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ABSTRACT

The spectra of Mars obtained in the 1-2.5 u region (Communications No. 31) are calibrated with the aid of laboratory
spectra of pure CO, as well as mixtures of CO, with N, and Ar. Pathlengths up to 3.6 km are used and pressures down to
4 mm. With the aid of the total CO, content reviewed in Comm. No. 33, based on the Mt. Wilson spectrum, preliminary
values are derived for the pressure in the Martian atmosphere and the total amount of gases other than CO,. The values
obtained are 17 = 3 mb (13 mm Hg) and (N, + Ar)/ CO, = 6. Arguments are given indicating that the Ar/N, ratio is prob-
ably similar to that for the Earth atmosphere (= 10-2) and that the O, content is probably <7 cm atm.

1. Introduction

This paper contains the laboratory calibrations
that have been made for the Mars spectra pub-
lished in Communications No. 31, using the maxi-
mum range of available pathlengths and an appropri-
ate range of pressures. The program assumed its
present form during the NASA conference on the
Mars atmosphere, October 1-2, 1963, when the au-
thors noted that with the total CO. content found
from weak bands, both the atmospheric pressure and
the abundance of any other major constituent, such
as N, could be determined empirically from measure-
ments on the 1.6 u CO. bands. As one of us (GPK)
stated at this Conference, this is so because the band
strength is a function of (1) CO. abundance, (2)
admixture of N or Ar or both, and (3) pressure; and,
further, because there are three equations relating
these three unknowns: (1) the CO. abundance found
from weak bands, (2) the observed strength of the
1.6 p bands, and (3) the computed weight or pres-
sure of the atmospheric column, the surface gravity
on Mars being known.
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A completely empirical determination of the
pressure effects in the gas mixtures is still not quite
possible, however, because it would require a path-
length twice the scale height of the Martian atmos-
phere, or some 40 km. The pathlengths reached
here are only about 0.1 of this. While they suffice
to give a reasonably precise answer, improvements
are desirable and being executed by increasing the
available laboratory pathlength to at least 8 km.

2. The Laboratory Program

The spectra were obtained with the same spec-
trometer (described in Comm. No. 16) used for
obtaining the telescopic observations of Mars. The
absorption tube used has a 72-foot multiple-reflec-
tion path and was designed by Mr. Owen to fit the
available laboratory space. Part of the records were
obtained by the two authors jointly, but the bulk were
obtained by Mr. Owen aided by a graduate-student
assistant. Four traversals of the tube measure very
nearly 90 meters and the program was designed to
increase the pathlengths in steps of a factor of two:
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90, 180, 360, 720, 1440, 2880 meters, though some
intermediate steps were covered and a maximum
effort was made: 540, 1080, 2160 and 3600 meters.
Matching the steps of two in pathlength are steps of
two in pressure: 24, 12, 6, 3, 1.5, 0.75, and 0.4 cm
Hg, which correspond very nearly to the following
values in millibars: 320, 160, 80, 40, 20, 10 and
5.3. In this manner products of pathlength and pres-
sure (i.e., abundance) resulted, falling into discrete
groups progressing in the ratios 1, 2, 4, 8, etc., in
abundance. Within each group of constant abun-
dance the band intensity then shows the effects of
pressure.
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After it was found that the strength of the
Martian CO. bands cannot be interpreted on the
basis of a pure CO. atmosphere (the empirically-
deduced pressure being inconsistent with the pres-
sure computed from the weight of the column), it
was decided to add N» to the gas, the most likely
constituent of the Mars atmosphere other than small
amounts of Ar*®, The pressure effect of N, on CO;
is less than the effect of CO. on CO., so that these
additional runs were needed. Since it was further
found that Ar*® affects CO; very similarly to an equal
amount of N, the work on CO; + N, seemed par-
ticularly appropriate. A 10% /90% mixing ratio for

TABLE 1
Pure CO,

PATHLENGTH 0.75

1.5 3 6 12 24 cm

1440
2880 2 7

2%
4* 2%
5% 5

* 1.2 « observed also.

