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N>.94 SOLAR COMPARISON SPECTRA, 1.0—254, FROM ALTITUDES 1.5—12.5km

by G. P. KUipPER AND D. L. STEINMETZ
August 10, 1967

ABSTRACT

Infrared spectra of planets and stars taken from aircraft require solar calibrations showing the telluric <pectrum in its
dependence on the altitude of observation. In addition, since numerous solar lines are present as well, the blending of these
with the telluric spectrum must be known in the analysis of the planetary spectra. The latter contain the same blends, in
turn superposed on the absorption spectrum of the planetary atmosphere. This paper reproduces the solar spectra obtained
on June 23, 1967, with the NASA 990 Jet and the Block interferometer. the same equipment used in the obseryaiion of
Venus and Mars. The records were made from various altitudes; the increment is S000 ft (1.5 kia) up to 35,060 ft, with
1000 ft (0.3 km, increments near the ceiling altitude of 41,000 ft (12.5 km). Attention is called to the remaikabl: internal
agreement of the records testifying to the excellent performance of the Blochk interferometer.

hile the normal procedure of observing plane-

tary spectra from the NASA. CV 99y Jet has
been to include lunar calibration spectra with the
pianetary spectral runs, it was, nevertheless, felt that
direct solar observations from different altitudes
would prove indispensable. The sunlight was ob-
served through the borosilicate crown window, 12 X
14 in. in size, moved frcin its normai positior, in
the 65° window port, to onc of the ceiling ports
of the aircraft. The sunlight fell on a screen freshly
coated with magnesium oxide, and the interferometer
was pointed directly at the MgO screen without inter-
vening telescope. Because of the gradually decreas-
ing reflectivity of MgO beyond 2.0 p and because
of the absence of the four reflecting surfaces used
in the planetary obsecrvations (heliostat, two alumi-
nized telescope mirrors and a 90° mirror near the
focus). the distribution of the continnum in the solar
spectra is not strictly compatable with that of the
planctary and iunar observaions published elsc-
where in this series. The differences will not be
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large, however, and of no consequence for the pur-
poses of this study, which is 10 provide high precision
records of the solar and telluric absorption features
with the precise resolution used in the planetary
spectra. The times of observation are found in Table
I together with the geographic longitude and lati-
wde of the aircraft, the hour anglc of the sun and its
altitude above the horizon, the zenith distance, the
air mass, and the outside temperature. The observa-
tions were conducted by Mr. Steinmetz alone; the
analysis of the spectra shown in the figures was made
by Dr. Kuiper. The records were made on magnetic
tape, as usual* th~ interferograms were co-added by
Mr. 1. Coleman at Block Associates who also per-
formed the computation of the spectra and the
machine plotting of the results. We are deeply
indebted to Mr. Coleman for his interest and com-
petent handling of this phase of the operations.
The figurcs nherewi-.: reproduced show, without
any retouching whatever. the original spectial traces.
We have addcd singie dashes denoiing solar line
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TABLE 1
NASA CV 990 So1ar FrioHt, Juxe 23, 1967

Atl

(1000

Fr) LT [one. Lt Hg)

s 18h42m 2] 40 37 70  1h26m

10 18 S1 120,65 3R.00 1 14
18 1900 119.55 3845 100
25 1909 'IR.30 3R.90 O 46
0 1919 116,90 39.40 0O 31
35 19 35 116.45 40.05 —
38 1944 11795 30.00 —
39 19 50 [118.80 40.00 —
40 19 58 119.90 39.99 —
41 2004 12078 3985 —
25 2026 123.55 315 010
20 235 12295 3R.25 021
15 20 44 122,50 37.50 032

absorptions, with the members of the Pascher and
Bracket scries identified. Nearly all of the remaining
dentifications may be taken from “An Atlas of the
Infrared solar Spectrum from 1 to 6.5 u Observed
from a High-Altitude Aircraft.” by J. T. Houghton.
N. D. P. Hughes T. S. Moss. and J. S. Seeley. 1961
(Phil. Trans. Roy. Soc. London, 254. 47-123).
The series of solar spectra demonstrates very
graphically the tremendous importance of spectral
observation in the infrared from altitudes above
40,000 ft (12 km). The spectra taken at 5000 and
10.000 ft (1.5 and 3.0 km) may be regarded as
typical for what can be done from a mountain obser-
vatory undecr average and excellent conditions.
respectively. The spectrum taken at 15.000 ft repre-
sents what has been achieved at the mountain obser-
vatories in the southwestern United States during
the -oldest parts of winter. after an invasion of an
Arcu. iir mass. Even this condition is very far from
achieving the almost complete absence of water-
vapor absorptions around 40.000 ft (12 km). At
the same time. of course. the CO. absorptions are
greatly reduced. The spectra also demonstrate, as
had been anticipated from the moisture profile in the
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Ouising A1t
Testp (1000 Fro
Allg Y St 2y C Fr) No.
66744 239167 1.ON9 — — 1
63 49 21 11 1072 411 — i
70 17 19 43 1062 402 —
71 31 18 29 1084 22 — —
72342 17 17 1.047 32 S 3
7310 16 S0 1045 48 8 3
7316 16 44 1044 -S4 B 3
7322 16 R L0 —S3 X 4
7329 16 31 1043 54 9 4
T334 1626 1043 51 9 4
74 02 1S S8 100 25 6K 2
7500 1500 1035 —02 — 2
74 22 (S 38 103 <0f I 2

atmosphere discussed clsewhere in this serics. that
no appreciable further gains can be expected by go-
ing still higher. This conclusion is not expected to
hold for the hcaviest absorptions of water vapor at
still longer wavelengths nor for the strongest absorp-
tions of CO., CH,. and N.O at longer wavelengths.
This may be secn from the atlas by Houghton. et al.
referred to above.

A quantitative :eview of the telluric H.O absorp-
tions shown by the records will be published clse-
where.
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