JAERI-M
6343

IMPURITY-EVOLUTION CODE IMPHPCG AND ANALYSIS OF
THE IMPURITY MEASUREMENTS FOR JFT-2 TOKAMAK

December 1975

Masao OKAMOTO and Tsuneo AMANO®

B * R F Hh W K
Japan Atomic Energy Research Institute



ZofEEt, HERBEFHHERS JAERIM VE—F X L7, FEMFHITL TS
B E T, AT, HET rOBEeHER, BRELHIFRARMERD KRB
M EER) bT, BRHLIL(ZE N,

JAERL-M reports, issued irregularly, describe the results of research works carried out
in JAERL Inquiries about the availability of reports and their reproduction should be
addressed to Division of Technical Information, Japan Atomic Energy Research Institute,

Tokat-mura, Naka-gun, Ibaraki-ken, Japan.



wow

JAERI-M 6343

Impurity-Evolution Code IMPHPCG
and

Analysis of the Impurity Measurements for JFT-2 Tokamak

Masao OKAMOTO and Tsuneo AMANO*
Division of Thermonuclear Fusion Research, Tokai, JAERI

(Received December 2, 1975)

The code IMPHPCG has been prepared to study the evolution of impuri-
ties in a Tokamak plasma. It evaluates the development of impurity
profiles for the given temporal and spatial plasma densities, temperatures

and currents. The diffusion of impurities is assumed as neo-classical in

‘the banana-plateau region. The spectroscopic measurement of oxygen and

carbon impurities in JFT-2 Tokamak is analysed with the code.
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§1.,  Introduction

In high temperature plasmas, small amounts of multiply charged
impurity ions enhance the radiation losses. Impurities have a tendency to
accumulation in the center of plasma and affect significantly the plasma
confinement in Tokamaks. It is an important problem to investigate the
behaviour of impurities in a Tokamak plasma from the point of view of
thermonuclear research. There are some attempts to analyse the problem
numericallylm”). The present authors calculated the time development of
oxygen impurities in various ionization states for constant distributions
of plasma densities and teﬁperaturesl). In this numerical study, both
the atomic process, including collisional ionizations and radiative
recombinations, and diffusion"process are treated properly and simulta-
neously. Two different numerical methods were used; one is Hamming's
predictor-corrector method (Runge-Kutta method) and the other is to solve
the eigen value problem. The results showed a fairly good agreement.

In the present paper, we develop the numerical study of impurities
in a Tokamak plasma by removing some restrictions which are imposed in
reference [1]. Plasma distributions such as densities and temperatures
arelgiven as in reference [1], however, the time variatioms of the
distributions and total plasma current may be included. Impurity diffu-
sions are assumed to be neoclassical in the banana-plateau regime. The
effects of impurity-impurity collisions and temperature gradients are
included, while these are neglected in the previous work, Accordingly,
the equation governing the impurity behaviours becomes non-linear, so that
it is impossible to treat the equation as an eigen value pfoblem. The
computer program uses Hamming's predictor-corrector method.

In $2, equations used in the program code are presented. In 53,
numerical methods are shown briefly and some remarks onm the program code
"IMPHPCG" are given.

Tn JFT-2 Tokamak, optical measurements were performed for oxygen and
carbon impurities in multiply ionized statesS). In 54, we analyse the
measurements numerically by using the code '"IMPHPCG" developed in the
present paper. The program "IMPHPCG" is listed in Appendix. It should be
emphasized that the present code may be useful for the Tokamak transport

simulation code as well as for the analysis of spectrum measurements of

impurities.
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§2, System of Equations
In this section, we present a system of equations coded in the
computer program, Densities of impurities averaged over the magnetic

surface are governed by the following conservation equations;

L L L2 r) + 0y - o)
5 = " 75 Tkt Pet%-1Tk-k T YTk
- ne(sk—lnk = Bknk+l)’ (l)
(k =1, 2, c.couy K

with

CI[)&BO:(XK:BK:O

Here ny is the number density of impurity with (k-1) electric charges.
(n; is the neutral atom and ny fully ionized ion.) Ty is the ?article
flux of the impurity ny, ng is the electron density, ap is the rate
coefficient of ionization from the state k to k+l and By represents the
radiative recombination rate coefficient from k+l to k. For oy and £y,

we employ the approximate estimation given by HinnovG);

o = 5.9x1076q, (B )73/ 2/ Ky G0, [em?/sec]
Rk = 5.2x10'1”-k-x§/2-exk-K1(xkj, [em3/sec] (2)
Xy = E%+1-XH/T6, | (T : eV)
K, (2) RPN ,
zZ

-+
where qp is the number of valence electrons in the outermost shell, Ei 1

is the ionization potential in rydberg unit to lonize the state k to k+l
and yxy = 13.59 eV,

Neo-classical diffusions are assumed for impurities. We treat banana-
plateau regimes. By Hinton and Moore7), the particle fluxes of impurities

[ are given as follows;

v 2 3 3
My = & C%% [EE'—“‘RD mr - o n oyl
' k'#k k' 3r or
) 1
+ ( lelg ) % ¢n Ti, (3)
k'#k '
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kk' 2k _k'
Ci1 = ZpiLyiLyy/s
kk' 3 k k'
C12 = E‘ZlellLll(zkl - Zk)/s L]
k _k' k _k' (4)
+ 200 (2, Ll1p = ZpaLpoli) /s,
T
s = ¥ Zi,l}fl -

k'l‘

In Eq. (3), it is assumed that all ion species have the same temperature
k
Ti. Imn's in Eq. (4) are quantities proportional to collision frequencies

which are fitted to both banana and plateau regions;

i Yimn
Lyn = 0.73 di _—_l"'cmn\-’imn
(5)
k Vkmn
= 0,73 d, ——— ,
Lon k 1+ChpVkmn
Vipn = VielFpa (L) + O‘an(“z)] ’
(6)

Vkmn = Viek[Fn (1) + o71F (72)]

where the subscript i denotes the plasma ion, and C;; = 1.26, C;, = 0.37.
In Eq. (5},

2 B
- 2 (L -6
di ni piO(R) VTi (Bz)/r s
| 2 B 2
- 2 (L -9
d = mg pfe R vpy GO/
M+
= 2 2 2 -1
o kiinkzk/nizi y M m (8)
U
Fii{u?) = (1+u2)1/2 4+ 220 (———71 ,
(l+u2)1/2+1
(%)
Fis(p?) = (1+U2)_1/2 s
where Be and B, are the poleoidal and teroidal magnetic field, g being

the Larmor radius in the poloidal field, vy the thermal speed.

Collisionality parameters vix for plasma ions and vgx for impurities are
defined by



- -

JAERI-M 6343

g 3/2
Vg = Vv, ., R (B) ]
i How, 'r _
' (10)
R ,R,3/2 Zk
v L= T ou ., A (D) = oz} via
k* Vi1 kk' VT r Zy i% »

where vii and vy are jon-ion and impurity-impurity collision frequencies,
respectively. On the basis of a system of equations (1) to (10), the time
behaviours of impurity profiles are investigated numerically when temporal

and spatial variations of plasma distributions are given.

§3, rogram '"TMPHPCG"

Impurity code "IMPHPCG" solves the Eq. (1) numerically when plasma
distributions are given. At time t, the electron density ne(r,t),
electron and ion temperature T,(r,t), T;(r,t) and current density J (r,t)

are given in the form of

pe(r,t) = S(e) - a1 - O™ w e

Te(r,t) = {Tg(t) - Tg(t)}{l _ (gamz(t)}ng(t) N Tg(t)
(11)
Ti(r,t) = {T5(t) - T(E)I{L - (igma(t)}ng(t) 5o
Tp(r,e) = (1 - (5™ (00, ()
a

where r=a 1s the plasma boundary. At each time specified, ng(t), ng(t),
1S(t), TH(e), TE(t), T(e), my(t), n (t), my(t), ny{(t), my(t), ny(t),
m, (t) and n,(t) are given as input data. The toroidal magnetic field B,
is constant spatially and temporally throughout the computation. The
polcidal field Bs(r,t) can be obtained by giving the profile of current
density (m, and n, ) and total current Ip(t). The plasma ion density is

calculated by

Zinj(r,t) = mnel(r,t) - ank(r,t) ; (12)
k#i
At time when input data are not given, linear interpolations are performed.
Then, plasma quantities can be obtained at any time required. Eq. (1)
is solved numerically from time n to n+l by Hamming's predictor-corrector

methods). Time meshes from n to n+l are also specified by input data.

._4_
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Plasma profiles are assumed to be constant from n to n+l; quantities at
‘n+l/2 are used for Eq. (1). The different scheme of Eq. (1) is the same as
in reference 1).

Initial distributions of impurities are given by solving the rate
equations. We solve rate equations at each mesh point, giving neutral
atoms with uniform profiles. Solutions of rate equations are given as
initial values for Eq. (1)} (The method for solving rate equations 1is
referred to [9}.). Boundary conditions are assumed to keep impurity
numbers constant inside the plasma. In contrast with reference [1],

where corona equilibria are assumed at r=a, in the present paper we set

k _ ok
Ny+1/2 = My-1/20

i i
Tiv172 = Ti-1720 (13)
i i

J+1/2 T Br-1/2°

where (J-1/2) is the half integral mesh point of plasma boundary. (See
Fig. 1 of reference [1].) Under the assumption of Eq. (13), particle
fluxes Ty vanish at the mesh point J. This boundary condition is more
restricted. However, it is simpler so that users can give any boundary

condition by modifying subroutine BCOND.

§4. Numerical analysis of impurity measurements in JFT-2 Tokamak

In JFT-2 Tokamak, spectrum lines of oxygen and carbon impurities were
‘measured®) . The exﬁerimental results are found in Figs. 4 and 5., (Figures
of experimental results are reprinted from reference [5].) In this
section we show the results of numerical calculation by using the code

developed in the previous sections and compare with experimental results.
Fig. 1 shows the time variations of plasma at r=0 used for computa-
tion, which are fitted to experimental datalo’ll). In the experiment,
measurements of impurity lines and experimental conditioms were not
performed simultaneously. In the numerical calculations, we employed two
different experimental conditions (case A and case B) for np and T,.
It should be mentioned that, for case B, ng{(r=0) and To(r=0) in Fig. 1
are fitted to experimental data only after 30 mesec. Before 30 m-sec,
these are not based on the experimental results. For simplicity, the ion

temperature is assumed to be 100 eV at r=0 throughout the computation.
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At first, OI and CI of density 101%/cm?, respectively, are given at
each mesh point. Then, Solutions of rate equations after 1 mrsec were
used as initial distributions of impurities. The initial condition is
given at 10 mesec. Eq. (1) was solved once per 0.5 or 1 m-sec.

Figs. 2 and 3 are numerical results of spatial distributions of
plasmas, oxygen and carbon impurities at the 10 mesec, 20 me+sec, 30 m-rsec, ¢
40 m+sec and 50 mesec for case A and B, respectively. Numbers of
impurities inside the plasma are conserved throughout the computation 8
within an accuracy of three orders.

In the experiment, each lines of oxygen and carbon impurities are

measured with time. Relative values of the measurement are shown in

Fig. 4-(a). (The same figure are presented in Fig. 4-(b) for comparison
with numerical results.) To compare numerical results with the experi-
ment,
- a
nE(t) = 7 aplr,t)dr , (14)
)

are plotted with time. Relative values are shown in Fig. 4=(a) and (b)
for case A and B, respecitvely. Impurity distributions are obtained for
CV at t=30 mesec and for OVII at t=30 mesec and t=40 mesec. In Fig. 3,
hoth experimental and numerical results are shown.

Figs. 4-(a) and (b) show that the experimental result of time
developments of impurities integrated along the radius agrees better with
the case A (lower electron temperature) than with the case B (higher
electron temperature), while good agreements are obtained between
numerical and experimental results of impurity profiles for case B.
Especially, a fairly good agreement 1s found for OVII profile. We cannot
decide which case is true for impurity measurements, but we may roughly
conclude that before 30 mrsec electron temperature is rather low (case A)
and about 30 mesec a rapid increase of electron temperature is found so
that CV and OVIL accumulate towards the center before 30 mesec, then they
become ionized rapidly to disappear at the center at the later stage of
discharge and have shell structures about 30 m-sec to 40 mesec. Fig. b
shows the numerical result of time behaviour of OVIT profiles. This
shows that OVIT accumulate towards the center as they are ionized. We
may conclude that a gocd agreement is obtained between the experiment
and numerical calculation based on the neo-classical theory in the banana-
plateau regime énd that measurements of lines and experimental conditions

are found to be quantitatively consistent, although there are some

— -
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descrepancies between the experimental and numerical results.
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C AND THE QTHER FOR PFERSCH=SCHLUTER CAsk, (THE LATTER CASE  MATQQ180
< IS U Tht MOST SIMPLE FUKM.) MATOOLIY
4 UNLY CARLON AMD ORYGEN IMPURITEIES ARE AvAILABLE. MA | 00200
[l + PETHOUL HAMM [NG'S PREDICTON=CORKECTOR ~ETHON MAL0G2)C
¢ : MA1D0220
(AR AR BREER R RER SRR AT RS RE RS RERBREARRRAE IR R H SRS S H S B RIAA AR GRS SRR nanMA] DO22D
« . MAIG0240
LULICAL 1O MA| 00250

[uyn FALSE , MAT00260

CALL PLTSHY MATDOZ2TO

1u0 CALL HEADLLGS) MA Q0280
ChLL IHEAL ) MA|0029C

19 CALL QUTPUT MAT0D300
CALL CUMPL T {IGS) . MAIDO3LC

IV (Iesr GO TO 100 MA1Q0320

CALL IMPKTY MATODI30

CALL hPFLACE MAT00340

GG 10 10 MA 100350

B MA[DO380

0K ATA BLDOODID

I'd BLGDOO?2D
ces DEFAULT ORTIONG ARE GIVEN BLDO003IL
9 BLDOD0%D
LUGICAL DAY SEN1CADON 8LDO0DSD

SEAL MU N wALL ALDOANAD

NEAT. NUNLTO BLDOOOTO

IR S SCAL TO RO o LT W HU a HO BLDOOOSY
CuMMHsPLUNPLOT 8LDOEN30
CAMMIN QAW DAYGE v o DARGDM aL 000100
CUMMONAKE JJFX AR s RLAAK v NAK BLOOOL10
COMMONT PRT FRMAS s WTUBE ¢ ASPECT 44 (AR aNC NS ALL o TEC, TEWAL . TIC, TIwAL, BLDOD120

1 P AEATH LN e THBX 42T ok THDTMINIDTHEA s DTMAK » A[.DOVL130

NHE Gty JRAK e JIAN L DXL XH G EPS NPINT (COMT BLDOO140

CUMMONAE X TR 2wk : 8LD001%0
Commcing BLEATAZBTTALSY vui 1P (15) o LNET(LS) (NEWCL5) « DTEC(15) 4OTEW(L5) 1 BLDOOLSY

L DTLICEI5) DT (152 TMESH{LY) BLDOOLTO
ComMObi L UATAS LML UL v i~2 (152« [MICI5) 4 [M4(1%), BLDGO)8C

. (L1592 +1L2005)1L3C150+1LA¢ln) BLDOO170
CU¥InsTLwas NS BLDGO200

ALY NRS0fF BLDDDZ1G

FATA TOsRU L TR0t/ l.Val Qs L 8021E=1241,042.0/ BLDU0220

SATA HMA L RTUBEA L U0, 257 BLDGQ23C

tata 2041407 . BLCOO2uC

1A iRt AsC 4/ B.D0OD250

SATA WMESRH, 2Dy BLDOOZEC

NATA RPRET 204 aLDRoZTo

FATA THINGTMAASD, 100, 0E-3/S BLDRO28BO

TR REAR LML TG 8LDOG@2%0

PATA QAYRENGCARADNS 24, FALSE. S BLDOGICO

WM1A NPLDTZLR0DS ) BLDOG3LO0

SATA 1M IM2 143,148 /1582, L5%2 150441502/ aLnoolo

GATA ILLsfL2eILIvILA/128241582 1 10%2.150)/ B8LROD330

LATA DIP 21%871,42875F 5/ BLDQQ340

OATA TMESH/15el.Ce=2/ BLDQO330

tATA LNECY 1hel.4£19/ BLDGOI&D

CATA DNEws 1980,28197 BLDGO3TD

wTh BEECF 19%20G,.07 BLONO340

SalA DTER/ 15«10,0/ BLDDO390

CATA DYICY 13e100,9/ BLDOOAOO

aTA Oiiwg 15#10,0/4 BLDOO4LO

LETH BLDOO#20
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| 1 SUBROUTINE HEADC[GS) HEDOQO1Q
} 2 LUGICAL 6§ HEDOCOZ2D
! 3 LUGTCAL OXYGENCARBON HEDOCO30
* HEAL NCoMWALL HEDOCDAD

5 HEAL KEWK1i HEDODDSO

& REAL MEMAJNOLLTOD . HEDQOD&0

T REAL Nl.N2 HEDDOOTO

4 DIMENSION FFI23) HEDQGOBO

9 CUMMON/PHT/RMA A RTUBE vASDECT 321 1 ANGNCoNwALLs TEC, TEWAL W T[Co TI WAL, HEDCDOYO

1 TIMEaTMINTMAL DT« DTH DTMINSDTMX D TMAX . HEDOO100

2 NMESH . JMAX s J*AAL s DA+ DX EPS o NPRNT + 5 CONT HEDGD110

| io COMMUN/UNK FNL(59) o TELL59) o TI1(59)+822(59)48T1(59) . HEDCD120
» H20593 TE2{59)  T12¢59),822(592.BT215%) HEDQO130

11 CUMMON/ RDRR (59) s RH(SF DR {59 »DIH{SS) +DRL (53 1DRN] (59) HERDQL40

12 cum-qomcu—'{ALGL:-Ai.GLi-ALGLB.lE@lu-ETAn‘MuElc-Mul[u.qu-d[o. HEDQO150

¥TED eV T 104 BET 4 EPSO1AMEMALELU 1AJL08HMOBETAD HEDGOL&0

13 cowounumbuv:.;:(59)mz(!h.ewtb?)ruuml(59) TAUE[ €59} HEDQOLTO

. TAUTIC59) 4R (592 v CRITECH9IWCRITI (59 HEDOQLISC

5 la COMAONZE X T/BZ amX rEDO0L3D
15 COMMONZEZTFEZ (593 +ET(54) HEDOOZ00

1% CUMMONSOCF SOF (CF 4 | IMP HEDOOZ10

1y COMMON/ [MP Y A0LT 155 4 CAR (T+99) 1PLLSFIPEB(59) 4P LI (59D HEDDO22Q

13 CUMMON/ ZEF FFZEF (59) HEpDO230

19 CUMMINS BCASTU sl e L TO L MG HEDQO240

29 COPMMON/ HMA LN e HEDOOZ50

21 CUMMING K LIS WHSX e 8 MAK L MAR HEDU025G

7 CUMM A BLGATA/UTT (15 v 1A (L) oDNECCLS) s DNEw (152 « DTEC(15) «DTEW(152 «HEBQQ2TO

- DTICAIS I PTLatLls ) s TMESH(LS) HEDUQ280

23 COMMINAMLUATAF L1 115} ¢ 15 2(L9Y 0 iM2L15) , TH4 (157, HEDOG290

- (L1133 e IL2¢1531uadU5 1 ILatls) HEDOOI0Q

24 CUMMINS TET Tkl o imAa ] HEDOQAL0

2y CHIMING OXCASIA riak oy (i MEDOD320

2h UMD PLO NELUT HMEDOC3 30

27 CATA FAL L AL C kAL Ay HEDOO340

1 3.1al5%205305.1071F =24y HEDOO330

2 1.633979E=21, ;9979256 1049, BU29BE-10.T,29720€=37 HEDDD 36U

23 waHEL AT ¢ FORLS/ RetpdaRm N1 HEDOQITO

] CEEMA L ESHL T A TMAX HEDCY380

2 RPRNT R AR s LMAK HERJQ3ISD

1 LTT VO 1F e SNEC ONFN «DTEC DTEW DTIC DT Ty THESH HEDOO400

% (MINLaTeaRD s HEDOO410

; d TMLla il e 12e 124 M3 1L3 M8 |La HEDOO420
' . CLAYGEN Y CaRBUNANPLOT HEDQU%30
| Fal PR LR TGSY @y T 8510 HEDOOa40
I CaLl FLETAE HEDQD450

