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A numerical method is presented for the rate egquation which is
ffequently met in the problem of impurities. Although the rate equations
are solved in some articleslm3), in the present paper, we present a rather
simple method and show numerical results for carbon, oxygen, irom and
molybdenum impurities, since the present method is quite useful when we
incorporate the effect of heavy impurities in the one~-dimensional Tokamak
transport code

The ground-state population densities nj (k denoting the ionization
stage) of impurities in dilute plasmas (say, Tokamak plasmas) are determined

by rate equations of the form:

dn

d—f = nelag-1nk-1 - oknk) - ne(Bk—lnk-‘ Bknk+1) (1)
(k=1,2, ..... , K |
with
ag = By = o = B = 0
Here, n, is the electron density, a the collisional icnization rate

coefficient, R the radiative recombination coefficient. The three-body
recombination is not included, since we are considering a dilute plasma
in a Tokamak. For example, for oxygen nine such rate equations exist
(k=9) | | | |
The system of Egs. (1) for k=1, 2, ..., K can be solved.numerically
by the Runge~Kutta method. However, if we adopt the Runge-Kutta method,

we must choose a time mesh smaller than the minimum ionization time. The
ionization time (vl/n_a) depends strongly on the electron temperature Te
and varies on a wide range. For example, for ng, = l(_)lg-cm_3 and Tg = 10 eV
"~ 1 keV, the minimum ionization time of oxygen, which corresponds to the
jonization from the stage k = 1 to k = 2 for T, = 100 eV, is about

5% 107 sec. It is clear that the Runge-Kutta method requires. too much
time. Then, we solve the eigenvalue equation of Eq. (1) instead of Runge-
Cutta method to avoid a too much small time mesh.

The eigenvalue equation of Eq. (1) is written by
Moo= aE . (2)

Here the matrix A is of the form:



JAERI-M 6401

~ =~
-0 81
(o 3] -0o—B1 82 0
ap ~a3=87 B3
A = — s S A ———
og-1  ~ortBr-1 Bk
0
ap-1 ~Br-1

"~ - (3)

which is a non-symmetric tridiagonal matrix.

Tt should be noted that A is the Jacobi matrix since o By > 0. By Sturm's
theorem, it is proved that all the eigenvalues of the Jacobi matrix are
real and non—degenerate“). Then, we get the eigenvalues by the bi-section

35
method®) . We write eigen vectors &y in the form:

> t—)'
tm = e Xy (4)

We seek ;ﬁ by the inverse iteration method®) . If eigenvalues and eigen-
vectors of the system were found the solution could be written as
K
: Amt
W etme, | (5)

=1 n=1,2,..., K

where xén)'s are elements of the vector %m. The initial condition gives
the coefficients cp's if we solve the system of linear equations.

In the present numerical calculation, we employ the approximéte
estimation given by Hinnov7) for rate coefficients of ionization and

recombination «, B. That is,

- k+1 "3/2
ap = 5.9x10 8 QK (Ek ) /;; Kl(xk) s [em3/sec]
B = 5.2 x 10714 k-x3/2-Kl(xk)exk . [em3/sec]
K+l ¢ > ®
e = B xg/Ta » (T, : in eV)
0 e_t 4
Kl(z) = [ S t , o /

z
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where q is the number of valence electron in the outermost shell, EE+1 is
the ionization potential in rydberg unit to ionize the stage k to k+l and
Xy = 13.59 eV. Only ground states are considered and the dielectronic
recombiﬁationg) has not been included in Eq. (6). Ionization potentials
in Eq. (6) are fererred to Lotzg) for carbon, oxygen and iron impurities.
The data for heavier atoms, especially in multiple ionization states,

are less adequately known, and in many cases may be only roughly estimated.

7)

Here, we use the estimation of ionization potential given by Hinnov for

molibdenum impurities. Ionization potentials E§+l-xH and the number of
valence electrons q, are listed in Table 1.

Numerical examples for carbon, oxygen, iron and molibdenum impurities
are shown in Figs. 1, 2, 3 and 4, respectivély. The abscissas in the
figures are normalized time which is the real time multiplied by the
electron density, ﬁet. Impurity densities nk are also normalized by the
initial density.of neutrals. At t=0, only neutrals (say, CI) have densi-
ties and the solutions of rate equations show time developments of
impurities in various states for specified electron temperature.

The list of program used in the present calculation is appended to the
paper. In the program code, the bi-section method was developed to the
case when the tridiagonal matrix is nonsymmetric.

In conclusion, we thank the members of theoretical group of the

division of thermonuclear fusion research in JAERI for their fruitful dis-

cussions.
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Table 1 Tonization Potentials and Equivalent Electrons
CARBON OXYGEN TRON MOLIBDENUM
Bp(eV) | qp | Er(ew) G | Ee e | af B (eW) G
1 11,260 2 13.618 4 7.870 2 17.184 1
11 24,382 1 35.117 3 16.182 1 43.314 5
I11 47.883 2 54.900 " | 2 30,651 6 74.365 4
v 64,492 1 77.413 1 54,8 5 109,141 3
v 392,084 2 113.902 2 75.0 4 146.962 2
VI 489,980 1 138.115 1 99.0 3 187.339 1
VII 739.327 2 125,0 2 230.163 | 6
VIIL /| 871.390 1 151.18 1 275.027 5
IX / 234.87 6 321.794 4
X /| 262.0 5 370.328 3
X1 ] ] 17250.3 A 420,493 2
XII / /1 330.8 3 472,154 1
XITI / / | 361.0 2 525.311 2
X1V / / 392,2 1 579.963 |.1
XV / / 457.0 2 635.838 110
XVI / / 490.C 1 692.937 9
XVIL ] 1265.0 6 751,260 8
_ XVIII 1358.0 5 810.806 .| 7
XIv / / 1456.0 4 871.430 6
XX / / 1582.0 3 933.025 5
XX1 / / 1689.0 2 995.834 4
. XXIT / / 1799.0 1 | 1059.458 3
XXIII / / 1959.0 2 | 1124,171 2
XXIV i / 2045.0 1 | 1189.834 1
XXV / i 8§828.0 2 [ 1256.450 | 6
XXVI / / 9278.0 1 | 1323.881 5
XXVII / / 1392.128 4
XXVIII i / /| 1461.327 3
XXIV / / / | 1531.341 | 2
XXX / ] 1602,171 1
XXXI / / 1673.816 2
XXXIT / / / 1746.142 1
XXXITT / / / 3928.955 6
XXXIV / / / 4163, 469 5
XXXV ] / / 4404, 780 A
XXXVI / Ji 7 4652.883 3
XXXVII / / / 4907.795 2
| XXXVIII / / / 5169.499 1
XXX1V / / / 5438. 000 2
XXX - ] / / 5713.299 1
XXXI |/ / / 21752.000 2
XXXXIT 22853.195 1
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FACOM 230«T75 (MT7) FORTRAN=[ =T5GT15= V0

o

g*ib%ii*ﬂ***%*%**#i{**!#%*44***%*!**&**&***
<

C P w0 R AM AT EE W

<

{. CGDEL By Te ANANG AN
< CODED G SER, 15 197
C

. ¥* PURPOSE [0 SULVE Thk RATE EHUAT
£ CAREONY UXYaENs [RON ™
< * METHOD SOLVE THE ELuEN VALUE @
o A TRIDIAGONAL MATRIX I3
C HOLDER METHOD.  EIGEN v
“ SECTION mMETHUD. INVERS
C VECTURS,

-

(**il&**il*fi&%*l*&*#i**iii*ilEﬂ%*#*ﬂ*i*t**
4
LUGICAL CARBOM UKy SEN EROLWMDLILB
LUGtCAaL PLOTT
DUURLE PREZISILN baByvia
DOURLE PRECISIUN
CUMMONZ CO T M CABORK OXYGEN RO MOLTB
ComMINFETW /ECYU) YL EO0150) « DR IH0) 130X
CumMin/CMF FACHOB0U) +BEDT . 5L)
COMUN s DR A AALFALH0) «BETALSG)
COMMONSREPLT/THC2CU) + YOR (53U 200D
COMMINSPLTANPLOT
SAMBEL ST ARATEZCARBON DX Y AEN o [RUNVHIL ]

DA SOA

cun AN = ELECTRON Dri$llyvs TE = ELECTRON TE

A=, 0EL1,
capl, PLTISKT
PLOTT=.FALSE .
[t
eI rn
MPLOT=106

Bty CUNTIniE
CAMBINE FALSE .
OhyGEN=  FALSE,
FHUN= FALSE .
Mol 1=, FALSE,

*
*

INPYT DATA ¢ wAaMELIST 1S uskEDy

CANEIN === UGICAL Ir CArD TR

TR

O st === LuGloal
15 SOLVED.
153 ammenm L0 CAL IF lRue=, Truk
KoLVEL
17 ML= TRU
. RERFIVIEI B WO
RUAR mmemm ELFCT1C LA GE hpvBed 4
KM w———— Lhlmud lualeaT ol STAGE
CLF el TuMI aTlun STAGE
JUNTERED 1Uny) Ane (NS
WBLUE emm= e GF PLUETER 00THT
DLOTE == LG TLAL e VLT T=. Fit

