Number of cyc les between printouts. 
Number of cycles between plots. 
Cycle number for code restart. 
Number of cycles between time-dependent sampling of 

data for plots. 
Maximum number of attempts to satisfy charge 

neutrality requirements. 
Zero for mirror problem, 1 otherwise. 
At. 
v. 
Future values of At. 
Cycles for changing At. 
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Variable Function 

POTENT 
DPOT 
TINJSTOP 
PLTANG 
BETA P 
EMASSU > 
ANUMB(K) 
REDEN(K) 
TNIT(K) 
XJ.Yf(K) 
YN1T(K) 
VNIT(K) 
ESOK<KS, K) 
XSOHIKS, K> 
YSORIKS, K) 
USORfKS. K) 
ASOR <KS, K) 
BSORfKS, K) 
CSOR(KS.K) 
PPOT (L) 
BMAG(L) 
DNSIE (L.) 
PPERP(L) 
PPAR(L) 
PSVAC(L) 
PI 
CHARGE 
TIME 
N 
ERGTKEV 
EXT (3,4) 
KBOUND 
KGETGFK 
KAMBI 
KGNANDE 
BRATIOI 
KSINGUL 
JO(I, K) 
ior T. K) 
JMIN(K) 

Ambipolar potential *. 
Ae/*. 
Time of beam turnoff. 
Angle for 3-D plots. 
Maximum allowable fl _„ (Sec. 8). max 
"V 
Z a ' 
V 
Initial E f i . 
b' (Sec. 7). 
d' (Sec. 7). 
e" (Sec. 7). 
Source energy. 
b' (Sec. 6). 
d' (Sec. 6). 
e 1 (Sec. 6). 
Aa (Sec. 6). 
B ' (Sec. 6). 
C* (Sec. 6». 
<|)*W) array. 
fr array, 
ndfr) array. 
VVi) array. 
Pii W array. 

^vac '^ » r r a y -
* * 3.1415926536. 
e » 4.803 X 1 0 1 0 . 
t. 
Cycle number. 
1.602 X 1 0 ' 9 . 
Extrapolation constants for boundary values. 
Flag Tor error in BOUNDARY. 
Equals zero before COEF is entered. 
Flag for charge neutrality requirements not satisfied. 
Flag for zero density. 
1/R. 
Flag for geometric m e t n error. 
x L (6). 

Minimum x^W). 
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Variable Function 
1MIN(K) Minimum 6, (x). 
TNORM(K) V 
RATIOM(K, L) m a / n V 
ANORMK(K) K a-
ENERGY(K) E . a 
GAM2(K, L) Conatant part of In A „ 
GAMMA(K, L) l n A a b . 
RATK(K, L) K a / K b V 
EIONS(K) 
RATIOZ2 (K. L) 

i m. v'V 1.602X10". 

CDJT(I) 6 integration Constanta. 
cmr(j) x integration constants. 
SPHERI(1,J) x-6 Integration conatanta. 
XKJ) 1/x. 
X(J) X . 

X2KJ) 1 /x 2 . 
X3HJ) 1 /x 3 . 
XSQU) x 2 . 
DXM5IJ) 
DX(J) A x r 

Y<I) 8. 
DXHJ) 1 / A x r 

DYM5(I) A 8 i - i -
DY(1) A9,. 
DYKI) 1/Afl,. 
CTNY(I) cot e. 
COSS(I) cos 9. 
SDJN(I) sin 9. 
DXP5IJ) A V i -
DYP5II) A 9 i + * -
XM(J, K) Powers of x. 
COG(M,15) Coefficients for Rosenbluth potentiala 
PLEG(MV 1) P. (Legendre polynomials) 

p j -DPLEG(M, I) 
P. (Legendre polynomials) 
p j -

DDPLEGCM, I) n 
DDDPLEGfM, I) py, 

JAAt). EMQF(J, M) 
py, 
JAAt). 

ENQF(J, M) N }(f) 
ERQF(J, M) Rj(f) 
EEQF(J, M) E^f). 
PTIME(N) Time array. 
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Variable Function 
PDENS(N, K) 
PENGY(N, K) 
PPOTENT(N) 
FEU> 
SORE(J) 
AELL(J) 
BELUJ) 
CELL(J) 
F(I. J, K) 
SOURCE (I. J, K) 
C A L - CFUI .J .K) 

Tiir.;-dependent density array. 
Time-dependent energy array. 
Time-dependent potential array. 
F e < x > * 
S e(x>. 

V 
B e -
Part of C independent of A. 
FAx.B). 
s B ( x . e>. 
S i x . 8) - F <x, 6). 
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14. Program Listing 

UNCLASSIFIED 
BOX UI6 

XEROX 08)50 

SBBBB OOOOOOO r. 
B B 0 0 X X 
B B 0 0 X X 
BBBBB 0 0 X 
B B 0 0 X X 
B B 0 0 X X 
BBBBB ooooooo x : 

u u 11 
u u 
u u 
u u 
u u uuuuu III 

6666 
6 
6 
666666 
6 6 
6 6 
66666 

u u N N CCCCC L 
u u NN N C C L 
u u N N N c L 
u u N N N c L 
u u N N N c L 
u u N NN c c L 
uuuuu N N CCCCC LLLLLLL 

X X 
X X 
X 

X X 
X X 

EEEEEEE 
E 
E 
EEEE 
E 
E 
EEEEEEE 

RRRRRR 
R R 
R R 
RRRRRR 
R R 
R R 

OOOOOOO 
X X 
X X 
X 
X X 

X X 
OOOOOOO 
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PROGRAM 0UMFG(TAPEa,TAPE6.TAPE3«TAP£6,PR|NTl 
CLICHE COMM 
PARAMETER!1Y-20,JX»201i 
PARAMETER.-Xl«45> 
i'ARAMETERtNEQ'5) 
PARAMETER(MX=if) 
PARAMETER(MMX»2»MX,MXP3M--MMX-3,MXP4-MMX+4) 
PARAME TER(NONCH-200 i 
P A R A M E T E R ! I Y P I * I Y + I , I Y P 2 « I Y + B , J X P I - J X * I ) 
PARAMETER!' J YJX«IY+JX) 
PARAMETER!IYP1 JX»IYPI»JXI ) 
PARAMETER i 1.2-35, NB*?5. NPTS-SOO) 
PARAMETER(NSOR*l> 
COMMON/MLZU/PPOT(LZ).BMAGILZ1,PSI(LZ).PSaiLZ).DNSJE(LZ), 
C PPERP(LZ),PPAR(LZ).PSVAC(LZ).ONSI(NBl,DNSEtNB).DDIFFINB).PHI(NB). 
C VINTIJXI),VINTPE!JX1),V1NTPA(JXI),VENT(JX).UMMUtIYI.COSY-KNPTS) 
COMM0N/MCONI/PI.TW0Pi,F0URPI.PIO5,CHARGE,TtME.OTR.DT|,Ol DT3. 
C NSETI,NSETa,NSET3.N,NPRlNT,NPLOT,NST0P,NRSTRT,NCH,NCHEC, 
C IYM1 , lv'MB.IYM3,JXM! . JXM2 , JXM3, JX IM, JXIMS . JX IM3.ERGTKEV , 
C POTENT,DPOT,XMAX,XMAXl,EXT(3.m,KB0UND,KGETGFK.KAMBl. 
C KGNANDE.MIMAX.BRATIO.BRATIOI.PLTANG.KSINGUL,VNORM 
C .KNPROBS,NSL,TINJSTOP,BETAO 
COMMON/MCONa/JOUY.NEQJ,lO(JX.NEO).JMIN(NEQ),IMININEQ), 
C TNORMt(O.NEO)).RATIOMI(O.NEQ),(O.NEQlI,tMASS((0,NEG>>. 
C ANUMBI(O.NEO)).ANORMKI(O.NEO)>.DENS!(O.NEO)).REDENIIO.NEQ)). 
C ENERGY!(O.NEQ)).ENGY((O.NEQ)).DENSTOR!(O.NEO)), 
C ESOR(NSOR.(O.NEQ)).XSOR1NSOR,(O.NEO)),YSOR(NSOR,(O.NEQ)), 
C US0RIN50R,(O.NEO)),ASOR(NSOR,(O.NEO)),BSOR(NSOR,IO.NEO)), 
C CSOR(NSOR.(O.NEQ)>,ENIT((O.NEQ)),XN1T((O.NEQ)). 
C YNIT((0,NEQ)).VNIT((O.NEQ)),GAMS((O.NEO),(O.NEQ)). 
C GAMMA((O.NEO).(O.NEQ)).RATKI(O.NEQ).(O.NEQ)I.ElONPi(O.NEQ)>. 
C RAT10Z21(O.NEQ),(O.NEQ)) 
COMMON/MCON3/CYNT(IY).C1NT(JX),SPHER](IY.JX).XI(JX).TEMPG!JX). 
C X(JX).Xal(JX),X3I(JX).XSOIJXJ,0XM5(JXP1).DXIJX),Y(IYPD,0X1(JX), 
C 0YM5<lYPa>,DY(IY),0YI(1Y),CTNY(1Y),COSS!IY).SINNIIYl, 
C EP(IYJX),FP<IYJX) 
DIMENSION D.:P5(JX) .0YP5IIYP1) 
EQUIVALENCE(DXP5(1),DXM5(a >) 
EOUIVALENCE(DYP5(!),DYM5(a)) 
COMMON/MCON>*/XM(JX, (MXP3M.MXP4 ) ) ,COG( (O.NX) , 15) .PLEGI (O.MMX) . IY) . 
C DPLEG!(O.MMX),IY),DDPLEG((O.MMX),IY).DDOPLEG!(O.MMX'.1Y), 
C EMQFIJX.(O.MX)).ENQFIJX,(O.MX)),ERQF(JX,(O.MX)).EEOF(JX.(O.MX)) 
COMMON/ MTEMP/FTUYPI ,JX1) ,FN(1YPI ,JX1 ) .F0IIYP1 .JX1 I ,S0( 1YPI , JX I ) , 
C CAUYP1 .JXI) ,C8(1YP1 ,JX1 ) ,CC( IYPI ,JX1 ) ,COI IYP1 ,JX1 ) , 
C CEUYPI .JXD.CFIIYPI.JXll 
COMMON/MPLOT/PTIMEINONCH),PQENS(NONCH,(O.NEO)). 
C PENGY(NONCH.(O.NEQ)).PPOTENT(NONCH) 
COMMON/MILEC/FEIJX) ,FE1 I JX ) ,50RE (JX) .AELUX) .BEL(JX) CCtL(JX) . 
C AELL(JX).BELL(JX).CELL!JXI 
LCM .MLCMC) 
C0MM0N/MLCMC/FIIYP1 .JXI.NEQ) .FK1YP1 ,JXI .NEQ) ,F2(IYPI .JXI.NEQ) . 
C SOURCE!IYPI,JXI.NEQI,CAL(1YP1.JXI,NEQ),CBL(1YPI,JXI,NEQ), 
C CCLIIYPI .JXI.NEO) .CDLUYPI .JXI.NEQ) ,CEL( IYPI , JXI ,NEQ) , 
C CFLdYPI .JXI.NEQ) 
ENDCLICHE 
USE COMM 
CALL CRTIDI2HAM,i,l) $ CALL FRAME 
CALL ASSIGN(2,0,">RINTIONS.0> 
READ (2,ai KNSET 

a F0RMAT(I5) 
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DIMENSION ND(5) S NDtl>«0 $ N0<3>«6 S NOi4)-0 
?READ (2,46) N0(2> 

46 FORMAT(A]0; 
ND(5)*I S CALL HSP(NO) 
DO 1 KNPROBS-l.KNSET 
KGNANDE-0 S KBOUND-0 $ KGETGFK-0 $ KAMBI-0 
KSINGUL-0 
WRITE 13,3) KNPROBS 

3 FORMAT(1HI.27HBEGINNING OF PROBLEM NUMBER,15.//> 
CALL INITIAL 
'F (KSINGUL .EQ. I) GO TO 1 
CALL EEPR1NT 
CALL EEPLOT 
IF (KBOUND .EQ. 1> GO TO I 
IF IKGNANDE .EQ. 1) GO TO 1 
IF (NSTOP .EQ. 0) GO TO 1 

I! N-N*l 
CALL TLOOP 
CALL GAMMAIN 
CALL SOURCEE 
CALL COEF 
CALL AMBI 
IF (KGNANDE .EQ. 1 .OR. KAMBI .EQ. 1 .OR. KBOUND .EQ. I) GO TO 19 
CALL TDSTORE 
IF (N .GT. NPR1NTMN/NPRINT)) GO TO IS 
CALL EEPRINT 

12 IF (N .GT. NPLOTMN/NPLOT) ) GO TO 13 
CALL EEPLOT 

13 IF <N .LT. NSTOP) GO TO II 
19 CONTINUE 

CALL EEPRINT 
CALL EEPLOT 
CALL POTSHAPE 
CALL OENSINPT 
CALL QCALC 

1 CONTINUE 
CALL PLOTE 
CALL QUIT(l) 
END 
SUBROUTINE INITIAL 
USE COMM 
N=0 
NCH=0 
TIME=0. 
READ (2,1) XMAX.XMAXI.BRATIO 