TABLE 2
90% N,, 10% CO,

PATHLENGTH

p=15

w
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-
N

24 cm

90 m
180
270
360
540
720
1080
1440
2160 .
2880
2950
3600
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*1.2 » observed also.

TABLE 3
25% CO,, 75% N,

PATHLENGTH p=0.175

1.5 12 24 cm

90 m
180
360
450 ...
720
900
990

1440
1800
1980
2880 . 3

6
3
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3%
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*1.2 x observed also.
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CO2/N, was adopted. When measurements on it
showed that the pressure discrepancy was now re-
versed, a third set of spectra was obtained on an
intermediate mixture, CO»/N, = 0.25/0.75. Tables
1 to 3 list the combinations of pathlength and pres-
sure actually run,

The CO, bands chosen for analysis are those at
1.575 and 1.606 u, although the spectrometer trac-
ings normally included the weaker bands at 1.538 u
and 1.646 u. Occasional records were taken of the
1.206 w and 1.221 u bands as well. The inventory
in Tables 1-3 lists available data.

A representative set of laboratory records is
reproduced in Figures 1-10. At the resolution of
the Mars observations and the corresponding lab-
oratory runs, the rotational structure of the CO.
bands is not resolved. The P and R branches are
distinct, however, and cause W-shaped absorptions
which are well adapted to intensity measurements
with a planimeter.

The Mars spectra obtained on December 8, 1962
are the most suitable for study of the 1.6 u bands.
As was reviewed in conjunction with Fig. 16a of
Comm. No. 31, the telluric components of the 1.6 »
bands can be separated from the Martian compo-
nents. The average equivalent width of the two strong
Martian bands is 15.8A.

The averaged equivalent widths of the two
1.6 p bands measured on the laboratory spectra
are plotted logarithmically against pressure in Figs.
11-13. In most cases two or three spectra were
measured, as available (Tables 1-3). The measures
were made in duplicate by one of the authors (GPK)
and by a graduate-assistant, Miss Thelma McKinney.
The curves connect points representing equal abun-
dance with the amounts indicated in the figures.
The pressure effects are quite marked and the
determination of the Martian atmospheric pressure
requires careful consideration.

3. Derivation of the Pressure and
Composition of the Martian Atmosphere

As stated in Section 1, the first requirement is
information on the total CO. content from weak
bands, unaffected by pressure broadening. This is
provided by a calibration of the intensity of the 5v;
band of CO. observed by Kaplan, Miinch, and
Spinrad (1964). These authors derived a value of
50 = 20 m atm, corresponding to an atmospheric
temperature of 200° K. An independent calibration
of this spectrogram is made in Comm. No. 33 which
results in a value of 46 = 20 m atm for the same

temperature. The difference between these two
values is not regarded as significant; for the sake of
consistency we will use the second figure. The
specification of temperature is necessary for the Sv;
abundance determination because the relative inten-
sites of the rotational lines are strongly tempera-
ture-dependent and in this case the individual lines
are resolved. The number of molecules defined by
the m atm is referred to NTP. In the PbS region the
lines are not resolved and thus the amount of the
gas in m atm which will be required in the labora-
tory optical path to match the Martian equivalent

width will simply be 46 X 2T7—’3 x 7 where T, is the

laboratory temperature and 7 is the effective Martian
air mass through which the observations were made.
In the present case the slit of the spectrometer ran
equatorially across the planet and thus n = = for
weak bands on the linear part of the curve of growth.
For bands on the square-root part, = 2.87; in the
transition region 7 will be somewhat less (see Appen-
dix). Since the spectrometer slit accepted roughly
one-third of the planet’s disc, these figures must all
be slightly increased. Taken together, such consid-
erations suggest a value for 7 of about 3 (a discus-
sion of the curve of growth effects displayed by the
CO. bands is given below). With an average labora-
tory temperature of 297°K, we find that 150 m atm
of CO- are required in the laboratory optical path.

