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INTRODUCTION 

Excellent near-infrared spectra of the outer planets have been obtained in recent years with a 
Michelson interferometer and lead sulfide detectors. Connes, Connes, and Maillard (ref. 1 )  have 
published a Jupiter spectrum with a resolution of approximately 0.4 cm- ' in the range from 5700 
to 8500 cm- ' and a Saturn spectrum with a resolution of approximately 1.7 cm- ' in the range 
from 5900 to 8500 cm- ' . Maillard, Combes, Encrenaz, and Lecacheux (ref. 2) recently reported an 
improved Jupiter spectrum with a resolution of approximately 0.22 cm- ' in the spectral range from 
4000 to 12 000 cm- ' . No infrared spectra of Uranus have apparently been published. 

The purpose of this report is to present new Jupiter, Saturn, and Uranus infrared spectra. The 
Uranus spectrum was obtained at a resolution of approximately 32 cm-' in the range from 6000 to  
10 000 cm-' . Saturn, Jupiter, and Sun spectra were measured with a resolution of approximately 
0.5 cm- ' in the range from 6000 to 10 750 cm- '. Relative comparisons of Saturn, Jupiter, and Sun 
spectra are easily made because all spectra were obtained with the same instrument and at the same 
resolution. 

EXPERIMENTAL PROCEDURES 
I I ,  A 

During November 1972, observations of Saturn and Jupiter were ,wade with the ~ o u d 6  focus 
of the 272-cm (107-in.) telescope at the McDonald Observatory. To zinimize the effect of 
planetary rotation on spectral resolution, an aperture was used for Jupiter measurements that 
permitted only the central third of the disk to enter the interferometer (ref. 2). An aperture was 
used for observing Saturn that excluded the rings but included as much of the planetary surface as 
possible. The Sun measurements were made during the day before the planetary measurements were 
made; a perforated screen was placed over the telescope mirror to  reduce the light intensity. To 
observe the different spectra, measurement times of 50 min for Jupiter and 150 min for Saturn 
were required. Only a few minutes were required for observing the Sun spectra. 

Uranus was measured in March 1972. The results of three 1 -hr runs were added to  determine 
the final spectrum. The measurements were made at a resolution of 16 cm-' . Because the resulting 
data contained too much noise, the resolution was reduced mathematically to 32 cm-'. The 
resulting spectrum had a peak signal-to-noise ratio of approximately 20. 

The Michelson interferometer used for the measurements was a rapid-scan instrument in which 
successive scans were coadded to yield a final interferogram. For the 0.5-cm-' spectra, the 
displacement of the moving interferometer mirror was 1 cm, and each stroke required 16 sec. The 
interferograms were digitized at 217 intervals and coadded on a magnetic disk. The digitization 
intervals were generated by quadrupling the interference waves from a helium neon laser. These 
intervals represent an oversampling of the interferogram, performed to maximize signal-to-noise 
ratios. The detector was a liquid-nitrogen-cooled germanium photovoltaic cell, which was sensitive 
in the range from 6000 to 10 750 cm- ' . 

The interferogram is sampled at intervals determined by the interference waves generated from 
a reference helium neon laser beam. When the reference laser beam and the telescope axis are 
perfectly alined, the spectral line positions are accurately determined from the laser wavelength. 
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However, because this alinement was difficult, there were slight shifts in the line positions. The 
telescope beam convergence V/32) and the variation of the refractive index of air with wavelength 
also produced wavelength shifts. All these factors were taken into account by adjusting the 
wavelength scale so that the terrestrial water vapor absorption lines were correctly located. On the 
average, vacuum wavelengths in the resulting spectra are accurate to within 50.1 cm- 

Apodization was not applied to the interferograms; thus, the measured spectral resolution was 
approximately equal to  the full instrumental resolution of 0.5 cm- ' (estimated from the half width 
of terrestrial water vapor lines). A five-point interpolation was performed on the transformed 
interferogram to provide smooth plots and precise line locations. 

