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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 tAAeorassisted 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. I). The computer code in

reference I 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 I 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. Reference 2

describes the technique in detail, and presents typical results of the calculations.

Since reference I presents the complete listing of the code for the equilibrium

case, and since reference 2 is an extension of reference I for the low-density

nonequilibrium regime, the entire code is published herein to serve as an update to



the code in reference I. All technical details and nomenclature contained in this

code_are given in references I and 2.



SECTIONI. CALLSTATEMENT

This subroutine is entered by the statement:

CALLNEQAIR(NMETH,NFINI,NFIN2,NFOUT,NPRTI,NPRT2,NERR,NARRAY,NSAVE,WAVELS,WAVELL,
STARK,WIDTHF,D,UVx,UVC,SMF,ESCF,T,TV,TE,TARB,ANT_T,FN,FNP,F_,F_P,FNE,FN2P,FN2,FN_,
FO2,FCN,FC,WAVEL,EMIS,ABSB,TOTPWR,AN)

The definition of the arguments is given as commentsin the subroutine NEQAIR, and

is reproduced below:

(InputParameters):

NMETH=Calculating method. O=no radiation calculation. 1=emitted power only

calculated. 2=emitted power and spectra calculated.

NFINI=Unit number of excitation data input file.

NFIN2=Unit number of radiation data input file.

NFOUT=Unit number of output file.

NPRTI=Print control for input data. O=no print. 1=small print. 2=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, cm. 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 nitrogen

and oxygen whose lower states are one of the three lowest states of the atoms.

UVX(I,J)=I.0 means optically thin gas. UVX(I,J)=O.O 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)=I.0 means optically thin. UVC(I,J)=O.O means completely self-

absorbed. The indices are the same as for UVX(3,2).



SMF(20,2)=Emission _trength multiplication factors. The first index refers to
to the radiating mechanism. The second index refers to atoms and molecules
(1=atoms, 2=molecules). FheSMFvalues are multiplied to the oscillator-strength
(or equivalently to transition probability or transition moment) values assumedin
the basic radiation data read in as unit NFIN2. The oscillator-strength values are
taken: for atomic lines, From reference 3; for atomic continuum, from reference 4;
for molecular bands of N2+, N2, NO, and 02, from reference 5; for the CNbands, from
references 6 and 7. The indices refer to:

(1,1)=atomic nitrogen lines.
(2,1)=free-oound continuum of nitrogen atom.
(3,1)=free-free continuum of atomic nitrogen ion.
(4,1)=atomic oxygen lines.
(5,1)=free-bound continuum of oxygen atom.
(6,1)=free-free continuum of atomic oxygen ion.
(!,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 SecondPositive band.
(6,2)=N2 Birge-Hopfield 2 band, low vibrational quantum

number transitions.

(7,2)=N2 Birge-Hopfield 2 band, intermediate vibrational
quantumnumber transitions.

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

(9,2)=N0 Beta band, low vibrational quantum numbertransitions.
(I0,2)=N0 Peta band, intermediate vibrational quantum

number transitions.
(11,2)=N0 Beta band, high vibrational quantum number transitions.
(12,2)=N0 Gammaband, low vibrational quantumnumber transitions.
(13,2)=N0 Gammaband, high vibrational quantumnumber transitions.
(14,2)=02 Schumann-Rungeband, low vibrational quantum

numbertransitions.
(15,2)=02 S_humann-Rungeband, intermediate vibrational quantum number

transitions.

(16,2)=02 Schumann-Rungeband, high vibrational quantum
numbertransitions.

(17,2)=02 Schumann-Rungeband, high vibrational quantum
number transitions.

(18,2)=CN Violet band.
(19,2)=CN Red band, low vibrational quantum number transitions.
(20,2)=CN Fed band, high vibrational quantum number transitions°

T=Heavyparticle temperature (assumedto be the sameas rotational
temperature), Ko



TV=Vibrational temperature, K.
TE=Electron temperature, K.
TARB=Arbitrarily assumedequilibrium radiation temperature, K.
ANTOT=Totalnumberdensity, cm-3.
FN=Molefraction of N.
FNP=Molefraction of N+.
FO=Molefraction of O.
FOP=Molefraction of 0+.
FNE=Molefraction of free electrons.
FN2P=Molefraction of N2+.
FN2=Molefraction of N2.
FNO=Molefraction of NO.
FO2=Molefraction of 02.
FCN=Molefraction of CN.
FC=Molefraction of C.

(Output Parameters):
WAVEL(NARRAY)=Wavelength,angstrom. The wavelengths are at equal photon-energy

intervals starting from WAVELSand ending at WAVELL.
EMIS(NARRAY}=Emissioncoefficient, Watts/(cm3-micron-ster radian).
ABSB(NARRAY)=Absorption+ stimulated emission coefficient, cm-I .

TOTPWR(3)=Totaloptically thin emitted power. (1)=all wavelengths. (2)=longer
than 2500 angstrom. (3)=longer than 3500 angstrom, Watts/cm3.

AN(20,2)=Equilibrium-equivalent numberdensity for each radiating mechanism
corresponding to the given hypothetical equilibrium radiation temperature TARB,
cm-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

*DECKTEST
PROGRAMTEST

C TESTSPROGRAMNEQAIR
DIMENSIONTOTPWR(3)
NMETH:2
NPRTI=I
NPRT2=!
h_RRAY:20000
NPLOT=O
FN=O.4813
ENP=3.425E-02

FO=O.1788
FOP=6.204E-03
FNE=O.O4269
FN2P=6.188E-04
FN2=O.2143
EN0=0.03032
F02=0.01160
FCN=I.OE-IO
FC=I.OE-!O
ANTOT=8.013E16

T=!8000.
"P_=14000.
TE=12000.
TARB=9650.
D=IO.

CALLBUFFER(NMETH,NPRTI,NPRT2,NARRAY,NPLOT,FN,FNP,FO,FOP,HIE,
! FN2P,R_2,_0,F02,FCN,FC,ANTOT,T,TV,TE,TARB,D,TOTB4R)
STOP
END

*DECKBUFFER

SUBROUTINEBUFFER(hI_H,NPRTI,NPRT2,NARRAY,NPLOT,FN,FNP,FO,
I FOP,FNE,EN2P,EN2,FNO,F02,FCN,FC,_IITOT,T,TV,TE,TARB,D,
2 TOTPWR)

C BUFFERSUBROUTINE

DIMENSIONL_PX(3,2),UVC(3,2),SMF(20,2),ESCF(5,5,5),_I(20,2),
I TDTB_R(3)
DIMENSION_EL(20000)

DIMENSIONEM!S(20000)
DIMENSIONABSB(20000)

DATALK_/I.OE-3,!.OE-2,0.I,i.OE-3,1.0E-2,0.I/
DA'FALKJC/6*I./,NAVELS/2000./,_LELL/20000./
DATASMF/25*!.,3*0.,9.I.,3*0./
DATAESCF/12._I./
DATASTARK/O.3/
DATANIDTHF/IO./

DATANSAVE/3/,NFOLFF/6/
DATANFINI/I/,NFIN2/2/,NERRY_/
CALLNEQAIR(NMETH,NFINI,NFIN2,NFOLrF,NPRTI,NPRT2,NERR,NARRAY,
I N.C_JE,NAVELS,_ELL,STARK,MIDTHF,D,L_VX,UVC,SMF,ESCF,T,TV,TE,
2 TARB.ANTOT,FN,ENP,FO,FOP,FNE,FN2P,FN2,FNO,FO2,FCN,FC,WAVEL,
3 EMIS,ABSB,TOTPWR,ANI!
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C
C PLOTSPECT_L _ISSION

IF(NPLOT.EO.I)_LL PLOTT(WAVEL,_IS,NAR_Y)
RETURN
END

*DECKPLOTT
SUBROUTINEPLO'FF(I_PEL,ENIS,_R_Y)

C THiSISTHE PLOTSUBP.OLnINEFOR
DIMENSIONI,IAVEL(1),EMIS(1)
DIMENSIONX(1000),Y(IO00)
DIMENSION)0<(3),YY(3)
_TA ITIME/O/

READ(5,i) NAV,iX,×L,YL,XCYCLE,YCYCLE,IlS,IIL,WSTEP
FORMAT(215,TEIO.3)
WRITE(9)2)NAV,IX,XL,YL,XCYCLE)YCYCLE,WS,IlL)IlSTEP

2 FORMAT(/
I 40HNAV(#.)ERAGINGNUMBER)
2 40H IX(I=LINEAR.2=LOGFORX COORDI_TE)

3 40HXL(LENGTHOFX P..,_NGE,INCHES)
4 40HYL(LENGTHOFY R_IGE,INCHES)
X 40HXCYCLE(LOGCYCLEFORX)
5 40HYCYCLE(LOGCYCLEFORY)

6 40HIlS(SHORTESTI,_(_PELENGTH,A)
7 40HIlL(LONGESTIlAVELENGTH,A)
8 40HIlSTEP(14AVELENGTHSTEP,A)

C
C PRODUCE_E_GE SPECTRUM

N=FL_T(I_.IR_Y)/FL_T(N_/4)
IF(N.GT.IO00)N=IO00
IF(N.EQ.IDO0)NAV=FL_T(NAR_Y)/FLOAT(N)
NSTEP=O.001*NAR_Y
IF(NSTEP.LT.I)NSTEP=I
I=O
NEND=NARPAY-O.55ai_iAV

DO 3 M=II_L_,NEND,NSTEP
I=I+1

IF(I.GT.IO00)GO TO 3
IMAX=I
MI=M-O.5*NAV
M2=MI+NAV-I

IF(M2.GT._RRAY)GOTO 3
Y(1)=O.
DO4 IM=MI)M2

4 Y(1)=Y(1)+EMIS(IM)
Y(I)=Y(I)/FLOAT(N,-_V)

X(I)=I_AVEL(M)
3 CONTINUE
IMAX=IMAX-I

C
C PICKTHE MAXIMUMOF Y(1)

YII_X=O.

DO 5 I=I,IMAX

YMAX=AI'I_XI(YMAX,Y(I))

= 13/
= 12/
= F7.3/
= F7.3/

= F6.0/
= F6.01
= FS.O/
= F8,01

= FS.0)

OF "p_ _ -,
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C

C PUT

CONTINUE .OR._.........

INDMAX=INT(ALOGIO(_))+I OF. POOP, QUALITy
YMAXI=IO._INDMAX
YMIN!=YMAXI/IO._..YCYCLE

14RITE(9,7)YMINI,YMAXI
FOPJ'IAT(IX6HYMIN=,IPEIO.3,2X,6HYMAX=,EI0.3)

THEMiNIMLIiVALUE

DO 28 I=I,IMAX
IF(Y(1).LT.YMINI)Y(1)=YMINI

28 CONTINUE
C
C CONVERTTO LOG

DO 12 I=I,IMAX
Y(I)=ALOGIO(Y(I)/YMINI)

12 CONTINUE

C
C REARP#4GEX-COORDI_TEFORLOG-LOGPLOT

IF(IX.EQ.I)GOTO 10

DO 9 I=I,IMAX
X(1)=ALOGIO(X(1)/1500.)

9 CONTINUE
10 CONTINUE

C .
C PLOT

IF(ITIME.NE.O)GO TO 6

CALLDIP(9,1OHNEQAIR.PLT,i0)
CALLRESEI'('ALL')
ITIME=I

6 CONTINUE

CALLAREA2D(×L,YL)
IF(IX.EQ.I)CALLGRAF(WS,WSTEP,WL,O.,I.,5.)
IF(IX.EQ.2)CALLGRAF(O.,0.2,1.0,0.,i.,5.)

C
C DP,#AAXES

X_(1)_S
XX(2)_AL

YY(1)=O.
YY(2)=O.

CALLCURVE(XX,YY,2,0)
XX(!)_S
XX(2)=WS
,YY_I)=O.

_'(2)=5,

CALLCURVE(XX,YY.,2,0)

CALLCURVE(X,Y,IMAX,O)
14RITE(6,8)IM_X
FOP,MAT(2X,5HIMC_X=,15)
CALL_DPL(0)
CALLDONEPL
RETURN

END
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*DECKNEQAIR
CTHISISTHEBEGINNINGOFTHEMODULENUMBERI
CTHISMODULECONTAINSTHEFOLLI]I,IINGSUBROUTINES
C NEQAIR

SUBROUTINENEQAIR(NMETH,NF!NI,NFIN2,NFOUT,NPRTI,NPRT2,NERR,_RRAY
! ,NSAVE,I,JAVELS,I_IAVELL,STARK,WIDTHF,D,LK/X,UVC,SMF,ESCF,T,TV,TE,
2TARB,ANTOT,FN,FNP,FO,FOP,FNE,FN2P,FN2,FNO,FO2,FCN,FC,'._PEL,
3EMIS,ABSB,TOTPWR,AN)

• CCALCULATESNONEQUILIBRIOMRADIATI_FROMAIR
C
CINPUTPARAMETERS
_" I,_IETH=CALCULATINGMETHOD.O--NORADIATION.I=EMITTEDPOllERONLY
C 2=EMITTEDPOllER+ SPECTRA
C NFINI=ONITNO.OFEXCITATIONDATA
C NFIN2=UNITNO.OFRADIATIONDATA
C NFOUT=UNITNO.OFOUTPL.q"PRINTS
C NPRTI=PRINTCONTROLFORINPbqDATA.O=NOPRINT.I=SMALLPRINT
C 2=LARGEPRINT
C NPRT2=PRINTCONTROL_OROUTPUTPRINT.O=NOPRINT.I=SMALLPRINT
C 2=LARGEPRINT
C NERR=UNITNO.OFERRORMESSAGES
C h_RRAY=LENGTHOFSPECTRALARRAY
C NSAVE=LINiTNO.OFSPECTRALOUTPUT
C NAVELS=SHORT_VELENGTHLIMIT,ANGSTROM
C Ia@VELL:LONGi,IAVELENGTHLIMIT,ANGSTROM
C STARK=STARKHIDTHFORMOLECULES,ANGSTROM
C WIDTHF=LORENTZHIDTHMULTIPLICATIONFACTOR
C D=PHYSICALDEPTH,OM
C I)IX(3,2)=U.V.LINEESCAPEFACTORSFORATOMS
C UVC(3,2)=U.V.CONTINUUMESCAPEFACTORSFORATOMS
C _F(20,2)=EMISSIONSTRD!GTHMULTIPLICATIONFACTORS
C ESCF(5,5,5)--'MOLECULARRADIATIONESCAPEFACTORS
C T=HEAVYPARTICLETRANSLATIONAL_D ROTATIOI_ILTEMPERATURE
C .TV_'IBRATIONALTEMPERATURE
C TE=ELECTRONTEMPERATURE
C TARB=ARBITRARYEQUILIBRIUMRADIATIONTEMPERATURE
C ANTOT=TOTALNUMBERDENSITY,CM-3
C _--'MOLEFRACTIONOFN
C FNP=MOLEFRACTIONOFN+
C FO=MOLEFRACTIONOF0
C FOP=MOLEFRACTIONOFO+
C FNE=MOLEFRACTIONOFE-
f__. FN2P=MOLEFRACTIONOFN2+
C FN2=MOLEFRACTIONOF N2
C FNO=MOLEFRCTIONOF NO
C FO2=MOLEFRACTIONOF 02
C FCN=MOLEFRACTIONOFCN
C FC--MOLEFRACTIONOF C
C OUTPUTPARAMETERS

C i,IAVEL(N_RRAY)=WAVELENGTH,ANGSTROM
C EMIS(I,I_RRAY)=EMISSIONCOEFFICIENT,i,V(OM3-MiCRON-SR)
C ABSB{NARRAY)=ABSORPTION+ STIMULATEDEMISSIONCOEFFICI_qCI,CM-I
C TOTPWR(3)=EMITTEDPOWER.(1)=ALLI4_VELENGTH.(2)=ABOVE2500A,
C (3)=ABOVE3500A. IN_OM3
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(_._, ,,,_w._i_,:._,- _.... _ :i_ . _._,,,

C AN(20,2)=EQUILIBRIUM-EOUIVALENTNUMBERDENSITYFOREACH

C SPE_RALSYSTEM,'CM-3
REALt'_,NP,NE,N2P,N2,NO
DIMENSIONUVX(3,2),UVC(3,2),SMF(20,2),ESCF(5,5,5),TOTPWR(3)

I, RH0(23,2),TEXA(2),TEXM(5,5),TE)@II(20),FACTAM(2),
2 FACTRN(20),_(20,2)
DIMENSION_VEL(1)
DIMB"_SION EMIS(1)

DIMENSIONABSB(1)
DAT__'I'V14.007/,_P/14,007/,N0/16./,I,IOP/I6./,_2P/28.014/,.

i _2/28,014/,_0/30.007/,W02/32./,NCN/26.02/,NNE/5.5E-4/,
2 I,,IC/12,01/

C
C NORMALIZEFRACTIONS

FTOT,=FN+FI'_P+FO+FOP+FN2P+FN2+FNE+FNO+FO2+FCN+FC
_=FN/_OT
FNP=FNP/_OT
FO=FO/FTOT
FOP=FOP/FTOT
_2P=FN2P/_OT

FN2=FN_FT.OT
_E=FNE/FTOT
FNO=FNO/FTOT
FO2=FO2/FTOT
FCN=FON/FTOT
FC=FC/FTOT

C
C CYCLEOVERTOTALNUMBERDENSITYANTOT

N=Ct,FF,OT*FN

Np=#t,_I'OT,_P
O=#t,ITOT*FO
OP=ANTOT+.FOP
NE=C_ITOT*FNE
N2P=ANT,OT*_2P
N2=ANTOT*FI'42
NO=ANTOT,*FNO
02=ANTOT*F02

CN=ANTOT+.FCN
C=#t_OT*FC

£.

C _LCULATETHERMODYN#t'iICCONDITIONS
P-_,_tCl'OT*1.3805E-!6*T
PATM=P/I.0133E6
DENS_P*I.NP+ F.V4_O-I-OP_I,_OP-I-NE_4,1E+N_2P+N2*I,I,12+NOa44NO

i +02*I,i02+_CN+C*I,iC
DENS=DENS*I.66E-24
EN=7.82E-12_L'N
ENP=3.1IE-Ii_P
EO=4.10E-12*O
EOP=2.59E-II*.OP
ENE=O.
EN2P:2.496E-II*N2P
EN2=O.

!I



E]_O=3.0OE-12*NO
ECN=O.
EC=O.
E02=O.
ETA=2.5'I.38E-I6*(N+NP+O+OP÷C)*T
ETM=3.5'I.38E-I6*(N2P+N2+NO+IIN+O2)*T
ENE=2.5"_I.38E-16*NE_TE

EV=I,38E-16*(N2P+N2"I-N0+02-1-CN)_TV

ETOT=EN'i-ENP+E0"t-EOP+ENE+EN2P+_2+EN0-1.E02+ECI_EC
i +ETA+ETM+ENE+EV

BqTH=ETOT/DENS

IF(NPRT2.GT.O)WRITE(NFOUT,11)PATM,DE]qS,E]WTH
11 FORMAT(/IOHPRESSURE=jPEIO.3,4HATMy3X,BHD_SITY=,EIO.3,
1 6H G/CM3,3X,gHENT_LPY=,EIO.3,6HERG/G)

C
C CALCULATEEXCITATION

CALLEXCT(N,NP,O,OP,NE,N2P,N2,NO,O2,CN,C,T,TV,TE,TARB,LKD(,
I UVC,ESCF,D,NFINI,NFOUT,NPRTI,NPRT2,NERR,RHO,TEXA,TE)_I,
2 TEXMI,FACTAM,FACTRN)

C

C CALCULATETHE EQUILIBRIUM-EQUIVALENTNUMBERI)I9_ISITIES
_(I I)=N*FACTAM(1)
_(2 I)=N
_(3 I)=NP
AN(4I)=_FACTAM(2)
_(5 I)=0
AN(6I)=OP
_(I 2)=N2P*FACTRN(1)
_(2 2)=N2P*FACTRN(2)
_(3 2)=N2*FACTRN(3)
_(4 2)=N2*FACTRN(4)
AN(52)=N2*FACTRN(5)

AN(6,2)=N2*FACTRJq(6)
AN(7,2)=N2*FACTRN(7)
AN(8,2)=N2*FACTRN(8)
AN(9,2)=N2*FACTRN(9)
AN(IO2)=NO*FACTRN(IO)

AN(It2)=NO*FACTRN(II)
AN(122)=NO*FACTRN(I2)
_(13 2)=NO*FACTRN(13)
AN(142)=02*FACTRN(14)
AN(152)=021FACTRN(15)
_(16 2)=02kFACTRN(16)

AN(17,2)=02*FACTRN(17)
_(18,2)=CtC/rFACTRN(I8)
AN(19,2)=CN*FACTRN(I9)
AN(20,2)=CN_FACTRN(20)

C
C CALCULATERADIATION

IF(NMETH.GT.O)CALLRADCAL(N,NP,O,OP,N2,N2P,O2,NO,CN,NE,T,

i TV,TE,TEXMI,PATM,RHO,DENS,SMF,NIDTHF,STARK,I_VELS,_&_ELL,
2 _RRAY,NFIN2,NFOUT,NPRTI,NPRT2,NERR,NMETH,W_LEL,I_IIS,
3 ABSB,TOTPWP,)
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C
CSAVESPECTRALOUTPUT

IF(NSAVE.GT.0) _RITE(NS_E)NARRAY,I,&AVEL,EMIS,ABSB
RETURN
END

*DECKEKCT
CTHISISTHEBEGIhI,IINGOFTHEMODULENUMBER2
CTHISMODULECONTAINSTHEFOLLONINGSUBROUTINES
C EXCT,EXCTAM,ARBITA,ESCAL,GBAR,ATOMIN,QSS,MINV,EONE,MOLIN,
C MOLEXT..,_SSM,MINVI,ARBIT,EXCTML,GANI,C4_MC,AI3,SIMP,ELECD,
C CROSAB,EQC,PAR.TM,TAINT,RATED

SUBROUTINEEX.CT(N,NP,O,OP,NE,N2P,N2,NO,02,CN,C,T,TV,
I TE,TARB,LKrX,UVC,ESCF,D,NFIN,NFOUT,NPRTI,NPRT2,NFERR,
2 RHO,TEXA,TED<M,TEXMI,FACT_,FACTRN)

CTHISISTHECONTROLLINGSUBROUTINEFORCALCULATIONOFNONEOUILIBRIUM
CEC(CITATIONOFATQHS_DMOLECULES
CN, O,N2+,N2,NO,02,ANDCNARECONSIDERED
CUSESQUASI-STEADY-STATEASSUMPTION
CCHULPARK,OCTOBER!983
C
CINPUTPARAMETERS
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

N=NUMBERDENSITYOFNATOMS,04-3
NP=NUMBERDENSITYOFN+IONS,04-3
O--NUMBERDENSITYOF0ATOMS,04-3
OP=NUMBERDENSITYOFCH-IONS,04-3
NE=ELECTRONDENSITY,04-3
N2P=NUMBERDENSITYOFN2-1-IONS,04-3
N2=NUMBERDENSITYOFN2MOLECULES,04-3
NO=NUMBERDENSITYOFNOMOLECULES,04-3
02=NUMBERDENSITYOF02MOLECULES,04-3
CN=NUMBERDENSITYOFENMOLECULES,04-3
C=NUMBERDENSITYOFCATOH.S,04-3
T=HEAVYPARTICLETRANSLATIONALANDROTATIONALTEMPERATURE
TV=VIBRATIONALTEMERATURE
TE=ELECTRONTEMPERATURE
TARB=ARBITRAP.!L'_SPECIFIEDTENPERTUREFOREQUIVALENTEQUILIBRIUM

RADIATIVETPu_bISFER'CALCULATION
UVX(JL,ISP)=L!NERADIATIONESCAPEFACTORFORTHEFIRST3

UVLINESOF_TOMS.ISP=I:N;=2:O.
UVC(JL,ISP)=CONTINUUMRADIATIONESCAPEFACTORFORTHEFIRST

3UVCONTINUAOFATOM.S.ISP=I:N;=2:O.
ESCF(M,IB)=RADIAT!O_ESCAPEFACTORFORMOLECULES.

M=LEVELNUMBER.IB=MOLECULENUMBER(!=N2+,2_!2,
3=NO,4=02,5=_)

D=P_fYSICALDEPTHDIMENSION,04.NEEDEDONLYi_HENLK_XANDbVC
ARENOTSPECIFIED

NFIN=FILENUMBEROF_CITATIONDATAINPUT
NFOUT=FILENUMBEROFOUTPUTPRINTS
NPRTI=PRINTCONTROLFOREXCITATIONDATAINPUT

O=NOPRINT.I=SMALLPRINT.2=LARGEPRINT
NPRT2=PRINTCONTROLFORTHERMODYI,_b41CDATAINPUTANDOUTPUT

O--NOPRINT.I=_LL PRINT.2=LARGEPRINT
NFERR=FILENUMBEROFERRORMESSAGES

13



C OUTPUTPARAMETERS

C RHO(JL,ISP)=NONEQUILIBRIUMPOPULATIONPAR_E'TERFORATOMS
C JL=ITO 22 FORN. =ITO 19 FOR O.

C TE'/A(ISP)=EQUIVALENTEXCITATIONTEMPERATUREOF ATOMS

C TEXM(M,IB)=ELECTRONICEXCITATIONTEMPERATUREOF M-THELECTRONIC
C LEXELOF IB-THMOLECULE

C FACTAN(IB)=EFFECTIVEDENSITYMULTIPLICATIVE.FACTORFORATOrIS
C FACTRN(JSPEC)=EFFECTIVEDENSITYMULTIPLICATIVEFACTORFOR
C 20 MOLECULARSPECTRALSYSTEMS

C T£XI'I,I(JSPEC)=S_I_IEAS TEXM,ARRANGEDINTHE ORDEROFMOLECULAR
C SPECTRALSYSTEMS

REALN,NP,NE,N2P,N2,NO

DIMENSIONUVX(3,2),UVC(3,2)_ESCF(5,5,5),TEXA(2),TEXM(5,5),
i TEXMI(20),FACTAN(2),FACTRN(20),RH0(23,2),ANXA(23,2),
2 ANXM(5,5)
DATAITIM_O/

C

C READEXCITATIONINPUTDATA
IF(!TIME.NE.O)GOTO I
CALLATOMIN(NFIN,NFOUT,NPRTI,NFERR)
CALLMOLIN(NFIN,NFOUT,NPRTI,NFERR)
ITIME=I

C
C CARRYOUT CALCULATION

I CALLEXCT_(N,NP,O,OP,NE,T,TE,TARB,D,U_tX,UVC,NFOUT,NPRT2,
I NFERR,RHO,ANXA,TEXA,FACTAN)
CALLMOLEXT(N,NP,O,OP,N2,N2P,O2,NO,CN,C,NE,T,TV,TE,TARB,
1 ESCF,NFOUT,NPRT2,NFERR,_I_(I'I,TEXM,FACTRN,TE)@II)
RETURN
BID

*DECKEXCTAM

SUBROUTINEEXCTAM(N,NP,O,OP,NE,T,TE,TARB,D,UVX,UVC,NFOUT,
I NPRT,NFERR,RHO,AN)(,TEX,FACTAN)

C CALCULATESNONEQUILIBRIUMEXCITATIOINOFN AND 0
C INPUTVARIABLES

C N=NUMBERDENSITYOFN ATOMS,OM-3
C NP=NUMBERDENSITYOFN-I-IONS,CM-3
C O--NUMBERDENSITYOF 0 ATOMS,CM-3
C OP=NUMBERDENSITYOF O+ IONS,CM-3

C NE:ELECTRONDENSITY,CM-3
C T=HEAVYPARTICLETEMPERATURE,K
C TE=ELECTRONTEMPERATURE,K
C TARB=ARBITRARYTEMPERATUREFOR EQUILIBRIUMRADIATIVE
C TP,ANSFERCALCULATION

C D=PHYSICALDEPTHDIMENSION,CM
C UVX(JU,JL,ISP)=LINERADIATIONESCAPEFACTORFORTHE LOWEST3

STATES

C LKJC(JU,JL,ISP)=CONTINUUMESCAPEFACTORFORTHE LOWEST3 STATES
C NFOUT=F!LEN_IBEROF OLn',PUTPRINTS

C NPRT=PRINTINDEX.O=NOPRINT.I=SMALLPRINT.2=LARGEPRINT
C NFERR=FILENUMBEROF ERRORMESSAGES
C OLrFRUTPARANETERS

C RHO(JP,ISP)=NONEOUILIBRIOMPOPULATIONPARANETERE

C JP=LEVELNUMBER.!SP=SPECIESNUMBER(I=N,2=0)
C _X'JP,ISP)--NUMBERDENSITYOF JP-THLDEL OF ISP-THATOM

14



OF POORCt;_c,L_°_,_y

c TEX(ISP):=MEANEFFECTIVEEXCITATIONTEMPERATURE
C FA_(ISP)=DENSITYMULTIPLICATIVEFACTOR

REALN,NP_NE
DIMD_SIONANX(23,2),UVX(3,2),UVC(3,2),RH0(23,2),
-r_t'__,FACT_(2)

F

C DETERMINELINEES_PE FACTORSL_ IF D IS FINITE

IF(D.GT.I.0E-IO)CALLESCAL(N,O,T,TE,D,UVX)
C
C D_ERMINENONEQUILIBRIUMPOPULATIONUSINGQUASI-S'TEADY-STATE

_.r(QSS)ASS!_PTION

DO I ISP=I,2
IF(ISP.E_.I)_=N
IF(ISP.EQ.I)ANP:=NP
IF(ISP.EQ.2)ANN=O
IF(ISP.EQ.2)ANP=OP
CALLOSS(ISP:TE,NE,#_i,ANP,UVX(I,ISP),_C( i,!SP),NFOUT,NPRT,

> NFERR,RHO(I,ISP),ANX(I,ISP))
i CONTINUE

C

C DETEP_INEMEA_IEQUIVLENTEXCITATIONTEMPERATURETEXAND EFFECTIVE
C DENSITYMULTIPL!CATIVEFACTORFACT_

CALLARBITA(N,O,ANX,TARB,NFOUT,NPRT,NFERR,T_,FACT_)
C
C WRITEOUT RESULTS

IF(NPRT.GT.0). NRITECNFOUT, 2) TEX(I", .,,FAC'TA_(1),TEX(2),FACTAM
I (2)
2 FOR.MAT(27HN: _CITAT!ONTEM.PERATURE=,F!O.!,2X,

! 3!H DENSITYMULTIPLICAT!VEFACTOR=,IPEIO.3/
2 27HO: EXCITATIONTEMPERATURE=,OPFIO.I,2X,
3 31H DENSITYMULTIPLICATIVEFACTOR=,IPEIO.3)
R_URN

END
*DECKARE:!TA

SUBROUTINEARBITA(N,O,AN?X,TARB,NFOUT,NPRT,NFERR,TEX,FACTAM)
C CALCULATESMEANEXCITATIONTEMPERATURETEXAND DENSITYFACTOR
C FACT_ FORN _D 0
C INPUTPARAM_ERS

C N=NUMBERDFd'BITYOF N, CM-3
C O=NUMBERDENSITYOF O, CM-3

C ANX.(JP,ISP)=NUMBRDENSITYOF JP-THLEVELOF ISP-THATOM
C TARB=ARSITPARILYSPECIFIZDTEMPERATUREFOREQUILIEr._RADIATION
C CALCULATION
C NFObq'=FILEN_BER OF OUTPUTPRINTS
C NPRT=PRINTINDEX.O==NOPF',I_CT.I=SMALLPRINT.2=LARGEPRINT

C NFERR=F!LENOMBEROFERRORMESSAGES
C OLn'PUTPARAMETERS

C TEX(ISP)=EFFECTIVEEXCITATIONTEMPERATURE,K
C FACTAN(ISP)=DENSITYMULTIPLICATIVEFACTOR

REALN

CO_,floN,/EXCTA/ELEV(23,2),STWT(23,2),AL(23,23,2),
I HAV(23,23;2),EION(2),EION(_(2),NLEU(2),TERM(7123_2),
2 LLEV,GP(4,2),EP(4,2),ATOMX(2,2),ON(23,2),AN(23,2)
DIMENSIONANX(23,2),TEX(2),FACTAM(2)
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DO!:.qP:13 OF POOR QUAL_
_LE:,;--NLE:J!::':Pi!
;4.L£.JI=PILEv-!
iF_ISP,EQ.I)AN_--N

"SP,E....!F_, n _ _,rF,,:O
f,

C:C_,LCU_TETRUENr_,JEQU]LIBRIL_I_D;_T[_ P_ER INVISIBLER_GE

JUi:JL+I

D'_2 JU=JL'I,ML[V
. R_D;-R_D:4-A_;._."-_" "'..U,_'IJA_U,JU,JL,ISP)*(ELE_J(JU,ISP)-ELEVCJL"'"'.'; . . . . .;SP)i

f

C [_ET,E,_!NE_..,.LEAST,_,,,,_'_cc'_'_'r,,_EXCITATIONTEMPERATURE
T_-y( :"D'_-_,hhh,_h

DO ".2K=4,_LEU
" ; _ ' ISP)!TEXX=-I,43877+ELD_(K,ISP)/ALOG(#_IX_K,ISY)xS'I'NT(i,

i r×'.' _,c • )_, ._,'..t..',:S._...T'_{K,ISP),

TEX(ISP,:_!ZN!(TEX(ISP)_'_'Y_
12 CF_EIt.IUE

C
C ITERATEOVERTEX

ITER=O
TE×I=O,

_,DI:O.

C
C P/' ri _^' T r...:._._."_HF_,,._ FUNCTIONFOR..TEX

Q=O,

DC!_ jP=I,HLER._
___._,,,,,.,_,-_a--_,_A'F,;:__iSP.}*EXP(-!.43877*ELB'(.JP,ISP),_EX(ISP))

4 COt.F!NUE
r

C &GLCUMTE RADIATION£,qSEDONASSL_iEDTEX

JUI--JL+I

DC 5 JU:JU!,MLEV
• " ' _SP).LT,!,) GOTO 5IFfAL:_,,U,%.. .

_.-_,_._',__u,u_,•_r;_._i_, •JU,ISP)*Ex:P_-I.43877*
I EL£J{JU.i£1P)/T_(iSP))*_fF'*LELEV(JU,ISP)-ELE_J(JL,
2 _SP')iOo , /

=.C:C_4TINUE

R.qDI=RAD

-r'>c,'' _P_-Tr'_'_iSPV'IO.
........ " .i_90> "" TO
" T"( _, _''T,".,_RI.;,NFER,,,,U,_,_F

-_! FORMAT(48HCANNOTFINDE>...:CITATIONTEMPERATUREFORSPECIES_i2)

STOP

6.TV,q'._.,,,,,,.TC_'.-Tr.'I4-(TmF,',_,_,,... ,--.,ISP)-TDC!)*(RADT-R.ADI)/{RAD-RADI)....
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C
CDETERMINEDENSITYMULTIPLICATIVEFACTOR

Q=O •

DO 7 JP=I,MLEV
7 Q=Q+.STWT(JP,ISP)*EXP(-1.43877*ELEV(JP,ISP)/TARB)
_D=O.

DO 8 JL=4,MLEVI
JU!=JL+I

DO 8 JU=JUI,MLEV
8 RAD=I_J_*AL (JU,JL,ISP)*STWT(JU,ISP)*EXP(-I.43877*
I ELEV(JU,ISP)/TARB)*(ELEV(JU,ISP)-ELEV(JL,ISP))/O
FACTAM(ISP)=RADT/RAD

i CONTINUE
RETURN

END

•DECKESCAL

SUBROUTINEESCAL(N,O,T,TE,D,UVX)
C CALCULATELINERADIATIONESCA_ FACTORSFOR N AND 0 ASSUMING
C ISOLATEDLINESNITHDOPPLERPROFILE
C CONSIDERSONLYTHE STRONGESTTPu_b_SITIONS
C INPUTVARIABLES

C N=NUMBERDENSITYOFN ATOMS,CM-3
C O=NUMBERDENSITYOF 0 ATOMS,CM-3
C T=HEAVYPARTICLETEMPERATURE,K
C TE=ELECTRONTEMPERATURE,K
C D=PHYSICALDEPTHDIMENSION,CM
C OUTPUTPARAMETERS

C L_(JL,IB)=ESCAPEFACTORSFORTHE LINESNITHLOWERSTATE
C JL, FOR IB-THATOM

REALN

DIMENSIONPiAVEL(13),GL(13),GU(13),F(13),UVX(3,2),ELEV(3,2),

I GLEV(3,2),ATOK_I'(2),IND(3,!3),RADT(3,2)
DATAKe_VEL/1199.55,1200.22,1200.71, !492._2,1494.67,1492.67,
1 1742.73,!745.25,1745.26,1742.72,1302.17,1408.87,1306.04/
_TAGL/4.,4.,4., 6.,4.,4.,4.,2.,4.,2.,5.,3.,i./

DATAGU/6.,4.,2.,4.,2.,4.,4.,2.!2.,4.,3.,3.,3./
DATAF/0.18,0.1!,0.059,0.12,0.984,0.019,
! 0.082,0.059,0.015,0.032,0.031_0.032,0.031/
DATAGLEV/4.,10.,6., 9.,5.,I./
DATAELEV/O.,19228.,28840.,O.,15868.,33792./
DATAATOMIWT/14.007,!6./

C IND(I,L)=UPPERSTATEINDEX.(2,L)=LO_ERSTATEINDEX._._,L)=MOLECULEIND_
DATAIND/4,1,1,4,1,1, 4,1,1, 5,2,1, 5,2,1, C,2,1,
>5,3,1,5,3,1, 5,3,1, 5,3,1, 5,1,2, 5,1,2,5,!,2/

C
C PRESET_%(AND PAD'[TO ZERO

DO 2 IB=1,2
DO 2 JL=I,3
RADT(JL,IB)=O.

2 LK_X(JL,IB)=O.
C
C CALC4JLATE

DO I L=!,13
JU=IND(I,L)
JL=IND(2,L)

I?



T.':._:B.EO,!) ANLL---t-!

!F{'B.Eq,2) ANLL=O OF, F'_G_TC _,..,,_,__"..... °_ ._.

DE=I. rJE8/I_JEL (L)

Lr:.'G=GB_R,ANL,D,_T{_.,IT/,B),oL,.L)_&., _.) F(JL) ,DE_T:'.

q={,, 6g7,': GL"L)/GU{ !.)):_F( L)_:I. 0E1_,,q,_EL (L)_2

RAZ_T! ::L, ZB._=RoADT:,CL,I B)+GU(L)_A

W.'<( JL, ! B::'=b_.r_.C(+GL!{L!*A+.UVX(JL, i B/

i CC_.,IT!NUE

Dr.'-: iB::.2

DO .3JL:!,3

IF(RADT(jL,!B).LT.I.0E-20)GO TO 3

'B)LK_X(JLIB)=L!JX(JL,IB%/P_DT(JL,.

3 C_iNUE

RETU_Jq

END

*DECK GSAR

F!._,IC.TI_ G_R(NL.D,M,GU,GL,F.DE,T)
C _JAL_TES LiNE RADIAT/ONESCPE FACTORASSL_INGA DOPPLERPROFILE

::INPLFrPAE_EP, S

C NL=NUMBER DENSITYOF LO&4ERSTATE,CM-3

C D:D!A_.ETEE,C_
C M=AT_H C WEIGHT

C rJU=UP_ERSTATE STATISTiCkLWEiG,HT

C GL=L_ER STATE STATISTICALWEIGHT

C F=GSC]LL_TOR,STRENGTH

C DE:ENERGY_P_ C:M-I

C T:TEMPERATURE,K

- OL_PUT PARA_iETE_

_- GEaR=ESCAPEFACTOE

R_L t.IL,_!

TAU=NLkC_kSORT(M/T_*GLxF/(8,60E5*GL_DE)

]F(TAU.GT.4,0) GOTO :3

TAUP = I .:}

HS_ : 0,0

SIGN : -!,0

_FAC = !.0

_=i.0

! TAUP : TAUP*.TAU

SI_,i= -!,0+SI_

_FAC : _'iFA{'*_

HTEP.: SIr'_*T_UP/(SQRT(_rI.0)_F.qC)

HSL_ = HSL_ + HTER

_ = HNur.!,0

IF(_.LT.!5,C."!o,.r_nTn...!

•SOAR = !.O-HSi._!

GO TO 2

2 G_R : I.O/(TAL_SQRT_2.142*ALOG(TAU)))

2 RETURN

END

*DECK ATiI,1IN

SUBROLrFINEAT_INU4PiN,NFOLrF,!PRT_NFERR)
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C READIN DATAFORCALCULATIONOF NONEQUILIBRIOMEXCITATIONOF AIR
C ATOMS:N _O 0
C ENERGYLEVELSEXTENDTO N=IO
C INPUTPARAMETERS

C NFIN=FILENUMBEROF INPUTDATA
C NFOUT=FILENUMBEROF OUTPUTPRINT

C IPRT=PRINTINDEX.O=NOPRINT.I=S_gLLPRINT.2=LARGEPRINT.
C NFERR=FILENUMBEROF ERRORMESSAGES

CO_J'_ON/EXCTA/ELEV(23,2),STWT(23,2),AL(23,23,2),
! I'_.J(23,23,2),EION(2),EIONA(2),NLEV(2),TERM(7,23,2),
2 LLEV,GP(4,2),EP(4,2),ATOMX(2,2),CN(23,2),_(23,2)

C
C CYCLEOVERTWO SPECIES

DO 11 ISP=I,2
C
C READIN ENERGYLEVELDATA

READ(NFIN,22)ATOMX(I,ISP),ATOMX(2,ISP),EION(_(ISP),(GP(I,ISP),
I I=1,4),(EP(I,ISP),I=1,4)

22 FORMAT(IX,2A4:IX,EIO.3/8EI0.3)
IF(IPRT.NE.O)WRITE(NFOUT,23)ATOMX(I,ISP),ATOMX(2,ISP),EIOh_(
IISP),(GP(I,ISP),I=I,4),(EP(I,ISP),I=I,4)

23 FORMAT(//IX,2A4,2X,5HEION=,FIO.I,SHCM-I/
I 5H ION:,2X,2HG=,4FT.I,2X,2HE=,4F8.1/)
EDEL=IO%79./121.
EION(ISP)=EION_(ISP)-EDEL
LLER.J=3

C

C SET COEFFICIENTSTO ZERO

DO 30!JL= 1,23
DO 302JU= 1,23
HAV(JLIJU,ISP)= 1.0E-15

302AL(JL,JU,ISP)=O.
CN(JL,ISP)=O.

301AN(JL,ISP)=O.
C
C READIN_ERGY L_EL DATA

IF(IPRT.GT.I)WRITE(NFOUT,24)
24 FORMAT(/32H JP N ELEV

J=O
I J:J+i"

STWT )

READ(NF!N,2)M,MI,ELEV(J,ISP),SII_T(J,ISP),(TERM(I,J,ISP),I=I,7)
IF(IPRT.GT.I)NRITE(NFOUT,3)M,MI,ELEV(J,ISP),STWT_J,ISP)
) ,(TERM(I,J,ISP),I=I,7)

2 FORMAT(2!5_2EIO.3,7(A4))
3 FOP,MAT(215,FIO.O,FIO.O,7(A4))
IF(ST_T(J,ISP).GT.O.5)GOTO I
NLEV(ISP)=J-I

C
C READINLINEDATA

IF(IPRT.GT.i) WRITE(NFOUT,_)
6 FORMAT(/22HJL JU AL(JU,JL)
J=O
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4 J=J+l
READ(NFIN,2)JL,JU,AZ
IF(IPRT.GT.I)WRITE(NFOUT.,5)JL,JU,AZ
IF(jU.EO.O)GOTO18
AL(JL,JU,ISP)=AZ
AL(JU,JL,ISP)=AZ
GOTO4

5 FORMAT(215,1PE!0.3)
!8 CONTINUE

C
CREADINCONTINUUMDATA

IF(IPRT.GT.I)WRITE(NFOEF,85)
85FOPJ'IAT(IHO,IX,33HCO_q'INUL_IABSORPTIONCOEFFICIENTS/)

M=O
87M=M+,,1
55FOR_T(110,2EI0.3)

READ(NFIN,55)JP,CZ,ANZ
IP(IPRT....._'r_)NRITE(NFOUT,55)J._',C.,_Z?"7
IF(JP.EQ.O)GO TO 28

AN(JP.!SP)=ANZ
CN(.JP,ISP)=CZ
GO TO B7

28 CONTINUE
F_
C READIN COLLISIONALD(CITATIONRATEDATA

IF(IPRT.GT.I)WRiTE(NFOUT,17)
17 FORI_T(29HCOLLISION_LEXCITATIONRATES)

i0 READ(NFIN,7)Jl,KI,AI,El,J2,K2,A2,E2,J3,K3,A3,E3,J4,K4,A4,E4

7 FORVAT(4(213,1PE8.1,0PF5.2))
IF(Jil8,8,9

9 IF(IPRT.GT.i)

>WRITE(NFOUT,7)JI,KI
IF(K1.LE.NL_(ISP))
IF(K1.LE.NLE_J(ISP))
!F(K2.LE.NL_(ISP))

IF(K2.LE.NL_J(ISP))
!F(K3.LE.NLEV(!SP,)

IF(K3.LE.NLB._(ISP))
!F(K4.LE.NLEV(ISP))
IF(K4.LE.NL_'(!SP})
GO TO I0

8 CONTINUE

,AI,EI,J2,K2,A2,E2,J3,K3,A3,E3,J4,K4,A4,E4
HAV(JI,KI,ISP)= AI
HAV(KI,JI,ISP)= El

HAV(J2,K2,1SP)= A2
HAV(K2,J2,1SP)= E2
I_L_(J3,K3,1SP)= A3

HAV(K3,J3,1SP)= E3
HAV(J4,K4,1SP)= A4
I'W_V(K4,J4,1SP)= E4

C CONSTRUCTWORKING*CITATIONRATECOEFFICI&NI'S

NLEVI= NLEV(ISP)- 1
MLB@=NLB_(ISP)

DO 12 JP = I,NLB_i
JQI=JP÷!

DO 13 JQ=JQI,MLEV
IF(JP.EQ.JQ)SO TO 13

EPX=EION(ISP)-EL_J(JP,ISP)
EQ=EION(._;-_._JQ,_P)
AP = SQRT(IO9679.0/EPX)

AQ = SORT(IO9679.0/EQ)
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OE POO_q QjA,.".-_-",

FA = AFt5 *AQ_5 * (I.O/AP_2- t.O/AOlr_2)_4

HAV(JP,JQ,ISP)=I@#(JP,JQ,ISP)* STI4T(JO,ISP)/FA
13 CONTINUE
12 CONTINUE
11 CONTINUE

RETURN
END
QSS
SUBROUTINEQSS(ISP,TEMP,EDEN,ANN,_ION,LKO(,UVC,NFOUT,NPRT,

I NFERR,RHO,ANX)
CALCULATENONEQUILIBRIUMPOPULATIONASSUMINGQUASI-STEADY-STATB

*DECK

C
C
C INPUTVARIABLES

C ISP=SPECIESINDEX.I=N,2=0
C TB_P=ELECTRONTEMPERATURE,K
C EDEN=ELECTRONDENSITY,CM-3

c ann=atomdensity,_-3
C _ION=IONDENSITY,CM-3
C UVX=U.V.LINEESCAPEFACTOR,DIMENSIONED3

C UVC=U.V.CONTINUUMESCAPEFACTOR,DIMENSIONED3
C NFOUT=FILENLNBEROF OL_PUTPRINTS
C NPRT=PRINTINDEX.O_O PRINT.I=SMALLPRINT.2=LARGEPRINT
C NFERR=FILEN_BER OF ERRORMESSAGES

C OUTPUTVARIABLES

C RHO=NONEQUILIBRIUMPOPULATION,DIMENSIONED23

c anx=numberdensity,dimensioned23
COFtION/EXCTA/ELBJ(23,2),SII4T(23,2),AL(23,23,2),
I HAV(23,23,2),EION(2),EIONA(2),NLEV(2),TERM(7,23,2),
2 LLEV,GP(4,2),EP(4,2),ATOEK(2,2),CN(23,2),_(23,2)
DIMENSIONAPEN(23),BK(23,2),BKPC(23),C(23,23),RHO(23),UVX(3)
I,BKPQ(23,23),UVC(3),_'L(23),ANX(23)
_TERI_hLEONE

C
C SET

25

15
C
C SET

26

C
C SET

NET OPTICALTRANSITI_RATES
LLEVI=LL_q_+I
ML_=NLBJ(ISP)

DO 25 JO=_,LLEV
DO 25 JP=LL_I,MLBJ
AL(JQ,JP,ISP)--UVX(JQ)*AL(JP,JQ,ISP)
DO 15 JP=I,MLEV
UVL(JP)=I.0
IF(JP.LE.LLBJ)UVL(OP)=UVC(JP)
CONTINUE

BKPQTOZERO

DO 26 JL=I,MLEV
DO 26 JU=i,ML_
BKPQ(JL,JU)=O.

UP IONPARTITIONFONCTION_D RELATEDPAP,_I_IETERS
TBMPI=I.O/TEMP

TEM.P2=SQRT(TEMPI)
TEMP3=TEMPI*TEMP2
PART!=O.

DO 14 JP=I,4
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14PARTI=PARTI+GP(JP,ISP)*EXP(-I.43877*EP(JP,ISP)*T[MPI)
AZ--2.07E-16,_!(]N*TEMP3/PART!

C
CGENERATEBKPQFORUPI4ARDTP4V_SITIONS

ML_J1--M.LEV-I
DO18JL=I,ML_JI
JU!=JL+I
DO!8 JU=JU!:MLEV

18BKPOtJL,uU)-_.JfJL,JU,!SP)'k(O.O001*TEMP)_I-I_P(JU,JL,
> !SP)*EX,P(-I.438774'(ELEV(JU,ISP)-ELEV(JL,ISP))+TEMPI)

CCO_ISTRUCTCOEFFICIENTSAPEN_.'DBKPCARRAYS
DO22JP= I,MLEV
EF'X=E!Oh_q(iSP)-ELEnJ(JP,ISP)
E_'T= 1.43877*EPX*T_PI
APEN(JP)=AZ*STNT(.TP,ISP)_EXP(EKT)
EKTI=0.56 +EKT
SL_I= O.G2* EONE(EKT)/EKT- 0.534 + EONE(EKTI)/EKTI

22 BKPC(JP)= 5.45 * S_ * T_P3
C
C GENERATEBKPQFOP,DOI4_ARDTP._NSITION

DO 3 JL=I,MLEVI
_U_-JL+!

