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Description of the Atlas 

This atlas is a pictorial representation of at
mospheric absorption line parameters contained in 
the 1986 Air Force Geophysics Laboratory high
resolution transmission molecular absorption data 
base (HITRAN) compilation currently available on 
magnetic tape (Rothman et al. 1987). It is a re
vised edition of the atlas previously published by 
Park et al. (1981) , which had been based on an ear
lier version of the compilation (Rothman et al. 1981a 
and 1981b). This earlier publication has become 
very useful as a quick reference for researchers in the 
fields of molecular spectroscopy and atmospheric re
mote sensing. Since a new, extensively revised ver
sion of the HIT RAN line parameters compilation has 
recently been released, the authors felt that a new 
edition of the atlas was necessary. 

In the atlas are presented plots of the logarithm 
(base 10) of absorption line strength (8 converted 
from the HITRAN units of cm-I/(molecule cm-2) 
at 296 K to atm-Icm-2 at 296 K) versus wave
number (in cm -1) for atmospheric gases. The at
las covers the spectral range of the HIT RAN com
pilation (0 to 17900 cm- I ). Line parameters for 
all gases are taken from the 1986 version of the 
HIT RAN compilation with additional data shown 
separately for 0(3p), isotropic 03 (668, 686, 667, 
and 676), and H02 from the 1984 JPL compilation 
in the spectral region 0 to 200 cm -1 (Poynter and 
Pickett 1985). Solar CO lines at 4500 K , calcu
lated by C. P. Rinsland, are also shown for the fun
damental and first overtone sequences (Park et al. 
1981) . As in the HITRAN compilation, intensities 
of all bands are scaled according to the terrestrial 
abundance of each isotopic species. Approximate 
infrared absorption cross sections (converted from 
the HITRAN units of cm2/molecule to atm-Icm- I ) 
of 11 heavy atmospheric molecules (base 10 loga
rithm) in the 700- to 1800-cm-I region are plotted 
beneath the other data. These values were deter
mined at equally spaced wavenumber intervals from 
room-temperature laboratory spectra (Massie et al. 
1985) and are included as a separate file in the 1986 
HITRAN database. 

Figures 1 and 2 summarize the parameters on 
a compressed wavenumber scale. Figure 1 lists the 
molecules and shows the regions of spectral data cov
erage for each between 0 and 10 000 cm -1. Fig
ure 2 shows the absorption cross sections a as con
tinuous curves on a base 10 logarithm versus wave
number scale for the 700- to 1800-cm -1 region. Fig
ure 3 presents plots of the logarithm (base 10) of 
absorption line strength of the AFGL gases versus 
wavenumber for every 1000 cm- I up to 5000 cm-1 

with the strength scale the same on all plots for each 
gas. This provides a view of the band structures and 
their relative strengths. Above 10 000 cm- I , only 
H20 occurs in the atlas except for 02 from 11 400 
to 11 700 cm- I , 12 800 to 13 200 cm-I , 14 300 to 
14600 cm- I , and 15 700 to 16000 cm-I . 

On each page of the atlas, the plots of log (8) 
versus wavenumber for all gases having absorption 
lines in the same 10 cm -1 interval for the 0- to 
200-cm-I region, 50 cm-I interval for the 200- to 
6000-cm -1 region, and 100-cm -1 interval for the 
6000- to 17 900-cm -1 region are presented in order 
of the integer gas codes given in figure 1. For the 
major gases (H20, C02, 03 , N20 , CO, CH4 , and 
02) , all lines having strengths within 10-6 of the 
maximum value for that interval are shown; and for 
the trace gases, all lines having strengths within 10-4 

of the maximum are included. Because the maximum 
and minimum line strengths are redetermined for 
each interval, sudden changes may appear in the 
line strength scale from one plot to another, and 
some weak lines on the HIT RAN compilation are 
not plotted in this atlas. Isolated weak bands may 
also appear, at first glance, to be much stronger 
than expected. For the 0- to 200-cm-I region, some 
intervals are repeated on two pages because of the 
large number of gases which appear in the interval; 
in such cases, H20 lines are repeated at the top to be 
used as reference. In other regions where the number 
of gases appearing in an interval is small, two or 
three consecutive intervals are presented on the same 
page. For the heavy molecule cross-section data, 
the strength scale for each molecule is normalized 
to the same value, so that the scale for each of 
these molecules is the same on all frames. Only 
cross sections within 10-2 of the maximum value are 
included in the atlas. 

