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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 W, 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. Thc magnetic well has a monotonic but otherwise

general profile:
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Here, Y(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,0,2) .

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.1

The electrons are given by

fe = fe(v,z) .

Bounce-Averaged Transport Equation
Integrating the Boltzmann equation along orbits, we have1
of 21 B_f)
at (or%) = 7 f de [(at + S] : 1S
coll
(Voaeo)

where f(vo,eo) is the midplane ion distribution [i.e., f(v,B,2) at z = 0] and
(Bflat)coll and 5 are the local (i.e., dependent on v, ©, and 2) collision
operator and source, respectively.

The orbit integral operator applied to S(v,6,z) gives an orbit averaged
quantity,



5(vg,8,) = %f dt $(v,8,2) ,
(Voseo)

1% dz
= ;{ (D) cos 8(z) S[V(z), o(z), Z] s

" where T is the bounce time, z, is the turning point of the orbit where e(zb) =
/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
= yo +
v Vo Vp [}

2 2, 2 2
v sin 6 = \P(z)v0 sin 60 .

The v2 in the energy conservation equation is the velocity arising from the

ambipolar potential ¢(z),

2 % e $(z)
T m

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

S(vgs 89) = 8(vy, 70 0,
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 ccde
employs a numerical bounce av.:rage. The collision operator is still reduceable
to a nonlinear parabolic differential operator on the midplane distributlon
funct;ons. This reduction is accomplished in the following steps:

® The coefficients of the local collision operator,

2 2 2
of _ ,ww 3'F vO 3°f 02 3°fF v of 6 3f
(—at) A —'2+A ——3V39+A ——+ A =+ A '—+A>,

coll av 262 ov o8
are evaluated.

-3-



e With £(v,0,z) = f(vo, eo), where f is constant along an orbit, and using
the chain rule, local partial derivatives are expressed in terms of

derivatives of f(vo, 60).' Thus, tﬁe collision operator can be written

as
of Vo¥o 8% . VoPo o’
3t =B 7+tB 3v_36
ccll Bvo 00
86, 2. v 8
+50% 3‘2+n°£’f+30§5-+nf,
29, 0 0

where, for example,

-] A .

2
Yo's _ (3v0) vv
B =
v

v,V :
e The coefficients B 0 0(v,e,z) are then bounce-averaged and we obtain

vV 2 v.0 2
(g_i ("o'eo)) =00 h, 00 AL
coll Bvo 0°"0
0.6 2 v 8
+c002% o o df L oo
2 ov 30
300 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

£(v,0,2) = £(v(,90) ,
3

fe(v,z) = fe(Vo),

where (v,9,z) and (vo,eo) are connected by orbit equations. [See Ref. 1 for a
careful argument for Eq. (3)]. More qualitatively, Eq. (3) follows from



.o, [0

dat 9t tve B tar v

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’th) . f(V0:909t0) D

If we assume'f(vo,eo,to) :!.s constant during a few bounce times or if we regard
f(vo,eo) 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
N ) 1 )
a (v) = (2m + l)f du £(v,0,2)P_(u) , M =cos B,
m o m

the Legendre polynomial projections of £, can be computed. A local U mesh is
generated from u = Q0 to uloss and f(v,y,z) = f(vo,uo) 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

—_ =~V (f_.H)+SW: (£WG) ,
at coll a a 2 a a

where

- 1 L=
H:—.l(v) =Z ll.‘Aab cabh'b(v> ’

- 4 2 -
Ga(v) = Z lnAab_ cabgb(v) .



I = lmZ4 e4 m2 s
a a a

and hb, gb are the Rosenbluth potentials,
\72hb = -anf,

V4g

b —81rfb ,

and

2™ 2m>‘D sup ZEk 1
lnAab =In m+m -rm  k=a,b Tz
2 ™ Telec ? e
the Coulomb logarithm, where r, = 2.8179(-13) cm, the classical electron radius;

AD = VEe/GWneeZ, the Debye length; o = 1/137, the fine structure constant;

c =3 1010 cm/s; and e = 4.803 10710, Also, Ek” and m_ are energy (erg) and
mass (g) of species k while n, = electron density (particle/cma).z’3
When the form of (8fa/3t)coll

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

is specialized to (v,8) space and to one

(af;) v e, v 9%
3%/ 1 o2 3vab
+A99_3_2_f+ PN S Y
2 3v 36 ’

98

where

b=



v
2
W00 Iif1af 1 8%
= t]
2 v4 392 v3 v
2G G
2v- 38 2v v
2 \96 a%¢ ac
Ae=1" 1 é cos'e>_:l.__];_ i, ctd® i
i)
i v4 sin © 2 36 3 9vab 2v3 v
m, fe
A=4“Fi m——2-+ fi .
e Z,
1
and
i lnA:Le
Gi—lnAi gi+ ZZ g
i
V4g = -8mf , a=1i,e,
oy lnAie
c= "o ZZ he ’
€ 1

INVERTING VZ AND V4

The evaluation of the Fck«xer~Planck operator is accomplished with the

following procedure for solving V4g = =87 and Vzh = =47f, given f = f(v,0).
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Let

«©
f=Za(v)P(]J), u=cos 6,
=g m T m

where

We define thc Zollowing functionals with dimensions of £ as

«©
m-2 1-
Mm(v) =v jvam(s) s s ,

v
N (v) = v—a_mj a_(s) Szmds ,
m m
0
Ry = v fv a(s) S s
E (v) = V_S-mj! a_(s) 505 .
m o m
Then, the expansions of g and h,
8= 8,0 B0,
h '2 B, () B (W)
1-3
can be solved for with
4T 4
&) = omg v [2m+3 (B, + M) - o7 O +R)J
38, |
m _ _4m 3 1
v T oml ¥ lzm [<“"'2) My - (‘"+1)Em] “ 7T ("R " <“"1)“m)l ’
g (mHl) (a2) a@-0)
m 4T m+l ) (2 m(m- J.
2 Y [ oL o, +R)] :



41 2
PV Ta ).
dh
m 47
Bv = Imil v (mMm - (m'l'l)Nm) .
Transforming to Midplane Coordinates
Given
(ﬁ) o i, e o
/11 av avab
(5)
06 9% , v af _ B of
+ A S A=A A,
2 v 88
39
Eq. (5) can be rewritten as
(jé_f) .00 % . B"oeo 5%
ot 3.2 av_ 98
coll vy 00
. (6)
8.6, .2 v 6
+B°°a—§+nog~f,—+nog-+nf.
38, 0 0

However, this requires transforming the local partial derivatives in

(v,9) to midplane derivatives din (vo,eo). Using the chain rule, we have

Q.03 023
= L]
v ov avo ov 390
and
2 _ %0 o
= *
36 30 860
using
EX:] :
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Taking derivatives of the above first-order equations, we obtain the second-

order derivatives:

ol T a2 vy oz e\
2 ov. 38 2 3 \2 .2
L 02, 0% o2 (%) o
3 v v 3v_56 v 3
v, 0%% se
0 o
2 3% 3, av. .2 30, 90, .2
92 86y 5 30 Bvy 2 30 30y 2
3v36 = 3v30 30, ' 8 Bv v 98, ' 30 v aeg

2 2
B_Z=EQL+(3°_0) 2%
562 092 3 \9® aeé

With the above differential operator equatioms,we can write the

coefficients of Eq. (6) in terms of the coefficients of Eq. (5) as follows:

BVOVO - (3\!0)2 w
N A ,
v

Bvoeo i} 23v, 30 36 dv vo

(=)
[=]
3

[=]
[=]

and

In addition, (

2
v v v
0 0 ,v 0 ,vv
B = —av A+ p] A >
2 2 2
a0 3h 376 378 3“8
BC = OAv+ 0A+ OAvv+ OAv9+ OAOO
v EL] 3v2 dvao 38 ’




and
B=aA.
From the orbit equations, we have

av,

-8 _v
v vy ’
a0 ’
2
) 2, 3
3% Y
v P
and
28, v.2
—5“;=—tan90——E—W2 .
0
Also,
2% 3. [fv\2 (.2
0_1 _0j[r (tan 90-1)—3 s
3v2 v ov vo d
ﬂ)- ~ tan 60
28  tan &
3% 360\’
—a—i— = tan 90 S5/ 1,
and

v,

2 2 2
860=_390 sec 90 XE
voo £l v 0 -

11~



Bounce~-averaging Eq. (6) yields

1 vv .2 v 6 2
35 g 99 R B
. coll Svo 070
8.0 2. v m
+c°°3—§+c°%’f—+c°§39i+u ,
20 0 0

where, for example,

A\

v,V 2 Vv,
0’0 _17b 4z 00
¢ = T_[ v cos 8 B v,8,2) ,

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

The local source appearing in Eq. (1) is given the form
S(v,6,2) = .J + (Ui + ch)ﬂ(z) 5(v,8) - ch f(v,8,2) ,

0ifz> zbeam s

where n(z) = local density, J, Ui’ O x? and z are input, and S(v,0) is a

beam
normalized double Gaussian in v and cosf. The shape of S(v,8) is specified by

the input parameters:
o 2 1 .
i f avv [auste =1.
0 0

More thawu one source can be specified, in which case, the overall source is a

sum of such forms,
If 3 = 0, then

o0 V
Inrf dv vz-/ldu S(v,8,2) = Ui n(z) ,
0 0 )
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is the lonization rate. The bounce-averaged source term appears as

1 =3 -
- j.dt § = S(YO, 90) Cx(vo, eo) f (v, 90) R
using £(v,5,z) = f(vo, 60) .

Potentiai Profile

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

] 1
2
n, ($,¢) = 4w | dv v du £(v,5,¥) ,
i -/0‘ -{;

(8)
o 1 H
= 4T wl/Z-/’ dv0 v§.£ duo —0 f(vo, 60) R
0 r juz ~ 1+A
0
2 _ 2 2 2 _ 2
through the change of varilables Vg =V - vp and 1 ~ Mg = A(1 - u7), where
2 _ eb
V= >
P l.
21
v2
A= —5
o

and u: = max (0, 1-1). Here, ur is the cutoff resulting from orbits turning

before the current value of .
Normally the incegrand is singular at B We use a generalized
trapezoidal rule, equivalent to integrating analytically, and assume that f is

linear in uo between grid points.
Thus, witt the electron density profile obtained from

-¢/'re

n.(¢) =n_ e >
the potential as a function of § is determined by setting

=13~



-¢/Te
n,(,9) = n_ e .

A minor complication arises because n, at the mirror throat is zero but ne(¢)
is always positive. To circumvent this problem, we assume the presence of a

small, constant ion component, n., where

—dbml're
n =n_ e R
c e

and adjust the above equation to

-6 /T
n,*n e =a e T,

where

n, = n, + ni(l,O)

Pressure Profiles

As a diagnostic3 or to update the magnetic field, the perpendicular and

parallel pre sures are computed:

e 12
py(W) =47 [ dv v [ du £(v,0,0) vy,
0 0
= %-mn <vf> s
2
pu(w) = mn <V"> 4
where v, = v sin § and v, = v cos 6. When the integrals are transformed to

(vo, ug), we obtain the integral appearing in Eq. (8) but with 1/2 mv2(l - u2)
and mvzl.l2 as factors in the integrand. The singularity is handled fhe same way
as in the potential profile calculation. We compute 8 and B as

. : max min
diagnostics and Bmin is the minimum central resultant field required for mirror

mode stability. Thus,

-l4- ,



ap
Bminz = max {-8T —; } ,
L oY

8m p,
[¢]
B T g

max
8m P, + Bm:I.ﬂ
0

o
5 .
Bv min

Updating the Magnetic Field Frofile

As a plasma builds up in a vacuum field, the magnetic field is modified
by the plasma. This effect also can be simulated in the bounce-average code.

The long-thin approximation is used:

82(2) + 8mp, ) = B2(2) ,

where
P, () = n, ¥ <i2L~ mv 2,
= ATéP dv v2-€1 du(% mivlz) fi(v,e,w) .
and

W=cos @, v, =vsinb.

For this computation, f is a function of § rather thanof z. First, p, (¥)

is computed and B_ is obtained from Bg + 8mp, (1) = Bg(O). From this, we find

0
B> v2 + amp (1) = BL(2),

which determines Bi = Bﬁ(w). If Bi(w) fails to be monotonically increasing
in §, then the computation fails and -equivalently mirror-mode stability is

violated. Given B, = B,(}), we obtain z = z(y) and the update is completed.

-15-



o
B Terms
As B(z) varies in time, the quantities

2 2
vosine0
we—g

0 .

2z .
b .
J='{; sz“, (

remain constant for each orbit. If f has (u,J) coordinates, there would be no
B terms and we would have
—l = coll, etc.
Wy J
However, we have

of

5t =g~ = coll, etc. ,

vor%o

where vo(t) and eo(t.) are such that u(v,., 90) and J(vo. 90) are constant.

The form for ';0 and éO 1s derived as follows:

’ z 1/2
b . (2, 2 2 .2 B
J(vo,eo) =( "dz v, =f dz(] + v, - vy sin N E) ,

0
dJ = o .
—=J+v, J +60,J =0,
dt Ov0 090
= [dz _ inZe 2
Jv_— v \Vo ~ Vg sin eOB) ,

vhere



Jo ’fﬂ—z

2 B
o - Y sin eo cos eo B ),

Pammen ™

d
2 "Vl = teme. % " 7B

Thus we can solve for ;0’ Bo by

. ;B J -<sz>
KCICY T L i o b
0 o Yo
. 2

. B <yT>
. 3 0o {3
TSl it m A\ T2 )|

0 o Y

Electron Advancement

At present, three options are available to advance the electron
distribution function — Ee(electron energy) is fixed, Ee/Ei is fixed, or
Ee is obtained from a rate equation based on the.Spitzer energy exchange rate.

All options assume fe is Maxwellian, and n, = ni.

Numerical Details

GRID

The 1lon velocity mesh 1s given by

{vj,j-l,m;,

and
}ei | 1=1, ITH s,

-17~



which is possibly nonuniform. Also, vy = 0, VJVI = VMAXI (input), 8

2 _ Y
and sin el = I/Rmax' where Rmax = BRMAX (iuput).

The electron velocity mesh is

IR R

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

{wl,zl I %=1, LZ‘ ,

TH

= 7/2,

where wl =1, Z1 = 0, wLZ = R (possibly time-varying), and ZLz = zm_'= ZLENGTH.

NUMERICAL ADVANCEMENT OF DISTRIBUTION FUNCTIONS

The ion equation is expressed as

g% = collision terms + B terms + source terms ,
66
_ VoYp %8, Vo% o’ 0°0 3¢
=C ~—=+C +C. 0 =
Nv2 avoaeo 362
Vo 0
v, [}
+C 0 Eg;— +C 0 E?é— + Cf
0 0

This equation is centrally differenced im velocity space and the

boundary conditions are taken to be
f=o0,

for orbits that leave the system, and at 60 =7/2,

of

—.:0

%y

-18-



The equation is then split as follows:

f2 _ f1'= cvovo 32f2 L1 cvoe 32f2
At ng 2 BVOBGO

Yo

P D
2 "x 2 ’
-2 1 VP %2 +Ceoeo 523
it 2¢ v, 98, 2
0°% 362

8. .3 3

o 3f 3 s af

+c? 8+ -8 I

38, 0 30,

3, .2

1, 1. 4+
+3s-2¢c 15,

viere f1 = f(t), f2 is an intermediate distribution function, and

f3 = f(t + At). To within splitting errors, the ion equation is advanced

fully implicitly.

BOUNDARY

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

2 2 2 2
= - { =1, L
v Yo + vP wl vy sio 90 , &=1, Lz ,

is tested. As soon as vf < 0, then 2y (the bounce point) can be computed.

If vﬁ is always positive, 2y =z,
With z, computed for each v, and Bi in the velocity domain, the orbit
< Z. The boundary

through (vj, Bi) at the midplane is confined only if 2y

=19~



is defined by the index quantities ILOSSi and JLOSSi such that

ILOsS, = min [i I 2, (vys 8)) < zmjl s
r
JLOSSi = ain [j I zb(vj, 91) < zm}

ORBIT INTEGRAL -

The orbit integral routine, ORBIT(L), updates the storage VCOS1j

v“(vj, ei, zz) and DTAUij = 611, defined below:

2.
- b dz
8 (vy,s 6)) -j(; Toos B S(v,0,2),

=;SLSTL,

Ypup - V@

z
o =fzﬂ’ dz P(z) - wl—l . f 241 dz
L vecos € ¢, - VU
29 1 2 2-1

=WM2’+WP2'.

If 2 = 1, then WMQ = (0 and if GTQ represents the contribution of the bounce

: . -
point 2, then JPZ 0.

v cos 6 w2+1 - ¢2

9

The form in Eq. (9) results from the assumpt;on that S(v,0,2z) is linear

t
in ¥ between grid points so that

$(v,8,2) = ; Sy W)

where WZ(W) is a "tent" function:

-20-
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The function ¥(z) is usually linear in z,

Ay 2
¥(z) = ¢2 + ZE; (Z-ZE) .

The exception is near z = 0 where
by - 1
2

%R

P(z) =1+

for ¥ < wR with ZR specified from the inmput.

This numerical integration is a generalization of the trapezoidal rule.
If (v cos 0) is constant and Y(z) is always linear between grid points, then
the GTl values are the familiar traﬁezoidal rule weights.

LINE INTEGRAL DIAGNOSTICS
if we let S(v,8,z) be some quantity of interest [e.g., £(v,8,2z)], we can

define the two quantities,

oo 1
s(z) = 41Tf dv vzf du S(v,0,2z) ,
0 0

H _irv dz
S(VO’ eO) T.éz v cos O §(v,8,2)

With a change of variables for S(z) and interchanging the order of integration,

we obtain the following relationship between S(z) and §(v0, BO):

-21-



m , s(z) - T 3 =
.[ dz BW.L dv0 v0~£ deo sin 60 cos 90 TS(vO, 60) .

1f for example S(v,0,z) = f(v,0,z), then s(z) = n(z), the local density,
and S(v., 60) = f(vD, 60), the midplane distribution function. Thus,

Zn n(z) 3 12
= 4
/ dz 8“-/0‘ dv0 v0 /0‘ deo sin 90 cos 90 Tf(vo, 60) .

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

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

L 1
J(z) = 4ﬂ.f dv v2_[ dy S(v,0,z) ,
0 0

the local current; §(v0, 90) 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.

-22=
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APPENDIX. LISTING OF THE BOUNCE-AVERAGE CODE

C....

C....

C....

C...

PROGRAM AABAV(TAPE2,TAPE3, TAPEY,0UTRUT)

CL ICHE BACOMM

DIMENSIONING PARAMETERS

PARAMETER(- [TH=22, ITPl=[TH+)

PARAMETER( JVI=45, JV=150)

PARAMETER( MX=2, THOMX=2e¢MX, TMXPS5=2*MX+5)
PARAMETER( LZ=31)

PARAMETER( NMQ=2095)

. GRIC STORAGE

COMMON /GSTORE/ COSSUITH) ,CTNN{ITH),
DV(JV} . DELVIJV) ,DVILJV) DELVI(JV),
DTHUITH) ,DTICITH) ,DELTCITH) ,DELTICITH) DXL(ITH), XLUITH),

SINNUITHY,  VMAX,VMAX] ,V(JV) ,V2(JV) VI (JIV) VU IJIV) V5LUV),
THDEGEITH) ,FINTCITH) ,TINLCETH), VINTCJVI) ,VINL(UVI),
VISV VI2EJIV)  VIBEIV) VIWIIV) ,VISIYY),  ZLENGTH,21L2)

= o e e

DISTRIBUTION FUNCTIONS AND DIAGNOSTICS*e+#
COMMON /FSTORE/ FUITP1,JVI) FECJV) FESAVELJV),
& JLOSS(UV]I), JLOSSUITH), KKOUNTILZ),

& PRDEN(LZ) ,PPAR(LZ) ,PPERP(LZ),

& TOEN!(NMQ),TDENE ¢(NMQ) ,TNRGI (NMQ) , TNRGE {NMQ!, TTIME (NMQ) ,TPHIMINMQY,
& TEDENL (NMQ) , TOENL (NMQ) ,XPLOT(NMQ) ,YPLOT(NMQ) ,EDIAG(2) ,LDIAG(2),
& ZDENI(LZ),ZDENE(LZ).ZNRGI(LZ} ,ZNRGE(L2Z)

COEFFICIENT STORAGE®**

COMMON /CSTORE/ CCUITH,JVI},CCT{ITH,JVEI,CCTTUITH, V) ,CCVIITH,JVI),

& CCX{ITH,UVIl, DMUCITH,uVI),

& CCVT(ITH, UV ,CCVVIITH, V), ECIJIV) ,ECVIJUV),ECVV(UV) EL1JIV) ,ES(UV),

& SSCITH,JvI), TAUUITH,JVI), ZBOUNCE(ITH,JVI)

COMMON /BFSTORE/ BVO,BO,BOMIN,BETA.BETAMAX,
& BRATIQ,BRMAX,.BRVAC,BVAC{LZ) ,BFE(LZ),BF(LZ),BDOT(LZ), DBSTOP,
& PHS(LZ},PS(LZ),PHIDOT(LZ)

WORKING ARRAY STORAGE**
COMMON /ZSTORE/ ALEG(JVI, (0,MX)) ,AE(JV) ,AELTJV) ,AEVIJUV) ,AEVVIJIV),

& CLOGEE.CLOGIE,CLOGII, OPLEG((0,TWOMX)},0DPLEG((0,THOMX)), EQEE(JV!},

& EQMMIJV) (EGNN(JV) ,ETAULUVI, FEZ(JV), PBEG((D,THOMX)),
& G(JVI,(0,MX)) ,GVIUVI, (0 ,MXI) ,GVVIJVT, (0,MX}), CViyvl),
& QEE(JVI) ,QMMCJUV]) ,GNN{JV]I) [QRRIJV])

ORBIT INTEGRAL STORAGE e*e»

COMMON /OSTORE/ VCOSP(!TH,JV!} ,VCOSCITH,JVI},DTAUUITH,JVI) ,OVPOT2(LZ),

& DETAU(JV! EOV(JV) EQVP(JV) ,EZBNC(JV)
DIMENSION EDTAUCUITH, UV} ,EDETAULJIV)
EQUIVALENCE (EDTAU,VCOSP), (EDETAU,.EQVP)

. MISC STORAGE***

COMMON /MSTORE/ AMASS,ANUMB,ANUMB! ,ANUMB2,ANUMBI2,ANLOSS,APARZ,
CHARGE ,CLIGHT ,CLOGIED,

CONV,CONEE ,CONIE,CONI{,CDEB, DEN,DENL,DPOTR.DTIME,DTSET(S),
DENL2.

