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COMPUTATION OF THE BOUNCE-AVERAGE CODE 

Abstract 

The bounce-average computer code simulates the two-dimensional velocity 
transport of ions in a mirror machine. The code evaluates and bounce-averages 
the collision operator and sources along the field line. A self-consistent 
equilibrium magnetic field is also computed using the long-thin approximation. 
Optionally included are terms that maintain ]i, J invariance as the magnetic 
field changes in time. In this report, we describe the assumptions and 
analysis that form the foundation of the bounce-average code. When references 
can be cited, the required results are merely stated and explained briefly. 
A listing of the code is appended. 

Geometry 

The spatial and velocity geometry can be illustrated as 

where z is along a field line. The magnetic well has a monotonic but otherwise 
general profile: 



Vi ** *t+l 

Here, f(z) equals B(z)/B(0) and is symmetric about the midplane, z equals 
the half-length of the mirror machine, and B(z) is the magnetic field strength. 

The ion distribution is described by 

f = f(v,6,z) . 

There is no radial dependence. We assume that radial effects are either slow 
as compared to collisional processes or are averaged out. Also, the 
gyromotion is integrated out. 

The electrons are given by 

f = f (v,z) . e e 

Bounce-Averaged Transport Equation 

Integrating the Boltzmann equation along orbits, we have 

iwif« (I),-
<w 

coll 
(1) 

where f(v0,9.) is the midplane ion distribution [i.e., f(v,6,z) at z = 0] and 
(3f/3t) 1 1 and S are the local (i.e., dependent on v, 6, and z) collision 
operator and source, respectively. 

The orbit integral operator applied to S(v,0,z) gives an orbit averaged 
quantity, 
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§ ( vV * kj d t s ( v' 9 > z ) -

° T f v ( z ) c o s 6 ( Z ) S h - e ' z ) - z ] ' 

where T is the bounce time, z, is the turning point of the orbit where 9(zh) 
IT/2, and v(z) and 8(z) are given by the orbit equations for energy conserva­
tion and magnetic moment invariance, respectively; 

2 2 , 2 
v * v0 + Vp ' 

2 2 2 2 
v sin 9 = i|Kz)v' sin 9 . 

2 The v in the energy conservation equation is the velocity arising from the 

ambipolar potential <(>(z), 

2 z± e <J>(z) 
vp (1/2) m± • 

If a square well is assumed for i|)(z), then 

s ( v e 0) = s(v0> -?0. t.) , 

and Eq. (1) is reduced to the usual starting point for Fokker-Planck work. 
Equation (1) becomes a parabolically partial differential equation (with slowly 
varying coefficients) and can be numerically integrated efficiently with 
implicit methods. 

However, instead of the square-well assumption, the bounce-average code 
employs a numerical bounce av '.rage. The collision operator is still reduceable 
to a nonlinear parabolic differential operator on the midplane distribution 
functions. This reduction is accomplished in the following steps: 

• The coefficients of the local collision operator, 

(M.) . A w 3ff v9 &_ ee aff + Av 3f 9 3f 

are evaluated. 



• With f(v,9,z) - f(v Q, 6.), where f is constant along an orbit, and using 
the chain rule, local partial derivatives are expressed in terms of 
derivatives of f(v„, 6.). Thus, the collision operator can be written 

/3f\ . R
V 0 V 0 3 2f . _ v0 80 3 2f 

tat/ „ B "T~2 aOe 
v 'coll 3v„ 0 i 

0 

3 9 0
2 3 v 0 3 9 0 

where, for example, 

m , ' • ' • ' • " ' 

V V 
• The coefficients B (v,9,z) are then bounce-averaged and we obtain 

( I f <v6o>) . c V o J 2 ! . + c

v o e o a 2f 
co l l 3v„ 0 0 

+ c

9 » 6 o i i + c " o ^ + U + c £ 
3 9 Q

2 3 v 0 3 9 0 

Evaluation of the Distribution Functions Off the Midplane 

To evaluate various quantities that are local in z, the distribution 
functions off the midplane must be known. For this purpose we use 

f(v,6,z) - f(v 0,9 0) , 
(3) 

fe(v,z) = f e(v 0) , 

where (v,9,z) and (vn>6n) a r e connected by orbit equations. [See Ref. 1 for a 
careful argument for Eq. (3)]. More qualitatively, Eq. (3) follows from 
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dMf-.f+a.if=0, 
the Vlasov equation, which says that f is constant along an orbit. This equation 
is valid so long as the collision and source times are long compared to the 
bounce time. 

We obtain f off the midplane by integrating Eq. (4), 

f(v,e,z,t) -• f(v 0,8 0,t 0) . 

If we assume f(v.,6n,t-) is constant during a few bounce times or if we regard 
f(v0,6.) as an average over a few bounce times, Eq. (3) follows. 

The most straightforward use of Eq. (3) in the bounce-average code is in 
the reconstruction of the distribution function off the midplane so that the 
integrals 

a m(v) = (2m + 1 ) / du f(v,e,z)Pm(u) , y = cos 9 , 

the Legendre polynomial projections of f, can be computed. A local u mesh is 
generated from u = 0 to U-. and f (v,y,z) = f (v-.u.) from orbit equations 
and linear interpolation. However, the more usual application of Eq. (3) is 
to transform integrals from local coordinates to midplane coordinates. 

Evaluation of the Fokker-Planck Collision Operator 

We take 

( - a r ) - - V • (f H ) + i W : ( f W G ) , 
\ 3 t / c o l l a a 2 a a 

where 

H a (v) - | l n A a b c a X < v > f 

G a(v) - £ l n A a b c a b

2 g b ( v ) , 
D 



°-- r-fe) !K)-
'"•r¥J 
r * 4TTZ4 e 4/m 2 , a a a 

and h. , g. are the Rosenbluth potentials, 

and 

V ^ = -47Tfb , 

V g b = -87Tfb , 

InA ab In Vb m +i 
a 

2aX„ 2E. D_ sup K 
r m k=a,b\ m, e ec * K 

the Coulomb logarithm, where r = 2.8179(-13) cm, the classical electron radius; 
X = vte /6im e 2, the Debye length; a = 1/137, the fine structure constant; 
c « 3 1 0 1 0 cm/s; and e = 4.803 10~ 1 0. Also, E. , and HL are energy (erg) and 

3 2 3 mass (g) of species k while n = electron density (particle/cm ). 
tohen the form of (3f /9t) .. is specialized to (v,8) space and to one 

ion species with electrons, we have (from Refs. 4,5) 

tea 
Wcoll 

Aw iff + Av9 _3^L & . 2 a 3v36 3v 

where 

+ Aee3!£ + A v | f + A e | | + A 

.w rt 3 ''i 
A * 2 3 2 v 
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v6 n / l 9 
A = i s V 

2 I 2 3v36 " y 3 39 

XJL (A. l A I 1 3 G i 
2 L * 362 v 3 3 v , 

»v r / 1 3 G i , ctn9 3 G j 1 3 G j 3 c ' 

H 2 v 3 36 2 2v 3 3 6 v 2 3 v N 

A e - r . 1 / c o s 2 9\ 

v 4 s i n 2 9 r 2 / 

?- A3G 

lie" 
, 3 2G, „.„ 3G. _1 i ctn6 i 

v 3 3v39 +

 2 v 3 3v 

and 

/m. f > 
4TTI\ ( — - 4 + f. 

lnA 
G i = l n A i i g i + 

i e 

zr 
X 

vV -8irf 

f m.\ lnA. 

V2!, -4irf . 
e 

INVERTING V AND V 

The evaluation of the FokKer-Planck operator is accomplished with the 
A 2 

following procedure for solving ! g = -8TT.E and V h = -4i:f, given f = f(v,9). 
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Let 
f - 2 a (v)P (y), u = cos 6 , 

m«0 

where 

» 
r 1 2 l i 1̂  dV 

fP du 
m 

We define the following functlonals with dimensions of f as 

Mm(v) - v m~ 2/ .n<s> S^ds , 

v*> - - _ 3 " 7 n \^s2H^. 
„ , . -4+m f , . _3-m. 

v 

E (v) = v - 5 - m J a (s) s***d8 . m J Q m 

Then, the expansions of g and h, 

« = I g m ( v ) P m ( l J ) ' 

h " I hm<v> P m ( l J > > 

1-3 can be solved for with 

. . 4ir 4 
g m ( v ) = aST v 2mT3 ( E m + V '" 2 ^ »„ + V 

Ifm _4J_ 3 
3v ' 2mfl v 2m+3 

32S, 

3v 
47T 2 

2 2m+l v 

5 5 [ ( m f 2 ) Mm " ( m f l ) E m ] " 2^T K " ( m - 1 ) N m ) 
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m Zm+1 m in 

m 47T 

Transforming to Midplane Coordinates 

Given 

80. . . A

 a 2 + A 3v38 c o l l 3v 

+ A

e e i l + A

v M + A

e M + A f A „2 A 3v A ae A t 

99 

Eq. (5) can be rewr i t t en as 

69. _V0 3*f + -Vo 32f 
, , B 3 2 + B 3v n 36. 

c o l l v . 0 0 

(5) 

(6) 

+ B e ° 6 ° 4 + B V ° | i L + B

6 0 ! * + B f . 
38* 3 v 0 3 8 0 

However, this requires transforming the local partial derivatives in 
(v,6) to midplane derivatives in (v n,6 n). Using the chain rule, we have 

3v 3v 3v 3v 3e Q ' 

and 

ae se 3e Q ' 

using 



Taking derivatives of the above first-order equations, we obtain the second-
order derivatives: 

3v2 * 3v 2 3 v 0 3v2 3 9 0 

!a_ai_ + /'!!oY 
v 3 v o 9 e o

+ V 3 v / 3 2 + 2 3v 3v 3 v o 9 e o

+ \ 3 v / 3 e 2 
0 0 

.2 3 26. . 39. 3v. . 2 39„ 36. ,2 3 0 3 , _0 0 a , 0 0 _3 
3v36 * 3v36 39. T "39 3v 3v.39„ 39 3v ,.2 ' 0 0 0 ob_ 

SO2" 392 3 60 W 392 

With the above d i f f e r e n t i a l operator equations, we can wr i t e the 
coeff ic ients of Eq. (6) in terms of the coef f ic ien t s of Eq. (5) as follows: 

'"•$f av..&V 
v 8 23 v„ 3 9„ 3 9. 3v„ . 

B 0 0 0 0 , w 0 0 . v9 
3v 3v 3 9 3 v 

and 

\ 3 v / A 39 3v A \ 3 6 / 

In addi t ion , 

v . 3v_ 3 v . „ 0 0 ,v , 0 . w 
B " A + 1 7 A 

B o . ! ! o A v + !!o A + *_\ Aw + f\ Av9 +

 S_\ A 99 
a 3v A + 39 A +

 3 v 2 A + 3v39 A

 3 E ) 2 
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and 

B « A . 

From the orbit equations, we have 

3v, 0 
3v 

39 0 , 

and 

3v 2 = " VP / V ° ' 

36. _ 0 
3v' tan 9, 0 , 2 

W 0 

Also, 

3v 2 " v 3 v w ̂  
36 0 tan 9 Q 

39 tan 9 ' 

i£"""«i M->] 
and 

3v36 
!!of!i!o/M2 

- 39 v \vQ} • 
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Bounce-averaging Eq. (6) yields 

3 f t „ fi ll = r V° V° 3*f * r V° 9° 8 2f 
J coll 3v_ 0 0 

where, for example, 

v.v„ 

+ c

9 o 6 o i ! | + c ' o | | _ + c

6 o ^ + c £ 

39* 3 v 0 3 9 0 

Jb H« vn vn 

(7) 

c V o . i ? . _ d . B Y o W i X ) i 

T J v cos 9 

and similarly for each coefficient. With the collision operator in this form, 
the ion equation can be advanced fully implicitly. 

Source Terms 

The local source appearing in Eq. (1) is given the form 

S(v,9,z) = (J + (a + a )n(z) S(v,9) - a f(v,9,z) , 

[0 i f z > z, , k. beam 

where n(z) = local density, J, a., a , and z, are Input, and S(v,9) is a 
normalized double Gaussian in v and cos9. The shape of S(v,9) is specified by 
the input parameters: 

? 2 f1 

4TT / dv v J du S(v,9) = 1 

More than one source can be specified, in which case, the overall source is a 
sum of such forms. 

If J - 0, then 

4ir I dv v / dy S(v,9,z) - a n(z) , 
•0 J0 
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is the ionization rate. The bounce-averaged source term appears as 

i / d t s = s ( v e0) -c x (v 0 , e„) £ (v0, eQ) , 

using f(v,G,z) = f ( v Q , 60> . 

Potential Profile 

The potential is determined as a function of t|i by requiring charge 
neutrality. The ion density is obtained with 

n. ( iM) - 4TT /" dv v 2 / du f(v,0,<)i) , 

I f . If1, n 

(8) 

4ir # 1 / Z / dv n v* / du n , " f ( v Q , e Q ) , 
1+X 

2 2 2 2 2 through the change of variables v. = v - v and l - y _ = X ( l - y ) , where 

P I™- ' 2 l 

2 

*v 0 

2 
and U =» max (0, 1-X). Here, y is the cutoff resulting from orbits turning 
before the current value of t|>. 

Normally the integrand is singular at y . We use a generalized 
trapezoidal rule, equivalent to integrating analytically, and assume that f is 
linear in p. between grid points. 

Thus, with the electron density profile obtained from 

-*/T 
»,<•> " "e

 e . 
the potential as a function of \ji is determined by setting 
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1^011,$) = n e 

A minor complication arises because n at the mirror throat is zero but n (<fi) 
is always positive. To circumvent this problem, we assume the presence of a 
small, constant ion component, n , where 

-L/T 
n = n e c e 

and adjust the above equation to 

where 

-<f> / T 
n + n.OM) = n e m e 

n = n + n.(l,0) . e c 1 

Pressure Profiles 
3 

As a diagnostic or to update the magnetic, field, the perpendicular and 
parallel pre sures are computed: 

°° , 1 r 2 1 2 p x 0 | i ) = 4TT / d v v J du f (v,ii<,<p) -r mv x , 
0 0 

1 ^ 2-= T mn <v±> , 

p u(l|>) = mn <v u > , 

where vx = v sin 6 and v M = v cos 9. When the integrals are transformed to 
2 2 (v„, U Q ) , we obtain the integral appearing in Eq. (8) but with 1/2 mv (1 - u ) 

2 2 and mv u as factors in the integrand. The singularity is handled the same way 
as in the potential profile calculation. We compute 8 and B . as 

max min diagnostics and B . is the minimum central resultant field required for mirror mxn ^ 
mode stability. Thus, 
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B 2 

m i n 
= max <• 

* ( 
- 8 T T — 2 

3* . 

8TT 
\ 

B — 
max 8TT p1 

0 
min 

= 
8irp 

0 

B 2 , 
v m i n 

• 

Updating the Magnetic Field Profile 

As a plasma bui lds up in a vacuum f i e l d , the magnetic f i e ld i s modified 
by the plasma. This effect a l so can be simulated in the bounce-average code. 
The long- thin approximation i s used: 

B 2 (z) + 8ir P l(lJ0 = B 2 (z) , 

where 

PL(<1>) = n±W <~ m.v > 

inf dvv2f d y / | m i V i

2 j f 1^v,6,ijj) , 

and 

p = cos 6, Vj. = v s in B . 

For this computation, f is a function of l() rather than of z. First, px0|0 
2 0 

is computed and B is obtained from B + 87^(1) = B (0). From this, we find 

B 2 ij/2 + 8TT P iW = B 2 (z) , 

2 2 2 which determines B = B (\j>). If B (l/i) fails to be monotonically increasing 
in l|), then the computation fails and equivalently mirror-mode stability is 
violated. Given B v = B (i|i), we obtain z = z(i|0 and the update is completed. 
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B Terms 

As B(z) varies in time, the quantities 

VQ s l n 60 

J - f dz v„ , 

remain constant for each orbit. If f has (U,J) coordinates, there would be no 
B terms and we would have 

|f| - coll, etc. 
'u.J 

However, we have 

3t 
, • 3f , i 3f „ 

+ v0 3v^ + 60 39^ = c o 1 1 ' e t c- ' 

where v.(t) and 90(t) are such that U(v0, 9.) and J(v». 9fi)are constant. 
The form for v n and (L is derived as follows: 

I ( V 6 0 ) =/ bdz v„ - j \ , ^ + v 2 - v Q
2 sin290 JL) 

f = 'J + '0 J v 0
 + % \ m ° • 

fdz 1 / 2 

1/2 

2 . 2. B _,_ 2 2 v_ sin 9. •=— + v - v 0 0 B p p 

where 
. 2„ 1 f 1 dz 2, . <v > • — / — v (z) , 
p X J V„ p 
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/ v 7 ( - v ^ s i n e 0 c o s e 0 ^ ; 

if-"*-***). cos 8 
sin 6 

P (W7 + i^V^ 
Thus we can solve for v , 8- by 

2 2B n I 1 2 + 2 . 
w 0 ° \ T V 0 V0 } 

6 0 = tan 6 0 2 2B„ I 2 2 
T V 0 °\ T V0 V0 

Electron Advancement 

At present, three options are available to advance the electron 
distribution function — E (electron energy) is fixed, E /E. is fixed, or 
E is obtained from a rate equation based on the-Spitzer energy exchange rate. 
All options assume f is Maxwellian, and n = n . 

and 

Numerical Details 

GRID 

The ion velocity mesh is given by 

V j | j - 1, JVI} , 

e ± i = i , ITH 1, 

-17-



which is possibly nonuniform. Also, v- * 0, V m T * VMAXI (input), 8___ - TT/2, 
and sin 6, • 1/R , where R = BRMAX (input). 1 max max r 

The electron velocity mesh is 

Vj | j =• 1, JV} , 

an extension of the ion velocity mesh. We obtain the z mesh from 

H'zl *• = 1' L Z I ' 

where if), = 1, Z = 0, ipT = R (possibly time-varying), and Z = z = ZLENGTH. 

NUMERICAL ADVANCEMENT OF DISTRIBUTION FUNCTIONS 

The ion equation is expressed as 

3f • 
-jj— = collision terms + B terms + source terms , 

. c v 0 ^ + ; o 6 o j ! L t c

e o U 
Sv* 3 V 9 0 30* 

+ C

V 0 J ^ + C

6 0 3f + c f 

3 v 0 3 9 0 

- *„ T 1 - K 4r + s - c f • 
0 3v_ 0 30. x 

This equation is centrally differenced in velocity space and the 
boundary conditions are taken to be 

f = 0, 

for orbits that leave the system, and at 0 = T/2, 
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The equation is then split as follows: 

« 2 -f 1 : . c v.^ t i c v J v 
At 3v 2 2 3 V 9 0 

_,_ n

v 0 3f 2 , 1 „ f2 • 3f 2 

+ C 3 v ^ 2 C f " ' O S " 

2 1 
1 1 f + f 

+ — Q - — r —— + 2 b 2 x 2 

f 3 - f 2

 = l c

V 0 9 0 _ 3 i f i + c

e 0 e 0 3 V 
At 2 3 v 0 a e 0 8 e 2 

- e ° ^ + c f 3 - e 0 | | i 

3 2 
+ i s - i c f + f 

2 2 x 2 

1 2 where f = f(t), f is an intermediate distribution function, and 
3 
f = f(t + At). To within splitting errors, the ion equation is advanced 
fully implicitly. 

BOUNDARY 

Starting at z = 0 and (£. = 1), the quantity 

v"2 = v o + V
P
2 " *i v o 2 s i " 2 e o • z = 1 ' h z ' 

2 is tested. As soon as v < 0, then z, (the bounce point) can be computed. 
If vjj is always positive, z, = z . 

With z. computed for each v. and 9 in the velocity domain, the orbit 
through (v., 8.) at the midplane is confined only if z, < z . The boundary 

-19-



is defined by the index quantities ILOSS. and JLOSS. such that 

ILOSS .(v., 8.) < z b j i m j.n.in^l 
r 

J1.0SS1 = ain j j | z b ( V j , 6 ±) < 

ORBIT INTEGRAL 

The orbit integral routine, ORBIT(L), updates the storage VCOS 
v u(v., 6 , z.) and DTAU.. - St., defined below: 

«(v 0 . e 0 ) - d £ b

7 - J £ T s ( v , e . , ) , 

y 

? h 6H • (9) 

1 + / -
J v 

= ms. + ma 

* + 1

 d z ** + i -* ( z ) 

cos e i|). - I|I S.+1 '•'J. 

If £ = 1, then HM„ = 0 and if fit. represents the contribution pf the bounce 
point z, , then WP. = 0. 

The form in Eq. (9) results from the assumption that S(v,8,z) is linear 
in if) between grid points so that 

S< 3<v,6,z) = 2 , S. W.(i|)) , SL "V 

where W„(i|i) is a "tent" function: 
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The function t|i(z) is usually linear in z, 

The exception is neai z • 0 where 

t|i(z) - 1 + 
\ - l 

for i// < i|>_ with Z_ specified from the input. 
This numerical integration is a generalization of the trapezoidal rule. 

If (v cos 6) is constant and iC(z) is always linear between grid points, then 
the 6T„ values are the familiar trapezoidal rule weights. 

LINE INTEGRAL DIAGNOSTICS 

If we let S(v,9,z) be some quantity of interest [e.g., f(v,6,z)], we can 
define the two quantities, 

r00 1 
s(z) = 4w J dv v 2 J du S(v,9,z) , 

^ " W ^ ' r s h •<"•••»> 
With a change of variables for S(z) and interchanging the order of integration, 
we obtain the following relationship between S(z) and S(v„, 0.): 
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Jf/2 
£« d 2 sfei = 8* j d V ( ) v 3 _£ d e 0 sm e 0 cos e 0 xs(v 0, e 0) 

If for example S(v,9,z) = f(v,6,z), then s(z) = n(z), the local density, 
and S(v_, 0.) = f(v n, 6n)> the midplane distribution function. Thus, 

/" d z i r = 8*L d vo v o 3 / d eo s i n eo c o s eo T f ( V V • 

These two integrals are computed numerically and the values are then outputted; 
they normally agree to within 1%. 

The source terms also can be conveniently verified with these integrals 
by 

J(z) = 4ir f d v v 2 f d|i S(v,6,z) , 

the local current; S(v-., 9-) is now a nontrivial bounce-average of the local 
source. The agreement of the numerical integrals is usually 1 to 5%. The 
agreement worsens for local 90° sources that are peaked in angle (5° e-fold 
spread or less); this places a grid limitation on the bounce-average code. 
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APPENDIX. LISTING OF THE BOUNCE-AVERAGE CODE 