One may examine whether a verification of the
total Martian CO. content could be obtained from
the weaker bands of the 1.6 u tetrad, at A 1.538 and
1.646 p. Equivalent widths for the A 1.538 band
were derived for a set of pathlengths and pressures
in Comm. No. 31 (Table 6 and Fig. 23b). These are
replotted against log p (rather than log wp) in Figure
14, which is therefore directly comparable with Fig-
ure 11. The Martian band strength was obtained
from the two upper curves of Figure 12, Comm. No.
31, and found to be 6.6 = 1A (log EW = 0.82 =
0.06). This value, with its present margin of uncer-
tainty, is entered in Fig. 14. It is seen that for w <
14 m atm the bandstrength is little dependent on
pressure but that already at the strength of the Mar-
tian band it is roughly proportional to p**; whereas
at a given pressure EW increases approximately as
w"2, Comparison of Figs. 14 and 11 indicates a CO»
content consistent with that derived from the A 0.87
# band though the accuracy of this determination is
not good. The reasons are that the pressure effects
(p* and p'2) are not grossly different and that the
EW values for weak bands measured as blends are
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Fig. 4. CO,, 360 meters at p = 6 cm, 1.20-1.67 4.
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Fig, 6. Pure CO,, 1.6 x bands for five combinations of pathlength and pressure having same total abundance; (a) 2880 m at
0.75 cm; (b) 1440 m at 1.5 cm; (c) 720 m at 3 cm; (d) 180 m at 12 cm; (e) 90 m at 24 cm. The 360 m at p = 6 cm trace is
found in Fig. 4.
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Fig. 7. Mixture of 10% CO,, 90% N.;; (a) 1440 m at 3 cm; (b) 720 m at 6 cm; (c) 360 m at 12 cm; (d) 180 m at 24 cm.
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Fig. 9. Mixture 25% CO,, 75% N,; (a) 2880 m at 1.5 cm; (5) 1440 m at 3 cm; (c) 720 m at 6 cm; (d) 360 m at 12 cm; (e)
180 m at 24 cm. .
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Fig. 10. Mixture as Fig. 9; (a), 2880 m at 3 cm; (b), 1440 m at 6 cm; (c), 720 m at 12 cm; (d), 360 m at 24 cm.

not precise. Weak bands for which the individual
rotational lines can be observed must be used for a
really good determination. This requires high-resolu-
tion spectra.

We have already noted the requirement that the
pressure used in the laboratory must be consistent
with the pressure exerted by a unit column of the
laboratory gas mixture transferred to the surface of
the planet. The appropriate relation is furnished by
the Curtis-Godson approximation (Goody, 1964),
which states that the mean pressure along the
absorbing path in a planetary atmosphere is equal
to one-half the surface pressure.

With these relationships established, the calibra-
tion is essentially defined. Using the amount of CO.
derived from the abundance analysis, one wishes to
vary the pressure and the amount of the carrier gas
(N-) until the equivalent width obtained is equal to
that of the Martian absorptions. For a given CO2/N.
mixture, and with the amount of CO. fixed, only one
pressure will provide a match. This pressure must
then be one-half the pressure which a column of gas
composed of the CO./N; mixture would exert on
the surface of the planet. If the pressures do not
agree, then a different mixture must be used, etc.
The principle of this method is straightforward but

because of the very long pathlengths required, some
extrapolation must still be made based on data ob-
tained with smaller amounts of gas at higher pres-
sures.

We have referred to Figs. 11-13, giving plots of
log EW vs. pressure for three gas mixtures. The
horizontal lines show the value of the Martian
absorption, with the total absorption (Mars and
Earth) added for reference in Fig. 11. The curves
indicate the dependence of the equivalent width on
the pressure for a given amount of gas. As one would
expect, the equivalent width decreases with decreas-
ing pressure, with the decrease becoming less pro-
nounced as lower pressures are approached or
smaller amounts of gas are used. For a given pres-
sure, doubling the amount of gas results in an
increase of about 0.15 in log EW, as shown in the
upper part of Fig. 11; i.e., the bands are on the
square-root part of the curve of growth. In the lower
left of this plot the increase is less than 0.15, indi-
cating that the bands fall in the transition region. In
the lower right corner we see that the effect of in-
creased pressure on small amounts of gas results in
a removal of saturation, with a consequently slower
increase in equivalent width with increasing pres-
sure. This same general behavior is exhibited by the
other graphs.
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Knowing these relations it is then possible to
extrapolate on the plots to the pathlength corre-
sponding to the Martian CO, abundance. This line
is indicated on each figure by dots and labeled with
the appropriate amount of gas. The intercepts of
these lines with the horizontal line indicating the