ML LY =me= o AL

[ ol W W T S o BV i S AN A Sl A

_.13._

s=L03 TS5.11.25 PAGE 11
MATOO0LO
EEAREERTAREER SRR RN naMAI Q0020
: MA 100030
«“A 00040
MATOQO3C
wooM OKAMOTL MA 100080
5 MATOUOTS
MATOQQB0
[ON FUR {MPUR{TIES. MA] 00090

MATQQ100
MATOO110
MA[00120
MATDG130
MA[QUL&D
MA[OULS0
MATOO0L160
ARERNN RN R ARG R R e n®MATOOLTD
MATQ0180

MAL00190

MA 100200

MATQO210

MATOD220

MATCQ230

MAT00240

MA10025C

MA100260

MAT002T0

MAT00280

MAT0G290

MATC0300

MAIDO31G

MATG0320

MA Q0330

MA10U340

MA1C0350

MA|0GI60

MATQG3TC

MATp0380

MATQO390

T MATO040C
MATGO410

MA Q0420

MATQDG3C

MA Q0440

MATQO450

LE o sHATE EwUATICN. Five CARKN MATQTABD
MA|OORTC

UL RATS ERUATION Foi OxyGFa MATQDAGBOU
MAT0049C

Ieow 18 MATQUS00
MATDOSIL

Les HATE EGUATION FOR w0LIH- MA100520
Eir, MATOUS 3L
1 (CAwnGliz, TRIE .0 KMARETY  ™MATG0540

arICH [ CNS 0t RED, MATODSSC

S ( FROM NEUTRALS TO FULLY MAIQQBED
DEREL Y v ln=l,) MATOUSTG
MATQOhE0
MATOUSFC

GLLADEMUS  ANE AvalLABLE,

KOB{ EM,

GIVEN RBY GIVENS adD HOUSE-
ALUES Axt OBRTAINED Ry Rl=-

E ITERAT[ONS GQIVE EIGEN

(50

BaXMAX L L NG LPLOT(PLOTT

MPERATURE

VHHATE FmpTATION #0R

Ees ThE FLOTTER SOUTIRES
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24
25
26
27
23
29
El
31
32
33
34
3%
36
a?
38
39
4
41
42
43
44
&5

LX)
48
49
50
21

53
249
25
56
57
28
39
40
&1
62
€3
b4
&5
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67
63
69
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230~75% (~7) FURTRAN=-D =T5uf15= VOB=LOD To.11.2n

WORK L

éu. [OMIZATION AND RECOMSTNATION RATE COEFFICIENTS FOR CARBON

C

160

501

200

502

503
450

504
400

£99
700

¥9

98

READLS+RATE »Erm=4000 ENL=5000)
JF(CAABON) GO 10 100

IF COXYGEN) GO TO 200

IF¢IRON) GO TO 300

1FerQLIBY 30 10 450

GU T 4000

1F COXYGEN) GO 1O 4000

IF(14%uN) GO TG 4000

IF(maLIBY GO TO 4000

wkITECH4S01) ’

FURMATLLRL 2774724477010+ C & R B O N'S/2IfIFEEFT)
GU T9 400

[F{IRONY GO TO 4000

IF(MOLIBY GO 1O 400D

AR[TECH502)

FORMATILHL £/ /44 £ 711 210%000 X Y G E N fi£HELIEEE)
GU TO 400

TF¢MOLIBY 50 TO 4000

WRITERE«503)

FORMAT (LAY o /27470777 EvAChV L B O NONJHIFFILFINY

GO T 400 i

ARITE(H1504) )
FORMATCLHL WA Z 207840 FF010% "M O L 1 BYIAIIfIFi )
CONTINUE

WHITEL(E1699) ~oLOT

W TE (B 700D
FORMAT(LIH ! #%  PLUTTER NO #*#'[10)
FURMAT L/ /1M o #%  [mFUT DATA  #w'/)

wH [TE{6+RATE)
K[ hl=KMINe]l
LMAY | =RMAX=]1
KM=k AL=KM N+ 1
NEKMAX

tMlxl

iz
A=l ,JC13

DUTE=1.0

L0 30u0 MTi=l.s

DIE=N,0

DU AD0U mMT2=147

DTE=DTE+DUTE

TL=DTE*10,0%%M71

[F(YELGE,30003) GO TO 300
SRITECO.99)

FORMAT L1HL)

wr]TELOW98) TE .

FORMAT(/1r o TE =" 1PEL2.34" EV')

C
C++ CALCULATE RATE COEFFICIENTS

-

C
3

ALFA = JONT2ATIONY BETA = RECOMBINAYION

DG 3 KTl oRMAX

OXLK Y=Y DD .
URLLI=l k1

TF(CARBON) CALL CHATECTE)
LF(DYYOEN) CALL ORATELTE)

—_ 14 —

MA 100600
MAIQO&LG
MA 00620
MA] QOB 30
MA 1 ODE40
MATC0650
MA[ Q0660
MATQOKTO
MA1QO680
MAT00690
MAT00T00Q
MATQOTICQ
MATQ0T20
MATOCT30
MATIQOT40
MATOQT50
MA10QT6C
MAICQTTO
MATDCTSC
MATCOTIC
MA 100800
MATDCE10
MAIC082C
HAT0083C
MA100840C
MA100850
MA10086C
MATQO8TO
MA 100880
MAI100B90
MA100900
MAT00910
MA10092C
MA 100930
MATG094C
MAJ00950
MAT00960
MAT009TC
MA (0980
MA Q09930
MA101000
MATQ1010C
MA Q1020
MAIGL1030
MAICLOLD
MA101050
MATQLO60
MATQ1070
MATOLO0BQ
MATQL1090
MA101100
MATOL110
MATOL1120
MATD1130
MATO1140G
MAIOL150
MAIQL116G
“ATQLLTO
MAT01180Q
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79
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43
Bk
65
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71

92

93

94

95

96

57

98

¥9
luQ
101
ioz
103
pReLY
105
10&
107
108
i09
110
111
112
113
114
115
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117
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FACOM Z3U=T5 (MT)  FOKTRAN=D =T5ufl8= VOu=LO5 T5.11,24 PAGE 13
)

IF¢TRONY  CALL FERATECTEY AA1p1190
THAMLERY  CALL MUKATE(TE) MATU1200
4 MATOLZ1G
CH% FORtM A TRIDTAGOWAL MATR s MATO1220
. MATGLIZ23G
Mg 10 [=)]akMAK MAIQLl240
BUO3T JEIaKMAR MAIR1250
10 501y 0320, MATD1260
DG1 T=2aadAX] MA[QL1270
LCield==CALFAC]I+BETACL=122 MA1 012806
ACLaI=l)=ALFACI~1) MATULZ90
avl l+li=beTAlL MA101300
1 CURT INUE MATQL310
A{leldm-ALFALL) MA[O1320
ALL.22= HBETA(L) MATO1330
ACRMAXAKMAXLII=ALFA{KMAAYLY MATQL1340
ACKMAK CKMAZ) =SB TA(KMARLY MA101350
DG 2 1= WKHAX MATD1360
) 2 J=lekMAX MATOL3TO
2 ALLaJ¥=A(] W JYHAN MA[QL1380
o MATO1390
c#% E1GTH] SULVES THE ABOVE TRIUDIAGUNAL MATRIX, MATD1400
C Fiycll 15 ENTRY In E]GTRI MATQ1410Q
T MAT01420
cALL EIGTRI(kMaLF) MATO1430
l=0.u MATDL440
CaLL FUCTLEDT vinlamg) MALQL450
M) 5 [=m1eKMAX MAIOL460
5 TF(DABR{DXA{I2) LT.L,0) OX({}=U.U MATG14T0
wHITE (614302 LTadCalldl=lN) MA[D14BC
sll=0,uh MALDL490
1T==4,0% MA[GL50C
JirAKmify MAT(O1510
B0 303 J1=l.a14AX MATQL520
TI=1T+0TT MATOLS30
=0 useTT MATQL1540
Capl FuCIl{DT 1Ml em2) MATOL1550
DG 4 [=1+KMAX MAIDLS6Q
4 JF(DARS(OX([)).LT, 1,00 Du(ld=0.0 MA[DLSTD
T J1)=2D1 MATD158Q
(M) 51 =1 .KMAx MA[DL590
31 YOA{X 1 )=SNGL (DX {n)) MATOL1600G
TF{BLOTTY GO T2 1110 MALOLELC
WHITE(A1430) LT (I 1=1+N) MATO1620
1110 CONTINUE MAT{Q1&30
430 FORMATCLH 2 1PEL0,301P9E12, 3444101 4 10X41F9E12,3)) MATD1640
305 CURTINUE MATOL1650
CALL PLTRE(TE «KMax« J1MAX) MATD166Q
3000 CONTINUE MATOLETO
G T s00 MAIUL1680
4000 %RjTECOV4001) . MA1Q1869C
4001 FURMAT{///v1H ! ey HATA NO |KEXATA N[ AYAMAR] GA ARU wex TIMATOLTOV
5000 CALL PLTERD MATO1710
sTOP MA101720
EWw MATQLT30Q