1 PROGRAM AABAV(TAPE2,TAPE3,TAPE4,OUTPUT) 
2 
3 CLICHE BACOMM 
f C DIMENSIONING PARAMETERS 
5 PARAMETER! I TH=22, I TPUITH+I ) 
6 PARAMETER! JV!=45, JV=150> 
7 PARAMETERl MX=2, TWOMX=S*MX, TMXP5=S*MX*5) 
8 PARAMETER! LZ=31) 
9 PARAMETER! NMQ=205I 
10 
11 C GfiiC STORAGE 
IS COMMON /GSTORE/ COSS!ITHI.CTNN!ITHI, 
13 8. DVIJV) .DELVIJV) ,DVI 1JV) ,0ELVI IJV) . 
14 & DTH!ITH),DTI(ITH).OELTlITH).DELTIIITH).DXL!ITH), XLIITH). 
15 & DCOSSIITH).DCOSSKITH).DZ(LZ), GrtESH, ORAT1JVI.(-4.TMXP5I). THIITP1). 
16 &SINNUTH), VMAX.VMAXI ,VUV) ,V2!JV) ,V3!JV) .V4IJV) ,V5I JV) , 
17 8. THDEG! ITH) .TINT! ITH) .TtNLI ITH) . VINT (JVI ) .VINLI JVI) , 
18 & VIfJV),VI2IJV),VI3fJV),VI4IJV).VI5IJV). ZLENOTH.ZILZ) 
19 
20 C DISTRIBUTION FUNCTIONS AND DIAGNOSTICS'" 
SI COMMON /FSTORE/ FIITPI,JV1>,FE(JV).FESAVEIJV). 
22 I IL0SSIJV1), JLOSSIITH), KKOUNTILZ). 
23 t PRDEN1LZ).PPARILZ),PPERP(LZ>. 
24 8. TOENIINMQ).TDENE(NMO).TNRGIINMO).TNRGE1NMQ).TTIMElNMQ).TPHIM(NMQ), 
25 & TEDENL(NMQ).TDENLINMQ>,XPL0T!NM0).YPL0TINMQ).EDIAG(2).LDIAG(S>. 
26 8. ZDENHLZ) .ZDENEtLZ) .ZNRG1 ILZI.ZNRGEiLZI 
27 
2B C COEFFICIENT STORAGE**' 
29 COMMON /CSTORE/ CCI ITH.JVI),CCT(ITH,JVI1.CCTT!ITH,JVI1.CCV!1TH.JVI), 
30 & CCX1ITH,JVI), DMU!ITH,JVI), 
31 & CCVTIITH.JVI).CCVV!ITH,JVI). EC!J\M ,ECVIJV).ECVV!JV).ELIJV),ES!JV). 
32 8. SS11TH.JVI). TAUIITH.JVI I , ZBOUNCE1 ITH,JVI) 
33 
34 COMMON /BFSTORE/ BVO,BO,BOMIN,BETA.BETAMAX, 
35 8. BRATIO,BRMAX,BRVAC,BVAC(LZ).BFE(LZ).BFILZ1.BDOTlLZ). DBSTOP, 
36 8. PHS!LZ!.PS(LZ),PHIDOT(LZ) 
37 
38 C WORKING ARRAY STORAGE** 
3S COMMON /ZSTORE/ ALEG!JVI.(0.MX)),AE1JV).AEL(JV).AEVIJV),AEVV!JV). 
40 8. CLOGEE.CLOGIE.CLOGII, DPLEG! 1 0 ,TWOMX) ) .DDPLEG! 1 0 , TWOMX I ) , EQEE(JV). 
41 8. EQMMIJVI .EQNNIJV),ETAUIJV) . FEZ(JV). PlsEG I (0. TWOMX) I , 
42 8, GIJVI. !0,MX) ).GV!JVI . 10,MX)) .GVV'JVI, 10,MX) 1 , CVIJVII. 
43 8. OEEIJVI) .QMMIJV1 ) .ONN1JVI 1 .QRRUV1 ) 
44 . 
45 C ORBIT INTEGRAL STORAGE ••*» 
46 COMMON /OSTORE/ VCOSPlITH.JVII,VCOS!ITH.JVII.OTAUlITH.JVI).OVPOTSILZ), 
47 8. DETAUIJVI .EOV1JV) .EOVP(JV) .EZBNC(JV) 
48 DIMENSION EOTAU!ITH.JVII.EDETAUtJV) 
49 EQUIVALENCE (EDTAU,VCOSP). [EOETAU.EOVPI 
50 
51 C MISC STORAGE*** 
52 COMMON /MSTORE/ AMASS.ANUMB,ANUMB1,ANUMB2.ANUMBIS.ANLOSS,APARt, 
53 8. CHARGE.CLIGHT.CLOGIEO. 
54 6. CONV.CONEE.CONIE.CONII.CDEB, DEN.DENL.OPOTR,DTIME.DTSET(5>. 
55 8. DENLS. 
56 8. EMASS.ERGTKEV.EDENI..ESLOPE. 
57 6. ECONV.ENERGY,EGAMMA.EDEN,EENERGV.ENKEV.EENKEV. 
58 8. ETEMP.EPSSS.EPSMU.ETA. 
59 i FVS.FTS.FCOS, GAMMA.GAM1.GAM2.GAM3.GAh4, 
60 8. KBUG.KEEP.KELEC.KPOT.KFIXSS.KIDENT.KSSPS.KTCON.KZGRIO.KUF, 
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61 & KSOURCE, KFL , KI AD, KEAD, KAMBI . KBDOT , KFOUT , KF IN. 
62 8. KTTY.KTTYCON.KSSPASS.KRECOUT, 
63 & MBELL(5>,MAXWELL,MI0PLANE.MES17), NSET(5).NTEST, 
64 8. N.NN,NSiDP,NSSMAX.NOUT,NPOT,NCHEC,NCOEF,NRUN.NELIO, 
65 I. PI .POENCLZ) .PHI (LZ) ,PSI (LZ) ,PSI I (LZ) .PSIH(LZ) .POTRATIO.PLTANG, 
66 «. POTENT.PKESH,PSIVAC(LZ),PQT,PQJ, 
67 & TIME.TEMRATIO.TMESH.TSTART, 
6B 8. THIRD, TAUSRC.TAU II. TAUDRAG, TAUMAG. ZPARAB 
69 
70 C SOURCE STORAGE" 
71 PARAMETER ( ITHS=1TH, NS0R=4) 
7a COMMON /SSTORE/ EXT(ITHS,NSORI,EXV(JVI,NSORI,SCOS(ITHSI,TSMESH, 
73 R ESENK.ESCUR, 
74 & STS(NSOR).SJCOS(NSOR).SVS(NSOR).SENKEV(NSOR). 
75 & SJCUR<NSORI,SJI(NSOR),SJCX(NSORI,SZ(LZ) .SPSULZI .SPHILZ1 . 
76 & SZDEN(LZI.SENK,SCUR,SCURL,SCURLS,SCX,SCXL,SCXL2, 
77 t, TAUBEAM.ZBEAM 
7B 
79 C LCM STORAGE 
BO LCM LCMSTORE 
BI COMMON /LCMSTORE/ ELCMCJV.LZ),VDOT(ITH.JVI),TDOT11TH,JVI). 
8a & FSAVECITPI.JVI1.EJI1ITH.JVI),EJ5(ITH.JVI),VP2(ITH.JVI) 
83 LCM LCMPLOT 
84 COMMON /LCMPLOT/ TDIAGINMQ.ai 
85 
86 ENDCLICHE 
87 
88 USE BACOMM 
89 COMMON /GOBCOM/ IG0B140) 
90 DIMENSION Ml 10) .MMI 10) 
91 DATA MEND/400a04B/, N.1ER.NHSP.NDDB0/4<0)/, TIME/0./ 
9£ DATA MBELL/4(40020700400a07B>,407777B/ 
93 DATA KFlN.KFOUT/atO)/ 
94 
95 NDATA=6RINPUT 
96 RESTART CONTINUE 
97 CALL GOB(a001B,IER.200B.MIl)) SIS GET MESSAGE FROM EXECUTE LINE 
98 IF(lER.EQ.l) GO TO JUMP1 
99 NDATA=M(I> 
100 IF(M(a>.EO.MEND) GO TO JUMPI 
101 KFIN=M(e) 
102 JUMPI CONTINUE 
103 ' M=777777B.INT.NDATA $ NDR0P=6R*8A S NDROP=NDROP.UN.M 
104 i IF((M.SHR.6).EQ.O) NDR0P=4R*BA .UN.M 
105 IF((M.SHR.la).EO.O) NDR0P=5R*BA .UN.M 
106 M(ll=NDROP I M(?)=M(3)=0 
107 IF1M.EO.OI CALL GOBI 10 IB.1ER,1B.M) 
108 C GENERATE OUTPUT FILENAMES FROM OROP FILENAME 
109 CALL APPEND(NDROP.NHSP.NDDBO) 
110 CALL ASSlGNia.NDATA) 
111 CALL A5S1GN(3.0.NH5P> 
U S C GENERATE FILE NAME FOR ION DISTRIBUTION OUTPUT 
113 C ALSO FILL IN ID 
114 
115 DO LOOP1A 1=0.9 
116 M=(77B.SHL.6*1) 
117 IF((M.INT.NDATA).NE.OI 11=1 
118 IF((H.JNT.IG0B(S5I).NE.O) IB=1 
119 LOOP IA CONTINUE 
120 KFOUT=NDATA.UN.(IRF.SHL.6'1 I I•1 1 I 
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121 IG0B<36)=7HB0X U37 
122 1=9-12 
123 lG0B<37) = IG0Bl25) .SHL.6M 
124 IG0B(37)=IG0B(37) .UN. (NDATA.SHR.6« ( I 1-1+2) 1 
125 IG0B(38)=NDATA.SHL'.6»(I- 11+81 
126 WRITE(3,F02) NDATA.NDROP 
127 F02 FORMATmOATA FILENAME=n,Al0,2X,nDROPFILE=n.Al0) 
128 CALL DDB0IDi2HTC,l,I) 
129 CALL KEEP80CNDD80I 
130 IF(N.EQ.O) READ(2.F03I (MESUI.I=1,7) 
131 C DATA FOR TIMING ROUTINE AND INITIALIZING CALL ••• 
132 Mil)=oUFIELDn $ M(2l=nAMBJn $ Ml 31=nPOTSHAPEn $ M(4)=nC0EFn 
133 M(51=oS0URCEn S M<6)=nR0SENn $ MI7)=nPRESSUREn $ MIS I=nIONPROJn 
134 IF(N.EQ.O) CALL TIMEINIM.B.3I 
135 CALL DATAIN 
136 IFIN.GT.O) GO TO JUMP10 
137 CALL INITIAL 
138 JUMP10 CONTINUE 
139 CALL T1MEIU1 
IHO CALL UFIELD 
mi CALL TIME2U) 
142 CALL BOUNDARY 
143 CALL COEF 
144 CALL SOURCE 
145 CALL DENSITY 
146 CALL GTDIAG 
147 CALL SSTEST 
I4B CALL DTCON 
149 CALL TTYINT 
150 KSTOP=0 
151 IF(N.GE.NSTOP) KSTOP=KRECOUT=l 
152 IFISENSE SWITCH II .JUMP10B 
153 KST0P=KREC0UT=1 
154 JUMP 1 OB CONTINUE 
155 IF(N.EO.(N/N0UT)»N0UT1 KREC0UT=1 
156 IF(KSSPASS.LT.31 GO TO JUMP10A 
157 KRECOUT=I 
158 CALL RECORD 
159 CALL DATA IN 
160 IFIN.GE.NSTOP) GO TO JUMP1 1 
161 GO TO JUMPIO 
162 JUMP10A CONTINUE 
163 CALL RECORD 
164 1FIKST0P.E0.1) GO TO JUMP11 
165 CALL T1ME1121 
166 .' CALL AMBI 
167 — - CALL TIME2I2) 
168 N=N+1 
169 TIME=TIME+DTIME 
170 GO TO JUMPIO 
171 
172 ENTRY ERR(MM) 
173 KRECCUT=I $ CALL RECORD 
174 IEND=I 
175 
176 DO L00P11 1=1.8 
177 IFIMMII).E0.77BI GO TO JUMPIIA 
178 LOOP 11 1END=I 
179 JUMP11A WRITE(3.F03) (MMII 1.1 * 1.1ENDI 
180 IF(KTTYCON.EQ.O) GO TO JUMP 1 I 
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IBI CALL GOBU400B.IER.5,MBELL> 
IBS PRINT F03 , <MM(1>,1=1,[END) 
183 F03 FORMATOAIOI 
184 JUMP11 CONTINUE 
185 CALL EXITI0.1) 
186 IFIKEEP.EQ.IS GO , -0 JUMP20 
187 MU >=nFR80 DEST.n $ M(2I=NHSP $ M I 3 ) = n E T C . :P 
188 M I 4 I * 7 7 B U S EOM FLAC. FOR CHATCON 
189 CALL CHATC0N(6HALL0UT,M,IERI 
190 Ml l l=nDD80 .n $ M(2)=nFAM.n $ M(3)=NDD80 
191 I F I K E E P . E G . - l ) M(D=nDEST.n 
192 CALL CHATCON(4HFR0G.M,1ERI 
193 JUMP20 CONTINUE 
194 CALL ASSIGN12.0.NDATA.-I> 
195 C WRITE OUT ION DISTRIBUTION ••<•»•'». 
196 CALL OUTDIST 
197 CALL OFFMON 
198 GO TO RESTART 
199 END 

-27-



200 SUBROUTINE AMBI 
201 C... . KAMBI=D FIXED POTENTIAL 
205 C... 1 POTENT=EENKEV«POTRATIO 
203 USE BACOMM 
204 DAfA PMI.P0.TM1.TO/410.)/ 
205 
206 PMI=P0 $ P0*POTENT 
207 TM1=TD I T0=TIME 
208 POOT=0. S IF(TO.GT.TMl) PDOT*(P0-PM1)1(T0-TM11 
209 DPHI=PBOT«DTIl.T 
210 IFIKAMBI.EQ.O) DPHI=0. 
211 POTENT=POTENT+0PHI 
212 SCALE=PC'TENT/PHI(LZ> 
213 DO LOOP! L=1.LZ 
2m L00P1 PHI(L)*PHICL1'SCALE 
215 CALL POUNDARY 
216 CALL 1 ADVANCE 
217 CALL EADVANCE 
218 IFtKAMBI .EO. 1 ) P0TENT=EENKEVP0TRAT10 
219 CALL DENSITY 
220 OPLUS=ANUMB'DEN 
221 SCALE=QPLUS/EDEN $ DO LOOP50 J=1,JV 
222 L00P50 FE(JJ*FE<J!'SCALE 
223 CALL DENSITY 
224 JUMP100 CONTINUE 
225 WRITE(3.100) N-M.TIME+DTIME,DEN,DENL.ENKEV.EENKEV,POTENT 
226 100 F0RMAT(nN.T=o,I5.EI0.2.nSECn.5X,nDEN,L=n2E12.5,3X,nE.EE.I 
227 1 3E12.5,nKEVD) 
228 RETURN 
229 END 
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530 SUBROUTINE APPEND (NDROP • NHSP. NDD80 ) 
231 NHSP=(NDR0P.SHL.6J .UN. IRO I NDDBO= (NDROP.SHL . 12) .UN.2R00 
232 iHMD*0 
233 
234 DO L00P5 1C=1.7 
235 I«6*U0-IC) $ Il=77S.SHL.t 
23B IF(IH) JUMP2, $ IF(NHSP.INT.11) ,JUHP2 
237 1H=I 
238 MASK-<(77B. SHL. 541.SHR.54I -(7777B.SHL.11-6)) 
239 NHSP=NHSP.1 NT.MASK 
240 NHSP'NHSP.UN.(2RHH.SHL.(S»(9-1C)> > 
241 JUMP2 [FC10) L00P5. $ IF(NDD80.INT.I I 1 ,L00P5 
2i«2 10-1 
243 MASK-I (77B.SHL.5H) .SHR.54)- (7777B .SHL . ( 1-6) I 
244 NDDBO-NDDBO .INT. MASK 
245 NDD80-NOD80.UN.(2R0D.SHL.<6» (9-1C) )') 
246 LOOPS CONTINUE 
247 RETURN 
248 END 
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249 SUBROUTINE BOUNDARY 
550 USE BACOMM 
251 
253 DO LOOP10 J=l,JVI 
253 LOOP10 ZBOUNCE!ITH.J)=Z(I) 
254 
255 DO L00P15 1=I.ITH 
256 LOOP 15 ZBOUNCE(I,!l=Z(LZ) 
257 
258 DO L00P20 J=2,JVI 
259 DO LO0P20 1=1.ITH-1 
260 VC0SL=V2<JJ'COSSt I I >*2 
261 
262 DO L00P25 L=S,LZ 
263 VP0T2=PH1(Ll>CONV 
264 VC0S2=V2(J ) *VP0T2-PSI ID «V2( J l>S1NN( I 1* '2 
265 IFIVCOS2.GT.O.00I GO TO JUMP25 
266 ZBOUNCEI 1 . J) = Z(L I • < ZILI -Z(L- I ) I •VC0S2/ 1VCOSL-VC0S2! 
267 GO TO L00P20 
268 JUMP25 CONTINUF 
269 VC0SL=VC0S2 
270 L00P25 CONTINUE 
271 ZBOUNCEU.J>=ZlLZ>-
272 LOOP20 CONTINUE 
273 IF(KFL.EQ.O) GO TO JUMP30 
274 
275 DO L00P28 1=1.ITH 
276 L00P28 JLOSSII 1=2 
277 
278 DO L00P29 J=1.JVI 
279 L00P29 1L0SS(J>=2 
280 RETURN 
281 
282 JUMP30 CONTINUE 
283 ILOSSlI1=JTH 
284 
285 DO LOOP30 J=2.JVI 
286 DO L00P35 1=2.ITH 
287 ILOSSlJ>=I 
288 1FIZBOUNCEII.J).LT.ZlLZI> GO TO LOOP30 
289 L00P35 CONTINUE 
290 LOOP30 CONTINUE 
291 JLOSSII1=JVI 
292 
293 DO LOOP40 1=2,ITH-I 
294 DO L00P45 J=2.JVI 
295 JLOSSI I I=J 
296 IFlZBOUNCEl1,J>.LT.ZILZ)) GO TO 1 OOP40 
297 L00P45 CONTINUE 
298 LOOP40 CONTINUE 
299 JLOSSI ! rm=JL05S( I TH- 1 ) 
300 
301 00 LOOP50 1 = 1, ITH 
302 DO LO0P50 J=l.JLOSSII J-1 
303 L00P50 FII.Jl=0. 
304 RE TURN 
305 END 
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306 
307 C. 
30B C. 
309 C. 
3io c: 
311 C. 
312 c 
313 C. 3m c. 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 C 

SUBROUTINE BTERMS 
COMPUTE BDOT TERMS IF DESIRED ACCORDING TO OPTION FLAG KBDOT 
KBODTO,I=DIGIT OF KBDOT CORRESPONDING TO 0.1 POWER OF TEN 
KBDOT0=0 NO BDOT TERMS COMPUTED 

1 MIDPLANE PARABOLIC WELL VERSION 
2 COMPUTE TAU(I.J) ONLY 
3 FROM J 
4 COMPUTE TAU AND J BUT V.TDOT REMAIN ZERO 

KBDOT]=0.1 FOR EXTRAPOLATION OFF.ON 
USE BACOMM 
DIMENSION B11LZ),B2CLZ) 
DATA Tl.T2/210.)/ 
KBDOTO=MODIKBDOT,101 
T1=T2 S T2-TIME 

S KBDOTI=MODIKBDOT/10,10! 

DO LOOP10 L=I,LZ 
B1(L)=B2(L) J BB(L>=BF(L) 

LOOP10 CONTINUE 
DO LOOP20 L=l,LZ 
IF(KBDOTO.EO.UI BDOT(L)=PHI DOT 1L1=0. 
BFE(L)=BF(L) 
IF(KBDOTO.LE.01 GO TO LOOP20 
IFIT1.GE.T2) GO TO JUMP19 
BD0T(L)=(B2[L)-B1(LI1/IT2-T1I 
PHIDOT(L) = (PHI (D-PHSIL) 1/IT2-TI 1 

JUMP19 CONTINUE 
IF(KBDOTI.LE.O) GO TO LOOP20 
EXTRAPOLATION OF BF •••• 

DO LOOP30 J=1.JVI $ DO L00P30 1=1,ITH 
VOOTU ,J) = (BD0T/BFE)»V(JIM2»(BRATI0-1 )»SINN1I l"2-C0SS( I )"2>/ 
1 (4'IBRATIO-l11 

J)=(BD0T/BFE)'S1NN(I)*COSS(I)•(2'BRAT10-1)/ 

336 BFE(L)=BF(LI*BD0T(L1'DTIME 
337 PSI(L)=BFE(L>/BFE I PSI1(L1=PSI(L) 
338 PHI(L)=PH1(L>+PH!DOT(L)*OTIME 
339 LOOP20 CONTINUE 
340 BRATIO=PSI(LZ) 
341 IF (KBDOTO.GT . I I GO TO JUMP50 
342 C MIDPLANE VERSION OF BDOT TERMS ••• 
343 
344 
345 
346 
347 TDOTII 
348 1 I4MBRATI0-1 1 
349 LOOP30 CONTINUE 
350 GO TO JUMP 100 
351 
352 JUMPoU CONTINUE 
353 C. 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 

