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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™1! in the spectral range from
4000 to 12 000 cm™1. 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™1! in the range from 6000 to 10 750 cm™ L. 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

During November 1972, observations of Saturn and Jupiter were mgde w1th the Coudé focus
of the 272-cm (107-in.) telescope at the McDonald Observatory. To m1n1m1ze 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™1 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™1.

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 (f/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 0.1 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 resolJution of 32 cm™!. No corrections have been
applied for the instrument function, atmospheric transmission, 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 em~1 s probably caused by the
4-2 band of the terrestrial hydroxyl airglow and that the features near 6650 cm™! 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 ratio 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
methane 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.
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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 fesolution of 32
cm~L. (¢) Spectral range from 8400 to 9800 cm™?.

Jupiter, Saturn, and Sun spectra in the range from 6000 to 10 760 cm™! are shown in figure 3.
The abscissa is the spectral position in wave numbers (cm” 1y 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 10723 cm™! (ref. 3) are
marked with a “T” at the bottom of the plots. (The terrestrial oxygen band near 7880 cm™1! is not
marked.) No data are given between 6990 and 7400 cm™! because of strong terrestrial water vapor
absorption in this region. The Doppler shift was 0.90 cm™! to lower wave numbers (elongation E
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76°) for Jupiter and 0.85 cm~! to higher wave numbers (elongation W 114°) 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 to the Sun, Jupiter to the Sun, and Jupi’ier to
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 to 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 resuit from this
calculation can be easily distinguished from true absorptions.
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Figure 3.—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~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™ 1.



10

NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8.1972 1821UT. MIGOLE CURVE SATURN 0CT9.72 0939UT, LOWER CURVE JUPITER 0CT9.72 0302uT
UPPER MIN .B1138+01 HMAX .11702+02 MID MIN .54814+01 MAX .10818+02

LOWER MIN .63328+401 HMAX .10815+02

I .
iL A

[

o
|
31
1»—“”“‘
PSS Sy

\
I
Y \\ \ | \AH‘ A /

]

-
7
-
—
<]
-
.~\J>
J"‘/
“‘"L‘.--.___
1

'\1\\

[\
VIR LI W AT T
il / IMAIM R VT Y T [l
VI AN AT | A7 1]
| i AL NEAVAR 1/ R FIEN
v i NV Y [
- ) Q
| N \
1R M I
. I A SRV
1A a4 I y
V]L/ |

f
il I
I

o

ANA LA DAY
|/ §
V

L

R L
T LU
|

N ol

\.l

8125

&tag

6130 6135

6140 6145 6150
HAVE WUMBER Cn-1 .
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 (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™1.
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UPPER CURVE SUN 0CT8,t8972 tg21uT, MIDOLE CURVE SATURN 0CTg.72 G938UT. LOWER CURVE JUPITER OCTS.72 D302UT

UPPER MIN .12520+02 MAX . 30624 +02 MID MIN .15059+02 MAX .26411+02 LOHER MIN .16316+02 MAX .32249+02

13

i

A

KA T

T

T T

| = iy

N Al TUA
R AU AT YL
- ANF AR RV
RPN RV AN PP T4 VAR -
b VYV /1 \\/’T \I/ .
*"%\' v
N
N
T
N A LIV N
TN A A \
x 1 AT e
RIS RN TS Y
VIR A { ) - -
[ i/ ;

T . T
HAVE NUNMBER Cn-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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Figure 3 (continued).—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

135

UPPER CURVE SUN 0CTB.1972 1821UT, MIDDLE CURVE SATURN 0CTS,.72 0838uT, LOWER CURVE JUPITER 0CT9,72 0302UT
UPPER MIN .15957+02 MAX .34721+02 MID MIN .28321+02 MAX .36757+02 LOWER MIN .250B7+02 MAX .37943+02
1, N / i /
A A A INWVSRE RN ol
AvVidEs T AT [\
N A
7 \ v ERVAEAT %

JNANL T
v .

