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Numerical Analysis of Gas lonization by an Intense

Pulsed Electron Beam +~ Program and Its Application to Ar -

Hidehiko ARAI
Division of Research, Takasaki Radiation Chemistry Research
Establishment, JAERI

{(Received January 23, 1981)

Intense pulsed electron beams of various types are
widely used at present for the researches on the plasma
production, radistion chemistry in gas phase, and gas
{ laser. However, the details of gas ionization processes
| above several Torr by intense pulsed electron beams
[ have been hardly clarified. In this study, a program
| has been designed which can make a numerical analysis of
gas lonization by pulsed electron beams self-consistently
including the effects of induced electric field and
plasmz bvackward current. The validity and usefulness
of this program have been confirmed by its application
to Ar. This progrem is applicable to any gas and to
pulsed electron beams of arbitrary characteristics, and
useful to clarify the roles of various elementary processes
during ionization.

Keywords; Intense Pulsed Electron Beams, Gas Ionization,
Numerical Analysis, Frogram, Argon,
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7 7 It Febeiron 706 O — 6Bk Y (1P =8kA, ro=06cm, t, =22ns, tg, =05
ns, tqy =25ns, p=10857, e AEFONHET F0F - 480 keV) EH VT,

4.11 FUNCTION PTF (Z)

Ar iz B4 3 Felsenthal & Proud o ¥ o M pt . OERIME SpEL D E/p DB
F LT3 EARUH L (MBS ST, Lagrange DR VRO T, EEOE/pIC
Bt % pt; EABENICES, FifiTtes LIl

4,12 FUNCTION EV (Z)

Lakshiminarasimha & Lucas 2@ Dy /e OE#E (D, ABHHRLBERHANOEF O
S G p BETFOBBE 20, ArhOBFORGIAAF - = 15D, ¢ DEFAE
B TRHI e LD, B p OBKE LT3 A (—HAFSEEL) £&CHL, FUNCTION
PTF (Z) tEREHETHEROE p itk « BEARTEL LI LI

413 FUNCTION QM (EV)
Frost & Phelps @ Q,, D {# B 1y 13 HAEOH L, FUNCTION PTF (Z) & R#E AT
FED: LB} QEEFHTESL LI LT,

414 FUNCTION RC (EVZ)

BETEA 4 vOBETF & OEBEHRN e, 3—BK, 10 %mls UTTHS Wpe ot
G LAEBDa, =10 x 10 Tem¥s FAV, o, BAFIEAA Y THE, EH, DT
HHOT, CLTREBELLTEA.

4.15 FUNCTION RC2 (EVZ)

Ar,” LB T OFEESHEKa (3 Mehr & Biondiit &0 187 10000 K IR T a,s = 8.5
X108 XE 0 L LEALATVAY, TTTHE, 000K ETHIOREEKLTEDE
THO, HL, ArDE LA F VLR T v ir 15.76eVEILETR a=0&07
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Table 1 Correspondences between notations and variables
in n for unit emarks
equations | program | output rem
induced electric EZ1
field Bz (t) tzic | B2 | Viem
iven by AI(T) at
beam current T (B) AIT etc | ATI(J) A il;ugction éf)t
AINT
net current Inet(t) AN AIN1(J) A
plasma back current Tp(t) AIPB A
(e,n) conductivity Oen(t) SGE SGEP(J) |mho/cm
{e,i) conductivity ey (t) SGI "
. SG1
total conductivity ap(t) {SGIC STGL{J) "
number density of -3
n N,E EN
secondary electrons e(t) EN, ENN 1(3) cm
number d§n31ty of 0y (t) PM,PMN | PMP(J) .
monomer ions
number density of
n, P PDP
dimer ions d(t) PD,PDN DE(J) !
number density of
I B ]
beam electrons B(t) EN
mean energy of - o EVP given by a
secondary electrons £ vz VP(J) ev function of E/p
recombination coeffi- _ tven by a
cient between elec-— Oy RCZ cm?/s %unctioz of =
trons and monomer ions
recombination coeffi- iven bv a
cient between elec- ard RC2Z em?/s %unctioz of T
trons and dimer ions
, . b
mean ionization time ti(t) TI s/ion %izizioz gf E/p
molec.?
rate constant of K RK om®
dimer fon formation d 'S_l
space charge ¢ N(T
neutralization time N N TN(T) ns
chamber radius R RW. cm
beam radius ro{t) RB cm
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Table 1 {continued)
. i for unit remarks
equations | program | output
space charge E
neutralization factor fe(t) FE FEP(J)
gas pressure p PI P{I) Torr at 20°C
number density of -3 16
=3.30x10
neutral molecules no () GD cm o 10-"p
momentum transfer col- q o cn? given by a _
lision cross section oy function of ¢
coefficient of produc-
tion of secondary _ .
electrons by the “b ALFB Nodion/e
direct ionization
ionization cross section g;,,(Ep)| SION em?
factor determining 2 2
t B P{J =T, (t 1-f_ (e)-
the beam radius £p () RF BRFP(J) b( ) 1 e ()-8
light velocity c SL cm/s
tentative conductivity gy SG1 mho/cm
conductivity given
by EZ1 J1c SG1C L)
induced electric field
given by a tentative E; (t+at) EZ1 V/cm
g1
1?duced electriv field E21C EZ (1) N
given by a dj.
o ALPHA assumed to be 0.8
£ EPS assumed to be 0.01
c1 Ccl
Co c2
c3 Cc3
1st ionization
potential EIP ev
SUM + BRF*H SUM SUM1(J)
1 - fo(t) - 82 FD
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Table 1 (continued)

1n' +n for unit remarks
equations | program | output
time step for At B 5x10-12¢
calculation
rise time of the TR -
beam current § i
peak time of the - L
beam current
down time of the i 0 .
beam current
end time of -9
- t 10x10
calculation end TEND S
peak current of P ATP
the beam
number of gas pres-
. NPI
gure calculation
write out every % NP
NP points
correction factor EZP .93 for a cylindri-
for equation (1) ‘ _ cal beam
2 lst term of
ne(t)/ti(t) TERM2 2nd term
—arne(t)ni(t) TERM3 _ 3rd term
—opqie(t)ng(t)| TERMA 4th term




gas pressure loop
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writing out of the input data

\-_//"'_-\

setting of
a gas pressure

|

setting of
initial values

time loop

- | calculation for Ogtst
cator [ N

getting of
initial values for t >ty

time loop

WALTZ /"7/,7 calculation for t >ty

NO judgment of the endpeoint of
' calculation for a given pressure
YES

[\\jfj;iffﬁ\} out of the result

PLOT 1

judgment of the endpoint
for gas loop

writing out of the result

Fig., 1 The flow sheet of MAIN PROGRAM
_12_
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[=9
]
O
i
o YES
B Jz2
b