—_ 15 —_
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PACUM 230-T8 (MT:  FURTHAN=L =7507L5= VOb=L05 T.11. 28 HAGE 1
® SOUKCE STATERERT +

1 SUBROUTINE CRATE(TEY CHTQQO10

[ CRTOOQ02C

¢ TE = FLECTRON TEMPERATLRE (EV) CRTGO030

I v = [OKIZATION (CHMue3/5cC;, 2 = RECOMBINATION (CMa+w3/SECY CRTOOD4O

C FEOM B, hINNUYe MATT=TT (19700 . CRTOOO5C

4 CRTCOOEQ

2 COMMONFURASY £D0Y o L ¢(50) CRTOOOTO

3 DIMFHSION QJ{niE106) e£2¢03 CRTOOO8G
4 DATA KMAX KMAXL/T va/ CRTQGO90 .
5 DATA Gd/2,0vl.092,0:1.002,001,0/ CRTOO100 )

) DATA BE1/ 0.82%e  L1.793s  3.521s  w.743s 28,333, 35,031/ CRTOO110

7 DATA ¥2/ 11,266y 24,3 Ty 47,864y b4, 6T64391, 7060685, 840/ CRTDQL20

8 O 6000 k=l eKitaX] CRYQCO130

G At g () 4T CRTDOLAG
10 TF{Xmg,0) 10410020 CRTQQ150 l

11 20 ArGg=a,U/X ’ CRTQO160

17 RES= (L (0, 0009442 TnlanaRG=0,0049362007)%ARG+0, 011723273} CRTQOLTO

1 WA Gm0, 01 T555T 19 #ARGHUDZ0412099 ) #ARG=0.022951979) CRTQG180

? HARGHU, 031204501 ) #aRG=) 00209828 KARGHD . 249999992 #ARG CRTQO1%2

b *i=x . : CART0G200

1 IFex2,6T,172.0) X2=72.0 CRTGO210

1% VIR =S FE = hD (R # (], O (FLARIRSURTCEL(RIDI I HSURT (A #RESHEXP (=)  CRT(0220

16 Z4R)=5, 2F =  4#F L DAT(K) #ARSuNT (RIRRES CRTOG230

17 GU Ty &000 CRTOO24C

14 10 RESz-ALOGL{ARS{A) )= ((CLisf (4 {{{D,10317602E=11#%=0,15798675E~10)xX CRT0Q25(¢

1 40 leM 6592 =) #X =, 019156370 =0)£+0,27435530E=Trnx CRTQQ260

» (3012622 iEmb) RX+0, JCHFHUHOE=2) #Xo0, 28 3ATHIOL=4) #y CRTQE270

4 U238 AERI)I A= NUL1ERKEINE JHA+U, 010816667 ) RX CRTOG240

4 — 055 SRR 20w 40, 250 RA=1, U wA~0,5TT21580 CRTQ0290C

19 Yind=h FE-HREJ{KI#{L 0/ CELLRI#SUHTLEL(R) NI ) #50RT (L) #RES CRTOG3I00

20 AR5, 26— 48F) 0AT (K #X#SuHT (x) #RESHEAP (X) CRTEO3LE

21 BOOG COLT I NUE CRTO0320

22 QRTUKN CRTD0330

23 Bel2 CRT0Q340




s i

* SOURCE STATEMERT #*

13
14
15
146
17
18

13

21
22
23

JAERI-M 6401

FACUM 23U0=75 (MT)  FURTKAN=U =750715= V0Oe=LUD 15.,11.28 PAGE 15

aaN aEalal

SuBROUTINE ORATF(TLY

TR [ ZATTON AND HECOmshINaT [0 RATE COEFFICIENTS FOR OXYGEN

TF = ELECTRON TEMEERATURE (EV)

v o= IONIZATION (CMe#3/SECY. 2 = RECOMBINATION (O a#3/5EC)
FROM B HINWUV s AATT=TTTL19707.

CUMMONAORAZY (30U oL (20)
DIMEANSION JCa) s FL1(BYWEZLRY
DATA KMAX KMAAL/Fyu/
DATA W /6,003,002, 041,092,001,0e2,041,07
SATA BELS 1,001y 2.5B85 4.0410 DefY930 B.376+10,157154.367464,.0T75/
DATA E2/13.514-35.146.5¢.934.T?.394-113.673.138.06.739.11“.&71.1!
i ANJD K=l ekHMAXL
A=E2(K3/TE
[FCX=4,0) 10410420
2U ARG IR -

w&s-((((((((O.UOU?Q&Z?blA&ARG-U.OUw?ijOQI};ANG+o,011723?73}

1 *ARG=0, 0171555779 #ARG+D . DZ0412099) *¥ARL=0.022231979)

- ARG, 03120B561) #ARG=] . Db2A9EIRAIHARGHD, 24997999 %ARG
X=X
1F¢x2,6T,72.0, x2=72.0 :
VORI =5, GE—8#EJ(KI#(1, 0/ CELCKI#BERTCELIRI I I nSGRT (XY *RESHEXP(=X2)
ZORI=H.2F=14%F LOAT (RI®ARSURT (RI#HES
GO TO BOOU '

10 HES==ALOGLABS (X2 =C0CClC (e 0, 1031T602E=11%X=0,15T9B6TSE~105 %X

1 fu.16526592E-9}*x-0.21915699E-5)*x+0.27635830E-7)lh

2 PG INT2R2ZLE=B ) RXN+0, 30TIEUHDE=S)#X-0, 28337590 -4 #x

3 w0, 25148392E=)wX=0, UUL6606906 J¥X+0,010426662 X

4 ~U (0556555200 %440, 25)%¥X=1.0)%X=0,5T72156%
Y(KIZS . GE=GaE J(KI# (L, U/ CELCRI#SURTCEL(KI I ) I HSuRT(X)#RES
Z(RI35 . PE~LA¥FLOAT (KD #X*¥SERT (XI#RESHEXP (X)

6000 CIONT INUE

RETURN
ENp

ORTOOOLL
ORTD0D2U
QRTOOO3G
URTOOD4U
ORTOOO50
ORTOQUEL
ORTOOOTO
QRTOQQBY
ORTOO0%0
ORTDO100
QRTQQL10
QRTOO120
ORTOD130
QRTOOL40
ORTOO150
CRTOO160
ORTOO170
ORTOOLE0
ORTOQL190
CRTQ0D200
ORTOOZ10
QRTOQ220
CRTO0230
QRTOO240
QRTQOD250
QRTO0260
CRTQO27TY
ORTO0Z280
ORTOOQZ29U
ORT0Q300
CRTOD310
ORTQD320
ORTO0Q33C
CRTQO340
CRTQO35¢



JAERTI=M 6401

FACIM 230=75 (M7)  FURTRAN=L —T5u715 Vie=L05 5,11.2% 0 PAGE 9
# SOURCE STATEMENT #

) SUEROUTINE FERATECTE) o © FRTO000:C
< FRTQOO20
3 rew [ONTZATION AND RECOMBTINAG 1NN RATE LM-FF!CIEN!S FOR 1RON FRTCCO30
: Il CTE = ELECTRON TEMPEMATURE (EV) - FRTO0040
; " ¢ Ve ONIZATION (CHMRR37SECY . 7 = RECOMEINATION (CM¥#3/SEC) FRTO0050
c FROM  F L HI TATT=TT L0 0y : FRTOOQ6D
C - ) FRTQOOTO
2 CUMMONSORAZY (50 o £ (302 R FRTO0080

3 DIMENGION w263 EL(@8eE2(28) 7 " - = e FRTDOQSG a
4 DATA RMAX s KMAXLS/ 27126/ e FRTOO100
5 ﬁﬂ'A w2 Del Ove, WS U b, u-} Urge 08l Uvh, a5, 0vb, 043,042,041,3, FRTO0110
3 O V0 e 095 Y WY ZeU1 020 L, Owpl 081, 0f FRTO0120
& CDATA EL70L ST L ERUV R 2R e 031 T T 28209, 1954511,120,17, 275. FRTOOL130

