1

»

Communications of the

LUNAR AND PLANETARY

- LABORATORY

Communications Nos. 163—165

2 £ 7
# 5/

o4 B (~
1ACCESSION NUMBER) (THRU)

(PAGES) W_

FACILITY FORM 602

/. - Jef &/«
g - . i ;
(NASA CROR THX CR AD NUMBER) (CATEGORY)

Srranret o b ST Volume 9 Part 2

~ THE UNIVERSITY OF ARIZONA

g — QO O0F/




Communications of the

LUNAR AND PLANETARY
LABORATORY

Communications Nos. 163—-165

Volume 9 Part 2

THE UNIVERSITY OF ARIZONA

1969




Communications of the Lunar and Planetary Laboratory

These Communications contain the shorter publications and reports by the staff of the
Lunar and Planetary Laboratory. They may be either original contributions, reprints of articles
published in professional journals, preliminary reports, or announcements. Tabular material
too bulky or specialized for regular journals is included if future use of such material appears
to warrant it. The Communications are issued as separate numbers, but they are paged and
indexed by volumes.

The Communications are mailed to observatories and to laboratories known to be engaged
in planetary, interplanetary or geophysical research in exchange for their reports and publica-

tions. The University of Arizona Press can supply at cost copies to other libraries and interested
persons.

The University of Arizona GERARD P. KUIPER, Director
Tucson, Arizona Lunar and Planetary Laboratory

Editor, G. P. Kuiper; Assistant Editor, Barbara Vigil;
Associate Editor, W. K. Hartmann.

Published with the support of the National Aeronautics and Space Administration, and Univer-
sity of Arizona Institutional Grant.

Library of Congress Number 62-63619




No. 163 ARIZONA-NASA ATLAS OF THE INFRARED SOLAR SPECTRUM,
REPORT VII

by L. A.BlIL, G. P. KUIPER, AND D. P. CRUIKSHANK
July 1, 1969

ABSTRACT

This paper is a continuation of Comm. LPL 161, covering the interval A\ 17731-21492 A. For purposes of identification
a laboratory spectrum of the 1.8 u water-vapor band is given and Courtoy’s CO. spectrum is reproduced for the interval

A\ 19374-20930 A,

he present Report continues the record of the

solar spectrum beyond A 17731 A, the wave-
length limit of Comm. LPL No. 161. Nearly half of
the spectral interval here covered is reproduced in
duplicate runs, as may be seen from Table 1 which
records the observing data in the form used before.
The tracings were obtained on 4 days, July 17-19
and August 1, 1968. The last part of the July 17
flight was disturbed by unusually strong aircraft
vibrations due to severe air turbulence. As a result,
the record obtained, given in Figs. 1a, ¢ (parts of
Chart 33) is of low quality. Fig. 10, a duplicate run
of Fig. 2 (Chart 34), is similarly disturbed and will
not be included in the final Atlas (no Chart No.
assigned here). As before we have added the match-
ing parts of the Michigan Photometric Atlas of the
Near-Infrared Solar Spectrum N 8465— X 25242,
Figs. IM-9M.
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Two laboratory spectra of the 1.8 u water-vapor
band, taken in the Lunar and Planetary Laboratory,
were used in distinguishing water-vapor absorptions
from solar absorptions. One of the spectra was taken
by using the absorptions at ambient air inside and
outside ‘the 4-m spectrometer; the other one was
taken with the 4-m spectrometer being flushed with
dry nitrogen. The latter matches the amount of
water-vapor absorptions in the solar spectrum more
closely, so that we reproduced this record (Figs. 11c,
d, 12, 13a, b, ¢) for the central part of the band. In
the wings of the band, the absorptions in this spec-
trum become less clear, due to pressure broadening.
Therefore, we reproduced the stronger of the two
lIaboratory spectra for this region (Figs. 11a, b, and
13d).

The identification of the numerous CO, bands
in this part of the spectrum is almost entirely based
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on Courtoy’s Spectre Infrarouge a Grande Dispersion
et Constantes Moleculaires du CO,. With the kind
permission of Dr. Courtoy we reproduce his absorp-
tion spectra for ready reference in Figs. 14-16.

