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ABSTRACT 

Records are presented of the Infrared solar spectrum In the 

0.9 -  l.lii and 1.2 -  1.9U regions, observed from altitudes up to 

30 km, with a resolution of 0.5X.    The spectra show many new solar 

absorpiion lines which appear only at high altitude records, where 

the telluric absorptions are eliminated. 



SUMMARY 

This report completes the presentation of the results obtained 

during the balloon flight performed August 7, 196?. The flight details 

were described in a separate report.^ ' During this flight, high altitude 

atmospheric transmittance data was obtained, using the sun as the source. 

o 
The spectral region scanned was from 1 to 2^., with a resolution of ~0,5A. 

Partial results from this flight were presented in previous publica- 

tions, which included a few representative lines in the 1-2M, region^ ' 

and the complete data obtained in the l.lg, region^ ^(lOSOO - 12150^). 

The present report completes the data in the l-2\i  region. The results 

are presented in the form of an atlas, following similar procedures to 

those described in Ref. 2-3. The Michigan atlas,^"6^ the Arizona-NASA 

atlas,^'" ' the Jungfraujoch atlas^" ' and recently calculated line 

intensities and positions^ ' were used for line identifications. 

ACKNCWIEDGMEKTS 

Acknowledgement is made to the National Center for Atmospheric 

Research which is sponsored by the National Science Foundation, for use 

of its Control Data 6600 Computer. 

Our thanks to Charles Garwood, Steve Smith and John Van Allen for 

valuable assistance on the data reduction. 



1 ! 

BEFERENCES , 

1. D. G. Murcray, "Atmospheric Transmittance Studies," AFCRL-68-0278 ' 

Final Report, Contract AF19(628)-5202, 31 March, 1968, 

University of Denver, Colorado 80210. 

2. A. Goldman, D. G. Murcray, F. H. Murcray, and W. J. Williams, 

"Atomic Solar Lines in the Region 1-2 Micron Observed from a 

Balloon-Borne Spectrometer," Astrophys. J. 153, 100? (1968). 

3. A. Goldman, D. G. Murcray, F. H.'Murcray, and W. J. William^, 

"Infrared Solar Spectrum in the l.l\i  Region Observed from a 

Balloon-Borne Spectrometer," AFCRL-68-OU36, Scientific Report 
1 

No. 2, August 1968, University of Denver, Colorado 80210.   1 

k.    A Goldman, "infrared Atomic Transitions Probabilities," AFCRL-69-OUU7, 

Scientific Report No. 5, September 1969» University of Denver,, 

Colorado 80210. 

5. 0. C. Mohler, A. K. Pierce, P. R. McMath and L. Goldberg, "Atlas of 

the Solar Spectrum from 0.8U to 2.52 Microns," University of 

Michigan Press, Ann Arbor,,Michigan (1950). 

6. 0. C. Mohler, "Table of Solar Spectrum Wavelengths from 1.20 to 2.55 

Microns," University of Michigan Press, Ann Arbor, Michigan (1955!). 

7. L. A. Bijl, G. P. Kuiper, and D. P. Cruikshank, "Arizona - NASA Atlas 

of Infrared Solar Spectrum," Ccmm. LPL Nos. l60, l6l, 163 (l9Ö9)j ' 

Lunar & Planetary Laboratory, University of Arizona, Tucson,  | 

Arizona. 

1 

1 



8. G. P. kulper, A. B. Ihanson, L. A. Bijl and D. C. Benner,  "Arizona- 

NASA A^las of Infrared Solar Spectrum," Cam. LFL No. 162 
i 

(1969), Lunar & Planetary laboratory. University of Arizona, 

Tucson, Arizona. 1 
1 i 

9. L. Delbouille and G. Roland, "Riotcmetrlc Atlas of the Solar Spectrum 

between \7h98 to X12016," Technical Final Report, Hiase B, 

Contract AF6l(5lU)-962, ;Mem. Soc. Roy. Sei. Hege, Special 

Volume U, (1963). 
1 

10. J. W. Swensäon, W, S. Beinedlct, L. Delbouille and G. Roland, "A Table 

of the Solar Spectrum from X7498 to X12016," Mem. Soc. Rpy. Scl. 

!     Liege, Special Volume J1, (1970). 



