General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



SOLAR EXTINCTION RADIZHETRY

RASA Langley Research Center
Contract MAG1=-86

Annual Report .

May 15, 1930 - *tay 15, 1921

Subnitted by
Y. Goldman
Department of Physice
University of Venver‘
Denver, Colorardo £02203

Nay 26, 1981

(NASA-CR-164290) SOLAR EXTINCTION
RADIOMETRY Annual Report, 15 May. 1980 - 15
May. 1981 (bcnver Univ.) 36 p HC A03/MF 401

CSCL 03B Unclas
G3/92 42319

N81-23%93




.

-

1, Daring “his perlc! thoe work on the spectral line prarameters
of the OF 1\9% XQX(Q,O) bund has bean completed, A detailed
papar describing this work has been published in J.Q.5.R.T. and n
reprint is enclosed as an Appendix, ‘YNumerous reprints requasts

for this paper uwere received,

II. Deging the mathots developed Tor NO, quantifisaticn (1

during previcus phases of this project, the uv-visible data
obtained during the 1977 balloon flights have been used for O3
quantifiertion.

For rtmecspheric ozone amounts and the region covered by
these spectra, the ozone absorption renders the étmosphere opaque
ot low sun agles in the 2839-31098 vregion (Hartley bands). Fronm
abou 5500 to 4I0CR the ozane absorption coefficients arc too
smi:ll to give appreciable sbserption ¢ven 6 the lowost sun
anales scanned (~22 ), From 4270 %o 500038 (Chappuls bands) the
atmospheric abgorption is quite weak and broad and does not have
the contrast structure requirasd for the three wavelengths method,
Tha reglon from 31003 to 35003 appears to be the best region to
use for determining ozone columns with the three=-wavelength
mothod,

Adocurate determination of ozone columns and velume mixing
ractios requires accurable ozone absorption coefficiants measured
ot atmospheric temperatures (210 *o 260X), The bost presently
pvailable published absorption coeffizients are those of
Vigrouxz. W2 have used these coefficinants and five combinations

of three wavelengths chosen from the festures marked in Figure 1

R



Lo detapnine azore colurns ~nd velume mixing ratics,

The otone volume mixing rrtios determined from the 3
Fetiruary 1977 UV and 17 February 1077 UV data bave been corpared
with standard middle-latitude ozone profiles*. The oz2one
profiles from both flipghts are in ngresnent with the standard
profile mixing ratios, as shown in Figure 2,

The speetra in Fiz., 1 have been snmoothed to 2,051
resoluticn, [t should be noted that while the fine structure of
the atmospheric 0: absorption in Fig, 1 18 not fully acecounted
for the Vigroux coofficients, it 18 in agreement with the recent
nigh resolution (0,2%) work being complated at therLP.SJ' The
weasurney of she ﬂ: profiles should improve vhen this work, which

s conduated at atnospherie tomperatures, {3 completed,

III. YWork has started on the new UV solar gsprectra obtained
during the 3719791 balloon flipgh®t. Numerovus high and low sun
scans were obtained during ascent and frow floabt altitude (~322
Km) ai G.QSR resolution in the 5063-30392 region, High and low
sun secans from float altitude have been calibrated in wavelength,
Representative scans are shown in Fig, 3 and Fig. 4 respectively
for tha 30?3-30ﬂ2? r;gion. which 18 considered best for N
maasurements. The spectra are boing studied for 9H

identification and quantification,
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SPECTRAL LINE PARAMETERS FOR THE
A’3-X°11(0,0) BAND OF OH FOR ATMOSPHERIC
AND HIGH TEMPERATURES

} AanoN GoLoman and James R, Gitiis
Depertment of Physics, University of Denver, Denver, CO 50208, U.S.A,

(Rocoived 6 June 1990)
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1, INTRODUCTION