=
——
iy
>
<]
—
]
]

]

Yy Y
[
| Y [ P [
\ 1 \ / BV
) AN ] 4 1Y \ A
\[ ] I, | AL T
/ v/“" | 1/ [
(] |
[ [V
Wi |

6273 8280 8285
HAVE NUMBER CHM-1

8290

8298

Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at

a resolution of 0.5 cm~1.

é300



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

UPPER CURVE SUN 0CT8,1372 1821UT, MIDDLE CURVE SATURN 0CT9,72 0939UT. LOWER CURVE JUPITER 0OCTS,72 0302UT

UPPER MIN .26216+02 MAX .41507+02 MID MIN .32513+02 MAX .43153+02 LOWER MIN .24357+02 MAX .42202+02

i
[ a LAl 1A L

1\
AR /
[ 13
1

R, | sl
~—

[~
P
3
—
S el
o~ ]

e

——
]

v
b300

R NENEAINY

JNEAN N THA AR

AT VN RI/A R \/

WAV f /
\ VT ) M

WA \
il v

\-N
T

...—-—v-’/‘>

|
f
|
|
|

. ]
"ﬁ“ﬂ—N\\

S—
_*_4___.1*—-”—‘

(‘1"1"'—’

\ \/ > /
x T N
6300 6305 6310 T 8315 6320 6325 6330
1 T 1

HAVE NUMBER CN-1

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 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
a resolution of 0.5 cm™!.
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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. N
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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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UPPER CURVE SUN 0CT8,1972 1821uT, MIDOLE CURVE SATURN 0CT9,72

NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

0Y39UT. LOWER CURYVE JUPITER 0CT9,72 0302VT
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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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8,1972 1821VT, MIDDLE CURVE SATURN 0CTg,72 0939UT, LOKWER CURVE JUPITER 0CT9,72 0302UT
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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 (continued).—~Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
) a resolution of 0.5 cm™1,
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NEAR-INFRARED SPECTRA OF I UPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CY8.1972 1821UT, MIODLE CURVE SATURN 0CT9,.72 0939uUT. LOWER CURVE JUPITER 0C79.72 0302uT
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a resolution of 0.5 cm~1.
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 25
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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28 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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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UPPER CURVE SUN 0CTB.1872 1821UT, MIDDLE CURVE SATURN 0CT9.72 093%UT. LOWER CURVE JUPITER OCT9.72 0302UT

UPPER HIN-.13132+02 HMAX .7157%+02 MID MIN .393563+01 MAX .85393+02 LOWER MIN .16227+00 MAX .44452+02

\ A=\ N N A
N L INLAL LA NI AN
| [ARNIRY [\ \ [ vi
Ul [
|
{

/
l

\
\
|
\
\

. 1"

T T T T

L=
-"‘__—o—"‘f‘
T

>
|t

h‘“"‘w-)

\\

1

i .

-
-

[

b

o

1 1 1V
: ; AT I |
i
6690 6695 8700 67;£7 €710 6713 7@

WAVE NUHBER Cn-1

Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
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30 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT@,1972 1821uT, MIDODLE CURVE SATURN 0CT9,72 0938UT, LOWER CURVE JUPITER 0CTS.72 0302uT
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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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UPPER CURVE SUN 0CT8.1972 1821uT, MIDDLE CURVE SATURN 0CT9,72 0938UT. LOWER CURVE JUPITER 0CT9.72 0308UT
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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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
LOWER CURVE JUPITER 0CT9,72 0302UT

UPPER CURVE SUN 0C78.1972 1821UT, - MIDDLE CURVE SATURN 0CT9.72 0938UT.
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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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UPPER CURVE SUN OCT®,1972 1821UT, MIDDLE CURVE SATURN 0CT9,72 0938UT. LOWER CURVE JUPITER OCYSL.'IE 0302u7
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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Figure 3 (continued).—Near-infrared spectra o” Sx.urn, Jupiter, and the Sun compared at
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NEAR-INFRARED SPECTRA OF J UPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CTB,1972 tB21uT, MIDOLE CURVE SATURN 0CT9,72 0939UT, LOKWER CURVE JUPITER 0CT9.72 g302uT
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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 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
a resolution of 0.5 cm~1,
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
UPPER CURVE SUN 0CT8.1972 1821UT.  MIDDLE CURVE SATURN OCT9.72 0938UT. LOKWER CURVE JUPITER 0CT9,.72 03027
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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, ard the Sun compared at
a resolution of 0.5 cm~1,



