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) APPENDIX T

. COMPILATION OF KNOWN FRANCK-CONDON FACTORS AND r-CENTROIDS

*
The following table lists a compilation of sources of q and
vy

—

rv'v” matrices. This is PRELIMINARY and will be revised for the final
-

report under Contract No. NAS12-540 in early 1968. Readers are requested

to report any errors or omissions, suggestions to improve utility, and

particularly any new references or unpublished but retrievable new results.

In the tables, we list references to the original arrays for approxi-
mately 50 diatomic molecules and in some cases additionally theit ions or
isotopic modifications, and some 165 separate band systems. The matrix
size (extent in maximum v’ and v’ covered) is given, whether it is based
on the Morse or RKR (more realistic, tabular) potential assumption, and
if the known calculation included an equivalent r-centroid array. The
Dy 1y and/or ;v'v” may not be published but are listed if they are re-

trievable.

We have refrained from judgements as to the best array, although we
intend this later. In general, the largest 91y matrix size, especially
if accompanied by a ;v’v" matrix, is a indication that modern large com-
puters have been used and also is fairly recent and so probably is a best
choice. This is particularly true if an RKR potential well was used. An
important exception, based on our experience, is Reference F-5 for NO(7);

Reference W-7 is recommended instead.

*
By T. Wentink, Jr. and E. D. Schultz.
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The 96 references pertaining to this Appendix and following Table 1
have been typed by an IBM printer directly from IBM cards. This approach
was chosen to facilitate present and future editing, and subsequent

printings of an anticipated expanded reference list.
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KEY TO TABLE 1

Includes some modification of potential such as Morse-Pekeris.
Rydberg-Klein-Rees or alternative experimentally determineéd potential.
Matrix size given means maximum valve of v! and v”; e.g., 4 x 9 covers

vl = 0 through 4 and v” = 0 through 9. In many publications, the

\

\
arrays are not complete, and often ) or are less than
/ Q. rym / Fn
/. vy L, vy
v v/

unity. 0 x O means only v/ =0, v/” = 0 data given.

( ) indicates unpublished data but usually available on request.

[ ] indicates reference for potentials used in calculation of RKR
arrays.

N-11 quoted as unpublished in Reference N-10.

Data of Reference S-8 for D-A of MgO are applicable to a good approxi-
mation to C-A since the vibrational constants of C and D are so similar.

P not given explicitly.

79



=N ¢ Xg T
- b4 i , q uoI3euUIquo?)
1-H 0 X0 L, V3, ( quod)
%= (ST % %) (ST % ¥v)
x oxo 1 x %8
! +°¢C
-3 (01 % %) (01 % %)
€-N ¢ X g
Z-N 8 X8 1
- X X I_V eydry 04
1-H 0 0 +NN z 4at
JOT-N (11-N0 (&)
¢-N 7 X ¢
1-H 0 X0 mm X ﬁm v I910TA Nd
- e
1-d € x¢g £ X ¢ rm +Nm q m
G-M (6 x ) 6 X % 7 X v ag
%-S (¢ x¢) (¢ x¢) KO ¢ v 1gd
G-M (8 x %) 8 X ¥ 7 X Ly 704
Z¢-N Z X ¢
- X 1T 7.9 Hd
1-H 0 0 _M v +1
- X
m-m m x M ox My ’q
-7 -7g
lgoc: _ : N ® g v ua3a9 0"y
{9-S! 9-8 6 % 6 6 X 6 T-N L L +z X +z v
(2 »30N) (p‘o> a30N) (p‘2 @30N) ShIERER G (pf> @230N) (pfo 230N) 23839 23e38 owey we1sAS STNOB O
IoUNIDT DY :>\>u :>\>v :>\>p :>\>v I3MO] aoaddp
@Hmﬂucouom R mamﬂucmuom DSIOW UoTJ]Isuel]

STIIDITOW DIWOLVIA ¥0d SAIOYINID-I ANV Sd0LOVA NOQNOD-MONVEA 40 SADINOS

T 414Vl

.



n 3

[T-¥] 6-M (91 %X Q) 9T % ¢ 1-H 8 X 0T um X um g 813qzi9H-X04
€1-N €T X % n 3
1-H 9 X9 RO S Kosweyg-qT11ed
A
‘Z-8] 1-r 8 x ¢ 8 X g 1-0 8 X ¢ 8 X ¢
(1-r
‘2-S7 1-s (€1 % 6) €1 X 6 1-S (€1 x 6) €1 X 6
1-0 6 X G
T12-N v X ¥ XY
£1-N €1 x €1
Z-N G X4y
-4 71 X %1
B _ H|: @ X mu n m N
[2-S, oM (61 x 8) ¢l X 8 1-a L %! S X e v uems o)
(puegq I
0T-N (T1-N) () () R N UOTIBUTqUOD)
L-0 7 X9
€-N X %
1-d VARSI VAR +NH X +NH q uaaxd-anig
01T-N (11-N) &) (&) +u~ X wﬂ v 0931
-9 (¢ % 01) (¢ x 01)
0T-N (11-N) () ()
-0 g x9
-0 €1 X %1 xﬁ X gﬁ v 0Oed
(» 2301) (pfd 230N) (p¢o 230N) DDUDIDTOY (p¢s 230N) (pfo @30N) 23818 23818 .
SIDUDIDNT Y LAY EAS TLYEA uh A ITEAWEAN IoMOT] H@Q&J PUEN E@um%m OIN99TON
I b 1 b !
 [BT3UP30d4 !N p18T3U930d 95I0K uoT3TSUBRL],
| .

w e

(panutjuod) 1 TIAVL

¥
.