1 S PSIH(L)=SORT(PSI(L)) 

BOUNCE AVERAGE FOR V.TDOT 
CALL QVSET(0.,TAU,ITH'JVI) 
CALL QACOPYIVDOT.TAU.ITH'JViI 
CALL QACOPYlTDOT.TAU.lTH'JVI) 
CALL QAC0PY(EJ1,EJ2.ITH'JV11 
CALL 0ACOPY(EJ2.TAU.ITH'JVI) 
CALL QAC0PY(VP2.TAU.ITH*JVi> 
CALL IORBIT(Z.PSI.PH!1 
IF(KBD0T0.GT.2> GO TO JUMP60 
DO L00P55 L=1.LZ 5 CALL ORBIT'Ll 
PO L00P55 J=1.JVI $ DO L00P55 1=1, ITH 
ZB=ZBOUNCE(I.J) 
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366 IF(2B.LE.ZCL)1 GO TO L00P55 
367 TAU(I.J)=TAU<I.Jl+DTAUII.J> 
368 IF<2B.GT.ZCL*1>) GO TO LC0P55 
369 TAUU ,J)=TAUl I .Jl+EDTAUI I ,J) 
370 L00P55 CONTINUE 
371 GO TO JUMP 100 
372 JI.''1P60 CONTINUE 
373 
374 DO L00P65 L^J.LZ $ CALL ORBITCLI 
375 DO LO0P65 J=2.JVI S DO L00P65 I=I,ITH 
376 ZB=ZB0UNCE1I,J) 
377 I F ( Z B . L E . Z ' l L I ) GO TO LO0P65 
378 S=VC0SU,J> 
379 EJ2l I , J ) = E J 2 I I , J I * D T A U I I , J I 'S"S 
380 T A U ( I , J ) = T A U U . J I - » O T A U ( I . J I 
381 VP0T2=PHI(LI'CONV 
382 V P 2 < [ , J ) = V P 2 U , J H - V P 0 T 2 ' 0 T A U U . J > 
383 ( F t Z B . G T . Z l L + I I I GO TO L00P65 
384 VP0T2=VP0T2MZIL+1 )-ZB)+CONV»PHI ( L * l » * CZB-Z 1L 1 I 
385 VP0T2=VP0T2/CZIL-H 1-Z IL1) 
3B6 VPBtI,JI=VP2<l.J)+VP0T2'EDTAUII.J) 
3B7 TAU(I,J)=TAUU.J1+EDTAU1I.Jl 
38B L00P65 CONTINUE 
389 IF(KBDOTO.E0.4) GO TO JUMPIOO 
390 IF(Tl.GE.TS) GO TO JUMPIOO 
391 
392 DO L00P66 J=2.JVI $ DO L00P66 1=1.ITH 
393 S=1/CV(J)«'2"TAU(I,J)) S SI=EJ2<1.J)*S $ S2=VP2II,J)/VIJl••2 
394 EJD0T=(EJ2(I.JI-EJ1(I,J)1/IT2-T1I 
395 VDOTl I ,JJ=.5»V< J I M (1 -S I+S2 I •BD0T /BF-2 'S*EJ00T I 
3 9 6 TOOT U . J 1=0. 
397 IFICOSS(I).EQ.O.I GO TO L00P66 
398 TDOTd .J) = ISINNl I M.5/C0SS-1 I !•! CSI-S2I *BD0T/BF*2»S«EJD0T 1 
399 L00P66 CONTINUE 
400 JUMPIOO CONTINUE 
401 RETURN 
402 END 
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403 SUBROUTINE COEF 
404 C COMPUTE COLLISION OPERATOR 
405 C KFIXSS=2 OR GREATER CAUSES COEFFICIENTS TO BE EVALUATED ONCE 
40S C KlOENT=0,l TO SUPRESS DEL2 H AND DEL4 G=F IDENTITY 
407 USE BACOMM 
408 DIMENSION CC.TT01 ITH, JVI) .CCSCI TH, JVI ) 
409 EQUIVALENCE (CCTTO.CCTT), (CCS.CCT1 
410 DIMENSION GZt(O.MX)),GVZ((0.MX)),GVVZI(0,MX>) 
41 I 
412 DATA CNRUNS=0) 
413 
414 IFtM.GT.O .AND. KFIXSS.GT.I) GO TO JUMPIOO 
415 IF1NRUNS.NE.NRUNJ GO TO JUMPS 
416 IFINCOEFMN/NCOEri .EQ.N) GO TO JUMP2 
417 SCALE-DEN/DENSAVE 
418 DENSAVE'DEN 
419 IFIABSISCALE-1.001.GT.1.001 GO TO JUMP2 
420 
421 DO LOOP! t= I . ITH $ DO LOOP 1 JM.JVI 
422 CCVVC1 ,J)=CCVVll , J)'SCALE 
423 CCVTU ,JI=CCVT(],JMSCALE 
424 CCTT(I,J)=CCTT(I.J1«SCALE 
425 CCVtl,J)=CCV(I.J)»SCALE 
426 CCT(I.JI=CCT(I.J)'SCALE 
427 CCCI,J!=CCCI.JI'SCALE 
428 LOOP1 CONTINUE 
429 
430 DO L00P2 L=l,LZ 
431 ZDENIlLI=ZOENItL)«SCALE 
432 ZDENE(L)=ZOENE<L>"SCALE 
433 L00P2 CONTINUE 
434 GO TO JUMPIOO 
435 
436 JUMP2 CONTINUE 
437 CALL TIME1C4I 
438 DENSAVE=OEN $ NRUNS=NRUN 
439 
440 DO LOOP10 1=1.ITH $ DO LOOPIO J=l.JVI 
441 CCVVI1,J>=CCVTCt.J>=CCTT<I,J)=0. 
442 CCV(I,J)=CCT(1.J)=CCII.J)=0. 
443 TAUCI.Jl'O. 
444 LOOP10 CONTINUE 
445 CALL I0R6IT(Z.PS1,PH11 SSS INITIALIZE ORBIT INTEGRAL SR. 
446 
447 DO LOOP20 L=1,LZ 
448 CALL ORBIT ID 
449 IFIMIDPLANE.EQ.1 .AND. L.GT.l) GO TO LOOP20 
450 CALL TIME I(61 
451 CALL R0SEN1L) 
452 CALL TIME2(6) 
453 VP0T2=0VP0T2(L) 
454 JVZ=I 
455 
456 DO LO0P20 J=2.JVI 
457 VZ2*V2<J]*VP0T2 
458 IFCVZ2.GE.VMAXM-?) GO TO LOOP30 11$ ZERO CONTRIBUTION TO 
459 C ORBIT INTEGRAL ••••» 
460 VZI2-1./VZ2 
461 VZ*S0RT(VZ21 $ VZI-I./VZ 
462 VZ3=VZ2«VZ • $ VZ13=1.'VZ3 
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463 V24=VZ2'*2 $ VZI4=1./VZ4 
464 C INTERPOLATION TO ORBIT VELOCITY, VZ 
465 
••66 DO L00P25 JJ=JVZ,JVI-l 
467 1F<VZ.LT.V(JJ>) GO TO JUMP25 
>«6B L00P25 JVZ=JJ 
469 JUMP25 CONTINUE 
470 VRAT--MVZ-VUVZJ )*DV! ( JVZ I 
471 CVZ=CV(JVZ1+VRAT*(CV(JVZ*1l -CVIJVZI) 
i+72 FFEZ=FEZ!JVZJ+VRAT»{FEZ(.JVZ< 1 1-FEZIJVZI ) 
473 
474 DO LOOP30 M=0,MX 
475 GZ(MI=GUVZ.M>*VRAT> IGUVZ+1 ,MI -G(JVZ,M) ) 
476 GVZCM)=GVCJVZ.MI-»VRATMGV<JVZ+I ,M> -GV( JVZ.M) ) 
477 GVVZ!M1=GVV(JVZ.M1+VRAT" 1GVVIJVZ+1 .Ml-GVV( JVZ ,M) 1 
478 LOOP30 CONTINUE 
479 
480 DO LOOP20 1=2. ITH 
481 C . . . ORBIT IS THRU V ( J ) . T H I I ) AT MIDPLANE . . . . . . . . . . . 
482 ZB=ZBOUNCEII,JI 
483 I F < Z B . L T . Z ( L I ) -.0 TO LOOP20 
484 VP=VCOS(I.J) 
485 I F ( L . G T . l ) GC TO JUMP40 
486 S INZ=S INN( I I $ S!NZ2=SINZ»«2 
487 COSZ=COSSU> $ C0SZ2=C0SZ«*2 
488 VOV=TOT=l. $ CT0T=T0T-COSS<I) 
489 V0VV=TOV=T0VV=T0VT=O. 
490 CT0V=T0VCOSSI I I $ CT0VV-^T0VV«COSSH J S CTOVT = TDVT-COSSl I I 
491 TOTT=CTOTT=0. 
492 GO TO JUMP45 
493 JUMP40 COSZ=VP'VZI $ C0SZ2=C0SZ"2 
494 SINZ2=I.-C0SZ2 $ SINZ=SQRT1ISINZ2) 
495 CUSE=AMAX1(COSSI1 I,EPSMU> 
496 TANO=SINN(Il/CUSE 
497 VOV=VZ»VIIJ) $ V0VV=-VPGT2'V13IJ1 
498 T0V=-TAN0»VPOT2»VZI»VI2<J) 
499 T0VV=VZI»T0VMVP0T2'VI2(J)MTAN0"2-1 .1-3.1 
500 T0T=TAN0'C0SZ/SINZ I CT0T=CUSE'T0T 
501 TOVT=-T0T«VZI«VPOT2"VI2UWCUSE»*2 
502 CT0V=T0VCUSE I CT0VV=T0VV»CU5E I CT0VT=T0VT»CUSE 
503 TOTT = T A N 0 M T 0 T " 2 - l . 1 $ CT0TT=CUSE'T0TT 
504 JUMP45 CONTINUE 
505 CALL GPLEG1(COSZ1 $$$ OBTAINS PLEG<M) .DPLEGIMI .DDPLEGIM) ••••• > 
506 C . . . GG, GGV ETC. AhE ROSENBLUTH POTENTIAL AND DERIVATIVES AT ORBIT VELOCITY 
507 C AT Z(L) •• 
<508 GGV=GGVV=GGM=GGMH=GGVM=0. 
509 
510 DO L00P45 M=0.MX 
511 GGV=GGV»GVZ(M1'PLEG12'M) 
512 GGVV*GGVV*GVVZ(MJ«PLEG(2*MI 
513 GGM=GGM*GZIMI'DPLEGC2»M) 
514 GGMM=GGMM»GZ(M1»DDPLEG12*M> 
515 GGVM=GGVM*GVZCM>*DPLEG(2'MI 
516 L0OP45 CONTINUE 
517 GGT=-SINZ-GGM • 
518 GGTT = -C0SZ*GGM*SINZ2'GGMM 
519 GGVT=-SINZ'GGVM 
520 C CALCULATE ION COEFFICIENTS FOR ORBIT VELOCITY AT ? "•• 
521 AAVV=.5'GAMMA»GGVV 
522 AAVT=GAMMA»(VZI2'GGVr-'vZI3'GGn 
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523 AATT=.5'GAMMAMVZI4*GGTT*VZI3»GGV) 
524 AAV=GAMMA» I .5*VZI3-GGTT- . 5'\IZ I3"C0SZ»GGM+VZ I2>GGV+CVZ i 
555 AAT=GAMMAM-VZI4'.5*(2.-C0SZ2>'GGM/SINZ-VZI3"GGVT» 
536 & .5»VZI3'C0SZ'GGV/SINZ> 
527 FUSE=F(I,JI 
528 IF(KIDENT.EQ.O) GO TO JUMP46 
529 FUSE=0. ' 
530 
531 DO L00P46 M=0,MX 
532 AFM=ALEG(JVZ,M1*VRATMALEG<JVZ-H,M)-ALEGCJVZ.M)I 
533 L00P46 FUSE=FUSE-»AFM«PLEGC2»M1 
534 JUMP46 CONTINUE 
535 AA=4.«PI»GAMMA«(GAM4«ANUMB[2'CLOGIE,FFEZ+CL0G!1-FUSE) 
536 BBW=V0V»2»AAVV 
537 BBVT=2. »VOV»TOV»AAVV+T0T'VOVAAVT 
538 BBTT = T0V"2»AAVV + T3T'T0V>AAVTtT0T'*2'AATT 
539 BBV=VOVAAVtVOVV»AAVV 
540 BBS=CT0V»AAV+CT0T»AAT*CT0VV»AAVV*CTOVT'AAV!-t-CTOTT»AATT 
541 BSMAG=.5'SINN( I IMBDOTILl ' S I N N ! I >»«2-BD0T< I I W S F I 11 
542 BB=AA 
543 CCVVl I ,J I=CCVV( I ,J ] *DTAU( I ,J1«BBVV 
544 CCVTU ,J)=CCVTI I ,J)+DTAUt I ,J)«BBVT 
545 CCTT( I ,J)=CCTTt I .JJ+DTAUI I .J l 'BBTT 
5 4 6 . CCV( I ,J )=CCV[1.J I+OTAUI I .J ) -BBV 
547 CCS( I , J )=CCS( I , J )+DTAUI1 ,J I *BBS 
54B C C ( I , J 1 = C C I I . J 1 + D T A U I I , J I » B B 
549 TALK I , J ) = T A U ( I , J ) + D T A U ( 1 , J I 
550 IF<ZB.GT.Z(L+1)) GO TO LOOP20 
551 C EVALUATION AT BOUNCE POINT .»•».«.. 
552 [FCMIDPLANE.EQ.1> GO TO LO0P20 
553 COSZ=COSZ2=0. $ SINZ=SINZ2=1. 
554 T0T=CT0T=T0VT=CT0VT=0. 
555 CTOTT=-SINNCI> 
556 BBVT=2.'V0V«T0V'AAVV+T0T»V0V»AAVT 
557 BBTT=T0V«»2»AAVV+T0T«T0V»AAVT+T0T«»2'AATT 
55B BBV=VOV»AAV+VOVV«AAVV 
559 BBS=CT0VAAy*CT0T'AAT*CT0VV»AAVV*CT0VT'AAVT+CT0TT»AATT 
560 BB=AA 
561 CCVVl I .J1=CCVV( I ,J ) *EOTAUU.J I 'BBVV 
562 CCVTI I ,J )=CCVT( I ,J )»EDTAU(1 .J I 'BBVT 
563 CCTT1 I.J>=CCTTCI,J>+EDTAU< I .JMBBTT 
564 CCV( I .JJ=CCVI I ,J I *EDTAU<I ,J )»BBV 
565 CCSC [ ,J1=CCSU .J1«EDTAU( 1 . J l 'BBS 
566 CCl 1 ,J)=CC( I ,JH-EDTAU< I.J)»BB 
567 TAUCI,J)=TAU(I,Jl+EOTAUII,J> 
568 LOOP20 CONTINUE 
569 
570 00 L00P52 J=I,JVI S 00 L00P52 I*1,ITH 
571 TAUI=I. I IFITAUII.Jl.GT.O.OO) TAUI=1./TAU1I.Jl 
572 CCVVU,Jl=CCVVU,Jl»TAUt 
573 CCVTII.Jl-CCVT!I,J)'TAU! 
574 CCTTII,J)=CCTT(I,J)*TAUI 
575 CCVII , J!»CCV! I .JMTAUI 
576 CCSII ,J)*CCStl ,J)*TAUI 
577 CCl I ,J)=CC( 1 .JMTAUI 
573 IF(KFL.EO.O) GO TO L00P52 
579 IFIMIDPLANE.EQ.il TAUt=VIJl"COSSl1 I I IILZ1 
580 PARVM2=V21J!'C0SS< I 1 "2'PSI (LZ1 •CONV'PHI CLZ1-V2(J> »PSIIILZ> 
581 PFAC=0. $ ARG = -APAR2»PARVM2 
582 IFtARG.LT.10.I PFAC=1/I I*EXP<ARG)I 
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583 CCtI,J)=CC(i,JI-PFAC«TAUI 
584 L00P52 CONTINUE 
585 IFCKBUG.EQ.O .OR. N.NE .NOUT'(N/NOUT ) 1 GO TO JUMP50 
58B CALL PEEK2(OCCTT0(i.J)n,CCTT0,ITH.JVI J 
587 CALL PEEKS(OCCS(I,J)r,CCS.ITH.JVI) 
58B CALL PEEK2<nC0EF TAUII,Jin,TAU,ITH,JVII 
589 CALL PEEK2IOC0F.F ZBOUNCE [ I, Jia.ZBOUNCE, ITH, JVI) 
590 . JUMP50 CONTINUE 
591 
595 DO L00P55 JM .JVI 
593 CCTTUTH.JXCTTOI 1 TH. J) -CCS (ITH, Jl 
59H CCT(ITH,JI=0. 
595 
596 DO L00P55 1=1,ITH-1 
597 L00P55 CCT(I,JJ=CCS(I,J)/COSSII) 
598 CALL TIME2C4) 
599 JUMPI 00 CONTINUE 
600 Pi! TURN 
601 END 
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60S SUBROUTINE COULOG(L) 
603 C ASSUMES UPDATED ALEG AND FEZ*" ENERGY IN ERGS 
604 USE BACOMM 
605 OPTIMIZE 
606 
607 ZDEN-ENG=0. 
608 
609 00 LOOPIO J=I,JVI 
610 ZDEN*ZDEN+OELVtJ>*V5CJ>»ALEG(J,0) 
6JI ENG»ENG+OELV(JI«V4CJI»ALEG(J,0l 
615 LOOPIO CONTINUE 
613 IF(ZOEN.LE.O.DO) GO TO JUMP10 
614 ENG=.5'AMASS»£NG/ZDEN 
615 ZD£N«4.P1'ZDEN 
616 JUMP 10 CONTINUE 
617 ZEDEN-EENG=0. 
618 
619 DO LO0P20 J*1.JV 
620 ZEDEN=ZEDEN+DELVCJI•V2(JI'FEZ <J > 
621 EENG*EENG*DELV < J)'V4 C J >'FEZ(J) 
622 LOOP20 CONTINUE 
623 IFCZEDEN.LE.0.001 GO TO JUMP20 
624 EENG=.5'EMASS'EENG/ZEDEN 
625 ZEDEN=4.«PI"ZEDEN 
626 DEBYE=CDEB'SQRTFIEENG/ZEDEN) 
627 ENG-AMAX Kl.E-14'ENERGY, ENG) S EENG=AMAXII I.E-
628 SUPEE=ALOG(DEBYE'SQRTF12.'EENG/EMASSI) 
629 SUP!I-AL0G(DEBYE'S0RTF12.»ENG/AMASS)) 
630 SUPIE=AMAX1(SUPEE,SUP1I) 
631 CLOGEE*CONEE+SUPEE 
632 CLOGfI=CONtI*SUP[I 
633 CLOGIE=CON!E+SUPIE 
634 JUMP20 CONTINUE 
635 C STORE Z-DEP QUANTITIES 
636 ZDENI(L1=ZDEN S ZDENECL1*ZEDEN 
637 ZNRGI<L)=ENG/ERGTKEV S ZNRGE(L>=EENG/ERGTKEV 
63B RETURN 
639 END 
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640 SUBROUTINE DATA IN 
6H! USE BACOMM 
645 DIMENSION SORSCAINSOR) 
643 
644 DATA VMAX, VMAXI .GMESH.BRATI0.ZLENGTH/2.EI 0, 3.5E8, 1 . .2. .100./ 
645 DATA 0TIME/1.E-6/. DTSET/.OS,.5.1.E-l0,I.,1.1/ 
646 DATA NSTOP,NSSMAX.NOUT,NPOT.NCHEC/0.500.9999.2(1)/ 
647 DATA MAXWELL.MIDPLANE/210)/ 
648 DATA KBUG.KSSPS,KTCON.KEEP.KELEC.KPOT,KI DENT.KFIXSS,KZGRID/910)/ 
649 DATA KUF,KIAD,KEAD.KAMBI,KBD0T/5<0)/ 
650 DATA POTENT, DPOTR.EENKEWO . , .005.2./, ANLOSS,TEMRATI0/2I0.)/ 
651 DATA PLTANG/2E5./. EPSSS/.01/, ZPARAB/I.E-10/, NCOEF,NEL10/2(1)/ 
652 DATA AMASS,ANUMB/3.3433E-24.1./, DEN/1.£14/ 
653 DATA ENKEV,FVS,FCOS.FTS/15..1.,0.,10./ 
654 DATA BVO, TSMESH. TMESH/ 7000 ..511.1/ 
655 DATA ZBEAM/IOD./. EPSMU/I.E-5/, TAUBEAM.SORSCA/I.E90.NSORl1.00)/ 
656 DATA KFL/O/. APAR2/1./ 
657 DATA NRUN/O/ 
659 
659 NAMELIST /NLIST/ AMASS,ANUMB.ANLOSS,APAR2, BRAT10,BRMAX,BV0, 
660 8. DEN,DBSTOP.DPOTR.DTIME,DTSET, ENKEV.EENKEV.EPSSS,EXT.ETA. 
661 8. FVS.FCOS.FTS. GMESH, 
662 8. KBUG. KSSPS .KTCON. KEEP, KELEC, KPOT . KF I XSS, KI DENT , KZGR ID. 
663 & KSOURCE.KFL.KEAD,KIAD,KUF,KAMB!,KBDOT,KFOUT, 
664 ft MAXWELL.MIDPLANE, NSTOP.NSSMAX.NOUT.NPOT.NSET, 
665 8. NCOEF.NCHEC.NSSMAX.NEL10. 
666 & POTENT.PLTANG.PMESH.PSI, 
667 & SENKEV,SVS.STS.SJCOS,SJCUR,SJI,SJCX.SORSCA. 
668 8. TEMRAT 10.TSMESH, TMESH,TAUBEAM. 
669 &VMAX.VM«XI. ZLENGTH.ZBEAM.Z. ZPARAB 
670 
671 NRUN=NRUN+1 $ IF(NRUN.GT.101 NRUN=1 
672 LUDATA=2 
673 IFIKTTYCON.EQ.1 .AND. KSSPS.EQ.P LUDATA=59 
674 IKfLUDATA.EQ.59) CALL GOB(1400B.I.3.MBELL(3)) 
675 IFILUDATA.EQ.59) PRINT FTTY 
676 FTTY FORMATIONAMELIST INPUT?nl 
677 INPUT DATA NLIST, LUDATA, 3 
678 IF(NOUT.C-T.NMQ) NOUT= 1 00* (NMQ/1 00) 
679 IF(NOUT.LE.O) NOUT=l 
580 IF(NCHEC.LE.O) NCHEC=1+NSTOP/NMQ 
6B1 IF(N.GT.O) GO TO JUMPI 
685 
683 C DEFAULTS 
684 IFCBRMAX.LE.BRATIO) 8RMAX=BRATI0 
685 IF1MAXWELL.EO.0I GO TO JUMPI 
686 IFCTEMRATIO.EQ.0.00) TEMRAT10=EENKEV/ENKEV 
687 EENKEV=ENKEVTEMRAT10 S ETEMP=EENKEV/1.5 
688 IF(ANLOSS.EQ.O.OO) ANLOSS=EXP(-POTENT/ETEMPI 
6B9 POTRAT10=AMAXl10.00.-ALOGIANLOSS)/1.51 $$$ SET POTENT'EENKEV 
690 POTENT^EENKEVPOTRATIO 
691 
692 JUMPI CONTINUE 
693 EENEKGY=EENKEVERGTKEV . ISS CONVERSION FROM KEV TO ERGS'" 
694 ETEMP=5.'THIRD«EENKEV 
695 ENERGY=ENKEVCRGTKEV 
696 
697 C WRITE OUT IN IT IAL D A T A * " " 
698 CALL FRAME 
699 CALL SETCHU . , 4 2 . , 0 . 0 . I .01 
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700 
701 DO LOOP10 K0=3.100.97 
702 CALL HEADER(KOI. 
703 I = ITH $ JI=JVI $ J=JV I M=KX $ L=LZ 
704 WRITE(KO.F01I I.JI.J 
705 FOI FORMAT I//oCOMPILED PARAMETERSn/n]TH=n,I3,5X.nJVI=n.I3,5X,DJV=n. 14) 
706 URITE(K0.F02J M,L,NS0R,ITHS 
707 F02 F0RMAT(nMX=o,I2,5X.nLZ=D,I3.3X,nNS0R,ITHS=n.2I4> 
708 WRITEIKO.FAAI IMESII>,1=1,7) 
709 FAA FORMATI/8A101 
710 IFIN.EO.OI WRITE(KO.a(/,'ntiINITIAL DATAaoia) 
711 IFCN.GT.O) NRITEIKO.nu/aoRESTART N=oo,16)D) N 
712 WRITEIKO.F05I IS F05 FORMAT(/ /a'•• GRID PARAMETERS •••n) 
713 WRITEIKO.F06) VMAX,VMAXI,GMESH,TMESH 
7 m F06 F0RMATl/nvMAX=n,E12.5.2X,nVMAXI=n,EI2.5,2X,cGMESH,TMESH=n,2F7.41 
715 WRITECKO.F07) BRAT10.BRMAX ,BVO,ZLENGTH 
716 F07 F0RMATIoBRATI0.BRMAX,BVD=D.2F10.5.EI2.5/nZLENGTH=D.F10.3l 
717 WRITE(K0,F08) KZGR1D.ZPARAB.PMESH 
718 FOB FORMATlaKZGRID=n,I2.3X.nZPARAB=n,ElI.4,2X.nPMESH=n,F6.4) 
719 IF(KZGRID.EO.OI GO TO JUMP5 
720 
721 DO L00P5 L=I,LZ 
722 WRITECKO.F091 L,Z(L),PS1(L) 
723 F09 FORMATCnL=D.J3.5X.OZ=n,F]0.4,3X.nPSI=n,F10.6> 
724 IF1PSML1 .LT.0.51 GO TO JUMP5 
725 L00P5 CONTINUE 
726 JUMP5 CONTINUE 
727 WRITECKO.F10J IS FIO F0RMAT(n|»»- TIME STEP CONTROL •••n) 
728 URITECKO.FI11 DTIME.EPSSS.KSSPS.KTCON 
729 Fl1 FORMAT(/oDTIME=o,E12.5,3X.nEPSSS=n,F7.5,3X,DKSSPS.KTC0N=n.2l2) 
730 WRITE(K0,F121 (I,NSETI I 1,DTSET(11,1 = 1.51 
731 F12 FORMATl/n I NSETD.5X.nDTSETn/cIX,12.I X.14.3X.EI2.5)I 
732 WR1TECK0.F2D1 IS F20 FORMAT(/ / " " • FLAGS AND PARAMETERS •••nl 
733 WRITEIK0.F211 NSTOP.NSSMAX,N0UT.NCHEC.NCOEF.NELIO.PLTANG 
734 F21 FORMAT(/UNSTOP,NSSMAX=n.2[5.5X,aNOUT,NCHEC,NCOEF,NEL10=n,4 15/ 
735 1 nPLTANG=n,F7.1) 
736 WRITEIK0.F22) KEEP.KBUG 
737 F22 F0RMAT(nKEEP.KBUG=n.4[2) 
738 WRITEIK0.F231 KELEC.KPOT,KFIXSS.KIDENT.KSOURCE 
739 F23 FORMAT(nKELEC.KP0T.KFtXSS.K[DENT,KSOURCE«n,512) 
740 WR1TEIKO.F23A) KUF.KBDOT.K1AD.KEAD.KAMBI 
741 F23A F6RMATlnKUF.KBD0T=n.2I3/nKlAD.KEAD,KAMBI=n,3I2) 
742 WR1TECK0.F251 MAXWELL 
743 F25 FORMAT(aMAXWELL=D,121 
744 WR1TEIK0.F26) MIDPLANE 
745 F26 FORMAT(DM!DPLANE=o,12) 
746 WR1TECK0.F27I NBOT,ANLOSS.TEMRAT10,POTENT.ETA 
747 F27" F0RMAT(nNP0T=n,I2/nANL0SS-n.EI2.5.2X,nTEMRATI0=a,E12.5.3X. 
748 1 oP0TENT,ETA=a,2F8.41 
749 " WR1TECK0.F28I KFL.APAR2 
750 F28 F0RMAT(nKFL.APAR2=n,12,E12.51 
751 _ WR1TEIK0.F291 DBSTOP 
752 F29 F0RMAT(nDBST0P=n,F7.5.n BETA CUTOFF RELATIVE TO BETAMAXn) 
753 .WRITEIKO.F401 SS F40 FORMAT(nl««. INITIAL DISTRIBUTIONS " » m 
754 WR1TEIK0.F4II EENKEV 
"?55 F41 FORMAT(/n£LECTRON ENERGY, EENKEV^a,E12.5,a KE \ B I 
756 ,WRITE(K0,F42) AMASS,ANUMB 
757 F42 FORMAT I/O ION MASS, AMASS=U,E16.6.U CRAMSn, 
758 I 5X.aANUMB^n.F5.3l 
759 WRITEIK0.F43) DEN.ENKEV.FV5.FC0S.FTS 
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760 F43 F0RMAT(o0EN=o,E12.5,ax.D10N ENERGY, ENKEV=n,Eia.5.n KEVn/ 
761 1 nFVS,FC0S.FTS=o,3Eia.51 
763 WRITEIK0,F44> KFIN.KFOUT 
763 F44 F0RMATCnKF(N=n,Al0.3X,oKF0UT=n,A10) 
764 WRtTE(KO,F60) S$ F60 FORMAT (//n»" SOURCE PARAMETERS »"n) 
765 WRITE(KO,F60A> TSMESH.ZBEAM.TAUBEAM 
766 F50A F0RMAT</DTSMESH=n.Eia.5.n ZBEAM=n.F8.3,nCMn,3X,nTAUBEAM=n,Eia.5) 
767 WRITECKO.F60BI 
76B FSOB FORMATW/oSOURCEn/uNUMBERnl 
769 WRITECK0.F61) ~ 
770 F61 FORMAT(/o On ,5X,nSENKEVn, IOX, nSJCOSn ,5X.BSVSn. lax.nSTSn ) 
771 
773 DO L00P63 NS=1.NSOR 
773 NRITE(K0,F6ei NS.SENKEV(NS).SJCOSINS),SVS(NSI,STS<NSI 
774 F6a FORMAT(lX.ia,F10.3,n KEVn.2X,F10.6,E13 5.Fia.3) 
775 L00P6a CONTINUE 
776 WR1TEIK0.F63I 
777 F63 FORMATt/n 0n,4X,nSJCURD.8X,nSJ|n,1IX.nSJCXa) 
778 
779 DO L00P64 NS=1.NS0R 
780 WRITE<K0,F64) NS.SJCURI NSI .SJI CNS1 .SJCXINS! 
781 F54 FORMAT(lX.ia,3E13.5) 
783 L00P64 CONTINUE 
783 LOOP10 CONTINUE 
7B4 
785 00 L00P66 NS=1.NS0R 
786 SJCURINS)=SJCUR(NS)*S0RSCA(NS) 
787 SJMN5)=SJI(NS>'S0RSCA(NS> $ SJCXINS) =SJCX(NS) 'SORSCA INS) 
78B L00P66 CONTINUE 
789 
790 DO L00P67 K0=3.100,97 S DO L00P67 NS=1.NSOR 
791 IF(SORSCACNS).EQ.l.OO) GO TO L00P67 
793 WR1TEIK0.F67) NS.SORSCAtNS) 
793 F67 FORMAT(//aSOURCEn.l3,o RESCALED W S0RSCA=n,Eie.5) 
794 WRITEtK0,F63) 
795 WRITE(K0,F64) NS.SJCUR(NS),SJI(NS!,SJCXINS) 
796 L00P67 CONTINUE 
797 
798 00 L00P69 NS=1.NSOR 
799 L00P69 SORSCAINS)=1.00 
800 
801 C DATA CHECK*" 
80S IFIVMAXI.GT.VMAX) CALL ERRlnBAD INPUT in) 
803 lFIVMAXI.LT.1.E4) CALL ERRlnBAD INPUTan) 
804 IFIOEN.LT.100.) CALL ERRinDEN NEAR ZERO INITIALS! 
e05 IF(POTENT.LT.O.OO) CALL ERRCnPOTENT.LT.0.00 INTITIALnl 
806 
807 CALL EMPTY(3) 
908 RETURN 
809 END 
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BIO FUNCTION DENFPZ(PHI I,L> 
811 USE BACOMM 
812 REAL MUR.LAM 
813 
8m EVALI(MU.SO)=.5*(MU»SQ+(l.-LAM)«ALOG(MU*SO)I 
815 HEVAL(HU,SQ)=EVALI(MU.SQ)-MU»SQ 
816 
817 DENFPZ=0. $ IF(L.GE.LZ) RETURN 
818 VP0T2=PHII«C0NV 
819 SUM=0. 
820 
821 DO L00P22 J=2,JV1 
822 LAM=<V2!J)+VP0T2)/<PSI (D»V2(J) ) 
823 IF(LAM.LT.l.OO) GO TO JUMP22 
824 C LAM GE TO ONE ... NO IONS AT THIS VELOCITY ARE REFLECTED 
825 SUMMU=-.5»F(ITH.J)'0C0SS(ITH-1) 
826 
827 DO L00P21 I M L O S S I J I . ITH- I 
828 L00P21 5UMMU=SUMMU-.5«F(i.J)MC0SS( I-M1-COSSI I - I i I 
829 SUMMU=SUMMU*SQRTI LAM I 
830 GO TO JUMP26 
831 JUMP22 CONTINUE 
832 MUR=0. 
833 IF(1.-LAM.GT.0.00) MUR=SQRTI(I.-LAM) 
631 1R=JTH 
835 IF(MUR.EQ.O.GO) GO TO ENDSEARCH 
836 
837 DO L00P24 I 1 = 1,ITH-1 
838 1 = ITH-11 
P3S IF(COSSd) .GT.MUR) GO TO ENDSEARCh 
840 IR=! 
841 L00P24 CONTINUE 
842 GO TO L00P22 
843 ENDSEARCH CONTINUE 
844 IL=ILOSS(J>-| 
845 IF(IL.GE.IR) GO TO L00P22 
846 SQ=0. 
847 IF(MUR"2-I .•LAM.GT.0.00) SQ=SQRT I (MUR"2-1 .+LAMI 
848 SUMMU=0. 
849 IFCMUR+SQ.LT.1.E-10) GO TO JUMP24 
850 SUMMU=-FtlR-l,J)»SQ-((F(IR,JI-F(IR-l,J))'OCOSSI(IR-l I )• 
851 «. (EVAL1(MUR.SQJ-COSSIIR-I>*SO) 
852 JUMP24 CONTINUE 
853 S0=SQRTI(C0SSIIL)"2-1.*LAM1 
854 SUMMU=SUMMU+F(IL.J>*SQ* 
855 & ( < F < I L + 1 , J ) - F ( I L . J ) I ' O C O S S I ( I D ) « H E V A L C C O S S ! I D , S Q I 
856 
857 DO L00P26 I = I L * I . I R - 1 
858 SQ=SQRTI (C0SS( I I *»2 - I . •LAM) 
859 SUMMU=SUMMU+HEVAL(COSS(lI,SO)* I ( F ( I + I . J ) - F 1 1 , J l J - O C O S S I ( I I -
860 8. ( F ( I . J ) - F ( I - l , J ) ) « D C O S S K I - l ) I 
861 L00P26 CONTINUE 
862 JUMP26 CONTINUE 
853 SUM=SUM+DELV(J)»V2(J)>SUMMU 
864 L00P22 CONTINUE 
865 DENFPZ=4.»PI*PS1H(LI'SUM 
866 RETURN 
867 
868 ENTRY EDENFPZ(PHI I.D 
869 DENFPZ=0. $ IFIPHII.GE.POTENT) RETURN 

-41-



870 VM2=EC0NV« POTENT I VPa=ECONVPHII $ FACT I=PS I<L ) /PS I<LZ) 
871 SUM=0. 
87S 
873 DO LOOP30 J=l,JV 
87H FACT=V2UI-VP2 
875 IFCrACT.LE.O.OO) GO TO LOOP30 
876 IFCV3IJ1.GT.VM2) FACT=FACT+FACTI•(VM2-V2CJ)) 
877 SUM=SUM*DELV(J>»V(J)'FE<J)«SORTI(FACT) 
878 L00P30 CONTINUE 
879 IFtL.EQ.I) ERAT=ANUMB»DEN/SUM 
880 DENFPZ=ERAT»SUM 
881 RETURN 
882 END 
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883 SUBROUTINE OENSITY 
884 C OBTAIN ENERGY AND DENSITY OF IONS AND ELECTRONS 
885 C DEN.EDEN=ION.ELECTRON DENSITY AT MIDPLANE 
886 C OENL.EDENL»!OM,ELECTRON LINE OENSITY 
887 C ENERGY.EENERGYMON,ELECTRON ENERGY [N KEV 
888 C ETEMP=ELECTRON TEMPERATURE IN KEV 
8B9 USE BACOMM 
890 OPTIMIZE 
891 
892 DEN=ENERGY=0. 
893 DENL=0. 
894 
895 DO LOOPIO J=l,JV1 
896 SUMU=.5«C0SS<ITH-1)«»2»FtITH.JI'TAUIITH,J J 
897 SUMI=.5'C0SS(ITH-1>«FI1TH,J) 
89B 
899 DO LOOPll 1=2,ITH-I 
900 SUMU=SUMU+.5*CC0SS(I-II "2-C0SS(1•I)*•?)*FII,J)'TAUtI,Ji 
901 LOOPll SUMI=SUMI+.5"(C0SS(1-11-COSSI1 + 11)»FI I,J) 
902 DEN=DEN-DELV(J!»V2(JI«SUMI 
903 DENL=DENL*OELVIJ)*V3IJI•.5»SUMU 
904 ENERGY=ENERGY*DEL V t JI• V4 (JI•SUMI 
905 LOOPIO CONTINUE 
906 
907 [FCDEN.LE.0.001 CALL ERRIODEN LT ZERO DENSlTYo) 
908 ENERGY*.5'AMASS*ENERGY/DEN 
909 ENKEV=ENERGY/ERGTKEV 
910 OEN=4.*PI'0F.N 
911 DENL=B.»PI'DENL-BVO/BO 
912 IFCMIDPLANE.EO.il OENL=DEN'Z<LZI 
913 
914 EDCN=EOENL=EENERGY=D. 
915 
916 DO LOOP20 J=1,JV 
917 EDEN=EDEN+DELV(J)«V2(J)'FE(J) 
918 EDENL=EDENL+DELV(J)»FE(J >"VIJI»ETAU <J) 
919 EENERGY=EENERGY+DELVUfV4<Jl*FE<J) 
920 LOOP20 CONTINUE 
921 
922 IF(EDEN.LE.O.OO) CALL ERRCOEDEN LT ZERO DENSlTYnl 
923 EENERGY=.5-EMASS'EENERGY/EDEN 
924 EENKEV=EENERGY/ERGTKEV $ ETEMP=2."THlRD'EENKEV 
925 E0EN=4.»PI-EDEN 
926 EDENL=EDENL'8'PI'BV0/B0 
927 IFlMIDPLANE.EO.il EDENL=EDEN«ZILZ> 
928 
929 RETURN 
930 END 
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931 
93S 
933 
934 
935 
936 
937 
938 
939 
94 0 
941 
945 
943 
944 
945 
946 
947 
9HB 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 
961 
968 

C . c.. c. c.. c. c.. c. c. 

