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NONEQUILIBRIUM AIR RADIATION (NEQAIR) PROGRAM: USER'S MANUAL

Chul Park

Ames Research Center
SUMMARY

This supplement to the paper entitled "Calculation of Nonequilibrium Radiation
in the Flight Regimes of (Aeorassisted Orbital Transfer Vehicles," AIAA Paper 84~
0306, January 1984, contains the listings of the computer code NEQAIR (Nonequilib-
rium Air Radiation), its primary input data, and explanation of the user-supplied
input variables. The user-supplied input variables are the thermodynamic variables
of air at a given point, i.e., number densities of various chemical species, trans-
lational temperatures of heavy particles and electrons, and vibrational temperature.
These thermodynamic variables do not necessarily have to be in thermodynamic equi-
librium. The program calculates emission and absorption characteristics of air
under these given conditions.

INTRODUCTION

Radiative properties of gases at high temperatures have been studied over the
past several decades. Such studies culminated in the development of a computer code
titled, "A Computer Program for a Line-by-line Calculation of Spectra From Diatomic
Molecules and Atoms Assuming a Voigt Line Profile" (ref. 1). The computer code in
reference 1 accepts thermodynamic properties of the gas under study, such as number
densities of chemical species, translational temperatures of both heavy particles
and electrons, and rotational and vibrational temperatures of the molecules, and
calculates spectrally detailed radiative properties.

Reference 1 has a serious limitation, however. The thermodynamic properties
must satisfy the equilibrium relationships. In a low-density environment, as
encountered at high altitudes, equilibrium relationship: may be violated; that is, a
nonequilibrium condition may exist. Such would be the -case for the flight regime of
the proposed Aeroassisted Orbital Transfer Vehicles (ref. 2). For such low-density
regimes, therefore, an additional technique must be developed that would replace the
equilibrium relationship. Such a technique has been developed in reference 2. The
technique is based on the concept of quasi-steady-state distribution (ref. 2) of
thermodynamic properties, which replaces the equilibrium relationship. Referznce 2
describes the technique in detail, and presents typical results of the calculatiuns.

Since reference 1 presents the complete listing of the code for the equilibrium
case, and since reference 2 is an extension of reference 1 for the low-density
nonequilibrium regime, the entire code is published herein to serve as an update to



the code in reference 1. All technical details and nomenclature contained in this
code are given in references 1 and 2.



SECTION 1. CALL STATEMENT

This subroutine is entered by the statement:

CALL NEQAIR(NMETH,NFIN1,NFIN2,NFOUT,NPRT1,NPRT2,NERR,NARRAY,NSAVE,WAVELS,WAVELL,
STARK,WIDTHF, D, UVX,UVC, SMF,ESCF, T, TV, TE, TARB, ANTOT , FN, ENP, FO, FOP, FNE , FN2P, FN2, FNO,
FO2,FCN, FC,WAVEL ,EMIS, ABSB, TOTPWR, AN)

The definition of the arguments is given as comments in the subroutine NEQAIR, and
is reproduced below:

(InputParameters):

NMETH=Calculating method. O0=no radiation calculation. 1=zemitted power only
calculated. 2=emitted power and spectra calculated.

NFIN1=Unit number of excitation data input file.

NFIN2=Unit number of radiation data input file.

NFOUT=Unit number of output file.

NPRT1=Print control for input data. O=no print. 1=small print. Z2=large
print. .
NPRT2=Print control for output print. O=no print. 1=small print. 2=large
print. : '

NERR=Unit number of error message file.

NARRAY=Length of spectral array.

NSAVE=Unit number of spectral intensity output file. In this file, the index
NARRAY and the arrays WAVEL, EMIS, and ABSB are saved in an unformatted form. See
the subroutine NEQAIR.

WAVELS=Short wavelength limit, angstrom.

WAVELL=Long wavelength limit, angstrom.

STARK=Stark width for molecules at electron density of 1.0E16 cm-3, angstrom.

WIDTHF=Lorentz width multiplication factor. This factor is multiplied to the
Lorentz width calculated by the impact approximation to obtain the true Lorentz
width.

D=Physical thickness of the equivalent isothermal emitting cylinder for line
absorption calculation, em. If D is set equal to zero, absorption is calculated
using the UVX values given. If D is finite, the UVX values are ignored, and absorp-
tion is calculated from D assuming a Doppler line profile.

UVX(3,2)=Ultraviolet line escape factors for the atomic lines of nltrogen
and oxygen whose lower states are one of the three lowest states of the atoms.
UVX(I,J)=1.0 means optically thin gas. UVX(I,J)=0.0 means completely self-
absorbed. The first index refers to the electronic states, counting from the ground
state. The second index refers to nitrogen and oxygen (1=nitrogen, 2=oxygen). If D
value given is finite, UVX values are ignored, and absorption is calculated using D
and assuming a Doppler profile.

UVC(3,2)=Ultraviolet free-bound continuum escape factors for nitrogen and
oxygen. UVC(I,J)=1.0 means optically thin. UVC(I,J)=0.0 means completely self-
absorbed. The indices are the same as for UVX(3,2).



SMF(20,2)=Emission strength multiplication factors.

to the radiating mechanism. The second index refers to atoms and molecules

(1=atoms, 2-molecules).

the basic radiation data read in as unit NFIN2.

The first index refers to

The SMF values are multiplied to the oscillator-strength
(or equivalently to transition probability or transition moment) values assumed in

The oscillator-strength values are

taken: for atomic lines, from reference 3; for atomic continuum, from reference g,
for molecular bands of N2+, N2, NO, and 02, from reference 5; for the CN bands, from

references 6 and 7.

The indices refer to:

(1,1)=atomic nitrogen lines.
(2,1)=free-osound continuum of nitrogen atom.
(3,1)=free-ree continuum of atomic nitrogen ion.
(4,1)=atomic oxygen lines.
(5,1)=free-bound continuum of oxygen atom.
(6,1)=free-‘ree continuum of atomic oxygen ion.
(1,2)=N2+ First Negative band, low vibrational quantum

number transitions.

(2,2)=N2+First Negative band, high vibrational quantum

number transitions.

(3,2)=N2 First Positive band, low vibrational transitions.
(4,2)=N2 First Positive band, high vibrational quantum

number transitions.

(5,2)=N2 Second Positive band.
(6,2)=N2 Birge-Hopfield 2 band, low vibrational quantum

number transitions.

(7,2)=N2 Birge-Hopfield 2 band, intermediate vibrational
quantum number transitions.
(8,2)=N2 Birge-Hopfield 2 band, high vibrational quantum

number vibrations.

(9,2)=NO Beta band, low vibrational quantum number transitions.
Beta band, intermediate vibrational quantum

(10,2)=NO
number transitions.
(11,2)=NO
(12,2)=NO
(13,2)=N0O
(14,2)=02
number transitions.
(15,2)=02
transitions. .
(16,2)=02
number transitions.
(17,2)=02
number transitions.
(18,2)=CN
(19,2)=CN
(20,2)=CN

temperature), K.

B2ta band, high vibrational quantum number transitions.
Gamma band, low vibrational quantum number transitions.
Gamma band, high vibrational quantum number transitions.

Schumann-Runge band,
S *humann-Runge band,
Schumann-Runge band,
Schumann-Runge band,

Violet band.

low vibrational quantum
intermediate vibrational quantum number
high vibrational quantum

high vibrational quantum

Red band, low vibrational quantum number transitions.
Fad band, high vibrational quantum number transitions.
T=Heavy particle temderature (assumed to be the same as rotational



TV=Vibrational temperature, K.
TE=Electron temperature, K.
TARBzArbitrarily assumed equilibrium radiation temperature, K.
ANTOT=Total number density, cm'3.
FN=Mole fraction of N.

FNP=Mole fraction of N+.

FO=Mole fraction of O.

FOP=Mole fraction of O+.

FNE=Mole fraction of free electrons.
FN2P=Mole fraction of N2+.

FN2=Mole fraction of NZ.

FNO=Mole fraction of NO.

FO2=Mole fraction of 02.

FCN=Mole fraction of CN.

FC=Mole fraction of C.

(Output Parameters):
WAVEL(NARRAY)=Wavelength, angstrom. The wavelengths are at equal photon-energy
intervals starting from WAVELS and ending at WAVELL. '
EMIS(NARRAY)=zEmission coefficient, Watts/(cm3-micron-ster radian).
ABSB(NARRAY)=Absorption + stimulated emission coefficient, em .
TOTPWR(3)=Total optically thin emitted power. (1)=all wavelengths. (2)=1onger
than 2500 angstrom. (3)=longer than 3500 angstrom, Watts/cm”.
AN(20,2)=Equilibrium-equivalent number density for each radiating mechanism
corresponding to the given hypothetical equilibrium radiation temperature TARB,
em~3. The first index refers to the radiation mechanism. The second index refers to
atoms and molecules (1=atoms, 2=molecules). The indices are identical to those
for SMF.






SECTION 2. SOURCE CODE LISTING

*DECK TEST

PROGRAM TEST

T TESTS PROGRAM NEQAIR

DIMENSION TOTPWR(3)

NMETH=2

NPRT1=1

NPRT2=1

NARRAY=20000

NPLOT=(

FN=0.4813

FNP=3,425E-02

FO=0.1788
- FOP=6,204E-05

FNE=0,04269

FN2P=6.188E-04

FN2=0.2143

FND=0.03032

F02=6.01160

FCN=1.0E-10

FL=1.0E-10

ANTOT=8.013E16

T=18000.

Ty=14000.

TE=12000.

TARB=9650.

D=19.

CALL BUFFER(NMETH,NPRT1,NPRT2,NARRAY NPLOT,FN,FNP,FO,FOP,FNE,
1 FN2P,FN2,FNO,F02,FON,FC,ANTOT, T, TV, TE, TARE, D, TOTPWR)

STOP

END

*DECK BUFFER

SUBROUTINE BUFFER(MMETH,NPRT1,NPRT2,NARRAY ,NPLOT ,FN,FNP,FO,
1 FOP,FNE,FN2P,FNZ,FNO,FOZ,FON,FC,ANTOT,T, TV, TE, TARB, D,

2 TOTPHR)
C BUFFER SUBROUTINE

DIMENSION WX(3,2),WMC(3,2),8MF(20,2) ,ESCF(5,5,5) ,AN(20,2),
1 TOTPHR(3)

DIMENSION WAVEL(20000)

DIMENSION EMIS(20000)

DIMENSION AESB(20000)

DATH (WX/1.08-3,1.0E-2,0.1,1.0E-3,1.0E-2,0,1/

DATH /6%, / WAVELS/2000./ WAVELL/20000./

DATA SMF/25%1.,3%0,,9%1,,3%0./

DATA ESCF/12541./

DATA STARK/0.3/

UATA WIDTHF/10./

DATA NSAVE/3/ NFOUT/6/

DATA NFIN1/1/ ,NFIN2/2/ NERR/&/

CALL NEGATR(NMETH,NFINI NFINZ,NFOUT NPRT1 ,NPRT2 ,NERR ,NARRAY ,
1 NSAVE WAVELS WAVELL , STARK WIDTHF , D, VX, uuc SMF ,ESCF,T,TV,TE,
2 TARB,ANTOT, FN FNP, ro FOP, FNE, FNZP FN2,FNO,F02,FON,FC,WAVEL ,
3 EM15,ABSB, TOTPKR , AN

Rl o I NI U Oy
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¢ WUUAL PREoT ey
C PLOT SPECTRAL EMISSION ' OF pPooy Q;ﬂf}“ﬁfi‘j

IF(NPLOT.EQ.1) CALL PLOTT(WAVEL,EMIS,NARRAY) s
RETURN
END
XDECK PLOTT
SUBROUTINE PLOTT(WAVEL ,EMIS, NARRAY)
C THIS 1§ THE PLOT SUBROUTINE FOR VAX
DIMENSION WAVEL (1) ,EMIS(1)
DIMENSION X(10003,Y(1000)
DIMENSION XX(3),Y7(3)
DATA TTIME/D/
READ(5,1) NAV,IX,XL,YL XCYCLE,YCYCLE WS, WL HSTEP
1 FORMAT(215,7E10.3)
WRITE(9, 2)NAV, IX, XL, YL ,XCYCLE, YCYCLE WS WL WSTEP

2 FORMAT(/

1 40H NAV(AVERAGING NUMBER) 2,13/

2 40H IX(1=LINEAR. 2=L0G FOR X COORDINATE) =,12/
3 40H XL{LENGTH OF X RANGE, INCHES) =,F7.3/
4 40H YL(LENGTH OF Y RANGE, INCHES) =,F7.3/
X 40H YCYCLE(LOG CYCLE FOR X) =,F6.0/
S 40H YCYCLE(LDG CYCLE FOR Y) =,F6.0/
6 40H WS(SHORTEST WAVELENGTH, A) =,F8.0/
7 40H WL(LONGEST WAVELENGTH, A) =,F8.0/
B 40H WSTEP(WAVELENGTH STEP, 4) =,f8.0)

T~
C PRODUCE AVERAGE SPECTRUM
N=FLOAT(NARRAY ) /FLOAT (NA/)
IF(N.GT.1000} N=1000
IF(N.EG,1000) NAV=FLOAT(NARRAY)/FLOAT(N)
NSTEP=0. GO1XNARRAY
 IF(NSTEF.LT.1)NSTEP=1
120
NEND=NARRAY~0 , STHNAY
DO 3 M=hAY NEND NSTEP
=141
IF(1.67.1000) 60 TO 3
IMAX=]
M1=M-0, SNV
M2HLHAY-1
IF(M2.6T.NARRAY) G0 T0 3
Y(1)=0,
DO 4 IM=M1 M2
4 Y(1)=Y(1)HEMIS(IM)
Y(1)=Y(1)/FLOAT(NV)
X(T)=HAVEL (M)
3 CONTINUE
IMAX=IMAX-1
c
C PICK THE MAXIMWM OF Y(I)
YMAX=0.
DO S I=1,IMAX
YMAX=AMAXT (YMAX, Y (1))



S CONTINUE ORIGINAL p-r

INDMAX=INT (ALOG10{ YMAX) )+1 OF POGR Q

YMAX1=10 1% INDMAX
YMINI=YMAX1/10 J+YCYCLE
WRITE(,7) YMINL,YMAXL
7 FORMAT(IXGHYMIN= ,1PE10.3,2X,6HYMAX= ,E10.3)

Low]

T PUT THE MINIMM VALUE
DO 28 1=1,IMAX
TF(Y(L) LT YMIND)YCT)=YMING
28 CONTINUE
¢
C CONVERT TG LOG
DG 12 1=1,IMAX
Y(1)=ALOBLE(Y(1)/YMIND)
12 CONTINUE
c
T REARRANGE X-COORDINATE FOR LOG-LOS PLOT
IF(IN.EG.D) B0 T 10
DO 9 I=1,IMAX
X(1)=ALOG10(X(1)/1500.)
9 CONTINUE
10 CONTINUE
¢
¢ PLOT
IF{ITIME.NE.O) 60 TO 6
CALL DIP(9,10HNEQAIR.PLT ,10)
CALL RESET(“ALL)
ITIME=Y
& CONTINUE
© CALL AREAZD(XL,YL)
IFCIX.EG.1) CALL GRAF (WS,WSTEF,KL,0.,1.,5.)
IF(IX.EQ.2) CALL GRAF(D.,0.2,1.0,0.,1.,5.)
¢
C DRAM AYES
XX(1)HS
KX(2) WL
YY(1)=0
YY(2)=0.
CALL CURVE(XX,YY,2,0)
XK(1)HS
XX(2) M5
YY(13=3.
YY(23<5.
CALL CURVE(XX,YY,2,0)

Lawl

CALL CURVELX,Y, IMAX,0)
WRITE(6,8) IMAX

8 FORMAT{2X,5HIMAX=,15)
CALL ENDPL(D)
CALL DONEPL
RETURN
END

:‘,___ L..

UALITY



*DECK NEGAIR
C THIS 15 THE BEGINNING OF THE MODULE NUMBER 1
C THIS MODULE CONTAINS THE FOLLOWING SUBROUTINES

L
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NEGAIR
SUBROUTINE NEGAIR(NMETH NFINI ,NFIN2 NFOUT NPRT1 ,NPRT2,NERR ,NARRAY
1,NSAVE , WAVELS ,WAVELL , STARK  WIDTHF , D, WX, IVC , SMF ,ESCF, T, TV, TE,
2 TARB,ANTOT ,FN,FNP,F0,FOP FNE, FN2P FN2, FNO, FO2, FON, FC, 4AVEL ,
3 EMIS,ABSE, TOTPHR, AN)

CALCULATES NONEQUILIBRIWM RADIATION FROM AIR

iHPUT PARAMETERS

NMETH=CALCULATING METHOD. 0=NO RADIATION. 1=EMITTED POWEK ONLY
2=EMITTED POWER + SPECTRA

NFINI=UNIT NG. OF EXCITATION DATA

WFINZ=UNIT NC. OF RADIATION DATA

NFOUT=UNIT NO. OF OUTPLT PRINTS A

NPRT1=PRINT CONTROL FOR INPUT DATA. U=NO PRINT. 1=E8MALL PRINT
2=LARGE PRINT

NPRT2=PRINT CONTRCL FOR GUTPUT FRINT. 0=NO PRINT. 1=SMALL PRINT
2=LARGE PRINT

NERR=UNIT NO. OF ERROR MESSAGES

NARRAY=LENGTH OF SPECTRAL ARRAY

NSAVE=UNIT NG. OF SPECTRAL QUTPUT

WAVELS=SHORT WAVELENGTH LIMIT, ANGSTROM

WAVELL=LONG WAVELENGTH LIMIT, ANGSTROM

STARK=STARK WIDTH FOR MOLECULES, ANGSTROM

WIDTHF=LORENTZ WIDTH MULTIPLICATION FACTOR

D=PHYSICAL DEPTH, CM

WX(3,2)=U.Y, LINE ESCAPE FACTORS FOR ATOMS

WVE(3,2)=U.Y. CONTINUM ESCAPE FACTORS FOR ATOMS

EMF(20,2)=EMISSION STRENGTH MULTIPLICATION FACTORS

ESCF(S5,3,5)=MOLECULAR RADIATION ESCAPE FACTORS

T=HEAVY PARTICLE TRANSLATIONAL AND ROTATIONAL TEMPERATURE

TU=\'IBRATIONAL TEMPERATURE '

TE=ELECTRIN TEMPERATURE

TARB=ARBITRARY EQUILIBRIUM RADIATION TEMPERATURE

ANTOT=TOTAL NUMBER DENSITY, tM-3 '

FN=MOLE FRACTION OF N

FNP=MOLE FRACTION DF N+

FO=MOLE FRACTION OF O

FOP=MOLE FRACTION OF O+

FNE=MOLE FRACTION OF E-

FN2P=MOLE FRACTION OF Ne+

FN2=MOLE FRACTION OF N2

FNO=MOLE FRCTION OF NO

FO2=MDLE FRACTION OF 02

FEN=MOLE FRACTION OF CN

FC=MOLE FRACTION OF

- BUTPUT PARAMETERS

WAVEL (NARRAY ) WAVELENGTH, ANGSTRIM

EMIS(NARRAY}=EMISSTON COEFFICIENT, W/(CM3-MICRON-SR)

ABSB!NARRAY)=ABSORPTION + STIMULATED EMISSION COEFFICIENT, (M-1

TOTPWR(3)=EMITTED POWER. (1)=ALL WAVELENGTH. (2)=ABOVE 2300 4,
{3)=ABOVE 3500 A. IN W/CM3

10



Y R Rt
O’n’»‘;'&;i'\;\“'».:.-. s

OF POCH Gui.niiY

C  AN(20,2)=EQUILIBRIUM-EQUIVALENT MUMBER DENSITY FOR EACH
C SPECTRAL SYSTEM, CM-3 }
REAL N,NP,NE,N2P,N2,NO
DIMENSION IVX(3,2),IVC(3,2) ,SMF (20,2} ,ESCF(5,5,5) , TOTPWR(3)
1, RHD(23,2),TEXA(2), TEM(S,5), TEML(20) ,FACTAM(2)
2 FACTRN(20},AN(20,2)
DIMENSION WAVEL(1)
DIMENSION EMIS(1)
DIMENSION ABSB(1)
DATA /14,0077 WNP/14.007/ HO/16./ WOP/16./ WN2P/28.014/ ,
1 WN2/28.014/,WND/30.007/ W02/32./ N/ 26,02/ WNE/5 . 5E~4/ ,
2 WC/12.01/
c
C NORMALIZE FRACTIONS
FTOT=FNEFNP4 O+ OPHFNZPHFN2A FNEHINGHF D2 FONHF
FN=FN/FTOT
FNP=ENP/ETOT
FO=FO/FTOT
FOP=FOP/FTOT
FN2P=FN2R/FTOT
FN2=FN2/FTOT
FNE=FNE/FTOT
FNO=FNO/FTOT
FO2=FO2/FTOT
FCN=FON/FTOT
FC=FL/FTQT

€

U CYCLE OVER TOTAL NUMBER DENSITY ANTOT
N=ANTOT*FN
NP=ANTOT*ENP
0=ANTOT*FO
GP=ANTGTHFOP
NE=ANTOT*FNE
N2P=ANTOT*NZP
N2=ANTOTHFM2
NO=ANTOTREND
D2=ANTOTHF2

" CN=ANTOTHFON

C=ANTOTHFC

IN
C CALCULATE THERHODYNAMIC CONDITIONG
P=ANTOTX1.3805E-16%T
PATM=F/1.0133E6
DENG=NAHNHNPAHNPH IO BPAKGP-ENEMINEHN2PHHNZP-HN AN 2N IKANG
1 02502+ CNIWCNA CAWC
DENS=DENS*1 , 66E-24
EN=7.82E-12%N
ENP=3.11E-11%NP
E0=4,10E-12%0
E0P=2,89E-1140P
ENE=0.
EN2F=2.4962~114N2F
EN2=0.

11



ENO=3.00E-12#NO
EON=0.
EC=0.
E02<0,
ETA=2.5+1, 38E-16% (NANPHOHOPHC) AT
ETM=3,51 , 38E-16%(NZPININGHINH02)%T
ENE=2. 51, 30E-16ANEATE
EV=1, 36E-1 6% (N2PAN2ANOH024CN) ¥TV
ETOT=ENENP4EOHEOPHENEHENZPHEN2HENCHEDRHECNHEC
1 $ETAHETMHENESEY
ENTH=ETOT/DENS
IF(NPRT2.6T.0) WRITE(NFOUT,11) PATM,DENS,ENTH
11 FORMAT(/10H PRESSURE=,1PE10.3,4H ATM,3X,BHDENSITY=,E10.3,
1 6H 6/CM3,3X, HENTHALPY=,E10.3,6H ERG/G)
c
C CALCULATE EXCITATION
CALL EXCT(N,NP,0,0P,NE,N2P ,N2,NO, 02, N, C, T, TV, TE, TARB, VX,
1 WC,ESCF,D,NFINI NFOUT ,NPRT1 NPRT2, NERR ,RHO, TEXA, TEXM,
2 TEXM1, FACTAM, FACTRN)
c
C CALCULATE THE EQUILIBRIUM-EQUIVALENT NUMBER DENSITIES
AN(L,1)=NAFACTAM(1)
AN(2,1)=N
AN(3,1)=NP
AN(4,1)=0RFACTAM(2)
AN(5,1)=0
AN(6,1)=0P
AN(1,2)=N2PAFACTRN(1)
AN(2,2)=N2PAFACTRN(2)
AN(3,2)=N2AFACTRN(3)
AN(4,2)=N2AFACTRN(4)
AN(5,2)=NZXFACTRN(5)
AN(6,2)=N2KFACTRN(6)
AN(7,2)=N2AFACTRN(7)
AN(8,2)=N2AFACTRN(8)
AN(9,2)=NZAFACTRN(9)
AN(10,2)=NCAFACTRN(10)
AN(11,2)=NOKFACTRN(11)
AN(12,2) NOKFACTRN(12)
AN(13,2)=NOXFACTRN(13)
AN(14,2)=024FACTRN(14)
AN(15,2) =02kFACTRN(15)
AN(16,2)=02kFACTRN(16)
AN(17,2) =02%FACTRN(17)
AN(18,2) =CNKFACTRN(18)
AN(19,2) =CNKFACTRN(19)
AN(20,2) =CNKFACTRN( 20)
c
C CALCULATE RADIATION
IF(NMETH.GT.0) CALL RADCAL(N,NP,0,0P,N2,N2P,02,N0,CN,NE, T,
1 TV, TE, TEXML, PATM, RO, DENS, SHF WIDTHF , STARK HAVELS MAVELL ,
2 NARRAY ,NFIN2,NFOUT ,NPRT1 NPRT2,NERR ,NMETH, WAVEL , EMIS,
3 ABSB, TOTPWR)

12



C
C SAVE SPECTRAL OUTPUT
IF(NSAVE.GT.0) WRITE(NSAVE)NARRAY WAVEL ,EMIS ,ABSB
RETURN
END
*DECK EXCT
C THIS IS THE BEGINNING OF THE MODULE NUMBER 2
C THIS MODULE CONTAINS THE FOLLOKING SUBROUTINES
C  EXCT,EXCTAM,ARBITA,ESCAL ,GBAR ,ATOMIN, 0SS, MINV, EONE MOLIN,
C  MOLEXT,0SSM,MINVL,ARBIT,EXCTML, GAMI ,GAMC, Al 3, SIMP, ELECD,
C  CROSAB,EQC,PARTM, TAINT RATED
SUBROUTINE EXCT(N,NP,0,0P NE,N2P N2,N0,02,N,C,T,TV,
1 TE,TARB, WX, VT, ESCF D, NFIN,NFOUT ,NPRT1 ,NPRT2 NFERK,,
2 RHO, TEX, TDM, TEM1 ,FACTAM, FACTRN)
C THIS 18 THE CONTROLLING SUBROUTINE FOR CALCULATION OF NONEQUILIBRILM
C EXCITATION OF ATOMS AND MOLECULES
C N, 0, N2+, N2, NO, 02, AND CN ARE CONSIDERED
C USES QUAST-STEADY-STATE ASSUMPTION
C CHUL PARK, OCTOBER 1983

INPUT PARAMETERS

N=NUMBER DENSITY OF N ATOMS, M-3

NP=NUMBER DENSITY OF N+ IONS, (M-3

0=NUMBER DENSITY OF 0 ATOMS, CM-3

OP=NUMBER DENSITY OF (4 IONS, CM-3

NE=ELECTRON DENSITY, CM-3

NZP=NUMBER DENSITY OF N2+ 1ONS, (M-3

Nz=NUMBER DENSITY OF N2 MOLECULES, CM-3

NO=NUMBER DENSITY OF NO MOLECULES, CM-3

02=NUMBER DENSITY OF 02 MOLECULES, (M-3

CN=NUMBER DENSITY OF (N MOLECULES, (M-3

C=NUMBER DENSITY OF C ATOMS, CM-3

T-HEAVY PAKTICLE TRANSLATIONAL AND ROTATIONAL TEMPERATURE

TU=VIBRATIONAL TEMERATURE

TE=ELECTRON TEMPERATURE

TARB=ARBITRARILY SPECIFIED TEMPERTURE FOR EQUIVALENT EQUILIBRIWM
RADIATIVE TRANSFER CALCULATION

WX(JL,ISP)=LINE RADIATION ESCAPE FACTOR FOR THE FIRST 3
(M LINES OF ATOMS. 1SP=1: N; =2: 0.

WC{JL, 1SP)=CONTINUUM RADIATION ESCAPE FACTOR FOR THE FIRST
3 W CONTINUA OF ATOMS. ISP=1: Nj =2: 0.

ESCF(M,1B)=RADIATION ESCAPE FACTOR FOR MOLECULES.
M=LEVEL NUMBER, IB=MOLECULE NUMBER (1=N2t, 2212,
3:ND, 4=02, 5=ON)

D=PHYSICAL DEPTH DIMENSION, CM. NEEDED ONLY WHEN (VX AND LVC
ARE NOT SPECIFIED

NFIN=FILE NUMBER OF EXCITATION DATA INPUT

NFOUT=FILE NUMBER OF OUTPUT PRINTS

NPRTL=PRINT CONTROL FCR EXCITATION DATA INPUT
0=NO PRINT. 1=SMALL PRINT, 2=LARGE PRINT

NPRT2=PRINT CONTROL FOR THERMODYNAMIC DATA INPUT AND OUTPUT
O=ND PRINT, 1=SMALL PRINT. 2=LARGE PRINT

NFERK=FILE NUMBER OF ERROR MESSAGES
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C OUTPUT PARAMETERS -
C RHO(JL,ISP)=NONEQUILIERIUM POPULATION PARAMETER FOR ATOMS
c JL=1 T0 22 FOR N. =1 T0 19 FOR 0.
C  TEXACISP)=EQUIVALENT EXCITATION TEMPERATLRE OF ATOMS
G TEXM(M,IB)=ELECTRONIC EXCITATION TEMPERATURE OF M-TH ELECTRONIC
c LEVEL OF 18-TH MOLECULE
C  FACTAM(IB)=EFFECTIVE DENSITY MULTIPLICATIVE.FACTOR FOR ATCMS
£ FACTRN(JSPEC)=EFFECTIVE DENSITY MULTIPLICATIVE FACTOR FOR
¢ 20 MDLECULAR SPECTRAL SYSTEMS
C TEXML(JSPEC)=SAME AS TEXM, ARRANGED IN THE ORDER OF MOLECULAR
c SPECTRAL SYSTEMS

REAL N,NP,NE,N2ZP ,N2,NO

DIMENSION LWX(2,2},INC(3,2),ESCF(5,5,5) , TEXA(2) ,TEM(5,5),

1 TEXML(20) ,FACTAM(2) ,FACTRN(20) ,RHD( 23, 2) ,ANXA( 23, 2),

2 AN(S,5)

DATA ITIME/D/
c
C READ EXCITATION INPUT DATA

IF(ITIME.NE.0) GO TO 1

CALL ATOMIN(NFIN,NFOUT NPRT1 NFERR)

CALL MOLIN(NFIN,NFOUT NPRTL NFERR)

ITIME=1

[
C CARRY OUT CALCULATION
1 CALL EXCTAM(N,NP,0,0P,NE,T,TE, TARB, D, X, VC NFOUT NPRT2,
1 NFERR ,RHO ,ANXA, TEXA, FACTAM)
CALL MOLEXT(N,NP,0,0P N2, N2P,02,N0,ON,C,NE, T, TV, TE TARB,
1 ESCF ,NFOUT,NPRT2 NFERR ,ANXM , TEXM, FACTRN, TEXM1 )
RETURN
END
*DECK EXCTAM
SUBROUTINE EXCTAM(N,NP,0,0F NE,T,TE,TARB,D, WX , NG, NFOUT,
1 NPRT,NFERR, RHO, ANX , TEX,, FACTAM)
C CALCULATES NONEGUILIBRIUM EXCITATIOIN OF N AND 0
C INPUT UARIABLES
N=NUMBER DENSITY OF N ATOMS, CM-3
NP=NUMBER DENSITY OF N+ IONS, CM-3
(=NUMBER DENSITY OF 0 ATOMS, CM-3
OP=NUMBER DENSITY OF O+ IONS, tM-3
NE=ELECTRON DENSITY, (M-3
T=HEAVY PARTICLE TEMPERATURE, K
TE=ELECTRON TEMPERATURE, K
TARB=ARBITRARY TEMPERATURE FOR EQUILIBRIUM RADIATIVE
TRANSFER CALCULATION
D=PHYSICAL DEPTH DIMENSION, CM
WWX(JU,JL,ISP)=LINE RADIATION ESCAPE FACTOR FOR THE LOWEST 2
STATES
WCCJU, JL, 1SP)=CONTINUIM ESCAPE FACTOR FOR THE LOWEST 3 STATES
NFOUT=FILE NUMBER OF OUTPUT PRINTS
NPRT=PRINT INDEX. 0=NC PRINT. 1=GMALL PRINT. 2=LARGE PRINT
NFERR=FILE NUMBER OF ERROR MESSAGES
OUTPUT PARAMETERS
RHO(JP, 15P)=NONEQUILIBRIUM POPULATION PARAMETERE
JP=LEVEL NUMBER, ISP=GPECIES NUMBER (1=N, 2=0)
ANX( JP, ISP)=NUMBER DENSITY OF JP-TH LEVEL OF ISP-TH ATOM

DI AT CIOOCCCIMTE O
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€ TEX(ISP)=MEAN EFFECTIVE EXCITATION TEMPERATLRE
C FACTAM(1SP)=DENSITY MULTIPLICATIVE FACTOR
REAL N,NP,NE
DIMENSION ANX(23,2) ,tVX(3,2),IMC(3,2) ,RHO( 23,23,
1 TEX(2; ,FACTAM(2)

L i |

 DETERMINE LINE ESCAPE FACTORS WX IF D IS FINITE
1F(D.6T.1.0E-10) CALL ESCAL(N,C,T,TE,D,UVX)

€D L

ASSUMPTION

D0 1 ISP=1,2

IF(I5P.EQ.1) ANN=N

IF(ISP.EQ.1) ANP=NP

IF(ISP.EQ.2) ANN=0

IF(1SP.EQ.2) ANP=OP |

CALL 0SS(ISP,TE,NE,ANN,ANP,IVX(1, 1P}, VC(1, ISP} ,NFGUT NPRT,
» NFERR,RHO(1,15F) ,ANX(1,15P))
1 CONTINUE

T DETERMINE NONEQUILIBRIUM POPULATION USING QUASI-STEADY-STATE
(058}

C
 DETERMINE MEAN EDUIVLENT EXCITATION TEMPERATURE TEX AND EFFECTIVE
£ DENSITY MULTIPLICATIVE FACTOR FACTAM
CALL ARBITA(N,Q,ANX,TARB,NFOUT ,NPRT ,NFERR, TEX, FACTAM)
€
C WRITE QUT RESULTE
IF(NPRT,BT.0) KRITE(NFOUT,2) TEX(1),FACTAM(1),TEX{2) ,FACTAM
1(2)
2 FORMAT(27H N: EXCITATION TEMPERATURE=,F18.1,2X,
1 31K DENSITY MULTIPLICATIVE FACTOR=,1PE10.3/
2 Z7H 0: EXCITATION TEMPERATURE=,0PF1G.1,2X,
3 31K DENSITY MULTIPLICATIVE FACTOR=,1PE10.3)
RETURN
ND
*DECK AREITA
SUBRGUTINE ARBITA(N,0,ANX, TARE,NFOUT ,NPRT,NFERR, TEX, VACTPM)
L CALCULATES MEAN EYCITATICN TEMPERATURE TEX AND DENSITY FQ"TBP
C FACTAM FOR N AND O
L INPUT PARAMETERS
N=NUMBER DEWSITY OF N, (M-3
O=NUMBER DENSITY OF O, CM-2
ANX(JP,ISPY=NUMBR DENSITY OF JP-TH LEVEL OF ISP-TH AT(M

CALCULATION
NFOUT=FILE NUMBER OF OUTPUT PRINTS
NPRT=PRINT INDEX. =N PEINT. 1=MALL PRINT. 2=LARGE PRINT
NFERR=FILE NUMBER OF ERROR MESSAGES

OUTPUT PARAMETERS
TEX(1SP)=EFFECTIVE EXCITATION TEMPERATURE, K
FACTAM(1SP)=DENSITY MULTIPLICATIVE FACTOR
REAL N
COMMON/EXCTA/ELEV(23,2) ,STHT(23,2) ,AL(23,23,2) ,
1 WAU(23,23,2),E10N(2) , EIONA() NLEV(2) , TERM(7,23,2) ,
2 LLEV,BP(4,2),EP(4,2) ,ATOMX(2,2) ,CN(23,2) ,AN(23,2)
DIMENSION ANX(23,2),TEX(2) ,FACTAM(2)

I3 CICICTICCIOILY P OYOY
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Uhé" TRUE NCMEQUILIBRIIM RADIATION PIWER IN VISIBLE RANGE

- 5T
RADT=0,

B TR T T
ol 2 Jl=d Mol
Ji=didl

IR =1
00 2 Ju=gu dLEY

2 RADT=RADT+ANN{ JU, I8P RaL7TJU, JL, ISP X (ELEV(JU, 18P -ELEV(IL

DETERMINE THE LEAST PCSSIBLE EXCITATION TEMPERATURE

1

iZ

TEX(139)=160000.

D0 12 K=4,MLEV

TEXX=-1,43677ELEV/ K, 1SP1/ALOG(ANK( K, 1SP)XSTHT (1, 15P)/
(RGH(L, 16 HETUT (K , 1P )

TEX(ISFY=MINL(TEX( 1SP) , TEXX

z COMNTIMUE

ITERATE OVER TEX

-

CaLC

iTER=0
TExi=(,
Rab={.
Rabi=0.

3 CONTINGE

1TCR=1TE
B LF';LA

UALTE PARTITION FINCTION FOR TEX

0=t.

DR & Jp=1,MLEV

L= ETWT B, TSP )REXP(-1. 4387 7#ELEV( JF, ISP} /TEX(15P))

4 CONFINGE

CALLT

1
-
&

T

LLATE RADTATION DASED ON ASTUMED TEX

D0 5 Jisq,MLEVL

NGENES!

BC 5 Ju=Jut MLEV

IFCALEJU, L, T3P LT.,) B0 TO S

RED=RADSALY JU,JL. ISP 1#ETWT ¢ JU, LSPYRENP: -1, 438774

ELEVH JU, 159} /TEX( 15 ) PhabT (ELEV( U, 198 ELEVIL,
18Py /G

CONTINUE

IF{RAD.GT.RADTY GO TE &

%Al =RAD

ETOP

& TEA(ISR =TEH(TE ISP -TEXL )R {RADT-RAD1 ) / (RAD-RADL }
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c
C DETERMINE DENSITY MULTIPLICATIVE FACTOR
0=0.
D0 7 JP=1,MLEV
7 Q=Q4STWT(JP, ISPYAEXP(-1.438774ELEV(JP, ISP}/ TARB)
RAD=0.
00 8 JL=4 MLEV1
Ju1=JLH
00 8 JU=JU1 MLEV
B RAD=RADHANTRAL (JU, JL, 1SP)RSTHT ( JU, 1SP)XEXP(-1.43877*
1 ELEV(JU, 15P)/TARB)*(ELEV(JU, 15P)-ELEV(JL, 1SP)) /0
FACTAM(15P) =RADT/RAD
1 CONTINUE
RETURN
END
*DECK ESCAL
SUBROUTINE ESCAL(N,0,T,TE,D,tMX)
C CALCULATE LINE RADIATION ESCAPE FACTORS FOR N AND O ASSUMING
C 1SOLATED LINES WITH DOPPLER PROFILE ‘
C CONSIDERS ONLY THE STRONGEST TRANSITIONS
C INPUT UARIABLES
N=NUMBER DENSITY OF N ATOMS, (M-3
0=NUMBER DENSITY OF 0 ATOMS, (M-3
T=HEAYY PARTICLE TEMPERATURE, K
TE=ELECTRON TEMPERATURE, K
D=PHYSICAL DEPTH DIMENSION, (M
 QUTPUT PARAMETERS
(WX(JL, IB)=ESCAPE FACTORS FOR THE LINES WITH LOWER STATE
JL, FOR IB-TH ATOM
REAL N
DIMENSI(N WAVEL(12),6L(13),6U(13),F(13),VX(3,2) ,ELEW(3,2),
1 GLEV(3,2) ,ATOMAT(2),IND(3,13) ,RADT(3,2)
DATA WAVEL/1199.55,1200.22, 120071, 1492.62,1494.67,1492.67,
1 1742.73,1745.25,1745.26, 1742.72, 1302.17,1408.87,1306.04/
DATA 6L/4.,4.,4., 6.,4.,4., 4.,2.,4.,2., 5.,3.,1./
DATA BU/6.,4.,2., 4.,2.,4., 4.,2.,2.,4., 3.,3.,3./
DATA F/0.18,0.11,0.059, 0.12,0.984,0.019,
1 0.082,0.059,0.015,0.032, 0.031,0.032,0.031/
DATA GLEV/ 4.,10.,6., 9.,5.,1./
DATA ELEV/0.,15228.,28840., O
DATA ATOMAT/14.007,16./
C IND(1,L)=UPPER STATE INDEX. (2,L)=LOWER STATE INDEX. :3,L)=MOLECULE INDEX
DATA IND/4,1,1, 4,1,1, 4,1,1, 52,1, 52,1, 0,21,
¥5,3,1, 5,3,1, 5,31, 53,1, 51,2, 51,2, 51,2

Lan N o Tar BN o K o B o ]

[ae I aw ]

., 15868, ,33792,/

c
C PRESET WX AND RADT TO ZERD
D0 2 1B=1,2
00 2 JL=1,3
RADT(JL, 1B)=0.
2 WX(JL,18)=0,
C .
C CALCULATE
0G 3 L=1,13
JU=IND(1, L)
JL=IND(2,L)

17



1B=IND{ 3,1}

TEOIELEQL L) ANLL=N

PFOIRLER.2) ANLL=D e 4

AL =sh LR(GLILY /GLEM Y IBY )REXP{ -1 . 438774ELEV( L, iB)/T

DE=1.0EE/MAVEL (L)

'.mO( GRARLANL, D, ATOMAT (1B),GUCL) ,BLILY FUILY (DE, T
XIS TRER ‘”‘“":. IRE(LYL, UEIEWEL(L)HZ

Ly iesRaDT L TRIGUL) %A

IF {ww_.,h,. £-20) &0 70 Z
WL, 1B)= lUX(J.‘xP'/PADT(JL,IE;
3 CONT INE
RETLRN
*DECK GEAR
FNCTION GBAR(NL,D,M,GU,6L,F,DE,T)

{ EVALUATES LINE RADIATION ESCPE FACTOR ASSUMING A DOPPLER PROFILE
2 INPUT PARAMETERS

£ NU=NIMEER DENSITY OF LOWER STATE, IM-3
£ D=DIAMETER, M

£ M=fTOIC WEIGHT

z SU=UFPER STATE STATISTILAL WEIGHT

C GL=LGAER STATE STATISTICAL WEIGHT

L F=GICILLATOR STRENGTH

C DE=ENERGY GAP, CM-

c T=TEMPERATURE,

TOCUTRUT PARMMETER

GBAR=L3CAPL FACTOR

RERL ML M

TAU=NLRDHSORT (M/T SEBLAF/ (8, 6OESKGUIRDE)
75?*&*’ &7 4 1) 80T 3

W= 1Ll
1 TAUP = TAUPHTAY
S1GM = -1, [#SIGN
HNFAT = HNFATHRN
HTER = SIGNATAUP/{SURT (ENEL, 0¥ NFAC)
MSUM = HBWM + HTER
HN o= B
TFORLATAS Y GE T 2
. GBAR = 1.0-HEM
8L 70 2
GRAR = 1,0/0TAURSORT (2, 1420ALLG(TANY)
RETURN
END
*CECK ATOMIN
SUBROUTINE ATOMIN{NFIN NFOUT, IPRT NFERR)

>

™Y ru
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C READ IN DATA FOR CALCULATION OF NONEQUILIBRILM EXCITATION OF AIR
O ATOMS: N AND O
C ENERGY LEVELS EXTEND TO N=10
C INPUT PARAMETERS

NFINSFILE NIMBER OF INPUT DATA

NFOUT=FILE NUMBER OF OUTPUT PRINT

IPRT=PRINT INDEX. O=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT.
NFERR=FILE NUMBER OF ERROR MESSAGES
COMMON/EXCTA/ELEV(23,2) ,STHT(23,2) ,AL(23,23,2) ,
1 HAV(23,23,2) ,E1ON(2) , E1ONA(2) NLEV(2) , TERM( 7,23, 2) ,
2 LLEV,GP(4,2) ,EP(4,2) ,ATOMX(2,2) ,CN(23,2) ,AN(23,2)