- HEDDD4S0

cwa Fhoe LUl T FO MRS=UND T HEDDO4 /G

< HEC 00480

31 T s RS0 100, HEDOU& 3

32 SR a0 00D REDUOSIC

L] (A TR CIFASIE RULS WA 2 HERQ03%10

N dludEmnros HERTGOS5 20

3 HE TS 8 1 L2 i HEDO5 30

KT LAY ES SR T yil AEHD0S50

a7 TN TS LS TTIRS HEBI0550

R Trenalalrax wl g HEDD0530

19 i wdd luslaly HECODS 1O

i LTI mETTCI D #TY HEDJOSAL

! SR L LA A ST T ES L Y HEDODS YL

Y] r iUy muaE AL ENGRL L TR rEDOO&RU

i wd WS40 HEDGOARLE
: e HEGZ06Z0
an HEDGUEID

e HEDO0&4D

wT 1310 cAlverTUSE . HERRO63U

*R b el (5aTRRIS v yUEs3 00+ KR=300U HEDUOEDU

B HEDO0&7Q

L®3 [Tpl DATA CaAFELIST 15 USEL) HEDOUBA0

- majgn RaUlus () HENQU&3D

o g Kelilos (00 HEDIDTHQ

. wUmsEH CF PLECTHIL CHARGE GF PLASMA 1025 HEDDOTLU

I3 Timw DAL E1IC FLELD  (aii/mMew?) HEDQRT 20

- ] iFAY AL MESH € LESS THAN 9T2 HEDGOT30

< I TIAL T1oy (oil) HEDGOTAD

I Floome Tiek (SECY HEDDO0TS0

5 THe [Mbeiep Yy DenSiTles AVERAGLL DVER 37ACE ARE HEDDUTE0

- CALTULATED AY TI"E=STEP5 FPRnT [TES, HEDJQTTO

- AlAn mmmer ELEUTHIC C=ARGE HumBRd ¢ 1 ’ HEDQOT 30

¢ From DXYGES KMAx=N, FOR CARGON Ariax=T HEDIG TR0

[3 . LraK mmw—= |F 30MR Li.=] |MF TIES (SAY+nEJTRALS ANC S1NGLE  HEDDOSUC
¢ ComnGEL 1005 mxk JGNIZED AnD 51SAPREARED AT Tre  HEDDOALO

‘ ElLasMb iAWYy TREN LMAxsi, HEDOOBZO

C G1T cmmmre 1% ARART veRIAGLESs  THE J=TH PLASMA RARAMETERS HEDJQBIO

IS Ghone AT Tler BTTEIY.  (SECH HEDDCB4C

C 5 mwee—— Spt wARIAELLSe  DIRPCR 1% V4R J=TH PLASMA HEDOQ8%Q

. ¢ CunnEnT, CamP) HMEDOCBBG
< OREE wme——= 19 ANHAy VaRlAGLES. ONECCJ) iS5 THE J=TH ELECTRUN HEDJQSTC

c DEwatTY AT |HE CENTER, (Famae3} HEDJNAE0

- Onbe wmew= 1% A¥HA7 vadlALLES,  DNEW(J) 15 THE J-TH4 ELECTRUN HEDQQS9C

C CE-3!TY AT THE sS4 L. (Fmee3) HEDQU930

< DILC —-==< 15 AHRar VEMTACLES. DTECLJY IS THE J=Tm ELECTRON HEDOO9LED

I TR PLRmiuRE AT THE CENTER,  (Ew) HEDQO920

I DTEW —m—e= 15 AR%dr yAWlAoiES. DTEw(JY 18 THE J=TH ELECTRUN HEDOQ93G

¢ TE~PENAiLIRE AT THE wALL. [¥¥) 1 . HEDOQ94C

4 NTi¢ mmwm= 1% A8RAr vaAr|ABLES: DTICCI) 15 THE J=Tw TUN HEDOOYSE

P TEmPERAT e AT [hE CENTER, (Ev} HEQUQ960

¢ OTiw =e=== 1% ARWAY veniAnLES, DTIaCJ) 15 THE JeThH [ON HEBOQ970

14 TERPERALJRE AT TrE #ALL. CEV) HELJQU980

< THMESH wma= 1% ARRAY vardlABLES. THMERH(JY |6 THE J=TH TIME HEDQO920

I MESH DLKING WHIGH FLASHMA PARAMETERS DO NOT GHANGE, HEDD1000

« {5 C) HEDC1O10

c TiriH] === STARTING TIME FOR CALCULATION OF [NITIAL HEDJ1020

¢ DISTRIBUTION  (SECD HED01030

< TrAAl ==== FInAL TI%E FOR CALCULATION CF INIT]AL HEDOLO4D

c CiSTRIboTICN  (SEC) HEDCLOSC

I IMLaiLl -== 15 ARRAY vaRTAniLES. IM30J3 Ang ILLCJY DETERMINE HEDQ1060

' Thg J=TH FLECTRON DENS|TY PROFILE . HEDOLOTO

C Inge[L2 =+ 15 ARRAY VARIAGLESG.  IM20J) AND [LZ(J) DETERMINE  AEDOLODSO

[ TrE J=Tr ELECTRUN TEMPERATURE FROFILE, HEDO1Q90

r IM3eTL3 == 1% ARRAT VAH[ABLEL. 1M3(J) AND IL3(J) DETERMINE  HEDO1LOG

T THE J=Th PLASMA JUN TEMPERATURE PROFILE. HEDD1110

I JmkatLa == 1% ARHAY VAKIAGLES. [edCJ) Anp IL4€J) DETERMINE  HEDO1120

C THE JeTit CURRERT CEREITY WPROFILES, HEDOL1130

3 NAYGEN === LOGICAL VAWIABLE. 1F OXYGENw.TRUE,. THE BERAV|OuR HEDO11é40

I OF CAYGEN |5 CALCULATER, AEDD1130

¢ CaHATN wem LOSICAL vASLABLZ 1 CARBON®,TRuE. s« ThE BEHAV[OUR HEDOLILQ

¢ OF CAaREuN 15 CALCULATED. HEDOLL7E

C NELOT ==e= NmdER OF P rEDQLL1RT




11e
1%
il
1ir

1l
ii%
1¢v
izl

le?
le?
Rl
les
beén
le?
1ER
i+
1323
1z1

laz
13
las
13%
138
137
128

13%
142
lal
142
JEX]
lun
las
Lur
Laty
4%

148

153
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{F(OXYGEN) GD 10 30D
[F(CARBON} GO TO 350
G0 TO 3000
300 TF(CARBONY GO TO 3000
3590 CONTINGJE
TFCOAYGEN) wRITE(br3602
IF(CARKBOND wRITE(B4361)
360 FORMAT (LML AP E4F7/FFFTF3LRNG
361 FORMATCLHLWAAFAAEFIAIPETILROIC
£R]TE(61362) NFLOT .
362 FURMATCLH «'PLOTTER' W 11G//1H «PINPUT DATA'/)
5000 sRITE (6+TORUS)

Xy GEMN FURTTY WD
AKBON 1 POR | TY /2

Con FHOM MES=UNIT TG €55=UNIT
: .

Ak SR A 1RG0, O

SR MkEMT 100,30
RYUEEL EFAE ST S ENL LN
DU Jmlalln

ENECL y=0NECKS, /1. VES
CHEw(uY=CNEW{J) F1.LER
CUNT INUE

Fita = ELFCTROAN MASS/PRUTON MASS

AclEMARD  KEAZ4E 4

FmpJuEaMA Jp 1O

WTURE=RMINFRY

Ka N=RTyRE

AZMEmBZa VA SR

TlntaTwinlfTo

TANT=IMARE AT

L1 Imlels

SETOLL2=RITClaa Ty
[RaSDIF Ul sneG
Eatlu)esBuba UIDYend

LT INuE

foHECT=RI A/ A TwidE

IR PARESY]

JenNaRMES Ry ]

= BX] mME e

GamirAXeL

=Iw1dt}y

e=1e241)

ERLERNCE S ]

cewlogll}

cl=loitly

La=tlzedy

L3=iLEi1)

Laesliegly

TLoE / (FLRAL (b SHI =0, 5)

J

fEil
TR AT e ZLelToledy GO T 13
ey alg
Jimlas
gu TGO 4%
I T T ingf
amglimg e LLegir mamitl 65 ThboE=2) %3, 13158 =127
' 3, bDARLEDD ML B 2RGT- LG

i
[lv=lanels
CTLA=ETAUET1obhi [ (0,545 mA)
el lo=Treily ¢ SHRT LAY

AlulaSeRTisGamb, (FEIAL D) I RALFAARCRLTU/ERs3

ALl DRl TURSWR 1 (T (P& #NDJ F /L aed

algblamlid (nigl?

sl 2malne (A 6ud

ALl IRALOLZ :

CTALFSaRTO), Nk s (PATRLICe ) n (E+CIan2aT0/ (3, 05RG#Z)
F1AD=L PR

Tow|Eea, eSUFT$2, (P AL & ) aEasssnlaTl
L2403, 08 AR 1 Txel,5)

i sa

Al=Las A= L0
SUEGAMR -1 *hilakgs (4 LxPa | #NDRLTO2
TAU=ES CAPAL&RCELTO/RU#N,
FLUmITUN  #ROMIQF(TURLY
FoymbsLwiu0, 0
HJEDN= TS TTS
SHACECRLTLeTOs (16, UNE ECORRQERED
LETED LU
LT L]
VLaDMECCY S
whlLLmuhEa(ED
TEC=ITEC(Y)
TEAALRUTES (L)
TiC=nTIC(L)
TleAL=3TIw(l}
ETAMRL, 2Rl 1P CLY/ CeMIANBOaR0)

¢
cos INETIAL DISTHIBUTIONS OF PLASMA PARAMETERS
C
g 150 JEé JHAR
AMELUATC =LY #DX=0. 2RDX
FLEJYm A ALLY R (L 0= (X/ATUBL ) mam 1 #ml L+NwALL
TEigJInTECaTERAL 2 (], U=(X/RTUBE) maM2 Jual2 +TEWAL
TIEC 3= (TIC~TiwAL J*LL U= CR/RTUBEI A M3 J#al2 +TIWAL
BLCJimB2 X -
FFEEL dmxssZe(l.oeZ 08 (FJRTUBE ) #ara FCFLOAT(ME )+2,022
TFeLe (EQ.L) GO T 132
M} 151 Kedals
Frik ImlZ.0FCFLOATAOK#rM 4342, 000 (Ane2® (1 . U=(A/RTUBE Y #aM A3eny
* 0, GHKRM G¥EF(r=1))
I CunTINUE
2 CNTINLE
FELJEW, JMAX) FJIMakeFFiLe }
BILE3mwCRTYBE/A)#FF (L& 2
150 CONTINUE

-20-

HEDO1190
HEDO1200
HERD1210
AERO122C
HEDRQ1230
HERD1l240
HEDQ1250
HEDQ1260
HEDO1273
HEDQ1Z8C
HERQ1290
HEDO1300
HEDQ1310
HEDO1320
HECQL133G
HEDD1340
HED0135¢
HEDQ1380
HEDQ1370
HEDQ1350
HEDQ1290C
HEDDL14Q0
HEDD1410
HEDOL1420
HEQD1430
HEDQ144C
HEDD1450
HEDQ1460
HEDD1670
HEDOL4 8O
HEDQ14%0
HEDO1500
HEDQ1%10
HEDO1520
HEDO1330
HEDDL54C
HEDOLB50
HEDJ1560
HEDOLSTLC
HMEDG1340
HEDO1590
HEDO1E0O
HEDDl&ly
HEDQ1&20
HEDQ1E30
HEDD1640
HEDDLE590
HEDQLEAD
HEDQL&70
HEDDL1RBO
HEDOL1690

. HEDOLT30

HEDOL714
HEDOLT2D
HEGOL730
HEDOLT40
HEDOLT50
HEDOLT6u
HEDJL1T 7O
HEDO1Tab
HED1 TO0
HEDO180C
HEDOLELO
HEDJ1820
HEDQ1830
HEPDL1840
HERQLB5D
HEDG1860
HEDCLETO
HEDJIAEQ
HEDOLB?Y
HEDQ190W
HEDQ1910Q
HEDOL920
HEDCL193Q
HEDO194Q
HEQOL959
HEDD1960
HEDOLITO
HEDUDLSHO
HEDQ19%0
HEDOZ2000
HEDQ2QLC
HEDRCZ020
HEDC2030
HEDD2080
HEDCZ0MN
HEDO208U
HEDOQZGTO
HERDZ080
HEDQZ2030
HEDO21G0
HEDOZ2110
HEDOQZ120
HEDO2130
HEDDZ21s0
HEDQ2150
HERQZ160
HEROZ11C
HEO2440
HEDQZ21%0
HEDR2200
HEDQZ2Z10
HECQ2220
HEBOZ230
HEDO2240
HEDG2250
HEDOZZ&0
HEDOZZTO
HEDC2280
HEDQ2290
HEDCZ3UD
HEDO2310
HEDO2320
HEDGZ2330
HEDQZ3#0
HEDOZ2350Q
HEDG2260
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154 DO 153 Jwi e JMAX HEDG237T0
155 BT1¢SIwBTLCIIHET2M/F IMAY HEDO2380
1586 153 CONTINUE HEBC 2390
157 N1{1)=N1{2) HEDQ2400
158 TELCZI®TELL2) HEDC2410
159 Til(iy=TIicad HEDQZ420
160 BZ1{11=BZ1(2) HEPC2430
161 BT1¢1rm=8T1(2) HEDD2440
182 K1(JML) wh1{JMAXY HEDO2450
N 163 TELCJML) =TE] (iMAX) HEDD2460
leb TI1{JM1) =T 1 (iMAX) HEDD24T0
165 BZLC¢IML)wBZL (JMAX) HEDOZ460
166 BT1LIMLY =k T1 (JmaX) HEDD2490
167 RO 20 Jul.dmMl HEDDZ2300
168 K2 (JI=NLLdY HEDO2510
169 S TERLJX=TEL LD HEDD2520
B 179 TI2{=TIL(N HEDD2330
111 Bl2LSy=BIL () HEDOR2540
172 BT2¢II=BTI(L) HEDD2550
173 20 CONTINUE HEDD2%60
HEDO25TO
cu GRIU powrs AND SPATIAL mMESH HEDD2580
¢ === [NTEGRAL GRID POINT DR —== HMALF INTEGRAL GRID POINT HEDD2590
c HERORBVU
174 R(1YaC. 0 HEDD2610
115 LG A0 JE24JMAX HEDR2620
176 XEFLOAT (=12 #0X HEDG2630
177 R(Jy=x HEDD2640
178 B () =0y 5% CROI=13+REDD HEPD2B50
119 30 CuNTINUE . HEDDZ2660
180 REe1Y==RH(2) HEDE26T0
181 DU 40 Jm2eJMAXL HEDD26B0
182 DM JYmRH (e 1) mRE(G) HEDD2690
183 DRH(JI3RE =R (d=1) HEDDZTOO
lau CaliJi=1.u/DR {42 ) HEDO2T10
185 CRALCJ> =0, 5/0RHC) HEDDZTZO
188 50 CONTINUE HEPO2T30
147 DRULY=RH(ZI=RH{1) HEDD2740
: 184 DR OJMAR) &2, On LR EJMAR ) =mt (JHAXD ) HERO2TS0
i 149 DHALE) =R (Z)=R (L) HERO2T60
130 DRH (JRAX Y =R (=A%) =R (IMAKT) HEDQ2TTC
151 Gh €12E1.0/40R{1) HEPO2T80
192 DRI (GMARY =L, 07 DR CsMAK) HEDQ2TSU
193 DL ESREL IR T HELL SR HEDDEBOT
194 DEHTCIMARY =D, 5/ OR (JMEXD HEDD2810
195 LR CIMLY mDR (JMRAKY HEDD2820
1398 Dith (JM1) e LRHCJMAXD HEPQZ830
197 DR (IMLYalR T (JMARY HEDGZO40
158 DRHT (ML) «DRH | (JMAK)Y HEDOZB50
1599 2L ML) =R (JMBRIAORH{ ML) HEDQ286D
200 RRCJML)wRR{JHAKY+LR(JMARY HEDQR2BTU
251 2znZlel! HEDOZB b0’
zu? ALGLEALSG (LT HEDQZB 0
203 DU 600 J=1yJML HEDQ29UQ
204 ZEF (=21 HEDO2910
265 EZ(JimU.0 HEDQZ920
266 VTE=YTEORSERTLTE 21002 HEDR2930
207 VI I=VTIORSERT(TL £¢J2) HEDO2940
208 RHEJ)=RH(S)#EZ 2000/ (ASPECT#RTIDE«BT2())) HEDD2950
209 . GH L =ARSIER (L) HEDUZSED
210 ARGESTEZ () #*3/R2() HEDDZS70
11 ARGI=TL2(SIwn3/N2(J) HEDD2980
212 1ECTE 20u)Y=36.19) 30,7070 HEDDZ99C
13 70 ALGLWE=ALGLL+DL,5#ALOGIARGE/TE2{JY )1, 5~ALGL HED 23000
21a GL TO 90 HEPG3010
213 B0 ALGLWE=ALGLZ + 0,5%#ALUGCARGE)~1.3%ALGL HEDQ3020
21¢ 9p ALGLWI=ALGL3 + 0.5#ALCG(ARGIY-2.54ALGL HEDQ303¢
217 TAUE [ (JI=h 2O )#ALGLWESTE 2(J)%*1.5 HEDQ3J4L
Z1E TAUET(J3 = TAUEI (LI #TAUETD »22 HEDQ3050
2% TAUT €Y=l ZELD#ALGLWES T 20J) N1, 5 wl2#Z2 HEDO3060
et TaUll (JyaTAUL | CIISTALTIO HEDD3QT0
22l Rh2wABS(RH(JY ) FRMAJ HEDO30B0
222 RR1=SCRT(RR2) : HEDG3090
223 CRha=RR2wal,5 HEDD3100
224 Ri3l=l.0/RRY HEDD3IL11Y
225 PPC=l,414213564RR31 HEDD3120
. 226 BECTETAJEY (J)4RMAJ#BR (I /VTE HEQO2130
227 BPCI=TAUL L CJI#RMAJRIRCII VT HEDO3140
228 RFCEmEPC#BPCE HEDD3ILSD
225 ERCIakPORERC] HEDDAL6D
230 CKITE (J3abpPCE HEPQ3LTC
231 CRITiLJI=EPCT HECOI160
232 400 CONTIRUE HEDDILIO
. e HEDO3200
233 TiMMaT IME2TO HEDQ2210
234 WRITE(612000) TIMM HEBD3Z220
235 2000 FURMATC(Z#7//10 v15%e"  INITIAL YALUES AT TIME =1.E9,3.! SECH /4 /INEDO323D
226 BEMKSB WA #B0 /10000, HEDO3240
237 RMS1=RMA KR/ 10T, HEDO32530
238 RM5ZaRMIN#RO/ 100, HEDD3260
239 LCRNCHNG HEDD3I270
L0 DwALLmhwk| Lk HEDD3280
261 wRITELE1000) RMELRMEZ SASPECT 12 +DCIDWALL+TEC TEWALATIC+TIWALy WEDDA290
= BZWMKS,  NMESH.DX HEDD3300
242 1000 FCRMATLLIR o / S4%3BH RMAJ, =:F10.8:8H M JHEDD3310
1 S4X+BH RMIN, =yFlU88H w 7 34X, BHASPECT #+F10.4» FHEDO3320

2 54X EH Z =F10.4 7 54X, BHN(R=03 =, EL0,3+8H /CC /HEDD 3330

3 54X BAN(RmA) waE10.3.8H /CC ¢ 54X BHTE (R=02=+FL10,4+8H Ev /FHEDO34AC

4 H4XsBHTECRmAY=oF10,4sBM EV / 54Xy 8HTICRe0)=,F10,4,BH E /JHEDO3350 -

% 54X BHTI(RmAYmF10,4¢8H EV 4 54X 8H 82 =\F10,6.48H UBIM*HEIHEDOBN’U

B B4XyEH NMESH =415 FRETS Y L] DX =(F10,4) HEDO3ITO

243 - RETURM HEDO3380
f4h 3000 CONTINUE F HEPQ3390 -
245 wRITE(6,54001) HEPO 3400
246  ACO1 FORMATCLH ot DATA NO IREKATA NI AYAMAR] GA ARy ') HEDQ3410
247 GO TO 451¢ . HEDU3420
248 4500 CONTINUE : HEDO3430
245 CALL PLTEND HEDOIN40
250 STOP ’ ’ MEDDIASD
25 END HMEDQ3IN&D

4
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.