1 19,272+21.353.26,332, 2055425, 869033, B1%v36,043.93,049 FRT00140 .
2 99,590,107, 0944210, 3604124, 23? 132 323-1“3 uss.lso 4230 FRTOO150
3 ELEFEERRT Y VLY FRT0O16&0
7 DATA £2/7.870,16.182:30.551434.30047%,000099,0004125.000,151,180, FRTOD17O
Qe PAHVRT V2R SO0 2FNVI0VIIV L 6TVIEL, 003920 20, 45T, 00,490,000 FRTOGLE0
" 3 C1e S 0CIITE O LESE, 0 lbﬂz 0 aa9 0.1799 0.1950 0.2045,0. FRTO019C
A CRESA OVERTEVOF T - FRTOQ20C
8 DU U0 KR aKMAX] ) . S o FRTQO210
9 X=E2(KI/TE . . . ST et © FRT00220
107 IFNE4L O L 0 Ry ) : ) e T : FRTO0230
11 20 Aroms 07X : ST ) R - FRTCQ2s0
12 PL&:((;( COLs, 00094ﬂ??bJunARG-D.GO+93&200()*ARG¢0 011723273) FRTOQ25C
B S OTTE 55 T79) ARG U, 020# 12099 Y #ARG=0, 022951979 - ) FRTOQ260
2 j W nb249a§ap:~996+o 24999999) wARG FRTDO270
13 =X’ T T T o e T : FRTQO280
14 TFIXZ uT Tz 03 X277 - T ' o FRTOUZ90
‘ : T 18 Y(R)=5, 9F~8*®J\‘)*(1‘U/(F1(K)*b@HT(El(&)))J*QWRT(X)*RFS*EXP( -x2) FRT00300
o - i 24K =Y 2 1A#F|UA1(K)*A*f HT(A)*Rt: “j _ . FRTCG310
‘ o cT au T 8000 : . ’ : " o FRTOO320
‘ 18 10 RES==ALOG(ABS ()= (L0 0eC{ {10, lOBl?uO?t 11%x= U.lﬁ?Ga&?iE-lo)*x FRTOD330
‘ 1 4Gk HYE5Y2E ) #Xe], 71915099 ~8) #X+0,2TH33430E=TI¥X FRTQ0340
> 03072622 1FE= 51*x+u.30996u40£-5)*x-0 2BA3TSY0E=-4Y %K : FRTQL350
3 $0. 23108372630 Xm0, 0l6HE6T00 I#X+0, (L0A16662 Iwi FRTO0360
3 =0.0555955920) #4+N,25)%4=] , D) %X=0,57721560 FRTO0370Q
18 YNY=5, FF =g {KI# (1, 0/ CELCRI®SURTLEL(KD ) ) ) #SHRT(X) #RES FRTOU3AC
20 2LKI=D . 2E~16%F LOAT(KR) ¥a%quRT (X) WRESKEXP (X) FRTO0390
21 60G0 CONTilE FRT00400
22 RETURN FRTO0410
23 END FRTOQ420

|
|
|
|




JAERI-M 6401

H
: FACSM F3u=Ta (m7)  FuRTraN=0 =T5yT15= VO6~=L0OS 15.11.2#4 FoGE 14
* SOURCE STATEMELT #
1 SUBKOUTTNE »ORATE (TE) MRTG0010
€ MHTOQQO20
c#x IPNTEATIUN AND RECTm3INATIDN RATE CUEFF[CIENTS FOR MOLTROENUM MRTOOO30
< TH = FLECTHRON [:MPERATU=E CEV) : MRTOOQG0
¢ o= TONLZATION (CHes3fSEC)y 7 = RECOMBINATION (CHws3f320) MRTUGES0
c FROM  EarINeOYs MATT=TTT(I973) . MRETO0060
i . MRT(QO0TU
2 COMMONAORASY (01) 4 £(50) MRTGO0B0
. 3 CIMENSTON gJla2)EL082) 5 2(42) MRTO0D0%0
4 DATA K3 AMARL 43,02/ MRT0010C
5 GATA Gdfleieda0eb.0s30012, 002, 00A.003,006,043,002,001,002.041,0, MRT00110
1 10 01 9eit 1B e Teinhae5, U84, 013,002,0:11.005,045,004.0,3,0, MRTO012C
2 2 s leteP e e i Unh unSa00%.003,082,091,002,051,042,041,07 MR100130
. [3 DATA E1/14266+3.18549,670,8:028+10,81413.78+16.93+20.23+23,67 MRTQR1aC
1 2T.24330,93,34, T3 38, 162,664,468, T7T,50,9T455.2h439.64, MRTOG150
2 £4,10008,63973.25077.93182,6%9487,52:92.62.97.4354+102,40 MRTGO160
3 107.069,012.66,117,85,i23,12,128,64%.299.00,306,25,324,00, MRTQU1TO
a 342,29+361.00+380,25+400,00+420425+1600.N0%1681.0G/ MRTC0180
T DATA t?fl?.lBh-hB.jlﬁnTk.Bﬁﬁ.109.141-146.9&2.187.339.230.163. MRTO0L9C
1 275.02743571. 7944370, 328:420,6934472,1564525.3114579.963, MRTO0200
? 635.836+692,737.75L.260810.8064871,4304933,025+995,834, MRT00210
3 1099, 6958 1124. 171411894 83441256.45041323,88191392,128, MRTO00220
3 1461 ,452741531,3611002,17041672.31641746,1424392R.955, MRTO0230
a Gled, 609,4a04, TR0, 4657, 8RY44907,795,5169,499.5435,000, MRTO024Q
b 5713,299.2L752.004225853.195/ MRTO025C
2 nO AON0 K=l KMAXL MRTOO260
9 x=E2 (KI/TE MRTOQ2T0
10 TFiX~a.03 LDy1i0.20G MRTQQZBG
| 11 20 ARGEA UMY MRTOQZ%0
| ) Lz HESm €Ol ((D,.uli09a62TalanARG=U,00649362007I#AKG+0,011723273) MRT0(300
‘ 1 EARG=U, 0L TA55TTY) #ARGHG.02041209Y9) *¥ARG=0.022951979) MRTO0310
| ? *AHGHD, 031208561 ) %ARG=), D6249858R) #ARGHD, 249999992 4 ARG MRTQO320
i 13 xZax MRTQO330
| 14 [F4X2,64T,72,0) x2=12,0 MRTQQ34C
15 Y (K)=5.FF—E*G (K01 ,0/ (ELCKI*SPRT(EL(KI 22 #SuaT () #RES#EXP (=X2) MRTOQ330
16 FCK) =Y. 2Fr14#F LOATCRY ¥ X ¥GuRT (RI*RES MRTQQ 360
17 nG TO 6300 MRT00370
18 10 RESm=ALOG(ABS (R ) =000 CC((¢0.10317602E=11%x=0,157986TSE~1D)*X MRTOO3BO
] 0. 10EZ6592F 29 # =0, 2L 915699F=8Y%x+0 . 2T435830E=T)#X MRT(0390
2 ~J 3072622 1E =63 #X+0.30996040E=5)#x=0, 2033 75F0E=4) %X MRTQ040C
1 “0.2316B392E=33#X=U, 0016660900 I¥X+0, 0108166672 *X MRTO0410
Ll =0.0555554%20) #A+0,.25)#X=1.0)*x=0,5T7215686 MRTOQ420
19 YRS QE =R (kI # (1, 0/ CELLKI*SURTCELICKI D)) «5URT(X)#RES MRTO0430
. 20 JUKY =S, 2E~14#F _OAT(KI X2 UHT (AI*RESHF XP LX) MRTOQG&0
‘ 21 6090 CONTINUF MRTO0450
: 22 RETURN MRTOO460
; 23 Eive MRTQO4T0Q
-
i
b &




JAERI-M 6401

FACIHM 230=T5 (MT) FURTRANSD ~750715= Vioe=L0b 7%.11,28 PAGE 3
% SOURCE STATEMENT #

1 SUERDUT INE ETGTRI (MM IERY E[G00010

2 LUGICAL FIRSTIN ET1GO0020

3 INTEGER AG EL1GORO30

4 NUGUELE PRECISION PKT EIGQO040

5 DOUBLE PRECTSIGN AsUL+Va0x 50K Ei&00050

[ DOUFLE PRECISION E E[GODO60

7 DUUELE PRECISION LAMBDASMUOHMaL o TsusSaMULT E{GooQ7a

8 DOUBLE PRECISION ERR YL(RGI e YMAXGIL50) . E[GO00BO

9 DUUBLE PRECISION PUBOY Y (52) B (501, Cf50) 4w (50)R{LD) EIGOOO90

10 DIMENSION N(50) E{G00100

11 CUOMMONZETVZECSUY oV (500500 v UX (503 50X050) EIGQULL0

12 COMMON/CMF FALS5050) +UL (30,50 EiG00120

13 N=NN EIGU0OL3D

14 [ER=0 EiGOOL40

15 HOEMSDABS (ACL 1) I+LARS(A(L.2)) EIGO0L50

16 MNlmh=] : EIG00L6D

17 DO 2010 J=zWNL1 EIGOQOLTO

18 T=LABS (A (] v T3 +DABS (AL T+1))+DABS(ACT]-10) EIGOOLBO

19 Z0L0 mMUEM=DMAX] (NORMWT) EJGQOL180

£0 T=UABS (A(NCNY 7 +DABS(A(NaN=13) ETGOD200

21 NUKM=EMAXL (NORM T E1600210

22 DU 2011 [=24N El1Go022C

. 23 2011 »(I2=ACT=141)®ACT v 1=1) E1G0ODZ230
. 4 K=l E1600240
5 U=1.0 EIG00250

26 nU 2012 [=1+H E1G00260

21 2017 F{1)==NORM E1GO02TO

Z8 [ TER=D E1GO0280

&9 2613 L=sEiNg ETGQO2%0

i 306 2014 LAMBDA=0,500# (L+U) E1GOOC300
31 1F (DABS(LArBDA=LY JLE, 1. Mni OR, UARS (L AMBDA=UD L LE.T, D=8 GO TO 2030 £1GQ0310