ASA Langley Research Center 
Hampton , VA 23665- 5225 
July 17, 1987 
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Figure 1. Spectral data coverage for each molecule between a and 10 000 cm -1. 
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Figure 2. Absorption cro s sections of 11 heavy molecule for the 700- to 1800-cm- 1 region. 
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11lfll l, III iI.I.11111 111111111 111111,1111111 I, 1111111111111.1 1!iIi il. I 1.111111111 111 11.1 11 ,II ~ 'III ~ H,C 

1 :ilf I' ,., , ., , ., , I. I III . 
-11 t 

j ~lh I, , I , 

VJ -?! ~ -2 
o -3 
- -4 , 

I j iii i I 

, , , ! , t , , , 

1111.111111 co, 

1 OH 

. 1 HC'_, 
, , em 

5650 5655 5660 . 5665 5670 56/5 5680 5685 5690 5695 5700 

W A V E N U M B E R 

145 
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1.7544 1.7528 1.7513 1.7498 1.7483 1.7467 1.7452 1.7437 1.7422 1.7406 1.7391 
1 1 1 1 1 1 1 1 f.Lm 

J llllill 1111 ,1111 11II11111111 111,1,1111111 1111 0 I1111I1111 I I 11111, I Ii II I , III I ,~I~III j H ,0 

J Jllllll 1 co, 

~ mtl---..,---------r---,-------,------.-----,---.----..,---------r-~l OH 

(fl -1 

en -2 
o -3 I I 1 1 

--- °t 
- -41----'----.--'-, ---,-, --,-, -'--r----'------r-, ---,-,--f----'--,-----------,---'1 

1 1 1 1 

5735 5740 5745 5750 
1 ............... -...........c..1 ~....-..., ~:-::'--' _-'--I ~~' _--='"'~__:_':_ ............... ~~------:::: 

5700 5705 5710 5715 5720 5725 5730 

W A V E N U M B E R 

1 .7391 1 .7376 1 .7361 17346 1.7331 1.7316 1.7301 1.7286 1.7271 1.7256 17241 

Hel 
-1 em 

r i I Iii 1 1 1 1 f.Lm 

j l!ll III JI 11 111111111 I 11111111,11 11111111 I III, 1I1I ,I IlL 11,1 III ,d11111 H,o 

j mtl-----,-ll--.----,--LI--.--.------.----.----.--..---ll OH 

~ ~i~t ~I 1 ~I ~, I~I ~, ~I, ~I~I ~, ~, ~l HC~ 
1 1 1 1 1 1 1 1 1 1 1 em 

5750 5755 5760 5765 5770 5775 5780 5785 5790 5795 5800 

W A V E N U M B E R 



ORIGINAL PAGE IS 
OF POOR QUALITY 

1.7241 1.7227 1.7212 1.7197 1.7182 1.7167 1.7153 1.7138 1.7123 1.7109 1.7094 
, , , , , , , , , , , J.Lm 

j -if 11 I 11I11 11IIII1 III, 1I11 I I~ I I I ,II I I ,II 1I I II 1111, I II I, II 1 H,O 

, 111111111,111111111111 co, -'r 
-7 

(/) -8 
~ -9 
]' -10 

-1' -12 

-

13

1 Vi' -14 
0; - 15 
o -16 
- -17 

rlf I ,I ,II 
I , , , , 

5800 5805 5810 5815 5820 

W A V E N U M 8 E R 

I I I, I I 1 0" 

I I I I, , , , 1 HCI_. 
, , , , , , em 

5825 5830 5835 5840 5845 5850 

1.7094 1.7079 1. 7065 1 7050 1.7036 1. 7021 1 7007 1 6992 1.6978 1.6964 1.6949 
, , , , , , , , , , , J.Lm 

j -i f J 1I11 II , 11111 1 11 I J I , I 111111 1II1 I II 1111 ~, I j H ,0 

J::11111 . 

_2[ -3 
(/) -4 
~ -5 
o -6 
- -7 

-8 , 

-9 t 
~ ~ih I, 

, I 

5850 5855 

11111 I I 1111111111111111111 
iii 

, , 1 co, 

II , Ii j CH. 