DO 3 JU=JUI,MLEV
3 BKPQ(JU,JL)=(APEN(JL)/APEN(JU))*BKPQ(JL,,IU)

C

C DET.EPJ'i.INEN_EQUILIBRIUMPAIV_4ETERCHI
ANAEQ:O.

DO 23 JP:I,MLEn#
23 A_X!AEQ=ANAEF.H.APEN(JP)

_IE_=ANAEQ*EDEN
CHI=AhIxVANEQ

C
C CO_S'FRUCTLHSII_TRIXINQSS EQUATION

EDEN'-,= !.0 /EDE_

DO 5 JP = I, HLER._
DO7 JQ = i, MLEX.J
IF(JP.GT.I)GOTO 8

C(JP,JQ)= APEN(JQ)
GO TO 7

8 IF (JP - JO) 2,9,17

2 C(JP,JO)=BKPQ(JP,JQ)+A.PEN(.IQ)*AL(JP,JQ,ISP)/(APE_(JP)*EDEN)
GO TO 11

i7 C(JP,JQ)= BKPQ(JP,,TQ)
GOTO 11

9 C(JP,JO ) = - BKPC(JP)
DO 12 JOS= I, MLEV
IF (JQS- JP)43,12,19

43 C(JP,JQ)=C(JP,JQ)-BKPQ(JP,JQS)-AL(JQS,JP,ISP)* EDENI
GOTO !2

19 C(JP,JQ)=C(.IP,JQ)-BI(PQ(JP,JQS)
12 CONTINUE
!I CONTINUE
7 CONTINUE
5 CO_%INUE
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CNORMALIZELHSOFOSSEQUATION OF P._i:_ C:L',:..L..L

DET= 0.0

DO 10 JP=i,ML_
DO 10 JQ=I,MLEV

10 DET = DET+ABS(C(JP,JQ))
DET = 2.0 *(ALOG(EDEN)- 20.0 )*FLOAT(MLEVmMLEV)*
I(I.OE4/'I'EMP)_I.2/DET

DO 13 JP=!,HLEV
DO 13 JQ=!,MLEV

13 C(JP,JQ)= C(JP,JQ)* DET
C

C CONSTRUCTRHS OF QSSEQUATION

BK(!,I)= 0.0
BK(I,2)= DET
DO 55 JP = 2,MLEV
BK(JP,!)=-(BKPC(JP)+UVL(JP)*CN(JP,ISP)*(O.OOOI*TEMP)_AN(JP,
>ISP)/APEN(JP))*DET

BK(JP,2)= 0.0
55 CONTINUE

C

C SOLVEOSS EQUATION

CALLMINV (C,MLEV,BK,2, DETERM)
C

C CONSTRUCTNORMALIZEDPOPULATIONRHOANDNUMBERDENSITY

DO 6 JP=I,MLEV
BK(JP,2)=BK(JP,2)*ANAEQ
RHO(JP)=BK(JP,I)+BK(JP,2)*CHI
ANX(JP)=(APEN(JP)*EDEN)*RHO(JP)

6 CONTINUE
C
C WRITEOUTRESULTS

IF(NPRT.LT.2)RETURN

NRITE(NFOUT,I)(ATC]MX(I,ISP),I=1,2)
i FORMAT(/IX,2A4/
I 46H JP STWT ELEV RHO TERM )

DO 20 JP=I,MLEV
WRITE(NFOUT,16)JP,STI4T(JP,ISP),ELEV(JP,ISP),RHO(JP),(TERM
i (I,JP,ISP),I=!,7)

16 FORMAT(15,FIO.0,FI0.I,IPEIO.3,7(A4))
20 CONTINUE

RETURN
END

•DECKMINV

SUBROUTINEMI_(A,N,B,M,DET.ERJ'I)
C MATRIXI_ERSIONWITHACCOMPANY'INGSOLUTIONOF LINEAREQ_TIONS

DIMENSIONIPIVOT(23),PIVOT(23),INDEX(23,2)
DIMENSIONA(23,23),B(23,2)
EQUIVALENCE(IR_, JR_),(ICOLUM,JCOLUM),(Aii_X,T,S_i_P)

C
C INITIALIZATION

10 DEIIZRM=i.0

15 DO 20 J=I,N
20 IPIVOT(J)=O
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30DO550I:I,N
40A_leO(=O.0

C
CSEARCHFORPIVOT.ELEMENT

45DO105J:I,N
50!F(IPIVOT(J)-I)60,105,60
60DO100K=I,N
70IF(IPIVOT(K)-I)80,100,740
80IF(ABS(AMAX)-ABS(A(J,K))) 85,100,100
85IROW=J
9OICOLUM=K
95AMAX=A(J,X)

100CONTINUE
105CONTINUE
110IPIVOT(ICOLUM)=IPIVOT(ICOLUM)+I

C
CINTERCHANGEROWSTOPUTPIVOTELEMENTONDIAGONAL

130IF(IROW-ICOLUM)140,260,140
140DETERM=-DETERM
150DO200L=I,N
160S$,iAP=A(IROW,L)
170A(IROW:L)=A(ICOLUM,L)
200A(ICOLUM,L)=S_P
205IF(M)260,2G0,210
210DO250L=I,M
220S_AP=B(IROW,L)
2308(IROW,L)=8(ICOLUM,L)
250B(ICOLUM,L)=S_AP
260INDEX(I,I)=IROW
270INDEX(1,2)=ICOL_
310PIVOT(!)=A(ICOL_,ICOLUM)
320DETERM=DETERM*PIVOT(I)

C
CDIVIDEPIVOTROWBYPIVOTELEMENT

330A(ICOL_,ICOLUM)=I.0
340DO350L=I,N
350A(ICOL_,L)=A(ICOLUM,L)/PIVOT(1)
355IF(M)380,380,360
360DO370L=I,M
370B(ICOLLIM,L)=B(ICOLUM,L)/PIVOT(1)

C
CREDUCENON-PIVOTROWS

380DO550LI=I,N
390IF(LI-ICOLL_)400,550,400
400T=A(LI,ICOL_)
420A(LI,ICOLUM)=O.O
430DO450L=I,N
450A(LI,L)=A(LI,L)-A(ICOLUM,L)*T
455IF(M)550,550,4GO
460DO500L=I,M
500B(LI,L)=B(LI,L)-B(!COLLIM,L)*T
550CONTINUE
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C O_ i::'OOR QUAL, ii"Y

C INrrERCHRfIGECOLLI$1S

600 DO 710 I=I,N
6!0 L--i'}+1-I

620 IF(INDDI(L,I)-INDEX(L,2))G30,710,630

630 JR_:INDEX(L,I)

640 .JCOLL_=INDEX(L,2)

650 DO 705 K=!,N

660 SI'_hP=A(K,JR_)

670 A(K,JR_)_(K,JCOLL#4)

700 A(K,JCOLI_I4)=.qi'I_P

705 CONTINUE

710 COI'_INUE

740 RETURN

END

*DECK EONE

FUNCT._ON EONE(14)

_ _IF(N.Lt.I.. GElTn 1

N1 = 1.0_

UP = N'k'k_(8.573334,,18.05902_d41+$.634764d41_rk2+0.267774*
1 Wl_3)

DO_IxI= RIH:3_(9.57332÷25.63296 _14,21.09%5 _i41_24,3.!)58497

1 14!_3)

EONE = ((I,;_44,UP)/(_4 4-DOI4N))/(14_ EXP(W))
GO TO 20

I S_ = -0.577216 4.0.999992_-0.249911 *W_24, 0.0551997 *l,,Urk3

1 -0.00976004 I_4+0.00107857 _v_5

E_E = _LOC(W) 4-SLIH

20 COIxFTINUE

RETURN

END

*DECK MOLIN

_U_R_UT.N_MOLIN(NFIN,NFOUT,NPRT,NFERR)

C READS AND DIGESTSMOLECULARLEVEL DATA

COe_!ON,"EXCTB/A_OLEC(3,5),LMOLEC(4,5).SPEC2(8,8,5),ATC_(5,2,

i 5),ILST(3,6,5),(2Lk)(22,28,21),EE(8,21),SIGMA(8,21),

2 ARAD(4,4,5),ED(8,6,5),SIGMD(8,6,5)
DIMENSIONT!TLE(20)

C

C VARIABLES

C IB=P_#_DINDDC,FR_ 1 TO 5

C AMOLEC(I-2,!B)=NAt4EOF BAND

C (3, I8)=MOLECULARWEIGHT

C LMOLEC(I,IB)--NUMBEROF ELECTRON-IMPACTDISSOCIATIONCROSS-SECTION

C DATA SET. VAXIMUM 4 ALLOWED

C (2,1B)=NUMBEROF ELECTRON-IMPACTEXCITATIONCROSS-SECTION

u _TA SET. MAXIM_ 6 ALLIED

C (3,iB)--N_BEROF ENERGY LEVELS.MAXIM_ 8 ALLOWED

C (4,1B)=NL_BEROF FIRST F_ ELECTRONICLEVELS

C FOR WHICH QUASI-STEADY-STATECALCULATIONIS MADE

C tiAXIM_ ,%ALLONED

C SPEC2(I,J,IB)_OLECULARCONST#bfI'S,CM-,I

C (i,J:IB)=ELECTR_IC DEGENERACY

C (2,_,i8)=ELECTRONICTERM VALUE
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C
C
C
C
C

C
C
C

C
C
C
C

C
C
C

C
C
C
C
C
C
C
C

C
C

(3,J,IB)_E
(4,J,IB)_EXE
(5,J,IB)_EYE
(G_J,IB)_FTE
(7,J,!B)=BE
(8_J,IB)=ALP_

ATOM(I,J,IB)=ATOMSAT DISSOCIATIONLIMIT
J=1,2_0 ATOMS

(!-2,J,IB)=N_E
_3,J,IB)=ATOMICHEIGHT

(4,J,IB)=DISSOCIATIONENERGY,04-I
(5,J,IB)=STATISTICALWEIGHT

ILST(I-2,1T,IB)=LOHERAND UPPERELECTRONICSTATEINDEX.
(3,1T,!B)=IORD(THETHIRDDIMENSIONINQVV ARRAY)
IT=TRANSIT!ONNUMBERINA MOLECULE

OVV(VI,V2,IORD)=F.RANCK-CONDONFACTOR.VI,V2=UPPERAND LC_ER
STATE.lORD=RUNNINGORDER

ED(I-8,IT,IB)=ELECTRONENERGY,EV, FOROlSSOCIATION CROSS-
SECTIONS

SI_D(I-8,1T,IB)=CROSS-SECTIONS,042,FOR DISSOCIATION
EE(I-8,1T,IB)=ELECTRONENERGY,EV, FOREXCITATIONCROSS-

SECTIONS

SIGMA(I-8,1T,IB)=CROSS-SECTION,042,FOREXCITATION
UNIT(I-2,1B)=UNITOF EE ANDSIGMA,A3, (EVOR RYO,042 OR

PIA02)

C STARTCYCLEOVERSPECIES
IORD=O

DO 21 18=1,5
C

C READMOLECULARCONSTANTS

R_D(NFIN,22)(_OLEC(I,IB),I=1,3),(LMOLEC(I,IB),I=1,4)
22 FORMAT(!X,2A3,3X,FIO.3,615)

IF(NPRT.GT.O)_RITE(NFOUT,23)(_OLEC(I,IB),I=I,3),(LMOLEC(I,IB),
1 I=1,4)

23 FOP_T(//21HMOLECULARBANDh_e_'4E=_P_A3,19HMOLECULARHEIGHT=,FIO.
I 3/58HNUMBEROF ELECTRON-IMPACTDISSOCIATIONCROSS-SECTIONSET=,
2 12/58HNUMBEROF ELECTRON-IMPACTEXCITATIONCROSS-SECTIONSET =,
> 12/58HNUMBEROF ELECTRONICLEVELS =,
> 12/58HNUMBEROF LEVELSIN QUASI-STEADY-STATECALC. =,
3 12 /80H DEGEN

5 TERM NE NEXE NEYE I,IEZE BE AL
6P_4A )

NI=LMOLEC(3,IB)

IF(NI.GT.IO)WRITE(NFERR,20)(AMOLEC(I,IB),I=I,2),NI
20 FORi_T(15HERRORIN DATA.,2X,_3,2X,3HNI=,I3)

DO 26 JN=I,NI

READ(NFIN,6)(SPEC2(I,JN,IB),I--1,8)
6 FOR_T(8EIO.3)

IF(NPRT.GT.i)NRITE(NFOUT.,28)(SPEC2(I,JN,IB),I=I,8)
28 FORi'_T(6FIO.3,FIO.5,1PEIO.3)
26 CONTINUE
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OE POORQ_'_-__

C
CREADTHEATOMICSTATESRESULTINGFROMDISSOCIATION

IF(NPRT.GT.I)NRITE(NFOUT,3)
3 FORMAT(/IBHDISSOCIATEDSTATE)

DO! J=1,2
READ_NFIN,2)(ATOM(I,J,IB),I=1,5)

2 FORMAT(IX,2A3,3X,7EIO.3)
IF(NPRT.GT.!)14RITE(NFOUT,4)(ATOM(I,J,IB),I=I,5)

4 FOP,_T(IX,2A3,3X,IO_TOM.Wl'.=,FB.3,2X,151.1DISSOC.ENERGY=,Fg.0,
I 5HCM-I,2X,16HSTATISTICALHT.=,F5.1)

L

I CONTINUE
C
C SET RADIATIVETRANSITIONPROBABILITIESTO ZERO

DO 32 I=1,4
DO 32 J=1,4

32 ARAD(I,J,IB)=O.
C

C READINELECTRON-IMPACTDISSOCIATIONCROSS-SECTIONDATA
NDIS=LMOLEC(I,IB) :_
IF(NDIS.EQ.O)GO TO 33

!F(NPRT.GT.I)IARITE(NFOUT,35)
35 FOP,F_T(/44HELECTRON-IMPACTDISSOCIATIONCROSS-SECTIONS)

DO 34 IDIS=I,NDIS

READ(NFIN,12)(TITLE(1),I=1,20)
IF(NPRT.GT.I)WRITE(NFOUT,12)(TITLE(1),I=I,20)
READ(NFIN,15)(ED(I,IDIS,IB),I=!,8)
IF(NPRT.GT.I)_RITE(NFOUT,16)(ED(I,IDIS,IB),I=I,8)
READ(NFIN,15)(SI_D(I,IDIS,IB),I=I,8)
IF(NPRT.GT.I)I,IRITE(NFOUT,17)(SIGMD(I,IDIS,IB),I=1,8)

34 CONTINUE
33 CONTINUE

C
C READFP.a,NCK-CONDONFACTORSFORCALCULATINGELECTRON-IMPACTEXCITATION
C RATES

NT=LHOLEC(2,IB)
IF(r',n..EO.O)GOTO11

IF(NPRT.GT.I)WRITE(NFOUT.,36)
36 FORI_T(/26HFRANCK-CONDONFACTORDATA)

DO 5 IT=I,NT
IORD=IORD+I

IF((,IPRT.GT.I)_iRITE(NFOUT,29)lORD
29 FORMAT(6HIORD=,I3)

ILST(3,1T,IB)=IORD
DO 18 I=1,22
DO 18 J=1,28

I-P.C_._(i,J,IORD)=O.
R_D(NFIN,7)SPELLI,SPELL2,(ILST(I,IT,IB),I=I,2),NCARD

7 FORMAT(IX,_3,3X,315)

IF(NPRT.GT.I)HRITE(NFOUT,8)SPELLI,SPELL2,(ILST(I,IT,IB),I=
>i,2),NCARD

8 FORMAT(IX,2A3,3X,12HLOERSTATE=,I2,2X,12HUPPERSTATE=,I2,
1 3X,iGHNUMBEROF CARDS=,I3)
DO 9 ICARD=I,NCARD

READ(NFIN,IO)JI,J2,F!,J3,J4,F2,J5,J6,F3,J7,JS,F4,Jg,J!O,F5
10 FOR_T(5(213,EIO.3))
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19FORI_T(IX,5(213,1PEIO.3))
IF((JI.LT.20).AND.(J2.LT.28))QVV(JI+I,J2÷I,IORD)=FI
IF((J3.LT.20).AND.(J4.LT.28))QVV(J3+I,J4+I,IORD)=F2
IF((JS.LT.20).AND.(J6.LT.2B))QVV(J5+I,J6+l,IORD)--F3
IF((J7.LT.20).AND.(JS.LT.28)) QVV(J7+I,J8+l,IORD)=F4
IF((Jg.LT.20).AND.(JIO.LT.20))OVV(Jg+I,JIO÷I,IORD)=F5

IF(NPRT.GT.I)14RITE(NFOUT,19)J1,J2,QW(JI+I,JEll,IORD),
I J3,J4,QVV(J3+I,J4+I,IORD),JS,J6,QVV(J5+I,J6+I,lORD),
2 J7,JS,Ovv(J7+1,J8+i,IORD),J9,J1O,QVV(J9+I,J10+l,IORD)
9 CONTINUE

C

C READELECTRON-IMPACTEXCITATIONCROSS-SECTIONDATA
C CROSS-SECTIONSARE FORFRANCK-CONDONFACTOROF UNITY

READ(NFIN,12)(TiTLE(I),I=I,20)
12 FORMAT(2OA4)

IF(NPRT.GT.I)NRITE(NFOUT,12)(TITLE(1),1=I,20)
READ(NFIN,15)(EE(I,IORD),I=I,8)

15 FORMAT(8EIO.3)

IF(NPRT.GT.I)NRITE(NFOUT,16)(EE(I,IORD),I=I,8)
i(_FORMAT(17HELECTRONENERGY=,BFIO.2)

READ(NFIN,15)(SIG_(I,IORD),I=I,8)
IF(NPRT.GT.I)NRITE(NFOUT,17)(SIGMA(I,IORD),I=I,B)

17 FOPJ'V_T(17HCROSSSECTION=,IP8EIO.3)
C

C READRADIATIVETRANSITIONPROBABILITY

ML=ILST(I,iT,IB)
MU=ILST(2,1T,IB)
READ(NFIN,15)ARAD(MU,ML,IB)

IF(NPRT.GT.I)NRITE(NFOUT,30)ARAD(MU,ML,IB)
30 FORMAT(34HRADIATIVETRANSITIONPROBABILITY=,IPEIO.3)

C

C
11 CONTINUE
21 CONTINUE

RETURN
END

*DECKMOLEXT

SUBROUTINEMOLEXT(N,NP,O,OP,N2,N2P,O2,NO,CN,C,NE,T,TV,TE,TARB,
I ESCF,NFOb'T,NPRT,NFERR,ANX,TEX,FACTRN,TEXI)

C CALCULATENONEQUILIBRIUMEXCITATIONOF MOLECULES
C INPUTPARAMETERS

5 CONTINUE

C N=NUMBERDENSITYOF N
C NP=NUMBERDENSITYOF N+
C O=NUMBERDENSITYOF 0
C OP=NUMBERDENSITYOF O+

C N2=NUMBERDENSITYOF N2
C N2P=NUMBERDENSITYOF N,?.+
C 02=NUMBERDENSITYOF 02
C NO=NUMBERDENSITYOFNO
C CN=NUMBERDENSITYOF CN
C C=N_BERDENSITYOF C
C NE=ELECTRONDENSITY

C T=HEAVYPARTICLETRANSLATIOI_LAND ROTATIONe_TEMPERATURE
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C
C
C
C
C
C
C

OF POOF< " ...... ' ,_-._-,-I

TV=VIBRATIONALTEMPERATURE

TE=ELECTRONTEMPERATURE
TARB=ARBITRARYTEMPERATUREFOR EQUILIBRIUMRADIATIONCALCULATION

ESCF(MU,ML,IB)=LINERADIATIONESCAPEFACTOR,FR_ MU TO ML
NFOLFT=FILENUMBEROF OUTPUTPRINT
NPRT=PRINTINDEX.O=NOPRINT.I=SMALLPRINT.2=LARGEPRINT.

NFERR=FILENUMBEROF ERRORMESSAGES
C OUTPUTPARAMETERS
C ANX(M,IB)=NUMBERDENSITYOF M-THELECTRONICSTATEOF IB-THMOLECULE

C TEX(M,IB)=ELECTRONICEXCITATIONTEMPERATUREOF M-THELECTRONIC
C STATEOF IB-THMOLECULE
C FACTRN(JSPEC)=EFFECTIVEDENSITYFACTORFOR JSPEC-THSPECTRAL
C BAND

REALN,NP,N2,N2P,NO,NE,MOSUM,MOLF
COMMON/EXCTB/AMOLEC(3,5),LMOLEC(4,5),SPEC2(8,8,5),ATOM(5,2,

1 5),ILST(3,6,5),QVV(22,28,21),EE(8,21),SI(_MA(8,21),
2ARAD(4,4,5),ED(8,6,5),SI_D(8,6,5)
DIMENSIONRHO(5),ANX(5,5),TEX(5,5),FACTRN(20),TEXt(20)
>,ESCF(5,5,5)

C
C SUMNUMBERDENSITIES

ATSUM=N.I.NI:H-O+OP
MOSUM=N2+N2P+O2-I.NO.I-CN
TTSUM=ATSUM+MOSUI'4
AT_F=ATSUM/TTSUM

MOLF=MOSUM/TTSUH
C
C PRESETVALUES

DO I IB=1,5
DO I M=1,5
TEX(M,IB)=TE

I _X(M,IB)=I.0EIO
DO 3 JSPEC=I,20

3 FACTRN(JSPEC)=I.0
C
C N2+

C

C CALCULATEPOPULATIONUSINGQSSMETHODFORLEVELSUPTO 4

CALLQS9'1(1,T,TV,TE,TTSUM,AT_F,MOLF,NE,N2P,N,NP,ESCFC1,'i ,1),

I NFOUT,NPRT,NFERR,RHO,ANXC!,1),TEX(1,'t),MLEV)
C CALCULATEPOPULATIONOFC 2 SI(_ U+ (UPPERSTATEOF SEC._..D NEGATIVE)

C ASSUMINGLOCAL.EQUILIBRIUMNITHFREE(ATOMIC)STATE

_2PP=(NVEQC(1,5,T ,TV,TE,NFOLrr,NPRT,NFERR)).kNP

TERM=SPEC21'2_5, '.)

F.ti=PARTQ(I,T,'PJ,TE,NFOLIT,NPRT,NFERR)
Q2PP=PARTM(1,5,T,TV,I.0E8,NFOUT,NPRT,NFERR)
TEX(5,1)=-I.43877*TEP,M/ALOG((AN2PP/N2P)*(QM/Q2PP))
#t'_X(5,I)=J_2PP

C
C N2
C
C CALC_JLATEPOPULATIONUSINGQSSMETHODFORLEVELSUPTO 4

CALLQSSM(2,T,TV,TE,I'rSUM,ATDMF,MOLF,NE,N2,N,N,ESCF(I,1,2),
i NFOUT,NPRT,NFERR,RHO,AMX(I,2),TEX(I,2),MLEV)
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CCALCULATEPOPULATIONOFC3PI-U(UPPERSTATEOFSECONDPOSITIVE)
_2P=(N/EOC(2,5,T,TV,TE,NFOLrF,NPRT,NFERR))_
COLF=(N/_2P)*(4.B4E-14*N)*SQRT(T)_EXP(-1.438B*IO259./T)
_2P=AN2P_COLF/(COLF+3.70ET*ESCF(5,3,2))
TERM=SPEC2(2,5,2)
_=PARTQ(2,T,TV,TE,NFOUT,NPRT,NFERR)
Q2P=PARTM(2,5,T,TV,I.OE8,NFOUT,NPRT,NFERR)
TEX(5,2)=-i.43877*TERM/ALOG((_2P/N2)*(OM/Q2P))
ANX(5,2)=_2P

C
CNO
C
CCALCULATEPOPULATIONUSINGOSSMETHOD

CALLOSSM(3,T,TV,TE,I'I'SUM,ATUMF,MOLF,NE,NO,N,O,ESCF(I,1,3),
i NFOLq',NPRT,NFERR,RHO,_iIX(1,3),TEX(1,3),MLEV)

C
C02
C
CCALCULATEPOPULATIONOFB3 SI(_HAU-(UPPERSTATEOFSCHUMAh_I-RUNGE)

_SR=(O/EQC(4:5,T,TV,TE,NFOUT,NPRT,NFERR))*O
COLF=(O/ANSR)*(4.53E-14*0)*SQRT(T)*EXP(-I.43877*8098./T)
ANSR=ANSR*COLF/(COLF+I.22E_ESCF(3,1,4))
TERM=SPEC2(2,5:4)
_=PARTQ(4,T,_I,TE,NFOUT,NPRT,NFERR)
OSR=PARTM(4,5,T,TV,I.OEB,NFOUT,NPRT,NFERR)
TEX(5,4)=-I.43877*TERM/ALOG((_SPYO2)*(O_'VQSR))

C
CCN
C
CCALCULATEPOPULATIONUSINGOSSMETHOD

CALLOSSM(5,T,TV,TE,TTSUM,ATOMF,MOLF,NE,CN,C,N,ESCF(I,I,5),
I NFOUT,NPRT,NFERR,RHO,ANX(1,5),TEX(1,5),MLEV)

C
CCALCULATEEFFECTIVEDENSITYMULTIPLICATIVEFACTORFACTRN(JSPEC)
C FORARBITRARILYGIVENTE]HPERATURETARB

CALLARBIT(T,TE,TV,TEX,TARB,FACTRN,TEXI,NFOUT,NPRT,NFERR)
IF(NPRT.EQ.O)RETURN
DO4 IB=1,5
WRITE(NFOUT,2)(_OLEC(!, IB),I=I,2),(AleX(M,IB),M=1,5),

I (TEX(M,IB),M=1,5)
2 FORI_%T(/IX,2A3/38HNUMBERDENSITIESOFELECTRONICSTATE=,
i IP5EIO.3,4HCM3/
2 38HELECTRONICEXCITATIONTEMPERATURE= ,OP5FIO.I,2HK)

4 CONTINUE
WRITE(NFO_,5)(FACTRN(JSPEC),JSPEC=I,20)

5 FORI_T(3!HDENSITYMULTIPLICATIVEFACTOR=,IP5EIO.3/
I (31X,SEIO.3))
WRITE(NFOUT,6) (TEXI(JSPEC),JSPEC=!,20)

6 FOPJI_T(31HEXCITATIONTEMPERATURE= ,5FIO.I/
I (31X,5F!0.1))
RETURN
END
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ORIG!_'_L PA_,Z _

OE POOR QUALI'_

*DECKQSSM
SUBROL_INEQSSM(IB,T,TV,TE,NH,ATOMF,MOLF,NE,NM,ATOM!,ATOM2,

I ESCF,NFO_,NPRT,NFERR,RHO,_bIX,TEX,MLEV)
C CALCULATESNONEOUILIBRIUM POPULATION USINGQUASI-STEADY-STATE
C ASSUMPTIONFORMOLECULARELECTRONICSTATES
C INPUTPARAMETERS
C IB=SPECIESINDEX
C T=HE#JYPARTICLETRANSLATIONAL_D ROTATI(]_i_LTEMPERATURE,K

C TV---VIBRATIONALTEMPERATURE,K

C TE:ELECTRONTEMPERATURE,K
C NH=HEAVYPARTICLENUMBERDENSITY
C ATOMF=ATOMFRACTION
C MOLF=MOLECULARFRACTION

C HE=ELECTRONDENSITY,CM-3
C NM_OLECULEDENSITY,CM-3
C ATOMI=DENSITYOF FIRSTATOMIN FREESTATE,CM-3
C ATOM2=DEMSITYOF SECONDATOMINFREESTATE,CM-3

C ESCF(MU,ML)=L!NERADIATIONESCAPEFACTOR,FROMMU TOML
C NFOUT=FILENUMBEROF OUTPUTPRINTS
C NPRT=PRIN7INDEX.O=NOPRINT.!=SPALLPRINT.2=LARGEPRINT.
C NFERR=FILENUMBEROF ERRORMESSAGES
C OUTPUTPARAMETERS

C RHO=NONEOUILIBRIUM POPULATION
C ANX(M)=NUMBERDENSITY"OF M-THELECTRONICLEVEL
C TEX(M)=EFFECTIVEELECTRONICEXCITATIONTEMPERATUREOFM-TH
C ELECTRONICLEVEL

C MLEV=NUMBEROF ELECTRONICLEVELS

REALNH,MOLF,NE,NM
CO_MON/D:CTB/AMOLEC(3,5),LMOLEC(4,5),SPEC2(8,8,5),ATOM(5,2,
1 5),ILST(3._6,5),0VV(22,28,21),EE(8,21),S](_MA(8,2!),
2 ARAD(4,4,5),ED(8,6,5),SI_D(8,6,5)
DIMENSIONAPEN(5),BK(5:2),BKPC(5),C(5,5),RHO(5),BKPQ(
! 5,.5),_X(5),TEX(5),ESCF(5,5)

C
C SET

C
C SET

26
C

MOLEC:U_RPARAMETERS

MLEV=LMOLEC(4,IB)
EDIS=ATOM(4,I,IB)

RHOTO i _D BKPQTO 0

DO 26 JL=I,5
RHO(JL)=I.0

DO 26 JU=I,5
BKPQ(JL,JU)=O.

C CALCULATEEQUILIBRIUMNUMBERD_SITIESAPEN(J)=(N(J)IATOMI)E
C_D THEIRTOTALI_'fl'OTE=(hIi/ATOMI)E

AMTOTE:O.

DO 14 M=I,ML_J
APBN(H)=ATOMZ/EQC(IB,M,T,_J,TE,NFOUT,NPRT,NFERR)
AMIOTE-?4_HTOTE_PEN(M)

!4 CONTINUE
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C
CCONSTRUCTCOEFFICIENTSBKPQ_D BKPCARRAYS

DO22JP=I,MLEV
DE=EDIS-SPEC2(2,JP,IB)
BKPC(JP)=RATED(IB,DE,ATOMF,MOLF,T,NFOUT,NPRT,NFERR)*(NH/NE)

i +ELECD(IB,JP,TE,NFOUT,NPRT,NFERR)

54

33
3

22
C

DO3 JQ=I,ML_
IF(JO-JP)54,33,4
CALLEXC_L(IB,JP,JQ,T,TV,TE,NFOUT,NPRT,NFERR,RATEC)
BKPQ(JP,JQ)=RATEC
GOTO3
BKPQ(JP,JQ)=(APEN(JQ)/AP_(JP))*BKPO(JQ,JP)
GOTO3
BKPQ(JP,JQ)=O.
CONTINUE
CONTINUE

CCONSTRUCTLHSMATRIXINQSSEQUATION
DO5 JP=I,MLEV
DO7 JQ=I,MLEV
IF(JP.GT.I)GOTO8
C(JP,JQ)=APEN(JQ)
GOTO7

8 IF(JP-JQ)2,9,2
2 C(JP,JQ)=BKPQ(JP,JQ)+(AP_(JQ)/APEN(JP))*(ARAD(JQ,JP,
I IB)*ESCF(JQ,JP)/NE)
GOTO7

9C(JP,JQ)=--BKPC(JP)
DO12JQS=I,MLEV
C(JP,JQ)=C(JP,JQ)-BKPQ(JP,JQS)-ARAD(JP,JQS,IB)*ESCF(JP,J_S)/NE

12CONTINUE
7CONTINUE
5 CONTINUE

C
CNORF$_LIZELHSOFQSSEQL_TION

DET=0.
DO10JP=I,MLEV
DO!0 JO=I,MLEV

10DET=DET+ABS(C(JP,JQ))
DE'F=2.0*(ALOG(NE)-20.)*FLOAT(ML_LEV)*(IOOOO./TE)_I.2/CET
DO13JP=I,MLEV
DO13JQ=I,MLEV

13C(JP,JQ)=C(JP,JQ)*DET
C
CCONSTRUCTRHSOFQSSEQUATION

BK(I,I)=O.
BK(I,2)=DET
DO55JP=2,MLEV

55CONTINUE
C
CSOLVEQSSEQUATION

I CALLMINVI(C,MLEV,BK,2,DETERM)
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OF POOP. Q_.,:_L._i

C

C CONSTRUCTNORMALIZEDPOPULATIONRHO,NUI'BERDENSITY@i_IX,AND
C EXCITATIONTEMPERATURETEX

AX=((ATOMI/NM)*ATOM2)/EQC(IB,O,T,TV,TE,NFOUT,NPRT,NFERR)
AX=ALOG(AX)

DO 6 JP=I,MLEV
RHO(JP)=BK(JP,I)+BK(JP,2)*(NM/ATOMI)
AN)(,(JP)=RHO(JP)*APEN(JP)*ATOMI
IF(JP.EQ.I)GOTO 6

TERM=SPEC2(2,JP,IB)
IF(RHO(JP).GT.i.OE-20)ALOGRO=ALOG(RHO(JP))

IF(RHO(JP).LE.I.0E-20)ALOGRO=O.
DONN=I.O-(TE/(I.43S77*TERM))*(ALOGRO+AX)

!F(DOI'_I.LT.I.OE-4)WRITE(NFERR,16)(_OLEC(II,IB),II=I,2),
i JP,DOI_N

16 FORJ't_T(IX,2A3,3X,3HJP=,I1,3X,5HDOI4q=,IPEIO.3)
TEX(JP)=TE/DOHN

6 CONTINUE
C
C _IRITERESULTS

CHI=(NM/ATDMI)A_PITOTE

IF(NPRT.GT.I)WRITE(NFOUT,15)(_OLEC(I,IB),I=I,2),
i CHI,(RHO(JP),JP=1,5),(AN)((JP),JP=1,5),(TEX(JP),JP=I,
2 5)

15 FORMAT(IX,2A3,3X,4HCHI=,IPEIO.3,3X,4HRHO=,IPSEIO.3,
i /IOX,4H_C(=,5E!O.3,3X_4HTEX=,OP5FIO.i)
RETURN
END

*DECKMINV!

SUBROUTINEMINVI(A,N,B,M,DETERM)
C _TRIX INVERSIONI_ITHACCOMPANYINGSOLUTIONOF LINEAREQUATIONS

DIMENSIONIPIVOT(5),PIVOT(5),INDEX(5,2)
DIMENSIONA(5,5),B(5,2)
EQUIVALENCEiIROn,JR'),(ICOLUH,JCOLUM),(AtI_X,T,SNAP)

C
C INITIALIZATION

i0 DETERM=I.0

15 DO 20 J:!,N
20 IPIVOT(J)=O

30 DO 550 I=I,N
40 AHAX=O.O

C
C SEARCHFOR PIVOTELEMENT

45 DO 105 J=I,N
50 IF(IPIVOT(J)-I)60,105,(;0
(;0DO 100R:!,N
70 IF(IPIVOT(K)-I)80,100,740

80 IF(ABS(AI't_X)-ABS(A(J,K))) 85,1001100
85 IR_=J
90 ICOLUM=K

95 AMAX=A(J,K)
100 COtx_."NUE
105 CONTINUE
110 IP_VOT{ICOLUM)=IPIVOT(ICOLUH)+!
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INTERCHANGEROWSTOPUTPIVOTELEMENTONDIAGONAL
130IF{IRON-ICOL_)140,2G0,140
140DETERM=-DETERM
150DO200L=I,N
160S_AP=A(IR_,L)
170A(IROW,L)=A(ICOLL#4,L)
200A(ICOLUM,L)=S_P
205IF(M)260,260,210
210DO250L=!,M
220 St'lAP=B(I ROW,L)

230 B(IRON,L)=BCICOLUM,L)
250B(ICOLUM,L)=S_AP
260 INDEX(I,I)=IRO_
270 INDEX(1,2)=!COLL_
310PIVOT(I)=A(ICOLUM,ICOLUM)
320DETERM=DETERM*PIVOT(I)

DIVIDEPIVOTRO_BY PIVOTELEMENT

330A(ICOLUM,ICOLUM)=I.O
340DO 350L=I,N
350A(ICOLUM,L)=A(ICOLUM,L)/PIVOT(1)
355 IF(M)380,380,360
360DO 370L=I,M
370B(ICOLUM,L)=B(ICOLUM,L)/PIVOT(1)

REDUCENO_-PIVOTRO_S

380DO 550 LI:I,N

nO IF(LI-ICOL_)400,550,400
400T=A(LI,ICOLUM)
420A(LI,ICOLUM)=O.O
430DO 450 L=I,N
450A(LI,L)=A(LI,L)-A(ICOLUM,L)*T

455 IF(M)550,550,460
460 DO 500 L=I,M
500 B(LI,L)=B(LI,L)-B(ICOLUM,L)*T
550 CONTINUE

INT.ERC_b_GECOLUMNS

GO0 DO 710 I=I,N
610L=NH-I

620 IF(!NDEX(L,I)-INDEX(L,2))630,710,630
630 JR_=INDEX(L,I)
640 JCOL_=INDEX(L,2)

650 DO 705 K=I,N
660 S_e_P=A(K,JRO_)
G70A(K,JR_)=A(K,JCOLUH)

700 A(K,JCOLUM)=S_P
705 CONTINUE
7!0 COIXq'INUE
740RETURN

END
*DECKARBIT

SUBROUTINEARBIT(T,TE,TV,TEX,TARB,FACTRN,TD(2,NFOUT,NPRT,
! NFERR)
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CCALCULATEEFFECTIVEDENSITYMULTIPLICATIVEF_L'T_TII_T,_ MULTIPLIED

C TO AN EQUILIBRIUMRADIATIONCODE,GIVESTHE CORRECTNONEQUILIBRI_
C RADIATIONEMISSIONFOROPTICALLYTHINCASE
C INPUTPAP_PI_ERS
C T=HE_Y PARTICLETP_SLATIONAL_ ROTATIONALTEMPERATURE
C TE=ELECTRONTEMPERATURE
C TV_JIBRATIONALTEMPERATURE

C TEX(M,IB)=EFFECTIVEEXCITATIONTEMPERATUREOF M-THELECTRONIC
C LEVELOF !B-THMOLECULE
C TARB=ARB!TRARILYSPECIFIEDTI_IPERATURE
C OUTPUTPARJ_METERS
C FACTP_I(,ISPEC)=EFFECTIVED_SITY FACTORFOR JSPEC-THSPECTRAL

C BAND

TEX2(JSPEC)=S_IEAS TEX,BUTARRANGEDACCORDINGTO JSPEC
COI_I]C/EXCTB/_OLEC(3,5),LMOLEC(4,5),SPEC2(B,8,5),ATOM(5,2,
I 5,,ILST(3,6,5),(_._J(22,28,21),EE(8,21),SI.GMA(8,21),

18=C_VIOLET.19,20=CNRED.

DATA!/!,3,1,1,3,1, 2,3,2,2,3,2, 2,5,3, 2,5,1,

1 2,5,1, 3,3,1, 3,3,!, 3,3,1, 3,2,1,3,2,1, 4,5,1,

> 4,5,1, 4,5,1, 4,5,1, 5,3,1,5,2,1, 5,2,1/

2 ARAD(4,4,5),ED(B,6,5),SI_D(8,6,5)
DIMENSIONAI(2).TEX(5,5).FACTRN(20).I(3.20),TEX2(20)

C INDEXI MUSTMATCHTHEMOEECOLARSPECTRALDATA
C 1,2=N2+I-.3,4=N2I÷.5=N22+. 6-8=N2BH2.

C 9-!1=NOBETA.12,13=N0C.W_I_MA.14-17=02SR.
C

C

C CYCLEC.qERSPECTRALBAND

DO ! JSPEC=I,20
IB=I_,,_SPEC_
MU=I(2,JSPEC)
ML=I(3,JSPEC)
TEXX=TEX(MU,IB)
TEX2(JSPEC)=TEXX

TEPMU=SPEC2(2,F!.U,IB)
TERML=SPEC2(2,ML,IB)

C

C DETERMINEDENSI_ FACTORFORN2 2+AND 02 SR,ETC
IF(MU.LT.5)GO TO 6

QM.=I./EQC(1B,0,T,In},TE,NFOUT,NPRT,NFERR)
QI=I./EQC(IB,MU,T,TV,TE,NFOUT,NPRT,NFERR)
FI=(QI/QM)iEXP(-I.43877*(TERMU-TERML)/TEXX)

QM=I./EQC(IP_,O,TARB,TARB,TARB,NFOUT,NPRT,NFERR)
Q!=I,/EQC(!B,MU,TARB,TARB,TARB,NFOUT,NPRT,NFERR)
F2=(QI/OM)+EXP(-I.43877*(TERMU-TERML)/TARB)
FACTRN(JSPEC)=FI/F2
GOTO i

2,5,1,

6 COntINUE

N_=L_OLEC(2,1B)
FACTR_(JSPEC)=O.

DO 4 !_=I,NT
IF((ML.EQ,ILST(I,I_,IB)).AND.(MU.EQ.ILST(2,1TX,IB)))IT=ITX

4 CONTINUE

IORD=ILST(3,1T,IB)
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C
CSETMOLECULARCONSTANTS

WEL=SPEC2(3,ML,IB)
14EU=SPEC2(3,MU,IB)
WEXEL=SPEC2(4,ML,IB)
WEXEU=SPEC2(4,MU,IB)
WEYEL=SPEC2(5,ML,IB)
iqEYEU=SPEC2(5,MU,IB)

JqF7EL=SPEC2(6,ML,IB)
NEZEU=SPEC2(G,MU,IB)
BEL=SPEC2(7,ML,IB)
BEU=SPEC2(7,MU,IB)
ALPI-I_L=SPEC2(8,ML,IB)

ALP_U=SPEC2(8,MU,IB)
C
C CYCLEOVER,TWOTEMPERATURES

DO 5 ITIME=I,2
IF(ITIME.EQ.I)TI=T
IF(ITIME.EQ.I)_I=TV

IF(ITIME.EQ.I)TEXI=TE)O(
IF(ITIME.EQ.2)TI=TARB
IF(ITIME.EQ.2)TVI=TARB
iF(ITIME.EQ.2)TEXI=TARB

C

C STARTCYCLINGOVERUPPERVIBRATIONALNUMBER
$I=0.

DO 2 JVU=I,22
VU=JVU-O.5
BU=BEU-ALPHAUI_VU

GU--'VLItHEU_EXEU*VU*_2-HqEYELFka_U*_3+WEZEU*VLI_rk4
C
C CYCLEOVERLOWERVIBRATIONALNUMBER

$2=0.

DO 3 JVL=I,28
FRANCK=QVV(JVU,JVL,IORD)
]F(FRANCK.LT.I.0E-IO)GO TO 3
VL=JVL-O.5

BL=BEL-ALPII_L_L
GL--'VL_i,EL-H_ELkVL_2+WEYEL*VL_3n'_IF?.EL_L_4

A!=TERMU-TERML+GU-GL+(BEU-BEL)/BEU
DE=TERMU-TERML+GU-GL

S2=S2+DE_4*FRANCK*(TI/(I.43877'BU))*AI
3 CONTINUE

SI=SI+EXP(-I.43877_GU/TVI)*S2
2 CONTINUE

AI(ITIME)=EKP(-I.43877_TERMU/TEXI)_SI
5 CONTINUE

IF(AI(2).LT.I.0E-20)GO TO I
FACTRN(JSPEC)=AI(1)/AI(2)

I CONTINUE
RETURN
END

_DECKEXCTML

SUBROUTINEEXCTML(IB,ML,MU,T,TV,TE,NFOUT,NPRT,NFERR,RATEC)
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_ ._i__

CCALCULATESAVERAGEELECTRON-IMPACTEXCITATIONRATECOEFFICIENT
CBETWEENTWOELECTRONICSTATESOFAMOLECULE
CINPUTPARI;_IETERS
C IB=MOLECULEINDEX
C ML=INITIAL(LOWER)ELECTRONICSTATEINDEX
C MU=FINAL(UPPER)ELECTRONICSTATEINDEX
C T=HEAVYPARTICLETRANSLATIONAL_D ROTATIONALTEMPERATURE,
C TV---k.JlBRATIONALTEMPERATURE
C TE=ELECTRONTEMPERATURE
C NFOUT=FILENUMBEROFOUTPUTPRINT
C NPRT--PRINTOUTINDEX.O=NOPRINT,I=SI'%_,LLPRINT.2=LARGEPRINT.
C NFERR=FILENUMBEROFERRORMESSAGES
COUTPUTPARAMETERS
C RATEC=RATECOEFFICIENT,CM3v'S

COef4ON/EXCTB/_OLEC(3,5),LMOLEC(4,5),SPEC2(B,B,5),ATOM(5,2,
I 5),ILST(3,6,5),QVV(22,28,21),EE(8,21),SI(_WW_(8,21),
2 ARAD(4,4,5),ED(B,6,5),SI&MO(B,6,5)

C
CPRESET,RATECTOZERO

RATEC:O.
C
CFINDITANDlORD

NT=LMOLEC(2,1B)
DO4 ITX=I,_¢[
IF((ML.EQ.ILST(I,ITX,IB))._D.(MU.EQ.ILST(2,ITX,IB)))IT=ITX

4 CONTINUE
IORD=ILST(3,1T,!B)

C
CCALCULATEAPANDBPATROOMTEMPERATUREFROMGIVENCROSS-SECTIONDATA

TERML=SPEC2(2,ML,IB)
TEP_U=SPEC2(2,MU,IB)
DE=TERHU-TERM.L
CALLCROSAB(EE(I,lORD),SIGM_(I,IORD),DE,300.,NFOUT,NPRT,

! AP_BP)
IF(_P.LT.I.0E-IO)RETURN

C
CSETSPECTROSCOPICCONST_twR'SFORTHELONERANDUPPERSTATES

WEL=SPEC2(3,ML,IB)
_EU=SPEC2(3,MU,IB)
WEXEL=SPEC2(4,ML,IB)
_IEXEU=SPEC2(4,MU,IB)
_IEYEL=SPEC2(5,ML,IB)
WEYEU=SPEC2(5,MU,IB)
W_EL=SPEC2(_,ML,IB)
_F.ZEU=SPEC2(¢,MU,IB)
BEL=SPEC2(7,ML,IB)
BEU=SPEC2(7,MU,IB)
ALPHAL--SPEC2(B,ML,IB)
ALPPAU=SPEC2(8,MU,IB)

C
CCONSTRUCTLOWERSTATEPARTITIONFUNCTION

QL=O.
DO5 JVL=!,!O
VL=_L-O.5
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C CAE
7

BEI:BEL-ALP_L_L

OR:T/(I.438774r..BE!)
GL_.JL*WEL-VL_L;_dqEXEL+VL_31_E"YEL+VL_4_EZEL
QL=QL+EXP(-1,43877*GL/l'V)*OR

5 CONTINUE
C

C SUMMATIONOVERUPPERVIBRATIOI,&_J.STATESBEGINS
SUMVU=O.

DO I _U=1,22
VU=JVU-O.5
BE2=BEU--ALPHAU*VU

GU_LIx_WEU-Vth_24rklEXEI.I+VU_r*3W_EYEU+VU_rk4_EZEU
C

C SUMMATI_ OVERL_ER VIBRATIONALSTATESBEGINS
SUMVL=O.

DO 2 _L=1,28
FP_CK=QW(JVU,JVL,IORD)
IF(FRANCK.LT.I.E-4)GO TO 2
VL=JVL-O.5

GL--"VL*HEL-VL_24dREXEL'I'VL_3"ki_IEYEL'I-VL_4_i,JEZEL
BEI=BEL-ALPHAL*VL

DI=I.43877*(BE2-BEI)/TE
D2=i.43877'BEI/I"

D=DI/(DI+D2)
!F(D.EQ.O.)GO TO 2
DE=TE_U-TERML+GU-GL
C=AP+BP_I.43877_DE/TE

C CASEOF (DI÷D2)>O
IF((DI+D2).LE.O.)GO TO 7
IF(((DI+D2).GT.O.).AND.(DI.LT.O.))GOTO 11
FI=O.B862*C+I.3293_BP_D

$I=5.47E-II*SORT(TE)*EXP(-I.43877*DE/TE-I.43877*GL/TV)*FI
I/((DI+D2)_I.5)

IF(S'I.LT.0.) WRITE(NFERR,IO)ML,MU,DI,D2,FI,$I
I0 FORMAT(IX,3HML=,12,2X,3HMU=,12,2X,3HDI=,IPEIO.3,2X,3HD2=,
> EIO.3,2X,3HFI=,EIO.3,2X,3HSI=,EIO.3)
!F(SI.LT.O.)GOTO 2
GOTO 8

C CASEOF (DI+D2)>O_D DI<O
11 CI=-C/(BP*D)

IF(CI.LT.4)FI=CkGAMI(I.5,CI)+BP_DeGAMI(2.5,CI)
IF(CI.GT.4)FI=C*(O.8862-GAMC(I.5,CI))+BP*O*(1.3293-
! C.4_MC(2.5,CI))

$I=5.47E-II*SQRT(TE)*EXP(-I.43877*DE/TE-I.54877*GL/TV)*FI
I /((DI+D2)_I.5)

IF(St.LT.O.) I_RITE(NFERR,IO)ML,MU,DI,D2,FI,$I
IF(SI.LT.O.)GO TO 2
GO TO 8
OF (Di+D2)(0
D3=-DI-D2
CI--'C/(B_D)

IF(C!.LE.O.)WRITE(NFERR,9)(AMOLEC(II,IB),II=!,2),ML,MU,
i DI,D2,D3,CI
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OE FOGR QU_LLi. _'_

9 FORM_T(IX,_3,2X,3HML=,12,2X,_, 12,2X,3_I=,IPEIO.3,_,

1 3HD2=,EIO.3,2X,3HO3=,EIO.3,2X,3HCI=,EIO.3)
FI=C_AI3(0.5,CI)-BP_AI3(1.5,CI)
$I=5.47E-II*SQRT(TE)_EXP(-1.43877_DF./TE-1.43877_GL/TV)
i *FI/D_I.5

l ,r. J.F_I LT.O.)WRITE(NFERR,IO)ML,MU,I)I,D2,FI,SI
IF(SI.LT.O.)GO TO 2

8 CONTINUE
SUI_'L=SUMVL+SI_FRANCK

2 CONTINUE

SLM.JU=SUMVU+SLI_VL
i CONTINUE

RATEC=SUMVU/QL

IF(NPRT.GT.I) WRITE(NFOUT,3)ML,MU,T,'IV,TE,RATEC
3 FOI_MAT(29HMOLECULAREXCITATION.ML,MU=,213,3X,BHT,TV,TE=,
! 3Fg.!,3X,6HRATEC=,IPEIO.3)
RETURN

END

*DECKG_II

FUNCTIONGAMI(A,X)
C L-I._.,,^'rpr"_.Lu._o !NCL'IIPLETEr__ (SMALLLETTER)FUNCTION
C VALID_LY WHEN×<4

DiMIg_SIONFACT(20)
DATAIT/O/

IF(IT.NE.O)GOTO I
FACT(1)=I.