FEREFY TS

~

Ba
&5

87

LX)

¥Q
91

93

SUBRQUTINE COMPUT([GS} CoMO0010
LOGICAL TGS coMOB020
CQMMONIPLDATAIDTT(LB} ADIP(153 W DNECCLS) »DNEWCLSY +DTECCLS) »OTEWC1S) +COMO0D30
DTICKLS) +DTINCLE) + TMESKCL15) COMDOO40
COMMONIMLDATAflmitisi.lecls).IMJ(LSJ.Inktls)- COMDOC50

* [L1€13Y+TLZC15)aTLICLSY 1 L& CLY) coMDOCen
REAL NCoNWALL COMOGOTO

REAL NLlyn2 COMOOCA0
COMMON/PRT FRMAJ W RTUBE s ASPECT 4 Z [ s ANDaNCANWALL » TEC TEWAL» TICa TIWAL, COMOQOQ9Q
TIME«TMINs TMAX BT DTHIDTMINADTMX 1 DTMAKXS COMOQ100

NMESH, JMAX r JMAXL DX e DXHvEPS +NPRNT « NCONT COMOD110
conno~fu~x1~1(§9).r51(59:-1l1(59}-811t59)-311159). COMO0120
N2(593.TE2C(H9),TI2¢31BL2(59].BT2(3D) CONMDO0130
(GNHONIEXTIBIMM‘ COMO0180
COMMONAML # M1 M2 eM3 o Ma LI el 29030 % COMDO150
CUMMON/HE IK TN/ ANE (39) «ANT (593, ATEC39) 1 ATL(59) ,ABT(39) ,ABZ (39} coMOC160
COMMON/ TCEMP AV (9002 COMOC1TO
COMMON/ KK JJ FEMAX K LMAR 1 LMAX COMO0180
COMMON/NMA [N/ O TH CoMO019G
CumMONS 1BC/O1 L4592 0B CoMR0290
COMMON/QUT [M7AX (9, 59) COMOO210
DIMENSTON FFe20) COMOQ220
CIMENSION §X¢9459) COMOD230
DIMENSION 0BB(20) COMO0240

4 COMRO250
Cwns THE J=TH PLASMA PRCFILES COMDD2£0
ok PHYSTCAL QUANTITIES CoMD0270
[« vTE = EL,THERMAL VEL.s ¥T[ = [ON THERMAL VEL.s CoMOp280
c ©F = SAFETY FACTOR, ALGLwE+ALGLW] = COULOM3 LOGARTTHM COMOD29¢G
C#% COLLiSIONALITY PARAMETER CRITE = EL.+ CRITT =|ON COMDO300
C COMQD210
o0 10 I=i4l% COMD0220
T5=5TT 0y COMOL3I0
TL*DTTLI+1} - COMDO340
TFCTIMELLT.TS) GO 1O 10 €oMO0350
[FiTIME.GE,TL} GO T2 10 comon3ed

I1=] Coroeata

G TC 11 COMUG380

13 CUNTINGE €or00390
11 T=T=gSHCIT) COMOL4ACO
mimte LY COMGE410
remlMEilTy CoMple2n
H3wiv3LT) COMO04 30
cum{véLlT COMODA40
Li=iL1c¢ln COMDOABD
LeElLzOimy COMOGALD

L iEIL3LETY COROReTY
Lé=iL4dlTs COMOGaBUY
TIME=T IME+DT COMOC4 92
TFETIME G THuAY GO TO 22 CoMD0500

50 TD 13 coMDeS LY

17 | GS=.JRUE, COMO0320
RET RN COMUO530

13 CUATINVE . £OMDRS40

c R <oMpo3sn
[ - r—— ———— COMO0S60"
r COMOOSTY
CALL BUUNE (BT MY COMDESBD
JHlmsmAXe ] COMOGS R0
G155 J=ZaJReR COMODEQU

yaFLOAT Cd= Y RLaA=N, 540K COMO061C
(=it ~wALLY# 1L Or (2 ETURE ) waril ) oLl e NnALL covQosac

TEF IR LTEC=TEmALY# (1 0= (/RTLOEY e ) 0o 2 TEREL COMBOBID
TiZCA=CTIE=T [ pAL % ¢l O~ (£ /RTUBE) 22t 3) #4L3+T AL COMDO640
PLzig)=Biwmx COMO0B65U
FFgy)=xanga{l.Ur2, Oe(AsATUBEY 2 oMy (FLOAT (Mi)+2,00) COMDGEED
tr(Ls,EG,1) GU TO 152 COMOGLTO

D0 151 Ferold COMQO6A0
FROxImiZ. G/ {FLUAT (KRMED #2,G) )4 (%o e 28 (1. O= LX/PTLBE ) watis )y #uK COMQOB N

+0. SRR #va#FF (X=1)) COMOCTQ0

A CLnT INUE COMODT10
CuntinvE CoOMDQT20

1F Cdac e JMAXY FJaX=FF (L4} COMO0730
E1RtormCHTUBE RIREFILY) COMNOT40

150 CONTINUE COMOOT50
09 153 JmP oy JdMER COMOQT60
BIECJIRBT (N w2 T2rgF JhaY COMODTTY

3193 CunTiINgE COMOOTRD
NELLIRND LY COMQDT90
TEPLLI=TEZ(R) COMODB0D
THZLLy=TI2(D) COMO0810
PL2C1)=BZ2{2) CuMOA 2L
ET2(1)m=B12(2) COMDOSAC
NZCIMLIRRE (IMAX) comMQpeso

TE2 UML) =TEZ (UmAK) ComMgoase
Ti2tuM1y=T]2LJMAX) CoMo0e60
BLZLMML)=BIR(MAX) CoMO0aTO

AT2 (ML) mbT2{ImEX) CUMOC8s0

Du 400 Jelydml COMDQB SO

Abe (I w0, SeINL (NI +NH2 (DY COMODY0Q
aTECH) w0, 54C161CII+TEZ (I COMOD91D
ATIEJI =0, 5a(TILC«TI2¢N COMDOY20
ABTCJI WO S#(BTLCD+BT2()) COMQO93D

ABZL ) =D, 5#B2LL N YBIZ(IN) COomMQ0940

400 CCNTINUE COMDO950
D0 900 JwladMl COMOQ960
SUM=0. 0 CompOaTe

DU 901 Km2 KMAX ComOga0

401 SUM=SUMe (k=1 £AX{r1J) CoMpQ99c
¢ COMO1000
Cra NE = Z1eN]l + S1GMALZARNK) COMR1010
c. . COMBLOZ0
AN] LAy mCANE L)) =»SUM) /2] COME 1030

900 CUnTINVE COMQLO4Q

. COMC10530

#n OUTHUT OF ELECTHON DENGITY. EL. AND ION TEMPERATURES. TORO[DAL AND COMD1Q6D
¢ POLOIGAL FIELDSe CURRENT DENSITYr ELECTRIC FIELDY SAFETY FACTOR, <OMO010T0
I COMO108Q
*RITEL6+30D) COoMOL0%0

190 f-op-zm.'ruu SF AR T IE TR VANT Y 1 TANE Y 11K TATET (12X, AT (11X, COMO1100
TABZ®cL11XaTART) <oM01110

DU INE Jal, Il <OMO1120
WRITELO 2013 JrARTLI) VANE (U3 ATECSY cATICI ABZ LY cABT LY COMD1130

301 FURMATCI3WAXaLPBELS . 4)  COMG1140
302 CUNTINUE " CoMb1150
RETUAN COMO1160

EnD coMaLiTo
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SUPROUTINE BOUND(AT2M) BNDOOOOLO
“EAL NCeNwALL BNRO0O20
AEAL NULLTO N BNOOOD 2O
COMMORAEMTFRMAD R TUBE 4 ASPECT o2 L1 AND NG A N4 ALL » TEC. TEWAL  TIC TI WAL, BNDJOOA0D
1 TLAE TN THAR G OT 4 DTH GTMEN D TMADTMAX, BNDODOSO
2 NMESH « JMAX ¢ JMAXL VDA s DAHAERS s NPRNT o NCONT BNOOODED
CIMMONASCAFTU WU LTORGARD 8nD00070
COMMOINAPLUATE/DTT {153 LIP (15 vUNEC(15) +DNEW (1532 DIECC15) +DTEW{15) +BNZOQ0RBD
* OTTCCI5Y W DTINCL5I vTMESH(LE) BNDDOO0
DU 10 12115 BNDOOL0O
T5=DTT(I) BNDOOL10
TLmRTT(1+1; BNDOO1Z0
TE{TIME.LT.TS)Y G0 TO 1u BNDO0130
[F(TIME,GE.TLy GO TQ 10 BNDOO140D
TaEs(TiME=DT1 {22/ CDTT 1+1)=0T7([22 BNDOD150
2iesDIP 1)+ (DIFCI+1)=CIP(1))=TAR BNDOO16D
NCeDNECC )+ (DNECCI+17=uNECCI}) #TAB BNDOOITO
NaALLEDNEAC Y+ (DOMENLT+LI=ONER{ID 3 *TAR 8NDODL180
TECHDTECC) 34+ CGTECC[+LI~0DTEC(L) ) #TAR BNDOO190
TEwALaDTEW (I 2+ (DTERCI+1)<DTEW(] ) »#TAB BNDOO2J0
TICaDTICCI P+ (BTICCI+12=DTiC(I)2#TAR aNooo210
TiwAL=RT 4 (1Y +(DTINCI+L2~0TIa{1))*TAR BNOOO220
10 CUNTINGE BRDOO230
ETeMmG L 282 P/ CHORROSRTUBE S BNDOO240
SETURN BNDOO230
£ BNDOOQ260
SUaROUTTRE OUTPUT SUTO0DLO
HEAL NCenwall QuTouG2e
wEAL Bl oNE CUTQDO3D
REAL O oUTCOOGU
FEAL KREWK| . QUTEOESD
COMMONZPMT ZHMA JsRTUSE vRSPECT oL vAND S NC o NwWALL » TEC TEWAL o TICa TI WAL S QuTO00&0
1 TIE e Toe TN THAR G QT a U THa OTM N e DTHA L DTMAX [slWR R elolvi 4ol
NAESH . JHAK ¢ JMAAL v DASDXH W EPS 1NPRANT $NCONT ouTORORL
CUMMON S UNKZNL DY) o TEL (S92 T12LH9) B2 (D9 +BT1(590 ouTo009"
w NZ(S9) v TE2(59)+112(593BZ2(59)+B72(59) cuTQO10o
COUMMONSRDRAR LSS} vhr (353 yDA (592 «DROCESI DRI LS9 4DRHT(59) QYTEOL1
CUMMUN/TRP/D(595-RE(S?)-KI(593vETH(59)~ThUE@](59)-7AUEE(59)¢ ourgalzy
1 TALI1Es 4R (59 CRITECS) CRITICSS) GUTOGL3U
CORMMON S SaN L LAY o YDTACRT ) EZV LT . QUTQOL4U
ClaaMON/EITPEZABY) v T(592 COUTGOLBG
CUMMONSCEF JALGLL omiBLZ+ALGLI v TEWIUAETAQTAGUETOTAUTIOWWED«#T 0y CUTLOLED
1 VTEQ VT I BETAEPSDAMEAREZD AJZ 04 3RME BETAQ cUTDO1TL
CATA AdVAF CAC IHB LAP V1HCY . CUTOR180
Jv = dMAX+] CuUTOO0L190
NG 1 JmluJMAX ouUT00200
TFLdeEwei) GO TO 1 ouTOD21w
(RO, Ed, JMAX) B0 TU 1 ouToD22¢
Fiv()=E7ued oa{E2{J=12+2{0)) ouTo0237
JLCII=AJZGHDRA] (DR IRLII R (BT2(V) +8T2{J*1)) CUTOD240
* SREJ=1 Y HIBTEL U «BT2(I=1) ) /RKLDY ouTR0250
1 CuUNTINUE QUTOD26U
JeC)yme O#AJZORETZ (2D FGRACLY ouTRo2TL
JL(INAK) U0 ouTpo2480
JLCIRLYNIL (JMeR) QUTD0294G
Edvild=Esv(2) ouToO300
EEv(JniAXY =g, 0 ouTDO310
EZV(IMLIY=t 2V (G%AK) QuTDO320
tHITELEWEDTD ouTo0330
£57 FURMATLIHL) oUTOoU340
WRITECERS%7) THE GUTOD350D
DL pUu Jelldvl QuUTON360
FivioLT=EZ J#EL(J) ouTon3To
R | m (RMAJFABD (RHeJ) I wel 5 OuToO0380
TFOORITEC L1018y W0 TC LG QuUTEG390
THLCRITECS) S LELRR3LY GO TU 11 QUTOC400
vERAl OUTDO&410
GOoTe 22 ouTo0420
1 HE=ab QUTDDa 3L
oL TU 17 QUTCO460
11 tiE=afy . QUTCO&452
12 CLuTINUE CUTOD46T
[FLCRITIC LLTLL) GO TG 13 CUTCC&TC
TF(CRITL G LLELRRETY GG TG 14 CuUTO0482
HlAC ouT0D49T
LU TG 1% OUTO0500
13 wimap QuUTO00510
o0 TG LY OUTDO520
La Hi=AP QuUTOOS3D
L5 CIRTINUE QUTOO54C
*klIElb|99u)J|RH(J)-@H(J):NZ(J)0T€2(JJ-TIZ(J}uBZZ(J)-ETZ(J)chlJ)~0UT Q550
* EFVWCU) sHEan] QUTOO560
100 CONTINUE QuUTOL5T0
998 FURMAT(L3 oF&. 30 1PEE14,8e2X+AL11XALD ouToeS8L
999 FURMATCIH o/ f¢10X+*TIME wV o 1PEL3, 4" SEC' . QuUTO05%0
—23-
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AL IRNAR T E SRR AR TR AN ) PR AN AR f AN QUTO0E00
21“-'“'vllx-'Bl'-ll)h'BT'-bx.'Jl(AHPICNiGZ)'-ﬂl-'EZ(MWCH)' " OUTOD&10

3 Axs'E I oUTO0620

53 CALL PLTIN oUT00630
54 RETURN OUTODB&D
55 END OUTODE50
1 SU3ROUTINE HPLACE FFLO0010
2 REALL N1eNZ RPLODOZ2D
3 REAL NCo NwALL RPLOQOD3O
4 COMMONS PMT /RMA JvRTUBE +ASPECT «Z 3 vANC v NCANWALL s TECTEWALATICTIWAL s RPLOO0O40
1 TIME+TMING THAX s DT+ DTHLOTM NS DTMX W DTMAK . RPLOQOS0