T=T+1 NO

I=J+1

FEP(T) < 1,01 %55
TN(T) = H/1.E(=9) J=J-1

T = FLOAT (J) *H

TN{I)=T/1.E(-9)

FE=1.0, EN=0.0
PM = PMP (J)

PD = PDP(J)

AINT = AL(T)
SGl=0.0

WALTZ

The details of the portion judging fo(t) =1

Fig. 2 8
in MAIN PROGRAM
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{ START )

RUNGE 1 A

FE, EZT

PT, FB, FD

9320 -

of AIT, ATTH, TH

?L),calculation of PM, PD at t

by the 4th Runge-Kutta

memorization of
the results except

for BRFP(J)

time loop

YES

FD <0

NO

BRFP(J) =0.0

J=J+1
T=T+H

calculation of
BRF and SUM
memorization of

BRFP(J)

END

Fig. 3 The flow sheet of SUBROUTINE GALOP

— 14



the loop of time t+ At
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( START )

C1, C2, C3
ENIF

|
TT, AILTT

gsetting of
8Z1

I

RUNGE 2

//7/”' calculation of ENN,
A PMN and PDN at t+ At

by the 4th Runge-Kutta method

calculation of

EZ1C, AIN etc.

memorization
of the
calculated
results

END

Fig. 4 The flow sheet of SUBROUTINE WALTZ
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5. AricowTHOEHIEER

Auqum%kWO:Q%xm*%m““,&47~4ﬁyiﬁmﬁgﬁﬁkfﬁixm4‘
cm® molecule ' 57! Mz My, Fior, = 06 O—EDRED T, SHE?, 5, 10, 30,
m,Smlw,SWTmr@E%ﬂkhmm,EJﬂ,IENH/&I%M,UMU,HJU@
ﬁ%@%%n%nt@%ﬁabfﬁg5~Fgmomﬁbkocn%m%ﬂ@im%&mkmﬁ
nNTHh,

Thettt!] - Fig. 5
1NMHMTTM,hdﬂﬁ%%%@ﬂ%ﬁ&&’ﬁ@%ﬂéﬁ,ﬁWEﬁ%

Crmk t EFiEmUBRERTEDT S,

E,(t) : Fig. 6
p &z |E, ()] ddepicEd L, b AWELIEE, r& bk B
32 )1

IE,(t}i/p: Fig. 7
{ LHcEeh DT B Sk, KIKEORMERITHEDT 2.
n.(tl - Fig. 8
SEESELEL L, NIV A T oM AE (LW, £ — 2 BRIEHE
D3nsEL TO ) ER 0 em* O -5 —TH n, 50 Torr BA L TESUE
A4 &Mt AT H 5o
o, {t] . Fig. 9
10 Torr BAFT, oplt) ORAMEIE S ~0 mhocm ICBET 555, K[AHED
A E, aplt) OREMIS 1 mho cm AT &7 5,
ngit) - Fig. 10
SURF & 35T ng (1) IR E < 15555, 300 Torr T HEMEIER 10M em™ DA
y—THD, BRTH () EOHELUTTH S,
B L5 de - 7258, n, (£ fEid nelt) BEREAFRALETHD, RFEEHPEALD YA
EA 4 vERICLDRDT B, FOELOEER n,(t) MORBLTTH -7 £, Bl L
ﬁﬂotﬁ,%$®:ﬁ%¥®$ﬂl$w¥—?m,%WE&@&&E%%%K9~1WVT§
o g HEE O,

Bl 6D C®E@u$ﬁ%®ﬂ%mé%%nh%®?@m<,ﬁml&un/p®%ﬁ&bf®1ﬁlm
DD,/ e OEPSBERELILDTSH L.
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6. T ETNDELMHE

Skt g B 2N KEE L ABTRO E - 4BEATRE, ©— sl LOH SE
FEEICBE OGRS TRE S L TARE LcBS, BRISRED,,, 30TH o0 5 e

b Tplt? |1 —falt)— 8% |
Dosocf u dt
b 0 E(t)z
t 2
+j p Inel(t] Ib(zt] IB dt {20}
ty e (t)

CCTre(t)BE— b T iy VATE-sBEEORMMERDIRETE S, &7, i
N RS (Febetron 706 THAH2ns) THS,

i EFLOESEAEND L®, clt)l=—F & LT, SOREHBEORREICRYLN
RO S ty O &I Table 2iCE L5 ERIFFICERD 27 — L TRHL OB L
LT, Fig. 11 FicCAITRL, Kb AfITRL-EHRELLET S (T @ fih D EL5 3,
- L BROEEE T A -5 - L LTS BE0RXNORAETHH) . RURELD
WA k0D, BOEOSKEERERIFEMREDOETNELCHLLTWADT, TV
BIZIETNMLEDEEL S, Fig. 11 @ 300 Torr PLETEMRESEDS 5013, [UERFICEK
B RBTHROSEHEI L3 7,

410 TEAE— LBHROHEEOBS LU — LERICE AL MARHH0T, THbHD
A5 A— 7 —HICEAZ ISE0HEMOELiT >V THRIT T 5, Table 31 Input Data
%% L wic (Fig. 5 ~Fig. 10 i Input Data 1 #F0THSAL DT, @ Input Data %
H#E - L THbo Input Data CHEESACEOLETHLID . 7, RWORAMEICTALE
%%Fgwimﬁbtocm%%ﬁmﬁbt@E—A¥&ﬁgﬁfwgﬁﬁ@ﬂgiﬁbﬁﬁn
DEALOBMENAE VA, B RSB OB LLBEREBRM NSO LD L, &
Tnput Data &#HWTREE 10, 50. $&U 40 Torr TRLNIt = t, TOELEIREE
% Table dicE i, CHLDEND, E— 7 BREB LU, OFEOEMLI, nt]1FD
A RBHIREL 56D TREV T ENbh b, ©—s¥R0Eli LD, t) EHFOREILER
KENY, CHUREESE— 22EED 2 RO T 50T, AEMNCHEALZEZLEST,

DLE ORI 6, AFROEFLRESB D LEEL LALLM, Fig 5~ 10 DFTREREREL
WO & HHEOREEASD L SICHEET 2LEDPD D,
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Table 2 The calculated values of the
integral in equation (20) and
ty at various pressures of Ar

gas pressure the wvalue of ty

(Torr) the integral (ns)
0.1 0.00325 4,60
0.2 3.0139 4.09
0.4 ! 0.0431 3.35
0.6 0.0694 2,91
0.8 0.0892 | 2.57
1.0 0.0997 | 2,27
1.2 0.1050 1.95
1.5 0.0944 1.56
2.0 0.0787 1.17
5.0 0.0431 0.47
10 0,0321 0.24
20 0.0318 g.12
30 0.0351 0.08
50 0.0434 0.05
80 0.0557 0.03
140 0,0735 0.02
300 0.0930 0.0L
500 0.0974 0.005
760 0.0995 0.005