The A’S-X11(0.0) band of OH in the 3085 A region has been of interest to quantitative
spmmcipnm for many years because of its high absorption and emission intensity and
convenient wavelength location for spectroscopic prolm. The hydroxyl radical is a common
by-ptoduct of most combustion processes, is present /.. rtmoipheric, solar and stellar spoctra,
and in recent years has been also recognized as an :ycrtant trace constituent in atmospheric
chemistry. Accurate determination of the amount of OH present during spectroscopic experiments
depends on precise knuwiedge of line positions and intensities, Several analyses of spectral line
positions for this band are available; aniong the mors important of these are those of Dieke and
Crosswhite,' who provided the first extensive analysis of the OH u.v, spectrum, and Destombes
et al,;’ who performed elaborate analysis of modern microwave, i.r. and u,v. OH data. Intensity
(relative and absolute) studies of this band have been reviewed recently by Chidsey and
Crosley,” who also performed extensive RKK calculations of rotational transition probabilities
for the A-X system of OH.

The purpose of this work is to combine the best presently available data and theory to
derive accurate quantitative line parameters for the A*S-X°[1(0, 0) band, applicable to atmos-
pheric and -high temperatures. The results are displayed in line parameter tables, and include
improved values for the line strength, calculated in intermediate coupling from the energy
matrix eigenvectors.

2 LINE PARAMETERS DERIVATION

The OH molecule has an unpaired electron with total electronic angular momentun L= |
and S = 1/2. In the electronic ground state the projection of L along the internuclear axis is
A== 1. The projection of S along the internuclear axis is = = 1/2, with a total electronic
angular momentum projection ) = A + X, Here, A, S, 0 are considered as signed quantities, as
in the notation of Hougen.® The electronic ground state is an inverted °[1 state with the
(0 = =1/2, F) levels at higher energy than the [ly; levels (2 = £3/2, F,). The rotational
leveis for this state are intermediate between Hund's cases (a) and (b). In the 3T upper state,
which is Hund's case (b), A=0 and == 1/2 with J = N = 1/2, The Il and °T states perturb
one another and produce A doubling for each N () or J (i)

We use the unique perturber approximation described by Destombes et al? to calculate
energy levels. This process is restricted to a single vibrationsl level v in the A?S-X?TI subspace.
The total angular momentum number F (not to be confused with the level designations F, and
F:) is a good quantum number. For a given F, the J and J + 1 levels are weakly coupled by
magnetic hyperfine interactions. These interactions are negligible in the calculation of electronic
spectra and J may be considered a good quantum numbzr. This procedure gives a 6x6
Hamiltonian matrix, the elements of which are listed in Table 1. The matrix elements are
QERT Vol 29, No. 2D i
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1, Natrin olements are uachonged 5y enchange of imitisl aad {isal states it
by secting 2 te =01 1a beth inicial sad final scates.

written in Hund's case (a), with the wave functions represented by [ASEN/0) =|ASE; /), s0
that

T ASTIM=0M1221/2 T 21D,
Moy ASTID == 1122127 2 1/2), (n
Moy [ASSIM=i=112=21/220 =32),

The Hamiltonian constants used® are shown in Table 2 (these constants giv: a better fit to the

Table 2. Hamiltonian constants {or A°S-X°11(0,0),

“Consteat Valug *
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«d
p= 2.0396¢92 & 10
A ]
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2
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3 18,5497 350
* ? -3
LB 1.907¢53 & I3
o
Uy 0:123993¢ s 10
h "]
*D ,73)36 8 10
ALS =191,9236213
(“_‘a :S.M)!;.c
: 2
R 2,923 s W0
o
“3‘5’ © 8.0%3437 n 10
-
“uL» Q. 166508 = 10

¢ Valuas are frem Paf. $ and are Tounded te tires figuree
beyond the scamdard errors {ndicated iaRef.2.