EMASS .ERGTKEV,EDENL ,ESLOPE ,

ECONV ,ENERGY ,EGAMMA .EDEN ,EENERGY ,ENKEV ,EENKEV .
ETEMP,EPSSS,.EPSMULETA,

FVS,FTS,FCOS, GAMMA,GAM] ,GAM2,GAM3,GAMY,

KBUG ,KEEP ,KELEC .KPOT (KF [ XSS ,KDENT ,KSSPS KTCON,KZGR 1D ,KUF ,

PRPEREP®E®E
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DCOSS(1TH) ,DCOSSI ¢ ITH) ,DZ(LZ), GHMESH, QRAT(JUVI,¢-4,TMXPS)), THC(ITPI),
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& KSOURCE ,KFL ,K1AD,KEAD,KAMBI ,KBDOT ,KFOUT ,KFIN,
& KTTY,.KTTYCON,KSSPASS,KRECOUT,
& MBELL (5 ,MAXWELL ,MIOPLANE.MESL7), NSET(S).NTEST,
8 N,NN,NS:9P,NSSMAX,NOUT ,NPOT ,NCHEC ,NCOEf ,NRUN ,NEL IO,
* & PIJPDEN(LZ) ,PHI(LZ),PST(0.2),PSI1(LZ) ,PSIH(LZ) ,POTRAT]JO,PLTANG,
& POTENT,.PMESH,.PSIVAC(LZ) ,.PQT,PQJ,
& TIME,TEMRATIO, TMESH,TSTART,
& THIRD,TAUSRC,TAUI!,TAUDRAG,TAUMAG. ZPARAB
C.... SOURCE STORAGE**

PARAMETER ( 1THS=1TH, NSOR=4]
COMMON /SSTORE/ EXT(1THS,NSOR) ,EXV(JVI ,NSOR},SCOS!ITHS) , TSMESH,
& ESENK,ESCUR,
4 STSINSOR) ,SJCOSINSOR) ,SVS(NSOR] , SENKEV (NSOR) ,
& SJCUR(NSOR).SJI (NSOR} ,SJCX(NSOR1,SZ(L2) ,SPSI(LZ1 SPH(LZ),
& SZDEN(LZ!,SENK,SCUR,SCURL , SCURLZ,SCX, SCXL ,SCXL2,
& TAUBEAM,ZBEAM

C.... LCM STORAGE *s+es
LCM LCMSTORE ‘
COMMON /LCMSTORE/ ELCM(JV,LZ),YDOTC(ITH,UVI),TDOT(ITH,UVI?,
& FSAVEUITPL, JVII EJICITH,UVE) (EJ2CETH, UVI) ,VP2UITH, UV
LCM LCMPLOT
COMMON /LCMPLOT/ TDIAG(NMQ.2}

ENDCL ICHE

USE BACOMM
COMMON /GOBCOM/ 1GOB140)

DIMENSION M(10) ,MM(10)

DATA MEND/400204B/, N,IER,NHSP,NODBO/4(0)/, TIME/0./
DATA MBELL/4(400207004002078) ,4077778¢

DATA KFIN,KFOUT/2(0}7

NDATA=6RINPUT
RESTART CONTINUE

CALL GOB(2001B, IER,2008,M(1)) $%% GET MESSAGE FROM EXECUTE LINE
IFVIER.EG. 1) GO TO JUMPI
NDATA=M(])
IF(M(2).EQ.MEND) GO TO JUMPI
KFIN=M(2}
JUMP1 CONT INUE
: M=7777778.INT.NDATA % NDROP=ER+8A % NDROP=NDROP.UN.M

4 IFC((M.SHR.B) .EQ.0) NDROP=4R+BA .UN.M
IFC{M.SHR, 12) .EQ.0) NDROP=SR+BA .UN.M
Mi11=NDROP $& M(2)=M(3)=0
tFIN.EQ.0) CALL GOB(1018,1ER,1B,M

C.... GENERATE OUTPUT FILENAMES FROM DROP FILENAME
CALL APPEND(NPRDP ,NHSP ,NDDBO)
CALL ASSIGN(2,NDATA)
CALL ASSIGN(3,.0,NHSP)
C.... GENERATE F1ILE NAME FOR 1ON DISTRIBUTION OUTPUT
C.... ALSO FILL IN ID

DO LOOPIA [=D.9

M=(77B.SHL .61}

IF ((M.INT.NDATA) .NE.O! [1=1

IF (ML INT. 1GOB(251) .NE.O) I2=1
LOOPJA CONTINUE

KFOUT=NDATA .UN. ({RF .SHL .6<t11+11)

-2



121 I1GOB(36)=7HBOX U37

122 - 1=9-12

123 1GOB(371=160B125) .SHL .6*1

124 1G0B(371=1G0B(37) .UN. (NDATA.SHR.B*{[]|-1+2))
125 IGOB(3B)=NDATA.SHL .6° (- 114B}

126 WRITE(3,F02) NDATA,NDROP

127 F02 FORMATIaDATA FILENAME=D,A10,.2X,2DROPFILE=0.A10)
128 CALL DDEBOID(2HTC,1,1)

129 CALL KEEPBO(NDDS0O}

130 IF(N.EQ.0) READ(2,F03) (MESLI} . I=1,7)
131 €.... DATA FOR TIMING ROUTINE AND INITIALIZING CALL L
132 M(1)=nUF IELDR $ M(2)=pAMB]O $ M(3)=nPQTSHAPED $ M(4)=aCOEfu
133 M{51=0SOURCED § M(E)=aROSENm § M(7)=0PRESSURER $ M(8)=n]ONPROJA
134 IF(N.EQ.0) CALL TIMEIN(M,B,3)

135 CALL DATAIN

136 IFIN.GT.0) GO TO JUMPLO

137 CALL INITIAL ‘

138 JUMPIO CONTINUE

139 CALL TIMEL(Y)

140 CALL UFIELD

141 CALL TIME2(1)

142 CALL BOUNDARY

43 CALL COEF

144 CALL SOURCE

145 CALL DENSITY

146 CALL G1DIAG

147 CALL SSTEST

148 CALL DTCON

148 CALL TTYINT

150 KSTOP=0

151 IF(N.GE.NSTOP) KSTOP=KRECOUT=}

152 IF(SENSE SWITCH 1) ,JUMP108

153 KSTOP=KRECOUT=1

154 JUMP10B CONTINUE

155 IF (N.EQ. (N/NOUT) *NOUT} KRECOUT=1

156 IF (KSSPASS.LT.3} GO TO JUMP1DA

157 KRECOUT=1

158 CALL RECORD

159 CALL. DATAIN

160 IF(N.GE.NSTOP) GO TO JUMP1I

161 GO TO JUMPIO

162 JUMP]0A CONTINUE

163 CALL RECORD

164 IFIKSTOP.EQ.1) GO 10 JUMPi1

165 CALL TIMEL(2)

166 CALL AMBI

167 = - CALL TIMEZ(2)

168 N=N+1

169 TIME=TIME+DTIME

170 GO TO JUMP]O

17t

172 ENTRY ERR(MM)

173 KRECCUT=] ¢ CALL RECORD

174 IEND=1

175

176 DO LOOPII [=1,8

177 IF(MMC1) .EQ.77B) GO TO JUMPI1A

178 LOOP11 IEND=I

179 JUMPIIA WRITE(3,F03) (MM(Ii,i=1,1END)

180 IF(KTTYCON.EQ.OD) GO TO JUMP1|
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c.

CALL GOB(1400B,IER,5,MBELL)

PRINT FQ3, (MMC(D)
FO3 FORMAT(BA10)
JUMP11 CONTINUE

CALL EXITID,1)

IF (KEEP.EQ. 1} GO

M(1)=oFRBO DEST.O

»I=1,[END)

10 JUMP20
$ M(2)=NHSP $ M(3)=m ETC.

Miv1=778 $$% EOM FLAG FOR CHATCON **seser
CALL CHATCON(BHALLOQUT,M, {ER}

M(1)=0DDBO.8 $ M(2)=oFAM.o % M(3)=NDDBO
{F (KEEP,EQ.-1) M(]}=pDEST.n0

CALL CHATCON(YHFROG,M, IER)

JUMP20 CONTINUE

CALL ASSIGN(2,0,NDATA,-1)

CALL QUTDIST
CALL OFFMON
GO TQ RESTART
END

... WRITE OUT ION DISTRIBUTION e+sevess
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200 SUBROUTINE AMBI

20! C.... KAMBI=0 FIXED POTENTIAL
202 C.... | POTENT=EENKEV*POTRATIO

203 USE BACOMM

204 DATA PMI,PD,TM!1,TO/4(0.)7

205

206 PMI=P0 $ PO=POTENT

207 TMi=TO $ TO=TIME

208 PDOT=0. $® IF(TD.GT.TMI} PDOT=(PO-PM1}/(T0-TMI]
209 DPHI=FDQT*DTI1 T

210 IF(KAMBI .EQ.0) DPHI=D,

211 POTENT=POTENT+DPH]

212 SCALE=PGTENT/PHI (LZ)

213 DO LOOP] L=1,L2Z

21% LOOP] PHI(L)=PHI(L)*SCALE

215 CALL POUNDARY

216 CALL [ADVANCE

217 CALL EADVANCE

218 [F(KAMBI .EQ.1) POTENT=EENKEV*POTRATIO

219 CALL DENSITY

220 GPLUS=ANUMB*DEN

221 SCALE=QPLUS/EDEN $ DO LOOPSD J=1,d4V

222 LOOPSC FE(JI=FE(J)*SCALE

223 CALL DENSITY

224 JUMP100 CONTINUE

225 WRITE(3,100} N+],TIME+DTIME,DEN,DENL ,ENKEV ,EENKEV,POTENT

226 100 FORMAT(oN,T=o0,i5,E10.2,85ECH,5X,ADEN.L=02E12.5,3X,0E ,EE ,P=n,
227 1 3E12.5,oKEVD)

228 RETURN

229 END
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SUBROUTINE APPEND INDROP,NHSP ,NDDB0)
NHSP= (NDROP.SHL .61 .UN. IR0 $ NDDBO=(NDROP.SHL .12).UN.2R00

iH=[D=0

DO LOOPS IC=1,7
[=6+(10-1C) $ 11=778.SHL.1
IFCIM) JuMP2, $  IF(NHSPLINT.11) [JumMP2
iH=1
MASK={ (77B.SHL .54%).SHR.54)-(7777B.SHL. (1-B})
NHSP=NHSP . INT.MASK
NHSP=NHSP.UN. (2RHH.SHL . (B*(9-1C)})

JUMP2 IFUID) LOOPS5, $ [F(NDD80.INT.I1) ,LOOPS
10=1
MASK=( (778.SHL .54} .SHR.54 - (77778.SHL . (1-6))
NDDBO=NDDBO . INT.MASK .
NDD80=NDD80.UN. (2RDD . SHL . {€*19-1C) )

LOOPS CONTINUE
RETURN
END
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249
250
251

252
253
254
255
256
257
258
259
260
261

262
263
2864
265
266
267
268
269
279
271

272
273
274
275

292
293
94
295
296
297
298
299
300
301

302
303
204
305

SUBROUT INE BOUNDARY
USE BACOMM

00 LOOP1O J=1,JVvl
LOOP10 ZBOUNCE(ITH.J)=Zt(1)

DO LOOPIS 1=1,ITH
LOOP1S ZBOUNCE(],13)=Z(LZ}

00 LOOP2D J=2,JV!
00 LooP20 [=1,1TH-1
VCOSL=V2(J) *COSS(])**2

DO LOOP2S L=2,LZ
VPOT2=PHI L} *CONY
VCOS2=V2(J)+VPOT2-PSI (L) *VRIJI*SINN{])*=2
IF(VC0S2.GT7.0.00) GO TO JUMPRS
ZBOUNCE (1 (J)=Z(L}+1ZtL}-ZC(L~1)1*VCOS2/ (YCOSL-YCOS2}
GO TO LOOP20 ’

JUMP2S CONTINUE
VCOSL=vCOS2

LO0P2S CONTINUE
ZBOUNCE ([, J)=Z(LZ)

LOOP20 CONTINUE
IF(KFL.EQ.0) GO TO JUMP3D

DO LOOP2B =1,ITH
LOOPR8 JLOSS(11=2

DO LOOP2Y J=1,JVI
LOOP29 1LOSS(J)=2
RE TURN

JUMP30 CONT [NUE
ILOSSt11=1TH

DO LOOP3D J=2.,uVI

DO LOOP3S 1=2.1TH

[LOSS (=1

IF(ZBOUNCE ¢ [ ,0).LT.ZtLZ}3 GO TO LOOP30
LOOP3S CONTINUE
LOOP30 CONTINUE

JLOSStLi=Jv]

DO LOOP4D [=2,!TH-1

DO LOOPHS J=2,JVi

JLOSSi11=J

IF(ZBOUNCE (] ,J).LT,2(LZ)) GO TO L OOP40D
LOUP45 CONT INUE
LOOP40 CONT INUE

JLOSS I THI =JLOSS(ITH-1}

DO LOOPSO 1=1,ITH

DO LOOPSQ J=1,JLOSS(]11-]
LOOPSO F(].J1=0.

RE TURN

END
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206 SUBROUT INE BTERMS

307 C.... COMPUTE BDOT TERMS !F DESIRED ACCORDING TO OPTION FLAG KBDOT
308 C.... KBODTO,1=DIGIT OF KBDOT CORRESPONDING TO 0.1 POMER OF TEN
309 C.... KBDOTO=0 NO BDOT TERMS COMPUTED

310 C.. 1 MIDPLANE PARABOLIC WELL VERSION

311 C.. 2 COMPUTE TAUCI,J) ONLY

gla c.. 3 FROM J ‘

313 C.... 4 COMPUTE TAU AND J BUT V,TDOT REMAIN ZERO
314 C.... KBDOT1=0.1 FOR EXTRAPOLATION OFF ,ON

315 USE BACOMM

316 DIMENSION B1(LZ),B2(LZ)}

317 DATA T1.T2/2(0.)/

318

319 KBDOTO=MOD (KBDOT,10) $ KBDOT=MOD(KBDOT/ 10,10}
320 Ti=T2 ¢ Ta-TIME

321

322 DO LOOP1O L=1,LZ .

323 BI(L)=B2(L) $ B2(L)=BF (L)

324 LOOP10 CONTINUE

325

326 0O LOOP20 L=1,L2

327 1F (KBDOT0.EQ.U} BDOT(L)=PHIDOT (L)=0.

328 BFE (L) =BF (L)

329 IF (KBDOTO.LE.0) GO TO LOOP20

330 IF(T1.GE.T2) GO TO JUMP19

331 BOOT (L)=(B2{L)-B1(L)1/(T2-TI)

332 PHIDOT(L)=(PHI (L)-PHS(L})/(T2-T1)

333 JUMP1S CONTINUE

334 IF (KBDOT1.LE.0) GO TO LOOP20D

335 C.... EXTRAPOLATION OF BF sses

336 BFE (L) =BF (L1 +BDOT (L) *DT IME

337 PSI(L)=BFE(L)/BFE $ PSI1(L1=PSI(L)~1 $ PSIH(L)=SQRT(PSI (L))
338 PHI (L)=PH1 (L) +PHIDOT (L) *DTIME

339 LOOP20 CONTINUE

340 BRATI0=PSI(LZ)

3u1 IF (KBDOTD.GT.1) GO TO JUMPSO

342 C.... MIDPLANE VERSION NF BDOT TERMS *essesesses

343

3uu DO LOOP30 J=1.JVI $ DO LOOP30 [=!1,ITH

345 VDOT (1,J)=(BDOT/BFE) *V(J) * (2% (BRATIO-13*SINN(1)**2-COSS(1)+*2)/
346 1 (4+(BRATIO-1))

347 TDOT(I,J)=(BDOT/BFE}*SINN(1)*COSS(1)*(2*BRATIO0-11/
348 1 14+ (BRATIO-1})

349 LOOP30 CONTINUE

350 GO TO JUMP10OD

751

352 JUMFSU CONTINUE

353 C.... BOUNCE AVERAGE FOR V.TDOT  sesssescas

354 CALL QVSET(D.,TAU,ITH*JVI)

355 CALL QACOPY(VDOT,TAU, ITH'JVi)

356 _ CALL QACOPY(TDOT,TAU,ITH*JVI)

357 - CALL QACOPY(EJ!.EJ2, ITH'IVI)

358 CALL QACOPY(EJ2.TAU.ITH*JVI)

259 CALL QACOPY(VP2,TAU, ITH*JVi)

360 CALL IORBIT(Z,PSI,PHI}

361 IF(KBDOTD.GT.2) GO TO JUMPEOD

362

363 DO LOOPSS L=1,LZ § CALL ORBIT/iL)

364 PO LOOPSS J=1,JvVI $ DO LOOPSS [=1,ITH

365 ZB=ZBOUNCE (I ,J)
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366 IF(ZB.LE.Z(L)) GO TO LOOPSS

367 TAUtT,J)=TAUL],J)+DTAUCT, D)

368 IF(2B.GT.Z(L+1)} GO TO LCOPSS

369 TAULL ,J)=TAU(] ,J)+EDTAU(T ,J)

370 LOOPSS CONTINUE

3N GO T0 JUMP100

372 JN™MPEBD CONTJINUE

373 :

374 DO LOOPES L=},LZ $ CALL ORBIT(L)

375 DO LOOPES J=2,Jv1 $ DO LOOPES 1=1,1TH

376 Z8=ZBOUNCE t 1 ,J)

377 IF(ZB.LE.Z(L}) GO TO LOOPES

378 5=VCOSt(1,J)

379 EJeil 0 =EJ2tl,Ji1+DTAUL] J) 52

380 CTAUCT D =TAUC] ,J)1+0TAUCT . 33

381 VPOT2=PHI (L) *CONV

382 VP2([,))=VP2L1,J)+VPOT2*DTAU] I}

383 [FL28.GT.2(L+1}1 GO TO LOOPES

384 VPOT2=VPOTE* (Z(L+1)-ZB)+CONV*PHI (L+1})*(ZB-Z(L1})}
385 VPOT2=VPOT&/ (Z(L+1)-2tL))

386 VP2t ,J3=VP2 (] ,J)+VPOT2*EDTAVIL  J}

387 TAUCT,J1=TAU(] ,J)}+EDTAUL] . J)

388 LOOPBS CONTINUE

389 1F(KBDOTO.EQ.42 GO TO JUMPIDO

330 IF(T1.GE.T@) GO TO JUMPIOD

391

392 DO LOOPEE u=2,JV1 $ DO LOOPEB I=1,[TH

393 S=1/(V(J)**2+TAUCL,J)) 8 SI=EJS{] , NN*S 8 Se=VPall,J)sviJiee2
394 EJDOT=(EJ2( ], D -EJI T, N)71T@-T1)

395 vOOT(],J)=.5°VIJI*l (1-51+S2)+*BDOT/BF -2+S*EJOOT 1}
296 TOOT (i ,J1=0.

397 1F(COSS(1).EQ.0.} GO TO LOOPEB

398 TDOT(],J)={SINNCI)*.5/C0S5"j))*t (S51-521*BDOT/BF +2*S+*EJDOT

399 LOOPEG CONTINUE
400 JUMP100 CONT.INUE
401 RETURN

402 END
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403 SUBROUTINE COEF

40% C.... COMPUTE COLLISION OPERATOR

405 C.... KFIXS5=2 OR GREATER CAUSES COEFF ICIENTS TO BE EVALUATED ONCE
408 C.... KIDENT=0,1 TO SUPRESS DEL2 H AND DEL4 G=F IDENTITY
407 USE BACOMM

408 OIMENSION CCTTOCITH,JvI) ,CCSUITH, JVI)

409 EQUIVALENCE (CCTTQD,CCTT), (CCS,CCT)

410 DIMENSION GZ{(Q,MX}),GVZ{ (0 ,MX)) ,GVVZ((0,MX)})
411

412 DATA [NRUNS=0)

413 -

Y1y IF(M.GT.0 .AND., KFIXSS.GT.1) GO TO JUMPIO0O
415 IF INRUNS.NE.NRUN) GO TO JUMP2

416 IF (NCOEF * (N/NCOEF i .EQ.N) GO TO JuMP2

417 SCALE=DEN/DENSAVE

418 DENSAVE=DEN

ng IF(ABS(SCALE-1.00).67.1.00) GO TO JuMP2

4e

4el DO LOOP! [=1,ITH $§ DO LOOP] J=1,J4V]

422 CCVVI],J1=CCVV LI, J) *SCALE

423 CCVT(],0)=CCVTI(],J)*SCALE

Yok CCTTUI,J1=CCTT(I,J)*SCALE

425 ccvil,=CCVil,J)*SCALE

426 CCT(1,U¥=CCT(I,J)*SCALE

4a7 CCt1,yy=CC(!,J)*SCALE

428 LOOP1 CONTINUE

429

430 DO LOOP2 L=},L2

43\ ZOENT (L1 =ZDENJ (L) *SCALE

432 ZDENE (L) =ZDENE (L} *SCALE

433 [ 0JP2 CONTINUE

434 GO TO JUMPIDO

435

436 JUMP2 CONTINUE

437 CALL TIMEL (4}

438 DENSAVE=DEN $ NRUNS=NRUN

439

440 DO LOOPIO I=1,ITH $ DO LOOPID J=1.J4V]

Yy | CCVVII, =CCVTI(I,J)=CCTTCI,J)=0.

4u2 CCvil, N =CCT(l.,y=CC(],J)=0.

443 TAUCI . J3=0,

44y LOOPID CONTINUE

445 CALL [ORBIT(Z,PSI,PHI} $%% INITIALIZE ORBIT INTEGRAL SR.
446

447 00 LOOP20 L=1,LZ

w48 CALL ORBIT(L)

449 IF(MIDPLANE.EQ.]1 .AND. L.GT.!) GO TO LOOP20Q
450 CALL TIMEI(6)

451 CALL ROSEN(L)

452 CALL TIME2(6)

453 VPOT2=0VPOT2(L)

454 JvZ=1

485

456 DO L00P20 J=2,JV]

457 vZas=va(J)+vPoTe2

458 IF(vZ2.GE.VMAXI*¢*2) GO TO LOOP30 $$% ZERO CONTRIBUTION TO
469 C ORBIT INTEGRAL®*#e¢t»trves
460 vzZia=1./vZe

u61 vZ=SQRT(vZ2} $ VvZi=i.svVZ

462 V23=V¥Z2+V2Z - % VZ13=1./V23
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463
464
465
466
467
468
469
470
471
472
473
4Ty
475
476
477
478
479
480
481
482
483
48y
485
486
4@7
488
489
490
431
492
LG3
ugy
495
496
4g7
498
439
500
501
502
503
504
505
506
507

=08
509
510
511
512
513
Sl
515
516
517
518
519
520
521
522

V24=vZ2e+2 $ VZIiw=1./VZI4
C.... INTERPOLATION TO CRBIT VELOCITY, vZreser

DO LOOP2S JJ=JVZ,JVI-1
IF(VZ.LT.V(JJ}) GO TO JUMP2S

LOOPRS JVZ=JJ

JUMP25 CONTINUE
VRAT=(VZ-V(JVZ))*DVI(IVZ)
CVZ=CVIJVZ)+VRAT* (CVIJIVZ+11-CVIUVZ )
FFEZ=FEZ(JVZI+VRAT*(FEZ(JVZ+1)-FEZLJIVZ))

DO LOOP30 M=0,MX

GZ{MI=GIJUVZ M) +VRATHIGIJIVZ+] ,MI-GLIVZ M)}

GVZ (M) =GV (JVE MI+VRAT* (GVIJVZ+I M) -GVIIVZ . M))

GVVZ{M)=GVVIIVZ M) +VRATH IGVVIJVZ+] M)-GVVIJIVZ ,M))
LOOP30 CONTINUE

DO LOOP20 [=2,1TH
C.... ORBIT IS THRU V(J),TH{I1 AT MIDPLANE®svesesssercarss

ZB=2BOUNCE { I, )

IF¢ZB.LT.2(L)) ~0 TO LOOP2D

VP=VCOS(],J)

IF(L.GT.1) GC TO JUMPHO

SINZ=SINN([) $ SINZ2=SINZ*+2

C0SZ=COSS(I) $ CO0SZ2=C0SZ+*2

vOV=TOT=1. § CTOT=TOT*COSS(I)

VOVV=TQV=TOVV=TOVT=0. )

CTOV=TQV*COSS(I} § CTOVV=TOVVeCOSSIi1  § CTOVT=TOVT*COSS(I)

TOTT=CTOTT=0.

GO TO JUMPY4S
JUMP4D COS2=VP*VZI § C0SZ2=COSZ*+2

SINZ2=1.-C0S22 $ SINZ=SQRTI(SINZ2)

CUSE=AMAX1(COSS1{ 1) ,EPSMU)

TANO=SINN( I} /CUSE

VOV=VZeVEiJd) % VOVV=-vP0T2*VI31J)

TOV=-TAND*VPOT2*VZI*VI2(J)

TOVV=VZI*TOV* (VPOT22VI2(J) * (TAND®*2=1.)-3.}

TOT=TANG*COSZ/SINZ $ CTOT=CUSE*TO0T

TOVT==70T*VZ]*VPOT2eVI21J) /CUSEs*2

CTOV=TOV*CUSE § CTOVV=TGVV*CUSE $ CTOVT=TO¥TeCUSE

TOTT=TANO®(TOT**2-1.1 $ CTOTT=CUSE*TOTT
JUMP4S CONT INUE

CALL GPLEG](COSZ)  $8% OBTAINS PLEG(M) ,DPLEG(M) ,DDPLEG(MI*essrs
C.... GG, GGV ETC. AKE ROSENBLUTH POTENTIAL AND DERIVATIVES AT ORBIT VELOCITY
c.‘.. AT Z(L]Il..'l......i!.

GGV=GGVV=GGM=GOMM=GGVM=0.

DO LOOF45S M=0,MX
GGV=6GV+GVZ (M) *PLEG(2°*M)
GGVV=GGVV+GVVZ (M) *PLEG(2*M)
GGM=GGM+GZ (M) *DPLEG (2*M)
GGMM=GGMM+GZ (M) *DDPLEG (2*M}
GGVM=GGVM+GVZ (M) *OPLEG(2*M}
LOCP4S CONTINUE
GGT=-SINZ*GGM -
GGTT=-C0OSZ*GGM+S INZZ*GGMM
GGVT=-5INZ*GGVM
C.... CALCULATE ION COEFFICIENTS FOR ORBIT VELOCITY AT 7 ===+
AAVV=.5*GAMMA*GGVV
AAVT=GAMMA® (VZI2*GGVT-vZ]3*0GT}
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523 AATT=,5*GAMMA® (VZI4+GGTT+VZ]I3*GGV)

Sa4 AAV=GAMMA® ( . 5*VZ]3*GGTT~-.5*VZI3#C0SZ*GGM+VZ[2*GGV+CVZ;
525 AAT=GAMMA* (-VZ][4* 5*(2,-C0OSZ2} *GCM/SINZ-VZI3GGVT+
528 8 .5*vZ[3+COSZ*GGV/SINZ)

527 FUSE=F ([,J)

528 IF{KIDENT.EQ.0) GO TO JUMP4B

529 FUSE=0. °

530 :

531 00 LOOP4E M=0,MX

532 AFM=ALEGIJVZ M1 +VRAT* (ALEG(JUVZ+1 M) ~ALEG(JUVZ M} )

533 LOOP4BE FUSE=FUSE+AFM*PLEG(2*M]
534 JUMP46 CONTINUE

535 AA=Y4  oP[ *GAMMA* (GAM4*ANUMBI2*CLOGIE*FFEZ+CLOG! | *FUSE)
536 BBVV=VQV**2*AAVY

537 BBVT=2. *VOV*TOV*AAVV+TOT*VOV*AAVT

538 BBTT=TOV**2*AAVV+TIT*TOV*AAVT+TOT*2¢ AATT

539 BBV=VOV*AAV+VOVV*AAVV

540 BBS=CTOV*AAV+CTOT*AAT+CTOVV*AAVV+CTOVT*AAVT+CTOTT*AATT
S41 BSMAG=.5*SINNCI)* (BDOT(L)*SINN(])}**2-BOOTC113/3F (1)
542 BB=AA

543 CCVV(],J1=CCvVIT J)+DTAULT ,J1*BBVV

S4y COVT L], =CCVT LT , ) +DTAULT,J)*BBVT

545 CCTTC([,J)=CCTT(I,U)+DTAUC].J)*BBTT

546 . CCV (I, u1=CCvL],J)+DTAULI,J) *BBV

547 CCStI,U)=CCS(1,J)+DTAULT ,J) *BBS

S48 CCtI,1=CCt],J1+DTAUL] ,J]1*BB

549 TAUCE ,J)=TAUC] ,J)+DTAUCE ,J)

550 1IF(ZB.GT.Z(L+1)) GO TO LOOP2O

g51 C.... EVALUATION-AT BOUNCE POINT s»sr>ues

552 IF (MIDPLANE.EQ. 1) GO TO LOOP20

553 C0SZ=C0522=0. % SINZ=S[NZe=1.

554 TOT=CTOT=TOVT=CTOVT=0.

555 CTOTT=-SINNC(])

558 BBVT=2.*VOV*TOV*AAVV+TOT*VOV*AAVT

557 BBTT=TOV**2°AAVV+TOT*TOV*AAVT+TOT* 222 AATT

558 BBV=VOV*AAV+VOVVEAAVY

559 BBS=CTOV*AAV+CTOT*AAT+CTOVV*AAVV+CTOVT*AAVT+CTOTT *AATT
560 BB=AA -

561 CCVVT ,J1=CCVVII,J)+EDTAUL],J) *BBVV

562 CCVT (I, U)=CCVT (I, )+EDTAUC], U2 *BBVT

563 CCTTCI, N=CCTTCI,J)+EDTAUL],J}*BBTT

S64 CCVI,JI=CCV(}, )+EDTAUL] ,J)*BBYV

565 CCSUL,J1=CCS(],JI+EDTAUCT ,J)*BBS

566 CCtl,J1=CCt],J1+EDTAUC] J)*BB

567 TAUCLT D) =TAU(I,J)+EDTAULT,J)

€68 LOOP20 CONTINUE

568

570 00 LOOPS2 J=1,JVI ¢ DO LOOPSZ2 [=1,ITH

571 TAUI=1. $ [FLTAUI],J).GT.0.00) TAUI=1./TAU(],J}
572 CCVVIE,JI=CCVVLI,J1=TAUL

573 CCVTI],J1=CCVTL],J)=TAU!

574 CCTT(1,)=CCTT([,J)*TAU!

575 CCVIIT,J)=CCVLI,J)¢TAUI

576 €CSt1,U1=CCSLT, ) *TAUI

577 CCtl,J1=CC(l,.J1*TAUL

578 [FI{KFL.EQ.0} GO TO LOOPS2

579 IF (MIDPLANE .EQ. 1) TAUI=V(J)*COSSL{)/7Z(LZ)

580 PARVM2=V2(J}*COSS(11°¢22PS](LZ)+CONV*PHI(LZ)-v2(J1+PS]1(LZ)
581 PFAC=0. % ARG=-APAR2*PARVMZ

582 IF(ARG.LT.10.1 PFAC=1/({+EXP(ARG})
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CCLI,J)=CCl1,J1-PFAC*TAUI
LOOPS52 CONTINUE

IF(KBUG.EQ.D .OR. N.NE.NOUT*(N/NOUT)] GO TO JUMPS0
CALL PEEK2{mCCTTO(|,Jim,CCTTO,ITH,uVI)
CALL PEEK2(nCC5(1,J)r,CCS.ITH, UV}
CALL PEEK2(mCOEF TAUtI,J1m,TAU,ITH,UvD) .
CALL PEEK2(RCOEF ZBOUNCE([,J1e,ZBOUNCE,ITH,JVI)

. JUMPS0 CONTINUE

U0 LOOPSS J=1,JuvI
CCTTCITH, JI=CCTTQUITH,J)-CCSLITH, )
CCTtiITH,J)=D.