DO 2 I=2,20
2 FACT(I)=FACT(I-i)*I
IT=i

I CONTINUE
GAM]=0.
IF(X.LT.I.0E-20)RETURN

iF(A.LT.I.OE-IO)RETURN
SUM=i./A

DO3 I=i,15
3 SL_I=SUM+(-X)_!/((A+I)mFACT(I))
GA_Mi=SUM_X_*A
RETURN
END

FUNC:TI_ GAMC(A,X)
C EVALL_TESINCOMPLETEGAMMA(CAPITALLETTER)FUNCTION
C VALID_LY WHENX>4

4 Z=i._
SL#4=I.+(A-I)mZT(A-I)m(A-2)_Zx'n_2
r3_#'IC=X_(A-I)4_EXP(-X)*S_
RETURN
END

:_DECKAI3

FUNCTIONA!3(AN,A)
C DkqLUATESINTEGRALOF X_%_EXP(X) FROM,ZEROTO A

DIMENSIONX(200),Y(200)
AI3=O.
IF(AiH.LT.-20.)RETURN
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IF(AN.GT.20.)RETURN
IF(A.LT.I.OE-IO)RETURN
IF(A.GT.20.)RETURN
XLIM=EXP(A)
N=IO*XLIM
IF(N.LT.IO)N=IO
IF(N.GT.200)N=200
DOI I=!,N
X(I)=I.0001+(XLIM-I.0001)*FLOAT(I-I )/FLOAT(N-I)
IF(X(1).EO.I.0)Y(1)=I.O
IF(X(1).NE.I.0)Y(1)=ALOG(X(1))_AN

i CONTINUE
CALLSIMP(ANS,X,Y,N,IER)
AI3=ANS
RETURN
END

*DECKSIMP
SUBROUTINESIMP(R,X,Y,N,IER)
DIM_SIONX(N),Y(N)
R=O.0

IF(N.GT.I)GO TO I
IEP.=2
RETURN

I IF(X(1).EQ.X(2))GO TO 12
NMI=N-I

IF(N.EQ.2)GO TO 13
IF(X(1).LT.X(2))GOTO 3

C TESTFORX TO BE MONOTONICALLYDECREASING

DO 2 I=2,NMI
IF(X(I+I).GE.X(1))GO TO 12

2 CONTINUE
GO TO 5

C TESTFORX TO BEMONOTONICALLYINCREASING

3 DO 4 I=2,NM!
IF(X(I+I).LE.X(1))GOTO 12

4 CONTINUE
5 NM2=N-2

IF(MOD(N,2).EQ.O)GO TO 14
P:O.O
NI=I

6 $I=X(NI+I)-X(NI)
S2=X(NI+2)-X(NI+I)
S3=X(NM1)-X(NM2)

S4=X(N)-X(I_tl)

R=(2.*SI_2+S!*S2-_2)/SI*Y(NI)+(2.*S4_S3_S4-S3Wk2)/S4,Y(N)
NI=NI+I

DO 7 I=NI,_1,2
SI=X(I)-X(I-i)
S2-X(I+I)-X(I)

7 R=R+(SI+S2)_3/(SI*S2)*Y(I)
IF(N.LT.5)GO TO 9
NI=NI+I

DO 8 !=NI,NM2,2
SI=X(I-I)-X(I-2)
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S2=X(1)-X(I-I)
S3=X(I+I)-X(1)
$4=×(I+2)-X(I÷i)

8 R=R-t-((2._$2_2"1"$1'32-SI_2)/SLXt.(2.,33_2+$3_$4-$4_2)/S3)_Y( I )
9 R=P,/6.+P

10 CONTINUE
IER=I
RETURN

11 IER:3
RETURN

12 IER=4
RETURN

C TRAPEZOIDALRULEFORN=2

13 R=(X(2)-X(1))_(Y(1)+Y(2))/2,0
GOTO 10

C FIT POLYNOMIALTHRUFIRST3 POINTS_D INTEGRATEFROM×(i)TO X(2).
14 SI=X(2)-X(1)

S2=X(3)-X(1)

S3=Y(2)-Y(!)
S4=Y(3)-Y(1)

P=S1/6.*(2,kS3+G,*Y(1)+(S2_2_S3-Sl_2_S4)/(S2,k(S2-SI)))
N1=2

GO TO 6
END

*DECK,ELECD

FUNCTION ELECD(I8,M,TE,NFOUT,NPRT_NFERR)
C CALCULATESRATEOF DISSOCIATIONBY ELEOTRON-IMPACT
C INPUTPAPu_!ETERS
C IB=SPECIESINDEX

C M=ELECTRONICENERGYLEVELNUMBER
C TE=ELECTRONTEMPERATURE
C NFOUT=FILENUMBEROF O_PUT PRINT
C NPRT=PR!Nn',IND.. O=NOPRINT.I=_LL PRINT.2=LARGEPRINT.
C NFERR=FILENUMBEROF ERRORMESSAGES
C OUTPUTPAR_ETER

C ELECD=DIS.qOCIATIONRATECOEFFICIENT,CM3/S
COf44ON/EXCTB/AMOLEC(3,5),LFIOLEC(4,5),SPEC2(8,8,5),ATOM(5,2,
I 5),ILST(3,6,5),QVV(22,28,21),EE(8,21),SI_VA(8,21),
2 ARAD_4,4,5),ED(B,G,5),SIOMD(8,6,5)
DISS=ATOM(4:I,IB)

TERM=SPEC2(2,M,IB)
DE=DISS-TERM

_LL CROSAB(ED(I,M,IB),SIGMD(I,M,IB),DE,300.,NFOUT:NPRT,
i AP,BP)
ELECD=5.47E-II*SQRT(TE)*_P(-i.43877*DE/TE)*(AP+(i.43877'DE/
i TE)*BP)

!F(NPRT.GT.I);'IRITE(NFOUT,I)(_OLEC(I,IB),I=I,2),M,TE,ELECD
I FORMIhT(IX,2A3,3X,GHLEVEL=,12,3X,3HTE=,Fg.0,3X,GHELECD=,IPEIO.3)
RETURN

END
*DECKCROSAB

SUBROLFFINECROSAB(EE,SIONA,DE,T,NFOUT,NPRT,A,B)
C EVALUATESA AND B INEXCITATIONRATEEXPRESSION
C INPLFFPARAMETERS
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EE=ELECTRONENERGY,INEVORRYD
SIQ'IA=CROSSSECTION,INCM2ORPI*AO**2
DE=THRESHOLDENERGY,CM-I
T=EXCITATIONTEMPERATURE,K
NFOUT--FILENUMBEROFOUTPUTPRINT
NPRT=PRINTOUTINDEX.O--NOPRINT.I=S_#_LLPRINT.2=

LARGEPRINT
OUTPUTPARAMETERS

A=A
B=B
DIMENSIONEE(8),SIGMA(8),GEl(15),W(15),Y(15)
DATA_I/0.093308,0.49269,1.21560,2.26995,3.66762,5.42534

1,7.56592,10.!2022,13.13028,16.65440,20.77648,25.62389,31.40752,
2 38.53068,48.02609/
DATAR/2.18235E-1,3.42210E-I,2.63028E-I,I .26426E-I,4.02069E-2,

i 8.56388E-3,1.21244E-3,1.I16744E-4,6.45993E-6,2.22632E-7,
24.22743E-9,3.92190E-II, i. 45652E-I3,I.48303E-I6,I.60059E-20/
DATANEE/8/
A=O.
B=O,

IF(DE.LT.O.O0001)RETURN
MON=O

DO I JX=!,8
EEX=(T/IIG05.)*_I(JX)+EE(1)
IF(EEX.LT.EE(8))GO TO 4
_=SII_MA(8)*EE(8)/EEX
GOT05

4 CONTINUE

CALLTAINT(EE,SI(IMA,EEX,YX,NEE,2,!ER,MON)
IF(YX.LT.O.)YX=O.

5 Y(J)()=YX/O.879E-16
I C_'I'!NUE

DO 2 _=1,8
A=A+W(JX)*Y(JX)*GZI(JX)

2 B=B'H.I(JX)_Y(JX)

IF(NPRT.GT.I)WRITE(NFOUT,3)T,A,B
3 FORMAT(IX,3HT=,FIO.I,3X,2PA=,IPEIO.3,2X,2HB=,EIO.3)
RETURN
END

EOC

FONCTIONEQC(IB,M,T,TV,TE,NFOUT,NPRT,NFERR)
FOR DISSOCIATIONM=A+B,CALCULATEEQUILIBRIUMCONSTANT
(QA)*(QB)*EXP(-E/KT)/(QM)INCLUDINGTP,_SLATIOhI_.COMPONENT
INTHE CGS _IT
INPUTVARIABLES

IB=SPECIESINDEX.I=N2+,2=N2,3=NO,4=O2,5=CN
M=ELECTRONICSTATEINDEX
=0 TOTALMOLECULE.>0 INDIVIDIDUALELECTRONICLEVEL
T=HEAVYPARTICLETRANSLATIONALAND ROTATIONALTEMPERATURE
TV--VIBRATIONALTEMPERATURE
TE=ELECTRONTEMPERATURE
NFOUT=FILENUMBEROF OUTPUTPRINTS
NPRT=PRINTINDEX.O=NOPRINT.I=SI'_LLPRINT.2=LARGEPRINT

*DECK
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C NFERR=FILENUMBEROFERRORMESSAGES
COM_ON/EXCTB/_OLEC(3,5),LMOLEC(4,5),SPEC2(B,8,5),ATe(5,2,

i 5),ILST(3,6,5),QVV(22,2B,21),EE(8,21),SI(_MA(S,21),
2A_D(4,4,5),ED(8,6,5),SiSMD(S,6,5)
DIMENSIONQTA(2)
IF(M.GT.0) ORM=PARTM(IB,M,T,TV,TE,NFOUT,NPRT,NFERR)
IF(M.GT.O)GOTO3
QRM=O.
L_ELS=_OLEC(3,1B)

CPARTITIONFONCTIONOF_ ELECTRONICSTATEPARTMISMEASURED
CFROM.THEMOLECULEGROUNDSTATE

DO2 IM=I,LEVELS
2 QRM=Q,_PARTM(IB,IM,T,'IV:TE,NFOUT,NPRT,NFERR)
3 CONI'INUE

kq'=AMOLEC(3,IB)
QTM=(3.281EI3_i.IT*T)_1.5
_=QP,MWQTM

CCHEMICALENERGYDEISTHEDISSOCIATIONENERGYINALLCASES
CBECAUSEPARTMISMEASUREDFROMTHEGROUNDSTATE

DE=ATOM(4,1,IB)

DO I IA=I,2
}_Z'_T_(3,IA,IB)

1 QTA(IA)=(3.281E13*{,fI'*T)**1.5*ATOM(5,IA,IB)
EQC=(QTA(!)/_)*(QTA(2)*EXP(-I.43766*DE/TE))

!F(NPRT.GT.I)WRITE(NFOUT,4)(_OLEC(I,IB),I=I,2),M,
I T,TV,TE,EQC
4 FORMAT(IX,2A3,3X,7HLEVEL=,I2,3X,BHT,I'V,TE=,3Fg.I,3X,
1 4HEQC=,IPEIO.3)
RETURN
END

*DECKPARTQ

FUNCTION PARTQ(IB,T,TV,TE,NFOUT,NPRT,NFERR)
C CALCULATESINTERNALPARTITIONFUNCTIONOFA MOLECULE
C:{_ITHOUTTRANSLATION
C INPUTPAP,AMETERS
C IB=SPECIESINDEX
C T=ROTATIONALTEMPERATURE
C TV=VIBRATIONALTEMPERATURE
C TE=ELECTRONICEXCITATIONTEMPERATURE
C NFOUT=FILENOMBEROF OUTPUTPRINTS

C NPRT=PRINTINDEX
C NFERR=FILENOMBEROF ERRORMESSAGES

CO{'_ION/EXCTB/_OLEC(3,5),LMOLEC(4,5),SPEC2(8,8,5),ATOM(5,2,
C' "',! 5),IL..T(._,6,5),OA_J(_,28,21),EE(8,21),SIGMe_(8,21).

2 A_D(4,4,5),ED(8,6,5),SI_D(8,6,5)
L_ELS=LMOLEC(3,IB)
PARTQ=O.

DO I M=I,L_ELS
PARTQ=PARTQ-{-PARTM(IB,M,T,I'V,TE,NFOUT,NPRT,NFERR)

I CONTINUE
RETURN
END

*DECKPARTM

FUNCTiON PARTM(IB,M,T,TV,TE,NFOUT,NPRT,NFERR)
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C CALCULATESPARTITIONFUNCTIONSFORMOLECULES
C INPUTPAPu_4E'TERS

C !B=SPECIESINDEX.I=N2+,2=N2,3=NO,4=O2,5=CN
C M=ELECTRONICSTATEINDEX

C T=HF_AVYPARTICLETRANSLATIONALAND ROTATIONALTEMPERATURE
C W--VIBRATIONALTEMPERATURE
C TE=ELECTRONTEMPERATURE

C NFOUT=FILENUMBEROF OUTPUTPRINTS
C NPRT=PRINTINDEX,.O=NOPRINT.I=SMALLPRINT.2=LARGEPRINT.
C NFERR=FILENUMBEROF ERRORMESSAGES

C£M'ION/EXCTB/AMOLEC(3,5),LMOLEC(4,5),SPEC2(8,8,5),ATOM(5,2,
i 5),ILST(3,6,5),QVV(22,28,21),EE(8,21),SI(_(8,21),
2 ARAD(4,4,5),ED(8,6,5),SI_D(8,6,5)

C EQL_TETEMPERATURESAND NUMBERDENSITY
TROT=T
TVIB=TV
TELECT=TE

DEGEN= SPEC2(I,M,IB)
TERM = SPEC2(2,M,IB)
_IE= SPEC2(3,M,IB)
HEXE= SPEC2(4,M,!B)
REYE= SPEC2(5,M,IB)
i.EZE= SPEC2(E,M,IB)
BE = SPEC2(7,M,IB)
ALPHA= SPEC2(8,M,IB)

C

C CALCULATEPARTITIONFUNCTION
PARTM=O.

_R=O.0
QV=O.O
_IBI=O.O
V=O.O

60 _JIB2_E*(V+O,5)-WEXE*(V+0.5)**2-PAEYE*(t.H-0.5)_3
i +WEZE*(V+O.5)**4

DELTOV=EXP(-I.4387_EVIB2/TVIB)
C COMPAREDELTAQ-VIBRATIONALTO 0.1PERCENTOF THE QV SUMTO THIS
C POINT.

IF (DELTQV.LE.O.O0!*QV)GO TO 70
C HAS THEVIBRATIONALENERGYREACHEDA FICTITIOUSPEAK.

IF (EVIB2.LE._IBI) GO TO 70
iAJ=QV+DELT.OV

IF ((BE-ALPHA*(_I-O.5)).LE.I.0E-8)GO TO 70
QVR=QVR+TROT*DELTQV/(I.43B79,(BE-ALPHAk(V+O.5)))

65 CONTINUE

EVIBI=EVIB2
V--V+1.0
GO TO 60

70 PART_4=PARTM+QPR*DEGI)_EXP(-I.43879_TERM/TELECT)
C

C _.iRITEOUTRESULTS

!F(NPRT.GT,I)I,IRITE(NFOUT,2)(AMOLEC(I,IB),!=I,2),M,
! T,_,TE,PARTM

2 FORI_T(iX,2A3,2X,GHLEVEL=,12,2X,BHT,TV,TE=,3FB.O,2X,
1 19HPARTITIONFONCTION=,IPEIO.3)
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END

*DECKTAINT

SUBRO_INETAINT(XTAB,FTAB,X,FX,N,K,NER,MON)
DIMENSIONXTAB(N),FTAB(N),T(IO),C(I0)

CPS0400TAINTSUBROUTINE-INFORTRANII.

IF (N- K) 1,1,2
4 NER=2
RETURN

2 IF (K-S) 3,3,!
3 IF (MON) 4,4,5
5 IF (MON-2)6,7,4
4 J=O
NMI=N-I

DO 8 I=l,I_il
IF (X'I'AB(1)-XTAB(I+I))9,11,10

IINER:3
RETURN

9 J=J-1
GO TO 8

10 J--J+,
8 CONTINUE
MON=I

IF (J)12,6,6
12 MON=2

7 DO 13 I=I,N
IF (X-XTAB(!))14,!4,13

14 J=]
GOTO 18

13 CCIiTINUE
GOTO 15

6 DO 16 I=!,N
IF (X-XTAB(1))16,17,17

!7 J=I
GO TO i8

16 CONTINUE
!5 J--N

!8 J=J-(K+I)/2

IF (J)19,!9,20
!9 J=!
20 M=J+K

IF (M-N)21,21,22
22 J=J-1

GO TO 20
21 KPI=K+_

JSAVE:J

26 DO 23 L=I,KPI
C(L)=X-XTAB(J)
T(L)=FTAB(J)

23 J=J+!

DO 24 J=I,K
!=J+!
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25T(1)=(C(J)*T(!)-C(!)*T(J))/(C(J)-C(1))
I=I-i-1
IF (I-KPI)25,25,24

24 CO_._T!NUE

FX=T(KPI)
NER:I
RETURN
END

*DECKRATED

FUNCTION RATED!!B,DE,ATOMF,MOLF,T,NFOUT,NPRT,NFERR)
C CALCULATESDISSOCIATIONRATEDUETO HEAVYPARTICLECOLLISION
C INP_ PAP,PMETERS
C IB=SPECIESINDEX

C DE=DISSOCIATIONENERGY,CM-I
C ATOMF=FRACTIONOFATOMS
C MOLF=FRACTIONOF MOLECULES

C T=HEAVYPARTICLETEMPEATURE,K
C NFOUT=FILENLMBEROF OUTPUTPRINTS
C NPRT:PRINTINDEX.O=NOPRINT.I:SMALLPRINT.2:LARGEPRINT.
C NFERR=FILENUMBEROF ERRORMESSAGES
C OUTP!.q"PARAMETER

C RATED=DISSOCIATIONRATECOEF,OM3/S
REALMOLF,N
DIMENSIONC(2,5),N(2,5)

C R_TECONSTANTSC _D N TAKENFROMPARK-MENEESJGRVOL 83,N0C8,
C P4029,AUG 1978
C THE CONSTANTSFORC_ ASSUMEDTO BETHE SAMEAS FORNO

DATAC/0.0184,0.00614,0.0184,0.00614,7.63E-7,3.82E-7,
I ]..37E-4,4.56E-5,7.63E-7,3.82E-7/
DATAN/-1.6,-I.(_,-i.6,-1.6,-0.5,-0.5,-I.0,-I.0,-0.5,-0.5/

C C(I,iB)=RATECONSTANTFORATOMCOLLISION
C C(2,1B)=RATECONSTANT.FORMOLECULECOLLISION
C N{!,IB)=TEMPERATUREEXPONENTFORATOMCOLLISION
C N(2ylB)=T_PERATUREEXPONENTFORMOLECULECOLLISION

D=I.4388_DE

RATED=(ATOMF*C{I,IB)+MOLF*C(2,1B))*T*_N(I,IB)*EXP(-D/T)

IF(NPRT.GT.I)WRITE(NFOUT,I)IB,DE,RATED
I FORMAT(IX,].2_OLECULENO.,13,2X,3HDE=,F10.I,2)(,
I 7H RATED=,IPEIO.3)
R_URN

END
*_nECKRADIN

C THIS ISTHE BEGI_INGOF THE MODULENUMBER3
THEMODULECONTAINSTHE FOLLOH!NGSUBROUTINES

RADIN,RADCAL,BFCONT,TAINT,FFCONT,ATOMIC,SETUP,VUVL,
ZERO,_!E,S2PI2,FAST,SAXPY,GLBPWR
SUBROUTINERADIN(NFIN,NFOUT,NPRT)

READINRADIATIO_DATAFORNONEQUILIBRIUMRADIATIONCALCULATION

!NPLFARG_S

NFI_=FILENI._IBEROF INPLq"DATA(NORMALLY5)
NFOUT--FILENUMBEROF OUTPUTDATA(NORMALLY6)
NPRT=PRINTOUT INDEX.O=NOPRINT.I=SMALLPRINT.2=LARGEPRINT
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C OF,-PO_2 ',_,',_-_ _

C COI'tION/BADA/CONTAINSATOMICDATA

C(]_I'ION/RA[A/ATOM(4,2),LATOM(4,2),GL_(B,2,2),ELEV(B:2,2),BLINE
I (13,180,2),NBFCUN(2,35,2),BFC_(14,35,2),TFF(5),EEFF(6),
2 FFC_(6,5,2)

C

C CO_IM.O_'R,ADB/C(]_TAINSMOLECULARDATA

COMMOI,L/BADB/_OLEC(3,20),LMOLEC(6,20),SPEC2(B,20,20),VIB(4,I00,20)
C
C

C CYCLEO,JER2 SPECIES,ISP=I:NITROGEN;=2:OXYG_
DO 2 ISP=1,2

C
C R_D INBASICATOMICDATA
C VARIABLES

C: ATOM(I-2,1SP)=I_c_!,EOF ATOM
C (3,ISP)=ATOMICWEIGHT

C (4,1SP)=I_IZATIUNPOTENTIAL,_-I
C LATOM(I,ISP)_OMBEROF LINES
C (2,1SPI_=NUMBEROFBOUND-FREECONTINUUM
C (3_ISP)=N_BEROF FREE-FREECOICIINU_(=5)

REAO(NFIN,3)(ATOM(I,ISP),I=1,4),(LATOM(I,ISP),I=1,3)
3 _'ORMAT(IX,2A3,3X_2EIO.3,315)

IF{NPRT.GT.O)_IRITE(NFOUT,I)(ATOM(I,ISP),I=1,4),(LATOM(I,ISP),I=
i 1,3)
FC!K_T(//16HBASICATOMDATA/6HI_ME=,_3,3X,14PATOMICI,IEIGHT=,FIO
1.3,3X,21HIONIZATIONPOTENTIAL=,FIO.I,5HCM-I/75HNUMBEROF LINES,
2BOUND-FREECONTINUUM,AND FREE=FREECONTINUUMPARAMETERS= ,316)

C

C READINMULTIPLICITYAND ENERGYLEVELOF NEUTRALAND IUNIZEDSTATES
IF(NPRT.GT.i)I,IRITE(NFOUT,8)

8 FORJ_hT(/60HMULTIPLICITYAND ENERGYLEVELOF NEUTRALAND IONIZEDS
ITATES )

DO _ _ON=I,2

READ(NFIN,6)((GLEV(I,IUN,ISP),ELEV(I,ION,!SP)),!=1,8)
6 FORI_W_T(8EIO.3)

•IF(NPRT.GT.I)I,_RITE(NFOUT,7)((GLEV(I,ION,ISP),ELEV(I,ION,ISP)),I=
i I_8)

7 FOR_T(4(_,F6.!.FIO.I))
COIIT,INUE

C
C LINEDATA

!F(NPRT.GT.I)_RITE(NFOUT,9)
9 FORo_T(/IOHLINEDATA/99H _ EXPN GL GU TERM
".' EINSTN LAMCL ST(L) ST(U) I(L)I(U)
2 )
MLINE=LATOM(I,ISP)
DO !2 ILINE=I,MLINE

READ(NFIN,13)(BLINE(I,ILINE,ISP),I=1,13)
_3 FORMAT(2EIO.3,2FS.I,3EIO.3,1X,2A3,1X,2A3,2F3.0)

!F(NPRT.GT.I)_RITE(NFOI.rI',I4)(BLINE(I,ILINE,ISP),I=I,!3)
].4FORMAT(IP2EIO.3,OP2F5.].,IP3EIO.3,1X,_3,1X,2A3,OP2F3.O)
].2CONTINUE
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C

C BOLteD-FREECONTINUL_DATA

IF(NPRT,GT,I) WRITE(NFOUT,15)

15 FORK_T(/48H BOUND-FREECcI_rTINUUM_UNT FACTORS,FR_ PEACH )

NCON=LATOM(2,ISP)
DO 16 IC_=I,NC_
READ(NFIN,17)!_BFC_(I,IC_,ISP),(BFC_(I,ICON.ISP),I=l1,14),
I NBFC_(2_IC_,iSP),(BFC_(I,ICON,ISP),I:i,I0)

!7 FORFeiT(IX,It,A2,A3,3X,2FIO.2,II0/IOF8.4)
IF(NPRT.GT.I)WRiTE(NFOUT,17)NBFC_(I,IC_,ISP),(BFCON(I,ICON,

IISP),I:I!,i4),NBFCON(2,1CON,ISP),(BFC_(I,IC_,ISP),1:I,10)
16 CO_ITINUE

C
C FREE-FREECONT!NU__TA

NCON=LATOM_3,!SP)
READ(NFIN,6)(EEFF(1),I=1,6)
IF(NPRT.GT.I)WRITE(NFOUT,33)(EEFF(1),I=!,6)

33 FOP,MAT(/41HFREE-FREECONTINUUMFACTORS,FR_ P_CH /

> i9HELECTR_ ENERGIES=,6F8.3)
DO 19 IC_=I,5
READ(NFIN,6)TFF(IC_),(FFCON(I,IC_,ISP),I=1,6)
IF(NPRT.GT.I) WRITE(NFOUT,20)TFF(IC_),(FFC_(I,!C_,
IISP),I=I,E)

20 FORMAT(FIO.O,E!0.3)
19 CO_FI'INUE
2 CONTINUE

C
C
C READINNOLECULAR_TA
C

C VARIABLES

C IB:B._41DINDEX,FR_ I TO 20
C AMOLEC(!-2,iB)=NAMEOF B#_RD
C (3,!B)=MOLECULARWEIGhq"
C LMOLEC(I,!B)=TYPEINDEX.
C (2,1B)--NUMBEROF BANDS
C (3.1B)=NUMBEROF _ERGY LEVELS
C (4,1B)=MOLECULEINDEXINTHE NONEQUILIBRIUMSCHEME
C (5,1B)=ORDERWITHINA MOLECULE
C SPEC2(i,J,IB)=MOLECULARCONST_TS
C VIB(V!.V2,IB)_J!BRATIONAL_TA
C

NB=20

DO 211B=I,NB
R_D(NFIN,22)(_OLEC(I,!B),I=I,3),(LMOLEC(I,IB),I=I,5)

22 FOP_AT(!X,2A3,3X,FIO.3,615)
!F(NPRT.GT.O)WR!TE(NFOUT,23)_OLEC(I,IB),I=I,3),(LMOLEC(!,IB),
I I=I,5)

23 FOR!IAT(//21HMOLECULARBA_DNAME=,_3,19HMOLECULARWEIGHT=,FIO.
i 3/ 6HINDEX=,I2,3X,!3_O.OF BP_gDS=,I3,_,I4_O.OF LEVELS=,
2 13,3X,!3_OLECULENO.=,I2,3X,_HORDER=,I2)
R_D(NFIN,24i_OLEC(3,1B),(SPEC2(I,I,IB),I=2,B),(SPEC2(I,2,1B),
! I:I.8)
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....._.__,_ _i_

24 FORMAT(110,7EI0._8EI0.3)

]F(NPRT.G'[.I)WRITE(NFOUT,25)LMOLEC(3,1B),(SPEC2(],I,IB),I=2,8),

i (SPEC2(1,2,IB),I=1,8)

25 FORMAT(15HNO. OF LEVELS=,I2,IX,7PALTh_T=,F5.1,1X,4HDEU=,

I IPE!O.3_IX,GHBETAU=,EIO.3,1X,4HREU=,EIO.3,1X,7HDZEROU=,OPFIO.2

2,1X, 6HCAF'AU=,F8.2,1X,6HCAPLU=,F4.1/4H MU=, F8.2,6)(,71._IUSPIN=,

3F5.1,1X,4HDEL=,IPEIO.3,1X,6HBETAL=,EIO.3,1X,4HREL=yEIO.3,1X,

4 7HDZEROL=,OPFIO.2,1X,6HCAPAL=,F8.2,1X,6HCAPLL=,F4.1/80HDEGEN

5 TERM WE WEXE WEYE WEZE BE AL

6PHA )

NI=LMOLEC(3,IB)+2

_L_=LMOLEC(2,1B)-I

DO 26 _J=3,N!

_EAD(NFIN,6)(SPEC2(I,JN,IB),I=I,8)

IF(NPRT.GT.I)WRITE(NFOUT,28)(SPEC2(I,JN,IB),I=I,8)

28 FOFd4AT(GFIO.3,FI0.5,1PEI0.3)

2_ CONTINUE

C

C INDIVIDUALVIBRATIONALBANDS

]F(NPRT.GT.I)WRITE(NFOUT,29)

29 FORMAT(G5H VU VL S_RE2 FRANCK VU VL S_RE2 FRANKCK

>CK )

DO 30 JV=!,NV,2

READ(NFIN,31)(UIB(I,_._,IB),I=!,4),(VIB(I,JV+I,!B),I=1,4)

31 FOK_T(2(2F5.1,2EIO.3))

iF(NPRT.GT.!) _RITE(NFOUT,32) (VIB(I,,IV,I_),I=!,4),(V!B(I,JL_,!,

I _B),I=I,4)

32 FORMAT(2(OP2F5.1,IP2EIO.3))

30 co_n'.INUE

21 C_EINUE

RETUR_

D_D

*DECK RADCAL

SUBROUTINERADCAL(N,NP,O,OP,N2,N2P,02,NO,C_,NE,T,?,),TE:TEX,

> PRESS,RHO,DENS,SMF,NIDTHF,STARK,NAVELS,_ELL ,N_RRAY,NFIN,

> NFOUT,NPRT!,NPPE2,NFERR,_H ,NAVEL,EMIS,ABSB,TOTPWR)
C CALCULATESRADIATION

C INPUT PARJ_IET,ERS

C N--NUMBERDENSI_ OF N

C NP=N_BR DENSITYOF hi+

C O=NUMBERDENSITYOF O

C OP--NUMBERDENSITYOF O+

C N2=N_BER DENSITYOF N2

C N2P--NUMBERDENSITYOF N2+

C 02=NUMBERDENSITYOF 02

C NO=NUMBERDENSITYOF NO

C CN=NUMBERDENSITYOF

C NE=NUMBERDENSITYOF ELECTRONS

C T=HEAVYPARTICLET_PERATURE(=ROTATIONALTENPERATURE)

C TV_JIBRATIONAL TEMPERATURE

C T_(JSPEC)=ELECTRONICEXCITATIONTEMPERATUREOF JSPEC-TH

C MOLECULARSYSTEM

C PRESS=PRESSURE,ATM

C RHO--NONEQUILIBRIUMPOPULATIONPARAMETERSFOR ATOM, DIMENSIONED

C (23,2)
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C
C
(-.

C
r

C

C
C

C
f,

,7"

C

C
C
C
C

DENS=GASDENSITY,G/CM3
SMF=STRENGTHMULTIPLICATIONFACTOR,DIMENSIONED(20,2)

(I,I)=NLINE
(2,1):NBO_D-FP.EECONTINUUM.
(3,1)=KH"FREE-FREECONTINUUM
(4,1)=0LINE
_ _-n BOUND-FREECONTINUUM

(G,I)--O+FREE-FREECONTINUUM
(JSPEC2,2)=MOLECULARBAND

HIDTHF=LORENTZ-WIDTHMULTIPLICATIONFACTORFORMOLECULE
STARK=STARKNIDTHFORMOLECULEAT NE=I.E16ANDTE=IO000

I_VELS=SHORT"_ELENGTHLIMIT,A
!-_,ELL=LONG-i._.ELENGTHLIMIT,A
NARRA'I---LE_IGTHOF RADIATIONARRAYS)
NFOLFT=F!LENL_BEROF OUTPUTPRINTS
NPRT--PRI,_ffOUT INDEX,.O=NOPRINT.I=SMALLPRINT.2=LARGEPRINT

NFERR=F'LENL_BEROF ERRORMESSAGES

NMETH=I,TOTALPOWERCALCULATION.=2,SPECTRALCALCULATION
C OUTPUTPAPu_4ETERS

C WAVEL=I,_PELENGTH,A
C EMIS:EMISSIONCOEFFICIENT,W/(MICRON-CM2-SR)
C ABSB=ABSORPTION+STIMULATEDEMISSIONCOEFFICIENT,CM-I

C TOTPWP(3)=TOTALEMITTEDPOWER.1=TOTAL,2=ABOVE2500A
C 3=ABOVE3500A

REALN,NP,N2,N2P,NO,NE
COtiNION/RADA/ATOM.(4,2),LATOM(4,2),GLEV(8,2,2),ELEV(8,2,2),BLINE
I (13,180,2),NBFCON(2,35,2),BFCON(14,35,2),TFF(5),EEFF(6),
2 FFCON(6,5,2)
CCMHON/RADB/AMOLEC(3,20),LMOLEC(6,20),SPEC2(8,20,20),VIB(4,

1 100,20)
DIMENSIONTEX(20)
DIMENSION_qVEL(1)
DIMENSIt_ EMIS(!)
DIMENSIONABSB(1)
DIMENSIONANMOL(20),AN(2,2),RH0(23,2),SMF(20,2),NL_J(2),
> TOTPWR(3)

DATA!N!T/O/,NL_V22,19/
IF((h_ETH.EQ.I).AND.(NARRAY.GT.1000))NARRAY=I000

C
C R.CADINRADIT'O_'DATAAND PRODUCEHAVELENGTHARRAY

IF(INIT.NE.O)GO TO 4
CALLRADIN(NFIN,NFOUT,NPRTI)
DELt2-_,='I.A4AVELS-I.A,iAVELL)/(_RRAY-I)

DO 3 _4=!,N_RRA¥
3 HAVEL(M)=I./(i./WAVELS-(M-I)*DELLAM)
!NIT=I

4 CONTINUE
C

C NULLEMIS,ABSB,AND TOTPWRARRAYS
DO B M=!,NARRAY
EMIS(M)=O.

8 ABSB(M)=O.

DO ? M=1,3
9 TOTPk'R(M)=O.
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C
CATOMICCALCULATIONSTARTS

AN(I,I)---N'
AN(2,!)=O
AN(I,2)=NP
AN(2,2)=OP
DOI ISP=I,2
I=3-k(ISP-!)
IF(StiF(I+i,1).GT.I.OE-IO)CALLATOMIC(ISP,NE,TE,T,RHO(I,ISP),

i NLEV(ISP),AN(ISP,I),AN(ISP,2),PRESS,DBWS,9'IF(I+I,I),WAVEL,EMIS,
2ABSB,I'_RRAY,NFOUT,NPRT2,NFERR,NMETH,TOTPWR)

C
CCALCULATEGLO_L(4 PISTER-RADIAN)POI4EREMISSION

IF(NMETH.GT.I)CALLGLBPWR(_EL,EMIS,I,_RRAY,PWRI,PWR2,PWR3)
!F((NPRT2.GT.O).AND.(NMETH.GT.I )) WRITE(NFOLIT,5)PWRI,

>._R2,PWR3
IF((NPRT2.GT.O).AND.(hlIETH.EQ.I) ) WRITE(NFOUT,5)(TOTR.IR
! (I),1=I,3)

IF(S_F(I+2,1).GT.!.0E-IO)CALLBFCONT(ISP,RHO(!,ISP),NLEV(ISP),
i NE.TE_AN(ISP,I),AN(ISP,2),SMF(I+2,1),WAVEL,EMIS,ABSB,NARRAY,
2 NFOU'r,NPRT2,NFERR,hI'IET.H,TOTPWR)
IF(SMF(I+3,1).GT.I.0E-IO)CALLFFCONT(ISP,NE,TE,
i AN(ISP,2),SMF(I+3,1),14AVEL,EMIS,ABSB,I_RRAY,NFOUT,
2 NPRT2,NFERR,NM_H,TOT_R)
IF(NPRT2.GT.O)WRITE(NFOUT,6)(ATOM(I,ISP),I=1,2)

6 FORMAT(IX,2A3,14HATOMFINISHED)
C

C CALCULATEGLOBAL(4PI STER-RADIAN)POllEREMISSION

IF(._ETH.GT.I)CALLGLB_R(HAVEL,EMIS,h_RRAY,I_IRI,PWR2,PWR3)
iF((NPRT2.GT.0).AND.(hIIETH.GT.I)) HRITE(NFOUT,5)PWRI,

> ._IR2,PWR3

I_'((NPRT2.GT.O).AND.(hI'IE-rH.EQ.I))NRITE(NFOUT,5)(TOTPWR
I(I),I=1,3)

i CONTINUE

C

C CALCULATIONOFMOLECULARRADIATION

AI'_OL(1)=N2P
O,_IOL(2)=N2P

#_,0L(3) =N2

_MOL(5)=N2

#N'tOL(6)=N2

ANMOL(7)=N2

_0L(8)=N2
ANMOL(9)=NO

ANMOL(IO)=NO
ANMOL(!I)=NO
_t,_IOL(12)=NO

ANMOL(13)=NO
ANMOL(14)=02

A_OL(15)=02
0'_IOLC16)=02
#4M,0L(17)=02
¢J_#40L(I8):_
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ANMOL(19)=EN
P_IMOL(20)=EN

DO 2 JSPEC2--I,20
IF(SMF(JSPEC2,2).LT.I.OE-IO)GO TO 2
CALLSETUP(JSPEC2,_F(JSPEC2,2),_N_IOL(JSPEC2),T,TV,TEX)

CALLUUVL(JSPEC2,_F (JSPEC2,2),NE,PRESS,_IIDTHF,STARK,
>DENS,NAVEL,EMIS,ABSB,NARRAY,NFOUT,NPRT2,NFERR,NMETH,TDIPNR)
IF(NPRT2.GT.O)NR]TE(NFOUT,7)(AMOLEC(I,JSPEC2),I=I,2)

7 FORMAT(IX,2A3,10HFINISHED )
C

C CALCULATEGLOBAL(4-PISTER-RADIAN)POWEREMISSION

IF(NMETH.GT.I)CALLBLB_R(I_,VEL,EMIS,h_RRAY,_RI ,PWR2,_R3)

IF((NPRT2.GT.O).AND.(NMETH.GT.I))NRITE(NFOUT,5)I_4RI,
> PWR2,1_R3
IF(_ETH.EQ,1) GOTO 10

TOTI_IR(1)=I_R1

TOTPWR(2)=PWR2
TOTPWR(3)=PWR3

10 CONTINUE

5 F_T(30H GLOBALPOWEREMISSION.TOTAL=,}PEI2.5,2X,
1 13HABOVE2500A=,EI2.5,2X,13HABOVE3500A=,EI2.5,
2 6HWCM3)

IF((_ETH.EQ.I).AND.(NPRT2.GT.O))WRITE(NFOUT,5)(TOTPWR
i(I),I=1,3)
2 CONTINUE
RETURN
END

*DECKBFCONT

SUBROUTINEBFCONT(ISP,RHO,NLEV,ANE,TE,AN,_,_F,I,_¢_VEL,EMIS,

>ABSB,I'IARRAY,NFOUT,NPRT,NFERR,NMETH,TOTPWR)
C
C CALCULATESEMISSIONAND ABSORPTIONCOEFFICIENTSDUETO BOUND-FREE
C CONTINUL_I
C SUBROUTINERADINMUSTBE EXECUTEDBEFORETHISSUBROUTINECAN BE

C EXECUTED
C INPUTPARAMETERS

C ISP=SPECIESINDEX.I=N,2=0
C RHO=NONEQUILIBRIUMPOPULATIONPARAMETER,DIMENSIONED23
C NLEV=NUMBEROF LEVELS

C ANE=ELECTRONDENSITY,F..M-3
C TE=ELECTRONTEMPERATURE,K
C AN=NUMBERDENSITYOF ATOM

C ANP=NUMBERDENSITYOF ION
C SMF=STRENGTHMULTIPLICATIONFACTOR

C NAVEL=NAVELENGTH,A

C NARRAY=LENGTHOFI,_AVEL,EMIS,ABSBARRAYS
C NFOUT=FILENUMBEROF OUTPUTPRINTS
C NPRT=PRINTOUT INDEX.O=NOPRINT.I=SMALLPRINT.2=LARGEPRINT
C NFERR=FILENUMBEROF ERRORMESSAGES

C NMETH=I,EMITTEDPOWERONLY.=2 SPECTRALCALCULATION
C OUTPUTPARAMETERS

C EMIS=EMISSIONCOEFFICIENT,N/(MICRON-CM2-SR)
C ABSB=ABSORPTION+STIMULATEDEMISSIONCOEFFICIENI',0'I-I
C TOTPWR(3)=POWEREMITTED

COMMON/RADA/ATOM(4,2),LATOM(4,2),GLEV(B,2,2),ELEV(8,2,2),BLINE
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I (13,180,2),NBFCON(2,35,2),_CON(i41_,2),TFF(5),EEFF(6),
2 FFCON(6,5,2)
DIMENSIONRHO(23),HCUTS(35),I4CLITL(35),EX(IO),RHOLOG(23)
> ,TOTER(3)
DIMENSIONNAVEL(1)
DIMENSIONEMIS(1)

DIMENSIONABSB(1)

DATAEX/O.,0.05,0.I,0.15,0.2,0.25,0.3,0.35,0.4,0.45/
C
C NULLEMISARRAYFORTOTALPOHERCALCULATION

IF(NMETH.GT.I)GOTO 12

DO IIM=I,NARRAY
11 EMIS(M)=O.
12 CONTINUE

C
C CALCULATEPARAMETERS

EION=ATOM(4,ISP)
TE!=I./TE
TE2=SQRT(TEI)
TE3=TEI*TE2
PARTI=O.

DO i JL_=I,4
! PARTI=PARTI+GLEV(JLEV,2,ISP)*EXP(-I.43877*ELEV(JLEV,2,ISP)*
>TEl)
AZ=2.07E-I6*_P_TE3/PARTI

C
C GENERATEALOGOFRHO

DO 2 JLEV=I,NLEV
RHOJ=RHO(JLEV)
IF(RHOJ.GT.I.0E-30)GOTO 6
_RITE(NFERR,7)ISP,JL_,RHOJ

7 FOR_MAT(22HERRORIN BFCONT.ISP=,I3,3X,6HJLEV=,I3,
>3X,4HRHO=,IPEIO.3,3X,18HRHOSETTO I.E-I0)
RHOJ=I.OE-IO

6 RHOLOG(JL_._)=ALOG(RHOJ)
2 CONTINUE

C
C GENERATECUT-OFFWI_LJELENGTHS

C ;4CUTS=SHORT--WAVEEND._CUTL=LONG'-WAVEEND.

NCON=LATOM(2,ISP)
DO 2 J=1,NCON
EJ=BFCON(14,J,ISP)
WCUTL{J)=l.OES/(EION-EJ)

NCUTS(J)=I.OES/(EION-EJ+O.5'i09679.)
3 CONTINUE

C

C
C CYCLEOVER_VELENGTHS

DO 4 L=I,NARRAY
_.KEX=_,IAVEL(L)

DO 5 J=I,NCON
!F((I_IAVEX.LT.WCUTS(J)).OR.(_dVEX.GT.WCUTL(J)))GOTO 5
_U=!.OES/WAVEX
EE=(F_II.!-(EI_-EJ))/109679.

,.C=1.908E-18'(i096,9./HNU}_3/NBFCON(I,J,ISP}_5
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MON=O
_LL TAINT(EX,BFCON(I,J,ISP),EE,GALI'fI',IO,3,1ER,MON)
CROS=C_GAUNT

F"

C CONSTRUCTEMISSI_ANDABSORPTI_COEFFICIENTS

GL=BFCON(13,J,!SP)

NG=NBFCON(2,J,!SP)
APEN=AZmGL_EXP(I.43877m(E!_-EJ)*TEI)
_4,j_PEN*_E*RHO(NG)

C
C EXCITATIO_TEMPERATURETEX

TEX=I.43877.(El_-EJ)/(RHOLOG(NG)+!.43877.(EI_-EJ)*TEI)

XLAM_D(*I. OE-8

AX=EXP(-1.43877/(XLANt_TEX))
BX=XL_JHk--k5

BLAi'4=I.1904E-I6*A.YJ(BX*(1.O-AX))
ABSBL=ANJ*CROS*_F

EMISL_BSBL*BLAM

ABSB(L)=ABSB(L)+ABSBL
EMIS(L)=EMIS(L)+EMISL

5 CONTINUE
4 CONTINUE

C
C CALCULATEGLOBALP_ER E]i.ISSION

IF(NMETH.GT.I)GO TO I0

CALLGLB_R(NAVEL,_MIS,NARRAY,_RI,_R2,PNR3)
IF(NPRT.GT.I)WRITE(NFOUT,9)(AT_(I,ISP),I=1,2),_RI,
! F_R2,_R3
9 FORMAT(IX,_3,1X,33HBO_D-FREECONT.,_R!,_R2,PNR3=,
i IP3EIO.3)

TOTFWR(1)=TOT_R(1)+_R!
TOTPWR(2)=TOTF4AR(2)+_R2
TOT_R(3)=TOT_R(3)+_R3

!0 CONTINUE
C
C PRINTOUT

IF(NPRT.GT.I)WRITE(NFOUT,8)(ATOM(I,ISP),I=I,2)
8 FORMAT(iX,2A3,30HBOLND-FREECONI'INUUMFINISHED)
RETURN
END

*DECK_CONT,

SUBROUTINEFFCONT(!SP,ANE,TE,_P,_F,NAVEL,_I S,ABSB,

>_RRAY,NFOUT,NPRT,NFERR,_ETH,TOT_R)
C COMPUTESFREE-FREECONTINUUM

C INPUTPARAMETERS
ISP=SPECIESINDEX.I=N.2=0

_E=ELECTRONDENSITY,_-3
TE=ELECTRONDENSITY,K
_P=ION DENSITY
_F=STRENGTHMULTIPLICATION FACTOR

_PEL=HAVEL_GTH,A
_RRAY=L_GTH OF WAVEL,_IS, ABSBARRAYS
NFOUT=FILENUMBEROF OUTP[.rFPRINTS
NPRT=PRINTOUT INDEX.O=NOPRINT.I=SII_LLPRINT.2=_RGE PRINT

54



OE POOR QUALi a'F_

C NFERR=FILENUMBEROF ERRORMESSAGES

C NMETH=I,EMITTEDPOHERCALCONLY.=2 SPECTRALCALC.
C OUTPUTPAPU_HETERS
C EMIS=EMISSIONCOEFFICIENT
C ABSB=ABSORPTION COEFFICIENT

C TOTPWR(3)=TOTALEMII-TEDP_ER
REALLP_BDA

COM_4ONYRADA/ATOM(4,2),LATOM(4,2),GLEV(8,2,2),ELEV(8,2,2),BLINE

I (13,!80,2),NBFCON(2,35,2),BFCON(14,35,2),TFF(5),EEFF(G),
2 FFCON(G,5,2)
DIMENSIONY(6),SI(_WIA(6),TOTPWR(3)
DIMENSION;_qVEL(1)

DIMENSIONEMIS(1)
DIMENSIONABSB(1)
RYD=IOgG79.
RYDI=I./RYD
TEI=I./TE

C_ = 1.368E-23*ANE*_,'_SQRT(TEI)
C
C NULLEMISARRAYFORTOTALPOHERCALCULATIONONLY

IF(I,_iETH.GT.I)GOTO 3

DO 4 M=I,NARRAY
4 EMIS(M)=O.
3 CONTINUE

C
C INTERPOLATED OF PEACHFORTE

DO 6 JS=!:G
MON=O

DO 7 JT=I,5
7 Y(,TT)=FFCON(JS,JT,ISP)
_,,iTAINT(TFF,Y,TE,SIG,5,2,IER,MON)

6 SIGVA(JS):SIG
C
C CYCLEr .-._LK ;_k)ELENGTH

MON=O

DO i M:I,NARRAY
LAMBDA=I.OE-SkWAVEL(M)
C_Erj=I.O/L_BDA
AZ=OMEG_RYD!