Table 3 The list of the Input Data 1 ~ 5
Input Data Input Data Input Data Input Data Input Data
1 2 3 4 5
P (a) 8000 9000
r, {(cm) 0.6 0.8 1.2
t. (ns) 2.2 3
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Table 4 The summary of the values of the representative variables
calculated using the input data in Table 3 at 10, 50, and
140 Torr of Ar
gas Input Data
pressure
{Torr) 1 2 3 5

Tnet{t) (&) 2180 2310 2300 2520 2070
Ey(t)  (V/cm) 345 315 371 418 306

10 op(t) (mho/cm) 5.60 6.48 3.08 1.34 5.96
n(t) (10!%em™3) 1.73 2,00 0.942 0.399 1.83
ng (t) (101%m™3) 1.73 2.00 0.942 0.399 1.83
ng(t) (101%em™3) 0.123 0.141 0.0692 0.0300 0.146
Iner(t)  (A) 3070 3150 3330 3780 3440
E,(t)  (V/cm) 1280 1120 1350 1820 1330

- ap(t) (mho/cm) 2.12 2,48 1.23 0.460 2.14
ng(t) (10!%m™3) 3.05 3.54 1.80 0.693 3.10
n;(t) (1015m™3) 3.05 3.53 1.79 0.692 3.10
ny(t) (1012cm™3) 4,97 5.83 2.75 1.12 5.07

d

Lyor(t) (A 4510 - 4780 4710 4950 4890
E;(t)  (V/em) 3430 3440 3420 3400 3420

L4o op(t) (mho/cm) 1.16 1.23 0.686 0.321 1.27
ne(t) (10'3em™3) 4.62 4.87 2.72 1.27 5.02
n;(t) (1015cm™3) 4.58 4.82 2.69 1.26 4.98
ng(t) (1012cm™3) 40.8 49.5 22.3 9.14 40.0
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7. EERROMEMN

Table 2 iCELFESIR, Ar@10Torr PLETH ty=0 &85, §5&, RADLILEIE
SIADH EN B, THbh, Lt &t 3 sBBENEDEEALGNLDT, Fig. 11D 10~
150 Torr TOERHREOMME Fig. 5 01, t) DI EHRAHES 45 &, FAREDEMNE
Imdﬂ®%mﬁ$éC&ﬁbﬁéo%ﬁf,LEEﬁ@T@E~A¥ﬁ®ﬁ%KQIWAH%
ROEFARPT 0 X0, CCTH, REHRSAE S LT 10 Torr & 140 Torr & &0 L1
TEA TS 5o

Fig. 12 i€ 10 Torr & 140 Torr TD 1y, (t) OERELERT . KL 6REL DI, 140
Torr T3 10 Torr O¥EAEBED [, (t) LAFANE Y, 37505, 10 Torr LE-T, 140
Torr Tl (1) D5 —REIHIT DR, Lot B HSERENEZNID, Lt itdhde -4
BT B AR LD TH B, M L t) i, ROTEL SN 5L01, E,lt) & oplt)
ORI 2, 0T, EHELORFHAIBRNTH 20METT 570, 10 Torr TD E, (),
op (t)IT3E % 140 Torr TOENFNOEDO LAY, £ OFEKAENEFig. 1318l E
mobhbHLEI, - aBETORTAMWEEND 1 ~3ns Tk, E,(t)13 140 Torr @545
BERREAZ O, oplt) @I 140 Torr OFH 1L/ 0RETH L, $HbL, 140Torr THE
175 Lo (G, Fih&wer(t) BEEATE L &85,

ﬂﬂﬂmomf%%&,5Tﬁ&tiém,?uﬁﬁﬁmﬁé&Emﬁbﬂwwf,ﬁm$®
Qo) e ¥ prris—geAues™ET, 32 spltigROLICEZLDLONE,

nelt) -

g (t)es

ntERSVWTHEBE, Fig. 8imlicdkdic, t=2~4ns TO 140 Torr TD n (t}ER10
Torr OO 2 EREORE S THE, —F, GEEG UETHL, §HdbHEL, 140Torr T

opit) SR X RER S AVERE, [ELoEMOE &Ik~ n,(t) DEIOE| &L BT
INE WD TH B TDn,lt) DEMANSCRRE, Fig. TIRALALEIIC, SEEPAS S
nAE, IE,)| . p MAVRNE D, E/p OBBTHS b (1 SRS <5 VnThH 5.
tﬂﬂ@ﬁ%ki%&,K@@Eﬂ%Z%@%%ﬁwm<,ﬁ@@d%uwﬁtﬁmé<ﬁ6@
LTH B, Fig 14 & Fig. 15 RRQOHDOBEDMORERENE R LI, 10 Torr TRE?2
HOFSHE | HOBFS A 100 /£ K&V (05~35ns) 25, 140 Torr TH, H2HAD
HAHESEMRD LTV AT Eiibh b, $7, MEAES, 44 Y—BFERSICLLTK
BTOMETRLEALBETELLE, BXY, 140 Torr TEHFA 7 —EAF Vit L5 ZIKE
Fa A, v —EA A yOEFNCHNRENT EB DD S

BIET) 10 Torr LILETid 0i(t) OFES 313 & A LEBATE 5,
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8. A

APfcE, DEESRTO - ABEHOXERTEEUT 5700, SVABTHRICIS Ar
ﬁ%¢f®:&%¥i@ﬁﬁt%ﬁ¢ﬂﬁ&%%ﬁ%m;évs;v—yay%ﬁﬁh;%®%
BB GIRD & HIBEBEEIA I LI

u)1m~MWMn®$ﬁEﬁﬁ?@Eubﬁﬂmﬁwﬁmﬁﬁmjmmw@%%Eﬁﬁ%?
B &AL,

9) L. (t)d 10 Torr BT TR, #2HMEMEKRIBEEEELH, [KESSIESL
ﬁ&é”wzﬁﬁ%@éﬁbfimAﬂ®ﬁﬁﬁé<ﬁ%&im,t@%ﬁ&ﬁm%%ﬁée

3) SEKEAGNC LTk BT, () OBEIE, [AEFFELLEE, opltIBREDL, +
AUBBRBRNIL LD, E- aBROPRPAZEL IO TH L,

4) Foorit) DEDR, RAEESSELE, |E U pESEDL, ESHThESR—
WEFic & AEHARESED L, FhO XKETEEOHEMASIEEDREMS Ik~
SVIBHTH b,

5 ESERSENXNLEGET TR, OV ABTEBEIIZ XD SEORERL A & v {EBET
L, BRI 77 X=BELTV 5,

6) Ardh T, ~URBERENTOL 4 v EEFOBEAILE TREBTDOHRIEZLA
FEmETE S,

ZALOERIMOB—GRIC VT HLENTE26DEELON D,

DLt kS, KEFETHER L7077 603, < ABFRENSEOSHAREORH
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ok — Ar BT B3 EROT TS T Lo