1 FORMAT(5E16.6) 
2 FORMAT!1615) 

READ (8,2) NSTOP,NPR1NT,NPLOT.NRSTRT 
READ (2,2) NCHECMIMAX 
^EAO (2,2) NSL 
READ (2,1) DTR.VNORM 
READ (2,1) DT1,DT2,DT3 
READ (2,2) NSETI.NSET2.NSET3 
READ (2,1) POTENT,DPOT 
READ (2,1) TINJSTOP 
READ (2,I) PLTANG 
READ (2,I) BETAO 
DO 3 K=0.NEQ 
READ (2,1) EMASS(K),ANUMB( I),REDEN(K) 
R^AD (2,1) ENIT(K),XN1T(K>,YNIT(Ki,VNIT(K) 

" ' " K S w »^;^;#iftWfM> 



00 4! KS-1.NSOR 
REAO (2,1) ESOR(KS,K) .XSORIKS.K) ,YS0R(KS,K1 , JSOR(KS.K) 
READ 12,11 ASORIKS.K),BSOP:KS,K),CSOR(KS.Ki 

41 CONTINUE 
3 CONTINUE 
WRITE (3,11) XMAX.XMAXI.BRATIO 

1 I FORMATlSHXM.'.X-.ElB.B.SX.BHXMAXl-.Eie.B.SX^HBRATIO-.Eie.e) 
WRITE (3,12) NSTOP.NPRINT.NPLOT.NRSTRT 

12 FORMAT(6HNST0P«,15.5X.7HNPRINT-,15.5X.6HNPL0T-,I5.5X.7HNRSTRT-,15) 
WRITE (3,7) NCHEC.M1MAX 

7 FORMAT (6HNCHEO.15,5X,6HMIMAX «,15) 
WRITE (3,39) NSL 

39 F0RMAT(4HNSL-,I5) 
WRITE (3,13) OTR.VNORM 

13 FORMAT(4HDTR".E1C.6,5X,SHVNORM-,EIB.6) 
WRITE (3,m) DTI,DT2,DT3,NSETI.NSET2.NSET3 

14 FORMAT (IHDTl-.Eie.e.SX.WHDTS'.E 16.6,5X.4HDT3-.E 16. 6,/.6HNSET1", 
C 15,5X,6HNSET2-,J5,5X,6HNSET3-,I5) 
WRITE (3,15) POTENT,OPOT 

15 FORMAT!21HAMBIPOLAR POTENTIAL -,E16.6,5X.5H0P0T-,E16.6) 
WRITE (3,64) TINJSTOP 

64 F0RMATOKT1NJST0P-.E15.6) 
WRITE (3,24) PLTANG 

24 F0RMAT(7HPL1AN6»,E16.6) 
WRITE (3,31) BETAO 

31 FORMAT(6HBETA0-,El 6.6) 
DO 4 K-O.NEQ 
WRITE (3,IB) K.EMASS(K),ANUMB(K),REDEN(K) 

16 F0RMAT(//,2HK-,I5,//.5HMASS-,EIB.6,5X,2HZ-.E16.6.5X,BH0ENSITY., 
C EI6.6) 
WRITE (3,17) ENITIK).XNIT(K),YNIT(K),VNIT(K) 

17 F0RMAT(5HENlT«,EI6.6,5X,5HXN[T«.E16.!i.5X,5HYNIT'.EI6.6.5X. 
C 5KVNIT-,E16.6> 
00 42 KS>],NSOR 
WRITE (3,43) KS 

43 FORMAT!/,10HSOURCE NO ,15,/) 
WRITE (3,IB) ESOR(KS.K),XSOR(KS,K),YSOR(KS.K),USOR(KS,K) 

18 FORMAT(5HES0P«.E16.6,5X,5HXS0R«.E16.S,5X,5HYS0R*.E16.6.5X, 
C 5HUS0R»,E16.6) 
WRITE (3,191 ASOR(KS.K!,BSOR(KS,K>,CSORIKS,K) 

19 FORMAT(5HASOR»,EI6.6.5X.5HBS0R=.E16.6,5X,5HCSOR«,EI6 6) 
42 CONTINUE 
4 CONTINUE 
PI«3.1415926536 £ PI02*.5«P! £ TWOPl-Pl-fPI £ FOURPI-TWOPI + TWOPI 
CHARGE=4.803E-1U £ ERGTKEV=1.602E-9 
DO 21 K=0,NEQ 
EI0NS(K1=.5*EMASS(K)»VN0RM«»2/ERGTKEV 
DO 21 1*0,NEQ 
RATI0Z2(I,K>*(ANUMB(I>/ANUMB(K)l»«2 

21 RAT10M(I,K)=EMASS(I)/EMASS(K) 
CALL XINIT 
IF IKSINGUL .EQ. 1) RETURN 
CALL FINIT 
CALL BOUNDARY 
IF (KBOUND .EQ. 1) PETURN 
CALL CHPDST 
CALL GNANDE 
IF IKGNANDE .EO. 1) RETURN 
DO 23 K=0,NEQ 
GAMI=FOURPI•(ANUMB(K)'CHAROE)•»4/EMASS(K)»«2 
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23 TN0RM!K)«VN0RM*»3/(AN0RMK(K)«GAM1) 
00 301 1-0,NEQ $ 00 301 K-O.NEQ 
RATK( I , K >-ANORMK 11>/ANORMK!K) 

301 CONTINUE 
RETURN 
END 
SUBROUTINE TLOOP 
USE COMM 
IF (N .EQ. NRSTRTI GO TO 31 
IF (SENSE SWITCH I! 31,35 

31 CALL RESTART 
32 CONTINUE 

IF (ABSFCTIME-TINJSTOP) .GT. .5'DTR) GO TO 21 
00 51 KS=1,NSOR 
ASOR(KS.O)=0. $ BSOR(KS,0)«0. 
00 52 K=1,NEQ 
ASOR(KS,K)«0. S B50R(XS.K)«0. I CSOR(KS.K)«0. 

22 CONTINUE 
51 CONTINUE 

CALL POTSHAPE 
CALL OENSINPT 
CALL QCALC 

31 CONTINUE 
IF (N .EQ. NSET1) DTR=DT1 
IF (N .EQ. NSET21 OTR*OTa 
IF (N .EQ. NSET3) 0TR-0T3 
TIME-TIME+DTR 
RETURN 
END 
SUBROUTINE RESTART 
USE COMM 
CALL PLOTE 
CALL ASS1GN(2.0,7RINTI0NS,-I) 
CALL OFFMON 
CALL ASSIGNC2,0,7R1NT10NS,0> 
READ (8,a I NSTOP.NPRINT.NPLOT.NRSTRT 

a FORMAT(1615) 
READ (2,31 NSETI.NSET2.NSET3 
READ (2.1) DTl,DTe,0T3 

1 F0RMAT(5E16.6) 
DIMENSION ND(5) $ ND(1)=0 S ND(3)=6 $ ND(4>=0 
READ te,3) ND(a) 

3 FORMAT(A10) 
ND(5)=1 $ CALL HSP(ND) 
CALL CRTID(aHAM,l,1) 
WRITE (3,4) NST0P,NPRINT,NPL0T,NRSTRT,NSET1,NSETa,NSET3.DTl, 
C DT2.DT3 

4 FORMAT(1OHNEW VALUES,//,6HNST0P=.I 5,5X,7HNPRI NT-,15,5X,6HNPL OT =, 
C 15,5X,7KNRSTRT=, 15,/ .6HNSET 1 *, 15, SX ,6HNSETa=, 15,5X ,6HNSET3= . 15, 
C /.4H0TI=,E16.6,5X,4HDT2=.E16.6.5X,4HDT3=,El6.6./> 
RETURN 
END 
SUBROUTINE TDSTORE 
USE COMM 
IF (N .GT. NCHECMN/NCHEOI RETURN 
IF (NCH .EQ NONCH) NCH=0 

NCH=NCH+1 
PT1ME(NCH)=T1ME 
DO 1 K=0,NEQ 
PDENS(NCH.K)=REDEN(K) S PENGY(NCH,K)=ENERGY(K) 
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I CONTINUE 
PPOTENT < NCH)=POTENT 
RE TURN 
END 
SUBROUTINE GE TR(JX,XMAX,H.R,KS1NGUL) 
JXM1=JX-1 £ KMAX-1D0 
KSINGUL-D 
TESTH=XMAX/FLOATF (JXM1) 
R=l. 
IF (H .GT. (1.-1.E-I4MTESTH) RETURN 
Al'XMAX/H £ A2*l.-Al S A3«I./FLOATFIJXMI) 
K=0 $ GUESS-100. 

I K-K+l 
IF (GUESS .LT. 0.) GUESS—GUESS 
GUESS1=A1*OUESS»*A3+A2 
IF (ABSFIGUESS-GUESS1) .LT. 1.E-I2) GO TO 2 
IF <K .EQ. KMAX) GO TO 3 
GUESS-GUESSI S GO TO I 

3 WRITE '3,4) GUESSI 
4 FORMAT(36HT00 MANY GUESSES REQUIRED - R"JXMl-,EI6.6> 

KSIN3UL-1 £ RETURN 
2 R=GUESS1**A3 

WRITE <3.5) R 
5 FORMAT(/,4HRAM«,ES0.14,/) 

RETURN 
END 
SUBROUTINE GAMMA IN 
USE COMM 
IF (N .GT. I) GO TO 1 
A L P M . / I 3 7 . S R0=2 .B2E-13 S CLIGHT«3.E+10 
GACON1=2.»ALP/1SQRTF < 3 .»P1 ) 'RO 'CL IGHT) 
GAC0N2=GAC0N1/(3.7943E-4'EMASS10)) 
DO 2 1=0.NEQ £ DO 2 K-O.NEO 
GAM2 <I,K)-EMASS(I)«EMASS(KI»GAC0N2/(EMASS <I)*EMASS(K)) 

2 CONTINUE 
1 CONTINUE 
TEMPE=1.E+3'ENERGY(0) £ OENSE»REDEN(0) 
DEBY-SQRTF(TEMPE/DENSE) 
DO 3 1=0.NEQ S DO 3 K*0,NEQ 
SI=ENERGYi l ) /EMASSU) £ SK=ENERGY(K)/EMASS(K) 
SF=SI $ IF (SK .GT. S I ) SF=SK 
VIKF-SQRTF tSF*ERGTKEV) 
GAM3=GAM2(I,K)"OEBY»VIKF 
GAMMA(I,K)=L0GF(GAM3)-.5 

3 CONTINUE 
RETURN 
END 
SUBROUTINE SOURCEE 
USE COMM 
DO 1 K=l.NEQ 
DO 31 I-I.1YP1 £ 00 31 J=1,JXI 

31 FT(1.J)=0. 
DO 32 KS=I.NSOR 
X0D2=ES0R(KS.KI/EI0NS(K> S X00*SQRTF(XOD2> 
XUSE=XS0R(KS,K) 
IF (ESOR(KS.K) .EQ. 0.) XUSE-1.5*EI0NS(K)/XS0R(KS,K) 
DO 2 J=l .JXI 
FACX--XUSE»(X(J)-X0D>* #2 
DO 3 I = 1 , I Y 
FACY=-YSOR(KS.K)«(COSS(I)-US0R(KS,KI)»«2 
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SOI 1,J>-EXPF(FACX+FACY> 
3 CONTINUE 
2 CONTINUE 

S » 0 . t DO t l - I . I Y S DO H J - l . J X I 
* S - S + S O C I . J M S P H E R M I . J ) 

CUR-AS0R<KS.K)-»8S0R(KS,K1«SQRTF!RE0ENCK>)+CS0RIKS,KI«REDENIK1 
FACT-CUR/(S»ANORMK(K») 
0 0 5 J - I . J X I 
00 6 1-l.lY 

6 SOI I,J)-SOI I.J)'FACT 
S SOIIYPl.Jl-SOMYMl.J) 
DO 33 I-I.IVP1 S 00 33 J-l,JXI 

33 FTII,J)-FTII.J>+S0(1,J1 
35 CONTINUE 

CALL WR1TELCMIFT, SOURCE! 1,1, Kl.lYPIJX) 
! CONTINUE 
K-0 
DO 34 J-I.JX 

34 FE1IJ1-0. 
DO 35 KS-I.NSOR 
X0D2»ES0R<KS,K>/EI0NS(K) S XOO-SQRTFIX0D2» 
XUSE-XS0RIKS.K1 
IF IES0R1KS.IO .EO. 0.) XUSE-I.5«EI0NSIK>/XSORCKS.K) 
00 12 J«1.JX 
FACX—XUSE«IX(J)-X00M»2 

I8 SOREIJl-EXPFIFACXl 
S-0. S DO 14 J«1,JX 

14 S - S + S O R E I J M X S Q U M C I N T I J I 
S-FOURPMS 
CUR-AS0RIKS.KI+BS0R<KS.K>«S0RTF<REDENIK)>+CS0RIKS.K)«REDENIK1 
FACT-CUR/(S'ANORHKCK)) 
00 15 J-l.JX 

15 S0f»EIJ>-FACT»S0REU> 
DO 36 J « 1 , J X 

36 FEIUI-FEIUI+SOREIJ) 
35 CONTINUE 

DO 37 J - l . J X 
37 S O R E ( J ) - F E K J > 

RETURN 
END 
SUBROUTINE F I N I T 
USE COMH 
DO 1 K- l .NEQ 
XODS-ENIT(K) /E IONS(K) 
XOO-SQRTF (X002) 
IF ( E N I T ( K ) .EQ. 0 . ) X N I T I K I - I . 5 » E I 0 N S I K ) / X N I T ( K > 
DO 2 J - l . J X I 
F A C X — X N I T t t O « l X ( J ) - X 0 D > " 2 
DO 3 1 - 1 , I Y 
F A C Y — Y N 1 T I K I M C 0 S S U ) - V N I T ( K ) > " 2 
FN(I ,J I»EXPFIFACX>FACY> 
IF ( J .EQ. J X I ) F N M , J ) - 0 . 