DEFLECTION 

o 

< 
m 
r 
m 
z 
o 
H 
I 

9262 80 1 
92660   01 



DEFLECTION 

(A m n 

I 
r 
m 

I 
i 

9401  I  Ft I 

»405 7 C I 

»4I]S   S. I 
»419 0   Mg I 

»4 32 7    Mg I 

9439 0      M9 I 

9443 8 Ft I 

9447 0 O   I 



o 
CO 

R 
u 

I m 
r 
m 
z 
<D 
H 
I 

i- 

DEFLECTION 

\ 

9i*i »MI 

«570 1 ft I,Si X 

-<; 

> 

s 

96210    Cl 



DEFLECTION 

> 

9655 i fe I 

96'ib T, l 

< m 
r 
m 
z 
o 
H 
I 

973S 7 
971? J 

9'18 fl   F» I 

976! I F»I 
9 7fci  0 

I"* —\     •'»BOi e 



■n 
o 

< 
m 

i 

DEFLECTION 

9889 I   Fe I 
9991 6 S. i 



o 

m 
r> 
O) 

m 
r m 
z 
o 
H 
X 

>o 

DEFLECTION 

10036  7  Sr H 

(0065 I Ft 1 

ar'-l 
^ V,#| fX' 



10 
DEFLECTION 

o 

m n 

> < m 
r m 
z 
o 
H 
I 

10216 3 fe I 

I0?18.4 Fe I 



TJ 

00 

> 
< m 

11 

DEFLECTION 

m 
z 
o 10327 4 Sr I 

>0 

10371 3 Si I 

10407 0       Si 1 



12 

o 

m 
O 

DEFLECTION 

— t       10407 0        SI I 

1042 3 8 Fa I 

> < m 
r 
m 
z 
o 

10455 5 S I 
10456 5 S I 

10459 4SI 

104 69 7   Fe I 

J>0 

\ 

'0486 J Cr I 

10630 6 N. 1 
1053? 2 Fe 1 

—<"       10535 1 



DEFLECTION 
13 

o 

CO 
m n 

m 
r 
m 
z 
o 
H 
I 

>o 

10582 2 Si 1 

10585 I Si I 

060J4 8,1 



14 DEFLECTION 

o 

m 
O 

m 
r m 
z 
o 

t-o 

10818.J Fe I 

086! "i fe 1, Co 1 



15 

DEFLECTION 

o 

> 
< 
m 
r 
m 
z 
o 
H 
I 

I086J 5 ft I. CO 1 

10914 9 Sr I 

06912    Nl I, Al I 

10896 3 Ft I 

10961.8 Mgll 

Mgl 

C9t7 2 Cr I 

10965 6 Mj I 

10979 3 S! I 
1098? I Si I 



16 DEFLECTION 

o 

m 
O 

< m 
r m 
z 
o 
H 
X 

  12005 6 Ft I 

—    12031 6   Fe I 

— 12053 2   Fe I 

1198« 4"..  I 

I I 

I ! 

    12093  7   Mj I 

1      I 

2110 8   Co I 

2i35'a 



DEFLECTION 17 

a 
M 

> < m 
r m 
z 
o 
H 
I   I 



13 
■n 
5 

m 
r 
m 
z 
o 
H 
X 

>o 

DEFLECTION 

— C 12342.5 Fei 

— c;i2J959Si I 

— C 12418 0 

— C   12423 0 Co I 

— C  124334 



a 

DEFLECTION 
— tT IJ425 0 Co I 

 ^ ;J4JJ« 

19 

m 
r 
m 
z 
<7> 
H 
I 

 C   125495 C I 

!2562 2 C I 

— f 12569 1 C I 

—< 1258« 2 



20 DEFLECTION 

< 
r 
m 
z 
o 

— < iJSOi ? c I 

12614 I C I 

12616.0 Fel 

— cZ~ Hia e 'i i 

— <C    'it*ee ir i 

>0 

ij*'» .' ><o I 



DEFLECTION 21 

i 

m 
r 
m 
z 
o 
-i 
I 



22 

M 
W 
m 

i m 
r m 
Z jB 

J>o 

I i 

DEFLECTION 



DEFLEpTION 23 

Tl 

Ö 

M 
,m 
o 
OS 

13031 a 
13033 6 Cg I 

— <r 13035 9 

< m 
r 
m 
z 
o 
H 
I 

>o 
I310J OS. I 

I I 

liiJSO Co I 



24 
DEFLECTION 

o 
Vt 
m 
O 

IJI7TI Sil 

> < m 
r 
m 
z 
o 

>o S 

-13291.i 
- 13291.7 

13297.5 

13312.0 

13321.? 