R ittt MAIN PROGRAM ==ces—we-c—men
C* AR L ERE PRSI IS SRS 2 R R e S R R R P RN PRI T RIS R RIS 2N

c ]
c SIULATION OF GAS IONIZATION |
c L]
c TIME = TIME(NS) a
o All : BEAM CURRENT (A) 1
c AIN1 . NET CURRENT (&) ]
c EZ ¢ INDUCED ELECTRIC FIELD {(V/CM} L]
c 5IG1 ¢ TOTAL CONCDUCTIVITY (MHD/CM) 1
c SGEP i CONDUCTIVITY DTERMINED BY ELECTRON-NEUTRAL COLLISION ]
C (MHO/CM) 1
c TERM1 : PROOUCTION RATE OF SECONDARY ELECTRONS BY BEAM ELECTRONS «
C (/CM*¥3/5) 1
[ TERMZ2 ¢ PRODUCTION RATE OF SECONDARY ELECTRONS BY ELECTRON ]
c AVALANCHE (/CM#*x%3/5) 1
c TERM3 : CONSUMPTIOCN RATE OF SECONDARY ELETRONS BY MUONDMER IONS 1
c {(/CM*x*3/5) a1
c TERM4 3 CONSUMPTION RATE OF SECONDARY ELECTRONS BY DIMER IONS L]
c 1
c i
[ EVP { MEAN ELECTRON ENERGY (EV} 1
ol FEP 3 SPACE-CHARGE NEUTRALIZATION FACTQOR 1
c BRFP t BEAM RADIUS FACTOR ]
c EN1 i DENSITY OF SECONDARY ELECTRON (CMes-3) ]
c PMP ¢ DENSITY OF MONCOMER ION (CMew=3) 1
c PDP : DENSITY OF DIMER ICN (CMa%=3) L]
C WP ¢ ELECTRON ORIFT VELOCITY (CM/S) 4
c ALLP ¢t TDWNSEND'S FIRST IONIZATION COEFFICIENT {IPS/CM) L]
c ) 4
c *
c 4
c 4
CrAaras bk kb At bR b AR RN RS RSB RAR AR R R RSB R B ERRBE RS R RR AR B RE RS RERY

COMMON/BLKDAT/ SL+PAIBETHA
COMMON/BLKIND/ SIONsTRaTFeTDeH e AIPyRWsRBy ALPHASEPS NP

4
COMMON/BLKTN/ TIME{2ICO)4AII(2100),AINL(2I00)+E2(2100),51G1(2100),
+SGEPL2100)+TERMLI2100) TERM2(2100) TERMI{2100) +TERM4(21001},
+EVP{2100),FEP(2100)4+BRFP(2I00)+EN1{2100),PMP(2100),POP(21001},
+WP(2100),ALPP(2100) 4SUM
c
COMMON/BLKINP/ EZ1oEZIP»SGLySGIC AINJAINTLENsPMsPDsENN (PMNPON,
+C14C24C34RK
¢
COMMON/BLKRLC/ FIP
[
COMMON/BLKEZCY EZ1IC
[of
DIMENSION P(25)+SUMIT25)+TN(25)
REAL#*8 ANAME
c
READ(5,99) ANAME, NPIl, FIP
READ(5,100) (P(1),1=1.NPI)
READ(5,101) SION TR + TF ¢ TD ¢+TEND  4H WRE
READ(54102) AIP +RW +ALPHALEPS LEZP eNP +RB
o
WRITE(S,200)
WRITE{&64+201) ANAME
C
WRITE{6,202)
WRITE(6,203) SION RK  +H +TEND 4 TR W TF  TO
WR1ITE{6,204)
WR1TE(S6,205) AIP yRH yALPHALEPS 4 EZP oNF
[



JAERI-M 9320

ISN 00136 JEND = IFIX(TEND/H)
ISN 00137 I =1
ISN 00128 8O PI = P(1)
ISN 00135 WRITE(64+2061 P14RB
c
ISN 00140 Cl = =(2.0/5L#+2)+(ALOG(RW/RB)+0.5)%300.0%3.0EF+ELP
ISN 00141 C2 = PAT#RB##2
ISN 00142 €3 = Clec2
ISN 00142 J o=
ISN 00144 T = 2.0
ISN 00145 PM = 0.0
1SN 00146 PD = 0.0
ISN 00147 EN = 0.0
ISN 00148 SUM= 3.0
c
ISN 00149 10 CALL GALOP(TyJyPI}
ISN 00150 IF(FEF{J).GE.0.99) 6O TO 15
ISN 00151 T = T+H
ISN 00152 J o= Jel
ISN 00152 G0 TO 10
c
ISN 00154 15 1F(J.GE.2) 60 TO 20
ISN 00155 TN{I) = H/1.0E-9
ISN 00156 56 TO 50
c
ISN 00157 20 IF(FEP(J).LT.1.01} GO TO 40
ISN 00158 J o= J-1
ISN 00159 T = FLOAT(J)#H
c
ISN 00160 40 TNLI) = T/1.0E-9
1SN 00161 50 FE = 1.0
ISN 00162 EN = 2.0
ISN 00163 PM = PMP(J)
ISN DD164 PG = PCP(J)
c
c
c _
ISN 00165 T, AINT = AINI(J)
ISN 00166 561 = 0.0001
ISN 00167 EZ1C = EZ(J)
C .
1SN 00168 30 CALL WALT2{TsJyPI)
c
ISN 00169 1F(J.GE.JEND) GG TG 70
ISN 00170 S61 = SGIC
1SN 00171 AINT = AIN 3
15N 00172 EN = ERN
ISN 22172 PH = PMN
ISN 00174 FPD = PDN
ISN 00175 J = J+l
ISN 00176 T = T+H
ISN 00177 G0 TO 30 o , S L
c
C
1SN 00178 70 SUMI(1) = SUM
c
ISN 00179 JP = IFIX{{TR+TF+T0)/H) . i
ISN 20180 NEF2 = NP2
c
ISN 00181 WRITE(&,207)
ISN 00182 WRITE[6¢208) (TIME[JY ALILJ) AINICJIY,EZ(U),S161(J3+SGEPII),
+TERML(J )y TERH2(J), TERMZ(J}yTERM4(J) 1J=1,JP,NP) '
ol .
ISN 00183 WRITE (642060 (TIME(J)4AII{J) yAINT(JI4EZ(I)4SIGL{IY+SGEP{J),
#TERMI(J ), TERM2{J) 2 TERMB (U3 TERME(J) yJ=JP+ 1, JEND NP2
c
ISN 00184 WRITEL6,209)
ISN 00185 WRITE{6,210) (TIME(J)EVP(J) +FEP{J) +BRFP(I)SENIC(I)PHP LI +PEP(J),
+WP{J) s ALPP(J) s J=1y JP NP
ISN 00186 WRITE(6,210) (TIME(J)4EVP(J) (FEP{J)BRFP(JIENLIS) +PHP(J)POP(J),