, , , , , , , , 1 OH_ , 
, , , , , , , , , em 

5860 5865 5870 5875 5880 5885 5890 5895 5900 

W A V E N U M B E R 

147 
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I 

- --

1.6949 1.6935 1.6920 1.6906 1.6892 1.6878 1.6863 1.6849 1.6835 1.6821 1.6807 
, , , , , , , , , , , f.1-m 

1_~lr IIII IIIIII! II III ,1111 illl I, III ,1111 ,il 11 H,O 

J ::! l , , , ,I I, III , III j IIIII!IIII!IIIIII II ~ 11 co, 

J 11[ II , II. I , II , I ,I , I, I , ~ CH, 

8-13 -"! 1 i ~li: : : I, I: 1 1 : 1 :1 : : : : ~~: -1 ( 

5900 5905 5910 5915 5920 5925 5930 5935 5940 5945 5950 

W A V E N U M B E R 

1.6807 1.6793 1.6779 1.6764 1.6750 1 6736 1 6722 1.6708 1.6694 1.6681 1 6667 
, t , , , , , , , , , f.1-m 

j Ji Ii, 11,1111, IIIII1 III, i l I , II i ,II I J i l ,I 11 H,O 

J :Ill III Hlllllill]llillill,llllillil,1 ~111111111111111111111 j III lililll,iiillill 111,lill 11111, III ~ co, 
-1 
-2 

8 -3 
'0 - 4 
o -5 CH 
- ~ 4 

-7 f----Lr------.--L---r-'------T---'----,--L---,-~---.-------'-r-----'-"-"-l 

1 ~m I , I, , , , , , , , 1 OH_, 
, , , , , , , , , , , em 

5950 5955 5960 5965 5970 5975 5980 5985 5990 5995 6000 

W A V E N U M B E R 

~- -- -- --------- ------_.- - - - ) 



, ~- -- - -- - - - - - -

ORIGINAL P E;S 
OF POOR QUALITY 

1.6667 1.66391.6611 1.65841.65561.6529 1.6502 1.6474 1.6447 1.6420 1.6393 

I I I I I I I I I I I J.Lm 

~ J~I I I I IIIIII I ~II, II U 1111111111 III, II 11,1111111, 11111111, I I i, I d H,O 

~ Jl illllllil Wlllll llllilllllll llll llllll!I!! i Illll ~ 1111111111 1, 111111111111111111lllllll~ I11 I1II111III ~ 1~lli IIWllili CO, 

~ ~1 ~1I1111, II, II, I I, I I, I I Ii , I , I , i J CH, 

~ :m , , , ,I, I , , 1 I, , 1 OH_, 
I I I I I I ] I I I I em 

6000 6010 6020 6030 6040 6050 6060 6070 6080 6090 6100 

W A V E N U M B E R 

1.6393 16367 1.6340 1.6313 1.6287 1.6260 1.6234 1.6207 1.6181 1.6155 1.6129 

I I I I I I I I I I ,J.Lm 

i ::1[ 1 II I II II !II III I, II! ,! ,IIII!III, III , III, 1111, 111I j H,O 

CO 2 

~ Jl II , , , , , , , , j CH, 

i -m , , , I, I I II I , , , , 1 OH 

-'! I 1 
(i) -5 

1 ~~ , , , , , , " ,HI _1 

I I I I I I I I I I I em 
6100 6110 6120 6130 6140 6150 6160 6170 6180 6190 6200 

W A V E N U M B E R 

149 
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1.6129 1.6103 1.6077 1.6051 1.6026 1.6000 1.5974 1.5949 1.5924 1.5898 1 5873 

I I I I I I I I I I I f.Lm 

JJ~ 111,11111, 111,11111 ,llllllllll l llllll,111111111 1 H,O 

j j~ I~I IIIIII II III ~lil l l l lllll~I III I I'llll llj l , 1 1 iill ll ll,I,II I,III,II I II,ljl , I I I ~,I~llml ~1111 1 11I11 1I111 1 1111 111 1 1 1 ~l llillllllll l lllllllllllllllI co, 