J
>
=
<
jou]
O

I1-N ‘¢-N 7% C +°1 1 +
%= (¢ x¢) (¢ x ¢)
1-H v X Q T X Z, 90 %728
1-H ZXE¢€ ¢ e 8
1-0 L X9 I, X -z, q J006€
1-4d Xz € x
1-H AR 4
1-D L X9 I, X dm v gooew an pue gy
, ) €1-N 8 X ¢ n 3
(1-¥] S-M €1 x ¢ 1-H 9 X9 aH q +57 ) yaewdaag
€1-N ¢ Xg
o Z-N 8 X8 g 0 ~
[1-¥] ¢-s (&) ) 1-H 7 X 4 S r U 1T NN o
€1-N 8 X9
. z-N ¢ %9 0 3 el nquezy, p
[1-9; ¢-Mm 11 X ¢ 1-H 9 X ¢ B . -saapue[sag
i1-S! 1-8 01 X 6 1-S 0T X 6
1-0 6 X T1
£1-N o
Z-N 01 X 9 g n
_ . £-S (01 x 01) (01 * 01) 1-H 9 X8 41 X Loq sd11171Ud
- T
‘C1-r 1-C 8 X % 8 X % 1-r 8 X % 8 X %
€1-N €1 X % g (panutr3uod)
Z-N 8 X8 " x . & 81dqzioH-xog %
I e
(2 D30N) (p‘o 230N) (pf2 2230N) P0Ua1a]aY (p‘2 930N) (p‘2 230N) 23e3s 23B1S
. DOUNINFAY :>\>.H :>\>v ulh, A :>\>_U 13m0 xaddp JweN wasks PINI3TOR
a
ﬁamﬂucmuom Y mHmHquuom ASIOR uoTjIsuea]

(panuT3iuod) 1 Y19Vl



1-0 €1 X 11
- 4 i woxjs3u ,
£-N 9 X 1 . v +51 d 3s3uy \
% q a8at1g
+wH +NH -p1o13doH
[ ] €-s (yz x (D) (%7 % (1) €-S (92 x 1) (vZ x (1)
1-0 L X €1
G-N %7 X 81 0AT3T504
el bxd Lx L T X U ¥ y3anog 02
1-H 8 X 01 +°1 1
[9-4] 1-S ) 81 % 81 1-S 8T X GI
12-N € X ¢ € X ¢
#7-N 8T X 61
Z-N € x¢
z-r
1-H 9 X g =
-4 AR 4 ©
- X o1
1-4 € X ¢ +NN X g g I27107A
G-M €1 % 01
1-M 8 x 8
[9-4] 1-5S (2) 8T % 81 1-S 8T X GI
=N 81 X 61
Z-N 8 X 6
1-H S -
-N X g i CE| ND
1 9 X9 <5 X . v P
1-H 0 X0 8. X Ty %0
+1 g
-M X X ' 7
£ (L x 2 L X g . X 4, 8
-M X X v 3
€ (€1 ) €1 z s X +k~ A/ a0
; < € N E < 3 < “ c
(2 230N) (p‘o 230N) (pfo a30N) 30Uni1a39y (p‘o 230N) (pf2 @230N) aleas 23®e38 owey woqsAg 5Tn95T 0K
30UDI23I9Y :>\>(.h :>\>v :>\>.H :>\>v I3MOT 1addp
ﬂﬁmﬂucmuom U mﬁmﬂuﬁmuom I9SIAOW uorjIsuel],
. (penut3uod) 1 HI9VL



=M 0 X 01

01-N (11-N) (&) S X %X 0000
9-N 01 X 01 0T X 01 T uosuyor
1-4 9 X9 D B -39p1ed
9-N €1 X 01 €1 X 01
¢-N €1 X 01 2ATIe39N
1-H 9 X9 P QR -3s11d
9-N €1 X 01 €T ¥ 01
L-C L ¥8 .
1-H g8 X8 S X LV 11e3-33W0) 409
G-M ST ¥ 01 ST X 01 U ® Ve P Jardrag
q-28119g
G-N %T X 1 OIS SR -pr213doy
1-0 €1 X 01 9AT3Ts0d
€-N L X1 . ® X4 -PITYL
L=L AR N4 3
[ 1 ¢-m 0T X 6 0T X 6 1-H g8 ¥ 01 Ve & L% E Tpunsy
0T-N Mmm-zv qmﬂwvoH eo811g
i-H g x g LA SRV -p1a13doy
G-N T X L
L-L 9 x9
1-H 9 X 6 +NH X :m e uoiawe)
HH v +NH q 819qzaay
28119 (p,u092)
1 X 440 -pia13doy 0D
ommowwwwm Av.w>wwmzv Av.”>wwmzv ooHeIRITd MMHM °30N) Avhwsmwozv MMMMM NMMMN aweN wo3SAS 9[NOATONK
ﬂﬁmﬁuchom W mﬁmﬂucwuow 98I0l uoljIsuel]