3 CONTINUE 
2 F N U Y P l . J t - F N U Y M I ,J> 

CALL H R 1 T E L C H I F N . F I I I , I , K ) , 1 Y P 1 J X I 
1 CALL H R I T E L C M C F N . F U . I . K J . I Y P I J X ) 

K-0 
X0D2-ENITIK>/EI0NS(K> S XOD-SQRTFtX002) 
IF (EN1TIK) EO. 0> XNIT(K)"I.5«EI0NS(K)/XNITIK1 
00 12 J-l.JX 
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F*f,X»-XNIT(K>MX(J>-XOO! "S 
12 FE(J)-EXPF(FACXI 

RETURN 
END 
SUBROUTINE XINIT 
USE COMM 
IYMI*1Y-1 S IYM2«IY-2 S JXMl-JX-l S JXM2«JX-2 
1YM3-IY-3 S JXM3-JX-3 
JXIM«JXI-I $ JXIM2«JXI-2 S JXIM3-JXI-3 
BRATI&l-l./BRATIO 
THETAL-ACOSF(SQRTF(I,-BRATIOI)I 
IF (NSL .EQ. 0) THETAL-O. 
Y<1)-THETAL S Y(IY>«PI02 
HY2-(P102-THETAL)/FLOATF 11YM1) 
00 7 I-2.IYM1 

7 Y(1)«Y(1-11+HY2 
Y(IYP1)»2.»Y<IY)-Y(IYM11 
X ( I I -0 . S XIJXJ-XMAX 
X<0X1)»XMAXI S HX-XMAXI/JXIM 
00 8 J-2.JXIM 

8 XtJ)-XtJ-l>+HX 
IF (JXI .GE. JXMI) GO TO 19 
X(JXI*D-X(JXI1*HX 
IF (JXI .EQ. JXtlg) GO TO 19 
JUSE-JX-JXI+1 S XUSE-XMAX-XMAXI 
CALL GE TR(JUSE.XUSC,HX,RAM,KSINGUL) 
IF (KSINGUL .EO. 1) RETURN 
DO 2 J«JXI+2,JXMl 

2 X(J)*X(J I )*RAM«(X(J-1 >-X(J-2> I 
19 CONTINUE 

WRITE (3.71) ((J,X(JI>.J»1,JX> 
71 FORMAT!//.6HX MESH./.tI5.EI6.6.I5.E16.6,15,E16.6.I5.EI6.6)) 

WRITE (3.72! ((1.Y(1>>,I«1.IYPI> 
78 F0RMATC//.6HY MESH,/.(15.EI6.6,I5.E16.6.I5.EI6.6,15.EI6.6)) 

DO 3 J«I.JXM1 
3 0XP5UI«X(J*1)-X(J> 
OXP5(JX>*0. SOXM5(I)-0. 
DO H J-I.JX 
DX(Jl«.5,tDXP5(JI+0XM5(JI) 
XSQ(J)'X(J)**2 
DXI(J)*] ./DX(J) 
!F (J .EQ. I) GO TO M 
XI(J)*1 ./X(J) S X2I (J)«XIU>"2 S X3I (JJ-XI (J)»X21 IJ 

4 CONTINUE 
DO 5 1*1,IY 

5 DYP5(I)«Y(I + I)-Y(I) 
DYP5(IYFl>«0. SDYM5(1)*0. 
DO 6 1*1.IY 
DY11)*.5*(DYM511)tDYPS(1)) 
DY1(I)-1./0Y(I) 
C0SS(I)«C0SF(Y(1>) $ SINN(IJ«SINF(YU) ) 
IF (NSL .EQ. 0 .AND. I .EQ. II GO TO 6 
CTNYID-COSSM)/SlNN(I) 

6 CONTINUE 
COSS(IY>*0. S CTNYUYI-O. 
D2-DXP5C21 1 B2*0XM5(2> 
CINTU>-(2.*B2»*3-D2"3+3.»B2»»2»D2l/(6.»B2MD2*B2)l 
DO 13 J*?,JXMI,2 
F0«DXP5(J) S B0«DXM5(JI 

13 CINT(J)>(FO"3+B0"3+3.»FO»BO»(F0*BO))/(6.«F0«B0l 
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00 IH J«3,JXM2.2 
0 I -DXP5U- I ) S B1-DXM5U-II % D2-0XP5(J*I> S B2-DXM5U-H I 
C I N n j ) « t 2 . « D I " 3 - B l » * 3 + 3 • 0 l « « 2 » 3 1 ) / I 6 . ' D I M 0 i + B I ) l * 

C t2.»B2"3-D2*«3+3.»B2' 2 *02 ) / t6.«BB* (D2»B2)) 
IH CONTINUE 

0I-0XP5CJXM1) S BI-DXM5IJXM]> 
C1NT(JXJ«(2. '0 I»*3-BI"3*3. 'D1'»2«BI I / (6 . «0I *(01 •B! )) 
D2-DYP5I2) S B2«0YM5(21 
CYNT(l)»<2.»B2'»3-D2* ,3*3.*B2"2'D2>/<6.«B2MDr*BB>> 
oo is i-a.iY.e 
F0>-DYP5<I> S B0«DYM5(I1 

15 CYNTm-(F0««3+B0»«3+3.«F0*B0»(F0*B0) 1 / 16. 'FO-BO) 
00 16 1-3.IYM1.2 
D1-0YP5U-I) S B1-0YM5II-1) S D2»DYP5 < I «• 1) S B2-DYM5(l*l> 
CYNTCI)-(2.«DI"3-Bt«,3*3.»Dl**2,B11/'5.»D1•(01*B11 1 + 

C (S. 'BS"3-0S"3*3.'BS,,Z'0S>' (c. »B2' <02*B2>) 
16 CONTINUE 

DO 17 I«1,1'.'Ml 
17 CYNTII)-2.*CYNT(I) 

DO 18 I -1.IV S 00 18 J-1,JX 
18 SPHERilI,J)-TWOPI»XSQ(J)'SINN(I)"CINT(J)'CYNT(I) 

EXTtl,I>-(Y(1)-Y(3I)/«Y(2)-Y(3)I 
EXT 12,1>«(YU)-Y12)1/<Y(3>-Y(2>> 
EXT(3,I>-0. 
EXTU ,2>-(Y(lY)-YUYM2l I/(YlIYM11-Y(IYM211 
EXT(2,2>«(Y(IY)-Y(1YM1)>/(Y(IYM2;-Y(IYM1)> 
EXT(3.2>-0. 
EXT(1.3>«<X(1)-X(3)>/(X(2)-X(3>> 
EXT(2,3)= <X<1)-X(2))/!X(3)-X(2)) 
EXT(3,J>«0. 
EXT( l.m*(X(JXl)-X<JXIM2))/(X(JXlM)-X(JXIM2)l 
EXT(2.4)"=(X<JXI>-X(JXIM>)/<X(JXIM2>-X<JXIM) ) 
EXT(3,>«)-0. 
HP»(BRATI0-I.)/FL0ATF(LZ-1) S BMAG(i:«l. $ 00 74 L-2.LZ 

74 BMAG(L)-BMAG(L-1)+HP 
DO 73 L-1.L2 
PS1(L)=SQRTF(BMAG<L>) S PS2(L)*5QRTF(BMAG(L>/BRATI0) 

73 CONTINUE 
RETURN 
END 
SUBROUTINE EEPRINT 
USE COMM 
WRITE (3.1) N,TIME.POTENT 

1 FORMAT(/.2HN«.l5,5X.5HTIME«.EI6.6.5X,lOHPOTENTIAL-.EI6.6./> 
DO 2 K-O.NEO 
WRITE (3.S) 

6 FORMAT!IH1) 
WRITE (3.3) K.REDEN(K).ENERGY(K> 

3 F0RMAT<2HK-.J5.5X,8HDENSITY=,E16.6,5X.7HENERGY*,E16.6,//> 
IF (K .EQ. 0) GO TO 7 
CALL READLCM(FN.F(I.1.K).IYPIJX) 
DO 4 J=I.JXI 
WRITE (3.5) J,X(J).(FN(I.J),1-l.IYPI> 

5 FORMAT</.2HJ«,I5,2X.2HX«,EI6.6.2X.2HF*.//.(6E16.6>> 
4 CONTINUE 

GO TO 2 
7 CONTINUE 

WRITE (3,81 <(J,X(J).FE(J)),J«1,JX) 
8 F0RMAT(/,<2HJ«,15.2X,2HX*,E16.6,2X,3HF£«,£I6.6>) 
2 CONTINUE 
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WRITE 13,6) 
RETURN 
END 
SUBROUTINE EEPLOT 
USC COMM 
CO 1 K«0,NEQ 
IF IK .EQ. 01 GO TO 81 
CALL READLCM(FN.F(1,I.K).1YP1JXI 
CALL SETCHM. ,20. .0,0.1, 11 
WRITE (100,5) K.TIME 

5 FORMAT(I1HSPECIES NO .15.5X.5HTIME-.EI6.6) 
PTANG«PLTANG 
00 41 J-I.JX1 
TEMP6(J)«X(J) S 00 HI l-I.IYPI 

HI FT(I,J)«FNU,J> 
IF (PLTANG .LE. 180.) GO TO 48 
PTANG-PLTANG-IBO. 
00 43 J»l.JXI 
JJ-JXI+I-J t TEMPGIJ)-X(JJ) S 00 43 I•I.1VPI 

43 FT(1,J)«FN(I,JJ) 
48 CONTINUE 

CALL PL0T30IPTANG,TEMPG,Y.FT.I..1.,1..JXI,1Y,IYP1) 
GO TO 88 

81 CONTINUE 
CALL SETCHtI.,80.,0,0.1.1) 
WRITE I 100.5) K.TIME 
CALL CARTMMUX.DMIN.DMAX.FE.l) 
CALL MAPSCG. .XMAX.O. ,DMAX, .8, .999, .8, .99!)) 
CALL TRACE(X.FE.JX) 
CALL FRAME 

88 CONTINUE 
IF (N .EQ. 0) GO TO 1 
CALL CARTMM(NCH,0MIN,0MAX,POENSU , K ) . l ) 
CALL CARTMMKNCH.EMIN.EMAX.PENGYI I ,K) . 1) 
I F (OliAX . L E . D M I N + I . E - 9 0 ) DMAX«I . 1 »OMAX 
IF (EMAX . L E . E M I N + I . E - 9 0 1 EMAX-I.1«EMAX 
CALL M A P S ( P T I H E ( I > , P T I M E ( N C H ) . O M I N . D M A X , . 8 . . 9 9 9 , . 6 5 , . 9 9 9 ) 
CALL TRACEtPTIME.POENSU ,K) ,NCH) 
CA'.L MAPSIPTIMECI) .PTIME(NCH) .EMIN.EMAX. . 8 . . 9 9 9 , . 15, . 5 ) 
CALL TRACE(PTIME.PENGY(I ,K),NCH) 
CALL SETCHU7. . 3 . .1 . 0 . 1 , 0 ) 
WRITE ( 1 0 0 , 6 ) REOEN(K).ENERGY(K).TIME 

6 F0*WAT(8-HDENSITY- ,E16.6 ,5X,7HENEf"1GY«,E16.6 , / / .5HTIME*.E16.6> 
CALL S E T C H ( I . , | 7 . , I . 0 . I , | 1 
WRITE 1 1 0 0 . 7 ) K 