CALLTAIt_q'(EEFF,SI(_"_A,AZ,D,6,3,IER,MON)
G_PFF=!.0+0.1728_(AZ_O.333333)*(I.0+I.39_TE*L._'IBDA)
GALIII',=GHPFF*(I.O+D)*SMF
ABSBX=CI*GAUNT*(LAMBDA**3)

AZ=EXP(-1.43879*OMEG*TEI)
BZ=L_b4BDA_5

BL_'I=I.1904E-!G*AZ/(BZ*(I.O-AZ))
EMISX=ABSBX*BL_b4

EMIS(M)=EMIS(M)+EMISX
ABSB(M)=ABSB(M)+ABSBX

I CONTINUE
C
C r..ALCULATEGLOBALP_ER EMISSION

!F(h_".ETH.GT.IJGO TO 10

_LL GLBF_R(NAVEL,EMIS,h#hRRAY,PWRI,PWR2,PWR3)
IF(NPRT.GT.I)HRITE(NFOUT,9)(ATOM(I,ISP),I=I,2),_RI,
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1P_R2,PWR3
SFORJI_T(IX,2A3,1X,32HFREE-FREECONT.,PWRI,PWR2,PWR3:,
I lP3E!O._'.i_

TOTER(I )=TOTF4,tP.(1)+FI,IR1

TOTPWR(2)=TOTER(2)+_1R2

TOTPI.IR(3)=TOT_P,(3)+_R3

10 CONTINUE

C

C PRINTOUT

IF(NPRT.GT.I)WRITE(NFOUT,2)(ATOM(I,ISP),I=I,2)

2 FORMAT(!X;2A3,33HIONFREE-FREECONTINUUMFINISHED)
RETURN
END

*DECKATOMIC

SUBROUTINEATOM!C(ISP,_E,TE,T,RHO,NLEV,_,ANP,PRESS,DENS,SMF,
> _,JEL,EMIS,ABSB,NARRAY,NFOUT,NPRT,NFERR,NMETH,TOTP_R)

C COMPLq'ESAT_IICLINE

C INPUTARGUMENTS
C !SP=SPECIESINDEX.I=N.2:0

C ANE=ELECTRONDENSITY,OM-3
C TE=ELECTRONTEMPERATURE,K
C T=HEAVYPARTICLETEMPERATURE,K
C RHO=NONEQUILIBRIUMPOPULATIONPARAMETER
C NLEV=NUMBEROFENERGYLEVELS

C AN=NUMBERDENSITYOFNEUTRALATOM

C AI'IP=hI_BERDENSII'YOFION

C PRESS:PRESSURE,AIM,
C DENS:GASDENSITY,G/CM3
C _F=STRENGTHMULT]PL!CATIONFACTOR
C _#EL=I,_/JELENGTH

C NARRAY:LENGTHOF_AVEL,EMIS,ABSBARRAYS
C NFOUT=FILENUMBEROF OUTPUT.PRINTS
C NPRT=PRINT.OUT INDEX.O=NOPRINT.I--SMALLPRINT.2=LARGEPRINT

C NFERR=FILENUMBEROF ERRORMESSAGES

C NMETH:I,EMITTEDPOWERONLY.=2,SPECTRAL_LCULAT!ON
C OUTPUT.PARAMETERS

C F.HIS:EMISSIONCOEFFICIENT,W/(MICRON-CM2-SR)
C ABSB=ABSDRPTIO_H-ST!MULATEDEMISSIONCOEFFICIENT,-i
C TOTPWR(3)=TOTALEMITTEDPOWER

R_L LAMCL_LAMBDA
COF_ION/RADA/ATOM(4,2),LATOM(4,2),GLEV(8,2,2),ELEV(8,2,2),?LINE
I (13,180,2),NBFCON(2,35,2),BFCON(14,35,2),TFF(5),EEFF(6).
2 FFCON(6,5,2)
DIMENSIONRHO(23),TOTP_R(3)
DIMENSIONi._PEL(1)
DIMENSIOMEMIS(!)
DIMENSIONABSB(1)

C
Fi.IR1=O.
P_R2:0.
PSqR3=O.

C
C C_LCULATEPARAMETERS

DELLAM:(I.O/NAVEL(!)-i.O/WAVEL(NARRAY))/(NARRAY-I)
E!ON:ATOM(4,ISP)

56



TEI:I./TE
TE2=SQRT(TEI)
TE3=TEImTE2
QA:O.
QP=O.
DOI J=I,8
QA=QA+GLBJ(J,!, ISP)mEXP(-I. 43877*ELEV(J,I, ISP)mTE!)

I QP=QP+GLEV(J,2,ISP)*EXP(-I. 43877*ELEV(J,2,ISP]mTEI)
AZ=2,07E-I6*ANP*TE3/QP

C
CDETERMINENUMBERDENSITY_D_ERAGEATOMICWEIGHTOF
C FOREI_GAS

_REST=I.OEIO
IF(PRESS.GT.I.0E-20)_REST=O.8338E22_PRESS/T--AN
_REST=20.*i. 66E-24
IF(DENS.LIT.I.0E-20) AMREST=(D_S-I.66E-24*ATOM(3,ISP)

>*AN)I_REST
_REST=_REST/I.66E-24
IF(_REST.LT,!O.) AMREST=IO,
IF(AMREST.GT.28.85)_REST=28.85
• 3=(i. 33E-29*SQRT(2./ATOM(3,ISP))*_N+5.85E-30*SQRT
>(2./_REST)m_REST)mSQRT(T)

C
CCYCLEOVERLINES

NLINE=LAT_(I,!SP)
DO6K:I,NLi!_E
CW_'I=BLINE(I ,K,!SP)
EXPN=BLINE(2_K,ISP)
GL=BLINE(3,K,!SP)
GU=BLINE(4,K,ISP)
TERMU=BLINE(5,K,ISP)
EINSTN=BLINE(6,K,ISP)
b_ICL=BLINE(7,K_ISP)
TERML=TERMU-I,OEB/LAMCL
!F((GL.LT,O.5).OR.(GU.LT.O.5))WRITE(NFERR,3)ISP,,K,

>_CL,GL,GU
3 FORMAT(22HERRORINATOMIC,ISP=,I2,_,5HLINE=,I3,3X,
I 6H_MCL=,FS,!, 3X_3HGL=,FS.i, 2X,3HGU=,F5.I )

C
CDETERMINEN_BERD_SITIESOFUPPER_D L_ERSTATES

APENL-_-_Z*_E*GL*EXP(!. 43877*(El_-TE_L)*TEI)
APENU=AZ*ANE*GL_EXP(I.43877*(EI_-TERM.U)*TEI)
NGL=BL!NE(12.K,ISP)
NGU=BLINE(13,Y,,ISP)
_L_P_NL*RHO(NGL)
_U=APENUmRHO(NGU)

C
CFINDINTEGRATEDLINEINTENSITYDUETOSPONTI_EOUSEMISSI_

E=!.580E-16*EINSl'N*_U/L_'_,CL
E:E*SMF

C
CDETERMINETOTALP_ERFORI',ME'TH=i

IF(I,_IETH.GT,I)GOTO!I
iF(LAMCL.GT.NAVEL(I )) PWRI=_RI+I2.57,E
iF(LAMCL.GT.2500.) PWR2=PWR2+I2.57,E
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IF(5_MCL.GT,3500,) PWR3:PWR3+I2.57*E
GOTO G
,-. , Ic11 _..C_'_1"NL_.

C

C NONEOLIILIBRIL_E_CITATIONT_PE_TURET,'_X
TE'X=I,43877#(TERMU-TE,_L)/ALOG(G_#!L/(GL_U) )

f-

C LINEWIDTHCALC:ULATIC_

HIC,THG=7,!GE-7*L_MCL*SQRT(T/AT_(3,ISP))
PV:V_GE=30,

!F(TER_L.LT.40000.)RANGE=IO0.
!F(TEKML,LT.i0000,i,RANGE=200,

I I _i "r, I T _ 1 I ' ,1_ _;,_T "_C LORENTZ.,N_,.DTH WIDTHLIS A SUMOFW,D,HI,NATURA,.):N_.TH_,_,ARK,,

C WIDTH3(U_DNDE_LS)_ NqDWIDTH4(RESC_CE)HIDTHS

IF(Gf_H.LT.I.0E-8) EX_,_=O.%

DE=ElON-TE_U

IF(DE,LT.(!09679./25,)) DE=I0%79./25,

IF(C_a.M.LT.I.0E-8) Ci_Ni=O,42' (L/_'ICL**2)/(DE**2)
5 C_'T.INUE

WIDTHI=1.18E-4
NIDTH2=2,O_(TEkl, OE-4)_EX_H(_E'kl,0E-16
WIDTH3=_L#biCL_2

WIDTH4=I,03E-25,(i,OE-2OkLpMCL_5)*SQRT(GU/GL)*EINSTN-k#VqL
NIDTHL_IDTHI_A!DTH2+WIDTH3_IDTH4

C
C FINDTHE UO!GTLINENIDTHAT HALF-HEIGHT

WIDT_I DTHL/2.O+SQRT(WIDTHL_P_Y4.O-l-NIDTHG_2)
C
C TESTIF LINELIESNITH]NTHE Rk,NGE

WI=LAMCL-RP_IGE_IDT_'
W2=LAMCL÷RANGE_IDTHV

!F(H2.LT,I_kVEL(!)) GOTO6

!F(NI.GT._C_JEL(_RRAY))GO TO G
DELL0C=La#_CL__DELL,a_H
NSPRED=!.I+P_,_GE*WIDTF_#/DELLOC

C "

C SET C_ST_fI'SUSEDTO DISTRIBUTE_TOMICLINE
NC-3XITR=(I..'IA_VEL(I_-I,O/bqMCL_/DELL#b4+I
NSTART:NCE_FFR-NSPRED
!F(NSTART.LT.I) NSTART=I
NEND=NCENTR+NSPRED
IF(NEND.GT.NARPVhY)N_D_ARPAY

C
C DISTRIBUTEATOMICLINE

NDI=!/WIDTHU
XL_=Lk:MCL*I.OE-8
A_=_P(-I,43877/(XLP_M*TEX))
BX=XL_.5

BLK-V_,=I.1904E-IG*AX/(BX_'(I.-A,Y,))
C
C TESTIF SHAPEISNBARLYDISPERSIVE

IP((WIDTHG/WIDTHL).GT.Oo2)GOTO 8
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C
CLINEISNEARLYDISPERSIVE

P]D2=2.0_DI
DOI0 M=N.START,NEND
LAMBDA=WAVEL(M)
IF(L_bIBDA.LT.WI)GOTO10
IF(LAMBDA.GT.N2)GOTOI0
DELL=ABS(LAMBDA-L_ICL)
EMISX=G.3183E4*E_D2/(I.O÷(DELL_D2)_2)
ABSBX=EMIS>'JBLAM
ABSB(M)=ABSB(M)+ABSBX

10EMIS(M)=EMIS(M)+EMISX
£9TO

C
CLINEISVOIGHT

8 CONTINUE
CSPRO24_IDTHLA_IDTHV
CSPRD3=(I.065+0.447*CSPRD2$O.058*CSPRD2_.2)_IDTHV*I.0E-4
CSPRDI=(I.-CSPRD2)/CSPRD3
CSPRD2=CSPRD2/CSPRD3
DO2 M=NSTART,NEND
LAMBDA=WAVEL(M)
CSPRD3=ABS((LANBDA-L_HCL)_DI)
CSP2=CSPRD3_rk2
CSP3=CSP_SQRT(SORT(CSPRD3))
EMISX=E*(CSF'RDI*EXP(-2.77_CSP2)+CSPRD2/(I.+4._CSP2)+0,016*

!CSPRD2"k(I.0-_IDTHL_D!)*(EXP(-O.4*CSP3)-IO.O/(10,0÷CSP3)))
ABSBX=EMISX/BLAM
ABSB(M.)=ABSB(H)+ABSBX

2 EMIS(M)=EM]S(H)+EMISX
C
CPRINTOUT

IF(NPRT.GT.I)i4RITE(NFOUT,7)(ATOM(I,ISP),I=I,2),
>L_'ICL;IAIDTHG,IQIDTH1,141DTH2,_IIDTH3,&qlDTH4,NIDTHL,_IIDTHV

7 FORMAT(IX,_3,2X,6HLA_CL=,F8.1,_,
>25HL_N_LDTHS:G,I,2,3,4,L,V-,IP7E_.2)

6 CONTINUE
C
CWRITETOTALPONEREMITTED

IF((_ET.H.EQ.I).AND.(NPRT.GT.I))14RITE(NFOUT,12)(ATOM
I (I ,ISP),I=1,2),PWRI,P_R2,PWR3

12FORMAT(IX,_3,!X,22HLINES:PI4RI,PWR2,PWR3=,IP3EIO.3)
IF(_ETH.GT.I)60TO13
TOTPWP.(!)=TOTPWR(1)+PWRI
TOTPWR(2)=TOTPWR(2)+PWR2
TOTPWR(3)=TOTPWR(3)÷PI4R3

13CONTINUE
C
CPRINTOLF

IF(NPRT.GT.O)PIRITE(NFOUT,4)(ATOM(I,ISP),I=I,2)
4FORIi_T(IX,2A3,15HLINESFINISHED)'

RETUKN
END

OF PO0_ QU_,.\Li'I=V'
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OF PGOR QUALITY

*DECK SETUP

SUBROUTINESETUP(JSPEC2,SMF,AI,IiOL,T,TV,TEX)

C SETS UP SPECTROSCOPICCONSTANTSAND STORES

_. iNPb_ PARAMETERS

C JSPEC2=SPECTRANLMBER

C _F=STR.ENGTHMULTIPLICATIONFACTOR

r.. A_tIOL=N_BER ._._,n_JeTTV,• OFMOLECULE

r- T=H_j_._,' F'_RT!CLETP_SLATIONAL (VJDROTATIONALTEMPERATURE

C 7J=UIBRATIZ_qALTEMPERATURE

S TF.=ELECTRONTS'IPERATURE

REAL MU:NUSPIN,NUBARO

Cr.ti'l_./PAZ:,B/_IOLEC(3,20),LMOLEC(6,20),SPEC2(8,20,20),VIB(4_

>100,20)

C.r_vJMC_N/_.'_IDi/ALP_LI,BEU,BETAU,CqPAU,CAPLJ,_EU,uL.,.OL,....._.L_U,

I ALP_LyBEL,BETAL,CAPAL,_PLL,DEL,DZEROL,REL,TERNL

COt'!'iON/CEW_ND2A4EU,WEXEU,WEYEU,WEZEU,BVU,DVU,DEGENU,MU,ALT._T,

I WEL,NEXEL,NEYEL,WF7EL,BVL,DVL, 'NUSPIN

COFI'I_/CTEHP/TELECT,TVIB,TROT

C_'_ION/CTR#t'I/PARTCC,NUBARO,Q,AOE,CINTI,CINT2,KMIN,KMAX,R!

i,PWR!,PWR2,PWR3

COM4ON/CEXTPU_INOEX, SYSTEN.,TOTAL

COMiC_/CFASTISPEED,NSPEED,LINEI,NSTART,NEND,LAIICL,'-,'-",rrep_,:,._.__.r._,'.F.:r:'._,.

DIMENSI_ TEX(20)

DIMENSIONALF'HA(12),BE(12),DEGEN(12),TERM(!2),WE(12),

i WEXE(12),WEYE(!2) ,NEZE(12)

LOGICAL LINEI

C

C EOUATETEMPERATURESAND NUMBERDE_ISITY

T_P=T

TROT=T

l_JiB=T4

TELECT=T_(JSPEC2)

PARTCC=_-tIOL

BETAU =

REU =

DZEROU =

CAPAU =

CAPLU =

MU =

NUSPIN =

DEL =

BETAL =
_.'-ri =

DZEROL=

_PAL =

1! " )_,NE_=.TRUE.

ALI'I,_T: SPEC2(2,I,JSPEC2)

DEU = .SPEC2(3,!,JSPEC2)

SPEC2(4,I,JSPEC2)

.PE_2tJ,_,JSPEC2)

SPEC2(B_I,_SPEC2)

R r.-,, ._ ic.orr._,_

SPEC2(B,!_JSPEC2)

SPEC:2(!_2,JSPEC2)

SPE.C2(2,2_SPEC2)

_P_""ro _ _SF'EC2t
_--_.:_

SPEC2(4,2,JSPEC2)

......._,_,J_PE .....

SPEC2(6_2,_SPEC2)

SPEC2(7,2,_SPEC2)'

CH, L = SPEC2(B,2,JSPEC2_

LEVELS=LMOLEC(3,JSPEC2)

nn 40 M=_ !Vdrl
_' "0 IDEGEN(M)= oFEC_(.,M-I-;',JR=EC:2)

TERN,(M)= SPEC2(2.M÷2 _c_Pr_

WE .(M)= SPEC2(._,M÷2,JSPEC2)
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WEXE(M)= SPEC2(4,M'I'2,JSPEC2)
WEYE(M)= SPEC2(5,M+2,JSPEC2)
WEZE(M) = SPEC2(B,M÷2,JSPEC2)

BE (1'1)= SPEC2(7,_2,JSPEC2)

40 ALPHA(M)= SPEC2(B,14"I'2,JSPEC2)

ALPHAU=ALPHA(i )

ALPHAL=ALPHA(2)

BEU=BE(!)

BEL=BE(2)

DEGENU:DEGEN(1)
TERMU=TERM(1)
TERML=TERM(2)
NEU:NE(I)
NEL=WE(2)

N_,EU=NEXE(1)
NE-XEL:NEXE(2)
WEYEU=NEYE(i)

NEYEL=NEYE(2)
WEZEU::NEZE(I)
NEZEL:NEZE(2)

INDEX=_OLEC(I,JSPEC2)
C

C FINDO, THE PARTITIONFUNCTIONREFERENCEDTO THE EQUILIBRIUMPOSITION
C OF THE GROUNDSTATEPOTENTIALWELL.

67

Q=O,O
DO 70 M:I,L_'ELS
QVR=O.0
_):0,0
EVIBI:0.O
V:O.0

_,qB2==WE(M)*(V+O.5)--WEXE(M)*(V+0.5)_2+WEYE(M)*(_,H-0.5)_3
i ÷NEZE(M)*(V+0.5)_4

DELTQV=EXP(-I.43879*EVIB2/TVIB)

C COMPAREDELTAQ-VIBRATIONALTO 0.iPERCENTOFTHE _ SUMTOTHIS
C POIKE.

IF (DELTQV.LE.O.O01*QV)GOTO 70
C HASTHE VIBRATIONALENERGYREACHEDA FICTITIOUSPEAK.

IF (EVIB2.LE.EVIBI) GO TO 70
QV:QV+DELTQV

IF (ABS(BE(M)-ALPHA(M)*(V+O.5)).LE.I.OE-8)GO TO 65
QVR=QVR÷TROT*DELTOV/(1.43B79*(BE(M)-ALPHA(M)*(V+O.5)))

65 CC._ITINUE
EVIBi:EVIB2
V=V+!.0

GO TO 60

70 Q=Q+OVR*DEGEN(M)*EXP(-I.43879*TERM(M)/l'ELECT)
C FINDSTRENGTHFACTORMAXIMUM

NV=LMOLEC(2,JSPEC2)
SYST_i=O.

DO 1 JV:I,NV
VL--'V!B(2,JV,JSPEC2)
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OF POOR QUALITY.

SUMRE2-_!B(3,JV,JSPEC2)*_F

FRANCK--VIB(4,JV,JSPEC2)
EVIB--'VL*-bEL-VL_ 2-_dQEXEL+VL_3_I,IEYEL_LI*4IWEZEL÷TEP_lIL

S--S!_RE2*FR_CK*._P(-I.438B*_!B/TVIB)
C. ¢" PM- 4 . " ¢'T.,Y_T..,-PliAX_(S,S_._,EM,

".,CONTINUE

F_AR!:0,

FIRR2=O,

FiQR3=O.

RFURN
END

*DECK u,_,,

SUBROErINE ,l T p _ _ , _. n it.' it,

> EMIS,ABSB,NARRAY,NFOUT,,NPRT,NFERR,Ii'IETH,TOTPNR)

C SETS C_ST@CT,S FOR EACH VIBK4TIONALBAND _D CALCULATE

C INPUT PAR_ETERS
._,-C'p _ TC JSPEC<.-.,,LC,_ NL_IBER

C _F=STRENGTH MULTIPLICATIONFACTOR

C AI'IE=ELECTR_DENSITY, _-3

C PRESS=PRESSURE,ATM. ZERO SETS NUM. DEN, OF FORE!GI4GAS TO 0
C WIDTHF=LOF'.ENTZWIDTH MULTIPLIC_TI_ FACTOR

t. .:,IARK-_,AP.KWIDTH AT _E=I.E16 _D TE=IO000

C DENS=DENSITY,G/_3

r,.. I_4VEL--4.1AVELENGTH,A

." ,_I4RR_Y=LENGTHOF NAVEL, ENIS,ABSB ARRAYS
i".v _;%Ec,,=FILENUMBER OF OUTPL_ PRINTS

C NPRT=PRiI.fTOUT IND.. 0_0 PRINT. I=_ALL PRINT.2:LARGE PRINT

C I!FERR=FILENL!'IBEROF ERROR,MES_GES

C _._4ZT,,H=!,EMITTEDF'CIRERCALC ONLY, =2, SPECTRALCALC.

C OUTPUT PAR_IETERS

..r EMIS=_!ISSIONCOEFFICIENT,I,W(M!CRON-CH2-SR)

C ASSB=ABSORPTION÷STIMULATEDEFI!SSI_COEFFICIENT,_-I

C TOT_R(3)=TOTAL E,M!,!GEDPOllER

R.FTA_L" ii_i__i i,qrMu,I',U_,l,..,t_,.,NUBARO,L_IN

COM.ION/RADBI_OLEC(_;,20_.,,_,i_r';,,-,-,..-.r_'_';.,,_,?r,_,SPEC2(E',,20,201..,V!B(_,.

>i00,20)

CO_IioN/CONK/C_F

C._,_'/..,A.,I/.,Pt_D,N.=,,EED,LINEI,N,,TARI:NEND,_IC.,E,C.,r_,DI,CSPRD2
I_" tl_l'l / I p I! _' D I ! _ P' PI " _BII "I'B 1COFIdO_LL.B;I'L_,A..._L,,.,_U.,>ETAU,CAPA.J,L.APLU,D.u,_Zt.ROU_....,._RMI..i

r, - _'i • •, r." , r ' r7_" R r'' _,i AL _L, .,_=..BETAL,CAPAL,L_PLL,I_EL,_._._.ROL,,:_.,TE,.ML

_ ,t'_l/# /, Irto ' I i . t t_V I . .,.OFf%.....B_ _A4EI.,WD;Eu,14_EU,WEZEU,BVU,DVU,DEGENU,MU,;_I_i[@T,
I_il I !L-Y'=i '" I l, ,_.Di .I._ _--,W.... ,bI_IEL,WE-ZEL,BVL,DVL, ,_.o, In

COII_IFJ"WCT7MP/TELEOT,TVI B,TROT

CEM%_W_I DTbb'_4IDTHL,W!DT,_),,_GE,.._..ID_'II6,1,4,i i.r_iL_I,iM ii.!,,.,,

_ _J #, TI _ .....C_. _C_;,'CTRAN/PAR,UC,NUB4RO,Q,AOE,CINTI,CINT2,_!ri,Kli4_..i,R;L
i P-4.1D4.,......,FI4R2,PWRS

COMblON/CDCTRA!INDEX, SYSTD_,TOTAL
r,i O" I

DIMENSIONElliS(1)

DIMENSIC_IABSS(I.'.'

DIMENSIONTOTF4,1R(3._

LOGICAL L!NEI

L41'I4,1N=i,;kI_JEL(!)

..... <= ._ ,,-, ,o ___.,_,_.SEL(_I4RRAY) .L:t.:Libel-....' Ibi4,.,_ i _ )/,'b_RRAY-Ii

AO_=Z,5.i._<85.'-i
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C=2.9979E÷I0
PI=3.1415927
TEMP=TROT

NVIB=_OLEC(2,JSPEC2)
C
C DETERff,INENUMBERDENSITYANDAVERAGEMOLECULARNEIGHTOF
C FOREI_ GAS

ANREST=!.OEIO

iF(PRESS.GT.I.OE-20)ANREST=O.8338E2_PRESS/TEMP-PARTCC
A_REST=20.'!.66E-24

IF(DENS.GT.I.0E-20)_REST=(DENS-1.66E-24*AMOLEC(3,JSPEC2)
! *PARTCC)/ANREST
_REST=AMREST/I.66E-24
IF(AMREST.LT.10.) _REST=IO.
IF(AMREST.GT.28.85)_REST=28.85

C
C CYCLEOVERBANDS

DO i JVIB=I,NVIB
VU = VIB(!,JVIB,JSPEC2)
VL = VIB(2,JVIB,JSPEC2)

C
C C_pLrFEROTATIONALCONSTANTSFORTHISBAND

BVU=BEU"ALPUA_(VU+O.5)
BVL=BEL-ALPPAL*(VL+O.5)
I_.JU=DELH'.BETAU*(VLH'O.5)
DVL=DEL+BETAL*(VL+O.5)

S_RE2--VIB(3,JVIB,JSPEC2)*SMF
FRANCK--'VIB(4,JVIB,JSPEC2)
K_IN=2

ESL_!:TER_L+VL_EL-VL_2_EXEL+VL_3*WEYEL+VL_4_EZEL
IF(SYSTEM,LT.1.0E-I0)KMAX=!O0
IF(SYSTEM.LT.I.0E-IO)GOTO 3
_AX=(O.695*TROT*ALOG(I.0ES*SL_RE2*FP,_CK/SYST_)-
> (TROT/'FVIB)*ESUM)/BVL
IF{A_X.LT.25.)GO TO i
KMAX=SQRT(AMAX)
RANGE=IS.3

C
C SET
C

UP CO_ISTA_SSFOR INTENSITYEQUATIONINROTATIONALSTRUCTURE

AND COMPUTENUBARO,THE BANDORIGIN
CINTI:TERMU/TELECT+(WEU*(VU+O.5)-WEXEU*(VU+O.5)*'2_
I NEYEL_(VLH-O.5)_3+I4EZEU*(VU+O.5)_4)/I'VIB

CINT2=(IG.OE-7*_PARTCC*FRANCK*SUMRE2_PI**3)/(3.0,Q)
GPU=WEU*(VU+O.5)-WEXEU*(VU+O.5)_2-H_EYEU*(VLH-O.5)**3+WEZEU_(
>VU+O.5)**4

GPL--'NEL*(VL+O.5)-WEXEL*(VL+O.5)**2+NEYEL*(VL+O.5)_3+I4EZEL*(
>VL+O.5)**4
NUBARO=TEP_U-TERML+GPU-GPL

RI=EXP(1.43877*((TERMU-TERML)/TELECT+(GPU-GPL)/TVIB))
OR!G!N=I.0E+B/NUBARO

IF((2.0*ORIGIN).LT.I_AVEL(1))GO TO i
IF((O,5*ORIGIN).GT.I_EL(h_RRAY))GOTO I

_IIDTHG=7.16E-7*ORIGI_SQRT(TEMP/_OLEC(3,JSPEC2))
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3F POOR QUALiT_
r.

C:LORgE ' ,_m,,, ...._'.'J,:u.nWIDTHL IS A .,EIMOF WIDTHI(COLLISIONSWITH LIKE _.OLE-

C: _JLLC,:rlI'r_'-_ NIP,TU'),''n!,. ,cTn_mNITH ALL OTHER), . ..................... AND WIDTH3(N_TURAL)

Z _'-lD W:DTH4(c-_R_'

'" y( 11_ .J.._ C.r_T_TI:" p,>_;DTH!=!,:-;3E-2_:SQRT(2.01AMOLEC(3,JSPEC2))OR,_IN .2*...,R,_ .,.M. :

!:_PARTCC

_M!DTH2--5,S5E-30;SQRT( i, 0/_0LEC( 3, JSPEC2)+I ./_REST )*,0R!_!_',_.2

-;-:2 G,T,,T C TC:'_:LD,.*_REST

_] :".T Ui -UI r._U_ ..#.l.J! r;TUE

i.Jl r_Tl-l";::l,J! nTIq 2._i.,lThTl-I F

14!DTH3=i. 18E-4

:.F(ANE.LT.I,OiANE=I.O

NIDTH4=I.0E-_ STARK*.(!.OE-I6*_.!E)**O.6*ORIG!I.'.,ed:..2
T,",TI..I' _:'lrT '_M.,!TF'TLI T T "_, T I'_TIJ14..... L--,.... H. ,. u,,,2+N. D.%'1_..... 4

C

r. FiND THEuO_G- LINE L.r,T_ AT u _ p,,_

F,,r:T_,-u,:,TM*=.O+SORT{_'DTHI_Z_4.0"I"141DTHG**2)

.F.INuu..EQ.I)CALL ZERO(14AUEL,EM.IS,ABSB_I'IARRAY.NFOLC,

> NPRT,NFERR,I'_METH)
IF'"J........• . ......._.,,#;_,._....._AB..t.,NARRA__,,I,:_

> NPRT,NFERR,I',LM,ETH)

, I't" • [,. )IF(IN_EX._Q.3,CALL S2Fi2(Wi'4JEL,EMIS,ABSB,_R_'AY,NFOUT,,
_> kE, J_,T I,..II:'_"OD _ll:-rLi_,

]F:t'!?RT.GT.I) W_'..ITE(NFOLrT,2){_OLEC(I ,JSPEC2)_I=! _2)

_U'L._VL_OP.:I,_;.'LWI;_..H_ N_:,_HL_SI_RE."_FR_.!.L.K_KM_._

,_.A.,,2.., G_..U,VL--,,.r 4.0, _X_7HOR]G.N- ;F9.2 _2X,

2 9._ !DT!!G_L=, ! P2E10.3, _, 7HSI.J!RE2=,El0.3,2)(, 7HFP_CK=

2 E10.3:2X,5HKMAX=,I3)

I C_!NUE

iF(I'_IEH.GT.I)RETURN

IF(NPRT.GT.I)NRITE(NFO_,4)(_'IOLEC(I,JSPEC2),!=i,2),

I PI4P.!,FI4R2,FI4R3

4. PF,P_,_,T(".Y._,_.,, ,*"_'_'_,IX,16H P'ARI,PWR2_PI4R3=,IP3EI0.3)

T"_':'TF'WR(1)=TOTPWR(i)+F_IR1

!"_(!,ES/NUBARO,BT.2500.) TOT.PWR(2)=TOTPI4R(2)+PWR2

1F(.I.E8.'NUBAkO.GT,3500,) TOTFTIR(3)=TOTPI4R(3)+PWR3

END

r'PrKZERO

'-'I-':"'"._ _ It-"7EOO(IJ_]E1:.'._xu.,.,_......,......_EMIS,ABSB,I_RKAY,NFOLE.,NPRT_NFERR_;_'!ETH)

C =''"=F;!IT"._J__.,,,,,,,,,.,_ZERO COMPLq'ESPARALLELTRANSITIONSFOR DiATOMIC:"_ -r.,_c

::INPLF F'AR_ETERS

C b'_''P!-i._ ['_ FT4CTLIC

C NARPAY=LENGTHOF NAiAEL,EMIS_ABSB ARRAYS

C NFO_=F!LE NUI'IBEROF O_P_ PRINTS

C NPRT:PRINTOb'TINDEX. 0_0 PRINT.I=SMALLPRINT.,2=LARGE_'RI..NT

C NFER_'=F!LEN_BER OF ERROR MESSAGES
C' , "J t',ITT_.. ._,ET'H-.,_,.II,l._D PCI4ERONLY. =2,SPECTRALCALCULATION
C OLFF.OUT PARtnERS

C 5_.i_-_cc'_'..-,...........COEFF!C!gkrl", 14/(MICRC_-CM2-SR)

H_=.-A,,SO.... ION+._:IMULATEDEMISSIONCOEFFICIENq'__-!
V'I ') '

_:EAL ,.u, KL,L_C:L _Mtl, LAPI!,IN,NUBAR,NU_RO ,!_LISPIN

CC_'_'_C_'-J."CBA_.;DI/ALPHAU,BEU,BETAU,CAPAU,CAPLU,DEU,DZEROU,REU.7ERMU,

.D I , T n - , r_ %,:" .T tqLPHAL,,,E_,BE,AL,CArAL,CAP_L,DE,.,_z._ROL,...... ER_M_

Cg_C-_'!.:CB¢_D_"WEU,NEXEU,WEYEU,WEZEU,B_:U,DVU,OE_ENr,MU,O..L_AT,
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OF P03i:i QUAL!T_

I _L,WD(EL,WEYEL,_L,BVL,DVL, NUSPIN
COtI_ON/CTEMP/TELECT,TVIB,TROT
COff_.ON/_IDTH/WIDTHL,HIDTHV,P._GE,OELLAM,L_flMIN
CO_ION/CTRAN/PARTCC,NUBARO,Q,AOE,CINTI,CINT2,KIIIN,_,RI
I,PNRI,_R2,_R3

COH_ON/CEXTRA/INDEX, SYSTEM,TOTAL

CF.e_ION/EAST/SPEED,NSPEED,LINEI,NSTART,NEND,LAMCL,E,CSPRDI,CSPRD2
COt_ION/CFSTI/YI(4000),NJM,NJ

DIMENS!C_Nk_'YVEL(1)
DIMENSIONEMIS(1)
DIMENSIONABSB(!)
LOGICALLINE!

C

C CALCU_TETOTALPOWERFORNMETH:I
IF(_ETH.GT.I)GO TO i
A=AOE_2*CINT2_EXP(-I.43877*CINTI)
TBYB=TROT/(I.43877_BVU)

SUME=A*(O.5_UBARO_4_TBYB-F2.*NUBARO**3*(BVU-BVL)_T_LN-
I 2._UBARO_2*(3.*(BVU-BVL)_2-2._UBARO*(DVU-DVL))*TBYB-I_3
2 +12.+NUBARO*(BVU-BVL)+((BVU-BVL)_2-4.*NUBARO*(DVU-DVL)
3 )*TBYB_4)
SUME=SUME*2.*12.57

F(I.OEB/NUBARO.GT._k_EL(!)) _R!=PWRI+SUME
IF(I.ES/NUBARO.GT.2500.) PI.IR2=PWR2+SUME
iF(I.EB/NUBARO.GT.3500.) PWR3=PWR3+SUME
RETUKN

! COntINUE

_ND "_r.. _H_N_BER OF DffRIESINTHE INTENSITYARRAY,FROMTHE LINECENT
AT _HICHEACHLINEISASSUMEDTO PAVEA CONTRIBUTION.

C SET.CC_:T_i'S_IHIrHDETERMINETHE LINESHAPE.
CSPRD2_,41DTHLYWIDTHV

CSPRD3:-(!,O6.:R-O.447*CSF'RD2÷O.958*CSPRD2*_2)*WIDTHV*I.OE-4
CSPRD!=(I.O-CSPRD2i/CSPRD3
CSPRD2=CSPRD_CSPRD3

C S_ C_STANTSRH!CHDETERMINETHE;.IAVELENGTHOFTHE LINECENTERFOR
C TRIPLETS.SEE HERZBERGPAGE235.

YU=CAPAU/BVU
YL=CAPAL/BVL
DIVISR=2.0
IF (CAPLU.EQ.0.0) DIVISR=I.0

C S_ CCNSTANTSFORTHE P BRANCHAND INITIALIZETHE R_CING SUMS.
CSTR=1.0
KU=KMIN
KL=KU+i.0

I0 CONTINUE

COMPOTEAND DISTRIBLrFETHE INTEGRATEDINTENSITYDUETO SPONTANEOUS
EM!SSI_ OFALL SPECIFIEDROTATIONALLINESFORTHEAPPROPRIATEBRANCH

DO _0 M=KMIN,KMAX
Z2U=O.O
Z2L=O.0

FORA DESCRIPTIONOF THESEEQHATIONSSEEHEP,ZBERGPAGE235.
IF (DEGENU/DIVISR.NE.3.0) GOTO 20

ZIU=CAPLUWr_2_YU*(YU-4.0)+(4.0/3.0)+4.O_KU_(KU+I.O)
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ZIL:CAPLL_2*.YL*. (YL-4.0)+( 4.0/3.0 )+4. O*KL*(KL+!, 0)

Z2U=( C_PLL_2_Y_(YU-I, 0 )- { 4 0/9,0 )-2, O*KL_(KU+!,0 ) )/( 3, O*ZI U)

T.'_i-_P'. ,_k _ ' 9. l • r, ,." / ' ') h_ _r p,':'_H ,0_..IL_.c,--,.L_PL_.. _rL .(Y._-_ u)-,4,0... 9.01-,.,,,. KL _KL+I,L,,.: ,.° -,,,

_1:E:E_'_F'_ETHE I_ELENGTH OF THE LINE CENTER1N _GSTRO_S,

27 FPU=BUU+(Kth_(.KU+:.)+4.0_Z2U)-Z_JL_(KL_0.5)*_4

,, _-_,.. _....... L .... +4.U._,.L, DV_*. ,L 0.5,_4

NUBAR---NUE_RO+FF'LI-FPL

L_,CL=L, 0E÷B/?4UBAR

DELLOC:='G_,CL_._DELL_

NSPRED=I,i +R#_4GE_41DTF_j,/rgE__OS

C r_._r, -HE o'_._Tu F_[:TOR,

•D-_,UT:_.: ! K

C:DETEFGi;NEI_ LINES ALTER_TE !N _,nr_._";T_'

FACTOR=!,9

IF iALTNAT ,EQ, 0,0) GOTO 30

C B:_qLLL._TETHEALTEK'_TION FACTORFORH_ONUCLEARMOLECULES, THE

_ "r'r FO_,IDSEP_R,qTELYTO _4SURES Ex:F'C_,!L-NTIN THE ALTERJ'_TINGF._C,I[_'_IS

C T_T IT IS _,JINTEGERBEFORE RP.!SING(-I,0)TO A P_ER.

KEY.P:KL ÷ ALT_T + 0.!

FACTOR.--I.,?+(-I.0)*kKEXP/(2.O*NUSPIl_H-1,0)
C -'=;Nr_THE _ _:P " F),.C_.'_.,AIE_LINE INTENSITYDUE Tfl_'_'_q'ANr_'¢"_,,_.;r_,E

C _CD SDN OF AB_ORPT;gN#_J,D£TIMU_TED EMISSIONAKI

_--_"rrR+,:,_.."k-k,",k._"k-k:>*_ "k p'- .43E:7._.(C:INTI30 ,-.AC........_,,UBAR,.AO,) _.C.NT,-EX,, I

• . , _ T _'_+_F_JUk.KLI*_KLH'IO_)I,ROT,,

AL._=1.OE-_._L.,-t_HCL

AK=B.4,'..Rc!5k_A_k5)kR2_E

_i =_..w:.* { 1, - 1, O/R2)

_: SET ':_NSTr_'T,SUSE-'TO DISTR!BI.rT,E THE ROTATIONALLINE,

_.._,2T 8 p T -_.!r'_-_,a,'r_ ..j,klC F.,I}_ p

!F,,''_I.I_TA_T T _'i._............. I,.OP,.(N_4D.GE.I_RRAY)'IGOTO 50

" DISTRIBLFTETHE ROT.',-hTI#4ALIIN_

iF .'.'E,LT./,0E-25)GO TO 50

_.t.NOT.L!NEI)GO TO 300

C:GENERATE L!NES!-_PETEMPLATE

200 "_L_....... FAST

201 LINEI=.FALSE.

C COPY LINESHAPEU£ING TEMPLATE

300 XAMCLL=I,O/_IN-(NCE_F:-I ,*DEL[Y_.)

[_=X_CLI - L_'!CL

K=,_]S#EEC_!..-,,,h,,S,ELL0C

MC,-I,J _ V-.' ¢_r - ,_r !:7, l.,-, .,,wrt".... L,H_.D'_',L_q',,

l _r w LT, i -C, .:,+_-,,-_< MQ_=PF',, "_ I'4Q=:I',I'D4JAIC'DP_'p_
• ,.,to ,.. , &,,_,,T-, IIIV/_U. / Z I I_ , i,_il5_'_ _n

M} _ F,

::.'!'__r_"_-"_';'-"-_r_:_;,GE,L) GOTO 308

G.:.'IT[' 2:;"_

_<,':' [F{,"_._N-"Pm_F)_-_ ,c _ GOTO 310_,v_ %1,_ ,_w. ,__._.,,tlt.., ,1..1_ i_'lt.,]

M2=M2-!

LIC:TO 30£
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310 CONTINUE

IF(MI.GT.M2)GOTO 50

CALLSAXPY(M2-MI+I,E,YI(M3+NSPEED_Iiql),NSPEED_EMIS(MI)41)
CALLSAXPY(M2_I+I,AKI,YI(M3.H_SPEEI)_i'II),NSPEED,ABSB(M_),I)

C
50 KU=KU+1.0

GO KL=KL+I.0
C i-_._EBOTHBRANCHESBEE]`/CUMPLETED.

IF (KL .EQ.KU-I.O)GO TO 70

C SET CONST_ITSFORTHE R BRANCH.
CSTR=O.0

KU=_IN
KL=KU-1.0

GOTO I0
70 CONTINUE

RETURN
END

*DECKONE

SUBROUTINEONE(14_L_EL,EMIS,ABSB,_RRAY,NFOUT,NPRT,NFERR,NMETH)
C SUBROUTINEONE CUMPUTESPERPENDICULARTP._/SITIONSFORDiA.T_IC
C MOLECULES.

C INPUT,PARAMETERS

C WAVEL_ELENGTH, A

C _RRAY=LENGTHOF_PEL, EMIS,ABSBARRAYS
C NFOUT=FILENUMBEROF OUTPUTPRINTS
C NPRT=PRINTOUT INDEX.O=NOPRINT.I=SMALLPRINT.2=LARGEPRINT
C NFERR=FILENUMBEROF ERRORMESSAGES

C NMETH=I,EMII'I'EDPOWERONLY.=2,SPECTRALCALCULATION
C OUTPUTPARAMETERS
C EMIS=EM!SSIONCOEFFICIENT
C ABSB=ABSORPTIONCOEFFICIENT

REAL KU,KL,L_IqCL,MU, _IN,NUBAR ,NU_RO,NUSPIN
DIMENSION_AUEL(1)
DIMENSIONEMIS(1)
DIMENSI_ABSB(1)

COMION/CFAST/SPEED,NSPEED,LINEI,N_ART,NB_E),LAMCL,E,CSPRDI,CSPRD2
COMMON/CFSTI/YI(4000),NJM,NJ

CO_IION/CBANDI/ALPHAU,BEU,BETAU,CAPAU,CAPLU,DEU,DZEROU,REU,TE_U,
I ALPHAL,BEL,BETAL,CAPAL,CAPLL,DEL,DZEROL,REL,TERML
COIIION/CBAND2/WEU,WEXEU,WEYEU,WFTEU,BVU,DVU,DEGENU,MU,ALI'I_T,
i WEL,WEXEL,WEYEL,WEZEL,BVL,DVL, NUSPIN
COMMON/CTE]'IP/TELECT,TVIB,TROT

COMMON/CI,IIDTH/I,IIDTHL,NIDT_,RANGE,DELLA/I,LAMMIN
CO_tION/CTRAWPARTCC,NUB_RO,Q,AOE,CINTI,CINT2,1(MIN,KMAX,RI
I,RNRI,PWR2,PWR3

COMMON/CEXTRA/INDEX, SYSTEM,TOTAL
INTEGER_ITCH
LOGIZ_ LINEI

C FINDTHE N_BER OF ENTRIESINTHE INTENSITYARRAY,FR_ THE LINE
C AT WHICHEACHLINEISASSUMEDTO HAVEA CONTRIBUTION.
C SET CONSTANTSWHICHDETERNINETHE LINESHAPE.

CSPRD2=_IDTHL/WIDTHV

CSPRD3=(i.065+0.447*CSPRD2+O.058*CSPRD2_rk2)_WIDTHV_I.OE-4
CSPRDI=(I.0-CSPRD2)/CSPRO3
CSPRD2=CSPRD2/CSPRD3
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OF POOP, Q_:-_ i_.

C SET THE SI(YlOF CAPLU,USED IN STRENGTH EQUATIONS,APPROPRIATETO THE
C SI(YIOF DELTA LAMBDA. SEE JOI_ISONPAGE 150.

SiGR=1,0

IF (CAPLU ,LT. CAPLL) SIGN=-I,0

TF._F._PlII -r 0.5) GO TO 5

C ADJUST F_CTOR USED IN INTENSITYEQUATIONTO CORRECT

C P6P,TCC:POP L/LY_IBDADOUBLING,

5 _i TCH=I

C

C C_LCU_TE EMITTEZ:,PE_IERFOR _IET,H=!

]'-(,_IETH,CT.!:,GO TO 1

A=_OE_._.CINT2_DCP(-I.43877*.ChNTI)

TBYB=Tp,OT/(I,43877,_U)

SL_IE=A*(O,5_IU_RO_4*TBY_+2,*NUE_RO_Z_(BVU-BVL),TBy_2:

! 2_!U_O**2k(3,(E_.JU-_L)_2-2,NU_ROk(['k}U-DVL) )*TBYBk*3

2 +I F_'*NLIBARO*(BVU-_L), ( (_LI-_)L )_2"44dIU_RO, (DVU-_L ) )

S *TBYB**4)

S, --el rLIH,_-_._x4.*I_.57

'_! _" ' t; _T ' p _'_i _I.,.8/_IUBAR.,,_,,WA_..(I,,PNRI=_R,!+S_E

IFii.E_,_IUE_RO,raT,,2500,) _R2=PNR2+SLIIE

IF(I.ke/NUB_RO,GT,3500.) FI_R3=FWRS+SUME

RETURN

! CEe_!NUE

KILI=KMIN

KL=KL_I, 0

I0 CC'NT!NUE

I r' n I.,rFrF,,C.,TY' TO ":PC_-_'EOUSC C:_F97EAN[}D!STRIBL.rFETHE ,IxrF_G_TE_,t..........DUE

C _,,.,._,_:_'_'r"_,r'PALL SPECIFIEDROTA,TIONn_LLINES.

DO 90 M=K_MIN,I_J'iAX

C C_,PLFrETHr I_VELENGTHOF THE ,,_m r._ r_ ............. ".N:,_RT_,,RIGSTR._S,

FF'L!=eJL:_(KU*(KU_!,0))-FY4L_(KLbO,5).**..4

---....................)-_A*(KL+0.5)..+*.4

NUg_R_4U_ARO_FPU-FPL

R2=R!*EXP(I,4S877*(FPU-FPL)/TROT)

_%L=I. OE+8/NUBAR

!._C':'r:I_"_-4 ! i,O _J, ,.:-:'._ 11rf? k_t/hCl tiC.

r'_r' THE...... STRENGTHFACT2R,

GO TQ :_0¢, "O.h ,_i','_ Cl" F'61

C _ B,RP#!CHSTRENGTF,FACTOR

20 S=(KL_I,0-SIGN*CAPLU)*(KL_,2.O-S!,'_ff..C_F'LU;v(KL_!,0)
C;QBP4RCH STRD_GTHFACTOR.,

GO TC!50

.......................',........-.,. O-S__.h_CAPLL!b"

! (KU*(KLPr!.0))

_0 TEl50

C R BR_CH STRbI_THr_rrn_-

40 .... _.k',+Srgj',_r_P, _÷_'-_ n+F;,G,_FAP_u'.,.:',.!

C ".:'=EP_mE...,..... _.,r"!hiF__ALTEPd'&qTEIN INTENSITi.

.#v rn _. __..,.-i, 0

',AL;,_-: . 0.0' TC:60
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C EVALUATETHEALTERNATIONFACTORFOR HOMONUCLEARMOLECULES.THE
C EXPONB'_IINTHE ALT_TING FUNCTIONISFOUNDSEPARATELYTO ENSUE
C THATIT iS_'IINTEGERBEFORERAISING(-I.0)TO A POWEP,.

KEXP=KL + ALTh_T+ 0.1
FACTOR=!.0+(-I,0)_KEXP/(2.0_NUSPIN.I-I.O)

C FINDTHE INTEGRATEDLINEINTENSITYDUETO SPONT_EOUSEMISSIONE,
C _D SUM OF ABSORPTION_D STIMULATEDEMISSIONAKI

60 E=FACTOR*S*(NUBAR_2*AOE)_2_CINT2*EXP(-1.4387_(CINTI
I +(BVU*I_U*(KU+I.O))FFROT))
ALAM=I.OE-B*LAMCL

AK=O.403EI5*(AL._i_rk5)*R2*E
AKI=AK+(1.0-I.O/R2)

C SETCONSTAhG'SUSEDTO DISTRIBUTETHE ROTATIONALLINE.
NCENTR=(_IN-I.O/LAMCL)/DELLAM+I
NSTART=NCENTR-NSPRED
NEND=NCENTR+NSPRED

IF((NSTART.LE.i).OR.(NEND.GE._RRAY)) GOTO 80
C DISTRIBt,q'ETHE ROTATIOh_LLINE.

IF (E.LT.!.0E-25)GOTO BO
IF(.NOT.LINEI)GO TO 300

C GENERATEL!NESHAPETEMPLATE
2O0 CALLFAST
201 LINEI=,FALSE,
C COPYLINESHAPEUSINGTEMPLATE

300Y,_MCLI=I.OI(_IN-(NCENTR-I)*DELL_I)
DM=XAMCLI-LAMCL
K=NSPEED*DM/DELLOC
M3=NJM+K-NSPEEI)*NCENTR

!F(K.LT.(-0.5_FLOAT(NSPEED)))M3=M3+NSPEED
MI=NSTART
M2=NEND

309 IF((M3+NSPEEF._n"I!).GE.I)GO TO 30B
MI=MI+I
GOTO 309

308 IF((M3+NSPEEI)aM2),LE.NJ)GOTO 310
M2=M2-1
GOTO 308

310CONTINUE

IF(MI.GT,M2)GO TO 80

CALLSAXPY(M2-MI+I,E,YI(M3_SPEEDaMI),NSPEED,EMIS(MI),I)

CALLSAXPY(M2.-MI+I,AKI,YI(M3+NSPEEDaMI),NSPEED,ABS_.MI),I)
C
80
90

100
C SET

KU=KU+1.0
KL=KL+1.0

GO TO (100,110,120),_ITCH
CONTINUE
CONSTANTSFORO BP,_ICH.
• ITCH=2
KU=KMIN
KL=KU
GOTO I0
C_'ffINUE
CONST#I_[I'SFOR R BRAI_CH.
SWITCH=3
KU:KM!N
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KL:KU-1.0
GO TO 10

120CoF,rFINUE
R_UPJg
END

*.DECKS2PI2

OF POOR QU/_LiiC__

SUBRO_!NES2PI2(W_VJEL,EMIS,ABSB,NAR_Y,NFOUT,NPRT,NFERR,_ETH)

C CALCULATESS2-Pi2TR_SIT!_S
C INPL.rFPAR.aMETERS

C I'_,'EL=I,I_JELENGTH,A

C NARRAY=LENGTHOFi_EL, rJ'IIS,_BSBARRAYS
C NFObrF=FiLENLHBEROF OUTPUTPRINTS
C: NPRT:PRINTOUT INDEX.O=NOPRINT.I=SHALLPRINT.2:LARGEPR!NrT

C NFERR=FILENUMBEROF ERRORMESSAGES

C _ET..H=i,_ITTEDPCW4ERONLY.=2,SPECTRALCALCULATION
C OUTPb%PARAMETERS

C EMIS=EMISS]ONCOEFFICIENT,W/(MICR_-CM2-SR)
c ABSB=ABSORPTION+STIMULATEDEMISSIONCOEFFICIENT,_-!