32 AGRD E1GON320

33 =1 £E1GO0330

‘ 34 2016 S=AL] W 1) =LaMBiA : E1GR0340
35 208 IF(S.GL. 0,00 AOGTAGH] E1GQO350

3e TheS b, .G @ TO 2020 E1GOU360

37 =i+ E1GOG3TO

3R [Fel.Gl, M) GO T0 2020 £1GOU3BY

39 SuAC YL AMBUA=Y ([) /5 E1GOO3SC

40 U TO £01e E1GU0400

4] 2nEe IsivE . E1GOO4L0

LY TRl ko) 60 70 2ule ELGDO420

43 2087 IR(AG.OELRY QU TL 2024 E1G00430

: 46 =L ANRDA : E1GQOQ440
45 SO T ZUla FEIGUDe50

45 Pra L =LAMBUA E1GOO46D

47 H=p NG (AR EIGOUSTO

. 48 B PUZB 1=K aM EiGGosd0
: 49 2026 FLPY=LAMEDA EjGOU490
! 0 TikR=]TEF+1 E1GOO5C0
: 91 TRUITERLGTL2000) GO TL 2ns0 i EIGDUS1U
| 52 GO TO 2014 El1GoO52C
| 23 2030 LARIELAMRLA EIGGU530
| 54 K=h+l EIGUUSA0
: 55 Tk LEa M) GO 10 £0l13 E1600550
: 26 SNa0 CUNT ENUE F1GoUbeY
| 57 P02 IELan £1GO0STD
i 5k T 200G J=0eti ET16U05BG
) 5% P{igy=0.0 E1GOUSYU

- 20 —




JAERI-M 6401

FACGM 230=75 (MT; FUKTHAN=D =75Q715= ¥Oe=L05 75,11.28 FPAGE 7
* SOURCE STATEMENT (E1GTRI 1*
60 RSO ET YNNI B EiG00600
38 RiJy)mp (e U)=EL]) EI1GOOELD
62 BUIRACIHL D) ElGHDE20
&3 2044 YLL)=1.0GC E1GO063C
6& Yi{N)=1.00 EIGDO640
65 QLNY =Gy E1GO0650Q
1) B{NI=D. EIGOQ660
. : 67 R{NYmALNGNI=E () E1GOO6TO
. D BR Y{N+12=0,0 EIGQO&S0
) ' 69 Yie23=0,0 EGDO6IL
| 70 FIRGT=.TRUF . EI1GOOTO0
! 71 DO 2050 Je=leN1 EIGOOT1O0
77 [F(DABSCRCJII LT, DARSCECHII) GO TU 20486 E1GGOT20
R 73 MU T=E LY A (D ’ E1GDDT30
14 e s FALSE, E1GOOT40
s GO TO 208E . EI1GO0OT50
16 20sk MULT=E(JY /B0 : E1GQOTEQ
77 INCIY=, TRUE « EIGDO7T0
78 20Jr=B(Jy . EIGODOTBO
19 T#R{J+1) ' ’ EIGODT90
&0 REI+1I=R(S) ) i E16G00800
81 BCN =T E1GOUELD
82 P =G{J+1) E1GO0820
43 WJF1I=0 U ' : E}GOO830
o &4 20us wlJY=MULT ‘ E1GDO840
f : 85 GlJ+LI=B I+ 1) ~MUL TP () ) £1600850
‘ 56 RigrLimip( + i) =l T#ECJ) ' ’ E1GOC86D
: 87 TFeRE) B0, 0,0) FeJ)=1,0F=30 . E1GQUETO
| 5B 205G CONT INUE E|GODBBO
689 IF(REND LEE,DaU) R(D)=1.0e=30 EIGOCATY
30 2096 CUNTINUE ' ' E1GOUI00
' 91 DO 200 [fa)es EI160CI10
‘ : 92 NG 20n6 Jlmlan : : E 1600920
i 93 KefimJi+l E1600930
! 1Y T=Y(K) E1GC0940
95 206E YoKda{TaYh+l nti(n)=Y i+ P (R)I/HIKY ’ ' E1GRCY950
Gk P0ce CORTINUE ) ’ : EI1GUQ960
37 Fhk=0, E1G0Q970
EL:) TeDARSLY (1) ' E1GO0980
g9 LN E1GQ0990
: 100 CoDis 100 JmZ2ah E1G01000
i o LU SELARSLY(L)Y ) . E1G01G10
L . ' w2 THCS LB, TY GO 10 100 E1601020
Y03 1=y E1G01030C
! il4 F=) EIGD1040
i b 100 Catvt i NUE EIGO10%0
iUk Tel. lGAY KDY EIGO1060
LT My 121) Jml 4N EIGQ10TO
LR 153 Yid=y () =T E1GDL1080
09 TPl f,imals GO T 20 TEIGOL090
10 PUO1NE E=lab EIGOL100
- 111 e ERE=ERR+DNALS(Y (KImY1(K)) EJGOLLLO
1i2 ERRaE RSN El601120
111 PP (FERk.LE, i F=h) w0 TO 20074 EI6O1130
114 [Feii-ER,.4) GG To 200 E1G0O1140
115 201 M 205 eslaN EIGOLL50
. i16 253 ¥Li¥)=Y(r) EIGOL160
it 2576 Jmlahl EIGD1170
114 IRETCJ2Y wl) Tu 2ubk ETGO1180

_ 21'._




* SOURCE STATEMENT (EIGIRI

114
120
el
122
123
124
125
lz6
127
128
129
130
131
13z
133
134
135
136
137
134
139
14Q
141
142
E 143
h 144
14y
l4s
147
148
149
150
151
152
151
154
158
p3-1.}
157
158
Lo%

160

FACUM

P+

20048

2070
200

2077w

20562

20:3
601

21

304
k1]

6U0

JAERI-M 6401

2A0=T5 (=73 FURTHAN=D =THUTLI%= WO6=L05 TS5.11.2% PAGE

VAJH1dEY (Jeldmnlyey Uy
GU TO 207U

Tay ()

YiJy=¥(J+1)

Y+ 1I=Tmw (I wr (Je 1)
CUNT INUE

CONTINUVE

wHITE{A 60ULI ERRW14F (L)
Tbk=l

CUNT I RGE

M) 20&2 JImlaN

ViJs TdaY ()

N 2083 J=1N

DU 2062 JmLlaN

AL J2mV ] vd)

CUNTINUE

FURMAT CIPBET2,3)

CALL LECOMBEIND

CALL SOLVECNIOKSCH1E)
[FCIELEG. LY GO TO 5000
CALL [MPRUYINWOXLCDT1GITE)
RETURM

CONTINUE

DU 1001 [=iwN
COIY=0XCH)

0w 1901 J=1N

ACEvJImV (D)

CONT TNUE

CALL DMATI(Ne14C)
RETURN

ENTRY FUCL1C(DTM14M2)
GO 303 1=MLaM2
nNA¢Li=0,0

My 304 Kel N
PRT=E (8} %DT
[F{PET . LE. (=T70.D)) GG TO 304
QAC) #OXCTI+CCRY#Y (L oK) *DEXP(PRT)
CUNT [ MUE

3 CUNTINUE

HETURN

FOURMAT LIH £
» 1FELZ,34"
END

EIGEN VECTGR DUES NOT CONVERGE's' ERR =",

[ =tyln,r EC{) m=' 1PE12,3/)

- 22 —_

E1GG1190
EIGULZOV
EiGDL2L0
EiGOLl220
EIGO1230
EIGD1240
E1601250
EIGO1260
EIG01270
€1601280
£1601290
EI1GOL300
£1601310
£1601320
EIGO1330
E1601340
E1601350
E1G01360
EIG6D1370
E1GC1280
E1G01390
EIGC1400
E1601410
E1G01420
E1GLL1430
E1601440
E1GO1450
E1GOL460
E1GO1470
E!GO1480
EIGD1490
EIGOL1500
EIGOL31D
EI601520
EIGD1530
E[G0L540
E[G01550
EIGOL560
E[GOL570
EIGO1580
E1G01590
EIG01600
EIG01610