7 FORMAT(8HK«.I2 .8X,6HENERGY,30X.7HDENSITY) 
CALL FRAME 

I CONTINUE 
IF IN .EQ. 0) RETURN 
CALL CARTMMINCH.OMIN,DMAX,PPOTENT.1) 
IF IOMAX .LE. OMN+I.E-90) DMAX'l.1>OMAX 
CALL MAPS(PTIME(|) .PTIMECNCH) .DM1N.0MAX. . 8. . •M9. . 15, .bl 
CALL TRACE<PTIME,PPOTENT.NCH) 
CALL SETCHI17..3..1.0,1.0) 
WRITE (100.10) TIME 

10 FORMAT(20HAMBIPOLAR POTENTIAL ,//.5HTIME-,E16.6) 
CALL FRAME 
RETURN 
END 
SUBROUTINE BOUNDARY 
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USE COMM 
DO 1 K»l,NEO 
XC2*ANUHB (K) "POTENT / EIONS <•-) 
XM1N»SQRTF(XC2/(BRATIO-i.)) 
00 8 v>*l ,JXIM 
IF (NSL .EQ. 0 .AND. J ,EQ. 1) 00 TO 3 
IF (XMIN .LE. X(J) + .5*DXP5(J>> 00 TO 3 

2 CONTINUE 
WRITE (3.4) K,POTENT,XC2.XMIN 

4 FORMAT(21HB0UN0ARY FAILURE - K», I5,5X.7HP0TENT",E16.6.5X, 
C 4HXC2-.E16.6,5X.5HXMIN-.E16.6) 
KBOUND-I S RETURN 

3 JM1N(K)»J 
DO 34 J-1,JMIN(K) 

24 IOIJ.KI-IY 
JMPI-JMIN(K)+I 
00 S J-JMP1.JXI 
PFAC-«I.*XC2/XSQ(J))*BRATI01 
TLC-ASINF(SORTF(PFAC)) 
IF <NSL .EQ. 0) TLC-O. 
I-l S IF (TLC .LE. Y(1I+.5«DYP5(!)) GO TO 6 
DO 7 1-2. IY 
IF tTLC .GT. YU1-.5»0YM5U> .AND. TLC .LE. Yt I > + .5*0YP5U > V 

C CO TO 6 
7 CONTINUE 
WRITE (3,4) K,POTENT,XC2,XMIN 
WRITE (3,8) TLC 

8 F0RMAT<4HTLC»,E16.6) 
KBOUND-I S RETURN 

6 IO(J.K)«I 
5 CONTINUE 

IF (NSL .EO. 0) 10(1,K)«I 
IMIN(K)-I0(JX1,K) 
IF (IMIN(K) .LT. IY) 00 TO 31 
WRITE (3,4) K,POTENT,XC2,XMIN 
WRITE (3.32) IMIN(K) 

32 F0RMAT(5H1MIN-.I5) 
KBOUNDM S RETURN 

31 CONTINUE 
IMP1<*IMIN(K) + 1 
DO 9 I=IMIN(K),1Y 
JO(I.K)*0 
DO 10 J=JMIN(K),JXI 
IF (IO(J,K> .EQ. I) J0(1.K)*J 

10 CONTINUE 
9 CONTINUE 

IF (NSL .EQ. 0) J0(1.K)>[ 
IF (NSL .EQ. 0) J0(IY.K)-1 
DO II II=IMP1,IYMI 
1 = IMP1 * IYMI -11 
IF (JO(I.K) .EQ. 0) JOII,K)«JO(I+l.K) 

11 CONTINUE 
DO 12 1=1,IMIN(K)-1 

12 JO(l.KI'JXI 
1 CONTINUE 
IF (N .GT. 1) RETURN 
DO 71 K=1,NEQ 
WRITE (3,72) K.IMIN<K),(CJ,I0(J.K)),J=1,JXI) 

72 F0RMAT(//.2HK=,I5,5X,5HIMIN-,15,//,(2HJ=,I5,5X,3HI0=,15)I 
WRITE (3,73) JM1N(K).((I,JO(I,K)),1=I.IY) 
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73 F0RMAT(/,5HJMIN«.i5.//.(2HI«.l5,5X,3HJ0«,l5)) 
71 CONTINUE 

RETURN 
END 
SUBROUTINE POTSHAPE 
USE COHM 
IF (NSL .EQ. 0) RETURN 
NBMI>NB-1 
BETN«PI/FLOATF(NPTS) S BETNB».5'BETN 
LZM1-LZ-I 
00 97 1N-1,NPTS 
ARGN-FLOATF(2«IN-1)*BETN2 
COSYN(IN)-COSF(ARGN) 

97 CONTINUE 
00 I l-I.IY 

I UMMU(II«C0SS(|YP1-I) 
PPOTCD-O. S PPOTILZ>"POTENT 
PHM-POTENT/EIONS<0> S CUT-SQRTF1PHM) 
S«0. S DO 102 KK-l.NEO 

102 S«S+ANUMB(KK)«REDEN(KK> 
T>0. S DO 321 J-l.JX 
FACT-I. S IF (X(J) .LE. CUT) GO TO 321 
FACT-SQRTF<I,-BRATIOI•(I.-PHM»X21(J))) 

321 T-T*FACT«FEU)*XSOtJ)«CINT<J) 
CHRAT'S/(FOURPI•ANORMK < 01•T1 
PHI(l)«0. S HP«POTENT/FLOATF(NBMI) 
DO B K-2.NB 

2 PHKK)-PHI(K-I)+HP 
KLIM-1 
DO 73 L-2.LZM1 
00 3 K-KLIM.NB 
DNSKK1-0. $ ONSE(K)<0. 
PS*BMAG(L> 
DO 101 KK-l.NEQ 
CALL READLCM(FN,F(I.1,KK).IYP1JX) 
PH«PH|(K)«ANUMBtKX)/E10NStKK) 
DO * J-l.JXI 
VINT(J)*0. S IF (J .EQ. 1) GO T0 H 
S=0. S 00 5 IN-l.NPTS 
SJN-COSYN(IN) 
RATSW=X(J)/SQRTF(XSQ<J>+PH) 
UUL1M=RATSW«PSKL) $ ULL1M*RATSW«PS2(L) 
IF (SJN .GT. UULIM .OR. SJN .LT . ULLIM) GO TO 5 
WJN»SJN/RATSW S UMU2«I . - W J N " 2 / P S 
UMU«S0RTF(UMU2+1.E-13> $ DO 7 I I - I . 1 Y M 1 
IF (UMU . L T . UMMUCIl) .OR. UMU .GE. UMMUIII + D ) GO 
IUSE=I1 S GO TO 8 

7 CONTINUE 
IUSE=1YM1 

8 W1=CUMU-UMMUC I USE))/ (UMMUt IUSE+I1-UMMUl IUSE)) 
W0=1.-Ml 
IVSE=IYP!-IUSE 
F10NS=WO'FNCIVSE,J)+W1*FN(IVSE-1.J> 
S=S+FIONS'SJN 

5 CONTINUE 
VINT(J)=BETN*S 

4 CONTINUE 
S=0. $ DO 10 J=l,JXI 
T=XCJ)»SQRTF(XSQ(J)+PHI 

10 S=S+T*V1NT(J)»CINT(J) 
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OR. CUT .GE. XIJJ+II! GO TO 21 

OR. CUTL .GE. X(JJ*11> GO TO 33 

DNS I < K) «ONS I 1K) *S» ANUMB (KK I 
101 CONTINUE 

PH-PHI(Kl/EIONSIO) 
00 31 JJ-I.JXMI 
IF (CUT .LT. X1JJ) 
JP-JJ S GO TO 23 

SI CONTINUE 
CUT»XMAX S JP«JX 

33 UP1-JP+1 
CUTL-SORTF(PH) 
00 S3 JJ«1,JXMI 
IF (CUTL .LT. X(JJ) 
J Q . J J S GO TO SH 

S3 CONTINUE 
CUTL-XMAX S JO-JX 

34 JO1-JO* I 
DO 27 J - l . J O 

37 V E N T ( J ) " 0 . 
DO 25 J - J Q I .JP 

2 5 V E N T ( J > » S Q R T F ( 1 . - P H » X 2 I ( J M 
DO SE J ' J P I , J X 

2 6 VENT(J>«SQRTFU. -PS /BRATI0+ (PS /BaATIO»PHM-PH> 'X3 l (J )> 
S-Q. S DO 13 J - l . J X 
T « X S Q ( J > » F E ( J I ' V E N T ( j > 

13 S " S * T ' C 1 N T ( J ! 
DNSE(K)"S«CHRAT 

3 CONTINUE 
IF (TIME .GT. 0 . ) GO TO 173 
WRITE ( 3 . 1 7 M ) L , ( ( K . 0 N S 1 ! K ) , D N S E ( K ) I . K - K L I M . N B ) 

174 F 0 R M A T ( / . S H L - . 1 5 , / , ( 2 H K - . I 5 . 2 X , 5 H D N S I « . E I 6 . 6 . 2 X , 5 H D N S E " , E 1 6 . 6 > ) 
173 CONTINUE 

DO 31 K-KLIH.NB 
31 0DIFF(K>«DNSI(K1-DNSE(K) 

DO 33 K-KLIM.NBMI 
PROD«DOIFF(K(«DDIFF<K*11 
IF (PROD . L E . 0 . ) GO TO 34 

33 CONTINUE 
S-ABSF(DDIFF(KL1M>> S KHU-KLIM 
DO 133 K-KL1M+1,NB 
T-ABSFtDDIFF(K) ) S IF <S . L E . T) GO TO 133 
S«T S KHU-K 

133 CONTINUE 
PPOT(L I -PHKKHU) 
KLIM-KHU 
GO TO 73 

34 CONTINUE 
DENOM«DOIFF(K)-DDIFF(K-M) 
ENUM-PHKK+1 ) - P H I ( K ) 
IF (ABSF(DENOM) .LT. l.E-90) DENOM-I.E+90 
PPOT(LI«PHI<K>+DDIFF(K)«ENUM/0ENOM 
KLIM-K 

73 CONTINUE 
IF (TIME .GT. 0.1 RETURN 
WRITE (3,175) (lL.BMAG(L).PPOT(L!),L*l.LZ) 

175 FORMAT (2HL». 1 5 . 2 X . 4 H P S I - . E 1 6 . 6 , 2 X , 5 H P P 0 T v E 1 6 . 6 ) 
RETURN 
END 
SUBROUTINE OENSINPT 
USE COMM 
IF (NSL .EQ. 01 RETURN 
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BETN^PJ/FLOATFINPTS) S BETN2- ,5 'BETN 
L Z M I - L Z - I 
PHM-POTENT/EIONStO> 3 CUT-MRTF IPHM) 
0 0 73 L - l . L Z M I 
0NS1E<L>»0. S P P E R P i D ' O . S PPAR<LI«0. 
PS'BMACCL) 
0 0 101 KK- l .NEQ 
CALL READLCM(FN,FU , 1 , K K I , I Y P I J X I 
PH-PPOT (L I • ANUMB (KK) / E IONS (KK ) 
0 0 4 J - l . J X I 
V J N T I J 1 - 0 . S V I N T F E ( J ) « 0 . S V I N T P A ( J ) * 0 . 
IF ( J .EO. 1) GO TO H 
S - 0 . S SE-O. S SA>0. 
DO 5 I N - l . N P T S 
SJN'COSYNUN) S RATSW"X(J1/SQRTF(XSQU)*PHI 
UULIM-RATSW'PSML) S ULLIM«RATSW«PS2(L> 
IF CSJN .GT. UULIM .OR. SJN . L T . ULL1M) GO TO 5 
WJN'SJN/RATSW S UMU2-1 . - W J N " 2 / P 5 
UMU-SQRTFtUMUB+1.E-13) $ DO 7 l l » l , I Y M l 
IF (UMU . L T . UMMUt l l ) .OR. UMU . GE. U M M U U I M 1 I GO TO 7 
I U S E M I S GO TO 8 

7 CONTINUE 
IUSE-IYM1 

8 W1«<UMU-UMMU<IUSE)>/tUMMUl1USE*I)-UMMUI1USE)) 
W O " I . - H I 
1VSE-1YP1-1USE 
F I O N 3 - M 0 » F N ( I V S E , J ) * W 1 » F N ( I V S E - 1 . J l 
T«F10NS«SJN 
TE«T«EI0NS<KK(»ERGTKEV«PS»XSQ<J>M1 . -UMU*»5) 
T A - 2 . • T » E I O N S ( K K ) " E R C T K E V * I X S O ( J ) • ( I . - P S * 1 1 . - U M U « » 2 > ) + P H ) 
S«S+T J SE-SE+TE S SA-SA*TA 

5 CONTINUE 
VINT(J)«PETN*S t VINTPEtJl-BETN'SE S VINTPAIJI-BETN'SA 

4 CONTINUE 
S*0. S SE'O. S 5A-0. 
00 10 J-l,JXI 
TO-X(J)«SQRTF(XSQ<J)+PHI 
T»T0»V1NT(J) S TE-TO»VINTPE(J) S TA-TO#VlNTPA(J! 
S*S»T'C!NT(J> S SE»SE+TE»CINT(JI S SA«SA*TA'CINT( J) 