REAL JU,JL,LAMCL,MU, LA_IiIN,NU_R,NU_RO,NUSPIN
D'M_S!ON14_VEL(1)

DIM_SIG_,'EM!S(1)
[_IMENSI_ABSB(1)

CC,_IG_/CFAST/SPEED,NSPEED,LINEI,NSTART,NEHD,LAMCL,E,CSP,RDI,CSPRD2
COt_,.'ON/CFSTI/YI(40O0),NJM,NJ
CE_I_'I/'CB_I'ID!.'ALPHAU,BEU,BETAU,CAPAU,C.APLU,DEU_DZEROU,REU,?ERMU,
! C ALP_L,BEL,B_AL,CAPAL;CAPLL,DEL,DZEROL_REL,':"ERML
_,r_ll.,,_'I-P:_'-,'_D2_Q4EU,WEXEU,WEYEU,WFT,EU,BVU,_U, DEGENU,__U,AL_.,

i WEL,WEXEL,WEYEL,NEZEL,BVL,DVL, NUSP!N
CCH'IF._N/CT_P/'TELECT,TVIB,TROT
COMMON/CWIDTH/WIDTHL,W!DTHV,Pu_NGE;DELLAH,_I N
C_C_L/CTR,_LXPARTCC,NUBARO,Q,AOE,CINTI,CINT2,_I N,KJ!AX,RI
!,PWRI,PWR2,PWR3
COH'i._/CEX7RA/!ND_, SYST_I,TOTAL
!_F,EGER_ITCH
LOGICALLINEI

LOGICALFR_PI,DBLBRN
C: F'ITO SIGMATRANSITIONS.SIGMATO PI TRA_ISITIONS.
C DBLBRNIS TRUEWHENCOMPUTING,TWOBPANCHESWHOSELINESAREASS'_..EDTO
C:HAVETHE SAME_AAVELENGTHS.

DBLBRN=.FALSE.
CINT2=CINT2/2.0

C S_ CONSTANT,S APPROPRIATETO THE ELECTRONICTRANSITIC_'.',FR?_P!ISTR
C I_THE UPPERSTATEISDOUBLET,PI.

FROM,P]=.FALSE.

IF (CAPLU.GT.CAPLL)FROMPI=.TRUE.
C ADJUSTFACTORUSEDIN INTENSITY.EQUATI_TO CORRECTPARTCC
C FOR SPINSPLITTING_D L_MBDADOUBLING

IF(FROMPI) C!_C2=CINT_2.0
C

C CALCU_TEEHITTEDPOWERFOR_ET,'H=I
IF(_,'METH.GT.I)00 TO I

A=AOE_CINT_EXP(-!.43877*.CINTI)
TBYB=TROT/(I.43877*.BVU)

SLHE=A*.(O.5_U_RO-.mk4+_NU_ROk'k_( BVU-BUL)*.TBY_k2÷
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i
C
CSET

I 2*NUBARO**2*(_(BVU-BVL)**2-4_n_IUBARO*(DV'd-OVL))*TBYB_*3
2 +12*NU_RO*(I_,_U-BVL)*((_U-BVL)_2-2_4WUBARO*(DVU-DVL))
3 kTBYB'Jr_4)
SUME=S_E*8*12.57
IF(I.ES/NUBARO.GT._IAVEL(1)) _RI=_RI+SUME
IF(I.ES/NUBARO.GT,2500,) PWR2=PWR2+SUME
IF(!.ES/NUBARO.GT.3500.) PWR3=_R3+SUME
RETURN
CONTINUE

COUPLINGCONSTANT,
YU=CAPAU/_U
YL=CAPAL/BVL
Y=YL
IF(FR_PI)Y:YU

CSETPOSITN,THEBRANCHIDENTIFIER,_ IPRINT,THEINDEXONN_b4EWHIC
CIDENTIFIESTHEBRANCHOUTPUT.

• ITCH=0
IPRI_=O
IF (FROMPI)IPRINT=-I

CSETCONSTANTSWHICHDETERMINETHELINESHAPE.
CSPRD2_IDTHL/_IDTHV
CSPRD3=(I. 06_0.447*CSPRD2+O.058*CSPRD2_'*2)_IDTHV*I.OE-4
CSPRDI=(I.0-CSPRD2)/CSPRD3
CSPRD2=CSPRDP_/CSPRD3

CSET,CONSTANTSFORTHEP2BRANCH(PITOSIGMATPu_NSITION)OR
C R2BRANCH(SI(_'le_TOPITPU_ISITION).

I_ND=O.0
K=KMIN
JU=K.-O.5
JL=JU-I.0
IF (FROM.PI)JL=JU+!.0

CSETCONSTANTSFORTHEI,_L_ELENGTHEQUAT!_,
SI_UI=1.0
SI_U2=I,0

CSETC_STANTSFORTHESTRENGTHEQUATI_.
SI_SI=1.0
SIGNS2=-I.0
CONSTI=1.0
CONS'T2=I.0
GOTO80
C_STANTSFORTHERIBPu_CH(PITOSII_'$_TRANSITI_',OR
BPu_NCH(SIGMATOPITRANSITION)
CONTINUE
JU=K+0.5
JL=JU+1.0
IF (FROMP!)JL=JU-I.0
CONSTANTSFORTHE_L_VELENGTHEQUATION.
SI_UI=-I.O
SI_U2=-I.0
CONSTANTSFORTHESTRENGTHEQUATION,

C'i -4Sl_,-_ .0

SI_$2=-I.0
CONST!=I.0

C SET
C PI

I0

C SET

C SET

?I



CSET

r SET

CSET

CONST2=O.O O_PO0_ QU_kLi.
GOTO80
CONSTANTSFORTHESR21BP_CH(EITHERTRANSITION).
CONTINUE
JU=K-O.5
JL=JU-I.0
CONST,_ITSFORTHENAVELENGTHEQUATION.
SI_.'U!=I.0
SIC_U2=-I.0
CONSTANTSFORTHESTRENGTHEQUATION.
SIONSI=-!.0
SIGNS2=-I.O
r_leTl=i.Ov -J,

C_iST2=I,0

IF (FR_PI) CONST2=O.O
GO TO 80

CONSTANTSFORTHE 0P128RANCH_TTU_OTP,ANSITION).

30 CONTINUE
TI -- C

JL=J_!,0
r SETCC_'_STANTSFORTHE NAVELENGTHEOL_,,_ON.

S!(_UI=-1.0
SI_U2=I.0

c-Tr,_,r..T_EQL_TION.r_.eET.,,CONSTANTS _'F'R..,THE ............

SIF_SI=-I.0
S,GNS2---_,0
C_mT_-In

CONST2=O.0

IF (FROMPI)CONST2=!.0
GOTO ?0

C SET CC_ISTAN-FSFORTHE Os-AND nF'21B_ANCHES(PITO SIGMATRANSITION)0
r- noANDOD__8RA_CHE:S(SIGMATO Pl TRANSITION).

40 C_.q"!NUE
DBLBRJ_=.TRUE,

JL=JU
{:S_ C(_IST_,q,sFORTHE_A4VELENGTHEQUATION.

T DAI_ l'l-_ ,h

S!GNU2=I.0
C SET CONST_.-"ITSFORTHE STRENGTHC'(',IBTICN

SI&_.IS!:-i.0
C:l_$2=i,9
SI_$3:-!.0
CC_STI:-7.0
C_.!ST2=!.0

C'T - nCC_b,3-I._
GO TO 80

C SETC:_STA_F,SFORTHE OlAN[)OR12BRANCHES(PITO SIGIVATK_SITIC_)C!
r...:-n__-_D0P21BR_CHES(SIC4MA"r,,",,..p!TRANSITION)

50 CO_CiNUE
I- AJU-K+_.5
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C SET

C SET

CONSTAh_i'SFOR THE I.&eWELENGTHEQUATION.

SIGNUI=-I.0

S!GNU2=-1.0

CONSTANT'SFOR THE STRENGTHEQUATION.

SIGNSI=-1.0

SIGNS2=I.0

SIGNS3=I.0

CONSTI=-7.0

C_ST2=O.0

CONST3=-7.0

GO TO 80

C SET CONqTANTSFOR THE R2 _D RQ21 BP-.abICHES(PI TO S!(_ TRANSITIC_I)0

C P2 AND POi2 _RANCHES(SI&_IATO PI TPu_ISITION)

GO C_.GINUE

JU=K-O.5

JL=JU+!.0

IF (FR_PI) JL=JU-I.0

C S_ CONSTANTSFOR THE VAVELENGTHEQUATION.
SI_UI=I.0

SIGNU2=I.0

C SET CONSTANTSFOR THE STRENGTHEQUATION.

SI_SI=! .0

SI_S2= 1,0

SlI_,IS3=1.0

CONSTI=-7.0

CONST2=O.0

CONST3=-7.0

GO TO 80

C SET CONSTAIxrFSFOR THE PI AND P012 BRANCHES (PI TO SI(_"IATRANSITION)0

C RI _ID RQ21 BRANCHES(SI(]'4ATO PI TPu_ISITION)
70 _'_,_T_._

JU=K+O.5

JL=..IU-!.0

IF (FROMPI) JL=.IU+i.0

C SET.CONSTANTSFOR THE I._VELENSTHEQUATION.

S!_U!=-I.0

SI_U2=-I.0

C SET CONSTJ_/CT.SFOR THE STRENGTHEQUATION.

SI_$I=1,0

SI_$2=I. 0

SIONS3=-!.0

COhISTI=-7.0

CONS'T2=!.0

CONST3=I.0

C C_PLr!,EAND DISTRIBUTETHE INrFEGR_TEDINTENSITYDUE TO SPONTANEOUS

C EMISSION OF ALL SPECIFEDROTATIONALLINES FOR THE APPROPRIATEBRANCH.

C J IS THE RCITATICk_LOLI_Cw'T_NL_IBEROF THE PI STATE.SEE REFERENCEBY
C EARLS.

80 BRANCH=O.O

J=JL

IF (FR_PI) J=JU

DO 120 M=KM!N,KMAX

C Z:C"IPLrFiETHE I,I_VELENGTHOF THE LINE CENTERIN ANGSTROMS.
o I- _F U-E__ _.JU+O.5)_2-CAPLLF/rk2+SIGNUI/2.0*SORT(4.0,(JLH-O.5)

!*,2-4.O*YU*CAPLU_2+(YL_k_PLU)**2))
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OF. POOR Q_,_:,_ _,

FPL=BUL*(( JL+O.5)_2-CAPLL_2+SI _U2/2.0 *SQRT(4.O*(JL+O. 5)

t_ 2-4 ,0*YL*_PLL.._2+(YL*CAPLL )_2 ) )

NUBAR=NUB_RO+FPU-FPL

R2=V,_.EXP(1. 43877_(FPU-FPL)/TROT)

Lf_ICL:!,OE+8/NU_R

[_ELLOC--L_MC:L_2,.DELL4M

NSPRED=i.!+_._GE_W!DTHV/DELLOC

C:FIND STRENGTH FACTORF3_'.SINSLEE:P_;CHES.

U=!. O./SORTfY*,2-4. O,Y+(2. O,J+1.0 )*_2)

==_'" ' "_ 0'*÷" +SIGNS/._(2.0*J+I O_,kll_(40*J*-_2 +4.h*.l"_'r_NcTl"

IF (,NOT,DBLBP_IGO TO 90

C F!NC'STRENGTH FPC:TOEFOE DOUBLEBRANCHES,

.,°=_+f:,,_,._-.,-_;'÷._.O>*((4 0.J_2+4,0kJ-1,0)-SIGNSI*U*(8.0',_}.:_3+12,0

i _ I]ICII[_"-")R_IJ'Pf'I_'IC'TOJ''_'I"_'I_'¢_C'), 0"_._,:t; /¢ 0 n{ I_i T4.1 h ; 'l

? C.T _C FIN[:,fur,,,_I_EGRATEr_L!NE -*rFEN._,_¥ D'Ir._TO SP.FI_IT_EOUS=,'u"_........o=_,._,_,
r._.#4D S_.:OF ABSOR°T!_4AND STIMULATE[!_ISSIO_ AKI

+(B,'_:Jt.,_(JUt! ':_" ,'_OT_lu;2' _t,u;/i

AL#'I=I, OE-_L._i, CL

AK=8.4O3E15_(A"J_M,**5:,*R2*E

AKI:AK.*.(I.-!,/R2)

S-=TO_!ST_,rFSUSED Tn DISTRIBbTETHE ROTAT!_I_L_NE.

_"pt ,_-_; IN-* / " 'r_

ND4D=NC:ENTR,'ff,'SPRED

IF_(NSTART.LE,!),OR.(NEND.GE,NARRAY.'.,SO TO !!0

:::_.,,..,,,,r"tcT_'tBLIT,E THE ROTATIG'_LLINE.

IF (E.LT.!.OE-25)G? TO "-'!0

IFC,N_ Li_=_' GO TO _'_

CALL FAST

201 _t_,r_.-.p_ S=.

" COPY_,,,,._,..,_"x,r_-_r_'gSi!4CTEMPLATE

[*i--.',_CLI-LAMCL

K._4SPEE_DM/DELLOC

I-'(k" IT l'-O =,_:_'/f_'.'r_MqPrPr,_}) M3_3+NSPEED

HI =NSTART

M2_]END

309 IF((N3-t+ISPEEr_a'I[).GE.I) GOTO 308

M!_I+I

GO TO :,n_

30B IF(_'_"=P=_n_;.LE.N_) GO TO 310

_2=M2-I

crib"TO 30£

:P' fl rr_rl'ikll]r

!F::M!.C7._2;.5;'_T'i_,o_,,

C_:LLr..,pv,_,_ l , r v _ ,pr , ,,.pr n • ', '. _SAX,,_,,_-M.+_',_,, 1(M.,+NS,_ED_MI_,N=,,.E.,_S_, ,l;,i

C_LL S_XPY(M2-MI+I,AK1,Yi(_3+NSPEED_'I,,!),NSPEED,ABSB(M!),1i:;
"_10 C!.!=JL_I. '0

JL=JL+I,0

K:K+1.0

_.'0 J=J+!,0
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C SETFACTORSINPREPARATIONFORTHENEXTBI_aI_CH.
K:.Y_IN
_,_ITCH=_ITCH+I

C GO TO THEAPPROPRIATEBP_a_ICH.

GOTO (10,20,30,40,50,60,70,130),_ITCH
!30 CONTINUE

RETURN
END

*DECKFAST
SUBROUTINEFAST

C FASTCALCULATIONOF ROTATIOhL_LLINES

REALLAM_IN,LANCL,I.#_!
CL'_fION/CFAST/SPEED,NSPEED,LINEI,NSTART,NEND,LAMCL,E,CSPRDI,CSPRD2
C_ON/CWIDTH/NIDTHL,WIDTHV,Ita_IGE,DELL#_I,L#I_MIN
COF_i.L_N/CFST!/Y(4000),N_,NJ
LOGICALLINEI
_TA Y/4000*O./

C C_PUTE FIRSTLINE
C DETERMINNSPEED

DELLOC:DELLP_'I_LR_MCL**2
WDI=I.O/WIDTHV
NSPEED:DELLOC_DI*IO.+i

C C_STRUCTLINET_PLATE

NJII--!,.iSPEE_{.K_'_NGE_IDTHV/DELLOC+I.)+I
iF(N_i.GT.1999)N_=!999

AN=NSPEED
AM=I.Olin

C DISTRIBTLFFELINETBIPLATE
CTEST IFLINEiSNEARLYDISPERSIVE

IF((WIDTHL/WIDT_J).LT.O.90)GO TO 6
C LINE_'_N_RLY DISPERSIVE

WD2:2.O*WDI

DO 7 i=!,NJ
LAM=LAMCL*(I,O+LAMCL*(I-NJM)*DELLAM*AM)

DELL=4BS(L_i-L_ICL)

Y( I )=0.3183E4_D2/(I ,O+(DELL_D2)_2)
7 CON_FiNUE
RE'TURN

6 CONTINUE
C LINEISVOIGT

DO 1 I=I,NJ
LAM:LAMCL*(I.O+L#_ICL*(I-NJM)*DELLaI_*AM)
CSPRD3=ABS(I.#_i.-LAMCL)_DI
CSP2=CSPRD3**2

CSPS:CSP2*SQRT(SQRT(CSPRD3))
v(I)=CSPRDI*EXP(-2.77_CSP2)+CSPRD2/(I.0+4.O*CSP2)+O.016*CSPRD2

>4(i.O-WIDTHL*ND!)*(EXP(-O.4'CSP3)-I0./(I0.+CSP3))
i CONTINUE
RETURN

END

SUBROLFFINESAXPY(N,SA_SX,INCX,SY,INCY)
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C LINEAR COMBINATIONROUTINETO SUBSTITUTEFOR THE BUILT-IN

•'..rSUBRLrT',NE_,,T_"CRAY

"" _ !F CRAY..LAK,_OUT IN

DIMDISIC_4SX(1),SY(1)

!X:i-INC×

]Y=I-!NCY

DO I I:I,N

_X-i;':,NC,,

Iv:IY÷INCY

i r'y/TV'-_ _C"' T I_.LCV _,_,._,,,,-SA,,;'.(,×.....(IY,
q,_T pk_

END

•DEC."_GLBPNR

SUBROL_INE GLSF_IR(14_JEL,EMIS,_RRAY,PWR!,PWR2,PI4P.3)
C CALCU_TES GLOBAL _ISSI_ POWER

C:INPUT ?_P_ETE_S

C i,I/_.;EL--kv4,!EL_ GTH, A

C EMIS:EMISSIONCOEFFICIENT,NI(MICRC_-C:M2-SR)

C NAR_Y:L_IGTH OF _,EL, EMIS ARRAYS

_. ,r-14Ri:TOTAL ,.:.,rMFrr_'r',.,._.PONER

C PWR2:POWERF.,MI_EDABOVE 2500 A

C: BIR3:PONERBIITTEDABOUE 3500 A

r'_MR'IS_W¢__pl(I';

FWRI=O.

Fi4R2:0.

_4R3:0.

[:'ELL_=(!./NAkJEL(!)-I._EL (I'_RRAY))/(_RRAY-I)

DC ! _:'_.._t,;ARp_y

DELLOC=_EL (M)_2_DELI__

p(_Rl-pf.l;)_ z_T c;w,-kD[-_ i pr4-, ....,.-,., ...... _:,,_ .= .... _ 0E-4_4,_3,_4_ '

iF(_VEL (M).GT.2500.) F'HR2=FI4R2+EMIS(M)*DELLOC:*I,OE-4

}'k4,.3,! 42

- 94. ft. _Y(r)pi,._1 ;c

>,4,_3.142

i C:C_1NL!£

END

OE 'FOOR C_i:::;,:__TT_
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bb

SECTION 3. EXCITATION DATA

NITROGEN
9.

I 2
2 2

3 2
4 3
5 3
6 3
7 3
8 4

9 3
10 3

II 4
12 5
13 4
14 4
!5 5
16 5
!7 5
!8 6
19 7
20 8
21 9
22 I0
0 0

I 4
2 5
3 5
3 10
4 6
5 Ii
6 S
6 9
6 12
7 10

1
2
3
4

5
6
7
S
9
!rj
!i
12

14
15
16

117345.
5.

O.
19228.
28840.

83337.
86193,
95276.
96793.
103862,
104857.
104902.
107082.

110021.
110315,
110486.
111363.
112851.
112929.
114298.

115107.
115631.
I1599!,
116248.
0.

5.433E+08
5.587E+08

2.083E+08
2.607E÷07
1.042E÷07
S,663E+04
1,902E+07
1.987E+07
2.287E+06
1.524E+07

7.901E-!4
6.694E-14
3.244E-14

2.725E-16
5.353E-16
5.091E-!5
2.952E-15
0.O00E+O0
1.648E-14
8.0%E-15
3.523E-15
0,000E+00
1.417E-14
5,490E-15
i,894E-15

7.856E-15

i. 5. I00.
4. 2P34S
I0.2P32D
6. 2P32P
12.3S 4P

6. 3S 2P
36.3P 4D 3P 4P3P
18.3P 2S 3P 2D 3P
18.4S 4P 48 2P
60.3D 4F 3D 4P 3D
30. 3D 2P 3D 2F 3D
54. 4P 2S 4P 4D 4P
18. 5S 4P 5S 2P

90.4D 2P 4D 4F 4D
126.4F 4D 4F 4F 4F

54.5P 4S5P 4P5P
90. 5D 2P5D 4F5D
288.5F 4D 5F 4F 5F
648.6
882.7
1152.8
!458.9
1800.I0
O.

-0.3!8
-0.366
-0,352
-0.049

-0.430
-0.453
-0.I08
0.000
-0.842
-0.842
-0.615
0.000
-0.856
-I.i!5
-0.659

-0.806

15315.

4S
2P

40
2D
4P 4P 2D 4P

4D 4D 2F4D

46 4F 2D 4F
4D 5P 2S 5P
4D 5D 2F 5D
4G 5F 2D 5F

32687. 47168.

4S 4P 2P

4P 4D 2D
2F 4F 2G
2P 5P 2D
4P 5D 2D
LT5F 2656 4F



!7 6,553E-!5 -1.149

!80.O00E+O0 0.000

!90.O00E+O0 0.000

20 O,O00E+O0 0.000

2! O.O00E+O0 O.O00

22 O.O00E+00 0.000

,< •

OF FC;CL::_.:_:'........

1 2 1.!E-08 0.20 i S 3.5E-090.21 1 4 7.IE-06-1.87 1 5

G 4.0E-090.82 i 7 1.0E-300,00 1 8 1.5E-05-1.93 i 9

1 10 !.qE-300,00 ! ii 5.9E-090.92 1 12 2.9E-05-I.93 1 13

i 14 !.0E-30O.OO 1 15 1.0E-300.00 1 16 4.7E-05-2.04 1 17

! 18 1.7E-05-2.09 1 19 1.9E-05-2.09 1 20 2.1E-05-2.09 i 2!

2 3 5.4E-090.27 2 4 1.0E-300.00 2 5 5.3E-06-1.86 2 6

2 "_,6,8E-09 0,62 2 8 .,_.a=,__r,___,.,_.,_.,87 2 _g_._,OE-300,00 2 10

._ 3.3E-09 0,,_ 2 12 9.3E-06-I 88 2 13 8.1E-06-2,04 2 14

2 i5 1.0E-300.00 2 16 1.6E-05-2.03 2 17 l.OE-300.00 2 18

2 _ 6,3E-06-2..,,"'_2 20 7.0E-OG-2.07 ,_21 7.6E-06-2.07 2 22

,,_4 1.0E-C",,U0.00 3 5 3.5E-06-1.85 3 G 1.0E-300.00 3 7

3 8 3.4E-06-I.87 3 9 !.0E-300.00 3 10 G.OE-06-2.06 3 11

3 12 7.3E-06-1.8£ 3 13 6.3E-06-2.04 3 14 !.0E-300.00 3 15

3 !6 1.2E-05-2.03 3 i7 1.0E-300,00 3 18 4.5E-06-2.06 3 19

3 20 5.6E-06-2.07 3 2! 6,IE-06-2.07 3 22 6.6E-06-2.07 3 23

4 5 7.3E-!2-0,43 4 6 3,tE-08-0.05 4 7 2,3E-09-0,85 4 8

4 9 1.1E-07-0.16 4 10 3,5E-09-0.72 4 11 8,2E-OB-O.25 4 12

4 1:3!.2E-07-0.22 4 14 4,2E-09-0.23 4 15 7.8E-08-0,30 4 16

4 17 !.1E-07-0,28 4 !8 2.1E-07-0.32 4 19 2.5E-07-0.33 4 20

"_" _ 224 2! o._E-07-0.3,,4 3.6E-07-0.33 4 23 10E-30 0.00 4 24

,. 6 ,.i..,,,_o_-_n-n_,,,.,,,,c'_5 7 ".,.,,_._-q°-c'.11,_,,, 5 8 7.2E-08-0.14 5 9

5 10 2.3E-07-0.18 5 11 6.2E-08-0.23 5 12 1.4E-07-0.I0 5 13

,514 4.8E-08-0.28 5 i,5 !.8E-07-0.29 5 16 2.1E-07-0.27 5 17

5 18 2,7E-07-0.35 5 19 3,3E-07-0.35 5 20 3,7E-07-0.36 5 2!

5 22 4,7E-07-0,36 5 23 1,0E-30 0,0(_ 5 24 I,OE-30 0.00 5 25

..... _ ..,, _ c 8.%-09 0.20 6 9 4.!E-080.04 6 10

_.11 i.4E-08-0.17 6 12 3.0E-080.i5 6 !3 3.gE-OS-FJ.186 14

6 15 1.3E-O8-G.27 _ 16 4.7E-OS-O.2L_6 17 3 4E-08-0.43 6 18

6 19 7.2r-08-0.33 6 20 B.4E-08-0.34 6 2! 9.7E-08-0.35 6 22

7 B !.1E-080.16 7 9 2.2E-09-1.03 7 10 8,GE-08-0,04 7 11

7 12 2.9E-080.13 7 _ 4 =_-n,q-r_,_ ._..... 28 7 14 1 4E-08-0.52 7 !5

7 16 6.%-08-0.28 7 17 2.1E-08-0.46 7 !8 1,0E-07-0.37 7 19

,' 20 I.,E-OT-G.4: _, 21 !,7E-q7-0.40 7 22 2.0E-07-0.41 7 ,.o'_"

8 9 4.5E-11-0,44 8 10 4,4E-11-0,49 £ 11 6.0E-08-0.04 8 i2

_' !3 6,5E-08r _ . !4 .13 ,,,.u/ 8 1.8E-[!80 £ !5 1.9E-070.00 8 16,C.,

£ 17 6.8E-08-0.01 8 !8 4.5E-07-[;.378 19 5.9E-07-0.43 8 29

8 2! 8.SE-OT-O.4B 8 22 9.8E-07-0.49 ,q2,":1.0E-300,00 8 24

9 10 6.5E-!8-O.gG 9 !i 9.5E-I0-D.13 9 12 2.7E-090,07 9 13

9 14 1.1E-07 0.08 9 15 8.2E-09-0.32 9 16 4.6E-08-0.20 9 _7

9 18 1.3E-07-0.20 9 19 1.7E-07-0.27 9 20 2.1E-07-0.31 9 21

.'_22 ,.,,,._or_o?_n,,_.,,,,_'_9 23 I,OE-300.00 9 24 l.OE-30o.,qo 9 25

10 11 6.1E-!0-0.0510 12 2.5E-09-0.3910 13 1.6E-OB-O.07!0 14

!0 i5 3.4E-08-0.1710 !6 4.5E-08-0.i910 17 i.6E-070.00 10 1:!:

10 !9 2.1E-07-0.3410 20 2.6E-07-0,3810 21 3.1E-07-0.4010 22

11 12 2.3E-080.39 11 13 4.3E-080.23 11 14 1.8E-08-0.37!I !5

11 i6 7.8E-090,00 11 17 4.5E-08-0.46!! 18 2,1E-07-0.4111 19

1i 20 :__r-O_'-['.s'__ 21 '_r-n - '_41............. 4.=, U7 0.6,,_ 22 4.�E-O7-O.G511 23

!.0E-300.00 I

!.3E-O5-2.0G 2

2.5E-O5-2.r!4 .

1.0E-30"0.00 4

2,2E-05-2.09 5

",OE-30 0.00 6

8.0E-06-2,06 7

1.0E-30 0.00 8

5.7E-06-2.07 9

8.1E-OG-2.07 10

7.1E-090.59 11

3.6E-090.76 12

1.0E-300.00 13

5.1E-06-2,07 14

1.0E-300.00 !5

6.6E-08-0.12 i(_

1.8E-07-0.11 17

1.7E-07-0.26 _,_°

2.9E-07-0.33 19

1.0E-300.00 20

8.0E-09-0.7! 2!

1.4E-07-0.25 22

1.3E-07-0.32 2,'-',

4.2E-07-0.3_324

!.0E-300.00 25

9.0E-I0-0.9! 26

i.9E-08-0,44 27

,,9_-08-0.,_.,2£

!.1E-07-0.35 29

1.9E-08-0.25 30

1.0E-07-0.25 31

i, 3E-07-0,39 ""o,,

1.0E-30 0.00 33

L.£E-07-O.05 34

i 5r-O'_-O C'_ 3_

7.2E-07-0.46 3G

i.0E-300.00 37

1,9E-08-0.I0 38

1,4E-070,04 og

2,qp-.q'__n_:. 'i0

i.0E-300.00 4!

!.2E-070.04 42

!,E-07-0.27 43

3.E-07-0.42 44

5.0E-08-0.17 45

2.9E-07-0,52 46

!.0E-30z_.qO 47
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12 13 5.4E-11-0.5112 !4 5.4E-II-0.49

12 17 4.%-08 0.30 12 18 1.3E-080.26

12 21 8.6E-Og-G.3812 22 9.2E-09-0.49

13 i4 1.1E-I]-0.3313 15 5.2E-09-0.15

13 !8 2.1E-07-0._313 19 2.9E-07-0.82

13 22 5.5E-07-1.1113 23 1.0E-300.00

14 15 2.1E-i0-0.5014 !6 4.7E-09-0.38

14 I_ 4.5E-08-0.7014 20 5.9E-08-0.84

15 i_ 7.!E-080.45 15 17 3.0E-08-0.31

_, 20 8.4E-09-0.3215 2! 9.1E-09-0.47

!G 17 !.2E-11-0.3816 18 1.6E-08-0.05

16"21 6.0E-08-0,6816 22 7.3E-08-0.80

17 18 2.7E-090,08 17 i9 5.8E-09-0.23

17 22 i.4E-08-0.67!7 23 _.v_.n_'-_n,_v0.00

18 !9 3.1E-080.18 18 20 5.3E-08-0.16

19 20 3,2E-080.24 19 21 5.6E-08-0.12

20 21 3.3E-08 0.28 20 22 E.OE-08-0.10

21 22 3.4E-080.30 2! 23 I.OE-300.00

OXYGEN 109837.

4. i0, 6. 12.

1 2 78. 9, 2P4 3P

2 2 15868. 5. 2P4 !D

3 2 33792. I. 2P4 IS

4 3 73768. 5. 3S 5S

5 3 76795. 3. 3S 3S

6 3 86629, 15. 3P .,r=_

7 3 88681. 9. 3P 3P

8 4 95757. 8. 4S 5S

9 3 97445. 40. 3D 5D

I0 4 99313. 24. 4P 5P

!i 5 102227. 8. 5S 58

i2 4 102881. 96. 4D 5D

!8 5 103869. 24. 5P 5P

14 5 105394. 168. 5D 5D

15 6 106639. 2S8. 6

16 7 107583. 392. 7

17 8 108117. 5i2. 8

18 9 108478. 648. 9

19 10 108734. 800. 10

5 3.810E+08

4 6 3.400E+07

4 I0 2.031E+05

5 7 2.800E+07

6 8 !.700E+07

6 9 2.623E_07

6 !! 4.438E+06

G 12 1.82_+06

6 14 2.927E+05

1 1.056E-13

20.O00E+O0

30.O00E+O0

4 1.016E-!6

-0.286

0.000

0.000

C_O

12

12

12

13

13

13

14

14

15

15

16

16

17

17

18

19

20

21

15 I.E-07 0.22 12 16 9.8E-080.33 48

19 9.1E-09-0.0512 20 8.5E-09-0.22 49

23 1.0E-300.00 i2 24 1.0E-300.00 50

IG 2.5E-080.31 13 17 i.2E-070,30 51

3.8E-07-0.97i3 2! 4.6E-07-I.05 52

24 1.0E-_ 0.00 13 25 !.0E-300.00 53

17 3.4E-080.28 14 18 3.2E-08-0.49 54

21 7,3E-08-0.9414 22 8.7E-08-!.00 55

18 8.7E-090.17 15 19 7.8E-09-0.15 56

22 1.0E-08-0.5815 23 I.OE-300.00 57

19 3.2E-08-0.37Ig 20 4._E-08-0.54 58

23 I.OE-300.00 16 24 I.OE-300.00 59

20 8.8E-09-0.4017 21 !.1E-08-0.56 60

24 1.0E-300.00 1725 1.0E-300.00 61

21 7.2E-08-0.3118 22 8._-08-0.45 62

22 7.7E-08-0.2519 23 1.0E-300.00 (;3

23 I.OE-300.00 20 24 I.OE-300.00 64

24 l.Or-300.00 21 25 1.0E-300.00 65

O. 26810. 40467. 120000.

4S 3S

3D 3D

4P 3P .

58 3S

4F 5F 4D 3D 4F

5P 3P

5F 5F 5G 565D

3F

3D 5F 3F 5G 3F
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5 1.664E-I_ 0.867

6 B.357E-15 -0.779

7 2.393E-!5 -0.186

8 0.000E+00 0.000

9 2,196E-14 -0,873

10 5.143E-15 -0,805

11 O.O00E÷O0 0,000

12 !.788E-14 -0.952

13 1.672E-15 -0.G09

14 1,392E-14 -1,001

15 0,000E+00 0.000

!6 0.000E+00 0,000

!7 O.O00E÷OO 0.000

18 0.000E+00 0.000

19 O.O00E+O0 0.000

OF pOOR _'-"-" ....

1 2 ,2.3E-090.47 1 3 3,8E-100.24 1 4 1.8E-090.03 1 5 7.3E-06-1.80 1

1 6 5.7E-090.07 1 7 3.4E-09 0,8! ! 8 7.7E-06-1.81 1 9 4.4E-06-1.99 2

_IIn.2,7E-080.17 i i! i._-05-1.85.. 1 12 5.2E-OG-i,qq_.1 -.,'",.OE-30_0.00 3
1 14 5.8E-06-! _Q 1 4_.... u 8.9E-06-2.05 I Ir_1.1E-05-2,05 1 17 1.2E-05-2.05 4

! 18 1.3E-05-2.05 1 1Q 1.3E-Ou-2.u,,i 20 !.0E-300.00 i 21 _.OE-300.00 5

2 3 i.3E-Og-U.03 2 4 1.0E-300.00 2 5 1.0E-300.00 2 6 !.0E-300,00 6

2 7 1.0E-30 0.00 2 E:1.0E-300.00 2 9 I.OE-300.00 2 I0 1.0E-300.00 7

2 11 1,0E-300.00 2 !2 1.0E-300.00 2 13 !.0E-300.00 2 14 !.0E-300.00 8

2 15 0.0E+000.00 2 16 0.OE+O00.00 2 17 0.0E+000.00 2 18 0.0E+00 0.00 ?

2 19 0.0E4-000.00 2 20 1.0E-300.00 2 21 1.0E-300.00 2 22 !.0E-300.00 10

3 4 !,0E-300.00 ,% 5 i.0E-300.00 3 6 !.0E-300.00 3 7 1.0E-300.00 !I

3 8 1.0E-300.00 3 9 !.0E-300,00 3 !0 1.0E-300.00 3 11 !.0E-300,00 12

? 12 !.',_E-30FJ.O,C,3 13 1.0E-300.00 3 14 1.0E-30 0.00 3 15 O.0E+O00.00 I;?

3 16 O.OE+O00.00 3 17 0.0E+000.00 3 18 O.OE+O00.00 3 !3 _.OE+O00.00 !4

4 =_,I.0E-':0n,.,.nO4 6 i.,qE-300 qn 4 7 _.0E-300.00 4 8'.0E-30 0.00 _

4 9 1,0E-30 0100 4 10 1.0E-30O.OC 4 !! I.OE-30O.O" 4 12 1.0F_-30o.r.:oi6

4 ,,,'°,1.0E-3r!.0.00 4 14 1.0E-300.00 4 15 O.0E+O00.00 4 !6 rJ.OE+O00.00 17

4 17 O.OE+000.00 4 18 n.OE+O00.00 4 19 O.OE+O00.00 4 20 1.0E-300.00 18
c _ a
J 6 !.0E-300.00 5 7 1.0E-30 0.00 ,. 8 1.0E-300.00 5 9 :,0E-300.00 19

5 10 1.0E-300.00 5 1! 1.0E-300.00 5 12 1.0E-300.00 5 13 !,0E-300.00 20

5 14 1.0E-300.00 5 15 0.0E+000.00 5 16 O.0E÷O00.00 5 17 CI.OE+000.00 21

5 18 oJ.OE+000.00 5 19 O.0E+O00.00 5 20 1.0E-300,00 5 21 1.0E-300.00 22

6 7 4.6E-!I-1.!9 6 8 1.0E-300,00 6 9 4.4E-080.00 6 10 2.5E-08-0.19 23

6 1! 1,0E-300.00 6 12 6.6E-08-0._0_6 -o'_1.6E-08-0.05 6 14 1.0E-07-0.48 24

6 15 1.0E-07-0.46 6 16 1.3E-07-0.47 6 17 1.5E-07-0.48 6 18 1.8E-07-0,48 25

G _ 2,0E-07-0.49 G 20 _ _ F--" :.OL-3U0.00 6 21 _.OE-300.00 6 22 i.0E-300.00 26

7 £ !.0E-300.00 7 9 4.4E-08-0.!I 7 10 7.9E-08-0.54 7 11 L.nE-300.00 27

"_,,,._:'7.7E-08-0.53 -7,13 8.6E-08-0.26 ?,14 9,2E-08-0.52 ";15 1,2E-07-0.49 28

7 iE,1.6E-07-0.51 7 !7 2.0E-07-0.52 7 18 2.2E-07-0.53 7 19 2.5E-07-0.53 29

E: 9 1.0E-300.00 8 !'J1,0E-3n 0.0n 8 11 1,0E-300.0(! 8 12 1.0E-30o.or! 30

8 13 1.0E-30[_.00 8 14 1.0E-300.00 8 15 2.9E-30-0.31 8 16 0.0E+000.00 3!

S 17 O.OE+O00.00 8 18 O.OE+O00.00 8 19 O.0E+O00.OC £ 20 !.0E-300.00 32
9 _u 8.2E-I0-0 =_ !!'_ ..,_ 9 1.0E-300.00 9 !2 1.7E-07-0.1! 9 13 S._E-08-0.31 33

9 !4 2.9--07-0.13 9 !5 2.9E-07-0.34 9 !6 4.2E-07-0.42 9 17 5.2E-07-0.46 34

9 18 6.iE-07-0.49 9 19 7.0E-07-0.50 9 20 1.0E-300.00 9 21 1.0E'30O.C_O 35

10 11 1,0E-300.00 10 12 4.1E-08-0.0110 13 8.2E-08-0.1510 14 9.0E-08-0.40 36

!['.15 1.7E-07-0.6010 !6 2.5E-07-0.7410 i7 3.1E-07-0.8010 18 "_...."_E-Ox-O.%_" 37

iq 19 4.3E-O7-C..g510 20 1.0E-300.00 10 21 1.0E-30 0.00 !0 22 1.0E-300.00 38
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OF pOOR Q_A_-

11 12 1.0E-30 0.00 11

11 16 1.9E-31 0.01 11

12 13 4.1E-09-0.21 12

12 17 2.9E-07-0.8612

13 14 4.8E-080.08 13

13 18 2.2E-08-0.6913

14 15 3.2E-080.12 14

14 19 1.9E-07-0.69!4

15 16 7.3E-080.16 !5

16 !7 7.2E-080.26 16

17 18 7.4E-08 0.30 17

18 19 7.6E-080.32 18

-I 00.

N2+ 28.0!0

2.000 0.000

4.000 9168.400

2.000 25461.500

4.000 51663.2

2.000 64622.199

N 4S

13 I.OE-300,00

17 1.7E-31-0.16

14 1.3E-07 0.I0

18 3.5E-07-0.95

15 2.2E-080.02

19 2.5E-08-0.80

16 8.1E-08-0.26

20 1.0E-300.00

17 1.2E-07-0.16

18 1.3E-07-0.09

19 1.4E-07-0.08

20 1.0E-300.00

4 6 5 4

2207.190 16.136

!902.840 14.910

2419.840 23.190

907.71 11.91

2050.000 0.000

11 14 I.@E-300.00 11 15 3.2E-3i0.39-39

II 18 1.7E-31-0.31Ii 19 I.BE-_-0.42 40

12 15 1.4E-07-0.4712 IG 2.2E-07-0.71 4!

12 19 4.2E-07-I.0012 20 1.0E-300.00 42

13 16 1.9E-08-0.3613 17 2.0E-08-0.53 43

13 20 I.OE-300.00 13 21 1.0E-300.00 44

14 17 1.2E-07-0.4314 18 1.6E-07-0.58 45

14 21 1.0E-300.00 !4 22 !.0E-300.00 48

15 18 1.7E-07-0.3115 19 !.9E-07-0.45 47

16 19 1.7E-07-0.23IG 20 1.fiE-300.00 48

17 20 I.OE-300.00 !7 21 I.OE-300.00 49

18 21 1.0E-300.00 !8 22 !.0E-300.00 50

0

-0.040 0.000 1.932202.020E-02

0.000 0.000 1.722001.800E-02

-0.538 0.000 2.083001.950E-02

0.016 O. i.113 0.020

0.000 0.000 1.850005.000E-02

1.401E+OI7.040E+044.000E+O01.500E+00O.O00E÷O0

3P !.401E÷017.040E+049.000E+O0I.O00E+O0I.O00E+O0

CROSS-SECTIONSASSL_EDTO BE THE S_4E AS FOR X-B OF CRANDALL ET AL

8.727 I!.01 i6.52 22.03 27.54 41.30 55.07 82.61

2.950E-162.830E-!62.380E-161.900E-161.550E-161.100E-IG0.890E-!60.680E-16

CROSS-SECTIONSASS_ED TO BE THE S¢_HEAS FOR X-B OF CPu_bI_LL_ AL

7.G10 9.604 14.41 19.21 24.01 36.01 48.02 72.03

2.950E-IG2.830E-!62.380E-161.900E-161.550E-161.100E-!G0.890E'160._80E-16

CROSS-SECTIONSASS_ED TO BE THE SAME AS FOR X-B OF CPu_'_LL_ AL

5.558 7.014 10.52 14.03 17.54 26.30 35.07 52.61

2.950E-162.830E-!62.380E-161.900E-161.550E-161.100E-160.890E-160.680E-16

CROSS-SECTIONSASS_ED TO BE THE _E AS FOR X-B OF CPu_b4_LLEl'.AL

2_o .931.o_ 2 4.397 5.863 7.328 10.99 !4.66 21.98

2.950E-162.830E-162.380E-161.900E-161.550E-16!.!OOE-!60.890E-160.680E-16

N2+HEI 1 2 i0

0 0 4.751E-01 0 i 3.798E-01 0 2 1.226E-01 0 3 2.055Z-02 0 4 1.914E-03

0 5 9.822E-05 ! 0 3.255E-01 I 1 3.115E-01 1 2 3.358E-01 1 3 2.388E-01

I 4 6.236E-02 I 5 7.946E-03 1 6 5.163E-04 2 0 1.360E-01 2 1 2.245E-01

2 2 2.!37E-02 2 3 1.851E-0! 2 4 2.946E-01 2 5 I.I?IE-03 2 6 !.972E-03

2 7 1.581E-03 3 0 4.526E-02 3 1 1.990E-01 3 2 7.974E-01 3 3 1.049E-01

3 4 6.274E-02 3 5 2.929E-01 3 G 1.738E-01 3 7 3.793E-02 3 8 3.685E-03

4 0 1.329E-02 4 1 1.032E-0! 4 2 1.745E-01 4 3 7.1q5E-03 4 4 !.553E-0!

4 5 5.808E-03 4 G 2.479E-01 4 7 2.230E-01 4 8 8.228E-02 4 9 7.238E-03

5 0 3.624E-03 5 i 4.145E-02 5 2 1.395E-01 5 S !.,]78E-015 4 _.9!8E-03

5 5 1.509E-01 5 6 5.609E-03 5 7 1.816E-0! 5 8 2.578E-0! 5 9 9.16_-02

CROSS-SECT!_S ASSb_EDTO BE THE S_-MEAS FOR X-B OF CPANDALLETAL

1.118 1.411 2.116 2.821 3.527 5.289 7.053 !0.58

2.950E-!62.830E-162.380E-161.900E-161.550E-16!.IOOE-IG0.890E-160.680E-I_

N2÷ i- ' 3 36

0 0 6.509E-01 ! 0 3.014E-01 2 0 4.537E-02 3 0 2.248E-03 4 0 !.452E-05

0 ! 2.588E-0i i I 2.226E-01 2 ! 4.060E-0i 3 1 !.056E-0i 4 ! 6.935E-03

=._I 3.986E-05 0 2 7.0!E-02 I 2 2.880E-0i 2 2 5.0huE-02"=' 3 2 4.!37E-01

4 2 1.660E-01 5 2 1.340E-02 6 2 5.729E-05 7 2 1.!32E-05 0 3 1.600E-02

1 3 I.:24E-0_ z 3 2.290E-01 3 3 2.101E-03 4 3 3.e..'.-u._"_"_"_ 5 3 2.20o_.-Oi_L",

6 3 2.0_E-02 7 3 4.930E-05 8 3 3.006E-05 0 4 3.297E-03 I 4 4.273E-02

1 ""



2 4 1.654E-01 3 4 1.557E-01 4 4 6.726E-03 5 4 3.310E-01 6 4

7 4 2.789E-02 8 4 1.807E-05 9' 4 G.420E-05 0 5 6.342E-04 I 5

2 5 7.113E-OZ 3 5 1.706E-01 4 5 9.290E-02 5 5 2,925E-02 G 5

7 5 3.068E-0! G 5 3.419E-0210 5 1.161E-04 0 6 1.155E-04 I 6
• wa2 6 2.362E-02 3 6 9.451E-02 4 6 1.569E-01 5 6 4.815E-0_ G 6

7 6 2.415E-01 8 6 3.401E-01 9 G 3.890E-0210 6 8.094E-05!i

0 7 2.000E-05 1 7 5.861E-04 2 7 G.G91E-03 3 7 3._01E-02 4 7

5 7 1.333E-01 6 7 2.044E-02 7 7 7.236E-02 8 7 2.083E-01 9 7

10 7 4.153E-0211 7 3.873E-0412 7 2.509E-0413 7 1.172E-05 ! 8

2 8 1.695E-03 3 8 1.261E-02 4 8 5.236E-02 5 8 1.161E-01 G 8

7 S 5.939E-03 8 8 8.4GSE-02 9 8 1.837E-0110 8 3.L_SSE-0111 E:

12 8 1.087E-0313 8 3.010E-0414 8 3.005E-05 1 9 2.239E-05 2 9

8 _ 4.743E-04 9 9 9.0E;SE-0210 9 1.G72E-0111 9 4.149E-0112 9

13 9 2.361E-03_.4 9 3.071E-0415 9 6.400E-05 2 10 8.445E-05 3 10

4 10 6.599E-03 5 10 2.826E-02 6 10 7.442E-02 7 10 1.084E-01 8 10

9 10 5.552E-0410 10 9.141E-0211 10 1.579E-0112 !0 4.338E-0!!3 10

14 10 4.3G4E-0315 10 2.499E-04!6 10 1.171E-04 2 11 I.G75E-05 3 11

4 11 1.942E-03 5 11 i.043E-02 6 11 3.652E-02 7 11 8.051E-02 8 11

9 1! 4.075E-02!0 1! 3.604E-03!I 11 8.818E-0212 11 1.554E-01!3 11

14 1! 2.722E-02!5 1! 7.165E-0316 11 1.355E-0417 !! 1.867E-04 3 12
_Iz fo4 12 5.207E-04 5 12 3.406E-03 6 12 1.4%E-02 7 12 4.41..-U,.8 12

9 12 8.628E-02!0 12 2.7i0E-0211 12 7.8%E-03 !2 12 8.205E-02!3 12

14 12 4.615E-01i5 12 1.876E-0216 12 !.068E-0217 12 2.033E-0518 12

!9 12 2.439E-05 3 13 i.044E-05 4 !3 1.281E-04 5 13 1.007E-03 G 13

7 13 1.991E-02 8 13 5.053E-02 9 13 8.238E-02 10 !3 7.393E-02!! 13

!2 _."_1.238E-02_.._°!3 7.384E-02!4 !3 !.697E-0!15 13 4.681E-01!6 13

17 13 1.459E-0218 13 _ ==nn n_......J.._-_..19 13 3.05GE-04 4 14 2.877E-05 5 14

6 14 1.741E-03 7 14 7.823E-03 8 14 2.495E-02 9 14 5.544E-02!0 14

1! 14 _.208E-0212 14 !.034E-0213 14 1.651E-0214 14 6.418E-0215 14

I_.14 4.676E-0117 14 3.207E-03IS 14 1.83iE-0219 14 3.955E-04 5 15

C_',OSS-SECTINSMEASURED BY CPbbE)ALLET AL

3.17 4.00 5.0 6.0 8.0 10. !5.

2.950E-162._...._o°n=-_.?...,.ooOE__6, !.900E-IG1.550E-16I.IOOE-IGO.SgOE-!(;.

1.520E+07

N2+ DX ! 4 54

0 4 i.579E-04 0 5 E;.gaIE-040 6 2.501E-03 0 7 7.498E-03 0 8

O 9 4.020E-02 0 10 1.1i9E-01 0 11 1.469E-01 0 12 1.G42E-01 0 13

0 14 8.237E-02 0 i5 4.467E-02 0 16 6.454E-03 0 17 1.574E-0-'i 3

1 4 i.!05E-03 1 5 4.05!E-03 1 6 !.193E-02 1 7 2.838E-02 ! 8

'.--:8.246E-02 i 10 7.993E-02 i !I 3.88GE-02 1 12 3.775E-03 I 13

..... _ a_r , !6 _'7i !4" 23_E-0_ ! 15 ..4_-01 I 7.8GSE-02 I _. 3.522E-02 i 18

2 2 2,055E-04 2 3 I.%IE-03 2 4 4,!19E-03 2 5 1,243E-0,!2 6

2 7 5.383E-02 2 8 7.418E-02 2 9 7.!66E-02 2 10 5.664E-03 2 1!