EW (1.6x) vs P;

T. C. OWEN aAND G. P. KuIPER

(in mb), effective air mass on Mars and amount of
gas (in m atm). The ordinate is the same as that of
the previous plots and the equivalent width of the
Martian absorptions is again indicated by a hori-
zontal line. Inspection of Fig. 15, which displays
the data for pure CO,, indicates that the relation

1.8 T T

(av. of 1.64)

log EW (R)

o8

1
1.5
20

1
p= 075
5 10

3
40

6 12 24 cm
80 1860 320 mb

Fig. 11. Equivalent width, average of two strong 1.6 x bands, vs. pressure, expressed both in cm Hg and mb, for pure CO,.
Points representing same total abundance are connected by solid lines, with total abundance in meter-atmospheres indicated.
Dotted line represents amount seen by spectrometer in Martian spectrum. Mars absorption indicated by horizontal line near
log EW = 1.2. Higher dashed line Mars + telluric bands. Empirical pressure determined from diagram is approximately 5 mb

(being half of surface pressure; see Fig. 18).

equivalent width of the Martian CO. absorptions,
correspond to the pressures necessary for these
amounts of gas to produce absorptions of the re-
quired strength.

The second method of presenting the laboratory
data is shown in Figs. 15, 16, and 17. Here the
abscissa is the logarithm of the product of pressure

between log EW and log npw can be represented
by the following equation:
1
log EW = 232 log mpw — 0.65 6))
This relation holds very well for pressures from
20—-40 mb over a range of log EW from 1.0 to 1.5.
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At lower pressures, there is a tendency for the line
defined by Equation 1 to be approached asymptoti-
cally from the left as the amount of CO, increases.
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Fig. 11 shows that the effective pressure associ-
ated with the Martian equivalent width must be less
than 10 mb. Thus the intercept with the line repre-

EW (1.64) v8
1

T

P; 10% COp, 90% Np
LIS 1

T
/454 m.atm.
340

(av. of 1.6u)

log EW (A)

0.9

0.8f

0.5

0.4 . L !

® 032 matm
{

p =075 15 3
5 10 20 40

6 12 24 cm
80 160 320 mb

Fig. 12. As Fig. 11, for 10% CO,, 90% N..

At higher pressures it is approached from the right.
The factor multiplying log npw is slightly smaller
than Y5, suggesting that in this range of p and w
the bands fall in the transition region of the curve
of growth. This is in agreement with the conclusions
derived from Fig. 11.

senting the Martian absorptions on Fig. 15 defines
an upper limit to the effective pressure since it is
essentially defined by the observations at 20 and
40 mb. With w = 150 m atm we find p (emp) =
5.8 mb. A lower limit may be set by estimating where
the intercept would fall at very low pressures. Fig.
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15 indicates that the 10 mb curve will become asymp-
totic well before the intercept is reached. At much
lower pressures it is probable that the intercept will
be further to the left on the diagram, but a limit will
be approached beyond which decreasing the pres-
sure has no effect on the equivalent width since the

T. C. OWEN aAND G. P. KUIPER

it shows the other extreme case considered, the 10%
CO. mixture. The curves drawn in the lower left
corner of this plot are tentatively based on the ap-
pearance of Fig. 15, since there are insufficient data
to allow a precise representation. The region of the
intercept with the equivalent width of the Martian

EW (1.6u) vs P; 25% CO»,75%Ny

1.7 T T I T 1
: 228 m.atm.
1.6 —
1.5 —
1.4} 0. —
@_ .
L3 —
. 8
©
- o
[-] -
3 1.2 - <MARS
<
EANLEL 28.4 |
m. atm,
o
k-]
.o o —
0.9 o —
®
08 ] ] ] | |
p= 075 1.5 3 6 2 24 cm
5 10 20 40 80 160 320 mb