2 NMESH y JMAX s JMAX L DA3DXR 2 EPSsNPRNT « NCONT RPLOQOGD

5 COMMIN/UNKFANLC39) 2 TELLS9+TIL (593 +BZ1(59)«BTL1(59) RPLOQOTO
* N2{39YTEZ2{59).TI12(59)+822(5928T2(59) RPLOQUBOD

b JM1eJMAL+1 ]PLOCO90
7 DO 10 J=iegMl RPLOO100
8 NL{JI=NZ2(J) RPLOGLLO
g TELC L =TEZ (D) |PLOO120
10 TLLCAI=T2¢N RPLO0130
i1 BTLCH=BTZ () . RPLOGL40
12 B£1(.aBZz()) RPLOG150
13 10 CUNTINUE RPLOALG0
14 RETIIRN ’ RPLOD1TO
15 ENL ) RPLO0180
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1 SUBROUTINE_IMPRTY = = L 1MPOOOLC
2 EXTERNAL FCT10UTP 1MPO0O020
3 LOGICAL OXYGENsCARBON IMPOOO30
4 REAL NCaNwALL IMPOROA0
5 REAL N1.NZ IMPQOQBC
6 REAL MEvMASNOWLTO 1MPOQ0SC
7 DIMENSION DERY{9GL)s - AUXT{164300) +PRMT (S IMPoOCTO
8 CIMENSION 0BB(10} IMPOQOAR
] DIMENSION 159} ’ IMPOOOY0
ic DIMENSION ALFA(9:59) «BETA(9 59} IMPOOLOG
11 DIMENSION AL(>%) . IMPBO1LD
12 DIMENSION ALL1LIC5924ALLZL(59) . IMPCO12C
13 RIMENSTON ALLILIK(9+2931ALL2R(9D) IMPQQL3C
R 14 COMMON/DXCAZOXYGEN « CARRON 1MPCOLAD
15 COMMON/ TCIMP AV (9002 1MPDOL80
16 CUMMON/HE TR INZANECS9) 4 AN (592 vATELS9) 4 AT (59) vABT(59) 1 ABZ2 L59) 1MPOO1&0
11 COMMONS PMT /RMAJ \RTUBE ASPECT +Z | vANO+NCoNWALL s TECo TEWAL + TICH TIWAL « 1MPOOGLTO
1 TIME  TMINA TMAX (DT oD THDTMINSDTMX O THAX 1MPOOLB0
2 NMESH 3 JMAX ¢ JMAXL 4 DX+ DXHEPS s NPRNT + NCONT IMPQULR0
18 COMMON/UNK/NLL59) «TELCS92 4 TI1 (393 +BZ1L59) 4BTL (59 ' IMPO0ZO0
. [ N2(59) 4 TE2C5%) «T12(59)BZ2(59) «BT2(59) 1MPO0210
i 19 COMMON/RDR/R{59) s RH{592 +LAES9) «DRHLS59I DR (59) +DAHT £59) IMPOG220
] 20 COMMONACEF FALGLL» ALGL2 s ALGL3«TERIOETAQ+TAUEL Q2 TAUTEQWWECH1D0 1MPOQ230
1 NTECIVTICG+BET (EPSC.AMEMALEZ0+AJZ0 +AHMO,BETAD IMPOOZ40
21 COMMON/SCA/TOWNO L TORO B0 [MPOGR250
22 COMMUNFORAZY(8) 4 2CH) [MPOO260
23 CUMMONZ KK J JFKMAK s KLMAX s LMAX IMPOQ270
24 COMMON/ NMA [NZND 1M [MPOOZ8D
25 COMMONZOUT IMZ AR (9459 [MPOO290
26 COMMON/ 1BC/O119+5920B(9) [MPOD300
bl COMMONZ TBT/TMIND» TMAXL IMPOOAL0
28 COMMONZ TGNT/GN I 1592 46T ] (593 ’ IMPRO320
29 COMMONS TCRT/CRITIC59) 1 LRITK(9459) IMPOOA30
ap COMMON/ |PS/P5(5%) - |MPOC340
31 COMMUN!lMPFle‘CllKlt'}-iB)aCllKK(9v9 59)4C12K1(9159),C12KK{9.9459) IMPOOISQ
32 COMMONZ [MPFC2FESCS9) 2 CL1K (T o590 v £12K (1 59) {MPOO360
33 connowIHPFCJIB:JH.”)‘E;Jﬂ.sh-Fucv-sB) IMPOC3TO
34 DATA F1114FLl21/0,53284.0,707107/ [MPOO3E0
35 DATA Cl1eC124022/1,26+0.3740.1/ [MPOO3%0
36 DATA AMI . AMOAMC/1.0016.0412,0/ [MPDD400
¢ 1MPCO&L0
c#% SOLYE [MPURITY DIFFUSION EQUATION BY HAMMING'S PRED[CTOR-CORRECTOR [MPGD420
¢ METOD (5UB. WPLG) IMPOO4 3G
s PLASMA PARAMETERS ( ME+TE«T) BZ.BT) ARE GIVEN FROM $uB, COMPUT, TMPOO4&0
% BANANA=PLATEAU KEGIMES ARE AVA[LABLE. IMPOO4SG
c FROM  F.L.HINTON AND T.B.MOOREs NUCL., FUSION 18(19T4363%, 1P Q0460
4 AL == EB.f2¢) 1MPDQ&TC
€ ANILLWANIL2 -= E@€23)+  ALILIWALL2[ == ER.(22) IMPDO430
¢ ANK1I4ANK12 == E@,(31)+ AL11K+ALLIZK -= E, {30} 1mMR00490
¢ ES == EW.(8) [MPOOS00
£ C11ki+C11KK == EG. (3} C12K[sCLl2KK == EG. (43 IMPDOS10
¢ : [MPOOB20
37 HANTE [=1.0/NQ IMPQOA30
38 [F(OXYGEN) AMK=AMO IMPOQ3A0
39 1F {CARBDON) AMKwAMC ' [MPOQ350
40 RMASSSAMK RAMI 7 (AMK+AM] ) LMPOOS&0
%1 ANYUZmaM ] £ AMK [MPOO3T0
i 42 Fl=5@rT{1,d+ANYUZ; [MPOOS8D
i 43 F2=SGERTLANYU2) FCF1+1,00 B L IMPpD3YQ
: 44 FraNll=F leANYUZ#ALDGCF2) 1MRQO&00
45 ’ Fiinl2=1,0/F1 1MPOQ6L0
46 ANt [=1.0FANYYZ o 1MP0Q62C
o7 F1Me5QRT (L, O+ANYU]) 1¥R00&3C
48 FaamSuRT CANYUI I F{F1Msl,0) IMPOOGAQ
49 FHNL1MaF 1M+ ANYJ [ #ALDG (F 2M) THPDOBS0
50 FrAni2m=1 O/FiM . 1MPOO6&ED
L} KMAX] =EMAK =] IMPOO&TO
52 JMlaJMAX ] 1MPQOBAC
53 ALGL=ALDGC2T) 1MP0O69Q
54 DO %90 JmledMl 1MPOOTOC
55 YT myTIOwSeRTCATICdD) IMPQOTLC
56 Wiz [GRABZ LIISET 1MPOOT2C
51 ROUTwyTI/wW] iMPOOTIC
58 BOULTwROU] #ABL () /ABTE} iMPOOTAL
59 ROU Y T2=ROU [ T#ROUTT IMPDOT50
b0 DICJIwANL () #ROUTTZHRACDI YT IABT (2 / (RMAJE24ABZ (U} [MP 00760
61 QUERMLI) #AI2 (I} £ CRMAG#AST (U3 2 tMPOOTT0
62 QumABS (0] {MPOOT80
3 ARGI=ATI(J)##3/AN{ L) . iMPOGT0
64 ALGLWI=ALGLIO, S#ALDGCARG] ) =2 JHALGL 1MPOOAGO
6% TAu] I=TAUL [O#L LerasANTCIIHALGLW] /(AT | (JI#=1,5) 1MPOOE10
v bb CRITICJ)=TAU] [#RA#RMAIRARS (RMAJIRACI) J%1a5/VT] 1MPOOSZE
67 [F(J EG.dML) GO TO 501 IMP0083Q
68 GNICI R NSDRICIIAZ] I #{ANT {Jv 1) =AN] (337 (ANI (s L) +ANT CDD 1MPO0BAD
69 CGTitJIm 2.usDR1CI) ECATICIH 1) =AT ] (I / (ATICU+LI+ATICD)) 1MPQOB30
10 G TO 502 . IMPOCASY
71 501 CONTINMUE |MPOOBTO
12 LGN CJimd.0 IMPOOB SO
* 73 GT1{J3=0,0 IMPQQEI0
% 502 CONTINUE : 1MPOGIO0
1% 500 CONTINUVE INPOO910
76 DU 100 J=l.JMi IMPOQY20
77 AL (JYw0, 0 1#P0Q9 30
78 DO 191 Ke2.KMAX IMPOQYAQ
79 101 AL CJYmAL ()% (R=1) waudedX (¥ +J} IMPOOY50
80 AL CJYmAL Gy / (Z1ma2mANT CJY) |MPOO96D
81 © ANJLIsCRITLCJ)#CFLLLI*AL LI #FMILY) ’ 1MPOOYTO
a2 ANJ12=CRITI(JI#CF121%ALTI) #FMNL2) IMPOO980
83 ALLLIIC) =0, T3%DI (JIRANIL1/ (1, 0+C11ANILLY IMPOO990
84 ALLZ216JY =0, T38DI (JI®ANLLES (1, 0+C12%ANI12) [MPOL000
8% 100 CONTINUE - IMPOLOLD.
(13 DO 200 Ka2. KMAX [MPOLOR20
a7 JIKmE=] IMPOL 0N
28 DO 200 Jmi.JM) [MPOLO40
X B DK®D] (I % ERXEK+ I FANT () Y ( L] /ZK)#u258RT (1, D/ANYURD [MPOL0O50
% CRITKCK v JYwAL (I #(IK/TTI wR2RCRITI () .. ... imPOl0EO
91 ANKL1SCRITK (K +JI#(FL1LeFMNLIIMAAL (DD . IMPOLOTR
92 © ANK12aCRITK(KvJ)#(FLZL+FMNLIM/AL (0)) e ._MPOy000
93 C ALLIKCK e JymD, TISDK#ANKLIT/Z¢1, 0+CLInANKLL) R €} ) L)
. 94 ALL2K(KvJ) @0, TI*DK®ANKL2/ (1, 0+CL2#ANKL2) R IMPD1100
9 200 CONTINUE i TIMPDIIID -
kL DO 390 Jul.JM1 L e iweOnl20
97 ESCUImZlen2eALlals) T } IMPOLLIE
98 DO 390 Ke2 KMAX : 14P0i140
997 IKsK=1 {RpoLLd0
100 L ESC/IESCU)4ZK#S28ALLIKCK ) - _.. . imeO1160
104 39C CONTINUE - MPO11TY
n 102 DO 630 J=ieJM1 — IMPOL1100
—-95—
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103 RR3TAHS (RMAGFRM{J) I#8].5 1MPO11%0
104 EO £50 K=z KMAX : 1MPC1200C
105 ZR=E~4 IMPQL210
10e ALl (=Z ww2eal J1IKCRK s JI®AL LI CLIFESCI) IMFCl220
07 Cl1KTe¢K Jp=ALLT 1MPQ1230
108 CO b5 F1m2vkbax [MPC1240
ey ZR1=X =1 . [MPD1250
110 ALL¥ =ik] #u28AL11K (Ko JIBALLIIK (XL J3FESCSY IMPO1250
111 CLIKK (K ) KLlaJImAL1R IMPO12T0Q
112 &51 CONTINUE IMPD1280
113 ALZiml 544 | RALLIK (K J)#ALL1ICJI#(LI=ZRIJES(D) IMPO1290
114 ALZI=AlZT+Z ]/ ReAL L IRAR I RALLIZ () =2 I#ALLIZKCK . D #ALELT CUII/ESCI) IMPOL300
il5 Clewi(RaJy=Ali] IMPGL3L0
116 DU 411 Ki=mgeKMAX [MPQ1320
117 ST LSS 1MPG1330
118 ClehAml, S KIeal 11k (KD al LK (R i a0 ) # (2K 1=2KI FESCJ} 1MPC1 340
119 CLzRBufK14(ZKSALLIA (K 3 #aL1ZR (KL ) [MPD1350
- LASES LIS FING S LIS IR (ORI B ¥ 1A )] IMPCL360
120 Algnt () 2KA+CLZRE IMPQL3TO
121 CL2KELh Rl ) mal2hK 1MPQ1380
lez f41 CUNT INUE [MPO1390
123 &0 CUNT INUE 1MPCL400
124 N0 ABU JwlyJML IMPOLe1l0
125 DL ALY Ke2  EMAX 1MP1420
lze ClLlF(ReJ}=™0,0 IMP01430
1z7 Clak (ks J3ui.0 IMPC1440
128 DU 6ol K1=2ekMAX 1MPC14%0
129 CLiN K3 mCILIRUK v JI+CLLRR (KoKl ) IMPL1460
130 CL2E R 332K LR+ J3+CL2FE (K ek ) IMPO147C
131 &L CUMTIMUE IMPO1480
. IMPO1890
cea FuUOm HALF [NTEGRAL MESHW TD INTEGKAL MESH POINTS IMRO130C
IS [MPO1310
132 D0OT00 KRmZLRMAS : IMPOLB20
133 r0 TUC JmlydMAy - TMPOL530
13a CIIFTOA a2 ml 9% LCT LR T (R D3¢ CLLIKI (N2 d*1)) TMPQL340
135 Cicr (R w0, 50 (CIeN T (K 3+ CL2RI(RJ+1)) 1MPOL550
136 Cilr (k2 )=0.5%{CILF AReJ3+CLER (RaJdel)) ’ IMPULS6T
137 CL2v (R D)=0a5% 012k (R 012K (Kada1D) ~ IMPQLSTO
138 TGU CunTIhLE [MPD1580
139 DLOTH0 K owlWKPAg I1MPO1590
143 DU 7RL Ri=Z KA 1MPO1600
141 Dp 750 Jamloditir IMPO1e10D
1462 750 ClILKCR X1 ad) =i S COLLRR (K e R1v ) +CL1NR{K K10 0412 1MPD1620
T iMPC1630
CH% RATE COEFFICIENTY YAALFA = JGNIZATION:  Zv8ETa = KECOMBINATION 1MPO1640
I3 . IMPO1650
143 LG 203 g=ladil THMPOL&60
e TERATE ) [MPOLETO
ey TFofXYUEND CALL OQHRATE(T#Y IMPU168D
la6 IF(CARLON) TALL CRATE(TY) IMPC14690
17 Ty 5G3 k=l KMAAL [MPQ1700
Ty ALFAlL s =Y (e )at-0nll IMPQ1TLO
ie9 FETEC(R D)= LR eHORTE IMPOLT2C
Ise w3 CORTINLE IMPOLIT30
153 DL 90U K=l KMan 1MBCLTAG
152 DL G0 Jmid iy JMAK [MPR1750
143 Erdl=t .0 IMPOLTEQ
ige akJI=u.0 [MPOLTTO
15z Femlloiy IMPO1Y8C
156 Frm(.U 1MPD1T90
157 JTRANEL 1) BEJZwmANE (JI#BETACK=140) IMPD180O0
SR PF(R.NELL) ER sANELJIRALFA (K=l vd) IMPO1BLO
150 TFUn hE  KMAX) bl JlmeAME b adl FAIK ) . IMPQ1820
Led TFiR s E.XMEX) FK mAME(J)H5ETA(R 1} IMPO1830
ey fK whRJL+BEJ2 . tMP01840
162 BRJCK . J)mBK IMPD1850
le3 EXJCKJ)mER [MPO186G
Lew FRI{K«J)mFK IMPO18TC
ies UL CUNTENUE iMPOL 88D
' IMPO185%0
rew CHRANGE THE 1[ME MESH FOR HPCGa IF XA(K2J).LT.HANTEI FOR ALL J. iMPO190C
€ XK(KyJy 1% THE DENSITY OF [MPURITY wiTH STAGE « AT MESH POINT J, tMP01910
r .iMpo1920
1646 CHCK=1.0E8,ND [MPGLT3Q
187 [CHCR =1 [MPOLI&O
168 DG 301 TaleKMax IMPO1950
16% DU 300 Jwladmy : IMPUL560
17e TFOXXC1+2).GE.CHCK) GO TO 302 IMROL970
171 300 CONWTinUE . 1MP01980
172 TCHCKw+] IMPQ1990
112 Agl CONTINUE IMPO200D0
174 302 IFCICHOK, Gk 4 8) [CHOKAS IMPO2C10
175 TFCICHCK by, 1) GO TU 310 [MPOEG20
iTe TF{ICHCK ,Ew,2) GO TG 320 IMPO2030
177 TFLICHCK , E: GO TO 330 [MPO20a0
iTE 1F(1CHCK, GO TG 340 IMPOZ050Q
179 IFCICHCR (EaW 55 GO TO 330 [MPOZ2080
180 310 COMNTINUVE [MPO20T0
181 IFLOXYEEN) PRMT(3)w3,0E=74T0 [MPQ20BD
LY ’ TFACARBON] PRMT{3)=2,0E=4$/TC [MPQZCI0
183 MAKL =y © IMPO210Y
L84 GO 10 400 [MPO2110
185% A2D CUNTINUE 1MPO2120
186 TF(OXTGEN) PRM1{3)ml.5E~6/TC {MPQ2130
187 1F LCARBON) PRMT(3) =5, 0E=gs 10 iMPD2140
188 MAXL =1 [HPOZ2150
149 GU TO 4B [MPO2160
1%n - 3306 CONTINGE IMpo2170
S l91 . [f (OKYGENY FRMY(3)mY,0E~6/T0 IMPOZ2180
192 1F (CARBON) PRMT{3)=5.0E~6/T0 [MPOZ130
133 MAKL®2 [MPOZ2200
159 GO TO 400 IMPO2210
185 340 CONTINUE [MPOZ226
196 1F{OXYGEN) PRMT{3)=1,0E=~5/T0 {MPO2230
197 1F CCARBONY PRMT(3)=2,0E=5/T0 IMPO2260
198 MAXL w3 : IMPOZ250
199 G0 TO 400 IMPO2260
200 350 CONTINUE 1MRPQ2270
201 [F(OXYGEN) PRMT(3)=1,0E=5 /TQ IMPG2280
202 IF(CARBON) PRMT(3)m) ,0E-&/T0O [MPO2290
203 MAXL=a [MPO2300
20% 400 CONTINUE IMPC2310
20% WRITE (614507 MAXL,PRMT{3) . i IMPG2320
206 450 FORMATCIHs//Lh +Spanuns MAXL ®'4124" FRMT(3) w'e}PES,. M) THPC2330
r TMPGZ 340
CH#e HPCS PRAMY(LiwINITIAL TIME : [MPO2350
o PRMT{2)®F [NA|, TIME . IMPO2360
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PRMT (33wTME MESH
PRMT (4)=AESOLYTE ERRDOR
DERY (TywwE | GHT OF ENROKS

PRMT (1) =TIME=DT

PRMT (2} =T | HE

PRHMT(4) =1, GES/ND

DY 1 Je=l NpIM

DERY{JI&1.Q/FLUAT (N IM)

CONT INUE

CALL HPCG(FRMT Y DERYND LMy THLF s FCTQUTP s AUXD
RETURN

ENL o )

SUBROUTINE ORATE(TE)

<
Ccan [ONIZATION AND RECOMBINATION RATE COEFFICIENTS

c
C

20

FROM E» HINNOVs MATT=TTT{19703,

COMMON/ZORAFY (8322 (B)

DIMENSTON @J(8)EZ ()Y E2(8)

DATA. KMAX sKMAXL/948/

DATA QJ/a,Ge3.002,001,042,0+1,0:2.041.0/

DATA E1/ 1.001+ 2,585+ 4,042+ .5.693¢ 5,376410,157,54,367464,075/

IMPQ2370
I{MP0Z380
1MPO2390
IMPQ2400
IMPO2410
IMPR2420
IMPD2430
IMPD2440
iMPR2450
IMPO2460
IMPO24TD
[MP0O2480
[MPO2490
GRTQOD10
CRYOOD2C
ORTOO030
QRTONO4C
ORTQOO50
QRTO0060
ORTQ00TO
QRTQOQ80
ORTQ0C90
QRTQOL0G

DATA E2/13.616+35,146456,934,77,394,113,873.138.,08,739.1144871.1/ ORTQO110

0O 6000 KmivKMAX]
x=E2{KI/TE
JTFLX=4.0) 10+10+20¢
ARGm4, O/ X

RESa(CCC(C((0.00094427614nARG=0,0049362007)#ARG+0,011723273)

1 *ARG=0,017555779)#ARG+0,020412099) *ARG=0,0229519T%)
2 #ARG+D, 031208561 ) #ARG=0,06249B858 A #ARG+0,26999999) ARG

Xdwk
IFCXZ.6T,72,00 Xgm72.0

Y(KI®5.9E=B#PI(KIN (L, O/ CEL(K)#SORTCESC(KI I InSART (XY #RESHEXP {~X2)

Z(K)»5 2E~14%FLOAT(K)#A#SQRT (A)*RES
G0 70 6000

QORTQ0120
ORTO0130
ORT00140
QRTO0130
ORTOGL6O
ORTQO1TO
ORTQO180
CRTOO190
CRT0OD200
ORT00210
ORTO0220
CRT00230

10 RESa=ALOGCABS(X))=(CCCCCCCL(C{(T 1031T602E~12#%=0, 157986 T5E~10)#X ORTO0240

£ R

=0.055553520)8X+0,25)#X=1,0)#X=0,57721366

0 1682689 2E=F) #X=0.2191369FE=2) #X+0, 2TEI58I0E=-TI#x
=0.30726221E=6)#X+D.309F6040E=5)#X=0,28337590E=4) #X
+0.23148592E3)8X=0,0016666%06 )#X+0,010416662 J#X

Y(K)®S IE=B#RI(K) (1, 0/ CELCKI*SART(ELIK) ) ) I #SART(XI #RES

CZCKImY, 2E~LARFLOAT (KI #XRSERT (X) #RES#EXAP (X)

6000 CONTINUE

RETURN
END

_.27 —

CRTD0Z50
ORTDO260
CRTDOZTO
CRTO0280
DRTDO290
ORT0D300
CRT00310
ORYQ0320
ORT00330
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SUBROUTINE CRATE(TE)

('» TONTZATIUN A4D RiComdIMATINS RATE CUEFFICIENTS

<

.-

FROM £, AINNOy. MATT=TTT(1%70},

COMMON/JRASY o) a2 (8]

DIMENSION 2JCA1.E1CSYE2{6)

DATA KA xMAKL/T v/

DATA WJF2.3004012.091,0¢2.9¢1,0/4

DATA E1/  0.B23s  L.T793+ 3,521s 4. 143¢ 28,333+ 36,021/
DATA E2/ 11.264e 24,3760 47,864y ba,aTbe3vl. ¥d60489.840/
10 AJDO K=l aKMar)

A=EZLK2I/TE

TFiA=4e0) 1013026

20 ArGmE UK

0

B0y

1
H

e

*

RESsL({({ ({0, 005842 Tal$4ARG=u, 0089 16200TI#ARG+N,011T23273)

#ARG=0,01 755577 #AG+0, 020412099 ) #ARG=0,022931979)
#A540,031208501) #4150, 062458583 #ARGHD, 24997999 ARG
XAmy
TFiRZ,G7,72,0) X2=12.0

YR =S  YE =4l gk s (1. 0/ {ELQO #SORTLEL LK) ) 2 aSQRT (X} #RESHEXAF (~X2)

2=y, JEm 4nFLOAT (L) #a%SURT (XY #RES
GU T elGu

RES®=ALOG (ARG {1 )= (CUCCECi{{{C(D,10317602E=11%X=0. 1579&675?—10)-*

UL 1682659 7F =9I #X=0. 21915099 ~0) #X¢0, 276358 30E =TI &xX
(0, 30726221 w6 18X+, IFISUSLE~S) #X~0, 2033750 wbIux
»u.231u83a¢b-3a»iiu.0nlﬁeua90b 2#X+0, 0104266062 JwK
=0, 715555554 3) #5021 #a=1 U RA=0,5TT21 546

YIRS, UE=hm g K) w0/ {7, (KI#SURT(ELCR) 7 ) #S5ART(XIRAES

ZARIER  ZE=1URFLDATCR) #ARSGAT (A0 #RESHEXP (X)

CONT | WUE

BET iy

Eliz

SLBROUTINE [HEAD

REAL NCyNnALL

REal mlang

ALAL =E WA WNDLTE
JIMENSION OX(9)

CIMEMSLON DERYCIOUI SPRAT (5]
CUMMON/ TCIHR Y900

COAMOESPMY SEMAS RTUBE « ASPECT v 2 | « ANC NG NnﬁLLlef TEWALSTIC TIwAL,

TIAE A TMING 1ALy DT AU THA D TMINeDTHME ¢ RTMAK
NMESH  JMAR v S MARL 4 DA s DA EPS e NPRRT 4 HCONT

CJWMOYIUNKIN1L>9)-[Ell)?)lel(59)rBll(59)thI(59‘-
K2 (39 TEZLH9) 4 TE245%2 «BAZL59)BY2(59)

COMMONISCASTUND AL TO KU 8RO -

CUHMGNARDIGR (39) s 1B »DR LS9 2 DRHIB9I «DRT (590 «DHH1 (5y)

COMMONAORALY (G102 (A)

CUMMONA KR JJFRMAN s KLMAN ¢ [ MAX

COMM S N TN N0 T

CUMeOnd |BLAOT(9459) 0B ()

COMAMONFOUT M/ AR L(9 597

COMMORIF Tif TE AN

¢
res IMPURITY S57TAGE

{

-

KLMAKwkMAKw | Fa g
BUTMECLMASR AL

JMi=IMAKS Y

Zew GIVE THE THTTIAL DISTRIBLTION OF IMPURITIES

nran

200

e
0o

=00

500

SULVE THE RATE EQUATIyun FROM TMINI TO TMAx| AT ALL GHIDS.
AT TMInd, wl (UR Ci) ARE GLVEN TQ BE UNTFURM AND CTHERS ARE

ADSENT .

20 100 Jm2yJmax
O 200 I=mj.XMAX
ALY =00
OAC1I=1. 010D
TE=TEZ(])
LNmNZEY

Thei

CALL RATELQ(OXIR)
Tdmd=1

DU 300 KRl KLMAX
(S 1Y g T |
DECKP Ty mQr k)
CUNT INJE

CUNTINJE

DU 400 KmllKMAZ
Iu a0l JmlodHl
XACK v =040

DI 500 KPml.KLMAX
kiR eLmax

DU 500 IJml.JMAXL
J={J+l
£X{Kv )mOl (RF1 L))
CONT INUE

DD 400 KmleKMAX
XACK L) @XE{Ke2)
XXAK e JMLY @XK K o JMAX )

:..;!E;-_

CRTGOOLO
CRTO0020
CRTC0QA0
CRTGOD4D
CRTODORO
CRTCO0LC
CRTR00TD
CRTCO080
CRTUQ0%0
CRTO0100
CRTO0110
CRTZ0120
CRT00130
CRTQI140
CRTQO150
CRTC0160
CRT0O3TC
CRTQQ180
CRTOOL9G
CRTOQ200
CRT0Q2LG
CRTOG220
CRTV0230
CRTO0Z40
CRTOO250
CRTOQ260
CRTOO2TD
CHTNO280
CRTNO29C
CRTOO300
CRTUQ3LO
¢RTO0320
CRTNG3I0
1HDGOOS G
IHPOOD29
1HD00030
1AD 06040
THROOO50
1HDCOOEO
[HDO00TY
1HDQGO#Y
[HRUOOTD
THDQOLED
[HROOL10
[Hp00L20
[4DQUL 30
IHB0034C
IHDOOL50
[HDOQLED
[MB00170
[HDOULEO
LHDOG190
1HDODR0D
LHUQGEL7
[HDQU220
|HDOGZ2 30
1HDO0240
[HDQO250
1HDO0260
1HDOO2TUY
1HDOO280
LFDO0290
| H1300 300
1H200310
1HD0Q320
1~DODI30
{HDCO0 340
{HDOU350
[HDDO360
[HRCO3 70
IHDOG3BO
[HDCD390
IHPOO&4DY
THDOO4 LD
[HDOO&20
{HDDOS )
1ADOC440
1rDO08 30
{HDOC#60
1HDOGHTO
THDOO4 80
14200890
|HDOD500
1%DQ0510
1#R00520
17000530
JHDOJ540
1HDOO530
THRDO0560
IRDOOSTY
14000580
1HDRQY 90
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HOO COHTINUE
DO TOQ KP=] CLMAx
TGO DU (KPI=OL (KP 1 JIMAXL)
D02 KPELLELMAx
30 2 1Jal, Maxl
KJm{KP=1)% JMAXI+[)
2 VERJI=OI1 (P J)

RETURN
U
SUBROYTINE BCOND ATV V)
<
C#% ACURDARY VALGES OF IMPURLTY ULFMSITTES A1 THE PLASMA SURFACE (OR AT
¢ M5 wALLY L IAITERDY . Glag FoCe AT MAX+l.
¢#*n PRASENT ROQUTINE. [(KadimAx+1Y=] (R a dMAK)
¢ rOTAL AMOULTS OF IMRURITIES ARF CORSER/ED INSID: THE PLASMa,
[