In Figs. 1, 2, 3a, ¢ (Charts 33, 34, 35a, c¢) the
Corning 2540 filter was used beyond 1.8 u, with a
second-order leak resulting. The calculated zero
intensity line for the first-order spectrum is shown
by dashed lines. The second-order absorption lines
shown are indicated with a double dot above the
spectral trace. As before, a single dot above the
trace indicates a water-vapor absorption; a triangle,
a methane absorption; and a short vertical line, a
CO, absorption. Where several CO. bands occur in
the same region, we have tried to separate them by
using vertical lines at different levels.

The wavelength scale was again based on
Mohler’s Table of Solar Spectrum Wavelengths
11984 A to 25578 A. The wavelength scale of the
laboratory water-vapor spectrum was adapted from
that of the solar records through the assistance of
Mr. D. C. Benner.

The water-vapor absorptions in the spectrometer
during the flights are not negligible. For an evaluation
of the contribution of the spectrometer absorption,
see Comm. LPL 160.

The solar spectra were obtained in the NASA
CV-990 by Messrs. Kuiper and Cruikshank. The
derivation of the wavelength scale and the identifica-
tions were all performed by Mr. Bijl, who also
obtained the laboratory spectra of the 1.8 u H.O
band; and prepared the charts for publication.
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REFERENCES

Courtoy, C. P. 1959, “Spectre Infrarouge a Grande
Dispersion et Constantes Moleculaires du CO,,”
Ann. Soc. Sci. Bruxelles, Séries 1, Tome 73, pp.
5-230.

Mohler, O. C., Pierce, A. K., McMath, R. R, and
Goldberg, L. 1950, Photometric Atlas of the
Near Infrared Solar Spectrum X 8465 to L 25242,
Ann Arbor.

Mohler, O. C. 1955, A Table of Solar Spectrum
Wavelengths, 11984 A to 25578 A, Ann Arbor.




INFRARED SOLAR SPECTRUM 67
SOLAR SPECTRUM RECORDS, 4-M SPECTROMETER, NASA CV-990 JET
600 1/mm GRATING, DETECTOR 0.1 mm, 7 = 0.12 seC., FILTER 1 g, JUL. 17,19; 1.8 &, JUL. 18, Auc. 1
OUTSIDE  CABIN GRATING
1968 ALT. TEMP. ALT, Suit BLAZE

FIG. CHART A (A) DATE uT (FT.) °C) (¥1.) GAIN (MM) (»)
1 33 a 17731-17886 July 17 20:18 39,000 -52 8500 5-2 0.10 1.6
b 17731-17886 July 19 20:31 39,000 —53 8500 5-3 0.08 1.6
c 17886-18044 July 17 20:21 39,000 -52 8500 52 0.10 1.6
d 17886-18044 July 19 20:33/19:59 39,000 -53 8500 5-3 0.08 1.6
2 34 a 18044-18195 July 19 20:02 39,000 -53 8500 5-3 0.08 1.6
b 18195-18340 July 19 20:05 39,000 -53 8500 5-3 0.08 1.6
c 1834018492 July 19 20:08 39,000 -53 8500 5-3 0.08 1.6
d 18492-18644 July 19 20:11 39,000 -53 8500 5-3 0.08 1.6
3 35 a 18644-18800 July 19 20:14 39,000 -53 8500 5-3 0.08 1.6
b 1864418800 July 18 19:00 39,000 -56 8500 5-5 0.09 1.6
c 18800-18961 July 19 20:18 39,000 -53 8500 5-3 0.08 1.6
d 18800-18962 July 18 19:03 39,000 -56 8500 5-5/5-4 0.09 1.6
4 36 a 18962-19115 July 18 19:06 39,000 -56 8500 5-4 0.09 1.6
b 19115-19262 July 18 19:09 39,000 -56 8500 5-4/5-3 0.09 1.6
c 19262-19413 July 18 19:12 39,000 -56 8500 5-3 0.09 1.6
d 19413-19565 July 18 19:15 39,000 -56 8500 5-3 0.09 1.6
5 37 a 19565-19710 July 18 19:19 39,000 -56 8500 5-3 0.09 1.6
b 19710-19859 July 18 19:22 39,000 -56 8500 5-3 0.09 1.6
c 1985920009 July 18 19:25 39,000 -56 8500 5-3 0.09 1.6
d 2000920156 July 18 19:28 39,000 -56 8500 5-3/5-4 0.09 1.6
6 38 a 2015620300 July 18 19:31 39,000 -56 8500 5-4 0.09 1.6
b 20300-20448 July 18 19:34 39,000 -56 8500 54 0.09 1.6
c 20448-20600 July 18 19:37 39,000 ~56 8500 5-4 0.09 1.6
d 2044820600 Aug. 1 19:51 41,500 -59 9300 5-2 0.12 2.5
7 39 a 2060020749 July 18 19:40 39,000 -56 8500 5-4 0.09 1.6
b 20600-20749 Aug. 1 19:55 41,500 -59 9300 5-2 0.12 2.5
c 20749-20901 July 18 19:44 39,000 ~56 8500 5-4 0.09 1.6
d 20749-20901 Aug. 1 19:58 41,500 -59 9300 5-2 0.12 2.5
8 40 a 20901-21050 July 18 19:48 39,000 -56 8500 54 0.09 1.6
b 2090121050 Aug. 1 20:01 41,500 -59 9300 5-2/5-3 0.12 2.5
c 2105021194 July 18 19:51 39,000 -56 8500 5-4 0.09 1.6
d 2105021194 Aug. 1 20:04 41,500 -59 9300 5-3 0.12 2.5
9 41 a 2119421345 July 18 19:55 39,000 -56 8500 5-4 0.09 1.6
b 2119421345 Aug. 1 20:08 41,500 -59 9300 5-3 0.12 2.5
c 21345-21492 July 18 19:58 39,000 -56 8500 54 0.09 1.6
d 21345-21492 Aug. 1 20:11 41,500 -59 9300 5-3 0.12 2.5
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Fig. 14 Courtoy’s laboratory spectrum of CO,, natural isotopic mixture. Scale in wavenumbers. Arrows give chart number
of corresponding part of solar spectrum. (Reproduced with permission)
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ABSTRACT