(ponuTt3uod) 1 FIGV1L



¢-H 7T X %1

1-H 8 X 01 q
‘ 1-H 8 ¥ 01 IH
1-H 8 X 01 aH
LT-N %1 X €1
[€2-N] 2-D 0 X 07 0 % 0z z-H vl X 41 3 n
rA
[£-8] -8 0 %0 y1 X 9¢ 1-H 8 X 01 2. X 79 uewA] H
+-1 +-°1
i .
_ . . . . e
01-N (T1-N) () 43 X i v(:) 1e9
Amm 2238) NQ
- X S
1-H 0xX0 459 X L2 ¥ HSD
1-R 9 X9 9 X9 ¢ X . v 01D
G-0 6 X 11 paieijul n
L-0 9 X9 wﬂﬁxv Sy -puodag oey @
G-d 7 X g 7 X g wN.x . g
L0 ‘ € x¢ 2, X L, v ¥9769 HBD
-q X X
L 8 x 8 8 x 8 *NH X €V So
lm X X s m
% ¢ X g ¢ X G LV Lz,
- X X 1370TA- INT
9-S 01 X ¢ 01 X G i S o 4(3I910TA-ND 9%IT)
T
¥-S ¢ X g ¢ Xg e X .uN v (P3a-ND 9911) dD
IB X
z 01 X 01 S X +57 g (p,uoD)
IB X Y .
Z 01 X 01 KON 1, ¥ 0D ¢, 00
(2 230N) (p o2 a30N) (P‘® 230N) ©oousa9jay (P2 230N) (p‘d 230N) 93e]8 93®e]lg
20Us133aY ubah :>~>v :>~>u =>g>w 19M07 19ddp sweN walsAg 9INO9T oK
@Mmﬂucmuom iy mﬂmﬂucmuom EERLA ; uoT3TSueriy

(panutiucd) T AI4VL



[£-S] L-S 0 X0 81 X 61
] I
+5¢ ¢ 1
[L-8] £-S 0 X0 0Z X 81 "o 2
e +<¢ 1
[£-8] L-S 0 X0 81 X /1 3.8 O
% I P
[£-S] £-S 0X%0 9¢ X 91 "og 31
+1 Iy
n 3
- - X
[£-S] £-S 0 X0 9¢ X 0¢ 27 mANv+wH 9
[£-S] £-S 0 X0 9€ X €1 " g( Vw 9
+<p 8D
[1-S] (-8 0x%0 9€ X 6 e g Tz g y
+NH +NH
1-H ¢ X 01 %q
1-H ¢ X 01 aH
: g n Z
[£-s] L-S 0 X0 1 X 61 1-H ¢ X 01 P 4 I a H
1-H 9 % 01 q
1-H 9 X 01 IH
1-H 9 X 01 aH
(€z-N]z-D 0 ¥ 21 0 X 21 3 n z
[£-S]L-5 0 X0 71 X #1 1-H 9 X 01 437 X o 0 Iouiapm H
1-H L X 01 ¢q
{-H Lt X 01 ad
3 n Z
L-S]1L-S X X - X
[£-5] 0%X¢ %1 X 6 1-H L X 01 L3 X T8 H
(2 230N) (p‘2 93oN) (p‘d> 330N) aouaixaiyay (p‘o> 33oN) (p‘2 310N) ajels 33e]g
aduviajay ubyh uban uh i ut ity Iamo]  aaddp oueN wa3shs - SINo3TON

Q[ EF3U930d i

mﬂmﬂuﬂwuom 39S A0

UOTIJISuBa],

(penutjuod) 71 FTIVL



8 230N (v % ¢) (7 ¥ ¢) i, v 0
8-3 % X ¢ 7 xX¢ v v, a
%-S (6 x %) (6 x %) 5 X Iy
VEIS (¢ x¢) (¢ x ¢)
1-N L X/ I, v <8
#-8 (s x 2 (¢ x2)
£-09-0 € xXg
S-0 8 x g
- X
1-N L X ¢ 3 X 2, @ 03
+mw X
01-N (I1-N) (¢ 101, v 1, 9
L-0 VAR ~
OT-N (1T-N) (2) . *
1-H zxC X IV H3W
+ ¢ 4
- X d
¢-0 8 X8 z, X 3,
S-0 L X ¢ X, X I, v pay 0¥l
1-H 0%x0 | FRCOID SRS 4 (av1 pue) HIT
1-H X 3 n ¢y
0xX0 +57 X 57 v T
- X ue
1-H 0%X0 43 X P (@ pue) mi
8
81-N sydean <. X no_ Z
+°1 +rm d I
T1-N ? X 3 X N:‘¢,Nm
(&) +1 0 ¥y +
(3 3310N) (p‘> 330N) (p‘2 @230N) 9dusiayay (P‘2 230N) (P2 330N) 3jeag 3je3s
5o 103 oY unin, unit, JAh whiny tomo  xeddn sweN wa3sg ERRILER o
a
nﬂmﬂucmuom i mﬂmﬂuzwuom EERTH UOTJISuUBRI]