CR® USAES MAY EXTEND THES HOWTISE Tuw IMCLUNDE RECYCLINGS OR SPUTTERINGS,
e [MEURTTY ROUTINE *
4
TeAL NCohinall,
TEAL NLaM2
SEAL MEMAGZNOWLTC
slIMENSTON v
SEIENSTON A (9459)
COMMORAPMTRMAJAVRTUBE v ASRECT v/ [ s ANOWNCINSALL A TECATEWAL +TICTIwAL Y
1 Tk TR INe THAX OUT L TH DTM N DTHMX  DTHAX,
7 NMESH g JMAX 1 JMAAL DK aDAR I EAS VWPRNT s RCONT
CUrMN A SCASTOND L TC s RUBG
CUPMOIEFUNKEANL CIFY 4 TEL S92 TI1C5924BZL(59)+«BTL(53)
* ) N2CI9)2TE2(HMITI2C5934BI2(59)+BT2(59)
COMAMTS TRCADT L9153 408()
CUMMONREJI/E ARy LHAAR s LMA X
COMUONSSTBC/GAMCI0Y AL {102 yAM(10)
COMMINGHE [ TN ZANE(59) 2 &N (39) WATF (S ATECS9) (ABT(59) 4ABZ (59)
COMAUNSORAZY (8«2 (8)
SIMEASION UBR(2G)
ALTE =], 0FNG
el m JMAY L
g 1 KP=lseLMAX
20 1 JJeyaMasl
K Jm(KP=1)a JMAXL*]
i OXCRB L=y
NG 10 KPal KLMAX
Ce(KP)aOX(KPyJMAKL Y
|F(OB{KPY L T.HANTE]) OB(KPI=0.0
10 CURT [RUE
RETHURN
END

-29-

inDO0&CO
1HDOUELD
[HQOD6 20
[HDD06 30
1HDOQAGO
1HDQUAS0
1HD0D660
H2006 70
1HC00680
8C0aQ010
BCOOCD20
BCDDOO3C
BCDOCO40
BCROO050
BCDOOOSG
aCoo0oTe
RCPOQDED
BCDOQOTD
BCDROLOO
BCHOOLLO
BCD2017G
BCHO0120
BLDOD14G
BCDOOLS0
acpo0len
BCDOOLTO
BCDOC1RQ
BCDOQLYO
BCLOOZUO
BCDO0210
BCDO0220
BCDO0230
BCDOQ240Q
BCDOO23G
BCDOO260
BCDOQ27C
BCDOD280

BCDO0290

BCDOO300
BCDQO31C
BCDQOAZO
8CD00330
BCDOOAAD
BCDOQASO
BCDO03SD
8C0003T0
aCp0o0380
BCDOO3YO
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i
1 SUROUTINE FCT(X.vDERY) FCTRO0O1Q
2. LIGICAL CAYGENCARBON FETO0020
i AEAL NCaNAALL . FCTQOO30
& mEAL S0.LTQ X FCTQO040
s AIMENSION Y1) +DERY{L) FCYD00%0
13 DEMENSION OX(9.+59) FCI00060
T D1AENSION PRBEF (3439) FCTOQOTO
L] CIMINSION GKJ(P45%) FCTORO#D
% AIMENS QN OBE420) - : FETQ0090
19 COMMONZ SCAZTC o ND 4L TOWRGAD FETOO0100
11 CUMAONS PIT FAMAJVRTUBE 1 ASPECT 22 L e AND A NCANWALL o TEC TEWAL o« TICTLaAL s FETOOLLD
1 TIME TNy THAX Y OT 4 DT DTMINS DTMA «DTMAK . FCTJ0120
2 NH:stnAx-JMAxI-DJ-DlmFFS-N?RNT-NCO' . FETOO012C
17 CuMMONSKE JJFWAAR o S LMAKL, LMAK FCTOO0140
13 ruq-«omwnmmam . FCT00150
14 MENFJRCADT (I e 590 0089} ) FLTO0180
1% SHMONARDRARESIY a4 (592 e D (593 4D {590 DRI (592 4 DRHT (39) FCTOO1TO
1s COmCNSORCA DAY GER »CARDUN . FCTO0140
17 COMMONS NG T FGn] (5% o6T1L89) FLTo0190
18 COMMONSHE LK [NZANE (39) 15+ [ (291 vATE ;59).”](59)-461’(59;40“59) FCTO0200
19 CurnCnf TCRTACAI T {59+ CRTTR (9429} CFCTGLO210Q
20 LOMADNS [FEFRE153) FCTa0220
F3 CUMMON/DUT IMFAKCR 0 59 FCTO0230
22 Cumvawlnvl-cncuxl(e‘:n.cnutﬂ.v.&n-cuil«9.59)-(12“(9-9-)9: FCTQO250
21 CoaHMONg TPPFCZFESL59Y o€ 1N (9 59D +CLEK(F939) FLCTOD290
24 CUMMONS TMEFCI/0KICTa D70 oFa 9459 4FKI(F459) . FCTOO0R60
i’ AT AN AMT AT U le e lRauF FCTEO2T0
&4 DAFA CAEaC120(227/1426%45-3710017 FCTO0280
7 DATA F1114F1Z170.53288.0,40TROTY FCTOO290
28 1FCIXYGENT AMCmAME FCTOOXQ
29 1r v CARBON) AMRaAMC FCYoo310
20 CehalF | wl, OFND FCYO0320
a1 weaT 1wl W OF 34N : FCTODIN
3z SXiaKmaX=] FCTOGS&0
33 FUNLET L FCTOD33D
3a 1 AF®} R MAR FLTOON&0
3% W 1 lem] g JMER] FCTOOITO
3% AR (RF=1)#JHAR L] FCTOOASY
a7 1 SA(KFa I maving) FCTO03IC
38 CALL SCOMS(XaYd FLTOOs00
29 Su 2 RE®LaELMAX FCTUUR LD
i} vi) 2 [Jm1aIMARL FCTOO420
4] FaR by Ay FLTOO&30
¥4 Sl FCTLD&4C
a3 2 AN JimC ALY J2 FCTOO4%0
T RyLmaR, By 0) BU TU T FLTODSB0
“th T3 LelelMAAs FCTUO% 10
ah g 1 gak.dMbx FCTGO4 30
«T 3 oaakicdiat, FCTDOA3D
48 AVELIINT FRWET Y FOTGYH0Q
43 o AnLLedden,i FLTOOMI0
S0 7 otual [y FCYU0520:
3 L LR itk FCTCOY30
52 PRI T L L ) FCYOGSAL
23 w11 KPmygaKg ek FCTEOR5D
: >4 [T EINLIY 4 FCTO0550
! 3% L1 enCerEOn g FCTOQ510
. 25 B A RELaR AR FCTO0549
5T LALR e LI MRX(Ked) FCroosyo
51 oA Cegmlymioni (&) FCYOO8IG
zie a TOU £ epiax FCTO0610
au G106 JuledL FCTI0620
vl Tou IFaATthegr LT Lef) KRN r=0,0 FCYO063C
o7 P onith Jeladbl CFCTO0640
w3 ol nJ{lr 2=, 0 FCTOG6%)
b ani, i FCTO06H0
1] G BuU EmE RmAR FLTOOGTO
ab AL L FCT0064C
5T NJLIECLLEF{KaJ) HIR®GNI L)) FCTQ0690
ol FYSIFL IV FCTORTOO
L) BAVRE /AR ST FRUEE FLTOQ710
7a Zniwel-d FCTO0720
51 Jr (ARl ) LT o HNTLY @ T Bui FCTQOT 30
17 EFSLIL ISR EYN SRS P FCTOGT a0
73 ELNFLITN RS BN w(200ena L LIl fLIXL) FLTI0750
* ACAALEL o1 =RaARL s )X FLANCKL v S+l D4 X N{K1J)) FCTODTSL
Ta 4l TORTINGE FCTHOT 0
75 CLlI=Clle LKy FCTI0740
Ta SIS R LIS LYY Fp] FCTOOTR0
it ThanxChag), LT, inT1) G0 TO 402 FCTOOaOC
= GAddEe Ol eSCLLY R 2. 0%R I (I R(AKCR 1o LI =NALK e} ) FCTO03L0
. FEXKIR oL+ XRAK e} FCT0820
A ad T 603 FCTQOB3C
39 RJZ SRJITLLD FCTO08#0
a1 503 CunT IadE FCTQO8%0
82 Ci2legizr I iKad FCTOORASO
43 LC12mE12K4< w0 - FCTOOATO
a4 LI I S AR T §-3 L 1) § N D) FLTGDA%D
o FUTO080
C#d GKI(KrJ) === PARTICLE FLuX OF [MPURITY w[T+ & AT J, C(INTEGRAL MESM) FCTO0900
¢ ’ FCTOO91C
% GRS b mfin J] ¢ 3K L2+ GRIIHGR I4 FCTOG920
4h nf) CunT ivuE FETOGY 30
&7 Sw Tld Ju2aDAK FET009+0
LE] a2, JATRHI L FRNID FCTO0%5Q
i 3] S P10 Kl KriAk FCTDO96Q
0 CGUEF (R v ) wmR I (R (JI RO JEK 1) = (=L IRGRJ (R J* L] ) +3KJLK s I RKX (K ) FCTOO9TO
H 1 [FEC,mEs 1) PLrstF Gy DEPFARF IR s JISERJ (K e I RANLK=14 0} FC1Q0%a0Q
i 42 TF Ak B o KMAKY POREF (X0 Y wdWBEF (Kad) ¢FRICK eI RXR{R* LoD FCTRO%9Q
¢ 3 700 CunT LvidE FCT01000
94 DG FTU KPRLeELWAX : FLTOLO01Q
5 LO 900 [JmisJmAXL FCTO1020
ik v LA FCTOL030
47 BLYSES FCTO1040
98 CJmCEP= 3 ngmAnLe]l FETOL050
99 CERY (R IY=PUBIF (<42} FCTOL060
199 404 CotT I muE . FCTOL0TO
104 LE VRN FCTO108G
197 Kol FCTOL1090

R
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SUDHOUT INE OUTP (XY +DERY s [HLF « ND [M1PRMT)

REAL NCsNWALL

REAL NOJLTO

REAL N1NZ

DIMENSLION OBBLzO)

DIMENSION TO(59),TOK(1DY

DIMENSION Y{1J.0ERY (1) PRMT(1)

DIMENSION 0X(9.%9)

DIMENSION ABPC(9)

COMMONAUNK /NLES9) s TELLSD) 2 TI1(59) «BZ1(59) +BTLL59) ¢+

- NZC592 2 TE2(59) 4 TI2(5924BZ2(39).BT2¢39)

%

[

- W

o

1

11

=

Too

1000

1oui

20u2

2001

200

83

-

12 1]

409
LR 5]

501
608
629

&40
10

COMMONFSCASTO AU LTO1ROBD
COMMON/ KK JJFEMAK § KLMAX s LMAX
CUMMON/PMT 7RMAJ tRTUBE s ASPECT + 2L v ANQ+NCoNWALL» TECATEWAL+ TICoT[WAL

1 TEME+THINL TMAX DT DTH, DTMIN e DTMX > DTHAX +

NME SH o JMAK Y JMEXL 1 DX 1DXHEPS W MPRNT e NCONT
COMMONRIH/RES9) WRAC39) DR CS9) +DRHCA5) «DRILS7) «DRAT(39)
CUMMON/ TRC/OI (9459} 10B(D)
COMMON/ZEFF/LZEF (39)

COMMON/ ZOXY/OXY (392
COMMUNSDUT TH/ XX L4592
COMMON/YST/PLOTXC1000) +PLOTY (94 10007 +NSMAX
COMMON/ TCRTACRITI(59)CRITRCD59)
COMMON/PLNS/HS

DATA NP/als

DATA AB AP .AC/1HB +1HP+ LHC/
LFC N TS b
DU 1 KP=1ikLMAA

DU 1 [JmisJMAXL

KmKP=1)# MAXL+[J
OR(KPy [ Jymy{RI}

CALL BCOND(X2Y2

DU 2 KPmiaKiMAL

00 2 lJel.iMaxi

KSKP+LMAX

Jedel

XRCK v JImORCKP 1))
IF(LMAKE4,Q) 8C TU T

DU 3 EsmlaLHMAX

DU 3 Jm2,JMAX

%x{L1J)=C,0

DU & Ju2yJMAx

ALY Jam0o

CUNT INUE

DO J) L=1sLMAX

0BY(LI=0.Q

PO 11 KPelyKiMAX

KagPH AL

Qik (K ) =OB (KP)

PO B K=l KMAX

KACK LI wEKIK+2)

XA K+ JM1)wOBB (K]

DO T00 Kml KMAX

00 TOQ Jml.JM]
TFCXRCR ) W LT21.00 KXCKeJImO, 0
DU 1000 J=lsfMAx

ro(JImo,0

DU 1900 K=l KMAX
TOCLSIUTOCI) +0. S# XA K ) +XALRA 41D}
CONHT [HUE

90 1001 J=l.JMAX
TOLI=TOCL) #RI) 96, 283185308
CALL 4SF(DXATOTOrIMAXY

TOK (1028 TOC JMAR)

00 2001 K=liKMAX

00 2002 Jwl.JMAX

TOLI =0, 58 {XXCR I+ AXLK e J41D)
CALL WOF(DX+TO»TO4JMAXS
TOK(K)aTO(JIMAK)

CONT INVE

DO AJQ Jel.JM1

axy(Jl)=0,0

DO M00 K=l.KMAX

OAY (I =OXY (I} +XXLK s )

CONT INUE

GO 450 Jm} JMi

ABl=(,0

aB2wl,d

pU 851 Ked.tMax

ADL1wAB L+ (R=1)#a28XX (K JY
ABZmABZ ¢ (K=1)# XK LA )

CONTINUE
ZEFCaINZ () +ABL) /2 (N2LJY+AB2)
CONTINUE

NPaNPe )

TF(MOD{NP 1 NPRNTY, NE.O) GO TO 500
NPRY

NSmNS+L

NSMAX®NS

PLOTXCNS) =%

0O A00 Km} KMAX
PLOTY(K+NSY®TOK(K)
THiaPRMT(1) =0, 5*PRET(Y)
TMASPRMT (540, 5%PANT (D)
IF(K.,GT.TM[ LAND. X, LT, TMA) GO TO 501
RETURN

CuntTINUE

wHTE(6+603) X«THLF

FORMAT (1M #1/° TIME =t +IPEL3 4" [HLF =ty [5/)
aHITECB 409}

FURMATCALH o7 J  "a%X+t0L" s10Xe'02% v 10X a'03 110K 7081, 10X+ 1051,

» 10X, 'O6* 210K *OT 4 10X, "OB8"+ 10X+ "09' s 10X "0

10X TZEF'/)
00 100 Jal.J M1
WHITECS L 813) Ja (XXCK ) 1Kol ¢ KMAXY (OXY () «IEFCD)
FORMAT (1A «15+1P11E1L.3?
CUNTINVE
WHITEL&.2003) TOK

2003 FOAMATC/1H o "TOTAL',1P10€iL.3)

NNeRAAK
CALL PLTRECXSNND
RETURN

JEND

..E}l —

OTPQOOLD
CTPCDO20
QTPCOO30
QTPOY040
QTPOQOSD"
OTROQOBC
QTPOOOTC
QTPOQOBEC
OTPOOO%0
OTPO0100
oTPOQL10
0TPOQ120
QTPOR13G
OTEN0LAC
OTPOQLA0
oTPOO160
oTPQO170
OTPOD180
OTPOD199
oTPQO200
QTPO0210
oTPDD220C
QTPOC230
OTPOD240
oTPOC250
OTPOD2&0
OTPQG2TO
QTROOZEL
QTPC02%0
CTRGDI00
QYPQOILO
OTPOO3Z0
QTPDO33C
QTPODA4D
CGTPQO35Y
OTPOO36G
QTPCD3TD
QTPCO380
0TP0O039Q
0TPOO400
QTPQC4LU
QTPOO420
QTPOD43]
QTRO0&&0
OTPOO&SC
OTPOD4 60
OTPODATY
OTPOO&A0
OTPO0490
QTROO500
oTPDO510
QTPOU520
QTPOCS30
OTPO0S40
OTPOOS30Q
OTPODS60
QTPOCSTO
QTPOO5B0
01P00390
OTPOO60O0Q
QTPOOSLO
OTPOCE20
QTPOC630
QTPOR640
OTPOQB30
QTPNO6ED
QTPOCETUL
QTPOO6 80
OTPOGESU
QTPOCTOO0
QTPOCT1O
QTPOCTZ0
QTPOCTI0
OTPOOT4L
QTPOOTS0
OTPO0DT &0
QTPOOTTO
OTPOOTEY
0TPO0TI0
QTPQOAQC
QTPOO&LO
QTPOQB2C
CTROONID
OTPOQ840
QTFQOBS0
OTFOOBEC
CTPODBTC
OTPCORBD
CTPOO8%0
QTPOC900
QTPCOS10
OTPOG920
OTPOC930
OTPOC940
0TPOC95Q
QTPOC9S0
CTPOOYTO
QTPO098D
QTPO0Y%0
QTPO1000

_OTPO1010

QTPO1020
QTPQ1030
OTPO1040
QTPO1030Q
OTPO1060
QTPRLOTO
QTPOLl080
OTPOLO%G
oTPOL100
QTPOL1LO
gTPQLl120
0TPOL130
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SUURUUTINE RATEEG (WJOXIR)
LUGTCAL CRYGENCARBON
CurMDN/OXCAFORYEEN » CARBCN
DIAENSION DOXLLY

HEAL N0 LTOaN  URALL oK1y N2

COCMMONFPMT RMAJIRTUSE s ASPECT o2 1y ANOANCoONWALL s TEC TEWAL s TICH TI#AL Y

1 . TIME e TMINa TRAX G DT UTHALTM NG DTMX (DTMAX o
NMESHy gMAR 1 JMAR L DX a DA EPS e MPRNT o nCONT

ZUMMONFSCA/TOANDLTC e 30 :
CUmadN/UNRANLIESS) 2 TELCST) o TT1(39)4BZLCDF28T1059)
* NZEST)TE2 a5 T 1205928220992 8T2(5%
CUMMONG KR JIFKMAE v RLMAR S MAX

CLMMONFINSTE s AN

OuglE PRECISIGN AvdeYL PeleQAISCH

GOUALE PRECTSIUN &

CoMMONAE [ v 7B Coud s YL (200200 40X(20) »50% (202
CUmAONACME FAL20920) (BL23420)

CUMMONSORAFALFACE) +BETRA{B)}

CmMOns TRTATMIN ] TMAXR]

aOLvE THE RETE Ew ATION

E1BEN VALLUE FROSLEM GIVES A TRID]AGUNAL MATRIX

SR, ETGTH] e== &IYENS.ROUSEMOLDERBI=SECTIUN, INVERSE ITERATION
FUC)L ~=== ENTRY IN 5UR+ ETGIR]

Exlns]l

A ERMT N ]

CIax L ER AR

KiimKMAL=KM [N+ L

g MA A

whlaml

M=t

D3 K=LgnaAX
3 A )=00x (L)

TEANRYGENY CALL OraTEL{TR)

Trecak3dny CALL CHATELIEDY

RISV € S TR S |

ALFACKI=ALFA(K; *nC#TD

HLTA(K)mHETA(K ) #NQaTO

S0 LUNT Inuk

ot l=ladmMAx

DU D JElaAMAL
1AL« J)an,

DL fEZGRMAXL
Ala D)=m(AGFACL+BETALT]})
il e T=1dmh Fa(im]) ’
Allol+32ecgTALD)
[T BTN
ALLs L) =~bi FATLY
AlL.2)= HETACLY
Ghatda ARl SALFA(KMAX] )
A{aaEnaCrAL) w=LETA{KMARY)
THe 7 iElokmAx
DL 2 U1 eRMAX
ERWES LT & W) L Y o)
Cal eiaTR|(R-eTE}

4 1.0 RETURR

—

n

FuaTILiTT et o)
JmlaKAR

FIFDLLYLLLD aNiden, 0
)

-

DU A LFLeRMAX
TFABL (Na {13, cT L. 00 Sx(1)=0.0
20 50U el Kring
0 GOKCN)IRSNGLLIALR))

ReToTN

Eiwg

-

RATOOO0L0
RATODOR0
RATOOD3U
RATCOD4O
RATOOO5Q
RATDO060
RATGOGTO
RATO0D8O

- RATOGO9C

RATQO10QG
RATD0110
RATCQ120
RAT00Q130
RATQO14U
RATDODL150
RATUD160
RATDO170O
RATCO180
RATOOL190
RATO02Q0
RATQO210U
RATDD220
RATDO23C
RATOOZ4Q
RATDO250
RATODZ60
RATDOZTO
RATQQZ50
RATC0290
RATOC300
RATQQ3I0
RATQC320
RATOU330
RATOC 340
RAaT700350Q
RATOQ3eD
RATUO370
HATDO3BU
RATO03%0
RATQQGD0
RATD0410
RATUQAZO
RATOO0430
RATOG440
RATOQ450
RAT00460