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8.1972 1821UT, MIDDLE CURVE SATURN 0CT4.72 093%UT.
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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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UPPER CURVE SUN 0CT8,1872 teeluT, MIDDLE CURVE SATURN 0CT8.72 0939UT.
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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.



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
UPPER CURVE SUN 0CTB.1972 1821uT.  MIDDLE CURVE SATURN 0CT9,72 0933UT.

UPPER MIN-,12158+02 MAX .35698+02 MID MIN-.93556+00 MAX .27732+02
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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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42 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8,1972 1821UT. HIDDLE CURVE SATURN 0CT9.72 0939UT. LONER CURVE JUPITER 0CT9,72 g302UT
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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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UPPER CURVE SUN 0CT8,1972 1821UT, MIDOLE CURVE SATURN 0CT9.72 0939UT, LOWER CURVE JUPITER 0CTYS,72 0302uT
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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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44 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
UPPER CURVE SUN 0CT8.1972 182tyT, MIDOLE CURVE SATURN 0CT9,72 0939UT, LOWER CURVE JUPITER 0&79.72 a3g2u7
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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.



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8.1972 1821UT, MIDDLE CURVE SATURN OCT9.72 0939UT. LOKER CURVE JUPITER 0CT@.72 0302u7

UPPER MIN-.11809+01 MAX .378%9w+02 MID MIN .86695+00 MAX .67759+02 LOMER MIN-.42257+01 MAX .48554+02

45

=

A

" /

ot

A/ v 1A VY, VAW )

—t ]

\
\ WAV R

I
AN
|

. -

b
-
j I s S

//___r)o"
L1
—
——
——
- L gt
i ::>

Tt
P

B
‘jV
=y

1"
1
e e
o —
4
/"/‘

T WA VA

NEFiN 1Y

Nl M A \
b
1= Y \
7580 7585 7590 7595 7600 © 7605 i
T T 1 T T Tt T T

WAVE 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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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at

a resolution of 0.5 em~1.
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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.



48 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
UPPER CURVE SUN 0CTE.1972 1821UT.  MIDDLE CURVE SATURN OCT9.72 0938UT.  LOKER CURVE JUPITER 0CT9.72 0302UT
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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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50 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
a resolution of 0.5 cm™!,



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 51

UPPER CURVE SUN 0CT8.1972 (8217, MIDOLE CURVE SATURN 0CY9,72 p939u7, LOHER CURVE JUPITER 0CTe,72 0302VT
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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.



52 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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.



53

NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
MIDDLE CURVE SATURN 0CT8,72 0939UT, - LOWER CURVE JUPITER 0CT9,72 0302UT
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54 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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. :



NEAR-INFRARED SPECTRA OF J UPITER, SATURN, AND URANUS S5

UPPER CURVE SUN 0CT8,1972 1821UT. MIDDLE CURVE SATURN 0CT8.72 093SUT, LOWER CURVE JUPITER 0CT9.72 0302UT
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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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a resolution of 0.5 cm~1.



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 57

UPPER CURVE SUN 0CTB,1972 1821UT, MIDDLE CURVE SATURN QCT9.72 0939UT, LOWER CURVE JUPITER OCTg.72 0302UT
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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,



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
LOHER CURVE JUPITER 0CY9,78 D302UT
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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™1.
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60 - NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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* Figure 3 (continued).—Near-infrared spectra of Saturn, Jupitér, and the Sun éompared at

. a resolution of 0.5 cm~1.
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
LOHER CURVE JUPITER 0CT9.72 0302UT

MIDDLE CURVE SATURN 0CT9,.72 0939UT.
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UPPER CURVE SUN 0CT8.1972 1821UT,
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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™1.