(panuriuod) T FT4VL



#1-N S XY (&) (¢) uesap uophen
L[-M (012 0) 0T X 0 3 n 9ATITSOg
9-M 2197108qQ0 . d 7 a -ylinog
LN 12 X % £t
G-r 1 X %
[1-2] 1-2Z ARE I y-r ‘-4 9 X g g n aaT3Tsog
[z-4] €-4 LT XYy €-d (1 Xy i € ile D ~puodag
[1-2] 1-2 6 X 71 1-1 [ASR A 01 X 1
[1-2] 9-M 0¢ ¥ 0¢ 0¢ ¥ 0¢ 9-M 0 ¥ 0¢ 0Z X 0¢
L-N 91 X 1¢
ot-r ¢ xXgG
G-r 1 ¥ 21
¢-H 71 X %1
- - - e o]
[1-4] 8-r Yy Xz 8-d S Xg 9%y . . oATI780g %
[z-9] €-4 €1 X L1 w-r‘y-a1 9x9 42 v I € -38114
[1-2] 1-2 S1 x %
2 n
[z-4] 1-9 0z x % 437 X e O exeuBL
g n
lc-g] €-4 LT x 81 e 8 %8 #0131233y-4I
g " ! UOSUTHTIM
[c-g] 1-9 07 ¥ 81 (% X Tz 9 -eyeuei-eneso
3
[z-9] 1-4 07 X (1 45 X wum q
¢¢-N 71 X ¢
/=N Lz X 91
G:-N L7 X 91
[1-2] 1-Z 07 X 6 Y-r 0z X 6 g n uedey .
Le-41 1-4 07 ¥ ¢1 Z-H BT X H1 +NH X +Nm v -pae8ap N
(@ 330N) (p‘2 23108) (p‘o> 230N) EhIERCREN (p‘2 @30N) (P2 330N) 93e3g aje3s
90U913J Y ubab ut 1ty ubah YL 12MOT xaddp sueN wa3sks STN991H
aamﬂuzm“om I mﬁmﬂucmuom 3SIO0R UOIJISuBl]

(penuIjuo)) 1 ATAVI



8-N 6 ¥ 11 6 X 11 n 3 ueour

. P
¢-N ¢ XI11 EN v EN a _utuer
. g n aAT3e89N
G-N 1¢ ¥ 01 +NN X +NN 0 -puooag
9-M 0¢ X 0¢ 0 X 0¢
L-N 1 X 6C
7-r 9 H 9 3 nog anT1e39N
-2 L1 9 +NN X +NN -18114
0¢-N G X G ¢XgG
NIZ 1¢ X m g n Z
1-4 9 X9 +NN X mN v T9UIaN + N
( X 3 X " |2 o
¢-4] 1-49 0T X 61 FICC IR S I %
n 2
[z-4] ¢-4 61 X € uNH /B HH g me——--
g n (UATTINH
[z-9] ¢-4 GT X 9 . ® Q.H M-UOSUTNITIM 10)
3 i n eyeue] -8MB3(Q
[¢c-9] 1-€ 0z X 9 A A
9-M 0¢ X 61 g a -
€-S ‘H-M (zz x ¢1)  (2z * 1) S SN prarydoy
1 ‘ -98119g
8 n
(TT-N) ‘S-N LT X G WX Lpe vaw«wao:
-9381Tg
[1-7]1-2 0z X 9 zz-N 9 %9
[z-9]v-s (12 x 9) (1z % 9) L-N ‘G-N [Z X 9T 5 5 prarydoy (p,uod)
[z-9]j1-4 0¢ ¥ 61 L-T L X/ +NH X mﬁ e -331Tg-uswiy Nz
(2 230N) (p‘2 230N) (P2 230N) 20Ua193 9y (P2 @30N) (P2 330N) 93835 23838 sue)N wolsk a(no3
20U3123J3Y ubgh ubydy ubat uhihy 12M0O7] aaddp N S L W
nﬂmﬂucmuom oid o18F3u930q 98I0 UOTI3ISuBll

(panut3juod) 1 FIIVL



ZI-N £ % 11 L X 4%, a uotrsdy
£-0 2%x9
¢1-N €exy I, X I, ° g312q
CI-N €T X 9 I, X Ve B (Putrad e3ag)
¢-0 £EC X 1¢
-0 T X 61
¢I-N £C X 61
£-N €T X ¢
T-N 81 X 9
-1 6 X 0t
[1-p] 6-a €€ X 71 L-r 1 X ¢ L, X I8 B39g
¢-0 0c X 1
1-0 €T X 11 S
(AR € ¥ G1
I-N 81 X £
[2-A) L-M (01 % 2) 01 X ¢ -1 01 X 8 01 X 8
[1-A] £-m 0T X 0 ¥-r 9x%x9
[1-A] s-a 9¢ % Z1 -d Z X 2 I, X T, ¥ BULIBY) ON
N X X X wq a
S LT X 11 +N~ LN
X X " D
S-N {z x 01 +w~ X +NN
L-N 0 X 67 g a
S-N LT X 62 2. X <, 4d
LN 0% g st e
- X !
S-N e S +N~ X pw v
L=N 0 x 1¢ g g z z
- X
S-N LT 12 +NH X +wN X N T%.z
(3 230N) (p‘2 @30N) (P2 230N) ERIED R N (P> 230N) (p‘o @30N) 21838 ER- B .
20U31339Yy =>~>u b ahy :>~>u :>~>v TaM0T 10ddp sweN wa3sAg EXMSEN RO
Qﬂmﬁucwuom Oy o 1ETIUR3I0F SSION uoTITSUBI]