RESULTS 

A plot of the Uranus spectrum, together with Saturn, Jupiter, and Sun spectra for comparison, 
is shown in figure 1. All spectra are shown at a resolutjon of 32 cm- No corrections have been 
applied for the instrument function, atmospheric transn~ission, or detector response. The plots are 
scaled such that the maximum value in the 6000- to  10 000-cm- range is assigned a value of unity. 
No data are shown in the 7100- to 7400-cm- range because of water vapor absorption in that 
spectral range. The plots clearly indicate the substantially larger methane and hydrogen absorptions 
of Uranus as compared to  those of the other outer planets. 

The necessity for a long exposure time in making Uranus measurements may introduce 
contamination caused by terrestrial airglow. A comparison of the Uranus spectrum, as shown in 
figure 1 ,  with an airglow spectrum measured with the Michelson interferometer used in experiments 
previously mentioned indicates that the spectral range near 6350 cm-l is probably caused by the 
4-2 band of the terrestrial hydroxyl airglow and that the features near 6650 cm-I are probably 
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caused by the 3-1 hydroxyl band. Other spectral regions are believed to be significantly unaffected 
by airglow. 

A comparison of the iatio spectrum of Uranus and the Sun with similar ratio spectra for 
Jupiter and Saturn is shown in figure 2. The ratio spectrum is a representation of the relative 
reflectivity spectrum of the planet with solar energy distribution, instrument function, detector 
response. and atmospheric transmission removed. These plots show more clearly the increased 
methatle and hydrogen absorptions of Uranus compared with those of the other outer planets. No 
data are given between 6900 and 7500 and between 8500 and 9000 because the values were 
negligibly low. 

----- JupiterlSun 
- - SaturnlSun 
-------- UranuslSun 

(a) Wave number, cm-I 

(b) Wave number, cm-I 

Figure 2.-Near-infrared ratio spectrum of Uranus and the Sun compared with Jupiter and 
the Sun and Saturn and the Sun ratio spectra at a resolution of 32 cm-l. (a) 
Spectral range from 6200 to 7600 cm-l. (b) Spectral range from 7600 to 8400 
cm-1. 
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(c) Wave number, c m - I  

Figure 2 (concluded).-Near-infrared ratio spectrum of Uranus and the Sun compared 
with Jupiter and the Sun and Saturn and the Sun ratio spectra at a resolution of 32 
cm-l . (c)  Spectral range from 8400 to 9800 cm-l . 

Jupiter, Saturn, and Sun spectra in the range from 6000 to  10 760 cm- l are shown in figure 3. 
The abscissa is the spectral position in wave numbers (cm- l ) with 30 wave numbers plotted on each 
page. The ordinate of each plot is the approximate signal-to-noise value, defined as the ratio of the 
spectral intensity to the standard deviation of the signal outside the sensitive region of the detector. 
The plots on each page are individually scaled to  achieve maximum use of the ordinate scale; the 
minimum and maximum values of the ordinate are given at the top of each page. In these plots, the 
signal-to-noise values range from approximately 5 to  100. No corrections have been applied for the 
instrument function, atmospheric transmission, or detector response. The positions of terrestrial 
water and carbon dioxide absorptions with cross sections larger than cm- ' (ref. 3) are 
marked with a "T" at the bottom of the plots. (The terrestrial oxygen band near 7880 cm-' is not 
marked.) No data are given between 6990 and 7400 cm- l because of strong terrestrial water vapor 
absorption in this region. The Doppler shift was 0.90 cm-l to  lower wave numbers (elongation E 
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76") for Jupiter and 0.85 cm-' to  higher wave numbers (elongation W 1 14") for Saturn. A 
comparison of the Jupiter spectrum of figure 1 with that cited in reference 1 at about the same 
resolution shows the spectra to be virtually identical in regions of high signal-to-noise ratio (after 
allowance for the Doppler shift). 