DO LOOPSS I=},ITH-]
LOOPSS CCT(1,J)1=CCStI,J)/COSS(I)
CALL TIME2(Y4)
JUMP100 CONTINUE
P<TURN
END
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3
634
635

639

SUBROUT INE COULOG(L)

C .. .ASSUMES UPDATED ALEG AND FEZ"' ENERGY IN ERGS*esrees

USE BACOMM
OPTIMIZE

ZDEN=ENG=0.
00 LOOP]O J=1,uv1

ZDEN=ZDEN*DELV(J)'VE(J)'ALEG(J [s}]
ENG=ENG+DELV(J] *V4 (J} *ALEG(J, G}

LOOP10 CONTINUE
IF (2DEN.LE.0.00) GO TO JUMPIOD
ENG=.5*AMASS*ENG/ ZDEN

ZDEN=Y4, “P]*ZDEN

JUMP10 CONTINUE

ZEDEN=EENG=0.
DO LOOP20 J=1,uV

2EDEN=ZEDEN+DELV (J) *V2(J) *FEZ(J)
EENG=EENG+DELV(J) *V4 {J) *FEZ(N)

LOOP20 CONTINUE
IF(ZEDEN.LE.0.00) GO TO JUMP20

ZEDEN=Y4.*P[ *ZEDEN

- EENG=.5+EMASS+*EENG/ ZEDEN

DEBYE=CDEB*SQRTF (EENG/ ZEDEN)
ENG=AMAX| (1.E~-14*ENERGY,ENG) $ EENG=AMAXI(].E~I14*EENERGY.EENG)
SUPEE=ALOG(DEBYE *SQRTF (2. *EENG/EMASS) )

SUP![=ALOG(DEBYE*SQR
SUPIE=AMAX (SUPEE ,SU
CLOGEE=CONEE+SUPEE

'CLOGII1=CONI [+SUPI ]

CLOGIE=CON[E+SUPIE

JUMP20 CONTINUE
STORE Z-DEP QUANTITIESs*ess )
ZDENE (L1 =ZEDEN

c..

ZDENI(L1=20EN §
ZNRGI (L) =ENG/ERGTKEV
RETURN

END

TF (2.

P11)

3

*ENG/AMASS) )

ZNRGE (L) =EENG/ERGTKEV
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640
B41
B4e
643
64y
B4S
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662

663 -

664
665
B66
667
668
669
670
671

672
673
674
675
676
677
678
679
80
6B1

682
683
684
EBS
696
687
688
689
630
691
692
693
694
695
696
697
698
699

FITY

0 03 g0 go 40 £ 9 g0 0o o

SUBROUTEINE DATAIN
USE BACOMM
DIMENSION SORSCA (NSOR)

DATA VMAX,VMAX],GMESH,BRATIO,ZLENGTH/2.E10,3.5€8,1..2.,100./
DATA DTIME/].E-6/, DTSET/.02,.5,1.E-10,!..1.1/

DATA NSTOP,NSSMAX.NOUT ,NPOT ,NCHEC/0,500,9999,2(1}/

DATA MAXWELL ,MIDPLANE/2(0})/

DATA KBUG,KSSPS,KTCON,KEEP ,KELEC ,KPOT ,KIDENT ,KF 1XSS,KZGRID/91(0) 7
DATA KUF ,KIAD,KEAD.KAMBI,KBDOT/5(D)/

DATA POTENT,DPOTR,EENKEV/0.,.005,2./, ANLOSS,TEMRATIO/2(0.)/
DATA PLTANG/225./, EPSSS/.01/, ZPARAB/1.E-10/, NCOEF,NELIO/2t1)/
DATA AMASS,ANUMB/3.3433E-24,1./, DEN/1.E1Y4/

DATA ENKEV,FVS,FCOS,FTS/15.,1.,0.,10.7

DATA 8v0,TSMESH, TMESH/7000..2(1.)/

DATA ZBEAM/100./, EPSMU/I .E-5/, TAUBEAM,SORSCA/I.E30,NSOR{!.00})/
DAYA KFL/D/, APARE/1./

DATA NRUN/D/

NAMELIST /NLIST/ AMASS,ANUMB,ANLOSS,APAR2, BRATI0,BRMAX,BVD,
DEN,DBSTOP,DPOTR,DTIME,DTSET, ENKEV,EENKEV,EPSSS,EXT.ETA,
FVS,FCOS,FTS, GMESH,

KBUG ,KSSPS ,KTCON ,KEEP ,KELEC ,KPOT .KF I XS5 ,KIDENT ,KZGRID,
KSOURCE .KFL ,KEAD,K[AD,KUF ,KAMB! ,KBDOT ,KFOUT,

MAXWELL ,MIDPLANE, NSTOP,NSSMAX,NOUT ,NPOT.NSET,

NCOEF ,NCHEC ,NSSMAX ,NEL 10,

POTENT ,PLTANG,PMESH,PS],
SENKEV,SVS,575,SJC0S,SJCUR,SJ!,SJUCX,SORSCA ,
TEMRAT{O, TSMESH, TMESH, TAUBEAM,

VMAX,VMAXT,  ZLENGTH,ZBEAM,Z,ZPARAB

NRUN=NRUN+1 & [IF(NRUN.GT.10} NRUN=1
LUDATA=2

[FIKTTYCON.EQ.1 .AND. KSSPS.EQ.1) LUDATA=58
IF (LUDATA.EQ.59) CALL GO8(14008,1,3,MBELL{3)}
IF(LUDATA.EQ.59) PRINT FTTY

FORMAT (ONAMEL IST INPUT?m)

INPUT DATA NLIST, LUDATA, 3

IF (NOUT.CGT .NMQ} NOUT=10C*(NMQ/100)
IF(NQUT.LE . Q) NOUT=!

IF (NCHEC.LE .0} NCHEC=1+NSTOP/NMQ

IF(N.GT.0) GO TO JUMP!

. DEFAULTG**»»r .

IF (BRMAX.LE.BRATIO) BRMAX=BRATIO

[FIMAXKELL .EQ.0) GO TO JUMP!

[FITEMRATIO.£Q.0.00) TEMRATIO=EENKEV/ENKEV
EENKEV=ENKEV*TEMRATIO ‘& ETEMP=EENKEV/1.5

1F (ANLOSS.EQ.D.00) ANLOSS=EXP(-POTENT/ETEMP)
POTRATI0=AMAX1(0.00,-ALOGIANLOSS)/1.5) $%% SET POTENT/EENKEV
POTENT=EENKEV*POTRATIO

JUMF] CONTINUE

EENERGY=EENKEV*ERGTKEV . $%% CONVERSION FROM KEV TO ERGSe:*
ETEMP=2. THIRD*EENKEV :
ENERGY=ENKEV*CRGTKEY

. WRITE OUT INITIAL DATAce=sv»

CALL FRAME
CALL SETCH(!.,42.,0.,0,.1,0)
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700 :
701 DO LOOP!D KO=3,100.97

702 CALL HEADER(KO) .
703 I=ITH $ Jl=JVl $ J=JV $ M=NMNX $ L=LZ
704 WRITE(KO,FQ1) [,J1,J

705 FO0) FORMAT(//nCOMPILED PARAMETERSE/2)TH=8,13,5X,04VI=0,13,5X,00V=0,14)
706 WRITE(KO,FO2) M,L,NSOR,ITHS
707 FD2 FORMAT(oMX=n0,12,5X,ALZ=0,13,3X,ANSOR, [ THS=0,2[4%)

708 WRITE (KO, ,FAA) (MES(I},I=1,T7)

709 FAA FORMATL/8A10)

710 IF(N.EQ.0) HRITE(KQ,.o¢(//on[N[T{AL DATADa)a}

711 IF(N.GT.0) WRITEIKO,n(//80RESTART N=nD,16)0) N

712 WRITE(KO,F0S) 9% FOS FORMAT(//asss GR!D PARAMETERS *<¢*n)
713 WRITE (KO,F0B) VMAX,VMAXI ,GMESH, TMESH

714 FOB FORMAT!/mVMAX=0,E12.5,2X,0VMAX]=0,E12.5,2X,B6MESH, TMESH=0,2F7.4)
715 WRITE(KO,F07) BRATIO,BRMAX,BVU,ZLENCTH

716 FO07 FORMAT(aBRATIO,BRMAX,BV0=0.2F10.5,E12.5/0ZLENGTH=0,F10.3)
N7 WRITE(KO,F08) KZGR]D,ZPARAB,PMESH

718 F08 FORMAT(OKZGRID=m,!2,3X,0ZPARAB=0,E1].4,@8X,0PMESH=0,F6.4}
719 IF(KZGRID.EQ.01 GO TO JUMPS

720

721 D0 LOOPS L=1,LZ

722 WRITE(KO,FO9) L,Z(L),PSI(L)

723 FD9 FORMAT(oL=n,]3,5X,0Z=0,F10.4,3X,0PS1=n,F]10.6)

724 IF(PSI(L).LT.0.5) GO TO JUMPS
725 LOOPS CONTINUE .
726 JUMPS CONTINUE

727 WRITE(KO,F10) $% FI0 FORMAT(O]l*e*s T|ME STEP CONTROL **su)

728 WRITE(KQ,F11] DTIME,.EPSSS,KSSPS,KTCON

729 F1l1 FORMAT(/opTiME=R,E12.5,3X,0EPSSS=0,F7.5,3X,0KSSPS ,KTCON=0,2!2)
730 WRITE(KO,F12) (I, NSET(]1),DTSET(I),1=1,5)

731 Fl2 FORMAT(so | NSETo,S5X,oDTSETa/s(1X,I12,1X,I4,3X,E12.5))

732 WRITE(KO,F20)} $% F20 FORMAT(//o+*» FLAGS AND PARAMETERS ¢*e*d)
733 WRITE (KO,F211 NSTOP.NSSMAX,NQUT.NCHEC .NCOEF .NELI0,PLTANG

734 F21 FORMAT(/aNSTOP,NSSMAX=0,215,5X,aNOUT ,NCHEC ,NCOEF ,NEL!0=0,415/
735 1 oPLTANG=o,f7.1)

736 WRITE (KO ,F22) KEEP,KBUG

737 F22 FORMAT(OKEEP,KBUG=0,4[2)

738 WRITE(KO,F23) KELEC,KPOT ,KF{XSS.KIDENT,KSOURCE

738 F23 FORMAT(DKELEC.KPOT ,KFIXSS,KIDENT ,KSOURCE=n,5]2)

740 WRITE (KD,F23A} KUF ,KBOOT,K]AD,KEAD,KAMB!

74} F23A FORMAT (OKUF ,KBDOT=0,2]3/0K]1AD,KEAD,KAMBl=0,312)

T4e WRITE (KO,F25) MAXWELL

743 F25 FORMAT(oOMAXWELL=D,]2)

T4y WRITE(KO,F26} MIDPLANE

745 F26 FORMAT(BMIDPLANE=D,[2)

746 WRITE(KO,F271 NEOT,ANLOSS,TEMRAT[Q,POTENT .ETA

47 F27° FORMAT(ONPQT=m,]&/0ANLOSS=a,Ei2.5,2X,0TEMRATI[0=0,E12.5.3X,
48 | GPOTENT,ETA=D0,2F8.4)

748 " HWRITE(KO,F28) KFL,APAR2

750 F28 FORMAT(OKFL,APARR=n,}2,E!2.5)

751 WRITE (KQ,F291 DBSTOP

752 F28 FORMAT(oDBSTOP=0,F7.5,8 BETA CUTOFF RELATIVE TO BETAMAXm)
753 JWRITE(KO,F40) $$ F40 FORMAT(ml*e« [NIT|AL DISTRIBUTIONS =**o)
754 WRITE(KO,Fu}) EENKEV

755 F41 FORMAT(/OELECTRON ENERGY, EENKEV=0,€£12.5.,0 KE\@l

756 JWRITE(KO,F42) AMASS,ANUMB

757 F42 FORMAT(/0]ON HASS AMASS=u,E16.6,0 GRAMSO,

758 1 5X,0ANUMB-0,F5.3

759 HWRITEIKO,F43) DEN ENKEV PVS FCOS,FTS
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60 F43  FORMAT(NDEN=D,E12.5,2X,n10N ENERGY, ENKEV=0,E12.5.8 KEvn/

761 | AFvsS,FCOS,FTS=n,3E12.5)

762 WRITE (KO,F44) KFIN,KFOUT

763 F44 FORMAT (oKF [N=m,A10,3X,oKFOUT=a,A10)

764 WRITE(KO,FB0) $% FBE0 FORMAT{(//m**¢ SOURCE PARAMETERS **#n)
765 WRITE (KO,F60A) TSMESH,ZBEAM, TAUBEAM

766 F50A FORMAT(/nTSMESH=0,El2.5,0 ZBEAM=n,F8.3,aCMuo,3X,0TAUBEAM=0 ,E!2.5)
767 WRITE (KO,FB0B)
768 FB0B FORMAT(//0SOURCER/nNUMBERD)
769 WRITE (KO,FB1)
770 F&1 FORMAT(sn 0n,5X,nSENKEVA, 10X,8SJCOSO,5X,08VS0, 18X,ASTS0)

-

772 DO LOOPB2 NS=1,NSOR

773 WRITE (KO,F62) NS,SENKEV(NS) ,SJCOS(NS} ,SVSINS?,STSINS)
774 FB2 FORMAT(IX,I12,F10.3,n KEVR,2X,F10.6,E13 6.F12.3?

775 LOOPB2 CONTINUE

776 WRITE(KO,F63)

777 FB63 FORMAT(/m (Qno,4X,nSJCURe,8X,0SJlm,1iX,85JCX8)
778

779 D0 LOOPE4 NS=1,NSOR

780 WRITE (KO,F64) NS,SJCURINS) ,SJI (NS} ,SJCXINS)

781 FB54 FORMAT(tX,I2,3E13.5)
782 LOOPE4 CONTINUE
783 LOOP10 CONTINUE

84

785 00 LOOPE6 NS=1,NSOR

786 SJCURI{NS) =SJCUR(NS) *SORSCA (NS}

787 SJIINS)=SJI(NS) *SORSCA(NS) $ SJCXINS)=SJCX(NS}I *SORSCA INS)
788 LOOPE6 CONTINUE

789

790 DO LOOPE7 K0=3,100,97 $ DO LOOPE7 NS=],.NSOR

791 {F ({SORSCA(NS) .EG.1.00) GO TO LOOPE7

792 WRITE(KO,FB7) NS,SO0RSCAINS}

793 FB67 FORMAT(//BSOURCER,]3,a RESCALED W SORSCA=o,El2.5)
794 WRITE {KO,FB3)

795 WRITE (KO,FB4) NS,SJCUR(NS) .SJI (NS} ,SJCX(NS)

796 LOOPE7 CONTINUE

797

798 DO LOOPBES NS=1,NSOR

799 LOOPES SORSCA(NS)=1.00

Bdo

B0l C.... DATA CHECK®**

apa IF (VMAX] ,GT.VMAX} CALL ERRtOBAD INPUTID)

803 IF(VMAXI.LT.1.E4) CALL ERR{oBAD INPUTER)

a0u4 IF(DEN.LT.100.) CALL ERR{ODEN NEAR ZERO INITIALS}
205 IF(POTENT.LT.0.00) CALL ERR{OPOTENT.LT.0.00 INTITIALD}
806

807 CALL EMPTY (3

908 RETURN

809 END
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810
8!l

8la
813
a1y
815
816
817
818
818
B20
821

822
823
824
825
826
827
ec8
829
830
831

832
833
834
835
836
837
838
R25
840
841

8u2
843
B4y
845
846
a47
848
849
85¢
851

852
853
854
a55
856
857
858
859
860
861

862
863
864
865
866
867
868
869

FUNCTION DENFPZ(PHII,L)
USE BACOMM
REAL MUR,LAM

EVALI(MU,5Q)=.5% (MU*SQ+(].-LAM) *ALDG (MU+SQ) )
HEVAL (MU, SQ)=EVALI (MU, SQ)-MU*SQ

DENFPZ=0. $ IF(L.GE.LZ) RETURN
VPOT2=PHI | *CONV
SUM=0.

DO LogPa2 J=2,Jvi
LAM=(V2U1J)+VPOT2)/ (PSI(L)*V2(J)}
IF(LAM.LT.1.00) GO TO JuMP22
. LAM GE TO ONE ,.. NO IONS AT THIS VELOCITY ARE REFLECTED
SUMMU=-.S¢F { | TH,J) ~OCOSS(ITH-1)

DO LOOP2]1 I=]LOSS(J),[TH-1
LOOP21 SUMMU=SUMMU-.S*F (1,J)*(COSS([+1)1-COSSt([~-11)
SUMMU=SUMMU*SQRT LAM]
GO TO JUMP2E
JUMP22 CONT INUE
MUR=0.
IFC1.-LAM.GT.0.00) MUR=SQRTI(].-LAM)
IR=1TH
IF(MUR.EQ.0.00) GO TO ENDSEARCH

DO LOOPRY4 J!I=1,1TH-1
I=1TH-11
IEICOSS(IJ.GT.HUR) GO TO ENDSEARCH
IR=1
LOOP24 CONTINUE
GO TO LOOP22
ENDSEARCH CONT INUE
[L=]1LOSS(J)-1
[FUIL.GE.IRY GO TO LOOP22
Sa=0.
IF (MUR®*2-1.+LAM.GT.0.00) SQ=SQRT[ (MUR®*2-1.+LAM)
SUMMU=0
IF (MUR+SQ.LT.1.E-10) GO TO JUMPE4
SUMMU=-F (1R-],J)*SQ~((F (IR, J)-F (IR-1,J}1*DCOSSI(1R-11}*
& (EVAL](MUR,SQ)-COSS(IR-1)+SQ)
JUMP24 CONT INUE
SQ=SARTI(COSSt L} **2~].+LAMI
SUMMU=SUMMU+F (IL,J) *SQ+
& ((FUIL+1.,J)-F(IL,J)1*DCOSSI(IL}I#HEVAL(COSS(IL},SQ)

DO LOOP2B [=lL+1.[R-1
SQ=SQRTI(COSS([1%32-1.+LAM) -
SUMMU=SUMMU+HEVAL (COSS(}),SQ)*L(F(I+],J)-F(i,J1)*DCOSSI(])-
& (FCI .D-Fel-1,0))°DCOSSICI-1))
LOOP26 CONTINUE
JUMP2E6 CONTINUE
SUM=SUM+DELV (J) *V2(J) *SUMMU
LOOP22 CONTINUE
DENFPZ=%.*P]*PSIH(L 1*SUM
RETURN

ENTRY EDENFPZ(PHII.L)
OENFPZ=0. % [FI(PHII.GE.POTENT} RETURN
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870
871
872
B73
a7u
875
a76
877
878
879
88p
881
882

VM2=ECONV*POTENT % VP2=ECONV*PHII $ FACTI=PSI(L)/PSI(LZ})
SuM=0.

DO LOOP30 J=1.JV
FACT=vV2lJ)-VFe
1F(FACT.LE.0.00) GO TO LODP3D
IF(V2ULJ).GT.VM2) FACT=FACT+FACTI*(VM2-V2(J}}
SUM=SUM+DELV(J)*V(J) *FE(J) *SQRTI (FACT)

LOOP30 CONTINUE
IF(L.EQ.1) ERAT=ANUMB*DEN/SUM
DENFPZ=ERAT*SUM
RETURN
END
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883 SUBROUTINE DENSITY

884 C.... OBTAIN ENERGY AND DENSITY OF IONS AND ELECTRONS
885 C.... DEN,EDEN=]ON,ELECTRON DENSITY AT MIDPLANE

8B6 C.... DENL ,EDENL=!CWN,ELECTRON LINE DENSITY

887 C.... ENERGY,EENERGY=ION,ELECTRON ENERGY I[N KEV

888 C.... ETEMP=ELECTRON TEMPERATURE IN KEV

889 USE BACOMM

890 OPTIMIZE

891

892 DEN=ENERGY=0.

893 DENL=0.

894

895 DO LOOPID U=],UV]

896 SUMU=.5*COSS([TH=-1)**2*F (ITH,J) *TAULITH, J)

897 SUMi=_.5+COSS(ITH-1)*F (1TH,J)

898

899 DO LOOPII I=2,]1TH-1]

900 SUMU=SUMU+ . 5+ (COSSL[-112*2~COSS(I+1)v*2)*F (] J)*TAU:IT N
901 LOOP!! SUMI=SUMI+.5*(COSS([~11-COSS(I+11)*F(} N

902 DEN=DEN<DELV(J}*V21J) *SUMI

903 DENL=DENL+DELV(J)*V3{J}* 5e5UMU

90u ENERGY=ENERGY+DELV1J) *V4 {J) *SUM]

905 LOOPID CONTINUE

906 :

967 {F(DEN.LE.G.00) CALL ERR(BDEN LT ZERO DENSITYm)
908 ENERGY=.5*AMASS*ENERGY/DEN

509 ENKEV=ENERGY/ERGTKEV

910 DEN=Y4.+P[*DEN

911 DENL=B.*P1+*DENL*8VD/80

912 IF (MIDPLANE .EQ. 1) DENL=DEN*Z(LZ)

913

914 EDEN=EDENL =EENERGY=0.

915

916 DD LOOP20 J=1,JV

917 EDEN=EDEN+DELV(J)*v2(J)*FE(])

918 EDENL=EDENL+DELV (J)*FE(J) *V(J) *ETAUJ}

919 EENERGY=EENERGY+DELV(J) *V4(JI*FECJI}

920 LOOP20 CONTINUE

gel

922 IF(EDEN.LE.D.00) CALL ERR(BEDEN LT ZERO DENSITYw)
923 EENERGY=.5+<EMASS*EENERGY/EDEN

924 EENKEV=EENERGY/ERGTKEV $ ETEMP=2.*THIRD*EENKEV
925 EDEN=4 . *PI*EDEN .

926 EDENL=EDENL *8*P1+Bv0/80

927 [F(MIDPLANE .EG.1) EDENL=EDEN*Z(L2)

228

929 RETURN

30 END
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00000000

SUBROUTINE DTCON
... CONTROL TIME STEP

USE BACOMM

S=ABS(BDOT(]))/BF (1)

TAUMAG=1,E90C $

IF(S.GT.0.00)

. TAUll,DRAG COMPUTED [N SR. ROSEN
. TAUSRC COMPUTED [N SOURCE

TAUC=AMINI (TAUI1,TAUDRAG)
IF{KTCON.GT.0) GO TO JUMPID
IF{N.LE.O0} GO TO JUMP100

DO LOOPS I=1,5

LOOPS [F(N.EQ.NSET(1)) DTIME=DTSET(I)>

GO TO JUMF100
JUMP10 CONTINUE
S=DTIME*DTSET(5)

. KTCON=0 SET DTIME=DTSETI(I) WHEN N=NSET(I)
.- =] SET DTIME FROM CHARACTERISTIC TIME,TAUC
.~ IF KTCON IS SET TO | THEN DTSET IS DEFINED AS FOLLOWS:
. DTSET(1)=FRACTION OF TAUC, CHARACTERISTIC TIME, OTIME IS SET TO
. 2 SUBSEQUENT REDUCTION FACTOR WHEN KSSPASS [S 2
. DTSET(3,4)=MINUMUM,MAXIMUM DTIME ALLOWED
DTSET(5)=EXPANSION RATE FACTOR DTIME IS ALLOWED

TAUMAG=1/S

$ DTIME=TAUC*DTSETC(I)

DTIME=AMAX! (DTIME ,DTSET(3)) &
DTIME=AMIN]I (DT IME, .2*TAUSRC}
IF (KSSPASS.GE.2) DTIME=DTIME*DTSET(2) $ DTIME=AMINI(DTIME,S)

JUMP10CG CONTINUE

DTIME=AMIN{ (DT IME,DTSET(4))

IF(DTIME.LE.O0.) CALL ERR(RZERD TIME STEP DTCONm}

RETURN
END

Y-



963
964
965
966
967
968
969
970
971

972
973
974
975
976
977
978
979
980
981

983
984
985
986
987
988
989
930
991

C.