CRATQQ&TU

RATOORA0
RATOD490
RAYOD500"
RATODS510
RATODS520
RATOQ530
RAT(Q540
RATODS50
RATORS560
RATOG5 T
RATOQ580
RATO0590
RATOQBLO
RATOO610
RATONG20
RAT(0630
RATOOLAD
RATUDES0
RATOD&6U
RATUD6TO
RATOURBO
RATQOS90D
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SLUERAUTINE HPLGIPRMT 4 Y+ BERY s NU My [HLF o FCTAOUTR AL Q)
DIMENSION PRMT (1Y (32 aDERY(1D3AUK(1A1)
LEL%
I Feg
A=PHMT (1)
HapRYT(3)
PEMT{5)=G.0
00 1 I=l.noin
LUA(lEa]Ysl,
AUXCLSw)=DERYLD)
AvkCLa =Y (1)
1P (RECPRT(2Y-R83) 34208
InLF=12
G TO 4
PLF=eld
CALL FCTEA WY BERY)
Call LUTEUX Y aDERTy IMLF Ry [ MeFNmT
[FAPRMICS]) &vdé
TrLEHEFY faThk
KL LY
v & I=Danlle
Aualdsl)sbery (1D
lon=l
ou TD 100
A XS C
OSN3 T B S

LG swal2e 2=y (12
LI 1PLF=14LF+1

=g

L7 [=lamDe

Fwom e

G

CaLl FETCA Y sLERY]

P=g

T N B R T
fua{Zal )=y (i)

L soatdalV=LERYCLT
JETEY

e lo [elaeqbls
16 OLLTILCLT4AUA LY I ®AnEI ([ )mnlhtaal )]
hEnbts FELELT
SELI=ReTCa3) 29a19a37
A CES LSS DS RN
La Ihef=all

KZatri

[V IS
i At

CaLl FUTCACY R ERY,

v 20 EELGT e

cuk (3 DI=v (D)
Ly Auatbde[1=oENY LY

FCT (A s Y RY)
R L)
uoE2 I=tlabir
Zastllely=gErvily
27 VL)ALl )AL 3T0a A (b | 0 TS 1000 THALXCY V]
20e3AEseAuAllu D24y DaleRnnTHUERY LEDY

Cnil FLTEARYaUZHY)
Coll LGTPOACY S RERY (THLF 2L [ MaraMTy
TRAPRETERY) Ragbas
dw JThAN=4) 25,20u 200
23 B 2o lElawidie
sas (N i =v (FD
Up (e T ] ) wDERTLT)
PECN=AY 2102590200
FY BOTVR-E I E LY
GELTmACK(a [T raldeis
B LTaGELT+ELT
Ao el ymeun Ly by el B33 e (AL (B 134 DELT+AUE (LU 1))
e T 3
#3 Lo 30 P=lenidln
. BELT=AUL IS I +AUNIU Y
sl TELELT#0EL 1 PLELT
3u VALIRAURCLe v 3T AMe E A R DI DELT#AURCLLT2)
T 43
10 b=latedf
JewALALEY Ja )
wial™el3=g
0L YeiymnuX( e [)1Qokwd
TEadeadt
TALL Y UT ey GLNRY)
NG 198 balewdin
LEHEDLERYS L)
aLE&{ha] =g
G2 YA IYEAUN (L TR 290 T Ve r ALA (9. P2 +Ua L5BT590% )
Amaslh, 405 T3TD
Gl FCTCZaYoLLRY)
Tuolus B=lynzla
TEieEaY(]}
Aak(?ely =2

(NI

JEICE
CAaLl FOT Lo o Yaie®Yy
oo lve Te)aNdglie
Tod P IYRAUR L 120 1 TATBLIRAUA (S [ ) =U. 551480 TRAUR L 1Y
1+ L, 20953 AU . [ 240, 17 LE4ERNADERY (])
T K913 vla021 350
200 1HTEFw}
POL TP hi=g) 20980204
W2 w203 N=ieT
D 293 TapNais
RUE (=L [mAUALMN )
23 ALalNens T EAUALNSTL)
iy
I04 Nufel

— 3:3 —

03 YAEIEAUX (Y I3+ 0. 228100 R AUk (5. L) m S GOUTLSRALNIE 1Y +3, 5320002

HPCOQ0L0
HPCOGU020
HRCOD030
HPCOO04D
HRCOGO5D
HECQUOsD
HFCGUOT0
HRCQUO8D
HPCOD030
HPCQOL100
HPCOU11U
nPCaG120
HPLQULIG
HPCOD160
HRCOU15d
HPLQOL6D
HPCO0170
HACOO01560
HPCOO019L
HPLOD20U
HPCOUG21D
HPCOQ220
HFECOO232
HPCOO240
HPLQO250
HPCOOZE0
HPCOQZTA
HPCOO280
HPLU0230
HPCO030d
HPCQOIL0
HPCO032Y
HPCUU330
HRCOGAAT
HRCOUASET
HPCAGIES
HPLGO374
HPCQO 340
HECIO39U
HPCUQ490
HPCOV41Y
HECO0420
HPC O % 3
HPCOC440
HPCOU&5Y
HPCO0&60
HPCOOHTO
HPCOU4 8D
APCO04%d
HPCOO500
HPCOO510
HPCQ0322
HPCOOS530
HPCO0 240
HPCOO550
HPCO0560
HPCOO5TO
HPCU0280

HPCRO5%0
HRCOL 60U

HPCOGE 11
HACOCEeZV
HACQOUE3Y
HECQDB4U
HPCOUE5Q
HPCOU66Y
HRCGCETO
HPCOCE8Y
HPCOOE%0
HPCUOTOG
HPCOUTLD
HPCEaT20
HPCOGTI0
HPCOOT40
HPCOLTSO
HPCOUTED
HPCOGTTY
HPC3UTES
HPCOOT2U0
HPCOU600
HPCOLBLO
HPCOQ820
APCOUB3T
HPLQCB40
HPCO085L
HPCOD84aR
HRCOOBTD
APCOOBBY
HPC QOB ST
HRC OO0
HPCOG910
HP{ 00920
HECOU930
RPCQOI4D
HPCOU950
APCDO96D
HPEODITG
HPCOO980
HPCOCS9U
KPCOLOUD
HPCOL010
HPCO1020
HACOLO30
HPCOL1040
HPCQ1050
HPCO1060
HPCO10TY
HPCOLOBD
HPCO1090
HFPCO1100
HPCO1110
HPCR1120
HPCOL130
HPCD1140
HPCOL150
HPCDll60
MPCOL1TY
HRCO1180
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138

139

1a1
142
143
168
1as
lie
147
a8
149
150
151

153
154
i35

157
isg
139
160
lel
162
163

b4
i85
i66
167
leB
169
170

171

112
172
174
115
176
177
178
119
180
181
182

184
i85
186

187
148
189
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DO 203 1m14NDIM
AUX(N=14[>wYCI)

203 AUXCN+6y [}=DERY(])
xeK+H

206 ISTEPRISTEP+1
DO 207 ImLl,NDIM

DELT=AUK(N=41]2%1s 353D II0HR(AUX(NSE s | JPAUXIN®E 4 [ ) =AUXCN*S 12 ¢

1 AUXEN+&, [y eALURC(N+&a[))

YC12aDELT=C 9256196RALUXCLE 1)
207 AUACLEII=DELT

CALL FCT(X4Y1DERY)

DO 208 [mioNDIM i

DELT®G, 125 (9, #AUX(N=ls 1) ~AUK(N=311)+3, #HR (DERY (LTI ¢ AUX(N+B o 1D+

1 AUKEN4E [ =AUX(N+S4[3))

AUXCLE 1) wAUXC(LE . [)=DELT
208 YCI)wDELT+0,0TA3801T#AUR(LE+1)

DELTwG,

DG 20% [=1JNDIM
209 DELTDELTHAUX{LS[)#ABS{AUNLLE]))

[F{DELT=PRMT{<)) 1000222222

1000 |F{H*(X=PRMT{22}) 210,210,100%

210 CALL FCTEX.Y«DERY)
CALL OUTPLXsY+DERY1iHLF «NC M4 PRMT)
[FCPRMT{5)) 212.211s212

211 1FGIHLF=11) 213.212+212

212 RETURN

213 1FiH®(A=PRMT{23)) 21442124212

1nGL X=PRMT(2)

50 TO 206
214 1FCABS{X=FRMT(2)})=0.1#ABS(H) )} 2122154215
21% IF(DELT=0.02¥PRMTC4)) 216.216+201
216 1FCIHLFY 20122014217
21T IFeN=T) 201.218.+218
718 IFCISTEP=4) 201+219.219
P19 IMOD=]STEP/2
TFCISTER={MOD=[MOD) 201+220.201
220 H=H+H
I F=]HLF=1
ISTEP=Y
D0 221 =i NDiM
AUACN=L o [JwAUK (N2, 1)
AUN{N=Z4])=AUX (N4 1)
AUK (N=3, [)mAUA(N=B4])
AUX(N*G 4 T ImAUA (NS 1)
EUKEN#D T ImAULLNE 1)
AUXIN+#G 13 mAUXCN]1 1)
DELTwAUX i+ 6y 1D +AUKING D4 T
DELYwRELT+DELT+DELT
221 AUXCL6.1)m8.962963 8 v [)aauxd{n=-3,1)2=3,361111#HeDERY(I)+DELT
L +AUXTN+44122
. GO YO 201
282 [HLFmIHLF+1
TF{THLF=10) 223+223.210
223 H=HaD.5
ISTEP=0
DG 224 [wl.NOIM

Ym0 0N3G06254 (U, #AURIN=1, ) +135 HAUX (=23 [)+4D #AUX(N=3 4]0+

LAUNCN=S 3] =0 11 T18TSH{AUX(N4E o ) =6, WAUK (N4 S« | J=AUX(N+& o [) 2K
AUACNSY ] 3w0, 00390625 (12, wAUX(N=La 1) +135, RALX(N=24{}»

HPCG1190
HPCO1200
HPCG1210
HPCOl220
HPCO1230
HPCOLl240
_HPCOL230
HPCO1260
WPCO1270
WPCO1280
HPCO1290
HPCR1300
HPCO1310
HPCO1320
HPCO1330
HPCOL1340
HPCO1330
HPCO1360
HPCO13TO
RPCO1380
HPCO13%0
HPCO1400
HPLO1810
HPCO1420
HPCG1430
HPCOL440
HPCO1430
HPCRL460
HPCO14TQ
HPCOLA80
HPEGLA9Q
HPCO130G
HPCE1510
HPCOL1520
HPCO133C
HPCC1540
HPCO133C
HPCGLAL0
HPCOLATO
HPCD1580
HPLO1390
HPCR1600
HPCO1610
HPCD1620
HPCOL630D
HPCO1640
HPCOLE50
HPCO1660
HPCO16TO
HPCO1620
HPCO1h90
HPCO1T700
HPCOL710
HPLOLT20
HPCO1730
HPCO1T40
HPCO1750
HPCOLTH0
HPLO1TT0

11UB . #ALK =34 1 I +AURCN=49 [ 31002393758 CAURCN* B4 [+ 1B #AUXEND 41 )= HPCO1TE0

29 #AUXINed D) #H
AUXCN= | FmAUX(N=241)
226 AYACN+E [y wAUXINES])
XK=
DELTaX=(H+H) .
CALL FCY(DELT Y DERY)
DG 22% 1wl NDiM
AUACN=21T)mY (L)
AUXCNeS 1) =DERY (]2
223 YOLImAUX(h=d4])
QELT=RELT=(H+r)
CALL FUTCUELTYDERY)
D0 226 [=lNDIM
DELTRAUNIN4S1 1 +ALUA NS4, ])
DELTaDELT+DELT+DELT

HPCOL11%0
HPLOL8G0
HPCO1310
HPCOLB29
HPCOL830
HPCO1840
MPCOL330
HPCOER60
HPCO1370
HPCO1380
HPCOLA9Q
HPCO1900
HPCOL%10
HPCCL920
HPCOL930

AUK(L6y [Im8, 96276 3% CAURIN=1 v [2=Y (13 )=3,361 111 #Hn{AUX{N+G 1D+ DELT  HPCOL1940Q

1 +DERY(I})

226 AUX{N+3:+[}wDERY(])
GO TO 204
END

—_ 3‘4 _

“PCO1930
WPCO1960
MPCO1%T0
HPCO1980
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SUBKOUTINE QSF(HaY24NO M)

C
c## [NTEGRATION BY STIMPSON'S METHOD

annn

H =ww MESH WIDTHy ¥ =we JNTEGKAND{ARRAY VARIABLE).
Z === HESULTS{ARFAY VARK{ABLE)+ NDIM === NO. OF GRID POINTS

@SF  GIVES THE RESULTS AT EACH GRID POINT, Z{1)+2(2)s===s2(KDIM)

o W w

@

v

a0

11

12

DIMENSION y(12+2(1)
HT=0,3333333%H

[FINDIM=5) Te8.1

SuMle Y(2)+Y(2)

SumiaSUmi+3UML
SumlEHT2 (Y {12 +5UML+Y (32}
AUXL=y (4347 (4)

AUXI=AUKL+AUXL
AUR1*SUML+HTH(YC3) +AURL+Y (53D
AURZMHTHCY CLY 43, BTS# (Y (214 (5)) 42,6250 Y (32ay {4} )+ (&)
Sumz=y{5)+Y{5)

Sum2mSUMY +5UM2 -
SUM2EAUX2=HT# (Y (&) +SUME  +¥ (82D
£01)=0.0

AUX=Y (3)+¥ (D)

AUXRAUX+ALX

L2 mSUMZ =T (Y (23 +AUX+Y (4))
Z2(3)a5uM1

Z(4)mSumMz

IFIND[MeE) 51542

GO 4 (=7 NDIMa2

SUML=AUX]

SUMamAUX2

AUX1=Y([=1)+¥(I-1)
AUplmAUX]+AUX]
AUX1=SUML+HTR (Y (122 +AUXLLY D)
Z{i=2)a5umMl

TFUT=ND (M) 34646
ALXZ=Y([)+Y L)

AUA2=AUX2+ALX2
AUXPSUMR+HT® (Y (1=l) vAUXZ+Y{1+1))
FASES S LN V]

FANRELER O VRS

ZEnD IMImALND

RETURN

ZCNDIM=1)=5UM2

ZInDIMI=ALX]L

RETURN

TFCNDIM=3) 1241148

SUMZRL. 125%HT# (Y (1) +¥ () +Y(2)+Y (2D +¥ (AT +¥(3)+Y(3)+Y(4))
SUMLmY(2)+Y(2)

SUEI1ESUMT + UMY
SUMTERT# (Y {1)+SUML+Y(3))
20iy=0. 0

AURI=Y (3y+¥(3)

AUKLEAUXT+AUXL

T2 mSUMZ = TR (Y {2} +AURL+Y 4] )
1R (NDIMeS) 104949
AURL=Y {8} +7v(a;

AUAI=AUXL+AUX]

25 RBUMLAHT*# (Y (3) +AUXI+Y(5))
243y *SUM

FRL B 1V F)

LIRS
SumlaHT#(l, 25#Y 1)+ Y22+ Y2} =0, 252y {3})
SumMzey {2)+v{2)

SUMA=SUMZ +5UM2

LI mnTH(Y L1 +5UMZ+Y (D))
Z(1)=0,0

212 =5uml

RETHRN

Etvid

m.35u—

@SFO001D
WSFOOD2G
ASF00030
WSFOOD4T
@5F 00050
QASFOO0&U
wSFO00TO
@5FD0DES
§SF00096
95F00100
@5F00110
®5FD0L20
‘@5FQ0130
@SFO0L4C
PSFODL50
#5F00160
@SFQO170
®@SFO0180
@SFO0190
95FGO200
4sF00210
@SFE0220
9SFO0230
GSF 00240
@5600250
WSFC0260
QSFGOZTO
WSFO028U
¥5F00290
QSFCO300
€SFU0310
WSFOQ320
@SFO033L
BSFL0340
9SFC0350
QSFUO3eC
@SFOO3TL
QSFUD3BC
@3F0390
@sFGO40D
@SFO041C
GSFOD420
@SFOCE30
WSF 00440
45FGCa5U
Q5FU0460
@5FCO4TH
RSFOD&80
BSFOO490
B5F00500
@5F 00310
@5F0Q32C
@SFOG530
GSF G050
QSF0O550
@SFOO560
|SFLOSTC
@5FO0580
Q@SFGO590C
@SF0CE00
WSFUQEL0
@SFQO620
E5FL63T
GSFLOBAT
¥SFO0650
FSFOA660
@SFO06T0
95F00680
BSFH0E0
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2cLo

2011

2012

20L3
f0l4

2618
2018

2030

a0

2048

2030

2¢ 354

2c62
2rh4

o0

101

108

201
221
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SUBRQUTINE EIGTRICNNCIER)
LOGICAL FIRSTIN

INTEGER AG

DOURLE PRECISION PRT

DOYBLE PRECISION A«UL+V10X«50X
DOUBLE PRECISION
NOYBLE PRECISION LAMBDANCRMab « ToUaSeMULT

DOUBLE PRECISION ERR+Y1(20) yYMAX,E(202

OCUBLE PRECISION PC207.¥(22}.68{200C{20) w202 RE2DD
DIMENSION [N{20}

COMMON/E 1Y /E(20) 2V (20420)40X(20), 30X (20}

COMMON/CMF FAC20420) +ULE23420)

NwkN

IER=D

NURMEDABS CALL 1) D +0ABSCAL142))

Niwlj=]

DG 20610 I=z.N1
TeDABSCACI~I3)+DARSCALL« 141D +DABSCAL v ]1=1)2
NURMEDMAX1 (NGRM T

TePABSCACNIND ) +DASS CA(NIN=1))

NORMRDNAX 1 (NTRM . T

DU 2011 j=24N

w1 =Allel DI#AC =1

K=l

u=1.0

DL 2012 [=1+h

EL7)==NORM

| TER=]

L=E(%)

L&MBDARD HO0= (L4

m

1F (DABSCLAMBOA=L) JLE, 1.5~8, 0k, 0ABS {LAMBDA-U) .LE,1.0=8) GO TO 2030

[

1=l

S0y i)=L AMELA .
JFL5.GELQ.D) RG=AGH]
1F (5. 80a0, 02 G0 TO 2020
I=l+1

[Fel.aT,ay G0 TO 2020
Szl [ I=LAMBRA=w([2/5
GG TO 2018

I=1+2

IFL1,LE M) GO TO 2016
[F{aG-GE«x) Gu TD 2024
L= AMBDA

{U TJ 201+«

L mLAMBDA

~ep INGEAG Y V)

Nl 2020 l=kaM
E(LlYwLAMBLA

JTeR=] TER+1
TFCITERSGT.2009) GO TU 2060
GL T0 2014

E{ny=| AMRLA

XEK+]

1F (KL LELNY GO TO 2013
CUNTINGE

NG 2082 T=lan

Do 20&% J=lyh]l

ERWEL 1+

Tl¥Faldyirl)
HLLI=ACL D =F LD
BlU)=n (vl )
YRl BN

Wyma (N ha=EC])

YN+l m0, 0

YANeZi®0, 0

FIRST=.TRLE,

L PG30 JELND
AF{SABE{RCII)LLTBABS(u{1)3) GG TC 2040
wri Tl (JIFR (S
Thadd=,FALSE,

GU TO 2048

UL TRR (D)3 04

3= TRUE,

AWML LIRS}

r=R{d+l)

EASES DL T

silJyaT

FLDI=E U+

i) =00

AL EMULT

ALJF1ImBCIR1) =FULT#P (D
EIREAST LISLSR EIIURE LI )
IF(F05)  E%.0,0) %(JIml.DE=30
CUNT INUE

TE(RONY ER,D.0) RONI=1,UE=-30
CUnTINUE

DO 200 Ji=Lle4

DU 2066 Jlalk

KmfmJI+1

Ty {xX)

YUK m Ty {R+ 1R =Y (K+2)aP (R} ) /R(K)
CONT INVE

SrRwd.