Speciral lime parameters for the A’Z-X'THO,0) band of O in

observed specirum than those nf Ref. 2, which do not have a sufficient number of digits
retained). The 6x 6 Hamiltonian matrix may be reduced to two 3 x 3 blocks by the Kronig
trans{ormation,

um>-§mszmnml-As-:w-n». (2

where & equals s = symmetric= +or a = antisymmetric = ~, This notation ‘hould not be
confused with the 5, @ and +,~notation for homonuclear diatomic molecules.t In this new
basis. one of the 3 x 3 blocks contains only matrix elements of the type (J'('s|H|J0s) and the
other contains only matrix elements of the type (J'V'alH|JNa).

After numerical diagonalization of a 3 X 3 Kronig transformed block, the electronic state of
each cigenvalue (energy level or, more properly, term value in cm™') may be determined by
noting that the largest eigenvalue belongs 10 the S, staie, the intermediate eigenvalue to the
M) state. and the smallest eigenvalue o the *Tly, state. The remaining quantum numbers and
parities may be determined from Table 3,

The selection rules for the A’S-X*11(0,0) electric dipole allowed transitions are &J =0, = |1,
AN =0, =1, =2, Parity selection ;ules require + e =, + w0+, and =+ =, which give for the
wavefunction the Kronig symmetry selection rules of ses and aesg for AJ == | (P and R
branches) and 5 «» g for AJ = 0 (Q branches). Transitions are designated by A¥ AJpp{J") where
“vefers to the upper state and " refers to the lower state and F is F, or F;, These selection rules
permit 12 branches, of which 6 are main branches (P, 9Qi1, *Ry1, PPss, 9Qus, *R2y) and 6 are
(weaker) satellite branches ngn .Qﬂv 'Rw ’Qu. R, OP;;). _

The line intensities S,,(T) (cm™'/atm-cm) at temperature T'(*K) are calculatzd from*

1 -t
S..(T)'m (%l_)e - AU+ 1)1 = g~ 00NT) 3
where (= E'~ E”) is the transition frequency in cm™', ¢ = 2.99792458 x 10" cm/sec, N is the
total number of OH molecules/cm’, p is the pressure in atm, A} is the Einstein A coefficient
in sec™', E” is the lower state energy (= E;), and Q,x is the vibration rotation partition function.

Line intensitiez may be couverted from cm™'/atm-cm at T to cm/molecule at T by

S, (TXem/molecule) = 3,721963 X IO”’E%:-.)T)S“( TXem™'/em-atm), 4

The S,.(T) in cm/molecule are at the population temperature,
We assume that Q. is given by Q.Qx, Where the vibrational partition function Q. in the
harmonic oscillator approximation is

» 3
Qe =TTy (5
Table 3. Assignment of quantum sumbers to eigenvalues for given J.

Stete in% . “‘I: ‘:;,z

’ l 2 1 F}

] J=i/a »i/, Jeliy »hs
Parity: Ligeavalue {res

Symsetric Viock (-ny™t 1 - (=1y¥

Antisysmecric blsek (-l)" CA-I)I'M =1)" -

We thask J, T. Hougen {or poimting out that owr notation
a = aptisymemetric = ~ is equivalent to the ¢ of J. M. LT,
Hlm-m.AJ. MQ Dv Ao myvln m"“ln N. m' v



114 A, Gotosan and J. R. Garss

and , is the vibrational harmonic oscillator frequency in cm~'. Huber and Herzberg’ give
w, = 3737.76,cm™'. A comparison of the values of Q, calculated by Eq. (5) and by direct
summation of ¢~ =7 shows a difference of less than 0.2% ai 4600°K, The rotational partition
function Qp is calculated from the actual energy levels as follows:

Qe = 1;(21'4' 1) ¢~ mEINT, (6)
Chidsey and Crosley’ give the Einstein A cosfiicient as
4
Ath-= ST P S I + D e, M

where pi/. is the rovibrational transition probability and Sj,- is the rotational line strength.
Chidsey and Crosley tabulate relative values of AlJ- through N" = 32 for the AS - X[1(0, 0)
band in their Table 4, They state that they caiculated the line strengths S;,- based on Earls'
formulas® with a J-dependent spin-orbit coupling parameter A and the rotational constants of
Dieke and Crosswhite.' We have found that the use of Earls’ formulas can lead to significant
errors at high J in the satellite bands. (This problem is furtiier discussed in the following
section.) Therefore, we have calculated Sy~ by following the method described by Hougen.*
Chidsey and Crosley’ have kindly provided a table of relative valuus for p. through J = 35,5
prior to publication.
The A’/ may be put on an absolute basis by noting that the lifetime of a state is

-
o A“Z".) sec. 18
Ty (v; v ec )

Because Chidsey and Crosley’ give A}/ A3~ 0,0040 (here the notation is A!:), we assume that
for the v' =0 vibrational state all vibrational states other than v” =0 make negligible con-
tributions to 7, The best available lifetime for the rotatiosiess (N’ = 0)v’ = 0 state is probably
that measured by German.' 7y, = (0.688 = 0.007) X 107 sec, There are three transitions from
the ¢" =0 state to the rotationless ¢' = 0 state, namely, "P;,(1.5), °P.x(1.5), and "Q,2(0.5). We
calculate relative A'- for all J' and J” of interest by ignoring all constant factors in Eq. (7)
and normalize these by using Eq. (8).

We form the S;.- by following the method given by Hougen.* In addition to the selection
rules A/ =0, =1 and ++ ~ parity, electric dipole selection rules on f} give nonzero matrix
elements only for (0 = 1|u, = iu,|() for A = =1 and (0, |() for AQ =0, where 4,, u,, and u, are
elecsric dipole moment components in the molecule fixed axis system. In the laborate~ .xed
coordinate system

l 1 . ,
hz = 5@z = iazy px +ipsy) +5(aze + iz, ity = itny) + azity, 9)

where az,, az, and az; are the direction cosines between the molecule-fixed and laboratory-

Table 4, Nonzero rotational direction cosine matrix elements in (J'¥{uz{/.0)(Hund's case (2)].

J'-JO! e} !'.!-!
l/ 1 }
J40sl) (Jattel) , 12 250, /2 m), /2
<inly [0 L 177y pa <Ay s
1; 1 1
L Leae)) (Geaed), T3 <) (Jeael) (3o, /2 (J=8) (J=0=l), 12
iy (3,00 = Ay, B

Y Y aey) '/
' /¢ {J=0el) (Jeaed), /2 o) (Jo0bl) (2J48), /2 Q) (Jégde 2
aipetly, [ (prlileaed), iR ool e -(dige-))

Nota: The §hurJ enployed here are the same as those used in Refs. 2, 4, awd 1].




Spectral line pacameters for the A°T-X?11(0.0) band of OH s

fixed coordinates sysiems. The direction cotine matrix elements are given in Table 4, The u,,
iy, and u, are taken to be experimentally determined parameters. For Iack of better in-
formation. we take \/(1/2)|is; +ipy| = V(1 Dle = iyl m . = 1,

Because we assume that the electronic and rotational parts of the wavefunction are
separable, the electric dipole matrix elements may b written as

(NSE I DuzlASE; J0) = HA'S'E sy + iy ASEXI Dz, ~ iaif B
+§(A's'z1p. = 4, IASEN "Dz, + iaz,J0) + (A'ST |, ASEXI Dlaz /), (10)

where " has been dropped on the iower state quantities. Only one of the three terms on the r.h.s.
of Eq. (10) is nonzero for any allowed tiansition matrix eleinent. The electric dipole transition
matrix is formed in the same basis as was the Hamiltoman matrix, that is, the Hund's case (a)
basis. Selection rules in this basis are AS =0, AX =0, AA =0, =], and AJ =0, =], Because
AT =0 and 01 = A + I, the selection rule A = AA is obtained.