992 C.

993
994
.995
996
997
998
999
108G
1001
1002
1003
1004
1005
1006
1007
icos
1009
ig1Q
a1

C..

SUBROUTINE EADVANCE

... ADVANCE ELECTRONS TO TIME+DTIME
.. KEAD=D 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

[F (KEAD.GE.3) GO TO JUMPGB4
IF(KEAD.GT.0) GO TO JUMPS0
GO TO JUMP100

JUMPS0 CONT INUE

GO TO (JUMPS],JUMPS52) ,KEAD

JUMPS! CONTINUE

RATE EQN FOR ELECTRON TEMPERATURE traes

EI1=EENKEVY & DI=DEN $ YI=Dl*E!
EEX=3.0761E~-37°CLOGIED*ANUMB* *2/ AMASS

EEX=EEX*Dl *(ENKEV-E1)/tSQRT(E]+EMASS*ENKEV/AMASS) **3)
CALL DENSITY

D2=DEN
ENDOT=SCUR-(D2-D1) /DT IME
=-ETA*ENDOT*2*THIRD/D1

8=.5+(D1+D2) *EEX

Y2=Yi*(1+]1* 5*DTIME)+DTIME*8

Ya=Yas (1-A* 5DTIME)

EENKEV=Y2/D2 % E[NERGY=EENKEV*ERGTKEV

GO TO JUMPED

ELECTRON ENERGY AT FIXED RATIO TO ION ENERGY *e*e»»

JUHPSE CONT INUE

CALL DENSITY
EENERGY=ENERGY*TEMRATIO

JUMPE0O CONTINUE
C....

RECONTSRUCT FE FROM NEW ENERGY »®es«e
EVMUL T=.75+EMASS/EENERGY

DO LOOPED J=],JV

LOOPE0 FE(J)=EXP(-EVMULT*V2(J)}
JUMPEY4 CONT INUE
. RESCALE SO ELECTRON DENSITY SATISFIES CHARGE NEUTRALITY

CALL DENSITY
SCALE=ANUMB*DEN/EDEN

00 LOOPBI J=1,JV

LOOPE!l FE(J)=FE(J}*SCALE
JUMP100 CONTINUE

RETURN
END
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igle
1013
1014

SUBROUTINE ECOEF (L)
RETURN
END
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1015
1016
1017
1018
1019
1020
1021

1022
1023
1024
1025
1026
1027
1028
1029
1030
1031

1032
1033
1034

1035
1036
1037
1038
1039
1040
1041

o4
1043
1044

1045
1046
1047
1048
1049
1050
1051

1052
1053
105y
1055
1056
1057
1058
1059
1060
1061

1062
1063
106%

SUBROUT INE EMOMENTS (L)

C.... MOMENTS OF ELECTRON DIST. AT Z
USE BACOMM
OPTIMIZE

DO LOOP1O J=1,uv

FEZ(J)=EQ" M(J)=EQNNIJI=EQEE (J)=0.
LOOPIQ CONTINUE

IF (MAXWELL.LE.O) GO TO JUMP20

SCALE=PRDEN(L)/PRDEN(1)}

DO LOOP1S J=1{,Jdv
LOOP1S FEZ(J)=SCALE*FE(J) .
GO TO JUMP30
JUMP20 CONT INUE
C.... OBTAIN FEZ(J) FROM ELECTRON ORBIT EQUATIONG*®c<+=*
EVPOT2=PHI (L) *ECONV
[F(EVPOT2.GT.0.001 GO TO JUMP25

B0 LOOP20 J=i,JV
LOOP20 FEZ(J)=FE(J)

GO TO JUMP30
JUMP25 CONT INUE

DO LOOP2S J=1,4v

V0=SQRT (ve(J)+EVPOT2}

IF(VD.GE.VMAX) GG TO JUMP3D

JO=INTERP(V0}

FEZ{DN=FE(JO)+(FE(JO+1)I-FE(JOI) *(VD-V(JDII*DVI(JO)
LOOP25 CONTINUE
JUMP30 CONTINUE

DO LOOP30 JJ=1,Jv-1

J=JdV-JJ

EQMM{J)=EQMM(J+ 1)+ . 25 (FEZ(JI+FEZ(J+ )10 (VRLJ+ 1) -VR (D))
LOOP30 CONT INUE

DG LOOPHD J=1,uv-1

FBAR=.S* (FEZ(J)+FEZ(J+1))

EQNN(J+] }=EQNN(J) +FBAR* THIRD* (V3 (J+1)-V3(J))

EQEE (J+1)=EQEE (J)+FBAR®* . 2% (VS(J+1)~V5(J))
LOOP40 CONTINUE

00 LOOPS0 J=2,0V

EQMMIJI=VI2tU) *EQMM(J)

EQNN(J)=VI3(J) *EQNN(J)

EQEEtJ)=VIS(J) *EQEE (J}
LOOPS0 CONTINUE

RETURN

END
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1065 SUBROUTINE EQRBITIL:
1066 RETURN
1067 END
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SUBROUTINE GETR(GMESH,N,R}
THIS ROUTINE DETERMIWNES GEOM. GRID RATIO, R, FROM [NPUT GMESH.N
N=TOTAL NUMBER COF GRID POINTS
GMESH=LEFTMOST MESH SPACING/EVEN SPACING
R 1S SUCH THAT DX(J+1)=R*DX(J) WILL GENERATE DESIRED GRID
GMESH MAYBE GREATER THAN .00
[FIN.LE.2) RETURN
T=1./GMESH
WRITE(3,F10) GMESH,T.N
F10 FORMAT(m] GETR OUTPUTH/OGMESH,T=p,2E22.13,8 N=u,]5,//5X)
RBI=2.*(T-1.)7(N-2)
R=R1=1|.+RBI
IF(N.EG.3) RETURN
IF(GMESH.GT.1.00) GO TO JUMP!
IF((N-3)#RB1/3. .LT. 0.1 ) GO TO JUMP;
R2=C(N=-1)*(T-1,)+1.3**(]./IN-1))
R2=AMINI (R| ,R2)
R3=Tes(1,/(N-2))
Te=(R2**(N-1)~-1.)/{(N-13*(R2~1.))
T3=(R3**(N-1)=]1.)/((N=1)*(R3-1.))
R=R3+(R2-R3)*(T-T3)/(T2~-T3)

JUMP1 CONTINUE
o

KOUNT=KPASS=0

o
JUMPS CONT INUE

(g}

KOUNT=KOUNT 1 :
Gl=l. $ GIP=GIPP=0.
F=FP=FPP=Q,

DO LOOPIO I1=0.N-2
F=F+GI
FP=FP+GIP
FPP=FPP+GIPP
Gi1PP=2.*GIP+R*GIPP
GIP=Gl+R*GIP
G1=R*G|
LOCP:D CONTINUE
F=F7({N-1) & FP=FP/(N-1) $ FPP=FPP/(N-1)
F=F-T
SQ=AMAX1 (0. ,FP*-2-2.*F*FPP)
DR=-2.*F/{FP+SQRTF (SQ))
K=KOUNT s
R=R+DR
EPS=T*N*| .E-14
IFLABSI(F1.LT.EPS) KPASS=KPASS+]
IF(KPASS.GE.3) GO TC JUMPiO
IF (KOUNT.LT. MINO(S0+KPASS,99)) GO TC JUMPS
R=GMESH=0.
CALL ERR(aGETR FAILEDz)
JUMP10 CONTINUE
WRITE(3,F15) R,F ,KOUNT
F15 FORMAT(uGETR SUCCEEDED R=n,£22.13,3X,0F=0,E22.13,3X,RITERATIONS=0,13)
RETURN
END
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1123 SUBROUT INE GPLEGO (X}

1324 C.... RETURNS VALUES OF LEGENDRE POLYNOMIALS ORDER M IN PLEG(M) FOR
11285 C.... ARGUEMENT Xettr+etestersrer

1126 USE BACOMM

tia7 OPTIMIZE

1128

1128 PLEGtO!=1. $ PLEGtI)=X

1130

1131 DO LOOP2 M=1,2¢*MX~-1

1132 PLEG(M+1)=((2*M+ ) *X*PLEGIM)-M*PLEGIM-1)) 7 (M+1)
1133 LOO0P2 CONTINUE

1134 RETURN GPLEGO

1135

1136 ENTRY GPLEGI tX)

1137 C.... 1ST AND 2ND DERIVATIVES OF LEGINDRE PDLYNOMIALS*s*e»+»
1138 CALL GPLEGO (X}

1139 DPLEG(0)=DDPLEG(03=0.

1140 DPLEG(1)=}. $ DDPLEGLI)=0.

1141

1142 DO LOOP10 M=],2*MX-1

1143 DPLEG(M+1)=12*M+])*PLEG(M) +DPLEG(M-1)

114y DOPLEG{M+1)=(2*M+1)*OPLEG (M} +DDPLEG(M-1}

1145 LOOP10 CONT(NUE

11486 RETURN GPLEG!

1147 END
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1148 SUBROUTINE GRID

1149 C.... GENERATES GRID FROM INPUT VARIABLES: GMESH,VMAXI,VMAX,BRATIQ®*%>v+e
1150 USE BACOMM
1151
1152 IF(VMAX].GE.VMAX} CALL ERR{OVMAXI.GE.VMAXD)
1153 vV(11=0.
1154 EVEN=VMAXIZ{(JVI-1)
1155 TF(GMESH.GT.1.0) GMESH=1.
1156 V(2)=GMESH*EVEN
1157 VIJVII=VMAXI
1158 AIMESH=(V(JV]I)~(JIVI=11*V(2) )1/ LIVI-1) 2 (UVI-2))
1159 BIMESH=((JVI=-1)**2*V(2)=VIJVI NI/ ((JV]I-11%(JV]-2))
1160 -
1161 DO LOOPID J=3,JVI+]
1162 LOOPI0 VIJi=(J- ll'(A]MESH'(J lloBlMESHl
1163 V(JVI)=VMAX]
1164 [FIVIJVI=-1).GE.V(JV])) CALL ERR(DBAD GRID1m)
1165 DVi=VIUVI+1)-VIuv])
1166 VJV)=VMAX
1167 EVEN=(V(JV)-V(JIVI) 7 LIV-UVI)
1168 GEMESH=DV1/EVEN $ RAT=].
1169 CALL GETR(GEMESH,JV-JV|+] . RAT)
1170
1171 DO LOOP20 J=JVi+1,Jv-2
1172 LOOP20 VIJ+1)=V(IJI+RAT*(V(J)I-VIJ-1))
1173
1174 C.... TEST GRID®*®eser+
1175
1176 DO LOOP1S J=2,JV
1177 1IF(VIJ) . LE.VIJ-1)) CALL ERR(DBAD GRID2 n)
1178 LOOPI5S CONTINUE
1179 C. CALC OF POWERS OF V(J), DIFERENCES AND REC{PROCALS., AND QRAj***
1180 .
118! DO LOOP30 J=1,JV
1ige ValJi=viJyee2
1i83 V3(JI=VJI**3
1184 V4 (Jr=vatJre*2
© 1185 VBILJI=v2lD) *V3I(J)
1186 LOOP30 CONTINUE
1187 o
1188 . DO LOOP3Z J=2,JV
1183 VItII=1./VIJ)
1180 vigwi=vitJi+*2
119t ' VIB(JII=V]I(J)**3
ilge vViwtr=viatJre*2
1193 VIStH =VI_tI) *VvI3D
1184 | OOP32 CONTINUE °
1185 Vitl)=vIe(])=VI3t1i=VI4t]31=1,E90
1196
1197 DO LOOP34 J=2,Jv-1
1198 DV(JI=V(J+])-VIJ)
1199 . DVIGDr=1./DVEd)
1200 DELV(J)=.5%(VIJ+1}-VI{J-1))
1201 LOOP34 CONTINUE
1202 pvelI=vie)-vit)
1203 pvit1=t./DV(])
1204 DELV(1)=.5%(V(2)-v(!}
1205 DELV(JV)=V(JIV)-V(JV-1)
1206
1207 DO LOOP3S u=1,uv
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1208
1209
1210
1en

1212
1213
1214
i21%
1216
1217
1218
1218
1220
1221

1222
1223
1224
1eas
1226
1227
1228
1228
1230
1231

1232
1233
1234
1235
1236
1237
1238
1239
1240
1241

242
1243
1244
1245
1246
1247
1248
1249
1250
1251

1252
1253
1esy
1255
1256
1257
1258
1258
1260
1261
1262
1263
1264
1265
1266
1267

LOOP35 DELVI(JI=1./DELV(J)
DO LOOP36 M=0,2*MX+5
QRAT (] ,M)=0.

LOOP36 CONTINUE
DO LOOP38 J=2,JVI-|
DO LOOP37 M=1.4

LOOP37 QRAT(J,~M)=(V(J+]1)/VIJ])
QRAT (J,01=ALOG(V(J+ 1) /VILY

DO LOOP38 M=1,2*MX+5

1M
V)

QRAT (I MI=(VIJI/VIJ+T) ) oo M

LOOP38 CONTINUE
{F (KBUG.GT.1) CALL PEEK2(

C.... THETA GR[D*=e**

THLOSS=ASINF {SQRTF (1. /BRM.
TH(]1)=THLOSS
THOITHY=.5*P]

CALL GETR{TMESH,ITH.RAT)
I=1TH $& TH(I+1)=TH(]}+S

DO LOOPuO [1=2.,1TH-2
1=1TH-11
LOOP40 TH(I}=TH(I+1)-RAT*(TH(]

DO LOOP4! 1=1,ITH
DTHUI)=TH(]+1}-TH(]) &
LOOPu4! CONTINUE

aQRAT(J M) ,QRAT ,JVI ,2*MX+10)

LY SR}

$ S=TMESH*(THUITH)=-TH(1)) s (}1TH-1)
$ TH(I-1)=TH(I)-S

+2)1-TH(I+11}

DTI¢)=1/DTH(I)

DELT=DTH/2 % DELTI=1/DELT

DO LOOP41A [=2.1TH
DELT(I})=.5*(DTH{I~1)+DTH!
LOOP41A CONTINUE

DO LOOP42 (=1 ,[TH

THDEG(1)=TH(])*57.2957795

COSS(1)1=COSF(THC(I))

SINN(TI=SINFITH(])) & X

CTNNCI1=COSS(I)/SINNLT)
LOOP42 CONTINUE

THDEG(ITH1=30.

COSS(ITH) =0,

SINNCITHI=1.

CTNNC]TH)=0.

DO LODP44 [=1,[TH-1
DCOSS(11=COSS(1+]1)-COSS( |
DCOSSI(I1=1./DCOSS(I)
LOOP4L CONTINUE
TINT({)=C0SS(1)-L055¢2)
TINLCI)=TINT¢|)*COSS(1)
OXL{11=.5¢(XL121-XL (1})

DO LOOPS0 1=2,I1TH-1
TINT11)=C0S5([-11-COSS! [+
TINLtI1=COSStIJ*TINT(];

1) % DELTI(I)=1./DELTtD)

L(I)=SINN(I=*2

)

$ TINTCITH)=COSS(ITH-1)
$ TINLCITH)I=0.
S DXLOITH)=.B®(XL{ITHI-XLCITH-12}

(B
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1268
1269
1270
1271
1272
1273
274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1280
1291
1292
1293
1284
1295
1296
1297
1298

C....

DXL{E)=(XLCI+1=-XLUI-1))/2

LOOPS0O CONT INUE

VINTCD) SVINTUJVIN=VINL (L) =VINL(JUVI) =0,

DO LOOPSS J=2.JV!-]
VINT(J)=2.*Pl*v2(JI*DELV(J)
VINLtJ) =2, *VINT (J) *V (D)

LOOPS55 CONT INUE

FO!

FO3

FO4
FOS

Z AND PS] GRID sesssesss
CALL ZGRID

WRITE(3,FO1) BRMAX

FORMAT(///aBRMAX=0 ,Fi0.4}

HRITE(3,F02)
FORMAT(/3X,nln,8X,8TH( 30, | 1X,aTHDEGR, | 2X,aDTHa, |0X,aCTNND }
WRITE(3,FO3) (I, THUI) ,THDEGUI) ,DTHC[) ,CTRNCI) ,I1=1,1TH)
FORMAT(1X,13,4E16.8)

WRITE(3,FO4) GMESH

FORMAT (//7/nGMESH=D ,F10.6/3X,0Jn,9X,0vV0, iBX,0Dvo, 18X, 0DEL VD)
WRITE(3,F0S) (J,V(J),DV(J) ,DELVIJ) (J=1,IV)
FORMAT(1X,13,3E17.5)

CALL PEEK!(BPSI(LIB,PSI,LZ)

CALL PEEKI(OPSI!(L)B,PS5I11,LZ)

CALL PEEK1(mZ(L)B,Z,L2)

CALL PEEKI!(nBVAC(L}a,BVAC,LZ)

CALL EMPTY(3)

RETURN
END
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1299 SUBROUTINE GTDIAG

1300 USE BACOMM

1301 DATA LOIAG/10H BETA,1CH DPPERP/
1302

1303 EDIAG(1)=BETA

1304 . EDIAG(2)=-8*+P1* (PPERP(2)-PPERP 1))/ (BO**2*(PS[(21**2-1))
1305 C.... SOURCE DIAGNOSTIC

1306 SP=8H=0

1307

1308 00 LOOPID J=2,JVI~-1 % DO LOOPIO [=!,I[TH
1309 IF(I.LT.ITH) GO TO JUMP8

1310 TERM=2+(SS({,J)-S5(]-1,J1)/DTH(]-1)**2
1311 GO TO JUMPS

1312 JUMPB TERM=1(SS([+],J}-8S(1~-1,J)1/12*DTH(])*COSS(I1})
1313 JUMPS CONTINUE

1314 SH=SH+VINT(JI*TINT {1 *V2LJI*SINNI])**3+TERM
1315 SP=SP+VINT(JI*TINT(])sV2(J}*SINNI])**2*55(],))
1316 LOOPID CONTINUE

1317 SH=SH* AMASS

1318 SP=SP*AMASS

1219 CK=u4*pP|+SP/BVD**2

1320 WRITE(3,FMT1) SP,SH,EK,BETA.BETAMAX

1321 FM11 FORMAT(nSP H=o0,2E11.3,2X,BK=0,E1].3,2X,0BETA MAX=0,2F8.5)
1322 RETURN
1323 END
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1324

1325 C....
1326 C....
1327 C....

1328
1329
1330
1331

1332
1333
1334
1335
1336
1337
1338
1339
1340
1341

1342
1343

SUBROUTINE HEADER(LJO)
OUTPUT IDENTIFICATION ROUTINE.

INPUT FILE ASSUMED HOOKED UP TO -0 UNIT 2.
COMMON /GOBCOM/ 1GOB{401}
DATA KSET/Q/, 1T,ID,ITP,INFN/4(0)/

IF(KSET.EQ.1) GO TO JUMPL
KSET=1
CALL CLOCK(IT,ID)
CALL OQOHWD(2, TP, INFN)
JUMP! CONTINUE
WRITE .LIQ,FMT1) [GOB(2%),160B(21),1G0B(32)
WRITE(LIO.FMT2) INFN .
WRITE(LIO,FMT3) IT,ID
FMT] FORMAT(uCONTROLLEER,A10.2X,HLOADED ATn,2A10)
FNT2 FORMAT (OINPUT FILENAME=8,A10,0 10-UNIT 2m)
FMT3 FORMAT(oEXECUTION STARTED o ,2A10)
RETURN
END
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134y SUBROUTINE TADVANCE

1345 C.... ADVANCE IJONS FRCM TIME AT N TO TIME+DTIME AT N+]

1346 C.... KBDOT NONZERO INCLUDES BDOT TERMS

1347 C.... IF KBDOT IS NONZERO, KIAD CAUSES ADVANCEMENT OF F/BO**K1AC IN
1348 C.... PLACE OF F. KIAD=0,1,2 ALLOKED. THIS OPYION REQUIRED FOR
1349 C.... NUMERICAL STABILITY AT HIGH BETA WiTH BDOT TERMS IN EFFECT.
1350

1351 C.... AT HIGH BETA.

1352 USE BACOMM

1353 DIMENSION C(UVI) XSTEJV]) ,FILITPI VI

1354 EQUIVALENCE ¢C,QEE), (XSI,QMM) , (F!,VCOSP!

1355 OPTIMIZE

1356

1397 IF(KBDOT.EQ.0} GO TO JUMP)

1358 S=52=1 % SI=0

1359 IF(K1AD.EQ.0) GO TO JUMPO

1360 S=1/8F % GS1=-BDOT/BFE $ S2=1/6FE

1361 IF(KIAD.EQ.1) GO TO JUMPO

1362 S=|/BF*«2 $ S!=-2°BDOT/BFE $ S2=1/BFE**2

1363 JUMPO CONTINUE

1364

1365 DO LOOPO J=1,Jvl & DO LOOPQ I=1,ITH

1366 FLl,J1=F([,J)*S

1367 CCeI,J1=CC(],J)+51

1368 SS(I,J1=8S([,J)*S2

1369 CCTul,41=CCTC],NH-TODT(],J)

1370 CCvil,Jy=CCVI(I,N)-VvDOT¢I . )

1371 LOOPO CONTINUE
1372 JUMP] CONTINUE

1373

1374 DO LOOPI J=1.Jvi & DO LOOP! I=1,ITH

1375 LOOPLI FIt[,J1=0.

1376

1377 DO LOOP2 J=i,JV]

1378 LOOP2 F{ITH+1,J)=FCITH-1,J)

1379

1380 DO LOOPIOD 1=2,ITH

1381 ClJLOSS(I)-11=XSI(JLOSS(13-11=0.

1382

1383 DO LOOPE2 J=JLOSS(]),JVI-1

1384 Al=-DTIME® (DVItJ)*CCVV (I, JI1+.5*CCVI(] ,J))

1385 AQ=DELV(J)-DTIME* (- (DVI(J}+DVI(J-1) ) eCCVV(I J1+
1286 & DELV(JI*(.5°CC(],J)~-.25+CCX(1 . N ))

1387 AM=-DTIME* (DV](J-]1)*CCVV(],J)-.5*CCV(] )

13288 R=DELVIJI*F (], JI+DTIME*(.125*CCVTI , JI*DELTICI)*
1289 B (FCI+l , J+)=-Fl-1,J+1)=-F(I+],J=1)+F(]-1,J-1))+
13290 & DELV(JI®*(.5+SS([,)-.25*CCX(I  I*F (], N

1391 CtUI=Al/AD-AM*C(J-1D)

1392 XS1(JI=(R-AM*XSI(J-1))/ (AD-AM*C(J-1))

1393 LOOPI2 CONTINUE

1394 FICI, oVII=F (1, JVvD)

1395 FICI,UVI-11=XST(JIVI-1)

1396

1397 DO LOOP!% JJ=2.JVI-JLOSS(])

1398 J=JVI-JJ

1399 FICI ,J=XSItJ1-CtUrsF Il ,J+1)

1400 LOOPI14 CONTINUE

1401 LOOP1C CONTINUE

1402

1403 DO LOORIS J=1,JVi
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1404 FIUITH+L , DI=FI(ITH~1. 0
1405 LOOP1S CONTINUE

1406
1407 00 LOOP20 J=2,JVi-1

1408 CCILOSS(J)-11=XS] (ILOSS{JI-11=0.

1409

1410 D0 LOOP22 1=ILOSS(J),ITH

1411 Al=-DTIME*¢DTICI)*CCTT (], )+, 5+CCTL],J))

1412 AO=DELT(11-DTIME* (~(DTI()+DTILI-1))*CCTT (] )+
1413 I DELTUII*(.5*CC(],J)~.25*CCX(1,J1))

1414 © AM=-DTIMES(DTICI-11*CCTT(]I ,J)~.5CCTLI,J))

1415 R=DELT (1) *FI1C],JI+DTIME* (. 1@5°CCVT (1, J) *DELVI(JI»
14186 8 (FLCI+1, Je1I-FICI~3 O+ 1) =F1CI+1,J=1)+F111-1,J-1})+
1417 8 DELT(I}*(.5*S5(1,J)-.85*CCXUI, JI*FICI, 0

1418 IFCI.EQ.ITHI AM=AM+Al  $88 SINCE FUITH-1,J)=F([TH+1,J) AT BOUNDARY»*ss+»
1419 CtI1=Al/(AD-AM*CLI~1})

1420 XSI(I)=(R-AM*XS1(1~1))/(AO-AM*C(I-[)}

1421 LOOP22 CONTINUE

1422 FOITH,JI=XST (I TH)

1423

1424 DO LOOP2Y4 11=1,1TH~ILOSS(J}

{42s 1=1T1-11

1426 FCI JI=XST(II-CUIISF(i+1,d)

1427 LOOP24 CONTINUE

1428 FCITH+] ,J)=F (ITH-1,J)

1429 LOOP2G CONT INUE

1430

1431 DO LOOP32 J=2,JVI-1

1432 11=1LOSS(J) & CCll-11=XSICI1-1}=D.