* SOURCE STATEMENT =

# SOURCE STATEMENT (DECGHMP

55
56

JAERI-M 6401

FACOM 730U=75 (MT) FORTRAN=D = ~T50715= v0o=L05 75.11.28 PAGE

SUBROUT INE DECUMP (RN

c .
Cc#s SUR., DFCOMP, SOLVE, IMPRUY. SING SQLVE THE SYSTEMSG OF | INEAR
C EQUAT TONS . (COPLED FROM .E.FORSYTHE AND C.B,MOLERy COMPUTER:
C SOLUTION OF LINEAR ALGEBRATC SYSTEMS.)
G
DOUBLE PRECISION AWUL
DUUBLE PRECISION SCALES+ROWNRM BTG SIZEWPIVOTEM
DIMENSION SCALES(50)
COMMON/CMF /A CH0+ 504 +UL{50,50)
COMMON/DES/ [PS{30})
NaN
DU 5 [=1+N
P51 ym]
RUWNM=0, O
DU 2 J=mlaN
ULLT e oma( )y )
LF{ROWRM=DABS{UL ([ 23} 14242
ROWNRMADABS (UL {140}
CONT INUE
TF¢ROWNRMY 3sbed
3 SCALES(!)=1,00U/ROWNRM
GO T 5
4 CALL SINGC(L)
SCALES{])Y =0.0
5 CONTINUE
NM1lmb=1
DU 17 K=1+NM]
AlGwd, 0
DO 11 (=Kt
[PaIPS{I)
SI2E=DABS (UL ([P +K) Y #S5CALESCIP)
IF(SIZE=RIG) 11+11+10
10 Ble=%1.LE
[LAP | ym]
11 CONTTMUE
IF{BTGY13«12+13
12 CALL SING(2)
GL TO 17
13 1FCIDXPIveR) 14+15.14
lu J=lPS{L)
1PS{)=1PS{IDXPLY)
IPSCIOXFIVimJ
15 KP=]lPS(K)
PLVOT=UL (KP4K)
KPlmE+]
DU 16 [AKPLWM
[F=EPSCLD
EMm=lil {IPVK) /P [VOT
ULCTP W Kym=EM
NG 16 JmKPLleN
TF{DABSCEM) ,LE,.1,0E=20) EM=0,0
1F CDAESCULCKPdd ) LE. 1, 0F=20) UL(KP+JI=0.0
UL CIP ) =mUL CIP v JY+EMRULCKP o J)
i6 CUNTINUVE
17 CONTINLE
KFmlES{N)
IFCULCRPN)) 19418419
15 UL{KPs+N}w]l,CD=2C

bR,

AT

1% HETURN
ErD

DECQOO010
DECOQO2C
DECOOOD3D
DECQOO4C
DECOQDSG
DECOOOA0
pECCOCTC
DECDQC8Y
DECO0090
DECC0100
DECO0110
DECOO120
DECOO13C
DECQD140
DECOQ150
DECO0160
DECOOLTO
DECOQ180
DECDO190
DECO0200
DECOO210
DECDO0220
DEC0OQ239
DEC0O0240
DECOD25Q
DECOD260
DECO027Q
DEC00280
DECO0290
DECO030Q
DECOO310
DECOD320
DEC00330
DECQO340
DECQO35¢
DECOOILD
DECO03TO
DECOO3R0
DECOQ390
DEC0O&0Q
DECQO410
DECQQ420
DECO043C
DECOQ440
DECOD&50
DECO0460
DECO04TO
DECO04A0
DECO0490C
PECOO500
DECO0510
DECEO520
RECOO530
DECO0540
PECCO%5G
DECO0560
DECCGSTO
DECO0580
DECCO590

DECOD6OV
DECOO6LG



#® SOURCE STATEMENT *
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VUWUWWWRNRMRMA RN N R R e
VMPFWMNEOD DNt ERNES OO @0 & W R

JAERI-M 6401

FACUM 230=7% (M7)  FURTHAN=D =T50715= V0o=L0OS 75.11.28 PAGE

Lo AN

SUBROUTINE SOLVE CNNYBeka [E) : -
COYRLE PRECISIUN AwUL

DOUBLE PRECISION BeX-

POUBLE PRECISION sUM-

DIMENSION 8C1) «X€1) . :
CUMMONACME FA (D050 «ULE3T.50)
CUMMON/DES /LIPS (502

[E=0 :

NENN

NAL=hel

1F=1P%{1)

X{li=bCIP)

DU 2 I=24N

1P=IPSCTY

1Mlmi=1

SUM=0 .0

DO 1 J=l,iMl
SUMmSUMELL (TP s *X (.))
X(Iy=B(IP)=~SUM

[PulPSIND )
[FLULCIPL MY LEQ, 0,000 4D TO 100
X(NJmX(NIFULCIP AN

DO 4 IBACK=2WN

J=NP1=1BACK

IP=1P5¢])

1P1l=l+1

SUM=0, 0

DO 3 J=mIPLlN )
SUMBSUMSUL (IF )X U2
TFCULATIP ). Ew. O, 000 GO TU 100
XC1)m(X{[)=SUM}/ULCIPV])

RETUERN

Te=l

RETUKH

END

22

SLV0O00LG
SLV00020
SLv0C030
SLY00040
SLy00050
SLv0oD6e0
S5LYO00070
SLv0Q080
SLVOO0O90
5L.v00100
5Lvaollo
SLV003120
SLV0013U
SLVQ0D140
5Lv00150
SLVODl60
SLVO01T0
SLVOU180
SLVOD190
SLV00200
SLYQ0210
SLVQ0Z20
5Lv00230
5LV00240
SLYOC250
SLv00260
SLVGR2T0
SLy0p280
SLV00290
sLv00300
5Lv00210
5Lv00320
SLv00330
SLY0O340
SLvON350




JAERI-M 64901

FACOM 23u~75% {M{) FIRTHAN=D =75 715~ Vne=LD5 759,11.28 PAGE 1y
* SOURCE STAIEMENT *
2 SUERDUT IRE  ITMPRUV (RN By XD IGITS) [MPO00LO
2 NOUBRLE PRECTSION AvUL [MPQQOZU
3 BUUBLE PRECISIUN HaokeRsUAAT IMPQOO30
4 DULBLE PRECISION  SUMGATS. X [ HMPOO040
5 DIMENSTON 8L1) X1 RE50Y JUXCHO IMPOOQS50
[ CUMMONGCMEFACSD9H0I 2UL(50450) IMPCONG0
7 LN IMPOOOTD
A Frsal k=7 IMPQDOBC
[ 9 [ TMAX= IMpCOL90
C IMPOOL0O
10 ANORM= ], 0 IMPQR110
11 DU L Telan JMP0O0120
12 2 l=0ARS(X ) IMPOO130
13 1 XNORM=AMAXL CANORM 4 X 1) {MPQOL4D
¢ : 14 [F (XNURM) 3443 : IMPO0L150
1% 2 CUNT INUE [MPOOL160
14 a0 10 10 - IMPDOL70O
C IMPQ0180
17 300 9 1TEr=14]TrAn IMPO0190
14 D05 (=l ’ LMP0Q200
19 SUI=0. G IMPG0210
20 DU J=l4N IMPOO220
i 21 LY LEYS R IMPOOZ30
| 27 XJ=X1{J) IMPOQ240
| 23 4 SUMESUMSAT JRKJ IMPQO250
: 24 SUM=d ([ ) -SUM IMPQO260
i 5 5 RL1I=8UM IMPQO27C
26 CALL SULVE(Nah+DX4iF) IMPQQ280
27 nXNQRMed, O IMPQG290
28 LQ 6 ImlaM 1MP0OO300
29 T=AClY 1MP0O0310
30 XCly=atla+DXC1) 1MPQ0320
31 X I=DABS(X([2-T) iMPOD330
3z DANDRM=AMAX] (DANORMAT) 1MPO0340
33 6 CUNTINUF 1MP00O350
34 [F CITER=1Y B,4743 [MPRO3&0
35 T CIQITS==ALOG10(AMAXL (LANOKM/ XNORMYERS) ) IMPOD3T0
36 B O[F (OANORM=EPS#XNOKMY 10,109 IMPOO3BO
37 ¥ CONTINUE [MPOO 390
< TIERATION DID (0T COMVERGE iMPO0400
38 10 HETURN [MPDO410
; 39 £ [MPOQ420
|
i
|
|
i
4 L]
s
h
— 95 —
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FACOM p30=TS M7, FURTRmM=D =75UT14%= Vibelod T5.11.2% PAGE 21
# SOURCE STATEMENT «
1 SUOROUT IE SThi (] wHYy SNGODOLO
2 1i TusMaT LS4 MATHEY wlTh 2Rl Rue I DECUMPUSE . Y SNGGUO20
3 T2 FURMAT(S4H SlraUlar MATRIX Tn DECUMPOSE,  JERS DIVIDE [H SOLVE,. ) SNGOUO3D
4 L FURMAT 56 HO CONMVERGERCE N arP=Uve MATRIX I8 HEARLY 3INGULAK. ) SNGO00S]
5 YT =g SNGORASU
[} IO 203) Dby . SHGOO0AD
7 1 xR ITRANOUT 1) SNGQODGTL
8 2 TQ 10 SNGUO0ED
9 2 wMITEAROQUT +12) SNGOOORU
10 GO 10 10 SNGGOLOD .
11 3 ek IYEONOUT 1Y) SNGUOUL10
1z 1U HETUMK ShMGC012U
13 Feib SNGDOL30
L
|
I
i
i
&
i -
|
i
v
]




i
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# SOUKCE STATES-R:"

4

RIS R R T ¥ |

0
i1

17
13
14
15
16
LT
1k
i9
20
21
22
23

24
25
2k
Zr
s
an
31
32
33
34
35

36
37
38
39
40
41

(Y g e

U

a1%)

T

Iub

ol

350

a3l

JAERI-M 6401

PRI A N S AN RN TP

St DR DMAT G s M

.‘vc Sy Trm OF LIMEAN palla: [On. (ax =
Al ikl

-

P mem BLEERS IO GF MaTE A

=15 T15= vIe=LUY

=}

.