Fig. 13. As Fig. 11, for 25% CO,, 75% N,.

latter will be determined solely by Doppler broad-
ening. This limit is difficult to define empirically
since our data do not extend to low enough pres-
sures. However, the lower left-hand corner of Fig.
15 shows that the curves, corresponding to the low-
est pressures we were able to use, are beginning to
crowd together indicating that the limit referred to
above is being approached. This suggests an inter-
cept no further to the left than about log npw =
2.78 which corresponds to p (emp) = 4 mb.

Similar arguments may be applied to the other
two figures. Fig. 16 is of particular interest since

absorption is better defined and again indicates the
crowding together of the lines as lower pressures
are approached. The slopes of these lines are slightly
greater than Y2, indicating that the bands are again
in the transition region of the curve of growth, but
closer to the linear part. Fig. 17 presents the inter-
mediate case of the 25% CO. mixture.

As stated above, the pressures derived empiri-
cally from the equivalent widths (p emp) are equal
to V52 the surface pressure. The upper and lower
limits on the surface pressure, as deduced from
Figs. 15-17, are given in Table 4. The calculated
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surface pressures for the three cases are also given
in the table as p (cal). These values are presented
graphically in Fig. 18.

The diagonal line in this illustration represents
the locus of points for which the calculated and

satisfy both the laboratory observations and the con-
straint imposed by the Martian gravitational field.
Since the lower limits are deliberately somewhat
conservative, a value of 17 = 3 (p.e.) is regarded
representative of this determination. The medial

EW (1.54u) vs P, pure co,

3 T T

0.5

0.9 1 !

p=075 1.5,
S 10 20

3 6 12 em 24
40 80 160mb 320

Fig. 14. As Fig. 11, pure CO,, but for 1.54 x CO, band. Dashed horizontal lines delimit area of uncertainty of Mars absorption.

empirically determined pressures are equal. Thus
the intersection of the diagonal with the region de-

TABLE 4

CALCULATED AND EMPIRICAL PRESSURES OF MIXTURES OF
CO, AT THE SURFACE OF MARs

p (emp)
% CO, p (cal) Lower LiMit UPPER LIMIT
100 35 8.0 17.6
25 10.1 10.5 17.6
10 234 13.2 222

fined by the upper and lower limits derived for each
gas mixture yields the range of pressures which

dashed line in Fig. 18 corresponds to the solutions
defined by the dotted lines in Figs. 11-13.

The interpretation of this result may be expressed
in the following way: A pure CO- atmosphere con-
sisting of the known amount of gas would not exert
a high-enough surface pressure to produce the
amount of broadening required to match the ob-
served Martian equivalent width. On the other hand,
a 10% CO. atmosphere would be too massive. For
a surface pressure of 17 mb the fraction of CO; in
a predominantly nitrogen atmosphere is 0.14, or the
mixing ratio No/COy = 6/1.
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Up to this point, we have assumed that the
broadening of the CO. bands is due primarily to
N.. Another gas likely to be present in the Martian
atmosphere is radiogenic argon (see discussion be-
low). It is thus of interest to investigate the effects

+ Ar, p = 6 cm. Reference to Fig. 11 indicates that
for pure CO; at p = 3 cm, log EW = 1.38, indi-
cating good reproducibility of the data. Fig. 13 shows
that for 228 m atm of a 25% CO2/N. mixture
(i.e., 57 m atm of CO.) at p = 6 cm, log EW =

" Pure COZ
logEW
o}
1.7 |-
$ mb <+
10 X
20 a
40 (o]
.6 |- 80 o}
160 0
320 @
1.5 |-
a
.4 |~
13 /]
12 b= /g
(o]
[N A
A
10 /
/ °
X
os}- -/ A
x
[oX] 1 1 I 1 ! ]
.6 2.0 2.4 2.8 3.2 36 4.0 a4

log npw

Fig. 15. Data of Fig. 11 presented with log npw as abscissa instead of log p.

of broadening induced by this gas. With this in
mind, laboratory tracings were obtained of 57 m
atm of CO: at a pressure of 3 cm. Argon was then
added to produce a total pressure of 6 cm. The two
values of log EW obtained from the 1.6 x bands
were 1.38 for pure CO», p = 3 cm and 1.44 for CO.

