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ABSTRACT
Spectra of the planet Mars obtained from the 82" telescope of the McDonald Observatory are presented for the interval

1-2.5/1 together with lunar comparisons and a limited set of laboratory calibrations. A full discussion of the CO., content
of the Martian atmosphere and the surface pressure is given in the following two Communications. In this paper the IR
spectra are examined for the presence of constituents other than CO., (CO. CH4, NH:t, H..S, NO. N.,0, HCHO, and COS),
and for the presence of isotopic bands of C02. The O18 isotopic band at \ 2.15/* is definitely present" in the Martian spectra
and allows a provisional determination of the 0I8/016 ratio relative to the Earth. The evidence is strong, though not yet
conclusive, that this ratio is larger on Mars than on the Earth. The other gases listed are all below the threshold of detec
tion, with the upper limits found given in the text. The Martian spectral intensities are also expressed in terms of those
derived for the Moon; the ratio spectra so obtained for Mars are summarized in Figure 25. In the introductory parts of
the paper a discussion is given of the types of atmospheric particles detected in the Martian atmosphere and the informa
tion that may be derived therefrom. A rough value of the atmospheric pressure 10-20 mb is thus derived.

1. The Martian Atmosphere

T1 he presence of a Martian atmosphere is shownby several well-known phenomena among which
are: The variable and often local obscuration of sur
face detail; the variable appearance of the limb, in
cluding the occasional presence of clouds; the pres
ence and seasonal variations of the polar caps and
associated cloud phenomena; the occasional occur
rence of white clouds and of yellow dust storms on
the disk; the general veil observed in blue and ultra
violet light; and irregular polarization changes, cor
related with the presence of varying haze. Two gases,
COo and Hl.O, have been detected spectroscopically.

The density of this atmosphere has been uncer
tain. It has been widely held that a fair estimate was
at hand from the interpretation of visual polarization
measurements, notably by A. Dollfus. On the basis
of all published data, de Vaucouleurs (1954, p. 125)
concluded that the atmospheric surface pressure is
64 ± 3 mm or 85 ± 4 millibars (corresponding to
an atmospheric mass of 0.20 terrestrial atmospheres
or 1.6 x 105 cm NPT). Dollfus (1961, p. 387)
similarly concluded that the pressure is near 90 milli
bars. This result, by the nature of its derivation, must
actually be an upper limit. The violet layer that at
all times surrounds the planet has been interpreted
as due to particles because of its variable opacity

* Paper presented in outline at NASA Conference, Washington, D.C., October 1-2, 1963. The IR spectra were reviewed
at the Liege Conference on Astrophysics, June 24-26, 1963 (Kuiper 1963).
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Fig. 5. Moon comparison for Figure 4, 0.75-0.96 fi, February 8, 1963; T = 52° F, H = 0.34, Dec. + 17?1, H.A. l1^"1-
1"52"> W, air mass 1.13, Cell S-l, grating 1.0 m, RG 8 filter, slits 0.25 mm, scan 12.5/0.5, t = 1.0 sec.

6. Gases Other Than Cl2OS6
The A 0.87 /a band observed at Mt. Wilson allows

a determination of the Martian COo abundance; this
subject is treated by Mr. Owen in Comm. No. 33
on the basis of two new calibrations. The spectra
here reproduced allow, upon calibration, a determi
nation of the atmospheric pressure and an estimate
of the total quantity of constituents other than C02
(Comm. No. 32 by Owen and Kuiper). There remains
to examine direct spectral evidence for both con
stituents other than COL» and isotopic bands.

Only one C02 isotopic band is distinctly visible,
a 2.15 p. of C,2016018 (Figures 17 and 19). The
boundaries at 2.14 and 2.18 p. shown in Figure 17
were taken from the much stronger Venus absorp
tion (Comm. No. 15). The profile is disturbed by
the solar hydrogen line B7 whose equivalent width
was found to be 1.8A from the records of the Michi
gan Atlas and 3A from Figure 18. With allowance
for B7 the equivalent width of the 2.15 p, COo band

in Mars was from Figure 17 found to be 6.9 ± 1A.
Laboratory calibrations were made at p = 6 cm

and 12 cm, with path lengths 180, 360, 720, and
1440 meters. Two of the spectra are reproduced in
Figure 22. The measured equivalent widths are
listed in Table 5; each entry is based on two or three
spectra.

TABLE 5
Equivalent Widths in A of X 2.15 m (C,2016018)

Pathlenoth p = 6 cm P = 12 cm
180 4.8
360 3.7 9.4
720 6.2 14.4

1440 8.65 22.5

The measures of Table 5 are plotted logarithmi
cally in Figure 23a. The abscissae are the products
of the abundance w (in meter-atm) and pressure p
(in cm Hg); the ordinates are the equivalent widths
(EW) in A. The measures are well represented by
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