[ 08 i

Lo BN oo B an I o |

c
C CYCLE QVER TWO SPECIES
DO 11 ISP=1,2
¢
C READ IN ENERGY LEVEL DATA
READ(NFIN, 22) ATOMX(1,1SP),ATOMX(2,1SP),EIONACISP) ,(GP(I,ISP),
1 1=1,4),(EP(1,1P),I=1,4)
22 FORMAT(1X, 204 ,1X,E10.3/8E10.3)
IF(IPRT . NE. G )WRITE(NFOUT, 23)ATOMX( 1, ISP} ,ATOMX (2, 15P) ,E1ONA
1ISP), (GP(1,15P),1=1,4),(EP(1,15P),1=1,4)
23 FORMAT(//1X,2A4, 2%, SHELON=, F10.1,5H CM-1/
1 SH ION:,2X,2HG=,4F7.1,2X, 2HE =, 4F8.1/)
EDEL=109679./121.
EION(ISP)= EIONA(ISP)-EDEL
LLEV=3
c
¢ SET COEFFICIENTS TO ZERD
DO 301JL = 1,23
DO 302JU = 1,23
HAV(JL, JU, ISF) = 1.0E-15
302 AL(JL,JU, ISP)=0,
ON(JL, I8P) =1,
301 AN(JL,15P)=0,
C
C READ IN ENERGY LEVEL DATA
IF(IPRT.6T.1) WRITE(NFOUT,24)
24 FORMAT(/32H JP N ELEV STWT )
J=0
1 J=h1
READ(NF IN,2)M, M1 ELEV(J, ISP) , STHT(J, ISP}, (TERM(I, J, 18P}, 1=1,7)
IF(IPRT.GT.1)WRITE(NFOUT,3) M,M1, ELEV(J,ISP),STWT:,15P)
y (TERM(T,J,I5P) ,1=2,7) ‘
2 FORMAT(215, 2£10.3,7(A4))
3 FORMAT(215,F10.0,F10.0,7(A4))
IF{STWT(J,15F).6T.0.5) GO 70 1
NLEV(1SP)=J-1
C
C KEAD IN LINE DATA
IF(IPRT.GT.1) WRITE(NFOUT,5)
6 FORMAT(/22H  JL  JU AL(JU,JL) )
J=0

19



4 J=341
READNFIN, 2)JL, U, 42
IFCIPRT.GT.1) WRITE(NFOUT,5) JL,JU,AZ
IF(JU.EQ.6) 60 TO 18
AL(JL,JU,15P) = AZ
AL(JU,dL, 18P)=AZ
G0 TG 4
5 FORMAT(215,1PE10.3)
18 CONTINUE
.
T READ IN CONTINUUM DATA
_ IF(IPRT.GT.1) WRITE (NFOUT,8S)
35 FORMAT(1H0,1X, 33HCONTINUUM ABSORPTION COEFFICIENTS/)
M=g
87 M=l
55 FORMAT (110,2£10.2)
READ (NFIN,55} JP,CZ,ANZ ‘
IF(IPRT,ET.13 WRITE(NFOUT,55) JF,CZ,ANZ
IF(JIP.ED.DY GO TO 28
AN(JP, 15P)=ANZ
ON(JP, 1§P)=C2
80 7O 67
28 CONTINUE

I
C READ IN COLLISIONAL EXCITATION RATE DATA
IF{IFRT.GT.1) WRITE(NFOUT,17)
17 FORMAT(29H COLLISIONAL EXCITATION RATES)
10 READ(NFIN,7) J1,K1,A1,E1,J2,K2,A2,E2,03,K3,A3,E2,J4,K4,A4,E4
7 FORMAT(4{213,1PE8.1,0PF5.2))
(L) 8,8,9
3 IF(IPRT,ET.1)
SHRITECNFOUT, 7301 ,K1,A1,E1,J2,K2,A2,E2,J3,K3,A3,E3, J4, K4, A4, E4
IF(KL.LE.NLEV(ISF)) HAV(JL,KL,ISP) = Al
IF{K1.LE.NLEV(ISP)) HAVIK,J1,1SP) = E1
IF(K2.LE.NLEV(ISP)) HAV(J2,K2,1SP) = A2
IF{K2.LENLEV(ISR)) RAV(K2,J2,18P) = E2
IE(K3.LE.NLEV(ISPY) HAV(J3,K3,15P) = A3
IF(K.LE.NLEV(ISPY) RAV(K3,d3,18P) = E3
IF(K4.LE.NLEV(ISP)) HAV(J4,K4,1SP) = Ad
IF(K4,LE.NLEV(ISP}) HAV(K4,J4,18P) = E4
80 7O 10
8 CONTINUE

-
€ CONSTRUCT WORKING EXCITATION RATE COEFFICIENTS
NLEV1 = NLEV(ISP) - &
MLEV=NLEV(ISP)
DG 12 JP = 1 ,NLEWL
J01=JP+1
DC 13 JO=001 MLEV
IF(JP.EG.50)Y G0 7O 13
EPX=EION{]SP}-ELEV(JP, ISP}
EQ=EION(IEP;-ELEV( G, 15P)
AP = SQRT(109679.C/EPX)
AQ = SORT(109679.0/E0)

20



ORIGINAL FAGT
OF POG? Qum...; iy

FA = APKKS * AQKRS & (1,0/APKR2 - 1,0/ADNK2)%k4
HAV(JP,JQ,1SP) =HAV(JP,J0,ISP) * STWT(JQ,ISP)/FA
13 CONTINUE
12 CONTINUE
11 CONTINUE
RETURN
END
*DECK 0SS
SUBROUTINE GSS(ISP, TEMP, EDEN,ANN, ANION, WX, VT, NFOUT NPRT,
1 NFERR ,RHO, ANX)
C CALCULATE NONEQUILIBRIUM POPULATION ASSUMING QUASI-STEADY-STATE

INPUT UARIABLES

18P=5PECIES INDEX. 1=N,2=0

TEMP=ELECTRON TEMPERATURE,K

EDEN=ELECTRON DENSITY,CM-3

ann=atom density, cm-3

ANION=]ON DENSITY, M-3

WX=t.V, LINE ESCAPE FACTOR, DIMENSIONED 2

WC=U.V, CONTINUUM ESCAPE FACTOR, DIMENSIONED 3
NFOUT=FILE NIMBER OF OUTPUT PRINTS
NPET=PRINT INDEX. 0=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT
NFERR=FILE NUMBER OF ERROR MESSAGES

OUTPUT VARIABLES

RHO=NONEQUILIBRIUM POPULATION, DIMENSIONED 23

anx=number density, dimensioned 23
COMMON/EXCTA/ELEV(23,2) ,5THT(23,2) ,AL(23,23,2),

1 HAV(23,23,2) ,EION(2) ,EIONA{Z) NLEV(2) , TERM(7,23,2) ,

2 LLEV,GP(4,2),EP(4,2) ,ATOMX(2,2) ,IN(23,2) ,AN(23,2)
DIMENSTON APEN(23),BK(23,2),BKPC(23),C(23,23} ,RHB( 23} ,UVWX(3)

1,BKPG(23,23},IMC(3),IWL(23) ,ANX(23)

EXTERNAL EONE

M CICIECICICITICICIN IO 3O

c
C SET NET OPTICAL TRANSITION RATES
LLEVI=LLEMI
MLEV=NLEV(15P)
DO 25 J0=1,LLEV
DO 25 JP=LLEV1,MLEV
25 AL(JG, P, 15P)=IMX{ JO)XAL(JP, JG, ISP)
DO 15 JP=1,MLEV
WL(JP)=1.0
IF(JP.LE.LLEY) WL(IP)=WVC(JP)
15 CONTINUE
.
C SET BKPG TC ZERO
DJ 26 JL=i MLEV
00 26 Ju=i MLEV
26 BKPGJL,JU3=0,

p
C SET UP ION PARTITION FUNCTION AND RELATED PARAMETERS
TEMP1=1.0/TEMP
TEMP2=8OKT (TEMP1)
TEMPI=TEMPI*TEMP2
PARTI=0,
DO 14 JP=1,4
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14 PART]=PARTI4GP(JP,ISPYXEXP(-1.438774EP(JP,ISP)ATEMPL)
AZ=2.07E-16HANI ONFTEMP3/PART ]

GENERATE BKPQ FOR UPWARD TRANSITIONS
MLEVI=MLEVU-1
00 18 JL=1 MLEV1
Jul=ditl
D0 18 JU=Jul MLEV
13 BRPOCJL, JUy=HAV(JL  JU, TSFYR(0. DODIXTEMP YRHAV(JU, JL,
> ISPYREXP(-1,43877+(ELEV(JU,1SP}~ELEV(JL,15P) A TEMPL)

COMSTRUCT COEFFICIENTS APEN AND BKFC ARRAYS

0o 22 JP = 1,MLEV

EFX= EIONA(ISP)- ELEV (JF,ISP)

EKT = 1.43877 *EPXATEMPL

APEN(JP) =AZXSTWT (JP, ISP IXEXP(EKT)

EKT1 = 0.56 + EKT

SM = 0,62 & EONE{EKT)/EKT - 0.534 * EONE(EKT1)/EKT!
22 BKPC(JP) = 5,45 & SIM x TEMP3

GENERATE BKPQ FOR DOWNWARD TRANSITION
DU 3 JL=1,MLEVL
=i
DO & JU=JUL,MLEV
2 BKPG(JU, JL)=(APEN( JL)/APEN{ JU) JXBKPO(JL , JU)

DETERMINE NONEQUILIBRIWM PARAMETER CHI
ANAEQ=D,
00 22 Jp=1 MLEV
22 ANAEQ=ANAEHAPEN{ JP)
FNED=ANAE XEDEN
CHI=ANN/ANED

CONSTRUCT LHS MATRIX IN 0SS EQUATION
EDENI = 1.0 /EDEN
D05 P =1, MEV
D07 J0 =1, MLEV
IF{JP.GT.1) 60 TO 8
COIP,J0) = APEN(JO)
50707

8IF (JP -J0) 2,917
2 C(JP,JQ)=BKPO (JP,JO}HAPEN(JOIXAL(JP,JQ, 15P)/(APEN( JPYXEDEN)

80 TO 11

17 C(JP,J0) = BKPO(JP,JQ)
60 TO 1

9 C(JP,J0 ) = - BKPC (JP)

DO 12 J08 = 1, MLEV
IF (305 - JP) 43,12,19

43 C(JP,30)= C(JF,JQ) -BKPQ (JP, JOS)-AL{JOS,JP,ISP) * EDENL
60 TO 12

19 C(JP,JQ)= C(JP,J0)- BKPQ(JP,JGS)

12 CONTINUE

11 CONTINUE

7 CONTINUE
CONTINUE

wn
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c
C NORMALIZE LHS OF 0SS EQUATION
DET = 0.0
DG 10 JP=1,MLEV
DO 10 JO=1,MLEV
10 DET = DET+ ABS(C(JP,JO))
DET = 2.0 *(ALOG(EDEN) - 20.0 )XFLOAT(MLEVAMLEV) *
1(1.0E4/TEMP)AX1,2  /DET
00 13 JP=1,MLEV
DO 13 JQ=1,MLEV
13 C{JP,d0) = C(JP,JQ) * DET
c
C CONSTRUCT RHS OF GSS EQUATION
BK(1,1) = 0.0
BK(1,2) = DET
DO 55 JP = 2,MLEV
BK(JP,1}=-{BKPC( JP}HML(JPYACN( JP, 1SP)%(0 . D00LATEMP ) xAN( JP,
¥15P)/APEN(JP) YXDET
BK(JF,2) = 0.0
55 CONTINUE

c
C SOLVE 0SS EQUATION
CALL MINV (€, MLEV,BK, 2, DETERM)
c
{ CONSTRUCT NORMALIZED POPULATION RHO AND NUMBER DENSITY ANX
D0 € JP=1 MLEV
BK(JF,2) =BK{ JP, 2) *ANAEQ
RHO(JP)=BK(JP,1)4BK(JP, 2)*CHI
ANX(JP)=(APEN( JP)EDEN)*RHO( JP)
& CONTINUE
c
C WRITE OUT RESULTS
IF(NPRT.LT.2) RETURN
WRITE(NFOUT, 1} (ATOMX(1,ISP),1=1,2)
1 FORMAT(/1X, 284/
146H P STWT LBV RHO TERM )
DG 20 JP=1 MLEV
WRITE(NFOUT,16) JP,STWT(JP,15P) ,ELEW(JP,15P) ,RHO(JP) , (TERM
1 (1,d9,18P),1=1,7)
16 FORMAT(1S,F10.0,F16.1,1PE10.3,7(Ad))
20 CONTINUE
RETURN
END
*DECK MINV
SUBROUTINE MIMJ(A,N,B,M, DETERM)
C MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS
DIMENSION IPIVOT(23),PIVOT(23), INDEX(23,2)
DIMENSION A(23,23),8(23,2)
EQUIVALENCE (IROM,JROW) , (1COLUM, JCOLUM) , (AMAX, T, SWAP)
c
C INITIALIZATION
10 DETERM=1.0
15 D0 20 J=1,N
20 1PIVOT(J)=0
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30 D0 550 1=1,N
40 AMAX=0.0

¢

C SEARCH FOR PIVOT ELEMENT
45 DO 105 J=1 N
50 IF(IPIVOT(J)-1)  60,1085,60
60 DO 100 K=1,N
70 IF(IPIVOT(K)-1) 80,100,740

80 IF(ABS(AMAX)-ABS(A(J,K))) 85,100,100

85 [R0K=J

90 1COLIM=X

95 A=A, K)

100 CONTINUE

105 CONTINUE

110 IPIVOT(ICOLUM)=IPIVOT(ICOLUM)+L
c

C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

130 IF(IROW-1COLUM) 140,260,140
140 DETERM=-DETERM
150 D0 200 L=1,N
160 SWAP=A(IROW,L)
170 A(IROW,L)=A(ICOLM,L)
200 A(ICOLIM,L)=SHaP
205 IF(M) 260,260,210
210 DO 250 L=l,M
220 SHAP=B(IROW,L)
230 B(IROW,L)=E(ICOLM,L)
250 B(ICOLUM,L)=SHAP
260 INDEX(1,1)=IROH
270 INDEX(1,2)=1COLIM
310 PIVOT(1)=ACICOLLM, 1COLIM)
320 DETERM=DETERMXPIVOT(I)
c
C DIVIDE PIVOT ROW BY PIVOT ELEMENT
330 A(ICOLIM, ICOLIM)=1.0
340 DO 250 L=1,N
350 ACTCOLUM,L)=A(ICOLUM,L)/PIVOT(1)
355 IF(M) 380,380,360
360 DO 370 L=1,M
370 B(I1COLUM,L)=B(ICOLUM,L)/PIVOT(T)

.
C REDUCE NON-PIVOT ROWS
380 D0 550 L1=1,N
390 IF(L1-1COLLM) 400,550,400
400 T=A(L1,ICOLIM)
420 A(L1,1C0LUM)=0,0
430 DO 450 L=1,N
450 A(LY,L)=A(L1,L)-ACICOLIM,L)XT
455 IF(M)S50,550,460
460 DO 500 L=1 M
500 B(L1,L)=B(L1,L)-B(ICOLWM,L)XT
550 CONTINUE
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[ INTERCHANGE COLUMNS

600 DO 710 I=L,N
610 Lat1-]

620 IF(INDE(L,1)-INDEX(L,2)) 630,710,630
630 JROM=INDEX(L,1)

640 JCOLUM=INDEX(L,2)

€50 DD 705 K=1,N

E60 SHAP=ACK, JROW)

670 ACK, JRO) =A(K, JCOLLM)

700 A(K,JCOLUM)= SWAP

705 CONTINUE

710 CONTINUE

740 RETURN

END

*DECK EONE

FUNCTION EONE(W)

IF(W.LE.L,) G0 TDL

Wl = 1.0/

UP = Wek3%(8,37333 +18.05802 *W1+5.63476 *W1nk2+(.267774 *

1o WIk3)

DOKN = Wkk3%(9,57332 425.62296 *W1421.09965 HW1kk243,958497 *
1 HIk3)

EINE = ((Wird + UPY/(kikd + DOWN) )/ (W % EXP(M))

80 TO 20

1 8M = -0.577216 +40,899992 *{-0,249911 Hkk24 (.0551997 k3

1 -0.00976004 *W*4+0,00107857 kxS
EONE = -ALOG(H) + SWM

20 CONTINUE

RETURN
END

*DECK MOLIN

SUBRCUTINE MOLIN(NFIN,NFOUT NPRT NFERR)

C READS AND DIGESTS MOLECULAR LEVEL DATA

VLI I IIDDICICIDDINOICICI DY O

COMMON/EXCTE/AMOLEC(2,5) ,LMOLEC! 4,5, SPEC2(8,8,5) ,ATEM(S, 2,
1 5),1L8T(3,6,5),0(22,28,21) ,EE(B, 21 ), SIGHA(B, 21) ,

2 ARAD(4,4,5) ,ED(8,6,5),SIGMD(8, 6, 5)

DIMENSION TITLE(20)

VARIABLES

1B=BAHD INDEX, FRIM 1 TO S
AMOLEC(1-2,15)=NAME OF BAND
(3,1B)=MOLECULAR WEIGHT
LMOLEC(1,1B=NUMBER OF ELECTRON-IMPACT DISSOCIATION CROSS-SECTION
DATA SET. MAXIMWM 4 ALLOWED
(2,1B)=NUMBER OF ELECTRON-IMPACT EXCITATION CROSS-SECTION
DATA SET. MAXIMM 6 ALLOWED
{3,1B)=NUMBER OF ENERGY LEVELS. MAXIMUM & ALLOWED
(4,1B)=NUMBER OF FIRST FEW ELECTRONIC LEVELS
FOR WHICH QUASI-STEADY-STATE CALCULATION 1S MADE
MAXIMUM 4 ALLOWED
SPEC2(1,J,1B)=MOLECULAR CONSTANTS, CM-1
{1,J,1E)=ELECTRONIC DEGENERACY
(2,J,1B)=ELECTRONIC TERM VALUE
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(3,J,1B)=HE
(4,J,18)=HEXE
(5,J,1B)=HEYE
(6,J,1B)=HEZE
(7,4,18)=BE
(8,J,1B)=ALPHA
ATOM(1,J,1B)=ATOMS AT DISSOCIATION LIMIT
J=1,2 THD ATOMS
(1-2,J, 1B)=NAME
£3,J,18)=ATOMIC WEIGHT
(4,J,18)=DISSOCIATION ENERGY, CM-1
(5,d,1B)=STATISTICAL WEIGHT
ILST(1-2,17,1B)=LOWER AND UPPER ELECTRONIC STATE INDEX.
(3,1T,1B)=10RD(THE THIRD DIMENSION IN QW ARRAY)
IT=TRANSITION NUMBER IN A MOLECULE
QW(U1 V2, T0RD)=FRANCK-CONDON FACTOR. V1,U2=UPPER AND LOWER
STATE. 10RD=RUNNING ORDER
ED(1-8,IT,IB)=ELECTRON ENERGY, EV, FOR DISSOCIATION CROSS-
SECTIONS
SIGMD(1-8,1T,1B)=CROSS-SECTIONS, CM2, FOR DISSOCIATION
EE(1-8,IT,1B)=ELECTRON ENERGY, EV, FOR EXCITATION CROSS-
SECTIONS
S1GMA(1-8, 1T, IB)=CROSS-SECTION, (M2, FOR EXCITATION
UNIT(1-2,1B)=UNIT OF EE AND SIGM:, A3, (EV OR RYD, CM2 OR
PIAD2)

C START CYCLE OVER SPECIES

c

10RD=0
b0 21 18<1,5

C READ MOLECULAR CONSTANTS

READ(NFIN,22) (AMOLEC(1,IB),1=1,3),(LMOLEC(I,IB),I=1,4)

22 FORMAT(1X,243,3X,F10.3,615)

IFCNPRT.GT.0) WRITE(NFOUT,23) (AMOLEC(I,IB),1=1,3),(LMOLEC(I,IR),
1 1=1,4)

23 FORMAT(//21H MOLECULAR BAND NaME=,243,19H MOLECULAR WEIGHT=,F10.

1 3/58H NUMBER OF ELECTRON-IMPACT DISSOCIATION CROSS-SECTION SET=,
2 12/38H NUMBER OF ELECTRON-IMPACT EXCITATION CROSS-SECTION SET =,

» 12/58H NUMBER OF ELECTRONIC LEVELS =,
> 12/38H NIMBER OF LEVELS IN QUASI-STEADY-STATE (ALC. )
312 /80H DEGEN
5 TERM WE HEXE WEYE WEZE BE Al
6PHA )

N1=LMOLEC(3,1B)
TF(N1.GT.10) WRITE(NFERR,20) (AMOLEC(I,IR),I=1,2),N1

20 FORMAT(1SH ERROR IN DATA.,2X,203,2X,3HN1=,13)

D0 26 JN=1,N1
READ(NFIN,6) (SPEC2(1,JN,IB),1=1,8)

& FORMAT(BE10.3)
IF(NPRT.GT.1) WRITE(NFOUT,28) (SPEC2(1,dN,1B),I=1,8)

28 FORMAT(6F10.3,F10.5,1PE10,3)
26 CONTINUE
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C READ THE ATCMIC STATES RESULTING FROM DISSOCIATION
IF(NPRT.GT.1) WRITE(NFOUT,3)
3 FORMAT(/18H DISSOCIATED STATE )
D0 1 J=1,2
READINFIN,2) (ATOM(I,J,1B),I=1,5)
2 FORMAT(1X,243,3X,7E10.3)
IF(NPRT.GT. 1) WRITE(NFOUT,4) (ATOM(I,J,1B),I=1,5)
4 FORMAT(1X,243,3X,10HATOM, WT.=,F8.3,2X,15HDISSOC. ENERGY=,F9.0,
1 SH CM-1,2¥,16HSTATISTICAL WT.=,F5.1)
1 CONTINUE
c
C SET RADIATIVE TRANSITION PROBABILITIES TO ZERO
D0 32 I=1,4
DO 32 J=1,4
32 ARAD(I,J,1B)=0.
¢
C READ IN ELECTRON-IMPACT DISSOCIATION CROSS-SECTION DATA
NDIS=LMOLEC(1,1B)
IF(NDIS.EQ.0) GO TO 33
IF(NPRT.GT.1) WRITE(NFOUT,35)
35 FORMAT(/44H ELECTRON-IMPACT DISSOCIATION CROSS-SECTIONS )
DO 34 1DIS=1,NDIS
READ(NFIN,12) (TITLE(I),1=1,20)
IF(NPRT.GT.1) WRITE(NFOUT,12) (TITLE(I),1=1,20)
READ(NFIN,15) (ED(1,1D1S,1B),1=1,8)
IF(NPRT.GT.1) WRITE(NFOUT,16) (ED(I,IDIS,IB),1=1,8)
READ(NFIN,15) (SIGMD(1,1DIS,IB),1=1,8)
IF(NPRT.GT.1) WRITE(NFOUT,17) (SIGMD(I,IDIS,IB),1=1,8)
34 CONTINUE
33 CONTINUE
C .
C READ FRANCK-CONDON FACTORS FOR CALCULATING ELECTRON-IMPACT EXCITATION
C RATES
NT=LMOLEC(2,18B)
IF(NT,EQ.0} BOTO 11
IF(NPRT.GT.13 WRITE(NFOUT,36)
36 FORMAT(/26H FRANCK-CONDON FACTOR DATA )
DO 5 IT=1 T
10RD=10RD+1
IF(NPRT . GT. 1 IKRITE(NFOUT, 29) 10RD
29 FORMAT(EH 10RD=,13)
ILST(3,1T,1B)=10RD
DO 18 1=1,22
D0 18 J=1,28
12 QW(i,d,10RD)=0.
READ(NFIN,?) SPELLI,SPELL2,(ILST(I,IT,IB),I=1,2) ,NCARD
7 FORMAT(1X,243,3X,315)
IF(NPRT,GT.1) WRITE(NFOUT,8)SPELLY,SPELL2, (ILST(I,IT,IB),I=
$1,2) NCARD
8 FORMAT(1X,243,3X,12HLOWER STATE=,12,2X,12HUPPER STATE=,I2,
1 3X,16HNUMBER OF CARDS=,13)
DG 3 1CARD=1 ,NCARD
READ(NFIN,10) 41,J2,F1,d3,04,F2,J5,J6,F3,d7,d8,F4,J9,J10,F5
10 FORMAT(S(213,E10.3))

27



19 FORMAT(1X,5(213,1PE10.3))
IF((J1.LT.20).AND. (J2.LT.28) JAW(J1#1 , J241 , I0RD)=F1
IF((J3.LT.20) .AND. (J4.LT.28))AW(J3+1 , Ja+1, 10RD)=F2
IF({J5.L7.20) AND. (J6.LT.28)) QW(J5H,J641,10RD)=F3
IF({J7.LT.20) AND.(J8.LT.28)) QW(J741,J8+1,10RD)=F4
IF((J9.LT.20) AND. (J10,L7.20) ) OW(J9H1,J1041 , IORD)=F5

© IF(NPRT.GT.1) WRITE(NFOUT,19)J1,J2,QW(J1+1,J2¢1,10RD),
1 J3,4,0M(J3+1 ,J4+1,10RD) ,J5, 36, OW( J541 , J6+1, 10RD) ,
2 J7,08,QW(J741, 841, 10RD) ,J9, J10, (WW(J+1,J10+1, 10RD)
9 CONTINUE

v

C READ ELECTRON-IMPACT EXCITATION CROSS-SECTION DATA

C CROSS-SECTIONS ARE FOR FRANCK-CONDON FACTOR OF LNITY .

READ(NFIN,12) (TITLE(I),I=1,20)

12 FORMAT(2044)

IF(NPRT.GT.1) WRITE(NFOUT,12) (TITLE(I},1=1,20)
READ(NFIN,15) (EE(I,I10RD),1=1,8)

15 FORMAT(BE10.3)

"IF(NPRT.GT.1) HRITE(NFOUT,16) (EE(I,IORD),I=1,8)

16 FORMAT(17H ELECTRON ENERGY=,8F10.2)

READ(NFIN,15) (SIGMA(I,10RD),I=1,8)
IF(NPRT.GT.1) WRITE(NFOUT,17) (SIGMA(1,I0RD),I=1,8)

17 FORMAT(17H CROSS SECTION =,1P8E10.3)

¢
C READ RADIATIVE TRANSITION PROBABILITY
ML=ILST(1,iT,1B)
MU=ILST(2,1T,18)
READ(NFIN, 15} ARAD(MU,ML,IB)
IF(NPRT.GT.1) WRITE(NFOUT,30) ARAD(MU,ML,IB)
30 FORMAT(34H RADIATIVE TRANSITION PROBABILITY=,1PE10.3)
c
5 CONTINUE
c

11 CONTINUE

21 CONTINUE
RETURN
END

*DECK MOLEXT
SUBROUTINE MOLEXT(N,NP,0,0P ,N2,N2P,62,N0, CN, C NE, T, TV, TE, TARB,
1 ESCF, NFOUT,NPRT NFERR ,ANX, TEX, FACTRN, TEX1)

C CALCULATE NONEQUILIBRIUM EXCITATION OF MOLECULES

C INPUT PARAMETERS

N=NUMBER DENSITY OF N

NP=NUMBER DENSITY OF N+

D=NUMBER DENSITY OF 0

OP=NLMBER DENSITY OF 0+

N2=NUMBER DENSITY OF N2

N2P=NUMBER DENSITY OF N2+

02=NLMBER DENSITY OF 02

NO=NUMBER DENSITY OF NO

CN=NUMBER DENSITY OF CN

C=NUMBER DENSITY OF C

NE=ELECTRON DENSITY

T=HEAVY PARTICLE TRANSLATIONAL AND ROTATIONAL TEMPERATURE

Y DI MDICIC eI,
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7
TU=VIBRATIONAL TEMPERATURE
TE=ELECTRON TEMPERATURE
TARB=AKBITRARY TEMPERATURE FOR EQUILIBRIUM RADIATION CALCULATION
ESCF(MU,ML,1B)=LINE RADIATION ESCAPE FACTOR, FROM MU TO ML
NFOUT=F ILE NUMBER OF OUTPUT PRINT
NPRT=PRINT INDEX. 0=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT.
NFERR=FILE NUMBER OF ERROR MESSAGES
- QUTPUT PARAMETERS _
ANX(M,1B)=NUMBER DENSITY OF M-TH ELECTRONIC STATE CF IB-TH MOLECULE
TEX(M,1B)=ELECTRONIC EXCITATION TEMPERATURE OF M-TH ELECTRONIC

STATE OF 1B-TH MOLECULE
FACTRN(JSPEC)=EFFECTIVE DENSITY FACTOR FOR JSPEC-TH SPECTRAL

BAND

REAL N,NP,N2,N2P N0 ,NE ,MOSUM,MOLF
COMMON/EXCTB/AMOLEC(3,5) ,LMOLEC( 4,5) ,SPEC2(8,8,5) ,ATIM(5, 2,
1 5),ILST(3,6,5),0N(22,28,21) ,EE(B,21),S16MA(B,21),
2 ARAD(4,4,5),ED(8,6,5) ,51GMD(8,6,5)
DIMENSION RHO(5),ANX(5,5),TEX(5,5) ,FACTRN(20),TEX1(20)
»,ESCF(5,5,5)

OO OO

c
C SUM NWMBER DENSITIES
ATSUM=NNPHOHOP
MOSUM=NZHN2PH024HNDHON
TTSUM=ATSUMHHOSIM
ATOMF=ATSUM/ TS
MOLF=MOSUM/TTSIM
c
C PRESET VALUES
D0 1 18=1,5
DO 1 Me1,5
TEX(M,1B)=TE
1 ANX(M,16)=1.0E10
DO 3 JSPEC=1,20
3 FACTRN(JSPEC)=1.0
¢
C N2+
c
C CALCULATE POPULATION USING GSS METHOD FOR LEVELS UP TO 4 -
CALL QSSM(1,T,TV,TE,TTSUM,ATOMF MOLF NE N2P N, NP ESCF(1,1,1),
1 NFOUT,NPRT NFERR ,RHO,&NX(1,1), TEX(1,1) ,MLEV)
C CALCULATE POPULATION OF C 2 SIGW U+ (UPPER STATE OF SECTND NEGATIVE)
C  ASSUMING LOCAL EQUILIBKIWM WITH FREE (ATOMIC) STATE
AN2PP=(N/EQC(1,5,T, TV, TE ,NFOUT ,NPRT NFERR) ) AP
TERM=SPEC2(2,5,1)
QH4=PARTG{ Y, T, TV, TE,NFOUT NPRT NFERR)
Q2PP=PARTM(%,5,T,TV,1.0ES, NFOUT NPRT NFERR)
TEX(5,1)=-1.43877TERM/ALOG( (AN2PP/N2P )% ( IM/Q2PP) )
ANX(S,1)=ANZPP
c
C N2
c
C CALCULATE POPULATION USING 0SS METHOD FOR LEVELS UP TO 4
CALL GSSM(2,T,TV,TE,TTSUM,ATOMF MOLF NE N2, N,N,ESCF(1,1,2),
1 NFOUT,NPRT, NFERR,RHO,ANK(1,2},TEX(1,2) MLEV)
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C CALCULATE POPULATION OF C3 P1-U (UPPER STATE OF SECOND POSITIVE)

AN2P=(N/EQC(2,5,T,TV, TE ,NFOUT ,NPRT NFERR) ) 4N

COLF=(N/ANZPY* (4, B4E-14XN) XSORT (T)XEXP( -1, 4388+10259./T)

AN2P=ANZPHCOLF/(COLF+3. 70E74ESCF (5,3,2))

TERM=SPEC2(2,5,2)

OM=PARTO(2,T, TV, TE NFOUT NPRT NFERR)

Q2P=PARTM(2,5,T,TV,1,0E8 NFOUT NPRT NFERR)

TEX(5,2)=-1,43877XTERM/ALOG( (AN2P/N2)k{ OW/G2P) )

ANX(5,2)=AN2P
c
C N
c
C CALCULATE POPLLATION USING 0SS METHOD

CALL GSSM(3,T,TV,TE,TTSUM,ATOMF MOLF NE ,NO,N,0,ESCF(1,1,3),

1 NFOUT ,NPRT, NFERK,RHO,ANX(1,2),TEX(1,3) MLEV)

C
€02
L
£

CALCULATE POPULATION OF B 3 SIGMA U- (UPPER STATE OF SCHUMANN-RUNGE)
ANSR=( 0/EQC(4,5,T, TV, TE ,NFOUT ,NPRT NFERR) J 40
COLF=(0/ANSRY* (4.53E-1440)#SORT (T)XEXP(-1.4387748098./T)
ANSR=ANSRXCOLF/(COLF+1,22EB*ESCF(3,1,4) )

TERM=SPEC2(2,5,4)
[M=PARTG(4,T, TV, TE NFOUT NPRT NFERR)
QSR=PARTM(4,5,T,TV,1,0E8,NFOUT ,NPRT NFERR)
TEX(5,4)=-1,438774TERM/ALOG( (ANSR/02) % ( @M/QSR) )
ANX(S,4) =ANSR

c

C ON

C

C CALCULATE POPULATION USING 0SS METHOD

LL G3SM(S,T,TV,TE, TTSUM,ATOMF ,MOLF NE,CN, C,N,ESCF(1,1,5),
1 NFOUT NFRT,NFERR , RHO,ANX(1,5), TEX(1,5) ,MLEV)

c

C CALCULATE EFFECTIVE DENSITY MULTIPLICATIVE FACTOR FACTRN(JSPEC)

C  FOR ARBITRARILY GIVEN TEMPERATURE TARB

CALL ARBIT(T,TE,TV,TEX,TARB,FACTRN,TEXL ,NFOUT NPRT NFERR)
IF(NPRT.EQ.0) RETURN
DO 4 18=1,5
WRITE(NFOUT,2) (AMOLEC(Y,IB),1=1,2),(ANX(M,18) M=1,5),
1 (TEX(M,1B) M<1,5)
2 FORMAT(/1X,243/38H NUMBER DENSITIES OF ELECTRONIC STATE= |
1 1PSE10,3,4H M3/
2 38H ELECTRONIC EXCITATION TEMPERATURE = ,0PSF10.1,2H K)
4 CONTINUE :
WRITE(NFOUT,5) (FACTRN(JSPEC) ,JSPEC=1,20)
5 FORMAT(31H DENSITY MULTIPLICATIVE FACTOR= ,1PSE10,3/
1 (31X,5€10.3))
WRITE(NFOUT,6) (TEX1(JSPEC),JSPEC=1,20)
& FORMAT(31H EXCITATION TEMPERATURE = ,5F10.1/
1 {31X,5F10.1))
RETURN
END
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*DECK QSSM
SUBROUTINE GSSM(1B,T,TV, TE NH,ATOMF ,MOLF ,NE NM,ATOM1 ,ATOM2,
1 ESCF ,NFOUT ,NPRT ,NFERR,, RHO ,ANX, TEX , MLEV)
C CALCULATES NONEQUILIBRILM POPULATION USING GUASI-STEADY-STATE
C ASSUMPTION FOR MOLECULAR ELECTRONIC STATES
C INPUT PARAMETERS
1B=GPECIES INDEX
T=HEAUY PARTICLE TRANSLATIONAL AND ROTATIONAL TEMPERATURE, K
TU=U1BRATIONAL TEMPERATURE, K
TE=ELECTRON TEMPERATURE, K
NH=HEAVY PARTICLE NUMBER DENSITY
ATMF=ATOM FRACTION
MOLF=MOLECULAR FRACTION
NE=ELECTRON DENSITY, (M-3
NM=MOLECULE DENSITY, (M-3
ATOMI=DENSITY OF FIRST ATOM IN FREE STATE, (M-3
ATOM2=DENSITY OF SECOND ATOM IN FREE STATE, CM-3
ESCF(MU,ML)=LINE RADIATION ESCAPE FACTOR, FROM MU TO ML
NFOUT=FILE NUMBER OF OUTPUT PRINTS
NPRT=PRINT INDEX. O=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT.
NFERR=FILE NUMBER OF ERROR MESSAGES
 OUTPUT PARAMETERS
RHO=NONEQUILIBRIUM POPULATION
ANX(M)=NUMEER DENSITY OF M-TH ELECTRONIC LEVEL
TEX(M)=EFFECTIVE ELECTRONIC EXCITATION TEMPERATURE OF M-TH
ELECTRONIC LEVEL
MLEV=NUMBER OF ELECTRONIC LEVELS
REAL NH,MOLF ,NE,NM
rmmvamemmWQSJmmvms)wmusanqm«ma
1 5),IL5T(3,6,5),0W(22,28,21) ,EE(8,21) ,SIGMA(8,21) ,
2 ARAD(4,4,5) ED(8,6,5) SIBD(E, 6,5)
DIMENSION APEN(S),BK(5,2) ,BKPC(5),C(5,5) ,RHC(5) ,BKPQ( -
1 5,5),ANK(S) , TEX(S) ,ESCF(5,5)

I CAIEI I AACICICICT IO

-

U SET MOLECULAR FARAMETERS
MLEV=LMOLEC(4,1B)
EDIZ=ATOM{4,1,1B)

c
C SET RHO TO 1 AND BKPG TO 0
DO 26 JL=1,5
RHO(JL)=1.0
DO 26 JU=1,5
26 BKFQ(IL,JU=0,
c
C CALCULATE EQUILIBRIUM NUMBER DENSITIES APEN(J)=(N(J)/ATOM1)E
C AND THEIR TOTAL AMTOTE=(NW/ATOM1)E
AMTOTE=D,
DC 14 M=1,MLEV
APEN(M)=ATIM2/EQC{ 1B, M, T, TV, TE ,NFOUT ,NPRT ,NFERR)
AMTOTE=AMTOTE+APEN(M)
14 CONTINUE
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c
C CONSTRUCT COEFFICIENTS BKPQ AND BKPC ARRAYS
DO 22 JP=1 MLEV
DE=EDIS-SPEC2(2,JP, 18}
BKPC(JP)=RATED( 1B, DE ,ATOMF ,MOLF , T ,NFOUT ,NPRT ,NFERR) % (NH/NE)
1 +ELECD( 1B, JP, TE ,NFOUT ,NPRT ,NFERR)

D0 3 J0=1,MLEV
1F(J0-JP) 54,33,4 .

4 CALL EXCTML(IB,JP,JQ,T,TV,TE,NFOUT NPRT NFERR ,RATEC)
BKPQ(JP, J)=RATEC
60 70 2

54 BKPO(JP,J0)=(APEN{ JQ) /APEN( JP) JXBKPQ(JG, JP)
60 T0 3

33 BKPQ(JP,J0)=0.

3 CONTINUE

22 CONTINUE

c
C CONSTRUCT LHS MATRIX IN 0SS EQUATION

DO 5 JP=1,MLEV
DO 7 JG=1 MLEV
IF(JP.GT.1) GO TO 8
C(JP,J0)=APEN(JQ)
G0 TO7

8 IF(JP-J0) 2,9,2

2 C(JP,JQ)=BKPO(JP, JQ)+(APEN(J0)/APEN(JP) y*(ARAD(JQ, P,
1 IB)AESCF(JD,JP)/NE)
80 70 7

9 C(JP,JQ)=-BKPC(JP)
D0 12 JaS=1,MLEV
C(JP,J0)=C(JP,JQ)-BKPQ(JP, JOS)-ARAD( JF, JGS,, IBYXESCF (P, JUS)/NE

12 CONTINUE

7 CONTINUE

5 CONTINUE

.
C NORMALIZE LHS OF 0SS EQUATION
DET =0.
DG 10 JP=1 MLEV
DO 10 J0=1 MLEV
10 DET=DET+ABS(C(JP,JQ))
DET=2,0%(ALOG(NE)-20., )XFLOAT (MLEVAMLEV) (10000, /TE Y41, 2/CET
DO 13 JP=1,MLEV
D0 13 JG=1 MLEV
12 C{JP,J0)=C(JP, JQ)XDET
C
C CONSTRUCT RHS OF 0SS EQUATION
BK(1,1)=0.
BK(1,2)=DET
DO 55 JP=2,MLEV

(3B =g BRPL P HOET

33 CONTINUE
C .

C SOLVE GSS EQUATION

1 CALL MINV1(C,MLEV,BK,2,DETERM)
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c
C CONSTRUCT NORMALIZED POPULATION RHO, NUMBER DENSITY ANX, AND
C  EXCITATION TEMPERATURE TEX
AX=( (ATOML/NM)*ATOM2) /EQC( 18,0, T, TV, TE NFOUT ,NPRT ,NFERR)
AX=ALOG(AX)
DO 6 JP=1 MLEV
RHO(JP)=BK(JP, 1 )}4BK(JP, 2)(NW/ATOML )
ANX( JP) =RHG( JPYXAPEN( JP)AATOML
IF(JP.EQ.1) GO TO 6
TERM=SPEC2(2,JP,IB)
IF(RHO(JP) .GT.1.0E-20) ALOGRO=ALOG(RHO(JP))
IF(RHO(JP) .LE.1.0E-20) ALOGRO=0.
DOWN=1.0-(TE/(1,438774TERM) J*(ALOGROHAX)
IF(DOMN.LT.1.0E-4) WRITE(NFERR,16) (AMOLEC(I1,IB),11=1,2),
1 JP,DOWN :
16 FORMAT(1Y,23,3¥,3HJP=, 113X, SHOOWN=, 1PE10,3)
TEX(JP)=TE/DOWN
6 CONTINUE
c
C MRITE RESULTS
CHI=(NM/ATOM1 ) /AMTOTE
IF(NPRT.GT.1) WRITE(NFOUT,15) (AMOLEC(I,18),1=1,2),
1 CHI,(RHO(JP) ,JP=1,5) , (ANX(JP) ,dP=1,5) , (TEX(JP) , JP=1,
25)
15 FORMAT(1X,243,3X,4HCHI =, 1PE10.3, 3K, 4HRHO=, 1PSE10.3,
1 /10X,4HANX=,5E10.3, 3K, 4HTEX= , 0PSF10.1)
RETURN
END
*DECK, MINVL
SUBROUTINE MINVL{A,N,B,M,DETERM)
C MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS
DIMENSION IPIVOT(S),PIVOT(S) , INDEX(S,2)
DIMENSION A(5,5),B(5,2)
EQUIVALENCE { IROM, JROW) , ( 1COLUM , JCOLLM) , (AMAX, T, SWAP)
c
C INITIALIZATION
10 DETERM=1.0
15 D0 20 J=1,N
20 IPIVOT(J)=0
30 DO 550 1=1,N
40 AX=0.0
c
C SEARCH FOR PIVOT ELEMENT
45 DO 105 J=1,N
50 IF(IPIVOT(J)-1) 60,105,60
£0 DO 100 K=1,N
70 IF(IPIVOT(K)-1) 80,100,740
80 IF(ABS(AMAX)-ABS(A(J,K))) 85,100,100
85 IROW=J
90 1COLIM=K
95 AMAX=A(J K]
100 CONTINUE
105 CONTINUE
110 IPIVOT(ICOLUM)=IPIVOT(1COLIM)+1
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¢
C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL
130 IF(IROW-1COLUM) 140,260,140
140 DETERM=-DETERM
150 00 200 L=1,N
160 SHAP=A(IROW,L)
170 ACIROW,L)=A(1COLIM,L)
200 ACICOLLM,L)=SWaP
205 IF(M) 260,260,210
210 DO 250 L=1,M
220 SWAP=B(IROW,L)
230 B(IROW,L)=B(ICOLUM, L)
250 B(ICOLUM,L)=SHAP
260 INDEX(I,1)=IROW
270 INDEX(1,2)=1COLIM
310 PIVOT(1)=A(1COLUM, 1COLUM)
320 DETERM=DETERMXPIVOT(I)
c
C DIVIDE PIVOT ROW BY PIVOT ELEMENT
330 A(ICOLUM, ICOLUM)=1.0
340 DO 350 L=1 N
350 ACTCOLM,L)=A(1COLUM,L)/PIVOT(I}
355 1F(M) 380,380,360
360 DO 370 L=1 M
370 B(ICOLUM,L)=B(1COLIM,L)/PIVOT(1)
c
C REDUCE NON-PIVOT ROWS
380 DO 550 Li=1,N
390 IF(L1-ICOLLM) 400,550,400
400 T=A(L1,1COLLM)
420 A(LL,1COLIM)=0.0
430 DO 450 L=1,N
450 A(L1,L)=A(LL, L) -A(1COLIM,L)%T
455 1F(M}550,550,460
460 DO 500 L=1,M
500 B(L1,L)=B(L1,L)-B(ICOLIM,L)¥T
550 CONTINUE
c
C INTERCHANGE COLLMNS
600 DO 710 I=1,N
610 LaNH-1
620 IF(INDEX(L,1)-INDEX(L,2)) 630,710,630
£30 JROW=INDEX(L,1)
640 JCOLWM=INDEX(L ,2)
£50 DO 705 K=1,N
660 SWAP=A(K, JROW)
670 ACK,JROW)=A(K, JCOLIM)
700 A(K,JCOLUM)= SWAP
705 CONTINUE
710 CONTINUE
740 RETURN
END
*DECK ARBIT
SUBROUTINE ARBIT(T,TE,TV,TEX,TARB,FACTRN, TEX2,NFOUT NPRT,
1 NFERR)
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C CALCULATE EFFECTIVE DENSITY MULTIPLICATIVE FACTOR THAT, WHEN MULTIPLIED