For *3-°I1 transitions the last term in Eq. (10) is always zero. Because we are interested in
!SI transitions, we sc¢ all matrix elements of the type (*Suz/°S) and (I1|uz'IT) equal to zero,
This approximation is valid becsuse these matrix slements are much smaller in magnitude than
the (*S|uz/*T1) matrix elements and because they cnter into the line strength only through weak
mixing between the °Il and °S wavefunctions. The relative phases of the matrix elements are
determined by following the prescription of Hougen® and Whiting and Nicholls.” Following the
suggestions of Whiting and Nicholls, we have normalized the line strengths so that

}_;_s,-,,- 0228 + I+ D md("+ 1), (1)

Table 4 reflecit this choice of normalization.

The line strength Sy~ is formed in intermediate coupling by taking [(uluz|/)’, where |u)
represents the eigenvector of the % state, /) represents the eigenvector of the *Il state, and uz
now represents the 6 X 6 transition matrix. However, the eigenvectors formed during diagonal-
ization of the energy matrices are in the Kronig transformed basis; therefore, the dipole matrix
must also be transfcrmed inte this basis. Using the Kronig transformed wavefunctions given by
Eq. (1), the Kronig transformed dipole matrix elements have the form

OBl 08) = 50 uall )+ 80" Vgl - )
+8'U" = Quzl Q) + 88U = Dzl - ) (12)
and, if we let uJ be the matrix of the (J'0'8'|uz|J08),
Sy = '8 |5 QS (13)
To our knowledge, the 2-*I1 transition matrices have not been published elsewhere. Ve show

them for the P, Q, and R branches in Tables 5-7. The twelve branches correspond to the four
3 x 3 blocks in the Kronig basis as follows:

aea ae~s
PP "R, OP 12, ORy2 2Qi,"Q::
Sea So=g§
9Qx,"Q: PP:s"R, 9Py SRy (14)

For the Q-branch lines, the only nonzero 3 x 3 blocks are those for a « s and s « a, while, for
the R- and P-branch lines, the only nonzero 3 x 3 blocks are those for a «a and s « 5. When
forming line strengths, the appropriate block must be substituted into Eq. (13) for u%. For



A. GOLDMAN ang §, R, GILLIS

I —h‘- dl:—§| T4 2134
42 1
N\-

: -
@Ol "

1

X4
s | ] anm
ﬁ\- aas-‘ﬂmﬁuncﬂ

° ° ~ 177 o 0 - 0 L] L) 7/
.ﬂ.& -N
c ] = LY [ ] (] o (] ] 7y
O o'¥z lLE
n- R J 1y n- 0 0 ] - 4] g,
2t 4 4
} - k4 5 . 74, -
o “nHN [ o L] 0 " 1, 1,
z - 7y -
O z ° o Iy, ° ] x ] ) ° Iy,
s ] L &,n-n 0 © o ~ L o u:-:
4 Y ¥ 2y 2 3y, zy, zf < L7 - Ty~ zf -
Mn-« ".-N o'l o'I “-n~ pas M . tn, 1, L 2 s, P
syveq Frwosy (3§ GIEC (£) eI 5 poy [{]

1é

XL soneswen ). -3, §WRIq-4 S oqe).



Y

Spectral line parameters for the A°S-X 110, 0) band of OH

ie ﬂl- ...ls—-gl T 339y

(1e0)52

v, jea
{teacti zr D)