Figure 4 has been constructed to aid studies of the continuum reflection and molecular 
absorption bands. Parallel plots of the ratio of Saturn td the Sun, Jupiter to the Sun, and ~ u ~ i t e r  t o  
Saturn are shown. In preparing these plots, the planetary spectra have been shifted an amount 
corresponding to the Doppler shift. Terrestrial absorptions are then shifted relative t o  one another 
in the solar and planetary spectra. The ratios are distorted correspondingly at  these points, which 
are marked with a "T" at the bottom of the plot. Noise fluctuations occasionally produced large 
ratio values, which led to  difficulties with the choice of the ordinate scale. To minimize this 
problem, each plot (45 cm-' long) was individually scaled, and ratio values that exceeded three 
times the mean value were set equal to  zero. Normally, the zero values that result from this 
calculation can be easily distinguished from true absorptions. 
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 

UPPER CURVE SUN OCTB. 1972 1821UT. Ul DDLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPl TER OCT9.72 0302UT 

UPPER MIN .11304+01 UAX .54826+0l  MID UIN-.52701+00 UAX .28979+01 LONER ~ I N - ~ I Y Y 9 9 + 0 0  MAX .60970+0l  

Figure 3.-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at a resolution 
of 0.5 cm-1. 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 

UPPER CURVE SUN OCT8.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OC19.72 0302UT 

UPPER H l N  .25609+01 MAX .10543+02 LOWER MlN .32920+01 MAX .80887*01 

UdVE NUMBER C M - I  

Figvre 3 (continued).-Near-infrared spectra of Saturn, Jujiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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UPPER CURVE SUN OCTB.1972 1B21UT. UIDDLE CURVE SATURN OCT9.72 0939UT.  LOUER CURVE JUPITER OCT9.72 030ZUT 

UPPER WIN .41BYB+O1 UAX .95el '++Ol U l O  U l N - . 2 2 3 1 6 * 0 0  UAX . 5 8 2 2 5 * 0 1  LOUER U l N  . 5 0 6 0 3 * 0 1  UAX . 9 6 9 7 1 + 0 1  

WAVE N U M B E R  C U - l  

Figure 3 (continued).-Near-infrared spectra of Safurn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 

UPPER CURVE SUN OCT8.1972 102LUT. UIOOLE CURVE SATURN OCT9.72 0939UT. LONER CURVE JUPITER OCT9.72 0302UT 

UlO U l N  .58501+00 UAX .EB372+Ol LOUER U l N  .69316+01 UAX . 11323*02 

6090 6095 

HAVE NUUBER C U - I  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN OCT8.1972 182lUT. HIDOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302UT 

UPPER n l N  .61136+01  AX .1170.?*02 HID HIN . s r e ~ r + o ~  n r x  .1081e+o2  LONER HIN .63328+01 MAX . 10815+02  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN 0CT8.1972 18PIUT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302UT 

UPPER MlN .94401*01 MAX . l83 '+l+02 MlO f4IN .20576+01 MAX .14719+02 LOWER f4lN .46703*01 nAX .17279+02 

W A V E  NUMBER C M - I  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN OCTB. 1972 1821UT. MIDDLE CURVE SATURN 0CT9.72 0939UT. I.OI(ER CURVE JUPITER OCT9.72 O3OPUT 
. . 

UPPER MIN .11682+02 MAX .25419+02 MID MlN .6009B+01 MAX .20513+02 LOWER MlN .67340+01 UAX .22710+02 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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UPPER CURVE SUN OCT8.1972 182lUT. MIOOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 O302UT 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN OCTB.1972 IB21UT.  MIDDLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER 0CT9.72 0302UT 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN OCT0.1972 1021UT. HlODLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302UT 

LOYER H lN  .25067+02 MAX .37943+08 

HAVE NUMBER C M - 1  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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UPPER CURVE SUN OCT8.1972 IB2lUT.  nlDDLE CURVE SATURN OCT9.72 D939UT. LOWER CURVE JUPITER OCT9.72 0302UT 