J lit , , , , ,I I, I , I I, I I, I 11 co 

~ ~ljt , , , , , , , ,I 1 ,I 111 0, 

Jm , I, III I ,I , , ", ," I U I 1 OH 

J =it I , , I, , ,I , ,I, ,I 1 HI, 
I I I I I I I I I I ,em 

6200 6210 6220 6230 6240 6250 6260 6270 6280 6290 6300 

W A V E N U M B E R 

I 
I 

I 
L r 

- - - - - - - - --- - - - - - - -- - - - - - - --' 



ORIGINAL PAGE IS 
OF POOR QUALITY 

1.5873 1.5848 1.5823 1.5798 1.5773 1.5748 1.5723 1.5699 1.5674 1.5649 1.5625 

I I I I I I I I I I ,f.l-m 

J j ~ 11II11 11I111 111111, 11 1 111, 11111 , 11111111111111111111111 ~I 111I1I j H ,0 

-3 
- 4 

U) -5 
~ -6 

2 =~ I CO 2 
-9 ~lIIlJllJIUIUIIL ~ lJ.IlIIJlJlllLI JllI.I.I.II.lIl ~ 

J l1t I I, I I ,I I I I I, I I , I I, III ,III j IIIII11 ~ CO 

, fiit I II I 11.1 11111 11111 11I1 ,II I, I, I j 0, 

1 m ,I I, , , ,II II , ,I I, III OH 

J m , I, ,I, ,I, ,I, ,I 1 HI, 
, I , , , , , , , , , em 

6300 6310 6320 6330 6340 6350 6360 6370 6380 6390 6400 

W A V E N U M B E R 

151 
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1.5625 1.5601 1.5576 1.5552 1.5528 1.5504 1.5480 1.5456 1.5432 1.5408 1.5385 

I I I I I I I I I I I f.Lm i 

i,li 11I1I1I1111111 1 ,1111111,1111 1 111, I 11,11111111, 11111111,11111111111111 11 i H,O ' 

1 Jf 111111111111111, ,III, 1I111 ,11111 11 ,III t 11111111111111111111 1 ~ co, 

1 lif 111111, , , , , , , , , ] co 

_lOr 1 -11 I Vi' -12 
-....- -13 

E ~li, I I I I I I I I °2 

r!! , II II, ,", , ,II ,II II , 1 OH 

r!! I, , I ,I, , I ,I ,I I, I 1 HI, 
, I I I I I I I I I I em 

6400 6410 6420 6430 6440 6450 6460 6470 6480 6490 6500 

W A V E N U M B E R 

152 

I 

\ 
I 

- - - - ~ - - - - - - - - - - -~ _ _ _ _ J 



ORIGINAL PAGE IS 
.OF. POOR QUALITY 

1.5385 1.5361 1.5337 1.5314 1.5291 1.5267 1.5244 1.5221 1.5198 1.5175 1.5152 

I iii iii iii i i f.1-m 

. l -if 1111111111.11111 1111 111111 1111 1I111 1I1I ~ I I I I I .1111111111111111111111 1111111111 111.111111 1 HIl l llll l lllllllIlllllIlll H,O 

I J J II11I111I11I11 i 111I1I1111 ~ 1 111 1 111111~~ I[ II II I I II I III I II I I I II I II I IIIIIIII IIIi!l11 1 111 1 111111111 1 11 1 1 11111111111111111. . 1 co, 

l ~lL . . . . II 11.11 II. . . . I OH 

l m I II. II 11I1 I . . . . . . . 1 HI_, 
, iii ' iii iii em 

6500 6510 6520 6530 6540 6550 6560 6570 6580 6590 6600 

W A V E N U M B E R 

153 
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L __ _ 

15152 15129 1.5106 15083 1.5060 1.5038 1.5015 1.4993 14970 1.4948 14925 

I I I I I I I I I I I /-I-m 

W A V E N U M B E R 

1.4925 14903 1.4881 14859 14837 14815 14793 14771 14749 1.4728 14706 

I I I I I I I I I I ,/-I-m 

~ ~j ~I ~ I L l,ij, II I , I I,IIII~III, lllll,l illlllill ,I,1 ~I I IIIIII I,L ~II ~~ III 1I1 ~ Iii II "III! II,J 111111111\,1 II, I! I~ Id, II, II IIIIJI~ H,C 

j ,,1111111111111111111111,11 11111111,1111111111111 111111111111111111111111111111111 1111, 11111 ,111111111111111111 1 co, 