1.45. In other words, the effect of broadening by Ar
appears to be essentially the same as that produced
by N., at least in this range of pressure. Therefore,
the N./CO- ratio derived above may be regarded
as actually representing the (N2 + Ar)/CO; ratio,
with the ratio Ar/N. left undetermined.
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16 10% COp, 90% N,
log EW

40 mb (o)

80 (0] (] g
5 - 160 m]

320 @ E/

0]
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.3 - /
a
12 = / / B
J /
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1.0 o]
09 I~
0.8 I~
0.7 -
0.6 —
0.5~
o
0.4 1 1 I 1 1 ]
2.6 3.0 3.4 3.8 4.2 4,6 5.0 5.4
log 7pw
Fig. 16. Data of Fig. 12 presented with log npw as abscissa instead of log p.
The surface pressure can also be determined discussion of the laboratory data,
directly from the equivalent widths of the Martian
Y d W~ (mpw)", 2

and telluric 1.6 u bands. This method was applied
by Kaplan, Miinch, and Spinrad (1964) to the
stronger band at 2.06 u. As we have seen from the

where the exponent can in principle be determined
empirically. One can thus write:
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25% C0,,75% Np

log EW /

1.6 |-

20mb A |}

40 (o]

80 [0}

160 a
L5 320 a} o]
1.4 |-
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13 -
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ra/
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Fig. 17. Data of Fig. 13 presented with log npw as abscissa instead of log p.

—l/ ng

_ Ne Prwg Wg
o —1/ny

Ny War Wy
where ny and ng represent the appropriate expo-
nents for the Martian and telluric bands, respec-
tively. The laboratory data indicate a value for
1/ny of ~ 1.5; we shall assume ny = ng for this
discussion. The equivalent widths of the Martian
and telluric 1.6 px bands are given in Comm. 31.

Py (3

With pr =~ 800 mb, ng = 1.05, and wg ~ 2.1 m
atm, we find py — 18 mb. This pressure must be
corrected for the difference in pressure broadening
induced in a N,/CO. mixture where dilution by
N. is not infinite. This leads to the lower value of
p = 15 mb, in good agreement with the laboratory
determination. If 1/ny = 1/ng = 2, this figure
is increased to 16 mb.

The most important source of error associated
with these determinations is the uncertainty in the
Martian CO, abundance. If w = 60 m atm, the
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Fig. 18. Calculated pressures at Martian surface (based
on weight of gas column) vs. pressures determined em-
pirically from 1.6 u bands, for 3 gas mixtures. Dashed
median line represents adopted solution; intersect with
diagonal gives derived pressure of Martian atmosphere,
17 = 3 mb.

pressure determined from the laboratory measures
is reduced to 15 mb with a concomitant decrease in
the amount of N.. Conversely, a reduction of the
amount of CO. leads to an increase in the surface
pressure and N. content. Including the uncertainty
in the air mass, we find the results of the two ap-
proaches to the determination of the surface pressure
can be summarized as:

Pemp = 17 =3 mb (p.e.).

The difference between 17 and 25 = 15 mb, obtained
by Kaplan, Miinch and Spinrad (1964), probably
results from the fact that the 25 mb determination
was made from observations of the strong bands
near 2 u where both the Martian and telluric compo-
nents are saturated. The two components were not
well separated by the Doppler shift and there is the
additional possibility of contamination due to telluric
water vapor, problems which were not encountered
at 1.6 p.