TeUABS(Y (1))

xl

Fu 100 Jm2aN
S=OABS(YLJY)

IF(S.LE.T? GO TO 100
T=5

xwl

CONTINUE

Tel,CO/Y{0)

00 101 JalyN

Y=Y (uyaT

IFL1l.e@,1> GO TO 201

00 10z Kel &
ERRmERR+DABS(YL(KI~YL(K})
ERR=ERR/N
[FC(ERR.LE.1,E~5} GO YO 2074
{F{ET. E@,A) B0 TO 200
DC 223 Kalsh

YL<KImY (K}

DD 2070 JmleNL

LF{INCS ) GO TO 2068

an 5;(5__

E{GOONLO
£1600020
E1GQ0030
E1G00040
E1GOOOS0
E1500060
E[6Q0070
E1GOGDE0
E[GQQ0%0
EIG0QL00
ETGOO110
E[GOQL20
E[600130
EL[GQQ14C
E[GDO150
E[G0Q160
EL500170
EIGOD180
EIGCO190
EIG0O20C
€£1G00210
E1600220
ElGo0230
E1G00240
ElelD2s0
E1600260
E1G002TC
E1600280
ET60290
E1600300
EIGD0310
E1G6R0320
E1600330
E1G00340
E1600350
E[GO036U
EIGO03TO
E1GQO3BY
E1GD039%0
E1G0OOAO0
E1GQ0#10
E1G0042C
E1G00430
E1600440
E1G00450
E1GOD460
E1GRO4TD
EIGO045D
E]1GD0&S0
E1600500
E1GPO510

-E16Q0520

E 1600530
£ 1600540
EIGDOR550
EIGOCOS6C
EIGOGSTO
EIGOQS8Y
EIGOCSF0
EI1GDO&0C
EIGO0810
E1G600620
EI[GO0630
E 1600640
E[GOO650
E|GOOLAE
E160067C
EI1G006BU
E[GOGSSE
E1600700
E1G0071G
£1600720
EI1GUOTA0
E1GOOTAD
E1GO0T50
E1GO0T60
EIGOOTTQ
EIGODTEC
EIGOOT90
E1GI0A00
EIGQDBLlU
EIGOQB20
€1600830
E1600440
E1GO0456
E1G0086L
EI1G00870
E1GOQ8BG
E1GOU8SU
E160090G
ELGOQ91C
EIG30920
ETG00930
EIGDO9%0
EIGOO950
E1GO0950
ELGOO9TO
EIGOOA0
£IGG0990
E[GG1O0C
£16010L0
E1G0102

£1G0103]

E[GO1040
£1601050
ELGCLO6E
EIGOLO70
E[601080
E16010%0
E[G01100
EL601110
£1601120
E[GD113C
EIGOIL4C
EIG01150
E1601L60
EIGD1170
E1GO1LEC



2068

2070

200

2074
2082

2083
601

Sp00
305

1001

21
304
303
600

2

[+
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YOIrLIY (12 =WOIRY O

G070 2070

TaY{J)

¥{H=Y(Jel)

Y{J+L)=T~W(JyaY{Jel)

CONT INUE

CONT I@UE

YRITE(6,+600) ERReIECL}

1ERa]

CONTINUE

DO 2082 JmlaN

AT R LA L))

D0 2083 [=1sK

D0 2082 JwmlaN

ALI»ImVl40)

CONTENUE

FORMAT(IPSELZ.3)

CALL DECCMPIN)

CALL SOLVE{N«OX+C(1E}

IFCIECED, 1) GO TC 5000

CALL IMPRUVEN(OX.C.DIGITS)

RETURN

CONT [NUE

pU 1001 [=l.N

Clly=0XC1a

DO 1001 JwisN

ACLaddmV (i)

CONT INUE

CALL DMATI(N+31+C)

RETURN

ENTRY FUCIL(DTaM14M2)

80 303 [=Ml.M2

OXL[ImG. 0

GO 304 Kel.N

PRT®E(KI#DT

TF{PRT LE. (=TG.0)) GO TO 30«

CACITaUX 0] D +CAKI RV LT s K )I#DEXPLPRT)

CONTINUE

ConTINGE

RETUAN

FGRMAT(LH /s' EIGEN VECTOR DOES NOT CONVERGE'.t ERK =",
1PELZ.3a' 1 mtyl8at E{I) =" 1PE12,3/3

EnD

SUBROUT INE DMATI (NNeMabs)

DUUELE PRECISIUN awUL

DOURLE PRECISION B BETERM.AMAKGT «S#AP.PIVOT

DIMENSION E{1)

COMMONSCMF, AC2U1 20) vUL (234203

CIMENSTUN [PIvOTE5%) ¢ INDEXL(S592 s INUEAZ(59)«P[¥OT{59)

Etl IVALENCE CLROW v JEOWD » CLCOLUM s JCOLUMI ¥ CAMAZ < T2 50AP)

INIYIALIZATION

KmiH

BU 20 Jelwd

- P IVOT (=D

L0 555 l=1.Nh

SEARCH FOF PIVOT ELEMENT
AMAx =0, 0

DU 105 Jml.N
IFCIPIVOTCUY sEw. 1) GO TO 145
0O 100 Kalyhi

CIFCIBIVOT (R =3s #09100Tay

£Q

100
103

2u0

250

350

380

£50

330
335

IF (RAGS CAMAXY +GE LDABS(ACIR)Y) GO TO 100
| Kijwa

TCA hmk

AMAX=ACS R

CUNTINUE

CUNT TNUE

TRIVDT CICULL™MI = TR IVOTCLROLUMY +1
INTERCHARGE RUGS TO PUT RIyvOT ELEMENT ON DIAGONAL
TF{IROw.EQ. 1COLUMY 6O T3 60

DO 200 Lmlsiy

SwAPMACTROw.L 3

ACLROW L Jma (TCnLUM. L)

ACICOLUM L)Y =SwaP

IF(HGEW, 0 GO TU 260

SWAP=E (| RUN)

B(IROw) =B { 1COLUM)

B {1 COLUMI mSWAR

INDEX1(I3 =]RCw

INDEXZ(T) wICOLUM

PIVOT(1JmACICULUM. ICOLU

DIVIDE PIVOT WOw BY PlvOT ELEMENT
ACICOLUM, ICOLUMY=1.0

DO 350 Lwl,N
TF{NABSCAL[COLUMZLY Y, LT, 1, E=30) ACICOLUM,LI=N.Q
ACTCOLUML)mALTCOLUMAL) P IVOT (LY
TF(M,E%,0) GO TU 330

BCICOLUMY=a (1COLUMY FRIVOTLI)

REDUCE NON=PIVUT RUWS

DO 550 Ll=i+N

TFCLLE@, [COLUMY GO TO 535G

Te=alLls [COLUM)

ACLLyICOLUMIED.O

DG &50 L=l.N
TF(DABSCACICOLUM L)) wbT«1.E=30) ACICOLUMML) 0.0
IF{DABS(T) LT.1.E=30) T=0,DQ

AL LImACLLoL)=ACICOLUMLI*T

1F (M EQ.0) B0 10 550
BCLLY=BLL1)=B{ICOLUM) T

CONTINJE

CONTINUE

INTERCHANGE COLUMNS

..E;? -_—

E1GO1190
E1601200
E]GO1210
ElGOol220
EIGO1230
E1GQl240
EI1GO12%0
E1GQ1260
EI1GD12T0
E1GO1280
E1G012%0
E1G01300
EIGD1310
EFG01320
E[G0O1330
EIGO1340
E[GOL350
E1GO1360
E}GD13T0
E{GQ1380
E1G031390
E[GOL400
EL[GQL4L0
EIGOL420
EIGOLAZ0
E1GO1440
EIGDLI450
E1G01460
ETGO1470
ETGO1480
EIGOL4%0
E1G01500
Ele01510
ElGR1S20
E1601530
E{GOL1540
£1G01550
E1501560
El1GD1570
EIGO1580
E1GQ1590
€1G01600
E1c01610

DMTGOOLO
PMTODO20
DMTOO030
DMTOOD40
DMTROOS0
DHMTO0060
PMTOOOTC
pMTODDAD
pMTOULQ90
DMTOO100
CMTDR110
oMTO0120
DMTOQL13G
DMTOO140
DMTO0150
DMTU0160
DMTOOL170
DMTO0180
DMTOU 190
OMTO0200
DMTODZ10
oMTGOZ20L
DMTOO230
CMTDOZ40
DMTQUESC
DMTUO0260
puTon270
DMTOL280
DMIBD290
DMTOU300
pMTa0Q310
DMTO0320
DMT00330
DMTGO34D
PMTO0350
DMTCC360
DMTOO370
CMTO0380
DMTOO390
DMTO04J0
DMTUGA10
DMT00420
OMTC0430
OMTOO440
DMTGG450
DMTQC660
DMTOQ4 70
DMTOO4 8%
DMTOQ49Q
DMTO0500
DMTQOS510
DMTOQ5320
DMTQQ530
DMTOO%40
DMTOO550
DMTDOS60
OMTOO570
OMTDO330
DMTRO5%0
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54 DS T10 I=miuN OMTO0600
55 Lun+l=] DMTO0R10
56 IF CINCEX1CLY +Ed INDEX2(.Y) GO TO 710 DMTOCE20
a7 JRO¥=TADEXL (L) . bMTROE30
53 JCULUM=TNDEX2 (L) DMTOGE40
59 NG TN0 K=mloN DMTOCGE50
&0 SHAPsA(K 4 JROW) DMTOO660
61 ACK JROWYmA LK « JCOLUM) oMTOQ&TO
62 700 ACK Ly JCOLUMI=SwAP DMTO0680
63 TLQ CONTINUE DMTQO6%0
64 740 RETURN . pMTOOTOC
-] EnNY OMTOOTLO
1 SUBROUT INE DECOME (MY DECDLOL0
? HDUUBLE PRECISIUN AsUL PECUO020
3 PCUBLE PRECISIUN SCALES«ROWNRMABI44STZE vPIVOT EM DECO0030
4 DIMENSION SCALES(20) DECOOO40
s COMMONFCME FAL204 203 UL (23.20) DECOQO50
& COMMON/DES/ 1IPSCE0) DECOOO60
T NN DECQQ0TQ
8 DO IwLN DECOO0RD
9 1PS{1)=] OECOQO0%0
¢ A0WHAM=0, 0 DECO0100
11 CO 2 J=lan DECOQ110
12 GhaleJrmAl] s J) B DECHO120
11 [F CRUGENRM=0DABSLULEL 2 J23) 14242 QECO0130
14 1 RUWNRM=DABSCUL (L4 J)) DECO0140
1% 2 CONTINUVE DECOD150
16 |F(ROWNRMY 3.6,3 DECO0160
17 3 SCALESC])=1.000/RONNRM DECOOLTO
18 G0 YO 5 DECUC180
i9 4 CALL BINMG(L) DECGO190
20 SCALESC(]) =0.0 DECOOZ00
el 5 CUNTIMVE ) DECOQ210
22 WM mtim] DECOQ220
23 DU 1T kmlahMl DECOO230
24 Blée(.0 . DEC00240
25 O 11 [mKan * DECOD250
6 |FePSC]) DECO0260
27 Slet=pARS{ULCIP+RIINSCALESC(IP) DEC0O0270
28 IF(SLZE=Blu) 11+11+1C DECNO280
9 10 Blo=SIZE DEC0029Q
a0 TUXPIv= | DECQO3N0
31 13 CON)TRUE DECODALO0
32 1F (1613932412 DECGO32C
33 12 CALL SING(2) DECOQ33Q
3y GO T 17 DECOO34D
b 13 TFOIDRP V=) lavl1oy14 DECDO350
3p 16 JmiPyiRd DECO0360
H 3 IPSCRImTRSCIDAP YD DECOQ3TU
: 38 IPSCIDAPIVY=) DECOO380
) 39 15 k¥F=]FS(R) DECCD390
»0 FIyOTasUL(KP 4K} DECOD400
41 KP1er«+) DECO0410
%2 CO 1t ImKPi.N DECOQ420
43 IP=1FSCIY DECO0430
44 Erm=l| {IP I APIVOT DECO0a4G
#5 UL(IF vk ) m=EM DECQOAS0
[T Déi 16 JmKF )N DECNO&BD
47 TIF(DABSCEM} JLELL1,QE=20) EM=0,0 DECQO4TO
L1 1FADABSCULSEP+J) ) W LE L4 OF=20) UL{KP».2=0,0 DECO0480
49 ULETP o ) mUl (IR + ) +£F#UL(F 4+ J) DECOC490
50 16 CONTINUE DECOGS00
51 17 CONTINUE DECOO310
52 KP=iPS{K) DECOQS520
53 TFLULCRPaNI ) 19218019 CECDO530
S5a 18 ULiKPWNI=1,O0~20 DECGO3A0
55 "19 RETURN DECOOSS0
b6 EnG . DECDO560

_..38.._
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1 SUBROUT [NE SOLVE(NNBaX+TE) S0LO001C

2 DOUBLE PRECISION AsUL 50L00020

3 DOUBLE PRECISION BaX S0L00030

4 DOUBLE PRECISION SuM S0LO004C

5 DIMENSTON BC1)+X(1) SOLO0YS0

¥ & COMMON/CMF JAC20920) UL (230203 SOLO0OED

7 COMMON/DESZ [PS(20) S0LG00TE

] 1E=0 50L0008G

9 NN S0LDOO90

10 NP 1mN+l 50L00100

11 1P IPS{1) SQLOQL1LO

N 12 x(1)=BC[P) S0LOQL20

13 DO 2 [=24N SQLO013C

14 IP=IPS(D) S0LO014C

i iM1m]=]1 SOLO0150

1s SUMud, O SOLOOLAD

17 DO 1 Jesl.lMl S0L 00170

1s 1 SUMsSUMSUL (IR« I #X(J) 50LD01&C

19 2 XL1)mBLIP)=5UM 50L20190

20 1o IP=[PS(N) 50L00200

21 1FEULCIPIN) WEW.0,0D0) GO TO 100 50L00210

22 XNy mA{NY FULLER M) ) S0L0022¢

23 DO & 1BACK=2N . S0L0023C

24 jmnPl=]BACK 50L00240

25 iPeIPS{I) ~ S0LDO250

26 [P1wl+L 50L00266G

27 SUMe0, 3 SOLQOR270

28 DO 3 J=iPl.N 50L00280

29 3 SUMESUM+ULCIP Sy 8x{J) 50L00290

30 IFEULLIPY [y ¢Ewe D 000 60 TQO 100 50L00300

) 31 4 X1y {XL{1)=SUMIFULCIP LY 50L00310
. a2 RE TURN 5QL00320
| . 33 190 {Eel 50LN0330
| 39 RETURN 5000340
i 35 . End S0L003S
: 1 SUSRDUT INE TMPRUV NGB X oD [GITS2 IMRO0D12
i F4 SIDQUBLE PRECEISTON AsUL [MRCO020
i 3 DUUBLE PRECES{ON © o BexeReDAST [MR00030
‘ 4 DOUBLE PRECISION SUMealJoAJ 1MI00040
5 DIMENSLON S(1) A0} 1R{Z0) (DALD 1M4000%0

& CUMMON/CMF /ACZ20120) vUL (234200 1M300060

7 NN IM30U0TD

i ] EFSwl.E=7 [MROQCBY
: 3 I THAX=3 1M20009%
! 4 1ME00107%
10 XHURM=(Q, O 1MA00110

11 S0 1 ImiaN iMADO1ZD

. 12 XI=DABSIR]I) [MRO013D
| 13 1 XHORM=AMAR]L OCIORM A1) IM0010
; 14 [F (AHORM) 3243 1MRDO150
15 2 CUNTINUE IMROU1BO

14 & 10 10 IMROULTS

C ) IMROOL8C

17 300 9 ITER=Ll.|TMAK [MROOL9T

18 DY 5 lmlyN IMRDOR20D

19 SUM=C. G [MROO219

20 DO 4 J=paN ) [MROO22U

21 AiJmAC]eJd 1MRQV230

22 nawkJ} [MrGD28Y

23 & SUM=SUMsA]Jex) [MROO250

24 SUMsE () =5UM [MRQ0269

25 5 Hil)=5UM [MRQD2TD

26 Chil. SULVE(Nwr DXy IE} IMHGO2EQ

27 DANUHM=O, G TMROUZ90

L] 28 Dt & Iwi.N IMRQO300

' 29 TeALIY - [MRO03LG
i 30 xL1Ywx (1) +DRC 1) IMRQG320
| 31 %1=DABS{XLI) =T : 1MR0OO330
32 T XNORImAMAXL COXNORM X 13 1MROO380

33 & CONTLLUE IMFQO35Q

+ 34 IF {ITER=1) t+Tad [MROQ 36U

35 7 DIGTT5™=ALOG] D CAMAXL (DX NOKMSXNURMEFS)) IMROGATO

36 B [# (DANORM=EPS#XNURM) 1041049 IMROC3BU

37 9 CUNTINUE IMROGAYY

4 ITERATION DID NOT CONVERGE [MAOG4DU

38 10 RETURN IMROO%)G

39 ExD IMRQUB20
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1 SuGRQUTTHRE SING{leHY) SNGQOOLQ

2 11 FUOAMAT (360 MATRIX alTe JERD ROw 5 DECOMPOSE, ) SNGOOQ20

3 Lz Fud™MAT(S4H SINGULAR AT TN WECOPISE,  ZERQ DIVIDE IM SOLVE. ) SNGOQO3D

4 L3 FU=MAT(54H NO CUNVEAGENTE IN LMPIuv, mATHIXK 15 NEARLY SINGULAR, ) SNGODO4D

5 NijaFag SNGOODS0

& 300TD {Lv243) L leny SNGOOOBD

7 1 wRITEZ(NOUT 112 SNGOOO0TO

B G T2 10 SNGOOGBO

a 2 AR iTEGOUT 120 ' SNGOOO20L

J 10 G2 o 10 SNGOO100

11 3 wR{TE(NOUT (132 SNGOO110

12 [RCIEAE LN SNGOO0120

13 c ol SNGOO130

1 SLeROLT [HE PLISRT PLTOOO1G

¢ PLTDO020

Cws OPFi THE FLOTTER RGUTINE FLTOQ03U

¢ PLTGOO4C

? DIMENSION BUFFER(1U28) PLTOQ050

k'l CALL PLOTS(BUFFER{L)»1U24) PLTDOOED

“+ Call FLOTLI00.U05G.0. =23) PLTOOOTO

5 sLTURK PLTOCOBD

& |31 . PLTOQQ9U

1 SUBROYTINE PLTEND - PLTOOL00

1 PLTOUL11U

Cws CLOSE Tk PLOTTER ROUTINE PLTOD12G

¢ PLTOOL30

Fl caLl PLOTL0.0s0.04999) PLTOOL4C

e} P LK PLTOO15C

4 Eiid PLTOL16D
i
H
|
M

—~ 40—

i
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SUBROUT INE P FIHE

COMMONZ KK JJFKMAX KL MAX (LMAX
CUMMON VST /PLOTX (10D0) +PLOTY (P4 10002 1 NEMAX
CUMMUN/FLNSFNSU

CIMENSTON SMC4Y)

DIMENSION XT(IGO0X«Y1C(9410003
CALL PLOTL300.0¢0.04=3)

CALL FLOT(210.040,0.22

CALL PLOT(180,0:0.0+3)

ChALL FLOT(180, 0=z 0443

CALL FLOT(130.0+0.0s )

CaLL FLOTA15G.usm2. 0422

Call FLOTL120.Ua0.0 3

CALL PLOTH120.0+=2,0+22
CALL FLOT90,Us0.G43)
CaLl PLOT(H0 Uam2,0022
CALL PLOT(B0.U40.u13)
CALL FLOTKBO,us=2,Uag2)
CALL FLET{30,ua0.G3Y
CALL PLOT(30.irem2, 022}
ChLL PLOT G0, Ged)
CALL FLOTROG~e0.Ge 23

L 100 Kei JKMAA

SMAK I =AMAAL (FLUTY KWL)W PLUTY (R e 2D
DU 110 Xml4KMAK

L 110 NSe2,N3MAX
AP(K}IHMﬁkl{Sle)uPLO]lt( NB) D

Ll 120 KwloXHAx

G0 120 NSm Lo NBMAY
VI(lVNS)IPLDTY(KvNS)I&V(K)*bﬂ Q
200 130 NS=1a4NLMAX
A1LMSIB3, uePLOUTX (5D fLuiE=3

il el K] g KM

CALL PLOT(AICIa ¥ (K11242)

DL 16U NI=ZaNSMAR

CALL FLOT(RIC(NS ) aY 1 {KanGYa2)

CONT FhE

ChLl MLOT{200.us0,Ua=3)

L 156G JalaloLe

FLOTX (Y=L i

i 130 k=la9

OLUTYIR =0, 0

CONTINLE

HHLE0

“B LR

Erg
SuBATUT Tae PLT I

Al NCaneALL

shap tlatid

HEAL ol

HEAL Uap 10
COMYUNFSCAFTO N0 LTO NG RL

COUMMON M FRMAJRTUEE s ASFECT o 2 0 ANG R CuNwALL + TECATEWAL »TICa TIHAL

TLAEA TMINA THAR JUT 4 LTH W TMIHeDTMA L DTHMAX ¢
WM 2 JMAK Y UMALL s DRI DA EPS s NPRNT « NCORT
LbH‘LhtUNR/Nl 59 TELESS Y+ TILCI9).3758029)4BT11(59) .
NZ(OFIWTEELBT)~T12¢Ca9)+BZ7(5924BT2(59)
cuhnuxrﬁoufﬁtﬁa).kH[59).uh(59JuDRn(b?)-DRi(59JvDGHI(§9J
CUMMON SARZJZ (59, YOTA{T9) ~E2v (592
CLmmQns DShSTIME(3D)
CLMMON, BLGANFLOT
LCOTCAL YUSUAKALRD S [MPRTY 4 NEUTRL 1 LTTERIGRPHES
CUMMON LOG YUSU A KATRD P TY W REUTHE «PLTTERERFPHCS
Real, wb
CUMMING NTL /HEL39) | TNHESSY (THE LYY a0 W EVN

LIMENSTON YH(S9) oY TECDY I YT (59« Y U2 (593 YEZLLE) VGH(59).XH(591

wWEAL REeRL

CUMMONY TRPADL9) s RECS9) K1 (59 1ETAC59) +TADEQT(59) s TAUE (592,
TAUT{59) v&r{593 CRITE L9} «CRITI{593

MERSEON YND(5%) 1 FTH(SS)

IeENSTON AAXIS(132 1 YAXIS(LD)