Lll II, II , II , ,II II I, , I, 1 OH, 
I I I I I I I I I I I em 

6700 6710 6720 6730 6740 6750 6760 6770 6780 6790 6800 

W A V E N U M B E R 

- - -- -
I 

- - - .- - - _ ,_ _ 1 



r - -

ORIGINAL PAGE IS 
OF POOR QUALITY 

1.4706 1.4684 1.4663 1.4641 1.4620 1.4599 1.4577 1.4556 1.4535 1.4514 1.4493 

I I I I I I I I I I I /-Lm 

J lllu 1l llldllll lllllll,IIII,ll 1111,11, 1 11111 Iii ~ 111 1 1,li ~,I I IHI IIIIII IIIIIII III I ~II! 111,11 ~ 111,1 I~ I I~ I ~111 1 111111 1,1111 MM II! H ,0 
- 4 
-5 

J ~l! II , I , , , I II , , I I I " , I, " 1 OH, 
I I I I I I I I I I I em 

6800 6810 6820 6830 6840 6850 6860 6870 6880 6890 6900 

W A V E N U M B E R 

1.4493 1 4472 1.4451 1.4430 1.4409 1.4388 1.4368 1.4347 1.4327 1.4306 1 4286 

I I I I I I I I I I I /-Lm 

-2 
-3 

U) -4 
'0 -5 
o - 6 
- -7 

-8 

J =It ,I , I" , ,I II , 11II , 1111, 1111, II , 
, t , r I , , f , 

6900 6910 6920 6930 6940 6950 6960 6970 6980 

W A V E N U M B E R 

, "l OH, 
I I em 

6990 7000 

155 
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1.4286 1.4265 1.4245 1.4225 14205 1.4184 1.4164 14144 1.4124 1.4104 14085 

~~~~~~~~~~~~~~~~~ ~m 

Vl ~l! I I I I 
~ 

I 
0' I .Q II , , , , , , , , 

, , , , , , , , , , 
7000 7010 7020 7030 7040 7050 7060 7070 7080 7090 

W A V E N U M B E R 

1.4085 1.4065 1.4045 14025 1.4006 1.3986 13966 13947 1.3928 1.3908 1.3889 
~, ~~,~~,~~,~~,~~~~,~~,~~,~~~, ~m 

J % 1111 11111111,111 d,l h L 11111,1111 I~ I ~ 11 1 1 1~11,lltJ !Ill 111111,J~ I j, IIIII~ II I~IIIII IIII illll,lll l~, II"llli Jill, . ~ III I~ H ,0 

~ °1 l (/) -1 I 
J ~~ f------r-, -'---l'---,---'---"-r----r"-II --'1J.111-----,---tIlL-J11 1'--,1 ----llL111-..lL-11 .,--, -1LIL1I II --"-LII -,--, _L.L.j1 I 0 H 

1 ~i! I------r-, -----r,---,--, _--,--, ---'--,--, ----r-, -----r,---,--, _-,--, -----Il HF _, 
~, ~~'~~'~~'~~'~~' ~~'~~'~~'~~'~~, em 

7100 7110 7120 7130 7140 7150 7160 7170 7180 7190 7200 

W A V E N U M B E R 

156 



I 

I I L PAGE IS 
OF POOR QUALITY 

I W A V E N U M B E R 

I 

I 
1.3699 13680 1.3661 13643 1.3624 1.3605 1.3587 1.3569 1.3550 1.3532 1.3514 

, , , , , , , , , , , J.1.m 

W A V E N U M B E R 

151 

_ _ ___ ~ ____ __ ___ _ _ • __ 1 



----- _. - - ~ 

1.3514 1.3495 1.3477 1.3459 1.3441 1.3423 1.3405 1.3387 1.3369 1.3351 1.3333 

I I I I I I I I I I I J-Lm 

J -I llill ~ 1111,11 111111 ~ ~II ! j 11I11 U lll~ I I JIIIII,~ Ilhlll ll~ 11II1I1I11 ~ It Ill, II,il d, ,1~~1 1 ~1' 11~IIIIAIIII' , ~ III Jill ~~ H ,0 

1 J~IIIIIIIII , 111111,1111111 111111 1111111111111111,111111, 1111111 ~ 11111111111111111111111111 co, 

1m , , ,II , , , ,I I, , 1 OH 

1 ~l! I , , , , , I , , , 1 HF 

rl! , 1,1 ,II, II, II , II, II ,II II, III [ I 1 H8', I 
I I I I I I I I I I I em 

7400 7410 7420 7430 7440 7450 7460 7470 7480 7490 7500 

W A V E N U M B E R 

1.3333 13316 1.3298 13280 1.3263 13245 13228 1.3210 1.3193 1.3175 13158 
, , , , , , , , , , , J-Lm 

H20 
~~~~~~ 