SUBROUTINE DTCON 
CONTROL TIME STEP 
KTCON-0 SET DTIME-DTSETU ) WHEN N=NSET(I) 

*l SET OTIME FROM CHARACTERISTIC TIME,TAUC 
IF KTCON IS SET TO 1 THEN DTSET IS DEFINED AS FOLLOWS: 
DTSETdl-FRACTION OF TAUC, CHARACTERISTIC TIME, DTIME IS SET TO 

S SUBSEQUENT REDUCTION FACTOR WHEN KSSPASS IS S 
DTSET(3,4I=MINUMUM,MAXIMUM DTIME ALLOWED 
OTSET(5)-EXPANSION RATE FACTOR DTIME IS ALLOWED 
USE BACOMM 
S=ABS(BDOT( l )J /BF( I ) 
TAUMAG=I.E90 S IF(S.GT.O.OO) TAUMAG=US 

C TAU1I,DRAG COMPUTED INSR. ROSEN 
C TAUSRC COMPUTED IN 50URCE 

TAUC=AMIN1(TAU11,TAUDRAGI 
IF(KTCON.GT.O) GO TO JUMPIO 
lF(N.LE.O) GO TO JUMP100 
DO LO0P5 1=1,5 

L00P5 IF(N.EQ.NSETd) ] DTIME=DTSET ( I ) 
GO TO JUMP I 00 

JUMPIO CONTINUE 
S=DTIME«DTSET(5) S DTIME=TAUC»DTSET(1) 
DTIME=AMAX1(DTIME.DTSET(3>J $ DT]ME=AM1NI(DTIME.DTSET(4)) 
DTIME=AM1N1(DTIME..a'TAUSRC) 
IF(KSSPASS.GE.2> DTIME=DTIME*DTSET(S) S DTIME=AMINl(DTIME,S) 

JUMP 100 CONTINUE 
IF(DTIME.LE.O.) CALL ERRlnZERO TIME STEP DTCONoJ 
RETURN 
END 

-44-



963 
964 C. 
965 C. 
966 C. 
967 C. 
968 C. 
969 C. 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 C. 
980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
.995 
996 
997 
998 
999 
100Q 
100 I 
1002 
1003 C.. 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
1011 

SUBROUTINE EADVANCE 
ADVANCE ELECTRONS TO TIME+DTIME 
KEAD=0 FORMERLY FOR FP OF ELECTRONS; NOW DOES NOTHING 
KEAD=1 RATE EQUATION ON ELECTRON ENERGY 
KEAD=2 ELECTRON ENERGY SET TO RATIO OF ION ENERGY 
KEAD=3 FIXED ELECTRONS 
FOR KEAD NON ZERO ELECTRON DENSITY SET TO ION DENSITY 
USE BACOMM 

IFIKEAD.GE.31 
IF(KEAD.GT.O) 
GO TO JUMP100 

GO TO JUMP64 
GO TO JUMP50 

JUMP50 CONTINUE 
GO TO (JUMP51.JUMP52) .KEAD 

JUMB5I CONTINUE 
RATE EQN FOR ELECTRON TEMPERATURE 
El-EENKEV $ D1=DEN $ YI=D1«EI 
EEX=3.0761E-37'CL0G!E0'ANUMB"2/ AMASS 
EEX=EEX«DI«(ENKEV-E1 \l (SORT (E 1 +EMASS»ENKEW AMASS I "31 
CALL DENSITY 
D2=DEN 
END0T=SCUR-tD2-DIl/DTIME 
A=-ETA'END0T»2"THIRD/0I 
8=.5*<D1*D2)«EEX 
Y2=Y I • (1 + 1 • . 5»DT IME ) *DT I ME *B 
Y2=Y2/U-A'.5'DT1ME> 
EEN<EV=Y2/D2 $ EENERGY^EENKEVERGTKEV 
GO TO JUMP60 

C ELECTRON ENERGY AT FIXED RATIO TO ION ENERGY 
JUMP52 CONTINUE 

CALL DENSITY 
EENERGY=ENERGY * TEMRA T10 

JUMP60 CONTINUE 
C RECONTSRUCT FE FROM NEW ENERGY ••••• 

EVMULT=.75*EMASS/EENERGY 

DO LOOP60 J=l,JV 
L00P60 FEIJ1=EXP(-EVMULT•V2(J)I 
JUMP64 CONTINUE 

. RESCALE SO ELECTRON DENSITY SATISFIES CHARGE NEUTRALITY 
CALL DENSITY 
SCALE=ANUMB'DEN/EDEN 

DO L00P61 J=l.JV 
L00P6I FECJ>=FECJ!*SCALE 
JUMP100 CONTINUE 

RETURN 
END 
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iOI5 SUBROUTINE ECOEF1LI 
1013 RETURN 
1014 END 
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1015 SUBROUTINE EMOMENTS(L) 
1016 C MOMENTS OF ELECTRON DIST. AT Z 
1017 USE BACOMM 
1018 OPTIMIZE 
1019 
1050 DO LOOP10 J=l,JV 
1 OS 1 F E Z ( J I = E C M (JI=EQNNIJ)=EQEE(J1=0. 
1055 LOOP10 CONTINUE 
1053 IF<MAXWELL.LE.01 GO TO JUMP50 
1054 SCALE=PRDEN(L1/PRDENCI1 
1055 
1056 DO LOOP 15 J=I,JV 
1057 L00P15 FEZ(J)=SCALE-FECJ) 
1028 GO TO JUMP30 
1059 JUMP50 CONTINUE 
1030 C OBTAIN FEZ(J) FROM ELECTRON ORBIT EQUATIONS*• " *•• 
1031 EVP0T2=PHI(L>*EC0NV 
1032 IF(EVPOTS.GT.O.OO) GO TO JUMP25 
1033 
1034 DO LOOP50 J=l,JV 
1035 LOOPSO FEZ(J)=FE<J) 
1036 GO TO JUMP30 
ID37 JUMP25 CONTINUE 
1038 
1039 DO L00P25 J=l,JV 
1040 V0=SQRT(V2(J)+EVPOT2) 
1041 IFCV0.GE.VMAX1 GO TO JUMP30 
1045 JO=INTERP(VO! 
1043 FEZ(J)=FE(J01*(FE(J0»1)-FE(JO 1)•(VO-V(JO)1-DVI(JO I 
1044 L00PS5 CONTINUE 
1045 JUMP30 CONTINUE 
1046 
1047 DO LOOP30 JJ=1,JV-1 
1048 J=JV-JJ 
1049 E0MM(J)=E0MM(J*1) • .25* (FEZ (J 1+FEZIJ-M)1•IV2(J+I) - V2(Jl) 
1050 LOOP30 CONTINUE 
1051 
1055 DO LOOP40 J=1.JV-1 
1053 FBAR=.5'(FEZ(J)+FEZ(J+11) 
1054 EQNNCJ-H >=EQNN(J)*FBAR»TH1RDMV3IJ-H ) - V 3 ( J I > 
1055 E0EE(J»n=EQEEtJ)+FBAR».5»(V5(J+l I-V5IJ1 ) 
1056 LOOP40 CONTINUE 
1057 
1058 DO LO0P50 J=2,JV 
1059 EQMMIJ1=VI2(J)»E0MM(J) 
1060 E0NN(J1=VI3(J)»E0NN(J) 
1061 EOEEIJ)=VI5(J)'E0EEIJ) 
1062 LOOP50 CONTINUE 
1063 RETURN 
1064 END 
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1065 SUBROUTINE EORBITlLi 
1066 RETURN 
1067 END 
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1068 
1069 
1070 
1071 
107? 
1073 
I07N 
1075 
1076 
1077 
1078 
1079 
1080 
1081 
1082 
1083 
1084 
1085 
1086 
1087 
10BB 
10B9 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 
1098 
1099 
1100 
1101 
110? 
1103 
MOM 
I 105 
1106 
1107 
I 108 
I 109 
1 110 
1111 ma 
1 113 
1 I1H 
1 1 15 
I 116 
! 117 
I I 18 
I 1 19 
1 ISO 
1121 
1!22 

SUBROUTINE GETR<GMESH,N,R> 
C THIS ROUTINE DETERMINES GEOM. GRID RATIO, R. FROM INPUT GMESH.N 
C N=TOTAL NUMBER OF GRID POINTS 
C GMESH=LEFTMOST MESH SPACING/EVEN SPACING 
C R IS SUCH THAT DX(J+l)=R»DXCJ) WILL GENERATE DESIRED GRID 
C GMESH 1AYBE GREATER THAN I.00 

IFCN.LE.2) RETURN 
T=l./GMESH 
WRITEC3.F10) GMESH,T,N 

FIO FORMATIn] GETR OUTPUTn/aGMESH,T=n,2E22.13,n N=n,|5,//5X) 
RB1=2.»tT-l.)/(N-2> 
R=Rt=l.+RB1 
IF(N.EQ.31 RETURN 
IFtGMESH.GT.1.001 GO TO JUMPI 
IFC(N-31«RB!/3. .LT. 0.1 ) GO TO JUMP! 
R2=( CN-1 )'(T-I . )*1 . I'M I ./ I N-l I ) 
R2=AMIN1IRI .R2I 
R3»T«M1 . / (N-21 ) 
T 2 = ( R 2 ' M N - 1 1-1 . I M ( N - l I M R S - 1 . I I 
T 3 = C R 3 » « ( N - 1 1 - 1 . 1 / I ( N - l ) • ( R 3 - I . M 
R=R3+IR2-R3)MT-T3I/(T2-T31 

JUMPI CONTINUE 
C 

KOUNT=KPASS=0 

JUMP5 CONTINUE 
KOUNT=KOUNT*I 
GI = I . S GIP=GIPP=0. 
F=FP=FPP=0. 

DO LOOPIO 1=0.N-2 
F=F+GI 
FP=FP*GIP 
FPP=FPP+GIPP 
G1PP=2.'GIP+R»GIPP 
G1P=GI+R«GIP 
G1=R«GI 

LOOP:O CONTINUE 
F=F/fN-l> $ FP=FP/(N-]> S FPP=FPP/CN-I> 
F=F-T 
SQ=AMAX110.,FP'-2-2.«F«FPP) 
DR=-2.*F/(FP*SQRTF(SQ)I 
K=K0UNT 
R=R*DR 
EPS=T»NM.E-1H 
IF1ABSIF1.LT.EPSI KPASS=KPASS*1 
IFIKPASS.GE.3) GO TO JUMP10 
IFIKOUNT.LT. Ml NOt50»KPASS,99)1 GO TO JUMP5 
R=GMESH=0. 
CALL ERRInGETR FAILEDn) 

JUMP 10 CONTINUE 
WR1TEI3.F15) R.F.KOUNT 

FI5 FORMATtnGETR SUCCEEDED R=n,E22.13.3X.aF=a.E22.13,3X,n[TERATIONS=n,13) 
RETURN 
END 
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1123 SUBROUTINE GPLEGOI XI 
1124 C RETURNS VALUES OF LEGENDRE POLYNOMIALS ORDER M IN PLEGIMl FOR 
1125 C . . . ARGUEMENT X •*• 
1126 USE BACOMM 
1187 OPTIMIZE 
1128 
1129 PLEGIOIM. S PLEG(1)=X 
1130 
1131 DO L00P2 M=l,2«MX-1 
1 132 PLED I MM 1 = 1 1 5 * 1 ) -X'PLEG (M J-M»PI.EG(M-1 I 1 / IM»1 I 
1133 LO0P2 CONTINUE 
1134 RETURN GPLEGO 
1135 
I 136 ENTRY GPLEGIIX) 
1137 C 1ST AND 2ND DERIVATIVES OF LEGENDRE POLYNOMIALS 
I 138 CALL GPLEGO(X) 
1139 DPLEG( 0)-ODPLEG(01=0. 
1140 DPLEG(I)=I. $ DDPLEG1!I=0. 
I 141 
1142 DO LO0P10 M=M ,2'MX-l 
I 143 DPLEGIM+1>=(2»M*I)TLEG(Ml*DPLEG(M-I) 
I 144 DDPLEGIM+1l = (2'M+l)-DPLEGIMI•ODPLEGtM-1 I 
1145 LOOP10 CONTINUE 
1146 RETURN GPLEG1 
1147 END 
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1148 SUBROUTINE GRID 
1149 C GENERATES GRID FROM INPUT VARIABLES: GMESH,VMAXI,VMAX.BRATIO»*' 
1150 USE BACOMM 
1 151 
1152 IFCVMAXI.GE.VMAXI CALL ERRInVMAXI.GE.VMAXP) 
1153 VII1=0. 
1154 EVEN=VMAXI/IJVI-I> 
1155 IFIGMESH.GT.1.0) GMESH=1. 
1156 V(2)=GMESH»EVEN 
1157 V(JVI)=VMAXI 
1 158 A1MESH=(V(JV1 1 - C JVI - I I »V(E1 1/ t !JV t - I I * I JV[-S) I 
1159 BIMESH=((JVI-1)"2*V(2>-V!JVI I )/ I IJVI- 1 I•IJVI-21 1 
1 160 
1161 DO LOOP10 J = 3 , J V I + 1 
116a LOOP10 V I J ) = ( J - l 1*IA1MESHMJ-11*B1MESHI 
1163 V(JVIJ=VMAX1 
1164 I F I V U V I - 1 > . G E . V U V I I 1 CALL ERRI nBAD GRIDIn) 
1165 DVI=VIJVI -H J - V I J V I I 
1166 V(JV)=VMAX 
1167 EVEN=(V(JV)-VIJVI>l/IJV-JVI) 
1168 GEMESH=DVWEVEN $ RAT=1. 
1169 CALL GETR(GEMESH,JV-JVI»1.RAT) 
1 170 
1171 DO LOOP20 J-JV1+I.JV-2 
1172 LOOP20 VIJ+1)=V<J)+RAT'(V(J)-VIJ-I1) 
1173 
1174 C-. .. TEST GRID • 
1175 
1176 DO L00P15 J=2.JV 
1177 IF(VIJ) .LE.VU-1 I ) CALL ERRlnBAD GRI02 n) 
I 178 LOOP15 CONTINUE 
1179 C CALC OF POWERS OF V(J) , DIFERENCES AND RECIPROCALS. AND O R A T " 
1180 
1181 DO LOOP30 J=l.JV 
1182 V2IJ)=VIJ>»»2 
1183 V3CJ>=V(J)«»3 
1184 V41J)=V2IJ>»*2 
I1S5 V5!JI=V2IJ)«V3(J> 
1186 L00P30 CONTINUE 
1 187 
1183 DO L00P32 J=2.JV 
1183 VI(JI=1./V1JI 
1190 VI2(J1=VI (J)"2 
1191 VI3<J!=VI IJ>"3 
1192 VI4(J)=VI2(J)"2 
1193 VI5(J)=VI2(J)»V13IJ> 
1194 L00P32 CONTINUE 
1195 VII11=VI2(1)=VI3lll=VI4(I 1 = 1.E90 
1196 
1197 DO L00P34 J=2.JV-1 
1198 DV(J)=V(J*Jl-VIJI 
1199 . DVI I J I - l . / D V U I 
1200 DELV<J) = . 5 M V 1 J * I 1-Vl .J- l 1 1 
1201 L00P34 CONTINUE 
1202 DVCI )=Vl21-V< I I 
1203 DVII 1 I = I./OVC1) 
1204 DELVl 1 > = .5MV(2J-V( ! ' I 
1205 DELV(JVI=V(JVI-V(JV-1 I 
1206 
1207 DO L0OP35 J=1,JV 
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1508 L00P35 DELVI (Jl = l ./DELVIJ) 
1209 
1210 DO L00P36 M=0,2'MX*5 
121! QRAT(1.M!=0. 
1 = 12 L0OP36 CONTINUE 
1213 
1214 DO L00P38 J=2,JVI-I 
1215 
1216 DO L00P37 M=l .4 
1217 LO0P37 QRAT(J,-M> = (V(J*1 l/VIJ] )"M 
1218 QRATIJ,0)=ALOG!V(J+I1/VUI1 
1219 
1220 DO L00P3S M=l,2'MX+5 
1221 ORAT(J.M) = (V(J)/V(J*n )"M 
1222 L00P38 CONTINUE 
1223 IFlKBUG.GT.1) CALL PEEK2(nQRAT(J.M)o.ORAT,JVI,2*MX»101 
1224 
1225 C THETA GRID 
I22B 
1227 THLOSS=ASINF(SQRTF11./BRMAX)I 
1228 THI1)=THL0SS 
1229 THIITH)=.5*PI 
1230 CALL GETRITMESH,ITH.RATI $ S=TMESH»(THIITHI-TH!I))/tITH-1) 
1231 I = ITH S THI !•!>=TH<I)+S $ THII - 1)=TH(I)-S 
1232 
1233 00 LOOP1)0 II»2.iTH-e 
1234 1=1TH-11 
1235 LOOP40 THII)=TH(1+11-RAT*1THII*2)-TH(I+l1) 
1236 
1237 DO L00P41 1 = 1 .ITH 
1238 DTH(I)=THll*l>-TH(J) $ DT I I I I = I /DTHI I ) 
1239 L00P4I CONTINUE 
1240 0ELT=DTH/2 $ DELTIM/DELT 
1241 
1242 DO L00P41A 1=2.I T« 
1243 DELTII) = .5'IDTHI1-1l*DTH(In $ DELTI I I) = 1./DELTIIl 
1244 L00P41A CONTINUE 
1245 
1246 DO L00P42 1=1 , ITH 
1247 THDEGII >=TH(I)«57.2957795 
1248 COSSI!1=C0SF(THII)) 
1249 SINN! I 1=5INFITH( 1 ) 1 $ XL ( I I =SINN( I I " 2 
1250 CTNNII1=C0SSI[1/SINNII 1 
1251 L00P42 CONTINUE 
1252 THDEGIITHI=90. 
1253 COSSIITH>=0. 
11254 SINNIITH)=1. 
1255 CTNNIITH)=0. 
1256 
1257 DO LO0P44 1=1,ITH-1 
1258 DCOSSlIl=COSS(1*1)-COSS(I I 
1259 DC0SSIII) = 1 ..'DCOSSI II 
1260 L00P44 CONTINUE 
1261 TINT! I )=C0SS( I I-.C0SSI2) I T INT I ITH) =C0SSI I TH-I ) 
1262 TINLlI)=TINTfIl-COSSIl1 1 TINLIITH)=0. 
1263 DXLI1l = .5*(XLi2l-Xl I 11 I $ OXLI ITH] = .5'(XL IITH)-XL I ITH-1)I 
1264 
1265 00 L00P50 1=2,ITH-I 
1266 TINT I I)=COSS11-11-COSSII - I I 
1 2 6 7 T I N L l I l = C O S S l I M T I N T I I 1 
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1268 DXL( I 1=(XLCI+I l-XLII-l I US 
1269 LOOP50 CONTINUE 
1270 VINT (I >=VINTUVI l=VINL( 1 I"VINLIJVI)=0. 
1271 
1272 DO L00P55 J=2.JV!-1 
1273 VINTCJ)=2.'PI"V2(J)«DELV(J) 
i27i« VINL(J)«8.>VINT(J)>V(J) 
1275 L00P55 CONTINUE 
1276 
1277 C Z AND PSI GRID 
1278 CALL ZGRID 
1279 
1280 WRITE13.F011 BRMAX 
1281 F01 FORMATt///nBRMAX=n,F10.HI 
1282 WRITE(3,F02> 
1283 F02 F0RMAT('3X.nIn,9X,nTHIIla,IIX.nTHDEGn,!2X,nDTHn,lOX.nCTNNo) 
128H WRITEC3.F031I I,TH(I).THDEGlI I,DTH(II.CTNNII).I = 1,ITHI 
1285 F03 FORMAT! 1X,I3^E16.6) 
1286 
12B7 WRITE(3.F0m GMESH 
1288 F04 FORMAT(//VBGMESH=n,FI0.6/3X.nJn,9X,nVa,18X.nDVn.ISX.nOELVn) 
1289 WRITE(3,F051 (J.V(J) .DV( J) .DELV(J) ,J=1 ,JV1 
1290 F05 FORMAT!IX,I3.3E17.6) 
1291 CALL PEEK1 inPSHLla,PSI.LZ) 
1292 CALL PEEKHnPSIl (Lln.PSII ,LZ) 
1293 CALL PEEK1lnZ(L)n,Z,LZ> 
129H CALL PEEK1InBVACILln.BVAC.LZ) 
1295 
1296 CALL EMPTY(31 
1297 RETURN 
1298 END 
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1299 SUBROUTINE GTDIAG 
1300 USE BACOMM 
1301 OATA LOIAG/1DH BETA.10H OPPERP/ 
1302 
1303 EDIAG(I)=BETA 
1304 EDIAG(2)=-8*P1MPPERP(2>-PPERP11 I > / CBO* >2* 1PSI (21"2-1 ) ) 
1305 C SOURCE DIAGNOSTIC 
I30S SP=SH=0 
1307 
1308 DO LOOPIO J=2,JV[-1 $ DO LOOPIO 1=1,ITH 
1309 IFtt.LT.lTH) GO TO JUMP8 
1310 TERM=2MSS(1.J1-SS1I-1.JI)/DTHI 1-1 I " 2 
1311 GO TO JUMP9 
1312 JUMPS TERM=(SS(1*1,J)-SS(I-l,J)1/I2»DTHI1 I"COSSI1 I) 
1313 JUMP9 CONTINUE 
1314 SH=SH+VINTtJ]«TINT( I )»V2UI*S1NNI I >"'3'TERM 
1315 SP=SP+VINT(J1'TINT<I 1»V2I J)"SINN I I>'*2*SS<I.Jl 
1316 LOOPIO CONTINUE 
1317 SH=SH'AMAS5 
1318 SP=SP«AMASS 
1319 ^K=4»PI*SP/BV0"2 
1320 WRITEI3.FMTI) SP.SH.EK.BETA.BETAMAX 
1321 FMl1 F0RMAT(nSP,H=n,2El1.3.2X,0K=n,E11.3.2X,nBETA.MAX=n,2F8.5) 
1322 RETURN 
1323 END 
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1324 SUBROUTINE HEADERILIOJ 
1325 C OUTPUT IDENTIFICATION ROUTINE. 
1326 C LIO=I-0 UNIT NUMBER TO WHICH WRITES ARE DIRECTED. 
1327 C INPUT FILE ASSUMED HOOKED UP TO 1-0 UNIT 2. 
1328 COMMON /GOBCOM/ IGOBltO) 
1329 OATAKSET/0/, 1T,ID,ITP,INFN/41D)/ 
1330 
1331 IFIKSET.EQ.I) GO TO JUMPI 
1332 KSET=1 
1333 CALL CLOCK!IT,ID) 
133t CALL O0OHWDI2,ITP,INFN) 
1335 JUMPI CONTINUE 
1336 WRITE.LIO.FMT1I IG0B125),IGOBI31),IGOBI32) 
1337 WRITECLI0.FMT2) INFN 
1338 WRITLCLIO.FMT3J IT,ID 
1339 fMTl FORMAT(nCONTROLLEEtl.A 10.2X,nLOADED ATn,2A101 
1340 FMT2 FORMATIDINPUT FILENAME = n,Al0,D IO-UNIT 2D I 
1341 FMT3 FORMAT(nEXECUTION STARTED n,2A10! 
13H2 RETURN 
13t3 END 
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1344 SUBROUTINE IAOVANCE 
1345 C ADVANCE IONS FROM TIME AT N TO TIME+DTIME AT N+1 
1346 C . . . KBDOT NONZERO INCLUDES BOOT TERMS 
1347 C IF KBDOT IS NONZERO, KIAD CAUSES ADVANCEMENT OF F/B0"KIAD IN 
1348 C PLACE OF F. KIAD=0,1,2 ALLOWED. THIS OPTION REQUIRED FOR 
1349 C NUMERICAL STABILITY AT HIGH BETA WITH BOOT TERMS IN EFFECT. 
1350 
1351 C AT HIGH BETA. 
1352 USE BACOMM 
1353 DIMENSION C<JVI),XS1CJV1),FI1ITP1,JVI> 
1354 EQUIVALENCES.QEE>,<XSI.QMM>,(FI,VCOSPI 
1355 OPTIMIZE 
1356 
1357 IF(KBDOT.EQ.O) GO TO JUMPI 
1358 S=S2=l $ S1=0 
1359 IF<KIAD.EO.O) GO TO JUMPO 
1360 S=I/BF I S)=-BD0T/BFE S S2=1/BFE 
1361 IFIKIAD.EQ.il GO TO JUMPO 
1365 S=I/BF«*2 $ SI=-2»BD0T/BFE I S2=1/BFE*«2 
1363 JUMPO CONTINUE 
1364 
1365 DO LOOPO J=1,JVI $ DO LOOPO 1=1,ITH 
1366 FII,J)-F(I,J)«S 
1367 CC([,J)=CC<l,J)+SI 
1368 SS(I,J!=SS(I,J!'S2 
1369 CCT(I,JI=CCT(I,J)-TOOT(I,JI 
1370 CCVlI,J)=CCV<I.Jl-VDOTII.J1 
1371 LOOPO CONTINUE 
1372 JUMPI CONTINUE 
1373 
1374 DO LOOP 1 J=I.JVJ $ DOLOOP1 1 = 1.ITH 
1375 LOOPI FICI,J)=0. 
1376 
1377 DO LO0P2 J=1,JVI 
1378 L00P2 F ( I T H + 1 , J I = F ( I T H - 1 , J > 
1379 
1380 DO L00P10 1=2. ITH 
1381 CULOSSCl ) - l l=XSI (JLOSSl I J - 1 1=0. 
1382 
13B3 DO LOOP 12 J = J L O S S I I > , J V I - 1 
13B4 A1=-DTIMEMDVI(JJ»CCVV( 1 , J ) * . 5 * C C V ( I ,J1 ) 
1385 AO=DELV(J)-DTIMEM-lDVI U I + D V I ( J - l ) I'C.CVVl 1 , J > * 
1386 8. DELVIJ1M .5«CC( 1 , J ) - . 25»CCX( I ,J1 I ) 
1387 A M - - D T I M E M D V I ( J - l ) » C C V V ( I . J ) - . 5 ' C C V I I . J ) I 
1388 R=DELV(J>»F( [ ,J I+DTIME' ( .125»CCVT<I .J> 'DELTI C I ) • 
1389 8. <F( l + l . J + l l - F C l - l . J+ l l - F I I + i , J - 1 I *F < 1-1 , J - 1 11 + 
1390 & D E L V I J I M ,5«SS< I , J ) - . 2 5 * C C X U . J l ' F C I , J) I I 
1391 C ( J ) = A I / I A O - A M » C t J - l I ) 
1392 X S I ( J ) = ( R - A M « X S I [ J - l I ) / ( A 0 - A M » C ( J - l ) I 
1393 LOOP 12 CONTINUE 
1394 F K I.JV!)=FCI.JVI) 
1395 Fill,JVI-I 1=XSICJVI-1 1 
1396 
1397 DO LOOP 14 JJ=?.JVI-JLOSS<I) 
1398 J=JVI-JJ 
1399 FI(I,J)=XSIIJi -C(Jl-FI(I,J+1) 
1400 L00P14 CONTINUE 
1401 LOOP10 CONTINUE 
1402 
1403 DO L00PI5 J=l,JVi 
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1404 F l t I T H + l , J l = F I ( I T H - l , J ) 
1405 LOOP 15 CONTINUE 
1406 
1407 DO LO0P20 J = 2 . J V I - I 
1408 C l I L O S S U I - l > = X S I I I L O S S ( J ) - ! 1=0. mo9 
1410 DO L00P22 I = ILOSS(J! .ITH 
1411 Al—DTIMEMDTICI> 'CCTTC1.J) + .5«CCT11.J)> 
14 IS A0=OELTUI -DTIMEM-<DT[ ( l l +DT I 1 1 - I ) ) ' C C T T I I , J ) + 
1413 1 D E L T ( I t M . 5 « C C l I . J l - . 2 5 « C C X ( I ,J1) I 
1414 AM=-DTIMEMDT1CI-1 1 »CCTT t I . J l - . 5 ' C C T 1 I ,J1 ) 
1415 R = D E L T ( I ) « F I ( I . J I + D T I M E M . I25»CCVT(1 . J ) ' D E L V I ( J ) • 
1416 l ( F l ( I + l . J * l ) - F l t l - I . J * l ) - F l ( l » I . J - l ) * F I l l - l . J - l l ) * 
1417 » D E L T ( i ) M . 5 " S S < I , J ) - . 25«CCX11 . J M F I I I , J I ) I 
1418 I F d . E O . t T H I AM=AM*AI SSS SINCE F I I TH-1 , J I=F ! I TH* 1 . J ) AT BOUNDARY*"" 
1419 C ( I 1 = A 1 / ( A Q - A M * C ( I - 1 I ) 
1450 X S I ( I ) = ( R - A M « X S I 1 I - I I ) / ( A 0 - A M » C < 1 - 1 1 I 
1421 L00P22 CONTINUE 
1422 F( ITH,J)=XSI UTHI 
1433 
1434 DO LO0P24 1 I = 1,ITH-ILOSS1Jl 
1425 I = I T 1— I I 
1426 F(I.J)=XSMII-CUl*F(i + l.JI 
1427 L00P24 CONTINUE 
1428 FtITH+1,J)=F(ITH-1,J1 
1429 L00P20 CONTINUE 
1430 
1431 DO L00P32 J=2.JVI-1 
1432 11=IL0SS(J! S C(l1-1l=XSI(11-11=0. 
1433 
1434 DO LOOP30 1=11,ITH 
1435 Al=0. 
1436 1FU.LT.ITH) Al =(XL ( I • 1 I-^'DMUl I • 1 . Jl *XL ( I I "2'DMUt 1 . J) I / 
1437 1 (XL(I+ll-XLIII) 
1438 AM=CXLI I1"2»DMU( I ,JI*XL( I-I 1"2'0MU( I- 1 , JI ) / (XL ( I I -XL ( I - 1 I ) 
1439 R=.5 '0TIME/CTAUU . J I ' D X L I I I I 
I f 4 0 A0=l*R*(AI+AM) 
1441 A1=-R«AI $ AM=-R*AM 
1442 R = F ( 1 . J ) 
1443 C ( l ) = A 1 / ( A 0 - A M > C ( I - I 1 I 
1444 X S ! I I l = ( R - A M > X S I ( 1 - 1 ) 1 / I A 0 - A H " C ( I - I I I 
1445 LOOP30 CONTINUE 
1446 F l I T H , J ! = X S [ ( I T H ) 
1447 
1448 DO L00P3! I 1=1,ITH-I1 
1449 I=ITH-|[ 
1450 LOOP31 F(I.JI=XSI(I)-CIIl»F(I+l.J) 
1451 L00P32 CONTINUE 
1452 
1453 DO LOOP35 J=l,JV1 $ DO L00P35 I=1,ITH 
1454 IF(F(I,J>.LT.0.00) F(I.J)=0. 
1455 IF(J.LT.JL0SS(I1I F(I,JI=0. 
1456 L0OP35 CONTINUE 
1457 IFtKBDOT.EO.OI GO TO JUMP100 
1458 S=l 
1459 IF(KIAD.EQ.O) 00 TO JUMP45 
1460 C DETERMINE NEW PPERP AT MIDPLANE TO RESTORE STORAGE W 
1461 C 80 AT ADVANCED TIME. ,, 
1462 CALL PRESSO 
1463 H=PPERP 
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1464 IFIK1A0.EQ.1I S=-4«PI»H+SQRTIBVAC"2*I6'PI'«2'H«»2> 
1465 IF(KIAD.EQ.2> S=BVAC* 'ZlI 1+B-PI'H> 
1466 JUMP45 CONTINUE 
1467 
146S 00 L00P4S J=1.JVI $ 00 L00P45 1=1.ITH 
1469 F([,J)=FI1.JI»S 
1470 S S U ,JI=SSIl,J)/Sa 
1471 C C U ,J)=CCtI,JI-Sl 
1472 CCT(I,J)=CCT(I ,J)*TD0T1I ,JI 
1473 CCV(I,J)°CCV(I.JI+VDOTII,J> 
1474 L00P45 CONTINUE 
1475 JUMP100 CONTINUE 
1476 RETURN 
1477 END 
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1478 SUBROUTINE INDIST 
1179 C KF1N IS 0 FOR NO INPUT FILE FOR IONS 
1480 C OTHERWISE KFIN SUPPLIES NAME OF DISK FILE TO BE READ 
1481 C SIMILARLY FOR KFOUT WRT OUTPUT FILE FOR IONS 
1485 USE BACOMM 
1483 DIMENSION FF(I I ,FTll I ,FV(1 ) 
14B4 EQUIVALENCE (FF.CC). (FT.CCVT1. (FV.CCVVI 
14B5 DATA 1MAX,JMAX/211)/ 
I486 
1487 IF(KFIN.EO.O) RETURN 
1488 CALL ASSIGN(4,KFIN1 
1489 WRITEC3.FMTIJ KFIN 
1490 FMT1 FORMAT (aHEADER INFO FRO'' INPUT FILE n.AIOI 
1491 DO LOOP1 KK=1.3 
1492 READI4.FMTAI IMESII 1,1=I,7) 
1493 WR1TE(3.FMTA) IMESI I I,I = I.7) 
1494 FMTA FORMATI8A10I 
1495 LOOP I CONTINUE 
1496 READ(4.F01) IMAX.JMAX 
1497 FD1 FORMATU0I5J 
1498 !F(IMAX»JMAX.GT.6'[TH-JVI) CALL ERR(nOVERWITE HAZARD INDlSTn) 