+WP{J)+ALPP(J) 4 J=JP+1+JEND NP2}
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CALL PLOT1(JEND)

I = I+

IF(I-1.LT.NPI} GD TO EO

WRITELG4211) (PCI}TN{I}4SUMI(I},I=1:NPI)

99 FORMAT(AB+I4+FE.2)

100 FCRMATLTIFE,.1/12F6.1)

101 FORMATI(7E11.2)

102 FORMAT(FB.1e4F6a24144F0.21)

200 FORMAT(1H1///10X,"SIHULATION OF GAS IQNIZATION')

201 FORMATIIHO, 10X, THEDIUM GAS=",A3}

202 FORMAT{1HO, 10X, *SION(CH*+2) "3 IX,PAK(MC#%—2 CM¥%6/5) 745X, THIS) 7,
11X TTENDIS) T 412Xy "TRIS) "+ 124, *TF({S) 7, 12X "FD{5}")

203 FORMAT(1HO+4X,7EL17.3)
204 FORMATC(LHO,12Xs TALPUA) Y p4Xo YRU(CH) T 44X TALPHAT 46X TEPST,TX: "EZP?y

+6Xy NPT

. 2a5 FORMAT{1HO ¢ 1OXsFTa0¢4F10.2,1I7)

206 FORMAT(///1HL,15Xy *6AS PRESSURE P=T,F6.1,2X¢*TORR AT 200C*,
+10X, YBEAM RADIUS =7?,F6.242X,"(CH)")

207 FORMATCIHO¢3Xs"TIME(NS) P9 1Xe TALI(A) T 44Xy *AINILA) Y 43X, "EZ{V/CH)T,
+1X.'EIGI(HHOICH)'.IX1'SGEP"2X|'TERMI(ICH#*BIS)"ZXv'TERHZ’,BX['
+*TERM3" 8%, "TERM4")

208 FORMATI(ILH ,F9.3|2F10.1,F11.2,2F10.3;4E13.3)

209 FORMAT(/Z/2773X+ " TIME(NS ) 26X TEVPIEV) " y5Xe "FEP Y 46Xy "BRFPY 4 TX
STENL(CM#%=3)? 2X s "PHPICHa4=3)7 12X "PDP{CM2%=3)7 44 X4 "WP{CH/5)" 41X,
+TALPP(IPS/CH) ") .

210 FORMATI1H ¢F9+342F10.2,6E13.3)

211 FORMAT(///1HL, (10X, "PRESSURE=" yFb6+}¢2Xe "TORR? 46X "TN=" 4F6.3 46X,
+'S5UM=",E9.3)) :

STOP
END
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SUBRCUTINE GALCP(TsJePI)

CUMMON/BLKDAT/ SL.PAI+BETHA
COMMON/BLKIND/ SION TRy TF+TDsHsAIP RW+RByALPHALEPS+NP

COMMON/BLKTN/ TIME(2100),AII1(2100),AIN1¢2100),EZ(2100),51G112100),
+SGEP(2100),TERMI(2100) 4 TERM2{2100}, TERMZ({2100),TERM4(21001},
+EYPL2100),FEP(2100)+BRFP(2100),EN1{2100),PMP{2100),POPL2100),
+WP(2100) ALPP(2100}),5UM

COMMON/BLKINP/EZ14EZP+SGLySGLC o AINGAINT ¢ENyPM POy ENNy PMN4PONy
+GC1sC2+034RK

IFtJ4.GE.2) GO TO 10

FE = 0.0

EIT = 0.0

PMN = 0.0

PDN = 0.0

AIT = AI(T)

G0 70 20

ALIT = ALI(T}
AITH = AI{T=~H)
TH = T-H

CALL RUNGEL1(TH.PI}

ALL = PMN+PDN

BEN = ALT/{C2#1.6E-19*5L*#BETHA}
FE = ALL/BEN

EXT = Cls{AIT-AITH)/H

PT = PI-(PMN+2.0%PON)/3.3E16
FO = 1.0-BETHA**2-FE
Z = ABS{EZT/PT)
TIME(J} = T/1.0E-9
ALILJ) = ALY
EZLJ) = EIT
SIG104) = 0.0
SGEP(J) = D.0
TERML(J) = 0.0
TERMZ2(J) = 0.0
TERM3(J) = 0.0
TERM&(J) = 0.0
EVP(J) = EVIZ)
FEP(J) = FE

ENI{J) = 0.0
PMP{J} = PMN
POPLJ) = PDN

wP{J) = 1.0E1
ALPP(J)= 1.0E1

PM = PMN

PO = PODN

IF{FD.LE.0.0) GO TO 3¢C
AINL(J) = 0.0
BRFP{J} = 0.0

J o= J+l
T = T+H
GO TO 10

BRF = AIT##2%xABS(FD)
SUM = SUM+BRF#*H
AINL(S) = ALT
BRFP{J} = BRF

RETURN

END
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SUBROUTINE RUNGELL{T.PI}

COMMON/BLKINP/ EZ1+EZP+SG1+SGLCsAINJAINTLEN+PMPDsENN +PHN+PDN,
+C1sC29C34RK
COMMON/BLKIND/SIONy TRy TF s TO4HyAIP 4 RWRB+ALPHAEPS NP

T1 =7
PM1= PM
#Di= PD

CALL DIF1(PM1+PD1+T1+PI+G2.G3)

DPM1= H*G2
DPDI= H#G3

T2 = T+H/2,.
PM2= PM+DPM1/2.
PD2= PD+DPDL/2.

CALL CIFL{PHM2,PD2+T2+PI1+¢G2+G3)

DPH2= HsG2
DPD2= HsG3
T3 = T+H/2.

PM3= PM+DPM2/2.
PD3= PD+DPD2/2.