2 !2 4.435E-OE 2 !3 7.!48E-02 2 14 5.578E-03 2 15 1.3_5E-02 2 16

2 17 1,458E-0! 2 18 3.852E-02 2 !9 1.2GOE-03 3 i 1.26GE-04 3 2

3 3 3.383E-03 3 4 !.083E-02 3 5 2.642E-02 3 G 4.873E-02 3 7

3 8 5.822E-02 3 9 2.601E-02 3 !0 1.461E-02 3 11 4.747E-02 3 !2

3 13 9.981E-03 3 14 4.763E-02 3 1,56,338E-02 3 16 3.506E-OF:3 17

3 18 1.543E-:.q13 !9 2.868E-02 3 20 2.104E-04 4 1 4.776E-04 4 2

4 3 8.604E-03 4 4 2.23!E-02 4 5 4.28GE-02 4 6 5.903E-02 4 7

4 8 2.278E-02 4 9 3,107E-04 4 10 4.162E-02 4 1! 3.102E-02 4 !2

4 13 1.384E-02 4 14 2.859E-02 4 16 6.297E-02 4 17 2.450E-02 4 18

4 ,n ._.4_4E-0,_4 20 1.189E-02 5 0 2.140E-04 5 i 1.563E-03 5 2

5 3 1.834E-02 5 4 3.756E-02 5 5 5.462E-02 5 6 5.185E-02 5 7

2.673E-0i

1.140E-02

2.830E-01

2.700E-03
04 _,,.3,,E02

1.823E-04

1.0%E-01

3.686E-0!

1.!85E-04

!.OG5E-0!

4.170E-02

3.934E-04

3.928E-02

9.639E-04

5.865E-02

3,432E-02

2.324E-04

9.821E-02

4,496E-01

5.!5GE-05

8.319E-02

.593E-01

2.587E-04

5.378E-03

1.720E-02

1.018E-02

2.724E-04

8.0!8E-02

1.8G(;E-01

6.737E-05

1.888E-02

1.556E-01

2.379E-04

5.433E-02

9.785E-03

2.220E-03

2.937E-02

l.a67E-01

7.87_-04

6.544E-02

4.558E-02

7.154E-02

2.441E-03

5.284E-02

2.057E-03

8.839E-02

6.463E-03

2.462E-02
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5 8 8.863E-045 9 1.169E-02 5

5 13 3.651E-02 5 14 1.906E-03 5

5 18 !.584E-02 5 19 1.384E-01 5

6 1 4.533E-03 6 2 1.487E-02 6

6 6 2.909E-02 6 7 2.66_-03 6

6 11 1.171E-02 6 12 3.032E-02 6

6 16 2.965E-02 6 17 3.096E-02 6

6 21 4.502E-02 7 0 2.732E-03 7

7 4 5.571E-02 7 5 3.501E-02 7

7 9 2.438E-02 7 !0 7.875E-03 7

7 14 1.547E-02 7 15 6.758E-04 7

7 19 5.653E-02 7 20 2.086E-02 7

8 ! 4.752E-02 8 2 6.504E-02 8

8 7 2.468E-02 8 8 7.102E-03 8

8 !2 1.509E-02 8 !3 1,338E-02 8

8 17 8,542E-03 8 18 2.511E-02 8

8 22 2.433E-01 o 23 1.59%-02 9

9 3 2.240E-02 9 4 1.873E-04 9

9 8 6.955E-04 9 9 1.524E-02 9

9 15 2.491E-04 9 16 7.723E-03 9

9 20 3.486E-02 9 21 5.754E-02 9

10 0 1.015E-0110 1 6.956E-0210

10 5 2.566E-0210 6 1.193E-0210

10 11 1.308E-02 10 12 4.079E-04I0

i0 17 1.562E-0210 18 1.04!E-0210

!0 22 3.749E-0210 23 2.378E-0110

ii 2 9.08!E-0411 3 3.431E-021!

.. 8 _..uo_-_ 11

1! 12 1.066E-0211 13 6.973E-0411

1! !7 4.138E-0311 19 2.462E-0311

_I_23 6.579E-021! 24 I.,_,6E-0_

12 3 1.924E-0212 4 1.544E-0212

12 8 7.042E-0312 9 7.446E-0312

12 13 7.830E-0312 14 6.465E-0312

I0 2.555E-02 5 11 9.533E-04

15 3.396E-02 5 16 8.54!E-04

20 1.102E-01 5 2_ 1.694E-03

3 3.315E-02 6 4 5.168E-02 6 5

8 7.266E-03 6 9 2.986E-02 6 10

13 1.091E-02 6 14 2.913E-02 6 15

18 3.761E-02 6 19 1.295E-03 6 20

I 1.163E-02 7 2 2.957E-02 7 3

6 5.910E-03 7 7 3.508E-03 7 8

11 2.579E-02 7 12 1.041E-02 "713

16 1.859E-02 7 17 8.836E-04 7 18

21 2.030E-01 7 22 6,649E-03 8 0

3 4.986E-02 8 4 1.606E-02 8 6

9 2.077E-03 8 10 1.226E-02 8 11

3.41.572E-02 8 15 1.224E-02 8 16

19 2.164E-02 8 20 5.973E-03 8 21

0 5.255E-02 9 I 6.827E-02 9 2

5 1.256E-02 9 6 2.450E-02 9 7

11 1.157E-02 9 12 1.326E-02 9 14

17 3.467E-03 9 18 1.668E-03 9 19

22 6.642E-02 9 23 1.387E-01 9

2 3.610E-0210 3 9.781E-0410

8 1.277E-0210 9 1.389E-0210

13 9.081E-0310 15 1.218E-0210

19 2.075E-03i0 20 2.150E-0410

24 2.930E-0311 0 2.010E-0111

4 1.479E-0211 5 1.3!0E-0311

9 4.710E-03!I 10 2.317E-0311

!4 8.468E-031i 15 1.368E-0411

20 7.770E-0311 21 1.372E-0211

0 !.293E-0112 i 8.939E-0212

5 7.623E-0312 6 1.198E-0212

10 7.52!E-0312 11 3.516E-0312

15 5.513E-0312 16 9.053E-0312

5 12 1.462E-02

5 17 2.805E-02

6 0 8.007E-04

5.310E-02

1.364E-03

2.045E-02

2.057E-01

4.991E-02

2.45!E-02

1.982E-03

2.156E-02

2.272E-02

1.551E-02

1.357E-04

1.958E-02

5.069E-03

6.214E-02

9.697E-03

1.165E-02

!.614E-02

24 1,769E-04

4 9,260E-03

10 8.671E-03

16 1,937E-03

21 5.829E-03

! 4.128E-03

6 1.013E-D2

11 4.536E-03

16 3.669E-03

22 2.433E-02

2 5.961E-03

7 4.165E-03

12 3.584E-03

!7 8.782E-04

2.334E-0212 18 5.483E-0312 19 9.831E-0312 20 1.299E-0212 21 1.678E-0212 22

CROSS-SECTIONSASSUMEDTO BE THE SAME AS FOR B-X OF CP-ANDALLET AL

6.405 8.083 12.12 i6.17 20.21 30.31 40.42

2.950E-162.830E-162.380E-161.900E-161.550E-161.100E-i60.890E-16

Om

N2.-H'IEI 2 3 61

0 0 9.858E-02 O 1 2.010E-0! 0 2 2.274E-01 0 3 I._7E-01

0 5 7.827E-02 0 6 4.202E-02 0 7 2.023E-02 0 8 8.$37E-03

I 0 2.33!E-01 I 1 !.645E-01 I 2 2.267E-02 I 3 1.090E-02

I 5 1.276E-01 i 6 1.324E-01 ! 7 1.054E-0! 1 8 6.863E-02

I 10 4.559E-03 I 11 6.144E-04 1 13 1.757E-04 2 0 2.739E-0!

2 2 6.i40E-02 2 3 1.150E-01 2 4 4.835E-02 2 5 3.454E-04

2 7 8.558E-02 2 8 1.196E-01 2 9 1.136E-01 2 !0 4.217E-02

2 12 2.383E-03 2 14 7.023E-04 2 !5 2.225E-04 3 0 2.!IOE-01

3 2 1,213E-01 3 3 9,749E-03 3 4 3.071E-02 3 5 8.135E-02

3 7 3,362E-03 3 8 1.564E-02 3 9 7.232E-02 3 10 I,i79E-01

3 !2 3.386E-02 3 13 6.730E-03 3 14 !.545E-03 3 15 1.969E-03

4 0 !.175E-01 4 1 i.690E-01 4 2 1.948E-02 4 3 5.468E-02

4 5 6,532E-03 4 6 2.003E-02 4 7 5.987E-02 4 8 3.954E-02

4 10 £.239E-02 4 11 1.2_E-01 4 12 1.155E-01 4 13 6.142E-02

60.62

0.680E-16

0 4 1.304E-0i

0 9 2.978E-03

I 4 7.699E-02

I 9 3.678E-02

2 i 1.263E-02

2 6 2.816E-02

2 11 1.476E-02

3 I 4.466E-02

3 6 4.921E-02

3 11 7.927E-02

3 !7 2.360E-04

4 4 7.80BE-02

4 9 2.300E-03

4 14 1.524E-04
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9F POOR QUALII'_,

4 1.52,870E-03 4 16 1.669F_-034 17 4.403E-04 4

5 0 4.856E-02 5 1 2.020E-01 5 2 3.091E-02 5

5 5 5.362E-02 5 6 5.327E-02 5 7 3.333E-03 5

5 11 3,722E-02 5 12 1.109E-01 5 13 1.385E-01 5

5 I£ 8.187E-03 5 18 1.376E-03 G 0 1.438E-02 6

6 3 5.523E-G3 6 4 6.783E-02 6 5 3.898E-02 6

6 8 3.482E-02 6 9 6.546E-04 6 10 3.239E-02 6

6 13 7.68%-02 6 !4 !.222E-0! 6 15 4.813E-02 6

6 18 1.326E-03 6 19 9.5%E-04 7 0 2.712E-03 7

7 3 6,253E-02 7 4 5.351E-02 7 5 !.062E-02 7

? 8 1.061E-02 7 9 4.128E-02 7 10 2.364E-04 7

7 12 !.344E-04 7 i4 1,267E-01 7 !5 1.416E-01 7

7 18 8,947E-04 7 !9 4.369E-03 8 0 2,265E-04 8

£ 3 2.014E-0i B 4 5,484E-03 8 5 7.101E-02 8

o 8 3.781E-02 8 9 1,110E-03 8 10 3,166E-02 8

8 13 !.345E-02 £ 14 2,037E-02 8 15 1,016E-01 8

8 i8 1,800E-02 8 !9 1,632E-03 9 2 2.899E-03 9

9 5 9,423E-02 9 6 2,519E-02 9 7 1,073E-02 9

9 10 2,651E-02 9 11 2,462E-03 9 12 9,289E-03 9

9 15 1,999E-03 9 16 5,189E-02 9 17 1,177E-01 9

!0 4 1.066E-0! !0 5 2.639E-0110 6 4,767E-02 10

10 !0 !,842E-03 10 11 2,221E-0210 12 1,092E-0210

10 15 1,188E-0310 !6 !.52%-03 10 17 1.0_E-01 10

!i 2 2,245E-04!! 3 5,422E-0411 4 7.679E-031!

!I 7 2.!25E-0211 8 2,682E-0211 9 7,368E-03!!

1! i2 1.179E-021! 13 !.601E-0211 14 9,282E-031!

11 17 2,478E-0211 18 1,150E-0111 19 3,166E-0312

i2 6 8,0!IE-03i2 7 2.178E-0112 8 2,616E-01 12

12 12 !.370E-0212 i3 1.038E-0212 14 1,!44E-02!2

12 17 5,755E-03!2 !,0 1.538E-02!2 19 9,503E-0213

_'-' ? a.955E-03 13 8 2,330E-0! _ 9 2.522E-01 13

13 12 6,402E-0413 13 7.041E-0313 !4 2.754E-0413

,,,4:'18 5.E:36[-03!3 19 4,,,_7r-0"_.,.14 5 5.767E-0414

!4 _ q.951E-02!4 9 3.759E-0414 10 2,299E-0114

!4 13 3.778E-02 !4 !a 4,100E-0414 15 1.n29E-02!4

14 18 1,280E-0214 19 1,100E-0215 6 9,381E-0415

15 9 7,132E-02 !5 10 !,560E-0115 11 2.100E-0i15

15 14 7,912E-04 15 IG 3,7!3E-0315 17 6.440E-0315

!6 6 1.202E-04 16 7 1,720E-03!6 8 3.403E-0416

16 1! 6,016E-02 16 12 4,443E-0216 !3 1.331E-0116

16 16 ,,,,.,,,,._oRcr_no,,,,16 !7 3,492E-0316 18 4,125E-0317

!7 it-'2.998E-02 17 !I 3,679E-02!7 12 3,610E-0217

17 15 5,362E-02 !7 !6 ._,268E-0117 17 _.,.u_-___-_=_no 17

18 7 1,227E-04 18 8 4.722E-0418 9 !.!24E-03!8

1° 12 3,762E-0818 13 8,621E-0218 14 6,917E-02!8

18 17 !.678E-01 18 18 5,230E-0219 8 3,651E-0419

!9 12 6,207E-0319 13 3.946E-0219 !4

CROSSTSECTI,_SASSL_EDTO BE THE S#_4E
n=.-, o 5oq2._,_ _,,_.. 3.884 5,17_

18 1,643E-04 4 19 1,416E-04

3 9,172E-02 5 4 1.427E-04

8 1,674E-02 5 9 4.537E-02

14 2,914E-02 5 15 8,684E-04

I 1.359E-01 6 2 1.596E-01

G 3.357E-03 6 7 4.GqOE-02

11 8,087E-03 G 12 8,612E-03

16 5,928E-03 6 !7 G,BG4E-03

1 5,621E-02 7 2 1.997E-01

6 5,970E-02 7 7 _,205E-02

11 1.802E-02 7 12 1,626E-02

16 7,417E-03 7 17 1,839E-02

! 1,307E-02 8 2 1.!97E-01

6 3,963E-03 8 7 3.053E-02

11 6,858E-03 8 12 3,060E-03

16 9,138E-02 8 17 3,26_-03

3 6.683E-02 9 4 2,357E-01

8 4,088E-02 9 9 3,076E-03

13 2.262E-02 9 14 3.273E-04

19 3.142E-02 10 3 5,339E-03

7 3,430E-02 10 9 3,080E-02

13 9,910E-0410 14 1,444E-02

18 4,941E-0210 19 !,990E-02

5 1,488E-011! 6 2,729E-0!

10 2,274E-0211 !I 7,674E-04

15 1,739E-02!i !6 2,068E-04

4 1,740E-03i2 5 6,393E-03

9 6,698E-0312 10 2,78GE-02

15 7,056E-0312 16 1,222E-02

5 _,_,,_°?_a_-n_._!3 6 1,50!E-02

10 6.575E-0413 II 3,209E-02

15 7.066E-0313 !7 1,549E-02

6 1,754E-0314 7 4,791E-03

11 2,551E-0214 12 2,676E-02

16 1,5%E-03 14 17 I,%7E-03

7 5,386E-C? 15 S 3.030E-03

g.,r pv12 4.166E-02!5 13 5.._t_-.,2

18 8,720E-0415 !9 1,529E-02

9 2,!91E-0216 !0 8.%7E-02

14 1,157E-0116 15 7,365E-02

7 6.160E-OZ17 9 6.856E-03

13 1,!44E-0_ 17 !4 3,202E-02

18 !,586E-0317 !9 2.835E-_3

!0 4.144E-02IS Ii 3,253E-02

!5 3.329E-0218 16 4,071E-03

!0 7,526E-04!9 11 !.G53E-02

3,5%E-02 19 15 4.942E-02!9 !6 1,820E-02

AS FOR X-B OF CR_4_LL _AL

.... . _.4_6,473 9,7C!9 _> q5 ....

2,950E-162,830E-16 2,380E-i61,900E-!61,550E-161.I00E-!60,890E-160._80E-16

O,

N2+JDI 2 4 14

0 0 2,625E-06 0 2 _.7£2E-04 0 3 1,989E-03 0 4 7,45!E-03 0 5 2,116E-02

i ! 3,!53E-04 ! 2 2,208E-03 ! 3 9,528E-03 I 4 2,820E-02 I 5 G.OO6E-02

2 i !,156E-03 2 2 6,808E-03 2 3 2.286E-02 2 4 5.450E-02 2 5 9.260E-02
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3 0 2.676£-04 3 I 2.992E-03 3 2

4 0 6.370£-04 4 i 6.138E-03 4 2

4 5 3,501[-02 5 0 1.282E-03 5 1

5 4 4.737E-02 5 5 7.281E-03 6 0

6 3 5.632E-02 6 4 2.363E-02 G 5

7 2 4.982E-02 7 3 4.401E-02 7 4

8 I 2.793E-02 8 2 5.016E-02 8 3

9 0 7.306E-03 9 I 3.282E-02 9 2

9 5 2.972E-0210 0 9.470E-03I0 1

10 4 1.062E-02!0 5 2.806E-0211 0

11 3 6.495E-0411 4 1,808E-02II 5

CROSS-SECTIONSASSLHEDTO BE THE _E

5.287 6.673 i0.01 13.35

2.950£-162.830E-162.380E-161.900E-161.550E-16!.I00E-160.990E-16

!.475E-02 3 3 4.141E-02 3 4 6.928£-02

2.518E-02 4 3 5.561E-02 4 4 6.688E-02

1,063E-02 5 2 3.603E-02 5 3 6.I05E-02

2.267E-03 6 I !.617E-02 6 2 4.487E-02

2,567E-04 7 0 3.621E-93 7 I 2.21_-02

6.369E-03 7 5 9.586E-03 8 0 5.322E-03

2.875E-02 8 4 5.422E-02 8 5 2.267E-02

4.629E-02 9 3 1.493E-03 9 4 3.046E-03

3.634E-0210 2 3.93%-02 I0 3 5.296E-03

1.16%-02 1! I 3.827E-02II 2 3.098E-02

2.041E-02 0 ! 4.563E-05 I 0 2.100E-05

AS FOR X-B OF CRu_,IDALL_AL

16.68 25,02 33.36 50.04

0.680E-16

O,

N2+JDI 3 4 43

0 7 !.400E-04 0 8 6,043E-04 0 9 7.837E-03 0 I0 2.271E-02 0 !I 5.541E-02

0 12 1.799E-01 0 13 2.263E-01 0 14 1.314E-01 0 15 4.570E-02 I 6 2,347E-04

I 7 9.487E-04 I 8 3.397E-03 I 9 2.75%-02 I I0 5.842E-02 ! II 9.454E-02

I 12 6.34%-02 ! 13 4.704E-03 I 14 1.817E-01 I 15 2.540E-01 I 16 1.953E-02

I 17 4.728E-04 2 5 2.643E-04 2 6 1,016E-03 2 7 3.458E-03 2 8 1.021E-02

2 9 5.05%-02 2 I0 7.533E-02 2 1! 7.295E-02 2 13 4.086E-02 2 14 1,873E-02

2 15 4.644E-02 2 16 2.376E-01 2 17 1.340E-03 2 18 I,,.4E-O_ 3 4 2.611E-04

3 5 9.672E-04 3 6 3.154E-03 3 7 8.963E-03 3 8 2,160E-02 3 9 6.20_-02

3 10 5.959E-02 3 11 2.542E-02 3 !2 2,94%-02 3 13 5.398E-02 3 !4 2.494E-02

3 !5 7,028E-02 3 16 2.15%-01 3 17 4.280E-02 3 18 6.927E-03 3 19 !.08_--03

4 3 2,49!E-04 4 4 9.037E-04 4 5 2.846E-03 4 6 7.804E-03 4 7 1.832E-02

4 8 3.544E-02 4 9 5.343E-02 4 I0 2.664E-02 4 11 5.688E-04 4 !2 4.220E-02

4 13 1.237E-02 4 14 4.757E-02 4 15 2.575E-03 4 16 1.230E-02 4 17 3.780E-01

4 18 _ _ n_o.4J7E-_ 4 19 2.702E-04 5 2 2.367E-04 5 3 8.676E-04 5 4 2.67!E-03

5 5 7,086E-03 5 6 1.615E-02 5 7 3.080E-02 5 8 4_649E-02 5 9 2.97%-02

5 I0 3.001E-03 5 11 8.579E-03 5 12 1.775E-02 5 13 i.744E-03 5 14 !.063E-02

5 _ 1.880E-02 5 16 1.431E-02 _ I? 1.539E-0! 5 18 4.1!2E-01 5 19 3.821E-02

6 ! 2.178E-04 6 2 8.595E-04 6 3 2.654E-03 6 4 G.BG5E-03 G 5 1.51_-02

6 6 2,822E-02 6 7 4.257E-02 G 8 4.771E-02 6 9 : o....no .o,o.,o_-v_6 t0.2.823E-03

6 11 2.488E-02 6 12 1.644E-04 6 13 1.976E-02 6 14 2.G58E-03 6 15 3.042E-02

6 16 3.59%-02 6 17 1.765E-02 6 18 1.712E-01 7 O !.727E-04 7 I 8.435E-04

7 2 2.765E-03 7 3 7.1!IE-03 7 4 1.526E-02 7 5 2.754E-02 7 6 4.07%-02

7 7 4.643E-02 7 8 3.489E-02 7 9 3.820E-04 7 10 1.705E-02 7 !I 2.39%-02

7 12 8.803E-03 7 13 2,183E-02 7 14 1.994E-02 7 15 6.925E-03 7 16 7.100E-03

7 17 9.588E-04 7 18 6.941E-03 7 !9 3.421E-01 8 0 2.867E-03 8 I 8.360E-03

8 2 1.925E-02 8 3 3.094E-02 8 4 4.274E-02 8 5 4.639E-02 8 6 3.593E-02

8 7 ...._.472E-028 8 3.228E-04 8 9 2.106E-02 8 10 4 ",u_-u_C_ 3 11 1.462E-04

8 12 1.049E-02 8 13 1.107E-03 8 14 9.045E-04 8 15 1.456E-02 8 !6 1.706E-02

8 17 1.621E-02 8 18 1.177E-02 8 19 7.52%-03 9 0 9.386E-03 9 1 2.003E-02

9 2 3.486E-02 9 3 4.571E-02 9 4 4.740E-02 9 5 3.49£E-02 9 6 1.414E-02

9 7 4.308E-04 9 8 6.384E-03 9 9 1.362E-02 9 10 2.217E-04 9 11 9,246E-03

9 12 1.145E-04 9 13 1,121E-02 9 14 5.186E-03 9 15 9.625E-03 9 16 7.202E-03

9 !7 3.854E-04 9 18 !.447E-02 9 19 !.08%-02 10 0 2.588E-0210 1 3.808E-02

!0 2 5.164E-0210 3 4,874E-0210 4 3.393E-02!0 5 1.229E-0210 6 2.35iE-04

I0 7 6.373E-0310 8 1.858E-0210 9 !.047E-03I0 10 5.866E-0310 1! 1.372E-02

10 12 5,994£-03!0 13 9.97%-03 10 14 1.!82E-0210 16 4.727E-0410 17 7.276E-03

10 18 7.282E-0410 19 1.407E-0211 0 1.113E-0111 I 5.352E-0211 2 3.%0E-02

1! 3 7.436E-0311 5 9.672E-0311 6 1.900E-0211 7 1.50%-02 11 B !.93%-03
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OF. POOR QUAL|TV

11 9 1.243E-0211 10 5.944E-03

1! 14 8.869E-04 11 15 8.174E-03

12 0 1,993E-0112 I !.168E-03

12 5 i.654E-0212 6 6.967E-04

12 11 6.£43E-03 12 12 6.989E-03

II ii 6.697E-0411

Ii 16 6.102E-03Ii

12 2 4.138E-0412

12 7 2.334E-03!2

12 !3 2.334E-0312

12 2.967E-03!I 13

17 5.154E-04 11 18

3 2,!62E-0212 4

8 1.279E-02 !2 10

_ _ !2 !514 4...4_E-0_

CROSS-SECTIONSASS&_EDTOBE THE SAME AS FOR X-B OF CR&N_LL _ AL

3.235 4.083 6.125 8.166 !0.21 15.31 20.42

2.950E-162._30E-162.380E-!6i.900E-161.550E-161.100E-!60.890E-16

O.

N2

1.0

3.0

6.0

2.0

6.0

N 43

N 48

28.010 4 6

0, 2358.027

95 "4_7.4._ 1460,518

59306.8 1733.391

_o_=.I_ 1694.208

88977.9 2047,178

5 4

i4.1351-I,751E-O2-1.144E-04!.9980

13,83!3 5.999E-031.853E-031.45455

14.122!-5.B88E-O2-3.612E-03i.6374

13.9491 7.935E-O3-2.911E-041.61688

28.4450 2.08833 0.5350 1.82473

1,401E+017.872E+044,000E+00!.500E+000.000E+00

1,40!E+0!7.872E+044.000E+001.500E+000.000E+00

CROSS-SECTIONSASSUMED cJ_4EAS FOR N2 I-3 OF CARTWRIGHTET AL

9.7594 10.618 13.27 15.93 19.91 26.55 3_,5i

0. 0.054E-160.225E-160.299E-!60,241E-160.156E-160.120E-16

CROSS-SECTIONSASSUMEDSAME AS FOR N2 i-3 OF _RII@IGFFF_AL

3,5909 3.907 4.884 5.860 7.325 9,767 12.70

O, 0.054E-160.225E-160.299E-!60.241E-160.15_E-_ 0.i20E-16

CROSS-SECTIONSASSUMED SAME AS FOR N2 i-3 OF CARTNRIGHTET AL

2.4066 2.618 3.273 3.928 4.9!0 6.546 8,510

0. 0.054E-160.225E-160.299E-!60.241E-160.156E-i60.120E-16

_DhCO-Q_PTTFIId_ASSUMED S_t4EAS FORN2 ' o.............. _-_ OF CAR_RIGHT ET AL

1.2110 1.318 1.647 1.976 2.470 3.294 4._

O. 0.054E-160.225E-160.299E-160.241E-160.!56E-!60.120E-16

N2 VK ! 2 72

0 0 5.900E-04 0 1 5.337E-03 0 .?2.2%E-02 0 ..°6.._,.._'P?_-r'"_.,. 0 4

0 5 1.688E-01 0 6 1.894E-0! 0 7 1.704E-02 0 8 !,250E-01 n 9

0 10 3 828E-02 0 1! 1.621E-02 0 ''_q ?onr-n_ F!_._I "_opr-r.o0 14

! _:_3.319E-03 1 1 2.278E-02 i 2 6.919E-02 I 3 !.193E-01 1 4

! 5 6.383E-02 1 6 6.256E-03 1 7 1.795E-02 1 8 7,866E-02 1 9

1 i0 !,450E-01 1 1i !.100E-0! 1 12 6.404E-02 1 13 2.963E-02 1 14

2 0 9.975E-03 2 1 5.085E-02 2 2 1.035E-0! 2 3 9.732E-{_22 4

2 _.__.._,,_.°_'-fI_.,2 6 5.473E-02 2 ?,8.924E-02 _? 8 4.616E-02 _? 9

2 !0 2.955E-02 2 ii 1.001E-0! 2 !2 1.378E-0! 2 13 1.1%E-0! 2 14

3 0 2,133E-02 3 ! 7.850E-02 3 2 9.768E-02 3 3 3.326E-.423 4

3 5 5,6!7E-02 3 6 6.391E-02 3 7 8,564E-03 3 8 1.697E-92 3 9

3 !0 6.181E-02 3 11 7.600E-03 3 12 1,520E-02 3 13 8.383E-02 F.14

4 0 3.642E-02 4 ! 9.328E-02 4 2 5.998E-02 4 3 3.7i4E-04 4 4

4 5 5,758E-02 4 6 4,_25E-03 4 7 2.554E-02 4 8 6.331E-02 4 9

410 _ r o,.127.-0_ 4 11 6.276E-02 4 !2 6.314E-02 4 13 9,383E-03 4 !4

5 0 5.290E-02 5 i 8.962E-02 5 2 2.0iiE-02 5 3 i.465E-02 5 4

5 5 1.223E-02 5 6 1.688E-02 5 7 5.462E-02 5 8 1.965E-02 5 9

._ . : n_ I" _ _a_-n_- 5 145 le 5.871E-02 5 1,_ 2 n16r-02 5 12 6.J85E-_,.- 5 c,-........

P,.0 6,7.gE-Oz 6 1 7.082E-02 6 2 8,381E-04 6 3 -,._.._.'_:.._oc_',_,.__S 4

6 52,630E-03 6 64,768E-02 6 ,'........ 6 9-,_o_-._ G _

_ _ c-p 5ICi9.734E-03 6 !i ..729,.0- 6 12 .579E-02 6 13 1.457E-02 6 14

7 0 7.939E-02 "_,1 4.539E-02 7 ,.°_...=o.,,_'_a__,:_,,.7 3 u._-'_r_-u_-=_'-n', 7 4

_, _ _ or,=_r,_ _ _'°?L02 _ 7_ 7_OE-n? 7 8 4.308E-02 7 9

._r r!'P " 12 4 7o_'-,=_ 7 13 2.447E-02 7 i47 10 1.40%-02 7 11 4,6 .... -.,_ ,. ........

3.581E-03

8.523E-03

1.61%-02

G.565E-03

2.758E-03

30.62

0.680E-16

1.772E-02

1.801E-02

!,791E-02

1,793E-02

1,868E-02

47.78

0.076E-16

17.58

0.076E-16

11,78

0.076E-16

5.929

0.076E-IG

7,578E-02

4.411E-04

1.216E-01

!.370E-01

1.!IOE-02

2,922E-02

8.840E-04

7.472E-02

2.539E-03

7.218E-02

4.10%-02

1.916E-02

1.379E-02

5.$68E-02

1.643E-02

5.832E-02

c,,4OO_-u_

5.008E-02

5.402E-03

!.308E-02

5.170E-02
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8 0 8,588£-02 8 I 2,205E'02 8 2 2331E-02 8 3 3,803E-02 8 4 1,933E-03

8 5 4.203E-02 8 6 4,185E-03 8 7 2,701E-02 8 8 2.572E-02 8 9 4.073E-03

8 I0 4,148E-02 8 II 6,297E-03 8 12 2,185E-02 8 !3 4.002E-02 8 14 3,600E-04

o._ou_-u_ 9 I 6,435E-03 9 2 3,838E-02 9 3 1,651E-02 9 4 !.81_-02

9 5 2.890E-02 9 6 3,763E-03 9 7 3,B%E-02 9 8 8,855E-04 9 9 3.!09E-02

9 10 1,592E-02 9 11 1,083E-02 9 12 3,765E-02 9 13 6.326E-04 9 14 3.2S4E-02

I0 '38.434E-02I0 I 2,053E-04i0 2 4,527E-02I0 3 2,254E-0310 4 3.349E-02

10 5 8,054E-0310 6 2.242E-02I0 7 1,837E-0210 8 9,744E-0310 9 3,G2GE-02

i0 I0 5,29!E-0410 11 3,475E-02I0 12 5,380E-03I0 13 2,2_.8E-02!0 14 2,757E-02

11 0 7,8!2E-021! ! 2,015E-03!I 2 4,180E-0211 3 9.890E-04!! 4 3,530E-02

11 5 1.684E-0511 B 3,257E-0211 7 1,243E-03!I 8 2,835E-0211 9 7,166E-02

11 I0 1.963E-02Ii II 1.892E-0211 12 7,224E-031! 13 3.197E-02II 14 5,82_-06

12 0 6,988E-0212 ! 9,015E-0312 2 3.141E-02!2 3 9.423E-03!2 4 2,493E-[12

12 5 7,426E-0312 6 2,478E-0212 7 4,205E-0312 8 2.719E-0212 9 9,855E-04

12 10 2.%2E-02 12 11 2.597E-0412 12 2,853E-0212 13 5.872E-0312 14 2,016E-02

i3 0 6,071E-02i3 I !,817E-0213 2 1,899E-0213 3 2,061E-0213 4 1,116E-02

13 5 2.003E-021,3 6 9,630E-0313 7 1.809E-0213 8 1,114E-0213 9 1,477E-02

13 I0 1,519E-0213 !i 9.782E-0313 12 2,152E-0213 !3 3,791E-0313 14 2,831E-04

14 0 5.149E-0214 I 2.707E-0214 2 8,494E-0314 3 2,870E-0214 4 1.925E-03

14 5 2.732E-0214 G 5,698E-04!4 7 2,695E-0214 8 4.334E-0414 9 2,527E-02

!4 !0 9,608E-0414 11 2,437E-0214 12 2,827E-0314 13 2,209E-0214 14 7,438E-03

15 0 4,280E-0215 1 3.418E-0215 2 2,038E-03!5 3 3.!0(E-0215 4 2,871E-04

15 5 2,560E-0215 6 2,212E-0315 7 2,191E-0215 o,93,623E-0315 9 2,041E-02

15 10 3.825E-0315 11 2,GB6E-02!5 !2 2.852E-0315 13 2.288E-0215 14 1.148E-03

2 !5 3,567E-02 2 16 ! 342E-02 2 i7 4.046E-03 3 15 I._97E-0_ 3 7,543E-02

3 17 3,543E-02 3 18 1.287E-02 3 !9 3.690E-03 4 15 8.294E-G2 4 16 i,299E-01

4 !7 I,!52E-01 4 !8 6.961E-02 4 19 3,095E-02 5 !5 5,905E-03 5 16 i.9,R2E-02

5 17 9,2!0E-02 5 18 1,304E-01 5 19 1,066E-01 G 15 6,531E-02 6 16 4,826E-02

6 17 1.141E-03 6 18 3,%6E-02 6 19 !,068E-01 6 20 !,299E-01 5 20 5,938E-02

6 21 9.341E-02 6 22 4.662E-02 6 23 1.704E-02 G 24 4.706E-03 7 20 5,591E-02

7 15 6,!43E-03 7 !6 2,227E-02 7 17 G.B87E-02 7 18 3,475E-02 7 2! 1,216E-01

7 22 1,217E-01 7 23 7.625E-02 7 24 3.334E-02 7 25 1,070E-02 8 15 3.610E-03

8 16 4,227E-02 8 18 3.936E-02 E:19 6,567E-02 8 20 !.463E-02 9 21 !,I14E-02

_" _i ,", ..22 8.420E-02 8 23 1.305E-0! 8 24 1.069,.-_._B 25 5.701E-02 c.26 2,147E-02

9 _= . ') _ o . _? _ _.., 2:810E-0-2 _ _,6 ,.,26_'-0., g ._ 4,748E-02 g 18 2,607-E-02 _ 19 3,787E-03

20 5.775Z-02 9 2! 5.110E-02 9 22 i.516E-03 9 23 3.SG3E-02 9 2_ 1,120E-O!

9 25 1,284E-01 9 26 8,575E-02 9 27 3,8!3E-02I0 i5 1.944E-03I0 16 4,137E-02

!0 17 1.221E-3210 18 1,464E-0210 19 5,044E-0210 21 2.0G6E-0210 22 6,749E-02
•9 ! _'.10 23 _.,7,.7..02 10 25 7,141E-0210 26 1,302E-0110 27 1,136E-01 11 15 3,333E-02

!I 16 1,235E-02ii 17 1,382E-0211 18 3,941E-0211 20 3,440E-0211 2! 3,86_-02

11 23 4,661E-0211 24 5,915E-0211 26 2.730E-0211 27 I r '?=-01!2 _...... • ,_ 1,998E-02

12 16 G,OOOE-03i2 17 3.526E-02!2 !9 3.137E-0212 20 2,798E-02!2 22 4.881E-02

, p.!2 23 1.619E-0212 24 1,223E-0212 25 (L568E-0212 26 3,347E-0213 16 3.062-02

13 !8 2,180E-0213 19 2,293E-02!3 21 4.054E-0213 23 2.521E-0213 24 4,374E-02

13 26 4,106E-0213 27 6,i74E-0214 !5 1,686E-0214 16 1,609E-0214 iS 2.250E-02

14 20 3,395E-0214 22 2.305E-0214 23 3.004E-02!4 25 4,613E-0214 26 2.0i5E-02

!-",_!5 2.563E-0215 17 2.719E-0215 19 2,415E-0215 20 1,140E-0215 21 !.370E-02

15 22 2.799E-0215 24 3.891E-0215 26 2,121E-0215 27 4,_01E-0216 21 2,925E-02

CROSS-SECTIC_SFRE_ CARTNRIGHT

14, 17. 20. 26.

0.030E-I_0,094E-i60.!48E-160.204E-160.225E-160.183E-160.I13E-16

6.1_93 7, 9, II.

O,

O.

N2 BX 1 3 28

0 0 6.117E-02 0 i 1.909E-01 0 2 2,753E-01 0 3 2.4!6E-01 0 4 1,442E-01

0 5 6.185E-02 0 G 1.953E-02 0 7 4,555E-03 0 8 7.694E-04 ! 0 1,487E-0!

8? s



OF POOR _-_ _

1 i 1.921E-01 I 2 4.450E-02

1 6 1.509E-01 1 7 6.917E-02

2 0 !,999E-01 2 I 6.307E-02

2 5 1.167E-02 2 6 1,314E-01

2 10 1,434E-02 2 11 !,9%E-04

3 3 3.337E-02 3 4 3,276E-02

3 S 1,547E-01 3 9 !.76%-01

4 0 1.585E-0! 4 i 3.398E-02

4 5 4,742E-03 4 6 6,269E-02

4 !0 !,807E-01 4 11 6.192E-02

5 ! 9,570E-02 5 2 1,173E-02

5 G 5.414E-02 5 7 5.903E-03

5 !i 1.7%E-01 5 12 9,843E-02

6 i 1,298E-01 6 2 7,534E-03

6 6 1,317E-03 6 7 6.981E-02

6 11 8,608E-02 6 12 1.876E-01

7 0 3,542E-02 7 I 1,236E-01

7 5 8,094E-03 7 6 5.!30E-02

7 10 7,ilOE-03 7 1! 1.956E-02

7 15 !.304E-02 7 16 6.258E-04

c_...°7,048E-03 8 4 4,075E-02

8 8 4,374E-02 8 9 4,4!8E-03

8 13 4.720E-03 8 !4 1.308E-01

9 0 5,388E-0S 9 ! 5.iG2E-02

9 5 3,857E-02 9 6 8,992E-04

9 11 2,077E-02 9 12 2,099E-02
r. , f_r._ • _T_RO..oSE_,IONS FROM CARTWRIGHT

7,3529 B. 10,

I -3 I:GSBE:02 i 4 1,444E-01 i 5 2,072E-01

I 8 2,138E-02 i 9 4,492E-03 I 10 G.!23E-O_

2 2 2,445E-02 2 3 1,293E-01 2 4 4,565E-02

2 7 1.908E-01 2 8 1,322E-0! 2 9 5,475E-02

3 0 1.969E-01 3 I 1.978E-04 3 2 1,039E-01

3 5 1,08GE-01 3 G 2.04GE-02 3 7 3.142E-02

3 I0 I,O06E-OI 3 11 6.368E-03 3 12 6,241E-04

4 2 7,628E-02 4 3 9,2i5E-03 4 4 8,940E-02

4 7 8,009E-02 4 8 5,373E-04 4 9 7,885E-02

4 12 !,426E-02 4 i3 1.602E-03 5 0 !,099E-0!

5 3 6,681E-02 5 4 1,986E-02 5 5 4,484E-02

5 8 8,773E-02 5 9 3,286E-02 5 10 i,764E-02

5 !3 2.745E-02 5 14 3.571E-0_ 6 0 6,681E-02

6 3 6,134E-02 G 4 8.044E-03 6 5 G.331E-02

G 8 9.108E-03 6 9 4,5_IE-02 6 10 7.154E-02

_o !,375E-0i 6 14 4,692E-02 _ 15 2,910E-04

7 2 6,025E-02 7 3 1,155E-02 7 4 5.031E-02

7 7 1.502E-02 7 8 3,G24E-02 7 9 4,307E-02

7 12 3.391E-02 7 13 1,690E-01 7 14 !,718E-01

8 0 1,578E-02 8 i 9.080E-02 8 2 !,!33E-0!

8 5 IA39E-02 8 6 4.0,1E-_ 8 7 1.422E-02

B 10 5.827E-02 8 11 5,267E-02 B i2 4,908EJJ2

8 15 1.030E-01 8 16 _._°_n__q_ p_17 .._265E-0S

9 2 !.24%-01 9 3 6.428E-02 9 4 2.636E-03

9 7 5.011E-02 9 9 4.652E-02 9 10 3.142E-%

9 !3 6.G14E-02 9 14 1.4!8E-07 9 15 2.013E-0!

!2. 15. 20. 26 3G.

O. 0.054E-160.225E-160.299E-160.241E-160.15GE-IG{_.i20E-160.076E-16

O.

N2 LBH i 4 38

0 0 4.315E-02 ! 0 !.162E-01 2 0 1.713E-01 3 0 1.835E-(ii4 0 1.oO_E-u_

5 0 1.214E-01 6 0 8.287E-02 7 0 5.230E-02 8 0 3.109E-[:29 0 !.764E-0_

10 0 _.661Z-03 11 0 5.146E-0312 0 2.684E-03!3 O 1.378E-0_ 0 1 1.517E-01

I I !.932E-0! 2 1 9.677E-02 3 1 !.212E-02 4 1G.391E-03 5 1 4.706E-02

6 1 8.542E-02 7 I 9,971E-02 8 i 9,21GE-02 9 ! 7.346E-02ivani_5."_'=_:ov.-u_"

11 1 3.530E-02i2 1 2.230E-02 ._3 1 1.350E-0214 ._7.g17E-%._ 0 2 _._x_-_'_n_

I 2 8.049E-02 2 2 3.276E-03 3 2 7.554E-02 4 2 9.66!E-02 5 2 4.668E-02

G 2 4.538E-03 7 2 5.7%E-03 8 2 3.372E-02 9 2 G.!OSE-02!0 2 7.378E-02

1! 2 7.!63E-0212 2 6.044E-02!3 2 4.625E-0214 2 3.296E-02 0 3 2.492E-01

2 3 1.074E-01 3 3 G.931E-02 4 3 5.812E-04 5 3 3.392E-0_ _ _ ?,._._?_qp-n:_

7 3 5.658E-02 8 3 1.826E-02 9 3 1.314E-0410 3 9.747E-Z'Z:!! _ 3.200E-02

12 3 5.10!E-02 ...._°_ 5.954E-02!4 3 5.797E-02 0 4 1.731E-0] ! 4 8.-__E-O_

2 4 8.598E-02 _ 4 3.60GE-O_ 4 4 7.7_4E-02 5 a _= _'_5 ..... - .... G 4 2.795E-03

12 4 1.158E-0313 4 1.398E-0214 4 3.i42E-02 0 5 8.808E-02 I 5 1.851E-01

5 9.511E-02 4 5 3,735E-02 5 5 8.364E-03 _ 5 6.347_-_2 _ _ 4.694E-02

8 5 4,209E-03 9 5 9,234E-03I0 5 3.9!8E-02I! 5 4.9!SE-02 !2 5 3.29_E-02

i3 5 1.091E-0_14 5 2,538E-04 0 6 3.399E-02 I 6 1,752E-01 2 6 G,451E-02

3 6 6,580E-02 4 6 I.G89E-02 5 6 7.%2E-02 6 6 1.485E-02 7 6 1,278E-02

11 6 4.BO4E-0312 6 2.SGOE-0213 6 4,237E-02!4 G 3.472E-02 0 7 1.0!_-02
4 ? _ h_r A i. i.vo_-u. 2 7 1,640E-01 4 7 _.667E-02 5 7 7,_12E-03 G 7 4,042E-{!2

7 7 _.,__?_p-n_ 8 ?,4.74BE-0_ 9 7 1,587E-0210 7 _,___a_-_ 11 7 3.44GE-02

12 ?,J._=ooo__n_.13 ?_2.321E-03]4 7 _?.040E-020 8 2.3_2E-_? I 8 4.250E-(i2
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2 8 1.614E-0! 3 8 7.840E-02

7 8 1.040E-03 8 8 5.031E-02

13 8 3.071E-0214 8 G.G95E-03

3 9 1.G32E-01 4 9 9.1G8E-03

8 9 1.751E-02 9 9 1.174E-02

14 9 3.680E-02 I 10 2.968E-03

5 10 7.958E-03 6 10 7.874E-02

i0 i0 1.843E-03I] 10 2.257E-02

2 ii 1.0GOE-02 3 11 7.518E-02

7 1i 3.2!0E-02 8 11 5.359E-02

13 1! 2,SGSE-0214 11 3.G26E-02

5 12 !,402E-01 G 12 1.628E-03

10 12 1.!51E-0211 12 1.839E-02

3 13 6.824E-03 4 !3 5,304E-02

8 !3 7.3!7E-02 9 13 1.239E-02

CROSS-SECTiC_SFROM CAR'PARIGHT

8.5489 9. 11. 13.

O, O.OIgE-IG0

4 8 3,6ib'E-025 8 4.675E-02 6 B 5,502E-02

9 8 3.B69E-0211 8 1.742E-0212 8 4,169E-02

0 9 4.454E-04 ! 9 !.2SQE-02 2 9 9.406E-02

5 9 8.536E-02 6 9 2,0!0E-03 7 9 G,755E-02

!0 9 4.934E-0211 9 2.518E-0213 9 1.75_-02

2 10 3.71_-02 3 10 1,q31E-01 4 10 1,085E-01

7 10 1.538E-02 8 10 3.!44E-02 9 10 5.074E-02

12 10 4.332E-0213 10 1.638E-02 I !i 5.266E-04

4 11 1.626E-01 5 11 3.9!IE-02 G 11 5.144E-02

9 11 1.246E-0310 11 4.905E-0211 11 2.699E-02

2 12 2.253E-03 3 12 2.675E-02 4 12 1.179E-01

7 12 8.354E-02 8 !2 1.043E-03 9 12 6.308E-02

12 12 4.567E-0213 12 1.068E-0214 12 4.524E-03

5 13 1.499E-01 G 13 8.717E-02 7 13 1,195E-02

10 13 3,555E-0211 13 4.096E-0213 13 3.30_-02

15. 18. 22. 30.

.099E-160.180E-160.25GE-160,297E-160.258E-160.204E-16

5880.

N2 I+ 2 3 36

0 0 3.382E-01 i 0 4.065E-01 2 0 1.975E-0_ 3 0 5.014E-02 4 0 7,191E-03

5 0 5,871E-04 6 0 2.616E-05 0 1 3.248E-01 i 1 2.310E-03 2 1 2,120E-01

3 1 2.987E-0! 4 1 !,3!8E-01 5 1 2,729E-02 6 1 2,925E-03 7 ! 1.613E-04

0 2 1,900E-01 I 2 1.032E-01 2 2 1.132E-01 3 2 3,8G8E-02 4 2 2.738E-01

2 2,107E-91 6 2 6.148E-02 7 2 8,462E-03 8 2 5,G75E-04 9 2 1.719E-05

0 38.857E-02 1 3 1.782E-01 2 3 !,205E-03 3 3 1.623E-01 4 3 1.807E-03

5 3 1.808E-01 G 3 2,605E-01 7 3 1,065E-01 8 3 1,857E-02 9 3 1,495E-03

10 3 5.24!E-05 0 4 3.649E-02 1 4 1.450E-01 2 4 7.724E-02 3 4 3.227E-02

4 4 1.139E-01 5 4 4.780E-02 6 4 8,_05E-Oz 7 4 2,70_E-01 8 4 !,561E-01

9 4 3.420E-0210 4 3.274E-03!I 4 1.318E-Oa 0 5 1.399E-02 ! 5 8,647E-02

2 5 1,275E-01 3 5 9.050E-03 4 5 8,823E-02 5 5 4.262E-02 6 5 !.040E-01

7 5 1.91GE-02 8 5 2.438E-01 9 5 2,029E-0110 5 5.5GgE-0211 5 G.299E-03

12 5 2,890E-04 0 6 5,!47E-03 i G 4,367E-02 2 6 1,127E-01 3 6 6.9!0E-02

4 6 5.227E-03 5 G 1.057E-01 6 6 3.171E-03 7 6 1.291E-01 8 6 2,766E-05

9 6 1,919E-01I0 6 2.402E-0!II G 8.265E-0212 6 1,099E-0213 6 5.717E-04

0 7 i.851E-03 1 7 2,000E-02 2 7 7.496E-02 3 7 1.009E-0i 4 7 1,798E-02

5 7 3,829E-02 6 7 8.078E-02 7 7 _.748E-0_ 8 7 1,159E-0! 9 7 1,694E-02

!0 7 1.299E-0111 7 2.630E-0112 7 1,140E-0113 7 1.777E-0214 7 1,044E-03

4 8 6,361E-02 6 8 6,gGTE-02 7 8 3.946E-02 8 8 3,G33E-02 9 8 7.862E-02

10 8 5.219E-0211 8 7.206E-0212 8 2.688E-0113 8 1.480E-0114 8 2.702E-02

15 8 1.785E-03IG 8 3.480E-05 0 9 2,348E-04 1 9 3.5c:9E-032 9 2.!82E-02

3 9 6.406E-02 4 9 8.349E-02 5 9 2,454E-02 6 9 1.2_9E-02 7 9 7,733E-02

8 9 8,3GOE-03 9 9 6,773E-02I0 9 3.765E-0211 9 8,779E-0212 9 2,857E-02

13 9 2.575E-0!14 9 1.826E-0115 9 3,902E-02!6 9 2,873E-0317 9 G,131E-05

0 10 8.403E-05 1 I0 1,463E-03 2 10 1.053E-02 3 I0 3.917E-02 4 10 7.511E-02

5 !0 5.820E-02 6 10 2,460E-03 7 10 3.B33E-02 8 10 G.O77E-02 9 !0 3,194E-04

!0 !0 8,370E-0211 10 9,012E-0312 I0 1.109E-0113 I0 4.687E-0314 10 2,315E-01

15 10 2.154E-0!16 10 5.395E-0217 10 4.480E-0318 10 1.089E-04 0 11 3.038E-05

1 1! 5.gG7E-04 2 11 4.885E-03 3 11 2,187E-02 4 1! 5.510E-02 5 1! 7.056E-02

6 11 2.810E-02 7 11 2.738E-03 8 11 5.721E-02 9 11 3,305E-0210 1! 1.30E_2

11 11 7,_97E-0212 11 2,6!7E-0513 11 1.156E-0114 II 7.733E-0415 ii 1,94_-01

16 1i 2.443E-0117 11 7.185E-0218 11G.G75E-03 19 11 1.658E-04 O 12 1.114E-05

1 !2 2.380E-04 2 12 2.212E-03 3 12 1.151E-02 4 12 3,567E-02 5 12 6,338E-02

6 12 5.26!E-02 7 12 6.400E-03 8 12 1.852E-02 9 12 5.945E-0210 12 9.576E-0_

11 12 3.527E-02 _o _•_ 12 5.846E-02_o 12 9.342E-0314 12 1.029E-0115 12 1.330E-02

89 !....