In this paper we reproduce the solar spectrum A\ 21492-25583 A, as obtained from the NASA CV-990 Jet at high
altitude. The paper is a continuation of Comm. LPL Nos. 161 and 163. Included are laboratory spectra of the 2.20, 2.32,
and 2.37 x bands of methane and of the wings of the water-vapor bands at 2.7 u. The 8-6 and 9-7 solar CO bands are found

to be present in the spectra.

he solar records reproduced in this paper were

obtained on high-altitude flights with the NASA
CV-990 Jet, using the LPL 4-m spectrometer with
a 600 1/mm grating. They are a continuation of the
records in Comm. LPL 161 and 163. Observing
data are listed in Table 1. The upper wavelength
limit in this report was chosen near A 25578 A, the
upper limit of Mohler’s Table (1955), which was
used in the identification of the lines in the solar spec-
trum and the construction of the wavelength scale.
Additionally, near the end of the T'able, we consulted
the measurements by Plyler and Tidwell (1957) and
the line parameters for water vapor at 2.7 u by Gates
etal. (1964) . For the conversion of wave numbers to
wavelengths, we used Coleman’s Table of Wave-
numbers (NBS 1960). As before, we have included
the matching parts of the Michigan A#as (1950).

93

In order to be able to separate the methane
absorptions from solar absorptions, we obtained
laboratory spectra of the 2.20, 2.32, and 2.37 p
methane bands. To this end, we placed a 10-cm cell
in the beam between the light source and entrance
slit of the 4-m spectrometer. For the spectra repro-
duced here (Figs. 10-14), the cell was filled with
methane to a pressure of about 4.8 cm Hg, corre-
sponding to 6.3 mm atm. of methane in the path.
The 4-m spectrometer was not flushed with dry nitro-
gen, so that some water-vapor absorptions appear
in Fig. 14.

Further included is a laboratory spectrum for
the wings of the H.O bands at 2.7 u. Because of
high humidity in the laboratory, we were unable to
reduce the absorptions below the intensities shown
(Fig. 15~17), even though the 4-m spectrometer
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was flushed with dry nitrogen and the light path out-
side the spectrometer was relatively short.