-1499 READ14.F02) (FT(I).I=1,IMAX) 
1500 F02 FORMAT15EI6.81 
1501 READI4.F02) (FVlJ>,J=l.JMAX) 
1502 READ(4,F0ai ((FFI 1 *(J-1)•IMAX),I = 1,IMAX).J=1,JMAXI 
1503 C INTERPOLATE TO V,TH GRID 
1504 
1505 DO LOOP20 J=I.JVI $ DOLOOP20 1=1.1TH 
1506 DO LOOP 10 11 = 1,IMAX-1 
1507 LOOP10 IF(FTIII) .LE.THU I ) IL=II 
1508 DO LOOP II JJ=1.JMAX-1 
1509 LOOP]I IFtFV(JJ).LE.V(Jl) JL=JJ 
1510 IUSE=1L+(JL-I)«]MAX 
1511 F( I .J)=FF( IUSE1MFVIJL* ! l -V(J . I • (FT( IL*11-TH(I 1) 
i 5 !2 IUSE=IL< I-MJL-DMMAX 
1513 F(I,J)=F(I,J1*FF(IUSE)MFVIJL-M ) -VIJ I ) • (THI1 I -FT i IL ) I 
1514 IUSE=1L+JL»[MAX 
1515 FlI,J>«F(I,J)+FF(IUSE)MV(J)-FV(JLI>•<F7(IL*I1-THlI>> 
1516 IUSE=IL*1+JLMMAX 
1517 F( I ,JI=F( I ,J)+FF( (USE I MVtJ l -FVULJ I • ( TH I I I-FT ( IL 1 ) 
1518 F ( I , J ) = F ( I , J ) / ( (FV(JL*1 l -FV(JL) ) * (FT l IL* I>-FT( ID> ) 
1519 LOOP20 CONTINUE 
1520 CALL ASSIGN(4,D,KFIN.-II 
1521 RETURN 
1522 
1523 ENTRY OUTDIST 
1524 IF(KFOUT.LO.Q) RCTURN 
1525 l=4*[TH/5*JVI'5*l ilr. -.':•'=. 
1526 1=1-12*500 
1527 1=1-3 
1526 - CALL ASSIGN(4.KFOUT) 
1529 CALL HEADER 14) 
1530 WRITE(4.F01) ITH.JVI.LZ 
1531 WRITEI4.F02) ITHII I.1 = 1.ITHI 
1532 WRITEI4.F02I lV IJl,J=I,JVI) 
1533 WRlTE(4.F0ei l IFlI.JI, 1=1,ITHI. J=1,JVII 
1534 CALL PEEKI(nSOURCEn.SS.ITH'JVl) 
1535 CALL PEEK1(nZo.Z.LZi 
1536 CALL PEEK1(nPSIn.PSl.LZ1 
1537 CALL PEEK 1(nPHIn.PHI.L Z> 
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153B .CALL PEEKI(aBVACn.eVAC.LZl 
1539 CALL PEEKI(nBFn.BF.LZ! 
1540 CALL PEEKI(DPPERPn.PPERP.LZ) 
1541 CALL PEEK 1(nPPARn,PPAR.LZ) 
1543 CALL PEEK 1(nPROENn,PRDEN.L ZI 
1543 J=4 
1544 CALL SUMMARY (J) 
1545 CALL EMPTYCJ) 
1546 KFOUT=0 
1547 RETURN 
1548 END 
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1549 SUBROUTINE INITIAL 
1550 USE BACOMM 
1551 DATA tPI=3.I415926535I. (EMASS=9.1066E-28), (CHARGED.803E-10 I 
1552 DATA (CLIGHT=3.E10!, (ERGTKEV=1.602E-91 
1553 
1554 C CONSTANTS'**' 
1555 THIRD=1./3. 
1556 F1NES=1./137. 
1557 CONV=2.'ERGTKEV'ANUMB/AMASS 
1558 EC0NV=2.'ERGTKEV/EMASS 
1559 CDEB=SQRTF ( I . / (6. 'PI 'CHARGE "2)1 
1560 C0NEE=AL0G(EMASS'FINES*CLIGHT/CHARGE"2l-.5 
1561 C0Ntl=AL0G(AMASS'FINES'CLIGHT/CHARGE"2l-.5 
1562 CONIE=ALOG((EMASS»AMASS/CEMASS*AMASS> J'2.»FINES'CLIGHT/CHARGE"2)-.5 
1563 GAMMA=4.'PI'1ANUMB'CHARGE1"4/AMASS"2 
1564 EGAMMA=4. 'PI 'CHARGE"4/EMASS"2 
1565 ANUMB2=ANUMB"2 
1566 ANUHB1-1 ,/ANUMB 
1567 ANUMBI2=ANUMBI"2 
1568 GAMI=EMASS/AMASS 
1569 GAM2-I.-GAM1 
1570 GAM3=1.-AMASS/EMASS 
1571 GAM4-AMASS/EMASS 
1572 
1573 CALL GRID 
1574 C INITIAL PHI OF PS1 ARRAY 
1575 
1576 DO LO0P1 L=1.LZ 
1577 L00P1 PHI (L)=POTENT'PSI 1 (D/PSI HLZI 
1578 C ELECTRON DISTRIBUTION SHAPE'" 
1579 EVMULT=.75'EMASS/EENERGY 
1580 
1581 DO LOOP10 J=l.JV 
1582 LO0P10 FE<JI=EXPl-EVMULT'V2(J!> ' , 
1583 C ION SHAPE"' 
15B4 VPEAK=SQRTF12.'ENERGY/AMASS) $ IFCFVS.GT.I.E-4) FVS=1/(CONV'FVS) 
1585 
1586 DO LOOP20 J=2.JV1-1 
1587 LOOP20 EXV(J)=EXP(-FVS'(VPEAK-V(J>1 "21 
1588 EXVI1l=EXV(JVI>=0. 
1589 IFCEXT1 ITH) .GT. 0.001 GO TO JUMP25 
1590 
1591 DO L00P25 1=2, ITH 
1592 L00P25 EXTiI 1=EXP(-FTS*ICOSSCI I-FCOS1 "21 
1593 EXTC1)=0. 
1594 JUMP25 CONTINUE 
1595 
1596 00 LOOP30 J M . J V I 
1597 DO LO0P30 1=1. ITH 
1598 LOOP30 F ( I , J ) = E X V I J J ' E X T l I I 
1599 C CHECK FOR DISK FILE INPUT FOR IONS 
1600 CALL INOIST 
1601 C RESCALE DISTRIBUTIONS TO INITIAL DENSITY-" 
1602 DENSAVE=DEN 
1603 CALL BOUNDARY $$$ USES PHI AND PSI SUPPLIED ABOVE'" 
1604 CALL DENSITY 
1605 SCALE=OENSAVE'OEN 
1606 
1607 DO LOOP40 J=l.JVI 
1608 DO LOOP40 1=1,iTH 
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1609 LOOP40 Fll .JI=SCALET< [, Jl 
1610 SCALE=DENSAVE/EDEN 
161 1 
I61S DO L00P45 J=l.JV 
1613 L00P45 FE(J1=SCALE'FEIJI 
1614 CALL DENSITY 
1615 RETURN 
1616 END 
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1617 FUNCTION 1NTERP(VVI 
1618 C BINARY SEARCH FOR J ,SUCH THAT V(J I.LE.VV.LT.VIJ+1 I 
1619 USE BACOMM 
1620 
ISai 1FIVV.LT.V( I ) .OR.VV.GT.VUVl ) CALL ERRlnARG OUT OF BOUNDS INTERPo/ 
1622 JL=1 $ JR=JV 
1653 
1S24 DO LOOP10 K0UNT=1,JV 
1625 JMJL+JR1/2 
1636 IFIJ.EQ.JL1 GO TO JUMP1Q 
1627 IFIVV-V(JI) JUMP1,,JUMPS 
1628 INTERP=J 
1629 RETURN 
1630 JUMP1 JR=J 
1631 GO TO LOOP10 
1632 JUMP2 JL=J 
1633 LOOP 10 CONTINUE 
I631* CALL ERRtDlNTERP FAILUREal 
1635 JUMP 10 INTERP=J 
1636 RETURN 
1637 END 
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1638 SUBROUTINE lONPROJ(L) 
1539 C OBTAIMS LEGENORE PROJECTIONS OF IONS DISTRIBUTIONS AT Z(L1 
1640 USE 8AC0MM 
1641 REAL FO!ITH),FZ(ITH),MUI1THI,SUM(10.MX)).LAM.LAMH.LAMHl.CMUlITH).COSHl ITH) 
1642 OPTIMIZE 
1643 CALL TIME1(B) 
1644 
1645 00 LOOPID M=D,MX 
1646 oo LOOPIO J = I , J V I 
1647 ALEG(J.M)=0. 
164S LOOPIO CONTINUE 
1F49 IFIL.EO.LZ) GO TO JUMP40 
.650 VP0T2=PHI(LI"CONV 
165! JO=l 
1652 
1653 DO LOOP20 J=2.JVJ 
1654 V02=V2IJ)-VP0T2 
1655 IFIV02.LE.0.00) GU TO LO0P20 
1E56 VO=SQRTI(V02J 
1657 
1658 DO LOOPS 1 JJ=J0.JV1-1 
1659 JD=JJ 
1660 L00P21 IFfVO.LT.VIJO*)>l GO TO JUMP21 
1661 JUMPS1 CONTINUE 
1662 VRAT=(VO-V(JO) 1'DVl CJ01 
1663 
1664 DO L00P22 I = 1 . I TH 
1665 F0( I )=FI 1 ,JO)*VRATMF( 1 .JO+1 1-FC I .JO) ) 
1666 L0OP22 CONTINUE 
1667 LAM=V2<J)/<PSI(L)'V02) 
1668 LAMH=SQRTF(LAM) 
1669 LAMHI=I./LAMH 
1670 COSR=0. 
1671 IF(I.-LAM.GT.O.OO) COSR-SQRTF(I.-LAM) 
1672 COSOIITH)=COSR 
1673 MUIITH1=0. 
1674 IF(COSR.GT.O.OO) GO TO JUMP22 
1675 IFILAM-I..GT.O.OO) MU(ITH)=LAMHI'SORT I1LAM-1.) 
1676 JUMP22 CONTINUE 
1677 ILMLOSSIJ0« i )-l 
1678 IFUL.EQ. I TH-I I GO TO LOOP20 
1679 COSOI 1 l=COSSl I D 
1680 IFlCOSOl I 1--2-1 .•LAM.LE.O.OOl GO TO LOOP20 S$I ZERO INTERVAL C'F IN'EG. 
1681 MU( I >=LAMHI"SORTI (COSOI I )"2-l .*LAM) 
1682 DMU=(MU( ITH1-MUI 1 1 ).' ( I TH- 1 1 
1683 
1684 DO LC0P24 :=2.ITH-1 
1685 MU(1)=MU<1 I ft1-!)-DMU 
I6B6 COSOI I l=SQRTI I 1 .-LAM- I I .-MUI I I • »2U 
1687 L00P24 CONTINUE 
1688 I I = I L 
1689 F Z ( | ! = F 0 U L ; 
1690 FRATMFOI I 1*1 l-FOI I I > I'DCOSSI I I I I 
1691 
1692 DO L00P26 1=2.ITH 
1693 JUMP25 IFlCOSOl1 I.it.COSS! I 1*1 I 1 GO TO JUMP26 
1694 11=11*1 
1695 IF(II.EQ.tTH) GO TO JUMP26 
1696 FRAT=IFOlI I•1 I-FOI Ii .i'DCOSSI(I Il 
1697 GO TO JUMP25 
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I69B JUMP26 FZ( I )=F0< II )+FRAT*(COSOC I 1-COSS1 II l> 
1699 L00Pa6 CONTINUE 
1700 CMUU > = .5'(MUU I-MUI2) ) 
170! CMU(ITH) = .5»(MU( ITH-I )-MU< ITH) I 
1705 
1703 DO LOOP30 1=2.ITH-I 
170H LOOP30 CMUI11 = .5* tMU(I- I)-MU(1 + 1)1 
1705 
1706 DO L00P32 M=0,MX 
1707 L0OP32 SUMIM1=0. 
1708 <jr 
1709 DO LO0P35 1=1,ITH 
1710 CALL GPLEGOIMUtlI) 
1711 
1712 DO LO0P35 M=0,MX 
1713 LO0P35 SUMIM)=SUMIM)+CMUC!1«FZ(1)«PLEG!2"M) 
1714 
1715 DO LOOPHO M=0,MX 
1716 LOOP'tO ALEGU.MI = m«M+l l»SUM(M) 
1717 LOOP20 CONTINUE 
1718 JUMP40 CONTINUE 
1719 CALL TIME218) 
1720 RETURN 
1721 END 
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1722 SUBROUTINE I ORB IT(OZ,OPS,QPHI 
1723 USE BACOMM 
1724 DIMENSION OZILZ),OPH(LZ).OPS(LZ) 
1725 DIMENSION OPS1ILZ) 
1726 DATA EPS/0.05/ 
1727 
1728 IFIZPARAB.GT.0.00) ZPARAB=AHAX1(ZPARAB,OZ(2)I 
1729 LREFF=1 
1730 
1731 DC LOOPO LL=1,LZ 
1732 OPS1(LL1=0PS(LL1-1 
1733 IFIOZ(LL).GT.ZPARABI GO TO LOOPO 
173H LREFF=LL 
1735 LOOPO CONTINUE 
1736 ZR=OZ(LREFFI S PS[R=0PStLREFF1 S PS I1R=0PS1 ILREFF> 
1737 VP0TR2=PHIILREFFl'CONV 
1738 00 LOOPOA LL=1,LZ 
1739 LOOPOA 0VP0T2(LL1=PHI(LLI-CONV 
1740 DO LOOPOB LL=2,LREFF-1 
174 1 LOOPOB OVPOT2(LLI=VPOTR2-OPS1(LLl/PSIIR 
1742 
1743 DO L00P1 iI=I.ITH $ DO LOOP! JJ=1,JVI 
1744 VUSE=AMAX1 IVUJI , 1 .E-5*V(2I ) $ CUSE^AMAX I ICOPSII i 1 .EPSMU1 
1745 VP0=VCOSP( I I ,JJ)=VCOS( I J,JJ)=VUSE"CUSE 
1746 VP02=VP0"2 
1747 VPR2=VP02*PSIR<-VP0TR2-PSI 1R"VUSE"2 
1748 iF(VPR2.GT.0.00) GO TO JUMP1 
1749 ZB=ZR'VP0/SORTIVP02-VPR2> 
1750 GO TO L00P1 
1751 JUMP1 VPM2=VPR2 $ ZB=OZILZ> 
1752 
1753 DO LOOPOC LL=LREFF*1,LZ 
1754 VPOT2=OVP0T2(LL) 
1755 VP2=VPQ2»0PSILL)*VP0T2-GPS1(LL)•VUSE'*2 
1756 IF(VP2.GT.0.001 GO TO LOOPOC 
1757 ZB=0Z(LL-1>-MOZ (LL )-CZ (LL-I1 I'VPM2/IVPM2-VP2I 
1758 GO TO LOOP I 
1759 LOOPOC VPM2=VP2 
1760 L00P1 ZBOUNCEII I.JJ1-ZB 
1761 RETURN 
1762 
1763 ENTRY ORB 1TILI 
1764 WEVALtVI,V2I'2.•THIRD-(2.*V1+V2)/IVI+V2!»>2 
1765 
1766 DO LOOP40 J'J.JVJ $ DO LOOP40 I=1,iTH 
1767 ZB=ZBOUNCE(I .J) 4 IF(ZB.LE.OZtLI I GO TOLOOP40 
1768 VPM = VCOS(I.Jl S VP=VCOSPI I,JI 
1769 VUSE--AMAXMVI Jl . 1 .E-5-V(2) 1 S CUSE=AMAX1ICOSSII>,EPSMUI 
1770 VPO'VUSE-CUSE S VPS2=VP0-'2 
1771 VPP2=VP-»2 
1772 IFIL.LT.LZl VPOI2=OVP0T2(L*11 
1773 JF1L.LT.LZ1 VPP2=VP02'OPS( L-> 1 ) *VP01 2 -OPS I (L» I . • V2(JI 
1774 VPP=G. i IFIVPP2.GT.S.001 VPP»SQRTI(VPP2I 
1775 Z1=Z2=Z3*0ZU.) 
1776 IFd_.GT.ll Zl-OZIL-ll i IFlL.LT.lZi Z3-AMIN l OZ l' • 1 '.-''• > 
1777 IFIL.GT.LREFF .OR. LREFF. I E. I I GO JO JUMP I I 
1778 VPR2 = VP02'PSIR*VPGIRr?- PS I 1R-V21..JI 
1779 US=1. S IFIVPR2-VP02.LT.0.001 US=-I. 
1780 EZ = SQRT1 lABSIVPR2-VPC?l ) .• 1ZR>VP0) 
1781 E1=FZ'Z1 5 E2=EZ*Z? % F3-<E'Z'Z3 
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1783 ASEI=l-.5'THIRD'US"El*>a $ SQE I =THIRD-. 1 375-US'E 1 "3 
1783 ASEa=l-.5*THIRD'US'Ea«>a $ SQEa=THIRD-.1375»US'Ea-'Z 
1764 ASE3=l-.5'THIRD>US'E3'»a $ SQE3=TH[RD-.1375>US-E3«*a 
17B5 IF(US.GT.O.OO) GO TO JUMP5 
1786 IF(Ea.LE.EPSI GO TO JUMP3 
1787 ASEa=.5»PI $ SQE2=.25»PI % IF(Ea.GE.I.001 GO TO JUMP3 
1788 ASE2=ASIN(E2) $ SQEa=ASEa-Ea»SORT(1.-Ea-*ai 
1789 SQE2=SOE2«.5/E2"3 s ASEa=ASEa/Ea 
1790 JUMPS IFCEI.LE.EPS1 GO TO JUMP4 
17S1 ASE1 = .5*PI I S0E1=.25»PI J IFIEI .GE.l .001 GO TO JUMP") 
1795 ASEI=ASIN(EI) $ SOE1=ASE1-E1'SORT 11.-E1•'21 
1793 SQE1=SQEI*.5/EI*«3 S ASEI=ASE1/E1 
1794 JUMP4 IFIE3.LE.EPS) GO TO JUMP!1 
1795 ASE3=.5»PI $ SQE3=.a5'PI S IF(E3.GE.1.00) GOTO JUMPII 
1796 ASE3=ASINCE3I $ SQE3=ASE3-E3'SQRT(1.-E3'«aI 
1797 SQE3=SQE3«.5/E3"3 $ ASE3=ASE3/E3 
1798 GO TO JUMP11 
1799 JUMP5 CONTINUE 
1800 IFCEa.LE.EPS) GO TO JUMP6 
1801 SQEa=SORT<I.+E2*«2> $ ASE2=AL0GlEa+SQEa> 
i8oa sQEa=ASEa-Ea«SQEa s SQEa=-sQEa".5/Ea"3 
1803 ASE2=ASE2/Ea 
1804 JUMP6 IFIEI.LE.EPS) GO TO JUMP7 
1805 SQE1=SQRTU .+E!"21 S ASEI=ALOG(E1*SQEI I 
1806 S0E1=ASE1-E1*SQE1 I SQE 1 =-SQE I • .5/E 1 "3 
1807 ASE1=ASE1/E1 
IBOB JUMP7 IFIE3.LE.EPS) GO TO JUMPII 
1809 S0E3=S0RT(1.*E3'»a) $ ASE3=ALOG(E3+SQE3) 
1810 SQE3=ASE3-E3«S0E3 $ SOE3=-SQE3'.5/E3"3 
1811 ASE3=ASE3/E3 
1812 JUMPII CONTINUE 
1813 WM=D. $ IFIZ1.GE.Z2) GO TO JUMPao 
1814 WM=Z2«'3*SQEa-ZI'»3*SQEI-Zl»»2»Z2'ASEa«-Zl*,3>ASEI 
1815 wM=wM/(vpo*(za»*a-zi«»a)i 
1816 IF(Zi.GE.ZR) WM=<Z2-ZI)«WEVAL(VPM,VP) 
1817 JUMP20 WP=0. I IF(Ze.GE.Z3) GO TO JUMP30 
IB18 WP=Z3»«3»ASE3-Z3"2'Za»ASEa-Z3"3»SQE3»Z2*'3*S0Ea 
1819 wP=wp/(VP0*(Z3»«e-za»*en 
1820 IF(Za.GE.ZR) WP=(Z3-Za)'WEVAL(VPP,VPl 
1821 JUMP30 OTAUC1,J)=WP*WM 
1822 VCOStI.J)=VP $ VCOSPtI,J)=VPP 
1823 IF(L.GE.LZ) GO TO LO0P40 
1824 IF(ZB.GT.ZIL»1I) GO TO LOOP40 
1825 zi=za $ ze=Z3 s VPM=VP S VP=VPP 
1826 ASE1-ASE2 $ ASEa=ASE3 S SQEI=SQE2 $ SQE2=SQE3 
1827 WM=0. S IFIZI.GE.Zai GO TO JUMP36 
1828 WM=Z2'*3»SQEa-ZI**3'SQEI-Z1••a'Z2,ASE2*ZI '^'ASE! 
1829 WM=WM.'(VP0»lZa>«e-ZI"2n 
IB30 IFtZ1.GE.ZRI WM=US-Z1)«WEVALIVPM.VP1 
IB31 JUMP36 EDTAUII.J)=WM S$$ THIS OVERWRITES VCOSP 
1832 LOOP40 CONTINUE 
1833 RETURN 
1834 END 
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1835 SUBROUTINE MOMENTS!M> 
1836 C OBTAINS MOMENTS OF ION DISTRIBUTION'S 2-M-TH 
1837 C LEGENORE POLYNOMIAL PROJECTION, ALEG.J,Ml. 
1838 USE BACOMM 
1839 DIMENSION ABAR1JVI1 
1840 OPTIMIZE 
1841 
1842 DO LOOP10 J=l.OVI - I 
letS ABAR(J) = .5'(AI.EGIJ*1 ,M)+ALEGIJ,M> ) 
1844 LOOP 10 CONTINUE 
1845 TFACT=I ./(2»M<-3) $ FFACT=1./I2"M+5I 
1846 QNNII)=TFACT«ALEGII,M) 
1847 QEE<l)=FFACT'ALEG<l.M) 
1848 
!849 DO L00P20 J=1,JVI-1 
1850 QNNIJ+1 l=0RATU,a*M*31«IQNN(JI-TFACT'ABAR(J) I ••TFACT'ABAR (Jl 
1851 QEEIJ+ll=QRAT( J,2'M+51M0EEU1- ^FACT'ABARlJ)I•FFACT'ABARIJ) 
1852 LOOP20 CONTINUE 
1853 
1854 OMMUVII=ORR(JVI)=0. 
1855 IF(M.NE.l) GO TO MNE1 
1856 
1857 DO L00PM1 JJ=l,JVI-2 
1858 J=JVI-JJ 
1859 OMM(JI=QMM(J*I)+QRAT(J,0)«ABAR(J) 
1860 QRRIJ)=0RATU.-2)MQRR(J+1 )*.5»ABAR(J) )-.5'ABARI J I 
1861 L00PM1 CONTINUE 
1862 RETURN 
1863 
1864 MNE1 CONTINUE 
1865 1FIM.NE.2I GO TO JUMP30 
1866 
1867 DO L00PM2 JJ=l,JVI-2 
1868 J=JVI-JJ 
1869 QMMlJ)=QRAT(J,a)»(QMM(J*l >-.5'ABARU I )+.5"ABARlJl 
1370 ORR(J)=QRRIJ+11+ORAT(J,01»ABAR(J I 
1871 L00PM2 CONTINUE 
1872 RETURN 
1873 
1874 JUMP30 CONTINUE 
1875 TFACT=l./ia»M-a) $ FFACT=1./12-M-41 
1876 
1877 00 L00P3D JJ=l.JVl-2 
1878 J=JVI-JJ 
1879 QMMIJI=QRAT(J,a»M-ai«(QMM(J+lI-TFACT'ABAR(J I)*TFACT»ABARIJI 
1880 QRRIJ)=QRATIJ,2>M-4)MQRR1J+1)-FFACT'ABAR<J)l*FFACT»ABAR(J I 
1881 L00P3D CONTINUE 
1882 IF(M.EQ.Ol QMM(I)=QMM121«V2(21*ABARI 11•.5»V2l2l $$S..USED INECOEF ONLY 
1883 RETURN 
1884 END 
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IB85 
1B8B C.. 
1887 C.. 
I8BB C.. 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 C. 
1924 C. 
1925 C. 
1926 
1927 
1928 
1929 
1930 
1931 