UPPER  IN .26216+02 MAX . 4 1 5 0 7 * 0 ~  M I 0  H lN  .32513*02 UAX .43159+02 LONER H IN  .2+357+02 MAX .+2202+02 

.T T 
UAVE NUMBER C M - I  

1 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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UPPER CURVE SUN 0 C 1 8 . 1 9 7 2  I 8 2 l U T .  UIDDLE CURVE SATURN OCT9.72 0939UT.  LOWER CURVE JUPITER OCT9.72 O302UT 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN OCTB. 1972 I B E I U T .  MIDDLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 0302UT 

Figurc 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 19 

UPPER CURVE SUN OCT8.1972 IIElUT. UlDDLE CURYE SATURN OCT9.72 0939UT. LOHER CURVE JUPITER OCT9.72 0302UT 

UPPER U I N  .eee75+02 MA X  .96820+02 nlo U I N  .~3371+02 nrx .55203+02 LONER MlN .32685*02 MAX .SOll0*02 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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UPPER CURVE SUN OCT8.1972 I82 lUT .  RIDDLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPlTER OCT9.72 O302UT 

UPPER U lN  .37533*02 MAX .49409+02 MI0  H l N  .4Y212+02 MAX .59508+02 LOWER UlN  .33919+02 UAX .53!306+02 

0 

WAVE NURBER C t l - 1  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 c m  l . 
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UPPER CURVE SUN OCTB. 1972 IB2lUT. MIDOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302UT 

UPPER n lN  .'+16'+'++02 MAX .'+9393+02 MID  IN .95325+02 MAX .62693*02 LOYCR MlN .30+42+02 MAX . W i 6 9 * 0 2  

YAVE NUeBER C H - l  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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UPPER CURVE SUN O C T B . I ~ ~ ~ ~  l e e l u r .  nlooLE CURVE SATURN 0 ~ ~ 9 . 7 2  0 9 3 9 ~ ~ .  LOKR CURVE JUPITER OCr9.72 0302UT 

UPPER t t l ~  .35867*02 n ~ x  .53018+0? HID HlN .'+00l6*02 MAX .68079+02 LOMER MlN .2'+L59*02 WAX .Y7212+02 

H A V E  NUMBER CM- l  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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UPPER CURVE SUN OCTB.1972 1821UT. HlDDLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302UT 

UPPER n l ~  . 3 1 ~ 9 4 + 0 2  n r x  . 5 3 7 ~ 2 + 0 2  HID n l N  .49163+02 n r x  .69199+02 LOKR WIN .1925e+o2 n ~ x  . Y Y ~ ~ o * o ?  

.Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared a t  
a resolution of 0.5 cm-l . 
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Figure 3 (continued).--Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN 0CT8.1972 I821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LONER CURVE JUPITER 0CT9.72 0 3 0 2 ~ 1  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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UPPER CURVE SUN OCT8.197? I8?1UT. UIOOLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 0302U1 

JPPER UlN-.56G93+01 UAX .66819+02 UlO UIN .28295+02 UAX .79255*02 LOUER UlN .61850+01 UAX .Y2587+02 

I I ~ i i i i i i i i i i i i i i i i i i i i i i i i + ? \ i i I  
6600 6605 6610 6615 6620 6625 6630 

T T T T Y , .  
U A V L  NUMBER C R - l  

. u .  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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UPPER cURVE SUN OCTB.1972 1021UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPITER OCT9.72 0302UT 

T 
U A V E  N U H B E R  C H - 1  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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UPPER i.. IE SUN OCTB.1972 1821U1, HIDOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302U1 

UPPER MlN-.11670*02 MAX .7'+926+02 MJD MlN .36963*01 MAX .75081+02 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared a t  
a resolution of 0.5 cm-l. 
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UPPER CURVE SUN OCTB. 1978 1821UT. MIDDLE CURVE SATURN OCT9.7P 0939UT. LOWER CURVE JUPITER OC79.72 0302UT 