10 CONTINUE 
ONSIE(L)«ONSIE(L)+ANUMBCKKI»S*F0URPl«AN0RMK(KK) 
PPERP(L)«PPERP t L)*SE»FOURPI•ANORMK(KK1 
PPAR(L1=PPAR < L >+SA•FOURP1•ANORMK(KK) 

101 CONTINUE 
PH=PPOTIL)/E10NS(0> 
DO 21 JJ*l,JXttl 
IF [CUT .LT. XIJJ) .OR. CUT .GE. XlJJtl)) GO TO 21 
JP=JJ $ GO TO 22 

51 CONTINUE 
CUT-XMAX $ JP*JX 

22 JP1-JP+I 
CUTL=5QRTF(PH) $ DO 23 JJ-1.JXM1 
IF (CUTL .LT. XtJJ) .OR. CUTL .GE. X(JJ*l>> GO TO 23 
JO-JJ $ GO TO 24 

23 CONTINUE 
CUTL^XMAX S JQ-JX 

24 J01=J0*l 
DC 27 J=1,J0 

27 VENT(J)=0. 
DO 25 J=JQ!.JP 
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VENT(J)«SQRTF(I.-PH'XSI(J)) 
FACl«EHASS(OI«VNORH"2/3.MX<;a<JI-PHl 
VENT (J)"FAC I *VENT < J > 

25 CONTINUE 
DO 26 J-JPi,JX 

26 VENT(J>"0. 
S"0. S DO 13 J - I . J X 
T«XSQ(J)'FE(J>#VENT(J> 

13 S-S+T«CINT(J> 
PPERP(L>-PPERP(L)+S«FOURPI«ANORMK(0) 
PPAR(L)"PPAR(L>+S*FOURPl«ANOP.rtK(Q) 

73 CONTINUE 
DNSIE(LZ)-0. S PPERPILZ1-0. S PPARILZl-O. 
WRITE (3.m>((i-,BMAG(L).PP0T(L).DNSIE(L>.PPERP(L).PPAR(L)>,L«l,LZ) 

t l F0RMATt/,(8HL-.15.2X,tHPSI-.EI6.6,2X.tHP0T..EI6.6,2X,5HO£NS«. 
C EI6.6./. I0X.6HPPER?-,E16.6.2X.5HPPAR-.EI6.6>> 

CALL FRAME 
CALL CARTMM(LZ.DMIN.DMAX.PPOT.l) 
CALL CARTMM(LZ.EMIN.EMAX.D!>!5IE.1I 
CALL MAPS 11. .BIMTJOtDMJN.DMAX. . 2 , . 9 9 9 , . 15, .5) 
CALL TRACEIBMAC.PPOT.LZ) 
CALL MAPS!I..BRATIO.EM1N.EMAX..2,.999,.65..999) 
CALL TRACEfBMAG.DNSlE.LZ) 
CALL SETCHM7. ,1 . ,1 ,0 ,1 ,0> 
WRITE 1100.81) TIME 

81 FORMAT>5HTIM£-.E16.6,9H SECONDS) 
CALL SETCHd.,17..1,0,1.1) 
WRITE (100,82) 

82 FOPMATd^KN OF PSI - TOT) 
CALL SETCH<2..17.,I,0.1.I) 
WRITE (100.83) 

83 FORMAT (19HPHI IF PS I - BOTTOM) 
CALL FRAME 
CALL CARTMMILZ.OMIN.DMAX.PPERP.I) 
CALL CARTMM(LZ.EMIN.EMAX.PPAR,1) 
CALL MAPS<I..BRATIO.DM1N.OMAX..2..999..15,.5) 
CALL TRACE(BMAG.PPCRP.LZ) 
CALL MAPSII..BRATIO.EMIN.EMAX. 
CALL TRACE(8MAG.PPAR.LZ) 
CALL SETCH(17..1..1,0.1.0) 
WRITE (100.81! TIME 
CALL SETCH(1..17..1,0,l.l) 
WRITE (100.84) 

8<« FORMAT (17HPPAR OF PS I 
CALL SETCHI2..I7..1,0,1, 
WRITE (100,851 

85 FORMAT(21HPPERP OF PSI • 
CALL FRAME 
EKM=!.E+90 S DO 201 L'l.LZM1 
DENOM*PPERP (L) -PPERP (L+1) 
IF (DENOM .LE. 0.) GO TO 201 
EKXBMAGIL+I M»2-8MAG(L)»»2)/0EN0M 
IF (EKM .GT. EK) EKM«EK 

201 CONTINUE 
ELM-I.E+90 S 00 ?09 L=I.LZM! 
DENOM=PPAR(L*l)-PPAR(L) S IF (DENOM .LE. 0.) GO TO 209 
EK-=(BNAG(L<-1)*»2-BMAG(L)»»2)/DEN0M 
IF (ELM .GT. EK) ELM=EK 

209 CONTINUE 
B£TMAX=£KM»PPERP(!)/(!.+EKM«PPERP(1)) 

.2..999..65..999) 

TOP) 
, 1 > 
BOTTOM) 
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BETO-BETAO S IF IBETO .GT. BETMAXI BETC'BETM'X 
0 0 5 0 2 L - I . L Z 

2 0 2 PSVAC(L) -SQRTF(BHAC(L)"e*OtT0*PPERP(U) MPPERPI 1 I • t i . -BETO> > I 
RVAC-BRATIO«SORTF(I . -BE701 
EKTP«PPERP<l ) /DNSIE( l ) 1 E«TPK*EKTP, ERGTKEV 
CALL CARTMMILZ.DMIN.DMAX.PSVAC.il 
CALL MAPS!1..BRAT 10,DM I N . D M A / . . 2 . . 9 9 9 , . 5 . , 9 9 9 1 
CALL TRACE<BMAG.PSVAC.LZ> 
CALL S E T C H ( I . . 1 7 . . 1 , 0 . 1 , 1 ) 
WRITE (100 .203) 

2 0 3 FORMAT!13HPSI VAC OF P S I I 
CALL S E T C H C 1 7 . . 7 . . I . 0 . 1 . 0 I 
WRITE t l 0 0 , 2 0 t ) EKM.ELM.RVAC.BETMAX.BETAO.CKTP.EKTPK 

20H FORMAT(HHEKM».E IB .6 .2X ,HHELM- ,E16 .6 . ' . 5HRVAC- .E16 .6 . / . 7HBETMAX- , 
C E I 6 . 6 . 2 X , 6 H B E T A 0 « . E 1 6 . 6 . / , 7 H K T P E R P * . E I 6 . 6 . 9 H ERGS » . E 1 6 . 6 , 
C 5H KEV) 

CALL S E T C H U 7 . I . . 1 , 0 . 1 . 0 ) 
WRITE 1 1 0 0 . S I I TIME 
CALL FRAME 
WRITE ( 3 , 2 0 5 1 EKM.ELM.RVAC.BETMAX.BETAO.EKTP.EKTPK. 

C < ( L , B M A G < L ) , P S V A C ( L 1 ) . L - I . L Z ) 
2 0 5 FORMAT. / .4HEKM- .E I6 .6 .2X ,>*HELM. . t I 6 . 6 . 2 X . 5 H R V A C - . E I 6 . 6 . 2 X . 

C 7 H e E T M A X " , E I 6 . 6 , / . 6 H B E T A 0 - . E 1 6 . B . 5 X . 7 H K T P E R P « . E 1 6 . 6 . 9 H ERGS " , 
C E I 6 . 6 . 5 H K E V , / / , 7 H P S I V A C » . / / . I I 5 , 2 E 1 6 . 6 ) I 

RETURN 
END 
SUBROUTINE XSMEEP 
USE COMM 
DO 100 K'O.NEO 
DT-DTR/TNORHCK) 
R B G N - l . / D T 
IF IK .EO. 0 ) GO TO 101 
CALL R E A D L C m C A . C A L I I . l . K ) ,1YP1JX) 
CALL R E A D L C M l C B . C B L d . 1 , K I , I Y P I J X I 
CALL R E A D L C M I C C . C C L d . l . K ) . I Y P 1 J X ) 
CALL R E A O L C M < C O . C D L d . l . K ) . I Y P I J X > 
CALL REA0LCM(CE.CEL(1 .1 ,K) . I Y P U X ) 
CALL REAOLCMCCF.CFLt l . I .K l . IYP1JX1 
CALL READLCMIFT.Fd .1 ,K> .1YP1JXI 
CALL READLCMIFO.F l (1 .1 ,K1 .1YP1JXI 
CALL READLCMISO.SOURCE( I .1 ,K>, IYPIJX) 
DO I I - . . I Y P I S DO I J - 1 . J X 1 
r O d . J I - F T d . J ) 

I F N ( I . J I » 0 . 
IMPl*IMIN(IO*l 
DO 2 1 » I M P I , I Y 
JS=J0(1 ,K> S J<5P»JS+1 
E P ( J S ) = 0 . S FP<JS>*0 . 
IF (NSL .EQ. 1) GO TO 71 

S U M C * C 8 d . I I + C 9 d . 2 > S 0EW0M-SU«C-0XM5(2MCA( 1 . I ) 
EP(1)=(SUMC+CA(1,2)»DXM5(2) ) /OENOM 

71 CONTINUE 
DO 3 J=JSP.JX IM 
TXSD=2 .«XS0U)«DX<J I 
A L P = ( C A ( l . j + l ) * ( C B ( I , J ) + C B ( I , J * 1 ) 1 / D X P 5 C J ) 1 / T X S O 
G A M = t - C A d , J - l ) * ( C B t l , J - 1 > » C B ( I . J ) ) / 0 X M 5 < J ) ) / T X S D 
BET-RBGN+I ( C B d , J + I l+CBC I , J ) ) / D X P 5 ( J ) < t C B d , J ) * C B I I , J - 1 > >/ 

C DXM5(J) ) /TXSD 
T X S D T = 2 . » T X S 0 ' 0 Y d ) 
DEL=RBGN»FTI I . J ) + ICC ( I . J+ 1 ) * (F0( 1 + 1 , - J -d l -FOt [ - 1 . J + l ) ) -
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C C C ( I , J - 1 > « ( F 0 ( l + l , J - 1 > - F 0 < 1 - 1 , J - 1 I I ! /TXSOT 
DEL=DEL+.5*TN0RM(K)»S0( I ,J ) 
DEN=BET-GAM*EP(J-t) 
FP(J)=ALP/DEN S FP<J> = CJEL+GAM'FP(J-1 ) l /DEN 

3 CONTINUE 
F N ( 1 , J X 1 1 = 0 . 
00 4 JJ=JS ,JX IM 
J=JS+JXIM-JJ 

H F N ( 1 , J ) = E P ( J ) » F N ( 1 , J + 1 l + F P I J ) 
a CONTINUE 

0 0 31 J = l , J X 1 
IF (NSL .EQ. 0) FN1I,J)=FN(S,J) 

31 FN(1YP1,J)=FN(IYMl,J) 
00 5 I«I.IYP1 S 00 5 J-l.JXI 
IF (FNd.Jl .LT. 0.) FN(I.J)=0. 
FO(I,J)=FN(I,JI 
FTd ,J)*FN(I ,J) $ FN(l,J>=0. 