1433

1434 DO LOOP30 1=11,ITH

1435 A1=D.

1436 IFCTLLT.ITHY AT=(XL(I+])*#2°DMUCT+],J)+XL(])*+29DMULT ,J) 1/
1437 I OOXLCI+1I=XL(T))

1438 AM=(XL{I)#*2°DMUCT , J)+XL(I=11%*2¢DMULT=1,0)) 7 (XLCT)-XLCI=1))
1439 R=.5*DTIME/ (TAU(1,J)*DXLt 1))

1440 AQ={+R* (Al +AM}

141 Al=-R*Al $ AM=-R*AM

1442 R=F(1,J)

1443 CUI)=A17(AD-AM*C(E~11)

144y XS1(])=(R-AM*XS[([~[)}/(AQ-AMC(]-1))

1445 LOOP30 CONT INUE

1446 FUITH, JY=XSTCLTH)

1447

1448 DO LOOP3! 1i=[,[TH-~11

1449 1=1TH-11

1450 LOOP31 F(],J1=XSI(1)-CLI)*F(1+]1.J)
1451 LOOP32 CONTINUE

1452

1453 DO LOOP3S u=t,yv! € DO LOOP3S [=],ITH

1454 IF(FCI,W),LT.0.00} Fel,Jd0=0.

1455 IFCJ.LT.JLOSS(I1) F(l,01=0.

1456 LOOP35 CONTINUE

1457 IF (KBDOT.EQ.01 GO TO JUMP10O

1458 S=1

1459 IF(KIAD.EQ.0) GO TO JUMP4S

1460 C.... DETERMINE NEW PPERP AT MIDPLANE TO RESTORE STORAGE W

1461 C.... BD AT ADVANCED TIME. -
1462 CALL PRESSD .
1463 H=PPERP

-57-



1484 IF(KIAD.EQ. 1) S=-4+P[*H+SQRT(BVAC**2+]16*Plse¢2eH*+*2}

1465 IF(KIAD.EQ.2) S=BVAC**2/11+B*P[*H)

1466 JUMP45 CONTINUE

1467

1468 DO LOOP4S J=1.Jvl $ DO LOOP4S I=1,ITH
1469 FoE,=F11,01*S

1470 SS(1,J1=5811,J)1/52

471 cciLl,Jr1=CcCtl,Jr-s)

1472 CCT(I,N=CCTLI,N1+TDOTLI,J}

1423 CCV(l ,J)=CCVIiI.Jt+VDOTHI ,J}

1424 LOOP4S CONTINUE
14?5  JUMP100 CONTINUE
1476 RETURN

1477 END
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478 SUBROUTINE [INDIST
1479 C.... KFIN IS 0 FOR NO INPUT FILE FOR TONS

1480 C.... OTHERWISE KFIN SUPPLIES NAME OF BISK FILE TO 8E READ
1481 C.... SIMILARLY FOR KFOUT WRT OUTPUT FILE FOR IONS
1482 USE BACOMM

1483 DIMENSION FFC1) ,FTU1) (FV(1}

14BY4 EQUIVALENCE (FF,CC)., (FT,CCVT], (FV,CCVV)
14B5 DATA IMAX,JMAX/211)/

1486 .

1487 IF(KFIN.EQ.0) RETURN

1488 CALL ASSIGN(4 ,KFIN)

1489 WRITE(3.FMT1) KFIN

1480 FMT! FORMAT(OHEADER INFO FROM™ [NPUT FILE o,Al10}
14381 B0 LOOP1 KK=1,3

1482 READ (4 ,FMTA) (MESLD),I=1,7)

1493 WRITE(3,FMTA) (MES(D),[=1,7)

1494 FMTA FORMAT(BAIO)
1485 LOOP1 CONTINUE

1486 READ(4,FO1} IMAX,JMAX
1487 FO1 FORMAT(1015)
1498 IF CIMAX*JMAX.GT.6*ITH*JVI) CALL ERR(OOVERWITE HAZARD INDISTm)
1488 READ(4,F02) (FTC¢i),I=1,IMAX)
1500 F02 FORMATISE!6.8)
1501 READ(4,F02) (FV(J),J=1,JMAX)
1502 READ (4,F02) ((FFtI+{J-1)*IMAX),I=1,IMAX) ,J=1,JMAX)
1503 C.... INTERPOLATE TO V,TH GRID
1504
1505 DO LOOP20 J=1,Jvi ¢ DO LOOP20 {=1,1TH
1506 00 LOOPIOD I1=1,iMAX-~1
1507 LOOPIO IF(FTUI[) . LE.THCUI)) [L=I!
1508 00 LOOP1Y Ju=1,JMAX-1
1508 LOOPI} [FIFVIUJ) . LE.V(J)) JL=JJ
1510 TUSE=1L+(JL~1)*IMAX
1511 FOL DI=FFCIUSE) # (FVEJL+1)=VIJ DS (FTCIL+1)-THUI D)
isle TUSE=IL+1+(JL-1)*[MAX
1512 FOL D=F UL JI«FFUIUSEY * (FVIJL* 1) -VIJ) *(THIT I =FTLIL)Y )
1514 TUSE=[L+JL* [MAX
1515 FUL.D=F (]  JI+FFUIUSE) * (VIO -FVCUL D) <(FTLIL+ 1) -TH( 1))
1516 IUSE=I[L+1+JL*[MAX
1517 FUL, I =F Ul (D+FF CTUSE) #(VIJY-FVIJLII* (THDI-FTCILY)
1518 FIL . D=F] 0/ 0 (FVIJL+1I=FV(JL DI *(FTUIL+ 1) -FTCIL))Y )
1519 LOOP20 CONTINUE
1520 CALL ASSIGN(4,0,KFIN,~1}
1521 RETURN
1522
1523 ENTRY OUTULIST
1524 IF(KFOUT.EG. 0} RETURN
1525 I=4+[TH/S+JV[/5+i]i VM1 /5
1526 I=1+*12+500
1527 I=1*3
1528 . CALL ASSIGN(4 ,KFOUT)
15298 CALL HEADER(4)
1520 WRITE(4,FO1) ITH,JVI ,LZ
1531 WRITE(H FO2) (TH(I) ,1=],1TH)
1532 WRITE (4 FO2Y iVIJ),J=1,JVI}
1533 WRITE(4,FO2) ¢ (Ftl,Jy, I=1,ITH), J=1,JV])
1534 CALL PEEK! (nSQURCED,SS.ITH*JVi}
. 1535 CALL PEEKI(pZD,Z,LZ)
1536 CALL PEEKI(oPS1o,PS[.L2Z)
1537 CALL PEEK!(oPHIm,PHI LI}
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1538
1538
1540
1541
1542
1543
1544
1545
1546
1547
1548

~CALL
CALL
CALL
CALL
CALL
J=h
CALL
CALL

PEEK | (uBVACD,BVAC,L2Z)
PEEK! (a8Fo,8F ,L.2}

PEEK) (nPPERPo,PPERP,LZ)
PEEK] (BPPARR ,PPAR,L2)
PEEK] (aPRDENT ,PRDEN,L.Z)

SUMMARY (J)
EMPTY (W)

KFQUT=0D
RETURN

END
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1542
1550
1551

1552
1553
1554
1555
1556
1557
1558
1559
1560
1561

1562
1563
1564
1565
1566
1567
1568
1569
1570
1571

1572
1573
1574

1575
1576
1577
1578
1579
1580
1581

1582
1583
1584
1585
1586
1587
1588
1589
1590
1591

1592
1593
189y
1585
1596
1597
1598

1599 C.

1600
1601
1602
1603
1604
1605
1606
1607
1608

cC....

C....

SUBROUTINE [N!TIAL

USE BACOMM

DATA (P[=3.1415926535),
DATA (CLIGHT=3.E10!, (ERGTKEV=].602E-9)

. CONSTANTS**#*
THIRD=1./3.
FINES=1./137,
CONV=2, *ERGTKEV*ANUMB/ AMASS
ECONvV=2. *ERGTKEV/EMASS
CDEB=SQRTF (1./(6.*Pl*CHARGE**2))

(EMASS=9. 1066E-28) ,

(CHARGE=4 .803E-10}

CONEE=ALOG (EMASS*F INES*CL IGHT /CHARGE **2) - .5
CONI 1=ALOG(AMASS*F INES*CL |GHT/CHARGE **21~-.5

CONIE=ALOG( tEMASS*AMASS/ (EMASS+AMASS) ) *2,

GAMMA=4 . *P[ * (ANUMB*CHARGE ) * *4/AMASS**2
EGAMMA=Y . #P|+CHARGE **4/EMASS* *2
ANUMB2=ANUMB* *2

ANUMBI=1,/ANUMB

ANUMBI2=ANUMBI **2

GAM{ =EMASS/AMASS

GAMe=1.-GAMI

GAM3=1.-AMASS/EMASS

GAMY=AMASS/EMASS

CALL GRID

INITIAL PHI OF PS! ARRAY sronsennan
DO LOOP! L=},LZ

LOOP! PHI(L)=POTENT*PSII(L)/PSIHI{LZ)

ELECTRON DISTRIBUTION SHAPE®***

EVMULT=.75*EMASS/EENERGY

DO LOOP10 J=1.,JV
LOOP10 FEU(JI=EXP(-EVMULT*V21(J})
ION SHAPE®®*+
VPEAK=SQRTF (2.

DO LOOP20 J=2,J4VI-1

LOOP20 EXV(J)=EXP(-FVS* (VPEAK-V(J))*2)
EXVI1=EXV(JVII=0.
IF(EXTCITH) ,GT.0.00} GO TO JUMP25

DO LOOP2S [=2,ITH

LOOP25 EXTil)=EXP(~FTS*(COSS(])-FCOS)**2)
EXTt11=0.

JUMP2S5 CONT INUE

00 LOOP30 J=1.JVI
DO LOOP30 1=1.ITH
LOOP30 F (], )=EXVIJI*EXTL])
CHECK FOR DISK FILE INPUT FOR I[ONS
CALL [NDIST

DENSAVE=DEN

CALL BOUNDARY
CALL DENSITY
SCALE=DENSAVE /DEN

$%% USES PH]

DO LOOPHO J=1,JVI
D0 LOOP4O [=1,iTH
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.
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1609
1610
1611
16l
1613
1614
1615
1616

LOOPYHD F(1,J)=SCALEF ([, J)
SCALE=DENSAVE/EDEN

DO LOOP4S <=1 ,uv
LOOP4S FE(JI=SCALE*FE(tU)

CALL DENSITY

RETURN

END

-62-



1817 FUNCTION INTERP(VY)

1618 C.... BINARY SEARCH FOR J SUCH THAT VIJ} . LE.VV.LT.V(J+1)
1818 USE BACOMM

1620

1621 IF VYV LT VO] OR.VV.GT.V(JV)} CALL ERR(DARG OUT OF BOUNDS [NTERPT)
1622 JL=1 $ JR=uv

1823

18524 DO LOOPIO KOUNT=1,JUv

1625 J=tJL+JR) /2

1626 IFtJ.EQ.JL) GO TO JUMPIO

1827 IFLVV=V(JI) JUMPL, ,JumMP2

1628 INTERP=y

1629 RETURN

1830 JUMP! UR=J

1631 GO T0 LOoPIO

1632 JuMP2 JL=J
1633 LOOPI0 CONTINUE

16834 CALL. ERRI{BINTERP FA[LURED)
1635 JUMPID INTERP=J

1B36 RETURN

1637 END



1638 SUBROUT INE lONPéOJ(L)

I639 C.... OBTAINS LEGENDRE PROJECTIONS OF IONS DISTRIBUTIONS AT ZiL1*esr»
1640 USE 8ACOMM

1641 REAL FOCITH) ,FZCITHY ,MULITH) ,SUMCLO,MX)) \LAM,LAMH LAMHT ,CMUCITH ,COSHCITH)
1642 OPTIMIZE

1643 CALL TIME) (B)

164y

1645 00 LOOPIO M=0,MX

1646 DO LOOP10 J=1,JVI

1647 ALEG(J.M)1=0D.

16ui3  LOOPID CONTINUE

1649 IF(L.EQ.LZ) GO TO JUMP4G
1650 VPOT2=PHI (L) *CONV

1651 Jb=t -

1652

1653 D0 LOOP20 u=2,JVI

1654 vD2=vet(J)-vPoT2

1855 IFtvge.LE.0.00) GU TO LOOP2O
1656 VO=SQRT! (v02)

1657

1658 DO LOOP2Y JJU=JO,uVi-1

1659 JO=JJ

1660 LOOP2! IF(VD.LT.VtJG+1)1 GO TO JuMP21
1661 JuMP21 CONTINUE

1662 VRAT=(VD-V{J0) 1 *DV](J0}
1663

1664 00 LOOP2E i=1,ITH

1665 FOUL)=FI1]},J0)+VRAT*(F (]}, JD+]1)-F(},JD))}
1666 LOOP22 CONTINUE

1667 LAM=V2(J) /7 (PSIIL)*V02)

1668 LAMH=SQRTF (LAM)

1669 LAMHI=1./LAMH

1670 COSR=D.

1671 [F{I.-LAM.GT.0.00) COSR=SQRTF (1.-LAM}
1672 COSDt1TH)I=COSR

1673 MUtITH)I=0.

1874 IFI{COSR.GT.0.00) GO TO JuMPz2

1675 1F{LAM-1..6T7.0.00) MUCITH)=LAMH]*SQRT(LAM-1.)
1676 JuMP22 CONTINUE

1677 IL=]1L0SS1JC+i3-1

1678 [FUIL.EG.ITH-11 GO TO LOOPRD

1679 COSO(11=C0oSStiL)

1680 [F1COoS0t{)r**2-1 . +LAM.LE.0.00) GO TO LOOP20 $%% ZERO INTERVAL CF INTEG.
1681 MUC13=LAMHI*SORTI(COSO(1)**2~1.,+LAM)
ie82 OMU= (MUCTTHI-MUCL 1) 7 LITH=-1)

1683

1684 DO LGOP24 =2,1TH-1

1685 MUC13=MUC1)+0]-1)*DMU

1686 COSOC1)=SQRTI (1. -LAM* (1 .~MUL])1*e2)}

1687 LOOP24 CONTINUE

1688 Ii=IL

1689 FZe1=FOLIL: :

1690 FRAT=tFD(]1+11-FOLI]3)1*DCOSSICID)

1691

1692 DO LOOP2E 1:2,1TH

1693 JUMPES IF(COSO111.5E.COSSt11+11) GO TO JUMP2BE
1694 1i=11+1

1695 IFCIL.EQ.ITH) GO TO JUMP26

1696 FRAT=IFOCTI+1)=-FGII{+i*DCASSICLIY

1697 GO TO JuMPES
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1688
1699
1700
170}
1702
1703
1704
1705
1706
1707
1708
1708
1710
1711
1712
1713
1714
1715
1716
1717
1718
1718
1720
1721

JUMP2B FZ(I)=FO(I1)+FRAT*(COSD(|)-COSS{I1}}
LOOP26 CONTINUE
CMUL] ) =.5*(MULI)-MU(2))
CMUCITH)=.5* (MULITH=- 1) =-MUCITH))

DO LOOP30 [=2,1TH-!
LOOP30 CMUCLII=.5*(MU(I~-1)-MUCI+1))

DO LOOP32 M=D,MX
LOOP32 SUMIMI=0.

DO LOOP3S [=1,ITH
CALL GPLEGO(MUC1))

DO LOOP35 M=0,iMX’
LOOP3S SUM(M)=SUMIMI+CMUC 1 *FZ([)*PLEG(2*M)

00 LOOP40 M=0,MX
LOOP40 ALEGIJ M)=14*M+])*SUM(M)
LOOP20 CONTINUE
JUMP4Q CONTINUE

CALL TIME2:i8)

RETURN

END
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1782
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
758
1753
1760
1761
1762
1763
1764
1765
1766
767
768
1769
1770
1771
1772
1773
177
1775
1776
1777
1778
1779
1780
1781

SUBROUTINE IORBIT(0Z,0PS,0PH)
USE BACOMM

OIMENSION OZ{LZ3,0PHILZ) . OPSILZ)
DIMENSION OPS!ILZ)

DATA EPS/0.05/

IF(ZPARAB.GT.0.00) ZPARAB=AMAX1 ({ZPARAB,0Z(2)}
LREFF=1

b2 LOOPO LL=t,LZ
QFS1(LL)=0PS(LL) -1
[FtOZ(LL).GT.ZPARAB!) GO TO LOOPO
LREFF=LL

LOOPO CONTINUE
ZR=0Z(LREFF1 $ PSIR=OPSILREFF) % PSI1R=0PSI(LREFF}
VPOTR2=PH] (LREFF } *CONV
00 LOOPOA LL=1,LZ

LOOPOA OVPOTE(LL1=PHI (LL)*CONV
DO LOOPOB LL=2,LREFF-1

LOOPGB OVPOT2(LL!=VPOTR2*0PSI{LL)/PSIIR

DO LOOP! ii=1,ITH % DO LOOP! JJ=1,JVI
VUSE=AMAX1(V(JJ),1.E-5+VI(21) % CUSE=AMAXI(COSS{]}) EPSMU)
VPO=VCOSP (11 ,JJ:=VCOS{]],JJ)=VUSE *CUSE
VP0O2=VPQ**2
VPR2=VP02*PSIR+VPOTR2-PS| IR*VUSE**2
iF(VPR2.GT.0.00) GO TO JUMPI
Z8=ZR*VvP0/SART (VP0O2-VPR2}
GO TO LOOP!
JUMP1 vPM2=VPRZ & ZB=0ZIL2)

DO LOOPOC LL=LREFF+],LZ
VPOT2=0VvPOT2(LL}
VP2=VP02*0PSILL)+VPOT2-CPS] (LL) *VUSE® 2
1F(vP2.GT.0.00! GO TO LOOPOC
ZB=0Z(LL-1)+(0Z(LL)-CZ(LL-11)*VPM2/IVPM2-VP2}
GO TO LOGPI

LOOPOC vPM2=vPe

LOOP1 ZBOUNCEt!],JJ1=ZB
RETURN

ENTRY ORBIT(L)
WEVAL{VI V2i=2.*THIRD* (2.*VI+V2}/(V]+V2les2

DO LOORYD J=},Jv] % DO LOOP40 [=1,iTH

ZB=ZBOUNCE(1.,2) & IF(ZB.LE.OZ(L)) GO TO LOOPHO
VPM=VCOS([,2) $ VP=VCOSP(I,J}

VUSE =AMAX1(VIJ) 1 .E-5*V(2}) $ CUSE=AMAX11C0SS( ) ,EPSMUI
VPO=VUSE+CUSE & VP{2=VP0*r2

VPP2=VP+:2

FFOL.LT.LZ) YPCT2=0VPOT2(L+11

JFAL.LT.LZ) VPP2=VP02*0PS(L+])+VPOT2-0PS|(L+]::V2(J)
VPP=G. $ IF(VPP2.57.5.00) VPP=3QRTI (VPP2)
Z1=22=23=0Z(L)

(Fee.GT. 1y ZY-0Ztb~1r B IFtL.LT.LZi Z3-AMIN t1OZU1 -1 .0
{F(L.GT.LREFF .OR. LREFF.LE.1} GO TQ JUMP!!
VPRE2=YPO2*PSIR+VPUIRZ- PSI IR V2 LI}

usS=1. % IFIVPRE-VPU2.L7.0.00! US=-1.

EZ=SQRTI LABSIVPR2-VPLZ1 ) LZR"VPD}

E1=EZ2*2Z] $ E2=FZ¢72 % 3<FZ'73
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1782
1783
1764
1785
1786
1787
1788
1789
1790
1751

1792
1793
1794
1795
1796
1797
1798
1799
1800
180)

1802
1803
1804
1805
1806
1807
teo8
1809
1810
1811

1812
1813
1814
iB8i5
1816
1817
1818
1819
1820
1821

1822
1823
1824
1825
1826
1827
1828
1829
1830
1831

1832
1833
1834

ASEl=1-.5*THIRD*US*E1**2 & SQE{=THIRD-.1375*US*E]l**2
ASE2=1-.5*THIRD*US*E2**2 $ SQE2=THIRD-.1375*US*E2**2
ASE3=1-.5*THIRD*US*E3**2 $§ SQE3=THIRD-.1375*US*E3*+2
IF(US.GT.0.00) GO TO JUMPS

IF(EC.LE.EPS) GO TO JUMP3

ASE2=.5*P] % SQE2=.25*P] $ IF(E2.GE.]1.00) GO TO JUMP3
ASE2=ASIN(E2) "3 SQE2=ASE2-E2*SQRT(].-E2**2)
SQE2=SQE2*.5/E2**3 $ ASE2=ASE2/ER

JUMPZ [F(E]1.LE.EPS! GO TO JUMP4

ASEI=.5*P] $ SQE1=.25*PI $ IF(E{.GE.1.00" GO TO JUMP4
ASE1=ASIN(E]) $ SQEI=ASEI-EI*SQRT(]1,-E]**2)
SQE1=SQE1*.5/E1**3 $ ASEI=ASE1/El

JUMP4 [F(E3.LE.EPS) GO TO JUMP]1

ASE3=.5*P] $ SQE3=.25*P]! $ |IFIE3.GE.1.00) GO TC JUMP!1
ASE3=ASIN(E3) $ SQE3=ASE3-E3°SQRT(!.-E3**2)
SQE3=SQE3*.5/E3**3 ¢ ASE3=ASE3/E3

GO TO JUMP1I

JUMPS CONT INUE

IF(E2.LE.EPS) GO TO JUMPE
SQE2=SQRT (1 .+E2**2) $ ASE2=ALOG(E2+SQER!}
SQE@=ASEC-E2*SQE2 $§ SQER=-SQE2*.5/E2¢*3
ASE2=ASE2/ER

JUMPE LFLET.LE.EPS) GO TO JUMP?7

SQEI=SQRT(}.+El**2) $ ASEI=ALOG(E|+SQE}!
SQEI1=ASE1-EI*SQE! $ SQE1=-SQE!*.5/E]*¢3
ASE1=ASEL/EI

JUMP? IF(E3.LE.EPS} GO TO JUMPl1]

SQE3=SQRT(1.+E3=*2) ¢ ASE3=ALOG(E3+SQE3)
SQE3=ASE3-E3+SQE3 $ SQE3=-SQE3*.5/E3**3
ASE3=ASE3/E3

JUMP1] CONTINUE

WM=D. $ [F(Z1.GE.Z22) GO TO JUMP20
WM=Z2**3*SQER-Z1**3*SQE1-Z1**2*Z2*ASE2+Z1°**3"ASE]
WM=WM/ (VPO* (Z2**2-Z1°+2) )

IF(Z: .GE.ZR) WM={Z2-Z!)*WEVAL (VPM,VP)

JUMP2D WP=0. $ [F(Z2.GE.Z3) GO TO JUMP3D

WP=Z3**32ACE3-Z3ee2* 72+ ASER-Z3**3*SQE3+22* #3*SQER
WP=WP/ (VPO*(Z3*+2-72%42))
IF(Z2.GE.ZR) WP=(Z3-Z2)*WEVAL (VPP ,VP)

JUMP30 DTAUCI ,J)=WP+WM

vCOS(1,Jy=vP $ VCOSP(],J)=VPP

IFIL.GE.LZ) GO TO LOOP40

IF(ZB.GT.ZIL+1)) GO TO LOOP4O

Z1=Z2 $ 22=23 $ VPM=VP § VP=VPP

ASE1=ASE2 $ ASE2=ASE3 $ SQE1=SQE2 $ SQE2=S0QE3
WM=0. $ IF1Z21.GE.Z22) GO TO JUMP3B
WM=Z2*+3*SQER-Z1**3°SQE1-Z]**2*Z2*ASER+Z| **3*ASE]
HM=WM/ (VPO* (22 *2-Z|**2))

IF(Z1.GE.ZR) WM=(Z2-Z1)*WEVAL (VPM, VP}

JUMP36 EDTAU(!.J)=WM 3% TH(S OVERWRITES VCOSP
LOOP4O CONTINUE

RETURN
END
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1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
11861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1B72
1873
1874
1875
1876
1877
1878
1879
1880
188!
1882
1883
1884

SUBROUT [NE MOMENTS (M3

.. OBTAINS MOMENTS OF [ON DISTRIBUTION'S 2*M-TH
. LEGENDRE POLYNOMIAL PROJECTION, ALEG,J.M?.