CALL DIF1{PM3,PD3,T2,P1+62:63)

DPM3= HxG2
DPD3= H*G3

T4 = T+H
PM4= PM+DPM3
PD4= PD+DPD3

CALL DIF1{PM44PD4,T4+P1,562:+563}

DPM&= H*G2

DPD4= HeG3

PMN = PM+(DPMi+2.0%0PM2+2.04DPM3+0PM4 )/ 6.0
PON = PO+(DPD1+2.0%DP02+2.0+DPD3+0PD4}/6.0
RETURN

END

SUBROUTINE DIFL(PMDIPODIyT+PLe624G3)

COMMON/BLKINP/ EZI'EiP.SGlgSGlC'AIN,AINT-EN.PM.PD,ENN.PHN.PDN'

+C1,C2yC34RK

COMMON/BLKIND/ SION+TR+TFy+TOrHoAIPyRN +RBy ALPHA JEPS +NP

PT = PI=-{PMDI+2.0+PODI)/3.3E1b
ALFB = 3.3E16*PT+SION/1.6E-19
GO = 3.3E16«PT

G2 = ALFB#AI{T)/C2~RK*PMDISCD+#2
53 = RK*PMDI»GD*»»2

RETURN

END
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ISN 00369 SUBROUTINE WALTZ(TyJePL)
c
' c
15N 00370 COMMON/BLKODAT/S SLWPAL.BETHA
ISN 00371 COMMON/BLXIND/ SION+TR4TF,TDsHy)AIPyRW yRBe ALPHALEPS NP
c
ISN 0C372 COMMON/BLXTN/TIME{2100J,AT1(2100),AINI{2100),EZ({2100}+51G1(2100},

+SGEP(21080),TERM11{2100),TERM2(2100), TERM3{2100) +TERM4{2100),
+EVP{2100),FEP(2100) BRFP{2100),EN1{2100},PHP({2100}),PDOP(2100),
+WPI2100)ALPP(2100) 4SUN

¢
1SN 00373 ~ COMMON/BLKINP/EZ14EZP+561¢5G1Cs AINyAINT 4ENsPM PO, ENNy PHNSPON,
+C1,82,C34RK
c
ISN 00374 COMMON/BLKEZC/ EZ1C
c
ISN 00375 ENIF= D.,5#3.3E16%PI
ISN 00376 TT = TeH
ISN 00377 AITT= AI(TT)
c
ISN 00378 10 EZ1 = C1+(AITT-AINTI/(H-C2#5G1)
¢
ISN 00379 CALL RUNGEZ(T,PI,Fl,F2+F3)
c
ISN 00380 IF(ENN.GE.D.0) GO TO 36 v
ISN DO3B1 WRITE(6,212)
ISN DD282 sTOP
c
1SN 00383 36 IF(ENNLLE.ENIF) GO TO 37
ISN 00384 WRITELB,213)
ISN 00385 STOP
c
1SN 00286 37 PT = P1-(PMN+2,0#PDN)/3.3E16
ISN 00287 7 =ABS(EZ1/PT)
c 7 =ABSIEZ1C/PT)
1SN 00288 EVZ = EV{Z)
c
ISN 00389 ET = 0.66TsEVZ
1SN 00390 ETSR= ET#SQRT(ET)
ISN 00391 ALAMD=23.5+ALOG(ETSRI=0.5%AL0G (ENN)
ISN 00392 SGI = 9T.1#ETSR/ALAMD
o
ISN 00393 "SGE = 1.29E=16%ENN/PT/QMIEVZ)/SQRTIEVZ)/9.0E1L
ISN 00394 S61C= SGE#SGl/ISGE+SGI)
c
ISN DQ395 DELTA=(SGL=~5G1C)/SG1C
ISN 00396 IF(ABS(DELTA).LE.EPS} GO TO 30
c
ISN 00397 ASG = ALPHA$ALOG(SG1)+(1.0-ALPHA])*ALOG(SGIC)
1SN 00398 SG1 = EXPLASG)
C
ISN 05399 60 TO 10
o
1SN 00400 30 EZ1C= C1#(AITT-AINT)/{H-C3%5G1C)
ISN 00401 7 = ABSIELLC/PT}
[SN 00402 EvZ = Ev(l}
o
. = c
SN D403 AlP3= C2#561C#*E£Z1
iSN 0D40% AIN = AITT+ALPB
c
ISN 00405 BRE = AITT#AINSBETHA##2
1SN 00406 SUM = SUM*BRF#H -
c
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ISN 00407 TIME(J) = TT/1.0E-9
ISN 00408 AIICJY = AITT
ISN 00409 AIN1(J) = AIN
ISN 00410 EZ(J} = EZ1C
ISN 00411 SIG1(J) = SGIC
ISN C0412 SGEP(J) = SGE
c
ISN 00413 ALFB = 3.3E16#PT#SIONSL 6E~19
ISN 00414 TI = PTF(2)}/PT/18.4
C .
ISN 00415 TERMI(JY= ALFBxAITT/C2
ISN 0041% TERM2 (J)= ENN/TI
ISN 00417 TERM3(J) = =RC(EVZ)sENN®PMN
1SN 0C418 TERM4{J) = ~RC2(EVI )+ENN+PDN
c
ISN 00419 EVP{J) = EVZ
ISN 00420 FEP(J) = 1.00
ISN 00421 BRFP{J)= BRF
c
"ISN Q0422 EN1(J) = ENN
ISN 00423 PMP(J} = PMN
ISN 00424 PDP(J) = PDN
1SN 00425 WP{J3) = 1.0E1
ISN 00426 ALPP{J)= 1.0E1
c
c
c
ISN Qo427 212 FORMAT{1HO+10Xe "EN.LT.0.0"}
ISN 00428 213 FORMATUIHO 10Xy "EN.GY.0.5%3.3E162P(1) ")
c
ISN 00429 RETURN