THLLL.0x P

PATE IR ERESE RATHIE R A s ANl By USE QF TalS TMVERSE FATR s

X o= [MVEKRSF(A)#k )

Moom=e =g CALCULSTES Tk TrivEeDE waTFT2 BT GO S NQY SOLVE

SESTem M L InEAT LAURT 0N,

Bl E ey SOLVES fxwmp whlhe THE [avERSE MATRIX 0f A,

A e vatREs (BlERNY O ALL ALST TaviRSE UF

[ G CTI (Fire)

Cansl e PRECTSGN Aaull

A O TPUT) .

DUJHLE BPRECTS TN Balbb TERMeARAR (T SwhP P IVET

PIEE LS LION B{L

CLEELSTON TPIVUTOSUY o [NV al{B0Lay [ROE2099) R v T {a0)

COMIGL A CME FRLD Ly BUd L (550D

Tre T iALEZ AT TQI

ro=IyM

LU 24 J=145

TP IVGT (D=0

D 595 I=1eN

SERRCH FOR PIVGT BELEME!
Almas(.0

DU OLU J=lal

TR TVOTCL) LB 1) 6O 10 103

D 30U KEslab

TECIRIVOTARI=1) 8U«100 76l
TH(DEELCAMARY . HE ,LahSLA (1, K))) G0 10 100
I lbs= g

TCUL M=K

AlarxEalden)

CUMT TNUE

CULhT INUE

TFivOT CICOLUM)=IP [ VvOTCICCLUMY L

TRUIROY GEp - [CuLbM) 6D T 2el
200 L=1laN

v aREA{IRUs )
aLlROwaLY=aC)C0LUN, L)
ALTCOLUM L =8uaF

TFIM. Ew.G) GO 10 2ol

SepFEp TRUD

TR RN E X SR 4§ TS ]
O L UMY =S AF

TNGERLCT) =1Kus

ITRLFR2LTy atCuiilk

PIvOTC =m0 1COLUMy [ COLLM,
SINIRE FIVGTY Fows by D01 pLESENT
ALCOLUML IO =10

Clo3bu L=Xan

s L VAL ENCE CTRUW cJdrOw )« CICULUR » JOOGLUMY » CAMAX S T o SHaM)

HTERCHANGE RUxS 10 PUT PEVOT ELFGLNTY ON DIABGRKAL

TFCOARS CACICOLUMALI ) WL T2 1.E=30) A¢iCnLuMa) =0,

AVTCOLUM L =AECOLUM L) /8 v0TT)
TFEM e 0} GO (0 3HEG
SCICOLUGMY SR CTCOLUM AR TvOT ()
SECUCE NON=F 10T =U00S

LSS0 L1=lan

Thal1.E®, TCOLumy G T Dhy

Traf

OMTOOGLG
LMT000210
aMTo0030
LMT00040
DHMTONOY0
LMTOOORG
oMTQ0070
OMTO0080
OMTOO090
DOMTOO10Q0
MTC011Y
DMTQD1Z0
BPMTO0I30
DMTOO160
pMTODI5U
13MTQ0160
AMTO0L1TC
LMTUO18UL
pMTO0LI90
OMTOC200
DMTQ0210
BMTOUZ220
oMTQUZ230
DMTQOGZNU
pMrQu2sa
OMTOQZ2b60
pMTO0270
DMTOQZEO
PMTO0O290
DMTOU 300
DMTOG310
DMTOU3IR0
oHTO0330
LMTROIA0
oMTORIS0
RMTOL360
DMTGU3 70
oMTOU3BO
DMTRO3I90
oMTC0400
DHMTO0L10
DMTOOA2Q
DMTGO4 30
LMTQO440
DMTOUS50
DeTOU4EY
DMTOOSTOC
PMTQD480
pMTOO4S0
DMTOUS0C
DMTUO51G
GMTEQS20
BMTGO530
DMTOO5L0
DMTOOB50
oMTRO560
UMTGO5T0
BMTOGS 80
DMYQUHSO



# SOURCE STATEMENT ([MaT]

* SOUKCF STATEMERT

* SOURCE STATEMENT #

44
45
bo
47
a5
4%
50
S
¥4
53

S4
3]
L)
57
be
5%
b0
£1
62
€3
B4
3]

TR F TS

[N

FACUHM

)

Tog
TiU
-0

FACLHM

Fadim

JAERI-M 6401

230=75 (M7 FURTHANM=L ~7RGT18= VNe=LDS TH,11.25 P AGE

T4 L e 1 CGLUM,

ALLL«ICOLUMFI=0,0

DL 450 L=laN

JEADABBLACICOLUMaLI ¥ Li 1 E=30) 2CiCoOLUMILY =10
ITFCDABSOT) WL T, L. £=30) 1=D.00

ACLE oL dmACLLa L) =81 COLUM )T

TF{MEW.D) OO TO 550

L1 =E(L1y=RClICOLUM) #]

P CONTINLE

LCLANT § MU

[NTERCHANGE COLUMNKNS
DU TLO I=)aN

{ =Nt Im]

TR CIMPEXLALY wEGe [NDEX2CLY )y GO TO 730
JEOwz [ RDEXL (L)
JUGLUM=INCEXZ2 (L)

LG TO0 Ksloh -
SwWAFEA (K JHOW

ALK v JROW) =A Oy 0O UMY
A en s JCUL UMY =SwAP

COT IhLE

KETUHN

F oD

230=T5 (147)  FORTRAN=D =730 f15%= ¥0B=L0S 15,11,2% PAGE

SUBROUTINE PLISRT
DIMEAGION GUFFER(LY24)
CaLL PLOTSCBURFER LY 10240
Calt PLOT(1L00,U15.00=3)
RETJRN

ki

23u=T9 (¥T) FURTHANmL =75 1h= Voe=lL0% TH.11.2% FAaGE

SunkPUYTINE PLTERD
CALL PLOT (D, 0vu o999
2 EYET

s

— 28 —_

n

DMTOLGOE
DrTOQela
oMroleal
DMTO0EIQ
OMTQ0040
DMTIOURS0
DMTO0Q&RD
DMTOQ&TO
OMTOOBRO
DMTO069(
DMTOD OO
CMTORT IO
OMTOOT20
LMTOUT A0
DMTCO TS0
DMTQ0TS0
DMTRO760
DMTOLTTO
LMTOO 780
DMTOOTIC
LMTC0800
GMTOOBLO
EMTQO0820

1%

FLTOO01C
PLTOOC20C
PLTUOO30
PLTORO4U
PLTGROSC
PLTOOOGU

-

PLTUY0?0
PLTOQORO
BL - GO0YC
PLTQO10O
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# SOURCE STATEMELT #

L e e e R Y R e

12
13
i4
15
16
17
14
15
20
21
ez

"23

Z4

26
&7

2

e
a0
31
32
33
34
39
Ik
37
34
39

Wl
42
43
44
45
40
47
“4f

T a9

50
51
22

54
25

57
SR

JAERI-M 6401

LAC M Pau=TS (MT)  FURYwAN=D TS5y dln= vin=lud

SUSRUJTINE PLTRE(Te«fmaX,J1IMas)
LuulCAL CARBGaGAraF Ny 50«00 [4H

CrmML
gy

Y p COL AL Cmstbitha g IRY LF F g (RO MG R
S 10N XT (20038 YO (R, 200)

DImENSION  yaax{5) oMU 090) W FiiulbLy

CummDa RFER_TATM(Z20d) v YU {30 200}

oML s L aT

R
DATA
TATA
-+
DATA

wlDTh,HtluHdeTO-vagﬂ.Oi
YFP2 (FR4 ¥iPaYRHE
AFFOAAFP L1 AFP L+ AF 3,y

AFRI0XL s

ITFCTELLT 530,00 i Tl

CAaLL

PLOT(3D0,ua0,04=3)

FFUTRONY  CALL PLOT(350,0.0,04=3)
TFCMOLTAY CALL PLOT(350.0,U.0.=3)

1+ (M2
CALL

ity GO 10 530
PLOT (270,00, ua2}

IF{TRONY  CALL PLUT(340L.:0,U0.0422
23 ConTInNUE
TECMOLIBY CALL PLOUTI540. 040000 2)

caLL
CALL
Cail
CaLL
CALL
CALL
CALL
Caci
CAaLl
CALL
cAall
CALL
CALL
cALL
CaLL
CALL
CALL
JF (M
ALl
CalLL
CaLl,
CALL
CALL
CaLl
CALL
Cacy
\'V-’XE_I_
CALL