5 CONTINUE 
JMPI=JMIN(K)+1 
DO 6 J J ' J M P l . J X I M 
J=JMPH-JXIM-JJ 
I S - I O ( J . K ) I ISP=IS+1 
E P ( I S ) = 0 . S F P d S ) = 0 . 
IF (NSL .EQ. 1) GO TO 72 
S U M C * C F d , J ) + C F ( 2 , J ) I DEN0M=SUMC-DYM5(2)"CD(1,J> 
EP(1)=(SUMC+CD<a,J)*DYM5(2>1/DENOM 

7 2 CONTINUE 
0 0 7 I M S P . I Y 
T X S D * 2 . ' X S Q I J l ' S I N N C I ) * 0 Y ( I ) 
ALP«<COd + I , J ) + ( C F ( I , J ) + C F ( 1 * 1 , J I ) / D Y P 5 ( I U / T X S D 
G A M * < - C D d - l , J > * ( C F ( l - l , J ) + C F ( I , J > ) / D Y M 5 ( I ) 1 / T X S D 
B E T « R B G N + d C F d d , J ) + C F d , J > > / D Y P 5 d ) + ( C F d - l , J > + C F ( ! , J > > / 

C 0 Y M 5 I I ) 1 / T X S D 
TXSDT=2.»DXtJ l 'TXSD 
OEL=RBGN»FT(I ,J>+(CE( 1 + 1 , J ) M F O ( 1 + 1 ,J+1 > - F O ( I + l , J - 1 > 1 -

C C E t I - 1 , J ) * ( F O ( I - ! , J + 1 1 - F O I 1 - 1 , 0 - 1 ) ) ) / T X S D T 
DEL*DEL+ .5»TN0RM(K)»S0 ( I . J ) 
DEN*BET-GAK«EP(I -1) 
EP ( t ) «ALP /DEN $ F P < l ) « ( D E L + G A M » F P d - l ) 1/DEN 

7 CONTINUE 
F N ( I Y P I , J I = ( E P ( I Y M l > * F P ( I Y ) + F P < I Y M l ) ) / ( I . - E P I I Y M l ) « E P ( I Y ) ) 
0 0 B 1 1 = I S , I Y 
I - I S + I Y - I I 
F N ( I , J ) * E P ( I > « F N ( 1 + 1 , J ) + F P ( ! ) 

5 CONTINUE 
6 CONTINUE 

IF (NSL .EQ. I ) GO TO 73 
0 0 74 I M . l Y P l 

7"» FN<! . 1 ) = F N I I Y . 2 ) 
7 3 CONTINUE 

CALL WR1TELCM(FN,F(1,I,Ki.IYPIJX) 
GO TO 100 

101 CONTINUE 
XCN2=POTENT/EIONS(0> S XCN«SQRTF(XCN2> 
00 82 J=l,JX 
CCEL(J)=0. $ IF (X(J> .LE. XCN) GO TO 85 
IF (NSL .EQ. 01 GO TO 82 
REFF=BRATI0/(1.-XCN2*X2I(J)) 
PROB-2.3025851/LOGF(REFFI 
CCEL(J)=CELL(J)»PROB 
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85 CONPNUE 
SUMC=BELL(1)+BELL<2) S DEN0M*SUMC-DXM5Oi*AELL<I) 
EP< I )»(SUMC+AELL01 »DXM5(P! l/DENOM J FP(1>«0. 
00 13 J=S,JXM1 
TXSD=8.*XSQ!J) ,0X(JI 
ALP= I AELL I J* 1 I • I BELL (J) +BELL (J* 1 > I /DXP5 IJ) ' / TXSD 
GAM=(-AELL(J-1) +1 BELL < J-11+8ELLIJI)/DXM5(JI 1/TXSD 
BET=RBGN-H (BELLIJ+Il+BELLIJ)I/DXP5IJI + (BELL(JI+BELLiJ-1)I/DXM51J)) 

C /TXSD+CCELIJMXBl (Ji 
DEL=RBGN»FE(J>+TNORM(K)»SORF:J) 
DEN=BET-GAM*EP(J-1I 
EP(J)=ALP/DEN S FP(J> = (DEL*GAM'FP(J-I J >/DEN 

13 CONTINUE 
FEIJX1-0. S DO \<* JJ«I,JXM1 
J=JX-JJ 

If FE(J)=EP(J)»FE(J+1)+FP(J) 
100 CONTINUE 

RETURN 
ENO 
SUBROUTINE COEF 
USE COMM 
DIMENSION UM(IY) 
EQUI VALENCE(UM.COSS) 
IF (KGETGFK .EQ. I) GO TO 10 
00 SO M«MXP3M,MXP<* 
DO I J-2.JX 

1 XMIJ.M>*X<JI"M 
SO XM(1,M)-0. 

00 I I- I,IY 
PLEGI0,I)«1. $ DPLEGIO.D-O. 
OOPLEG<0,1>*0. S DDDPLEGIO.D-O. 
IF (MX .EQ. 0) GO TO 4 
PLEGI1 , l)=UM(l) S DPLEGU , I )M . 
DDPLEGII.1)>0. $ DDDPLEGII.I1-0. 
DO 5 M*S.MMX 
PLEG(M,ll«t(2»M-I>«UM(I)*PLEG(M-1.1)-<M-1l>PLEG(M-8.1)l/M 
DPLEG(M.I).(S«M-1)«PLEG(M-1, I t+OPLECIM-3,I 1 
ODPLEG<M,I)«<e«M-l)»DPLEG<M-l,I)+DDPLEGfM-a,l) 
DDDPLEGIM,I)-(2»M-l)•DOPLEGIM-1,I1+0DDPLEGIM-2,I) 

5 CONTINUE 
>i CONTINUE 

DO 7 MM*0,MX 
M=2*MM 
FAC-F0URP1/(2«M+I) 
COG(MM,1)«FAC/(2*M+3) 
C0GIMM,2 )«FAC/ (2«M- l ) 
C0GIMM,3 ) - lM+2)»C0G(MM. l ) 
COGIMM.>»>«(M-H)*COGCMM.l ) 
COGIMM.5)*M»C0GIMM,S! 
C0G(MM,6)* (M-1)*C0G(MM.2> 
C0GIMM,7)*(M+I)>C0G<MM.3> 
C0G<MM.8)-CM-1I*C0G(MM,5) 
C0GIMM,9).M»C0GIMM,7) 
COGIMM.10>'IM+3)*COG(MM,7> 
COGIMM,11)«(M-2)«C0G(MM,8> 
COG(MM, I 5 ) - ( M + 1 >*C0GIMM.8> 
COGIMM, I 3 ) - F A C M 
COGIMM, U J - F A C M M + I ) 
COGIMM, I 5 X F A C 

7 CONTINUE 
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KGETGFK-I 
10 CONTINUE 

DO 91 I-l.lYPi S 00 91 J«l,JXI 
91 SOU.JI-0. 

DO 92 K=\,NEO 
CALL MRITELCMISO.CALI1.1,K).1YP1JX) 
CALL WR1TELCM(S0,C8LI1,1,K>,IYPIJX) 
CALL MRITELCMISO.CCLII,I,K),1YPIJX) 
CALL WRITtLCMISO.CDLU ,1 ,K).IYPIJX) 
CALL WRITELCMISO.CELrI,1,K),IYPIJX) 
CALL MR1TELCMIS0.CFL!1,1,K),1YP1JX) 

92 CONTINUE 
DO 61 J-l;JX AELLIJj-O. S BELLIJ1-0. $ CELLIJJ-O. 
AEL<J>=0. $ BEL(J>-0. S CCEL(J)=0. 

61 CONTINUE 
DO 93 K-O.NEQ 
IF (K .NE. 0) CALL READLCMIFT.FI1,1,K>.IYP1JX) 
DO 14 MM-O.MX 
M-2»MM 
[F (K .EQ. 0) GO TO 401 
DO 12 J-l.JXI 
S-0. S DO 11 1-i.IY 

11 S-S+CYNTII1»FT(1. J)*PLEG(M,1)'SlNNl1) 
12 TEMPG(J1-.5,FL0ATF(2«M+1l«S 

DO 400 J-JXI+I.JX 
400 TEMPGIJ1-0. 

GO TO 402 
401 DO 403 J=l.JX 
403 TEMPG(JI«0. 

IF (M .GT. 0) GO TO 402 
DO 404 J-l,JX 

404 TEMPG(J)«FE(J> 
402 CONTINUE 

IX1»1-M S IX2-2+M S I X 3 - 3 - M S 1X4-4*M 
1X5-3 -1X1 S 1X6-3 -1X2 S 1X7 -3 -1X3 % [ X 8 - 3 - I X 4 
SM-0 . S S N - 0 . S S R - 0 . $ S E - 0 . 
EMQFIJX.MMI-SM S ENQF11.MM)=SN S ERQFIJX,MMI«SR $ EEQF(I ,MM)»S£ 
DO 13 J - 2 . J X 
J J - J X 4 1 - J 
T M - . 5 » D X P 5 ( J J ) * ( X M U J , JX1 )«TEMPGUJ) *XM(JJ+ I , I X I >«T£MPG(JJ*I 1 > 
T N « . 5 » D X M 5 ( J ) M X M ( J - l , I X 2 ) ' T E M P G < J - l ) * X M < J . I X 2 > « T E M P G t J ) ) 
TR- .5»DXP5<JJ>»IXMIJJ ,1X3)"TEMPO(JJ)+XM<JJ*1 .1X3>»TEI P G I J J + 1 ) I 
T E - . S ' D X M S I J I M X M I J - I , 1X4) 'TEMPGI J -1 ) *XM< J . 1X4 MTEMPGI J>) 
SM-SM+TM S SN-SN+TN S SR-SR+TR S SE-SE*TE 
EMQF(JJ,MM)-SM S ENQF(J.MM)-SN S ERQFIJJ.MM)-SR S EEQF<J,MM)-SE 

13 CONTINUE 
DO 15 J - l . J X 
EMQF(J.MM)-EMOFU.MM)«XM(J.1X5) 
ENQFIJ .MM)-ENQF(J,MM1«XM(J. IX6) 
ERQF(J,MM1-ERQFCJ,MM)«XM<J.IX7I 
EEQFIJ .MM) 'EEQF(J .MM)>XM(J . IXB) 

15 CONTINUE 
14 CONTINUE 

IF CK .EO. 0 ) GO TO 411 
DO 16 J - 2 . J X I M $ DO 16 1 - 2 , IY 
5 - 0 . S S X - 0 . S E Y - 0 . S S X X - 0 . S SXY-0 . S SYY-0 . 
SXXX-0 . S SXXY-O. S SXYY-0. $ SYYY-0 . S S H - 0 . S SHX-0 . S SHY-0 . 
00 17 M*0,MX 
MM=2«M 
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T=COGIM, I I M E t Q F ( J , M ) » E M Q F t J , M ) ) -COG (M,2) • IENQF ( J ,M> +ERQF ( J .M) ) 
TX=X1 I J ) * (C0G(M,3 ) *EMQF(J ,M) -C0G(M, i< ) *EEQr ( J , M I -

C COG(M,5)*ERQF(J,MI+COG(M.C > «EN0F(J,M >I 
TXX=X2I<J)MC0G(M,7)»(ELGFIJ,M)«-EMQF ( j , M > ) -

C C0G(M,8>»(ENQF(J .M)*ER0F( ,J ,M) ) ) 
TXXX = : :3! ( J ) M C 0 G ( M , 9 I * E M 0 F ( J , : 1 ) - C 0 G ( M , I Q l ' E E O F U . M l -

C COGIM,I I>»ERQF<J,M)*COG(M,12)«ENQFIJ.M)) 
TH=X2i (J ) 'COGIM, 15! MENQFI J.Ml+EMOF(J,M) ) 
T H X = X 3 I ( J ) « ( C 0 G ( M . I 3 ) « E M Q F ( J , M ) - C 0 G ( M , l t l * E N Q F ( J , M ) ) 
S=S*T»PLEG!MM,1) $ SX=SX+TX»PLEG(MM,1) 
SXX=SXX+TXX»PLEGCMM,I) $ SY=SY+T*DPLEG(MM,1) 
SXY=SXY+TX»DPLEG(MM,I) $ SYY=SYY+T'DDPLEG(MM,I> 
SXXX=SXXX*TXXX*PLEG<MM, [ I % SXXY=SXXY + TXX'DPLEG I MM , I I 
SXYY=SXYY + TX*DDPI.EG(MM, I I $ SYYY-SYYY+1'DDDPLEG (MM , I I 
SH=SH<-TH«PLEG(MM,1 ) $ SHX=SHX*THX'PLEG(MM, I ) 
SHY=SHY+TH»OPLEG(MM,1) 

17 CONTINUE 
GX=SX $ GY=-S1NN(I)'SY S GXX=SXX S G/!Y = -SINN( I ) «SXY 
GYY=-UM(I)»SY+SINN(I)»«2«SYY 
GXXX=SXXX I GXXY=-SINN(1J'SXXY 
GXYY=-UM(I)'SXY+SINN< tl'«2»SXYY 
GYYY=SINN( I ) '(SY+3. *UM< I )'SYY-SINN( I )"2'SYYY> 
HX=SHX 1 HY=-SINN(I)"SHY 
CA(I,J)=.5«GXXX»XS0(J)+X(J)«GXX-GX+.5«GXYY-XI(J)MGYY+CTNY(I)»GY) 

C +.5'CTNY<I)»GXY 
FN(I,J>=-HX'XSQ(J) 
CB( I ,JI«.5'XS0(J)»GXX $ CC( I , JI-.5MGXY-XI (JI'GY) 
CD(I,J)=.5'X2I(J)'(SINNI1)«GYYY-GY/SINN(I)+COSS(I)«GYY|f 
C SINNII)•(.5«GXXY+XI(J)'GXY) 
FO( I .J1--SINNU >«HY $ CE(I,J)«SINN<I)'CC(1,J) 
C F ( I , J ) * . 5 ' X I ( J > « S I N N ( D M X K J I ' G Y Y + G X ) 

16 CONTINUE 
M-0 
00 63 J=2.JX 
TX«XI (JM(COG(H.3)«EM0F(J,M)-C0G(M,m»CEQF(J,M)-

C C0G(M,5)'ERQFtJ,MI+C0G(M,6)*ENQF(J,M)) 
TXX"X21tJ)*(C0G(M,7)*(EE0FU.M)+EM0F(j.M)>-

C C0G(M,8)MENQF(J,M)*ERQFW,M)> ) 
TXXX«X3I(J>"(C0G<M.9>«EMQF<J.MI-COG(M.10)oEEQFIj.M)-

C COOIM.11)'ERQF(J.M)+COG(M.12)'ENQFlJ.M)) 
THX«X3I(J)«<C0G(M.I3>«EMQF<J,M>-C0G(M.1'«)«ENQF(J,M)> 
AEL(J)".5»TXXX«XSQ(J)+X(J)»TXX-TX-THX«XS0(J)«(1.*RATlOM(O.K)) 
BELCJ)«.5«XSQ(J)#TXX S CCEL(J)-.5'X1<J)«TX 