I3N 00430 END
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ISN 00329 SUBROUTINE RUNGEZ(TyPI+F1,F2:F3}
[
[
ISN 00230 COMMON/BLKINP/EZYL)EZPwSGLySGICYAIN AINT yENoPH PO, ENNy PMNPDNy
. +C01,C2+C34RK
ISN 00331 COMMON/BLXIND/SIUNs TRy TR TOsHy AIPyRWRBJALPHAEPS NP
c
ISN 00332 T1=T
ISN 00333 EN1=EN
ISN 00324 PM1=PH
ISN 00335 PO1=PD
c
ISN 003326 CALL DIF2{EN14PM14PD1,T1+PI+F1:F2,F23}
9
ISN D0337 DENl1=H*F1
ISN D0338 DPM1=H*FZ
1SN 00339 DPD1=H*F3
c
1SN 00340 Te=T+H/2.
ISN 00341 EN2Z=EN+DEN1/2.
ISK Q0342 PM2=PM+DPM1/2.
ISN 003243 POZ=PD+DPD1/2.
c .
ISN Q03244 CALL DIF2(EN2+PM2,4PD2+T2+PIeFl4F24F3)
[
ISN 00345 DENZ=H#*F1
ISK 0G346 DPM2Z=H*F2
ISN 00347 DPDZ=HsF3
c
ISN 002348 TasT+H/2,.
ISN D01349 EN3=EN+DEN2/2.
ISN 00350 PM3=PM+DPM2/2.
ISN 002351 PD3=PD+DPD2/2.
c
ISN 00352 CALL DIFZ(EN3,PM3,PD3,T3,PI4F1sF2yF3)}
c
ISN 00253 DEN3=H*F1
ISN 00354 DPM3A=H¥F2
ISN 00355 DPD3=H#*F3
c
ISN 00356 T4=T+H
ISN 00357 EN4=EN+DEN3
ISN Q0358 PM4=PH+DPM3
ISN Q0359 PD4=PD+DPO3
¢ .
ISN 00360 CALL DIFZ2(EN44PM&, P04 T44,PIsF14F2,F3)
c
ISN 00361 DEN4=H»F1
ISN 003562 DPM4=H&F2
ISN 00363 DPD4=H*F3
c
ISN CO364 ENN=EN+(DEN1+2 ,#DENZ2+2.#DEN2+DEN4 )/ 6.
ISN Q02365 , PHN=PH+(DPM1+2,3DPM2+2.+DPM3+DPM4} /6.
ISN 00366 PON=PD+({DPD1+2.¥0P0D2+2.%DPD3+DPD4& /6.
c
1SN 00367 RETURN
ISN 003568 END
ISN 0QD2¥9 SUBROUTINE DIFZ(ENDI+PMDIPDDLTyPIFlyF24F3)
c
C
ISN QD030 COMMON/ZBLKIND/SION; TReTF+TD yHe AIP+RW RB s ALPHALEPS+ NP
C
ISN 00031 COMMON/BLKINP/EZL+EZP+SG14SGIC,AINAINTJENyPM P Dy ENNy PMN,PON,
+014C2+C34RK
c
ISN 00032 AIT=ATI(T)
1SN 00033 PT=P1=-(PMDI+2.%PDDI)/2.3E16
ISN Q0034 Z=ABS(EZL/PT}
ISN 00035 TI=PTF(Z}/PT/18.4
c
ISN 00036 ALFR=3 3E164»PT*5I0ON/1.6E~19
ISN 00037 EVZ=EVI(Z}
1SN Q0038 RCZ=RL(EVL)
ISN 00039 RC2Z=RC2(EYL)
ISN Q0040 GD=3,3E16*PT
C
ISN 00041 F1=ALFB#®AIT/C2+ENDIL/TI-RCI*ENDI#PMD1~-RC2Z+ENDI*PDOIL
ISN 00042 F2=ALFBsAIT/C24ENDI/TI~RCZ¥ENDI*PHMOI-RK«PHD I*GD#2
ISN 00043 FA=RK*PMD1*5D+x2-RC2Z+ENDI«PDOI
c
ISN CDO044 RETURN

ISN 00045 END
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SUBROUTINE PLOTLCJEND)
COMMON/BLKIND/SIONs TRy TF4TD yHy AIP yRWRB sALPHA 4EPS 4NP

COMMON/BLKTN/TIME(2100),A11(2100) yATN1(2100},EZ(2100)+5IG112100),
+SGEP(2100) 4 TERM1(2100),TERM2(210C ), TERM3{210G0),TERM4(2100)
+EYPL2100) FEPL2100) 4BRFP{2100),ENL1{2100),PMP{2100)+POP(2100),
+WP(2100) 4ALPP(2100) 45UM

DIMENSION IP{130),MARK(3)

DATA HARK(1}.HARK(2).HARK(B).lERDpBLANKI’t','+'.'0'|'I'.' v/
INTEGER HIsZEROsBLANK .
NP 2=NP*2

WRITE{&64+300)

DO 3 I=14JENDyNP2

00 2 K=1,130

IP(KI=BLANK

CONTINUE

1PL10)=2ERD
HI=IFIX(AII{I)*0.006+10.0)
IP{HI)I=MARK (1)
HI=IFIX{AINI{]1}*0.006+10.0}
IPLHI)=MARK(2)
HI=JFIX(ALOGIOC(ENI(I)*30.0+13.0))
IPIHI}=MARKI(3)

WRITE(6,301) TIME{I}(IP(Jd),Jd=14130}

3 CONTINUE
300 FORMAT(1HI+5Xs*PLOT OF RESULT®//17X(*BEAM CURRENT #%%7,3X,

+*NET CURRENT #++++%,3X,"ELECTRON DENSITY 0000")
FORMAT(1H ,F5.2,13041)

RETURN
END

FUNCTION AI(T)
COMMON/ZBLKIND/SION, TReTFeTOsHy AIP 4R¥ ¢ RB + ALPHAEPS NP
IF(T.GE.TR+TF+TD} GQ TO 10

IF(T.6T.TR+TF ) GO0 1O 20

IF(T.GE.TR ) 6O TO 30 .

AI=AIP*T/TR
RETURN

10 Al=0.0

RETURN

20 AI=AlP*(1-(T-TR-TF)/TD)

RETURN

30 AI=AlIP

RETURN _ .
END

BLOCK DATA
COMMON/BLKDAT/SL¢PAIBETHA
DATA SL+PAI.BETHA/2.998E10+3.141640.857/

END
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ISN 00234 FUNCTION PTFILZ}
C*t#**t#*tt#*#*.t’t****t*##**i#*i*#*#t***i***#*ti#*t***lt!*tttt*t#‘i**‘
c ’ »
4 THIS FUNCTION CALCULATE *PTF* IN LAGRANGE'S INTERPOLATION *
C FORMULA FOR ARGON. *
c E *
Cx» t*‘ttt***tt##*t***#**‘i % TETTETEE SR EL S R 2 200 #*i*i"tt**#**tt*ﬁ!*#*’t**#

ISN 00235 DIMENSION X(50),Y(50)

ISN 00236 DATA (X{I),Y(I).I=1.35)/1.0,203.0Eb. 2+0425.6Eb 3.048B42E60

15.0,2150000.,0, 10.0,270000:0+ 20.0s4260040¢

230.0413500.0y 400558200, 50,0,3210.0¢ 60.0,1820.0,
370.0:1330.0s 90.0+¢700.0¢ 100.04439.0y 15Ca0+16900 200.0,80.0,
4300.0432.5¢ 400.0,19.8¢ 500e0y14e91 60040115 BLO.OvT00y
51000,0¢7«11y 1500.0+5.50¢ 2000.0p4+32y 3000.0,3.30, 4000.0¢
6274y 600004219, B000.0Dy1e80y 10000.041.58, 15000.0¢1418
720000.0+1.00, 40000.0,C.70, £0000.0+0.57y B0000.0y0.48y
8100000.040.,43, 200000.0.0.28/