RFLOT(2T0G, uamg 04 2)
FLOT(240.040,U43)
FLOT(240.U=2,0:23
PLOTLZ210,940.0s3)
HLOTC210.0v=2.0102)
BLOTCL180.,U.0, U832
PLOTCL180,U0=2,0+22
PLOTC190,U40.043)
FLOT(150.04=2.042)
PLOTCL20,040, 0432
FLOT(LZ0.0a=8. 0422

FLOTC 90.U0s0,U3)

PLOT( 90, Uwmi Duél

FLOTL 80.GD, U3

HLOT( €D,u=2,002)

PLOTYL 3000000 Y)

FLOTY 30,0+=2,042)

ity GO 1u 300

NUMHESC 28.0,=% 1 2, 0 XFF 740, 04=1)
NUMBERE D23.0v=5.002, JeXFresl.De=l}
WUMBER (88, Ov=5, 08, 0eXFFSe0.0e~1}
FUMBER (L1180 =0, 02, 0o XFP4 G, a1
NUMAES {188 . a =58, U 2, JuXFF3+G.Us=1}
WLARE A (1 8.0y =5,002, v XFRZ 00 Laml)
HUMBE Y CPUB . 0a =9, U 2 U XFEL 0. 0e=])
NUMBER (2380490020 XFFOa 0y =1)
WUMBE S (268, 04=9,002, 0 XFFIUWL.0,-1)
SYMEULCLaU . Ca=20.Ua 4 UvaHLOGLT) s0 U 6)

30 CUWiNT IWUE

CALL

FLOTLD,0vd. 043

[F{MILIBY O Ta 333

CALL

PLOTC3,04120,0022

333 CONTINUE
[FAMALIBY CALL PLOT (0. U240, 8)
CALL PLOTLO. 0 100,0432

[a VN
CALL
CALL

PLOT(=2,Us 20U, 042D
FLAOTLD, D BO, UG8,
PLOT(=2.0.80,u422

—_ 29 _

Thoilaee Fracdit

GrFRLCFZ uaa, 00, UsB, 0010, 0/
FPa AR 3o XFP PP T/0,0e=1,04=2,Us=3,U,

w4, 0=, 0ymp, Uy=T,0/

in

FLTOO11G
PLTUD120
FLTQO13C
PLYGD1%YG
PLTQULSC
PLTOOLEL
PLTOOLTC
PLTOODLEC
PLTOO0LS0
PLTOLZQO
PLTOO21C
PLTOQOZ20
FLTQO230
PLTQO24C
PLTCO25C
PLTUR26C
PLTQO2T0
PLTODZ2BC
pLTOQZ2%C
PLTOO3GO
PLTOO31C
PLTOQ320
PLTO0330
PLTOO380
PLTO0350
PLTO036C
PLTQU3TC
PLTOQ38C
PLTOO39C
PLTC0400
PLTOQ4L0
PLTOO%20Q
PLTO043C
PLTOO4&0
PLTOO450
PLTQ0G6D
PLTOO4TC
PLTOD4BY
PLTO049C
PLT0O500
PLTOO510
PLTQUS2C
PLTO0530
PLTOO540
PLTOO550
PLTCO560
PLTOO5TC
FLTCOS8C
PLTOCHSC
PLTQO600
PLTCO061U
PLTCO62C
PLTOOB30
PLTQOK40
PLTO0&30
PLTOD660
PLTQOLTO
FLTOCKAO
FLTUO69G




* SOURCE STATEMENT (PLTKE

59
o0
6l
&2
.63
b4
65
3]
&7
&8
&9
ic
71
72
13
Ta
5
16
17
TR
19
4c
Al
82
&3
%
85
L1
&7
[¥.)
89
1]
91
42
43
Fa
95
9
a7
9k
99
106
P
162
1u3
PR
ius
AUk
a7
ign
iug
110
111
112
L3113
il4
L5
ile
117

JAERI-M 6401

FACOM 230=T3 (1) FURTRAN=L =T50371%= Vib=-L03% 15,11.28

) *

350

10¢

Lo

-

126
iz

15

cAalLl. PLOTLy.0r 60,03
CaLL PLOT{-2,0+60,0+24
CALL PLOTWW.0 40,Us3)

TCALL PLOTI=2.0480,042)

CALL PLOTZQ,Us 20,043

CALL PLOT(=2,U+2C.Us2)

1FemL I8y @D To 3uu

CALL NUMREK({=5.04 1R,Us&,OYFF2n
CALL NUMRECan, 0y 38,042,004 YFF&
CALL NUMHBEK{~5.0+« 28,022, 04YFFE
CALL NUMBER{=5.04 (8042, 00¥FrE.

u.04-12
U.0a=1)
uafla=l)
P,0a=1)

CALL MUMBER(=5.0y #8.U 2. 00YFRLU U, Gam1)
CALL SYMBOL (=10.04120.00¢%,UsBHLDGLHI 10U b)
CALL SYMBOL (TG Uyv=40,0s8,UslTHIE =

CALLL MUMBER (93, Us=40,Uvd, 02 TE 20,0423

FNRLOT=FLCAT (P LOT2

Canl NUMBER (O, 9y =60 005, D4FNPLOT 0. 04=1)

CONT I NUE

Eval.001T)

IF(MOLTBY CALL NURBFREI, U =100 0. TE1 0,0 2)

RO 10U K=o KHAR -
DU 100 J1=Ls JIMAX
ATCAL2=0.0
YO(KeJL)=D.0
CUNT [ NUE
LU iU JimleJIMAX
XTCJL)SALLGIOLTIMESE) ) +5.0
DU 11 Jl=i,JimAX
ATCJLI=XTOILI /AT (JLMAR)
ETEJLI=XT{ 1) #wiDTH
TF(TROND XTCJLI =R T (JLo#2, 4
IFeMOLIB) aT{Jdi)eAT(NLI*?, U
COniT [Nt
MY 42 K= akMAR
My 12 Jlel,Jlked
TFIYDALK L1 abEs 0,0 G Tu 120
¥Yo (K J1YzalLUBIOLYLALL A U1
6l T 12
YulraJdl)=i, 0
CLiT Tl
Pid 19 Km] o KivRA
fad 13 Jl=1,J1mak
YULE el )Yk vl 12,0
YUk s L) =Y Gk L sl T
IRy v e iy cURYO(R e JL)
T Tied

15 L=1.0MAR
PR SUS LT VIR S RSSO S R IR S5 )
i) 14 Jlee, Jlesk
Vi ¥ (i TAMAXL (Y Ar LK) ek s S 1] D
Cirs T iUk
ML K= AKMAA
DUO1Y JlElsJLMAE
yisdz K (K + 0. 00GY
YEMETAX (R )=, B0 L
TRAV-YOR o 005 W LE . ¥YME, AN YN J1)
CunTIUE
(7 17T x=1akMAR
CALL PLOTRATELY YUK e 1) ¢ 3}
o 1R Jl=Z X

— 30 —

Lk, Y

~J1 (s y=Jl

PAGE

19

PLTOOTOC
PLTOGTIC
PLTOOT20
PLTOOT 3O
PLTOOT40
PLTQQT50
PLTOOTEG
PLTOOTTO
PLTOOT78C
PLTOOT90
PLTQO800
PLT008310
FLTOOB20
FLT0083C
PLTOCB40
PLTOO85C
PLTOC860
PLTOGSTO
PLTOOS8SL
PLTOOB9C
PLTOR9GO
PLTOO910O
PLTOO92C
PLTOQ930
PLTOO940
PLTOO950
PLTO0960
PLTO09T0
PLTOQ980
PLTO0990C
PLT01000
PLTQ1010
PLTOLO2U
PLTOL030
PLTOL1040
PLTO1Q50
PLTO1060
PLTOLODTO
PLTU1080
PLTOL090
PLTDL100
PLTOL1LO
PLTOL120
PLT0113G
ALTC1140
PLTU1150
PLIOL16U
PLTC11T70
PLTOL180
PLTOL190
PLTO1200
PLTOL121G
PLTO1220
PLTOL23C
PLTGL240
PLTO1250
PLTO1Z80
PLTOL2T0
PLTO1280



-

<

* SOURCE STATEMENT (PLTHE

il8
119
120
121
122
123
124
125
126

FACOM
L

le

17

JAERI-M 6401

230=T5 (M7) FURTRANSD ~750715= vie~L05

CALL PLOT{ATCJR) s YUK U124 2D
FRNCKISFLOAT{N)

[r=MiI1(K)

ANmXTCIX)*+3,0

YYD (KelR)=5.0

CALL NUMBFROXNaYN 4o, 04FPNEK) 10U =1)
CUNT INUE

RE TURKN

EHL

75.11.2%
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PLTG1290
PLTO1300
PLT01310
PLT01320
PLTOL330
PLTOL1340
PLTOL35C
PLTO1364
PLTD1370