UPPER MlN-. 13I38rOP MAX .7157Y*02 H I 0  MlN .93563+01 MAX .85393+02 LOWER HlN  .l6227.00 MAX . Y Y C K t 0 2  

0 
T T T  

U A V E  NUHBER cn-1 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CUWE SUN OCT8.1972 I82 lUT .  MIDDLE CURVE SATURN OCT9.72 0939UT. LONER CURVE JUPITER OCT9.72 0302UT 

UPPER' ~ I N - . B ~ I ~ O + O I  n r x  .73662*02 n l o   IN .73eo?+01 MAX .7oa13+oe LOUER HIN . I ~ B C ~ + O I  HAY .e9651+02 

0 
T T T  

HAVE NUMBER C U - 1  
T T  T 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN OCT8.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302UT 

UPPER MlN-.126*7*02 MAX .63502+02 MID MIN-.33907+01 MAX .67050+02 LONER HlN-. 13*39+01 MAX .27928*02 

6750 6755 67f ' 6765 6770 6175 6780 
T T T  T T T T T T T T T  1 

WAVE NUU8ER CU-1  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cin-l. 
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UPPER CURVE SUN OCT8.1972 1821UT. . HIDOLE CURVE SATURN OCT9.72 0939UT. LOHCR CURVE JUPITER OCT9.72 0302UT 

UPPER  IN-.76668+01   AX .76880+02 n l 0  n l ~ - . ~ 0 7 9 8 * 0 1   AX . ~ 0 2 6 + 0 2  LOUER  IN-. 1 2 6 9 b 0 1    AX .3~)81(8+02 

6780 6785 6790 6795 6800 6805 681 0 
T T T T T T T T  T T  T T  T T T T 

HAVE NUMBER CM-1 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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UPPER CURVE SUN OCT8.1972 18E'lUT. HlOOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCTq.72 0302UT 

Figure 3 (continued).-Near-infrared spectra of Satuyn, Jupiter, and the Sun compared at 
a resolution of 0 .5  cm-l . 
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UPPER CURVE SUN OCTB.1972 1821UT. UIODLE CURVE SATURN OCT9.72 0939UT. LOWR CURVE JUPITER OCT9.72 0302U9 

UPPER UIN-.15975+02 UAX .68577+02 UlD UIN-.12980+01 MAX .28565*02 LONER U l N - . l O S ~ l * O 1  HRX .27888*02 

6850 6855 6860 6865 6870 
T T  T T 1 T T T T T T  T T ? 

W A V E  NUH8ER C n - 1  
? T T T  

Figure 3 (continued).-Near-infrared spectra or c -  . I ~ P ,  Jl~pitcr, and the Sun compared at 
a resolution ot 0.5 cru- ' . 
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UPPER CURVE SUN OCT8.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE ZJPITER OCT9.72 0302UT 

MI0 UIN-.89225*00 MAX .31628+02 LOUER MlN-. 56978+00 n R X  .21121*02 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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UPPER CURVE SUN OCT8. 1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OC'9.72 0302UT 

UPPER MlN-. 11365t02 HAX .69480+02 MI0 MIN-.23587+01 MAX .30332+02 LOWER MIN-.Y8880+OO #AX .16256+02 

6900 6905 691 0 6915 6920 6925 6930 
T T T  T T T I  I T T T T T T  T i  T T T r T T  T T 

WAVE NUMBER C H - I  

Figure 3 (continued).-Near-infrared spectra of Saturn, ~upiter,  and the Sun compared at 
a resolution of 0.5 cm-I. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l.  
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared .spectra of Saturn, Jupiter, and the Sun combared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm'l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued),-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . ' 9 ', \ I 
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W A V E  NURBER C U -  l 
t 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, ~ u ~ i t e r ,  alid the Sun compared at 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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~ igd re  3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a res6lution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm'l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l-;. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I. 
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UPPER CURVE SUN OCTB.1972 1821UT. UlDDLE CURVE SATURN OCT9.72 0939UT. LONER CURVE JUPITER OCT9.72 0302uP 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Z Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and thksuawmpared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 