OF POOR Q_-' __

16 12 1.516E-01 I7 12 2.672E-01 18 12 9.261E-02 19 12 9.615E-03 1 !3 9.627E-05

CROSS-SECTIC_SASSUMEDS#?4EAS B-X OF _R_RIGHT

io1842 1.288 I.G1! !.933 2,416 3.221 a.187 5,798

O. 0,054E-160.225E-160,299E-160.241E-160,156E-i60,!20E-160,076E-I_

90nnEX-n4

R2 AIA 2 4 24

0 137.827E-01 0 1 1,791E-01 0 2 3,059E-02 0 3 5,717E-03 0 4 5,717E-03

0 5 !,303E-03 0 G 3.G56E-04 0 7 1,238E-04 i 0 7,827E-01 i 1 !.791E-01

i 2 3.059E-02 i 3 5,717E-03 I 4......5,717E-03 I 5 _'ono"-n-_....._ 6 3,656E-04

i 7 1.238E-04 2 0 2.095E-01 2 1 5,035E-01 2 2 2.184E-01 2 35,205E-02

2 4 5,205E-02 2 5 1.1%E-02 2 6 3,080E-03 2 7 9,274E-04 2 8 3,263E-04

2 9 3,263E-04 2 10 1,320E-04 3 0 7.735E-03 3 1 3,024E-01 3 2 3,595E-0!
"_ 4 q '_ A',•_ 3 2,312E-01 3 4 2.3!2E-01 3 5 7,099E-02 3 6 ,,,4_E-_, 3 7 5,626E-03

3 S 1,826E-03 3 9 1,826E-03 3 10 G,737E-04 3 11 2.808E-04 3 12 !.305E-04

4 0 7.735E-03 4 1 3,024E-01 4 2 3,595E-01 4 3 2,312E-01 4 4 2.312E-01

4 5 7,099E-02 4 6 !,943E-02 4 7 5,626E-03 4 8 1,826E-03 4 9 1.826E-03

4 !0 6,737E-04 4 !i 2.808E-04 4 12 1.305E-04 5 0 1,179E-04 5 1 1,479E-02

5 2 3.693E-01 5 3 2.594E-01 5 4 2,594E-01 5 5 2,275E-0! 5 6 8.641E-02

5 7 2.778E-02 5 8 9.051E-03 5 9 9,05!E-03 5 10 3.194E-03 5 !i 1,248E-03

5 12 5,408E-04 5 13 2,581E-04 6 1 1,910E-04 6 2 2,!98E-02 6 3 4.228E-01

6 4 4.228E-0i 6 5 1,870E-01 6 6 2,121E-01 6 7 9,699E-02 6 8 3,623E-02

6 9 3,623E-02 6 10 1,328E-02 6 11 5,125E-03 6 12 2,139E-03 6 13 9,724E-04

P la6 14 2.558E-04 7 1 1.910E-04 7 2 2,198E-02 7 3 4.228E-0i 7 4 4.228=-C_

7 5 1.870E-0! 7 6 2,!21E-01 7 7 9.G99E-02 7 8 3,G23E-02 7 9 3.623E-02

7 !G 1.328E-02 7 11 5,125E-03 7 12 2,139E-03 7 13 9,724E-04 7 14 2,558E-04

8 2 1,834E-04 8 3 2.SGGE-02 8 4 2,866E-02 8 5 4.674E-01 8 6 !,355E-01

8 7 !.8%E-01 8 8 1.020E-01 8 9 1,020E-01 8 I0 4,380E-02 8 11 1,803E-02

8 !2 7,629E-03 8 13 3,421E-03 8 14 8,450E-04 9 3 1.027E-04 9 4 1,027E-04

9 5 3,385E-02 9 6 5.061E-01 9 7 9,970E-02 9 8 !.642E-01 9 9 1,642E-01

9 10 !,016E-01 9 11 4,959E-02 9 12 2,280E-02 9 13 I n_or_n_ 9 14 "_"rl_r _'"

CROSS-SECTIC_SaSSUMEDSAMEAS B-X OF CAR_RIGHT

2,3799 2,589 3,237 3,884 4,885 6,473 8,415 11,g5

0, 0,054E-160,225E-160,299E-160,241E-160,156E-16 _,_'UE-161_'_n 0,076E-16
0.0

N2 AIB 3 4 11

002,005E-03019,979E-01022,005E-03102,005E-07 I 19,979E-01

! 22.005E-03209.942E-01 211,966E-03229.942E-01 233.781E-03

2 4 3,781E-03 3 0 3.652E-03 3 2 3,G52E-03 3 3 9,90tE-0_ 3 4 9,907E-01

3 5 5.449E-03 3 6 1.042E-04 3 7 1,042E-04 4 0 3,G52E-03 4 2 3,652E-03

4 3 9,907E-01 4 4 9.%7E-01 4 5 5,449E-03 4 6 1,042E-04 4 7 1,042E-04

5 0 1,335E-04 5 2 1,335E-04 5 3 5,189E-03 5 4 5.189E-0: 5 5 9.°75E-01

5 6 6.927E-03 5 7 6,927E-03 5 8 !,787E-04 6 3 2,431E-Oq 6 4 2,431E-04

6 5 6,497E-03 6 6 9.848E-0! 6 7 9,848E-01 6 8 8,129E-03 6 9 2.877E-04

7 3 2.431E-04 7 4 2.431E-04 7 5 6,497E-03 7 6 9.848E-0! 7 7 9.848E-01

7 S 8.129E-03 7 9 2,877E-04 8 5 3,900E-04 8 6 7,497E-03 8 7 7,a97E-03

E' 8 9,826E-01 8 9 8,985E-03 9 6 5.732E-04 9 7 5.732E-04 9 o _ _:._r-no

CROSS-SECTI_ ASSUMEDS#b4EAS B-X OF _R_RIGFFF

!.1956 1,301 1,626 !,951 2.439 3,252 4.229 5,854

O. 0,054E-160,225E-160.299E-160,241E-!60.15GE-!6,._._,r',_nr-4K.,,.O,076E-1G
O,

NO 30.010 3 3 6 3 0

4.000 60.550 1903.855 13.970 -0.00! 0.000

2,00043965,69.92371,300 14,480 -0,280 0,000
.-s.

4,OuO 45932,398 !037,690 7,603 0.097 0.000

1.704601,780E-02

!,99520 !.640E-02

1,12700!,525E-02
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2.00052148.0002347.000 0.000 0.000
2.00053083.0002327.000 23.000 0.000
2,00960628.5002373.600 15,850 0.000

N 48 !.40!E+0!5.249E÷044.000E÷O01.500E+00
0 3P !,600E+015.249E÷049.000E÷O01.000E+O0
CROSS-SECTIONSASSUMEDASSAMEFORNOI-2 OFIMAMI
6.508 _,775 7,875 10.15 13.54

0.000 1.95500O.O00E+O0
0.000 1.99170O.O00E+O0
0.000 1.986301.820E-02

O.O00E+O0
I.O00E+O0

ET AL

18.09 22.58 28.24

2.700E-17O.O00E O0 3.370E-!81.540E-172.450E-172.980E-!73.030E-172.870E-17

CROSS-SECTIONSASSUMEDAS SAME FOR NO I-2 OF IMAMI El"AL

1,058 i.1013 1.280 1.650 2.201 2.941 3.671"

0.000E 00 3.370E-181.540E-172.450E-172.980E-173.030E-!72,870E-17

CROSS-SECTIONSASSUMEDAS SAME FOR NO I-2 OF IMAMIET AL

0.8132 0.8465 0.9840 1.269 1.691 2.26i 2.822

O.O00EO0 3,370E-181.540E-172.450E-172.980E-173.030E-172.870E-17

4.592

2.700E-17

3.529

2,700E-17

NO 8 I 3 46

0 I.,%0E-03 4 0 3.000E-03 5 0 5.000E-03 6 r_I.....E-02 7 0 1.700E-02

8 0 2.200E-02 9 0 2.900E-0210 _03.200E-0211 0 4,i00E-02 !2 0 5.100E-02

I I 1.000E-03 2 i 4.000E-03 3 1 9.000E-03 4 i 1.700E-02 5 1 3.200E-02

6 i 4.400E-02 7 1 5.900E-02 8 1 5.800E-02 9 1 6.000E-0210 1 5.700E-02

11 1 4.800E-0212 1 3.400E-02 0 2 1.000E-03 1 2 6.{i00E-032 21.800E-02

3 2 3.800E-02 4 2 5.400E-02 5 2 6.900E-02 6 2 7.000E-02 7 2 5.300E-02

8 2 3.600E-02 9 2 1.900E-0210 2 8.000E-0311 2 !.000E-0312 2 3.000E-03

0 3 5.000E-03 ! 3 2,400E-02 2 3 4.B00E-02 3 3 7.600E-02 4 3 7.600E-02

5 3 5.700E-02 6 3 3.200E-02 7 3 7.000E-03 9 3 1.400E-0210 3 2.000E-02

!I 3 3.100E-0212 3 3.800E-02 0 4 1.700E-02 1 4 5.100E-02 2 4 8.500E-02

3 4 °.400E-02 4 4 4.300E-02 5 4 6.000E-03 6 4 !.000E-03 7 4 2.400E-02

4 3.40_E-C2 9 4 4.200E-0210 4 3.400E-0211 4 2,000E-0212 4 I.O00E-03

0 5 4.1C'0E-02i 5 9.700E-02 2 5 9.200E-02 3 5 3.800E-02 4 5 1.000E-03

5 5 !.200E-02 6 5 3.800E-02 7 5 4.600E-02 8 5 2.700E-02 9 5 6.000E-03

11 5 5.000E-0312 5 2.600E-02 0 6 8.200E-02 i 6 1.!70E-01 2 6 4.700Z-02

4 6 3.000E-02 5 6 5.300E-02 6 6 3.500E-02 7 6 5.000E-03 8 6 2.000E-03

9 6 !.800E-0210 6 3.200E-02I! 6 3.100E-0212 6 !.100E-02 0 7 1.250E-01

i 7 8.800E-02 2 7 2.000E-03 3 7 3.300E-02 4 7 6.000E-02 5 7 2.400E-02

7 7 2.,.L._0,. 8 7 ,,.,.,,.,__ 9 "_.3.100E-0210 7 1.000F-0212 7 1.300E-02

I 8 2.900E-02 2 8 2.!00E-02 3 8 6.800E-02 4 8 2.100E-02 5 8 4.000E-03

6 8 3.100E-02 7 8 3.600E-02 8 8 ].400E-0210 8 1.400E-0211 8 2.800E-02

I'7_8 2.000E-02 0 9 !,670E-01 2 9 7.300E-02 3 9 ,._._,,_,_"_n._-p'_4 9 3.000E-03

5 9 4.600E-02 6 9 3.400E-02 7 9 1.000E-03 8 9 I.%_E-02 .9 9 3.000E-02

10 9 2.700E-02ii 9 9.000E-0312 9 3.000E-03 0 10 1.520E-01 ! 10 2.100E-02

2 10 8.200E-02 3 10 1.000E-03 4 10 3.900E-02 5 10 3.700F-02 _ 10 1.000E-03

7 !0 2.200E-02 8 10 3.500E-02 9 10 1.800E-0211 10 8._ }E-03 12 i_ 2.600E-02

0 11 1.140E-0! i 11 7.400E-02 2 ii 4.100E-02 3 II 2._"0E-02 4 !i 5.400E-02

5 II 1,800E-02 6 !I 2.500E-02 7 !I 4.000E-02 8 !! 2.000E-03 9 11 8.000E-03

10 11 2.400E-0211 11 2.600E-0212 1! 1,000E-03 0 12 7.600E-02 ! 12 1.260E-0!

_2 7.200E-02 4 12 1.200E-02 5 !2 2.500E-02 6 12 4.300E-02 7 12 2.000E-03

8 12 i 700E-02 9 12 3.400E-0210 _" _,,,. ,,.1.400E-0212 12 1.200E-02 0 "_ 3.300F.-02

I 13 1.390E-01 2 13 1.800E-02 3 13 5.400E-02 4 13 1.700E-02 5 !3 5.200E-02

I,"{2,000E-03 7 13 2.800E-02 8 !2 2.700E-02 9 13 2.000E-0310 13 1.400E-02

1! 13 3.200E-0212 13 7.000E-03 0 14 1.600E-02 1 !4 1.0_0E-0! 2 14 8.200E-02

,'-:14 9.000E-03 4 14 6.600E-02 5 14 1.400E-02 6 14 1.800E-02 7 14 3.400E-02

9 !4 2.100E-0210 !4 2.700E-0211 14 8.000E-0312 i4 8.000E-03 0 15 7.000E-03

;,,6.800E-02 2 15 1.260E-01 3 15 1.300E-02 4 15 5.600E-02 5 15 1.000E-02

G !6 2.C,JP_E-03! 16 2,800E-02 2 16 1,240E-01 3 16 8.600E-02 4 16 5.000E-03

,_16 _.,.,._,c,'_rl;,_-hC,_6 !6 6.000E-03 7 16 3.100E-02 8 !6 2.200E-0210 16 2.700E-02

!I 16 _.._,,____nF,F-no,.,_.12 16 1,000E-03 I ,._'_!.200E-02 ,_!7 7.700E-02 3 !7 1.340E-01
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_-. _._ _ _% _, _,r_ ,'r'_._ "! ,_"

OE POOR QUALMS%_

q 17 2.900E-02 5 17 5.000E-02 6 17 1,800E-02 7 17 4.200E-02 9 17

!0 17 I._OOE-02I! 17 2.000E-0312 17 3.100E-02 I 18 4,000E-03 2 18

3 18 1.150E-01 4 1B 7,700E-02 5 18 3.000E-03 6 !S _.200E-02 7 18

£ 18 3.500E-02 9 18 2.200E-02i0 18 3.000E-03!I 18 2.900E-0212 18

I 19 1,000E-03 2 !9 !.000E-02 3 19 6.900E-02 4 19 1,290E-01 5 19

6 19 4.000E-02 ? !9 3.800E-02 8 19 3.200E-02 9 19 8,000E-03i0 19

CRO%-SECT]_S ASSUMED TO BE SAME AS FOR NO 1-2 OF IMAM] ET AL

5.687 6. 7. 9. !2. 16. 20.

O,O00E 00 3.370E-I?1.540E-172.450E-172,980E-173.030E-172.870E-17

3,200E-02

5,000E-02

!,O00E-03

5.000E-03

3,000E-02

4.100E-02

25.

2,700E-17

1.500E+06

NO G 1 2 3@

c_ 0 2,279E-01 i 0 .,,_670E-01 2 0 _._750E-0!. . 3 ,.n9,900E-02 4 0 2.600E-02

5 0 5.000E-03 6 0 2.OOOE-OS 0 i 3.050E-0! I i 5.600E-02 2 I 8,700E-02

i 2.740E-01 4 I I 930E-01 5 I 7.700E-02 6 i i...............

0 2 2,180E-01 ! 2 2.400E-02 2 2 1.690E-01 3 2 1.000E-03 4 2 i.740E-0!

5 2 2,700E-01 6 2 :.050E-Of'7 ._3,000E-02 ..°2 3,000E-O3 0 _"l,_OE-u_°_-,

i 3 i.330E-01 2 3 1,500E-02 3 3 I.!20E-OI 4 3 5.30DE-02 5 3 4,800E-02

6 S z._40_ O_ 7 3 1,920E-01 8 3 6,000E-02 n : _.600E-02!0 3 3,000E-03

0 4 6.500E-02 I 4 i,600E-01 2 4 2.000E-02 3 4 9.400E-02 4 4 2.000E-02

5 _,1.270E-01 6 4 6,000E-03 _, 4 1.490E-01 8 4 _,___nr-F,_.,___ 4 _.!OOE-O!

!0 4 2,400E-021! 4 4.000E-OS12 4 1,000E-03 0 5 2.800E-02 I 5 !.260E-0!

2 5 9.200E-02 4 5 1.090E-01 6 5 1.270E-01 7 5 1,800E-02 8 5 5,200E-02

9 5 2.300E-01!0 5 1.390E-01!i 5 6,100E-0212 5 1.300E-02 0 6 !.9_0E-72

I 6 7,000E-02 2 6 1.250E-01 3 6 2,600E-02 4 6 5.600E-02 5 6 6,200E-02

6 6 2.200E-_2 7 6 4.900E-02 8 6 _.300E-02 9 6 6.000E-0310 6 1.790E-01

11 6 1.86{;E-0112 6 9,300E-02 0 7 3,000E-03 1 7 3.400E-02 2 7 1.060E-0i

7 r, =nn___:_ - - -o,_...... 5 7 c..200E_926 ",..__ cnnr_n_ 7, ?,_,.7UO_-O_8 7 2,500E-02

9 7 1,060E-0!!0 7 _.O00E-O31! 7 1.230E-0112 7 2,040E-01 0 8 _.uOv_-uo

1 8 I.SUb_-02 a S 6,100E-02 S 3 !.OlOE-OI 4 _ _,1%. U= 5 8 2.100E-02

6 S 9.200E-02 7 8 5,000E-03 8 8 .,_OL=-O_ 9 B 3,000E-03_n 8 9 _h_r-r'2

2 9 2.800E-02 3 9 8.300E-02 4 9 8.300E-02 6 _ 3.600E-02 7 9 5.500E-02

B ? !.800E-02 9 .°7.500E-02!0 _._.,....._rV,r-q_._11 .g8,900E-02_o._.g6,900E-02

1 10 3._nOnr-O_.. _ !0 _',400E-02_.,10 E,OOOE-02 4 _0_£.900E-02 5 iO 2.500E-02

, In.....6,Snr'_-n2...._.. _.i0 _ i_tO_.O_r_o _..![i.,,..,u_°ar,nr_c,o.__"0.u_' 5,300E-0211 10 _,.,.:0_"=r,,-_,--,U_

._ci0 G.500E-_2 1 _ _ O00E-03 2 11 _ _nnr no 3 1!............ -u_ 3.300E-02 4 11 6.700E-02

' _On_-O_ 7 4_ 3.000E-02 8 11 fiqnOE-qS' q 11 3,000E-03

!0 1! 6,300E-0211 11 2.400E-0212 11 5.500E-02 2 12 4.000E-03 3 12 1,400E-02

!2 4.000E-02 5 !2 ?,500E-02 6 12 6,500E-02 8 12 !.700E-0_ 9 12 4,100E-02

._Ini2.._v.._nnnp-nq_44_.12 6.500E-02!2 12 2,000E-03 _ !3 2.000E-03 3 43._,.O00E-03

4 ..,4c'_._.._nnr_no._5 ._q5,900E-02 6 13 7,400E-02 7 ._4R2.000E-02 8 13 4,100E-02

o n_ 129 13 5.300E-02!0 13 1.400E-02!! 13 3._OOE-_. 13 5.400E-t_ 2 14 1.000E-03

3 la 3.000E-O_ 4 14 1.400E-02 5 14 _._,,.._nf_-n_,_6 14 6,500E-22 7 14 6,100E-02

8 14 2.!00E-02 9 14 2.000E-02!0 14 5.000E-0211 14 9.000E%S 12 !4 2.900E-£2

3 !5 i,OOOE-03 4 15 7,000E-03 5 15 2.400E-02 6 !5 5,600E-02 7 !5 7.100E-rJ2

8 15 1.300E-02 9 15 8,000E-0310 !5 3.400E-021! 15 3.500E-02!2 15 3.000E-03

4 !6 5,000E-03 ._16 !._,.v.-u_nrr._ 6 ._'__._.,___nnr-ro__? !6 5.400E-02 8 ._65.2[!0E-02

!6 4,000E-03!0 !6 _ 2hOE-n_ !! !6 4,800E-0212 !6 !.400E-02 4 !7 4 nnnrJ,_

5 17 7,000E-03 6 17 _,SnOE-02 _ _ a _n_r__:c,8 17. _ ........ <.200E-02 9 17 o _nnr-ho

_ !7 1,700E-02 1° 17 3.200E-02 5 _o_ I.O00E-03 6 4_ 60_OE -n_ _ _P...... ...... 2.£00E-02

FR_ !,N_M]_ AL

" _ _ ...... 23.625.449 5._66 5.686 8.490 _.32 i5.1o !o,c_

9 O n __Q

NOA-8 2 S i
£,
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mOSS-SECTIONSASSUMEDE_e_MEASASFOR,I-_ I-2 OF I_@_41ET AL

0.2437 O.2537 0.2937 O.3802 0.5069 O.6775 0.8456 !.058

O.O00E O0 3.3706-181.5406-172.450E-172.9806-173.030E-!72.970E-172.700E-17

_t

02 32.0 0 0 5 0

3.000 0.000 1580.361 12.073 0.055 -L:.O0_ 1.44567 1.579E-02

2.000 7918.100 1509.300 12.900 0.000 0.000 1.426401.710E-02

!.000 13195.220 1432.687 13.950 -0.011 0.000 !.40042!.81_-02

3.060 36096.000 819.000 22.560 0.000 0.000 1.05060O.O00E+O0

3.000 49802.102 700.360 8.002 -0.375 0.000 0.8_9001.100E-02

0 3P 1.600E+0!4.126E+049.000E+001.000E+001.000E+00

0 3P 1.6606÷014.126E+049.000E+001.000E+001.0006÷00

26.020 3 3 3 3 0

2.000 0.000 2068.745 13.134 -0.006 0.060 1.899001.701E_2

4.000 9245.344 1812.555 12.609 -0.012 0.000 1.71510!.706-02

2.000 25751.801 2168.610 20.200 0.000 0.000 1.970102.21_-02

C 3P 1.201E+016.364E+049.000E+001.0006+001.000E+00

N 48 1.401E+016.363E+044.000E+001.500E+000.000E+00

CROSS-SECTIONSASSLMEDAS S#_4EFOR NO I-2 OF IMttil_ AL

7.89 8.2!3 9.547 12.31 16.41

O.O00E O0 3.370E-181.5406-172.450E-172.980E-17

CROSS-SECTIONSASSUMED SAME AS SAME FOR NO I-2 OF

6.744 7.035 8.178 10.54 14.06

0.000E O0 3.370E-18!.540E-172.450E-172.980E-17

CROSS-SECTIONSASS_ED SAME AS SAME FOR NO I-2 OF

4,697 4.884 5.677 7.320 9.759

O.O00E O0 3,370E-181.540E-172.450E-172.9806-17

2!.93 27.38

3.030E-172.870E-17

IMPt41ETAL

18.79 23.45

3.030E-172.876E-17

IMPel [T AL

13.04 16.28

3.030E-i72.870E-17

_ViO I 3 13

6 0 9.179E-01 1 0 8.690E-02 2 0 1.200E-03 0 1 7.660E-02 1 1

2 ! 1.417E-01 3 1 2.800E-03 0 2 5.800E-03 1 2 1.240E-01 2 2

3 2 1.905E-01 4 2 4.3006-03 0 3 3.000E-04 1 3 1.430E-02 2 3

3 3 5.929E-01 4 3 2.318E-0! 2 4 2.390E-02 3 4 1.745E-01 4 4

5 4 2.668E-01 3 5 3.420E-62 4 5 1.825E-01 5 5 4.824E-01 6 5

4 6 4.5206-02 5 6 1.781E-01 6 6 4.583E-01 7 6 3.0956-01 9 6

5 7 5.5406-02 6 7 1.640E-01 7 7 4.554E-01 8 7 3.122E-0110 7

6 8 6.390E-02 8 8 4.750E-01 9 8 2.956E-0111 8 6.700E-03 7 9

9 9 5.184E'0!10 9 2.537E-01 8 !0 7.660E-0210 10 5.801E-0111 10

12 10 4.8!0E-0214 10 3.400E-03 7 11 3.100E-03 9 11 8.280E-0211 11

!2 1! 1.131E-01!3 11 8.540E-0215 11 5.560E-03 8 12 3.700E-03!2 12

!4 12 1.203E-01 9 13 4.!00E-0313 13 7.127E-0115 13 1.380E-0118 13

14 14 6.762E-0116 14 !.234E-0117 !4 4.470E-0215 15 5.7_E-0! 16 15

CROSS-SECTI_S _SUHED SAME AS FOR NO I-2 OF IM#t41El',AL

3.193 3.329 3.870 4.989 6.652 8.890 11.!0

0.000E O0 3.370E-181.540E-172.450E-172.980E-173.030E-172.870E-17

1.180E+07

CN RED I 2 50

0 0 5.602E-01 i 0 3.179E-01 2 0 1.269E-01 3 0 4.,q20E-024

5 0 2.850E-03 6 0 7.500E-04 7 0 2.060E-04 8 0 5.000E-05 0

I 1 4.600E-02 2 I 2.409E-01 3 1 1.942E-01 4 1 9.4!0E-02 5

6 I 1.220E-02 7 I 3.860E-03 8 I 1.100E-03 9 I 3.50_E-04!0

0 2 1.1076-01 I 2 3.5_E-01 2 2 1.160E-02 3 2 9.9506-02 4

5 2 1.330E-01 6 2 6.755E-02 7 2 2.810E-02 8 2 1.040E-02 9

10 2 1.150E-03!I 2 3.500E-0412 2 1.500E-0413 2 5.000E-05 0

1 3 2.234E-01 2 3 2.136E-01 3 3 8.7806-02 4 3 1.615E-62 5

34.24

2.700E-17

29.33

2.700E-17

20.36

2.700E-i7

7.795E-01

6.754E-01

1.550E-01

5.279E-0!

2.9336-01

3.100E-03

5.000E-03

7.080E-02

1.897E-0!

6.4476-01

6.967E-01

4.000E-03

9.180E-02

r-,13.o8

2.760E-17

0 1.110E-02

1 3.71!E-01

1 3.615E-02

1 !.000E-04

2 1.812E-01

2 3.606E-03

3 1.670E-02

3 1.2286-01
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4.855E-02 9 3 2.125E-02i0 3 8.450E-03

4.000E-0414 3 1,500E-04!5 3 5.000E-05

2,872E-01 3 4 8,785E-02 4 4 1,489E-01

1.2IOE-OI 8 4 1,088E-0! 9 4 6,955E-02

6.650E-03 13 4 2,650E-03 14 4 1,000E-03

5.000E-05 0 5 1,00OE-'),-'., 1 5 6,150E-03

1,595E-02 5 5 1,591E-0! 6 5 3,040E-02

1,068E-01 tO 5 8,305E-02 11 5 5.02OE-rJ2.

5,300E-03 15 5 2,150E-03 16 5 8,500E-04

1.567E-01 4 6 2.669E-0! 5 6 7_500E-04

1,500E-04 9 6 -,'_,.,_s'r-_'"_,,.,,..,,_. *C!_ 6 9,0!0E-02

3,725E-0214 6 1.940E-02!5 6 9,300E-03

7,500E-04 2 7 1,250E-03 3 7 3,130E-02

2,400E-02 7 7 8......-0_. 8 : 9.770E-02

6.5!5E-02 12 7 8,440E-02 !3 7 7,165E-02

1.480E-02 17 7 7,300E-03 18 7 3,400E-03

5,285E-02 5 8 2,455E-01 6 8 1,390E-01

!.050E-01 !0 8 3,190E-02 11 8 !.650E-03

7,365E-02 15 8 5,TrjOE-02 iG £ 3.7r.,:5E-02

1,000E-04 4 9 6,000E-C'3 5 9 7,980E-02

1,008E-01 9 9 8.250E-03I0 9 9,250E-02

I,GSOE-02 !4 9 5,265E-02 ]5 9 6,860E-02

,.._,_.E-UZ"-'_£ r_ 4 10 :?,,SO'3E-,r;45 10 1,070E-_2

...-'.,205E-02 9 1r: 1,242E-01 10 10 2,500E-C.'4

1,425E-02!4 I{E3,500E-0315 i0 3,275E-[!2

5,065E-02 5 1i 6.500E-04 _ 11 !,765E-02

6,450E-03 10 1! 1,297E-0! 11 !i 9,750Z-C3

3,125E-02 15 11 7,500E-04 16 11 1,575E-02

1,762E-01 9 12 2,346E-[!!10 !2 5.500E-04

1.555E-02!4 12 6.985E-02!5 12 4.710E-!]2

2,705E-.n..27 13 2,150E-03 9 !2.3,910E-02

6,075E-02 12 i2 9,5!5E-02 i;_ 13 5,275E-0.'.-'

5,735E-02 17 13 _ _nr-r,-,_-......... :,.,13 7,500E-04

5,365E-02 I0 !4 2,326E-0i !I 14 l,SGgE-Ot

7,175E-02 t5 14 9,500E-04 !E. 14 3,565E-02

1,5r.'OE-049 15 5.500E-03!0 15 7,110E-02

5,755E-02 14 15 3,885E-02 I.=, 15 8.250E-02

5.4!5E-02 9 16 2,500E-04 10 !6 8,25f,'E-03

71545E-02 !4 !6 8,245E-02 15 16 1,700E-02

5,950E-0310 17 3.500E-04!4 !7 1.180E-02

4.340E-0215 !7 1,,.,..,._'"q_-'_._16 17 4,,:_uE-uo'+_"_

6 3 1,416E-0! 7 3 9,500E-02 8 3

11 3 3.150E-0312 3 1.100E-0313 3

0 4 i,400E-03 1 4 5,355E-02 2 4

5 4 1.300E-03 6 4 5,870E-02 7 4

10 4 3,530E-021! 4 1,600E-0212 4

15 4 430%-04 16 4 1,500E-0417 4
't _?"- I'_ "32 5 ..0,.,'-O_3 5 _..994E-014 5

_ _ 2,' 5 !..0,,,.-08 5 8,4qOE-02 9 5

_." ....._[,_02:13 5 i,210E-0214 5

! G 4.000E-04 2 6 1,590E-02 3 6

6 6 !.287E-01 7 6 6.960E-02 8 6
"4 ,n1! 6 8.880E-02!2 6 6,o_5E-0_13 6

16 6 4,200E-0317 6 i,350E-0318 6

4 7 2,067E-01 5 7 2,069E-01 6 7

9 7 9,450E-03!0 7 !,610E-0211 7

14 7 4.825E-0215 7 2,,.qOSE-0216 7

2 8 5,000E-05 3 8 2.950E-03 4 8

7 8 6.345E-02 8 8 3,650E-02 9 8

", - =r 13IZ 8 :,,_3.:_-02 8 7,115E-0214 8

i7 8 2.140E-02!8 8 1,!45E-02 3 9

6 9 2.670E-01 7 9 7,770E-02 8 9

41. 9 5_.uw_=_-n_v_12 9 2,400E-0313 9

I£ 9 6,!70E-02i7 9 4.505E-0218 9

,-. _ - o -,o i 106 iU _.I07E-01 7 IU _.,;_.SE-O_£

" r " 1211 10 b,780.-OZ I0 7.205E-0213 10

- _.n 760E-07 _';_b _. 5. _ :, 10 6.145E-0218 !0

. 4oo:--_',_8 11 2,606E-01 9 !I7 11 _........

._,!2 !,_.._,._5n_-n_.,7 iZ;"2,700E-02 8 i2

..': 12 !,!84E-01!2 12 _.,_°_90E_n2..13 12

16 12 6,70[iE-0317 12 4,600E-03!8 12

9 13 2,0_6E-01!0 13 1,985E-0111 !3

14 13 3,200E-03i5 !3 5,435E-0216 !3

",!4 1.000E-04 8 14 3.5_0_-0_,__ _ 9 14

12 i4 3,i70E-0213 14 6,660E-0214 !4

17 !4 5.970E-02!_ !4 3.145E-02 8 i5

11 i.=,2,520E-0i12 !5 1.!46E-0!i3 15

!6 1_._8,400E-0317 15 1,815E-02.,__15

!! 16 9,090E-0212 16 2.647E-0113 16

.r, " '- "_ !G !8 !6

i2 17 i.128E-0113 17 2,693E-0114 !7

_......i7 7.505E-02_ i7 3.7!5E-02!I _8 6.000E-0412 _8 1 _._-SF-_ou_i_ !8 1,359E-01

C:_SS-SECTIC_8ASSL_ED S¢_4EAS NO i-2 OF iH_H] ET AL

1.!46 1.17_ 1.367 1.763 2.350 3.!4! 3,921

0,,00_r,._...,_:r'_.,._70E__8.1.540E-i7_,..__a_c_-_?..2,950E-173.030E-17_,_....I,

•.:_ 4

-,, q,-" __.} "72.,bU_.,

1 0 2.248E-04 i ! 2,248E-0_ ! 2 1.833E-01 1 3 6,24%-01 1 4 6,249E-01

! 5 I_442E-01 i G 3,433E-02 ! ? 8,821E-03 1 8 8,8_!E-03 ! 9 2,609E-(_3

i _n o q_,_r_q_ i .__'3.4%E-04 1 12 3.4968-04 i _ _' =47r-_,4 2 O o _c,_r-_,_

_..UO_ OZ 2 _ 1,300E-02 _ 5 _ 521r-OR2 i S,909E-01 _ 2 9.252E-02 2 3 _ _ _- _ , _ ....

2 6 _,437E-04 2 7 2,055E-04 2 8 2.055E-04 3 0 8.909E-[_!_: 1 8,909E-01

3 2 9,252E-02 3 3 !.300E-02 3 4 1.300E-02 3 5 2,521E-03 3 6 6.4_7E-04

, fic,_r_n_ 4 2 7,239E-013 7 2.055E-04 3 8 2,055E-04 4 0 1.088E-0! 4 1 _........

_ _,_..___ac-,_. a, 4 _.._q_°E-n1.. 4 5 2,530E-02 4 6 5,644E-03 4 _ _._53{_Z-03_

94



4 8 1.530F-03 4 9 4.975E-04 4 I0 1.894E-04 5 0 2.248E-04 5 1

5 2 1.833E-0! 5 3 (L249E-OI 5 4 6,249E-01 5 5 !.442E-01 5 6

5 7 B.821E-03 5 8 8,B21E-03 5 9 2,60BE-03 5 I0 8,926E-04 5 11

5 !2 3.4%E-04 5 13 1.542E-04 6 0 2.248E-04 G ! 2.24SE-04 6 2

6 3 6,24.%-01 6 4 6,249E-01 6 5 1,442E-01 6 G 3.433E-02 6 7

6 £ 8,82!E-03 G 9 2,609E-03 G 10 8,926E-04 6 !I 3,4%E-04 6 12

6 "3 1,542E-04 7 2 2,534E-04 7 3 2,281E-01 7 4 2.281E-01 7 5

7 6 !,320E-01 7 7 3,861E-02 7 8 3,861E-02 7 9 1,127E-02 7 10

7 1! 1,335E-03 7 !2 t,335E-03 7 13 5,469E-04 7 !4 2,487E-04 8 2

8 3 2,201E-0! 8 4 2.281E-01 8 5 5.836E-01 8 6 1,320E-01 8 7

8 £ 3,861E-02 8 9 1.127E-02 8 10 3,657E-03 8 11 1,335E-03 8 12

8 13 5.46%-04 8 14 2.487E-04 9 5 2.428E-01 9 6 5.930E-01 9 7

9 8 1,05!E-01 9 9 3.%5E-02 9 10 !.255E-02 9 11 4.4E,2E-039 12

9 13 1.748E-03 9 !4 7.549E-0410 5 1.531E-0310 6 2.259E-0110 7

!0 8 6.444E-0110 9 7.020E-0210 !0 3,617E-02!0 11 1.266E-0210 12

i0 13 4.907E-0310 14 2.062E-03ii 6 8.358E-0311 7 1.780E-01I! 8

!I 9 7,241E-0111 10 3.468E-0211 !I 3,320E-02!I 12 3,320E-0211 13

Ii 14 4.989E-0312 _ 8.358E-0312 7 1.780E--0i!2 8 1,780E-0112 9

12 I0 3.468E-0212 1! 3.320E-0212 12 3.320E-0212 13 1,185E-0212 14

13 7 2.205E-0213 8 2.205E-0213 9 1.088E-0113 i0 8.092E-0113 11

13 !2 7.994E-0313 13 3.150E-0213 14 1,046E-02!4 7 1.1%E-03 14 8

14 ? 3.8!5E-02!4 IO 4.041E-0214 11 8.689E-0114 12 8.589E-0114 13

CROSC:-SECT!_SASS_ED SAME AS FOR NO i-2 OF IF%abll_ AL

2.046 2.153 2.502 3.226 4.30! 5.749 7,176

O.OOOE O0 3.370E-131.540E-172.450E-172.980E-173.030E-172.870E-17

O.

2,248E-04

3.433E-02

3,496E-04

1,833E-01

8.821E-03

3.4%E-04
5o_c__n_

3,657E-03

2.534E-04

3.861E-02

!.335E-03

1.051E-01

4.462E-03

6,444E-01

1.266E-02

1.780E-01

I.!85E-02

7.241E-01

4.989E-03

7,994E-03

1.136E-03

4,843E-04

8.975

2.700E-17
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SECTION4. RADIATIONDATA

NITROGEN
4.0
6.
9.
!5,
1.670E-05
i. G70E-05
1.670E-05
6.650E-04
7.410E-04
6.650E-04
1.2!0E-03
!.210E-03
1.210E-03
2.230E-03
2.230E-03
2.230E-03
2.230E-03
O.O00E+O0
O.O00E+O0
8.400E-04
O.000E+O0
!.060E-03
I 150E-n_
i .150E-01
I.!50E-01
3.430E-03
3.430E-03
3.430E-03
2.600E-01
3.670E-02
3.670E-03
2.910E-01
4.100E-03
4.i00E-03
4.100E-03
0.O00E+O0
4.650E-03
4,650E-03

4.650E-03

1.290E-01

1.290E-01

1.290E-01

6.390E-O3

6.390E-03

6.390E-03

6,390E-03

1.150E-01

1.!50E-01

1.150E-01

1.150E-01

O.O00E÷O0

1.200E-01

14,007 117345. 179

O. 10. 19228.

86193. 2. 93582.

O. 5. 15316.

92250.

0.330 4.0 6.0 88110.0

0.330 4.0 4.0 88153.0

0.330 4.0 2.0 88173.0

0.330 4.0 6.0 83366.0

0,330 4,0 4.0 83319.0

0.330 4.0 2.0 83286.0

0.330 6.0 4.0 86221.0

0.330 4.0 2.0 86138.0

0.330 4.0 4.0 86221.0

0.330 4.0 4.0 86221.0

0.330 2.0 2.0 86138.0

0.330 4.0 2.0 86138.0

0.330 2.0 4.0 86221.0

0.000 6.0 6.0 99663.0

0.000 4.0 4.0 99663.0

0.330 6.0 4.0 99663.0

0.000 4.0 6.0 99663.0

0.330 6.0 i0.0 99663.0

0.330 6.0 4.0 96752.0

0.330 4.0 4.0 96752.0

0.330 2.0 4,0 96752.0

0.330 6.0 8.0 104883.0

0.330 4.0 6.0 104811.0

0.330 6.0 6.0 104811.0

0.330 6.0 6.0 105144.0

0.330 4.0 4.0 105121.0

0.330 6.0 4.0 105121.0

0.330 4.0 6.0 105144.0

0.330 4.0 4.0 104615.0

0.3o_ 2.0 2.0 104655.0

0.330 4.0 2.0 104655.0

0.000 2.0 4.0 104615.0

0.330 4.0 6.0 105144.0

0.330 2.0 4.0 105121.0

0.330 4.0 4.0 105121.0

0.330 6.0 4.0 104227.0

0.330 4.0 2.0 104142.0

0.330 4.0 4.0 104227.0

0.330 4.0 4.0 104227,0

0.330 2,0 2.0 104142.0

r,.._n 4.0 2.0 104142.0

0.330 2.0 4.0 104227.0

0,330 6.0 8.0 !06871.0

0,330 4.0 6.0 106816.0

0.330 2.0 4,0 106780,0

0.330 4.0 4.0 106780.0

0.000 2.0 2.0 106761,0

0.330 6.0 6.0 107039.0

35 1

6. 28_40. !2. 83337.

20. 94839. !2. 95511.

1. 32687. 5. 47168.

2.200E+08 1134.982P3 4S 2?4 4P I. 5.

2.500E+08 1134.422P3 4S 2P4 4P i. 5.

2.500E+08 !134.172P3 4S 2P4 4P I. 5,

5.500E+08 1199.552?3 4S 3S 4P I. 4.

5.300E+08 1200.222P3 4S 3S 4P I. 4,

5.500E+08 1200.712P3 4S 3S 4P !. 4.

5.300E+08 1492.62 2P3 2D 3S 2P 2. 5.

5.000E+08 1494,67 2?3 2D 3S 2P 2, 5.

5.800E+07 1492.67 2P3 2D 3S 2P 2. 5.

1.800E÷08 1742,73 2P3 2P 3S 2P3. 5,

1.300E÷08 1745,2'5 2?3 2P 3S 2P 3, 5.

6.500E+07 1745.26 2?3 2P 38 2P 3. 5.

3.500E+07 1742,72 2?3 2P 3S 2P 3. 5.

4.300E+08 1243.17 2?3 2D 3S' 2D 2. 7.

4.300E+08 1243.# 2?3 2D 3S' 2D 2. 7.

4.500E+07 1243.172?3 2D 3S' 2D 2. 7,

3,000E÷07 1243,31 2?3 2D 3S' 2D 2. 7;

5,200E+07 141!.942?3 2P 3S' 2D 3. 7.

2.100E+06 11564.802P4 4P 3P 4S 5. 6.

1.300E+06 11628.002P4 4P 3P 4S 5. G.

6.600E+05 11656.002P4 4P 3P 4S 5. 6.

!.IOOE+08 1167.452?3 2D 3D 2F 2.10.

1,300E+08 1168.542P3 2D 3D 2F 2.10.

9.500E÷06 116£,422P3 2D 3D 2F 2.10,

4.300E+07 1163.8£ 2P3 2D 3D 2D 2.10,

4.300E+07 i164.312P3 2D 3D 2D 2.10.

4.800E÷06 1164.312P3 2D 3D 2D 2.10.

3.200E+06 1163.872P3 2D 3D 2D 2.10.

1.100E+08 1319.722P3 2P 3D 2P 3.!0.

8.500E+07 i319.042?3 2P 3D 2P 3.10.

4.200E{07 1319,042?3 2P 3D 2P 3.10.

2.200E+07 1319.722P3 2P 3D 2P 3.10.

1.300E+08 1310 _A 3D ..... 2P3 2P 2D 3.10

!.100E+08 1310 97 2?3 2P 3D 2D 3.10.

2.300E+07 13t0.97 2P3 2P 3D 2D 3.10.

9.500E+07 1!76.40 2?3 2D 48 2P 2. 8.

!.300E+08 1177.702?3 2D 4S 2P 2. 8.

1.100E+07 !i76.602P3 2D 4S 2P 2. 8.

1.500E+07 1326.632P3 2P 4S 2P 3. 8.

1,700E+07 1327.962P3 2P 4S 2P 3. 8,

8.500E+06 1327,96 2?3 2P 4S 2P3. 8.

3.000E+06 1326.53 2?3 2P 4S 2P 3. 8.

2=540E+05 5328.70 2P4 4p 4P 4D 5.11.

1.890E+05 5356.77 2P4 4P 4P 4D 5.11.

1.070E+05 5372,66 2P4 4P 4P 4D 5.11.

1.180E+05 5367.10 2?4 4P 4P 40 5.11.

2.100E+05 5378.302?4 4P 4P 4D 5.11,

2.820E+05 5281.182P4 4P 4P 4P 5.!I.

-r-,.-.,_ _ _",'r.,--', _ -. r'.-,-? •_............ r,_J., .YZT..}:I2D 97



OF pOOR QUA L|_-_/j

O.O00E+O0 0.000 6,0 4.0 106998.0 1,670E+05 5292.90 2P4 4P 4P 4P 5,1!,

O.O00E+O0 0,000 4,0 2.0 106983.02,730E+05 5309.20 2P4 4P 4P 4P 5.11.

O.O00E+DO 0,000 4,0 6,0 107039.0].130E+05 5293.502P4 4P 4P 4P 5.11.

O.O00E+O0 'O.u_;'_r'n2.0 4.0 106998.01.370E+05 5310,602P_ 4P 4P 4P 5.!!

q.O00E+O0 0,000 6,0 4,0 107447,02,090E+05 5170,002P4 4P 4P 48 5,!!,

.0,44,.01.440E+05 5181 _n 2P4 4P 4D 4S 5,!!,O.O00E+O0 O.O_O 4.0 4.0 , "7 "7 ....

4,alOE-O-: 9,33"J!0,0 6.0 110082.0 3.300E+07 1100.70 2F'320 5S 20 2,12,

2.12nE_02 :_ n 2.0 2.0 .._ '__,33_ 110029,0 2,200E+06 123!.70 _Pq 2P 58 2P 3.,_,

2,i20E-02 0,330 4,0 2,0 110029,0 I,IOOE+06 123!.70 2F'32P 5S 2F'3,12,

4.510E-02 0,330 6,0 8.0 94883.01,910E+07 8680.27 38 4P 3P 4D 4. 6,

4,.;_s_-C_ .,,...,.r'o_,',4,0 6,0 94832,0_.,_3r'r'_07_.,8683,40 38 4P 3P "4D4. 6,

4,510E-02 0,330 2.0 4.0 94795.07.900E+06 8686,!6 38 4P 3P 40 4, G.

4.510E-02 q,33n 6.0 6.0 94832.05,400E+06 87!8.8438 4P .'-:m4D 4. 6.

4.5!0E-02 g,330 4,0 4,0 94795.01.010E+07 871!,71 38 4P 3P _D 4, 6,

4,510E-02 0,330 2,0 2,0 94772,01,710E+07 8703,26 38 4P 3P 4D 4, 6,

4.5!0E-02 0.330 G.O 4.0 94795,07.900E÷05 8747.3638 4P 3P 40 4. G.

4,5!0E-02 0,330 4,0 2,0 94772,03,000E+05 8728,913S 4P 3P 4D 4, 6,

4,460E-02 0.330 6.0 6.0 95533.0_,600ER'07.8216.32_.,'_°4P ..,°°4P -,",_,

4,460E-02 0.330 4,0 4,0 95495.03,630E+06 8210.7138 4P 3P 4P 4, G,

4.460E-02 0.330 2.0 2,0 95477.03,640E+06 8200,3638 4P 3P 4P 4. 6,

n hrmclnn Flnnn 6,0 4.0 9549u.01 020E+07 8242,373£i 4P 3P 4P 4, 6,

4,460E-02 0.330 4.0 2.0 95477.02.020E+07 8223,123.0 4P 3P 4P 4. G.

4,46CE-02 0.330 4.0 6.0 95533.0G,300E+06 8184,8538 4P 3P 4P 4, 6,

4.460E-02 0,330 2.0 4.0 95495.09.200E+06 8188,0128 4P 3P 4P 4, 6.

4,7_=,0_-F!2...... n,330 6,0 4,0 96752.0! 610E+07 7464,31=,_'c4P s:p 48 4, 6,

,,. _6;u2.uI 060E÷07 7442,3038 4P 3P 48 4 6,4,750E-02 0,330 4 n 4.0 g ": _' ,

4.750E-02 {!,3302,0 4,0 96752,05,200E+06 7423,6438 .4p3P 48 4, 6.

t,cnc_r,_ 0 _n 4.0 6.0 96864.0_ 4_nra,'079392,79_.c _P 3P 20 _ 7.

?,_._.a_rr-.,c,.,_r,.330.2,0 4.0 ..,.,,.,,g_'_°°0 _,830E+07. 9386,81_._qc2P _P_,2D 5, 7.

7.460E-02 0.330 4.0 4,0 96788.03.340E+06 9460,683F. 2P 3P 2D 5, 7,

?.a_OE-02 0 030 4.F! 4,0 978mq 3 "_':,o r..... . ........0_÷07 $629.24.,.°°_,?'P.,?P2P ._.=7,

? -, _r,_ .330 2.0 _?'nr,C;1,900E+07 8..90,01_ 2P 7,.4_OE,;_ 0 2.0 ...... _ ' _q 2P 3P 5. ,

7._E:nE-02 0.330 4.0 2.0 97770,09,900E+06 o655,87?c.;2P ?.-'.P2P 5, 7.

o_ 4.07,460E-n2 °..._O2.0 97806.04.580E+06 9567.74 "_: )_ _ 2,° _ "_

0.000E+00 O,O00 4,n 6,0 110546.04.000E÷06 4109,963S 2P 3P' 2D 5,14.