4. The Argon and Oxygen Contents

The Martian argon content will have an origin
similar to that of the terrestrial atmosphere: be over-
whelmingly composed of radiogenic Ar*® exhaled
from the crust. The amount per cm? of surface pres-
ent might therefore be as great as on the Earth if

the enrichment of the surface layer in potassium
had been the same and if the degassing of radiogenic
argon had been equally efficient. Both assumptions
are likely to be very extreme for a planet having a
mass of only 10% of the Earth. The gross upper
limit so obtained would cause a weight of the column
of Ar on Mars of 9.3 X (40/29) X 0.38 mb = 4.8
mb, 0.93 being the volume percentage of argon in
the terrestrial atmosphere.

A fairly realistic value might be found by the
assumption that the crustal exhalation process lead-
ing eventually to the formation of atmospheric N.
would have had similar efficiency relative to the
Earth as that of argon, although, admittedly, this
involves an assumption about the time sequences of
these events. Then one finds that the Ar/N. ratios
on the two planets will not be grossly different, or
both roughly 1.2% by volume. The fractional vol-
ume of Ar in the Mars atmosphere will then be
about 0.012 X 0.86 = 0.010 (one per cent); and
the weight of the column 0.23 mb, 20 X less than
the gross upper limit mentioned above. (The ratio
20 represents, of course, essentially the abundance
ratio of the two atmospheres, N. being the chief
constituent of both).

On the basis of a diagram by Paetzold (1963),
relating the computed Martian O, content to the
assumed fractional O. content, and the limit of O,
established by Kuiper (1952), the upper limit to the
fractional O. content is found to be 0.0002.

Including the upper limits for several gases
derived before (Kuiper, 1952 and Comm. No. 31),
and Mr. Marshall’s result in Comm. No. 35, we find
the preliminary composition model of the Mars
atmosphere listed in Table 5.
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APPENDIX

Air Mass

The equivalent width of a band will be propor-
tional to (mpw)" where 7 is the air mass, p is the
effective pressure, w is the amount of absorbing gas
in 2 unit column, and » has a value between 0 and 1.
The effective air mass ), which gives a measure of the
amount of gas contributing to the absorption, is
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TABLE §
PRELIMINARY COMPOSITION MODEL OF MARTIAN ATMOSPHERE

ABUNDANCE VOLUME ABUNDANCE
Gas (cm, NPT) FRACTION GaAs (cm, NPT)
N, 30000 COS ....eeeeeercereeccsnnaesnns < 0.2
CO, 5000 CH.0 < 03
Ar 400 NoO e < 0.08
H,0 1. NO et <20.
(O < 0.05 NO,...... < 0.0008
O, <7 H,S <15
SO, < 0.003 CH, < 04
cO <l NH, < 0.1

obtained by averaging sec® 6 over the equatorial
strip of the planet which was accepted by the slit of
the spectrometer.

7/
/ secfcos 0dO

L
n= =/ cos!'""8d@.
/2 °
/ cosBde

This integral may be expressed in gamma functions:

oo r(“%>=\/7; L r(e-3)
() " (-)0()
ve "))

2-n 3-n
r( 2 )

Values for 7 for several values of n are given in
the accompanying table:

n=2

n I/n 7
1.00 1.00 3.14
.80 1.25 3.00
.75 1.33 2.99
.67 1.50 2.96
.50 2.00 2.87
.40 2.50 2.84
.33 3.00 2.82
25 4.00 2.81
.20 5.00 2.78
.10 10.00 2.74
0.02 50.00 2.21

The exponent depends on the position of the
band on the curve of growth. In the case of an iso-
lated line, the curve of growth has three principal
regions: the linear part (n = 1, weak lines); the
transition region (n ~ 0, saturation just beginning)
and the square-root part (n = 2, strong lines). For
an unresolved band, an average is taken over weak

and strong lines and one must also contend with
effects due to overlapping. Summing over weak and
strong lines will simulate adding curves of growth
for different amounts of gas: the linear part merges
into a region where the slope n is between 1 and 0
but closer to 1, while the lower section of the square-
root part will approach a slope between 2 and 0.
The transition zone will thus be extended into a
region of gradually-changing slope. The effect of
overlapping will be most noticeable for the strongest
lines where it will lead to a “rounding off” of the
square-root region with increases in the amount of
gas having less effect on the equivalent width.
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