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



64 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
a resolution of 0.5 cm~!.



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN OCT@,.1972 1821UT, MIDOLE CURVE SATURN 0CT9.72 0938UT, LOWER CURVE JUPITER 0CT9.72 0302uT
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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.



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



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
UPPER CURVE SUN 0CT8,1972 1821UT,

HIDDLE CURVE SATURN OCT9,72 0939uT, LOKWER CURVE JUPITER 0CTe,72 0302UT
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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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Figl'lre 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at

a resolution of 0.5 cm~1.
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NEAR-INFRARED SPECTRA QF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8,1972 1821UT,  MIDDLE CURVE SATURN OCT9.72 0939UT.  LOMWER CURVE JUPITER 0CTS.72 0302UT
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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.



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

UPPER CURVE SUN 0CT8,1972 1821UT, MIDDLE CURVE SATURN OCT9.72 0939UT, LOWER CURVE JUPITER 0CT9,72 302Ut
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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.



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN GCT@,1878 1821UT,  MIDDLE CURVE SATURN OCT9.72 0938UT.,  LOWER CURVE JUPLTER O0CTG.78 0302UY
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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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
LOMER CURVE JUPITER 0CT9,72 0302UT
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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.



76

NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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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UPPER CURVE SUN 0CT8,1972 1821UT,

UPPER MIN .1%327+00 MAX .13973+02

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

UPPER CURVE SUN 0CTS,1972 1821UT,  MIBDLE CURVE SATURN OCT9,72 Q938UT. LOHER CURVE JUPITER 0CT9,72 0302ut

MID MIN-.50%42:00 NAX .30348401

LONER HIN-.27151+00 HAX .18288+01

/

A N

A

N

f

alll

I

i

|

£
A1

A
f

/

/

1N

&\
HWA
Y

.

A
[
|
-

j——1
.l“b’d

.

v

L4

g1

T——

|
J
|
[
|

|
|
L
-
|

b1

7 \
'
T T - T IT
1 il AU T
I AEANA N
il 1A AN
PR | NANRVAERIANI IR,
AT A 1 ARV ERAY
NIEVIVER W ! T
AT AT . T
i}

/ 1114 /

A
[ L1
WAV

L e =g
=7

g:'—""ﬁ—'j

\
\

|

/
/
|
v

A
/IR AVE [ i LA J
A7 \ \ TWy [ [V y
v v v !

T T
RAVE NUMBER CNn-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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 79
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a resolution of 0.5 cm™!.
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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
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8,1972 1821UuT, MIDDLE CURVE SATURN 0CT9,72 0938UT, LOWER CURVE JUPITER 0CT®,72 030éUT
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8.1972 1821UT.,  MIDDLE CURVE SATURN 0CT®.72 0938UT, LOWER CURVE JUPITER 0CT9,72 0302UT
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
" aresolution of 0.5 cm™1,
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' a resolution of 0.5 cm1,
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and 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™1.
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Flgure 3 (contmued) —Near- mfrared spectra of Saturn, Juplter and the Sun compared at
. a resolution of 0.5 cm‘lt.
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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 (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~1,
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96 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8,1872 182107, MIDDLE CURVE SATURN 0CT9,72 0939UT. LOWER CURVE JUPITER 0CT9,72 g302uT
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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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YPPER CURVE SUN 0CTB8.1872 1821UT, MIDDLE CURVE ‘SATURN 0CTS8,72 0939UT, LOWER CURVE JUPITER 0CT9,72 p3p2uT
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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.



NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
LOKWER CURVE JUPITER 0CT9.72 0302UT
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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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UPPER CURVE SUN OCT8.1972 1821UT, MIODLE CURVE SATURN 0CT9.72 0939UT. LOWER CURVE JUPITER 0CT9,72 0302UT
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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
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UPPER CURVE SUN 0C78,1972 1B21uT. MIDDLE CURVE SATURN 0CT9.72 0939UT, LOWER CURVE JUPITER 0CT9,72 0302VUT
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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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
UPPER CURVE SUN 0CTS8.1972 1821UT,  MIDDLE CURVE SATURN 0CT9.,72 0939UT.
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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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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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UPPER CURVE SUN GCT@,1972 1@21UT,  MIDDLE CURVE SATURN OCTQ,72 Q83I9UT, LOWER CURVE JUPITER 0CTQ.72 0302uT
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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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UPPER CURVE SUN OCT8.1872 teaiur, WMIDDLE CURVE SATURN OCT9,72 0U39UT. LOMER CURVE JUPITER 0CT®,72 0302u7
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Figure 3 (continued).—Near-infraredl spectra of Saturn, Jupiter, and the Sun compared at
a resolution of 0.5 cm™1. ’
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
LOMER CURVE JUPITER ocTe,72 g302uUt
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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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UPPER CURVE SUN 0CTB,1872 1821UT, MIDDLE CURVE SATURN 0CT9.72 0833uUT, LOWER CURVE JUPITER 0CT9.72 0302VT

UPPER MIN .38142+8! MAX .B0393+01 MID MIN .2B137+02 MAX .36377+02 LOWER MIN .33201+02 MAX .48754+02

A

HA /
\

Se—

f)ﬂr

|
|
|
AT
h Al

e s i

Qe S——

WL
Y .
RV \ AT NI Al a
EEVAWAY IMAAAYY A X [ LA =N
/ Y \/ AT T
j NV W Y
p
|
|
\/
/\
e ML LAY A
SO M B i NANNENE
M e / ALY NN
IR\ \ /
IS AT \
\\ / \ v
g44Q \j 445 a4 ’

WAVE 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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
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CURVE SUN 0CT8.1872 1821UT. MIDDLE CURVE SATURN 0CTS.72 0939UT. LOWER CURVE JUPITER 0CT9.72 g302LT
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il HNR

Wl 1 W

A [V

Al

T
|
R
/)‘

MA-—__‘\J

\

|
1
\
|
|

i
i
[
&

]
L
<
=]

'<:q:::_.___4

A\

"
B s

o //J\/‘“—‘AD

2
|

>
CZ:""‘”“—“-h—-L—.L

]
e
S

B I s

/—)

i

L.

..—-—”—“\—’—'J
T
T T 1

~

—/

S

Lt

AV A

=
—
F~——

h"
S
<
|t

>

>
OIS ey
h P~ | i

L
e
1
o
P—.
)"’)
—

__‘,,,‘L_.—-r—*"‘k

\\
b d

9505 9510 N 9515 9520 9525 9530

WAVE NUMBER CHM-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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT®,1972 1821VT, MIODLE CURVE SATURN 0CT9.72 0939UT, LOHER CURVE JUPITER 0CT9.72 0302UT
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at

a resolution of 0.5 em~1.
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
LOWER CURVE JUPITER 0CT9,72 0302uT

MIDDLE CURVE SATURN 0C19,72 0939UT,
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
a resolution of 0.5 em™-.
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UPPER CURVE SUN 0CT®.1972 1@21UT.  MIDDLE CURVE SATURN OCTS,72 0939UT.  LOWER CURVE JUPITER 0CTQ,72 0302UT
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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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UPPER CURVE SUN 0CT8,1972 IBEIUT; MIDDLE CURVE SATURN 0CT9,72 0939UT, LOMER CURVE JUPITER 0CT9,72 0302UT
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at

a resolution of 0.5 cra~ L.
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UPPER

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



UPPER

UPPER MIN .

NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

CURVE SUN 0CT8.1972 1821UuT. MIDDLE CURVE SATURN 0CT9,72 083SUT. LOWER CURVE JUPITER OCT9.72 0302uT
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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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UPBER MIN .31977+01

NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8.1872 1B21UT, MIDOLE CURVE SATURN 0CTQ.72 0939UT.
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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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117

A

LOWER MIN .8B8431+01 MAX .1B018+02
A hil

I \ |
1A [T l

1>

——]

——
q.\_‘\
T
P——d
41
et
\»‘

L LT

%
] (11
|
y

ot
[m————
o1

L
]
-
S .
]
T

——}

=

i

V Y

. )4
\ il

——
[~

-1

\

R ' ‘

AVl \ \\I/
Y |

W 3 v
9740 95 9750 975% 9760 9765
MAVE NUMBER Cn-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 0OCT8,1972 1821UT, MIDDLE CURVE SATURN 0CT9.72 0939uT, LOWER CURVE JUPITER 0CT®,72 0302UT
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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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UPPER CURVE SUN 0CT®,1972 1821uT, MIDDLE CURVE SATURN 0CT9,72 0939UT, LOWER CURVE JUPITER 0CT9.72 0302VUT
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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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UPPER CURVE SUN 0CT@,!972 1821uT, MIDDLE CURVE SATURN 0CT9.72 0939UT. LOKER CURVE JUPITER 0CY9.72 0302yt
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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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UPPER CURVE SUN 0CTB8,1972 1821UT, MIDOLE CURVE SATURN 0CT9.72 Q838UT, LOWER CURVE JUPITER 0CT9.72 Dp3g2UT
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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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LOWER CURVE. JUPITER 0CT9.72 0302UT

MIDDLE CURVE SATURN 0CTS,72 0939UT.
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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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UPPER CURVE SUN 0CT8,1972 1821UT, MIDDLE CURVE SATURN OCTS9.72 0839UT, LOWER CURVE JUPITER OCT9,72 0302uY
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
a resolution of 0.5 cm1!.
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at

aresolution of 0.5 cm~1.
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UPPER CURVE SUN 0CTB,1872 1821UT. MIDDLE CURVE SATURN 0CT9.72 0939UT, LOWER CURVE JUPITER 0CT9,.72 0302VUT

UPPER MIN .21028+01 MAX .352909+01 MID MIN .38776+01 MAX .10537+02 LOWER MIN .50126+01 MAX .14100+02
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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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UPPER CURYE SUN OCT8,1972 1821UT, MIDOLE CURVE SATURN 0CT9,72 0933UT. LOWER CURVE JUPITER 0CT9,72 0302uT
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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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UPPER CURVE SUN 0CT8,1972 18R1UT, MIDDLE CURVE SATURN 0CT9,72 0939UT. LOKER CURVE JUPITER 0CT9,72 0302UT
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
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UPPER CURVE SUN 0CT8,1972 t82tut, MIDDLE CURVE SATURN 0CT9.72 0939UT, LOKER CURVE JUPITER 0CT9.72 0302UT
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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™1.
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UPPER CURVE SUN 0CY2,1@72 1e2iut RIDDLE CURVE SATURN 0CT9.72 093%UuT. LOKER CURVE JUPITER 0CT9.72 0302yt
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at
a resolution of 0.5 em™=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™1.
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UPPER CURVE SUN 0CT8,1972 1821UT, MIDDLE CURVE SATURN 0CT9,72 0939UT, LONER CURVE JUPITER 0CT9.72 0302Vt
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Figure 3 (continued).—Near-infrared spectra of Saturn, Ju‘p'rter, and the Sun compared at
' a resolution of 0.5 cm™1.
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UPPER CURVE SUN 0CT8,1972 1821UT, MIDOLE CURVE SATURN 0CT9,72 0939UT. LOWER CURVE JUPITER 0CT2.72 0302yT
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun bompared at
a resolution of 0.5 cm™1.
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UPPER CURVE SUN 0CTH,.1872 1821UT MIDDLE CURVE SATURN 0CT9,72 0933UT, LOWER CURVE JUPITER 0CT19,72 0302UT
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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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UPPER CURVE SUN 0CT8.1972 1821UT, MIDDLE CURVE SATURN 0CTS.72 0939UT. LOWER CURVE JUPITER 0CT9.72 0302UT
UPPER MIN-.19376+01 MAX 44337401 MIO MIN .14389+01 MAX .99580+0!