DEFLECTION 25 

o 
ro 

> < m 
r m 
z 
o 

>o 

t _ 
< 

13312.0 

13321.2 

13327.S 

— 13429.2 
— 13431.1 

13432.» 



26 
DEFLECTION 

I3S00.0 
1350?.0 

> < m 
r 
m 
z 
o 
H 
I 

>o 

— C  1 3520.5 

135?/.? 

13539.0 

..--> 

13580,5 

I35B9 0 

13591 J 
13593 2 

13604 3 

13607 ? 



DEFLECTION 

w 
(A 
m 
O 

27 

I3S9I 3 
139932 

< m 
r m 
o 

J>0 

3665 0 Re I 
3667 3 S. I.Fel 

1370? 0 FeI 

J706 0 



28 

DEFLECTION 

■n 
5 

>       o 
< m 
r 
m 
z 
o 

>o 

374S2 

—<C1      13756 7   F.   I 

Cti7B2 0 
3784 1 

ijvab B 

■C 5 790 0 tm 

137978   S i 

'ilSOZ 7 

J380J9 



DEFLECTION 
29 

■n 

Ö 

> < m 
r 
m 
z 
o 

>o 



30 
DEFLECTION 

o 
rs> 
(A m 
o 

m 
r 
m 
z 
o 
H 
I 

>o 

— C l«02 7 7 

,—f 14040 7 

— CL     .4047 5 

 <^ 140734 

— C   14063 

I4J93 4 
— ^14094 6 

— C^l4i'4 9 

— C.i4t8J! 

— <r     4i3.i 

» i 



DEFLECTION 
31 

•n 
ö 
M 

I    CO m 
o 

I I 
l«22i5 F. I.S.I 

m 
r m 
z 
o 
H 
X 
 I 

>o 

I 

i I 

) 

l«?5S 9 If I 

I4ISI i ft : 
1^52 J Co I 

11259 5  Co I 

14270 J   Co I 

14285 5   F« I 

1429 3 2  ft I 
14295 S 

— ^14309 2   F,   1 

— S  I4JI9 2 



32 

■n 

5 
ro 
w 
m o 

DEFLECTION 
— CI4M>J   Ft   I 

_•   WJISZ 

> < m 
r 
m 
z 
o 
H 
I 

— C   143919 

«401 I   Ft  I ,  C I 

14420 I    C I 

14439 4 

14442 9 Ft I 

^ 
—C     l«««57 



5 

< 
m 
r 
m 
z 
o 

J>0 

DEFLECTION 33 

^ 

i 

<. 

—C     l«4«»T 

I449( 7 Ft I 

KM;« C I 

14549 3 

I4M5 Z Cl.Hl 

—    mitt i Ft i 

— ^   Mb«?.»    Sil 



34 
DEFLECTION 

o 
10 
at m n 

<? — <     l*«IS » M( I 

< 
KfSI I ft I 

I4«SJ0F« I 

m 
r 
m 
z 

-< 14679.« 

>0 

-C   I46«9.7 Til 

I4T0J t Ft I 

— ^     1470» 5  Ft  1 

14720 4 Ft I 
14722« 

147331 

14737« 

I47S0O Ft I 

— C      14755» 



DEFLECTION 35 

8 

m 
r 
m 
z 
o 
H 
X 

>o 

i- 

147S0 o r» 1 

1*77» »No I,CI 

l47t3.2$II,C. I 

M«72 3 Ni I 
14873 2 

I4if7 « 



36 DEFLECTION 

m 
r 
m 
z 
o 

J>o 

1504 7 7  Mg I 



DEFLECTION 37 

o 

<     ! m 
r m 
z   , 

>o 

I I 

ISO40 5 Mg 1 

I 



38 
DEFLECTION 

■n 

Ö 

8 

< m 
r 
m 
z 
o 
H 
I 

15207 8 Ft I 

I53J5 5 F« 1 

1534)9 F. I 



DEFLECTION 39 

-n 
Ö 153 J5 5 Ft I 

I536H       Si I 

15573 5 Fi I 
153770 Ftl.Si I 

— C       1538? I 

15394 B fi t 

> < m 
r m 
z 
o 

I5«00 1    s I 

1540« 0    S I 

>o lb4??.i 

— C     154706 5 I 

— /     15465 9 

15497 0 S. 1     F0 I 



40 

5 

» 