C TO AN EQUILIBRIUM RADIATION CODE, GIVES THE CORRECT NONEQUILIBRIUM
C RADIATION EMISSION FOR OPTICALLY THIN CASE

C INPUT PARAMETERS

C T=HEAVY PARTICLE TRANSLATIONAL AND ROTATIONAL TEMPERATURE

C  TE=ELECTRON TEMPERATURE

C  TU=UIBRATIONAL TEMPERATURE

C TEX(M,IB)=EFFECTIVE EXCITATION TEMPERATURE OF M-TH ELECTRONIC
£ LEVEL OF 1B~TH MOLECULE

C  TARB=ARBITRARILY SPECIFIED TEMPERATURE

C GUTPUT PARAMETERS

C  FACTEN(JSPEC)=EFFECTIVE DENSITY FACTOR FOR JSPEC-TH SPECTRAL

c BAND

¢ TEX2(JSPEC)=SAME AS TEX, BUT ARRANGED ACCORDING TO JSPEC
COMMON/EXCTB/AMOLEC(3,5) ,LMOLEC(4,5) , SPEC2(8,8,5) ,ATOM(S, 2,

1 55,1L5T(3,6,5),0W(22,28,21) ,EE(8,21) ,SIGMA(S,21) ,

zmmmqssmwGS)ﬂmwesm

DIMENSION m TEX FACTRN(20),1(3 20) TEX2(20)
INDEX 1 MUST MATCH éouedma ge cn%d

c
C 1,2aN2t 1-. 3, 4=Nz 14. 5N2 24, 6-8:N2 BH2.
0 9-11=ND BETA. 12,13=N0 GAMMA, 14-17=02 SR,
C  18=CN VIOLET, 19,20=0N RED.
TR 171,3,1, 1,31, 2,3,2, 2,3,2, 2,53, 2,51, 2,51,
12,51, 531, 3,31, 3,31, 3,2,1, 3,2,1, 4,51,
> 4,51, 4,51, 4,51, 53,1, 52,1, 52,/
c
C CYCLE VER SPECTRAL BAND
DO 1 JSPEC=1,20
18=1(1,JSPEC)
MU=1(2,JSPEC)
ML=1(3,JSPEC)
TEXX=TEX (MU, 1B)
TEX2( JSPEC) =TEXX
TERMU=SPEC2(2 MU, IB)
. TERML=PEC2({2,ML,1B)
c
C DETERMINE DENSITY FACTOR FOR N2 24+ AND 02 SR, ETC
IF(MULT.5) 60 T0 §
=1, /EQC(1B,0,T, TV, TE ,NFOUT NPRT NFERR)
QI=1,/EQC(1B,MU, T, T, TE ,NFOUT NPRT NFERR)
F1=(Q1/GM)XEXP(-1,43877%(TERMU-TERML) /TEXX)
(=1 /EGC (12,0, TARB, TARB, TARB,NFOUT NRT ,NFERR)
G1=1. /EQC(18.MU, TARB, TARB, TARB,NFOUT ,NPRT ,NFERR)
Fox (QL/QM)HEXP(~1 . 43877% (TERMU-TERML)/TARE)
FACTRN(JSPEC)=F1/F2
60 70 1

6 CONTINGE
N7={MOLEC(2,1B)
FACTRN(JSPEC)=0.
DO 4 ITX=1,NT
TF((MLLEQ.ILST(1, 17X, IB)) JAND. (MU.EQ. ILST(2,ITX,1B) ) IT=ITX
4 CONTINUE
10RD=ILST(3,1T,IB)
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c
C SET MOLECULAR CONSTANTS
WEL=SPEC2(3,ML,1B)
WEU=SPEC2(3,MU, 1B
WEXEL=GPEC2(4,ML,1B)
WEXEU=SPECZ(4,MU, 1B)
WEYEL=SPEC2(5,ML,1B)
WEYEU=SPEC2(5,MU, 1B)
WEZEL=SPEC2(6,ML,B)
WEZEU=SPEC2(6,MU, 1B)
BEL=SPEC2(7,ML,1B)
BEU=SPEC2(7,MU, 1)
ALPHAL=SPEC2(8,ML, 1B)
ALPHAU=SPEC2(8,MU, IB)
c
C CYCLE OVER TWO TEMPERATURES
DO 5 ITIME=L,2
IF(ITIME.EQ.1) T1=T
IF(ITIME.EQ.1) TWI=TV
IF(ITIME.EQ.1) TEX1=TEXX
IF(ITIME.EQ.2) T1=TARB
IF(ITIMEEQ.2) TVI=TARB
IF(ITIME.EN.2) TEX1=TARB
c
C START CYCLING OVER UPPER VIBRATIONAL NUMBER
51=0.
D0 2 JU=1,22
YU=JVU-0.5
BU=BEU-ALPHAUAVY
BU=VURHEU-HEXEURULIk 2HWEY ELR UK SHHEZE LRk
¢
C CYCLE OVER LOWER UIBRATIONAL NUMBER
- ge=q,
DO 3 JL=1,28
FRANCK=QW(JUU, JUL , 10RD)
IF(FRANCK.LT.1.0E-10) 60 TO 3
WL=dvi-0.5
BL=BEL-ALPHALAUL
BL=VLAHEL ~HEXEL LIk 2HHEYELAVL Ak HWEZEL KL k4
AL=TERMU-TERML+GU-GL+( BEU-BEL ) /BEU
DE=TERMU-TERML#GU-6L
§2=524 DEAK4AFRANCKK (T1/(1,43877%BU) Y%Al
3 CONTINUE .
S1=C14EXP(~1,438774GU/TV1 )%52
2 CONTINUE
AT(ITIMEY=EXP(-1,4387HTERMU/TEX1 ) 451
5 CONTINUE
IF(AL(2).LT.1.0E-20) 60 TO 1
FACTRN{JSPEC)=AI (1)/A1(2)
1 CONTINUE
RETURN
END
*DECK EXCTML
SUBROUTINE EXCTML(1B,ML,MU,T, TV, TE,NFOUT NPRT ,NFERR , RATEC)
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C CALCULATES AVERAGE ELECTRON-IMPACT EXCITATION RATE COEFFICIENT

C BETWEEN TWO ELECTRONIC STATES OF A MOLECULE

C INPUT PARAMETERS

. IB=MOLECULE INDEX
ML=INITIAL (LOWER) ELECTRONIC STATE INDEX
MU=FINAL (UPPER) ELECTRONIC STATE INDEX
T=HEAVY PARTICLE TRANSLATIONAL AND ROTATIONAL TEMPERATURE, K
TU=VIBRATIONAL TEMPERATURE
TE=ELECTRON TEMPERATURE
NFOUT=FILE NUMBER OF OUTPUT PRINT :
NPRT=PRINT OUT INDEX, 0=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT.
NFERR=FILE NUMBER OF ERROR MESSAGES

OUTPUT PARAMETERS

* RATECSRATE COEFFICIENT, CM3/8

COMMON/EXCTB/AMOLEC(3,5) ,LMOLEC(4,5) ,SPEC2(8,8,5) ,ATOM(5, 2,
1 5),1LET(3,6,5),0MK(22,28,21) ,EE(8,21) ,SIGMA(8,21),
2 ARAD(4,4,5) ,ED(8,6,5) ,51GD(8,6,5)

Lyw o B o B o0 I oo

[l au I o B ar B o]

(]

C

o

PRESET RATEC 70 ZERD
RATEC=C.

L]

C FIND IT AND TORD
NT=LMOLEC(2,18)
D0 4 ITX=1,NT
IF((ML.EQ. TLST(L, 1T, IB) }.AND. (MU.EQ. ILST(Z, ITX, 1B))) IT=ITX
4 CONTINUE
10R0=1LST(3,1T,1B)

[ I 4]

- CALCULATE AP AND BP AT ROOM TEMPERATURE FROM GIVEN CROSS-SECTION DATA
TERML=5PECZ(2 ML, 15)

TERMU'=SPEC2(2 MU, 1B)

DE=TERMU-TERML _

CALL CROSAB(EE(1,10RD),S1GMA(1,10RD),DE,300. NFOUT NPRT,
1 AP ,BP)

IF(eP.LT.1,0E-10) RETURN

[T o}

SET SPECTROSCOPIC CONSTANTS FOR THE LOWER AND UPPER STATES
WEL=SPEC2(3,ML, 1B}
WEU=SPEC2(3,MU, IB)
WEXEL=SPEC2(4,ML,18)
WEXEU=SPEC2( 4 MU, 1B)
WEYEL=SPEC2(S5 ML, IB)
WEYEU=SPEC2(5,MU, 18)
WEZEL=SPEC2(6,ML, IB)
WEZEU=SPECZ(§,MU, 1B)
BEL=SPEC2(7,ML,1B)
BEU=SPEC2(7,MU, IE)

LPHAL=SPEC2(8,ML, IB)
ALPHAU=SPEC2(8,MU, 18)

L

C CONSTRUCT LOWER STATE PARTITION FUNCTION
aL=0.
D0 5 JL=1,10
UL=L-0.5
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BE1=BEL-ALPHAL*L
QR=T/(1.43877%BE1)
GL=VLAREL -UL Ak 2XHEXEL YV SAWEYEL UL Ik 4RWEZEL
QL=0L+HEXP(-1.438774GL/TV)XQR
5 CONTINUE

o

[ ap)

| SUMMATION OVER UPPER VIBRATIONAL STATES BEGINS
SUMVU=0.
DO 1 MU=1,22
WW=U-0.5
BE2=BEU-ALPHAUAWY :
BU=VURHEU=VLHE ZRHEXE VLK SKAEY E VLR AKHEZE

C
C SUMMATION OVER LOWER VIBRATIONAL STATES BEGINS
SIMIL=0,
DO 2 JVL=1,28

FRANCK=DU( VU, JVL, 10RD)
IF(FRANCK.LT.1.E~4) 60 TO 2
YL=VL-0.5
BLEVLAHEL YLk 2KWEXEL HVLAck SRHEYEL ULk RWEZEL
BE1=BEL-ALPHALAVL
D1=1.43877*(BE2-BE1)/TE
De=1,438774BE1/T
D=D1/(D14D2)
IF(D.EQ.0.) G0 TO 2
DE=TERMU-TERML#GU-6L
. C=AP+BP1 . 4387 7DE/TE
C CASE OF (D14D2)30
IF((D14D2).LE.0.) 6O TO 7
IF(((D14D2).6T.0.}.AND. (D1.LT.0.)) GO TO 11
F1=0,88624CH , 3293%BPAD
§1=5,47E-11*SQRT(TE)XEXP( -1 ,438774DE/TE-1, 43877%6L/TV)*F 1
1/((D14D2)*1.5)
IF(S1.LT.0.) WRITE(NFERR,10) ML,MU,D1,D2,F1,51
10 FORMAT(1X,3HML=,12,2X,3HMU=, 12,2X, 3HD1=, 1PE10.3,2X, 3HD2=,
» £10.3,2X,3HF1=,E10.3,2X, 3H51=,E10,3)
IF(S1.LT.0.) G0 7O 2
G0 TO &
C CASE OF (D1402)>0 AND DI(0
11 C1=-C/(BPAD)
IF(C1.LT.4) F1=CAGAMI(1.5,C1)4BPEDRGAMI (2.5,C1)
IF(C1.67.4) F1=Ck(0.8862-GAMC(1.5,C1) ) +BPRDX(1.3293-
1 GAMC(2.5,C1))
8125, 47E-11%SGRT (TE)XEXP(~1,428774DE/ TE-1, 5487746L/TV)#F 1
1 /((D14D2)*k1.5)
IF(S1.LT.0.) WRITE(NFERR,10) ML,MU,D1,D2,F1,51
IF(S1.LT.0.) 6O TO 2
CGUTOS
C CAE OF (D14D2)(0
7 D3=-D1-D2
£1=C/(BPXD)
IF(C1.LE.0.) WRITE(NFERR,9) (AMOLEC(II,IB),l11=1,2) ML MU,
1 b1,02,03,Ct
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9 FORMAT(1X,243,2X,3HML=,12,2X, 31MU=, 12, X, 3HD1=, 1PE10. 3, X,
1 3HD2=,E10.3,2X,3HD3=,E10.3,2X, 3HC1=,E10.3)

F1=CXAI3(0.5,C1)-BPAD*AI3(1.5,C1)

§1=5, 47E-11%GORT( TE)AEXP(~1 , 43877DE/TE-1 . 4387746L/TV)

1 F1/0%1.,5

IF(51.LT.0,) WRITE(NFERR,10) ML,MU,D1,D2,F1,51

IF(§1.1T.0.) 60 TO 2
8 CONTINUE

SIMUL=SUMJL+S1 XFRANCK
2 CONTINUE

SUMAU=SUMVUE SUMUL
1 CONTINUE

RATEC=SUMI/GL
IF(NPRT.GT.1) WRITE(NFOUT,3) ML,MU,T,TV,TE,RATEC
3 FORMAT(29H MOLECULAR EXCITATION. ML,MU=,213,3X, BNT,TV,TE=,
1 2F3,1,3X, 6HRATEC=,1PE10.3)
RETURN
END
*DECK GAMI
FINCTION GAMI(A,X)
C EVALUATES INCOMPLETE GAMMA (SMALL LETTER) FINCTION
CVALID ONLY WHEN %4
DIMENSION FACT(20)
DATA 17/0/
IF(IT.NE.O) 60 TO 1
FACT(1)=1,
Do 2 1=2,20
2 FACT(1)=FACT(I-1)4]
17=1
1 CONTINUE
GAMI=G.
IF{X.LT.1.0E-20) RETURN
IF(A.LT.1.0E-10) RETURN
SM=1./A
00 2 121,15
SUM=SUME ( -X)Hk /1 (A 1)AFACT())
BAMI =SLMAXARA
RETURN
END
FUNCTION GAMC(A,X)
{ EVALUATES INCOMPLETE GAMMA (CAPITAL LETTER) FUNCTION
T UALID ONLY WHEN X)4
4 7=1./X
SUM=1.4(A-1)4Z4(A-1)%(A-2)K2Hk2
BAMC =Xk (A-1JXEXP(-X)%SIM
RETURN
END
ADECK AIZ
FINCTION AI3(AN,A)
C EVALUATES INTEGRAL OF X*AANKEXP(X) FROM ZERD TO A
DIMENSION X(200),Y(200)
Al13=0,
IF(AN.LT.=20.) RETURN

()



IF(AN.GT.20.) RETURN
IF(A.LT.1.0E-10) RETURN
IF(A.GT.20,) RETURN
XLIM=EXP(A)
N=104XLIM
IF(N.LT.10) N=10
IF(N.GT.200) N=200
DO 1 I=1,N
X(1)=1.00014+(XLIM-1.0001 ) *FLOAT(1-1)/FLOAT(N-1)
IF(X(1).EQ.1.0) Y(I)=1.0
IFCX(T).NE.1.0) Y(1)=ALOG(X(]) )kaN
1 CONTINUE
CALL SIMP(ANS,X,Y,N, IER)
AT3=ANS
RETURN
END
*DECK SIMP
SUBROUTINE SIMP(R,X,Y N, IER)
DIMENSION X(N),Y(N)
R=0.0
IF(N.6T.1) 6O TO 1
IER=2
RETURN _
1 IF(X(1).EQ.X(2)) 60 T0 12
NML=N-1
IF(N.EQ.2) 6O TO 12
IF(X(1).LT.X(2)) 60 T0 3
C TEST FOR X TO BE MONOTONICALLY DECREASING
DO 2 1=2,NM1
IF(X(141).6E.X(1)) 60 TO 12
2 CONTINUE
G0 TO S
C TEST FOK X TO BE MONOTONICALLY INCREASING
3 D0 4 I=2,N41
IF(X(I41).LE.X(1)) GO TO 12
4 CONTINUE
5 NM2=N-2
IF(MOD(N,2) .EG.0) GO TO 14
P=0.0
N1=1
§ S1=X(NL+1)-X(N1)
52=X(N142) X (N1}
SI=X(NML ) -X(NM2)
S4=X(N)-X(NM1)
R=( 2. KS1Hk2ESIE2-S24K2) /STHY (N1 )4 (2, X54Hk2+IHG4-53Hkk2) /544Y (N)
N1=N1+
DO 7 I=N1,NML,2
81=X(1)=X(I-1)
82=X(14+1)~X(1)
7 R=R$(S1+52)hk3/(S1XE2)4Y (1)
IF(N.LT.5) 60 10 9
N1=N1+1
DO § I=NI,NM2,2
S1=X(1-1)-X(1-2)
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§2=X(1)-X(1-1)
83=X(I+1)-X(1)
§4=X(142)-X(1+1)
8 R=R+{(2.%G2xk2+81%52-81%k2) /524 (2 XS Ihk2+53%54-54%k2) /83 )*Y (1)
Y R=R/6.1P
10 CONTINUE
IER=1
RETURN
i1 IER=3
RETURN
12 IER=4
RETURN
TRAPEZOIDAL RULE FOR N=2
13 R=(X(2)-X(1))x(Y(1)4Y(2))/2.0
G0 7O 10
FIT POLYNOMIAL THRU FIRST 3 POINTS AND INTEGRATE FROM X(1) TO X(2).
14 S1=X{2)-X(1}
§2=X(3)-X{1)
53=Y(2)-Y(1}
§4=Y(3)-Y(1)
P=81/6,%(2.%83+6, %Y (1) +{ §2hk2kG3-S1Hk2454) / (S24(52-51)))
N1=2
G0 T0 e
END

*DECK ELECD

C
C

¥
C
£
C
C
€
¢
£

FUNCTION ELECD(IB,M,TE,NFOUT NPRT NFERR)
CALCULATES RATE OF DISSOCIATION BY ELECTRON-IMPACT
INPUT PARGHMETERS
1B=GPECIES INDEX
M<ELECTRONIC ENERGY LEVEL NUMBER
TE=ELECTRON TEMPERATURE
NFOUT=FILE NUMBER OF OUTPUT PRINT
NPRT=PRINT INDEX. 0=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT.
NFERR=FILE NUMBER OF ERROR MESSAGES
OUTPUT PARAMETER
ELECD=DISSOCIATION RATE COEFFICIENT, CM3/5
COMMON/EXCTB/AMOLEC(3,5) ,LMOLEC(4,5) , SPEC2(8, 8, 5) ,ATOM(S, 2,
1.5),1L8T(3,6,5),0M(22,28,21) ,EE(2,21) , S14A(8,21) ,
2 ARAD(4,4,5),ED(8,6,5),S1GD(8,6,5)
DISS=ATOM(4,1,18)
TERM=SPEC2(2,M, 1B}
DE=DISE-TERM
CALL CROSAB(ED(1,M,1B),SIGMD(1,M,1B),DE,300. NFOUT NPRT,
1 AP,BP)
ELECD=5.47E-11%SOKT (TE)£EXP(-1.,438774DE/TE )X (AP+(1 .438774DE/
1 TE)*BP)
IF(NPRT.GT.1) WRITE(NFOUT,1) (AMOLEC(I,IB),I=1,2) M,TE,ELECD
1 FORMAT(1X,263,3X, 6HLEVEL=, 12, 3X, 3HTE=,F9,0, 3, GHELECD=, 1PE10. 3)
RETURN
END

*DECK CROSAB

SUBROUTINE CROSAB(EE,S31GMA,DE,T,NFOUT,NPRT,A,B)

C EVALUATES A AND B IN EXCITATION RATE EXPRESSION

C

INPUT PARAMETERS

u



EE=ELECTRON ENERGY, IN EV OR RYD

S16MA=CROSS SECTION, IN (M2 OR PI*AQX%2

DE=THRESHOLD ENERGY, CM-1

T=EXCITATION TEMPERATURE, K

NFOUT=FILE NUMBER OF OUTPUT PRINT :

NPRT=PRINT OUT INDEX. 0=NO PRINT. 1=SMALL PRINT. 2=
LARGE PRINT

QUTPUT PARAMETERS

A=A

B=B

DIMENSION EE(5),S1GMA(8) ,6Z1(15) ,W(15),Y(15)

DATA GZ1/0.093308,0.49263,1.21560,2.26995,3.66762,5.42534
1,7.56592,10.12022,12.13028,16.65440, 20, 77648, 25,62389, 31 . 40752,
2 38,53068,48.02609/

DATA W/2.18235E-1,3.422105-1,2,63028E-1,1.26426E-1,4,02069E-2,
1 8.56388E-3,1,21244E-3,1,116744E-4,6,45993E-6, 2. 22632E-7,
24,22743E-9,3,92190E-11,1,45652E-13, 1, 4830316, 1, 60059E-20/

DATA NEE/8/

A=t

B=0.

IF(DE.LT,0.00001) RETURN
MON=0

DO 1 J¥=1,8

EEX=(T/11605. )XGZI (JX)4EE(1)

IF(EEX.LTEE(8)) 6O TO 4

YX=51GMA(8)XEE(8) /EEX

60 T0 5

4 CONTINUE

CALL TAINT(EE,S1GMA,EEX,YX,NEE,2,TER,MON)
TF(YX.LT.0.) YX=0.

3 Y(IX)=YX/0.879E-16
1 CONTINUE

D0 2 JX=1,8
A=A TX)KY (JX)RBZT {JX)

2 B=BH(JX)%Y(JX)

IF(NPRT.GT.1) WRITE{NFOUT,3)7,A,B

3 FORMAT(1X,3H T=,F10.1,3X,2HA=,1PE10.3,2X, 2HB=,£10.3)

RETURN
END

*DECK EQC

FUNCTION EQC(IB,M,T,TV,TE,NFOUT ,NPRT ,NFERR)

C FOR DISSOCIATION M=A+B, CALCULATE EQUILIBRIUM CONSTANT

C (QRYX(QB)Y*EXP(-E/KT)/(QM) INCLUDING TRANSLATIONAL COMPONENT
L IN THE CGBS INIT

C INPUT VARIABLES

CACICIAA OO

IB=SPECIES INDEX. 1=N2t,2=N2,3=N0,4=02,5=(N
M=ELECTRONIC STATE INDEX
=0 TOTAL MOLECULE. >0 INDIVIDIDUAL ELECTRONIC LEVEL
T=HEAVY PARTICLE TRANSLATIONAL AND ROTATIONAL TEMPERATURE
TU=VIBRATIONAL TEMPERATURE
TE=ELECTRON TEMPERATURE
NFOUT=FILE NUMBER OF OUTPUT PRINTS
NPRT=PRINT INDEX. 0=NO PRINT. 1=8MALL PRINT. 2=LARGE PRINT
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C NFERR=FILE NUMBER OF ERROR MESSAGES
COMMON/EXCTB/AMOLEC(3,5) ,LMOLEC(4,5) , SPEC2(8,8,5) ,ATOM(S, 2,
1 5),1L8T(3,6,5),0W(22,28,21),EE(8,21), SIGH(E, 21),

2 ARAD(4,4,5) ,ED(8,6,5) ,S1B4D(8,6,5)
DIMENSION QTA(2)
IF(M.GT.0) QRM=PARTM(IB,M,T,TV,TE ,NFOUT NPRT ,NFERR)
IF(M.6T.0) GO TO 3
ORM=0.
LEVELS=LMOLEC(3,1B)
C PARTITION FUNCTION OF AN ELECTRONIC STATE PARTM 1S MEASURED
C FROM THE MOLECULE GROUND STATE
DO 2 IM=1,LEVELS

2 QRM=ORMPARTM(IB, IM, T, TV, TE,NFOUT NPRT NFERR)

3 CONTINUE
WT=AMOLEC(2,1B)

QTM=(3.281E1 BRATHT k15
(H=ORMAQTH
C CHEMICAL ENERGY DE 1S THE DISSOCIATION ENERGY IN ALL CASES
C BECAUSE PARTM 1S MEASURED FROM THE GROUND STATE
DE=ATOM(4,1,1B)
D0 1 1A=1,2
WT=ATOM( 3,14, 1B)

1 TA{1A)=(3, 201E1IHATHT k1, SHATOM(S, 14, IB)
EOC=(UTACL /)% (QTA{ 2)4EXP( -1, 43766KDE/TE) )
TE(NPRT.G7.1) WRITE(NFOUT,4) (AMOLEC(I,IB),I=1,2) M,

1 7,TV,TE,EGC :

4 FORMAT(1X,2A3,3X,7H LEVEL=,12,3X,BHT, TV, TE=,3F9.1, 3,

1 4HEQC=,1PE10.3)

RETURN
D
XDECK. PARTG
FUNCTION PARTQ(18,T,TV,TE,NFOUT NPRT NFERR)
C CALCULATES INTERNAL PARTITION FUNCTION OF A MOLECULE
C WITHOUT TRANSLATION
C INPUT PARAMETERS
C  1B=SPECIES INDEX
C  T=RCTATIONAL TEMPERATURE
C  TU=VIBRATIONAL TEMPERATURE
C  TE=ELECTRONIC EYCITATION TEMPERATURE
C  NFOUT=FILE NUMBER OF OUTPUT PRINTS
C  NPRT=PRINT INDEX
C  NFERR=FILE NUMBER OF ERROR MESSAGES
COMMON/EXCTB/AMOLEC(3,5) ,LMOLEC(4,5) ,SPEC2(8, 8, 5) ,ATIM(5, 2,
1 5),1LST(3,6,5),0W(22,28,21) ,EE(8,21) ,SIG4A(8,21) ,
2 ARAD(4,4,5),ED(8,6,5),S1GMD(8,§,5)
LEVELS=LMOLEC(3, 18)
PARTO=0.
D0 1 M=1,LEVELS
PARTQ=PARTGHPARTM( 1B,M,T, TV, TE ,NFOUT ,NPRT NFERR)
1 CONTINUE '
RETURN
END
DECK PARTH
FINCTION PARTM(IB,M,T,TV,TE,NFOUT NPRT NFERR)
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C CALCULATES PARTITION FUNCTIONS FOR MOLECULES
C INPUT PARAMETERS
1B=SPECIES INDEX. 1=N2+,2=N2,3=N0,4=02,5=CN
M=ELECTRINIC STATE INDEX
T=HEAVY PARTICLE TRANGLATIONAL AND ROTATIONAL TEMPERATURE
TU=UIBRATIONAL TEMPERATURE
TE=ELECTRON TEMPERATURE
NFOUT=FILE NUMBER OF OUTPUT PRINTS
NPRT=PRINT INDEX. 0=NO PRINT. 1=GMALL PRINT. 2=LARGE PRINT,
NFERR=FILE NUMBER OF ERROR MESSAGES
COMMON/EXCTE/AMOLEC(3,5) ,LMOLEC( 4,5) , SPEC2(8,8,5) ,ATOM(S, 2,
1 5),1L8T(3,6,5),0W(22,28,21) ,EE(,21) , S1GMA(B, 21},
2 ARAD(4,4,5) ,ED(8,6,5) ,SIGMD(8, 6,5)

CAICIDDCY 33O

c
C EQUATE TEMPERATUKES AND NUMBER DENSITY
TROT=T
VIB=TV
TELECT=TE
DEGEN = SPEC2(1,M,IB)
TERM = SPEC2(2,M,1B)
WE = SPEC2(3,M,IB)
WEXE = SPEC2(4,M,1B)
WEYE = SPEC2(5,M,18)
WEZE = SPEC2(6,M,IB)
BE = SPECZ(7,M,1B)
ALPHA = SPEC2(8,M,1B)
¢
C CALCULATE PARTITION FUNCTION
PARTM=0,
WR=0.0
=00
EVIB1=0.0
U=0,0
B0 EVIB2=NEK(WMHD.5) -HEXEX(VH0.5)%k2 HHEYER (W0, 5)4k3
1 HAEZEX (W 5)%kd
DELTQV=EXP(-1,43879+EVIB2/TVIB)
C COMPARE DELTA Q-VIBRATIONAL TO 0.1 PERCENT OF THE OV SUM TO THIS
C POINT.
IF (DELTQY .LE. 0.001x@) GO TO 70
C HAS THE VIBRATIONAL ENERGY REACHED A FICTITIOUS PEAK.
IF (EVIBZ .LE. EVIB1) 6O TO 70
W=RHDELTOV
IF ({BE-ALPHAX(Y$0.5)).LE.1.0E-8) GO TO 70
UR=QUR +TROTADELTQU/(1.43879% (BE-ALPHAK(U40.5)))
65  CONTINUE
EVIB1=EVIB2
Y=41.0
60 TO 60
70 PARTH=PARTM +QURADEGENXEXP(-1.438794TERM/TELECT)

Kz

C MRITE OUT RESULTS
TE(NPRT.GT. 1) MRITE(NFOUT,2) (AMOLEC(I,IB),I=1,2) M,
1 7,TV,TE,PARTM
2 FORMAT(1X,2A3,2X, 6HLEVEL=, 12, 2%, 8HT, TV, TE=, 3F8.0,2X,
1 19HPARTITION FUNCTION=,1PE10.3)

by



RETURN - - OF FUSR Qulin. .

END
*DECK TAINT
SUBROUTINE TAINT(XTAB,FTAB,X,FX,N,K,NER, MON)
DIMENSION XTAB(N) ,FTAB(NY,T(10),E(10)
CPS0400 TAINT SUBROUTINE- IN FORTRAN 11.
IF (N - K) 1,1,2
NER=2
RETURN
IF (K-9) 3,3,1
IF { MON) 4,4,5
IF { HN-2) 6,7,4
3=0
NML=N-1
DO 8 1=1,NM1
IF (XTAB(1)-XTAB(1+1)) 9,11,10
11 NER=3
RETURN
9 J=d-1
50 70 8
10 J=J41
8 CONTINUE
MON=1
IF (J) 12,6,6
2 MON=2
7 D0 13 I=1,N
IF (X-XTAB(1)) 14,14,13
14 J=1
G0 T0 18
13 CONTINUE
G0 T0 15
€ DO 16 1=1,N
IF (X-XTAB(I)) 16,17,17
17 J=!
66 70 18
16 CONTINUE
15 J=N
18 J=J-(Kt1)/2
IF (J) 12,19,20
19 J=1
20 M=d4
IF (M-N) 21,21,22
22 J=J-1
60 TO 20
21 KP1=K$1
JSAVE=J
26 D0 23 L=1,KP1
C(L)=X-XTAB(J)
T(L)=FTAB(J)
23 J=d41
D0 24 J=1,
1241

faey

P ) B S 8

1
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5 T(1)=(CEKT(D)-CADATIN /(L) -C(D))
1141 _
IF (1-KP1) 25,25 ,24
24 CONTINUE
FX=T(KP1)
NER=1
RETURN
END
*DECK RATED
FUNCTION RATED(IB,DE ATOMF MOLF, T ,NFOUT NPRT NFERR)
C CALCULATES DISSOCIATION RATE DUE TO HEAVY PARTICLE COLLISION
T INPUT PARAMETERS '
T 18=8PECIES INDEX
C  DE=DISSOCIATION ENERGY, CM-1
L ATOMF=FRACTION OF ATOMS
L MOLF=FRACTION OF MOLECULES
L T=HEAUY PARTICLE TEMPEATURE, K
C  NFOUT=FILE NUMBER OF OUTPUT PRINTS
T NPRT=PRINT INDEX. 0=NO PRINT. 1=3MALL PRINT. 2=LARGE PRINT.
NFERR=FILE NUMBER OF ERROR MESSAGES
C OUTPUT PARAMETER
C  RATED=DISSOCIATION RATE COEF, CM3/S
REAL MOLF N
DIMENSION C(2,5),N(2,5)
T RATE CONSTANTS C AND N TAKEN FROM PARK-MENEES JGR VOL 83,NO C8,
C  P4029, AUG 1978
C THE CONSTANTS FOR CN ASSUMED TO BE THE SAME AS FOR'NO
DATA C/0.0184,0.00614,0,0184,0,00614,7,63E-7,3.82E-7,
1 1,37E-4,4,56E-5,7.63E-7,3.82E-7/
DATA N/-1.6,-1.6,-1.6,-1.6,-0.5,-0.5,-1,0,-1.0,-0,5,-0.5/
C £{1,1B)=RATE CONSTANT FOR ATOM COLLISION
C C(2,1B)=RATE CONSTANT FOR MOLECULE COLLISION
C N(1,1B)=TEMPERATURE EXPONENT FOR ATOM COLLISION
C N(2,1B)=TEMPERATURE EXPONENT FOR MOLECULE COLLISION
D=1.43884DE _
RATED=(ATOMFXC{1, IB)HMOLFAC(2, 1R) YXTHAN(1 , IBYREXP(-D/T)
IF(NPRT.GT.1) WRITE(NFOUT,1) IB,DE,RATED
1 FORMAT(1X,12HMOLECULE NO.,13,2X,3HDE=,F10.1,2X,
1 7H RATED=,1PE10.3)
RETURN
END
ADECK RADIN
C THIS 16 THE BEGINNING -OF THE MODULE NUMBER 3
C THE MODULE CONTAINS THE FOLLOWING SUBROUTINES
C  RADIN,RADCAL ,BFCONT TAINT,FFCONT ATOMIC, SETUP VML,
T ZERD,ONE,52P12,FAST,SAXPY, GLBPWR -
SUBRUTINE RADIN(NFIN,NFOUT ,NPRT)

READ IN RADIATION DATA FOR NONEQUILIBRIUM RADIATION CALCULATION

THPUT ARGIMENTE
NFINSFILE NIMBER OF INPUT DATA (NORMALLY 35)
NFOUT=FILE NUMBER OF OUTPUT DATA (NORMALLY 6)
NPRT=PRINT QUT INDEX. 0=NO PRINT. 1=5MALL PRINT. 2=LARGE PRINT

LT O Y Y C
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OF FOU;

Gumiai ¥
¢
C COMMON/RADA/ CONTAINS ATOMIC DATA
COMMON/RADA/ATOM(4,2) ,LATOM(4,2) ,GLEV(8,2,2) ,ELEV(8,2,2) ,BLINE
1 (13,180,2) ,NBFCON(2,35,2) ,BFCON(14,35,2) ,TFF(5) ,EEFF(6),
2 FFCON(6,5,2)
¢
C COMMON/RADB/ CONTAINS MOLECULAR DATA
COMMON/RADB/AMOLEC(3,20) ,LMOLEC(6,20) ,SPEC2(8,20,20),V1B(4,100,20)

c

C

C CYCLE OVER 2 SPECIES, 1SP=1: NITROGEN; =2: OXYGEN
DO 2 18P=1,2

READ IN BASIC ATOMIC DATA
VARIABLES
ATOH(1-2,1SP)=NAME OF ATIM
(3,15P)=ATOMIC WEIGHT
(4,1SP}=1{INIZATION POTENTIAL, CM-1
LATOM{1,15P)=NUMBER OF LINES
(2,157 =NUMBER OF BOUND-FREE CONTINULM
(3,15P)=NUMBER OF FREE-FREE CONTINUMM (=5)
READ(NFIN,3) (ATOM(1,15P),1=1,4),(LATOM(1,15P),I=1,3)
3 FORMAT(1X,2A3,3X,2E10.3,319)
(FINPRT.GT.E) WRITE(NFOUT,1) (ATOM(I,ISP),I=1,4),(LATOM(I,ISP),I=
14,3
L FURMAT(//16H BASIC ATOM DATA/EH NAME=, 243, 3X,14HATOMIC WEIGHT=,F10
1.3,3X, 2LHIONIZATION POTENTIAL=,F10.1,5H CM-1/ 75H NUMBER OF LINES,
ZBOUND-FREE CONTINUUM, AND FREE=FREE CONTINULM PARAMETERS = ,316)

CICICD OO Y CO 0D

[y

(o]

' READ IN MULTIPLICITY AND ENERGY LEVEL OF NEUTRAL AND ONIZED STATES
IF(NPRT,GT. 1} WRITE(NFOUT,8)
8 FORMAT(/60H MULTIPLICITY AND ENERGY LEVEL OF NEUTRAL AND TONIZED §
1TATES )
D0 5 10N=1,2
READ(NFIN, 6 ((BLEV(I,10N,ISP) ,ELEV(I,ION,1SF)),1=1,8)
6 FORMAT(8E10.3)
- IF(NPRT.GT.1) WRITE(NFOUT,7)((GLEV(I,10N,15P) ELEV(I, ION,ISP)), 1=
11,8
7 FORMAT(4(2X,F6.1,F10.1))
5 CONTINUE
¢
T LINE DATA
IF(NPRT.GT.1) WRITE(NFOUT,9)
% FORMAT(/ 10H LINE DATA/ 99H  GAM EXPN 6L GU  TERM
IOEINSIN  LAMCL  STQL) ET(l) IqL) Iqwy
2 )
MLINE=LATOM(!,1SP)
DO 12 ILINE=1 MLINE
READ(NFIN,13) (BLINECI,ILINE,ISP),1=1,13)
13 FORMAT(2E10.3,2F5.1,3F10.3, 1,23, 1X, 243, 2F 3. 0)
IF(NPRT.GT.1) WRITE(NFOUT,14) (BLINE(I,ILINE,ISP),1=1,13)
14 FORMAT(1P2E10.3,0P2F5.1,1P3E10.3,1X, 203, 1X, 23, 0P2F 3. 0)
12 CONTINUE
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C
* SOUND-FREE CONTINUM DATA
IF(NPRT,GT.1) WRITE(NFOUT,15)
15 FORMAT(/ 484 BOUND-FREE CONTINULM GAUNT FACTORS, FROM PEACH )
NCON=LATOM(2, 15P)
DG 16 ICON=1,NCON
READ(NFIN,17) NBFCON(1,1CON, 3P}, (BFCONCI,1CON, ISP}, 1=11,14),
1 NBFCON(2, ICON, 15P), (BFCON(I, ICON, ISP}, 1=1,10)
17 FORMAT(1X, 11,42,A3,3X, 2F10,2, 110/10F8.4)
IF(NPRT.GT.1} WRITE(NFOUT,17) NBFCON(1,ICON,ISP),(BFCON(CI,ICON,
1 16P},1=11,14) NBFCON(2,1CON, ISP}, (BFCON(1,1CON, 1SP),1=1,10)
16 CONTINUE
¢
C FREE-FREE CONTINULM DATA
NCON=LATOM( 3, 15P)
READ(NFIN,6) (EEFF(1),1=1,6)
IF(NPRT.GT.1) WRITE(NFOUT,33) (EEFF(1),1=1,6)
33 FORMAT(/41H FREE-FREE CONTINUUM FACTORS, FROM PEACH /
> 19H ELECTRON ENERGIES=,6F8.3)
D0 19 ICON=1,5
READ(NFIN, &) TFF(ICON),(FFCON(I,ICON, 15F),1=1,6)
IF(NPRT.GT.1) HRITE(NFOUT,20) TFF(ICON),(FFCON(I,ICON,
1 15P),1=1,6)
20 FORMAT(FL0.0,6F10,3)
19 CONTINUE
2 CONTINUE

READ 1N MOLECULAR DATA

UARIABLES

IB=8D INDEX, FROM 1 TO 20

AMOLEC(1-2,1B)=NAME OF BAND
(3,15)MOLECULAR WEIGHT

LMOLEC(1, 1B)=TYPE INDEX
(2,1B}=NIMEER CF BANDS
(3,1B)=NUMBER OF ENERGY LEVELS
(4,1B)=MOLECULE INDEY IN THE NONEQUILIBRIUM SCHEME
{5,1B)=0RDER WITHIN A MOLECULE

SPEC2(1,J,18)=MOLECULAR CONSTANTS

VIB(VL,V2,18)=VIBRATIONAL DATA

Lar I oo I o BV AR I S B a1

CID LY CDCRCD Y DD

NB=20
D0 21 IB=1 NB
READ(NFIN,22) (AMOLEC(1,1B),1=1,3),(LMOLEC(I,IB),1=1,5)
22 FORMAT(1X,243,3X,F10.3,615)
IF(NPRT.GT.0) WRITE(NFOUT,23) (AMOLEC(I,IB),I=1,3),{LMOLEC(E,IB),
1 1=1,5)
22 FORMAT(//21H MOLECULAR BAND NAME=,2A3,19H MOLECULAR WEIGHT=,F10.
3/ GHINDEX=, 12,3, 130, OF BANDS=, 13,3, 14HND. OF LEVELSS,
¥, 1ZHMOLECULE NO.=,12,3X, GHORDER=,12)
NFIN, 243 LMOLEC(3,183,(SPEC2(,1,1B),1=2,8),(SPEC2(1,2,IB),
\ .
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24 FORMAT(110,7E10.3/8E10.3)
IF(NPRT.GT.1) WRITE(NFOUT,25) LMOLEC(3,1B),(SPEC2(1,1,1B),1=2,8),
1 (SPECZ(1,2,1B),1=1,8)
25 FORMAT(15H NO. OF LEVELS=,I2,1X,7HALTNAT=,F5.1,1X 4HDEU=,
1 1PEL0.3,1X, GHBETAU=,E10.3,1X,4HREU=,E10.3,1X, 7HDZEROU=,0PF10.2
2,1X, GHCAPAU=, F8.2,1X, GHCAPLU=,F4.1/ 4H MU=, F8.2,6X, 7HNUSPIN=,
3F5.1,1X,4HDEL=,1PE10.3,1X, GHBETAL=,E10.3,1X, 4HREL=,E10.3,1X,
4 740ZEROL=,0PF10.2,1X, 6HCAPAL=, F8.2,1X,6HCAPLL=,F4,1/80H DEGEN
5  TERM HE WEXE WEYE WEZE BE AL
EPHA ) ‘
N1=LMOLEC(3,IB)42
NJ=LMOLEC(2,1B)-1
DC 26 JN=3,M1
READ(NFIN,6) (SPEC2(1,JN,IB),I=1,8)
IF(NPRT.GT.1) WRITE(NFOUT,28) (SPEC2(I,JN,IB),I=1,8) -
7B FORMAT(6F10.3,F10,5,1PE10.3)
2€ CONTINUE
c
C INDIVIDUAL VIBRATIONAL BANDS
IF(NPRT.GT.1) WRITE(NFOUT,29)
29 FORMAT(ESH Vil UL SUMREZ  FRANCK VU UL  SUMREZ  FRANKCK
»e¥ )
DG 30 JV=1,W,2
READ(NFIN,31) (VIB(I,dV,18),1=1,4) ,(VIB(I,0H1,1B),1=1,4)
31 FORMAT{2(2F5.1,2£10.3))
IF(NPRT.GT.1) WRITE(NFOUT,32) (VIB(I,0V,1E),I=1,4),(VIB(I,qH1,
118),1=1,4)
FORMAT(2(0P2F5.1,1P2E10.3))
CONT INUE
CONTINUE
RETURN
IND
*DECK RADCAL
SUBROUTINE RADCAL(N,NP,G,0R N2 N2F, 02 NO, CNNE, T, TV, TE  TEX,
> PRESS,RHO,DENS, SMF ,WIDTHF ,STARK WAVELS, WAVELL ,NARRAY NFIN,
> NFOUT ,NPRT1 ,NPRT2,NFERR ,NMETH, HAVEL , EMIS, ABSB, TOTPHR)
C CALCULATES RADIATION
C INPUT PARAMETERS
L N=NUMBER DENSITY OF N
G NP=NUMBR DENSITY OF Mt
L 0=NIMBER DENSITY OF O
C  CGP=NUMBER DENSITY OF 04
€ N2=NUMBER DENSITY OF N2
C  N2P=NUMBER DENSITY OF N24
C  02=NUMBER DENSITY OF 02
T NO=NUMBER DENSITY OF NO
C
5
C
[N
r
C
C
L
C

&

¢
P

a
‘3’7
2
!