In his Table Mohler gives the line positions of
many of the lines in the 2-0, 3-1, 4-2, 53, 64,
7-5 solar CO bands. Because of the low telluric
absorptions in our spectra, these CO bands are
shown more completely here. Positions of lines not
listed in Mohler’s Table were interpolated or calcu-
lated from the constants for the CO molecule, as
given by Goldberg and Miiller (1953). In our spec-
tra we also found the 8-6 and 9-7 solar CO bands
present, not observed before, of which the positive
branch is complete from J = 22 to J = 54, so that
the bandheads at A 24781 A and x 25116 A are
easily recognized. The CO lines are marked with
asterisks above the spectral traces. All CO lines re-
corded are believed to be solar, not telluric, except
possibly for lines of the 2-0 CO band with low rota-
tional quantum numbers, which might be telluric
in part, though this is not considered likely, in view
of the extremely low telluric CO abundance and
the high altitude at which the solar spectra were
taken.

As before, a dot above the spectral trace indi-
cates a water-vapor absorption; a triangle, a methane
absorption. A symbol placed in parentheses indicates
that the absorption line is considered only partly
telluric.

The water-vapor absorptions in the spectrometer
during the flights are not negligible. For an evalua-
tion of their contribution, see Comm. LPL 160.

The solar spectra were obtained in the NASA
CV-990 by Messrs. Kuiper and Cruikshank. The
derivation of the wavelength scale and the identifica-
tions were performed by Mr. Bijl, who also obtained
the laboratory spectra of the 2.20, 2.32, and 2.37 u
bands of methane and the 2.7 w bands of H-O; he
further prepared all charts for publication.
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SOLAR SPECTRUM RECORDS, 4-M SPECTROMETER NASA CV-990 JET
600 1/mm GRATING; GRATING BLAZE, 1.6 »,JUL. 18, 19; 2.5 p, AUG. 1; DETECTOR 0.10 MM
7 =0.12 SEC., FILTER 1.8 o

95

1968 ALT. OUTSIDE CABIN SLiT

FieG. CHART DATE uT (¥1) TeEMP. (°C) ALT. (FT) GAIN (MM)
1. 42 a 21492-21639 Aug. 1 20:14 41,800 —58 9300 5-3 0.12
b 21639-21787 Aug. 1 20:18 41,800 —58 9300 5-3 0.12

c 21787-21931 Aug. 1 20:21 41,800 —58 9300 5-3 0.12

d 21931-22075 Aug. 1 20:24 41,800 —58 9300 5-3 0.12

2. 43 a 22075-22223 Aug. 1 20:28 41,800 58 9300 5-3 0.12
b 22223-22367 Aug. 1 20:31 41,800 —58 9300 5-3 0.12

[ 2236722509 Aug. 1 20:34 41,800 —58 9300 5-3 0.12

d 22509--22653 Aug. 1 20:38 41,800 —57 9300 5-3 0.12

3. 44 a 22653-22798 Aug., 1 20:41 41,800 —56 9300 5-3 0.12
b 22798--22940 Aug. 1 20:45 41,800 —55 9300 5-3 0.12

c 22940-23073 Aug. 1 20:48 41,800 —55 9300 5-3 0.12

d 22940-23073 Jul. 18 20:03 39,000 —54 8500 5-6 0.09

4. 45 a 23073-23204 Aug. 1 20:51 41,800 —54 9300 5-3 0.12
b 23073-23204 Jul. 18 20:06 39,000 —54 8500 5-6 0.09

[ 23204-23333 Jul, 18 20:09 39,000 —54 8500 5-6 0.09

d 2320423271 Aug, 1 20:54 41,800 —55 9300 5-3 0.12

S. 46 a 23333-23465 Jul. 18 20:13 39,000 —54 8500 5-6 0.09
b 23465-~23594 Jul. 18 20:16 39,000 —54 8500 5-6 0.09

c 23594-23731 Jul. 18 20:19 35,000 - —~54 8500 5-6 0.09

d 23594--23731 Jul. 19 18:13 39,000 -53 8500 5-4 0.18

6. 47 a 23731-23871 Jul. 19 18:17 39,000 —53 8500 54 0.18
b 23871--24007 Jul. 19 18:21 39,000 —53 8500 5-4 0.18