m 
r 
m 
z 
o 
H 
X 

>o 

DEFLECTION 

r 

s - 

15497 0 SI I     F« I 

15501 4        F« I 

15532 0 Fi I 

15534 4 Ft I 

19537.8 Ft I 

19942 2 Ft I    , SI I 

15555 5 Nil 

15558 0 Si I.CI.TII 

15588.4 Ft I 

155916 Si I 

15621 7 Ft I 

15632 I Ft I    , Nl ; 



DEFLECTION 
41 

■n 
5 

s 

< m 
r 
m 
z 
o 

>o 

19632 I Ft I    , Ni I 

15725 7  Fi 1 

5 740 7  MQ I 
15741 e F. I 

57491   Mj  I 

5 766 0 Mg I 

— (       19784 9 

15789 2   Ft I 



42 
DEFLECTION 

-n 
Ö 

S 

I> < m 
r 
m 
z 
o 
H 
I 

— C      15809 5 

I59J3 7 s. I 
15835 3 Ft I   . Ti I 

15837 8 Fe I 

— \  IM40.3       C I 

15852 2 
15853 5 

15978 5 Ft I 
15879 5 Mg  I 

15884 5 S. I 

15888 6 Si I 

15892 8 Ft I 

15895 4 

15898 2 Ft I 

15904 6 Ft 1 
16906 2  Ft  I 

15911 5 Ft I 

15920 9 Ft I 



DEFLECTION 43 

■n 

5 

m 
r m 
z 
o 
H 
I 

>o 

19920 9 F« I 

IS9M.5 M< I 

15960 2 SI I 

15962 S 

15965 I Ft I 

19967 9 »I I 

15972 9 

15960 9 Fa I 

— C      15998 0 Ft 1 

16004 7 
16007 0 Ft I 

16009 0 

16022 1 Ft I 

16043 2 

16060 2 Si I 

160717      Fel 

160 r6 I 



44 DEFLECTION 

M 

m 
r 
m 
z 
o 
H 
I 

— C      l«OM» 

16099 0 Sil 

— C   16:586 

■C    Klil 0 Co I 
IKI53 4 

—C       16157 6 Co I 

16164 0 Si I,r« I 
16165 3 

16175? | 

161798 Ft I 
16181 2 C I 

— C      16186 0    o 1 

16195 SCI 
16197 4 Co I 
16198 8  Fil 

II 

—C     |6204 5 

—O     16208 I Co I 

16214 2 

16216 0 Si I 

— C    16225 9 Fo I 

'    ! 



o 
M 

<i m 
r 
m 
z 
o 

■H 
I 

>o 

DEFLECTION 
V^_ —^„^     Ikif lb u Si 1 

— C     ISJ29 9 Ft I 

45 

162«? I SH,Ft I 

— ^ 16246 7 Ft I 

- [   I6?53.2 Nil 

— C      I6J849 Ti I 

16293 I   Ft I 

— C      I6SI0 6 Ni 1 

16316 4 Ft I.SI.C I 

16324 7 C I.Ft I 

163806  S. I 

163818 Si I        , Ti I 



46 

a 
(A 

s 
(0 

DEFLECTION 
—V        WMS.O Mf I 

ISJBO 6 Si I 

I63SI.« Si I        . Tl I 

IS 404 9 F, I 

> 
< m 
r 
m 
z 
a 
H 
X 

16434.6 Sil 
16436.5 Fel 

16440.3 

16445.0 Fej 

2 
o 

16467.1 Fel 

16487.0 Fel 

3 
§ 

16506.3 



47 

■n I 
» 