Y

{N=NUMBER DENSITY OF CN

NE=NUMBER DENSITY OF ELECTRONS

T=HEAVY PARTICLE TEMPERATURE(=ROTATIONAL TEMPERATURE)

TU=UIBRATI(NAL TEMPERATURE

TEX{JSPEC)=ELECTRONIC EXCITATION TEMPERATURE OF JSPEC-TH
MOLECULAR SYSTEM

PRESS=PRESSURE, ATM

RHO=NONEQUILIBRIUM POPULATION PARAMETERS FOR ATOM, DIMENSIONED
(23,2)
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DING=GAS DENSITY, G/CM3
SMF=STRENGTH MULTIPLICATION FACTOR, DIMENSIONED (20,2)
(1,1)=N LINE
(2,1)=N BOUND-FREE CONTINUUM
(3,1)=N+ FREE-FREE CONTINUWM
(4,1)=0 LINE
(5,1)=0 BOUND-FREE CONTINUWM
(6,1)=04 FREE-FREE CONTINUWM
{ JSPECZ,2)=MOLECULAR BAND
WIDTHF=_0RENTZ WIDTH MULTIPLICATION FACTOR FOR MOLECULE
STARK=STARK WIDTH FOR MOLECULE AT NE=1.E16 AND TE=10000
WAVELG=GHORT-HAVELENGTH LIMIT, A
WAYJELL=LONG-HAVELENGTH LIMIT, &
NARRAY=LENGTH OF RADIATION ARRAYS)
NFOUT=FILE NUMBER OF OUTPUT PRINTS
NPRT=PRINT OUT INDEY. O=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT
NFERR=FILE NUMBER OF ERROR MESSAGES ‘
MMETH=1, TOTAL POWER CALCULATION. =2, SPECTRAL CALCULATION
DUTPUT PARAMETERS
WAVEL SHAVELENGTH, A
EMIS=EMISSION COEFFICIENT, W/(MICRON-CHZ-SR)
ABSB=ABSORPTICNHSTIMULATED EMISSION COEFFICIENT, CM-1
TOTPWR(3)=TOTAL EMITTED POWER. 1=TOTAL, 2=ABOVE 2500 A
3=ABOVE 3500 A
REAL N,NP,NZ,N2P ,NO,NE
COMMON/RADA/ATOM( 4,2}, LATOM(4,2) ,GLEV(§,2,2) ,ELEV(8,2,2) BLINE
1 (13,180,2) NBFCON(2,35,2) ,BFCON(14,35,2) , TFF(5) ,EEFF(6),
2 FFCON(6,5,2)
COMMON/RADB/AMOLEC( 3, 20) , LMOLEC(6, 20} , SPEC(8, 20,20, VIB(4,
1 100,20)
DIMENSION TEX(20)
DIMENS]ON WAVEL(1)
DIMENGION EMIS(L)
DIMENSION ABSB(1)
DIMENSION ANMOL(20),AN(2,2) ,RHO(23,2) , SHF (28, 2) NLEV(2) ,
» TOTPHR(3)
DATA INIT/0/ NLEV/22,19/
IF((NMETH.EQ.1) .AND. (NARRAY.GT.1000)) NARRAY=1000
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READIN RADITION DATA AND PRODUCE WAVELENGTH ARRAY

IF(INIT.NE.0) 60 TO 4
CALL RADIN(NFIN,NFOUT NPRT1)
DELLAM=(3 . /HAVELS-1,/WAVELL )/ (NARRAY-1)
DD 2 M=1,NARRAY

3 WAVEL(M)=1./(1 ./WAVELS~(M-1 )DELLAM)
INIT=1

4 CONTINUE

CNULL EMIS, ABSE, AND TOTPKR ARRAYS
DO 8 M=1 NARRAY
EMIG(M)=0.
8 ABSB(M:=0.
DO @ M=1,3
9 TOTRUR(M)=0.
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c
C ATOMIC CALCULATION STARTS
AN(L,1)N
AN(2,1)=0
AN(1,2)=NP
AN(2,2)=0P
DO 1 ISP=t,2
123(16P-1)
IF(SMF(141,1).6T.1.0E-10) CALL ATOMIC(ISP,NE,TE,T,RHO(1,1SP),
1 NLEV(ISPY,AN(ISP,1) ,AN(1SP,2) ,PRESS, DENS, SMF(1+1,1) WAVEL ;EMIS,
2 AB3B,MARRAY ,NFOUT NPRT2,NFERR ,NMETH, TOTPHR)
c
C CALCULATE GLOSAL (4 PI STER-RADIAN) POWER EMISSION
IF(NMETH.GT.1)CALL GLBPWR(WAVEL ,EMIS,NARRAY ,PHR1 ,PHR2 ,PHR3)
IF((NPRT2.6T.0) ,AND. (NMETH.GT.1)) WRITE(NFOUT,5)PHRI,
Y PUR2, PR3
IF{(NPRT2.6T.0) .AND. (NMETH.EQ.1)) WRITE(NFOUT,5)(TOTPWR

1(1,1=1,3)

IF(SMF(1+2,1).6T.1.0E-10) CALL BFCONT(ISP,RHO(1,ISP) NLEV(ISP),
1 NE,TE,ANCISP,1) ,ANCISP,2) ,SHF (142, 1) ,WAVEL  EMIS, ABSE NARRAY ,
2 NFOUT NPRT2,NFERR NMETH, TOTPWR)

IF(SMF(1+3,1).GT.1.0E-10) CALL FFCONT(ISP,NE,TE,

1 ANCISF,2),SMF(143,1) WOVEL , EMIS, ABSB, NARRAY ,NFOUT,

2 NPRT2,NFERR ,NMETH, TOTPHR)

IF (NPRT2.GT . 0)WRITE(NFOUT, 6) (ATOM( T, 15P) ,1=1,2)
6 FORMAT(1X,2A3,14H ATOM FINISHED )

(40 ]

CALCULATE GLOBAL(4 PI STER-RADIAN) POWER EMISSION
TF(NMETH.GT.1)CALL GLBPNR{WAVEL ,EMIS,NARRAY ,PRR1,PUR2, PHR3)
IF((NPRT2,GT.0) LAND. (NMETH.GT.1)) WRITE(NFOUT,S)PHRI,

> PUR2,PHR3
IF((NPRT2,67.0) .AND. (NMETH.EQ.1)) WRITE(NFOUT,5) (TOTPWR
1(13,1=1,3)
1 CONTINUE

CALCULATION OF MOLECULAR RADIATION
ANMOL(1)=N2P
ANMOL(2)=N2FP
ANMOL{3)=N2
ANMOL(4)=Ne
ANMDL(S)=N2
ANMOL (8)=N2
ANMOL{7Y=N2
ANMOL (81=N2
ANMOL(9)=ND
ANMOL(10)=NO
ANMOL(11)=NO
ANMOL{12)=NO
ANMOL{13)=N0
ANMGL (14)=02
ANMOL(15)=02
AMIL 16)=0Z
AMOL(17)=02
ANMOL (18)=(N

oo
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L

ANMOL(19)=CN
ANMOL(20)=CN

DO 2 JSPEC2=1,20

IF(SMF(JSPEC2,2).LT,1.0E-10) GO TO 2

CALL SETUP(JSPEC2,SMF(JSPEC2,2) ,ANMOL(JSPEC2) T, TV, TEX)
CALL VIML(JSPEC2 ,SMF(JSPEC2,2) NE,PRESS, W1 DTHF , STARK,
YDENS,HAVEL ,EMIS, ABSB,NARRAY ,NFOUT NPRT2 NFERR NMETH , TOTPHR)
IF(NPRT2,57.0) WRITE(NFOUT,?) (AMOLEC(I,JSPEC2},1=1,2)

7 FORMAT(1X,243,10H FINISHED )

C CALCULATE GLOBAL(4~P! STER-RADIAN) POWER EMISSION

IF(NMETH.GT.1)CALL GLBPHR(HAVEL,EMIS,NARRAY,PHRI , PHR2, PHR3)
IF((NPRT2.GT.0) .AND. (NMETH.GT.1)) WRITE(NFOUT,5)PHR1,

> PHR2,PHR3

IF(NMETH.EQ.1) GO TO 10

TOTPHR(1)=PHRY

TOTPUR(2) =PHR2

TOTPHR(3)=PUR3

10 CONTINUE
3 FORMAT(30H GLOBAL POWER EMISSIIN. TOTAL=,1PE12.5,2X,

1 13HABOVE 2500 A=,E12.5,2X,13HABOVE 3500 A=,E12.5,

2 6H WIM3)

IF((NMETH.EQ.1) .AND. (NPRT2.6T.0)) WRITE(NFOUT,5) (TOTPWR
1),1=1,3)

2 CONTINUE

RETURN
END

*DECK BFCONT

c

SUBROUTINE BFCONT(ISP,RHO,NLEV,ANE,TE, AN, ANP, SHF WAVEL ,EMIS,
> ABSB,NARRAY ,NFOUT ,NPRT,NFERR ,NMETH, TOTPKR)

C CALCULATES EMISSION AND ABSORPTION COEFFICIENTS DUE TG BOUND-FREE

C
[
L
L
C
C
L
C
L
¢
L
€
€
c
C
i
C
£
L
C
L
C

CONTINUM

SUBROUTINE RADIN MUST BE EXECUTED BEFORE THIS SUBROUTINE CAN BE

EXECUTED

INPUT PARAMETERS

ISP=5PECIES INDEX. 1=N, 2=0

RHO=NONEQUILIBRIUM POPULATION PARAMETER, DIMENSIONED 23
NLEV=NUMBER OF LEVELS

ANE=ELECTRON DENSITY, CM-3

TE=ELECTRON TEMPERATURE, K

AN=NUMBER DENSITY OF ATIM

ANP=NUMBER DENSITY OF IDN

SMF=STRENGTH MULTIPLICATION FACTOR

WAVEL=WAVELENGTH, A

NARRAY=LENGTH OF WAVEL, EMIS, ABSB ARRAYS

NFOUT=FILE NUMBER OF OUTPUT PRINTS

NPRT=PRINT OUT INDEX. 0=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT
NFERR=FILE NUMBER OF ERROR MESSAGES

NMETH=1, EMITTED POWER ONLY. =2 SPECTRAL CALCULATION

QUTPUT PARAMETERS

EMIS=EMISSION COEFFICIENT, W/(MICRON-CM2-SR)
ABSB=ABSORPTION+STIMULATED EMISSION COEFFICIENT, CM-1
TOTPMR(2)=POWER EMITTED
COMMON/RADAZATOM(4,2) ,LATOM(4,2) ,GLEV(8, 2,2) ,ELEV(8,2,2) ,BLINE
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1 (13,180,2) ,NBFCON(2,35,2) ,BFCON(14,95,2) , TFF(5) ,EEFF (6),
2 FFCON(6,5,2)
DIMENSION RHO(23) ,WCUTS(353 WCUTL(35) ,EX(10} ,RHOLOG(23)
>, TOTPHR(3)
DIMENSION WAVEL(1)
DIMENSION EMIS(1)
DIMENSION ABSB(1)
DATA EX/0.,0.05,0.1,0.15,0.2,0.25,0.3,0.35,0.4,0.45/
C
C NULL EMIS ARRAY FOR TOTAL POWER CALCULATION
IF(NMETH.GT.1) GO TO 12
DO 11 M=1,NARRAY
11 EMIS(M)=0.
12 CONTINUE
C
C CALCULATE PARAMETERS
EION=ATOM(4,1SP)
TE1=1./TE
TE2=80RT(TE1)
TE3=TEIATE2
PARTI=0,
DO 1 JLEV=1,4 :
1 PARTI=PARTI+GLEV(JLEV,2,15P)*EXP(-1,438774ELEV(JLEV, 2, ISP)%
>TED)
AZ=2.07E-16*ANPATES/PART]

¢
C GENERATE ALOG OF RHO
D0 2 JLEV=1,NLEV
RHOJ=RHO(JLEV)
IF{RHOJ.GT.1.0E-30) GO TO 6
WRITE(NFERR,7) ISP, JLEV,RHOJ
7 FORMAT(22H ERROR IN BFCONT. 1SP=,13,3X,6H JLEV=,I3,
93X, 4HRHO=,1PE10,3,3X, 18H KHO SET TO 1.E-10)
RHOJ=1.0E-10
6 RHOLOG(JLEV)=ALOG(RHOJ)
2 CONTINUE
¢
C GENERATE CUT-OFF WAVELENGTHS
C WCUTS=SHORT-MAVE END. WCUTL=LONG-HAVE END.
NCON=LATOM( 2, 15P)
DO 2 J=1,NCON
EJ=BFCON(14,J,15P)
WCUTL{J)=1,0E8/(EION-EJ)
WCUTS(J)=1,0E8/(E1ON-EJ40,5%109679.)
3 CONTINUE
C
c
C CYCLE QVER WAVELENGTHS
: D0 4 L=1 NARRAY
WAVEX=HAVEL (L)
DO 5 J=1,NCON
- IF(MAVEX LT WCUTS(J)) . OR. (WAVEX.GT.MCUTL(J))) 60 TO 5
HNU=1 , OE/MAVEX
EE=(HNU~(E1ON-EJ) ) /109679,
CC=7.908E~18%( 109679, /HNU)*k3/NBFCON(1,J, ISP)#45
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MON=0
CALL TAINT(EX,BFCON(1,J,15P) ,EE,GALNT, 10,3, 1ER,MON)
CROS=CC*GAUNT

.

C COMETRUCT EMISSION AND ABSORFTION COEFFICIENTS
BL=BFCON{13,J,15P)
NG=NEFCON(2,d, 16P)
APEN=AZHGLXEXP(1,43677%(E1ON-EJ)XTEL)
EMI=APENKANE*RHO(NG)

La)

C EXCITATION TEMPERATURE TEX
TEX=1,428774(EION-EJ)/(RHOLOG(NG)+1.43877%(E1ON-EJ)XTEL)

XLAM=HAVEX*1 0 -8
AX=EXP{-1,43877/ (XLAMKTEX) )
BX=XLAMEES
BLAM=1, 1904E-16%AX/ (BXK (1, 0-AX) )
ABSBL=ANJ*CROSHSHF
EM1SL=ABSBLABLAM
ABSB(L)=ABSB(L)+ABSBL
EMIS(L)=EMIS(L)+EMISL
5 CONTINUE
4 CONTINUE
c
C CALCULATE GLOBAL POWER EMISSION
IF(NMETH.GT.1) 60 TO 10
CALL GLBPWR(WAVEL EMIS NARRAY ,PHR1 ,PHR2, PHR3)
IF(NPRT.GT.1) WRITE(NFOUT,9)(ATOM(I,18P),1=1,2) ,PWRL,
1 FWRZ,PHR3
9 FORMAT(1X,243,1X,33H BOUND-FREE CONT. ,PURY,PKR2,PHR3=,
1 1P3E10.3)
TOTFWR(1) =TOTPHR(1 ) +PHRY
TOTPHR(2)=TOTPHR(2)+PHR2
TOTPWR( 3) =TOTPHR{ 3)+PHR3
10 CONTINUE
c
C PRINT OUT
IF(NPRT.GT.1) WRITE(NFOUT,B) (ATOM(I,ISP),1=1,2
8 FORMAT(1X, 203, 30K BOIND-FREE CONTINULM FINISHED )
RETURN
END
KDECK FECONT
SUBROUTINE FFCONT(1SP,ANE, TE,ANP, SMF WAVEL ,EMIS, ABSE,
» NARRAY NFOUT NPRT ,NFERR ,NMETH, TOTPWR)
C COMPUTES FREE-FREE CONTINULM
C INPUT PARAMETERS
ISP=SPECIES INDEX. 2=0
ANE=ELECTRON DENS’TY -3
TE=ELECTRON DENSITY, K
ANP=ION DENSITY
SMF=STRENGTH MULTIPLICATION FACTOR
WAVEL=HAVELENGTH, A
NARRAY=LENGTH OF WAVEL, EMIS, ABSE ARRAYS
NFOUT=FILE NUMBER OF OUTPLT PRINTS
NPRT=PRINT OUT INDEX. 0=NO PRINT. 1=SMALL PRINT. 2=LARGE FRINT

CAICI NI CICICT
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C  NFERR=FILE NUMBER OF ERROR MESSAGES
C . NMETH=1, EMITTED POWER CALC ONLY. =2 SPECTRAL CALC.
C OUTPUT PARAMETERS
O EMIS=EMISSION COEFFICIENT
C  ABSB=ABSORPTION COEFFICIENT
C o TOTPMR(3)=TOTAL EMITTED POMER
PEAL LAMBDA
COMMON/RADA/ATOM(4,2) ,LATOM(4,2) , BLEV(B, 2,2) ,ELEV(,2,2) ,BLINE
1 (13,180,2) NBFCON(2,35,2) ,BFCON(14,35,2) , TFF(5) ,EEFF (6),
2 FFCON(5,5,2)
DIMENSION Y(6) ,SIGMA(6) , TOTPHR(3)
DIMENSION WAVEL(1)
DIMENSION EMIS(1)
DIMENSION ABSB(1)
RYD=109679.
RYD1=1./RYD
TE1=1./TE
01 = 1.36BE-23ANEXANPASORT (TE1)
c
C NULL EMIS ARRAY FOR TOTAL POWER CALCULATION ONLY
IF(NMETH.GT.1) GO 70 3
DG 4 M=1 ,NARRAY
4 EMIS(M)=0.
3 CONTINUE

C INTERPOLATE D OF PEACH FOR TE
D0 6 JS=1,6
MON=0
DO 7 JT=1,5
7 Y{JT)=FFCONCJS, JT, 1SP)
£ALL TAINT(TFF,Y,TE,SI6,5,2, 1ER MON)
€ SIBMA(JS)=51G

Y

CYCLE OVER WAVELENGTH
MIN=0
DO 1 M=1,NARRAY
LAMBDA=1 . OE-BRHAVEL (M)
(MEG=1.0/LAMBDA
A7=0MEGKRYDL
CALL TAINT(EEFF,S164,AZ,0,6,3, TER MON)
GHRFF=1,040, 1728 (AZHkD, 333333)% (1,041, 39KTEALAMBDA)
GAUNT=GHPFFX (1, 04D ) *SMF
ABSBX=C1*GAUNT(LAMBDAK?2)
AZ=EXP(-1.43879%MEGKTEL
BZ=LAMBDWHAS
BLAM=1.1904E-16%AZ/ (BZ*(1.0-A7))
EM1 5X=ABSBX*BLAM
EMIS(M)=EMI S(M)+EMISX
ABSB(M) =ABSB(M) HABSEX
1 CONTINUE
c
[ CALCULATE GLOBAL POER EMISSION
IF(NMETH.GT.1) GO T0 10
CALL GLEFHR(HAVEL ,EMIS, NARRAY PRI , PHR2, PHRY)
IF(NPRT.GT.1) WRITE(NFOUT,9) (ATOM(I,ISP),I=1,2),PHR1,
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1 PHRZ,PHR3 s
9 FORAT(1X, 203, 1, 324 FREE-FREE CONT. ,PHR1 ,PHR2, PHR3= |,
1 1P3E1D.7
TOTER(1 ) =TOTEHE (1) +PHRL
TOTPWR(2)=TOTPHR( 2)+PHR2
TOTPHR( 3) =TOTPHR( 3)+PHR3
10 CONTINUE

Lo I ]

PRINT OUT
IF(NPRT.GT.1) WRITE(NFOUT,2) (ATOM(1,ISP),I=1,2)
2 FORMAT(1X,2A3,33H 10N FREE-FREE CONTINUUM FINISHED )
RETURN ’
END
*DECK ATOMIC
SUBROUTINE ATOMIC( ISP ,ANE,TE,T,RHO,NLEV,AN,ANP, PRESS, DENS , 3HF ,
) WAVEL,EMIS,ABSB, ‘mw NFOUT NPRT NFERP mErH ,TOTRR)
C COMPUTES ATOMIC LINE
C INPUT ARGLMENTS
1SP=SPECIES INDEX. 1=N. 2=0
ANE=ELECTRON DENSITY, (M-3
TE=ELECTRON TEMPERATURE, K
T=HEAVY PARTICLE TEMPERATURE, K
RHO=NOMEQUILIBRIUM POPULATION PARAMETER
NLEV=NUMBER OF ENERGY LEVELS
AN=NUMBER DENSITY OF NEUTRAL ATOM
ANP=NUMBER DENSITY OF ION
PRESS=PRESSURE, ATM
DENS=GAS DENSITY, G/CM3
SMF=STRENGTH MULTIPLICATION FACTOR
WAVEL SWAVELENGTH
NARRAY=LENGTH OF WAVEL, EMIS, ABSB ARRAYS
NFOUT=FILE NUMBER OF OUTPUT PRINTS
NPRT=PRINT. OUT INDEX. 0=NO PRINT. 1=SMALL PRINT. 2=LARGE PRINT
MFERR=FILE NUMBER OF ERROR MESSAGES
NMETH=1, EMITTED POWER ONLY. =2, SPECTRAL CALCULATION
QUTPUT PARAMETERS
EMIS=EMISSION COEFFICIENT, W/(MICRON-CMZ-SR)
ABSB=ABSORPTION+STIMULATED EMISSION COEFFICIENT, -
TOTFWR(2)=TOTAL EMITTED POWER
REAL LAMCL,LAMBDA
;mwmwmmm 2),LATOM(4,2) ,GLEV(8,2,2),ELEV(8,2,2) , "LINE
1 (13,180,2) NBFCON(2,35,2) ,BFCON( 14,35, 2) , TFF(5) :EFF(GJ
° chm(e,d 2)
DIMENSION RHO(23),TOTPWR(3)
DIMENSTON WAVEL(D)
DIMENSION EMIS(1
DIMENSION 4BSE(1)

CACIMICI I CTCICDIDTIOICD DI CIOOO

(]

PR1=0,
PHR2:0,
PUR3=0.
c
C CALCULATE PARAMETERS
DELLAM=(1,0/MAVEL(1)=1.0/WAVEL (NARRAY) )/ (NARRAY-1)
EION=ATOM( 4, 15P)
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TE1=1./TE
TE2=SQRT(TE1)
TE3=TEL#TE2
=0,
0P=g,
DO 1 J=1,8 _
0A=OAFGLEV(J, 1, ISPYXEXP(-1,438774ELEV(J, 1, ISP)TEL)
1 QP=QP+BLEV(J, 2, 1SPYREXP(-1,438774ELEV(J, 2, ISP)XTEL)
AZ=2,07E-1GAANPXTES/ GP
c
C DETERMINE NUMBER DENSITY AND AVERAGE ATOMIC WEIGHT OF
C  FOREIGN GAS
ANREST=1,0E10
IF(PRESS.BT.1,0E-20) ANREST=0,B8338E224PRESS/T-AN
AMREST=20.%1,66E-24
IF(DENS,GT.1.0E~20) AMREST=(DENS~1,66E-24%ATOM(3, I5P)
> *AN)/ANREST
AMREST=AMREST/1 . 66E-24
IF(AMREST.LT.10.) AMREST=10,
IF(AMREST.6T.28.85) AMREST=28.85
CW3=(1,33E-29%GORT( 2. /ATOM(3, 15P) ) AN S, BSE-30%SORT
}(2,/AMREST ) XANREST ) ASQRT(T)
c
C CYCLE OVER LINES
NLINE=LATOM(1, 15P)
DO 6 K=1,NLINE
GAM=BLINE(1,K, ISP)
EXPN=BLINE(Z K, 15P)
BL=BLINE(3,K,1SP)
GLI=BLINE(4,K, 15P)
TERMU=BLINE(S, K, 15P)
EINSTN=ELINE(6 K, 15P)
LAMCL=BLINE(7,K, I5P)
TERML=TERMU-1.0EB/LAMCL
IF((BL.LT.0.5).OR.(BU.LT.0.5)) HRITE(NFERR,3) I5P,K,
> LAMCL, L, BU
2 FORMAT(Z2H ERROR IN ATOMIC, 1SP=,12,3X,5HLINE=,13,3X,
1 6HLAMCL=,FE.1, 3%, 3HGL=,F5.1,2X, 3HGU= F5.1)

oo

- DETERMINE NUMBER DENSITIES OF UPPER AND LOWER STATES
APENL =AZHANE*GLXEXF{1.43877%(EION-TERML)XTE1)
APENLI=AZHANE*GUKEXP( 1, 43877% (E1ON-TERMU)TE1)
NGL=BLINE(12,K,I5P)

NGU=BLINE(13,K, 15P)
ANL=APENL*RHO(NGL)
ANU=APENUARHO(NGU)

C FIND INTEGRATED LINE INTENSITY DUE TO SPONTANEOUS EMISSION
E=1.580E-16XE INSTNRANU/LAMCL
E=EASHF

c

C DETERMINE TOTAL POWER FOR NMETH=1

IF(NMETH.GT.1) GO TO 11
IF{LAMCL,GT.HAVEL(1)) PWR1=PHR1+12,574E
IF(LAMCL.GT.2500.) PWR2=PHR2412,574E
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TF{LAMCL.GT.3500.) PRR3=PHR3+1Z,37%E
G070 6
11 CONTINUE

T

NONEQUILTBRIUM EXCITATION TEMPERATURE TEX
TEX=1.43877% (TERMU-TERML ) /ALDG( GUXANL 7 ( GLAANUY )

> 0

; LINE WIDTH CALCULATION

WIDTHG=7, 16E~7L AMCLASORT{T/ATOM(2,15P))

RANGE=30.

1F{TERML,LT.40000.) RANGE=100.

TR{TERMLLLT. 20000, RANGE=200. ,
- LORENTZ LINEWIDTH WIDTHL IS5 A SIM OF WDTHUMATURA J, WIDTHE!ZTARK},
{ WIDTHZ(UAN DE WAALS), AND WIDTHA(RESONANCE) WIDTHS
[F{GAM.LT.1,0E-8) EXPN=0.35
DE=EIN-TERMU
IF{DE.LT.(159679./23.)) DE=109678./25.
TF(GAM.LT.1,0E-8) GAM=0.42% {LAMCLx*2)/(DEXXZ)
CONTINUE
WIDTHi=1.18E-4
WIDTHZ=2, [ GAMK(TERL  OE-4 ) kEXPHKANEXT , 0E-16
WIDTH3=CHILAMCL 2
WIGTH4=1  03E-25% (1 DE-204LAMCLINkS ) X SORT ( GU/GL )XE INSTNRANL
WIDTHL=R1DTHIHHI DTHH I DTHIHHIDTHY

(g

[#1]

()

FIND THE UGIGT LINE WIDTH AT HALF-HEIGHT
WIGTHU=WIDTHL/ 2, 0+S0RT (WIDTHLIOkZ/4 , DI DTHGR*2)

>

TEST IF LINE LIES WITHIN THE RANGE
W1=LAMCL-RANGERHIDTHV
K2=LAMCLERANGEHNITTHY
IF(HR.LT WAVEL(1)) GO TO 6
TF (L. GTHAVEL (NARRAY)) GO TO
DELLOC=LAMT! dok 2k DELLAM
NSPRED=1 , 1+RANGEHW] DTHY/ DELLOC_\

U SET CONSTANTS USED TO DISTRIBUTE ATOMIC LINE
NCENTR=(1. /WAVEL (11-1.0/LAMCL) /DELLAMEL
NETART=NCENTR-NSPRED

TF{NSTART.LT.1) NETART=1
NEND=NCENTRNSFRED

[F{NEND . BT .NARRAY JNEND=NARRAY

L]

GISTRIBUTE ATOMIC LINE
ND1=1/WIDTHY
XLAM=LAMCL*1 . 0E-8
AX=EXP( -1, 43877/ (XLAMKTEX) )
BX=XLAMIES
BLAM=1,1904E-16%AX/ (BXX{1,-AX))

~
{ TEST IF SHAPE [S NEARLY DISFERSIVE
[F{ (WIDTHG/WIDTHL) .GT.0.2) GO 70 8
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c
C LINE 1§ NEARLY DISPERSIVE
HD2=2, 0%HD1
DO 10 M=NSTART ,NEND
LAMBDASWAVEL (M)
IF(LAMEDA.LT.W1) 60 TO 10
IE(LAMBDA. 6T.H2) 60 TO 10
DELL=ABS{LAMBDA-LAMCL)
EMISX=G . 3183E4AEAWD2/ (1, 04( DELLAWD2)*%2)
ABSEX=EMISX/BLAM
ABSB(M) =ABSB(M) +ABSBX
10 EMIS(M)=EMIS(M)+EMISX
8070 6
C
C LINE 1S VOIGHT
§ CONTINUE
CSPRO2=HIDTHL/KIDTHY
CSPRD3=(1.06540. 4474CSPRD240 , (SBACSPROZIE2) kI DTHVX1 , 0E -4
CSPRO1=(1.-CSPRD2)/CSPRD3
CSPRDZ=CSPRD2/CSPRD3
DD 2 M=NSTART ,NEND
LAMBDAZHAVEL (M)
CSPRD3=ABS( ( LAMBDA-LAMCL )#HD1)
C3P2=CSPROMAZ
CSP3=CSP2#SORT(SORT(CSPRD3) )
EMISK=E* (CSPRDLKEXP( -2, 772KCSP2)4CSPRD2/(1 44, XC5P2) 40, 016%
1CSPROZ%( 1. 0-HIDTHLAHD1 YA (EXP(-0. 44CSP3)-10.0/(10.04CSP3)))
ABSBX=EM] SX/BLAM
ABSB(M) =ABSB(M) HABSBX
2 EMIS(M)=EMIS(M)4EMISX
C
C PRINT OUT
IF(NPRT,GT.1) WRITECNFOUT,?) (ATOM(I,ISP),I=1,2),
> LAMCL H1DTHG HIDTHI ,WIDTH , WIDTH3, WIDTH4, MIDTHL WIDTHY
7 FORMAT(1X, 24,2, GHLAMCL=,F8.1,2X,
Y25SHLINEHIDTHS:6,1,2,3,4,L,V=,1P7E9.2)
6 CONTINUE

~

19
C MRITE TOTAL POKER EMITTED
TF{ (NH4ETH.EQ. 1) .AND. (NPRT.GT.1)) WRITE(NFOUT,12) (ATOM
1 (1,150),1=1,2) PR, PHR2, PR3
12 FORMAT(1X,2A3,1X,22H LINES:PHR1,PHR2, PHR3=,1P3E10.3)
IF(NMETH.GT.1) 60 TO 13
TOTPRE(1)=TOTPHR(1 }PHRY
TOTPHR(Z)=TOTPHR(2)4PHR2
TOTPHR(2) =TOTPHR(3)+PHR3
13 CONTINUE
c
C PRINT OUT
IFNPRT.GT.0) WRITE(NFOUT,4) (ATOM(I,ISP),1=1,2)
4 FORMAT(1X,243,15H LINES FINISHED )
RETURN
END
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*DECK SETUP
SUBROUTINE SETUP(JSPECZ, SMF ,ANMOL,T,TV,TEX)
T SETS UP SPECTROSCOPIC CONSTANTS AND TORES
INFUT PARAMETERS
JSPEC2=5FECTRA NUMBER
SHF=STRENGTH MULTIPLICATION FACTOR
ANMOL=NUMBER DENSITY OF MOLECULE

Dl I e I o

TV=UIBRATI AL TEMPERATURE
TE=ELECTRON TEMPERATURE
REAL MU, NUSPIN NUBARD

€y Cao0D

T=HEWY PARTICLE TRANSLATIONAL AND ROTATIONAL TEMPERATURE

COMMON, RATE/AHMOLET( 3, 20) , LMOLEC 6, 20) , SPEC2(8, 20, 20} ,VIB(4,

Y108,20)
COMMON/ CBAND1/ALPHAL, BEL, BETAL, CAPAL, CAPLY , DEU, DZEROU

U, REL, TERMU,

[T

1 . ALPHAL,BEL,BETAL,CAPAL ,CAPLL,DEL,DZEROL,REL , TERML
COMMON/CEANDZ/WEL  WEXEU, WEYEU  WEZEU, BV, VU, DEGENU MU, ALTHAT
'NUSPIN

1 WEL HEXEL KEYEL WEZEL ,BUL VL,
COMMON/CTEMP/TELECT, TVIE, TROT

COMHON/CTRAN/PARTCC NUBART , Q,AOE, CINT1, CINTZ  KMIN, KMAX , R1

1,PHRY , PRR2, PUR3
COMMON/CEXTRA/ INDEX, SYSTEM, TOTAL
COMMON/CFAST/SPEED NSPEED, LINEL NSTART ,NEND LAHCL €,
DIMENSION TEX(20)
DIMENSION ALFHA(1Z),BE(12},DEGEN(12),TERM(12) ,ME(12
! WEXE(12} ,HEYE(2 2>Na51a '
LOGICAL LINEL

EQUATE TEMPERATURES AND NUMBER DENSITY
TEYP=T
TROT=T
- TVIB=TY
TELECT=TEX{ JSPEC2)
PARTCC=AMOL

Law)

Loae]

LINEi=, TRUE.

ALTNAT = SPEC2(2,1,JSPEC2)
D = SPECZ(3,1,JSPECE)
BETAU = SPEC2(4,1,JSPEC2)

. REU = SPEC2(5,1,JSPEC2)

DZERDS = SPET(E,!,JSPECE)
CAPAL = 1, JEPECE)
CAPLU = SPEC2(8,1,JSPECZ)
Ml = °°EE&(1‘Z,C€=EF°‘
NUSPIN = SPEC2(2,2,J5PELY)

EL = EPECE(3,2,JSPECH)
BETAL = SPEC2(4,2,J5PEC2)
REL = SPECHIS,Z,JSPECE)
DZERDL = SPEC2(6,2,JSPEC2}
caPaL = SPEC2(7,2,0%PECE)
CAPLL = SPEC2(8,%,JSPECD)

EVELS=LMOLEC(2,J5PECE)
O 49 M=D LTVELS

DEGEN({M) = SPEC2(1,Mtz,JSFECE)
TERM (M) = SPET2{Z.Mb2,JSPECD)
WE (M) = SPECZ{3M+2,JSFECZ)
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WEXE (M) = SPEC2(4,M+2,JSPEC2)

WEYE (M) = SPEC2(5,Mt2,JSPEC2)

WEZE (M) = SPEC2(6,Mt2,JSPEC2)

BE (M) = SPEC2(7,M2,JSPEC2)
40 ALPHA(M) = SPEC2(B,M$2,JSPEC2)

ALPHAL=ALPHA(1)

L PHAL =ALPHA{ 2)

BEU=BE(1)

BEL=BE(2)

DEGENU=DEGEN(1)

TERMU=TERM(1)

TERML=TERM(2)

WEU=HE(1)

WEL=HE(2)

WEXEU=HEXE(1)

WEXEL=HEXE(2)

WEYEU=HEYE(1)

WEYEL=HEYE(2)

WEZEU=WEZE(1)

WEZEL =HEZE (2}

INDEX=LMOLEC(1, JSPEC2)

FIND (4, THE PARTITION FUNCTION REFERENCED TO THE EQUILIBRIWM POSITION
OF THE GROUND STATE POTENTIAL WELL.

£ e

0=0.0
DO 70 M=1,LEVELS
WE=C.0
W=0.0
EVIB1=0.0
V=0.0
£ EVIBZ=HE(MYR (0.5} ~HEXE(M)X(VH0.5)%k2 HIEYE(M)R(U40,5)%k3
i HEZE (MYR(\H0,5) 54
DELTQU=EXF{~1.43879%EVIB2/TVIE)

C COMPARE DELTA G-VIBRATIONAL TO 0.1 PERCENT OF THE QY SUM TD THIS
L POINT,

IF (DELTOV .LE. 0.001%QY) GO 76 70
C HAS THE VIBRATIONAL ENERGY REACHED A FICTITIOUS PEAK,

IF (EVIB2 .LE. EVIBL) GO 70 70
V=OVHDELTIV
IF (ABS(BE(M)-ALPHA(M)*(\40,5)) .LE.1.0E-8) GO TO 65
QUR=QUR +TROTADELTQV/(1,4367%(BE(M)-ALPHAMM)X(V40.5)))
65 CONTINUE
EVIB1=EVIB2
V=041,
60 TO 60
70 0=Q +QVR*DEGEN(M)XEXP(-1,43879%TERM(M) /TELECT)
C FIND STRENGTH FACTOR MAXIMIM
NU=LMOLEC( 2, JSPEC2)
SYSTEN=A.
DO 1 Jv=i,N
VL=VIB(2,dV, JSPEC2)
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SIMRE2=VIB(S, IV, JSPECZ)REMF
FRANCK=\'IB(4 ,JV, JSPEC2)
EVT =L AHEL Lok RWEXEL UL SKHEYEL UL I AREZEL 4 TERML
S=CUMREZ#FRANCKYEXP( -1, 438B%EVIB/TVIB)
SYSTEM=AMAX1 (5, STETEM)
1 CONTINUE
BRL =0
PHR2=0,
BRSO,
RETLIRN
END

*DECK VVL

L
”

Lo I w B a0 ]

D N e B a0 DR I w ]

[l o S A I o N o B o B e B S e}

SUBROUTINE VIML(JSPECZ , SHF ,ANE, PRESS WIDTHF , STARK, DENG WAVEL |
> EMIS,ABSB NARRAY ,NFOUT ,NPRT ,NFERR,NMETH, TOTPHR )
SETS CONSTANTS FOR EACH VIBRATIONAL BAND AND CALCULATE
INPUT PARAMETERS
JSPEC2=SPECTRA NUMBER
SHMF=GTRENSTH MULTIPLICATION FACTOR
ANE=ELECTRON DENSITY, (M-3
PREGS=PRESSURE, ATM. ZERO SETS NUM, DEN. OF FOREIGN 6AS TO 0
WIDTHF=LORENTZ WIDTH MULTIPLICATION FACTOR
STARK=STARK HWIDTH AT ANE=1.E16 AND TE=10000
DENS=DENSITY, G/CM3
WAVEL=HRVELENGTH, A
NARRAY=LENGTH OF MAVEL, EMIS, ABSE ARRAYS
MEOUT=FTLE NUMBER OF OUTPUT PRINTS
NPRT=PRINT OUT INDEX. 0=NO PRINT, 1=SMALL PRINT. 2=LARGE PRINT
NFERR=FILE NUMBER OF ERRCR. MESSAGES
RATTH=1, EMITTED FOWER CALC ONLY. =2, SPECTRAL CALC.
OUTRLT PARAMETERS
EMIZ=EMISSION COEFFICIENT, MW/ (MICRON-CH2-SR)
ABSB=ABSORPTIONFSTIMILATED EMISSION COEFFICIENT, OM-1
TOTPHR(3;=TOTAL EMITTED POMER
REAL MUJ,NUSPIN NAME NUBARQ , LAMMIN
COMMON/RADE/AMOLES (S, 20) | LMOLEC( 6, 20) , SPEC2(E, 20,20) V1Bi4,
3100,20)
COMMON/ COMH/ CONF
COMMON /CFAST/SPEED,NSPEED , LINED NSTART NEND, LAHCL ,E, CSPRDI , CSPROZ
COMMON/CBANDL/ALFHAL , BEU, BETAU, CAPA, CAPLU, DEU, DZERDU, REU, TERMU,

1 ALFHAL BEL ,BETAL ,CAPAL , CAFLL , DEL, FZEROL , REL  TERML
COMMON, CRANDZ/WEL, WEXEY  HEYEU WEZEL , BUU, DVU, DEGENU MU, AL 'NAT ,
! WEL WEYEL EYEL HEZEL ,BUL, VL, HUSPIN

COMMON/CTEMA/TELECT , TVIB, TRET

CIMMON/ CHI DTH/MI DTHL W1 DTHY, RANGE , DELLAM, LAMMIN
COMMON/CTRAN/PARTCC NUBARD, G, ADE, CINTL, CINT2, KMIN, KMAX, R
1, B BURZ , PHRD

COMMIN/CEXTRA/ INDEX, SYSTEM, TOTAL
DIMENSION WAVEL(1)

DIMENSION EMIS(1)

DIMENSI (N ARSR(1

DIMENSION TOTPWR(3)

LOBICAL LINEL

LAMMIN=L/WAVEL (1

DELLAM=( T /HAVEL (13- 1. AMAUEL (NARRAY ) )/ NARRAY -1
AQE=¢,5415785E-1¢
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£=2,9979E+10
P1=3.1415927
TEMP=TROT
NVIB=LMOLEC(2,JSPEC2)

c
¢ DETERMINE NUMEER DENSITY AND AVERAGE MOLECULAR WEIGHT OF
C  FOREIGN GAS
 ANREST=1,0E10
IF(PRESS.GT.1.0E~20) ANREST=0,8338E224PRESS/TEMP-PARTCE
AMREST=20 %1 . 66E-24 -
IF(DENS.GT.1.0E-20) AMREST=(DENS-1.66E~24%AMOLEC( 3, JSPEC2)
1 *PARTCC)/ANREST
AMREST=AMREST/1 . 66E-24
IF(AMREST.LT.10.) AMREST=10.
IF(AMREST.GT.28.85) AMREST=28.85
.
C CYCLE OVER BANDS
D0 1 JVIB=1,MVIB
W = VIB(,JVIB,JSPEC)
UL = VIB(2,JVIB,JSPEC2)
¢
C COMPUTE ROTATIONAL CONSTANTS FOR THIS BAND
BUU=BEU-ALPHAL(UU40.5)
BUL=BEL -ALPHALX(UL$0.5)
DMU=DELBETAUK (V0. 5)
DVL=DEL4BETALX(VL$0.5)
SUMRE2=VIB( 3, JVIB, JSPEC2)RGMF
FRANCK =V1B(4,JVIB,JSPEC2)
KMIN=2
ESHM=TERMLALAWEL -ULck RREXEL VLK BRHEYEL HULARAHHEZEL
IF(3YSTEM.LT.1.0E-10) KMAX=100
IF(SYSTEM.LT.1.0E-16) 6O TO 3
AMAX=(0, 6954 TROTXALOG( 1 . OESKSUMRE 2#FRANCK/SYSTEM) -
» (TROT/TVIB)AESUM)/BVL
IF{AMAX.LT,25,) 6O TO 1
KMAX=SORT (AMAX)
3 RANGE=15.

SET UP CONSTANTS FOR INTENSITY EQUATION IN ROTATIONAL STRUCTURE
AND COMPUTE NUBARO, THE BAND ORIGIN
CINTL=TERMU/TELECT+(WEUR (VUHD . 5) -WEXEUK (VLH0 . 5)%k2:

1 HEYEUR({ULHO , S) A IHNEZEWR (V0. 5)5%4) /TVIB
CINT2=(16.0E-7%CXPARTCCAFRANCKASUIMREZAPHk3)/ (3, 0%Q)
GPU=HEWK (VUH0 . 3) -WEXEUR (VLHD , 5) Sk 2HIEYEL (VLHO , 5 )%k ZHAEZE UK (

WD, 5)%k4
BPL=NELR (VL0 3) ~HEXELR (VL0 , Sy 2HAEYEL R (VL0 , 5k IHIEZEL X

WL . 5)Hxq
NUBAR0=TERMU-TERML+GPU~GPL
R1=EXP(1.43877%( (TERMU-TERML)/TELECT+(GPU-GPL)/TVIB))
ORIGIN=1.0E4B/NUBARD
IFC(2.0%0RIGIN) LT WAVEL(1)) GO TO 1
TF((0.S*0RIGIN) . GT .WAVEL(NARRAY)) G0 TC 1
WIDTHG=7,16E-74ORIGINKSQORT TEMP/AMOLEC(3,JSPEC2) )

€3 C

63



oy ﬂzn
\-'zﬂaﬂ.. JEI&L Pﬂc:\: Eg

OF POCR CUALITY

Lan e

LORENTZ LINEWIDTH WIDTHL IS & SUM OF WIDTHI(COLLISIONS WITH LIKE MOLE-
S CULES;, WIDTH2{ZOLLICIONS WITH ALL OTHER), AND WIDTHI(NATURAL).