LI |
NN-

(1ef)r2

i { J =2
N\- A-O—dvan\no-.VANN-l-.u

2 ° ° ey 0 0 2 o .
e 1z
4
O a- . G “.-n ° o ° a °
14 -
[} a k] “-ua 2 ] o [ a
3 a- ) ey, ° a ° ° )
[ ] ] a o ~“-ﬁ ) o A . 0
° . ] ~“,- ° [ 0 2- °
z 3 z 3 z 2 ¢ z z zy. - 7, - LT
“-n “.-u m.un uuu~ munn Ieu, teu, Iy ha, *hm, I, they,

sgseq Jywory (33

syseq (®) pscr s puny  (F

e vonnees §]-3, e 9 el



ie _ua-, un:_(rl Ta 229
Yy ] {140)2 }

@+ ei o)
Z, '

ez
~s._-u_.~=2.cqm_ -4

Ya

A, GoLOMAN and J. R. GiLLis

L ° ‘ ~:.~ ° ° £ ° ] 0 ﬁ::
-
. L] O 2.: ° ° ° z ° 0 ~:-
-
z
[ ] ~“.u~ I 4 (] n [\ E m:».. \-uw
° 2- F o ~:u~ ° * ) 0 ° ['s N\.usu
-
- ° ] zy o (] 2 (] ° ] 1y~
o n—.n u, B i
& z r { ay, - 4
e ] “n-n o o ° . ° 14 e
L 4 z 4 z z z; ty 4 ~\ - LY Ns -
Iy Doy "Iy I, lew, ‘s, ', 1, Yy, ey ftw,
syveq Syuory (3% sysvq () ase> s,y (¥

“TUIEW BoRiswen {)-X, VRN L 9tL



Spectral line parameters for the A'S-X 110, 0) band of OH 1
example, to generate the Q, line strength we form

SRy = (08, la = shot, )f. (15)

3. RESULTS AND DISCUSSION

Line strengths, Einstein A coeflicients, intepsities, and transition frequencies have been
calculated for all branches of the A’S - X*T1(0,0) OH spectrum through J = 15.5 at 240K for
atmospheric applications and through J = 40.5 at 4600°K for high temperature applications,
These calculated values are shown in Tables 8 and 9, respectively. The total band intensities (by
summation of the individual lines) are 2.7948 x 10°cm™'/atm-crii at 240°K and 8.6863 X
10 cm™'/atm-cm at 4600°K. Line intensities are plotted at these two temperatures in Fig. 1.
Some caution must be exercised in using high J data from Table 9, The spectroscopic
constants’ used here were determined from data® which included transitions through J = 25.5,
Although these constants allow prediction of that data to within 0.1 cm™' maximum ervor and 2
standard deviation of ~0.03cm™ (the hyperfine structure is neglected here), such accuracy
cannot be expected for all lines between J = 25.5 and 40.5. Uncertainties in the calculation of
energy levels at these high J cause proportionally smaller uncertainties in the energy eigen-
vectors (waveiunctions) and in quantities calculated using the eigenvectors (line strengths,
Einstein A coefficients, and intensities).

Chidsey and Crosley’ list p7 throush J = 35.5. We have extrapolated p'’» for J = 36,5~
40.5. Although the dependence of p!’: on J is quite Imm for P, Q, and R tramsition
probabilities between J =25.5 and 35.5, extrapolated piJ. used to calculate Einstein A
coefficients and intensities at higher J must be used with caution.

Although we list four digits for Einstein A coefficients and intensities in Tables 8 and 9, the
absolute uncertainties of these quantities cannct be less than 1%, because German's'® 7, has
a 1% quoted uncertainty and because Chidsey and Crosley's’ piJ. are quoted to three
significant digits. The relative uncertainties are limited by the relative accuracy of the p!}: and
the line strengths, These relative uncertainties should be less than 0.5 for J less than 25.5 and
are probably iess than 15 for J less than 35.5.