USE BACOMM
DIMENSION ABAR(JVI)
OPTIMIZE

D0 LOOPIOD J=1,JvI-1
ABAR[J)=. 52 tALEGIJ+] M)
LOOP10 CONTINUE
TFACT=1./7(2*M+3) $
QNN ) )=TFACTSALEG(] . M)
QEE(1)=FFACT*ALEG(! M)

DO LOOP2D J=1,JvI-1

+ALEGIJ, M)
FFACT=1./12*M+5)

QNN (J+11=QRAT(J,2*M+3) * LANNIJI -TFACT*ABAR(J) 1 +TFACT*ABAR(J}
QEE(J+11=QRAT(J,2*M+5) * (QEE(J): FACT*ABAR{J) }+FFACT *ABAR(J)

LOOP20 CONTINUE

QMM LUV =QRR(JVI) =0,
IFMM.NE. 1) GO 10 MNE1

PO LOOPMI Ju=1,uvI-2
J=Jvi-JJ
QMM ) =QMM (J+ [ ) +QRAT (J,

0)+ABAR(U)

QRR(J)=QRAT (J.-2) * (QRR(J+1)+.5*ABAR(J} ) ~.5*ABARJ)

LOCPMI CONTINUE
RETURN

MNE1 CONTINUE
IF(M.NE.2) GO TO JUMP30

DO LOOPMZ JJ=1,Jv¥I-2
J=Jvi-JJ

QMM (J)=QRAT (J,2) * (QMM(J+1)~.5*ABARLJ} )+ 5*ABARL)

ORR(J)=QRR(J+11+QRAT Y,
LOOPM2 CONTINUE
RETURN

JUMP30 CONTINUE
TFACT=1.7(2*M-2) & FF

00 LOOP3D JJ=1 ,WVi-2
J=JIVI-JJ

0) *ABAR(J)

ACT=1./(2*M-4)

QMM (U3 =QRAT(J,2*M-2) *{AMM{J+ 1) -TFACT*ABAR(J) ) +TFACT*ABARI J)
QRRIJ)=0RATJ,2*M-4)*[QRR{J+])-FFACT*ABAR(J) ) +FFACT*ABARLJ)

LOOP30 CONTINUE

{F(M.EQ.0) QMM(1)=AMMI2])*V2(2)1+ABAR(]11* . 5*VE(2)

RETURN
END

-68=

$3%. .USED IN ECOEF ONLY



1885 SUBROUTINE PCONTOUR(MES,KOPT,ARR, IMAX X, IDIM,Y,JDIM)

1866 C.... MES(1} AND MES(2) CONTAIN LABLES FOR X AND Y AXIS
1887 C.... KOPT IS NUMBER OF CONTOURS ON ONE SIDE OF ZERQ

18BB C.... MES(3) ETC. IS FOR PLOT ID. TERMINATED WITH MES(N)=778
1889 C.... ARRC(IMAX,JMAX] DETERMINES LEVEL CURVES FOR CONTOURS

1890 C.... IMAX MUST BE ARRAY'S CORRECT NUMBER OF ROWS

1891 C.... X(IDIM) AND Y(JDIM) ARE PLANE IN WHICH CONTOURS ARE DRAWN
1892 DIMENSION MES(10) ,ARR{IDIM,JDIM) ,X(IDIM),Y{(JDIM) ,C(25)
1893

1894 CALL FRAME

1895 C.... DETERMINE CONTOUR INTERVAL

1896 A1=A2=RMIN=RMAX=ARR (1, 1}

1857 i

1898 DO LOOP4O J=i,JDIM

1899 CALL AMINMX(ARR, 1+ [MAX®(J=1),IMAX*J,1, Al AR}

1900 RMIN=AMINI tA]1 .RMIN) & RMAX=AMAXI| (A2,RMAX)

1901 LOOP4O CONTINUE .
1902 KOPT=MIND(KOPT,21) $ KOPT=MAXO(KOPT,11) $8% KOPT BETWEEN 11 AND 21
1903 C(2)=AMAX| (ABS(RMIN) ,RMAX) /KOPT

1904 IF(C(2).6T.1.E-90) GO TO JUMP4D

1905 CALL SETCH(10.,20.,1,0,2,0)

1906 WRITEL100,F40) C(2)

1907 F40 FORMAT(ACONTOUR INTERVAL=0,E12.3)

1908 CALL CRTBCDIMES(3),5)

1909 RETURN PCONTOUR

1910

1911 C. PLOTING

1812 JUMP4O C(11=1.E-10°Ci2)

1913 CALL MAPS(X(1),X(IDIM),Y(1}.Y(JDIM),.059,.999,.25,.95)
1914 CALL RCONTR(0,C.0,ARR, IMAX,X,1,IDIM,1,Y,(.JDIM, 1)

1915 CALL SETCH(42.,5.,1,0,3,0) $ CALL CRTBCDI(MES(1),1)

1916 CALL SETCH(1..20.5,1,0,3,00 $ CALL CRTBCD(MZS(2),1

1917 CALL SETCH(10.,8.,1,0,1) % CALL CRTBCD{MES(3}.8)

1918 WRITE(100-,F41) C(2) ,RMIN,RMAX

1919 Fu4l FORMAT(nCONTOUR INTERVAL=D,.E12.3,5X,aMIN, HAX o,2Ei3.4)
1920 RETURN PCONTOUR

1921

1922 ENTRY TRANSPOSE (ARR1,ARR2, IDIM,JDIM)

1923 C.... INTERCHANGE ROW AND COLUMNS OF ARRI(IDIM, JDIM) AND
1924 C.... PUT RESULT IN ARR2

1925 C.... BEWARE-- INCORRECT USE OF THIS ROUTINE CAN OVERNRITE rreresones
1926 DIMENSION ARRI(IDIM,JDIM) ,ARR2(JDIM,IDIM)

1927

1928 DO LOOPS0 I=1,IDIM $ DO LOOPS0 J=],JDIM

1929 LOOPSO ARR2(J,1)=ARRI(],J)

1930 RETURN TRANSPOSE

1931 END -
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1932
1833
1934
1835
1836
1937
1938
1939
1840
1841

i84e
1943
1944
1945
1846
1947
1948
1949
1950
1951

1952
1953
1954
1855
1956
1957
1958
1959
1960
1961

1962
1963
1964
1965
1966
1867
1968
1969
1970
1971
1972
1973
1974
1975
1976

Foe

FOl

SUBRGUTINE PEEK(MES,KOPT,ARR,IDIM,JDIM)
DIMENSION MES(1),X(1),ARRCIDIM,JDIM)} N(1)

ENTRY PEEK] (MES
CALL MESSQ(MES)

JXJIDIMY

WRITE(3,F02) IDIM,(X(I),I=1,IDIM)

FORMAT{DLOCATION | TO o,]3/(]10EJ2.4))

RETURN PEEK!

ENTRY PEEKN(MES
CALL MESSGQIMES)

WRITE(3,FOl) ID

FORMATI{RLOCATION 1 TOm,13/(10110))

RETURN PEEKN

ENTRY PEEK2(MES
CALL MESSQIMES)
Ju=1

JUMP11 CONTINUE

Fl0

FIl

Fla

JR=MINO(JL+9,JD
WRITE(3,F10) (J

LNLIDIM)

IM INCD)  T=1,IDIM)

JARR, IDIM,JDIM)

M)
J=JlJR)

FORMAT (73X ,.8C0LB,10(13,8X))

WRITE(3,F11)
FORMAT (2 ROWm/ )

DO LOOP!I [=1,IDIM

WRITE(3,Fi2) 1,

tARRt,J) ,J=JL,JR)

FORMAT(1X,12,10E11.3)
LOOP11 CONTINUE

JL=JR+]

IF(JL.LE.JDIM} GO TO JUMP!!

RETURN PEEK2

ENTRY MESSQUMES
1END=}

DO LOOP30 1=1.8B

IF(MES(13.EQ. 778! GO TO JUMP30 $$% TPEST FOR END OF MESSAGE

LOOP30 1END=1
JUMP30 WRITE(3,FAA)

FAA

FORMAT (/8A101
RETURN MESSQ
END

)

(MESC([) ., 1=1,END)
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1977 SUBROUT INE PLOTLH(X,Y,N,LAB)

1978 C.... N=NUMBER OF POINTS. LAB [S A LABLE
1979 OIMENSION XC12,Y(1)

1980 LCM ¥

1981 OATA YMIN,YMAX/2(0.)/

18982

1983 X1=.15 % Xx2=.99

1984 Y1=.15 ¢ Y2=.5

1985 GO TQO JUMPIGC

1986

1987 ENTRY PLOTUH(X,Y,N,LAB)

1988 X1=.15 $ X2=.99

1989 Yi=.65 % Ye=.99

1990 JUMP10 CONTINUE

1991 CALL AMINMXtY, 1, N,!,YMIN,YMAX)
1992 YMAX=AMAXT { YMAX,YMIN+ . G1*YMAX)
1993 CALL MAPSIX(]) ,XIN) YMIN,YMAX,X] . X2,Y1.Y2)
1994 CALL TRACE(X,Y,N)

1995 S1=85.

1996 S1=81*(Y]+Y2)/2-5.

1997 CALL SETCH(.9*X1,51,0,0.1,1.0)
1998 WRITE(100,FMTEQ) LAB

1999 FMTI0 FORMAT (ALQ)

2000 RETURN

200! . END
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2002 SUBROUT INE POTSHAPE

2003 .. KPOT=0 COMPUTE PHI(PSI)

2004 . KPOT=]1 PHI(PSI) FIXED

2005 . KPOT=2 PHI LINEAR IN PSI

2006 . MAXWELL=0 FP-ELECTRONS ASSUMED

2007 . MAXWELL=] ELECTRONS MAXWELLIAN W RESIDUAL WARM PLASMA ASSUMED
2008 C.... MAXWELL=2 SKIPS PHI OF PS[ CALC

2009 USE BACOMM

2010 :

2011 IF (MOD(N,NPOT}.NE.O) RETURN

2012 PHI(1)=0. $ PHI(LZ)=POTENT

2013 IF (KPOT.EQ.0) GO TO JUMP!

2014 IF(KPOT.EQ. 1) GO TO JUMP3D

2015

2016 DO LOOP2 L=2.L2Z-I

2017 LOOP2 PHI(L}=POTENT*PS!I|(L)/PSI1(L2Z)

2018 GO TO JUMP30D

2019 JUMPI CONTINUE

2020 IF (MAXHELL .EQ.2} GO TO JUMP30

202! IF(POTENT .EQ.0.00) GO TO JUMP30

2022 CALL TIMEL(3)

2023 QcoLD=0.

2024 IF (MAXWELL .EQ.1) QCOLD=DEN/ (EXP(POTENT/ETEMP)-1.)
2025 IF (MAXKELL .EQ.D) QE=EDENFPZ(PHI,!1) $%% INITIALIZE FN
2026

2027 DO LOOP20 L=2,LZ-1

2028 PHI[ 1=AMAX1 (PHI(L-1) ,PHE(L))

2029 DPHI=.01*ETEMP

2030

2031 DO LOOP19 KOUNT=I,50

2032 IF (MAXKELL .EQ.D) QE=EDENFPZ(PHII],L)

2033 IF (MAXWELL .EQ. 1) QE=(DEN+QCOLD)*EXP(-PHI[/ETEMP}
2034 . Q=ANUMB*DENFPZ{PHI],L)~QE+QCOLD

2035 IF (KOUNT.GT.1} GO TO JUMP1O

2036 QP=QN=Q % PP=PN=PH!!

2037 DPH[=-SIGN(DPH! ,Q}

2038 GO TO JUMP16

2033 JUMPID CONTINUE

2040 IF(QN.EQG.QP) GO TO JUMPIY4

204t C.... REPLACE ACCORDING TO SIZE OF Q

aoue IF (ABS(Q).GT.D.0!*(ABS(QN) +ABS(QP) )} GO TO JUMPIY4
2043 IF (ABS(QP) .GT.ABS{QN)) GO TO JUMPIS

204y QN=Q $ PN=PHI[I]

2045 GO TO JUMPIB

2046 JUMPI4 CONTINUE

2047 C.... REPLACE ACCORDING TO SIGN ®ee¢cssusse

2048 IF(@) ,,JUMPIS

2049 ON=Q $ PN=PHII

2050 GO TO JUMP16

2051 JUMP15 CONTINUE

2052 QP=Q $§ PP=PHI]

2053 JUMP16 CONTINUE

2054 IF(QP.NE.QN} DPHI=(QP*PN-QN*PP)/ (QP-QN)-PHI]
2055 IF CON*QP.LE.0.00) GO TO JUMPIB

2056 DPHI=AMIN] (DPHI ,POTENT-PHil) $ DPH{=AMAX{(DPH. ,PHI(L-1}-PHI )
2057 JUMPIB PHII=PHI1+DPHI

a0s8 [F (KOUNT.LE.2) GO TO LOOPIS

2053 [F(ABS{Q).GT.5.E-2°EDEN) GO TO LOOPIS

2060 IF (ABS(DPH]) ,GT.1.E-3*EENKEV) GO TO LOOP!9

2061 GO TO JUMPIS
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2062
2063
abEy
208S
2066
2087
2068
2089
2070
2071

2072
2073
2074
2075

LOOP19 KKOUNT (L ) =KOUNT
CALL ERR(ATOO MANY PASSES POTSHAPER)

JUMP19 PHI(L)=AMAX1(PHI[ ,PHI(L-1))
LOOP20 CONTINUE
CALL TIME2(3)
JUMP30 CONTINUE
QCOL0=0.
IF (MAXHELL .EQ.1) QCOLD=DEN/ (EXP(POTENT/ETEMP)-1.)

DO LOOP30 L=t,LZ

LOOP30 PDEN(L)=ANUMB*DENFPZ(PHI (L} ,L)+QCOLD
RETURN
END
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2076
2077
2078
2073
2080
2081

2082
2083
2084
2085
2086
2087
2088
2089
2090
2091

2092
2093
2094
2095
2098
2087
2098
2099
2100
2101

2102
2103
2104
210s
2106
2107
2108
2109
2110
2111

allie
2113
2114
2115
2116
2117
2118
2t19
2120
a2lat

a2lee
2123
2124
2125
2126
2127
21ee
2129
2130
2131
2132
2133
2134
2135

c...

SUBROUT {NE PRESSURE

. COMPUTE PPERP,PPAR OF PSI srescasassss

USE BACOMM
DIMENSION FOCITH) ,XMULITH)

CALL TIMEI(T)
IPRESS=0 $ GO TO JUMPI

ENTRY PRESSO
ENTER HERE FOR PRESSURES AT Z=D ONLY
IPRESS=1

JUMP] CONTINUE

DO LOOPSD L=},LZ-1
PP=PV=PR=0.
VPOT2=CONV*PHI (L)

DO LOOPHO J=2,JVI-1
IL=1 $ IR=ITH
VZ2=V2(J}+VPOT2 .
XA=(PSI(L)*V2(J)=VZ2) 7 (PSTIL)*VR(J})
FOULI=F(1,J) $ XMU(1}=COSS(1)’

o ¥o5
DO LOOP1O [=2,1TH
FO(II=F(1,J) $ XMU(Ii)=AMAX|(COSS(I),1.E-5)
IF(FOCI).LE.0.00 .AND. IL+l1.EQ.1) [L=!
IF(COSS(1)**2-XA.GT.0.00} GO TO LOOP10
IR=1 $ XMU{I)=SQRT(AMAX1(XA*(1,+|.E-10),1.E-10))
FOCII=FO(I-1)2(COSS(11-XMULT1)+FOCI)* (XMUL[)-COSS(I-1))
FOCI)=FO(L)/(COSS(])-COSS(I-1}}
GO TO JUMP1O

LOOPI0 CONTINUE
JUMP10 CONTINUE

IFCIL.GE.IR) GO TO LOOP40

SQ=SORTI(XMU(IL) **2-XA) % XLOG=LOGI{(XMUCIL+SQ!

E]=SQ $ Hi=.5+*{XMUtIL)*SQ-XA*XLOG)

E2=50°"3/3, $ H2=XMUIIL)*SQ**3/12.-.125°XA* (XMUCIL}*SQ-XA*XLOG)
SUMI==FOCILI*EL+(FOLIL+1)-FOCILYI*HI/ (XMUCIL+1) -XMUCIL )
SUM2=-FO(IL) *E2+(FOCIL+1)-FO(IL) ) *H2/ (XMULIL+1)-XMUCIL))

SQ=SARTI (XMU([R)**2-XA) § XLOG=LOGI (XMU(]R)+SQ)

E1=50 $ HI=.5*(XMUCIR}*SQ~XA*XLOG)

E2=5Q°**3/3. $ H2=XMU(IR)*SQ**3/i2.-.125*XA* IXMUCLIR)*SQ~-XA°XLOG)
SUM1=SUM1+FO(IR)*E1~

1 (FOCIRI-FOUIR-1))*H1/ (XMUCIR)-XMUCIR-1))

SUM2=SUM2+FO (IR} *E2-
1 (FOCIRI-FOtIR-1)1*H2/ (XMUCIR)-XMUCIR-1})

DO LOOP20 I=IL+1,IR-1

SQ=SART]I (XMU(])**2-XA) & XLOG=LOG!(XMU(]}+5Q)

£1=50 $ HI=.5+(XMU(])*SQ~XA*XLOG)

E2=SQ+*3s3. § HE=XMU(])*SQ**3/]2.-.125+*XA*(XMUL])*SQ-XA*XLOG)
SUMI=SUMI+H1*( (FOUI+1I-FOUIN)IZ(XMUCT+1)-XMULT) ) -

1 (FOCI)-FOCLT-13)/7¢XMUCT)-XMULE=1)) )

SUM2=SUMa2+H2* ( (FOLI+1)-FOCI 1) Z(XMUCT+];-XMULTY)-

1 (FOUDI-FOLI-11)/7(XMUCT)-XMULI=1)) )

LOOP20 CONTINUE

SUM]1=-SUM] & SuUMZ=-SUMe
PP=PP+DELV(J)*V2(J) *VZ2*SUM2
PV=PV+DELV(Ji*V2(J)*VZ2"SUMI
PR=PR+DELV(J)*V2(J)*SUM]
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2136 1LO0OP40 CONT [NUE

2137 PPAR(L)=PP*AMASS *4. *PI*PSI (L) *PSIH(L}

2138 PV=PV*AMASS*Y4 . *P] *PSJHIL)

2139 PPERP(L)=.5%(PY-PPARI(L))

2140 PRDEN(L)=4%.*PI*PSIH(L)*PR

214l C.... ELECTRON CONTRIBUTION TO PRESSURES NOT PRESENTLY INCLUDED *»°*s*
214e [F(IPRESS.EQ. 1) RETURN $$%*** L=} ONLY FROM PRESSO ENTRY sessss

2143 LOOPS0 CONTINUE
«... DETERMINE BOMIN, MINIMUM FIELD FOR MIRPOR-MODE STABILITY

2144 C

2145 C.... BETAMAX 1S BETA-PERP FOR THIS FIELD
-1k BOMIN=0.

2147

2148 DO LOOPBO L=2,LZ

2148 PDERIV=PSI(L})**2-PSItL-1})**2

2150 PDER|V=(PPERP(l.-1)~-PPERP(L})/PDERIV

2151 BOMIN=AMAX! (BOMIN.PDER] V)

2152 LOOP60 CONTINUE

2153 BOMIN=SQRT (8*P! *BOMIN)

2154 BETAMAX=PPERP/ (PPERP+BOMIN®**2/ (8+*P1 1

2155 CALL TIME2¢7)

2156 RETURN

2157 END
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2158 SUBROUT INE RECORD

2159 C.... THIS ROUTINE STORES TIME DEP QUANTITIES AND

2160 C.... MAKES CALL TO RECOUT WHEN KRECOUT IS SET FROM D TO 1
2iB1 C.... THE FLAG KRECOUT 1S SET IN MAIN

2162 USE BACOMM

21863 DATA NN/O/

2leu

2165 IF(N.EQ.NCHEC* (N/NCHEC}) GO TO JuMmP®

2166 IF (KRECOUT.EQ. 1) GO TO JUMP:

21687 RETURN

~188

2169 JUMP| CONTINUE

2170 ¢ . STORE VALUES AT CURRENT TIME
2171 IFINN.EQ.D .OR. TTIHEINN).NE.TIME) NN=NN+]
2172 TTIME(NN)=TIME

2173 TOEN] (NN) =DEN

2174 TDENL (NN} =DENL

2175 TEDENL (NN)=EDENL

2176 TDENE (NN1=EDEN

2177 TNRGI (NN} =ENKEV

2178 TNRGE (NN) =EENKEV

2179 C.... EDIAG DEFINED IN SR. GTDIAG
2180 TDIAG(NN,1)=EDIAG( 1)

2181 TDIAG(NN,2)=EDIAG(2)

2182 TPHIM(NNI=POTENT

2183 IF(KRECOUT .EQ.0) RETUFN

2184

2185 KRECOUT=D

al8ee CALL RECOUT

2187 IF (NMQ-NN.LT.NOUT/NCHEC+1} NN=0
aises RETURN

2189 END
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2190 SUBROUTINE RECOUT

219t USE BACOMM

2192 DIMENSION M(20)

2193 DIMENSION DCONT (303 ,FCONTUIVI . ITH}, PSICOMILZ)

2194 DIMENSION FPACITH,UVI) ,FPE(JV)

2195 EQUIVALENCE (FPA,VCOSP1, (FESAVE ,FPE)

2196 EQUIVALENCE (FCONT,VvCOSP), (PSICOMM,VCOSP)

2197 DATA EMIN,FMIN,FMAX/3(0.)~

2198

2199 IFINN.LE.1 .OR. NOUT.LE.1) GO TO JUMP!S $%% NO TIME DEPENDANT QUTPUT
2200 C.... QUTPUT TIME DEP ARRAYGeesoscessnencsasne

2231

2202 C.... PLOT ELECTRON ENERGY AND DENSITY [N TIME®*rea~»

2202 CALL FRAME

220t CALL SETCH(35..4t..0.0.1)

2aens WRITE(IOO0,F41) N, TIME.DTIME

2206 CALL AMINMX(TNRGE, | ,NN,} ,EMIN,EMAX)

2207 EMAX=AMAXI LEMAX ,EMIN+ .01 *EMAX)

2208 CALL AMINMX(TDENE,],NN.! ,DMIN,DMAX}

2209 DMAX=AMAX | {DMAX,DMIN+.01*DMAX)

2210 CALL MAPSITTIME(]),TTIME (NN} ,DMIN,DMAX, .15,.99,.65,.99)
2211 CALL TRACE(TTIME, TDENE ,NN)

e2ie CALL MAPSITTIMEC1) ,TTIME(NN} ,EMIN.EMAX,.15,.99,.15,.5; -
2213 CALL TRACE(TTIME, TNRGE ,NN)

ety CALL SETCH(!7..3.,1,0,1,0}

e2is WRITECIUO,.FO1) TOENE (NN), TNRGE (NN) , TTIME (NN}

c2!6 FO! FORMAT!ODENSIT1Y=6,E16.6,5X,BENERGY=0,E£16.6,0KEVD//oTIME=0,E16.6}
eel7 CALL SETCH(1..17..1,0,1, 1)

2218 WRITEC100,FOC)

2219 F02 FORMATI/ZELECTRON ENERGYZ,30X,o DENSITYD)

2220

222l C.... PLOT [ON DENSITY AND ENERGY [N TIME®*r+++sss»

eeae CALL FRAME

2ea3 CALL AMINMXUTDENI,!,NN,1,DMIN,DMAX}

2224 DMAX=AMAX] (DMAX .DMIN+. 01 *DMAX)

2225 CALL AMINHX(TNRGI,! ,NN,! ,EMIN,EMAX)

2226 EMAX=AMAX] (EMAX ,EMIN+, 01 *EMAX}

2ee7 CALL MAPS(TTIME(1) ,TTIME(NN) ,DMIN,DMAX, . 15,.99,.65, .99}
22es CALL TRACE(TTIME,TOEN! NN}

2eae9 CALL MAPS(TTIMEC(]),TTIME(NN) ,EMIN,EMAX,.15,.99,.15,.5)
2230 CALL TRACE(TTIME,TNRGI ,NN)

ca3i CALL SETCH(17.,3.,1.0,1,0)

2232 WRITEC(108,F05) DEN,TNRGI (NN),TTIME (NN}

2233 F05 FORMAT(BDENSITY=o,E16.6,5X,0ENERGY=0,E16.6,0KEVD/ /0T {ME=0 E16.6!
2234 CALL SETCH(I..17..1.0.1.,01)

2235 WRITE(100,F06!

2236 FO06 FORMAT(oION ENERGYD,30X,oDENSITYo)

2237 CALL FRAME

2238

2239 C.... PLOT LINE DENSITY OF [ONS AND POTENT [N TIME se-wevveva
2cu0 CALL AMINMX(TDENL,2,NN,] ,DM{N,DMAX)

ccul DMAX-AMAX!1 (DMAX ,AMAXAF ( TEDENL, 1.NN) )

2242 DMAX=AMAX (DMAY. ,DMIN+.01*DMAX)

ecu3 CALL MAPS(TTIME¢1), TTIME(NN; ,DMIN,DMAX,.15,.399,.65,.99)
2244 CALL SETPCH(0,0,1,0,150)

2245 CALL TRACECCIHI,TTIME, TDENL ,NN)

2246

2eu7 CALL AMINMX{TPHIM, | ,NN,!.DMIN,.DMAX)

c2uB DMAX=AMAX1 (DMAX .DMIiN+.01<OMAX)

2249 CALL MAPS(TTIMEC(}) ,TTIMEINN) ,DMIN,DMAX,.!%,.93,.15,.%
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2250
225l

ease
2ab3
2254
2855
2256
<as7
2eb8
2259
2260
226t

2062
2263
ce64
2265
c256
2e67
2268
2269
2270
2271

eere
2273
eeTy
2275
2276
2277
2278
2279
2280
228!

2cie
2283
2eB4
2285
2286
2eB’7
2288
2283
2290
2291

2292
2293
2294
2295
2296
2297
2298
2299
2300
2301

2302
2303
2304
2305
2306
2307
2308
2309

C

F0o7

FoB

CALL TRACE(TTIME,TPHIM,NN)

CALL SETCHUt!.,17.,1,0,1,1)

WRITEC(100,F07) N

FORMAT (nAMBIPGLAR POTENTIAL@,30% 9L INE DENSITYD/uUNITS ARE KEvVD)
CALL SETCH(!T.,3.,1.0,1,00

WRITEL10D,F08) POTENT,TIME
FORMAT(oPOTENT=DO,El2.4,0 KEVR/oTIME=B,E1].3,0 SECO)
PLOT TIME DEPENDENiI DIAGNOSTCS FROM SR. GTDIAG
CALL FRAME

CALL QACOPY(YPLOT,TDIAG!1,2),NN)

CALL PLOTUH{TTIME,YPLOT,NN,LOJAG(2))

CALL QACOPY(YPLOT,TD!AG(!,{),NN])
CALL PLOTLH(TTIME,YPLOT ,NN,LOTAGUI )
CALL SETCHt17., ,1,0,1.0)

WRITE(}DD.FOBA) EDIAG(]) ,EDIAG(E}

FOBA FORMAT(uEPARO,L=o,2E12.5,aKEVE)
JUMP19 CONTINUE

C....

Fou
F09

Fio

(el

O

Fle

BOUNCE AVERAGED AND Z-DEPENDANT QUANTITIES OUTPUTTED BELOW »eseser

SOURCES

Mi1)1=4H'066 $§ M(2)=6H'L 017

M(3)=0SSc[,J)a $ M(4)=aJONSo % M(5)=778

CALL TRANSPOSE (5S,FCONT, [TH,JVI)

CALL PCONTOUR(M.2] ,FCONT,UVI,V, JV] THDEG, ITH)

WRITE(100,F04}) SCUR,SENK

FORMAT (oMIDPLANE SOURCE=u,E13.5,0PART/SEC-CM3n,5X,E12.5,.0KEVD)
WRITE!100.F09) SCX,SCUR-SCX

FORMAT (eCX=0,E]13.5,3X,0]0N{ZATION=0,E13.5)

WRITE!100,F10) SCURL,SCURL2,SCXL,SCXLe,SCURL -SCXL

FORMAT (oLINE INTEG. OF SOURCE=0,2E13.5,0PER CM2o/nCx=0,2E13.5.
& 2X.,0l0ONIZATIOM=0_E13.5)

WRITE(100,F41) N,TIME ,DTIME

PLOT ION & ELECTRON ENERGY IN Zestrsvessnes
CALL FRAME

ELECTRON ENERGY PLOT [N UPPER HALF FRAME*<***
CALL AMINMX(ZNRGE.1.LZ,1 ,EMIN,EMAX)
EMAX=AMAX] tEMAX ,EMIN+ . G1*EMAX)

CALL MAPS(Z(1),ZiLZ),EMIN,EMAX,.15,.99,.65,.99)
CALL TRACE(Z,ZNRGE,LZ)

CALL SETCH(L,.17..1.0,1,1)

WRITE(]DD,F) 1)

FOPMAT (X ,nION ENERGYo,30X,3ELECTRON ENERGYD)
WRITE(100.F!2) TIME

FORMAT(BPLOTS IN Zao/oT[ME=R,E1].3)

CALL AMINMX(ZNRGI,I.LZ,) ,EMIN EMAX)
EMAX=AMAX! (EMAX ,EMIN+ .01 *EMAX)

CALL MAPS(Z(1),Z(L2Z) ,EMIN,EMAX,.15,.99,.15,.5)
CALL TRACE(Z,2NRGI ,t.Z)

PLOT DENSITIES [N Z2%*s«verrsenvavesnssans

CALL FRAME

JON DENSITY VS PSI PLOTTED iN LOWER HALF FRAME <1esswe>
DMAX=1.3%<AMAX 1 1ZDEN]I ¢ 1) ,PDENC1))

OMIN=0.