J ::if , , ,11,1111 ,1 1 111111111111 ~1111111111111111111111 1 1 1 1~II I IIIIWl l li co, 

j -;1! ,I I, , , ,I I, , ",' 1 OH 

1 =l! ,I, , , , , I , , , 1 HF, 1 
, I I , I , I I , I ,em 

7500 7510 7520 7530 7540 7550 7560 7570 7580 7590 7600 

W A V E N U M B E R 

158 
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ORIGINAL PAGE IS 
OF YOOR QUALITY 

1.3158 1.3141 1.3123 1.3106 1.3089 1.3072 1.3055 1.3038 1.3021 1.3004 1.2987 
, , , , , , , , , , , J.Lm 

W A V E N U M B E R 

1.2987 1.2970 1.2953 1.2937 1.2920 1.2903 1.2887 1.2870 1.2853 1.2837 1.2821 
, , , , , , , , , , , J.Lm 

} ~i~ 1111111 11 J 1111I1I1111111 ~ II ,111 1 1111111111111111 1 111111111 ,11111111111111,1111111111 , 1I111111 , III 111 H,O 

(111111111111, 1111111111111 11111111111111111111111111111111 1 , , 1 co, 

1 jf I, I, ,I , I, 11,1 11111, II , II 111 0, 

-11 ! 1 Vi' -12 I 
1 ~i~ ,I ,I, , , , , , , OH 

1 :l! 1 , , , , , , , I , 1 HF_, 
, , , , , , , , , , , em 

7700 7710 7720 7730 7740 7750 7760 7770 7780 7790 7800 

W A V E N U M B E R 

159 



1.2821 1.2804 1.2788 1.2771 1.2755 1.2739 1.2723 1.2706 1.2690 1.2674 1.2658 
, , , , , , , , , , , iJ-m 

°2 
~ 

j ~lf , ,I, , ,I, , ,I, 1 HF, 
, , , , , , , , , , , em 

7800 7810 7820 7830 7840 7850 7860 7870 7880 7890 7900 

W A V E N U M B E R 

1.2658 1.2642 1.2626 1.2610 1.2594 1.2579 1.2563 1.2547 1.2531 1.2516 1.2500 
,. , , , , , , , , , , iJ-r'n 

j _,![I II 1I111111111111 ,1 111111 1 11111.1 II ,I III, 1111 III 1,1 1 I~ H,O 

jjllllll,11111111 , 1111,1111111,111 1,111111111,1111 , 1111111111111111 co, 

iilfld lllll,I,I,j ,l ll ,i ,i,III, I,i, I II,,111 II 1III i li III III I, II I, II ,I 10, 
i ~l! I, , , I , ,I ,I, I , I, 1 HF, 

, , , , , , , , , , , em 
7900 7910 7920 7930 7940 7950 7960 7970 7980 7990 8000 

W A V E N U M B E R 

160 
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ORIGINAL PAGE IS 
OF POOR QUAUTY 

1.2500 1.2484 1.2469 1.2453 1.2438 1.2422 1.2407 1.2392 1.2376 1.2361 1.2346 

I I I I I I I I I I i J1m 

j ::1[11111, 111111, I II, 11 1111 II ,111111111 1111, II I 11I111111I11111 ~ H,O 

jJ[ , , ,111111111111111111111111111, 111 1111111 CO, 

J J[ I , II I I, I, I, I, , , j 0, 

j m , , , , , I , , , ,I 1 HCI_, 
iii iii iii i i em 

8000 8010 8020 8030 8040 8050 8060 8070 8080 8090 8100 

W A V E N U M B E R 

1.2346 1.2330 1.2315 1.2300 1.2285 1.2270 1.2255 1.2240 1.2225 1.2210 1.2195 

iii . iii iii i i J1m 

j 1!1111 111I 11 111 111,1 1 111 11, II11111 ,I 1111111, I ill 1,11 11 III III 1111 Iii I I 111 11 1111 111 i,llllill j H,O 