LOKER MIN .16989+01 MAX .16020+02
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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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UPPER CURVE SUN 0C78.1972 1821UT,

UPPER MIN-.97426+00 MAX .48729+01

NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS
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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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NEAR-INFRARED SI;ECTRA OF JUPITER, SATURN, AND URANUS

HWIDDLE CURVE SATURN 0CT9,72 0939UT.

MID MIN-.43542+00 MAX .11528+02
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LOKER CURVE JUPITER 0CT9.72 ¢302u7

LOWER MIN-.43586-01 HAX .14523+02

/

2

\ |

T

A 17
VA

|
|
{ ;
YT iR}
|
\

L

>
. "’——-“—_—F’__—_—‘
b —T

S —t— ]
—

AT

1]
4

IV EERYVAY T
7 |

T T

g

/‘/

e S

/
P e

/
/
|
[

/

X

10345 10350 10355 10360
T T \ T

10385
1 T Tt
WAVE NUMBER Cw-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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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 0CTB.1872 i521ur. MIDOLE CURVE SATURN 0CT9.72 0939uT. LOKER CURVE JURITER OCT9,72 0302U7
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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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UPPER CURVE SUN 0CT8,1972 1B21UT. MIDOLE CURVE SATURN 0CT9,72 0939UT, LOWER CURVE JUPITER 0CT9.72 0302UT

UPPER MIN-~.1B170+01 MAX .35762+01 ®ID MIN-.74269+00 MAX .13333+02 LOKER MIN-.45319+00 MAX .17559+02

| d 1A /.‘
{ T AL /A |
1/ AT Al TR
I T / LR T

A 1
: i
N T T 1
J

T \
W

A A e
]
LS
[—1—

.
——

~—a__]

T4

L A SRR
| AT I /[ N/ A,
/ W ) \ ~ | \
Ad/ /1T T T T 13

10435 10440 10445 10450 10455 10480
T T T T T T T T T T
HAVE NUMBER CHM-1

10430

Figure 3 (continued).—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 141

UPPER CURVE SUN 0CTB.1872 1821UT7, MIDDLE CURVE SATURN 0CTS,72 0939UT. LOKER CURVE JUPITER 0CT9,72 0302uT
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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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UPPER CURVE SUN 0CTB,1972 te2iur, MIDDLE CURVE SATURN 0CT9,72 0938UT, LOWER CURVE JUPITER 0CT9,72 0302UT
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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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CTB.1872 1821UT, MIDDLE CURVE SATURN 0CTg8.72 093QUT.
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LOWER CURVE JUPITER 0CT9.72 0302UT

LOWER MIN-.54968+00 MAX .is546+02
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at

a resolution of 0.5 ¢m~1.
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UPPER CURVE SUN oCTE.1972 1821UT, MIDDLE CURVE SATURN 0CT9,72 0939uT, LOWER CURVE JUPITER OCT®,72 g9302ut
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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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UPPER CURVE SUN 0CT®.1972 ta2tut, MIDOLE CURVE SATURN 0CT9.72 0939UT, LOWER CURVE JUPITER OCT9.72 q302uT
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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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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

UPPER CURVE SUN 0CT8.1972 1s821uT, MIDDLE CURVE SATURN 0CT9,72 09389UT. LOWER CURVE JUPITER 0CT9,.72 0302UT

UPPER MIN-.%48447+00 MAX .30020+0!
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Figure 3 (continued).—Near-infrared spectra of Saturn, Jupiter, and the Sun compared at

a resolution of 0.5 em™~1.
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UPPER CURVE SUN 0CTB.1872 1e2iut, MIDDLE CURVE SATURN 0CT®.72 0939UT, LOWER CURVE JUPITER 0CT9.72 0302uT
MID MIN-.18613+00 HAX .11544%+02 LOWER MIN-.28637¢00 HMAX .71218+01
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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
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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 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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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 em™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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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.