(penurjuod) 1 FI4VI



C1-N 9 X9 X X Ve @ 11T 329qzi9y
g 0
G1-N 9 X9 . X X Q2 1II 31sqzasy
S1-N AR Al 5 € . 1
[6-r] 6-r ¢ X 11 L~ 6 X 01 -Nm X +Nm 4 I 81aqzasy
3 g
- X e UOXO
GI-N 9 £ QH +NH q N
GI-N 9 x ¢ g 3
1-4 9X 9 7. X 7.9 oT1asydsowdy
- +71
GT-~N 9 %X ¢ g 3 z
€-N zxz X X v, ® o1a9ydsowdy ¥I 0
- X
1-H 0 0 +NH X +NH v HeN
-N) ‘Z-M x ] .
(o1-N) ¢ ;0 ¥ 01 I, X n v
¢ &~
(CT-N) ‘z-m ,y0 X 01 IL, X +wH X ON ¢, ON
(7-9) (oz x 0z)  (0Z % 02) -
L-M L1 X 4§ o
- - \ 1
0T-N (11-N) (&) 43 X I, v LON
¢I-N € X ¢
1-D L X9 I ® q ¢ eme3p
no =Sy
¢T1-N X 1 To®
1% £ pm X b¢ W
¢I-N 61 X 9 i, g v 9 1 eme3Q
[4 4
- x s
¢I-N L %S P S ¢ Isedd
=N X 7 awrad .
Z1 €C c L X X2 q (durad) gumer)
- X SBY;
¢1-N Gl 11 +NN v +NN a 1 1se3g (p,IU0d)ON
(@ 330N) (p‘2 @230N) (P2 230N) 20ua1ajyay (P 230N) (PO 330N) 93®821g 93818
3dus1333y ut i uhihy :>~>u uh ehy 19MOT 19ddp aweN wWa)sSAg CRALEER Ko/
@Hmﬂucwuom oIy g1ETIUP30d 9SION UOIJISUBL]

(panurTjuod) 1 FIIVL



11-N () n

c-M X 3 X I e
0 ST uwm b
11-N D 3 3
- q
¢-M 0 X 01 -Nm X -Nq
T1-N (é) g n
c-M 0 X 0¢ -Nm X uw v
T1-N (2 3 g Zn o C
¢-M - 0 X 01 2 X I, X 0 ¢.+o
9-M 0¢ X 0¢ 0Tt ¥ 0¢
@HIZ OH H OH n ) o w ®>..Hu.mwmz
L= L L t¢ -Nq q 18114
9-M 0T X 0¢ 0¢ X 0¢
¢C-N [ABRNAN
61-N ¢1 X 61
€-N 8 X 8 3 n aATIR33N .
- X ] i uo23g 0
Y-r 6 6 mmw X »HN v P ) 4 N
n uopies
G1-N IR A +N~ q +Nm v -eprOIg
3 n_ (no13aty)
SI-N $*9 QH & e @ uteisquey)
-0 §¢ X 1¢
1¢-N 0 x <1 0 X GI
6-N 1¢ X 1¢
¢-N 1¢ X 1¢
¢-N T¢ X ¢1
Lz-d ‘1 L-r ¢ X 61
“11-07 9-r sjuawfexy 9-r sjuswdeay
Z-H 71 X 41 . . sfuny  (P,UD)
1-d S1 % 62 Tox o xod -uuBuNYdS %o
(2 230N (p'2 @a308) (p 2 230N) 20ua133ay (p‘d 330N) (P2 230N) 93838 23e]s owey wsjake 51noe
ERNERERE N ubhan uh ity ahib LYZ Jamo]  Jaddp N < 1 TOR
q [eTiusjog Iy e 1eT3iuajod 9SIOl uorjISuRi]

(panutjuod) 1 FI4VL



€-H (&) 2. X 2.0 A°8

+71 1
£-N €% g Hrox v HS
% +%z
8 1Y 4
€-H ¢ X 71 ¢1 ¥ 21 -wm X :wm q S
1-9 y-(01 ¥ §)
- - X b'd - X
[$1-CIv1-C  (¢X 11) ¢ X 11 1-H 0 x 0 Mo GRS HQY
¢-N 9% %
- X
1-H 0 0] +NA X a
Z-N 8 X G
- X
T1-H 0 0 +NH X v 04ad
Hd o
N
8-d 01 ¥ ¢ 01l x ¢ +NN v +wN 9]
I
- uﬂ -
8-4 21 € 2T X ¢ mm X +NN J
- X X
8-4 01 1 01 1 +NN v +NN !
1
- X X ’ q
8-4d 1 1 1 1 EN X +NN
T¢-N £ X¢ € xX¢g
91-N VAR I/
¢-N VAR
1-1 VARG
L-T L X/
1-H € X% T
8-4 ¢1 X 01 ¢l ¥ 01 L X KA 1310TA HO
4 + z
(@ 230N) (P2 a30N) (po aj0N) ERIIEDEREN (P2 210N) (p‘2 230N) a3jelg 23e3lg owey waysk >{noaT O
ousIajay atin, uhang uhah wh by Jamoy  1addp s I I
nﬂmﬂucUuom WY mﬂmﬂucmuom 9S 10K uorjISueI]