Figure 3 (continued).-Near-infrared s p e e d  of Saturn, Jupiter, and ihe Sun compared at . . 
a.resolution af 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-1. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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UPPER CURVE SUN OCTB.1972 I B 2 l U T .  NlDDLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPlTER OCT9.72 0302U1 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 

UPPER CURVE SUN OCTB.1972 182LUT. NlODLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OC7S.72 0302UT 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 c m l .  
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra bf Saturn, ~uc i t e r ,  ind  the Sun compared at  \ 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued),-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 10 1 

UPPER UIN . 3 0 0 2 ~ + o t  UAX .84456+01 UIO UIN . 3 ~ 0 6 6 + 0 2  nAx . ~ 5 2 0 9 + 0 2  LOWR HIN . ~ 2 e s ? + o 2  nrx .r)tiu31+02 

9260 9265 9270 
T T 

H A V E  NUUBER C U - 1  

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resoluhn df 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared, spectra of Saturn, Jupiter, and the Sun compared at 
a resolution pf 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
I a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the sun  compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupkter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l: 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infr.ared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 5 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compitred at 
a resolution of 0.5 cm-l . 



146 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 

UPPER CURVE SUN OCT8.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOER CURVE JUPITER OCT9.72 0302UT 

UPPER UlN-.bBCY7+00 UAX .30020+01 HID UIN-.89075+00  AX . ~ 7 * 5 0 * 0 1  LDUER L IN-. 3 ~ 1 ~ 3 ~ 0 0  L AX . ~ 5 2 9 9 + 0 l  

10610 10615 10620 10625 lOB30 10835 1 OW0 
T T T T T T 1 

HAVE NUMPER CM-1 

Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- . 
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Figure 3 (concluded).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 4.-Ratio plots of Saturn and the Sun, Jupiter and the'Sun, and Jupiter and Saturn 
spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
.Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
B 

RATIO CURVES. UPPER...SATURNISUN. WlDOLE...JUPlTERISUN. LOWR....JUPITERISATURN 

; UPPER WIN .275*9*00 MAX .11677+00 t i lo l r l ~  . 1 2 2 ~ ) + 0 1  WAX . 2 1 ~ 2 2 + 0 1  LOW WIN .35321+01 WAX .8161O+OI 

I i i i i i i i ~ i i i i i ' i  i i i i i  i i i  i ' l i l  
BYSO 6YS7.5 M 6 5  6172.5 W e 0  6WI.% 6'4- 

C 
H A V E  NUMBER CM-1 

f d 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 

Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
I 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and-Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figute 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared atla resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 

Jupiter arid Saturn spectra compared at a resolution of 0.5 cm-I 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter ind the Sun, and , 

Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
. . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l .  
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



. Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and SBturn spectra compared at a resolutioq of 0.5 cm-r. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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RATIO CURVES. UPPER.. .SATURNISUN. WIDOLE.. . JUPITCRISUN, LOLIER.. . . JUPITERISAIUWN 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cnl-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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RATIO CURVES. UPPER...SATURN/SUN. MlDDLE...JUPlTERlSUN. LOYER....JUPl~ER/SAlURN 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 185 

RATIOCURVES.  UPPER ... SATURNISUN. MlDDLE ... JUPITERISUN. LONER.. . .JUPITERfSATVRM 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn ,and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn specfra compared at 'a resolution of 0.5 cm-1. 
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RATIO CURVES. UPPER.. .SATURNISUN. UIDDLE. .  . JUPITERISUN. LOUER.. . . JUPITERfSATVRN 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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RATIO CURVES, UPPER.. .SATURN'SlrN. HIDDLE. .  .JUPlTERISUN. L G I E R . .  . . JUPlTERISATURN 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at  a resolution of 0.5 cm-l. 
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RATIO CURVES, UPPER.. . SATURN'SUN. U l D D L E . .  . .JUPITERlSUN. LOWER.. . JUPITCRISATURN 