0.......OnnEiO0 0.........r,nn 2.0 4,0 1105223 3.400E÷06 4099,95_c 2P 3P' ._D5,14,
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O.O00E+O0 0.000 3.0 3.0

O.O00E+O0 0.000 5.0 3.0

2.!40E-01 0.135 7.0 9.0

2.140E-01 0.135 5.0 7.0

2.140E-01 0.135 3.0 5.0

2.140E-0i 0.135 7.0 7.0

2.140E-01 0.135 5.0 5.0

2.140E-01 0.135 3.0 3.0

2.140E-01 0.135 7.0 5.0

2.140E-01 0.135 5.0 3.0

2.140E-01 0.135 3.0 1.0

3.530E-01 0.225 9.0 15.0

3.900E-0! 0.370 7.0 5.0

3.900E-01 0.370 5.0 5.0

3.900E-01 0.370 3.0 5.0

O.O00E+O0 0.000 9,0 %0

4.040E-01 0.155 7.0 9.0

4.040E-01 0.155 5.0 7.0

4.040E-01 0.155 3.0 5.0

4.040E-01 0.155 7.0 7.0

4.040E-0! 0.155 5.0 5.0

4.0406-01 0.155 3.0 3.0

4.040E-01 0.155 7.0 5.0

4.040E-01 0.!55 5.0 3.0

4.]40E-rj! n.155 3.0 i.0

-!.0006+00 0.000 9.0 15.0

0.000E+00 0.000 15.0 21.0

0.0006+00 0.000 2!.0 21.0

0.O00E+OC 0.000 2i,0 27,0

5.4F::OE-01 _3.339 7.0 5.0

5.430E-0! 0.339 5.0 5.0

5.430E-0! 0.32:9 3,0 5.0

6.980E-0! 0.349 9,0 3.0

1.258E+00 0.185 7,0 9.0

!.250E4-00 0.!35 5,0 7.0

!.258E+00 0.185 3.0 5.0

1,258E+00 0.185 7.0 7.0

1.258E+00 0.!85 5.0 5.0

1.2586+00 0.!85 3.0 3.0

1.258E-l'00 0.!85 7.0 5.0

0.000E+00 0.000 5.0 3.0

0,000E+00 0,000 3.0 1.0

0.0006+00 0.000 7.0 5.0

0,000E+00 0.000 5,0 5.0

0.000E+00 0.000 3.0 5.0

&.420E÷00 0.3!8 9.0 3.0

2P4 3P 9,0 78.0

101155.0i.200E+07 7981.97 3P 3P 3S' 3D 7.11.

I01155.08.000E+05 7982.303P 3P 3S' 3D 7.11.

97420.04.190E+07 9265.99 3P 5P 30 50 6. 9.

97420.02.800E+07 9262.73 3P 5P 3D 5D 6. 9.

97420.01.470E+07 9260.88 3P 5o 3D 50 6. 9.

97420.01.400E+07 9265.993P 5P 30 50 G. 9.

97420.02.450E+07 9202.733P 5P 30 50 G. 9.

97421.03.1506+07 9260.88 3P 5P 30 59 6. 9.

97420.02.790E+06 9265.99 3P 5P 30 50 6. 9.

97421.01.050E÷07 9262.73 3P 5P 30 5D 6. 9.

97421.04.200E+07 9260.883P 5P 30 5D 6. 9.

97488.02.350E+07 11287.003P 3P 3D 3D 7. 9.

95476.01.270E+07 11302.20 3P 5P 48 58 6. 8.

95476.09.100E+06 11297.50 3P 5P 48 5S 6. 8.

95476.05.400E+06 11295.00 3P 5P 48 58 6. 8.

96226.01.880E+07 13164.00 3P 3P 48 38 7. 8.

102865.07.0106+06 6158.!93P 5P 40 5D 6.12.

102865.04.680E+06 6156.783P 5P 4D 5D 6.12.

!02865.02.450E+06 6155.99 3P 5P 4D 50 6.12.

102865.02.340E+06 6158.19 3P 5P 4D 5D 6.12.

102865.04.100E+06 6156.78 3P 5P 4D 5D 6.i2,

102865.0 5.270E÷06 6!55.99 3P 5P 40 5D 6.12.

102865.04.670E+05 6158.!93P 5P 4D 5D 6.!2.

102865.0 1.750E+06 6156.783P 5P 4D 50 6.12.

!02865.07.020E+06 6155.993P 5P 40 50 6.12.

102908.03.250E+06 7002.103P 3P 4D 3D 7.12.

129667.04.600E+06 6106.503P' 3D 4D' 3F19.19.

129667.01.980E+06 6269.403P' 3F 4D' 3F19.19.

12%90.0 6.300E+06 6259.60 3P' 3F 40' 3619.19.

102116.03,310E+06 6456.01 3P 5P 58 58 6.11.

102116.02,370E+06 6454.483P 5P 58 58 6.1i.

102116,01.420E+06 6453,64 3F' 5P 58 58 6.11.

102412.06,2006+06 7254,403P 3P 58 38 7.11.

105385.0 1.960E÷06 5230,66 3P 5P 50 50 6,14,

105385.0 1.310E+06 5329.59 3P 5P 5D 50 6.14,

IJ.._8.,.06.900E+05 5328.983P 5P 5D 50 6.14.

105385.06.600E+05 5330.66 3P 5P 5D 50 6.14.

105385.01.150E+06 5329.593P 5P 5D 5D 6.14.

105385.01.480E+06 5328.983P 5P 5D 5D 6.14.

105385.0 1.310E+05 5330,66 3P 5P 50 5D 6,!4,

105385.0 4.910E+05 5329.59 3P 5P 5D 5D _.M.

105385.0 1.970E+06 5328.993P 5P 5D 50 6.!4,

105019.0 1.420E÷06 5436._33P 5P GS 58 6.14,

105019,01.020E+06 5435.763P 5P 68 58 6.14,

105019.06.100E+05 5435.163P 5P 58 58 6.i4.

105165.02,340E+06 6046,403P 3P 68 38 7.14,
i

i_,I!96 ,_._,,,4_Q_44 17.788820.716723.9167

2P4 IP 5.0 15867.7 2

0.0000 0,0000 0.0000 0.0000 0.0000

2P4 IP i.0 33792.4 3
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33 58 _ r_ _7_,6_.° 4_.v w
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0.0000 0.0000 U.O000 0.0000 0.0000

0.0000 r,nnnn r, n--,

0.53951 0.677040,78756

0.0000 ZI.O000
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103



n.00043_0,09373 0.330510.._i_.-w'_°*1.14633

.3_.. ._=_ 15.0 86.628.7 6

" ,'.-':_ _.2767rJ :).%244 0.822910.86719

'SF'&_ 9.C! £8630.7 7

,(2_=,74':;,49-_31:_,_2742n.9297!!,40623

:-'[_ 5? 25,0 _7420. D 9

.:_.,_-'::::,.::_3ti ....-,".....70766 0 E,6160
•;(-, _.r, l E _ O"7,4nr. r,
•_'.:.: _.., .LJ,U d"qOOmU

,"qr, r, ._ _0 _, ="s,:..;L,',:::........::.&%2q0.630890.57887

_ ._P ..... 9q0% q !0

.._'? = 1,133T'. q q.....1.£:437_ :,..4.... 99490 0._/,_i

4F ':"=' _ n 9_,80.0 _n

.-. .. ?_r,_,

4:. F_:: 2,:-;,Z, !_2_G5.! 12

1,-:=='_".._._ 1.40_'_2 , :;o:,=,s,1,31451 i o---.-:o

i,Z1477 1,3.'4_ 1,2762_ i,!_361 !.!i(!44

_" =C" ",= r, _."!.gq_Zq _ L2

f _m=_l! 0 ;,.::,:;A? q -;'-,e,= ....................... _i.-_c,. ?,!3.97rj r',0:_?27

'},595_5 "i ::.:.go.3,, -,_,_,,',., :_r:_; !:, r,cp=.,

,i.::5 _ "" _';"= _].20

!:.::OZ; -r, _c, " "_ -0.2_8

1_:'!(iCi._r,.,,_.,'_?-(!.230 -Z:.258

• or.'.', -[.!.ia::; -n _ _ -r.i.23_

",,2+;.- 22.:_10 1 94 4

,i ' ;" ;),Z!0gZ+'30r, qq;,_i,:r:

T,O[;(; i rm r,unr,OEiOr," .,nr,r,r,,-

_,:iZiC ":="" =_:'_ ........ ;'4 "_4 --qi2,_L , :_C, iC,;',

2.CO:"._ (' ,OC:) 2207.198 16.13;_

2 re-;r: ;.:4,'.",22:";0 2.::K:,.')00 ....., _...... , ,..., :j, t. '..!'.:

,g0.r. _._;_'-_,4!}::._,_ 19'.$2.£_? .""_".£'i '.:_'

2.8 Z:,O4.500E-014,_37E-G2 _.[_ Z'..['

•-1,0 "),0 .a,...,.,._r";r-r':.,_1,452E-05 r.!,O 1,0

1 r, !.Fi " "ci"c _," ..,._, . ',._uu._-_ 2,22GE-9! 2,0 ! '

:?:n i.'::_ _.r,rrr_rH " r._-r_r,- _. r: 1.0

= _ , r,4.500Z-_C1..,u i,.: 3._%E-05 O.O 2.rj

1.0 2.0 a =r,r,r_;. ;:,R_ZiE_r,'_ 2 r, 2.0

"_ ': -, ," ," _nO__fil & :o",c_n_

.._0_,:.-6. 1,340E-02 6.C! 2.C!

7.0 2. r_ 4 m_-'_-F£ .......... ....... _.:_..'_-t:5 O.C 3.':'

'J 3.0 ".5('['E-Ol/ 324E-01 ._,',o r,

::,t' 3.) _,W, qF-;," _ IZLE-'b3 4.0 3.0

= - 3.0 " =;'nr-'" 2.- ........ 6.z! 3.'!, _..... ,. :._ 4:.: JC.-UI

; ;- _ " a _rifi_-L" 4 o_r,__n_. _,,.fi 3.0

0.'; 4.':! 4.3.':t0E--'I 3.237--r,.3 !,[! 4,?

- ...... U '_ 2,9 '_.

............... v. ,'_. ......... 4.0

-_,{[, .¢ '.h . ,'C.:'.,qZ_'' :. £?-'..',C__ 7 ,; ._ "

-,,[: 4,(! _ ..... r ..-- or,?r_r 5

?.? :-:-.:: ,: ..... ' ,: -,:'_r_r,z =

1.69498 2.32813 3.0030£ 3,72587 4.51091

2,00315 2.69438 3,48024 _,_4.._,_' _'_ 5.277_3,..

0.624300.597480.57576?.5g052 _).54£!9

0,53611 0.50361 0,47581 0 4_o0 ..... ,'_

1.13373 1,43874 ..85gZ!i2 .... _,_ _._b..,.

1,178201,12337!.q_4:_6',033330,39714

i, L..,6.... :) U.£i ::'f_3-!,., _., ..: ( . . , OE,.._..; C,

t p?q3n U,L.d, 4_ ..... (,.....:_...... -, .,=? .3 f:,e_:_ r'_=Rr' _.g3229

O. _ " "_0-"-J U. _-

-0.315 -O.30£ -r.i.2'7')

-0.2% -0,28_ -_ ,2-_

-0,278 -0.263 -;, ,217

-[i .259 -0.2a!. -0.1_!.

-0 O fi.,.4,, -,i ,2!8 ;.....-j. _L "'J

- .......... 000

-0,53_;

!]. 00,":

4.500E-01

4.5'_9E-('!

4 =£ f,_- r_t

4.500E-01

4 %Or-O_

4.SOOE-Oi

j .., L+_"- _.I_.

4.5'_OE-;Ji

4 =OOr-O_

, i w..,,w _ U.;.

4.500E-01

4._00E-01

4.500E-0!

4,500E-CI

4.5_.;OE-OI

4,500E-01

_ f'" _'-fi!
, .J J ",_.. .a._

_.500E-OI

4,5,.'ffJE-r4

4.500E-0!

4,_Onc-n4

q r I q A :! q ",

-i,,.)% 2.,',o.w,rl _ .m_.nc_:,-'.,

:!, O[_': 1, '::$22"J2.02[iE--2

;:i :':":" i -=qn,, 5.LiC!OE-02

:: f;:'_ " "_n, _ _ _.',r4"_f!_,

:7.:_ _ r'"

-.248z-n3

4.06_E-0!"

n _'=!:" _l"

7,0!6E-02

_. .i _E e.w.d, t:_.J_ - u,d

1.G6OE-!:i

5.729E-05

1.600E-02

2,290E-C'I

3.792E-_JI

2,0E,gE-O2

4.27.'.'-:-"-!:!2

1.557E-0!

3, "34 .q C'_ q 4

78or-,,_

6.42"]E-_5

!.1a,OE-02

104



4.0 5.0 4.500E-019.290E-02 5.0 5.0 4,500E-0!2.925E-02

6.0 5.0 4,500E-012.830E-01 7.0 5.0 4.500E-013.06SE-01

8.0 5.0 4.500E-0!3,4!9E-02i0.n 5.0 4.500E-011.161E-04

0.0 6.0 4.500E-011.155E-04 1.0 6.0 4.500E-0!2.700E-D_

_._0 6.0 4.500E-012.362E-02 3.0 6.0 4.500E-01Q..451E-O.,

4.0 6,0 4,500E-01i.509E-01 5.0 6.0 4.500E-014.815E-02

6.0 6.0 4.500E-015.331E-02 7.0 6.0 4.500E-012.415E-01

O.O 6.0 4.500E-0!3.401E-01 9.0 6,0 4.500E-nl3.8BOC-02

!0.0 B.O 4.500E-0!8.094E-05i!.0 6.0 4,500E-011,823E-04

0,0 7.0 4,500E-012.000E-05 1.0 7.0 4.500E-015.861E-04

2.0 7.0 4.500F-01B.691E-03 3.0 7.0 4.500E-013.80!E-02

4.0 7,0 4.500E-011,09BE-01 5,0 7.0 4.500E-011.333E-0!

6.0 7.0 4.500E-012.044E-02 7.0 7.0 4,500E-017.23E-02

8.0 7,0 4.50[!E-012.083E-O! B.O 7.0 4.500E-nl3.B86E-OI

I0.0 7.0 4.500E-0!4.153E-0211.0 7.0 4.500E-013.$73E-04

12.0 7,0 4,500E-012.509E-0412.0 7.0 4.500E-01I.!72E-05

1.0 8.0 4.500E-011.185E-04 2.0 8.0 4.500E-01!.695E-03

3,0 8.0 4,500[-01!.261E-02 4.0 8,0 4.500E-015.236E-02

5.6 8.0 4.500E-0!1.16!E-01 6.0 8.0 4.500E-0i1.065E-01

7,0 8.0 4.500E-015.939E-03 8.0 8.0 4.500E-018.468E-02

9.0 8.0 4.500E-0i1.837E-01I0.0 B.O 4.500E-013,933E-01

11.0 8.0 4.500E-014,170E-0212.0 8.0 4.500E-011.087E-03

18.0 8.0 4.500E-013.010E-0414.0 8.0 4.500E-013,005E-05

1,0 9.0 q.500E-012,239E-05 2.0 9.0 4,500E-01,,.91_4_-,,4"_" _n

3.0 9.'J_4,500E-013.668E-03 4.0 9.0 4,500E-0!2,003E-02

=,,.,,r..,.Q0 t,.500E_016.488E-02 6.0 9.0 4.500E-01l.l_O=-Oi_;"
_,, r,l¢"N2+ 1- ;8.u._U 1 94 4
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"_;._.nnq !.00 O.O00E+O0O.000E+O01,!1BE-0870390.000

;,nn 25461.500 2419.840 23.190 -0.538 0.000

2.000 0,000 2207.!90 16.13(_ -0,040 O.OOZ

_,000 .q'%22.000,.O_u,OOU 0.000 0.000 0.00[!

4,%0 9168,400 1902.840 14.9!0 0.000 0.000

E'.[i9,_ a,500E-014.743E-04 9,0 9,0 4,500E-0!9,065E-02

10.0 9,0 4,500E-01!.672E-0!11.0 9.0 4,500E-014,149E-01
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!0.0 I.0 '_,,._,.,,._cr'_-n_'_,1.000=-u4

1.0 2.0 3.!60E-013.528E-.01

3,.0 2.0 3.!60E-019.950E-02

5.0 2.0 3.!60E-011.330E-0!

?.,,n _._n 3.160E-012.8!05-02

9.0 2.0 3.160E-0!3.600E-03

11.0 2.0 _.!60E-01,,.,,,_,'>"_qnr-na;

•,,._t°n 2.0 3.160E-0!5.0u0_.-,5'"_" n

!,0 3..03.160E-012.234E-0!

3.0 3,0 8.160E-018,780E-02

5.0 3,0 3.160E-011.229E-01

7.0 3.0 3.160E-019,500E-02

9,0 2.0 '> _ "" n'_ '_ _'_fi,--r.'_

!1.9 ?.0 3.160E-013.150E-03

_:,n 3.0 3.160E-014.000E-04

15.0 3.0 3.!6.0E-0!5.000E-05

1.0 4.0 3.160E-015.355E-02

._ .... _n_ ,,, q "_8'_-n2-_.U 4,0 o,,._,,r.-U:......

..._'4.,n3,!_r!E-{!i1.800E-OF:',

-52.290 !,00

.0,000 0,0_

!.899001.7C!E-02

!,970!02,2!5E-02
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c_.O 4.') 3.160E-01 5.R_70E-02 7.[; 4.0

?.J 4,0 3.160E-Fd 1,088E-0! 9.0 4.0

• n r: 4,? o -,'-n_-_n" o,530E-02 11.0 4.0

:, _:__r,_ " 13,0!2,0 ':,? ........ _,. _,._50E-03 4.0

°d r: _ ..... --,r- _,_ ,..tnr_¢_O_......... : .... --_,. 1 ....... 15.0 4,0

2.] 5,-:._.__'.:-Oi i _,.-v_ o.U

,._ .'cn.__n,_ 595F-62 5,rl 5,0

_,,. ..,._............:_,040E-027.0

9.[! 5.C 3.1_"]:'.-0! '-S,44OE-(i2 ._,n. _.,._:,:

.._.U,_ 01 8,305E-z!2 ;" :' _ n!C_,{!5,0 o ._r__

_? n _ n _ ,gn_ n_ 2.590E-52 ......5.0

14.S 5,0 3,!60E-01_.,...."nnr-n°,...,...,_'_i:..5,0

..rx,•ED 26,020 .,_ 96 3

:.:', 0,[',05.�E'3E-06O,O'.,?E+.'.'}FJ

•.j.4g_] .".OC_.392E-05_._,,,,_,_.,'_nnr,pl,nn

R" =='_4,000 9245.344 I_.I.',,_.... 12.609

2,000 0.000 2068.745 !3.124

1,0 _._' 3.!60E-01 4,000E-{!_, 2,C 6.(!

3,0 6.0 3,!60E-01 1.567E-01 4,0 6,0

5.'? 6.0 Z.160E-01 7.500E-04 6.0 6.C'

_,,_0 6,0 _.,._S=''p-nl..o 4,555Z-02_0.,,,n6.0

• , n 6,0 o _,_r,_-r_ B.p,oO_'-np ".'_ 6.0
_Q .rl...._ _:..C; _ _cnp_n._ '_7')=;_'_PT_14,0 6.0

":......... G,O E',,lBOE-C',i?.300E-O? ":i,...," 6,0

_0:;,'_7,0 ?,:FJE-'I_!!,250E-':RS,? ,,

" ";".... .067E-% _ "

6,0 7.0 3,1EZ.,E-{_!2._C{,;E-.?,27,_ 7,0

3,_ 7,0 3,'_£OE-t'l3,77!.E-{!29,? _,-'

:[1.0 ?.O 3,l_OE-Ol !,61CE-'}2 !!.C ?,0

8.440E--['? !3,1, 7,0

4.£25E-r.!2 15,-_ ?,C_

I,,:.SF.:E-_2:7,(: 7.0

?,_'[:E-O?2.0 3,0

2,_5C£-_Z. 4,_ ?..O

2,_55E-01 6,C! 9,0

S.E':45E-O:'.'8,0 8,0

'.050E-OI.r,n ._n

1.659E-03 12.0 8.0

7,115--02 14.0 8,0

5.7hOE-O:;l£,CJ 8.0

2,140E-02 IB,rJ 8.0

!.0_0E-04 4.0 9,0

7.990E-02 6.0 9,0

?.770£-02 0/2 9.0

12,0 7.0 ..........

14,0 7.? 2::,160E-0!

_C _= n,O _, ,,-qr r,"

3.,'2.8.0 3.1_0E-0!

: r: o ,-.-160E-01

7,f_ c, ,': o Ic:_p_n_

_o _ R 0 "" _"n_ n._

..,..'_,;' p.r.,,.3.!60E-01

!7,0 £,0 3.160E-0!

-_r: 9.0 3.160E-0!

5,0 q _' "_ "60'-r'I

o r, 9,0 c, -_cr,__n_w i ._.,v L..;_

'_" n 9 n 3,1E,"}.'E-CI
4 _, wi,:.,L! c_r, -, "_r:p_n1

? K .,I_- ,j.

3.160E-01!.210E-01

3.160£-016.855E-02

.,.60E-.,._

3,!60E-012.650E-OZ
o I n.,.6uE-O.4.000E-0_

3,160E-0! 6.150E-03

_,!SOE-OI2.994E-0!

3,!60E-O!1.59!E-_!

S,160E-OI !,505E-02

3.!_OE-OI !._£E-_:

3,!60E-015,_20E-02

3.!60E-01!.2!0E-02

3,160E-0! 2,150E-03

3,!60E-0!3.000E-04

8,250S-07i0.0 9,6 3.160E-01

5,585E-C2!2,0 9.0 3.160E-01

_.$57S-[_2 14.0 9.0 ._.i6_-u.

6.760E-02 !E,C 9.0 3.160E-0!

_,5_5£-02 !?,0 9,0 3.160£-01

1.233E-08 57400.000

1.172E-08 662%.000

-0.012 0.000

-0.006 0,00C

0.000 G.£O0

3,160E-011,590E-02

3.160E-012.669E-01

3.160E-01 1.287E-0!

3,160E-011,500E-04

3.160E-01 _ '_ _- "

3,!6CE-0!6,3!5E-02

3,!60E-011,940E-02

3.1_OE-O! 4 o,',n__no

3,160E-0!7.500£-0_

3,!60E-013.130E-02

3.160E-0!2.069E-01

3.!_OE-Ol8.095E-02

_,_c__n_ _ _50__n_

3.160E-0!6.515E-02

3,!60E-01 /,!65E-_2

3,1_OE-017,300E-03

3,1_0E-015,_00E-05

2.160E-015.205E-02

2' pc_n, _ ?Oc;c-O_

$,!60E-013,650E-02

3.!60E-01 _ _onp-r,.;

3.160E-0!3.535E-02

3.!60E-01 ?.$65E-02

3,160E-013,705E-02

3,160E-01 1,145E-02

3,160E-0! _,_OOE-_3

o,i_O--Ui g ......._..

3.!60E-01 1.003E-01

9,250E-{!2

2._00E-03

5.26E-32

_.170E-02

2,970E-02

OF PC;O::: _'L_;:;:_ _

0.00_ 0,00

1.71510 1,708E=02

!.899001.70!E-02

!.970!02.2!5E-02
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ORIGINAL _= _

OE POOR QUALITV

4.0

6.0

S.O

I0.D

12.0

!4.0

16.0
4_n

S_
,V

!0.0

12.0

14.0

16.0

!0.0

10.0

10.0

!r_.O

10.0

10.0

10.0

10.0

1!.C

11.0

1!.0

!I.0

11.0

1!.0

3.160E-01

3.160E-01

3.1GOE-01

3.I_Z,Z-OI

3.160E-01

3.16C'E-rj!

3.1605-01

3.IGC'F.-01

3.!C_Z-C.'!

3.!6nE-0!

3.1S3E-01

3.160E-01

3.!69E-_!

3.160E-0!

3.500E-04 5.0 i0.0 3.160E-01 1.070E-02

!.I07E-01 7.0 !0.0 3.!60E-012.728E-01

3.205E-02 9.0 10.0 3.!60E-011.242E-01

2.500E-0411.0 10.0 3.160E-0!6.780E-02

?.205E-0213.0 10.0 3.1GOE-011.425E-02

3.500E-03!5.0 10.0 3.!60E-013.275E-02

5.7_0E-0217.0 !0.0 3.160E-01G.145E-02

5.065E-02 5.0 11.0 3.!GOE-016.500E-04

1.765E-02 7.0 11.0 3.1GOE-011.432E-0!

2.606E-01 9.0 1!.0 3.!GOE-016.450E-03

oo___I !1.0........ 11.0 3.160E-019.750E-03

3.975E-0213.0 1!.0 3.160E-017.GB5E-02

3.125E-02i5.0 11.0 3.160E-017.500E-04

1.575E-0217.0 11.0 3.160E-014.290E-02
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SECTION 5. FLOW DIAGRAM

ENTER

EXCITA-

TION

CALCU-

LATION

EXCT

RADIA-

TION

CALCU-

LATION

RADCAL

;-[ READS IN EXCITATION DATA (ATOMIN, MOLIN)

_i, CALCULATES ATOMIC EXCITATION (EXCTAM) ]

CALCULATES EQUILIBRIUM-EQUIVALENT

NUMBER DENSITIES (ARBITA)

_[ CALCULATES MOLECULAR EXCITATION(MOLEXT) J

CALCULATES EQUILIBRIUM-EQUIVALENT

NUMBER DENSITIES (ARBIT)

READS IN RADIATIVE PROPERTY DATA (RADIN) ]

CALCULATES ATOMIC LINES (ATOMIC) ]

CALCULATES BOUND-FREE RADIATION (BFCONT) I

CALCULATES FREE-FREE RADIATION (FFCONT) I

(CALCULATES MOLECULAR RADIATION)

SETS UP PARAMETERS (SETUP) J

COMPUTE EACH VIBRATIONAL BAND (VUVL)

!E_OII !N! I _ _I S2PI2 I
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SECTION 6. TYPICAL INPUT DECK

_ 3',-....... __': : "<":: ":.:":,i , ' '_-"_- ...... ' .......... --__" .....

.2,r-,'_- ::,::- r)_-..l:;:._ :-" " ' ' " '" -_ _ _-:_. ': :-.__. L.:-,_.., _"E:',_":=bJ_ _h-:;_ :' "-"'

-..r-_" g-':::',:' Pk..t_E '_ E,F-_NI__-__,4z.-,:-J_'. t r.tE, T r.,-.- E,._7.. L

U-:'.':>A7 E, F,

CF!,.-=$CPL i =r:

." E- :-: gT

_: : S' r.._!Z!_....._8 4

,.' E ElF

2 L

• ,:.J..:.- - C 2

! . 160E-92

"!5 0 2

:!.19 !-:0 (i i_

3, .4:3gE-C2 :.:.. 7::_',SE-E : _. 2C4E-.'-:!":: 4.2_,9E-02

l , 9 '-!? R - 1 ".:'. I , 0 ? !1:E - 1 !:} :-:, 01:2 _._-16 ! , E'L]:1'E + 04

4,3C'/E_O,':; 4 : ',-:3 '.-:E + C:':! !:r , O!:!::!E+O0 5, CIOOE+'.:iO

." E ';':L.-

rS, 1 8 8 E - U 4

2 . -_.r _-jE+0 4

' r! i-_A F-+!] :R

2 ........ 92

I. ';.'0 rj E+ 0 ":_

:3, C Z:2- - :-_2

,_-_ _='r, _"J...n:_

- . £,c: 0 E-+-..'-_::3

O0

0 _
0 f)

c:: Z_

:j -,;





/ '

(-1

-.J

'.D

;Z
---4

¢-r.l

.-.4

Z

t--."
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SECTION 7. TYPICAL OUTPUTS

BI_IETlt(O=NO ILINDI_xTION. I=IL/YDIATIO_I) = 1

NFIN1 (EXCITA'TI Ot_l DATA INPUT FILE) = 1

NFIN2(RADIATION DATA INPUT FILE) = 2

NFOUT(OUTPUT F 1LE) = 6

NPRTI (PRINT CONTROL FOR BASIC DATA) = 1

NPRTq(I_RINT COFITROL FOR OOTPIJT) = I

NEHR(FILE I_UHBER OF ERi:tOR HESSACES) = 6

NAIU{AY(LENGFit OF RADIATION ARRAYS) = 15000

_NCA:_,E(NU_qBEH OF CASES) = 1

HSAVE(FILE TO SAVE SPECTRAL OUTPUT) = 3

NPLOT(O=NO PLOT. I=PLOT) = 1

ffAVELS('31tORT _¢AVELENGTH LIHIT IN A) = 2000.0

NAVELL(LONG WAVELENGTIt LIHIT IN A) = 15000.0

_TAR_(¢'VI'ARK WIDTIt FOR HOLECI1LF_. IN A) = 0.3000

- ...... " _._ ,¢*.l, llti i'IOhlIYL,. ._AUI'OR) = ILI._}UO

D(PttY .CAL DEP'I'It, CrI) = 10.000

U.V. LINE E:?_CAPF FACTORS= I.@OOE-03 1.000E-09 I.O00E-O1 U.¥. CONT. ESCAPE FACTOR_-- I.O00E-03 1.090E-02 1.000E-O1

U.V. LIHE Et'_CAPE FACTO;{S= 1.090E-03 I.O00E-02 I.O00E-OI U.V. CONT. ESCAPE FACTOB._; = 1.O00E-03 1.090E-02 1.OOOE-O1

I_DIA'FION STRENGTII tlULTIPLICATION FACTORS= 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00

ILa-DIATION STRENGTII HULTIPLICATION FACTORS= 0.00 0.00 0.00 0.00

PukDIA'I'ION STItENGTII tIULTIPLICATION FACTORS = 1.00 1.0010.0010.00 0.01 I .@0 1.00 1.00 l.OO 1.00 1.00 1._0 1.00 1.CO 1.00 1._0

RADIA'I'IGN STIHU'IGTil HULTIPLICATION FAC'I'OP_ = 1 .00 0.00 0.00 0.00

RADIATION E_CAPE FACTORS FOR HOLECULES

1.C90E+O0 1.00OE+O0 I.O0#E+_O I.OOOE+00 1.000E+00

I.C_0E+O0 1.000E+#O 1.09OE+O0 1.000E+_0 1.000E+00

I.OOOE+O0 1 .OOOE+00 1 .OOOE+,O0 1.000E+90 1.000E+00

1.O00E+OO I.O00E+_90 I.O0_E+_O 1.090E+00 1.O00E+O0

I.O00E+O0 1.O00E+O0 I.O00E+OO 1.000E+90 1.OOOE+00

1.000E+O0 1.O00E+O0 1.QOOE+O0 1.000E+O0 1.000E+C9

I.O00E+gO 1.O00E+_O I.O_GE+_)O 1 .000E+90 1.O00E+00

l.O00E+_O I.O00E+OO I.O00E+O0 I.OOOE+(_O I.O00E+OO

I.O_OE+O0 1.O00E-:-O0 1.O_0E+00 1.00OE+00 1.000E+90

1.000E-:-OO 1.000E+O0 1.000E+O0 1.000E+00 1.000E+_O

1.00@E+,$O 1.00(_Z+_0 1 ._GOF-:-_O 1 ._)OOE+L)O 1.000E+90

I.OOOE+O0 1._¢)OE+00 I.¢)OCE+00 1.O00E+OO 1.O00E+O0

I.O'DOE+OO 1.000E+00 1.O00E+O0 1.000E+OO I.O00E+(_O

1 ._0,3E+¢30 1 .G@O.E+0O ! .00OE+O0 1.000E+'90 1.000E+O0

1 _)OOE4_O 1.000E+_O 1.000_.2+00 1.000E+00 1.0OOE+O0

1 O09E+@0 I.O00E+GO I.O00E+_O 1.O00E+OO 1.00OE+00

1 _OOE+@O 1.000E+O0 I.O00.E+(_0 I.O00E+O0 1.OOOE+_O

1 C_f_F+GO 1.O00E-:-OO I._OOE+_O I.O00E+O0 1.00OE+00

1 OOZE+CO I.O0@E+O0 I.O0,OE+_)O 1.O00E+00 I.OOOE+GO

1 O00E+O@ 1000E+O0 I.O00E+O0 I.O00E+00 I.OOOE+_O

1 O9OE+O0 1 O00E+()O 1.0_)OE+O0 1 ._)OOE+00 1.000E+O0

1 O@OE+9© 1 OOOF+_') I.O0_E+O0 1.O00E+@O 1.O00E+O0

1 @90E+_0 1 O00E:-()O I.OOOE+CO I.@OOE+O0 1.OOOE+_O

1 ¢')O_)E-:-O0 1 O00E-;-G!,) I .0OOE+O0 1.O00E+OO 1.O0OE+00

1 .@OOE+CO 1 O00E+i_O I .O0@E+_O 1.000E+00 1.000E+O0

T(tlEAVY PARTICLE 'I'II*,N'_I,. AND ROT. T) = 18(t00.0

TV(VIB]L&TIONAL TEI_tFEIUVI'UI_E) = 14000.0

TE (EI,EC'i'RON 'I'EIqPEt_ATUI_i,',) = I',2)000.0

TARB(ARBITILOxRY EQOILIBAIUH TEHPEATURE)= 9650.0

ANTOTO(It_ITIAL TOTAL NUHBER DENSITY )= 8.013E+16

JL= I IB= I

.IL= 2 IB= I

JL= 3 I B= I

JL= 4 I B = I

JL = 5 I B = I

JL= 1 IB= 2

JL= 2 IB= 2

•IL= 3 I B= 2

JL= 4 I B= 2

JL= 5 I B= 2

JL= 1 I B= 3

JL = 2 IB= 3

JL= 3 I B= 3

JL= 4 I B= "i

JL= 5 IB= 3

JL= 1 IB= 4,

JL= 2 I B= 4

JL= 3 I B= 4

JL= 4 IB: 4,

JL= 5 IB= 4

JL = 1 IB: 5

JL = 2 I B= 5

JL = 3 I B = 5

JL= 4 IB= 5

JL= 5 I B= 5

(' '



NUMBER DENSITY FRACTIONS OF SPECIES

N= 4.813E-01 N+= 3.435E-02 O= 1.788E-01

02= 1.160E-02 CN= 1.O00E-IO C= 1.O00E-IO

0+= 6.204E-03 NE= 4.269E-02 N2+= 6.188E-04

PRESSUI_= 1.965E-01AT_I DENSITY= 2.325E-06 G/CH3 ENTHALPY= 4.571E+11ERG/G

N2 = 2.143E-01 NO= 3.032E-02

NITROGEN EION= 117345.0 CH-I

ION: C= 9.0 5.0 1.0 5.0 E= 100.0 15315.0 32687.0 47168.0

OXYGEN EION= 109837.0 CH-1

ION: G= 4.0 10.0 6.0 12.0 E = 0.0 26310.0 40467.0120000.0

._a

_o
o

MOLECULAR BAND NAHE=N2+ mOLECULAR WEIGHT= 28.010

NUMBER OF ELECTRON-IMPACT DISSOCINFION CROSS-SECTION SET= 4

NUHBER OF ELECTRON-IMPACT EXCITatION CROSS-SECTION SET = 6

NUHBER OF ELECTRONIC LEVELS = 5

_UMBER _F LEVELS IN QUASI-STEADY-STATE CALC. = 4

DEGEN TEB&I WE WEXE WEYE WEZE BE ALPHA

NOLECULAR BAND NAME=N2 MOLECULAR frEIGHT= 28.010

NUMBER OF ELECTRON-IMPACT DISSOCIATION CROSS-SECTION SET= 4

NUMBER OF ELECTRON-IMPACT EXCITATION CROSS-SECTION SET = 6

NUMBER OF ELECTRONIC LEVELS = 5

NUMBER OF LEVELS IN QUASI-STEADY-STATE CALC. = 4

DEGEN TERH WE WEXE WEYE WEZE BE ALPIIA

MOLECULAR BAND NAHE=NO HOLECULAR WEIGHT= 30.010

NUHBER OF ELECTRON-IMPACT DISSOCIATION CROSS-SECTION SET= 3

NUMBER OF ELECTRON-IMPACT EXCITATION CROSS-SECTION SET = 3

NUMBER OF ELECTRONIC LEVELS = 6

NUMBER OF LEVELS IN QUASI-S'FEADY--S'FATE CALC. = 3

DEGEN TEB21 WE WEXE WEYE WEZE BE ALPHA

NOLECULAI1. BAND NAHE=02 HOLECULAR WEIGI1T= 32.000

NU_IBER OF ELECTRON-IHPACT DISSOCIATION CROSS-SECTION SET= 0

NUMBER OF ELECTRON-Il_LPACT EXCITATION CROSS-SECTION SET = 0

NUHBER OF ELECTRONIC LEVELS = 5

NUHBER OF LEVELS IN OUASI-STEADY-STATE CALC. = 0

DEGEN TEB21 WE WEXE WEYE WEZE BE ALPHA

MOLECULAR BAND NAHI"=CN i'IOLECULAR WEICIlT= 26.020

_UHBER OF ELECTRON-ImPACT DISSOCIATION CROSS-SECTION SET= 3

NUHBER GF ELECTRON-ImPACT EXCITATION CROSS-SECTION SET = 3

NUMI;ER (_F ELECTRON !C LEVEI,S = 3

NUMBER OF LEVELS lrI _UASI-STEADY-STATE CALC. = 3
DEGEN TERM WE WEXE WEYE WEZE BE ALPHA

N: EXCITATION TEHPEHATURE= 9607.6 DENSITY _iULTIPLICATIVE FACTOR = 2. 186E-02

O: EXCITATION TEHFERATURE= 9278.2 DENSITY MULTIPLICATIVE FACTOR= 1.609E-02



iqUi_JV,ER DENSITIES OF ELECTRO,tIC STATE= 2.517E+13 2.260E+13 1.055E+12 7.419E+11 5.993E+07 CPI3

ELEC'I'iIONIC EXCITATION TENPERATUIiE = 12000..6 11999.5 11999.0 11985.4 16969.7 1(

N2

]iOH_3'.':R DENSITIES OF ELECTRONIC STATE= 1.711E+16 3.815E+13 1.433E+13 1.519E+12 4.641E+07 CN3

ELECfi_C_IIC EXCITATION 'I'EHPEIUVI_I1E = 12000.,0 8774.6 8993.8 9294.9 11767.7 K

NO

NUP_r_ER DENSITIES OF ELECTRONIC STATE= 2.425E+15 2.6_ilE+lO 4.248E+12 1.O00E+IO I.OOOE+lq) CH3

Ei,EC(i_,_rlIC EXCITATION TEHPERATURE = 12000.0 6135.8 8835.5 12000.0 12000.0 K

92

NON_EI! DEbISIT'_S OF ELECTRONIC STATE= I.OOOE+IO 1.O00E+IO 1.0OOE+|_ 1.O00E+IO 2.747E+07 CH3

ELEC'FRO_ iC" _E_KC_TA'I'IO_ TEHPERATURE = 12000.0 120'00.0 12000,0 120_0.0 5_:09.1 K

-.a

CN

NUHBER DENSI_I_ OF ELECTRONIC STATE= 4.319E+06 3.527E+06 1.653E+0_ 1.O00E+IO 1.000E+IO CH3
ELECTRONIC EXCITATION 'FENPERATURE = 12000.0 11654.9 11556.8 12000.0 12000.0 K

DE_t3I'I'Y HULTIPLICATIVE FACTOR= 5.826E+90 5.826E+00 1.540E+00 1.5_0E+00 2.648E+01

1.660E+99 1.660E+00 1.660E+00 1.660E+00 1.660E+_0

1.236E+90 1.236E+_0 1.236E+00 6.314E-02 6.314E-02

2.744E-02 2.'744E-02 5.053E+00 3.455E+00 3.455E+00

EXCITATION TEHPERA3_RE = 11999.0 11999.0 8993.8 8993.8 11767.7

9294.9 9294.9 9294.9 9294.9 9294.9

8B35.5 8835.5 8835.5 6135.8 6185.8

5909.1 5909.1 11556.0 11654.9 11654.9

BAS I C ATON DATA

I_IAHE=NITflOG ATOHIC NEIGtlT = 14.007 IONIZATION POTEI_ITIAL = 117345.0 CH-I

NUHBER OF LIliES,BOUND-FREE CONTINUUH, AND FREE=FREE CONTINUUPI PARAHETERS = 179 35 1

[;A_:_ t C Ari'0_.i 1)ATA

IqAHF=OX_GEIq ATOHIC _'IEIGIt'I'= 16.000 IONIZATION POTENTIAL= 109837.0 CH-I

NOH_iER OF LINES,E9OND-I,'i{EE CONTII_OUH, AND FREE=FREE CONTINUUH PAIIAHETF/{S = 109 15

(:_ !.
.,: ")

,=' :z

HOLECIH_AR BAND NAHE=N2+ 1- HOLECULAR NEICHT=

NDE_= 1 NO. OF BANDS= 9_ NO. OF LEVELS= 4

28.010

HOLECULE NO.= 0 ORDER= 0

P_I,ECULAR BAND NAHE=N2+ 1- HOLECULAR i_E1GitT=

NDEX= 1 _0. OF BAND_= 96 NO. OF LEVELS= 4

28.010

HOLECULE NO.= 0 ORDER= 0

HOLECOLAR BAND NAO_E=N2 1+ HOLECOLAR t_EIGIlT=

NDEK= 2 _0. OF BANDS= 94 NO. OF LEVELS= 10

28.019

HOLECULE NO.= 0 ORDER= 0

HOLECULAR BAN_) NAHZ=N2 1+ NOLECULAR NEIGH'F= 28.010

NDEX= 2 NO. OF BANDS= 94 NO. OF LEVELS= 10 HOLECULE NO.= 0 ORDER= 0



HOLECULARBAND NAHE=N2 2+ HOLECULAR WEIGHT= 28.010

NDEX= 1 NO. OF BANDS= 74 NO. OF LEVELS= 10 MOLECULE NO.= 0 ORDER= 0

HOLECULAR BAND NAHE=N2LBH HOLECULAR WEIGItT=

NDEX= 2 NO. OF BANDS= 98 NO. OF LEVELS= 10

28.010

D_LECULE NO. = 0 ORDER= 0

HOLECULAR BAND NADIE=N2LBH

NDEX= 2 NO. OF BANDS= 96

HOLECULAR BAND NAHE=N2BH1

NDEX= 2 NO. OF BANDS= 92

HOLECULAR WEIGHT=

NO. OF LEVELS= 10

HOLECULAR WEIGHT _

NO. OF LEVELS= 10

28.019

HOLECULE NO; = 0

28.010

HOLECULE NO.= 0

ORDER= 0

ORDER= 0

HOLECULAR BAND NADIE=N2BH2 HOLECULARWEICHT =

NDEX= 1 NO. OF BANDS= 92 NO. OF LEVELS= 10

28.010

HOLECULE NO.= 0 ORDER = 0

HOLECULAR BAND NAHE=N2BH2 HOLECULAR _?EI_IT =

NDEX= I NO. OF BANDS= 96 NO. OF LEVELS= I0

28.010

HOLECULE NO. = 0 ORDER= 0

Ix)

HOLECUI,AR BAND NAHE=NO B HOLECULAR WEIGHT=

NDEX= I NO. OF BANDS = 96 NO. OF LEVELS= 6

MOLECULAR BAND NAHE=NO B HOLECULAR WEIGHT=
NDEX= I NO. OF BANDS= 94 NO. OF LEVELS= 6

HOLECULAR BAND NAHE=NO B HOLECULAR WEIGH'r=
NDEX= 1 NO. OF BANDS= 46 NO. OF LEVELS= 6

HOLECULAR BAND NAHE=NO G HOLECULAR WEI_IT=

NDEX= 3 NO. OF BANDS= 98 NO. OF LEVELS= 6

HOLECULAR BAND NAHE=NO G HOLECULARWEI_IT =
NDEX= 3 NO. OF BANDS= 98 NO. OF LEVELS= 6

HOLECULAR BAND NAtlE=02 SR HOLECULAR WEIGHT =

NDEX= 1 NO. OF BANDS= 96 NO. OF LEVELS= 5

HOLECULAR BAND NAP_E=02 SIt HOLECULAR WEIGHT=

_DEX= I NO. OF BANDS= 96 NO. OF LEVELS = 5

HOLECULAR BAND NAHE=CN VlO HOLECULAR WEIGHT=
NDEX= I NO. OF BANDS= 70 NO. OF LEVELS= 3

30.010

HOLECULE NO. = 0

30.010

HOLECULE NO.= 0

30.010

HOLECULE NO.= 0

30.010

MOLECULE NO. = 0

30.010

HOLECULE NO.= 0

32.000

MOLECULE NO. = 0

32.000

HOLECULE NO. = 0

26.020

HOLECULE NO.= 0

ORDER= 0

ORDER= 0

ORDER = 0

ORDER = 0

ORDER= 0

ORDER = 0

ORDER = 0

ORDER= 0

HOLECULAR BAND NAH_=CN RED HOLECULAR WEIGHT = 26.020
NDEX= 3 po OF B_NDS= 86 NO. OF LEVELS = 3 HOLECULE NO.= 0 ORDER = 0



Uo
kA)

HOLECULAR BAND NAHE=CN RED HOLECULAR NEIGIIT=

NDEX= 3 NO. OF BANDS= 96 NO. OF LEVELS= 3

NITP, OG LINES FINIGilED

GLOBAL POWER EHISSION. TOTAL= 2.36487E+01

N Irl'_OG A'FOH F I N I SIIED
CLOBAL POrdEB. EHI SS I ON. TOTAL= 2. 3746,?,E+01

OXYGEN LI NES F I N I SITED

GLOBAL POldER EHISSION. TOTAL= 2.67208E+01

OXYGEN ATOH FINISIIEB

GLOBAL FOIqER EHIS_IOH. TOTAL = 2.67402E+01

N2+ 1- FIHISIIED

CLOBAL I'OWEtl Ei_IISt_ION. TOTA L= 3.03269E+01

lq2+ 1- F I N 1 ::;]tEI)

GLOBAL PONEB. EHIS_ION. TOTAL = 3.97642E+01

N2 1+ FINISiiED

GLOBAL t'O_'_ER EHI_JION. TOTAL= 3.15;319E+01

N2 1+ FINIStlED

GLOBAL POWER I,;HI_SIObl. TOTAL= 3.16307E+01

N2 2 + F I 1_112_IIE0

GLG_;'\L I'ONI¢_iI- EHI_::_ION. TOTAL = 3.16 _2'_E+01

N2LBH F I i_[I [3AED

GLOBAL PO_qER EHI;3SIL_I_I. TOTAL = 3.16828E+01

N2LBH F I R I ,'3tIED
GLOBAL POWER EHISSION. TOTAL = 3.16830E+01

N2B!I 1 F I l?iI _tlED
GLOBAL FOWER E_IISSION. TOTAL= 3.1683()E+01

N2 B_[2 F I N l .q t_'_,D

GLOBAL PO_qERfEHISSIOIN. TOTAL= 3.17215E+01

N2BH2 FINIS,._D

GLOBAL PONER_t r'I_<SIGN" TOTAL= 3.17245E+01

NO B FINI_}_0

GLOBAL POWER EN1StqION. TOTAL = 3.3_35BE+01

IlO B F 1R I :_iii';D
GLOBAL PONER ENI $91 ON. TOTAL = 3.aaal 6E+O 1

NO B FINI_;iIED
GLOBAL POWER ENI_';::ION. TOTAL = 3._13653E+01

NO G F 1 i_ t T'dF.D
(;L©-)AL POtqFi[ EN [ Ski ! t)[_. TOTAL = 3.3917IIE+O 1

NO G FINISttED

GLOBAL POWER EHISSION. TOTAL = 3.39237E+01

02:3R FIR I SttF, I)
GLOBAL POWER EHISSIOfl. TOTAL= 3.39500E+01

02 SR F I N I SIIEI)
GLOBAL POWER EHISSION. TOTAL = 3.39686E+OI

26.020
HOLECULE NO.= 0 ORDER= 0

ABOVE 2500 A= 2.36487E+01

ABOVE 2500 A= 2.37456E+01

ABOVE 2500 A= 2.67196E+01

ABOVE 2500 A= 2.67387E+01

ABOVE 2500 A= 3.03255E+01

ABOVE 2500 A = 3,07628E+01

ABOVE 2500 A = 3.15305E+01

ABOVE 2500 A= 3.16292E+01

ABOVE 2500 A = 3.16813E+01

ABOVE 2500 A = 3.16813E+01

ABOVE 2500 A = 3.16BlBE+01

ABOVE 2590 A = 3.16_13E+01

ABOVE 2500 A= 3.16828E+0{

ABOVE 2500 A= 3.16828E_0_

ABOVE 2500 A= 3.27552E+0|

ABOVE 2500 A = 3.31485E+01

ABOVE 2500 A = 3.31822E+O1

ABOVE 2500 A = 3.31900E+01

ABOVE 2500 A = 3.31935E+01

ABOVE 2500 A= 3.32168E+01

ABOVE 2500 A= 3.32279E+01

ABOVE 3500 A = 2.86487E+01W/CH3

ABOVE 3500 A = 2.37416E+01H/CrI3

ABOVE 3500 A= 2.67156E+01W/CH3

ABOVE 3500 A= 2.67341E+01W/CH3

ABOVE 3500 A= 2.89483E+01W/CH3

ABOVE 3500 A= 2.9146BE+01 N/CH3

ABOVE 3500 A= 2.99146E+01W/CH3

ABOVE 3500 A= 3.00133E+01W/CH3

ABOVE 3500 A= 3.00269E+01W/CH3

ABOVE _500 A = 3.00269E+01W/CH3

ABOVE 3590 A= 3.¢0269E+01W/CH3

ABOVE 3500 A= 3.00269E+01W/CH3

ABOVE 3500 A= 3.00269E+01W/CH3

ABOVE 3500 A= 3.00269E+01W/CH3

ABOVE 3500 A= 3.01866E+01W/CH3

ABOVE 3500 A= 3.0_594E+01N/CH3

ABOVE 3500 A = a.04929E+01N/CH3

ABOVE 3500 A= 3.04930E+011//CH3

ABOVE 3500 A = 3.04930E+01N/CPI3

ABOVE 3500 A= 3.05032E+01N/CH3

ABOVE 3500 A= 3.05063E+01N/CH3

>>>>> POINTS OUT OF RANGE. THEY _ILL BE IGNORED.

>>>>> I X(1) Y(I)

>>>>> 2 2.0000E+0_ O.O000E+O0

END OF DI$_FL:-_9.0 -_ 993 VECTORS GENERATED IN 1 PLOT F_IIq'ES.
PROPRIETARY SOFT./ARE PRODUCT OF ISSCO, SAN DIEGO, CA.

0 VIIgI'UAL S'Fv_'_GE t_F_ZENCES; 1 READS; 0 WRITES.

_:a 7"_
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