[
ISN 00237 1F{Z.LT.X{1}) GO TG 20
ISN 00238 If{Z.GE.X(35}) GO TO 30
ISN 00239 DO 10 1=3.35,2
ISN 00240 IF{Z.LT.X(I)} G0 TO 40
ISN 0D241 10 CONTINUE
1SN 00242 ST0P
ISN 00243 20 PTF=203.0E~3
ISN 00244 RETURN ’
1SN 00245 30 PTF=0.28E~9
ISN 00246 RETURN
ISN 00247 . 40 A =(Z-X(I-1)lt(l—X(I))I(X(1-2)-X(I-l))l(X(l-E)-XiI))
ISN 00248 B =(Z-X(I-Z)}#!Z-X(I))I!X(I-II-X(I*Z))I(X(I-l)—x(l))
ISN Q0249 c =(Z-X(I-Z))t(Z-X(l-l))/(X!l)-X(I’Z)}/(XKI}-X(I—l))
ISN 00250 PTF=(A¢Y(1-2)+BtY(I-1)+C#Y(IJ)tl.E-?
c
1SN Q0251 IFIPTF.LE.0.0) GO TO 900
ISN Q0252 RETURN
ISN 00253 300 CONTINUE
ISN 00254 IF{1.GE.35) GO TO 9%9
ISN 00255 A =(I-X(I))t(1-xtl+1}II(X(I-lJ—X(I))I(X(I-I)-X(I+1})
1SN 00256 B =(I—X(I-1))t(l—X(I+1))/(X(I)PX!I-l)}/(X(I)—K(I*l))
ISN 00257 ot =(Z-X(I-1l)*{l—x(ll)I(X(I+1)—X(I-11)I(X(l#ll-x{l))
ISN 00258 PTF=(A*Y(I-1)+B*Y(I)+C$Y(I+1))*1.E-9
1SN 00259 999 CONTINUE
ISN Q0260 RETURN
ISN 00261 END
ISN Q0046 FUNCTION EVI(Z)
gtt*li***ttttl*t**t*#‘t#t#!tt‘#l*it!t*itt#!####*#tt.##ti*#t#tat*tt‘t‘t*
g THIS FUNCTION 1S MEAN ELCTRON ENERGY IN ARGON. :
»
T ATt e R LR S 2 L L
1SN 00047 SINENSION %1503 v(50) (22 1] SEXREIERRR RN KR RRT SRR ARk
ISN 00048 DATA (X{I)sY{I)sI=1,433)1/0.100,3.54y D.16544.13y 02074465,
10.613+5.30, 008314102y 0ue9T73412,0s° 1.28+12.0+ 2.75111.0y
24,62y 12.097 6489y 12.05 92319110y 14.0+12.0y 1846¢9.50,
32301492309 27+234960y 3740,9.90+ 4709¢9.309 56.4410.0¢ 6609
42450, D4.T35.30, 112.048.70¢ 140,0+¢9.30, 187.0410,.0, 238.0,
511.0y 282.0y 13.0y 366.0412.0, 406.0414.0y 600.0,15.0, '800.0,
c 6£19.0, 1000.0,22.0. 2000,0+32.0; 4000.0,52.0, 6000.0,75.0/
15N 00049 IF{(Z.LT.X(1}) GO 7O 20
ISN 00050 IF{Z.GE.X{23)) GO TO 30
ISN QD051 00 10 I=3,33.2
ISN Q0052 IF(Z.LT.X(1)) GO 70 40
ISN Q00532 10 CONTINUE
I8N 00054 sSTCP
ISN 000585 20 EV=3.54
ISN 00056 RETURN
ISN 00057 30 EV=T5.0
ISN 00058 RETURN
ISN {0059 40 & =(2-X(I-1))#(Z-X{IM)/(X{I=2)-X{1~1))/(X(1-2)=X{]I
ISN 00060 B =(1-X(I-2))t(Z—X(I))I(X{I-l)*X(I-a))/(XlI-I)-X(I;;
ISN 00CH1 C =CZ~XC1=2))a{Z-X{I=-11)/(X(I)=X{I=-2)/(X(D)=-X{I~1}}
ISN 00062 EV =A*Y(I-2)}+B*Y{I-1)+C»Y(Il)
C
1SN 00063 RETURN
ISN Q0064 END
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ISN 00262 FUNCTICON QMLEVY)
Ct*tt#tt#tt*ti*tl#tt#**ttl##*ttt*it#tUtt#-!*ttt‘ttttttl‘t‘ttttttt’t#ttt
o *
[ THIS FUNCTION CALCULATE "4UM" IN LAGRANGE'S INTERPCOLATION *
C FORMULA FOR ARGON. *
" *
Cttt**tt&*ttttt#t!tttt#t#t‘&#t#tt#ttt*i#*t***t*ti####t*t*#tttt#tltttltt

ISN Q0262 DIMENSION X{20),Y(20)

ISN 00264 DATA (X(1}yY(I)eI=1422}/1.0+1.05 1.5¢1eTdy 2042448y 3e0+4:07,

1 4+0v5.80y 6.048.7¢ 8:0y11.7¢ 10.0+413.8, 12.0+14.5, 15.00¢
213.2, 204491044y 26.0:8.3, 30.0,7.2/

C
ISN 00265 IF{EV.LT.X{1)) GO TOQ 20
ISN 00266 IFLEV.GE.X{13)} GO TO 30
ISN 00267 DO 10 1I=3,13,2
ISN 00268 IF(EV.LT.X{1}) GO TO 40
ISN 00269 10 CONTINUE
ISN 00270 sSTOP
ISN QD271 20 QM=1.05E-16
1SN Q0272 RETURN
ISN 00273 30 QM=T7.2E-16
ISN 00274 RETURN
ISN 00275 40 A =(EV-X(I-1])t(EV-X(I)]f(X(I'E]-XII-I))I(X(l-Z)-X(I))
ISN 00276 =(EV-X!I-2))*(EV-X(I)ll(X(I-l}-X(I-Z))/(X(I-I!-X{I))
ISN 0077 c S(EV-X(I-Z))t(EV-X(I*l))/(X(I]~X(I-Z))/(XII)-X(I-l))
1SN oOo278 QM= (A*Y(I=-2)+BsY(1-1)}+C*Y(1))*1.E-16
c
ISN 00279 RETURN
ISN G0280 END
ISN 00281 FUNCTION RC(EVZ)
: " .
ISN Q0282 COMMON/BLKRC/FIP
c
ISN 002823 IF(EVZ.GT.FIP) 6D TO 10
c
ISN 00284 RC = 1.0E-11
ISN 00285 RETURN
c
TSN 0¢286 10 RC = 0.0
ISN 00287 RETURN
ISN C0288 END
ISN 00289 FUNCTION RCZUEVL)
&
ISN 00290 COMMON/BLKRC/FIP
G
1SN 00291 IFLEVZ.GT.F1P) 6O TQ 10
c
ISN 00292 ARCZ = (-0.6T)*ALDG(EVZ)
ISN 00293 RGC2Z = 9.5E-BsEXP(ARC2)
ISN Q0254 RETURN
c
ISN 00295 10 RC2 = 0.0
ISN 00296 RETURN
ISN 00257 END