UPPER MIN  . O O O O O  M A X  . ~ r ? a s + o t  LOU n l N  . 2 1 9 1 1 + 0 1  UAX . 1 2 8 6 ~ + 0 2  

N A V E  N U M B E R  C M - l  

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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. Figure 4 (continued).-Ratlo plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Satu,rn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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RATIO CURVES. UPPER ... SATURNISUN. UiOOLE ... JUPITERISUN, LONER .... JUPITERISATURN 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, ~uji ter  and the Sun, and 
Jupiter and Saturn spectra compared at a resolutian of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at  a resolution of 0.5 cm-1. 
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RATIO CURVES. UPPER.. .SATURN/SUN. MlDDLE.. . JUPITERISUN. LONER.. . .JUPITERISATURN 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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RATIO CURVES. UPPER.. .SATURNISUN. UIDDLE. .  . JUPITERISUN. LOUER.. . . JUPITERISATVRN 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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RATIO CURVES. UPPER...SATURNISUN, UtODLE...JUPITERISUN. LOWER....JUPITERISATURN 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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RATIO CURVES, UPPER...SATURNISUN. P(~OOLE...JUPITCRISUN. LOUfR....JUPITERiSATURN 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra co~npared at a resolution of 0.5 ernm1. 
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RATIO CURVES. UPPER...SATURNISUN, nlDDLE...JUPITFRISUN. LOWER....JUPITERISlTURN 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 21 7 
RATIO CURVES. UPPER...SATURNlSUN. MIDDLE ... JUPITERISUN, LONER .... JUPITERISATURN 

H A V E  NUMBER C M - 1  

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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RATIO CURVES. UPPER. ..SATURNISUN, UlDDLE ... JUPITERISUN. LOUER .... JUPITERISATURN 

UPPER M l N  . 1 0 1 1 5 + 0 1  UAX . 2 0 6 5 5 + 0 1  U l D  n l N  .8603B+Ol  UAX . 2 0 5 3 5 + 0 2  LOU  IN . 7 6 6 5 8 * 0 1    AX . 1 1 1 9 3 + 0 2  

U A V E  N U U B E R  C U - l  

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continuedj.-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. . , 
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RATIO CURVES. UPPER. ..SATURN/SUN. UlOOLE...JUPITERISUN. LOUER....JUPITERISATURN 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 223 

RATIO CURVES. UPPER...SATURNISUN, UlODLE...JUPlTERISUN. LOI(CR....JUPITERISATURN 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolytion of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn specua compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-I. 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 233 
RATIO CURVES. UPBCR...SATURNISUN. MLODLE...JUPITERISUN. LOUER....JUPI~ERISATURN 

UPPER M I N  .OOODO MAX .935~3+00 HID H I N  .ooooo M A X  .~eree*oe LO# HlN .00000 #AX .28071*02 

101*5 10152 10160 10167 9 0  
T T 

M b Y E  N U P B E R  C N - 1  

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resblution of 0.5 crn-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
tt Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 239 

RATIO CURVES. UPPER...SATURNISUN. MlOOLE...JUPITERISUN. LOYER....JUPIrERISATURN 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots o f  Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 24 1 

RATIO CURVES. UPPER...SATURNISUN, MlODLE...JUPITERISUN, LOUER....JUPITERISATURN 

UPPER MlN .00000 M*X .27167tOl MID HlN .QOQOO # A X  .l396l*02 LOU HlN ,00000 MAX .13098+02 

Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 



246 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 

RATIO CURVES. UPPrR...SATURNISUN, MlDDLE...JUPITER1SUN, LOUER....JUPITER/SATURN 

UPPER M I N  .ooooo n ~ x  .211es+a1 n ~ o  M I N  .ooooo MAX .eerus+o~ LOU M I N  .OOOOO M A X  .7eo1e+o1 

Figure 4 (concluded).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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