Our calculated line strengths have been checked for accuracy by comparison with values
calculated using Earls" algebraic formulas (these formulas are equivalent to those of Kovacs®
for *T-*[1 transitions). When centrifugal and higher order distortion and S-I1 interactions are
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Fig. 1. Line intensities and positions for the AS-X11(0,0) band of OH, Only lines with intensity greater
than 10™* the intensity of the strongest line have been plotted.
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Speciral line parameters for the A’S-X?TH0,0) band of OH
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Spectral line parameters for the AS-X?1(0,0) band of OH
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Spectral ling parameters for the A’S-X?TH0,0) band of OH
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ignored, our line strengths are identical to those calculated using Earls’ formulas, Ignoring these
effects does not significantly alter the line strengths for main branch transitions but does lead to
large errors at high J for the weaker satsllite branch line strengths. Earls’' forumlas (which ignore
centrifugal and higher distortion and Z-I1 interactions) predict consistently smaller line strengths
than those calculated by us (which include centrifugal and higher distortion and T-I1 inieractions).
In the 9R,; branch, Earls’ line strengths range from 9395 of our line strength 5t J* = 20.5 t-. $9% of
our line strength at J” = 40.5; in the *R;, branch they range from 78% of our line strength at
J" = 20.5 10 46% of our line strength at J" = 39.5, Earls’ formulas show intermediate error in this
range for the other satellite branches.

Bennett's”’ line-strength formulas, which include P* centrifugal distortion, may e expected
to give much more accurate results, Based on our check of Earls' formulas, the line strengths
for the SRy branch should have the largest deviation. Bennett's formula predicts line strengths
for this branch which are 1% higher than ours at J = 1.5 and decrease to 6% lower at J = 25.5;
they increase to 2% higher at J = 39.5, Examination of the eigenvectors shows that the P* term
and, to a lesser extent, the *S-‘Tl1 mixing can contribute an effect of a few percent to the
satellite bands line strengths. Thus, the dominant effect in the deviations from Earls’ formulas is
due to the centrifugal disortion, which is relatively large in a light molecule such as OH.

The conclusion to be drawn from these comparisons is that both the algebraic formulas or
our method give accurate main branch line strengths at all experimentaily observed J values.
Earls' formulas lead to significant errors at high J in the satellite bands. Bennett's formulas give
acceptable satellite branch line strengths for most work. However, when the highest accuracy is
required. the line strengths from Table 9 should be used.

When our Einstein A coefficients are normalized to the same relative value as those of
Chidsey and Crosley,’ the two sets of values differ by at most =2 in the last decimal place. As
with line strengths, these differences become inportant only at high J in the satellite branches
where many of the relative Einstein A coefficients are quoted to oaly one significant digit by
Chidsey and Crosley. An additional advantage of our Eiastein A coefficients in Tables 8 and 9
for quantitative spectroscopy is that they are absolute rather than relative values.

Although we have chosen to present OH line parameters for temperatures of 240 and
4600°K, our computer program can generate A°S-X°T1(0,0) band line parameters for any
temperature. Table 10 may be used with Tables 8 or 9 and Eqgs. (3) and (5) to convert line
intensities from these temperatures to any temperature in the 200-6000°K range. Intensities so
determined shouid have the same accuracy as those in Tables 8 and 9. Band intensities at
temperatures other than 240 and 4600°K may be calculated by summing the individual line
intensities at the desired temperature. Simpler approximate procedures which directly convert
from a band intensity at one temperature to a band intensity at another temperature such as Eq.
(7-126) in Penner,® give errors of approx. 15% when band intensities at 240 and 4600°K are
compared.

Table 10. Rotational partition function Qu vs temperature T,

T(K) Q T(K) Qp
200 .1 2000 298,23
%0 32,26 2500 .
9 60.17 3000 454,19
30 40,79 1500 533,18
300 70,00 4000 612.8
50 17,38 4300 693,14

1000 145,00 4600 709.26

1250 103,08 5000 73,9

1500 2L 5500 83528

1750 239,67 4000 93,08
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ERRATUM

The following corrections should be made to Goldman and Cillisl.

In Eq. (3) and (7) the expression (2J'+l) should be 4(2J'+l).
Consequently, all intensities in cm-l/atm-cm and cm/molecule in Ref, 1
should be multiplied by 4, ALl other line parameters remain unchanged.

1. A, Goldman and J. R. Gillis, JQSRT 25, 11l (1981).
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