(penuriuod) 1 g9yl



%T=N 9x9 9 %X 9 Qm X mm d e39d

6-S VAR 7 X1
7¢-N 9 X9 9 X9

2-0 VAR aw X em Vv Bunuey 012
9-0 7 X%

-0 0T ¥ 8 NN X NN d

9-0 v Xy z, X L, v a3ue10 0X
¢-d ¢ xXg

9-0 9 H 9 . (on1g

B o1 * ot vz Vz V-nor1ea) sumep oA
9-0 9% ¢ I X1 D04 (1999

€ ¢ -aniq) eydiy
z-d S xXg $Xg <
9-0 ‘1-4 9 X9 ﬁm X Qm v (¥1) eumwe) 0Tl o

1-N 9 X9 .wﬂ X NH v 018
-0 6 X 01 .wq X NN d uasij-anid

S-0 g8 x 8 z, X L, v a8ue1p 098
7-S ( )

-N X I T

1 01 01 +NA X LH v 01s

- X X T
S-M (o1 x ©) 0T x ¢ 43, X %, 1 NTS
S-M (01 x €) 01 X ¢ I, X T, 8 CRE

G-M (8 x €) 8 X ¢ I, X v eydiy iT18

(@ 230N) (p‘o @30N) (p‘o ai0n) CIERER ) (p‘2 a30N) (P2 @230N) 33e138 21e18
AdUd1339Y uhah uh ity Wb b iby . 15M07] 1addp aueN Wa3SAg ERRIGER RO
@Amﬂucwuom oIy mﬂwﬂu:muom 9S 10| UOT])TSURI],

(panut3juod) 1 FTIVL



95

v J0
yZ-N zxg ¢xg v oz 2 2lP (°-p) €@
", Jao
%7-N 9 X9 9 X9 Vitox e wﬁ q (e-9) v
G-8 b X g 7 X¢e
9-0 9 X9 (p,uod)
%Z-N 9 X¢g e X Ve D eydiy 017
(3 230}) (P2 230N) (pd 230N) CRLERER N (Pp‘2 330N) (P o ®30N) 231e3s 23833
ERIEREREN abah ahahy ubyh uhahy lemo]  aaddp ouey w3 sks RIS TN
namﬂucmuom i mﬂmﬁucmuom EERGIN uoIjIsSue1],

(panuT3juod) 1 FIGVL



81

ks 2

34

ol

Ll

F2

F3

F4

m
U%

Fé6

F8

Gl

RLFERENCES FOR APPENDIX I

TABLE 1.

BENESCH»We s VANDERSLICE 29 JeTes TILFORD S eGe s AND WILKINSONSP oG
e1439P4236 (1966)

ASTROPHYSe Jes V

BENLSCHsW e s VANIERSLICE s JeTas TILFORD9SeGe s AND WILKINSON P oGe
ASTROPHYS- Jo’ \

BENESCH We s VANZERSLICE 9JeTes TILFORDSeGe s AND

ALTRIOPINY Se Jes V

BATES Do
MONe NOTe ROYe ASTRONes SOCeo

CHILDSsCeRe
QUANTe SPECTRUSCe RADIAT.

Je

elu29Pellcl

2144 4Pe5408 |

(19651

1966

Vell2sPebla (1952).

TRANSFER9 VQQQPOZBB

DRAKE sueweF as TYTE siveCe s AND NICHOLLSReWe
GUANTe SPECTROSCe RAUIAT.

Je

TRANSFERS VeT7sPe639

FRASER P eAes JARMAINsWeRe s AND NICHOLLSsReWe
ASTROPHYS e Jes V

FRASERsPeA
PROCe PHYSe SOCe

FRASERsPeA
PRCCe PHYSe SCCe.

FRASERsPeA

PROCs PHYSe 5S0Ce

0119 4Pe286

(LONDON)sy VebT73Pe939

195413 .

(1954) .

(LONDONJ» Veb669Pell53 (1953),

ANUC JARMAIN sWeR

(LONDON)s Veb66 Pells5 (1953).

FLINNsDeJo s SPINDLERIReJosFIFER9Se s AND KELLY sMe
QUANTe SPECTROSCe RADIAT.

Je

TRANSFERs Ve4sPP o271

FALLON,ROJC’VANDERSLICE,J.T.’AND CLONEY sReDo

Joe

CHEMe PHYSes

FELENBOKsP
PROCe PHYSe S0Ca

FELZ

NZ2OKsP e

ANNes DE ASTROPHY

GAYDONsAeGe AND P
PROCs ROYe SO0UCe

GIEGERsJe AND TOP

e

NATURFORSCHe »

Ve374Pel1097

{LONDON)} s VeB6sP«676

Ses Vel6sPe393

EARSE sReWeBoe
(LONDON}s Ve

SCHOWSKY s M,
Ve2lAsPe626

(1962).
(19651}
(1963) .
173,Pe37 (1939),
(1966)e
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WILKINSONsP«Ge

{1964

(19671

(1964).