SUBROUTINE PCONTOUR(MES.KOPT,ARR.1MAX.X.IDIM.Y.JDIMI 
MES(l) AND MES(2) CONTAIN LABLES FOR X AND Y AXIS 
KOPT IS NUMBER OF CONTOURS ON ONE SIDE OF ZERO 
MESC3) ETC. IS FOR PLOT ID. TERMINATED WITH MES(N)=77B 
ARRUMAX.JMAX) DETERMINES LEVEL CURVES FOR CONTOURS 
I MAX MUST BE ARRAY'S CORRECT NUMBER OF ROWS 
X(IDIM) AND Y(JDIM) ARE PLANE IN WHICH CONTOURS ARE DRAMN 
DIMENSION MES(10).ARR(IDIM,JDIM).X(IDIM! ,Y(JDIM),C(251 

CALL FRAME 
DETERMINE CONTOUR INTERVAL 
A1=A2=RMIN=RMAX=ARR(1,1) 

U-l ) , IMAX'J. 1 ,AI ,A2) 
RMAX«AMAXI(A2.RMAX) 

DO L00P40 J=i,JDIM 
CALL AMINMX t ARR,1*1MAX 
RMIN=AMIN11AI .RMIN) $ 

LO0P40 CONTINUE 
KOPT=M1NO(KOPT,21) £ K0PT=MAX0(KOPT.11) 
C(2)=AMAXl(ABS(RMIN).RMAX1/KOPT 
IF(C(2).GT.1.E-901 GO TO JUMP40 
CALL SETCHdO.,20. ,1,0.2,0) 
WRITE(100,F40) C(2) 

F40 FORMAT (nCONTOUR INTERVALS,E 12.3) 
CALL CRTBCD(MES(31.51 
RETURN PCONTOUR 

$1$ KOPT BETWEEN AND 21 

C. PLOTING 
JUMP40 CC I 1=1.E-10»C(21 

CALL MAPS(X( I 1 .X( IDIM) ,Y( I I .Y(JDIM), .059. .999, .25, .95) 
CALL RCONTR(0,C.0,ARR,IMAX,X.I.1D1M,I.Y,I,JDIM.1 I 
CALL SETCH(42..5..1,0,3,0) $ CALL CRTBCDtMESI1 I,1) 
CALL SETCHU. .20.5.1.0,3.0) $ CALL CRTBCD!MES(2),I 1 
CALL SETCHII0..8..1.0.1) S CALL CRTBCD(MES(31.8) 
WRITE! 100-.F41 > C (21 .RMIN.RMAX 

F41 FORMAT(DCONTOUR INTERVAL*n,E!2.3,5X.nMIN,MAX=n,2E13.4 I 
RETURN PCONTOUR 

ENTRY TRANSPOSE(ARR1,ARR2.IDIM,JDIM) 
INTERCHANGE ROW AND COLUMNS OF ARR1(IDIM,JDIM) AND 
PUT RESULT IN ARR2 
BEWARE— INCORRECT USE OF THIS ROUTINE CAN OVERWRITE 
DIMENSION ARR1 ( IDIM, JDIM) ,ARR2( JDIM, IDIM) 

DO L00P50 1=1,IDIM $ 
L00P50 ARR2(J.I)=ARRII 1,J> 

RETURN TRANSPOSE 
END 

DO LOOP50 J=l.JDIM 
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1935 SUBROUTINE PEEKtMES.KOPT,ARR,IDIM,JDIM) 
1933 DIMENSION MES( 1 ) ,X ( 1 1 . ARRUQ 1M, JDIM) ,N I I 1 
1934 
1935 ENTRY PEEK!(MES.X.IDIM1 
193B CALL MESSQIMESI 
1937 
1938 WRITE(3.F02) IDIM,(X(I),I = 1 , IDIM) 
1939 FQ2 FORMAT I DLOCAT ION 1 TO o.13/(10E12.4)> 
1940 RETURN PEEK1 
1941 
1942 ENTRY PEEKNCMES.N.IDIM) 
1943 CALL MESSOIMES) 
1944 
1945 WRITE(3.F01) IDIM,tNtII,I=1,IDIM! 
1946 FOI FORMATlnLOCATION 1 TOO,13/(10110)I 
1947 RETURN PEEKN 
194B 
1949 ENTRY PEEK2IMES. ARR, IDIM. JD IM) 
1950 CALL MESSQIMESI 
1951 JL=1 
1958 JUMP 11 CONTINUE 
1953 JR=MJN0IJL*9.JDIM) 
1954 WRITEI3.F10) (J,J=JL.JR> 
1955 F10 FORMAT I/3X.oCOLn.101I3.8XI) 
1956 WRITEI3.F11) 
1957 FI1 FORMAT CO ROWO/) 
1958 
1959 DO L00P1I 1=1.IDIM 
1960 WRITEI3.FI2) I . (ARRI I , J) , J=JL . JR) 
1961 FI2 FORMAT!IX.IS.1OE1 I.3) 
1962 LOOP11 CONTINUE 
1963 JL=JR+l 
1964 IFCJL.LE.JOIMI GO TO JUMPIf 
1965 RETURN PEEK2 
1966 
1967 ENTRY MESSQIMES) 
1968 IEND*I 
1969 
1970 DO LOOP30 1=1.8 
1971 IF(MES(I).EQ.778I GO TO JUMP30 $S$ TEST FOR END OF MESSAGE ••*• 
1972 LOOP30 1END=I 
1973 JUMP30 WRITEC3.FAA) (MES!I).I=1.IEND) 
1974 FAA FORMAT1/8A10I 
1975 RETURN MESSO 
1976 END 
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1977 SUBROUTINE PLOTLH1X,Y.N.LAB) 
1978 C N=NUMBER OF POINTS. LAB IS A LABLE 
1979 OlMENSrON X(I),Y(II 
19B0 LCM Y 
19B1 DATA YMIN.YMAX/2I0.1/ 
1982 
1983 Xl=.15 $ X2=.99 
198M Y]=.15 $ Y2=.5 
1985 GO TO JUMP 10 
I9B6 
1987 ENTRY PLOTUHIX.Y.N.LAB) 
1988 XI=.I5 I X2=.99 
1989 Yl=.65 S Y2=.99 
1990 JUMP10 CONTINUE 
1991 CALL AMINMXIY,1,N,I.YMIN.YMAX) 
1 992 YMAX=AMAX 1 IYMAX. YMI Nt. 01 • YMAX1 
1993 CALL MAPSIXd),XIN).YMIN.YMAX,XI.X2.YI.Y2) 
I99t CALL TRACEIX.Y.N) 
1995 SI=85. 
1996 Sl=Sl'(Yl*Y2l/2-5. 
1997 CALL SETCHI.9*X1,SI,0.0.1,1.0) 
1998 WRITE1100.FMTI0! LAB 
1999 FMT10 FORMAT1AI0I 
2000 RETURN 
2001 . END 
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2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
201B 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
202B 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 

SUBROUTINE POTSHAPE 
C KPOT=0 COMPUTE PHI(PSII 
C KP0T=1 PHI(PSI) FIXED 
C KP0T=2 PHI LINEAR IN PSI 
C MAXWELL=0 FP-ELECTRONS ASSUMED 
C MAXWELL*1 ELECTRONS MAXWELL I AN W RESIDUAL WARM PLASMA ASSUMED 
C MAXWELL=2 SKIPS PHI OF PSI CALC 

USE 8AC0MM 
IF(MOD(N,NPOT).NE.0l RETURN 
PHKIl'O. I PHI<LZ)=POTENT 
IFCKPOT.EQ.O) GO TO JUMPI 
IFIKPOT.EQ.1) GO TO JUMP30 
DO LO0P2 L=2.LZ-l 

LO0P2 PHHL)=POTENT»PS!KL)/PSIICLZ) 
GO TO JUMP30 

JUMPI CONTINUE 
1FIMAXWELL.EQ.2) GO TO JUMP30 
IFtPOTENT.EO.O.OO) GO TO JUMP30 
CALL TIME 113) 
QCOLD=0. 
IF(MAXWELL.EO.l) QC0LD=DEN/(EXPIPOTENT/ETEMP)-1.) 
IFCMAXWELL.EQ.OI QE=EDENFPZ(PHI.1 I SSI INITIALIZE FN 
DO L00P20 L=2.LZ-1 
PHI1=AMAX1(PHICL-1),PHI(L)) 
DPHI=.01«ETEMP 
DO LOOP 19 KOUNT=I,50 
1F(MAXWELL.EQ.0) Q£=EDENFPZ<PHII.L) 
1FCMAXWELL.EQ.1) OE=(DEN+QCOLD)"EXP(-PHIl/ETEMP) 

. Q=ANUMB«DENFPZlPHII,L)-QE*QCOLD 
IF(KOUNT.GT.l) GO TO JUMP10 
QP=QN=Q $ PP=PN=PHII 
DPHI=-SIGN(DPH].Q> 
GO TO JUMP 16 

JUMP 10 CONTINUE 
IF(QN.EQ.QP) GO TO JUMPI4 

C REPLACE ACCORDING TO SIZE OF Q 
IFCABSIQ) .GT.0.01»(ABS(QN1+ABS(QP1 ) ) GO TO JUMP14 
IF(ABS(OP) .GT.ABSIQNU GO TO JUMPI5 
QN=Q $ PN=PHN 
GO TO JUMP 16 

JUMP 14 CONTINUE 
C REPLACE ACCORDING TO SIGN ••* 

IF(Q) ,.JUMP15 
QN=0 I PN=PHII 
GO TO JUMPI6 

JUMP 15 CONTINUE 
QP-Q J PP=PHII 

JUMP 16 CONTINUE 
IF(OP.NE.QN) DPHI = <QP*PN-QN*PP)/(QP-QN)-PHI I 
IFCQN»QP.LE.0.00> GO TO JUMPIB 
DPHI=AMIN] (DPHI ,POTENT-PHI I J S DPHI=AMAXI(DPH. ,PHI(L-1)-PHI II 

JUMPI8 PHII=PH11+DPHI 
IFIK0UNT.LE.2) GO TO L00P19 
IF(ABSIQI.GT.5.E-2'EDEN) GO TO L00PI9 
IFIABSIDPHI).GT.1.E-i'EENKEVI GO TOLOOPIS 
GO TO JUMP 19 
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2062 LOOP19 KKOUNTIL>=KOUNT 
5063 CALL ERRCnTOO MANY PASSES POTSHAPEO 
2DEt 
8065 JUMP19 PHI(L1=AMAXHPHII,PHI(L-1 11 
5066 LOOP50 CONTINUE 
5067 CALL TIMES(31 
5068 JUMP30 CONTINUE 
5069 QC0LD=0. 
5070 IF(MAXWELL.EQ.I 1 QC0LD=DEN/(EXPIPOTENT/ETEMP)- I . ) 
5071 
5072 DO LOOP30 L M . L Z 
5073 LOOP30 PDEN(L)=ANUMB»DENFPZ(PHI(L1,L)*QC0LD 
5074 RETURN 
2075 END 
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2076 SUBROUTINE PRESSURE 
2077 C COMPUTE PPERP.PPAR OF PSi • " » • 
2078 USE BACOMM 
2079 DIMENSION FOlITH),XMUIITHI 
2080 
2081 CALL TIME1 (7) 
2082 IPRESS=0 S GO TO JUMPl 
2083 
2084 ENTRY PRESSO 
2085 C ENTER HERE FOR PRESSURES AT Z=0 ONLY 
2086 IPRESS=I 
2087 JUMPl CONTINUE 
2088 
2089 00 LOOP50 L=l,LZ-I 
2090 PP=PV=PR=0. 
2091 VPOT2=C0NVPHI I D 
2092 
2093 DO LOOP40 J = 2 , J V I - I 
2094 IL=1 $ IR=ITH 
2095 VZ2=V2(JI+VP0T2 
2096 XA=(PSI (L)*V2CJ)-VZ2)/' I PSI I L ) *V2t J! I 
2097 F0I1)=F(I.J) $ XMUI1)=COSSI 1I 
209B * '" < 
2099 DO LOOPIO 1=2.ITH 
2100 F0CI)=FU.J> $ XMUI 1 )=AMAX1 (COSSI I I . I .E-5) 
2101 IFIFOCI).LE.0.00 .AND. IL*l.EO.I) IL=I 
2102 IFICOSSl] >"2-XA.GT.0.00) GO TO LOOPIO 
2103 IR=[ S XMUII1=S0RTIAMAX1<XAM1.*!.E-IO).I.E-IO)) 
2104 FOlI>=F0<I-t MICOSSC I )-XMUI I ) )*FOI I 1MXMUI I )-COSSI 1-1 ) ) 
2105 FOlI)=F0(I)/(COSSII)-COSSI1-1)1 
2106 GO TO JUMP 10 
2107 LOOPIO CONTINUE 
2108 JUMP 10 CONTINUE 
2109 IFIIL.GE.IR) GO TO LO0P40 
2110 SQ=SQRTI (XMUI IL)*«2-XA1 S XLOG=LOG1IXMU( 1L I *SO i 
2111 E1=SQ $ HI=.5*(XMU(IL)•SO-XA'XLOG) 
2112 E2=BQ"3/3. S H2=XMU ( IL ) 'SO' '3' 12. - . I25>XA» (XMU( IL I 'SQ-XA-XLOG) 
2113 SUM1=-F0(ILI'El+IFOI1L+11-FOIIL)I"HI/IXMUIIL*11-XMUIILI) 
2114 SUM2=-F0lILI»E2*(F0IIL+11-F0IIL)I-he/IXMUlIL*I1-XMUIILI) 
2115 50=S0RTI (XMUI IRI "2-XA) I XLOG=LOGI(XMUIIR)*SQ1 
2116 El=SO $ H1 = .5MXMU< IR I »SQ-XA*XLOG) 
2117 E 2 = S O " 3 / 3 . $ H2=XMU( IR) »SQ« -Zl 12. - . 125'XA- I XMUI IR) 'SQ-XA'XLOGI 
2118 SUM1-SUM1+F0IIRl'El-
2119 1 (FOl IRl-FOt IR-1 ) MH1/IXMU! IRI-XMUl IR-1 I ) 
2120 SUM2=SUM2+F0(IRl»E2-
2121 1 IF0(IR1-F0IIR-1))-H2/(XMU(IRI-XMUlIR-1I) 
2122 
2123 DO L00P20 I=IL*1,IR-1 
2124 SO=SQRT] (XMUI 1 )"2-XAI S XLOG=LOGIIXMUII)+SO) 
2125 E1=SQ S HI- .5MXMUC I ) •SQ-XA»XLOG) 
2126 E 2 = S Q " 3 / 3 . S H2=XMU( I ) ' S O ' ' 3 / I 2 . - . 125-XA- I XMUI I 1 •SO-XA'XLOGl 
2127 SUM1=SUMI*H1'( ( F O ( I • I ) - F 0 I I ) ) / I X M U I I * I ) - X M U I I I ) -
2128 I I F O I I l - F O I I - I I ) / ( X M U ( I 1 - X M U I 1 - 1 I ) ) 
2129 SUM2=SUM2*H2M (FO ( I + 1 I -FO ( I I ) / (XMU( I * I i -XMUI I ' ) -
2130 1 (FOlIl-FOtI-I I)/(XMUII1-XMUI1-1 I) ) 
213! LOOP20 CONTINUE 
2132 SUM1=-SUM1 $ SUM2=-SUM2 
2133 PP=PP*DELVIJI »V2IJI "VZ2'SUM2 
2134 PV=PV*DELVIJI'V2IJl'VZ2-SUM1 
2135 PR=PR»DELVIJ>'V2IJI-SUM1 
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a 136 LOOP'tO CONTINUE 
SI 37 PPARCLI=PP*AMASS"t.'PI-PSI(Ll'PSIHtL) 
2138 PV=PV»AMASS'4.'PMPSIH1L) 
2139 PPERP!L) = .5MPV-PPAR(L1 ) 
5140 PRDEN!L)=H.»PI*PSIH(L)'PR 
2141 C ELECTRON CONTRIBUTION TO PRESSURES NOT PRESENTLY INCLUDED 
ait5 IFlIPRESS.EQ.1) RETURN $$$••• L=l ONLY FROM PRESSO ENTRY 
aiH3 L00P50 CONTINUE 
2144 C . . . DETERMINE BOMIN, MINIMUM FIELD FOR MIRPOR-MODE STABILITY 
2145 C BE-TAMAX rS BETA-PERP FOR THIS FIELD 

-a-PtB"" B0M1N=0. 
aim 
aiHS DO LOOP60 L=2,LZ 
2149 PDERIV=PSI<L>**2-PSI(L-l>'*2 
2150 PDERIV=(PPERP(I.-1 1-PPERPIL1 )/PDERIV 
2151 B0MIN=AMAX1 (BOMIN.PDER 1 V 1 
a 152 LOOP60 CONTINUE 
2153 B0M!N=SQRT(8»PI-B0MIN> 
2154 BETAMAX=PPERP/(PPERP*B0MIN"2/(8*PI)1 
2155 CALL TIME217) 
2156 RETURN 
2157 END 
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2158 SUBROUTINE RECORD 
2159 C THIS ROUTINE STORES TIME DEP QUANTITIES AND 
2160 C MAKES CALL TO RECOUT WHEN KRECOUT IS SET FROM 0 TO 1 
21S1 C THE FLAG KRECOUT IS SET IN MAIN 
2162 USE BACOMM 
2163 DATA NN/O/ 
216t 
2165 IFIN.EQ.NCHECMN/NCHEC!) GO TO JUMP' 
2166 IFIKRECOUT.EQ.1) GO TO JUMPi 
2167 RETURN 
r too 
2169 JUMP I CONTINUE 
2170 C STORE VALUES AT CURRENT TIME 
2171 IFINN.EO.O .OR. TTlNEINN).NF.T1ME) NN=NN+I 
2172 TTIMEtNNI=TIME 
2173 TOENICNN)*DEN 
217H TOENLCNN)»OENL 
2175 TEDENLINN)=EDENL 
2176 TDENE(NN1=E0EN 
2177 TNRGIt NN1*ENKEV 
2178 TNRGE(NN)=E£NKEV 
2179 C EDIAG DEFINED IN SR. GTDIAG 
2180 TOIAG(NN,l)=EDIAG(l) 
2181 TDIAG(NN.2)-EDIAG!2> 
2182 TPHIM(NN)=POTENT 
2183 IFCKRECOUT.EQ.O) RETUFN 
2181* 
2185 KRECOUT=0 
2186 CALL RECOUT 
2187 IFCNMQ-NN.LT.NOUT/NCHEC+1) NN=0 
2188 RETURN 
2189 END 