CALL MAPSIPSI: 1) ,PSI:LZ) ,DMIN,DMAX, . 15,.99,.15, .5}

CALL TRACE(PSI ,PRDEN,LZ)

COMPARISION OF ELECTRON, ION 8 DENSITY FROM POTSHAPE CALC...
CALL MAPSI(ZU1),Z(LZ),0OMIN,DMAX, . 15,.99,.65, .99}

CALL SETPCHID,D,!,0,150)

-78~



2310 CALL TRACECUIHE,Z,ZDENE,L2Z)

2311 CALL SETPCH(D0.0,1,0,165)
2312 CALL TRACEC(IHI,Z,ZDENI,L2Z)
2313 CALL SETPCH(D,0,1,0,180)
231y CALL TRACECt!HP,Z,PDEN,L2)
2315 CALL SETCHU(I.,17.,1,0,1,1)
2316 WRITE(100,F15)

2317 F15 FORMAT(OION DENSITY VS PSia,23X,uCOMPARISON OF Z-DEP DENS!TIEST)
2318 WRITECID0,F16) TIME

2319 Fi16 FORMAT(nTIME=D0,E1l.3,25X,0ELECTRONS(E), IONS(11 ANDEH)

2320 WRITE(100,F17) .

2321 F17 FORMAT(41X,OFROM CALC OF FJTSHAPE(P)n)

2322 WRITE (100,F18)
2323 F18 FORMAT(41X,BPLOTS IN Zm)

2324 C.... Z-DEP PLOT OF PHI AND PS] *esess

2325 CALL FRAME

2326 CALL MAPS(Z(11,Z(LZ),PHIC(1),PHIILZ},.15,.99,.65,.99)
2327 CALL TRACE(Z,PHI .LZ)

2328 CALL MAPIPSI(1),PSI(LZ) PHI(1].PHI(LZ)..15..99..65..99)
2329 CALL TRACEP(PSI,PHI,LZ)

2330 CALL SETCHl..17..1.0,1.1)

2331 WRITE(1008,F25)

2332 F25 FORMAT(oPS! VS Zo,30X,.oPHI VS Z AND PSI(POINTSIa)

2333 WRITE(100,F41) N,TIME,DTIME .

2334 CALL MAPS(Zt1),2(L2),PSI(]1),PSI(LZ),.15,.99,.15..5)
2335 CALL TRACEP(Z,PSIVAC,LZ)

2336 CALL TRALE(Z,PS!.L2)

2337

2338 DO LOOP1B L=1,LZ

2339 CALL LINECZ(L) ,PSI(1.,Z(L),PSIt])+.02°PS]I(LZ))

2340 CALL LINE(Z(1),PSi{L),.01*Z(L2Z),PSI(LI)}

2341 LOOP16 CONTINUE

2342

2343 C.... PERPENDICULAR AND PARALLEL PRESURE PROFILES **+sever
23uy CALL FRAME

2345 CALL MAPS(PSIt1),PSI(LZ),PPAR(1},PPAR(LZ),.15,.93,.65,.99)
2346 CALL TRACEIPS],PPAR,LZ:

2347 DMAX=AMAXAF (PPERP, | ,LZ!

2348 CALL MAPS(PSI(1),PS}(LZ),DMAX,PPERPILZ)..15,.98..15,.5)
2349 CALL TRACE(PSI,PPERP,LZ)

2350 CALL SETCH(1..17..1.0,1.1)

2351 WRITE (100,F26)

2352 F26 FORMAT(6X,0PPERP VS PSIno,30X,0PPAR VS PSIo)

2353 CALL SETCH(10.,4.,1.0,1,0?

2354 WRITE(100,F27) PPERP(1),PPAR(1) ,BF (1),BV0,BOMIN,BETA,BETAMAX,BRATIO
2355 F27 FORMAT(DPPERP,PAR=D,2E12.5/

2356 ! oBg,Bv0=u,2E12.5,2X,a80MIN=a,E12.5,8 GAUSSD/

2357 2 oBETA.BETAMAX=n,2F7.4 2% .uMIRROR RATIO=3,F7.5)

2358

2359 WRITE(3,Ful) N,TIME,DTIME

2360 CALL PEEKI] (oPDEN(L)B,PDEN,LZ)

2361 CALL PEEK!(nZDENE (L)1, ZDENE,LZ)

2382 CALL PEEK1(aZDENI (L)o,ZDENI,LZ)

2363 CALL PEEK! {0ZNRGE (L)1, ZNRGE ,LZ}

2364 CALL PEEK!(BZNRGI(L1o,2ZNRGI,LZ.

2365 CALL PEEK! (nPRDEN(L)n,PRDEN,LZ)

2366 CALL PEEK!(aPPAR(L1A,PPAR,LZ)

2367 CALL PEEKI (OPPERP(L!m,PPERP,LZ)

2368 CALL PEEK! (mBVAC(L)n,BVAC,LZ

2369 CALL PEEK](m8F (L)3,BF L2}
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2370 CALL PEEK1(nPSl(L)A,PSI,LZ)

2271 CALL PEEKi (DPSIVAC!L)a,PSIVAC.LZ)
2372 CALL PEEK1{@Z(L)®B,Z,L2Z)

2373 WRITE (3, 8(/nELECTRONGO) o)

237 WRITE (3.FO4) ESCUR.ESENK

2375 WRITE (3,0(/0a]0Naa) Q)

2376 WRITE(3,FO4} SCUR,SENK

2377 IF(RCUR.GT.0.00) CALL PEEK2(nSS(I,J13,5S,1TH,JvI)
2379 CALL PEEK2(RCCX(1,J)m,C0%, 1TH, V)

2379 CALL PEEKI](8ES.J)m,ES,JV)

2380 IF (KBUG .EG.D) GO TO JUMP20

2381 WRITE(3,F4l) N, TIME,DTIME

2382 CALL PEEK2(8ZBOUNCE (| ,J)a,ZBOUNCE, ITH, V1)
2383 CALL PEEK2(RTAU(I,J)D,TAU, ITH,UV])

2384 CALL PEEK2(RCCVV(I,J1m,CCVV,ITH,UVI)

2385 CALL PEEK2{BCCVT(],018,CCVT,ITH, Vi)

2386 CALL PEEK2(BCCTT!1,J1a,CCTT, ITH, V)

2387 CALL PEEK2(BCCVII,J)in,CCV,ITH,IV])

2388 CALL PEEK2(OCCT((,J1a,CCT,ITH, IV

2389 CALL PEEK2(RCCI],018,CC,ITH. UV}

2290 CALL PEEK!BECVVH,ECVV,JV)

2391 CALL PEEK] LRECVa ECV,JV!

2392 CALL PEEK] (GECH,EC,JV!

2393 . CALL PEEK] (RELB,EL,JV!

2394 CALL PEEK! (BETAUD,ETAU,JV)

2385

2396 C. MIDPLANE OUTPUT seser

2397 JUMP20 CONTINUE

2398 C. PLOT ELECTRON DISTRIBUTION AT MIDPLANE=ss*+»
2399

2400 CALL FRAME

2401 CALL AMINMX(FE,1,JV.1,FMIN,FMAX)

2402 CALL MAPS(G.,VMAX ,FMIN,FMAX,.15,.9,.15..9)
2403 CALL TRACE(V,FE,JV!

240y CALL SETCH!(]..20.,0,0,1,1)

2405 WRITE(100,F20) TIME

2406 F20 FORMAT(BELECTON DISTRIBUTION AT TIME=o,El!.3,0 SECONDSA)
2407 CALL SETCH(15..3.,1,0,1,0}

2upa WRITE(10D,F211 EOEN,EDENL ,EENKEV

2409 F2! FORMAT(GOENSITY=m,2E13.5,5X,0ENERGY=5,E12.4,0KEVA)
2410 C.... 3-D PLOT OF MIDPLANE ION DISTRIBUTION sercasas
2411

2412 PTANG=PL TANG

2413

241y DO LOOPDB 1=1.1TH § DO LOOPAS J=1,u¥l

bu1s QEE(JY=V )

416 LOOPGB VCOS(],J1=F(l,J

2417 IF (PLTANG.LE.180.) GO TO JUMPII

2418 PTANG=PLTANG-180.

ly

2420 DO LOOPGY I=1,ITH $ DO LOOPGY J=1,JVI

euel JJd=Jvi-J+1

24ee QEE (D) =VIJI

2423 LOOPQY VCOS(!.Ji=F1],Jd)
242y JUMP11 CONTINUE

2425 CALL FRAME

24cb CALL PLOT3D(PTANG.QEE .THDEG,V¥COS,1.,1.,1.,JVI,ITH, [TH}
2427 €.... CONTOUR PLOT OF JON DISTRIBUTION®*2e«

cuzs

oues DO LOOPID J=1,Jv!
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2430
2431
2432
2433
243y
2435
2436
cu37
2438
2439
2uup
2uy |
a44e
2uu3
244y
2445
2uub
o447
2448
2449
24s0
2451
2452
2453
2us54
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
2u81
2482
2483
cug4
2485

. 2486
2ug7
2488
2489

QEE (J)=F ([ TH,J)
DO LOOP1O I=1,ITH
LOOPIO FCONT(J, [1=F (I, J)
DMAX=AMAXAF (QEE , 1 ,JVI)
DCONT(1}=1.E-1D*DMAX
DCONT (2} =, 9999999 *DMAX
CALL FRAME
CALL MAPS(V(1),V(JV]),THDEG(|) ,THDEGI[TH),.058,.998, .25, .95)
CALL RCONTR(~21,DCONT, | ;FCONT,JVI,V,1,JVI,1,THDEG.1.1TH, 1)
CALL SETCHU17..8.,1,0.1,0)
WRITE (100,F22)
F22 FORMAT(o{ON DISTRIBUTIONa/o2l CONTOURS EQUALLY SPACED FROM ZERO TO FMAXD)
WRITE(100.F23) DMAX,TIME
F23 FORMAT (8FMAX=0,E12.4,0 PART/(CM-CM/SEC}130,5X,aTIME=0,E]]1.3,0 SECH)
WRITE(100,F23A) DEN,ENKEV
F23A FORMAT (ODENSITY=0,E13.5,5X,0ENERGY=u,E12.4,aKEVA}
DEN2=.5+212) *PRDEN( 1)
DENQ=.5+Z(2) *PRDEN(11++2

DO LOOP1) L=2,L2-1

DENQ=DENQ+.S5*(Z(L+]1)-Z(L-1))*PRDEN(L}**2/PSL (L)
LOOP11 DENP=DEN2+.5*(Z{L+1)-Z(L-1))*PRDENLL)/PSI (L)

DENQ=2.+*DENQ*8V0/B0

DEN2=2.+*DEN2*BV0/B0

WRITE(100,F24) DENL ,DEN2,DENQ.PQT.PQJ
F24 FORMAT(BL[NE DENSITY=0,2E13.5,0PER CM2o,3X,BN SQ=0,E13.5/

3 oPQT,J=u,2E12.5)

WRITE (100,F25A) TAUSRC,TAUII.TAUDRAG.TAUMAG
F25A FORMAT (aTAUSRC, I I ,DRAG,MAGD,4E10.3)

CALL SETCH(!.,20.5,0.1,3,0)

CALL CRTBCD(4H'017)

CALL SETCH(42..3..0,1.3.,00

CALL CRTBCD{4H'066)

WRITE(3,F29) N.TIME
F29 FORMAT(mio/aN=0,15,/aTiME=B,El]1.3,0 SECONDSA/}
WRITE(3,F30) EDEN.EENKEV
F30 FORMAT(///oELECTRON DEN=o,E}3.4/0ENERGY=D,E1].4 aKEVR}
CALL PEEK](aFE(J)B,FE,JV)
WRITE(3,F41) N,TIME,DTIME
F41 FORMAT(oN=m,15,5X,aTIME,DTIME=R E16.9,E9.2,,0 SECO)
WRITE(3,F24) DENL,DEN2
WRITE(3,F31) DEN.ENKEV
F31 FORMAT(p [ON DEN=t,E13.4/nENERGY=0,E!].4,0KEVn//nION DIST m)

D0 LOOPHD J=1,JVi
LOOP4D FUITH+i,J)=FCITH-1,J)
CALL PEEK2toF (1,Jio,F,ITH+1,0VI)
WRITE(3,Fu4i) N, TIME,DTIME
WRITE(3,F4D1 POTENT
F40 FORMAT(///0POTENT=o,F13.3,mKEVA}
CALL PEEK! (oPHIt(L)E ,PHI,LZ)
CALL PEEK1tBPSIit)m,PSI,.L2)
WRITE(3,F4l1 N.TIME,DTIME
WRITE(3,Fu2) (1LOSS(JU) J=1,JVI)
Fu2 FORMAT(/8ILOSSIJ),J=1,JvIO/(301w))

WRITE(3 . Fu3) (JLOSSI1),1={,1TH)
F43 FORMAT(/cJL0SL’ !} .11, 1THa/(30[4})
CALL PEEKN(HPOTSHAPE [TERATIONS KKOUNT(L)\ ,KKOU™MT,LD)
... SUMMARY PAGE TQ FICHE AND 'DDBO FILES S

e,
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2490
2491
2492
2493
2494
2495
2496
497
2498

CALL FRAME

CALL SETCH(1.,42.,0,0,1,0,0?

CALL SUMMARY (100}
CALL SUMMARY(3)
CALL PLOTEA

CALL TIMEOUT
CALL EMPTY (3}
RETURN

END
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2499
2500
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511

a512
2513
2514
2515
2516
2517
2518
2519
2520
2521

2522
2523
2524
2525
2526
2527
2528
2529
2530
2531

2532
2533
2534
2535
2536
2537
2538
2539
2540
2541

2542
2543
2544
25495
2546
2547
2548
2549
2550
2551

2552
2553
2554
2555
2556
2557
2558

C
C

SUBROUT INE ROSEN(L

USE BACOMM

REAL NO

DIMENSION GSUMUITH,JVI1)

DIMENSION TGUJVI, (0,MX)) ,TGVIJVE, (0,MX)) , TGVVIUV], (0,MX})
EQUIVALENCE (GSUM,CCX)

DIMENSION GROSS(UVI, (0 ,MX},3)

EQUIVALENCE (GROSS,G)

EQUIVALENCE (TG,G),(TGV,GV), (TGVV.GVV)

CALL IONPROJIL} $93++* OBTAINS ALEG(J.M)

CALL EMOMENTS(L) $5S++* OBTAINS EQMM(J), ETC. AND FEZ(J) e*2s»

CALL COuLOG(L)

IF(L.GT.1) GO TO JUMP5
TAUDRAG=.5#2. 15€13*SQRT (EENKEV**3)/ (CLOGIE*EDEN)

CLOGIED=CLOGIE $$$ SAVE MIDPLANE COULOMB LOG FOR ELECTRON RATE EQN
TAUI 1 =ENKEV*AMASS/ | .B7E-24

TAUII=2.44E 1 1*SQRT(TAUL [ ) *ENKEV/ (CLOG! | *ANUMB* *4*DEN)

JUMPS CONTINUE

FOl

IF(KBUG.LE.1) GO TO JUMP{D

CALL PEEK2(RALEGRH,ALEG,JVI ,MX+1}

CALL PEEKI! (oFEZB ,FEZ,JV)

CALL PEEKI (GEQEED,EQEE,JV)

CALL PEEK! (oEQMMO,EQMM,JV)

CALL PEEK! (oEQNNE ,EQNN,JV}

WRITE(3,FO1) L,CLOGEE,CLOGIE,CLOGI1
FORMAT (/oL=n,[3/0CLOGEE, IE,|1=n,3E16.8)

JUMP 10 CONT INUE

Foz

DO LOOP20 M=0,MX

CALL MOMENTS (M) $3%*+* OBTAINS QMM(J}, ETC FOR [ONS*e=+«
MM=2+M

[F(KBUG.LE.!) GO TO JUMP20

WRITE(3,F02) M,MM

FORMAT (/aM=m, [4 ,4X,o2*M=0_ 1Y)

CALL PEEKI (nQEEZ,QEE,JV]}

CALL PEEKI! (aQMMB,QMM,JVI}

CALL PEEKI (BQNNz QNN ,JVI)

CALL PEEKI! (nQRRE,QRR,JVI}

JUMP20 CONTINUE

CFACT=4.2P]/ (2"MM+1}
GFACTI=1./(2*MM+3)
GFACT2=1./(2*MM-1}

DO LOOP2S J=2,JV!
TG(J,MI=CFACT*V4 (J)*(GFACTI*(QEE (J)+QMM{J) 1 -GFACT2* (QNN(JJ} +QRR(J1 )}
TOV(J,MI=CFACT*V3(JI*IGFACTI*( (MM+2)*QMM(J)~(MM+])*QEE{J}) -
8 GFACT2* (MM*QRR(J)-(MM~])*QNNI(J) )}
TOVV(J,M)=CFACT*Va(tJ)*(GFACTI*( (MM+|)* (MM+2}) * (QEE(J) +QMM(J2 )~
B GFACT2* (MM* (MM-11)*{ANN(J)+QRRI(J)))

LOOP25 CONTINUE

[F(M.EQ.D) CALL ECOEF (L. $$% ECQEF OBTAINS ELECTRON COEFFICIENTS

LOORP20 CONTINUE
JUMP2S CONT INUE

HAVE COMPLETE ELECTRON COEFFICIENTS AT Z, AND HAVE ION PART OF
G-ROSENBLUTH POTENTIAL STORED IN TG(J,M)s*3=s~u

DO LOOP4D J=2,JVI

EHV=-4 ., *PI*VIJ)*EQNN{ J1
EGV=4.*P1*V3(J)* (THIRD* 2. *CQMM{J}~EQEEL (J) 1 +EQNNIJ1)
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2559
2560
2561
2562
2563
2584
2565
2566
2567
2568
2569
257¢
257.
2572
2573

EGVV=B.*PI*THIRD*V2(J) * (EQEE(J) +EQMM (U} )
CV(J)=GAM3*CLOGIE*ANUMBI2*EHY

G(J,0)=0. $%% NOT NEEDED IN CALC.

OF DERIVATVES OF G

GV(J,0)=CLOGII*TGV(s.0)+CLOGIE*ANUMB[2*EGY
GVVI(J,0)=CLOGII*TGV\ (J,0}+CLOGIE*ANUMBI2*EGVY

DO LOOPHS M={ ,MX
G(J,M)=CLOGII*TGLJ,M)
GYIJ,MI=CLOGII*TGV(J.M)
GVVI(J,M)=CLOGI[*TGVVIJ.M}
LQOPY4S CONTINUE
LOOPYQ CONT [NUE
JUMP30 CONT [NUE
RETURN
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=1 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
2581 C.... INPUT.

2582 C.... SVS=GAUSSIAN FACTOR. IF LESS THAN !.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/2(].)/

2587

2588 [F(N*KF 1XSS.GT.D) GO TO JUMPBO

2589 [F (NRUNS.EQ.NRUN) GO TO JUMP20

2590 NRUNS=NRUN

2591 CALL GETR(TSMESH, [THS,RAT)

2592 SCOS(ITHS)=D. $ SCOSL1)=COSS(1}

2593 SCOS (I THS-1)=TSMESH*COSSI 1)/t ITHS-1)

2594

2595 DO LOOP2 [1=2.ITHS-2

2586 I=ITHS-! ]

2597 LOOP2 SCOS(1)=5COSt]+1}+RAT*(SCOS(I+1)-5C0SI[+2))

2598 CALL PEEKI(oSCQS([)n,SCO0S, } THS)

2599 IF(SCO0S12).GE.SCOS¢ 1)) CALL ERR(ABAD SOURCE GRIDm)

2600 TCX=TJI=TCUR=0.

2601

2602 DO LOOPS NS=1,NSOR

2603 TCX=TCX+SJCX(NS) § TJI=TJII+SJIIINS}

2604 TCUR=TCUR+SJCUR (NS}

2605 LOOPS CONTINUE

26CE

2607 DO LOOP20 NS=1,NSOR

2608

<509 DO LOOPI10 I=1,ITHS

2610 EXT (] ,NS)=EXP(-STS(NS}*(SCOS{1-SJCOS(NS))=*2)

2611 CXTOI,NS)=EXT(] ,NS)+EXP(-STSINS)*(SCOSt]}+SJCOSINS))*+2)
2612 LOOP10 CONTINUE

2613 SUM=EXT{ I THS ,NS) *SCOS( I THS-1)

2614 DO LOOP1! [=2,]THS-!

2615 LOOP1t SUM=SUM+(SCOS(I~-11-5COStI+1)1)*EXT(I,NS)

2616 IF(SUM.LE.0.00) CALL ERR(aBAD SOURCE 18]

2617 DO LOOP12 [=1,ITHS

2618 LOOPI2 EXTC(I.NS)=EXT(],NS)/SUM

2€19 SENERGY=SENKEV (NS} *ERGTKEV

2620 VPEAK=0. $ IF(SENERGY.GT.0.00) VPEAK=SQRT(2.*SENERGY’ AMASS,
262l IF (SVS{NS) .GT.1.E-4) SVSINS3I=1/(CONV*SVSINS) !}

2622 DO LOOP!S J=1.,JvI-1

2623 LOOPIS EXV(J.NSI=EXP(-SVSINS}*{V(J)-VPEAK) *+2)

2624 SUM=0.

2625 DO LOQPIB J=2,JVI-|

2626 LOOP16 SUM=SUM+DELV(J)*V21J)*EXV(J,NS)

2627 SUM=SUM*2. *P!

2628 IF(SUM.LE.O0.00) CALL ERR(2BAD SOURCE2a)

2629

2630 DO LOOP17 J=1,uVi

2631 LOOPI7 EXV(J,NSI=EXV(J,NS)/SUM
2632 LOOP20 CONTINUE
2E33 TSTART=T[ME
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2634
2635
2636
2637
2638
2639
2640
2641
2bue
cB43
oB4y
2645
2646
2647
2648
2649
2650
2651
2652
2653
2654
2655
2656

2657,

2658
2659
2660
2661
2662
2663
2664
2665
2666
2667
26€8
2669
2670
2671

2672
2673
2674
2675
2676
2677
2678
CE79
2680
2681

2682
2683
2684
2685
2686
2687
2688
2689
2690
2691

2692
c693

ZBSTART=ZBEAM

JUMP20Q CONT INUE
ZBEAM=ZBSTART+(TIME-TSTART) *ZLENGTH/ TAUBEAM
IF (NCOEF * IN/NCOEF ) .EQ.N) GO TO JUMP2I
IF (KSQURCE .EQ.D) GO TO JUMPHOD
SCALE=DEN/DENSAVE
DENSAVE=DEN
1F (ABS(SCALE-1.00!.67.0.051 GO TO JUMP2!