H2

=3

J1

J3

Ja

J7

J8

J9o

J1c¢

J1l

“12

J13

HALMANNsIMe AND LAULICHT 1
ASTROPHYS. Jes SUPPLO SER-’ V0129p0307 (1966)0

HALMANNsHe AND LAULICHT 1 W
Jeo CHEMe PHYSes Vel& 3P e2398 (19661

HERMANsL e AND FELENBOKsP
Je WUANTe SPtCTROSCe RADIATe TRANSFERSs Ve3sPe247

JAINsD.Cs
Je QUANT SptCTROSC- RADIAT. TRANSFER’ Vo@’po“Z?

JARVMAINsWeRe AND FRASERs PesAe
PROCe PHYSe S0Ce (LONDON)» Veb669Pe1153 (1953)e

JARMAINsWeRe s EBISUZAKI sRe s AND NICHOLLSsReWe
CANe Je PHYSes Ve383Pe510 (19601}

JARMAINswWeRe s RASEReP oAe s AND NICHOLLSIReWe
ASTROPHYSe Jes VellBsPe228 (1953) )

JARMAINswWeRe AND NICHOLLSsIReWe
CANe Jo PHYSes Ve32sPe201 (1954).

JARMAINsWeR o
CAN. Je PHYS.’ VleyPle4oP-l926 (1963)0

JARMAIN«WeRe s FRAGSER P oA« s AND NICHOLLSsReWo
ASTROPHYS. Jo’ V.1229P055 (1955).

JAMESsTeCoe
Je MOLe SPECTRYes Ve20sPe77 (1966)e

JARMAINsWeRe AND NICHOLLSsReWe
PROCs PHYSe SOCe {(LONDON)y Ve90sPe545 (1967)e

JARMAIN’W-R. AND NICHOLLS’R.W.
REPe NOe 20s UNIVe We ONTARIO (19551}

JARMAINsIWeR e
CANa Je PHYSes Ve38sPe2l17 (1960)e

JARMAINsWeR e

(1963).

(1964

SCle REPe NOe 1y DEPTe PHYSes UNIVe We ONTARIO (1961)e

JAINsDeCe AND SAH 4P e
C s

I
ANe Jo PHYSes Ve40sPe1269 (1962)

JAINsDeCe AND SAHNI9ReCe
PROCe PAYSe SOCe (LONDON)s VeBBsPe495 (1966)e
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K i KIVELsBe sMAYER sHe s AND BETHE sHe
ANN. pHYSo’ V029P057 (1957)0

Ll LEARNERsIReCeMe
PROCe ROYe SOCe {(LONDON) s Ve269AsPe311 (1962)e

ML MURTHY sNeSe AND NAGARAJS.
PROCe PHYSe SOCe (LONUON) s VeB4,Pe827 (1964).

MZ  MURTHY sNeSesSETTY, AND SUMATHI
INDIAN Je PHYSes Ve38sPe4l8 (1964)e

M3 MCLEQDsJResDe AND WELTNERSJResWe
Je PHYSe CHEMay VeT704Pe3293 {1966).

N1 NICHOLLSsReWe
Je RESe NATLe BURe STDes (UeSe)y Veb6AP 227 (1962) e

N2 NICHOLLSsReWesFRASERSPeAesAND JARMAINsWeR e
COMBUSTe FLAME, Ve34Pel3 (19959Y)e

N3 NICHOLLOsRewe sF RASERIP oA+ s JARMAINIWeR ¢ s AND MCEACHRANSIR P o
ASTRUPHYSe Jes Vel319sPe399 (1960}

N& NICHOLLSsRoWe
Jo RESO NATLO BUR. STDo’ (U.SO)’ V068A9P075 (1964)0

NS NICHOLLSsReWes
Je QUANTe SPECTROSCe RADIATe TRANSFERS Ve2sPe433 (1962).

N6 NICHOLLSsReWe
CANe Je PHYSes Ve4OsPelT772 (1962)

N7 NICHOLLSsReWe
Je RESe NATLe BURe STDes (UeSe)s Veb65APe451 (1961)e

N8 NICHOLLSsReWe
CANe Je PHYSes Ve40sPe523 (1962)

NY  NICHOLLSsReWe
CANe Je PHYSes Ve38sPel705 (1960

N10 NICHOLLSeRsWe
Je QUANTe SPECTROSCe RADIATe TRANSFERs Ve59Pea647 (1965)s

N11 NICHOLLSsReW
UNPUBLISHED WORKs QUOTED BY NICHOLLS (N1O)e

N12 NICHOLLSsReWe
Je RESe NATLe BURe STDes (UeSe)s Veb68AsPe535 (1964).
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NI13 NICHOLLSsReWe
Je RESe NATLe BURe STDes (UeSels Veb6IA4P 4397 (1965)

N14 NICHOLLSsReWe
Jeo CHEMe PHYSes Ved29Pe804 (1965)

N15 NICHOLLSsReWe
Jeo RESe NATLe BURe STDes (UeSely Veb6FAIP 369 (1965)

N16 NICHOLLSsReWe
IN SUPERSONIC FLOWs CHEMICAL PROCESSESs AND RADIATIVE TRANSFER,
Pesdl13s (EDe OLFEsDsBe AND ZACKKAYsVe)s PERGAMCN PRESSsy NeYe (1964)e

N17 NICHOLLSsReWe
ASTROPHYSe Jes Veld]lsPe819 (1965)

N18 NICHOLLSsYReWe
Je CHEMe PHYSes Ve385PelU29 (1963)a

N19 NICHOLLSY Rewe
CANe Je PHYSes Ved34Pel390 (1965).