J j~IIII~11 1 11 1 1 1 11111111111111 1 111 1111 1 11111 ~ IIIIIIIIIIIII IIII~I I IIII II, 1111,1111111111,1111111 co, 

J m , ,I I , , I, I, , I, I 1 HCI 

'! I : 
(i) -5 
C;; -6 HI 
o -7 
- -8 iii I ii i I '_1 
iii i ' iii iii em 

8100 8110 8120 8130 8140 8150 8160 8170 8180 8190 8200 

W A V E N U M B E R 

161 
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L_ 

1.2195 1.2180 1.2165 1.2151 1.2136 1.2121 1.2107 1.2092 1.2077 1.2063 1.2048 
, , , , , , , , , , , J.1-m 

1 JrlH I III IiIII II 1111. ilill i1 1111 111 ~ I jl lll.IIIIIIIIiI JII IIIIIII I~ 1 1 ~ I I ~j II1 1I11 i .11l1li1111 11 i I I~ III j 1 H,O 

'! Ul -3 
0; -4 
o -5 

- -6 ., ! Ul -4 
~ -5 
o -6 
- -7 

, 
8200 

, 
, 

8210 

I , I 

I , 
, , 

8220 8230 

W A V E N U M B E R 

, 
, 

8240 

I , I I . 11 HCI 

I , , I , . 1 1 HI, 
, , , , , , em 

8250 8260 8270 8280 8290 8300 

1.2048 1.2034 1.2019 1.2005 1 1990 11976 1.1962 1.1947 1 1933 11919 1 1905 
, , , , , , " , J.1-m 

~ J[IIIIII IIII~ 
-19 ! Ul -20 

0; -21 

E =E I I , I I 
I i 

rl! I . I , I I, I, I 1 11 HCI 

-3! (f) - 4 
0; -5 
o - 6 

- -7 , , , .1 1 HI., I I I 
, Iii I 

, , , , , , ! , , , , em 
8300 8310 8320 8330 8340 8350 8360 8370 8380 8390 8400 

W A V E N U M B E R 

-- -- --- - ------~ 



1.1905 1.1891 1.1876 1.1862 

_ .... _--- -------

1.1848 

ORIGINAL PAGE IS 
OF POOR QUALITY 
1.1834 1.1820 1.1806 1.1792 1.1779 1.1765 

f.J-m 

-18! 1 Vi' -19 
0: -20 
o -21 I - -22pl_~_,-__ -, ___ ~_~~_~_.-__ -. ___ ~ __ ~-L~I~I-._-L~~ 

OH 

Hel 

HI 

l ~i! r----'---r-'------'---r--'----'--T--'-LII---r-'---..L.......I..L.1 I I r-'--'I 1,----1 -,-------r------.--------.-----ll 
~ ml---'--.----~.---,___L___,,___L___,r---'I_'_____,I --'-L-II ---'-'-,II----'-L-II .lLL--,11 I --------11 

-1 em 
8500 

1 ! 

8400 8410 8420 8430 8440 8450 8460 8470 

W A V E N U M B E R 

1.1765 1.1751 1.1737 1.1723 1 1710 1.1696 1. 1682 1.1669 

0: -19 

, I 

8480 8490 

1.1655 1.1641 1.1628 

f.J-m 

OH 
-17! Vi' -18 I 

o -20 I I - -21~ __ -. ___ ~ __ ~ ___ .-__ ~1 __ ~~1-L_~11-. ___ .-_~-. ___ ~ 
-1 em t ! 

8500 8510 8520 8530 8540 8550 8560 8570 8580 8590 8600 

W A V E N U M B E R 

163 



W A V E N U M 8 E R 

1. 1494 1.1481 1. 1468 1. 1455 1 1442 1. 1 429 1 1416 1. 1403 1. 1390 1.1377 1 1364 

J.1-m 

, I I I I I , I II , 
, , , , 

8760 8770 8780 8790 

W A V E N U M 8 E R 

164 
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I 

" 

ORIG NAt PAGE IS 
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