DO LOOP21 J=1,0vl $ 0O LOOP2I [=1,!TH
LOOP21 SSt1,J1=SS(1,J!*SCALE
GO TO JUMPS(D

JUMP2! DENSAVE=DEN

00 LOOP30 y=1,4vi $ DO LOOP30 !=1.]1TH
SStl,Jr=CCX(1,0)=0.

LOOP30 CONTINUE
IF(TCUR+TJ+ABSITCX).LE.O.00) GO TO JUMPBO $%% NGO SOURCE
CALL TIME1(S)
L8=1

DO LOOP31l L=1,LZ
SZ(Li=Z(L) & SPSI(LI=PS](L) $ SPHIL)=PHIIL) $ SIDFN(L)=PRDENI(L)
LOOP3} IF(Z(L).LT.ZBEAM} LB=L R
IF(LB.GY.LZ-2 .OR. LB.LE.1) GO TO JUMP35
SZ(LB+1)=,001*Z(LB)+.999+ZBEAM § SZ(L8+42)=.001°ZtLB+2}+.999*ZBEAM
DPS=PS1(LB+1)-PSI(LB} $ DPH=PHIILB+1)-PHI(LB) ?¢
DNZ=PRDEN{(LB+1)-PRDEN(LB) -
DZUSE={(SZ(LB+1)-Z(LB)1/1ZILB+]1~Z(LB))
SPSI(LB+1)=PS1(LB1+DZUSE*DPS § SPH(LB+1)=PH](LB)+DZUSE*DPH
SZDENC(LB+ 11 =PROEN(LB} +DZUSE *DNZ
DZUSE=(SZ(LB+2)-Z{LB)}/1Z(LB+11-Z(LB1)
SPS1(LB+2)=PS](L_B}+DZUSE*DPS $ SPHILB+2)=PH!(L8)+DZUSE *DPH
SZOEN(LB+1)=PRDEN(LB) +DZUSE *DNZ
JUMP35 CONTINUE
CALL JORBIT(SZ,SPS!.SPH)

DO LOGP70 L=1,LZ

[FCL.GT.LB+21 GO TO LOOP70

{F(MIDPLANE.EQ.! .AND. L.GT.!) GO TO LOOP70Q
CALL ORBITI(L}

DO LOOP7Q J=2,JvI-1
v22=VelJ)«OVPOTa (L}
IFtvZ2.GE . VMAX]+*2) GO TO L0GP7"
VZ=SQRTI(vZe)

DO LQOOP40 Ju=J,9VI

J2=dJ
LOOPYO IF (V(JJI.GT . VZ) GO TO JUMP4Q
JUMPHD VRAT=(VZ-VIJZ=-1)1/7IVIJ2)-VIIZ=-11)

DO LOOP70 [=1,ITH

ZB=ZBOUNCE(!.J) & [F(ZB.GEL.ZILZ)! GO TC LOOH70
IF(ZB.LE.SZ(L i GO TO LOOP70

COSZ=VCOS(.,J4ivVZ -

DO LOOPHS [1=2,1THS
12=11
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2694 LOOP4S 1F(SCOS(I[).LT.COSZ) GO TO JUMP45
2695 JUMP45 CRAT=(C05Z-SCOS(1Z-1))/(SC0OS(1Z)~-SCOSt1Z-1))

2696 SRC=CCEX=0.
2697 IF(ZBEAM.LT.SZ(L)) GO TO JUMPS0
2698
2699 DO LOOPS0 NS=1,NSOR
2700 EJ=EXVIJZ-1,NS)+VRAT* (EXV(JZ . NSI~EXV(JZ-1,NS))
2701 E2=EXT(1Z-1,NS)+CRAT+(EXT(IZ ,NS)-EXT(1Z-1,NS))
2702 SJU=SJUCURINS + (SUI INS}+SICXINS 1) *SZDENIL )
2703 SRC=8SRC+SJ*E1*E2
2704 CCEX=CCEX+SJCX(NS)
2705 LOOP50 CONTINUE e
2706 SRC=AMAX1(SRC,0.)
707 JUMPS0 CONTINUE
2708 SSt1.,J3=5S¢1.J)+DTAULI,J)*SRC s
2708 CCX{1,J1=CCXUI . J+DTAUL],J) *CCEX
2710 [F1ZB.GE.SZ(LZ)) GO TO LOOP70
2711 IF1ZB.GE.SZ(L+1})) GO TO LOOP70
2712 IF(MIDPLANE .EQ.1) GO TO LOOP70
27:3 © SRC=CCEX=0.
2714 [F(ZB.GT.ZBEAM) GO TO JUMP35
2715
2716 D0 LOOP55 NS=1,NSOR
2717 E1=EXVIJZ-1 NSI+VRAT*(EXV(JZ ,NS)-EXV(JZ~1 NS} eading
2718 X1 ITHS,NS)
2719 LCURINS) + (SJI (NS)+SJCX (NS ) *SZDENLL )
2720 SRC+SJ*E1*E2
.e7el CCEX=CCEX+SJCX (NS}
2722 LOOPS5 CONTINUE
2723 JUMPSS CONT INUE
c7eH SSt1,J1=SSt1,J)1+EDTAUCT,J) *SRC
2725 CCXtI,J1=CCX (] ,J)+EDTAUC] ,J)*CCEX
2726 LOOP70 CONTINUE
2727
2728 DO LOOPBO J=!,Jvl & DO LOOP8B0 [=1.ITH
2729 1F(TAYtE,U).LE.0.00) GO TO LOOPBO
2730 SStI,J1=SStl,Jr/TAULT. U
2731 CCXti,h=CCxtl,uy/TAULT, 1)
2732 LOOP80 CONTINUE
2733 CALL TIME2(S)
2734  JUMP80 CONTINUE
2735 C.... ELECTRON SOURCE FROM [ON SOURCE +2scesense
2736 CALL QVSET(0..ES,JV?
2737 DO LooP8t J=1,Jvl % DO LOOPB! I=],]ITH
2738 LOOPB! ES(J)=ES(J}+ . 5°TINT(])*SSI,J)
2739 C.... SOURCE DIAGNOSTICS cerevescon
2740 ESENK=£SCUR=0.
2741
2742 DO LooOPB2 J=1.JV
2743 -ESCUR=ESCUR+2*VINT (J) *ES(U)
2744 P ESENK=ESENK+2°VINT (J) *ES (1Y) V2 (J)
2745 L 00P82 CONTINUE
2746 IFtESCUR.GT.0.00) ESENK=ESENK*® .5*EMASS/ (¥ SCUR:ERGTKEY)
2747 SCXL2=Z12)~8ZDENI11TCX & SCURLZ2=Z(2)<iTCUR«(TYI+TCXI*STDENI)
2748
2749 DO LOOPBS L=2..i-
2750 IF(SZ(L}.5T.2BEAM; GO TO 1.OOPBS
2751 DZUSE=SZ(L+1)-SZL~i}
2752 SCXL2=SCXL2+DZUSE<SZDENIL )+ TIX PSS (L}
2753 CURL2=SCURLE+DZUSE* tTICUR+ 1 TUT+TCX *SZDENCLI)Y PST (L)
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2754
2755
2756
2757
2758
2759
2760
2761
2762
2763
2764
2765
2766
2767
2768
2769
2770
2771

LOOP8S CONT INUE

SCX=SCXL=SCUR=SCURL =SENK=0.

DO LOOPI0 J=1,0vl % DO LOOPS0 I1=1.1TH
SCX=SCX+TINT () *VINT(J)*CCX(1,J1*F (], N
SCXL=SCXL+TINLII)*VINL(J)*TAULL,J)*F(,J}1*CCX(],J)
SCUR=SCUR+TINTI[)*VINT(J)*SS(], N
SENK=SENK+TINT (1} *VINT(J)*SS(],J)*V21J)
SCURL=SCURL+TINLUII*VINL(J}*TAUCE,J)*SSUT, P

LOOPI0 CONTINUE

SCXL=SCXL*BvD/B0 $ SCURL=SCURL*8v0/B0
SCXL2=SCXLa2*BVD/B0 $ SCURL2=SCURL2+*BV0/BD
IF(SCUR.GT.0.00) SENK=SENK*, K 5¢AMASS/ (SCUR*ERGTKEV!
TAUSRC=DEN/ (ABS(SCUR} +ABS(SCX) + | .E-90)

IF (KBUG.EG.0) RETURN

CALL PEEK2(aSOURCE ZBOUNCE!I,J)a,ZBOUNCE, [TH,uvD)
RETURN

END
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2772 SUBROUTINE SSTEST

2773 C.... TEST FOR STEADY-STATE. IF K35FS=! OR LARGER,

2774 C.... KSSPASS IS INCREMENTED EACH TIME SS TEST IS PASSED
2775 C.... [F N REACHES NSSMAX, KSSPASS IS SET TO 3 TO FORCE NEW INPUT.
2776 C.... KTTY SET TO ] WHEN SS TEST PASSED TQO GET

2777 C.... TTY QUTPUT FROM SR. TTYINT

27178 USE BACOMM

2779 DATA NRUNS/D/

2780

2781 IF (NRUNS.EQ.NRUN) GO TO JUMP10

2782 NRUNS=NRUN

2783 KSSPASS=KSS=D

2784 TSTART=TIME $ NSTART=N

2785 NTEST=N+20

2786 JUMP10Q CONTINUE

2787 TO=TN $ DO=DN $ EO=EN $ DLO=DLN

2788 TN=TIME $ DN=DEN $ EN=ENKEV $ DLN=DENL

2789 IF(N.LT.NTEST) GO TO JUMP20D

2790 ESLOPE=AMAX] (ABS (DN-DO) /DN, ABS(EN-EQ) /EN)

2791 IF (MIDPLANE ,EQ.D) ESLOPE=AMAX] (ESLOPE,ABS(DLN-DLO}/DLN)
2792 ESLOPE=ESLOPE *AMAX] L TAUSRC ,TAUI I, TAUDRAG) / { TN-TQ)

2793 IF(ESLOPE.LT.EPSSS .AND. KSSPS.GT.Q) KSSPASS=KSSPASS+|
2794 IF (N.GE .NSSMAX) KSSPASS=3

2795 [F{KSS.EQ.KSSPASS) GO TO JUMP20

2796 KSS=KSSPASS § KTTY=]

2797 IF{KSSPASS.EQ. 1) NTEST=N+,1*(TIME-TSTART)/DTIME

2798 IF (KSSPASS.EQ.2) NTEST=N+20

2798 JUMP20 CONTINUE

2800 RETURN

2801 END
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2802 SUBROUT INE SUMMARY (KO}

2803 C.... OUTPUT SUMMARY PAGE TO 10-UNIT SPECIFIED BY KO

2804 USE BACOMM

2805

2806 WRITE(KO,FMTL) N,TIME

2807 FMT1 FORMAT(IH|/oSUMMARY PAGEo,5X,oN,TIME=o,[{5,E16.8,a8ECars//)
2808 WRITE (KO,FMT2) POTENT

2809 FMT2 FORMAT (o DENSITYD,BX,AENERGYD, 10X ,OPOTENTIAL=0.Ei2.5,aKEVD!
2810 WRITE(KO,FMT3) EDEN,EENKEVY

2811 FMT3 FORMAT(2E12.5,a ELECTRONSS)

2Bie WRITE (KO, FMT4) DEN,ENKEV

2813 FMT4 FORMAT(2E12.5,0 IONSO)

2814 FRAC=0. % [IF(DENL@.GT.0.} FRAC=!100*(DENL2-DENL ) /DENL2
2815 WRITE (KO,FMTS) DENL,FRAC

2816 FMTS5 FORMAT (nLINE DENSITY(ID)=m,E12.5,3X,E!10.2,8% ERROR W 2Da}
2817 DENLSQ=2(2)*PRDEN(]}**2 & DO LOOPi0 L=2,LZ-}

2818 LOOPI0 DENLSQ=DENLSQ+{ZIL+1}-Z(L-1))*PRDEN(L)*=2/PS} (L)

2818 WRITE(KQ,FMTE) DENLSO

2820 FMTE FORMATIOLINE DENS!TY SQUARED=D,E12.9)

2821t

2Re2 C.... BETA ETC.

2823 WRI{TE(KO,FMTBAY BETA,BETAMAX,BF (1) ,BVAC(]) ,PSI(L2}

2824 fMTB6A FORMAT{/oBETA,MAX=0,2F8.6/

2825 1 880,8v0=0,2E12.%,080AUSSO/

2326 2 oM[RROR RATIQ=8,E12.5)

2827

2B2B C.... SOURCE QUANTITIES

2829 HWRITE(KO,FMT7)

2830 FMT7 FORMAT(/0SQURCE DIAGNOSTICSA!

2831 WRJTE(KO.FMT7A) ZBEAM,Z(LZ)

2B32 FMT7A FORMAT(0ZBEAM=n,E12.5,0CM0,5X,0MIRROR LENGTH=n,E12.5,0CMo}
2833 WRITE (KG,FMTB) SCUR,SCX,SCUR-SCX

2834 FMT8 FORMAT (oMIDPLANE CURRENT=o,El2.5,2X.nCX=0,E12.5,0NET CUR=n,El2.5!
2835 FRAC=0. $ IF{SCURL2.GT.0.) FRAC=]00*(SCURL2-SCURL)/SCURL2
2836 WRITE (KO,FMTS) SCURL .SCURLZ,FRAC

2837 FMT9 FORMAT(aTOTAL LINE CURRENT=n . E12.5,u(2Dino, X ,£12.5,a¢lD1a,2X,
2838 1 E£)0.2,0% ERRm)

2838 FRAC=0. % [F(ABS(SCXL2).GT.0.) FRAC=100°(SCXL2~SCXL}/SCXLE
2840 WRITE(KO,FMT10) SCXL.SCXL2,FRAC

2841 FMTI0 FORMAT(oTOTAL LINE CX=n,E12.5.00(2D)4,1X,E12.5,001D)0,2X,
284e I £10.2.0% ERRo}

2843 EIL=SCURL-SCXL % E]L2=SCURL2~SCXL2
2844 FRAC=0. % [IF(ABS:EIL2).GT.0.} FRAC=10Q*fEIL2-EIL)/ElLE
284s WRITE(KO.FMTI1) EIL,EIL2.FRAC

2846 FMTLi FORMAT(BNET LINE CURRENT=D,¥12 5,m(20)1u,ix,£12.5.0t1D3a3,2X,
2e47 ! E10.2.8%¥ ERRD)

284B ENTAU1=DEN**2/ (] .+ABS(SCUR-SCX) )

2849 ENTAUS=DENLSQ/ 1] .+ABSIEIL})

2850 WRITE(KO.FMT12) ENTAUI .ENTAU2 .
2851 FMTi2 FORMAT!/oONTAU=u,2E10.2.0 MIDPLANE ,BOUNCE-AVERAGER)
2852 HWRITE(KO,FMT13)

2853 FMT13 FORMAT(/OREACTOR DESIGN QUANTITIESD)

2854 | ELDO=Z127 % DO LOOPIG L=2,LZ-1

2855 LOOP15 ELQ=ELQ-{ZtL+11~-Z(L~1)1/PSI(L)

2856 ELO=ELO+(21LZ1-21L2Z~1)1/PSILZ)

2857 EL!=DENL2/PRDEN & EL2=DENLSQ/PRDEN*:2

2858 WRITE(KO,FMTIS £t.0,ELI ELE

2859 FMT15 FORMAT(oLO,! ,2=0,3E12.5,00Ml)

2860 ELO=ELO/Z(LZY % ELI-EL1/Z1LZ) & EL2=ELE:Z2tL ")
2861 WRITE(KO,FMTI6) ELD,EL!,ELE
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2862 FMT16 FORMAT(OLOD,1,2=0,3F12.6.,0 UNIT S OF ZMno!}
2863 QMF =

2864 HRITE{KO,FMT20) QMF
2865 FMTE0 FORMAT(soQ=n,El12.5)
2866 RETURN

2867 END
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2868 SUBROUTINE TIMEIN(LBIN.NBIN,[OUT)

2869 C.... LBIN STORES BIN LABLE ADDRESS, NBIN ]S NUMBER OF BINS

2870 C.... IOUT [S QUTPUT UNIT NUMBER FCR WRITE STATEMENTS

2871 C.... NCALL [S TOTAL NUMBER OF ©<ALLS REFERING TO BIN

2872 C.... T 1S TOTAL CPU CHARGE AND TAV IS AVERAGE IN SECONDS AND SEC/CALL
2873 C.... A CALL TO TIME] STARTS TIMING ON BIN oNBa WHICH ENDS WITH A
2874 C... CALL TO TIME2(NB). TIMEOUT OUTPUTS TIMINGS TO [-0O UNIT 10UT
2875 DIMENSION LBIN{I0) NCALLC10),TC10),TAVIIO)

2876

2877 DATA CONvV/1.E-B/, [.,J,K.L.M/510)/

2878

2879 NOBIN=AMINO(NBIN,10)

2880 CALL TICHEK(I,J?

2Bl

2882 DO LOOPIOD NN=1,10

2BB3 NCALL (NN} =0

2884 TENMI=TAV(NN}=0.

2885 LOOP10 CONTINUE

2886 RETURN

2887

2888 ENTRY TIMEI(NB)

2889 CALL TICHEKC(],J,K,L .M}

2890 TAV(NBI=K $%$% STORE CURRENT CPU T{ME [N MICROSEC

2891 RETURN

289a

2893 ENTRY TIME2(NB)

2894 CALL TICHEK(],J.K,L .M

2895 TINB)=T(NB)+{K-TAVINB) ) *CONV $$% UPDATE CPU CHARC: [N SECONDS
2896 NCALL (NB)=NCALL(NB)+1 $ TAV(NB)=T(NB)/NCALL (NB)

2897 RETURNM

2898

2B99 ENTRY TIMEOUT

2900 CALL TICHEK(],J.K,L,M) 9 TOTALT=CONV*K

2901 WRITEC(IOUT,FO1) TOTALT,CONV*L .CONV=M

2802 FO! FORMAT(//nTOTAL CPU,]0,SY5=n,3E12.5,0 SECONDSHB/

2903 I o 8IN LABLED,4X,oNO. REFFSD,S5X,oTOTAL CPUB,BX,DAVG CPU/REFFD,
2904 2 4X,ACPU ACCOUNTED #FORm)

2805 S$=0.

2906

2907 DO L0O0P30 NN=],NOBIN

2908 S=S+T (NN)

2908 WRITE(IOUT,F02) NN,LBIN(NN) NCALL (NN),T(NNJ,TAV(NNI, 100*TINN)/TOTALT

2913 FO02 FORMAT(IX,]2.3X.A10,1X,17,5X,E12.5,3X,E12.5.A SECH,10X.F6.2,020)
2911 LOOP38 CONTINUE

esie WRITE(IOUT FOZ) 1Q0*S/TOTALT

2913 FO03 FORMAT(1BX,nlF BINS ARE MUTUALLY EXCLUSIVE, TOTAL ACCCUNTED FOR=D,
2914 4 F6.2,02m)

2915 RETURN

2916 END
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SUBROUTINE TTYINT o
C.... HANDLES TTY INTERACTION

C.... KTTYCON=D,! IS NOT,IS TTY CONTROLLED

KTTY IS FLAG TO ACTIVATE T
USE 8ACOMM
‘ DATA NRUNS, KTTYCONIE(D)/

o

[F.tNRUNS.EQ.NRUN} 60 To WU
NRUNS=NRUN
CALL GOB(2425B,KTTYCON, ! M
KTTY=0

JUMPO CONTINUE

TY OUTPUT WHEN KTTYCON=1

MPO
) $88 SEE IF TTY CONTROLLED

1F (KTTYCON.EQ.0) GO TO JUMP3D
IF (KCHUG.EQ.D) GO TO JUMP28
PRINT FOOA, N,DEN,DENL ,ENKEV,BETA, BETAMAX

FODA FORMAY(IX,[4,2E12.5,2X, Ela
JUMP29 CONTINUE - .
M=1=0 $§ CALL GOB(20018B,!
IFCI.EQ.0) KTTY=1 $3%% A M
IF(KTTY.EQ.0) GO TO JUMP30
KTTY=0
IF (M.EQ.BRENDNOW) NSTOP=N
IF(M.EQ.3REND) NSTOP=NQUT®*
IF(M.EQ.-RFR80) KEEP=-1
1F{M.EQ.4RGIVE) KEEP=0
1F(M.EQ.4RKEEP) KEEP=]
IF tM.EQ.4RCHUG! KCHUG=1
IF (M.EQ.BRUNCHUG) KCHUG=0
1F(M.EQ.4YRPASS) KSSPASS=3

KO=59

5,a0KEV B;2F7.4)

,1008,M) $$% GET MESSAGE
ESSAGE WAS WAITING

C1+N/NOUT)

WRITE{KO.FGI) N,NTEST,KSSPASS,ESLOPE, TIME-TSTART.DTIME

FOl FORMAT(/ON,NTEST=n,215,n

PASS,SS=m,}1,E9.2,2X,0T,0T=8,2E9.2,05ECH)

IF(M.EQ.3RHOW) GO TO JUMP3D

WRITE(KO,F02) EDEN,EENKEV,
F02 FORMAT(@ELEC=n,2E1!l.4,0KEV

POTENT, TIME

0,2X,0POTENT=0,E10.2,0KEVE ,2X,aT[ME=0,E10.3)

WRITE (KO,F03) DEN,DENL ,ENKEV,BETA,BETAMAX

FO03 FORMATI(mIONS=m,3E1l.4,0KEV

WRITE(KO,FO4) TAUSRC,TAUII,

FO4 FORMAT(OTAUSRC, 1! ,DRAG,MAG
WRITE(KO,F0S5} NSTOP,KEEP
F0S FORMAT(aNSTOP=o,15,2X,8KEE
IF(KTCON.EQ.G) GO TO JUMP3
IF(M.EQ.3RIDT) DTSET=2.+DT
IF{M.EQ.3RRDT) DTEET=,5DT
JUMP30 CONTINUE
RETURN
END

BETA,MAX=01,2F 7.4}
TAUDRAG , TAUMAG
=n,4€9.2}

P=a,12)
0

SET
SET
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2965 SUBROUTINE UFIELD

@966 C..., UFIELD UPDATES BF, MAGNETIC FIELD

2967 C.... UFIELD CALLS POTSHAPE,UPDATE PHI OF FSI, AND PRESSURE FOR PPERP,PAR

2968 c.. .. KUF IS INPUT FLAG FOR THIS ROUTINE
C

2969 .. KUF=0 NO UPDATE OF FIELD, BUT BVAC IS DIAGNOSED W BETA= BETAHAX
2970 ..., | BF AND BVAC REL.ATED VIA LONG-THIN APPROX
2971 ... 2 BF HAS SAME SHAPE AS BVAC BUT DEPRESSED AT CENTER
2972 USE BACOMM

2973

2974 IF(KUF.GT.0) GO TO JUMP20

2975 € .. DETLRMINE OPTIMAL BVAC FOR BETA=BETAMAX

23876 CALL POTSHAPE

2977 CALL PRESSURE

2978 BETA=BETAMAX

2979

2980 DO LOOPIO L=],LZ

2981 BF (L1=BOMIN*PSI (L)

2982 BVAC(L1=SQRT(BF (L} *+*2+8*P]*PPERP!L))

@983 LOOF!0 CONTINUE

2984 GO TO JUMP10O

2985 JUMP:'0 CONTINUE

2986 C.... :YETERMIN BVAC OF B

2887 T ALL PRESSO $%% GET PPERP AT MIDPLANE

2988 uF=BVAC**2-8*P] *PPERP

2389 IF(BF.LE.D.) CALL ERR(nF[ELD REVERSAL??1)
2990 BF=B0=SQRT(BF )

2991 BRAT10=BVAC*BRVAC/BF

2992 SCALE=(BRATIO-1)/(PSI(LZ)-1)

2993

2994 DO LOOP20 L=1,LZ

2995 PSI1(L)=PSI1(L)*SCALE

2996 PSI(L)=PSIl(L)+]

2997 PSIHILI=SQRT(PSI(L})

2938 BF (L)=BF*PS] (L}

2999 1.O0OP20 CONT INUE

3000 CALL POTSHAPE

3001 CALL PRESSURE

3002 B8ETA=PPERP/ (PPERP+BF * *2/ (8*P1))

2003 [F(KUF.EQ.2) GO TO JuMP2l

3004 [FI(BETA.LE.O0.1) GG TO JuMP2l

3005 [F (BETAMAX-BETA.GT.DBSTOP*BETAMAX) GO 10 .JuMP21
3008 NSTOP=N

3007 WRITE(3,F00) $SF00 FORMAT(DBETA TOO CLOSE TO BETAMAXE)
2008 CALL SETCHCi0.,32.,0,0.2,0.0)

3009 WRITE(100,F00!

3Cti0 IF(KTTY.EQ. 1} PRINT FOO

3011 JUMP2! CONTINUE

3012

2013 DO LOOP2S L=2,LZ-I

3014 BVACIL)=SQRT( BF (L)**2+B*PI1*PPERP(L) )

2015 IF(KUF.LE.1) GO TO JUMP2u

3016 C.... FORCE BVAC AND BF TO HAVE SAME SHAPE

3017 S8VAC(L)=(BF (L)-BF (1)) /{(BF(LZ)~BF 1)) *(BRVAC-1)
3018 BVAC(LI=BVAC(!1*([+BVACIL)) .
3019 JUMP24 CONTINUE

3020 ZiLy=ZtL-1)

3021 IF¢BVACIL).LE.BVAC) GO TO LOOP25

3022 LZIL)=Z0FBV(BVAC(L))

3022 LOOP2S CONTINUE

3024 C.... TEST FOR MIRROR MODE STABILITY
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3025 DO LOOP3D L=2,L7
3026 LOOP3D iF (BVAC(L-1).GE.BVACIL]) CALL ERR(GMIRROR MODE UNSTABLE UF iELDR)

3027 CALL BTERMS

3028 JUMP100 CONTINUE

3029 DO LOOP{QO L=1,L2

3030 LOOPI00 PSIVAC(L)=BVACIL}/BF
3031 RETURN

3032 END
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SUBROUTINE ZGRID
C.... KZGRID=0 FOR PARABOLIC WELL
C.... 1 FOR LINEAR WELL, USUALLY FOR DEBUG PURPOSES
USE BACOMM
EVEN=(BRATIO-1.)/(LZ-1)
IF (PMESH.LE.0.00) PMESH=.67%(COSS(ITH-11/SINNCITH-11)*42/EVEN
PMESH=AMIN] [PMESH, ] .00)
RAT=1. $ CALL GETR(PMESH,LZ,RAT)
PS11t1)=0. % PSIIt2)=EVEN*PMESH $ PSI|(LZ)=BRATIO-1.
DO LOOPIQ L=3,LZ~1
LOOPIO PSIH(L:=PSI](L~-1)+RAT*(PSI1(L-1)-PSIl{L-2})
IF(PSI1(LZ~1),GE.PSIIILZ}) CALL ERR(OBAD GRID ZGRIDID) !
Zil1=0. $ Z(L.Z)=ZLENGTH
IF(KZGRID.GT.0) GO TO JUMP2Q
C.... KZGRID ZERO CAUSES PARABOLIC WELL TO BE CONSTRUCTED **s»

DO LOOPIS L=2,LZ-1
LOOP1S Z(L1=2(LZ)*SQRTIPSII(L)/PSL1(LZ))
GO TO JUMPSO
JUMP20 CONTINUE
C.... CONSTRUCT LINEAR MAGNETIC WELL **sssrss
DO LoOP22 L=2,LZ-1
LOOP22 Z(L)=Z(LZ)*PSII (L)/PSI1{LZ)

JUMPS0 CONTINUE
PSI(1)=PSIH(1)=1.00 $ PSI(LZ)=BRVAC=BRATIO $ PSIHI(LZ)=SQRT(BRATIO)

D0 LOOPS0 L=2,LZ-1

PSI(LI=PSI1(L)+1.00

PSIH(L)=SQRT(PSI(L}}
LOOPS0 CONTINUE

DO LOOPSS L=j,LZ-]

BZ(L)=Z(L+1)-2Z(L)

IF(DZIL!.LE.0.00) CALL ERR(pnBAD ZGRID3m)
LOOPS5 CONT INUE

DZ(LZ)=DZ2(LZ-1) $ BO=BVD

DO LOOPEO L=1,L2Z

BVAC (L) =BF (L)=BVO*PS] (L)
LODOPB0 PSIVAC(L)=PSIIL}

RETURN

END
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3075 FUNCTION ZOFBV(BV)

3076 C.... GET Z FROM VACUUM FIELD, 8V

3077 C.... BVAC ASSUMED QUADRATIC (N Z BELOW

3078 USE BACOMM

3079

3080 ZOFBV=Z(LZ)*SQRT U (BV-BVAC)/ (BVAC(LZ)-BVAC) 3
3081 RETURN

3082 END
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