-76-



2I9D SUBROUTINE RECOUT 
2L9I USE BACOMM 
2132 DIMENSION M(20> 
2193 DIMENSION OCONT!30I.FCONT(JVI.ITH). PSICOMILZ) 
2194 DIMENSION FPACITH.JVI),FPEIJV) 
2195 EQUIVALENCE (FPA.VCOSP). (FESAVF.FPE) 
2196 EQUIVALENCE (FCONT,VCOSPI. (PSICOMM.VCOSP) 
2197 DATA EMIN,FMIN,FMAX/310.I/ 
2198 
2199 1FINN.LE.I .OR. NOUT.LE.ll GO TO JUMP19 SSS NO TIME DEPENDANT OUTPUT 
2200 C . . . OUTPUT TIME DEP ARRAYS 
22,11 
220? C PLOT ELECTRON ENERGY AND DENSITY IN TIME 
2203 CALL FRAME 
220'r CALL SETCH135. .41 . .0.0.1 ) 
2205 WRITE! 100 ,Fm ) N.TIME.DTIME 
2206 CALL AMINMX(TNRGE.I.NN,I.EMIN.EMAXI 
2207 EMAX=AMAXI(EMAX.EMIN+.01«EMAX) 
220B CALL AMINMXCTDENE.I.NN,1.DMIN.OMAXI 
2209 DMAX=AMAXI (0MAX.DM1N* . 0 1 «DMAX) 
2210 CALL MAPSITT1MEI11.TTIME(NN).DMIN.DMAX,.15,.99,.65..99) 
2211 CALL TRACECTTIME.TDENE.NN) 
2212 CALL MAPSITTIME!1).TTIME(NN).EMIN.EMAX,.15,.99..15..5! 
2213 CALL TRACE(TTIME.TNRGE.NN) 
2214 CALL SETCHU7. .3. ,1 ,0,1,01 
2215 WRITE!luO.FOl) TOENEINN).TNRliE(NN1,TTI ME(NN) 
2216 FOl F0RMAT!nDENSnY=c,E16.6.5X.nENERGY=a.E16.6,nKEVa//nTIME=n,E:6.6> 
2217 CALL SETCHI1..17..I,0,I,I) 
2218 WRITE!100,FOc) 
2219 F02 FORMAT'^ELECTRON ENERGYc,30X,o OENSIrvo) 
2220 
2221 C PLOT ION DENSITY AND ENERGY IN T I M E " 
2222 CALL FRAME 
2223 CALL AMINMXITDENi.1,NN,1.DMIN.DMAXI 
2224 DMAX=AMAX1(DMAX.DMIN+.0 I"DMAXl 
2225 CALL AMINi-lX I TNRGI , I ,NN, I .EMIN.EMAX ) 
2226 EMAX=AMAX1(EMAX,EMIN*.0 I»EMAX) 
2227 CALL MAPS!TT1ME!1 I,TTIME(NN),DMIN.DMAX, .I 5, .99..65, .99) 
2228 CALL TRACEITTIME.TDENI.NNI 
2229 CALL MAPSCTTIMEI1).TTIME(NN).EMIN.EMAX,.15,.99,.15..5) 
2230 CALL TRACE i TT IME , TNRGI .NN) 
2231 CALL SE7CHI17.,3.,1.0,1,0) 
2232 WRITEI100.F05) DEN,TNRGI(NN).TTIME(NNI 
2233 F05 F0RMAT(nDENSITY=n,E16.6.5X,nENERGY=n,EI6.6,nKEVo//nTIME*a.E16.S: 
2234 CALL SETCH(I..I 7..I.0,I . I ) 
2235 WRITEU0O.F06) 
2236 F06 FORMAT(niON ENERGYn,30X.nDENSITYn] 
2237 CALL FRAME 
223B 
2239 C PLOT LINE DENSITY OF IONS AND POTENT IN TIME .......... 
2240 CALL ANINMX(TDENL,2,NN,I,DMIN.DMAX) 
2241 DMAX-AMAX1(DMAX,AMAXAF(TEDENL,1.NN)I 
2242 DMAX=AMAXI(DMAX,OMIN+.01'DMAXI 
2243 CALL MAPS! TT IME ( 1 I . TT IME INN) ,DMIN .DMAX . . I 5. . 9T. . 65, . 991 
2244 CALL SETPCHI0,0,I,0,150 I 
2245 CALL TRACECIIHI.TTIME,TDENL,NN) 
2246 
2247 CALL AMINMX!TPHIM.I,NN.I.DMIN.DMAX) 
2248 DMAX=AMAX1 (OMAX.DMI N* . 0 1 'DMAX ) 
2249 CALL MAPS!TTIMEC11,TTIME(NN).DMIN.DMAX,.15..99..15..5 
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2250 CALL TRACE ITTIMt,TPHIM.NN) 
2251 CALL SETCHI 1.,17 . ,1 . 0,I,I ) 
2252 WHITE!100,F07) 
2253 F07 FORMAT InAMB!POLAR POTENTlALo,30 v nLINE DENSITYn/nUNITS ARE KEVnl 
2254 CALL SETCHI10.,3.,I.0,I,0) 
2255 WMTEU0D.F08) POTENT,TIME 
2256 FOB F0RMATlnP0TENT=n,E12.4,n KEVn/nTIME=B,E11.3,a SECnl 
<T257 C PLOT TIME DEPENDENI DIAGNOSTCS FROM SR. GTDIAG 
2253 CALL FRAME 
2259 CALL OACOPVIYPLOT,TDIAG I I ,21,NN) 
2260 CALL PLOTUH!TTIME,YPLOT,NN.LOIAGC2)I 
226! CALL QACOPYlYPLOT,TDIAG<I,I 1,NN1 
2262 CALL PLOTLHl TT I ME , YPLOT ,NN .LOI A G U ) 1 
2263 CALL SETCH(17., .1,0,1,0) 
2264 WRITE! 100.F08A1 EDIAG( 1 ) ,EDIAG12) 
2265 F08A FORMAT(nEPARO,L=n,2EI 2.5,nKEVn) 
£?56 JUMP I 9 CONTINUE 
2267 C BOUNCE AVERAGED AND Z-DEPENDANT QUANTITIES OUTPUT TED BELOW " " 
2268 
2269 C SOURCES 
2270 Mll)=4H066 I M(2) =6H 'L ' 017 
2271 MI3)=nSS(I,Jin $ MI4)=nIONSD $ M!5)=77B 
2272 CALL TRANSPOSE ISS.FCONT,ITH,JVI 1 
2273 CALL PC0NT0URIM.2I,FCONT.JVI.V.JV1.THDEG.ITH) 
2274 WRITE!100.FD4) SCUR.SENK 
2275 F04 FORMAT(nMIDPLANE SOURCE=n,E13.5,nPART/SEC-CM3H,5X,EI2.5.nKEVnI 
2276 WRITE!100.F09) SCX.SCUR-SCX 
2277 F09 FORMAT(nCX=n,E13.5.3X,nI0NIZATI0N=n,E13.5l 
2278 WRITE!100.FIO) SCURL.SCURL2.SCXL.SCXL2.SCURL-SCXL 
2279 FIO FORMAT(nLINE INTEG. OF S0URCE=n,2E13.5.nPER CM2n/nCX=n,2EI 3.5. 
22B0 & 2X.n IONIZATIONS. El 3.5) 
2281 WRITE!100.F41) N.T1ME.DTIME 
2282 
2283 C PLOT ION 8. ELECTRON ENERGY IN Z *••' 
2284 CALL FRAME 
22B5 C . . . ELECTRON ENERGY PLOT IN UPPER HALF FRAME'*-' 
2286 CALL AMI NMX (ZNRGF.. 1 ,LZ . I , EMIN.EMAX ) 
22B7 EMAX=AMAXI IEMAX.EMIN*.0 I-EMAX) 
22BB CALL MAPS! Z ( 1 1 , Z (LZ) .EMIN.EMAX ,. 1 5. . 99. .65 .. 99) 
2289 CALL TRACE(Z.ZNRGE,LZ) 
2290 CALL SETCH!1..17..I.0,I,1) 
229! WRITE!100,Fl1) 
2292 Fll F0RMAT(2X.nI0N ENERGYa.30X.nELECTRON ENERGYn| 
2293 WRITE!100,FIS) TIME 
2294 F12 FORMATlnPLOTS IN Zn/nTIME = n,E1 I .3) 
2295 CALL AMINMXIZNRG1.1.LZ,1.EMIN.EMAX) 
2296 EMAX=AMAXI(EMAX.EMIN*.0 I'EMAX1 
2297 CALL MAPS!7 I 1 I,Z(LZ),EMIN.EMAX,.I 5,.99..I 5,.51 
2298 CALL TRACE1Z.ZNRGI.LZ) 
2299 
2300 C PLOT DENSITIES IN Z " • • 
2301 CALL FRAME 
2302 C ION DENSITY VS PSI PLOTTED IN LOWER HAL! FRAME ••••-•••• 
2303 DMAX=1.05'AMAXlIZDENIi1).PDENl1)) 
2304 DMIN'O. 
2305 CAL1. MAPSIPSI • ! 1 .PSI :LZ) .DMIN.DMAX. . 15. .99. . If., .5) 
2306 CALL TRACE IPS I.PRDEN.LZI 
2307 C . . . COMPARISION OF ELECTRON, ION & DENSITY FROM POTSHAPF CALC... 
2308 CALL MAPSIZ!I I.ZILZl .DMIN.DMAX,. 15..99..65,.99) 
2309 CALL SETPCH!0,0,!,0.150l 
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5310 CALL TRACECUHE.Z.ZDENE.LZ) 
5311 CALL SETPCHI0.0,1,0,1651 
5315 CALL TRACEC(IHI,Z,ZDENI,LZ> 
2313 CALL SETPCHI0.0,1,0.1801 
2314 CALL TRACECIt HP,Z,PDEN.LZ) 
5315 CALL SETCH1I.,17.,I,0,I , I) 
5316 WRITE!100,F15) 
5317 F15 FORMAT(nION DENSITY VS PSIn,23X,^COMPARISON OF Z-DEP DENSITIESn] 
S31B WRITEU00.FI6) TIME 
2319 F16 F0RMAT(DTIME=D,E11.3.25X,DELECTRONSIE) , IONSI I 1 ANDn) 
2320 WRITE!100.F17) 
2321 F17 F0RMATI4IX.DFR0M CALC OF F3TSHAPE(P)P) 
2325 WRITEI100.F18) 
5323 FIB F0RMAT(41X,oPL0TS IN Zn1 
2324 C Z-DEP PLOT OF PHI AND PS1 
2325 CALL FRAME 
2326 CALL MAPSIZII 1,Z(LZ),PHI(1),PHI1LZ)..I 5..99..65,.991 
5327 CALL TRACEIZ.PHI.LZ) 
2328 CALL MAPIPSII1>,PSI(LZI,PHI(I 1.PHI(LZI,.15..99..65..99) 
2359 CALL TRACEP(PSI,PHI,LZ) 
2330 CALL SETCHi1.,17..I,0.I,I) 
2331 WPITEU00.F25) 
2335 F25 FORMATIDPSI VS Z P . 3 0 X . P P H I VS Z AND PS I(POI NTS 1PI 
2333 WRITE!100,F41I N.TIME.DT1ME 
2334 CALL MAPSIZI 1 I,Z(LZ),PSI<I).PS I(LZI..15..99..15..5 I 
2335 CALL TRACEP(Z.PSIVAC,LZI 
2336 CALL TRAoEIZ.PSI.LZI 
2337 
S33B DO L00PI6 L=l,LZ 
2339 CALL LINE(ZCL) .PSIU .,Z(L) ,PSK1 ) + .02'PSI ILZ) I 
2340 CALL L1NEIZU ) ,PSI (L) , .01 »Z(LZ) ,PSI (LI ) 
2341 LOOP 16 CONTINUE 
2345 
2343 C PERPENDICULAR AND PARALLEL PRESURE PROFILES 
2344 CALL FRAME 
2345 CALL MAPSIPSK 1 I .PSHLZ I .PPARl 1 ) ,PPAR(LZI . . 15, .99. .65. .99) 
2346 CALL TRACE IPS1.PPAR.LZ: 
2347 DMAX=AMAXAF(PPERP.I,LZ) 
2348 CALL MAPS(PSI(1),PSIILZ1,DMAX.PPERPILZ)..I 5,.99..15..51 
2349 CALL TRACE(PSI.PPERP.LZ) 
2350 CALL SETCH(1..I 7. ,1,0.I.I) 
2351 WRITEH00.F26) 
2352 F56 FORMAT(6X.PPPERP VS PSIP,30X.PPPAR VS P S I P ) 
2353 CALL SETCH!10.,4.,1.0.I,0) 
2354 WRITE I100.F27I PPERP(I 1.PPAR!I I.BFI1 I.BVD.BOMIN.BETA.BETAMAX.BRAT 10 
2355 F27 FORMAT(nPPERP,PAR=n,EE15.5' 
2356 1 PB0.BV0=o.2E15.5.2X,PB0MIN=P,E12.5.n G A U S S P / 
2357 2 PBETA.BETAMAX-D.2F7.4.2X.nMIRR0R RATIO=D.F7.5 I 
2358 
2359 WRITEI3.F41I N.TIME.DTIME 
2360 CALL PEEKI (nPDF-NIL ID,PDEN,LZ) 
2361 CALL PEEKIInZDENE(L)n.ZDENE.LZ) 
2362 CALL PEEKIIDZDENI(L)D,ZDENI,LZ) 
2363 CALL PEEK!IP2NRGE(L)D,ZNRGE,LZ) 
236"? CALL PEEK! (PZNRGI(Lla.ZNRGI,LI. 
2365 CALL PEEKI(PPRDENIL)o.PRDEN.LZI 
5366 CALL PEEK!(nPPAR(Lla.PPAR.LZI 
2367 CALL PEEKI(DPPERP(L)D.PPERP.LZI 
5368 CALL PEEKI(DBVAC(L)P.BVAC.LZ: 
2369 CALL PEEKKOBF(L)D.BF.LZ) 
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2370 CALL PEEK1(OPSI(L)n.PSl,LZ1 
5371 CALL PEEKi I DPS]VAC1L)a,P5IVAC.LZI 
237c CALL PEEKIIPZIL>n,Z,LZ> 
2373 WRITEt3,o(/nnELECTRONaa)•) 
2374 WRITE13.F04) ESCUR.ESENK 
2375 WRlTE(3,PUP>HONan>n> 
2376 WRrT£(3.F0f) SCUR.SENK 
2377 IFe=CUR.GT.0.il01 CALL PEEK2IPSSI I.J IP,SS.ITH,JVI> 
2378 CALL PEEK21PCCX(I.J)P.CCX.ITH.JVI) 
2379 CALL PEEKI(aESiJ)P.ES.JV) 
2380 IFCKBUG.EQ.01 GO TO JUMP20 
2361 WRITE(3,F41> N,'IME.DTIME 
238S CALL PEEK2(PZB0UNCE(I.J)P.ZBOUNCE,ITH,JVI) 
2383 CALL PEEK2<OTAUII,J)D.TAU,ITH.JVI) 
2384 CALL PEEK2I0CCVVII.JIP.CCVV,ITH.JVI) 
2385 CALL PEEK2IDCCVTI1,J)P.CCVT,ITH.JVI> 
2386 CALL PEEK2IPCCTT!1.JIP.CCTT,ITH,JVI1 
2387 CALL PEEK2IPCCVII.JlP.CCV,ITH.JVI1 
2388 CALL PEEK2IPCCTCI,Jln,CCT,ITH.JVII 
2389 CALL PEEK2IPCCI I .JIO.CC. ITH.JVM 
2390 CALL PEEKI ••DECVVn.ECVV. JVI 
2391 CALL PEEKIlaECVH.ECV,JVI 
2392 CALL PEEKIlaECP,EC.JVI 
2393 CALL PEEKI10ELP,EL,JVI 
2394 CALL PEEKImETAUP.ETAU.JVI 
2395 
2396 C . . . MIOPLANE OUTPUT ••••• 
2397 JUMP20 CONTINUE 
2398 C PLOT ELECTRON DISTRIBUTION AT MIDPLANE 
2399 
2400 CALL FRAME 
2401 CALL AMINMXIFE,1,JV,I.FMIN.FMAX) 
2402 CALL MAPS!0.,VMAX.FMIN.FMAX,.15,.9..15..9) 
2403 CALL TRACE!V.FE,JVI 
2404 CALL SETCHII..20..0,0.1.11 
2405 WRITECI00.F20) TIME 
2406 F20 FORMAT IPELECTON DISTRIBUTION AT TIME = P,EI I.3,P S E C O N D S P ) 
2407 CALL SETCHU5. .3. , 1 .0, 1 .01 
2408 WRITE!100,F21I EDEN.EDENL.EENKEV 
2409 F2I F0RMAT(a0ENSrTV=n,2EI3.5,5X.0ENERGY=o.EI2.4,PKEVP) 
24 10 C 3-D PLOT OF MIDPLANE ION DISTRIBUTION 
241 1 
24 12 PTANG=PLTANG 
24 13 
24 14 DO LOOP08 1=1.1TH S DO LOOP08 J=I,JVI 
24 15 QEEU)=V(JI 
2416 LOOPOB VCOS(I.JI-FU.J) 
2417 IFIPLTANG.LE.180.1 GO TO JUMP1 I 
,?4J8 PTANG=PLTANG-180. 
24 I Sj 
2420 DO LO0P09 I--I.ITH I 00 LOOP09 J=I.JVI 
2421 JJ=JVI-J*1 
2422 OEE(J)=VUJ) 
2423 LOOP09 VCOStI.J>=F1!.JJJ 
2424 JUMP11 CONTINUE 
2425 CALL FRAME 
2426 CALL PLOT3DIPTANG,OEE.THDEG,VCOS.I..1..1..JVI.ITH.ITHI 
2427 C . . . CONTOUR PLOT OF ION DISTRIBUTION 
242S 
2429 DO LOOP 10 J=1.JVI 
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2430 
2431 
2432 
2433 
2434 
2435 
24 36 
2437 
2438 
2439 
2440 
2441 
2442 
2443 
2444 
2445 
2446 
2447 
2448 
2449 
2450 
2451 
2452 
2453 
2454 
2455 
2456 
2457 
2458 
2459 
2460 
2461 
2462 
2463 
2464 
2465 
2466 
2467 
2468 
2469 
2470 
2471 
2472 
2473 
2474 
2475 
2476 
2477 
2478 
2479 
2480 
2481 
2482 
2483 
2484 
2485 
2486 
2487 
248B 
2489 C 

QEE(J)^FCITH.J) 
DO LOOP 10 1 = 1 . ITH 

LOOPIO FCONTCJ,IJ=F(/.J) 
DMAX=AMAXAF (QEE , 1 , JVI ) 
DC0NTC1)=1.E-ID'OMAX 
DCONT(21 = .9999999 »DMAX 
CALL FRAME 
CALL MAPSIVI 1) .VIJVD.THDEGC I ) .THDEGUTH) . . 059 , . 9 9 9 . . 2 5 . .95) 
CALL RC0NTRC-2I,DCONT,I.FCONT.JV1,V,I,JV1,1.THDEG.l.ITH.1) 
CALL SETCHU7. .8. , I ,0, 1 ,0) 
HRITE(100,F22) 

F22 FORMAT in[ON DISTRI8UTT0Nn/n2| CONTOURS EQUALLY SPACED FROM ZERO TO FMAXO) 
WRITEU00.F23) DMAX.TIME 

F23 FORMATlnFMAX=n,E12.4,n PART/ICM-CM/SEC>3o,5X,nT!ME = n,EI 1.3,n SECn) 
WRITE!100,F23A) DEN.ENKEV 

F23A FORMAT(nDENSITY=n,E!3.5,5X,oENERGY=n,E12.4,nKEVn > 
DEH2=.5*Z(2)*PRDEN(1) 
DENQ=.5"ZC2)»PRDENI1)*'2 

DO L00P11 L=2.LZ-| 
D E N Q = D E N Q * . 5 * ! Z ( L + 1 ) - Z ( L - l I ) - P R D E N I L 1 » ' 2 / P S I I L I 

LOOP1 1 DEN2=0EN2* .5MZ<LH 1 - Z C L - l I ) 'PRDENIL I /PSI (L) 
DENQ=2.*DENQ»BV0/B0 
DEN2=2.*DEN2»BV0/B0 
WRITEI 100.F24) DENL,DEN2,DENQ,POT.POJ 

F24 FORMAT(DLINE DENSITY=n,2E13.5.DPER CM2n,3X.nN S0=n,E13.5/ 
3 0PQT,J=n.2E12.5) 
WRITE (100.F25AI TAUSRC.TAUII.TAUDRAG.TAUMAG 

F25A FORMAT(nTAUSRC,11,DRAG,MAGn,4E10.3) 
CALL SETCH(1.,20.5,0.I,3,01 
CALL CRTBCD(4H ,017) 
CALL SETCHC42.,3.,0.I.3.0) 
CALL CRTBCD14H-066) 

F29 

F41 

F31 

WRITEC3.F29I N.T1ME 
FORMATCnIn/ON=n.15,/nTIME=n.El I.3,n SECONDSn/) 
WRITEI3.F30) EDEN.EENKEV 
FORMAT C / / /nELECTRON DEN=n.E13.4/n£NERGY=n,E11 .4,nKEVn) 
CALL PEEK1(OFE(J)O.FE.JV) 
WRITE13.F41) N.TIME.DTIME 
F0RMAT<nN=n,I5,5X,nTIME,DTIME=n.E16.9.E9.2,,n SECnl 
WRITEC3.F24I DENL.DEN2 
WRITE(3,F31) DEN.ENKEV 
FORMATCn ION DEN=n,E13.4/nENERGY=n,E11.4,nKEVn//nION D1ST n) 

DO LOOP40 J=l.JVI 
LOOP40 FIITH+1.J)=FCITH-1,J) 

CALL PEEK2CHFCI.Jln.F.lTH+l,JVII 
WRITEI3.F4I) N.TIME.DTIME 
WRITEC3.F401 POTENT 

F40 FORMAT c / /./ nPOTENT=n , F I 3. 3. nKEVn ) 
CALL PEEK1 (nPHI I D n . P H I ,LZ) 
CALL PEEK] cnPSI iDn.PSI.LZ) 
WRITEI3.F411 N.TIME.DTIME 
WRITEC3.F42II1LOSS1J),J=I,JVI) 

F42 FORMATl/n]LOSSU),J-I,JV[a/(3014>) 
WRITEC3.F43)(JLOSSlI).1=1.ITH) 

F43 FORMAT I/DJLOSL' : ! . ! .1 . ITHn/C30l4l ) 
CALL PEEKNCHPOT SHAPE ITERATIONS KKOUNTIL 1 n .KKOl'MT ,LZ I 
SUMMARY PAGE TO F1CHE AND DD80 FILES "---, 
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2490 CALL FRAME 
3491 CALL SETCHI1.,42.,0,0,1.0,0) 
2492 CALL SUMMARY!1001 
2493 CALL SUMMARYI3) 
2494 CALL PLOTEA 
2495 CALL TIMEOUT 
2496 CALL EMPTY(3I 
2497 RETURN 
2499 END 
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2499 SUBROUTINE ROSENIL) 
3500 USE BACOMM 
2501 REAL NO 
2503 DIMENSION GSUMUTH.JVI I 
2503 DIMENSION TGUVI . ( 0,MX I ) , TGV( JVI , ( O.MX 1 ) , TGVVt JVI , ( 0 ,MX) ) 
2504 EQUIVALENCE (GSUM.CCX) 
2505 DIMENSION GROSS!JVI,I 0.MX).3) 
2506 EQUIVALENCE (GROSS.GI 
2507 EQUI VALENCE ITG,G).(TGV,GVI,ITGVV.GVV) 
2508 
2509 CALL IONPROJIL) $$$•• OBTAINS ALEG(J.M) 
2510 CALL EMOMENTS(L) $$$•• OBTAINS EQMM(J), ETC. AND FEZ(J 
2511 CALL COULOGCL) 
2512 IF(L.GT.l) GO TO JUMP5 
2513 TAUDRAG=.5»2.15E13»SQRT(EENKEV-«3)/(CLOGlE'EDEN) 
25m CLOG!E0=CLOGIE S$S SAVE MIDPLANE COULOMB LOG FOR ELECTRON RATE EQN 
2515 TAUII=ENKEV»AMASS/1.67E-24 
2516 TAUII=2.44E11'SQRT(TAUII 1'ENKEV/I CLOG!I'ANUMB-'4-DEN) 
2517 JUMP5 CONTINUE 
25IB IF1KBUG.LE.I> GO TO JUMP 10 
2519 CALL PEEK2(nALEGn,ALEG,JVI,MX+!) 
2520 CALL PEEK IcnFEZn.FEZ.JVI 
5521 CALL PEEK 1 1 nEQEEn , EQEE . JV I 
2522 CALL PEEK1inEQMMn.EQMM,JV1 
2523 CALL PEEK 1(aEQNNn,EQNN,JV1 
2524 WRITEI3.F01) L.CLOGEE.CLOGIE,CLOGII 
2525 F01 FORMAT(/nL=n.13/nCLOGEE,IE.II=a,3E16.8) 
2526 JUMP 10 CONTINUE 
2527 
2528 DO L00P20 M=0.MX 
2529 CALL MOMENTSIM1 $$$•• OBTAINS QMM(J), ETC FOR IONS'"* 
2530 MM=2*M 
2531 IFCKBUG.LE.I) GO TO JUMP20 
2532 WRITEI3.F02) M.MM 
2533 F02 FORMAT(/aM=n,I4.4X,D2»M=n.14) 
2534 CALL PEEK1(aOEEn.QEE.JVI) 
2535 CALL PEEK 1(nQMMo,QMM,JVI) 
2536 CALL PEEK 1!DQNNn,QNN.JVII 
2537 CALL PEEK 1!nQRRn,QRR,JVI) 
253B JUMP20 CONTINUE 
2539 CFACT=4.*P1/C2'MM+1) 
2540 GFACT1=I./(2»MM*3I 
5541 GFACT2=I./(2'MM-l1 
2542 
2543 DO L00P25 J=2.JVI 
2544 TGCJ,M)=CFACT'V4(J)«(GFACTI'(QEE(J1+QMM(J) I-GFACT2*(QNN(J)*QRRI J))) 
2545 TGV(J,MKFACT'V3(J)* IGFACT I"I IMM+2)>QMMI J I - IMM+I)«OEEIJ I)-
2546 & GFACT2*(MM'QRR(J1-(MM-1I'QNNUI I I 
2547 TGVVU.M)=CFACT'V2(J)MGFACT1M I MM* I )MMM*2> )• (QEE ( J I +0MMI J s I-
2548 & GFACT2MMMMMM-1 1 >• (QNNCJ>+QRR( J> ) I 
5549 L00P25 CONTINUE 
2550 IF1M.EQ.0I CALL ECOEFIL. $$$ ECOEF OBTAINS ELECTRON COEFFICIENTS 
2551 LOOP20 CONTINUE 
2552 JUMP25 CONTINUE 
2553 C HAVE COMPLETE ELECTRON COEFFICIENTS AT Z, AND HAVE ION PART OF 
2554 C G-ROSENBLUTH POTENTIAL STORED IN TGI J,M)•*•*• - > 
2555 
2556 DO LOOP40 J=2.JVI 
2557 EHV=-4.'PI'VlJI'EQNNIJl 
2558 EGV=4.*PI'V3IJJ«(THIRD'12.*EQMM(J!-EOEE(J)l*EQNNIJl) 
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2559 EGVV=B.*PI»THIRD»V2 U >•1EOEE ( J I +EQMM IJ I ) 
5560 CVCJ>=GAM3'CL0G1E»ANUMBI2'EHV 
3561 G(J,0)=0. Ill NOT NEEDED IN CALC. OF DERIVATVES OF G 
2562 GV(J,0l=CLOGI I «TGV 1 J. 0 > *CL0G[E'ANUMBI2'EGV 
2563 GVV(J,0)=CLOGII"TGV\ IJ,01+CLOGIE-ANUMBI2-EGVV 
2564 
2565 DO L00P45 M=1,MX 
2566 G(J,M)=CLOGI I'TGU.M) 
2567 GVIJ.M)=CLOGII'TGVIJ.M) 
2568 GVVtJ,M)=CLOGI MTGVVU.M) 
2569 L00P45 CONTINUE 
2570 LOOP40 CONTINUE 
257. JUMP30 CONTINUE 
2572 RE TURN 
2573 END 
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2574 SUBROUTINE SOURCE 
2575 C EVALUATION AND ORBIT INTEGRAL OF SOURCE 
2576 C FLAG KSOURCE=0.1 TO FIX OR RESCALE SOURCE BETWEEN EVALUTIONS 
2577 C... SOURCE EVALUATED WHEN N=MULTIPLE OF NCOEF 
2578 C FLAG KFIXSS=i CAUSES SOURCE TO BE EVALUATED AT N=0 AND THEN 
2579 C REMAIN FIXED 
2580 C SENKEV,SJCOS.SVS.STS.SJCUR.SJI,SJCX,ZBEAM.TSMESH,TAUBEAM ARE 
25BI C INPUT. 
25B2 C SVS=GAUSS1AN FACTOR. IF LESS THAN I.E-4 THEN SVS IS TAKEN TO BE 
2583 C... EFOLDING ENERGY WIDTH IN KEV. 
2584 USE BACOMM 
2585 
2586 DATA NRUNS/D/. RAT.DENSAVE/2CI.I/ 
2587 
258B iF(N'KFIXSS.GT.O) GO TO JUMP80 
2589 IF(NRUNS.EQ.NRUN) GO TO JUMP20 
2590 NRUNS=NRUN 
2591 CALL GETR (TSMESH. I THS, RAT) 
2592 SCOS(ITHSI=0. S SCOSl1 I=COSSI1! 
2593 SCOSCITHS-I)=TSMESH>COSSI 1)/lITHS-I) 
2594 
2595 DO L00P2 II=2.ITHS-2 
2596 I=ITHS-II 
2597 L00P2 SCOS(I)=SCOSU*l )*RATMSCOS< I + 1 l-SCOSI I+Eri I 
2598 CALL PEEK I InSCOSt I la.SCOS. I THS) 
2599 IF(SC0SI2).GE.SCOSII)> CALL ERRlnBAD SOURCE GRIDn) 
2600 TCX=TJI=TCUR=0. 
2601 
2602 DO L00P5 NS=1,NSOR 
2603 TCX=TCX+SJCX(NS) I TJI=TJl*SJIINS I 
2604 TCUR=TCUR*SJCURINS> 
2605 L00P5 CONTINUE 
2606 
2B07 DO LOOP20 N5=!,NS0R 
26UB 
£309 DO LOOP10 1=1,ITHS 
2610 EXT 11 . NS) =EXP ( -STS <NS)« (SCOSl I l-SXOS(NSI )"2) 
2611 CXTII,NS)=EXT(I,NS)*EXP(-STS INS)* (SCOSlI)*SJCOSlNSI) "2) 
2612 LOOP 10 CONTINUE 
2613 SUM=EXTIITHS.NSI'SCOSIITHS-I) 
2614 DO LOOP!I 1=2.ITHS-I 
2615 L00P1I SUM=SUM*(SCOSl1-1l-SCOSl1 + 1 I)»EXT(I,NS) 
2616 IFISUM.LE.0.001 CALL ERRInBAO SOURCE 1 a) 
2617 DO L00P12 1=1.ITHS 
26IB L00P12 EXT(I.NSI=EXT<I,NS)/SUM 
2619 SENERGY=SENKEVINS)*ERGTKEV 
2620 VPEAK=0. $ IFISENERGY.GT.Q.00) VPEAK = SQRTI 2.'SENERGY AMASSi 
2621 IF(SVSINS).GT.1.E-4) SVSINS) = 1 / (CONV-SVS INS) > 
2622 DO LOOP I 5 J=l.JVI-1 
2623 L00PI5 EXV(J.NSI=EXPI-SVSINS)•(V(J)-VPEAK1•'2 I 
2624 SUM=0. 
2625 DO LOOP 16 J^2.JV1-I 
2626 L00P16 SUM=SUM+DELV(J)-V2<J)-EXVIJ.NS) 
2627 5UM=SUM«2.-PI 
2628 IF(SUM.LE.0.00) CALL ERRlnBAD S0URCE2O) 
2629 
2630 DO LOOP 17 J=i.JVI 
2631 L00PI7 EXV(J.NS)=EXV( J.NS) .'SUM 
2632 L00P20 CONTINUE 
2633 TSTART=TIME 
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2634 ZBSTART=ZBEAM 
2635 JUMP20 CONTINUE 
2636 ZBEAM=ZBSTART*(TIME-TSTARTJ'ZLENGTH/TAUBEAM 
2637 SFINCOEFMN/NCOEFI .EQ.N1 GO TO JUMP21 
5636 JFtKSOURCE.EQ.O) GO TO JUMP80 
2639 SCALE=DEN/DENSAVE 
2640 DENSAVE=DEN 
2641 IFIABSISCALE-I.001.GT.0.051 GO TO JUMPS! 
2642 
2643 DO LO0P21 J=I,JVI $ 00L0OP2I 1=1,ITH 
2644 L00P21 SSt 1 . J1=SS( I ,J>-SCALE 
2645 GO TO JUMP80 
2646 
2647 JUMP2I DENSAVE=DEN 
2648 
2649 00 L00P30 J=l,JVI I DO LOOP30 I=1.ITH 
2650 SSI I,J>=CCX<I,JI=0. 
2651 LO0P30 CONTINUE 
2652 IF(TCUR*TJI*ABS(TCX).LE.0.001 GO TO JUMP80 Sit NO SOURCE 
2653 CALL TIMEI(5) 
2654 LB=I 
2655 
2656 DO L0OP31 L=l,LZ 
2657. SZCL)=Z(LI $ SPSI (L )=PSJ (L I S S P H I D ^ P H M L ) S SZDFNIL ) =PRDEN (L 1 
2658 L0OP3I I F I Z I L ) . L T . Z B E A M I LB=L 
2659 I F I L B . G T . L Z - 2 .OR. L B . L E . l ) GO TO JUMP35 
2660 S Z ( L B * i ) = .001 ' Z I L B I * . 999-ZBEAM % SZ I L 3 * 2 I = . 001 <Zf LB-21.* .999-ZBEAM 
2661 DPS=PS11LB*1 l -PSI ILB) I DPH=PHII L B * I I -PH1(LBl -f 
2662 DNZ=PRDENtLB*l 1-PRDENILB) . ' . -
2663 DZUSE=(SZ(LB*1 1-ZILB) 1 / <ZILB»I l - Z I L B l ) 
2664 SPSIILB*I>=PSI<LB1*DZUSE*DPS $ SPHILB*I 1=PHIILB1•DZUSE'DPH 
2665 SZD£N(LB*I)=PROEN(LB)-DZUSE-DNZ 
2666 DZUSE=ISZ ILB*2 I -Z ILB)1 / IZ I L B * I 1-Z(LB I ) 
2667 SPSI ILB*2l=PSHLBI*DZUSE»DPS % 5PHILB*2>=PHI<LB I*DZUSE'DPH 
2668 SZDENILB*!I=PRDENILB)*DZUSE*DNZ 
2669 JUMP35 CONTINUE 
267D CALL IORBITISZ.SPSI.SPH) 
267 1 
2672 00 LOOP70 L=l ,LZ 
2673 IF(L.Gr.LS*2l GO TO LOOP70 
2674 IFIM1DPLANE.E0.1 .AND. L.GT.ll GO TO LOOP70 
2675 CALL ORBITlLI 
2676 
2677 DO LOOP70 J=2.JVI-I 
2678 VZ2=V2IJ)»0VP0T2(L) 
2679 IFIVZ2.GE.VMAXI--2) GO TO L00P7P 
2680 VZ=SQRTIlVZ2) 
2681 
2692 DO L00P40 JJ=J.JVI 
2683 JZ=JJ 
2684 LOOP40 IF(V(JJ I .GT.VZ) GO TO JUMP4 0 
2685 JUMP40 VRAT-IVZ-ViJZ-I ) 1/IVIJZ)-VIJZ-1 I I 
2686 
2687 DO L00P70 1 = 1 . ITH 
2688 ZB=ZBOUNC£l I . JI I IF IZB.GL . ZILZ I I GO TO L00l'70 
2689 IFIZB.LE.SZILi! GO TO LOOP70 
2690 COSZ--VCOSI I . Jl'/VZ 
2691 
2692 DO L00P45 !I=2.ITHS 
2693 !Z=II 
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2694 L00P45 1F(SCOStI I) .LT.COSZ) GO TO JUMP45 
2695 JUMP45 CRAT=(COSZ-SCOS<IZ-1))/lSCOS(IZl-SCOSlIZ~I)I 
2696 SRC=CCEX=0. 
2697 IFIZBEAM.LT.SZ(L)I GO TO JUMP50 
2698 
2699 DO LOOP50 NS=I.NSOR 
2700 E1=EXV(JZ-I ,NS)*VRAT'(EXV(JZ.NS1-EXV(JZ-1 ,NS) ) 
2701 E2=EXTlIZ-1,NS>+CRAT'(EXT<IZ.NSl-EXTlIZ-1.NS)) 
2702 SJ=SJCUR1NS)*(SJI(NS1+SJCXINPiI'SZDENIL) 
2703 SRC=SRC*SJ'EI"E2 
2704 CCEX=CCEX*SJCX(NS) 
2705 LO0P50 CONTINUE 
2706 SRC=AMAX1(SRC.O.) 
2707 JUMP50 CONTINUE 
2708 SS( I ,J)=SS< 1 .Jl+DTAUI I ,J)'SRC 
2709 CCXII,JI=CCXlI,J)*DTAU(1.JJ'CCEX 
2710 IFIZB.GE.SZ(LZ)) GO TO L0OP70 
2711 IFIZB.GE.SZtL-M )I GO TO LO0P70 
2712 lFlMIDPLANE.EQ.il GO TO LOOP70 
2713 SRC=CCEX=0. 
2714 IF(ZB.GT.ZBEAM) GO TO JUMP55 
2715 
C716 DO L00P55 NS=I.NSOR 
2717 E1=EXV!JZ-I,NS)+VRAT«(EXV(JZ,NS)-EXVIJZ-I.NS!I •-r"* 
27 IB E2=EXJJITHS.NS) 
2719 S Jj£3CUR1NS>•ISJI (NS)*SJCX(NS) I'SZDENd.) 
2720 S^C=SRC+SJ*E1'E2 
.2721 CCEX=CCEX*SJCXINS> 
2722 L0OP55 CONTINUE 
2723 JUMP55 CONTINUE 
2724 SS!I,J)=SS(I,J)*EDTAU(I.J)-SRC 
2725 CCXU ,JI=CCX( I,J)+EDTAUll.J> "CCEX 
2726 LOOP70 CONTINUE 
2727 
2728 DO LOOPBO J=1,JV1 I DO LOOP80 1=1.1 TH 
2729 1FITAUII.J).LE.0.00) GO TO LOOPS0 
2730 SSI I ,JI=SSI I ,J)/TAU( I. JI 
2731 CCXI 1 ,J)=CCX( t , J)/TAUI I . Jl 
2732 LOOP80 CONTINUE 
2733 CALL TIME2(5I 
2734 JUMP80 CONTINUE 
2735 C ELECTRON SOURCE FROM ION SOURCE .......... 
2736 CALL OVSET(0.,ES.JV! 
2737 00 L00P81 JM.JVI $ DO LOOPS I I=I,ITH 
2738 LOOPB1 ESI J)=ES(J)*-5»TINT(I)«SS< I.J) 
2739 C... SOURCE DIAGNOSTICS ......... 
2740 ESENK=ESCUR=0. 
2741 
2742 DO L00P82 J = l , J V 
2743 ESCUR=ESCUR»2'VINT1J) ' E S U I 
2744 •' rSENK=ESENK->2'VINT( J) 'ES( J ) ' V 2 ( J) 
2745 L00P82 CONTINUE 
2746 lF(ESCUR.GT.a.OO) FSENK=ESEW . 5-EMASS,' ; FSCUR >ERG TKEV I 
2747 SCXL2=Z12)-SZDENI 1 1'TCX $ SCURL2=Z I 2 ) • i TCUR- I I" J I * TCX ) -S-'DEN , I ) I 
2748 
2749 DO L00P85 L=2.LZ 1 
2750 IF(SZIL) .GT.ZBEAM) GO TO 1..00PB5 
2751 D Z U S E = S Z I L * I ) - S Z ( L - i > 
2752 SCXL2=SCXL2*DZUSE"5ZDENi:. ' «TCX'PS! (L I 
2753 '.njRL2=SCURL2*DZUSE' 11CUR*' r j l * TCX' 'SZDENll . ! ' PS I I D 
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2754 L00P85 CONTINUE 
£755 SCX=SCXL=SCUR=SCURL=SENK=0. 
2756 
2757 DO LO0P90 J=I,JVI $ DO LOOP90 I = 1.1.TH 
2759 SCX=SCX+TINTII I *VINTI J)«CCX<I,J)»F(I,JI 
2759 SCXL=SCXL+TINLI I I'VINHJ) 'TAU< I ,J)'FI I .Jl'CCXl 1 ,J) 
2760 SCUR=SCUR*TINTII)'VINT[J)*SSlI.JI 
2761 SENK=SENK*T1NTII I»VINT(J)»SS(1.J)*V2lJI 
2762 SCURL=SCURL*TINLlI I'V1NLIJI»TAU<I,J)*SS(I,J) 
2763 LOOP90 CONTINUE 
2764 SCXL=SCXL*BVO/BO $ SCURL=SCURL»BVO/BO 
2765 SCXL2=SCXL2*BV0/B0 $ SCURL2=SCURL2«BV0/B0 
2766 IFISCUR.GT.0.001 SENK=SENK«.5»AMASS/(SCUR'ERGTKEVI 
2767 TAUSRC=DEN/(ABSISCURl+ABSISCX1 * 1.E-901 
2768 IF(KBUG.EO.O) RETURN 
2769 CALL PEEK2< nSOURCE ZBOUNCE I I , J) n.ZBOUNCE , I TH.JVI > 
2770 RETURN 
2771 END 
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5775 
5773 
5774 
5775 
5776 
5777 
5778 
5779 
5780 
5781 
5785 
5783 
5784 
5785 
5786 
5787 
5788 
2789 
5790 
5791 
2795 
5793 
5794 
5795 
5796 
5797 
279B 
2799 
5800 
2801 