63 CONTINUE 
60 TO 412 

>«1] CONTINUE 
M»0 
DO H13 J«2.JX 
TX»XI(J)»(C0G(M.3)'EM0F(J,t1)-C0G(M,4)«EE0F(J.M)-

C C0G(M.5)*ERQF(J.M)*C0G(M,6)»ENQFIJ,M)) 
TXX*X2I(J)MC0G(M.7)'(EEQF(J.M)*EMQF(J.M))-

C C0G(M.8)MEN0F(J,M)+ER0F(J.M))) 
TXXX»X3JIJ)»«COG(M.9)*EMQF(J.M)-C0GIM, 10)•EEQF(J.M>-

C COGIM.I ICERQF(J,M)+C0G(>'.12)'ENQF(J,M)) 
THX»X3IIJ)«(C0G(M,|3)«EMC* (J,M)-COG(M,14)»ENQF(J.M)) 
IF (J .GT. JXIM) GO TO tI5 
CAUY.J)«.5»TXXX«XSQ)J)*X(J)»TXX-TX 
FN(IY.J)--THX»XSQIJ) S CB(IY.J)•.S'XSQCJ)«TXX 
CCC1Y.J1-0. $ CD(IY,J)»0. SCE(IY,JI>0. 
FO(IY.J)-0. 
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C F ( 1 Y , J ) « . 5 « X 1 < J ) * T X 
0 0 ' i l 4 l » a , I Y M l 
C A ( I . J ) « C A ( I Y , J ) 5 F N U . J W N d Y . J ) S C B I I J K B I I V . J I 
C C t l , J ) » C C < I Y . J > $ C D U , J ) - C 0 ( I Y , J > t C E t l . J C C E t l Y . J ) 
F 0 ( 1 , J ) - F 0 < I Y , J > S C F < I , J ) « S I N N ( I ) » C F ( I Y , J I 

t i t CONTINUE 
<t)5 CONTINUE 

A£L(JU.5»TXXX«XSQ<J)*XCJ)'TXX-TX-THX«XS0(J)«(|.*RATI0M(0,KI) 
BEL(J)-.5«XSQ(J)«TXX S CCELCJ)«.5«XI(J)»TX 

113 CONTINUE 
4 Ia CONTINUE 

DO 21 KK<I,NEQ 
ANRl*GAMMA<KK.K)«RATIOZa<K.KK>«RATK<K.KK> 
ANRa»ANRI«( l .+RATIOMIKK.K) ) 
CALL READLCM(SO,CAL(1 . I .KK) . IYP IJX) 
oo aa i-a.iY s oo aa J«8.JXIM 

SS SOI I . J ) » S 0 ( I . J ) * A N R I > C A ( I , J ) * A N R a « F N < I , J ) 
CALL H R I T E L C M ( S O , C A L U , I . K K I . I Y P I J X ) 
CALL READLCM(SO,CBL(1 ,1 .KK] . IYPIJX) 
0 0 33 l « a . I Y S 00 2 3 J - 5 . J X I M 

S3 S 0 C 1 . J I - S 0 I I . J ) * A N R t ' C B t l . J ) 
CALL NR1TELCM<S0 .CBL U.1 ,KK) . IY P | JX ) 
CALL R E A D L C M t S O . C C L U . I . K K l . l Y P U X ) 
oo an i*a,iY s oo at j-a.jxin 

an sou ,JJ-SO< i ,J)*ANRI>CC< i ,J> 
CALL URITELCH(S0.CCL<I.I.KK).IYPIJX) 
CALL REAOLCMCSO.COLt1.t,KK>.IYPIJX) 
oo as i-a,iY s DO as J-8,JXIH 

85 S 0 ( I . J ) - S O l I , J ) + A N R I » C O < I , J ) + A N R 8 » F 0 ( I . J l 
CALL URITELCMISO.COLU. i , K K ) . I Y P I J X I 
CALL R E A O L C M I S O . C E L I I , I , K K ) . I Y P 1 J X ) 
0 0 8 6 I - a . I Y S 0 0 3 6 J - 2 . J X I M 

8 6 S 0 U . J ) - S 0 < I . J > * A N R 1 « C E ( 1 . J ) 
CALL MRITELCMISO.CELU. 1 ,KK>. IYPI JX) 
CALL REAOLCMtSO.CFLt1.I .KK),IYPIJX) 
00 87 I-a.IY S 00 87 J-8.JXIM 

8 7 S O U . J I ' S O I l . J ) * A N R 1 > C F ( I . J ) 
CALL U R I T E L C M C S O . C F L I I . 1 . K K ) , I Y P I J X ) 

a i CONTINUE 
KK-0 S ANR1«GAMI1A<KK,K>«RAT10Z8<K,KK>«RATK(K.KK> 
0 0 481 J - 8 . J X 
AELL(J) -AELL<J1+AEL<J) 'ANRI 
BELL(J I«BELL(J ) *BEL IJ ) *ANRI 
CELL(JI'CELLIJI*CCELtJ)•AMR1 

481 CONTINUE 
93 CONTINUE 

00 111 K-I.NEO 
CALL REAOLCMICA.CAL(l.l.K).IYPIJX) 
CALL READLCHtCB.CBLU.I ,K) . I Y P I J X ) 
CALL R E A O L C M t C C . C C L I l . I . K l . I Y P I J X ) 
CALL R E A D L C M I C D . C D L H . I . K I . I Y P I J X ) 
CALL R E A D L C H I C E . C E L I I . I , K ) . 1 Y P 1 J X ) 
CALL R E A D L C M I C F . C F L d . l . K ) . IYP1JX) 
0 0 113 I - a . I Y 
C A U . ! l « E X T U . 3 > * C A U . a > * E X T c a . 3 > « C A t l . 3 > * E X T ( 3 . 3 > » C A t l , 4 > 
C B I I . 1 ) " E X T I I . 3 ) « C B ( I . a > * E X T ( 8 . 3 ) * C B < l . 3 > * E X T ( 3 . 3 > * C B ( 1 . 4 ) 
C C ( I . I > « E X T < 1 , 3 ) « C C I I . 8 > * E X T C 8 . 3 ) * C C < I , 3 > * E X T < 3 . 3 > ' C C ( I . 4 ) 
C O t I , 1 I ' E X T C I , 3 > * C 0 < I , 8 I + E X T ( B . 3 > * C 0 ( 1 , 3 ) « E X T ( 3 , 3 > " C D ! I . 4 ) 
C E I I . I I - E X T ( l . 3 ) * C E ( l , a ) + E X T ( a . 3 ) * C E [ I , 3 ) « E X T ( 3 , 3 ) * C E ( l . 4 ) 
CF( 1.1 )«EXT11 .3 ) *CF< 1 , 8 ) + E X T i a . 3 ) « C F ( 1 ,3>«EXT<3 ,3MCF( 1 .4 ) 
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CA( I . J X I J ' E X T d , 4 > » C A d , J X [ M ) + E X T O . m CA( I . J X I M 2 I + 
C E X T I 3 . W ) ' C A d , J X I M 3 ) 

C B d . J X l >*EXT< l , H ) * C B U , j y : r 1 > + E X T ( S l m * i . B ( l . J X 1 M 5 I * 
C E X T ( 3 , t > ' C B d . J X I M 3 ) 

C C I 1 . J X I l - E X T t l , H ) » C C ( 1 , J X I M ) + E X T [ 2 . i H « C C ( 1 , J X I M 2 > + 
C E X T ( 3 . 4 ) » C C d . J X I M 3 l 

CD( I , JX I )=EXT( ] , m * C D ( ! , J X I M ) * E X T i a , m « C D ( I , J X [ M 2 ) + 
C EXT(3 ,»»)"C0l l ,JX1M3) 

CE(1 ,JX!)=EXT< I , 4 > " C E d , J X l M ) + E X T ( 2 , > ' i ' C E d , J X I M 2 J t 
C E X T ! 3 , t ) ' C E d . J X I M 3 > 
CFl I ,JXI )*EXTd ,m»CFi 1 .JXIM)*EXTt2,m»CF< I .JXIM2J* 
C EXTIS.'Jl'CFd .JX1M3) 

I 13 CONTINUE 
DO 115 J=S.JXIM 
CAM ,J)«EXTd,l)'CA<2.J>*EXT(2.l)*CA(3.J>*LXT[3. I)'CA<4,J> 
CB<I,J)-EXT11.1)»CB(2,J)+EXT(2.1)»CB<3,J)+EXTI3.I)»CB(4,J> 
CC(1,J>-EXTU.l)*CC(2,J>+EXT<2,l>*CCl3,J>+EXTl3.1)*CCtH,J) 
COtl,J)=EXTd,l)»C0(2.J)+EXT(2,lI'CD 13,JI*EXT<3.1)«C0t4,JI 
CEll ,J)=EXTd ,1)'CE<2.J)*EXT(2,I I«CE(3.J>*EXT<3,1 1'CEfM.J) 
CF(1 .J)=EXTd,ll»CF(2.J)+EXT(2,l «CFI3. J) *EXT 13,1) >CF 14 . J) 
CAdYPI .J)-CMIYMI,J> $ CBdYPl ,J)-CB(1YM1 ,J) 
CCdYPI ,J)—CCdYMl ,J) $ CD! IYP1 ,J>— CD( IYM1 .J) 
CEtlYPl.J)— CEdYMl ,J1 $ CFdYPl ,JI*CF(1YH| ,J1 

112 CONTINUE 
CALL WRITELCMlCA.CALd . 1 ,KI . IYP1JX) 
CALL WRITELCMlCB.CBLd ,1 ,KV ,IYPIJX1 
CALL WRITELCM<CC,CCL< I,I.K), IYP1JX) 
CALL WRITELCMCCD.CDLd . 1 .K) , IYP1JX ) 
CALL WRITELCMlCE.CELd.l ,KI .IYPIJXI 
CALL WRlTELCMICF.CFLd.l.K) .IYP1JX) 

I 1 I CONTINUE 
AELLdl-AELL(2)+0XM5(2)/DXP5(2l'(AELL(2l-AELL(31) 
BELLd)-BELL(2>+DXM5<2)/0XP5(2)*<BELL<2)-BELLC3>) 
CELLd )«CELL(2)+DXM5(2)/0XP5(2)«(CELL(21-CELLI3) ) 
AELL(JX1-AELL(JXM1)+DXP5(JXM1) /DXM5(JXM1l«(AELL(JXMtl -AELL(JXM2l) 
BELL<JX)=BELL(JXM1 >*DXP51JXM11/DXM5IJXM11MBELLIJXMII -BELHJXM2) ) 
C E L L U X K E L L I J X M 1 1+DXPSIJXM1 ) /DXM5UXMI ) • (CELL (JXMI) -CELL CJXM2) ) 
RETURN 
END 
SUBROUTINE AMBI 
USE COMM 
MI-0 
DO 1 K-O.NEO 
DENSTOR(K)=REDEN(K) 
IF (K .EQ. 0) GO TO I 
CALL READLCM(FT.Fd,l.K),IYPIJX> 
CALL WRITELCM<FT,F2d ,1 ,K1 , IYP1JX) 

1 CONTINUE 
DO 71 J=I,JX 

71 FEl(J)=FE(J) 
S*0. $ DO 2 K=l.NEO 
S=S+REDEN(K)•ANUMB(K1 

2 CONTINUE 
QSPLUS»S S QSMINUS-REDENIO) 

10 MI-MI+I 
CALL XSWEEP 
CALL CNANDE 
IF (KGNANDE .EQ. I) RETURN 
S=0. $ DO 3K-I,NEO 
S«S+REDEN(K)•ANUMBIK) 
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3 CONTINUE 
QPLUS-S $ OMINUS-REOEN(O) 
Ol'OPLUS-QSPLUS S D8»QMINl'i-QSMlNUS 
MRITE (3,465) N,Ml,QSPLUS,QPLUS,Q1 .QSMINUS,QMINUS,02,POTENT 

••65 F0RMATI2HI-,I5,2X.3HM|.,15,2X,8H0L0 NI «.EI6.6.5X.8HNEW NI 
C E16.6,5X.jHDlFF»,E16.6./ ,19X.8H0L0 NE •,EI6.6.5X,8HNEW NE 
C EI6.6,5X,5HDIFF»,E16.6.5X,7HP0TENT«.EI6.6) 