UPPER MIN ,00000

RATID CURVES,

UPPER. . . SATURN/SUN,

HAX .83713+00

NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS

MID MIN .000D0

MIDDLE. .. .JUPITER/SUN,

HAX .260%8+0)

LOWER. ... JUPLTER/SATURN

LOH MIN .00000

MAX .78903+01

167

"‘.

mh A \
1 !
s A
T N il i
\ Y
h
1
\,
) |
\
T 1 RIS T
T i Y e / e

[~~~

!

——

i

VRN

|V 4

- I

3

8727.9
TT

T

8735
¥ T T T
WAYE NUMBER CHM-1

T

8750
n

T

6757.9%
T T

_1-

TT

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

T

8785



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

RATIO CURVES., UPPER...SATURN/SUN. MIDDLE...JUPITER/SUN, LOKWER. ... JUPITER/SATURN
UPPER MIN .00000 MAX .85727+00 MID MIN .0000D MAX .2754%0+01 LOW MIN .00000 MAX .78169+01

&
i e B

—
o=

R VIR EERA AT
, i NCAR v

AL / | .
_ —_ = ,.LL-=~ - ’ A,
§76% 6772.5 6780 6787.5 6795 8802.5 6810

T T T T Yy T TT T T T ‘1 T 1T 177 ©T°¢ T TT T
HAVE NUMBER CNM-1

o -

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™!.
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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 em 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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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
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Figure 4 (continued).—Ratio plots of Saturn and the Sun, Jupiter and the Sun, and
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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 em~ 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 em™ 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.



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

RATIO CURVES, UPPER...SATURN/SUN, MIDOLE .. . JUPTTER/SUN. LOMER. ... JUPITER/SATURN

UPPER MIN .00000 MAX . 31372+01 MID MIN .00000 MAX .25305+02 LOK MIN .46978+01 MAX .14564+02

P

-

o

AT Y Y7 AYANILIVVEA
P :

—

4;‘"
D>
>

;:)/‘
P>
=
m——

ol
[

™~
e
[~y
Sr—
D
——
>
.
o—

AT AN IR AV I
{ﬁ?

| A
| |
ﬁ \ A[ bl I A LA | \
., IR\ JARWANIAVN ™ M | 1
&BEWRY LV AREVA il
AR LY VAV 1‘

T T T T T
HAVE NUMBER CHM-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~!.
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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™!,
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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™!,
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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™!.
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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 em~1.



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

RATIO CURVES, UPPER...SATURN/SUN, MIDDLE...JUPITER/SUN. LOWER. ... JUPITER/SATURN

UPPER MIN .79862+00 MAX .18911+01 MID MIN .7%103+01 MAX .17516+02 LOW MIN .B7845+01 MAX .1127%02

f

|

A i 1

/ LRIl RV EIA
[k
]
|

| gt

b
et
-
A————1""]
F———3~— N

/'ﬂj;
—_—
>
-’—“_—.-"
——

|

|
B
‘ \.

\\
<
-
rd
4T T
-<\4\’

Vil
1 V k *4

1 .
—e
<]

-
]

=3
— g

| \
A N1 WL | { N \,
Uit | TATRET 1L A i Il v
VAL T YN TARNT YU AMWA A AL T ]
T , SRR {”“ \VU VA ‘J[ V,q IV f

=

- 1 \
| TV
Vi N
7 v LY 4
n i YT /

95640 9567.5 9575 9582.5 : 9590 9597.5 - 9605 '

-5 -
B s S S
—

HAVE NUMBER CM-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™!.
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Figure 4 (continued).—Ratio plots of Saturn and the Sun, Jupiter and the Sun, and
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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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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 resolutjon of 0.5 em™1L,
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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 em-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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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
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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™!.
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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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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 em~l.
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Figure 4 (contini:ed).——Ratio plots of Saturn and the Sun, Jupiter and the Sun, and

Jupiter and Saturn spectra compared at a resolution of 0.5 cm™!.
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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 em~t,
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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 em™1,
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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™1.
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