O AND WIDTHA(ETARY)
WiDTHI=L,33E-2HS0RT (2. 0/AMOLEC(3, JSPECZ) ) XORI GINFEZESIRT / TEMF

WIDTHZ= 25E-20HSORT (1, 0/AMOLEC( 3, JSPECR)+1 . /AMREST yROR ] G 1Mok
RT{Toe £oNREST

=W I TTHIMTOTHE

HIDTHZW] DR DTHE

WIDTHZ=1,18E-4

IFUANELLTLLLED ANESLLD

HIOTHA=1 0C-QRETARKH (1, 0L -1 oFaHE 1hkD  EXTRI GIPRA2
WIDTHL=WIDTHIHNIDTH2HUIDTHIWIDTHS

"
C FIND THE VOIGT LINE MIDTH AT HALF-HEIGHT
WIDTHV=RIDTHLA 2, D4 50RT (WIDTHLA2/4, ORI DTHG:2)
TFCINDEXLEQ. L) CALL ZERO(WAVEL JEMIS,ABSR NARRAY NFOUT,
> NPRT,NFERR ,NMETH
IF{INGEXLE4.2) CALL THEWAVEL (EMIS,ABSE, NARRAY NFOUT,
p NPPT NFERR NHETP'

I RT. ”,‘\ HF'TE‘NCCLV,_) (AMOLEC(:,JSPEC2Y,1=1,2)
i ‘L VL DRIGIN WIDTHG WIDTHL , SIMREZ  FRANCK , ¥MAX
I OTTRMAT LN 2RZ, 20, 6HMU VL=, 2F 4.0, 2Y 7H0RIGTN- iF9.2,2X,
1 BHAIDTHE, L=, 1P2E10.3 hX,"HSUMREé—,Elﬁ 3, X, 7HERANCK=,
¢ £10,3,2%, SHKMAX=,12)
L DNTINUE
IF(NMETH.GT.1) RETURN
[F(NPRT.G7.1) WRITE(NFOUT,4)(AMOLEC(I,JSPEC2),=1,2),
1 PRRY,BHRE PURS
4 FORMAT(IX,242,1X,16H PWR1,PHR2,PWR3= ,1P3E10.3)
TATPWR{1=TOTPHR(1)4+PHRY
1F{1EB/NUBARE . GT. 2500, 1 TOTPHR(2)=TOTPHR(2)+PHR2
1F(1L.EBNUBARD.BT . 2300, ) TOTPHR(Z)=TOTPHR(3)4+PUR3

GUTINE ZERG(MAVEL  EMIS, ABSE NARRAY NFOLT NPRT NFERF MHETH)
 SUBREATINE ZERC COMPUTES PARALLEL TRANSITIONS FOR DIATOMIC M. £CULES,
INFUT PARAMETERS
WAELSAUELENGTHE, A
NARRAY=LENGTH OF WAVEL, EMIS, ABSE ARRAYS
NFOUT=FILE NUMBER OF QUTPUT PRINTS
NPST=PRINT OUT INDEX. D=NO FRINT, 1=SMALL PRINT, 2=LARGE SRINT
NFERF=FILE NUMBER OF ERROR MESSAGES
AMETH={ EMITTED PGWER ONLY, =2,SPECTRAL CALCULATION
OUTSUT PARAMETERS
EMIZ=EMISSION COEFFICIENT, W/(MICRON-CH2-SR)
AESE=ABSORPTIONAST IMULATED EMISSION COEFFICIENT,
REAL KU KL LAMCL MU, LAMMIN, NUBAR NUBARG HUSPIN
DHMIN CBA4DL/ALPHAY, BEU , BETAU, CAPAU , CAPLU, DEL, DZEROL REY, TERMU,
. 4LPHAL , BEL BETAL ,CAPAL, APLL ,DEL, DZEROL, 25 TERML
SOV CBOND E/WEL MEYEL, MEYEU, WEZEU, BUU, VL, DESENG MU, AL TNAT

LYY O

LAR I asU o BN A0 I o B o B o |
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1 WEL ,WEXEL ,WEYEL ,WEZEL , BVL WL, NUSPIN
COMMON/CTEMP/TELECT, WIB TROT

Cwm/mmm/mom HIDTHY ,RANGE , DELLAM, LAMMIN
COMMON/CTRAN/PARTCC ,NUBARG, @, AOE , CINT1, CINT2  KMIN  KMAX RL
1,PHRY, PHRZ, PURI

COMMON/CEXTRA/ INDEX, SYSTEM, TOTAL

COMMON /CFAST/SPEED NSPEED,LINEX ,NSTART ,NEND, LAMCL ,E,CSPRD1, CSPRDZ
COMMON/CFST1/Y1(4000) NJM,NJ

DIMENSION WAVEL(1)

DIMENSION EMIS(1)

DIMENS‘ON ABSB(1)

LOGICAL LINEY

C CALCULATE TOTAL POMER FOR NMETH=1

L Nt B A B e |

1F(NMETH.GT.1) 60 70 1

A=ROEXK2KCINT2REXP(~1 . 4387 74CINT1)

TBYB=TROT/(1.43877%8VL)

SUME=AK( 0, SKNUBAR Ok 4x TBYB+2 , ’NUBAR Q%% 3% ( BVU-BVL ) ATBY Bk 24
1 2. #NUBARDIK 2K (3, % BUU-BVL ) %k2-2 . ANUBARO { DVU-DUVL ) YXTBYB#%3
2 +12 #NUBAR O ( BUL-BUL Y% ( BUU-BUL )k 2-4 , ANUBAR 0% ( DVU-DVL )

3 YATEYBH4) ‘

SUME=SUMEX2 . %12,57

T5(1,0ER/NUBARD ., GT.WAVEL(1)) PUR1=PWRI4SUME

1F(1.E8/NUBARD.ET.2500,) PWRZ=PHR24SIME

IF{1.EB/NUBARD.GT.3500.} PWR3=PHR3+SIME

RETURN

1 CONTINUE

FIND THE NUMBER OF ENTRIES IN THE INTENSITY ARRAY, FROM THE LINE CENT
AT WHICH ERCH LINE IS ASSUMED TG HAVE A CONTRIBUTION.
EET CONSTANTS WHICH DETERMINE THE LINE SHAPE,
CSPRDZ=KIDTHL/WIDTHY
CEPRDI=(1.06540.4474C3FRD24L, GSBXCSPRD2KA2) KWIDTHVAL L OE-4
CSPRD1=(1.0-CSPRDZ)/CSPRD3
(SPRD2=CSFRDZ/CSPRDS
SET CONSTANTS WHICH DETERMINE THE WAVELENGTH OF THE LINE CENTER FOR

C TRIPLETS. SEE HERZBERG PAGE 235.

YU=CAPALY/BUU
YL=CAPAL/BVL
DIVISR=2.0
IF (CAPLU .EQ. 0.0) DIVISR=1,0
SET CONETANTS FOR THE P BRANCH AND INITIALIZE THE RUNGING SUMS.
0STR=1.0
KU=KMIN
KL=KUH1.0
10 CONTINUE
COMPUTE AND DISTRIBUTE THE INTEGRATED INTENSITY DUE TO SPONTANEQUS
EMISSION OF ALL SPECIFIED ROTATIONAL LINES FOR THE APPROPRIATE BRANCH
DO 60 M=KMIN,KMAX
Z20=0.0
Z2L=0.0

FOR A DESCRIPTION OF THESE EQUATIONS SEE HERZBERG PAGE 235,

IF (DEGENU/DIVISR .NE. 3.0) GO TG 20
Z1U=CAPLURK2KYUR(YU-4,0)4(4.0/3.0)+4. 0kKUK (KU+1.0)
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Z1L=CAPLLXX2HYLE(YL~4,0)+(4,0/3.0)+4, 0kKL*(KL+1.0)
Z2U=(CAPLI 2RV (YU-1,0)-(4.0/9.0) -2, 0eKUK (KUL . 0} ) /(2. (22
J2=(CAPLLIZIY LA (YL-1.0)~{4.0/9.0) -2, OXKLX(KL+1.0}) /(2. 00210}

- COMPUTE THE WAVELENGTH OF THE LINE CENTER IM ANGSTROMS.

20 FPU=BUUF (KUK XU 344, 002200 ~DULH (KLHD . 5) xR 4
FPL=BULR R OKLAY 3 U220 3 -DVLA T KL40, B Hkd
NUBAR=NLBARG+FPLU-FPL
RE=RITERR{L, 4387 7R{FPU-FRLY/TROT)

LAMCL=1, DE+E/NUBAR
DELLOC=LAMCL*#ZADELLAH
MSPRED=1,14+RANGEMIIDTRY/DELLOD

I FIND THE STRENGTH FRLTOR.

- DETERN LNE IF LxNEq ALTERNATE IN INTENSITY,

FALTOR=L.E

TP (ALTNAT LEU. 0.0) GO 70 30
EVALUATE THE ALTERNATION FACTOR FOR HOMOMUCLEAR MOLECULES. THE
EXPINENT IN THE ALTERMNATING FINCTION IS FOUND SEPARATELY TG ENSURE
THAT 17 IS AW INTEGER BEFORE RAISING(-1.0) TO A POWER.

KEXP= €L 4 ALTMAT + .1

FACTOR=L.D +(-1.0D0kKEXR/ (2, 0*NUSPINGL L)

CFIND THE N’T’-'bf"AIE') LINE INTENSITY DUE T SPINTANEQUS EMICSIDN £
- ARD SWM OF ABRORPTION AND STIMULATED EMISSION AKl

20 E=FACTORE Sk NUBART ZHA0E Yok 2 CINTEREXP( -1, 43579+ [ LINTL
b HLBVURKUR (KUY, 0 ) /TROTY )
ALAM=1 CE-arlaMiL
AL=E 40381 Dk (ALAMKE D) RR2XE
ERI=AKE D -1 0/R2)

- 5T LONSTANTE USED 70 DISTRIRUTE THE ROTATIONAL LINE.

CCAMMIN-1LU/LAMCL S ADELLAMHL
CENTR-NGFREL

NI ::}\ri .LH':":REY‘\

IFOINSTART LTV L1,0R, NE\JS.GE.NQRRAY)) G0 TO 50

IZTRIBUTE THE ROTATICHAL LINE,
IF [ELLT.LLDE-25) GO TO 50
IF(.NOT.LINED) GO TO 300

GENERATE LINESHAPE. TEMPLATE

"-;.:sf qur

€ copy LINEQHQPE LzSING TEMPLATE

A0 AAHCLL=1.0/1 LAMMIN-(NCENTE-1)4DELLAM
DM=XAMCLI-1epiCL

’ H{{ENTE
G wr OATINSPEEDY )Y MAsMIINCPEED

SEEDAMLYLGEL L) G0 TO 308

[
g Y old

RHE E-;‘_'HMC:WWW i LENDY GO OTO 310
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310 CONTINUE
IF{M1.GT.M2) GO TO 50
CALL SAXPY(M2-M1t1, A KYI(HNNSPEED*MI) fNSPEE éE!'!I‘S(MI) 1)
§

CALL SAXPY(M2-M1+1,AKY,Y1(M3NSPEEDRMI) NSPEED ABSB(M;) 1)
C
30 Ku=KiH1.0
60 Ki=KL+1.0

C HAVE BOTH BRANCHES BEEN COMPLETED.
IF (KL .EQ. KU-1.0) GO TO 70
C SET CONSTANTS FOR THE R BRANCH.
CSTR=0.0
KU=KMIN
KL=KU-1.0
60 TO 10
70 CONTINUE
RETURN
END
*DECK ONE
SUBROUTINE ONE (WAWEL ,EMIS,ABSB NARRAY ,NFOUT ,NPRT ,NFERR ,NMETH)
C SUBROUTINE ONE COMPUTES PERPENDICULAR TRANSITIONS FOR DIATOMIC
C  MOLECULES.
C INPUT PARAMETERS
WAVEL=HAVELENGTH, A
NARRAY=LENGTH OF WAVEL, EMIS, ABSB ARRAYS
NFOUT=FILE NUMBER OF OUTPUT PRINTS
NPRT=PRINT OUT INDEX. 0=ND PRINT. 1=SMALL PRINT. 2=LARGE PRINT
NFERR=FILE NUMBER OF ERROR MESSAGES
NMETH=1,EMITTED POWER ONLY. =2,SPECTRAL CALCULATION
 OUTRUT PARAMETERS
EMIS=EMISSION COEFFICIENT
ABSE=ABSORPTION COEFFICIENT _
REAL  KU,KL,LAMCL MU, LAMMIN NUBAR ,NUBARC NUSPIN
DIMENSION WAVEL(1)
DIMENSION EMIS(1)
DIMENSION ABSB(1)
COMMON /CFAST/SPEED NSPEED, LINEL ,NSTART NEND, LAMCL ,, CSPRD1 , CSPRD2
COMMON/CFSTL/Y1(4000) NM,NJ
CMWCBMDI/ALPMU,BEU,BETAU,CAPAU,CAPLU,DEU,DZEROU,REU,TERHU,

I CICICIO OO

1 ALPHAL ,BEL ,BETAL ,CAPAL , CAPLL , DEL ,DZERQL , REL , TERML
COMMON/ CBAND2/WEY  WEXEU WEYEU , WEZEU, BVU, VU, DEGENU U, ALTNAT
1 WEL ,WEXEL HEYEL WEZEL VL, DVL, NUSPIN

COMMON/CTEMP/T ELr.CT T‘JIB TROT

CU‘MWCNIDTH/NIDTHL WIDTHY ,RANGE , DELLAM, LAMMIN

COMMON/CTRAN/PARTCL, NUBARO Q ABE,CINTY, CINTZ KMIN, KMAX, Rl

1,PWRY,PWR2,PHR3

CWWCD(TRA/INDEX, SYSTEM, TOTAL

INTEGER SWITCH

LOGICAL LINEL
C FIND THE NUMBER OF ENTRIES IN THE INTENSITY ARRAY, FROM THE LINE CENT
C AT WHICH EACH LINE IS ASSUMED TO HAVE A CONTRIBUTION,
C SET CONSTANTS WHICH DETERMINE THE LINE SHAPE,

CSPRD2=WIDTHL/WIDTHY

CSPRD3=(1.065+0.,4474CSPRD240 , 058KCSPRD2AA2 ) kW1 DTHVAL . 0E-4

CSPRD1=(1.0-CSPRD2)/CSPRD3

CSPRD2=CSPRDZ/CSPRD3
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C SET THE SIGN OF CAPLU, USED IN STRENGTH EQUATIONS, APPROPRIATE TO THE
SIGN OF DELTA LAMBDA. SEE JOMNSON PAGE 150.

SiGN=1.0

IF (CAPLL (LT, CTAPLLY SIGN=-1.0

TFECAPLULLT.O. u) a0 TG 3
C AFY”’T FACTOR USED IN INTENSITY EQUATION TO CORRECT

(g}

L PARTEL FOR LA’BDQ DOUBLING,
CINT2={INTZ 2.9
v (ALLULATE r“'*'ED POHER FOR WMETH=1

TECMMETHLETLLY GOOTO L

A=ARERE L INT ZREXP{ -1 438774 CINTL)

TBYR=TRO7/(1,43877%EVU)

SIME=AR (D, SAMUBARGIATBY 42 ANUBAR 3k 34 ( BUU-BUL 1 ¥ TBY Bk 2+
ZRELBAR Gk 20 {3 (BUU-BUY_ 1ok 2-2ANUBARD* { DVU-DVL ) A TBY B3
+12ENUBARG (BUU-BUL IR { £ BUU-BYL } 3k 2-4NUBAROK ¢ VL-TAL ) )

TRYBH¥4)
SUME=EUME*4,£12,57

1F{1.E8/NUBART, 6T WAVEL(1)) PRRI=PHRI4SIME

IF{2 EE/NUBARD BT, 2500, ) PUR2=PUR24SIME

IF{1.EB/NUBARD BT, 3500, ) PMRI=FWN3+SIME

RETHRN

(T INUE

L P b

[y

Dan I el

KH=KMIN
KL=KiH1,0
DELI=1,/DELLAM
10 CONTINUE
- COMPUTE AND DISTRIBUTE THE INTEGRATED INTEMSITY DUE T4 SPOMTANEQUS
EMMIEST0N OF ALL SPECIFIED ROTATIONAL LINES.
DO 90 M=KMIN, KMAX
€ COMPUTE THE WAVELENGTH OF THE LINE F—N*’P IN ANGSTROME,
FRUSBU (RUR (KL L 0 =D (K40, 50004
FPUSBULA L R (KLAL 00 ) -DULE (KLHE, Shied
NUBAR=NUDAR(+FPU-FPL '
R2=R1XEXP{1.43877%(FRU-FPL)/TROTY
LAMCL =1, OE+8/NURAR
DELLOC=LAMT LIk 2ADEL AM
MEPRED=1, 1ERANGE I DTHY/DELLGC
C FIND THE STPWLTF| FACTOR,
60 T% (Z0,30,40), SWITCH
L P BRANCH ”TPEMGT~ ~APT0R
EJ S=(KURL, I-SIONRCAPLINA{KIH 2, -5 1 BARCARL L, CHHL, 0
4 -BRANCH STRENGTH FACTOR,
G¢ TO 50
30 S=rKIHEIGNRCAPLNR (2 DR, QR3] D-SIGMKCAPLL/
DO{EmKIHLLON
59 T4 56
C R BRANCH STREMATH FACTOR,
4!‘| '-—\1“.{-5 GH»}-['HPI”)+{LH-1 ﬁJ-"H'MfrHE'H‘. el
O DETERMINE IF LINES ALTERMATE IN .hTENSlT..
30 FACTOR=1.0
IFOCALTMST LEL, .0 82 TE g0

£ £

24
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C EVALUATE THE ALTERNATION FACTOR FOR HOMONUCLEAR MOLECULES. THE

C EXPONENT IN THE ALTERNATING FUNCTION 1S FOUND SEPARATELY TO ENSURE

C THAT IT 1S AN INTEGER BEFORE RAISING (-1.0) TO A POWEX.
KEXP= KL + ALTNAT 4 0.1
FACTOR=1.0 +(-1.0)XKEXP/(2. 0ANUSPINH1 .0)
C FIND THE INTEGRATED LINE INTENSITY DUE TO SPONTANEQUS EMISSION E,
C AND SUM OF ABSORPTION AND STIMULATED EMISSION AK1 '
60 E=FACTORKSK(NUBARKK2XADE )k2kCINT2EXP(-1 43870k (CINT1
1 H(BUURKUX(KUHL D) )/TROT)) '
ALAM=1, OE-BRLAMCL
AK=8, 402E1 5k (ALAMKS ) ARAE
AKL=AKK(1.0-1,0/R2)
C SET CONSTANTS USED TO DISTRIBUTE THE ROTATIONAL LINE.
NCENTR=(LAMMIN-1.0/LAMCL) /DELLAMH
NSTART=NCENTR-NSPRED
NEND=NCENTR +NSPRED
IF ((NSTART.LE.1) .OR. (NEND .GE .NARRAY)) GO TO 80
C DISTRIBUTE THE ROTATIONAL LINE.
IF (E.LT.1.06-25) GO TO 80
IF(.NOT.LINEL) 60 TO 300
C GENERATE LINESHAPE TEMPLATE
200 CALL FAST
201 LINE1=.FALSE.
C COPY LINESHAPE USING TEMPLATE
300 XAMCL1=1.0/(LAMMIN-(NCENTR-1)%DELLAM)
 DM=XAMCLI-LAMCL
K=NSPEEDDM/DELLOC
M3=NJMHK-NSPEEDANCENTR
IF(K.LT.(~0.5*FLOAT(NGPEED))) M3=M3HNSPEED
M1=NSTART
M2=NEND
309 IF{(M3NSPEED#M1) .GE.1) GO TO 308
Mi=Hi+l
G2 TO 309
308 1F((M3HNSPEEDAMZ) .LE.NJ) GO TO 310
M2=M2-1
60 TO 308
310 CONTINUE
IF(M1.6T.M2) 60 TO 80
CALL SAXPY(M2-MI+1,E,Y1(M3NSPEEDRMI ) ,NSPEED,EMIS(ML) 1)
CALL SAXPY(M2-M1+1,AK1,Y1(M3NSPEEDAMI) NSPEED,ABSE M1),1)
c
80 KU=KUH1.0
90 KL=KL#1.0
GO TO (100,110,120) , SHITCH
100 CONTINUE
C SET CONSTANTS FOR Q BRANCH.
SHITCH= 2
KU=KMIN
KL=KY
60 TO 10
110 CONTINUE
C SET CONSTANTS FOR R BRANCH.
SWITCH= 3
KU=KMIN

69



G vnrn!ﬂ =y

W s e ('r‘w;f. L&
KL=KU-1.0 OF POOR QUALITY
G0 7D 10
120 CONTINUE
RETURN
END

*DECK S2P12
SUBROUTINE S2PT2(WAVEL ,EMIS, ABSE, NARRAY NFOUT NPRT NFERR ,NMETH)

C CALCULATES S2-P12 TRANSITIONS

C INPUT PARAMETERS

C MAEL=HSUELENETH, A

G NARRAY=LENGTH OF WAVEL, EMIS, ABSB ARRAYS

C  NFOUT=FILE NUMBER OF OUTPUT PRINTS

£ NPRT=PRINT QUT INDEX. O=NO PRINT. 1=SMALL PRINT. 2=LAKGE ERINT

C  NFERR=FILE NUMBER OF ERROR MESSAGES

¢ NMETH=1,EMITTED POWER ONLY. =2,SPECTRAL CALCULATI(N

o OUTPUT PARAMETERS

¢ EMIS=EMISSION COEFFICIENT, W/(MICRON-CM2-SR)

ABSB=ABSORPTIONHSTIMULATED EMISSION COEFFICIENT, OM-1

REAL JU,JL,LAMCL MU, LAMMIN,NUBAR ,NUBARO NUSFIN

DIMENSION HAVEL(1)

DIMENSICH EMIS(1)

DIMENSION ABSB(1)

COMMON /CFAST, ’QPE 3 ,NSPEED, L INEL ,NSTART NEMD , LAMCL ,E, CSPRD? , CSPROZ
COMMON/CFSTL/Y1(4500) , NJM NJ

‘.E"ﬁ"GWE-EéNDl,’RLP%b BEU, BETAL, CAPAU, CAPLU, DEU, DZEROU, RELI, TERMU,

1 c HLPML.BEL.B...HL,CADAL CAPLL,DEL,DZEROL REL , TERML
COMACN/TBAND2/MEL HEXEU, WEYEU  WEZEU  BUL1, VU, DEGENU, iU, ALTHAT,

1 WEL WEXEL HEYEL WEZEL ,BUL VL, NUSO TN
COMMON/CTEMP/TELECT , TVIE, TROT
COMMON/CHIDTH/WIDTHL ,HIDTHY, RANGE , DELLAM , LAMIN
COMMON/CTRAN/PARTCC NUBARD 0, AGE, CINTY , CINT2, KMIN, KMAX k1

1,FHRL, PHR2, PUR3
COMAON/CEXTRAY INDEY, SYSTEM, TOTAL
INTEGER SWITCH
LOGICAL LINEL
LOGICAL FROMPI,DBLBRN

L PLTO SIGHA TRANSITIONS. SIGMA TG PI TRANGITIONS.
DBLBRN 1S TRUE WHEN COMPUTING TWO BRANCHES WHOSE LINES ARE ASSIMED TO
HAVE THE SAME WAVELENGTHS.
DBLBRN=,FALSE.
CINTZ=CINT2/2,0
SET CONSTANTS APPROPRIATE TO THE ELECTRONIC TRANSITIDM, FRIMP] IS TR
IF THE UPPER STATE IS DOUBLET PI.
FROMP=FALSE.
IF (CAPLU,GT.CAPLL) FROMPI=,TRUE.
ADJUST FACTOR USED IN INTENSITY EQUATION TO CORRECT FARTCC
FOR SPIN SPLITTING AND LAMBDA DOUBLING
IF(EROMPT) CINT2=CINT2/2.0

Lo o]

[ I s}

[or B o]

[aw)

T CALCULATE EMITTED POMER FOR NMETH=1
IF(NMETH.GT.1) GO 70 1
A=ADEXX2HCINT2REXP( -1 . 43877%CINT1)
TBYB=TROT/(1.43877%BVU)
SIME=AR(D, TANUBAR D% 4+ ENUBAR A 3% ( BUU-BUL yXTEY B4 24
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1 24NUBARD*R 2K 3k ( BUU-BVL )k 2-4*NUBAR DX ( DVU-DUL ) Y XTBYB¥%3
2 +12%NUBARD* ( BUU-BVL )& ( (BUU-BUL ) ik 2-24NUBAROR  DVU-DUL ) )
3 *TBYBh*4}
SIME=GUMERB12,57
IF(1.E8/NUBARC.GT .WAVEL(1) )} PHRI=PHRI+SUME
IF(1.E8/NUBARD.GT.2500.) PHR2=PWR24SUME
TF(1.EB/NUBARD.GT.3500.) PWR3=PHR3+SUME
RETURN
1 CONTINUE
c
C SET COUPLING CONSTANT.
Yu=CAPAU/BW
YL=CAPAL/BVL
Y=YL
IF(FROMPI) Y=YU
C SET POSITN, THE BRANCH IDENTIFIER, AND IPRINT, THE INDEX ON NAME WHIC
C IDENTIFIES THE BRANCH OUTPUT. '
SHITCH= 0
IPRINT=0
IF (FROMPI) IPRINT=-1
C SET CONSTANTS WHICH DETERMINE THE LINE SHAPE,
CSPRDZ=HIDTHL/RIDTHY
CSFRD3=(1.06340.447%CSPRD2+0 . 058*CSPRD2K%2) K1 DTHVE L OE -4
CSPRD1=(1.0-CSPRD2)/CSPRD3
CSPRD2=CSPRD2/CSPRD3
C SET CONSTANTS FOR THE P2 BRANCH (PI TO SIGMA TRANSITION) OR
C R2 BRANCH (SIGMA TO PI TRANSITION).
BAND=0.0
K=iMIN
JU=K-0.5
JL=Ju-1.0
IF (FROMPI) JL=JH1.0
C SET CONSTANTS FOR THE WAVELENGTH EQUATIN,
SIGNUI=L.0
STGNU2=1.0
C SET CONSTANTS FOR THE STRENGTH EQUATION,
SIGNSI=1.0
SIGNS2=-1.0
CONST1=1.0
CONST2=1.0
80 TG 80
C SET CONSTANTS FOR THE R1 BRANCH (PI TO SIGMA TRANSITION, OR
C PI BRANCH (SIGMA T PI TRANSITION)
10 CONTINUE
JU=K+0.5
JL=JU+l.0
IF (FROMPI)  JL=JU-1.0
T SET CONSTANTS FOR THE WAVELENGTH EQUATION.
SIGNUL=-1.0
SINU2=-1.0
L BET CONSTANTS FOR THE STRENGTH EQUATION.
SINSi=1.0
SING2=-1.0
CONST1=1.0



i

CONST2=0.0 CF PUSE QuaLy
G0 TO 80
C SET CONSTANTS FOR THE 5R21 BRANCH (EITHER TRANSITION),
20 CONTINUE
JU=K=0.5
JL=IU-1.0
{ SET CONSTANTS FOR THE WAVELENGTH EQUATION,
SIGNUL=1,0
51GNU2=-1.0
SET CONSTANTS FOR THE STRENGTH EQUATION,
SIENS1=-1.0
SIGNS2=-1.0
£ONET1=1, 0
CONGT2=1,0
IF (FROMPI) CONSTZ=0,0
30 0 80

CONSTANTS FOR THE OF1Z BRANCH (EITHER TRANSITION).

2

s
e
™

30 CONTINLE
JU=K40.5
JL=dU+1.E
CONSTANTS FOR THE WAVELENGTH EQUATION,
SIGNUL=-1.0
SIGNU2=1.0
© CET CONSTANTS TCR THE STRENGTH EQUATION.
SINS1=-1.0
SigMge=-1.{
foneT1=1.10
CONGT2=01.0
IF (FROMPI} CONGT2=1.0
60 70 €0
0 CET CONSTANTS FOR THE 0F AND P21 BRANCHES (P1 TO SIGMa TRANSITION) O
42 AND QRI2 BRANCHES (SIGMA TO P TRANSITION).
40 CONTINUE
DBLBRN=,TRUE,
Ji=K-9,5
JL=dy
- SET COMSTANTS FOR THE WAVELENGTH EQUATION,
SIENUI=tL .0
SIGNU2=1.10
T CINSTANTS FOR THE STRENGTH EQURTION,
SIENSL=-1.0
GINS2=1. 0
SIGNS3=-1.1
CINET1=-7.0
CONSTe=1,0
CNET3=1.0
G0 TO &0
C SET CONSTANTS £ THE §1 AND OR1Z BRANCHES (P TO SI1GMA TRONSITIONY O
GL AND QP21 BRANCHES(EIGHA 70 PI TRANSITION)
30 CONTINUE
JU=K+0.5

T = ?
di=gl

L)

o
rm
-

()

[an
o
A

0
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C SET CONSTANTS FOR THE WAVELENGTH EQUATION,
SIGNUL=-1.0
S1ENUZ=-1,0
C SET CONSTANTS FOR THE STRENGTH EQUATION.
SIGNSL=-1,0
SIENS2:1.6
SIENS3=1.0
CONST1=-7.0
CONST2=0.0
CONST3=-7.0
60 TO 80 :
T SET CONSTANTS FOR THE R2 AND RG21 BRANCHES (P TO SIGMA TRANSITIONY O
C P2 AND POLZ BRANCHES (SIGMA TO PI TRANSITION)
&0 CONTINUE
JU=k-0.5
JL=JUH .0
IF (FROMPI) JL=JU-1.0
C SET CONSTANTS FOR THE WAVELENGTH EQUATION.
SIGNUL=L. 0
SIGNU2=1.0
C SET CONSTANTS FOR THE STRENGTH EQUATION.
SIGNS1=1.0
SIENS2= 1.0
SIGNS3= 1.0
CONST1=-7.0
CONST2=0.0
LONST3=-7.0
G0 TO 99
SET CINSTANTS FOR THE P1 AND PO12 BRANCHES (P TO SIGMA TRANSITION) ©
R1 AND RG2! BRANCHES (SIGMA TO P TRANSITION)
70 CONTINUE
JU=K4G,5
JL=2U-1.0
IF (FROMPI) JL=JU#1.0
£ SET CONSTANTS FOR THE WAVELENGTH EQUATION.
SIGNUI=-1,0
S1ENU2=-1.0
€ SET CONSTANTS FOR THE STRENGTH EQUATION.
SIGNS1=1.0
SIGNS2=1.0
SIGNS3=-1.0
CONST1=-7.0
CONST2=1.0
CONST3=1.0
C COMPUTE AND DISTRIBUTE THE INTEGRATED INTENSITY DUE TO SPONTANEOUS
C EMISSION OF ALL SPECIFED ROTATIONAL LINES FOR THE APPROPRIATE BRANCH.
€ J 1 THE ROTATIONAL QUANTUM NUMBER OF THE PI STATE. SEE REFERENCE BY
£ EARLS.
80 BRANCH=(.0
=
IF (FRMPI) J=JU
DO 120 M=KMIN,KMAX
C COMPUTE THE WAVELENGTH OF THE LINE CENTER IN ANGSTROMS.
FPU=BVLN({ JUH) . 5)%k2-CAPLUR24SIGNUL /2.0 *SORT(4. 0R(JIH0.5)
14k2-4, OXYUKCAPLUBR 24 ( YLHCAPLUYHA2) )

<oy

73



Or FOUE\ Qbr‘.—. s‘\;

FPL=BULX({ JL+0.5)k2-CAPLL*k2+S1GNU2/2.0 *SQRT(4. 0% {(JL+0.5)
LhbZ-4, OKYLRCAPLL k24 (YLACAPLL Y482 )

NUBAR=NUBAR(+F PU-FPL

RE=RIXEXP(1. 42277 (FPU-FRLY/TROT)

LAMCL=1 . 0E48/NUBAR

GELLOC=CAMEL Ak gEDEL LA

NSPRED=1 . A+EANGERWI DTHV/DELLOE
L TIND STRENGTH FACTOR FOR SINGLE BRANCHES,

U=1, 0/C0RT(YhkZ2-4, 0hv4( 2, 0k J+1 ,0)kk2;

S=({2. 001, 00042 FEIGNSIH( 2, 041, 00 RUR( 4, 0% Jkr2 44,00 +DINSTY
LETENS2RZ, 0V 15, (B, 0%( J4CONGT2))
T

oo

.HOT,DBLERN) 50 Y0 90
’(ENG’” FACTOR £3% DOUBLE BRANCHES,
=8 (2, DR DR (4, (024, Dhd-1,0) ~SIGNSIRIA (R, b Ikh3H] 2.
1 *'*‘h.—’ OxJHCONSTIHSIONS T2, 00 1 1/ (8. 00 IR { J41,00)
. FIND THE INTEGRATED LINE INTENSITY DUE TO SPONTANEQUS EMISEIMN E|
AND ."U!" OF ABSCRETION AND STIMULATEL EMISSION Al
a E=CH (NUBARIE 2HRGE )i CINTZREXP (-1, 43872 (CINTY
1 H(BUURIR{ UL 81 /TRETY)
QLM 1. JE-2kLAMCL
5. 4035057 ALAMIT ) RR24E
QK1=AKt(1.-.,/’R2)
527 CONSTANTS USED TG DISTRIBUTE THE ROTATIONAL LINE.
NCENTR={LAMMIN-1, C/LAMCL ) /DELLAME]
NETART=NCENTR-NEPRED
MEMD=NCENTR HNSPREL
IFI{NSTART,LE. 1), 0K, (NEND. GE.MARRAYY B2 TR 1€
LIBUTE THE ROTATIONAL LINE.
FOELLT.EL0E-25) GR TO 110
iFOUNDT LIMESY B0 TC 200
T BEMERATE LIN 'E

[anCl e}

[l

[ 1oe

4
cUARE TEMDLATE

K*«HDE:“*DW'\FLLSC
Ha=N HK-N'SPEED*NE""’
TEOR LT (-0, S%FLOAT{NSPEED) ) ) MI=M34NSPEED
H1=".'STHF1
M2=HEND
305 TF{(M3INCREE#MIY GE,1) GO TO 208
1=M141
G T Ing
IFIM3ENSPEEDM2Y LENSY G0 TO 310

e i Y

=

.

L "V
X

N R o N &

c e

J—LL ,A)PV.,.“Z’M’L,E,‘ZI(M’NSPEEWI JNEPEED BMISIMLY, 1
Cali CAXPY{MZ-M141,AK1,YI(MIINSPEEDIML} NSPEED ,ABSB(ML:, L

145 b 1 :
E O EdELD

JL=di4l L
H=K41,0
1260 RERE ST

T4



C SET FACTORS IN PREPARATION FOR THE NEXT BRANCH.
K=XMIN _
SHITCH= SWITCHE 1

C 60 TC THE APPROPRIATE BRANCH.
&0 TO (10,20,30,40,50,60,70,130), SWITCH

130 CONTINUE

RETURN
END

*DECK FAST
SUBROUTINE FAST

C FAST CALCULATION OF ROTATIONAL LINES
REAL LAMMIN, LAMCL,LAM
COMMON /CFAST/SPEED NSPEED, LINEY NSTART ,NEND, LAMCL ,E,CSPRD1, CSPRD2
COMMON/CHIDTH/KIDTHL ,WIDTHY, RANGE , DELLAM, LAMMIN
COMMON/CFSTL/Y(4000) NI NJ '
LOGICAL LINEL
DATA Y/4000%0,/

C COMPUTE FIRST LINE
€ DETERMIN NSPEED
DELLOC=DELLAMFLAMEL¥ck2
WD1=1.0/WIDTHY
NSPEED=DELLOCKWDI*10,41
T CONSTRUCT LINE TEMPLATE
NIM=NSPEEDH RANGERWI DTHV/DELLOCH . )41
IF{NJM.GT,1999) NJM=1999
NJ=2ENM-1
AN=NSPEED
AM=1. /AN
T DISTRIBTUTE LINE TEMPLATE
£ TEST iF LINE IS NEARLY DISPERSIVE
IF{ (WIDTHL/WIDTHY) ,LT.0.90) 60 TO 6
C LINE IS NEARLY DISPERSIVE
WD2=2, 0%WD1
00 7 1=1,NJ
LAM=LAMCLA (1, BHLAMCLR (1 -NIM)*DELLAMEAM)
DELL=ABS(LAM-LAMCL)
Y(1)=0.3183E4xWD2/ (1,04 (DELLAWDZ) #42)
7 CONTINUE
RETURN
6 CONTINUE
C LINE 15 VOIGT
D0 1 1=1,Nd
=L AMCLR (1. O+LAMCLA( 1 -NJM)RDELLAMAAM)
CSPRD3=ABS LAM-LAMCL)HWD1
[SP2=CSPRD3KK2
CSP3=CSP2XSORT (SQRT(CSPRD3))
¥(1)=CSPRDIXEXP( -2, 7724CSP2) +CSPRD2/ (1,044, 0*CSP2) 40, 016*CSPRD?
$%(1, 0-HIDTHLAHDL )X (EXP(~0. 4*CSP3)~10,/(10,+CSP3))
1 CONTINUE
RETURN
END
SUBROUTINE SAXPY(N,SA ,SX, INCX, 5Y, INCY)
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o

T TaK
i

*DECK

[

C

LT S I e I A O ]

-

LINEAR COMBINATION ROUTINE TG SUBSTITUTE FOR THE BUILT-IN

SUERUTINE IH CRAY

E OUT IF IN CRAY
DIMENSICN £X(1),5Y(1)
TY=1~INCY

1¥=1-INCY

D& 1 I=1,N
TX=IHINGK
T¥=lYHINGY

SV =5ARX(IX4sY (I

GLBPWR
SUBRCUTINE GLEMWR(WAVEL ,EMIS NARRAY  PURY ,PWR2 , PHF3)

CALCULATES GLOBAL EMISSIIN POWER
INPUT SORAMETERZ

WAVEL=WALELENGTH, 4
EMIS=EMISSION COEFFICIENT, W/{MICRIN-CMZ-SK)
NARRAY=LENGTH OF WAVEL, EMIS ARRAYS

PWR1=TOTAL EMITTED POWER

PUR2=POKER EMITTED ABOVE 2500 A

PHR3=POWER EMITTED ABOVE 2500 A

DIMINSION WAUEL(1)

DIMENSIN EMISI1)

PEL=0,

FURZ=(.

PLR3=0.

BELLAM=(1. /WAVEL (1) -1 . /WAVEL (NARRAY ) )/ (NARRAY-1)

DO 1 M=t NARRAY

DELLOC=HAVEL (M)iok 2ADEL LA

PHR1=PURHEMI S(MIRDELLICH , 0E-6+4, %3, 142

IF (MAVEL(M) LGT. 2500, ) PHRZ=PIREZHEMIG(M)*DELLOCHE L (E-4
yed k3,162

IFCMAUELTM) 6T, 3500, ) PURI=PMRIHEMIS(M)KDELLOCHY , 0 -4

MG 314

IOCINTIMUE

RETURN

AL

END
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CROSS-SECTIONS ASSIMED TO BE THE SAME AS FOR X-B OF CRANDALL ET AL

1.118 1.411 2.116 2,821 3.527 3.289 7.052 10.38

2.930E-16 2.830E-16 2.380E-16 1.900E-16 1.3S0E-16 1.100E-16 C.B90E-16 0.680E-1¢
L.

N2t 1- I3 %%

0 9 &00%E-01 1 0 3.0146-01 2 0 4.537E-02 3 0 2.24BE-03 4 0 1,452E-05
0 12.988E-01 1 12.226E-01 2 1 4.060E-01 3 1 1.056E-01 4 1 £.935E-03
S 1 3.966E-05 0 2 7.016E-02 1 2 2.860E-01 2 2 5.065E-02 3 2 4,1376-03
4 2l.ee0E-01 & 2 1.340E-02 6 2 5.729E-05 7 2 1.132E-05 O 3 1.800E-02
1 31.324E-01 2 32.290E-01 3 2 2.101E-03 4 3 5.792E-01 5 2 2.2056-01
b 32.063E-02 7 3 4.930E-05 B 3 3.006E-05 0 4 3.297€-03 1 4 4,273E-02



Fs 355
(WA

2 41.654E-01 3 4 1.557E-01 4 4 6.726E-03 5
7 42.789E-02 8 4 1.B07E-05 9 4 6.420E-05 O
2 5 7.1138-62 3 5 1.706E-01 4 3 9.290E-02 S
7 9 3.068E-01 & 5 3.419t-02 10 5 1.16lE-04 O
2 6 2.362E-02 3 6 9.431E-C2 4 & 1.06%E-01 &
7 £ 2.415E-01 & 6 3.401E-01 9 o6 3.890E-02 10
¢ 7 2.000E-05 1 7 5.861E-D4 2 7 6.691E-03 3
$ 71,3301 6 7 2.044E-02 7 7 7.236E-02 8
19 7 4.153E-02 11 7 3.873t-04 12 7 2.509E-04 13
2 81.695E-03 3 6 1.261E-02 4 8 3.236E-02 3
7 8 G.93%-03 8 B B8.468E-D2 9 8 1.837E-01 10
12 £ 1.087E-03 12 8 3.010E-04 14 8§ 3.005E-05 1
8 34,7435-04 9 9 9,063E-02 10 9 1.672E-01 11
13 9 2.361E-03 14 9 3.071E-04 15 9 6.400E-05 2
4 10 6,599E-02 S 10 2.826E-02 6 10 7.442E-02 7
9 10 5.552E-04 10 10 9.141E-02 11 10 1.579E-01 12
14 10 4.364E-03 15 10 2.499E-04 16 10 1.171E-04 2
4 11 1,9428-03 511 1.043E-02 6 11 3.652E-02 7
9 11 4.075E8-02 10 11 2.604E-03 11 11 @.818E-02 12
14 11 2,722E-02 15 11 7,160E-03 15 11 1.355E-04 17
4 12 5.2075-04 5 12 3.406E-03 6 12 1.4%6E-02 7
9 12 8,628E-02 10 12 2.710E-02 11 12 7.8%6E-03 12
14 12 4,615E-01 15 12 1.276E-02 16 12 1.066E-02 17
19 12 2.438E-05 2 13 1,044E-05 4 13 1.2B1E-04 S
712 1.,991E-02 & 13 5.053E-02 9 13 8.288E-02 10
12 13 1.23BE-02 13 13 7.384E-02 14 13 1,897E-0% 15
17 12 1.459E-02 1% 13 2.550E-05 19 13 3.036E-04 4
b 14 1,741E-03 7 14 7.823E-03 B 14 2.493E-02 9
11 14 8,208E-02 12 19 1.034E-02 13 14 1.651E-02 14
ic 14 4,676E-01 17 14 3.207E-03 18 14 1,831E-02 19
CROES-SECTING MEASURED BY CRANDALL ET AL
317 4,00 3.0 6.0 8.
2,%508-16 2,830E-16 2.3%0E-16 1.300E-16 1,
1.520E407
Ned DX I 4 o
0 6 1.579E-04 ¢ 5 ©.941E-04 ©§ 6 2.501E-02 O
1 94,020E-02 £ 10 1.I19E-01 0 11 1.469E-01 0
{14 8.,2378-02 0 13 4.467E-02 0 16 6.434E-03 0
I041.105E-02 1 5 4.051E-03 1 e 1,193E-02 1
1 % 8.246E-02 1 10 7.993E-02 1 11 3.886E-02 1
D14 1.231E-91 115 1.498E-01 1 16 7.B68E-C2 1
& 2 2.035E-04 2 3 1,063E-03 2 4 4,119E-03 2
2 7 35,383E~02 2 8 7.418e-02 2 & 7.166E-02 2
212 4,435E-0F 2 12 7,14BE-02 2 14 5.578E-03 2
2 17 1.43BE-C1 2 18 3.852E-02 2 19 1.26BE-03 3
3 32,3836 3 4 1.082E-02 2 5 2.p42E-07 3
3 B5.822E-02 3 9 2.601E-02 3 10 1.461E-02 3
212 9.961E-03 3 14 4,763E-02 3 15 6.338E-02 3
318 1,543E-01 3 19 2.868E-02 3 20 2.104E-04 4
4 2 8.604E-03 4 4 2.231E-02 4 T 4.286E-G2 4
4 8 2,278E-02 4 9 3.107z-04 4 10 4.162E-02 4
412 1.384E-02 4 14 2.859E-02 4 16 6.297E-02 4
419 1.494E-01 4 20 1,189E-02 S O 2.140E-04 S
S 31.,234E-02 5 4 3,756E-02 5 5 S.4e2E-02 5

OF POV Wit

] 10,
350E-16 1.100E-16 0,230E-16 0,680E-16

-

e

— s

[n e N L - T o o TR SO s S E B 3 e

34°E 04
,925E-02
L155E-04
B15E-02
.0942-05 11
JLUIE-CE

[SndiLY « B <9

o

3 '-lu 11
.239E-05 2
49E-01 12

CD - ;A ™~y LL )4

41’“ U;

81E 01
877E-05
44E-02 1
JA18E-02 1
.9535E-04

\D J> n CD O' OJ C: CD

15,

42’-6‘

thw&.b.r—h»—v(_n._.‘(_gwm,..,._.\,
M A A

peE-04
873E-02
747E-02
S06E-02
. 776E-04

N0 0%

SucnTYE

02L gz
J450E-02
. J63E-03
.183E-02

OO DY G 1 MDY %3 ~1 03 n Gﬁ
[o%)
i
o
(RS

L“ \l

tﬂ F‘ NJ UJ
MY i g\.