m 
r 
m 
z 
H 
I 

>o 

i 

^ 

i 

DEFLECTION 

16S06.3 

'«SU.O F»l 

1UI4.I Fel 

16531.7 

16541.5 Fel 

1655?.1 

16562.3 

16613.6 Fel 

— <       IS646 0   Ft I 

166602 
166616 ft I 

-^    I666S: ftl 



48 
DEFLECTION 

o 
M 

V> 
m o 
u u 

I 

< m 
r m 
z 
o 
H 
I 

IMSS* 

— (^    IMf0 2 

issai o si I 

_(     16693 4 pel 

6710 7  »1   J 

IS753 3  Ft 1      Ti 1 

— C        l«7»» «Ft 1 



5 

I 
r 
m 
z 
o 

J>0 

DEFLECTION 
< -<       HTM.i  f, 1 

49 

—y   wtzo.« 
—%.    IM«.S 

— C      l«««3Sil 

IM90.S C I 

— C     16927 6        Fa 1 



50 
DEFLECTION 

o 
M 

CO I 

_(       IS970.I Ft I 

—<.      16996 S Ni I 

_^     17001 I Ni I. S I 

17005 4   F. 1 

< m 
r m 
z 
a 
-i 
x 

17052 5     C I   1 

I I 

I I 



51 

O 
ro 
w 

8 

DEFLECTION 

1710«.7 MgX 

I7MI.S     Fe I 

I m r 

<n 
H 
X 

i i 

172044 

—V       r7J0S8 Sil 

17229 9 Sil.FiI 

_;        17234.« 



52 

M 

I m 
r 
m 
z 
o 
H 
I 

DEFLECTION 

—C      ITITI.I 

_/    i7«es.» 

_^       17102 3 Ft I 

17327 5 Ft  I. S I, Si I 

17338 7 Ft 1 

174074  Mg I 



5 
ro 

i- 

m 
r 
m 
z 
o 
H 
X 

DEFLECTION 

I740T.4  M« I 

53 

_< IT4«8 6 CI 

  C IT4M.t  CI 

— d I7««6.» SI I 

s- 

—C ii'sos» 



54 DEFLECTION 

o 
M 

m n 

—C ITMO« 

 ^ IT«IT.» * I, C I 

< m 
r m 
z 
o 
H 
I 

I7M7 » Ft 1. C I 

J>0 

 C ITMST      Fel 

— C 1770*1 

17711.3 CZ 



m 
r 
m 
z 
o 

^0 i 

DEFLECTION 
55 

 C ITTB.JCI 

 C ITT» » F« I 

ITTT0.0 
ITTT1.0 F» I 

 / ITW4.0 C I 

ITtMS C  I 

  C ITMM 

171452 
ITi4i5 



56 

< m r m 
z 
H 
X 

J>o    a 

DEFLECTION 



DEFLECTION 57 

o 
10 

CA I 
6 

m 
r 
m 
z 
o 
H 

—C KOM.t 

 C  HI024 

1 



58 

m 
r 
m 
z 
o 

>o 

DEFLECTION 

\ 

ItlM.O 

I I 

—C lUtSJ 

—<.     18278.1 

—^    iK»*.i SI I 

18296.7 

— f       18307.6 

 C l«»80.T Cl 



DEFLECTION 

 C  H3*0 T C 1 

59 

—<f       18345.7 

18 357.9 
-   C        18360.2 

18374.5 

— C H37».e 

 C    I83M.4 

 1"        1846« N« I 



60 

•n 

DEFLECTION 

— ^    NMU M« I 

3 
\ m 
r 
m 
z 
o 

J>o 

 < IMS4.T 

I »4530 
. «9* » * I 

— C  IM6I.T 

WSM* 

—C IU0IJ 



DEFLECTION 61 

5 

I 

I- 

m 
r 
m 
z 
o 

 C !•••»• 

>e 

—C       «»»"O  Ml 

— C   l«T«»4 



62 
DEFLECTION 

5 

a 

m 
r 
m 
z 
o 

J>0 

IMtC.S Ft X 

"> 



63 

DEFLECTION 

o 
M 
M I 
ft / 

I 



6k 

TABLE, I      , ' 
i 

! i 

Times and Altitudes for the Selected Records Shown In Figures 1-2. 

Record No.                             Tine (MST) Altltude(kf) 

7 . 7:28 -  7:46 ^4.5 -  36.5 

8 7''M -  8:04     ' 36.5 -  52.0 

9 8:04 -  8:22 52.0 - 62.0 
i              i           i ■ 

11 8:40 -  8:58 75.3 -  87.0 
i 

12 ,     8:58 - 9:16     , 87.0 - 96i0 

13 9:16 -  9:34 96.0:-  96.3 

14 9:34 -  9:52 96.3 -  96.3       , 
1            ■      .         ''    ' i 

i i 