[ 2400724140 Jul. 19 18:24 39,000 —53 8500 5-4 0.18

d 2414024276 Jul. 19 18:27 39,000 —53 8500 5-4/5-5 0.18

7. 48 a 2427624413 Jul. 19 18:31 39,000 —53 8500 5-5 0.18
b 2441324543 Jul. 19 18:34 39,000 —53 8500 5-5 0.18

c 24543-24680 Jul. 19 18:37 39,000 —53 8500 5-5 0.18

d 2468024813 Jul. 19 18:41 35,000 —53 8500 5-5 0.18

8. 49 a 24813--24942 Jul. 19 18:44 39,000 —53 8500 5-5 0.18
b 2494225072 Jul. 19 18:47 39,000 —53 8500 5-5 0.18

c 2507225202 Jul. 19 18:51 35,000 --53 8500 5-5/5-6 0.18

d 2520225324 Jul. 19 18:54 39,000 —53 8500 5-6 0.18

9. 50 a 25324-25456 Jul. 19 18:57 39,000 —53 8500 5-6 0.18
b 25456-25583 Jul. 19 19:01 39,000 —53 8500 5-6 0.18
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by L. A. By, G. P. Kuiper anp D. P. CRUIKSHANK
August 25, 1969

ABSTRACT

In this paper we give the solar spectrum A\ 25583-30920 A as obtained from the NASA CV-990 Jet. A laboratory
spectrum of the 2.7 ¢ H,O bands is included; Courtoy’s laboratory spectrum of the 2.7 g CO: bands is given.

In the summer of 1968 two LPL spectrometers
recorded the solar spectrum from the NASA CV
990 Jet at high altitude. This paper concludes the
preliminary reports on the solar spectrum as obtained
with the LPL 4-m spectrometer. Previous reports
were published as Comm. LPL Nos. 123, 124, 160,
161, 163, 164. The present report gives the solar
spectrum Ax 25583-30920 A; in a great part of the
interval duplicate runs were available. The observ-
ing data are listed in Table I, pp. 142-43.

The wavelength scale is based on the wave-
lengths of water vapor lines as given by Plyler and
Tidwell (1957) and by Gates et al. (1964); the wave-
lengths of CO, lines as given by Courtoy (1959);
the wavelengths of N,O as given by Tidwell, Plyler
and Benedict (1960). For the conversion of wave-
numbers to wavelengths, Coleman’s Table of Wave-
numbers (NBS 1960) was used. Inaccuracy in the
wavelength scale is caused by a periodic and a small
random error in the dispersion, and by small incon-

*Jdentification of solar lines on these charts were obtained
from Migeotte, et al (1956).

121

sistencies in the above mentioned sources of wave-
lengths. The wavelength scale of Figs. 18—20 (Charts
67-69) had to be interpolated between the few water
vapor absorptions, of which the wavelengths were
taken from Gates et al. (1964).* The positions of
solar CO lines were calculated from the constants
given by Goldberg and Miiller (1953). The CO lines
are indicated with an asterisk above the spectral
traces. Atmospheric absorptions by H.0O, N»O, and
CO: are indicated by a dot, the symbol<-, and a ver-
tical line, respectively, all above the spectral trace.
We tried to separate the several CO; bands in this
region by placing the vertical lines at different levels
and giving them a different appearance. In doing this
we consulted Courtoy’s spectrum of COs, herein re-
produced in Figs. 29 and 30.

Several runs of the water vapor spectrum at 2.7 p
were made, with different amounts of gas. In Figs.
21-28 we reproduce a spectrum with medium-strong
absorptions. It shows the weak lines while the strong
lines are saturated and their fine structure is not
visible, contrary to the solar spectra. Some unidenti-
fied lines in the solar spectra may still be telluric.
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The solar spectra were obtained in the NASA
CV-990 by Messrs. Kuiper and Cruikshank. The
derivation of the wavelength scale and the identifica-
tions were all performed by Mi. Bijl, who also ob-
tained the laboratory spectra of the 2.7 u H.O bands
and prepared the charts for publication.
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Fig.29 Laboratory spectrum of CO. by C. P. Courtoy. Scales in wavenumbers. Arrows indicate corresponding parts of solar
records. (Reproduced with permission).
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Fig.30 Laboratory spectrum of CO: by C. P. Courtoy. Scales in wavenumbers. Arrows indicate corresponding parts of solar
records. (Reproduced with permission).
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