4,170E-02
3.934E-04
3.928E-02
9.63%E-04
5.865E-02
3.432e-42
2.324E-04
9.821E-02
4.496E-01
2 5.156E-03
8.319E-02
1.593E-01
2.5e7E-(4
5.378E-03
¢ 1.720E-02
1.618e-02
2.724E-04
8.018E-02
1.866E-01
6.737E-03

20,



5 88.863E-04 5 9 1.169%-02 510 2,555E-02 5 11 9.533E-04 5 12 1.462E-02
513 3.651E-02 5 14 1.306E-03 5 15 3.396E-02 5 16 8.541E-N4 S 17 2.800E-(2
518 1.584E-02 5 19 1.384E-01 5 20 1.102E-01 5 21 1.694E-03 6 0 8.007E-04
6 14.533E-03 € 21.487e-02 6 3 3.315E-02 6 4 5.168E-02 6 5 5.310E-02
& 6 2.909E-02 6 7 2.669E-03 6 8 7.266E-03 6 9 2.986E-02 6 10 1.3e4E-02
6 11 1.171E-02 6 12 3.032E-02 6 13 1.091E-02 6 14 2.913E-02 & 15 2.043E-02
616 2.965E-02 & 17 3.096E-02 6 18 3.761E-02 6 19 1.295t-03 6 20 2.057E-0)
621 4.3028-02 7 0 2.732-03 7 1 1.163E-02 7 2 2.997E-02 7 3 4.991E-02
7 4 5.571E-02 7 5 3.501E-02 7 6 5.910E-03 7 7 3.308E-02 7 8 2.451E-02
7 9 2.438E-02 7 10 7.87%E-03 7 11 2.579E-02 7 12 1.041E-02 7 13 1,962E-03
7 14 1.367E-02 7 15 6.738E-04 7 1p 1.839E-02 7 17 8.836E-04 7 1B 2.156E-02
719 5.633E-02 7 20 2.086E-02 7 21 2.030E-01 7 22 6.64%E-03 8 0 2.272E-02
8 14,752k-02 8 26,504E-02 8 3 4.986E-02 8 4 1.6(6E-02 8 6 1.551E-02
g 7 2.,468E-02 8 8 7.102E-03 8 9 2.077E-03 8 14 1.226E-02 8 11 1.337E-04
8 12 1,309E-02 8 13 1.33BE-02 8 14 1.572E-02 8 15 1.224E-02 8§ 16 1.958E-02
817 8,%42E-03 & 18 2.511E-02 8 15 2.164E-02 8 20 5.973E-03 8 21 5,069E-03
B 22 2.4336-01 9 23 1.099E-02 9 0 S5.255E-62 9 1 6.827E-02 9 2 6,214E-02
9 2 2.,240E-02 9 4 1.873E-04 9 5 1.256E-0Z 9 6 2.450E-02 9 7 9.597E-03
9 B6.905E-04 9 9 1.524E-02 9 11 1.157E-02 9 12 1.326E-02 9 14 1,165E-02
915 2.491E-04 9 16 7.723E-03 9 17 3.467E-03 9 18 1.66BE-03 9 19 1.614E-02
9 20 3.486E-02 9 21 5.754E-02 9 22 6.642E-02 9 23 1.387E-01 9 24 1.769E-04
10 0 1.015E-01 10 1 6.956E-02 10 2 3.610E-02 10 3 9.761E-04 10 4 9,260E-03
18 T 2.566E-02 10 6 1.193E-02 10 8 1.277E-02 10 9 1.383E-02 10 10 8.671E-03
10 11 1.208E-02 10 12 4.079E-04 10 13 9.081E-03 10 15 1.218E-02 10 16 1,937E-03
10 17 1.562E-02 10 18 1.041E-02 10 19 2,075E-03 10 20 2.150E-04 10 21 5.82%E-03
10 22 3.74%E-02 10 23 2.378E-01 10 24 2.930E-03 11 0 2.010E-01 11 1 4,128E-03
il 2 9.GB1E-04 11 3 3.431E~02 11 4 1.479E-02 11 5 1,310£-03 11 6 1.013E-02
117 1.386E-02 11 B8 2.936E-02 11 9 4.710E-03 11 10 2,217E-03 11 11 4,536E-02
11 12 1.066E-02 11 13 6.973E-04 11 14 8.468E-03 11 15 1,368E-04 11 16 3,669E-03
1117 4,138E-03 11 19 2.462E-03 11 20 7.770E-03 11 21 1.372E-02 11 22 2.433E-02
1123 6,579E-02 11 24 1.7%E-01 12 © 1.293E-01 12 1 8.93%E-02 12 2 5.961E-D3
1 3 1.9268-02 12 4 1.344E-02 12 5 7.822E-03 12 6 1,198E-02 12 7 4.165E-03
12 8 7.0426-03 12 9 7.446E-03 12 10 7.521E-03 12 11 3.516E-03 12 12 3.584E-03
12 13 7.830E-02 12 14 €.4€5E-03 12 15 5.513E-03 12 1€ 9.053E-03 12 17 §.782E-04
12 18 5,483E-03 12 19 9.821E-03 12 20 1.299E-02 12 21 1.678E-02 12 22 2.334E-02
CROSS-SECTIONS ASSIMED TO BE THE SAME AS FOK B-X F CRANDALL ET AL
6.405 8.083 12.12 16.17 an.21 30.31 44.42 60 .62

2,330E-16 2,830E-16 2.380E-16 1.900E-16 1.550E-16 1.100E-16 0.890E-16 0.680E-16
g,

NZHMEL 2 3 6l

G 0 9.058E-92 & 1 2.010E-01 0 2 2.274E-01 O 3 1.:037E-01 O 4 1,304E-(1
U 57.827&-02 § 64,202E-62 0 7 2.023E-02 0 € 8.237E-03 ( 9 2.978F-(2
10 2.230E-01 1 11.645E-01 1 2 2,267E-02 1 3 1.090E-02 1 4 7.653:-02
1 51.27¢E-01 1 61.324E-01 1 7 1.054E-01 1 8 6.B63E-02 1 9 3.678E-07
110 4,559E-03 1 11 6.144E-04 1 13 1.757E-04 2 0 2.73%E-0! 2 1 1.263E-02
2 26.40E-02 2 3 1.150E-01 2 4 4.835E-02 2 5 3.454E-04 2 € 2.816E-02
2 7 8.008E-02 2 8 1.1%E-01 2 91.136E-01 2 10 4.217E-02 2 11 1.476E-02
212 2.383E-03 2 14 7.023E-04 2 15 2.225E-04 3 0 2.110E-01 3 1 4.4m6E-02
2 2 1.213E-01 % 3 9.74%E-03 3 4 3,071E-02 3 5 8.,135E-02 3 6 4.921E-02
3 7 2.362E-03 2 8 1.564E-02 3 9 7.232E-02 3 10 1.179E-01 3 11 7.927E-02
¢ 12 2.386E-02 3 13 6,730E-03 3 14 1,545E-03 3 15 1,969E-03 3 17 2.360E-04
4 0 L.O75E-01 4 1 1,690E-01 4 2 1.948E-02 4 3 5.4636-02 4 4 7.808E-02
4 56.53E-02 4 62.003E-02 4 7 5,9876-02 4 & 3,954E-02 4 9 2.300E-03
410 6,23%-02 4 11 1,290E-01 4 12 1.155€-01 4 13 6.142E-02 4 14 1.524E-04

83



JRIGINAL PAGE 15

OF POOR QUALITY

4 15 2,870E-03 4 16 1.669E-03 4 17 4.403E-04 4 18 1.643E-04 4 19 1,416E-04
S 0 4.856E-02 5 1 2.,020E-01 5 2 3.091E-02 5 3 9.1726-02 5 4 1.427E-04
S 5 5.362-02 5 6 5.3276-02 5 7 3.333E-03 5 B8 1.674E-02 5 9 4.5%7E-02
511 3,722E-02 512 1.109E-01 5 13 1.385E-01 5 14 2.%14E-02 5 15 8.684E-04
5 16 8.187E-03 518 1.376E-03 6 0 1.438E-(2 6 1 1.33%E-01 6 2 1.3%%-01
6 2 5.523t-63 6 4 6.783E-02 & 5 3.898E-02 6 6 3.357E-03 6 7 4.649E-02
£ 8 3.4826-02 € 9 6.546E-04 6 10 3,239E-02 6 11 B8,087E-02 6 12 8.612E-03
b 13 7.6€9E-02 6 14 1,222E-91 6 13 4.B13E-02 6 16 5.928E-03 6 17 6.864E-03
£ 18 1.%26E-63 6 19 9.596E-04 7 0 2,712E-03 7 1 G.021E-02 7 2 1.997E-01
7 36.253-02 7 45.351E-02 7 5 1.062E-02 7 6 35.570E-02 7 7 1.203E-02
7 8 1.061E-02 7 9 4,128E-02 7 10 2,364E-04 7 11 1.802E-02 7 12 1.626E-D¢
7 12 1.344E-04 7 14 1,267E-01 7 15 1.416E-01 7 16 7.417E-02 7 17 1.83%-02
7 18 2.9476-64 7 19 4,369E-03 8 0 2.265E-04 & 1 1.307E-02 & 2 1.197E-01
g 32.014E-01 8 4 5,484E-03 B8 S5 7.101E-02 8 6 3.963E-03 B 7 3.053e-02
& £3,781E-62 & 9 1.110£-02 B 1( 3.166E-02 8 11 6.806E-02 8 12 3.060E-02
£ 13 1.3456-02 8 14 2.037E-0z 815 1.016E-01 8 16 9.138E-02 § 17 3.263E-(3
18 1.800E-02 819 1.632(-03 9 2 2.8B99E-03 9 3 6.683E-02 9 4 2.307E-01
9 59,423E-02 9 6 2.519E-62 9 7 1.073E-02 9 6 4.088E-02 9 9 3.076E-03
9 10 2.651E-02 9 11 2.462E-03 9 12 9.289E-03 9 13 2.262E-02 9 14 3,273E-04
915 1.299E-03 9 16 S.189E-02 9 17 1.177E-01 9 19 3.142E-G2 10 3 5.33%-03
10 4 1.066E-01 10 5 2.629E-01 10 € 4.767E-0Z 10 7 3.430E-02 10 9 3.080E-02
10 10 1,842E-03 10 11 2,221E-02 10 12 1.092E-02 10 13 9.910E-04 10 14 1.444E-02
10 15 1.18RE-03 10 16 1,529E-92 10 17 1,055E-01 10 16 4,941E-02 10 19 1.390E-02
11 2 2.245E-04 11 3 5,4228-04 11 4 7.679E-03 11 5 1.488E-01 11 ¢ 2,723E-01
11 7 2.125E-02 11§ 2.682E-02 11 9 7,36EE-02 11 10 2.274E-02 11 11 7.674E-04
1112 1,17%E-02 11 13 1.601E-02 11 14 9.2B2E-03 11 15 1.73%E-02 11 16 2.068E-04
i1 17 2.478E-C2 11 18 1,150E-01 11 19 3.166E-03 12 4 1.740E-02 iZ O 6.383E-03
12 6 8.011E-03 12 7 2.178E-01 12 8 2.o16E-01 12 9 6.698E-03 12 10 2.786E-C¢
1212 1,370E-02 12 13 1.038E-02 12 14 1,144E-02 12 1% 7.056E-02 12 16 1.222E-02
12 17 5.735€-03 12 18 1.538E-02 12 19 9.503E-C2 13 5 2.,214E-03 13 & 1.301E-02
13 7 4,935E-03 13 2 2.330E-01 12 9 2.522E-0% 13 10 6.573E-04 13 11 2,203E-02
13 12 6.402E~04 13 13 7.041E-02 13 14 2,754E-04 12 15 7.0€6E-03 13 17 1.549E-02
13 18 5.826E-03 13 19 4.587E-02 14 5 E.767E-04 14 & 1.754E-03 14 7 4.7%E-02
14 & 4,951E-02 14 9 3,79%t-04 14 10 2,299E-01 14 11 2,351E-02 14 12 2.676E-C2
14 13 3.776E-02 14 14 4,100E-04 14 13 1.029E-02 14 1e 1.588E-03 14 17 1.967C-02
14 18 1.280E-02 14 19 1.100€-G2 15 6 5.321E-B4 15 7 5,386E-C2 15 § 5.730E-02
1% 9 7.132E-0Z2 15 10 1.560E-01 15 11 2.10CE-01 15 12 4.1€6E-02 10 12 §,198E-02
15 14 7.912E-04 15 16 2.713E-03 15 17 6.440E-03 15 18 &,720E-G4 15 19 1.52%-0¢
16 6 1.202E-04 16 7 1.720E-02 1€ B 3.403E-04 16 9 2.1%1E-0Z 1o 10 8.B07E-02
16 11 6.016E-02 16 12 4.443E-02 16 13 1.331E-01 16 14 1.157E-01 16 15 7.365E-02
16 16 2.836E-02 16 17 3.492E-03 16 18 4,125E-03 17 7 6.160E-07 17 9 £.806E-13
17 1% 2.938E-02 17 11 2.678E-02 17 12 3.610E-02 17 13 1,144E-07 17 14 3,202E-02
17 15 5.362E-02 17 16 1.268E-01 17 17 1.735E-02 17 1§ 1,5GeE-U2 17 19 2,833E-L2
18 7 1.2276-04 12 B 4,722E-04 18 9 1,124E-02 18 10 4.144E-07 18 11 3,283E-02
12 12 3.762E-02 18 13 €,621E-02 18 14 €.917E-02 18 15 3.32%E-07 1 16 4,071E-02
18 17 1.678E-01 18 18 5.230E-02 19 € 3.651E-04 19 10 7.526E-04 1% 11 1.833e-(:
19 12 6.207E-0% 19 12 2.946E-02 19 14 3,596E-02 19 15 4.942E-02 19 16 1.820E-02
CROSS-SECTIONS ASSIMED TO BE THE SAME AS FOR X-B OF CRANDALL ERA
2,452 2,589 3.884 3.179 6.472 5,709 12,9 15.42
2.950E~-16 2,820E-16 2,390E-16 1.900E-16 1.550E-16 1.1CBE-16 0,890E-16 0.6B0E-l¢
ft,
NetlD: e 4 U4
{ 0 2.p23E-06 O 2 2,782E-04 C 3 1.909E-93 0 4 7.43E-G2 0 D 2.11eE-02
1 13,153-04 1 2 2,208E-03 1 3 9,52BE-03 1 4 2.820E-0z 1 5 6.006E-02
¢ 1 1,156E-DF Z 2 6.80BE-03 2 3 Z.296E-02 2 4 5.450E-02 2z O G.ZelE-z



3 0§ 2.676F-04 3 1 2.992E-03 2 2 1.475E-02 3

4 0 6.370E-04 4 1 6.138E-03 4 2 2,518E-02 4

4 53,501E-02 5 0 1.282E-03 5 1 1,063E-02 S

5 44,7376-062 5 57.281E-03 6 0 2.267E-03 6

€ 25.6326-02 6 4 2.363E-02 6 5 2.567E-04 7

72 4,9826-G2 7 3 4,401E-02 7 4 £.369E-03 7

8 1 2.793E-02 8 2 5.016E-02 8 3 2.875E-02 8

9 0 7.306E-03 9 1 3.282E-02 9 2 4.629E-02 9

9 5 2,9726-02 10 0 9.470E-03 10 1 3.634E-02 10

10 4 1,0628-02 10 5 2.806E-02 11 0 1.189E-02 11

11 3 5.495E-04 11 4 1,808E-02 11 5 2.041E-02 0
CROSS-SECTIONG ASSUMED TO BE THE SAME AS FOR X-E or chquLh ETH
5,287 6.673 10.01 13,35 16.68

2.950E-1¢ 2.830E-16 2.380E-16 1.900E-16 1.550E-16 & 1nﬂ
g,
N2+JDI 3 43

07 1.400E-04 8 6.043E-04 0 9 7.837E-03 O

0 12 1.7996-01 0 13 2.263E-01 0 14 1.314E-01 0

1 7 9.4878-04 g 3.3976-02 1 9 2,759E-02 1

112 6,3498-02 -3 4,704E-02 1 14 1.817E-01 1

117 4.7286-04 5 2.6435-04 2 & 1,016E-03 2

2 9 5.059E-02 2 10 7.533€-02 2 11 7,295E-02 2

2 15 4.644E-02 2 16 2.376E-01 2 17 1.240E-02 2

3 5 9.672E-94 § 3.154E-03 3 7 6.963F-03 2

%10 5.959E-02 2 11 2.542E-02 2 12 2.943E-02 3 1

315 7.028E-02 2 16 2.159E-01 2 17 4.280E-02 3

4 2 2,491E-04 4 9.0376-04 4 5 2.846E-02 4

4 8 3.544E-02 9 5,343E-02 4 10 2.664E-02 4

413 1,2375-02 4 14 4.757E-07 4 15 2.575E-03 4

416 3.457E-07 4 19 2.702E-04 5 2 2.367E-04 5

5 5 7.086E-03 6 1.6156-02 5 7 3.080E-02 S

510 3.001E-03 5 11 8.579E~03 5 12 1.775E-02 S

5 15 1.880E-02 5 16 1.431F-02 5 17 1.539E-0! 5

6 1 2,178E-04 2 8.5956-04 6 3 2.654E-02 6

£ & 2.822E-02 7 4,257E-02 6 8 4.771E-02 6

6 11 2.488E-02 6 12 {.644E-04 6 13 1.976E-02 ¢

€ 16 3.599E-02 £ 17 1.765E-02 & 18 1.712E-01 7

7 2 2.765E-03 3 7.11E-03 7 4 1.526E-02 7

7 7 4.643E-02 8 3.48%E-02 7 9 3.820E-04 7

7 12 §.803E-03 7 13 2,183E-02 7 14 1,994E-02 7

7 17 9,588E-04 7 18 6.941E-03 7 19 3.421E-01 &

g 2 1,825E-02 3 3.094E-02 8 4 4.274E-02 8

& 7 1.4728-02 9 3.228E-04 8 9 2.106E-02 8

312 1.04%E-02 € 13 1,107E-03 8 14 9.045E-04 &

817 1,621E-02 818 1.177E-02 8 13 7.529E-03 9

9 2 3.486E-02 3 4.571E-02 9 4 4.740E-02 9

9 7 4,308E-04 8 6.324E-03 9 9 1,362E-02 9

9 12 1.1456-04 31,121E-02 9 14 5.186E-03 ¢ 6
o 17 3.854E-04 8 1.4475-02 9 19 1.0895-02 10 5
10 2 5.164E-02 1 3 4,874E-02 10 4 3.393£-02 10 2
10 7 6.373E-03 10 8 1.858E-02 10 9 1.047E-03 10 8
10 12 5,994E-03 ¢ 13 9,979E-03 10 14 1.182E-02 10 7
10 18 7,282E-04 10 19 1.4076-02 11 0 1.113F-01 11 35
11 3 7.436E-03 11 5 9.672E-03 11 6 1.900E-92 11 .50
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11 9 1.243E-02 11 10 3.944E-02 11 11 6.697E-04 1 7E-03 11 13 3,581E-03
11 14 8.869E-04 11 15 8.174E-03 11 16 6.102E-03 1 4E-04 11 18 8,523E-03
12 01,9938-01 12 1 1.168E-03 12 2 4.138E-04 1 2e-62 12 4 1.619E-02
12 3 1.694E-02 12 6 €.%67E-04 12 7 2.334E-03 1 9e-02 12 10 6.565E-03
12 11 6,043E-03 17 12 6,989E-03 12 34E-03 12 14 4.345E-03 12 15 2.736E-03

13 2.3
CROSS-SECTIONS ASSUMEDTD BE THE SAME AS FOR X-B OF CRANDALL ET
3.23% 4.083 6,143 8.1¢6 10.21 15.31 20, 42 30.62
2.990F-16 2.930E-16 2.230E-16 1.300E-16 1.550E-16 1.100E-16 0.890E-16 0.68CE-16

]

N2 26,016 4 6 3 4

1.0 g, 2358.027° 14,1351 -1.751E-02-1.144E-04 1.9980  1.772E-g2
2.0 49734.8  1460.518 13,8313 G.999E-03 1.833E-03 1.45455 1.801E-02
6.0 59306.8 1733.391 14,1221 -5.688E-02-3.612E-02 1,6374  1.791E-(2
2.0 £8951.2  1694.208 13.9481 7,935E-03-2.911E-04 1.61688 1,793E-0e
6.0 88977.9 2047.178 28.4450 2.08833 0.5330  1.82473 1,868t-02

N 45 1.401E+01 7.872E+04 4.000E4+00 1,500E400 0,000E+00

N 45 1.401E401 7.872E404 4.000E+00 1.500E400 0,000E+CD

CROSS-SECTIONG AGSUMED SAME AS FOR N2 1-3 OF CARTWRIGHT ET &l

9.7594  13.618  13.27 15.93 19,91 26,35 36,51 47.78

g, 4.054E-1c [,285E-16 0,2930-1c {,241E-16 0.136E-1f 0.120E-16 0.076E-16

CROSS-SECTIONS QSSUMED SAME AS FOR N2 1-3 OF CARTWRIGHT ET 4l

3.5%09 3,907 4.884 3,860 7,325 9.767 1e.7% 17.38

o, 0.054t-16 0.2256-16 0.299E-1¢ (.241E-16 0.156E-16 0.120E-16 B.076E-16

CROSE-SECTIONG ASSUMED SAME AS FOR N2 1-2 OF CARTWRIGHT ET AL

2.4066  2.618 3.273 3.928 4.91i0 £.54¢6 8,510 11.7

8. e, 054E 16 0.22%E-16 0,299E-16 §,241E-16 0.156E-16 0.120E-16 0,076E-16
CROSS-SECT I S ASSUMED SAME AS FOR N2 1-3 OF CARTMRIGHT ET AL

.2t 13 18 1.647 1.97¢ 2.474 3.294 4.282 5.929

H 0.034E-16 0.223E-16 0.299E-16€ 0.241E-16 0.156E-16 0.120E-16 C.C7RE-14

N2 VK 1 2 7
8 0 3.900E-04 § 1 5.337E-0%3 0 2 2.29€E-02 ¢ 2 6,1675-02 0 4 1,176E-01
0 51.6888-01 0 6 1.894E-01 © 7 i.704E-32 0 8 1.250E-01 © 8 7,578E-02
0106 2.8288-02 0 11 1.621E-02 0 12 5.790E-02 0 13 1,728E-02 0 14 4,411E-04
1D 3.2a8e-0z 1 12.278E-02 1 2 6.919E-02 1 3 1.183E-01 1 4 1,216E-G1
1 56.3€3E-02 1 66.206E-03 1 7 1.295E-0z 1 § 7.BAEE-02 1 9 1,370E-01
110 1.430E-01 1 11 1.100E-01 1 12 6.404E-02 1 13 2.962E-02 1 14 1.110E-02
2 0 9.973-02 2 1 5.085E-02 2 2 1.0%%E-01 2 3 9.732E-0% Z 4 2.922F-02
2 5 2.161E-03 & 6 5.473E-02 2 7 B.924E-02 2 g 4.616E-02 2 9 8,B40E-04
2 i0 2.99EE-02 2 11 1.001E-01 2 17 1.E7BE-01 2 12 1,1%6f-01 2 14 7.472E-02
3 02.133:-02 3 1 7.8%0E-02 3 Z 9.76BE-02 3 3 3.326E-02 2 4 2,33%t-02
3 8 0el7i-02 3 b €.291E-02 2 7 B.564E-02 3 B 1.897E-02 3 9 7.218E-02
310 6.181E-02 3 11 7.600E-03 3 12 1,520E-02 3 12 8.283c-6Z 3 14 1.215E-01
4 0 3.6428-02 4 1 9.228E-02 4 2 5.998E-0% 4 X 2,714E-04 4 4 4,1070-02
4 33.738E-G2 4 € 4.,625E-03 4 7 2.554E-02 4 8 6.331E-92 4 @ 1.%16E-D2
410 7.1278-03 4 11 6.276E-02 4 12 6.314E-02 4 13 9.292E-03 4 14 1,373E-02
5 0 5.230E-02 5 18.9628-02 § 2 2.611E-02 5 3 1.465E-0Z 5 4 5.868E-02
5 5 1.2838-02 5 61.608E-02 5 7 5.4626-02 5 2 1,1€5E-02 5 2 1.843E-02
310 3.071E-C2 5 1! 2.016E-G2 5 12 €.5B5E-D% S 13 6.1428-0Z 5 14 5.832E-(2
€ 0. 799E-02 6 1 7.082E-02 6 2 8.3B1E-04 € 3 4,2220-02 & 4 3,409E02
€ 5 2.620E-03 6 € 4.768E-02 6 7 1.641E-02 & 3 1.163t-P2 & 9 5.008E-02
£ 10 8,734E-03 6 11 1.729E-02 6 12 ©.579E-02 @ 12 1.4578-02 £ 14 1.121E-(2
7 0 7.,93%-02 7 1 4.938E-02 7 2 5.264E-03 7 3 5.1%4E-G2 7 4 5.402E-(3
7T E.GLEE-02 7 6 3,287E-02 77 1VI0E-0T 7 € 4.,302E-02 7 3 1,308E-02
710 1.409E-02 7 11 4,635E-62 7 12 4,785E-02 7 12 2,447E-02 7 14 5.170E-02
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g 0 8,58E-02 & 1 2.205E-02 8 7Z 2.231E-02 8 3 3.803t-02 8 4 1,933t-03
8 5 4.2036-02 & 6 4.185E-03 8 7 2,701E-02 B8 8 2,5728-02 § 9 4.073t-03
8 10 4.14€E-02 8 11 6.297E-03 8 12 2,185E-02 8 13 4,002E-02 8 14 3.600£-04
% 0 3.730E-02 9 1 6.435E-03 9 2 3.838E-02 9 3 1.6S1E-02 9 4 1.81GE-02
9 5 2.8%E-0Z 9 6 3.763E-03 9 7 3.696E-02 9 § 8.855E-04 9 9 3.109E-02
910 1.5928-02 9 11 1.083E-02 9 12 3.765E-02 9 13 6.326E-04 9 14 3.284c-02
10 0 2.4248-02 10 1 2.053E-04 10 2 4,527€-02 10 3 2.254E-03 19 4 2.349E-02
10 5 8.054E-03 16 6 2.242E-02 10 7 1.837E-02 10 8 9.744E-03 10 9 3.C26E-02
16 1¢ 5,Z51E-04 19 11 3.475E-02 10 12 5.380E-03 10 13 2.218E-02 10 14 2.757E-02
11 ¢ 7.e12e-02 11 1 2.015E-03 11 2 4.180E-02 11 3 9.890E-04 11 4 3.330E-02
11 5 1.684E-05 11 6 3.257E-02 11 7 1.243E-03 11 8 2.8356-02 11 9 7.166E-02
11 10 1.9636-02 11 11 1.8926-02 11 12 7.224E-03 11 13 3.197E-02 11 14 £.82%-06
12 0 6.,988E-02 12 1 9.015E-03 12 2 3.141E-02 12 2 9.423E-03 12 4 2.493t-02
12 5 7.426E-03 12 6 2.478E-02 12 7 4.205E-03 12 € 2.719E-02 12 9 9.B55E-04
12 10 2.9628-02 12 11 2.597E-04 12 12 2.833E-02 12 13 5.872E-03 12 14 2.016E-02
13 0 6.07iE-02 13 1 1.817E-02 13 2 1,899E-02 13 3 2.061E-02 13 4 1.116E-02
13 5 2.003E-02 13 6 2.630E-03 13 7 1.809E-02 13 8 1.114E-02 12 9 1.477E-02
13 10 1.51%E-02 13 11 9.782E-03 13 12 2.152e-02 12 13 3,791E-(3 13 14 2.831E-04
14 0 5.14%E-02 14 1 2,707E-02 14 2 B8.494E-03 14 3 2,870E-02 14 4 1.925E-03
14 5 2.732E-02 14 6 5.69BE-04 14 7 2.605E-02 14 8 4.334E-04 14 9 2.527E-02
14 10 9,e08E-04 14 11 2,437E-02 14 12 2.627E-03 14 13 2.209E-02 14 14 7.438E-03
15 (¢ 4.280E-02 15 1 3.418E-02 15 2 2.03BE-03 15 3 3.106E-02 15 4 2.871E-04
15 5 2.560E-02 15 6 2.2128-03 15 7 2.191E-02 15 8 2,623E-03 15 9 2.041L-02
13 10 3.8236-03 15 11 2.086E-02 15 12 2.852E-03 15 13 2.288E-02 15 14 1.148E-02
2 15 3.967E-02 2 16 1.342E-02 2 17 4,046E-03 3 13 1,197E-01 3 16 7.543E-02
317 3,543t-02 318 1.287E-02 3 19 3.690E-03 4 15 8.294E-02 4 16 1,299E-01
417 1.152E-01 4 18 6.961E-02 4 19 3.095E-02 5 15 S5,305E-03 5 16 1.982E-02
317 9.210E-02 5 18 1.304E-01 5 19 1.066E-01 6 15 6.531E-02 6 16 4.826E-(2
6 17 1.141E-02 £ 18 3.366E-02 6 19 1.068E-01 6 20 1.289E-01 5 20 5.938E-02
6 21 9.341E-02 6 22 4.662E-02 € 23 1.704E-02 € 24 4.706E-03 7 20 5,591E-02
7 13 6.,142E-02 7 16 2,2278-02 7 17 6.887E-02 7 18 3.473E-02 7 21 1,216E-01
722 1.2178-01 7 23 7.623E-02 7 24 3,334E-02 7 25 1.970E-02 8 15 2.810E-02
816 4.227E-02 & 18 2.93cE-02 € 19 6,967E-02 £ Z§ 1.4635-02 § 21 1,114E-C2
8 22 8.420E-02 g 23 1.305E-01 8 24 1.069E-01 6 25 S.701E-02 2 26 2.147E-02
915 2.810E~02 3 16 2,261E-02 9 17 4,74BE-02 9 15 2.603E-02 9 19 3.787E-03
920 5.7738-02 9 21 S.110E-02 © 22 1.516E-02 @2 23 3.563t-02 9 24 1.120E-0%
925 1.Z84E-01 9 26 8,57SE-02 9 27 2.813E-02 10 15 1.944E-03 10 16 4,1378-02
10 17 1.221E-32 16 18 1.4e4E-02 10 19 5.044E-02 10 21 2.085E-02 10 22 6.748%2-02
it 23 2.7178-02 10 25 7,141E-02 10 26 1.302E-01 10 27 1.136E-01 11 15 3.3233E-(2
11 16 1.2356-02 11 17 1.382E-02 11 18 3.941E-02 11 20 3.440E-02 11 21 2,BA2E-G2
11 22 4.661E-02 11 24 5.915E-02 11 26 2.730E-02 11 27 1.04E-G1 12 15 1.998E-02
12 16 £.000E-03 12 17 3.526E-02 12 19 3.137E-02 12 20 2.778E-02 1Z 22 4.8R1E-02
12 23 1.619E-02 12 24 1.223E-02 12 25 6.568E-02 12 26 3,347E-92 12 16 3.060E-02
12 18 2.1808~02 13 19 2.233E-02 13 21 4.954E-02 13 23 2.521E-~02 13 24 4.374E-02
13 26 4.106E-02 13 27 5.174E-02 14 15 1.686E-02 14 16 1.60%E-02 14 18 2.250E-02
14 20 3.395E-02 14 22 2.305E-02 14 23 3.004E-02 14 25 4.613E-02 14 26 2.0158-02
1515 2.563E-02 15 17 2.713E-02 15 19 2.415E-02 15 20 1.140E-02 15 21 1.270E-G2
15 22 2.799E-02 15 24 3.891E-02 15 26 2.121E-02 15 27 4.501E-02 16 21 2,925E-02
CROSS-SECTIING FROM CARTWRIGHT . '
£.1693 7. 2. 11. 14. 17, 20. 26.
2. 0.030E-16 0.094E-16 0.148E-16 0.204E-16 0.225E-16 0.183E-16 0.113E-16
g.
Ng BX 1 3 =
0 06.117E-02 0 1 1.909E-01 0 2 2.753E-01 C 2 2.416E-01 0 4 1,442E-(1
0 56.183E-02 0 61.953E-02 § 7 4,555E-03 © 8 7.694E-04 1 0 1.487E-01
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ORIGINAL PREZ b
OF POOR QUAL:

1 11.921E-01 1 2 4.450E-02 1 3 1.658E-02 1 4 1.444E-01 1 5 2.072E-01
1 61.509E-01 1 7 6.9176-02 1 B8 2.138E-02 1 9 4,492E-03 1 10 6.123E-04
2 0 1,999E-01 2 1 6.,307E-02 2 2 2.4456-02 2 3 1.283E-01 2 4 4,565E-02
2 51.167E-02 2 & 1.314E-01 2 7 1.908E-01 2 8 1.322E-01 2 9 5,475€-02
2 16 1,434E-02 2 11 1,996E-04 2 0 1.969E-01 2 1 1.973E-04 2 2 1,029E-01
2 3 3.337E-02 2 4 3.2768-02 3 5 1.0BRE-01 3 6 2.046E-02 3 7 3.142E-02
3 01.5476-01 3 9 1.769E-01 3 10 1.006E-D1 3 11 £.368E-07 2 12 £.241E-04
4 ¢ 1.585E-01 4 1 3,798E-02 4 2 7.628E-02 4 3 9.215E-0% 4 4 §,340E-07
4 54,7425-02 4 £ €.268E-02 4 7 £.009E-02 4 8 5.37%E-04 4 9 7,805E-02
410 1.807E-3%1 4 11 6.192E-02 4 12 1.426E-02 4 13 1.602E-G2 5 © 1.09%E-0!
S 19,570E-02 5 2 1.173E-02 5 3 6.681E-02 5 4 1.986F-07 5 5 4,484E-02
5 §5.,414-02 5 7 5.903E-02 5 8 B.773E-02 5 9 2.286F-07 5 10 1.764E-02
T o1t 1,790 512 9.843E-02 5 12 2.745€-02 5 14 3.571E-02 6 0 6.681E-02
6 1 1.298E-01 6 2 7.534E-03 6 3 6.134E-02 6 4 8.044E-03 6 5 6.321E-02
& € 1.3176-03 6 7 6.981E-02 & £ 9.108E-03 & 9 4,561E-07 6 10 7.154E-02
6 11 B.60BE-02 6 12 1.876E-01 6 13 1.375E-01 6 14 4.692E-07 ¢ 15 2,9105-04
7 0 3,5426-02 7 1 %.236E-01 7 2 6.025E-02 7 3 1.155E-0¢ 7 4 S.031E-07
7 5 8.094E-02 7 6 S5.130E-02 7 7 1.502E-02 7 8 3.624E-0¢ 7 9 4,307E-02
7 10 7,110E-02 7 11 1.956E-02 7 12 3.391E-02 7 13 1.680E-01 7 14 1.718E-02
715 1.304E-02 7 16 6.258E-04 8 ¢ 1.578E-02 8 1 9.080E-02 8 2 1.1233E-01
& 2 7.04BE-0% B8 4 4.0756-02 § S 1.139E-02 § 6 4.011E-07 8 7 1.472E-02
B 3 4.374E-62 B 9 4.41BE-03 2 10 5.8276-02 8 11 5.267E-0z 8 12 4.908:-02
& 12 4,720E-02 8 14 1.30BE-01 8 15 1.0R0E-01 & 16 2.201E-0F 2 17 1.265E-0%
3 0 5.388E-03 9 1 5.162E-02 9 2 1.249E-01 9 3 £.4285-0Z 9 4 2.636F-03
9 5 3,857E-02 9 6 £.992E-04 9 7 5.011E-02 9 % 4,652E-0F 9 1 2.142E-0%
911 2,077E-02 9 12 2.099E-02 9 13 6.614E-02 9 14 1.4186-03 615 2,013E-0!
CROGS-SECTIONS FROM CARTWRIGHT
7.3529 8. 10, 12. 15, 20, ee %.
0. 0.054E-16 0.225E-16 0.299E-15 0,241E-16 0.156E-16 [,170E-16 0.076E-16
0.
Nz LB i 4 38
8 04.3156-02 1 0 1.1626-01 2 0 1.713E-01 3 0 1.635E-01 4 0 1.803E-01
5 01,214E-01 6 0 B.287E-02 7 0 S.220F-02 8 © 2.109E-02 9 0 1.764E-0%
15 0 9.6615-03 11 0 5.146E-03 12 0 2.6%4E-02 13 1§ 1,278-G2 0 1 1,5176-(1
1 1 1.932E-01 2 1 9.677E-02 3 1 1.212E-02 4 1 6.391E-G3 5 1 4.706E-02
& 1 8.542E-02 7 1 9.971E-02 © 1 9.216E-02 9 1 7.346F-02 10 % G.285E-0
11 1 3,530E-02 12 1 2.230E-02 12 1 1.350E-02 14 1 7.317E-B: 0 2 2.477E-01
12 8.049E-02 2 2 3,276E-03 3 2 7.554E-02 4 Z 9.6BIE-07 5 2 4.668E-(F
§ 2 4,538E-03 T 2 5.796E-03 B 2 3,372E-07 9 7 £.1056-07 10 2 7.278E-02
11 2 7.163E-02 12 2 6.044E-02 13 2 4.625(-02 14 2 2.296E-07 0 3 2.492E-01
2 31.074E-01 3 3 6.931E-02 4 3 5.812E~04 5 3 3.39%-0. % 3 7,289E-02
7 35.6508E-07 0 2 1.B26E-07 9 3 1.214E-04 10 3 9.747E-0 1 2 2,200F-07
12 3 5.101F-02 12 2 S.954E-07 14 3 S.797E-02 0 4 1.731E-00 1 4 E.7R-C2
2 4 8,598E-02 2 4 %,606E-03 4 4 7.744E-07 S 4 5.6705-07 & 4 2,7958-03
7 4 1.717E-02 8 4 5.24DE-02 9 4 5.485E-02 10 4 2.795E-02 11 4 4,549E- 0:
12 4 1.150E-03 12 4 1,298E-02 14 4 3.147F-02 0 5 6.808E-0¢ 1 5 1.851f-
2 59,511E-02 4 52.735€-02 5 58.3645-03 6 5 6.347E-IF 7 5 4,6%4E- e:
8 54,209-02 9 5 9.234F-03 10 5 3.918F-02 11 5 4.%18E-97 12 5 3.298E-02
13 5 1.091E-02 14 5 2.538E-04 0 & 2.299E-02 1 & 1.752E-61 2 ¢ 6.451E-07
3 6 6.5B0E-02 4 6 1.6R9E-02 5 6 7.582E-07 6 £ L.485E-02 7 6 1.27€E-0Z
11 6 4.994E-03 12 6 2.860E-02 13 6 4.237E-02 14 & 2.472E-0% 0 7 1.017E-GZ
107103201 2 7 1.640E-01 4 7 9.667E-02 5 7 7.4126-0% & 7 4,042E-(F
7 7 S.731E-02 B 7 4,748E-02 9 7 1.587E-02 10 7 4.7435-92 11 7 3.446E-07
12 7 5.929E-02 12 7 2.321E-02 14 7 2.0406-02 0 & 2,292E-03 1 8 4,250E-G2
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2 8 1.614E-01 3 B 7.840E-02 4 B 3.6156-02 5 8 4.675E-02 6 B 5.502£-02
7 8 1.040E-03 & 8 5.031E-02 9 8 3.869E-02 11 8 1.742E-02 12 8 4.169E-02
13 8 3.07iE-02 14 8 6.695E-03 0 9 4.454E-04 1 9 1,2895-02 2 9 9.406E-02
% 91.632E-01 4 9 9.168E-03 5 9 8.536E-02 & 9 2.010E-03 7 9 6.755E-02
g 91.751E-02 9 9 1,174E-02 10 9 4.934E-02 11 9 2,5186-02 13 9 1.758E-02
14 9 3.686E-02 1 10 2.968E-03 2 10 3.718E-02 3 10 1.431E-01 4 10 1.0856-01
510 7.950E-03 6 10 7.874E-02 7 10 1.538E-02 8 10 2.144E-02 9 10 5.074E-02
16 10 1.8436-03 11 10 2.257E-02 12 10 4.332E-02 13 10 1.6386-02 1 11 5.266E-04
2 11 1.060E-02 311 7.518E-02 4 11 1.626E-01 5 11 3.811E-02 6 11 5.144E-02
7 11 2.230E-02 © 11 5.359E-02 9 11 1.246E-03 10 11 4.905E-02 11 11 2.£9%E-02
13 11 2,865E-02 14 11 3.626E-02 2 12 2.253E-03 3 12 2.675E-02 4 12 1.179E-01
512 1.402E-01 6 12 1.628E-03 7 12 8.354E-02 © 12 1.043E-03 9 12 6.308E-02
10 12 1.151E-02 11 12 1.839E-02 12 12 4.567E-02 13 12 1.068E-02 14 12 4.524E-03
313 6,824F-03 4 13 5,304E-02 5 13 1.499%-01 & 13 8.7176-02 7 13 1,195E-02
8 13 7.317E-02 9 13 1.239E-02 10 13 3.555E-02 11 13 4.096E-02 13 13 3.303E-02
CROSS-SECTIONS FROM CARTWRIGHT

2.5489 9. 11. 13, 15. 18. 22, 30.