C. . 
C. . c.. c.. c.. 

SUBROUTINE SSTEST 
TEST FOR STEADY-STATE. IF K33PS=t OR LARGER. 
KSSPASS IS INCREMENTED EACH TIME SS TEST IS PASSED 
IF N REACHES NSSMAX. KSSPASS IS SET TO 3 TO FORCE NEW INPUT. 
KTTY SET TO 1 WHEN SS TEST PASSED TO GET 
TTY OUTPUT FROM SR. TTYINT 
USE BACOMM 
DATA NRUNS/0/ 
IF(NRUNS.EO.NRUN) GO TO JUMP ID 
NRUNS=NRUN 
KSSPASS=KSS=0 
TSTART=T1ME $ NSTART=N 
NTEST=N+20 

JUMP 10 CONTINUE 
TO=TN S DO=DN S EO=EN S DLO=DLN 
TN=TIME $ DN=DEN $ EN=ENKEV $ DLN=DENL 
IF(N.LT.NTEST> GO TO JUMP20 
ESLOPE=AMAX1(ABS(DN-DO >/DN,ABS < EN-EOI/ENI 
IF(MIDPLANE.EQ.O) ESLOPE=AMAX1(ESLOPE.ABS(DLN-DLO)/DLN) 
ESL0PE=ESL0PE*AMAX11TAUSRC.TAUII,TAUDRAGI/(TN-TO) 
IFtESLOPE.LT.EPSSS .AND. KSSPS.GT.OI KSSPASS=KSSPASS*I 
IFIN.GE.NSSMAX) KSSPASS=3 
IFIKSS.EQ.KSSPASSI GO TO JUMP20 
KSS-KSSPA5S S KTTY=I 
IF I KSSPASS. EQ. I ) NTEST=N+. I • ( T IME-TSTART ) /DT IME 
IFIKSSPASS.EQ.2) NTEST=N+20 

JUMP20 CONTINUE 
RETURN 
END 
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2805 SUBROUTINE SUMMARY IKO) 
2803 C... OUTPUT SUMMARY PAGE TO IO-UNIT SPECIFIED BY K0 
280H USE BACOMM 
2805 
2806 WRITECKO.FMT1I N.TIME 
2807 FMT1 FORMAT CI HI/nSUMMARY PAGEn ,5X, nN, T IME = a , 15,E 16 . B.nSECn//./ ) 
2808 WRITECK0.FMT2) POTENT 
2809 FMT2 FORMATIO DENS1TYn,6X.aENERGYD,1 OX,nPOTENTIAL = n.Ei2.5.aKEVot 
2810 WRITEIK0.FMT3) EDEN.EENKEV 
2811 FMT3 F0RMAT(2E12.5,D ELECTRONSn) 
2B12 WRITECK0.FMT4I DEN.ENKEV 
2813 FMT4 F0RMATI2E12.5.D IONSnl 
2814 FRAC = 0. $ IFIDENL2.GT.0.) FRAC=I 00"(DENL2-DENLI/DENL2 
2815 WRITE(K0,FMT5I DENL.FRAC 
2816 FMT5 FORMATmLINE DENSITY I ID)=0,E12.5.3X,E10.2,0* ERROR W 2DaI 
2817 DENLS0=2I2>*PRDEN11)'•$ J DO LOOP10 L=2,LZ-1 
2818 LOOPIO DENLSQ=DENLSO+(ZIL*l1-ZlL-l 1)'PRDENILl "2/PSIILI 
2819 WRITE(K0,FMT6) DENLSQ 
2820 FMT6 FORMATmLINE DENSITY SOUARED=n,E12.5) 
2821 
SP.22 C. . . . BETA ETC. 
2823 WR[TE!K0,FMT6A1 BETA.BETAMAX,BF(11,BVAC1 I I,PSI(LZ) 
2824 FMT6A FORMAT I /nBETA,MAX=a ,2F9 . 6/ 
2825 1 DB0,BV0=o,2EI2.5,oGAUSSn/ 
2326 2 aMIRROR RATIO=n,E12.5) 
2827 
2828 C... SOURCE QUANTITIES 
2B29 WRITE1K0.FMT7) 
2830 FMT7 FORMAT!/nSOURCE DIAGNOSTIC5DI 
2831 WRITE1K0.FMT7A1 ZBEAM.ZILZ) 
2B32 FMT7A FORMAT(aZBEAM=n,E12.5,oCMa.5X,PMIRROR LENGTH=n,E12.5,aCMai 
2833 WRITE1K0.FMT8) SCUR.SCX.SCUR-SCX 
2834 FMT8 FORMAT(nMIDPLANE CURRENTS,E12.5,2X.QCX = n,E12.5,nNEl CUR=n.El2.5> 
2835 FF(AC = 0. J IF ISCURL2.GT . 0 . ) FRAC= 1 O0> I SCURL2-SCURL I /SCURL2 
2836 WRITECK0.FMT91 SCURL.SCURL2,FRAC 
2837 FMT9 FORMAT IaTOTAL LINE CURRENT=a.EI2.5,c(201a,1X.E12.5,n<I DID.2X. 
2838 1 EJ0.2.D* ERRO) 
2839 FRAC=0. $ IF(ABS(SCXL2),GT.0.1 FRAC =100*(SCXL2-SCXL!/SCXL2 
2840 WRITElKO.EMTIO) SCXL.SCXL2.FRAC 
2841 FMT10 FORMATiaTOTAL LINE CX = n,E12.5,n1 2D)a.1X,EI 2.5.nI ID)a,2X. 
2842 I EI 0.2.at ERRal 
2843 EIL=SCURL-SCXL S E1L2=SCURL2-SCXL2 
2844 FRAC=0. $ IF(ABS;EIL2).GT.O.I FRAC=I00''EIL2-EID/E1L2 
£843 WR1TEIKO.FMT11 I EIL,EIL2.FRAC 
2846 FMTl-i FORMATinNET LINE CURRENT = n ,F. 1 2 5, PtSDlo. iX.EI5.5.a'ID)n,2X. 
2e47 1 El 0.2.aX ERRn) 
2848 ENTAU1=DEN"2/ ( 1 . +ABS ( SCUR-SCX ) I 
2B49 ENTAU2=DENLSa/'I.+ABSIEIL)) 
2850 WRITEIK0.FMT12) ENTAU1.ENTAU2 
2851 FMT12 FORMATl/nNTAU=",2El0.2.a MIDPLANE,BOUNCE-AVERAGED I 
2852 WRITEIK0.FMT13) 
2853 FMT13 FORMAT I/DREACTOR DESIGN QUANTITIES^ 
2854 EL0=Zi2l S DO L00P15 L=2.LZ-1 
2855 L0OP15 EL0=EL0»1ZIL*1 l-ZIL-l ) WPSI (L) 
2856 ELO=ELO*<Z'LZ)-ZiLZ-l ) ).'PS1 (LZ) 
2857 EL1=DENL2'PRDEN % EL2=DENLS0/PRDEN-'2 
2858 WRITEIK0.FMTI51 EL0.ELI.EL2 
2859 FMTI5 FORMATcaLO,1,2"D,3E12.5,nCMnI 
2860 EL0=EL0/Z(LZ) £ EL 1 - EL 1 / 7.1L I) % EL2 = EL2/Z(l ') 
2861 WRITEIK0.FMT16) EL0.EL:.EL2 
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2865 FMT16 FORMAT 1nLO,1,2=n,3F12.6.n UNIT S OF ZMOI 
2863 OMF=0. 
2864 WR[TE(KO.FMT20> QMF 
2865 FMT20 FORMAT 1>na=n,E12.5) 
2866 RETURN 
2867 END 
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2BE8 
2869 
2870 
2871 
2872 
2873 
287H 
2875 
2.B76 
2877 
2B7B 
2B79 
2BB0 
2881 
2BB2 
2B83 
2884 
2B85 
2886 
2887 
288B 
2889 
2890 
2891 
2B92 
2893 
2894 
2895 
2896 
2897 
2898 
2899 
2900 
2901 
2902 
2903 
2904 
2905 
2906 
2907 
2908 
2909 
2910 
2911 
2912 
2913 
2914 
2915 
2916 

SUBROUTINE T1MEIN1LBIN.NBIN, (OUT) 
C LB IN STORES BIN LABLE ADDRESS, NBIN IS NUMBER OF BINS 
C 10UT IS OUTPUT UNIT NUMBER FCR WRITE STATEMENTS 
C NCALL IS TOTAL NUMBER OF CALLS REFERING TO BIN 
C... T IS TOTAL CPU CHARGE AND TAV IS AVERAGE IN SECONDS AND SEC/CALL 
C A CALL TO TIME1 STARTS TIMING ON BIN nNBn WHICH ENDS WITH A 
C... CALL TO TIME21NB). TIMEOUT OUTPUTS TIMI+IGS TO I-0 UNIT IOUT 

DIMENSION LB1NI10),NCALL(10),T(101.TAVI 10) 
DATA CONV/1.E-6/, I.J.K.L.M/510I/ 
NOBIN=AMINO(NBIN, 10) 
CALL TICHEK!I,J) 
DO LOOP10 NN=I.10 
NCALL(NN1=0 
T(NNI=TAV(NNI=0. 

LOOP10 CONTINUE 
RETURN 
ENTRY TIME1(NB1 
CALL T1CHEKU .J.K.L,Ml 
TAV(NB1=K $$$ STORE CURRENT CPU TIME IN MICROSEC 
RETURN 
ENTRY TIME21NB) 
CALL TICHEKd.J.K.L.Ml 
T(NB)=T(NB)»(K-TAV(NB)l*CONV $$$ UPDATE CPU CHARCL IN SECONDS 
NCALL!NBJ=NCALL!NB)+1 95 TAV(NB)=T(NBI/NCALL(NB) 
RETURN 
ENTRY TIMEOUT 
CALL T 1 C H E K ! I . J . K . L , M ) $ TOTALT=CONVK 
WRITE! 10U1 , F 0 I I TOTALT.CONVL.CONV'M 

F01 FORMAT(//nTOTAL CPU. I0 ,SYS=n ,3E12 .5 .n SECONDSn/ 
1 u BIN L A B L E D . 4 X . D N 0 . REFFSD.5X.DT0TAL CPUD.6X,nAVG CPU/REFfo, 
2 4X.DCPU ACCOUNTED FORD) 

S=0. 

DO LO0P30 NN=1.N08IN 
S=S+TINN) 
WRITE I10UT.F02) NN.LBIN(NN).NCALL(NN),T(NNI.TAV(NN).100*T(NN)/TOTALT 

F02 FORMAT!IX,I2,3X.A10.1X,I7.5X,E!2.5,3X.EI2.5.D SECD,10X.F6.2.DJD] 
LOOP30 CONTINUE 

WRITE!10U7.FG3) !OO'S/TOTALT 
F03 FORhAT!IBX.nlF BINS ARE MUTUALLY EXCLUSIVE. TOTAL ACCOUNTED FOR=o. 

I F6.2.n*al 
RETURN 
END 
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2917 SUBROUTINE TTYI NT 
2918 C HANDLES TTY INTERACTION ' 
2919 C KTTYCON=0,1 IS NOT.IS TTY CONTROLLED 
2920 C KTTY IS FLAG TO ACTIVATE TTY OUTPUT WHEN KTTYCON=l 
2921 USE BACOHM 
2922 ' DATA NRUNS.KTTYCON/2I0)/ 
2923 
2924 IF.tNRUNS.EQ.NRUN) GO TO JUMPO 
2S25 NRUNS'NRUN 
2926 CALL G0B(2425B,KTTYC0N,1,M) $$$ SEE IF TTY CONTROLLED 
2927 KTTY*0 
2928 JUMPO CONTINUE 
2929 IF(KTTYCON.EO.O) GO TO JUMP30 
2930 IFtKCHUG.EO.Ol GO TO JUMP29 
2931 PRINT FOOA. N,DEN,DENL.ENKEV.BETA,BETAMAX 
2932 FOOA FORMAT(IX,I4,2E12.5,2X.E12.5,nKEV n;2F7.4> 
2933 JUMP29 CONTINUE • 
2934 M*t=0 $ CALL GOBI2001B,I,IOOB.M) SSS GET MESSAGE 
2935 IF(I.EQ.O) KTTY=1 $$S A MESSAGE WAS WAITING 
2936 IF(KTTY.EQ.O) GO TO JUMP30 
2937 KTTY=0 
2938 IFCM.EQ.6REN0N0W) NSTOP=N 
2939 IFCM.E0..3REND! NSTOP=NOUT>(I*N/N0UT1 
2940 IFIM.EQ.^RFRSO) KEEP=-I 
2941 IF(M.E0.4RGIVE) KEEP=0 
2942 IFIM.E0.4RKEEP) KEEP=I 
2943. 1FIM.EQ.4SCHUG) KCHUG=1 
2944 IF<M.EQ.6RUNCHUG1 KCHUG=0 
2945 !F<M-.EQ.4RPASS) KSSPASS=3 
2946 
2947 K0=59 
2948 WRITE(KO.FOl) N.NTEST.KSSPASS.ESLOPE.TIME-TSTART.DTIME 
2949 FOl F0RMATC/nN,NTEST*n.2I5.n PASS,SS=n,I 1,E9.2.2X,nT.DT=n.2E9.2.nSECn> 
2950 IFCM.EQ.3RH0W1 GO TO JUMP30 
2951 WRITEIKO.F021 EDEN,EENKEV,POTENT,TIME 
2952 F02 FORMATCnELEC=o,2ElI.4,nKEVa,2X,nP0TENT=n,EI 0.3.nKEVa,2X,nTIME=n,E10.3) 
2953 WRITEIKO.F03) DEN,DENL.ENKEV,BETA,BETAMAX 
2954 F03 FORMAT!aI0NS=n,3EI1.4.DKEV BETA.MAX=o.2F7.4 I 
2955 WRITE(KO.F04) TAUSRC.TAUII.TAUDRAG,TAUMAG 
2956 F04 F0RMATinTAUSRC.II.DRAG,MAG=D,4E9.2) 
2957 WRITE(K0.F051 NSTOP.KEEP 
2958 F05 F0RMAT(nNSTOP=n.I5,2X.nKEEP=a.l2) 
2959 1FIKTC0N.EQ.0I GO TO JUMP30 
2960 IFIM.EQ.3R1DT) DTSET=2.«DTSET 
2961 IFIM.EQ.3RRDTI DTSET=.5«DTSET 
29B2 JUMP30 CONTINUE 
2963 RETURN 
2964 END 
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5965 
2966 C 
2967 C 
2968 C 
3969 C 
2970 : 
2971 
2972 
2973 
2974 
2975 C 
2976 
2977 
2978 
2979 
2980 
29BI 
29B2 
29B3 
2984 
2985 
2986 
2987 
2988 
2389 
2990 
2991 
2992 
2993 
2994 
2995 
2996 
2997 
2998 
2999 
3000 
3001 
3002 
3003 
3004 
3005 
3006 
3007 
3008 
3009 
3010 
3011 
3012 
3013 
3014 
3015 
3016 
3017 
3018 
3019 
3020 
3021 
3022 
3023 
3024 

SUBROUTINE UFIELD 
UFIELD UPDATES BF, MAGNETIC FIELD 
UFIELD CAi-i-S POTSHAPE,UPDATE PHI OF PSI. AND PRESSURE FOR PPERP.PAR 
KUF IS INPUT FLAG FOR THIS ROUTINE 
KUF=0 NO UPDATE OF FIELD. BUT BVAC IS OIAGNOSED H 8ETA=BETAMAX 

1 BF AND BVAC RELATED VIA LONG-THIN APPROX 
2 BF HAS SAME SHAPE AS BVAC BUT DEPRESSED AT CENTER 

USE BACOMM 
IF(KUF.GT.O) GO TO JUMP20 
DETCRMINE OPTIMAL BVAC FOR BETA=BETAMAX 
CALL POTSHAPE 
CALL PRESSURE 
BETA=BETAMAX 
DO L00P10 L-l.LZ 
BF(L1=B0MIN«PSICL) 
BVAC(L1=SQRT(BFCL1**2+8«P1»PPERPILI) 

LOOFIO CONTINUE 
GO TO JUMP 100 

JUMP̂ 'O CONTINUE 
C :^ETERMIN BVAC OF B 

: ALL PRESSO $$$ GET PPERP AT M1DPLANE 
uF=BVAC"2-8»PI 'PPERP 
1F(BF.LE.0.) CALL ERRInFIELD REVERSAL??!!) 
BF=80=SQRT(BF) 
BRAT 10=BVAC*BRVAC/ BF 
SCALE=(BRATI0-l>/tPSI(LZ1-11 
DO L00P20 L=l,LZ 
PSI1IL)=PSI1ILI'SCALE 
PSI(L)=PSI1(L)+1 
PSIH!LJ=SQRT(PSICLI) 
BFIL)=BF'PSIIL1 

LOOP20 CONTINUE 
CALL POTSHAPE 
CALL PRESSURE 
BETA=PPERP/ (PPERP+BF"2/ C8«PI1) 
IF1KUF.E0.2) GO TO JUMP21 
IFCBETA.LE .O . I I GO TO MMP31 
IFCBETAMAX-BETA.GT.DBSTOP'BETAMAX) GO TO JUMP2I 
NSTOP=N 
WRITEI3.F00) SSFOO FORMATmBETA TOO CLOSE TO BETAMAXni 
CALL SETCHUO. ,32. .0.0.2,0.0) 
WRITE!100.FOO! 
IFCKTTY.EQ.l) PRINT FOO 

JUMP21 CONTINUE 
DO L0OP25 L=2,LZ-I 
BVAC1L)=SQRT( BF(L)••2*8>PI'PPERPIL) ) 
IFtKUF.LE.il GO TO JUMP24 

: FORCE BVAC AND BF TO HAVE SAME SHAPE 
BVAC!L) = (BFlLI-BFl 1 ) ) / (BF ILZ) -BF I 1 1 WBRVAC-1 ) 
8VAC(L)=BVAC(I)*(I+BVACIL)) 

JUMP24 CONTINUE 
ZILI=Z(L-I) 
IF(BVACIL).LE.BVAC) GO TO L00P25 
Z(L)=ZOFBV(BVAC(L)) 

L00P25 CONTINUE 
: TEST FOR MIRROR MODE STABILITY 
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3025 DO L00P30 L=2,LZ 
3026 L00P30 iF(8VAC(L-l ) .GE.BVACIL) ) CALL E.RRIOMIRROR MODE UNSTABLE UFiELDn) 
3027 CALL BTERMS 
3028 JUMP100 CONTINUE 
3029 DO LOOPlOO L=l,LZ 
3030 LOOPlOO PSIVAC{L)=BVAC(LI/BF 
3031 RETURN 
3032 END 
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3033 SUBROUTINE ZGRID 
3034 C KZGRIO=0 FOR PARABOLIC WELL 
3035 C 1 FOR LINEAR WELL, USUALLY FOR DEBUG PURPOSES 
3036 USE BACOMM 
3037 
3038 EVEN=(BRATIO-|.)/(LZ-l) 
3039 IFIPMESH.LE.O-.OO) PMESH=.67«(COSSrITH-I )/SINN( fTH-l I l»«2/EVEN 
3040 PMESH=AMIN1(PMESH.l.00) 
3041 RAT=1. $ CALL GETR(PMESH,LZ.RAT) 
3045 PSII(l)=0. $ PSI1(2)=EVEN»PMESH $ PSI1(LZ1=BRATIO-I. 
3043 DO LOOPIO L=3,LZ-1 
3044 LOOPIO PSII<L;=PSIl(L-l)+RATMPSI!(L-!)-PSIllL-ai) 
3045 IF(PSIKLZ-l).GE.PSIllLZ)) CALL ERRCnBAD GRID ZGR1DID] I 
3046 ZUI-O. S Z(LZJ=ZLENGTH 
3047 IF(KZGRID.GT.O) GO TO JUMP20 
3046 C KZGRID ZERO CAUSES PARABOLIC WELL TO BE CONSTRUCTED •••• 
3049 DO LOOP 15 L=fi,LZ-l 
3050 L00P15 Z(L>=Z(LZMSQRT(PSI1(L)/PSI1(LZ)) 
3051 GO TO JUMP50 
3053 JUMP20 CONTINUE 
3053 C CONSTRUCT LINEAR MAGNETIC WELL •••••••» 
3054 DO L00P22 L=2,LZ-1 
3055 L00P22 Z(L)=Z(LZ)'PSI I (D/PSI 1 !LZ) 
3056 JUMP50 CONTINUE 
3057 PSI(1>=PSIH(1) = 1 .00 $ PSI(LZ)=BRVAC=BRAT10 $ PS1HILZ>=SQRT(BRAT 10) 
3058 
3059 DO LOOP50 L=2.LZ-1 
3060 PSI(L)=PSI1(L>+1.00 
306! PSIH(L)=SQRT(PSI(L1) 
3062 LOOP50 CONTINUE 
3063 
3064 DO L00P55 L=l.LZ-1 
3065 DZ(L)=Z(L+II-ZILI 
3066 IF(DZ(LI.LE.O.OO) CALL ERRIaBAD ZGRID30) 
3067 L00P55 CONTINUE 
3068 DZ(LZ>=DZ(LZ-|) I BO=BVO 
3069 
3070 00 LOOP60 L=I.LZ 
3071 BVAC(L)=BF(L)=BVO«PSICL) 
307S LOOP60 PSI VAC(L > =PSI ILI 
3073 RETURN 
3074 END 
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3075 FUNCTION ZOFBV(BV) 
3076 C GET Z FROM VACUUM FIELD. BV 
3077 c BVAC ASSUMED QUADRATIC IN Z BELOW 
307B USE BACOMM 
3079 
30B0 ZOFBV=Z(LZI'SQRTt (BV-BVAC)/(BVACILZ>-BVAC) ) 
3081 RETURN 
3083 END 
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