IF (OSMINUS .EO. QSPLUS .OR. N ,EQ. 1 .OR. MIMAX .EQ. 01 00 TO IfiO 
IF (NSL .EQ. 0) GO TO 160 
IF (MI .GE. MIMAX) GO TO 460 
IF (QSPLUS .LT. QSMINUS .AND. Dl .OT. D2> 00 TO 160 
IF (QSPLUS .GT. QSMINUS .ANL-. 01 .LT. 02) CO TO 160 
IF (QSPLUS .LT. QSMINUS) POTENT-(1.-DPOT)'POTENT 
IF (OSPLUS .GT. QSMINUS) POTENT-(I.tDPOT)'POTENT 
DO 4 KM ,NEO 
CALL READLCM(FT,F2(1,I,K).IYP1JXI 
CALL WRITELCM<FT,FU.I.K),IYP1JX) 

4 CONTINUE 
00 72 J«1,JX 

72 FE(J)-FEi(J) 
CALL BOUNDARY S IF (KBOUNO .EQ. I) RETURN 
CALL CHPDST 
CALL GNANDE 
IF (KGNAND? .EQ. I) RETURN 
DO 5 K»I,NEQ 
CALL REAOLCMIFT.FU.I.KIMYPIJX) 
FACT-0ENST0R(K)/REOEN(K) 
DO 6 I'l.IYPI S DO 6 J-l,JXI 

6 FTCI,J)«FACT»FT(I,J) 
REDEN(K>-DENSTORIK > 
CALL MRITELCM:FT.F(I,I,K).IYPIJX) 
CALL HRITELCM(FT,F2(I.1,K),IYP1JX) 

5 CONTINUE 
GO TO 10 

160 CONTINUE 
DO 31 K-I.NEO 
CALL READLCMIFT,F2( 1.1 ,K ) . IYPMX) 
CALL MRITELCM(FT.FH I . 1 , K ) . IYPIJX) 

31 CONTINUE 
RETURN 

460 KAMBI-t 
WRITE (3,461) 

461 FORMAT(26HAM8I POT REQ NOT SATISFIED) 
RETURN 
END 
SUBROUTINE CHPOST 
USE COMM 
IF (NSL .EQ. 01 RETURN 
DO 1 K-I.NEO 
CALL REA0LCM(FT,F(1,I,K).IYPIJX) 
00 4 J-l.JXI 
DO 5 l-l.IO(J,K) 

5 mi.Jl'O. 
4 FTUYP1 ,J>»FTUYM1 ,J) 
CALL MRITELCM(FT.F(1,I,K).IYPIJX) 

1 CONTINUE 
RETURN 
END 
SUBROUTINE GNANOE 
USE COMM 
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00 1 K-l,NEQ 
CALL READLCM(FT,F(1,I,K).lYP'JXl 
GN»0. S EN=0. 
00 7 J-l.JXI $ 00 2 1-1.1Y 
IF (FTC1,JI .LT. 0.1 FTi1,JI«0. 
TERM«FT(1.Jl'SPHERl11,J) 
GN-GN+TERM S EN«EN-»TERM'XSO(J) 

8 CONTINUE 
FT1IYP1,J)«FT(IYM1,J) 

7 CONTINUE 
CALL WR1TELCM(FT,FU,1.K),IYP1JX) 
IF (GN .EO. 0.) GO TO 3 
ENGY!K)=EN/GN % ENERGY(K)=ENGY(KJ'EIONS(K) 
IF <N .GT. 01 GO TO 13 
GN1-I./GN $ DO II J-I.JXI $ 00 11 I'l.lYPl 

II FT<I.JJ=FT(1,J)«GNI 
GN-I. $ CALL WRITELCMIFT.FI 1 ,1 ,K1, IYPUX) 
CALL WRITELCMIFT.FI1I ,1,K1,IYP1JX1 

13 CONTINUE 
DENS(tO-GN 
IF (N .EO. 0) GO TO 4 
RE0EN(KI-AN0RMK(KI»DENS<K1 $ GO TO 1 

4 ANORMKIK1«REOEN(K1/DENS(K> 
GO TO 1 

3 WRITE (3.51 K 1 KGNANDE-1 
5 FORMAT!17HZER0 OENSITY - K-.I5) 
1 CONTINUE 
GN«0. J EN«0. S K-0 
DO 21 J-l.JX 
IF (FE(J) .LT. 0.1 FE(JI-0. 
TERM»FE(J)»CINT(JI«XSQ<JI 
GN-GN+TERM S EN*EN*TERM*XSQU> 

21 CONTINUE 
IF CGN .EQ. 0 . ) GO TO 22 
ENGY(K)-EN/GN S ENERGYIK)=ENGY(K)'EIONS(K) 
GN-FOURPI*GN 
IF (N .GT. 01 GO TO 83 
GNI-1 ./GN S DO 31 J-l .JX 

31 FE«J1-FE(J1'GNI 
GN-1. 

S3 CONTINUE 
DENS(K>-GN 
IF (N .EO. 0) GO TO 24 
REDEN<K)«ANORMK(K)'DENS!:<) S RETURN 

3<i AN0RMK[K)«REDEN<K)/0ENS(K1 
RETURN 

SS WRITE (3,51 K S KGNANDE=1 
RETURN 
END 
SUBROUTINE QCALC 
USE COMM 
COMMON/MOCAL/L T.TEMPGT(JXI I 
DIMENSION SIGMA(JXI) 
DIMENSION ANSWER(2) 
IF (NEQ .LT. 2) RETURN 
SI -ABSF (1 . -EMASS (l)/3.3>«33E-2* 1 S S2-ABSF (1 . -ANUMB 1111 
S3-ABSF(I.-EMASS(2)/5.0150E-2>41 S S"*»ABSF( 1. -ANUMB(2I) 
IF (S1+S2+S3+SH .GT. I.E-10) RETURN 
CALL READLCM(FT,F(1,I,11,IYP1JX) 
CALL READLCMIFN.FU ,1 .2) .IYP1JX) 
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DO 1 J-l.JXl 
T-0. 
S-0. 
DO 2 1-1,IY 
T-T+CYNT(l)«SINNtI)»FN<l,J) 

2 S-S*CYNT(1)«SINN(I>«FT(I,J> 
TEMPGT(J)-T 

1 TEMPG<J)-S 
WRITE (3,631) (UL,TEMPG(JL> .TEMPGT(JLI) ,JL«1 ,JX1> 

631 F0RMAT(I5,2E16.6) 
UMU-EIONS(I) 
DO 30 LT-1,2 
IF (LT .EQ. 1) GO TO 31 
CALL FINDSI3IUMU,SIGMA) 
GO TO 32 

31 CONTINUE 
DO 33 J-l.JXI 

33 SIGMAtJl-1. 
32 CONTINUE 

QANS-0. 
00 20 J-l.JXI 

20 OANS-QANS+CINT(J)•£VALS(J.SIGMA) 
ANSWER(LT)«QANS 

30 CONTINUE 
SIGV-O. S IF (ANSWER!I) .EQ. 0.) GO TO 7 
SIGV-VN0RM*ANSWER(2)/ANSWER!I) 

7 CONTINUE 
E0T-2.24E+4 
ENUM-REOEN11)>REDEN(2)»SIGV'EDT 
DENOM-0. S DO 18 K-1.2 $ 00 18 KS-l.NSOR 
SENGY-ESOR(KS.K) 
IF (SENGY .EQ. 0.) SENGY-I.5»EI0NS(K)/XS0R(KS.K) 
CUR»AS0R(KS,K)+BS0R<KS,K)«SQRTF<REDEN(K)>*CSOR(KS,KMRE0EN(K> 

18 OENOM«DENOM*CUR»SENGY 
ClDT-O. S IF (OENOM .EQ. 0.) GO TO 19 
QDT-ENUM/DENOM 

19 CONTINUE 
rfRITE 13.21) 51GV.QDT 

21 F0RMAT(/.5HSIGV-,EI6.6.5X.2H0«,E16.6) 
RETURN 
END 
FUNCTION EVALS(J.SIGMA) 
USE COMM 
COMMON/MQCAL/LT.TEMPGTIJXI) 
DIMENSION SIGMA(l) 
DIMENSION STFG!JX1),UPARTCJXI) 
00 1 KK-1,J 

1 STFGIKK)-(X5Q(J>-XSQ(KK>>«GETFG(J.KK) 
UPART(1)«0. 
DO 2 KK-2.J 
ADDIT«.5»DXM5(KK)•(STFG(KK-1)+STFG(KK)) 
UPART(KK)-UPART(KK-1)+ADDIT 

2 CONTINUE 
SUM-0. 
DO H KK-2.J 
ARGM«X(KK-1)»*LT»SIGMA(KK-1)*UPART(KK-I) 
ARGP-X(KK)»»LT«S1GMA(XK)«UPART(KK) 
SUM-SUM+ .5«DXM51KK) * (ARGM+ARGP) 

4 CONTINUE 
EVALS-SUM 
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RETURN 
END 
FUNCTION GETFG(J.KK) 
USE COMM 
COMMON/MQCAL/LT,TEMPGT(JXI) 
ARGl«.5»<X(J>*X(KK!) 
ARGS«.5"<X(J)-X(KK>> 
J1«0 % ja-0 
00 I JM«I,JXIM 
IF IX(JM) .LE. ARGI .AND. ARGI .LT. XIJM*I)> Jl-JM 
IF (XIJM) .LE. ARGa .AND. ARG2 .LT. XIJMMU J3«JM 

I CONTINUE 
IF (ARGI .GE. X(JXU> J1"JXIM 
IF (ARGa .GE. XlJXin JS-JXIM 
FRAC1 -(ARG1-XIJ)))/DXP5 U1) 
FRACa«(ARG2-X(J2)) / DXP51J3) 
AN5I-II.-FRACI)»TEMPG!J1>*FRAC1*TEMPG(J1+|) 
ANSa-(I.-FRAC8 J•TEMPGT(J31+FRACa•TEMPGT(o3+1) 
ANS3-U .-FRAC2)»TEMPG(jaj+FRAC2»TEMPG(ja<-l > 
ANS4«(1.-FRACI)«TEMPGTIJ1>+FRACI<TEMP0TU1*1) 
GETFG-ANS1•ANSa+ANS3'ANS4 
RETURN 
ENO 
SUBROUTINE FINDSIGtUMU.SIGMA) 
USE COMM 
DIMENSION SIGMA!I) 
S1GMAU1-0. 
oo i j«a,jxi 
CPS«UMU«XSQ<J> 
IF (EPS .GE. SO.) GO TO 41 
TEMP0-5.e5E+4»EXPF(-44.4/SQRTF(EPS>)/EPS S GO TO 40 

41 IF (EPS .GE. 30.) GO TO 43 
TEMPQ«'».6aE-4''EPS,EPS-0.;37 S GO TO 40 

43 IF (EPS .GE. 50.) GO TO 43 
TEMPQ«6.70E-4«EPS»EPS-0.3SO S GO TO 40 

43 IF (EPS .GE. 87.) GO TO 44 
TEMPO-8.55E-0a«EPS-2.93 S GO TO 40 

44 IF (EPS .GE. 107.) GO TO 45 
TEMPQ«l.98E+4/((EPS-l07.l«»a+4000.l S GO TO 40 

45 IF (EPS .GE. 137.) GO TO 46 
TEMPQ»3.56E*4/((EPS-I07.)»«a*7a00.) S GO TO 40 

46 IF (EPS .GE. 185.) GO TO 47 
TEMPQ-8.70-0.0314»EPS S GO TO 40 

47 IF (EPS .GE. 400.) GO TO 48 
TEMPQ«7.050E+3/(EPS'SQRTF(EPS>) S GO TO 40 

48 TEHP0-S55./(EPS-110.) 
40 CONTINUE 

SIGMA(J)-1.E-a4«TEMPQ 
I CONTINUE 
RETURN 
ENO 
SUBROUTINE SIGV1D 
USE COMM 
DIMENSION SIGMA!JXI) 
IF CNEQ .LT. SI RETURN 
SI«ABSF(l.-EMASS(l>/3.3433E-84> S Sa-ABSF(1.-ANUMB(I)) 
S3-ABSF(l.-EMASSiai/5.0150E-a4) f S4-ABSFII .-ANUMBO)) 
IF (SI+Sa*S3+S4 .GT. 1.E-I0) RL'URN 
CALL REAOLCM(FT.F( l . l . l ) . !YPK<> 
00 I J - I . JX I 
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'£ 
S»0. $ DO S I • I .1Y 

^ S»S+CYNT(I)«S1NN(|1«FTCI,J) 
I TEMPGUI-S 

ONS-5./3. S UM-SQRTF(UM3) 
S»0. S 00 3 J-1.JX1 

3 S-S+CINT(J>»XSQIJ)»TEMPG<J) 
OENS'S S FACTOR-UM»VNORM/DENS 
UHU-UHS>EIONS(D 
CALL FINDSIGIUMU.SIGMA) 
5 -0 . $ DO 6 J-1.JX1 

6 S-S+C1NTCJ)«SIGMA(J)«TEMPG(J)«X(J)«XSQUJ 
SIGVH»FACTOR«S 
RETURN 
END 

I 
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