<

w
g -
oo
[—]
-

0.019-10 0.099E-16 0.180E-16 0.206E-1o 0.297E-ic (.238E-16 0.204E-1e

Ne 14 2 3 3
0 0 3.382E-01 1 0 4.0e5E-01 2 0 1.975E-01 3 O 5.014E-02 4 § 7.1%1E-03
5 G 3.B71E-04 € 0 2.61eE-05 0 1 3.,248E-01 1 1 2.310E-063 2 1 2.120E-0%
21 2.987-00 4 1 1,318E-01 5 1 2,729E-02 6 1 2,925E-03 7 1 1.613E-04
¢ 21.,900e-01 1 21.0326-01 2 21.132E-01 3 2 3.868E-02 4 2 2.738E-01
$ 2 2.007E-01 6 2 6.146E-02 7 2 B.462E-02 8 2 5.673E-04 9 2 1,719E-05
0 38.857E-02 1 31.7828-01 2 3 1,205E-02 3 3 1.623t-01 4 3 1.807E-03
S 31.80BE-01 6 3 2.605E-01 7 3 1.085E-01 § 2 1,857E-02 9 2 1.493E-03
10 3 5,241E-05 © 4 3.649E-02 1 4 1.430E-01 2 4 7.724E-02 3 4 3.227E-0¢
4 41.138%E-01 T 4 4.780E-02 € 4 B.305E-02 7 4 2.708E-01 & 4 1.561E-01
9 4 3.420E-02 10 4 3.274E-03 11 4 1.318E-04 0 51,289%-02 ! 5 8.647E-02
2 5 1.2758-01 3 5 9.050E-03 4 5 8.823E-02 S5 5 4.262E-02 6 5 1.040E-01
7 5 1.916E-02 8 5 2.438E-01 9 5 2.029E-01 10 5 5.569E-02 11 5 6,299E-03
12 5 2.8%0E-04 ¢ 6 5.147E-03 1 6 4.367E-02 2 6 1.1275-01 3 € 6,910E-G2
4 635.2276-03 5 6 1.057E-01 6 6 3.171E-03 7 6 1.291E-01 8 6 2.766E-05
9 &1.519-01 10 o 2.402E-01 11 6 €.265E-02 12 6 1.099E-02 12 ¢ 5.717E-04
0 7 1.801E-03 1 7 2.000E-D2 2 7 7.496E-02 3 7 1.009E-01 4 7 1.798E-02
9 7 3.82%-0z ¢ 78.0768E-02 7 7 R.748E-03 B 7 1.13%E-01 9 7 1.,694E-02
10 7 1,29%~01 11 7 2.630E-01 12 7 1,140E-01 13 7 1.777E-02 14 7 1.044E-03
4 £¢.2iE-02 6 B 6.967E-02 7 B 3.946E-02 B § 3.633E-02 9 & 7.862E-02
10 8 5.219E-62 11 8§ 7.20eE-02 12 © 2.686E-01 13 8 1.4B0E-01 14 8 2,7026-02
15 8 1.733E-03 16 8 3.480E-05 C 9 2.,348E-04 1 9 3.5.95-03 2 9 Z.182E-02
2 96.,406E-02 4 9 8.34%E-02 5 9 2.454E-02 6 9 1.2:9E-02 7 9 7.723E-02
g 9 8.360E-03 ¢ 9 6.773E-02 10 9 3.765E-02 11 9 €,779E-02 12 9 2.857E-02
13 2 2.575E-01 14 9 1.826E-01 15 9 3,902E-02 16 9 2.8235-03 17 ¢ 6.131E-05
010 8.403E-05 1 10 1.463E-03 2 10 1.053E-02 3 10 3.917E-02 4 10 7.511E-02
5 10 5.820E-02 6 10 2.460E-03 7 10 3.933E-02 8 10 6.077E-02 9 10 3,194E-04
10 10 §.270E-C2 11 10 9.012E-03 12 10 1.109E-01 13 10 4.687E-(3 14 10 2.31SE-01
13 10 2.154e-01 16 10 5.393E-02 17 10 4.480E-03 18 10 1.08%E-04 0 i1 3.038E-0S
111 5,3075-04 2 11 4.865E-03 3 11 2.187E-02 4 11 5.510E-02 5 11 7.056E-02
6 11 2,810e-02 7 11 2.7386-03 8 11 5.721E-02 9 11 3.305E-02 10 11 1.307E-02
1111 7,892E-02 12 11 2.617E-05 13 11 1.156E-01 14 11 7.733E-04 15 11 1,345E-01
16 11 2.443t-01 17 11 7.185E-02 18 11 6.675E-03 19 11 1.658E-04 0 12 1.1148-05
112 2.380E-04 212 2,212E-03 2 12 1.151E-02 4 12 3.967E-02 5 12 6.338E-02
6 12 5.261E-02 7 12 6.400E-03 8 12 1.852E-02 9 12 5.945E-02 10 12 9.57¢E-02
11 12 3.527E-02 12 12 5.846E-02 13 12 9.342E-03 14 12 1.029E-01 15 12 1,330£-G2
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16 12 1.516E-01 17 12 2.672E-01 18 12 9.261E-02 19 12 ¢
CROZS-SECTIING AGSUMED SAME AS B-X OF CARTWRIGHT

OR(C@FNAL o
OF POOR QUAL

Niters
PAC

615E-03 1 13 9,627E-05

14842 1.2 1611 1933 2.416 3.2 4,187 5,798
5. 0.054E-16 0.225E-16 0,299E-16 0.241E-16 .156E-16 0.170E-16 0.076E-1¢
9.080E+04
NZ ALA 24 2%
G ¢ 7.827E-00 0 1 1.791E-01 0 2 2.059E-02 0 3 S.7176-03 € 4 5.717E-02
0 51.203E-03 0 6 3.656E-04 0 7 1.238E-04 1 0 7.BEZE-3 1 1 1.791E-0!
T2 305902 1 35.7476-03 1 4 5.7176-03 1 5 1.203E-02 1 6 3.656E-04
107 1.238E-04 2 0 2.095E-01 2 15.035E-01 2 2 2.1B4E-G1 2 3 5.205E-02
2 435.2056-02 2 51.19E-02 2 € OSUE-03 2 7 8.274E-04 2 8 3.263E-04
2 9 3.263E-04 210 1.320E-04 3 0 7.735E-03 3 1 3.024E-0 3 2 2,595E-01
332312801 3 42.3120-01 3 57.099%-02 I 61,94%-02 3 7 5.626E-03
3 81.826E-03 3 9 1.826E-03 310 6.737E-04 3 11 2.B08E-0¢ 2 12 1,305E-04
4 07.735E-03 4 1 3.024E-01 4 2 3.505E-01 4 2 2.312-01 4 4 2.3126-0
4 57.099%-02 4 6 1.943E-02 4 7 5.626E-03 4 § 1.826E-03 4 3 1.826E-03
410 6.7276~04 4 11 2,008E-04 4 12 1,305E-04 5 0 1.178E-04 5 1 1,479E-02
5 22.693-01 S 3 2,5%4E-01 S 4 2.504E-01 5 S5 2.275E-01 5 6 8.641E-02
5 72.778E-02 5 8 9.031E-03 5 9 9.051E-03 5 10 3.194E-63 5 11 1,248E-03
512 5.408E-04 513 2,581E-04 6 1 1.910E-04 6 2 2.198E-02 6 3 4.228E-01
6 4 4.228E-01 6 5 1.870E-01 6 6 2.121E-01 6 7 9.699E-02 6 © 3.62%E-02
6 9 3.623E-02 610 1.328E-02 6 i1 5.125E-03 6 12 2.139E-03 6 13 9.724E-04
€19 2.558E-04 7 1 1.910E-04 7 2 2.198E-02 7 3 4.Z2BE-01 7 4 4.,220E-01
7 5 1.870E-01 7 6 2.121E-01 7 7 9.699E-02 7 § 5.623E-02 7 9 7.623-(2
710 1.328E-02 7 11 S.1256-03 7 12 2.139E-03 7 13 9.724E-04 7 14 2,558E-04
B 21.834E-04 B 3 2.966E-02 B 4 2.866E-02 8 5 4.674E-01 © 6 1.355E-01
8 71.896E-01 8 8 1.0206-01 8 9 1.020E-01 & 10 4,380E-02 & 11 1,303E-02
812 7.629E-03 8 13 3.421E-03 B 14 8.450E-04 9 3 1.027E-04 9 4 1.027E-34
9 5 3.385E-02 9 65.061E-01 9 7 9.970E-02 9 § 1.642E-01 9 9 1.6426-01
910 1.016E-01 9 11 4,959E-02 9 12 2.280E-02 9 13 1,059E-02 9 14 2.6056-03
CROSS-SECTIONS ASSUMED SAME AS B-X OF CAKTWRIGHT
2.3799  2.589  3.237  3.884  4.885  6.473  B.415  11.65
2. 0.034E-16 0.225E-16 0.299E-16 0.241E-16 0.156E-16 (.120E-16 0.076E-16
0.0
N2 A1B 3 11
¢ 0200503 0 1 9.979E-01 0 2 2.005E-03 1 0 2.005E-07 1 1 9,97%-01
1 22005602 2 0 9.942E-01 2 1 1.966E-03 2 2 9.942E-01 2 3 3.781E-03
2 4 2.781E-03 3 0 3.6526-03 3 2 2.652E-03 3 3 9.907E-61 3 4 9,907E-01
3 5 5.44%-03 3 61.0426-04 3 7 1.042%6-04 4 0 3.652£-03 4 2 3.652E-02
4 39.907E-01 4 49.9076-01 4 5 5.449E-03 4 € 1.047-04 4 7 1,042E-04
5 01.3356-04 5 21.335-04 5 35.189E-03 5 4 5.189E-0: 5 5 9.275E-D!
5 6 6.9276~03 5 7 6.927E-03 5 € 1.7876-04 6 % 2.4%E-G4 6 4 2,431E-04
€ 56497603 6 6 9.848E-01 6 7 9.B4BE-01 6 8 B.129-03 6 9 2.877E-04
7 2 2.431E-04 7 4 2.431E-04 7 5 6.497E-03 7 £ 9.848E-0% 7 7 9.B4GE-1
7 88.1296-03 7 9 2.8776-04 B 5 3.900E-04 8 6 7.497E-02 8 7 7.497E-G3
& 29.826E-01 8 9 €.985(-03 9 6 5.732-04 9 7 5.73A-04 9 & £1I5E-03
CROSS-SECTION ASSLMED SAME AS B-X OF CARTMRIGHT
1.19% 1,300 1.626  1.951 2,439 2,257 4.228 5,85
9. 0.0S4E-16 0.2256-16 .299-16 0.241E-16 0 156E-16 €. 120616 0.0766-16
a.
NO W00 3 3 6 3 9
4.000 60,550 1993.855  13.970  -0.001  0.000 1.70460 1.780£-02
2,000 43965.699 2371.300 14,480  -0.280  0.000 1,99520 1.640E-0Z
4.000 45932,398 1037.680  7.603  (0.097  C.000 1,12700 1.525E-02
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2,000 52148,000 2347.000 0.000 0.000 0.00¢  1.95500 0.000E+00
2,000 53083.000 2327.000  23.000 0.000 0.000  1.99170 0.900E400
2,000 80628.900 2372,600  15.830 0.000 0.000  1.9863G 1.820E-02
N 4§ 1.401E401 5.249E404 4.000E400 1,500E+00 0.000£420
& 3 1.600E401 5.249E404 9.000E+00 1.C00E+00 1.000E40D
CROSS-SECTIONS ASSIMED AS SAME FOR NO 1-2 OF IMAMI ET AL
£.508 £.779 7.875 10.15 13.54 18.09 22.38 28.24
0.000E 00 2.370E-18 1,540E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17
CROSS-SECTIONS ASSUMED AS SAME FOR NO 1-2 OF IMAMI ET AL
1.038 1.1013  1.280 1.630 2.201 2,941 3.670 4,592
0.000E 00 3.370E-18 1.540E-17 2.450E-17 2.980E-17 2.030E-17 2,870E-17 2,700E-17
CROSS-SECTIONS ASSUMED AS SAME FOR NO 1-2 OF IMAMI ET AL
0.8132 0.8465  (.9840 1.269 1.691  2.261 2.822 3.529
0.000E 00 2,370E-18 1.540E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2,700E-17
ND B 1 3 4

[

2 0 1.000E-02 4 0 3.000E-03 S 0 5.000E-03 & G 1.100E-02 7 O 1.7008-02
§ 0 2.200e-02 3 0 2.900E-02 10 0 3.200E-02 i1 0 4.100E-02 12 © 5.100E-02
1 11.006E-03 2 1 4.000E-03 3 1 9.060E-03 4 1 1.700E-02 5 1 3.200E-02
6 1 4.4002-G2 7 1 5.900E-02 8 1 5.B00E-02 9 1 6.000£-02 10 1 5.700E-02
11 1 4.,800E-02 12 1 3.400E-02 G 2 1.000E-03 1 2 6.500E-03 2 2 1.800E-02
3 2 3.800E-92 4 2 5.400E-02 5 2 6.900E-02 6 2 7.000E-02 7 2 5.300E-02
& 2 3.600E-02 8 2 1.900E-02 10 2 8.000E-03 11 2 1,000E-02 12 2 3.000E-03
0 3 5.G00E-03 1 3 2.400E-02 2 3 4.B00E-02 3 3 7.600E-02 4 23 7.6005-02
303 5.7008-02 6 3 3.200E-02 7 3 7.000E-03 9 3 1.400E-0Z 10 2 2.000E-0
11 3 3.100E-02 12 3 3.800E-02 0 4 1.700E-02 1 4 5.100E-02 2 4 8.500E-02
3 4 5.400E-02 4 4 4.300E-02 5 4 6.000E-02 6 4 1.000E-03 7 4 Z2.400E-02
€ 4 3.400E-C2 3 4 4.200E-02 10 4 3,400E-02 11 4 2,000E-02 12 4 1.000E-03
B9 400E-02 1 5 9.700E-02 2 5 9.200E-02 2 5 3.800E-02 4 5 1.000E-02
2 3 L.200E-02 & 5 3.800E-02 7 5 4.600E-02 8 5 2.700E-02 9 S £.000E-03
11 5 5.005E-03 12 5 2.600E-02 § 6 B.200E~02 1 6 1.170E-01 2 6 4,7005-07
4 & 3.000E-92 5 65.300E-02 6 6 2.500E-02 7 6 5.000E-G3 8 ¢ 2.000E-03
% & 1.500E- G’ 106 2.200E-02 11 6 3.100E-02 12 6 1.1005-02 O 7 1.250E-0%
1 78.800E-62 2 7 2.008E-03 3 7 3.300E-02 4 7 6.000E-02 5 7 2.406F-02
77 2.*VGE-02 € 7 3.BO0E-02 9 7 3.100E-02 10 7 1.O00E-02 12 7 1.300E-02
1 82.3008-02 2 8 2.100E-02 3 8 6.B00E-02 4 8 2.100E-02 5 § 4.000E-03
6 B 3.100E-02 7 8 3.600E-02 & 8 1.400E-02 10 8 1.400E-02 {1 & Z,B0OE-02
12 8 Z.000E-02 0 9 1.670E-01 2 9 7.300E-02 3 9 4,200E-02 4 9 3,D00E-03
3 8 4.600E-02 6 9 3.400E-02 7 9 1.000E-03 & 91.300E-02 9 9 3.000E-07
10 9 2,700E-D2 11 9 9.000E-03 12 9 3.000E-03 U 10 1.520E-01 1 10 2.100E-02
¢ 10 8.200E-02 3 10 1.000E-03 4 10 3.900E-02 5 10 3.7055-02 & 10 1.000E-03
710 2.200E-02 8 10 3.500E-02 9 10 1.B0OE-02 11 10 8.00JE-03 12 10 2,600E-02
011 1.140E-61 1 11 7.400E-02 2 11 4.100E-02 2 11 2.670E-02 4 1i 5.400C-02
311 1.B00E-G2 6 11 2.500E-02 7 11 4.000E-02 8 11 2,000E-03 9 11 8.000E-03
€ 11 2.400E-02 11 11 2.600E-02 12 1% 1.000E-D2 0 12 7.600E-02 ¢ 12 1,260E-01
332 7,200E-02 4 12 1.200E-02 5 12 2,500E-02 6 12 4,300£-02 7 12 2.0GCE-02
8 12 1.700E-02 9 12 3.400E-02 10 12 1.400E-02 12 12 1.200E-02 0 12 2.300:-02
1151.39%0E-01 2 13 1.800E-02 3 12 5.400£-02 4 13 1.700E-02 S 13 5.260E-02
5 12 2.000E-03 7 13 2.800E-02 & 12 2.700E-CZ 9 12 2.000E-03 10 13 1.400E-02
1113 3.200E-02 12 13 7.000E-03 0 14 1.600E-02 1 14 1.0S0E-01 2 14 8,200E-07
814 2,000E-C3 4 14 6.600E~02 5 14 1.400E-02 & 14 1,B00E-02 7 14 3.400E-02
314 2.100E-02 10 14 2.700E-02 11 14 8.000E-02 12 14 8.000E-03 0 15 7.00(E-03
L13 6.800E-02 2 15 i.280E-01 215 1.300E-02 4 15 5.600E-02 5 15 1,000E-07
6 18 2.060E-03 1 16 2.800E-02 2 16 1.240E-01 2 16 8.600£-02 4 16 5.600E-03
916 6.200E-02 6 16 6.000E-02 7 16 3,100E-02 B 1€ 2.2005-02 10 1€ 2.708E-0Z
11 16 2.200E-02 12 16 1.000E-C2 1 17 1.200E-02 2 17 7.700E-G2 3 17 1.340E-0%
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Qﬁé{:h &L El
OF ‘POCR QUI.LT&

417 2.950E-02 517 5.0008E-02 6 17 1.800£-02 7 17 4.200E-02 9 17 3,200E-02
10 17 1.600E-02 11 17 2,000E-03 12 17 3.100E-02 1 18 4.000E-03 2 18 5,080E-02
218 1.150E-01 4 18 7.700E-02 5 18 3.000E-03 6 18 €.200E-02 7 18 1,000E-03
2 18 3.560E-02 9 18 Z.200£-02 10 18 3.000E-03 11 1B 2,900E-02 12 18 5.000£-02
119 1.000E-03 % 19 1.000E-02 219 6.900E-02 4 19 1,290E-01 § 19 3,000E-0Z
£ 19 4.000E-02 7 19 3.800E-02 8 19 2.200E-02 9 19 8.000E-G2 i0 19 4.100E-02
CROSS-SECTIONG A"UMED 70 BE SAME AS FOR NO 1-2 OF IMAMI ET AL
3.687 &, 74 9. 12, A 20, S,

3
J40E-17 2.430E-17 2.9B0E-17 2.0208-17 2.870E-37 2.700E-17

..’.‘
t..":\
<o
<
[an]
O
UJ
l’ﬂ
.._..
(]
—

\f G o2 :
G0 2.270E-01 1 0 Z2.670E-01 2 0 2.75LE-01 3 £ 8,900E-G2 4 O 2.600E-G2
o 05.0008-03 ¢ 0 2.000E-03 0 1 3.050E-01 1 1 5.600E-02 2 1 8,700E-02
& L 2.740E-01 4 1 1.9208-01 S5 1 7.700E-02 6 1 1.008E-C2 7 1 1.000E-03
6 2 2.180E-08 1 2 2.400E-02 2 2 1.696E-21 3 2 1.D0CE-02 4 2 1,74QE-DI
S 2 2.700E-01 & 2 1.050E-01 7 Z 2,000E-02 2 2 3,000E-02 0 3 1.330E-0%
1 31.330E-0: 2 31.,500E-G2 3 3 1.120E-01 4 3 5,300E-LZ § 3 4.800E-02
€ 2 2.340E-01 7 31.920E-01 B 3 6.000E-CE % I 1.00E-0Z 0 3 2,000E-03
{0 46.560E-02 1 4 1.600E-01 2 4 2,000E-02 2 4 3.400E-GZ 4 4 2.800E-02
o 4 1.270E-00 5 4 £.0CCE-02 7 4 1.490E-01 8 4 Z.210E-01 9 4 1.100E-02
10 4 2,400E-02 11 4 4.000E-03 12 4 1,000E-03 @ © Z.800E-0Z 1 S5 1.260E-01
g 39.200E-02 4 5 I,090E-01 & 5 1.,270E-010 7 51.8 8 5 5.200E-02
% 95 2.300E-C1 16 5 1,3%0E-01 11 5 6.100E-02 12 5 1.3B0E-GZ & £ 1.000E-72
1 & 7.000E-02 2 6 1.250E-01 3 & Z.600E-02 4 4 S.600E-02 5 & 6.2008-02
& & 2.200E-82 7 6 4.%00E-02 8 & 5.3G0E-02 9 4 6.003E-02 10 £ 1.799E-01
116 1.8elE-01 12 6 9.200E-0% 0 7 3.000E-02 1 7 2.400E-0F 2 7 1.0e0E-01
75,0802 5 7 8.200E-02 & 7 Z.600E-32 7 7 7L7GBE-0C 2 7 2.500E-92
% 7 1.060E-01 10 7 2.000E-03 11 7 1.Z30E-01 12 7 2.040E-01 0 & 2.000E-0%
1 81.306E~02 2 8 6.1008-02 2 2 1.G10E-C1 4 9 3.100E-02 5 8 Z.100E-02
6 99.200E-02 7 85.000E-03 € 8§ 9.200%-02 9 & 2,000E-0% 10 8 9,800E-(2
2 9 2.809E-02 3 5 B.300E-C2 4 9 E.300E-0Z 6 2 3.600E-0Z 7 ¢ 5,508E-C2
& 21.800E-02 9 @ 7.500E-02 10 9 1.6G0E-02 11 9 8.900E-02 12 9 6.900E-(2
130 3.0008-03 210 1.400E-02 3 10 €.00OE-02 4 10 5.900E-02 5 19 2,S00E-CZ
710 6.B00E-TZ £ 10 1,100E-02 9 16 2.400E-0Z 10 10 T,300E-07 11 10 Z,500E-02
1710 4.380e-C2 1 11 1.000E-92 2 11 7.900E-02 3 11 3,300E-02 4 11 €.700E-02
%11 7.1008-02 5 11 1,700E-02 7 11 2.000E-02 § 11 §,4D0E-0F & 11 Z.000E-03
1% 01 6.,3002-02 11 11 2.460E-02 12 11 S.500E-02 2 12 4.0DOE-{2 2 12 1.400E-92
412 4,000E-02 5 12 7.5008-62 € 12 6.SC0E-02 B 312 1.700E-5% 9 12 4,100E-02
10 12 2.500E-03 11 12 6,900E-02 12 12 2,000E-63 2 13 Z.000£-0% 3 12 7.000E-03
4 1% 3,200E-02 5 13 5,906E-92 6 13 7.400E-02 7 13 2.00BE-BZ 8 12 4.100E-02
3 13 5.300E-02 10 13 1.400E-GZ 11 13 3.200E-02 12 53 5.480E-i. 2 14 1.00DE-GZ
3 14 2.000E-02 4 14 1.400E-02 © 14 3.800E-02 6 14 €,500E-02 7 14 6,160E-02
8 14 2.105E-08 9 14 2.000E-02 10 14 5.000E-02 11 14 9.000E-5% 12 14 2.300E-02
215 1,000E-0% 4 13 7,000E-02 5 15 2.400E-02Z 6 13 S5.600E-0% 7 15 7.180E-02
815 1.300E-02 ¢ 15 8.000E-035 10 15 3.400E-02 11 15 3.500E-¢2 12 15 3,003E-03
4 16 §.000E~63 % 1o 1.A00E-02 ¢ 16 2.200E-02 7 1g 5.400E-0F B8 16 L.EUCE-(Z
2 1c 4,000E-03 10 16 1.2G0E-02 11 1€ 4.50CE-C2 12 1¢ 1.400E-02 4 17 1.000E-03
517 7.000E-03 € 17 1.B00E-02 7 17 4,40GE-0F 2 17 £.200E-52 9 17 2.4008-02
11 17 1,70CE-02 12 17 3.200E-02 € 1B 1.00GE-G3 6 19 6,000E~0% 7 1f 2,200-02
FROM iMAM] ET AL
3 L EEE 430 11,32 1513 15,84 22,62
i i J430E-17 2,980E-17 3.028E-17 EV5FRE-IT 2.7I0E-17
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CROSS-SECTIONS ASSUMED SAME AS AS FOR NO 1-2 OF IWI ET AL
0.2437  0.2537 0.2937 0.3802 0.3069 0.677%
0.00CE 00 2.370E-18 1.340E-17 2.450E-17 2,9B0E-17 3 g30e-17
\J
g2 32.0 0 ¢ 95 8
3.000 0,080 15B0.361  12.073 0.055  -¢.08:
2,000 7918.10¢ 1509.300  12.900 0.000 0.008

44367 1.579E-p2
42640 1.710E-02
45042 1.817E-02

ot e g

1.000 13195.220 1432.687  13.950  -0.011 2,600
2.096 30096.000 819.000  22.500 0.000 ¢.000  1,05000 0.000E+G0
3.000 49802.102  700.360 g.062  -0.375 0.000 0.81900 1.100E-02
0 3 1,600E401 4,126E+04 9.000E400 1.000E400 1.008E+E0
g 3 1.600E+01 4.126E404 9.000E400 1.000E400 1.000E+H00

N 26,020 3 3 %2 3 0

2.000 0.600 2068.745  13.13¢  -0.006 0.000 1.89%30 1.701E-02
4.000 9245.344 1812.555 12,609  -0.012 6,000 1,71910 1.708E-02
2.000 25751.801 2168.610  20.200 0.000 0.000 1.97010 2,215E-02
C 3 1.201E401 6,364E+04 9,000E400 1.000E400 1.000E400
N 45 1.401E401 6.363E+04 4.000E400 1.500E+00 0.0C0EH0C

CROSS-SECTIONS ABSIMED AS SAME FOR NO 1-2 OF IMAMI ET AL

7.89 8.213 9.547 12.31 le.41 21.93 27,38 34,24
0.000E 00 3.370E-18 1.540E-17 2.450E-17 2.980E-17 3.030E-17 Z.870E-17 2.700E-17
CROSS-SECTIONS ASSUMED SAME AS SAME FOR N 1-2 OF IMAMI ET AL

6.744 7,035 8.178 10.54 14.06 18.79 23.45 29.33
0.0COE 00 3.370E-18 1.540E-17 2.450E-17 2,980E-17 3.030E-17 2,870E-17 2.700E-17
CRGSS-SECTIGNS ASSIMED SAME AS SAME FOR NO 1-2 OF IMAMI ET AL

4.697 4,884 5.677 7.320 9.738 13.04 16.28 20.36
0.000E 00 2.370E-18 1.540E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17
N vig 1 3 13

0 09.17%E-01 1 0 8.090E-02 2 0 1.200E-03 0 1 7,6008-02 1 1 7.7956-01
2 11.4176-91 3 1 2.,800E-03 © 2 S5.800E-03 1 2 1.240E-01 2 2 6.7%4E-D01
3 2 1.903E-01 4 2 4,300E-02 ¢ 3 3.000E-04 1 3 1.430E-02 2 3 1.5S0E-0!
3 35.,92%E-01 4 3 2.318E-01 2 4 2.390E-02 3 4 1.745E-01 4 4 5.27%E-01
v 4 Z.668E-01 3 5 3.420E-02 4 5 1.825E-01 5 5 4.824E-01 6 S 2.933E-01
4 64.520E-02 5 6 1.781E-01 6 6 4.583E-0! 7 6 3,095E-01 9 6 3.100E-03
3 7 3.540E-02 6 7 1.640E-01 7 7 4.554E-01 & 7 3.122E-01 10 7 5.000E-03
6 86.3%0E-02 B B 4.750E-01 9 8 2.996E-01 11 & 6.700E-03 7 9 7.080E-02
9 9 5.104E-01 1¢ 9 2.537E-01 8 10 7.660E-02 10 10 5.804iE-01 1% 10 1,897E-01
12 16 4.810E-02 14 10 3.400E-03 7 11 3.100E-03 S 11 8.280E-02 11 11 6.447E-0)
12 11 1.131E-01 13 11 8.540E-02 15 11 5.500E-03 8 12 3.700E-03 12 12 6.967E-01
14 12 1.2036-01 9 13 4.100E-03 13 12 7.127E-01 15 13 1.3B0E-01 18 13 4.D00E-03
14 14 6.762E-C1 16 14 1.234E-01 17 14 4.470E-02 15 15 5.746E-01 16 15 9.160E-02
CROSS-SECTIONS ASSIMED SAME AS FOR NO 1-2 OF IMAMI ET AL
3.193 3.329 3.870 4,989 6.652 £.890 110 13,86
.000E 00 3.370E-18 1.540E-17 2,450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17
1.180E+07
CN RED 1 2 58
0 0 5.002E-01 1 0 3.179E-01 2 0 1.269E-01 3 0 4.020E-0z 4 0 1.110E-02
S 0 2.850E-03 6 0 7.500E-G4 7 0 2.000E-04 8 0 5.000E-65 0 1 3.711E-01
1 14.600E-02 2 1 2.409E-01 3 1 1.942E-01 4 1 9.410E-02 5 1 3.6:ZE-02
6 11,2206-02 7 1 3.800E-03 8 1 1.100E-03 9 1 3.500E-04 10 1 1.000E-D4
0 21.107E-01 1 2 3.528E-01 2 2 1.160E-02 2 2 9.%50E-02 4 2 1.B12E-01
S 21.330E-01 € 26.755E-02 7 2 2.B10E-02 B8 2 1.040E-02 9 2 3.600E-03
10 2 1.150E-02 11 2 3.500E-04 12 2 1.500E-04 13 2 5.000E-05 ¢ 3 1,670E-02
1 3 2.234E-01 2 3 2.136E-01 3 3 8.780E-02 4 3 1.6156-02 5 2 1,228E-01
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6 3 1.416E-01 7
11 3 3,150E-03 12
9 4 1.,400£-03 1
5 4 1.3005-03 ¢
10 4 3,530E-(2 11
154 4,0002-04 1o
& Si.perE-tr 3
7 95 1.505E-02 &
123 2.590t-07 13
1 6 4.000E-04 2
& & 1.,2878-01 7
11 € 8.880e-02 12
16 & 4,Z00E-02 17
G 7 2.0678-01 9
9 7 9.456E-CG2 10
14 7 4,825E-02 13
2 € 5.000E-05 23
7 B 6.343E-02 E
12 B 3.83TE-02 13
i7 B 2.140E-0Z if
& 9 2.070E-01 7
i1 % 5,08%E-02 12
16 & €.170E-02 17
€ 16 1.107E-01 7
1110 e.780E-02 12
16 106 5,780E-02 17
73116301 ¢
12 11 2.975e-02 13
€12 1,250E-63 7
i1 I7 1.imae-n 12
LB 12 6.70GE-03 17
& 13 7.066E-01 10
i4 13 3,200E-03 15
714 1.000GE-04 8
i 14 3.1708-02 13
17 14 T.97GE-D2 18
1516 2.520E~01 iz
ie 13 8.480E-02 17
11 16 9.090E-02 12
16 16 8.330E-02 17
1217 1.128e-01 13
1717 7.505£-02 18
TRIES-CECTIING At

1.146 1.17¢
0.000E &0 &, 370E-38 1.
1.950E443
N AR 3
100 Z,268E-04 %
1B 1,3428-01 1
i Jgrel-n4 L
Z 309E-31 2
I Of £.437E-04 2
3 2 58.232E-82 3
7 7 Z.055E-04 3
4 31,37%E-01 4

9.500E-02 8
1.100E-03 13
5.355E-02 2
5.870E-02 7
1.000E-C2 12
.500E-04 17
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7 1.610E-02 11
7 2.805E-02 16
B 2.350E-03 4
8 2.650£-02 9
g 7.113E-02 14
8 1.143t-02 3
9 7.770E-02 8
9 2.400E-02 13
9 4,503E-02 18
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16 2.6478-01 1
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EAS NO I

12.248E-04 1
5 2.423E-02 1
11 3.4%E-04 1
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7 2.055E-04 2
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g 2.055E-04 4
4 1.33%E-01 4

1.763

3 4,855E-02 9
3 4.000E-04 14
4 2.872E-01 2
4 1.210E-01 8
6.630E-03 13
L000E-05 0
093t~z 3
.068E-01 10
10E-03 15
4
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4
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3
3
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6
6
3
7

.500[ 04 2
L400E-02 7
7 6.513E-02 12
7 1.480E-02 17
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1.0
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1.250E-G2 3
g8,895E-02 8
7 8.440E-02 12
7 7.300E-03 18
8 2,453E-01 ¢
§ 2.190k-0Z i1
8 5.700E-07 1o
9 6.0D0E-L3 5
$ 8.250E-03 16
9 5,263E-02 15
16 2.E00E-02 %
10 1.2428-01 10
16 3.500E-03 13
11 6.500e-04 ¢
11 1.29vE-01 il
11 7.500E-04 16
12 2,2460E-01 1t
12 6.985E-02 15
13 Z,i50E-C2 @
12 §,5138-02 i3
13 1.830E-02 1%
14 2.22¢E-01 11
14 9,5002-04 le
15 S5.500E-03 19
15 3.885E-02 1%
1€ 2.5006-64 1
16 &,245E-02 1%
17 2.500E-64 11
17 1,020E-1 e
18 1.630E-02 it

1001,4256-07 14
10 5.0656-02 5
11 6.450E-03 10
11 3.1956-02 15
12 1.7626-01 4
12 1,6556-02 14
12 2,7056-02 7
12 §,0758-02 12
13 5,735E-02 17
14 5,3656-02 10
14 7,1756-62 15
15 1.500E-04 9
15 5,7550-02 14
15 5.4158-02 ¢
16 7.5455-07 14
16 5.350E-02 10
17 4.346E-07 15
18 6.000E-04 12
-2 OF iMAM1 ET AL

2 1.B3E-01 1
7 8.821E-07 1
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0 1,088E-01 4
3 2.530E-02 4
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46 2,153

9 4,975E-04
3 6.249E~01
8 £.821E-03
1.542E-04
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14 2,
10 3.
6 8.
11 3
g2,

2.502

410 1.894E-04 S 0 2.248E-04 5
5 46,24%-01 5 §1.442E-01 5
5 9 2.609E-03 5 i 8.926E-04 3
6 0 2.248E-04 6 1 2.243E-04 ¢
6 95 1.4428-01 € 6 3.432E-02 ¢
6 10 8.926E-04 6 11 3.496E-14 ¢
7 3 2.281E-01 7 4 2.281E-C1 7
7 B 3.861E-02 7 91.127E-02 7
7 13 5.469E-04 7 14 2,487E-04 @
8 5 5.836E-01 8 6 1.320E-01 8
8 10 3.657E-03 © 11 1,233E-03 8
9 5 2.428E-01 9 6 5.920E-01 9
910 1.235E-02 9 11 4.4€2E-03 ¢
b 5 1.531E-03 10 6 2.2%9E-01 18
0 10 3.617E-02 10 11 1.266E-02 10
1 68,358E-03 11 7 1.780E-0% 11

4.301

468E-02 11 11 3.320E-02 11
358E-03 12 7 1.780E-01 12 81,
(320E-02 12 12 3.320E-02 12 13 1.185E-02 12 14 4,989E-02
205E-62 13 9 1.088E-01 12 19

7.994E-03 13 13 3.150E-02 13 14 1,046E-02 14 7
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PESS SEP IONS ASEIMED SAME AS FOR NO 1-2 OF IMAM
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SECTION 4. RADIATION DATA

117345, 179 3% 1

NITROGEN 14.007

4.0 o, 10. 18228, 6. 28346, 12, 83337.

6. gel93. 2 93582, 20, 94839,  12. 95511,

9. . 3. 15316, 1, 32687, &, 47168,
13, 92230,

1.670E-05 6.230 4.0 6.0 88110.0 2.206E+08 1134.90 2P3 48 2P4 4P 1. 3.
1.670E-05 0.330 4.0 4.0 8B8153.0 2.500E+08 . 1134.42 2P3 45 2P4 4P 1, 5.
1.670E-05 0,330 4.0 2.0 88173.0 2.500E408 1134.17 2P3 45 2P4 4P 1. T,
6.630E-04 0.330 4.0 6.0 83366.0 5.500E408 1199.55 2P3 45 35 4P 1. 4.
7.410E-04 8,230 4.0 4.0 83319.0 S5.200E408 1200.22 2P2 45 38 4P 1. 4,
6.650E-04 0.330 4.0 2.0 83286.0 5.500E+08 1200.71 2P3 4535 4P L, 4,
1.210E-02 0.330 6.0 4.0 86221.0 5,300E408 1492.62 2P3 20 35 2P 2 3
1,210E-03 0,330 4.0 2.0 £6138.0 5.000E408 1494.67 2P3 2D 38 2P 2. S,
1.210£-03 0,230 4.0 4.0 86221.0 5.800E+07 1492.67 2P3 2D 3§ 2P 2. %,
2.230E-02 0.330 4.0 4.0 86221.0 1.B00E+08 1742.73 2P3 2P 38 2P'3. 5.
2.230E-03 0.330 2.0 2.0 86138.0 1.300E408 1745.75 2P3 2P 3§ 2P 3. 5.
2.230E-03 0.330 4.0 2.0 86138.0 6.500E+07 1745.26 2P3 2P 35 2P 3, S,
2.230E-03 0.320 2.0 4.0 ©26221.0 2.300E4G7 1742.72 2P3 2P 35 2P 3. S.
0.GO0E+CD {.000 €.0 6.0 99663.0 4.300E+08 243,17 2P3 20 35’ 2D 2 ’ 7.
0.GORE+0D 0.000 4.0 4.0 99663.0 4,300E408 1243.30 2P3 2D 35° 2D 2. 7.
2.400E-04 0.33¢ 6.0 4.0 39663.0 4.500E407 1243.17 2P3 20 3%’ 2D 2. 7.
0.000E+08 §.006 4.0 6.0 996£3.0 2.000E407 1242.,21 2P3 2D 38’ 2D 2. 7.
1.060E-023 0.330 6.0 10.0 99663.0 5.200E407 1411.94 2P3 2P 35/ 2D 3. 7.
1.150E-01 £.330 €.0 4.0 96752.0 2.100E+06 11564.80 2P4 4P 3P 45 5. 6.
1.150E-01 0.33C 4.0 4.0 96752.0 1.300£+06 11628.00 2P4 4P 3P 45 5. 6.
1.1308-01 0,330 2.0 4.0 96752.0 6.600E405 11656.07 2P4 4P 3P 45 5, 6.
3.430E-L3 0.230 6.0 8.0 104883.0 1.100E408 1167.45 2P3 20 3D 2F 2.10.
3.430£-03 0.320 4.0 6.0 104811.0 1.2C0E408 11€8.34 2P3 2D 20 2F 2.10.
3.430E-03 0.320 6.0 6.0 104811.0 9.500E406 1168.42 2P3 20 3D 2F 2.10.
2.600E-01 0.330 6.0 6.0 105144.0 4.300E407 116° 85 2P3 2D 3D 2D 2.1¢,
3.670E-02 0.33C 4.0 4.0 105121.0 4.300E4+07 1164.21 2P3 2D 3D 2D 2.10.
3.670E-03 0.330 6.0 4.0 105121.9 4.3G0E406 1164.41 2P2 20 36 2D z.10.
2.910E-01 0.330 4.0 €.0 105144.0 3,200E+406 1163.37 2P3 20 30 2D 2.10.
4,100E-03 0,330 4.0 4.0 104615.0 1.100E408 1319,72 2P3 2P 2D 2P 2.10.
4,100E-03 0.330 2.0 2.0 104655.0 B.300E407 1319.04 2P3 2P 3D 2P 3.1C.
4,100£~03 0.330 4.0 2.0 104655.0 4.200E407 1219.04 2P2 2P 3D 2P 3.10.
0.CO0E+00 0.000 2.0 4.0 104615.0 2.200E407 1319.7Z 2P3 2P 3D 2P 3.10.
4.650E-03 0.330 4.0 6.0 105144.0 1.300E408 1310.%4 2P2 2P 2D 2D 3.10.
4,650E-03 0.330 2.0 4.0 105121.0 1.100E408 1310 97 2P3 2P 30 2D 3.1C.
4.630E-03 3.230 4.0 4.0 105121.0 2.300E407 1310.97 2P3 20 2D 20 3.10.
1.290E-01 0.230 6.0 4.0 104227.0 9.500E407 117¢.40 2P3 2D 45 2P 2. 8,
1.290E-G1 0,330 4.0 2.0 104142.0 1.300E408 1177.70 2P2 2D 45 2P 2. €.
1.290E-01 0.330 4.0 4.0 104227.0 1.100E4+07 1176.60 2P3 20 45 2P 2. 8.
6.390E-03 0.330 4.0 4.0 104227,0 1.500E407 1326.63 2P3 2P 4S5 2P 3. B.
6.390E-03 0.33¢ 2.0 2.0 104142.0 1.7005+07 1327.96 2P3 2P 45 2P 3. 8,
6.290E-03 5.330 4.0 2.0 104142.0 £.5C0E+06  1327.95 2P2 2P 48 2F 3. 8.
6.390E-62 0.330 2.0 4.0 104227.0 3.000E+06 1326.53 2P2 2P 4§ 2P 3, 3,
1.1506-01 0.330 6.0 8.0 106871.0 2.540E405 5328.70 2F4 4P 4P 4D 5.11.
1.230E-01 0.33 4.0 o.0 106816.0 1.890F405 5356.77 2P4 4P 4P 4D 5.11,
1.150E-01 0,230 2.6 4.0 106780.0 1.070E405 5372.66 2P4 4P 4F 4D 5,11,
1.150E-01 0.330 4.0 4.0 106780.0 1.1B0E405 5367.10 2P4 4P 4P 4D 5.11.
0.0B0E+00 0.000 2.0 2.0 106761.0 2.100E405 5378.30 2P4 4P 4P 4D 5.11.
1.2008-01 0.330 6.0 6.0 107039.0 2.820E+05 5281.18 2P4 4P 4P 4P 5.11,
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0,000E400 0.000 6.0 4.0 106998.0 1.670E405 5292.30 2P4 4P 4P 4P 5.11.
0.000E400 5,000 4.0 2.0 106983.0 2.730E405 5309.20 2P4 4P 4P 4P 5,11,
0.000E400 5,006 4.0 6.0 107039.0 1.130E4(5 5293.50 2P4 4P 4P 4P 5.11,
£.0CIEH00 9,008 2.0 4.0 106998.0 1.370E405 5310.60 2P4 4P 4P 4P 5,11,
o, GA0E+00 5,000 6,0 4.0 107447.0 2.090E405 5170.00 2P4 4P 4P 45 5,11,
0.0005400 0960 4.0 4.0 107447.0 1.440E405 5181.50 2P4 4°F 40 48 311,
G.410E-03 0,220 10.0 6.0 110082,0 2,300E407  1100.70 2P2 20 S5 2P 2,12,
2.1206-02 6,330 2.0 2.0 110029.0 2.200E406 1231.70 2P3 2P 55 2P 3,12,
2,1206-07 0,330 4,0 2,0 110029,0 1,100E406  1231.70 2P2 2P 5§ 20 3,12,
4.510E-02 0,230 6.0 B.C  94BB3.0 1.910F+07 B868C.27 3¢ 4P 3P 4D 4, 6,
4.528E-02 0,730 4,0 6.0 94832,0 1,230E407 BER2.40 L 4P TP 4D 4, 6,
4.5106-52 .33 2.0 4.0 94795.0 7.900F406 9686.16 35 4P 3F 4D 4, 6.
4.510E-02 0,330 6.0 6.0 94832,0 5.400E406 8718.84 & 4P I 4D 4, €.
4,510E-92 9,230 4.0 4.0 94795,0 1.010E407 8711.71 3% 4P 3P 4D 4. &,
4,510E-02 0,330 2,0 2.0 94772.0 1.710E407 8703.26 3€ 4P P 4D 4. 6.
4.510E-02  0.330 6.0 4.0 94795.0 7.900E+05 8747.36 3¢ 4P 3P 4D 4. 6.
4,510E-07 0,330 4.0 2.0 94772.0 3.000E405 €728.91 3§ 4P %P 4D 4. 6,
4,460E-02  0.320 6.0 6.0 95533.0 1.600F407 §216.32 3¢ 4P 20 4P 4, g,
4,460E-02  0.330 4.0 4.0 95495.0 2.630E+06 8210.71 35 4P WP 4P 4, 6.
6.860E-G2 0,330 2.0 2.0 95477.0 2.640E406  £200.36 35 4P 3P 4P 4, 6,
£, 000E4a0 0,005 6.0 4.0 95495.0 1.020F407  §242,27 35 4P 2P 4P 4, 6,
4,460E-02  0.330 4.0 2.0 95477.0 2.020E407  B223.12 38 4P 3P 4P 4, 6,
4,86CE-02 3,230 4,0 6.0 95523.0 €.2005406 104,85 25 4P 3P 4P 4. 6.
4.860E-92  0.33¢ 2.0 4.0 95495.0 9.200E4+06 P1BR.01 25 4P 3P 4R 4, €.
4, 7508-02 8,230 6.0 4.0 96752.0 1.G10E407 7465, 35 4F P 4S 4, €,
4,7505-02 0,230 4.0 4.0 96752.0 1.06DE407 442,30 3% 4P 2P 45 4. €,
4,750E-012 8,330 2.0 4.0 96752.0 5.200F+06 7423.64 35 4P 2P 45 4, 6.
FLAE0E-2 8,230 4,0 6.0 96064.0 2,120F407 9392,79 3% 2P 3P 2D 5, 7.
74€00-07 0,230 2,0 4.0 9673%5.0 1.830F407 930A.BL 2E 2P IF 2D 5, 7.
7.4605-02 4,330 4.0 4,0 967P9.0 3.340E406 94a0.62 25 2P 3P 2D 5. 7.
7. 8E0E-07 5,220 4.0 4,0 97806.7 2,230E407  9629.24 2% PP 2P 5, 7,
7,480E-02  $.320 2.0 2.0 97770.07 1.900F407  8590.01 35 2P 3P 2P 5, 7.
7L4E05-02 0,230 4.0 2.0 97770.0 9.900THpE  RSS.EP 2§ P I 2P 5, 7.
7.460E-02 7,330 2.0 4.0 97806.0 4.580F40¢ 8567.74 3§ 2P 3 2P 5, 7,
o, G00E+G0 5,000 4.0 6.0 110546.0 4,000E406  4109.%6 35 2P 2P/ 2D 5.14,
§.000EL00 2,000 2.0 4,0 110522.0 2.400F+06 4992,95 3¢ 2P 3P/ 2D 5.14,
0.030E400 0,000 4.0 4.0 110522.0 6.800C405  4113.%7 28 20 3P7 2D 5,14,
1.670E-01 £.320 6.0 8.0 110715.0 2.690E4+07  9045,B% 25 2 F 7,18,
1 670E-01 0,230 4.6 6.0 110731.0 2.5805407 904909 & v oF 7,14,
1670801 9,330 &.0 6.0 110711.0 1.800E406  9049,47 28 2 7.14.
7.330E-02  8.3%0 6.0 8.0 106871.0 2.000E406  4253.2R ¢ 4D 4,11,
7.330E-02 0,330 4.0 6.0 106816.0 1.400E4G6 4254.70 3% 4B 4P 4D 4,11,
7.220E-02  [L336 2.0 4.0 106780.0 7.900E405 425470 3¢ 4P 4P 4D 4,11,
T.680E-02 0,230 6.0 6.0 107039.0 5.100E406 4222.04 35 4P 4P 4P 4,11,
7.680E-02 0,330 4.0 4.0 106992,0 9,BODEH0S  4222.1F 3% 4F 4F 4P 4,11,
7.620E-02  0.320 2.0 2.0 106983.0 1.200E406 4218,87 3L 4P 4P 4P 4,11,
7.6805-02 0,230 6.0 4.0 106998.0 2.300F406  4230.75 23S 4R 4R 47 4,11,
7.685E-027 0,230 4.0 2.0 106983.0 £.100E406 4226.74 2% 4P 4P 4P 4.1
7680802 5,336 4% 6.0 107029.0 2.200E406 4214.73 35 4R 4P 4P 4,11,
7.6BOE-52 0,330 2.0 4.0 106998.0 3.100F40E 4215.92 28 48 40 4P 4,57,
5270802 0,330 6.0 4.0 107447.0 1,300E406 4151.46 3T 4P 4F 48 4,11,
8,270E-02 5,330 4.0 4.0 107447,0 7.800E+05  4143.42 T 4R 47 48 4,11,
3,2708-02 0BG 2.0 4.0 107447.0 3.900E405  4137.63 2% 4P 4R 45 4.1,
*.DERE-DA 2,330 4.0 2.0 108479.0 1.5R0FLDE 499507 3¢ 2P 4F 3S 5,11,
1L RE0E-01 0,330 2.0 2.5 10647%.0 7.590E4+05  4914,%G I3 2P 4P 28 5,1,
98
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000400
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.008E40D
.G00E+09
L G00EH00
4,000E400
1.460E-01
9,000E4+00
0.000E400
0.000E4+00
§.000E400
JOBOE+0Y
J90EH0C
JGOOEHOD
0.0C0E+00
0.090E400
0.000E400C
L 780E-01
.CO0E+00
G00ETDE
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b?ﬁE rl'!
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JUCE+00
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104615.0 2.570E4+07
104655.0 2,550E407
104767.0 3.740E407
104718.0 3.210E+07
104684.0 2.810E4+07
104665.0 2.620E407
104718.9 5.230E+06
104684.0 8.980E+06
104665.0 1.040E+07
105020.¢ 1,01GE407
105611.0 5.420E+06
104998.0 3.460E+06
104987.0 3.100E40¢
105011.0 2.220F+06
104996.0 4.610E+06
104987.¢ 4.130E+06
105620.C 1.180E406
165011.0 1.440E406
104998.0 1.770E+06
104825.0 8.¢80E+06
104860.9 1.690E+06
104886.0 2.150E406
1048e0.0 5.640E+06
104886.0 1.070E+07
104825.0 3.760E+06
104860.0 5.320E406
105620.0 2.420E+07
105011.0 1.3208407
104998.0 6.520E+06
104998.0 1.620E407
104987.0¢ 1.,740E407
104%98.0 2.690E+06
104937.9 4.050E406
104625.0 1,230E407
104868.0 1.240E407
104886.0 1,230E407
104883.0 2.170E407
104811.0 2.0208407
104811.0 1.410E406
120572.G 1.0205406
120572.0 5.200£405
120149.¢ 3.370E467
120150.C 3.260E+47
120150.0 1.210E406
103737.0 1.170E407
103668.0 9.200E+06
103618.0 7.260E406
103737.0 2.700E+06
103668.0 4.750E407
103618.0 7.310E406
103737.0 5.400E406
103668.0 1.010E406
103618.0 1.250E406
103668.0 3.360E406
103618.0 6.200E+06

99

9060.72
9028.92 2
10114.60 3
101050 2
10108.30 23
10105.18 3
10164.80 3P
10147.20 3P
10128.30 2F

9ges. 33 3P

9822.75 3P

579g.57 3P

9788.30 3P

9872.10 3P

9834.02 3P

9810.02 3P

9814.03 3P

9786.79 3P

9776.9G 3P
10757.,9¢ 3P
10675.00 3P
10823.26 3P
1g718.00 2P
10644,00 3P
18713.60 3F
10633.00 3P
10339.60 3P
16507.¢0 3P
10500.3¢ 3P
10520.60 3P
18513.49 3P
16563.30 3P
10533.96 P
12384.00 3P
12330.0% 3P
12291.0C 3P
12467.8¢ 2P
12461.29 3P
12382.30 3P

4381.3¢ 2P

4304.,0¢G 3P
10597.80 3P/
10585.00 3P/
10596.00 3P/
11291.70 2P
11313.50 3p
11323.20 3P
11227.10 3P
11266.20 3P
1129420 3P
12186.90 3P
12232.9¢ 3P
12280.08 3P
12288.00 3P
12307.06 3P

25 3
28 20
40 3D
4D 3D
4D 3D
4 30
4D 3D
40 2D
40 30
40 30
4p 30
4D 0
40 20
4D 3D
4 3
4D D
40 30
40 3D
40 3L
4F 3D
4 3D
4P 3D
4P 3D
4P 3D
4p 20
4P 30
4P 3D
4p .30
4P 30

4P 3D .