NZU NICHOLLSsReWe
Jo ATMOS. TERRES. pHYS.’ V.lZ;Pole (1958).

NZ21 NICHOLLSsReWs
PROCe PHYSe SCCe (LONDON}s VeA699Pe 741l (1956)

NZ22 NICHOLLSsReWe
PROCe PHYSe S0Ce (LONDON)s VeA693Pe713 (1956).

NZ23 NAMIOKA»Te
Je CHEMe PHYSes Ve4349Pel636 (19651

N24 NICHOLLSsReWe AND TYTEsDeCo
PROCe PHYSe SOCe (LONDON)s Ve91sPe489 (1967)

Ol ORTENBERGsFeSe
OPTe SPECTRY«(USSR)s Vel6sPe398 (1964).

02 ORY sHeAe s GITTLEMANsA 4P o s AND MADOX s JePe
ASTROPHYSe Jes Vel39,Pe346 (1964),

03 ORY’H.A.
Je CHEMe PHYSes VedQysPed62 (1964)

04 ORYshneAe AND VITTLEMANSAP
ASTROPHYSe Jes Vel39,Pe357 (19641,
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Qb

07

Pl

P3

P4

P5

R1

R2

51

52

53

S4

S6

S7

ORTENDERGoF e Se sULASKO sVebe sAND DMITRIEVIAe]L »
SOVIET ASTRONe—AJs Ve83sPel58 (1964) .

ORTENBERGIF e Se AND GLASKOsVebe
SOVIET ASTRONe—AJs VebsPeTl4 (1963).

ORTENBERGsF e Se
OPTe SPECTRY«(USSR)s Ve9sPe82 (1960).

PATHAK sAeNe AND MAHESHWARIsReCo
INDIAN Je PURE APPLe PHYSs Ve55Pe138 (1967).

PRASADsSeSe
PROCe PHYSe SCCe (LONDON)s VeB2sPe4l19 (1963).

PRASAD sSeSe
INDIAN Je PHYSes Ve37sPe457 (1963)e

PATCHsReWe
Je CHEMe PHYSes VedlsPel881 (19640

PATHAK sAeNe AND SINGHsPeDe
PROCe PHYSe SOCe (LONDON)s VeB74Pe1008 (1966

READ sSeMe AND VANDERSLICEsJeTe
Je CHEMe PHYSes Ve369Pel366 (1962)

REESsAelL«Ge
PROCe PHYSe SOCe (LONDON)» Ve59sPe998 (1947)

SPINDLERIReJe
Je QUANTe SPECTROSCe RADIATe TRANSFERs Ve5sPel65

SINGHsNeLe ANL JAINsD4Ce
CANe Jo PHYSes Ve40sPe520 (19621}

SPINDLERsReJs
UNPUBLISHED (1966

SPINDLER,R.J. AND WENTINK’T.’JRQ
UNPUBLISHED (1967 )

SINGHsPeDe AND PATHAK sAeNe
PROCe PHYSe SOCe (LONDON)s Ve90sPe543 (1967)e

SHARMAA.
Je QUANT. SPECTROSCe RADIATe TRANSFERs Ve73Pe289

SPINDLERsReJe

NASA REPe CR-721U7s AVCOs LOWELL MASSe REPs AVSSD-0287-66-RR
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(1967) .

(1966)
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|

S8

SY

T1

Vi

wl

w2

W3

Wa

wo

W7

21

SRIVASTARAsY+Pe AND MAHESHWARIsReCe

PROCe PHYSe SOCe (LONDON),

SINGHsPeDe AND PATHAK sAeNe
PROCe PHYSe S0OCe (LONDONI

Ve90sPel1l177

Ve91lesPedG7

TURNER ORobo AND NICHOLLS!RDWO

CANe Je PHYSes Ve329Pe475

VANDERSLICE s JeTesMASONsE « sMATISCHyWe s AND LIPPINCOTT sE

Jo CHEMO pHYSO’ V0319p0738

VANDERSLICE s JoTe
Je CHEMe PHYSes Ve3d7sPe384

WHYLERsAeA
ASTROPHYSe Jes Vel273Pe763

WACKSeMeE o
Je CHEMe PHYSes Vel 14Pe930

(1954)

{1959) .

(1962) .

(1958) .

(1964).

WENTINKeTesJRe AND ISAACSONsL.

Je CHtMe PHYOSes Ve4b69Pe603

WENTINKsTesJRe
UNPUBLISHED (1967).

WENTINK 9T e9s JRe s I SAACSON 9L e yMARRAMsE P e s AND SPINDLERSRe Je
TR-67-30

AVCO AVSSD-01u5-67-RRsAFWL

WENTINKsTesJRe s I SAACSONsLe sAND SPINDLERsReJo

AWFL TR-65-139 (1965)e

WENTINKsTersJRe yMARRAME ¢Pe s AND ISAACSONsL W

AWFL TR-67-6 (1967)e

{1967).

ZARE sReNe s LARSONsF Qe s ANU HBERGsReAe

Je MOLe SPECTRYes Vel54Pell7

101

(1965)