NUUBLE PRECISIUN »1.82

LaTh ALy A2 OHAEO=C e SRRSEUL/

CATA wIDYHWHEEGHTZ100.G4159,0/

GATA FPZ4FPGarFOFPEvFPID/0.2000,4040,6040.8041.707

[FATIME BT, 9.9E=3,AND,TIMELLT-10.1F=3) GO 70 #8R

FECTIME<GT, 19 9E~3.ANL TTME LT 20.1E~3) 6O T¢ 888

TELTIME,GT.29.9E=3 AND.TT1E,LT. 36,13 GU 10 BHR

TE(TIRE 5T, 39.9E=3.AND . TImE.LT.4G. 1E=3) GG TO 688

TFATIME,GT. 49, 9E=3, AND, TTEL LT, 50, 1E=3) GU TC &84

FETURN

bYl

BEE CUNTIMGE

FrraFLUAT(NPLUTY
BERE WL LN

10 Jule Ml
FHUSI=RN () fEMEIML)

10 CONTINGE

xrilymi, 0
SimAMARL (I (1) N2 1L2))
STEmARAXTI{TE2L1) 4 TEZ(ZD)
ST m8MAXILTL201)4TI2820)
SHmAMAXRLCII (LI )22
SER=AFAXLCER(1) 1N (22
DU 20 Je3.dml

SHWAMARL (SN2 LI )
STECAMAXL(STESTEQ (J))
STImAMAXLICSTITi2(J})
SJLRAMAXLLSIEVIZCUI}
SUAmAMAXL (3QRLIRCI) )

20 CNTINUE

LD 30 JmiyJM]
¥o{Jymn2(Jy /54
¥Te(Ir=Ta2 (I FSTE
YTICJi=Tj2¢NeSTI
YJILJIwiZ (I3 Fi%J2

— 4‘1 _

PLTOOLTO
PLTO0180
PLTQ0190
ALTO0200
PLTO0210
PLTD0220
PLTOC230
PLTQ0240
PLTO0250
PLTG0260
PLTOO2TG
PLTOQ28C
PLTDO29C
PLTDO3OC
PLTOOALL
PLYDE32C
PLTOG33C
PLTRO34C
PLTO0350
BLTQO0380
BLTO0370
BLTOQ380
PLTORIPD
PLTO0H0Q
PLTOOWLY
PLTR0420
PLTOC43U
PLTCO44L
PLTOG4SD
PLTQU4ED
PLTQO4TD
PLTOO48Y
PLTOU490
PLTOO500
PLTO0OS1C
PLTOOS20
PLTO0530
PLTOOSSG
PLTOD550
PLTOOSEL
PLYIDOSTO
PLTOOSSO
FLTOOB5U
PLTDOGOD
PLTOO61U
PLTOUE20
PLTDO630
PLTOGE40
PLT0O450
PLTOG6EU
PLTRO&TU
PLTOQ4EL
PLTDO&9C
PLTROTQU
PLTGQTLN
PLTCOT2U
PLTOOT30
PLTOOT4U
PLTQUT50
PLTOOTEU
PLTOOTTO
PLTOCT80
PLTOOTSO
PLTO080U
PLTOOALU
PLTODd20
PLTO0A3C
PLTOQB40
PLTO0850
PLTOCB6D
PLTROBTC
BLTOOBE0
PLTO0B%0
PLTOO900
PLTOO910
PLTO0920
FLTO0930
FLTOR94D
PLTOOY5C
PLTOOP6L
PLTOGTC
PLTOG9BE
PLTOGHYG
PLTQ2000
PLTQL01G
PLTO102V
PLTDIO3D
PLTO1040
PLTOLQSY
PLT01060
PLTO1070
PLT01080
PLT0103C
PLTO110C
PLTOILLO
PLTD112Q
PLTO1130
PLTO1140
PLTO1150
PLTOL16Q
PLTOL170
PLTOL18G
PLTOL190
PLTOL200
PLTO3210



108
109
i10
1t1
iz
113
1lu
1%
ile
17
113
il
12n
171
122
123
124
125
126
127
128
129
130
131
132
133

30

a0z

159
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YAR{JIaBR(J) /5AR

CONTINUE
¥NC1)w0, SR CYNCLI+YNC2D)
YTECL)=0, 5« (YTECLI+YTE(2))
YTI1C1)=0 , So(YTICLy+YTI(2))
YQR{1)=0, 5+ (YIR(1)+YRARLZ))
YJZCL) =0, 5u(YJZCL)+ Y2 (2D)

CALL
AXTS

PLOTL15C, 040,04 =3)
G EGAKU

DO 302 K=l.ll
XAXTS{K)=FL OAT(K=1)=0,1
YALIS(R)=FLOAT(K=1240,1
CONTINUE

CALL
CALL
CALL
CALL
CALL
CALL,
CALI.
CALL
CALL
CALL
CALL
CcAaLL
CALL
CALL
CALL
CALL
CALL
CALL

SCALE (XAKX]S+109,0+411+2+10+0)
AXISCO 000 3HR/AI=34100.040. 0+ XANTSC(12) «XAX[SCIN) 41000
PLOTC(O G0 03]

PLOYT{2.0Cv130.0422
PLOT(=2.04150,042)

PILOT (3. 04 220,043
PLOT(=2,04120.042)
PLOTL(C0s30.0.32

PLOT(=2,0:90.0422

PLOT{0.Q+60.043)

PLOT{=2,0480,042)
PLOT(0,0e30,043)
PLOT{=2.04+30,0+22
NUMBER(=10:0+2940:2,0+FP2 10.0.2)
WUMBER(=10.0+39,042.0:FP#.0,0+2)
NUMBER (=10,0289,0¢2,0,FP6:+0,0+2)
NUMBER (=10.:0+1194042,0sFF8+0.0+2)
NUMBERC=10,02149:0¢2.0+FP1U40.0.2)

SHPeaN*ND/1.E13

CALL
CALL

“CALL
CALL

CALL
CALL
CaLL
CALYL
caLl
CALL
CALL
CALL

SYMBOL (130.0¢ B85:044.00 THHAXMUM 10,0 T3
SYMBUL(140.0: 75,044,0420HN = £13/CCH0, 04202
NUMBERC155+0 75:044,Q4SNP10.0+2)

SYMBOLK14Us0v 654044,0.200TE = v +Q.0020)
NUMBEH 15540+ 65:048,0457E40,043)

SYMBOLC140.01 55:044.0420HT[ = £¥ +0, 04202
NUMBER(155,0+ 55,0+4,0¢5T{¢0.042)

SYMBOL (140.04 45,0+4,0425H)] = AMP/CMaRZ 4 0.0425)

MUMBERC155.:0s 43:044.0¢542+0:051)
SYMBOL (L0, 25.044,0,20H8 = 0,020
NUMBER(155:0y 25.:044,03560R+0.Us3)
NUMBER{150,04=60,04¢4,0yFNP10.34-13

DG L300 J=l.JM1

A LImXHLS 3w |UTH

YN () =EYN CJ) eHE 1GHT
FTECII=ITE (I #HE [GHT
FITCH YT CII#HE T GIT
YILCII =T SLCU) wHE [GHT
YR J)aYGROI)SHE TGHT
CONT InuE

CALL

PLOTEXM{1 D e ¥NlLlY a3

51 J=m2aaml

Cal

PLOTLAHE s YR CIa 2D

CONTINGE

CALL
CALL

SYMBOL{XH{SY v YN(u v, Orltiie 0.0412
PLOT{AH (L «¥TECL? + 32

DO 52 JwZeJMl

CALL

FLOT(XHCJI »YTECUY + 22

COnNTINGE

CALL
CALL

SYMBOLCAP{BY s YTECET + 4, 0aZRTE s, (102)
PLOTUAHCL) »¥T L1032

Iy 53 J=2y0ml

CALL

PLOTLARCI o ¥T LD »27

CunTInug

CALL
CALL

SYMBOL (XH(BY e YTL (8144, 0.2HT 0. 042D
FLOTUXH (L) +YJECLY 0 3)

D) 54 Jm2agml

CAaLL

PLOTCXHCL) o YILLUID 0 2D

CONTINUE .
CALL SYMBOL (XHL102 v YJZ(10) +4,002HIL00.0:12)

CALL

FLOTOXMOLY «YQRCLD D)

03 56 J=24 ML

CALL

FROTLXHL ) «YGREI) v 2)

CUNT LNUE

CALL

RETURN

END

SPMBOLEKH(IA) 1 YORIL8) +6, 0 1HE «0.0012

_.42._

‘PLTO1220

PLTQ1230
PLYOL240
PLTO1230
PLTOL260
PLTOLZTO
PLY)1280
PLTCGL1290
PLYO1300
PLTO1310
PLTO1320
PLTO1330
PLTOL3a0
PLTG1330C
PLTQL1360
PLTO1370
PLTQ1380
PLTOL13%0
PLTO1400
PLTO1410
PLTO1420
PLTU1430

PLTQ1440

PLTO1450
PLTO1460
PLTO1470
PLTQ1480
PLTO1490
PLTQ1%00
PLTOL510
PLTD1520
PLTOL1%30
PLTOL1540
PLTO1550
PLTOI %60
PLTOLSTO
PL¥D1530
PLTOLS90

PLYQLEEOD

PLTOL6LO
PLTOL620
PLTOl830
PLTQL640
PLTOL&30
PLTD1&ED
PLTOLHTOD
PLTULGSD
PLTO1690
PLTOLTOO
PLTO1T10
PLTOLIT20
PLYO1T30
PLTD1740
PLTOLTS0
PLTULITEC
PLTOLTTO
PLTO1T80
PLTO1T%0
PLTOLA00
PLTOIBLO
PLTCL820
PLTCLBIG
PLTUL880
PLTC1a530
PLTOL860
PLTULTO
PLTELB80
PLTC1890
PLTCL900
PLTG1910
PLTQ1920
PLTO1330
PLT01740
PLTO1950
PLTO1960
PLTO1970
PLTO198C
PLTUL9%0
#LTO2000

o
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1 SUBRCOUTINE PLTRE(X +NN) PLTC2010

2 COMMONSOUT TM/AXX (P59} PLTQ202C

a COUMMONY ZEFF JZEF (59) PLTC20M0

4 CUMMUN/ ZOXY FOXY (59) PLTO2040

5 DIMEMSLON TOTALDI59) PLTG2050

6 DIMENSION YMAXC(9) vMJI(D) PLTO2060C

? REAL NCeNwALL PLTC20TO

8 COMMONFDMT /RMAJ s HTURE s ASPECT v L I 0 ANG o iCINWALL » TEC  TEWAL TIC T IwALY PLTOROSC

1 TIMEaTHING TMAR UTUTHDTMIN G DTMX (DTHMAX PLTOZD%C

2 NMESH s JMAN ¢ JMAXL DX ADXHAEPS I NPRINT JNCENT PLTD2100

] COMMORARDR/RT39) RS9 «NACSII «DRPCEY) 4DR) (592 «DAHE(59) PLTQ2110
10 COMMONS KK S/ KMAX A KLMAK e LMA K PLTO2120
11 CIMENSION KAXIS(20),YAXIS(20) PLTO2130
1z DIMENSION YO(9¢59) 1 XH{5%) PLT02140
13 COMMONS PLOFNPLST PLTO2153
14 T LUGICAL OXYGEN «CARBOM PLYG2160
15 CUMMON/OXCAFOAYGEN » CARBOUN PLTO21T0
le REAL wNOsLTQ PLYC2180
17 CUMMDNI SCAS TU UL LTDRE 1 BD PLTC2190
i8 DINENSION #IMP{597 PLTQ2200
19 DATA PLePZ.P3/8.0,16.0x25,U7 PLTR2210
20 DATA HEIGHT oW IGTH/L2D Ua10u. 0/ PLTGZ2220
- 21 DATA  FF2v FPay FPa. FRB, FPLUN FPL2/2,044.000,043,0410.0442.0/ PLTU2730
22 TF(XeGT. 9,9ErI ANULKLLT. 10 1E=3) G0 TO 688 PLTO2240
23 TFLX 6T, 19.9E-3. AN0, K, LT, 20, LE=3) GO TU 884 FLTD2250
24 TFOX, T 29, 9E=3, AN0. X% LT, 30,1633 40 TO Bas PLTO2260
25 TF (X GT .35, 9E=J.AND . X LT . 4U. 1E=32 G0 TG 888 PLTDR2Z70
28 TF N 6T 69, FE=3, ANDLXLLT, 50, 1E~3) OO TU B&s PLTU2280
27 wE [UKb PLT02290
28 arA CONTINGE PLT0Z300
29 CALL FLOT(250.0s0,Ua=32 PLTUZ310
30 N ENLTYEST PLT02320
31 DU 10 Jwd el PLTR2330
32 10 XHIJZaRH{J) /RHCIMED . PLT02340
33 A1) =0 - PLTO2350
36 AHOIML Y- G PLTQ2360
25 T a0 f=x)l 11 PLTQ23T0
36 302 XMX]SCEIwFLDAT (K=17%0. PLTU2380
a7 CaLt SCALEWKAX|G4108,Un1 1y Lal,0) PLTDZ2390C
38 Coapl RATS (0.0 0 3HR/ B =34 10U Uyl M RAKISCL2Y o XaX15(133430,00 PLT02400
29 LALL PLUTCO,Cela0e3) PLTO2410
&p CALL PLOT(U.O040i80, L 2) PLTO2420
41 CALL PLUT(=2,U«180,0642) PLTOZ430
ap CALL PLATLC,UL120,Uq3) FLTQ2880
@3 CALL PLOTC-2,0+150, 0422 PLT02450
44 CaLL PLOTCC.Q9320,0.3) PLYTO2u60
45 Call MLUT (=2 ts 1207027 PLYUZSTO
45 CALL PLOT G0 50,003) PLTQ2460
“7 CTALL PLOT(=2.0,90,0:22 PLTOR2490
48 CALL FLOUTLG.0v60.0s3) PLTOZ5C0
- T Call PLOT(=2,Uch0, 042 PLTO2510C
50 CALL FLOT(GL0s30.,043) PLTLZ520
33 CALL PLOT(=2,0430,042) PLTQ2530 -
22 CALL wbriBEE (=l Or 29.Us 2,00 Fi?2ad.0u=1) PLTO2%40
53 CALL wusBEiC=13,04 5%.047,us  FPa L, Gum12 PLTU2550
54 CALL RUNBERC=1G.00 #9.0s2.0G0  FPBel0a=1) PLTGZB6Q
55 Cill, HUMBER (%1u.09119,Us2.0  FPAWD,De=1) PLTG25TU
56 CALL RUMRER(=1ua0s1%%.0s2.0s FELOWT.00=1) PLTGZ580
57 CALL HUMBER(=1U.03179. 02 00 FR1Z20ULGe=1) PLTUZS5Y
Sh CALL aYMBOL (=100 190, Ur s, e 6HLDGEL) 40 Uab) PLTQZe00
54 TFuX.LiaTe0k=tud GU TO 102 BLTOZ610
60 NPEAT Ly b PLTUZ62U
61 PleGE XL I KLE 4= PLID2e 30
62 Al=mO, e (LU O [ NpEXY PLTOZe0Q
63 X =Y, ZEAL PLIDZKS0
64 PFARLGE Rl ARL X LE.Xy) B0 TO 101 PLYO2e60
65 S0 T 130 PLTOZRTL
13 1ul Ti=m a D Dk PLTQ2680
6T Tia=FLCAT([NOEA) PLTOZETQ
13 10¢ COLTINGE . PLTGZ700
ud L TR 103 PLTORT1D
70 e Tiel.u PLTG2T20C
11 Té=0.0 PLTGZ2T3D
T2 103 CUHT INUE PLTOZT4O
i3 CALL SYMRULE30, Oawd0u UG, dnl9HT = 3 $EC.0.0419) PLTR2750
4 CALL NUMBERC(S3,0yedialed,0aT1aU,Ged) PLTO276Q
& CaLl NUMBERCTS. 0ym30.0 6,0, T22000=17 PLTO2770
16 FHRESFLUAT (NP ) - PLTQ27B0
77 CaLL BUMBZ RO Qamwb il Dad NaFNPaUatio=1 PLTO279Y
78 DL SO0 KEllEMAS PLTO2B0QO
79 DU 50U JdmiyJml FLTO2B10
a0 [FAXAGR g2 LEaU.0) GO TU v0O PLTOZB20
81 YUK ) ZALUGLU (R R LR S) FLTQZE30
82 a0 19 BGL FLTOZB40
LE] GO fLk i =iy FLTQZB50
s4 £0L CURT Tk PLTOZ2B6Q
L] YULR 1) =YK JY¥KRIGHT 212,00 FLTO28T0
LT 530 CunTIHUE PLTU2bAD
87 U 5GL Jelaaml PLTOZ2890
.o HA 501 xnuJisab{))ew TN PLTD2%90C
85 Uld 41 KelakMAR PLTD2910
0 CALL PLOTCAHILY sYULR41343) PLTOR920
¥1 DU By Jeladmi PLTD2930
LH YU CALL PLOTARHCII YUK} ?) PLTOZ940
53 1 CUNTINUE PLTO2950
s . - PLTO2960
% 94 DU TR J=laJdmy PLTD2970
95 1FORTLUY L LE L) &40 TO TiU PLTOZ980
56 TUTALOLII 2R LOuLT (DAY (UD) PLTO29%0
. 97 60 T 711 PLTO3000
w8 16 TUTRLGLIIwL. 0 FLTC3010
59 711 TOTALLCJYRTOTALOCJI*HE IGHT 12,0 PLTOM20G
- ige FUQ COMTINUE PLTQ3030
101 CALL FLOTCAHIIY 2 TUTALULIY 0 5) PLTO3040
102 DL T20 Jeiodml PLTO3G30
163 Té0 CalL PLOTCRHCI s TUFALUALD v 2) PLTO3CED
I BLTO3070

104 (0 80 RxloRMAR PLTO3CA0D
165 YHAY (RI=AMARE (YOLA 1) A YLK 20 PLTD30%0
pRe PU AT G=3UML PLT03100
ot YA (K YAk KL CYMAKERY A YCLR Y3 PLTQI1L0
108 6L CONT Tl . ’ PLTD3120
iue DU g1 k=] KifAR PLTO3L30
iiv FHAY La¥hak (R) =001 PLTQI140
11! YHp Y 2EY AR+, 0] . PLTOILS50
iiz GG Al JmlauMl PLTOAL60
113 TR LYDUR ) L OT o /MARL L AND - YUK 0T WL T YAK2Y  MJ(K)a PLYO31TO
1ia 1 CULTINUE PLTO3180
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115 DO 62 Kel+KMAX PLTG3190
116 TFCYMAXCKY ,LE.U.0} GO TO &2 PLTO3200
117 1 JmMJCKY PLTO3210
118 FPN=FLOAT(K) . PLTO3220
119 CALL NUMBERCKH(1J) »YOU(Ka[J) 08, 01FPN D, 0v=1) PLT0I230
120 62 CONTINUE : PLT03240
121 IF COXYGEN) |SaT PLTO3250
122 IF (CARBON) LS=5 PLTO03260
123 snihmn.(xx (LS 1) o XATLE2Y) PLTO3270
124 DOSBOQ- JmZ . JML PLTO3280
125% 800 SMEAMAKL (EMXX(LE4JDD PLY03290
126 HANTE [ =1 OE3/NU PLTQ3300
127 1F (5M,LE,HANTE]} RETURN PLTO331¢
128 HE]Tw#113,0 PLT03320
129 IFCOXYGENY HE1T=1%%.0 PLT03320
130 802 CONYINUE : PLTD3380
131 DO B33 JmlyJML PLT0335%0
132 803 ALMPJImHE | THXACLS s I3 /5M PLT03360
133 CALL PLOT(150.040.04=3) PLTO33T0
138 CALL PLOT(95,040,042) PLT03380
13% CALL PLOT(90,040,043) PLT03390
136 CALL PLOT(90.04=7.042) PLTO3400
137 CALL PLOT(60.0+0.043) .. PLT03410
138 CALL PLOT(60.,04=2,0+2) PLTO3420
139 CALL PLOT(30,040,04¢33 PLT0O3430
140 CALL PLOT(30,0¢=2,0.2) PLTOA44D
141 CALL NUMBERC28.0,=8,0+2,04P1+0,0s=1) ‘ PLTD34SC
142 CALL NUMBER(D8.0.=4,042.0:P2:6G,0s=1) PLTD346D
143 CALL NUMBER(88.0¢=4.0+2,04P3+0,04=1) : PLTO34TD
Lad CALL PLOTLU.040,0¢3) PLTO3480
145 CALL PLOT(0,04150,0.2) PLTO349D
l4p DU BS50 Je2,JML PLTO3500
147 850 XH(Jd=93,TH#RH (I /RHCML) PLT03510
148 XH(1)m0, 0 PLTO3520
149 CALL PLOTU(XHC(L1)vAIMP(1)+3) PLT03530
: 150 DO 860 w2 JMl PLTO3540
i 151 R6G CALL PLOT(XHCJI+AIMP(JY 2} PLTO3550
' 152 JF COXYGEN) CALL SYMBOL(50,00160,0¢4,0,5H0=v][10,045} PLTOIS60
153 [F (CARBON} CALL SYMBOL(S0,Uv16Q4+4,003HC=¥y 0,043} PLTO3570¢
154 RETURN PLTO3580
155 END PLTO359C