4P 30
47 3D
4P 3D
45 3D
48 30
45 30
2D 3D
2D 30
20 3P
2P 307
2P 307
2F 3’
aF 3
aF 30’
4D 45
4D 4§

4p 45

4D 45
4D 45
4D 45
4p 45
4P 45
4p 45
4F 48
4P 45

2P 7,10
2P 7.10
4 6. 3,
4F 6. 9,
4 6. 9,
4F 6. 3.
4 6. 9,
4F e, 9.
Fé. 9,
40 5. 9.
4 6. 9.
4D 6. 9.
4D €. 2,
i ¢, 9.
4 6. 9.
4D 6. 9.
40 6. 9.
40 6. 9,
40 6. 9,
4P &, 9,
4P 5, 9.
4P 6. 9.
47 5. 9.
4 6, 9.
4P 6. 8.
4P 6. 9.
40 6. 9.
40 6. 9.
40 6. 9.
4D 6. &,
4D 6. 8,
40 5. 9.
4D 6. 8.
4P 6, 9.
4r g, 9,
4P 6. S,
2F 7.10
2F 7.10..
2F 7.10.
25 7.22.
25 7,22,
2614.22,
2G14,22.
2614.22.
4F &, 8.
4F ¢, 8.
4F 6, &,
4P ¢, 8,
4P 6. 8.
4F ¢. 8.
40 6. 8.
4P 6. 8.
4P €. 8.
4P 6. .
4P ¢. 8.



4.0 6.0 3 12128.60 3P 4P 45 4P 6, I,
2.0 4,9 103668.0 3.1 12203.40 3F 4P 45 4P ¢, E.
2.0 6.0 109928.0 3.110E436  6644.96 3 4D S8 4R 6,17,
; 6.0 4.0 109838.0 2.440F+06 6653.4€ 3P 4D TS 40 4.17,
U 4.4 2.0 109€14.0 1,930E406 6656.51 2F 4D 5SS 4P .12,
e 4.0 4,0 109858,0 1.250E406 6636.94 3¢ 40 S5 4F £.i0,
i 2.0 2.0 1098i4.0 1.940E4GF 6646.51 2P 4D S8 4R §.1C,
g 6.0 6.0 109928.0 1.490E+06 £945.22 3F 4F 55 4P 4,12,
G g0 4.0 109858.0 9.400F+05 6979,16 27 4p S¢ 4R £17,
Y 4.0 2.0 109814.0 1.740e+06 6981.80 37 4F 35 4P 6.1Z,
] L.UG0 4.0 6.0 109928.0 £.400540%  €926.80 ¢ 4P 5§ 4P €17,
z 1,000 2.0 4.0 109858.0 8.BOOE4LDS  €951.70 3¢ 4F 52 4R .17,
4, 0005450 §.000 2.0 4.9 112801.0 2.300E406 5201.80 3° 25 50 2D 7.if,
Rl 1.08¢ 2.0 2.0 112816.0 2,300E406  5197.80 3¢ 25 30 2t 7UAE,
10208405 0,260 e.0 €.0 112€83.0 6.400E405  5B29.53 3F 4P £S5 4P 4.1,
GLOR0EH0D 4.6 4.0 i1z b 1.220E405 384101 3F 4R 6% 4P £.16.
3.000E400 2.0 2.0 112 ¢ 1LSZLEH0S 3854.10 3R 4P &S 4P B.16.
7.0058400 £.0 6.0 112611.0 Q.090E405 5954.16 3F 4F 65 4P 6.15.
0L,000E4+0G 4,6 2,0 12 7.600EL05  SESR,30 IF 4P 6% 4P 6.16.
2 IBDE+RD 4.0 .0 112e83.% Z.720E405  SRIL.48 3P 4P g5 4P GG,
GLCOREHOL 2.0 4.0 112611.0 3.8300405 583470 70 4P €S 4P 6.1,
i3 i
40,4029 91, 4802102, 6450114, 18541 26,5929 3¢ 4057152, 4700
222,40 2
22,3918 25,0732 77,7908 26,5054
1842, 0
! 16.54¢1
k! 2 KEKER
i b {26552 0,88044 1,97815 1,06802
2 8.0 BF152.¢
i 0,68837 0.90212 1053794 1,00747 219570
Kt 2.0 33BE2.3 ?
i & 7 1.15268 0,97¢640 TOULREIZE LL0E9SD L.24009 1L GR1TVY 1.734%4
4D 20,0 94833
1.05955 0,69970 0,77 1,2%537 L EREDD
3F 40 12,06 &ss1%
G,77110 0, 57524 0,64077 0,96 1,07044 2,19074 D.776%4 % 4%del 4, 10650
3F 45 4.0 9grSl
G,36200 [.42576 0,7168€ 1.1° 2.4142% 318801 2,96875 4,824%6 S, 748%2
¥ 5.0 8833
D.41242 0,81759 1, 04505 1,615 3.10171 2,984367 4,95400 5,81037 £,5%0454
- 6.0 97793
I,3ndpe 1.26048 3.E5832 4,00798 T.62501 A, EBRIZ 7,70174
il 0
1. 1.20949 1 22166 1,2507% 1,2962C 1,3954]
3
N 0.9%135 0,99122 0,98667 100952 1,02493
2
i 080733 (1, 79565 §,70849 0, 78765 1, TE91E
an i
0,%0YS 3,26887 0,794 §.7 FO0LB673E {,64d87 D p2EYY O 6104z [, plE7E
b4k 5.0 109009,
{.%7¢18 0, 76617 §,09057 4.6 4,524:0 7,4%40% 0
R @ YoI0nidLE i
D79730 5,67060 0,58417 0,51625 4.46730 0,42217 029632 o)) BLRETT
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4P 4§ 4.5 107448.2 11 ;

0.47353 0.,23592 0.51316 0.83399 1,29825 2.06874 2,7655% 5.4301% 4.20735 4,95729
4rF 28 2.1 106478.6 i1

1.84682 1,52740 1.20801 1.19701 1,14072 1,19556 1.22739 1,50479 1,71191 1,95340
45 dp LB.C 107016.1 11

1.34679 £.0%028 0,63501 0.77972 1.06562 1,47666 1,94893 2,45514 2,97381 3,52872
4F 2P 6.0 107508.0 11

[.35142 7. 4Cdee 1.,68684 1,04662 1,64936 2.35250 2.07920 3,52380 4.56096 ©,32764
4F 4D 20.0 106825.2 11

1.20216 5.31702 §,80209 0.93737 0.99659 1,20235 1.62%61 2.02614 2.45246 2,90572
48 2) 10.% 10?400 ] 11

5.55485 §.49868 0.74309 1.14770 1.80771 2.56768 3.34904 4.14407 4,92610 5,74110
4 4p 12.4 110372. 13

1.28550 1.45001 1.43460 1.37394 1.30755 1.24893 1.19657 1.14829 1,10732 1.08982
4D 2P o.0 110229.3 13 '

1.47523 1.50057 1.867€0 1.88361 1,85258 1.82420 1.79653 1.76407 1.73464 1,70579
46 4D 20.0 11p299.1 13

1,36%06 1.61288 1,83972 1.60236 1.55181 1,50685 1.46644 1.42682 1,39332 1.36255
O 20 16.6 11046l.6 13

1.19683 1.29367 1.23193 1.155231 1.0813% 1.01376 0.95158 (,89426 0.84299 {,79389
S 28.0 115253.3 13

1.42140 1,71836 1.77627 1.75952 1,72129 1.68863 1.65912 1.62785 1.40149 1,5771¢
a0 ZF 14.0 110346.4 13

1,24562 1.55202 1.56156 1,51783 1,46295 1,41222 1,36419 1.30651 1,27230 §.2310F
4F 4D 20.0 110486.0 14 '

§,59599 0.2420% 0.21550 G.14091 0.99787 0.07984 £.05778 £.04376 0.02591 (.032%3
4 20 10.0 110486.0 14

0,59599 §,24209 6.21550 6,14091 0.09787 0.07984 0.35778 0,34376 0.0%591 0.03213
4F 4F 28.0 110486.0 14 R )
£.553%9 ©.24209 0.21550 0.14091 0.09787 0.07984 0.95778 (.04376 (.03591 0.02232
aF  2F 14,7 11048¢.0 14

.55595 0.3420% 021550 0,14091 0.09787 6.07984 0.05778 0.04376 0.02591 9,0223%
4F 45 6.5 110486.6 14

U.5959% £.34208 §.21550 0.14091 0.09787 0.07984 .05778 (.04376 0.03591 §.52233
4 2% 18,0 1i0486.0 14

(.59398 £.24208 0.21550 0.14091 7.09787 0.07384 .0577& §,04376 0,03591 0.0223%
.05 L1l G.15 g.2c 4,25 .30

i6beo.  -0.148  -6.202 -0.214 -0.197  -0.158  -0.087

12000, 0,141 01920 -5.200 40183 -0.142 6,068

14006,  -0.135  -0.182  -0.189 0,168 0,125 -0.0%1

iego2, -g.128 -£.17 -0.177 -8,154 0,110 -0.033

18000, -0.:20 -D.182 -0.165  -0.141  -0.084  -0.017

OXYGEM 6.0 109837, 1% 15 &

9. 78, 3. 13860, 1, 3372, I, 73768,

3. 76795, 15, 86622, 9, gee3l 3. 83470,

4, &, i, 26820, &, 40468, 12, iaenan,
g, 16599, :
7.540E-04 C.2e0 5.0 3.0 76795.0 2.100E408 1202,17 2P4 3F 35 35 i, S,
7.5406-04 C.38C 2.0 3.0 76795.0 1.300E408 1304.87 3P4 3P 38 25 1, S,
7.840E-04 0.380 1.0 2.0 76795.0 4.100E407  1306.04 2F4 3P 35 38 1, 5.
4,9%0E-04 0.303 S5.G 7.0 101135.0 2.300E408 980,73 2P4 3P 35’ 30 1.11.
4,990E-{14 0.305 3.0 5.0 101147.0 1.700E402  930.2% 2P4 3P 25/ 30 1.11.
4.,9985-04 0.305 1.0 3.0 101155.0 1.200E408  990.5¢ 2R4 3P 287 30 1.11.
4,995E-014 0,303 5.0 6.0 101147.0 5.800E407 982,66 2P4 3P 357 3D 1.11.
4.590E-04 8,309 2.8 2 92C.13 2P4 3P 397 3D 1.11,

b 161155.0 9.500E407
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0.000E+00 0.000 3.0 3.0 101155.0 1.2006407 7981.97 3P 3P 35’ 3D 7.i1.
0.000E+00 0.000 5.0 3.0 101155.0 8.000E+05 7982.20 3P 3P 35 30 7.11.
2.145E-L1 0.135 7.0 9.0 97420.0 4.190E407 9265.9% 3F SP 3D SD 6, 9,
2.140E-05 0,135 5.0 2.0 97420.0 2,B00E407 9262,73 3P SP 2D S0 4. 9.
2,146E-01 8.135 3.0 5.0 97420.0 1.470E407 9260.88 @ SP 3D SO §, 9,
2.140E-01 0.135 7.0 7.0 97420.0 1.400E407 3265.9% 2P 5P 3D 50 5, 9,
2.140E-07 0.13% 5.0 5.0 97420.0 2.450E407 926272 3P SP 3D 5D 6. 9.
2.140E-01 0.135 3,0 3.0 97421.0 3.150E407 9260.85 2F 5P 3D 5D 6. 9,
2.140E-01 0.135 7.0 5.0 97420.0 2.790E406 9265.99 3P 5P 3D 5D 4. 9.
g.140E-01 0.135 5.0 3.0 97421.0 1.050E407 9262,73 3P P 3D 5D 6. 9.
2.140E-01 0.135 3.0 1.0 97421.0 4.200E407 9260.88 3P 5P 3D 5D 6. 9.
3.529E-01 £.225 9.0 15,0 97488.0 2.350E+07 112€7.08 3 2P 3D 23D 7. 9,
3.900E-01 9.373 7.0 5.0 95476.0 1.270E+07 11302.20 3P SF 45 3¢ 6. 8,
3.900E-01 0.370 3.0 5.0 95476.0 9.100E406 11297.50 3P 5P 45 55 6. 8.
3.900E-01 0.370 3.0 5.0 95476.0 5.400E406 11295.00 3P 5P 45 55 6. §.
0. 000E+00 0.0006 9.0 2.0 96226.0 1.880EH07 13164.00 3P 3P 45 35 7. &,
4.040E-01 0.155 7.0 9.0 102865.0 7.010E+06 6158.19 3P 5P 4D SD 6.12,
4.040E-01 0.155 5.0 7.0 102965.0 4.680E406 6156.78 3P 5P 4D 5D 6.12.
4.045E-01 0.155 3.0 5.0 102865.0 2.450E+06 6155.93 3P SP 4D 5D 6.12.
4.040E-(1 0.135 7.0 7.0 102865.0 2.340E+06 615€.18 3P 5P 4D 5D £.12.
4.040E-01 0.155 5.0 5.C 102865.0 4.100E+06 6156.72 3P 5P 4D 30 6.12.
4.0402-01 0.155 3.0 3.0 102865.0 5.270E+G6  6155.99 3F 5P 4D 5D 6.12.
4,040E-01 0.1535 7.0 5.0 102865.0 4.670E405 6158.13 3P 5P 4D SD 6.12.
4.940E-01 0.155 3.0 3.0 102865.0 1.750E406 6156.7% 37 5P 4D 50 6.12.
4,340E-G1 £.155 2.0 1.0 102865.0 7.020E406 6155.99 32 5P 4D 5D 6.12,
1.000E4+05 0.000 9.0 15,0 102908.0 3.250E406 7002.10 3P 3P 40 2D 7.12.
0.G00E+00 C.000 15.0 21.0 129667.0 4.600E405  6106.50 3P’ 3D 4D’ 3F19.18,
0.0006400 0,000 21,0 21,0 129667.0 1.980E406  6269.40 3% 9F 4D/ 3F19.19,
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14.0 16.0 S5.000E-01 4.622E-03 14.0 17.0 5.000E-01 1.784E-02
14,0 15,0 5.000E-01 1.736E-02 14.0 20.9 5.000E-01 6.571E-03
14,0 21.0 5.0060E-01 8.579E-03 15,0 C.0 S.000E-D1 1.744E-03
15.8 1.0 5.000E-01 1.192E-02 15.0 2.0 5.000E-01 2.320E-02
15.0 3.0 5.000E-01 2.700E-02 15.0 4.0 5.000E-01 3.562E-03
5.0 5.0 5.000E-01 €,901E-03 15.0 6.0 5.000E-0%1 2,040E-02
15.0 7.0 5.000E-G1 3.278E-03 15.0 8.0 5.000E-01 7.630E-03
15.¢ 9.0 5.000E-01 1.649E-02 15.0 11.0 5.000E-01 1.358E-02
15.0 12.% 5.000E-01 9.107E-03 15.0 13.0 5.000E-01 2.B38E-03
13.0 14,0 5.000£-01 1.673E-02 15.0 16.0 5.000E-01 1.366E-02
15.0 17.0 5.000£-01 7.900E-03 15.0 18.0 5.000E-01 5.1B3E-03
15.0 19.0 S5.000E-01 1.622E-02 15.0 21.0 5.000E-01 1.859E-02
16.0 0.0 5.000E-01 2.224E-03 16.0 1.0 5.000E-01 1,3B5E-02
16,0 2.0 5.000E-01 2.974E-02 16.0 3.0 5.000E-01 2.162E-02
16.0 5.0 5.000E-01 1.140E-G2 16.0 6.0 S5.000E-01 1,694E-02
le.0 8,0 3.800E-01 1.275E-02 16,0 9.0 5.000E-01 1.062E-02
16.0 10.0 5.000E-01 1.745E~03 16.0 11.0 S5.000E-01 1.597E~02
16,0 12,9 5.0005-01 2.152E-03 16.0 13.0 5.000E-01 9.547E-03
16.0 14.0 S5.000E-01 1.066E-02 1£.0 15.0 5.000E-01 1.707E-02
16.0 16.6 5.000E-01 1.586E-02 16.0 18.0 5.000E-01 1.331E-02
g2 SR 32.006 1 9% 5
3 1.00 ©.00CE+00 0.GOGE+0D 1.604E-08 14300.000
8.000 .00 9.000E400 0.COOE4CE 1.207€-08 47600.000
3.600 49892.100  700.360 8.002  -£.375 {.6090
2,000 0.000 1580.361  12.673 0.055  -0.001
3.000 360%.000 B818.000  22.500 0.000 §.629
1.000 13195.220 1432.687  13.950  -0.911 8.000
2,000 791&.100 1509.300  12.900 .000 0.000
16,0 19.0 5.000E-01 5.65iE-03 1s.0 20.0 5,000E-01 7.729E-03
16.8 21.0 5.000E-01 1.293E-02 17.0 0.0 5.000E-01 2,754E-03
17.0 1.0 5.900E~-01 1.5e4E-02 17.0 2.0 5.000£-01 2,933E-02
17,0 3.0 5,000E-01 1.622E-02 17.0 5.0 5.000E-01 1,484E-02
17.¢ 6.0 5.000E-01 1.199E-02 17.0 8.0 5.000E-01 1.S37E-02
172.0 9.0 5.000E-01 4,635E-03 17.0 10,0 5.000E-01 5.657E-03
17.0 11.0 S.000E-01 1.330E-02 17.0 13.0 5.000E-01 1.293t-02
17.0 14,0 5.000E-01 3.339E-03 17.0 15.0 5.000E-0) 7.991E-03
17.0 16.0 5.000E-01 1.020E-02 17.0 17,0 5.000E-01 2.004E-03
17.0 18.0 5.000E-01 1.480E-02 17.0 20,0 S5.000E-01 1,506E-02
17.0 21.0 5.000E-01 2.363E-03 18.0 0.0 5.000E-01 3.320E-03
18.0 1.0 5.000E-0%1 1.720E-02 18.0 2.0 5.000E-01 2,807E-02
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.81900 1.100E-02
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13000 0.000E400
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0

30E-0

9.0 8.0 5.400E-02 2.936E-01

8.0 3,950E-02 6,700E-03 7.0 9.0 B.620E-02 7.080E-02

640E-01
1228
.3

3

2
15E-02 6,447E-01

1

2.0 4,860E-02 2.837E-01

7.9 5.920E-0
8,0 10,9 8,900E-02 7.660E-02 10.0 10.0 7,340E-02 5,801E-01

8.0
2 5.000E-03 6.0 8.0 8.,390E-02 6

-92 4.750E-01
-g2 11.0 11,0 7,

84E-01 10.9
.897E-01 12.0 10.0 8.730E-02 4.810E-02

3.400E-03 7.0 11,0 4,84DE-02 3,100E-0
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ORIGINAL PACE iF
OF POOR QUALITY

4.0 19,0 3.160E-01 3.560E-04 5.0 10.0 3.160E-01 1.070E-02
€.0 10.5 3.160E-01 1,107E-0% 7.0 10.9 3.1€CE~D1 2.728E-01
§.0 10.0 3.150E-01 3,203E-02 9.0 10.0 3.160E-01 1.242E-01
10,5 16,0 3.255-01 2,500E-04 11.0 10.0 3.16BE-0% 6.780E-02
12.0 10,0 2.380E-03 7.205E-02 13.0 10.0 2.160E-01 1,425E-02
14,0 10,0 3.160E-01 2,500E-63 15,0 10.0 2,1R0E-03 3,275E-02
1€.0 10,0 2.1602-01 5,768E-02 17.0 16.0 3.160E-01 6.145E-02
18,9 10,0 3.1608-01 S.0Do%E-G2 5.0 11.0 3.160E-01 £,5005-04
€0 11.¢ 3.:e32-01 1,763E-52 7.6 11,0 3.160E-D1 1.432E-01
B.5 11,0 2.0502-01 2.606E-01 9.0 11,0 Z.16DE-01 6.450E-C2
10.6 11,6 3.1408-01 1.297E-01 41,0 11.0 3.160E-01 9.750E-(
12,0 11,0 2,160E-01 3.9758-02 13,0 11.0 3.160E-D1 7.685E-02
26,0 11.0 3.166E-01 3.123E-02 15.0 i1.0 3.160E-01 7,500E-04
16.0 11.0 2.180E-01 1.575E-02 17.0 11.0 2.160E-01 4,280E-02
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SECTION 5. FLOW DIAGRAM

ENTER
< | READS IN EXCITATION DATA (ATOMIN, MOLIN)
< | CALCULATES ATOMIC EXCITATION (EXCTAM)

A

EXCITA- /

TION CALCULATES EQUILIBRIUM-EQUIVALENT

CALCU- NUMBER DENSITIES (ARBITA)

LATION -

EXCT  |e——>] CALCULATES MOLECULAR EXCITATION (MOLEXT)

‘ .
CALCULATES EQUILIBRIUM-EQUIVALENT
NUMBER DENSITIES (ARBIT)
A
= READS IN RADIATIVE PROPERTY DATA (RADIN)
— CALCULATES ATOMIC LINES (ATOMIC)
- | CALCULATES BOUND-FREE RADIATION (BFCONT)

RADIA-

TION [T CALCULATES FREE-FREE RADIATION (FFCONT)

CALCU- [*

LATION (CALCULATES MOLECULAR RADIATION)

RADCAL — SETS UP PARAMETERS (SETUP)
< | COMPUTE EACH VIBRATIONAL BAND (VUVL)

{k A A -
w y y
ZERO | | ONE || S2Pi2
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TYPICAL INPUT DECK

SECTION 6.

LT

YA

WIOUTUTITT R TRy

N L

L Kdeavlils

E4Loda
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6clL

=
—
m
=
=
[~
=
>
-
-
-
ool
=
>
=
F 3

NMETH(0=NO RAPIATION. 1=RADIATION)
NFIN1(EXCITATION DATA INPUT FILE)
NFIN2(RADIATION DATA INPUT FILE)
NFOUT (QUTPUT FILE)
NPRT1 (PRINT CONTROL FOR BASIC DATA)
NPRTZ(PRINT CONTROL FOR OUTPUT)
NEHRR(FILE NUMBER OF ERROR MESSAGES)
NARRAY (LENGrH OF RADIATION ARRAYS)
NFASP(NUHEEB OF CASES)

ISAVE(FILE TO0 SAVE SPECTRAL OUTPUT)
NPLOI(@ NO PLOT. 1=PLOT)

WAVELS (BRORT WAVELENGTH LIMIT IN A)
WAVELL(LONG WAVELENGTH LIMIT IN A)

¢TARK“IARK WIDTH FOR MOLECULES, IV A)
WILT.: L. - wawin oo, PAGtOR)
D(PHY. .CAL DEPFH Crl)

LI S U § I T O O 1 O [ N £

Houonn

ANTOTOCINITIAL TOTVAL NUNBER DERSITY

)=

SECTION 7. TYPICAL OUTPUTS

e GO etk (SN et bt (N P\ e e

2000.90
15000.0
6.3000
12,900
10.000

8.013E+16

U.V. LINE ESCAPE FACTORS= 1.606F-03 1. OOOL 02 1.000E-01 U.V. CONT. ESCAPE FACTORS= 1.090E-93 1.600E-02 1.0005—01
U.v, LINE ESCAPE FACTORS= 1.099E-~03 | .090E-02 1.900E-01 U.V. CONT. ESCAPE FACTORZ= 1.@00E-03 1.089E-62 1.06005-01
RADIATION STRENGTH MULTIPLICATION FACTORS= 1.00 1.69 1.00 1.00 1.00 1.09 0.00 0.00 0.00 0.00 0.99 0.00 0.99 0.93% 0.80 (.00
RADIATION STRENGTH MULTIPLICATION FACTORS= 0.00 0.060 0.00 0.09
RADIATION SVRENGTH MULTIPLICATION FACTORS= 1.09 1.0010.0010.00 0.01 1.€0 1.00 1.69 1.060 1.00 1.60 1.¢0 1.€6 1.£2 1.69 1.90
RABIATION STRENGTH MULTIPLICATION FACTORS= 1.09 0.00 0.00 0.00
RADIATION ESCAPE FACTORS FOR MOLECULES
1.030E+00 1.000E+60 1.00QE+69 1.08CE+09 1.0060L+00 JL= 1 iB= 1
1.090L+00 1.090E+G9 1.099E+69 1.900E+96 1.0600L+00 JL= 2 IB= 1
1.000E+00 1.600E+00 1.000E+39 1.600E+09 1.900E+90 JL= 3 IB= 1
1.099E+00 1.000E+30 1.0060LK+69 1.026E+00 1.000E+80 JL= 4 IB= 1
1.000E+90 1.000E+60 1.096E+00 1.006E+50 1.090E+00 JL= 3 IB= 1
1.668E+00 1.090L+60 1.CO0F+60 1.0090L+00 1.000E+C) JL= 1 IB= 2
1.000E+69 1.000L+0D 1.000E+50 1.690E+90 1.600L+00 JL= 2 IB= 2
1.6000L+60 1.0896E+99 1.6001L+09 1 .090E+69 1.0005+69 JL= 3 IB= 2
1.900E+09 1.096E+00 1.090E+89 1.009E+90 1.00612+90 JL= 4 IB= 2
1.006L+00 1.600E+09 1.0080E+60 1.000E+60 1.090E+€0 JL= 8 IB= 2 -
1.000E+50 1.6000+60 1.900E+080 1.9905+09 1.000¥+030 JL= 1 IB= 3 Eﬁf
1. O@OLYO@ 1.000E+80 1.C0CE+L9 1.000E+09 1.000E+D0 JL= 2 IB= 38 o
1.0GGE+09 1.000L+00 1.000E+09 1.099E+90 1.600E+80 JL= 3 IB= 3 o
1. ®OOE+®0 1.,0005+39 (.000E+00 1.006E+39 1.000E+90 JL= 4 IB= ¢ f
1.908E+€0 1.000L+50 1.690%+90 1,9998+00 1.0005+99 JL= 5 IB= 8 5
1.598E+60 1.990L+60 1.900E+60 1.000E+060 1.8005+00 JL= 1 IB= 4 i
1.090L+09 1.660L+09 1.000E+€0 1.090E+09 1.000E+29 JL= 2 IB= 4 «
1.008E+C0 1.630E+00 1.0907+69 |.C96E+30 1.000E+09 JL= 3 IB= 4 ‘
1.60CE+C0O 1.000L+00 1.000E+99 1.889E+69 1.0001+50 JL= 4 IB= 4 .
1.000LE+00 1.000E+89 1.06901+60 1.6Q09E+90 1.090FK+09 JL= B IB= 4 !
1.009E+00 1.0989E+G9 1.008K+09 1.099E+32 1.9060K+00 JL= 1 IB= 5 :
1.090E+30 1.600L+09 1.000E+00 1.990E+29 1.0008+09 JL= 2 IB= &
L.OGQE+G0 1.600K-+G0 1.000E+00 1.890E+89 1.000E+60 JL= 3 IB= &
1.090E+00 1.696% L.000K+80 1.6099E+690 1.000L+069 JL= 4 IB= 8§
1.09015+69 1.08008+50 (.9e8E+69 1.0808E+69 1.99065+00 JL= § IB= 5
T(HEAVY PARTICLE 'TR\N<1.. AND ROT. T) = 18890.0
TV(VIBRATIONAL TEMPURATURE) = 14000.0
TE(ELECTRCN TEMPERATURE) = 12000.0
TARB(ARBITRARY EQUILIBRIUM TEMPEATURE)= 9650.0
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NUMBER DENSITY FRACTIONS OF SPECIES
N= 4.813E-
02= 1.160E-62 CN=

PRESSURE=

1.783E-01
1.0060E~10

©1 N+= 3.435E-02 0=
1.900E-10 C=

1.965E-01 ATH DERSITY= 2.325E-66 G-/CM3

0+= 6.204E-03 NE= 4.269E-02 N2+= 6.188E-04 N2z 2.143E-01 NO= 3.032E-02

ENTHALPY= 4.571E+11 ERG/C

ALPHA

ALPHA

ALPHA

ALPHA

ALPHA

2.186E~-02

NITROGEN EION= 117345.6 CM-i
ION: GC= 2.9 5.0 1.9 5.0 E= 100.9 15315.0 32687.0 47168.0
OXYGEN EION= 169837.0 CM-1
ION: Gs= 4.0 10.0 6.0 12.0 E= 0.0 26310.0 40467.0126000.0
MOLECULAR BAND NAME=N2+ MOLECULAR WEIGHT= 28.010
NUIHBER OF ELECTRON-IMPACT DISSOCIATION CROSS-SECTION SET= 4
NUNBER OF ELECTRON-IMPACT EXCITATION CROSS-SECTION SET = 6
NUMBER OF ELECTRONIC LEVELS =9
NUMBER OF LEVELS IN QUASI-STEADY-STATE CALC. = 4
DEGEN TERM WE WaEXE WEYLE WEZE BE
MOLECULAR BAND NAME=N2 MOLECULAR WEIGHT= 28.010
NUMBER OF ELECTRON-IMPACT DISSOCIATION CROSS-SECTION SET= 4
NUMBER OF ELECTRON-IMPACT EXCITATION CROSS-SECTION SET = 6
NUMBER OF ELECTRONIC LEVELS = 3§
NUMBER OF LEVELS IN QUASI-STEADY-STATE CALC. = 4
DEGEN TERM WE WEXE WEYE WEZE BE
MOLECULAR BAND NAME=NO HOLECULAR WEIGHT= 30.010
NUMBER OF ELECTRON-IMPACT DISSOCIATION CROS3-SECTION SET= 3
NUMBER OF ELECTRON-IMPACT EXCITATION CROSS-SECTION SET = 3
NUMBER OF ELECTRONIC LEVELS : = 6
NUMBER OF LEVELS IN QUASI-STEADY-STATE CAIlC. = 3
DEGEN TERM WE WEXE WEYE WEZE BL
MOLECULAR BAND NAWE=02 MOLECULAR WEIGHT= 32.000
NUMBER OF ELECTRON-IMPACT DISSOCIATION CROS3-SECTION SET= 0
NUMBER OF ELECTROR-IMPACT EXCITATION CROSS-SECTION SET = 0
NUMBER OF ELECTRONIC LEVELS =5
NUMBER OF LEVELS IN QUASI-STEADY-STATE CALC. = 0
DEGEN TERM WE WEXE WEYE WEZE BE
MOLECULAR BAND NAMIK=CN MOLECULAR WEIGHT= 26.020
NUMBER OF ELECTRON-IMNPACT DISSOCIATION CROSS-SECTION SET= 3
NUMBER OF ELECTRON-IMPACT EXCITATION CROSS-SECTION SET = 3
NUMBER OF ELECTROGNYC LEVELS = 3
NUMBER OF LEVELS 4 QUASI-STEADY-STATE CALC. =3
DEGEN TERM WE "WEXE WEYE WEZE BE
N: EXCITATION TENPEURATURE= 9607 .6 DENSITY MULTIPLICATIVE FACTOR=
0: EXCITATION TEHCERATURE= 9278.2 DENSITY MULTIPLICATIVE FACTOR=

1.609E-02



LEL

N2+

WUNDER DENSITIES OF ELECTRONIC SiATE= 2.517E+13 2.2608E+13 1.653E+12 7.419E+11 5.993E+07

ELECTRONIC EXCITATION TEMPERATUIUE

N2 i

HUMBYR RPENSITIES OF ELECTRONIC STATE=
ELECTRCHIC EXCITATION TEMPERATURE =

1Mo

12699 .6 11999.95 11999.6

11985.4

16969.7

1.7116E+16 8.813E+18 1.433E+13 1.519E+12 4.641E+07

12690 .9 8774.6 8293.8

9294.9

11767.7

NUNT%R DENSITIES OF ELECTRONIC STATE= 2.425E+15 2.631E+10 4.2488+12 1.600L+10 1.000E+16

ELECYEDMIC EXCITATION TEMPERATURE =

62 :
NUMBER DENSITF ™S OF ELECTRONIC STATE=
ELECTRON (€ EXC\TATION TEMPERATURE =

CN
NUMBER DENSITIES OF ELECTRONIC STATE=

12660.0 6135.8 8835.5

12000.0

12¢00.0

1.000E+10 1.000E+10 1.000E+{C 1.000E+10 2.747E+0O7

12¢90.06 12690.0 12606.0

12609.0

5999. 1

4.319E+06 3.52VE+06 1.653E+Q¥ 1.000E+10 1.000L+10

ELECTRONIC EXCITATIiON TEMPERATURE = 12000.9 11654.9 11556.8 12000.90 129009.0
DERSITY MULTIPLICATIVE FACTOR= 5.826E+80 §.826E+00 .540E+00 1.540E+00 2.648L+01
1.668E+59 1.660E+00 1.660E+00 1.660E+00 1.660E+39
1.236E+00 1.236E+69 1.236E+00 6.314E-02 6.314E-02
2.744E-02 2,744E-02 5.053E+09 3.455E+80 3.455L+00
EXCITATION TEMPERATURE = 11999.0 11999.9 8993.8 8963.8 11767.7
9294.9 9294.9 9294 .9 9294.9 0294.9
8835.9 8835.5 8835.5 6135.8 6135.8
5969.1 5909.1 11556.8 11654.9 11654.9
BASIC ATOM DATA
NAME=NITROG ATOMIC WEIGHT= 14.007 IONIZATION POTENTIAL= 117345.0 CM-1
NUMBER OF LINES,BOUND-FREE CONTINUUM, AND FREE=FREE CONTINUUM PARAMETERS = 179 35
BASIC ATON DATA
NAME=0XYGEN ATOMIC WEIGHT= 16.0690 IONIZATION POTENTIAL= 109837.0 CM-1
NUMBER OF LINES,BOUND-YREE CONTINUUM, AND FREE=FREE CONTINUUM PARAMETERS = 109 15

HOLT.CULAR
NDEX= 1

MOLICULAR
NDEX= 1

HOLUHMCULAR
NDk= 2

MOLVCULAR
NDiEx= 2

BAND NAME=K2+ 1-
NO. OF BANDG= 94

BAND NAME=N2+ 1-
NO. OF BANDS= 94

CAND NAME=N2 1+
NO. OF BANDS= 94

BANY NAM.L=N2 1+
NO. OF BANDSZ= 94

MOLECULAR WEIGHT=
NO. OF LEVELS=

MHOLECULAR WEICHT=
NO. OF LEVELS=

MOLECULAR WEIGHT=
NO. OF LEVELS= 1

MOLECULAR WEIGHT=
NO. OF LEVELS= 1

4

4

0

0

28.019
MOLECULE NO.= ©

25.910
MOLECULE NO.= O

28.019
MOLECULE NO.= O

28.0190
MOLECULE NO.= 0

ORDER= @

ORDER= ©

ORDER= O

ORDER= O

CH3
X

CM3
K

Kt a)

R TP P
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MOLECULAR
NDEX= 1

MNOLECULAR
NDEX= 2

MOLECULAR
NDEX= 2

MOLXCULAR
NDEX= 2

MOLECULAR
NDEX= 1

MOLECULAR
NDEX= 1

MOLFCULAR
NDEX= 1

MOLECULAR
NDEX= 1

MOLECULAR
NDEX= 1

MOLECULAR
NDEX= 3

MOLECULAR
NDEX= 3

MOLECULAR
NDEX= 1

MOLECULAR
NDEX= 1

MOLECULAR
NDEX= 1

MOLECULAR
NDEX= 3

BAND NAME=N2 2+
NO. OF BANDS= 74

BARD NAME=N2LBH
NO. OF BANDS= 98

BAND NANME=N2LBH
NO. OF BANDS= 96

BAND NAME=N2BH1
NO. OF BANDS= 92

BAND NAME=N2BH2
NJ. OF BANDs= 92

BAND NAME=N2BH2
NO. OF BANDS= 96

BAND NAME=RO B
NO. OF BANDS= 96

BAND NAME=NO B
NO. OF BAND3S= ¢4

BAND NAME=NO B
NO. OF BANDS= 46

BAND NAME=NO G
NO. OF BANDS= 98

BAND NAME=NO G
NO. OF BANDS= 98

BAND NAME=02 SR
NO. OF BANDS= 96

BAND NANE=02 SR
NO. OF BANDS= 96

BAND NAME=CN VIO
NO. OF BANDS= 70

BAND NAM.=CN RED
NO. OF BANDS= 86

MOLECULAR WEIGHT=
NO. OF LEVELS= 10

MOLECULAR WEIGHT=
NO. OF LEVELS= 10

MOLECULAR WEIGHT=
NO. OF LEVELS= 160

MOLECULAR WEIGHT=
NO. OF LEVELS= 10

MOLECULAR WEICHT=
NO. OF LEVELS= 10

MOLECULAR WEIGHT=
NO. OF LEVELS= 10

MOLECULAR WEIGHT=
NO. OF LEVELS= 6

MOLECULAR WEIGHT=
NO. OF LEVELS= 6

MOLECULAR WEIGHT=
NO. OF LEVELS= 6

MOLECULAR WEIGHT=
NO. OF LEVELS= 6

MOLECULAR WEIGHT=
NO. OF LEVELS= 6

MOLECULAR WEIGHT=
NO. OF LEVELS= §

HOLECULAR WEIGHT=
NO. OF LEVELS= §

MOLECULAR WEIGHT=
NO. OF LEVELS= 3

MOLECULAR WEIGHT=
NO. OF LEVELS= 3

28.010
MOLECULE

28.919
MOLECULE

28.010
MOLECULE

28.06190
MOLECULE

28.0190
MOLECULE

28.010
MOLECULE

30.010
MOLECULE

36.010
MOLECULE

30.010
MOLECULE

30.910
MOLECULE

30.010
MOLECULE

32.009
MOLECULE

32.000
MOLECULE

26.020
MOLECULE

26.020
MOLECULE

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

n

ORDER=

CRDER=

ORDER=

ORDER=

ORDER=

ORDER-=

ORDER=

ORDER=

ORDER=

ORDER=

ORDER=

ORDER=

ORDER=

ORDER=

ORDER=
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MOLECULAR BAND NAME=CN RED MOLECULAR WEIGHT=

NDEX= 3
NITROG
GLOBAL
NITROG
CLOBAL
OCXYGEN
GLOBAL
OXYGEN
GLOBAL
N2+ 1-
CLOBAL
N2+ 1-
GLOBAL
N2 1+

GLOBAL
N2 1+

GLOBAL
N2 2+
GLGEAL
N21.BH
GLOBAL
N2LBH

LIRES FINISUED
POWER EMISSION.
ATOM FINISHED
POWER EMISSION.
LINES FINISHED
POWER EMISSION.
ATOM FINISIIED
POWER EMISSION.
FINISIED
POWER EMISSION.
FINLSHED
POWER FHISSION.
FINISHED
POWER LMISSION.
FINISUED
POWER EMISSION.
FINISHED
POWER EMISS10N.
FINIEJED
POWER LFMIGSION.
FINISHED
GLOBAL POWFR EMISSION.
N2BH1 FILISHRED
CLOBAL FOWER EMISSION.
N2BH2 FINISYZD
GLOBAL POWER' EMISSION.
N2BH2 FINISLLD
CLOBAL POWER EN ISSIGN.
NO B FINISHED
CLOBAL POWFR ENMISSION.
HO B FINIZHED
CLOBAL POWER KMISSION.
NO B FINISHED
CLOBAL POWER EMISIION.
No G FINLZURD
CLOBDAL POWELL «lilssSTON,
NO G FINISHED
GLOBAL POWER EMINSION,
02 1L FINISHYD
GLOBAL POWER EMISSION.
02 SR FINISHED
GLOBAL POWER EMISS1ION.

NO. OF BANDS=

26
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=

TOTAL=

TOTAL=

TOTAL=
TOTAL=
TOTAL=
TOTAL=
TOTAL=

TOTAL=

NO. OF LEVELS=

2.36487E+01
2.37468E+01
2.67208E+01
2.67402E+01
3.03269E+01
3.07642E+01
3.15319E+01
3.16307E+01
3.16528E+01
3.16828E+01
3.16830E+01
3.16830E+01
3.17215E+61
3.17245E+01
3.34358E+01
3.38316E+01
3.38653E+01
3.39178L+01
3.39237E+01
3.39500E+01

3.39686E+01

3
ABOVE

ABOVE

ABOVE 2

ABOVE
ABOVE

ABOVE

ABOVE 2

ABOVE
ABOVE
ABOVE
ABOVE

26.620

MOLECULE NO.= ©

2560

ABOVE 43

ABOVE
ABOVE
ABOVE
ABOVE

ABOVE

ABOVE

ABOVE
ABOVE

ABOVE

5>>>> POINTS OUT OF RANGE. THEY WILL BE IGNORED.

>35> I X¢I)
3355 2 C2.00021.+04
IMNAX=
END OF
PROPRIETA

0 VIRTUAL STURAGE REFERENCES;

YI)

©.0000L+20

1 READS; 0 WRITES.

984 v
DISFPLAAD 0 - 993 VECTORS GENERATED IN 1 PLOT
Y SOFT¥ARE PRODUCT OF 1SSCO, SAN DIEGO,

2.36487E+01
2.37456E+01
2.67196E+01
2.67387E+01
3.03255E+01
3.07628E+01
3.15305E+01
3.16292E+01
3.16813E+01
3.16813E+01
3.168138L+01
3.16313L+01
3.16828E +0]
3.16828E4+0}
3.27552E+01
3.31485E+01
3.31822E+01
3.31900L+01
3.31935E+01
3.32168L+01
3.32279E+01

FRAMES .

CA.

ORDER= ©

ABOVE
ABOVE
ABOVLE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE
ABOVE

ABOVE

3500
3500
3560
3500
3590

3560
»3500
3590
33500
3560

3500

3500 !

3500
3569
3500
3500
3500

2.36487E+01
2.374165+01
2,67156E+01
2,67341E+01
2.892483E+01
2.91468E+01
2.99146E+01
3.60133E+01
3.0626%L+01
3.00269E+01
3.00269E+01
3.€0269E+01
3.002692E+01
3.69269E+01
3.01866E+01
3.904394E+01

= 3.04929E+01

3.049305+01
3.04930E+01
3.05032E+01

3.05063E+01

W/CM3
Y- CM3
W/CM3
W/CM3
W/CM3
WoCM3
Wr/CM3
W/CM3
W/CM3
W/CM3
W/CH3
W-CHM3
W/CM3
W/CH3
W/CHM3
W/CHM3
W/ CM3
W/ CM3
W/CM3
W/CM3

W/CM3

i
R
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