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Mariner  9 ull raviolet  spec t rome te r  observa t ions  show the  Mars airglow consists  
pr incipal ly  of  emissions t h a t  arise f rom the  in te rac t ion  of  solar u l t raviole t  radia-  
t ion wi th  carbon  dioxide,  the  pr incipal  cons t i tuen t  of the  Mars a tmosphere .  Two 
minor  cons t i tuen ts ,  a tomic  hyd rogen  and  a tomic  oxygen,  also produce  airglow 
emissions.  The airglow measu remen t s  show t h a t  ionized carbon  dioxide is only a 
minor  cons t i tuen t  of  the  ionosphere .  Us ing  the  airglow m e a s u r e m e n t s  of  a tomic  
oxygen,  it  is possible to infer t h a t  t he  major  ion is ionized molecular  oxygen.  The 
escape ra te  of a tomic  hydrogen  measu red  by  Mariner  9 is app rox ima te ly  the  
same as t h a t  measured  two years  earlier by  Mariner  6 and  7. I f  the  cur ren t  escape 
ra te  has  been  opera t ing  for 4.5 billion years  and  if  wa te r  vapor  is the  u l t ima te  
source, an a m o u n t  of oxygen  has been  genera ted  t h a t  is far  in excess of  t h a t  
observed  a t  present .  Mariner  9 observa t ions  of  Mars L y m a n  a lpha  emission over  a 
per iod of  120 days  show var ia t ions  of  20%. 

INTRODUCTION 

In July  and August of 1969, the first 
ultraviolet spectra of the airglow of Mars 
were obtained with the ultraviolet spectro- 
meters on board Mariner 6 and 7. Because 
of the high information content in these 
spectroscopic observations, it has been 
possible not only to identify the atoms and 
molecules that  are the principal contri- 
butors to the Mars airglow, but to deter- 
mine the excitation mechanisms as well. 
From the airglow data, it has been possible 
to construct model atmospheres showing 
the distribution of both the neutral and 
ionized constituents of the Mars upper 
atmosphere. 

Starting on 14 November 1971, the 
Mariner 9 ultraviolet spectrometer meas- 
ured the upper atmosphere airglow of Mars 
over a time period of 120 days. The large 
number of Mariner 9 observations has 
produced not only spectroscopic data of 
Copyright © 1972 by Academic Press, Inc. 
All rights of reproduction in a n y  f o r m  reserved.  

greater precision, but, in addition, measure- 
ments of variations that  occur in the Mars 
airglow over an extended time period. 
Some of the results of these observations 
will be reported here. As part of the 
symposium proceedings, there are addi- 
tional reports on the Mariner 9 ultraviolet 
spectrometer on the following subjects: 
structure of the Mars upper atmosphere 
and its variations (Stewart et al., 1972), 
determination of the topography of Mars 
from the ultraviolet photometry of the 
lower atmosphere and surface (Hord et al., 
1972), and the occurrence of ozone in the 
polar regions on Mars (Lane et al., 1972). 
In this report, the airglow spectrum of 
Mars will be described using the high- 
quality Mariner 9 data. Models for the Mars 
neutral and ionized atmosphere will be 
presented using results that  were first 
recognized from the Mariner 6 and 7 
ultraviolet observations. Finally, Mariner 
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FIo.  1. Mars airglow spectrum 1900-3400 .~. This spectrum is the result of averaging 120 individual 
limb observations with 15-A resolution. 

9 observations of the atomic hydrogen 
Lyman alpha intensity and its variations 
are compared with an indicator of solar 
activity. 

MARS AxRGzow 1900-3400A 

In Fig. 1, the spectrum of the Mars 
airglow in the 1900-3400-A wavelength 
region is displayed. This spectrum was 
produced by averaging 120 individual 
spectral observations obtained by the 
Mariner 9 ultraviolet spectrometer on 
several different orbits while tangentially 
viewing the sunlit atmosphere of Mars in 
the altitude range 100-150km. Pert inent  
instrument characteristics are: the entire 
spectral range between 1100 and 3500 A is 
scanned every three seconds at a spectral 
resolution of 15 =~ and the data are recorded 
simultaneously on two photomultiplier 
tubes with different photocathodes. The 
spectra used in Fig. 1 were recorded by the 
photomultiplier tube with a cesium tell- 
uride photocathode and the spectra used 
to produce Fig. 2 were measured by the 
tube with a cesium iodide photoeathode. 

What  is remarkable about the Mars 
airglow spectrum in Fig. 1 is tha t  all of 
the emissions originate from the direct or 

indirect action of solar ultraviolet radia- 
tion on carbon dioxide, CO 2. This is the 
airglow spectrum of an essentially pure 
carbon dioxide atmosphere. The most 
intense ultraviolet emission, the CO a 3//_ 
X 1Z+ Cameron bands in the 1900-2700-A 
range in Fig. 1, are produced by three 
processes which dissociate carbon dioxide : 

photodissociative excitation 

CO 2 -~ hp  ~ CO(a 3/-/) _? O, 

electron-impact dissociative excitation 

CO 2 + e -+  CO(a3H) + O + e, 

and dissociative recombination 

CO/+ + e -~ CO(a 3//) + O 

(McConnell and McElroy, 1970; Barth 
et al., 1971; Stewart, 1972; Stewart et al., 
1972). In all three cases, the first step in 
the excitation process is the absorption of 
a solar ultraviolet photon by carbon 
dioxide. Therefore, in the altitude region 
that  is optically thin to ultraviolet radia- 
tion, the intensity of this emission is 
proportional to the density of carbon 
dioxide. When, as in the case of Mariner 
ultraviolet observations, the airglow inten- 
sity is measured as a function of altitude, 
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Fro. 2, Mars airglow spectrum l100-1900A. This spectrum also is the result of averaging 120 
individual limb observations with 15-A resolution. 

it becomes possible to determine the 
temperature of the upper atmosphere since 

T = m g  (z2-zl) 
k ( l n n  1 -- l n n 2 ) '  

where m is molecular weight, g gravita- 
tional acceleration, /c the Boltzmann 
constant, and n I the density at altitude z 1. 
When such an analysis was performed on 
the Mariner 6 and 7 data, the temperature 
at  the top of the Mars thermosphere 
was determined to be 350K (Stewart, 
1972). A similar analysis on the Mariner 9 
ultraviolet data has shown tha t  the 
comparable temperature is 325K (Stewart 
et al., 1972). 

In the Mariner 9 airglow spectrum in 
Fig. 1, the two CO~_ + band systems, 
_A2/-/-~Y 2T/and/~2 2:_2~2/-/, between 2800 
and 3400 A are predominantly excitedin the 
photoionization of carbon dioxide. Before 
the Mariner 6 and 7 ultraviolet observa- 
tions, the major ion in the Mars ionosphere 
was assumed to be ionized carbon dioxide, 
C02 +. Theoretical calculations based on 
such an assumption predicted that  fluores- 
cent scattering by CO2 + would be the 
principal source of the A - X  band system 
(Dalgarno et al., 1970). A detailed spectro- 
scopic analysis of the Mariner airglow 
spectrum revealed that  not only did the 

predicted intensities for the two band 
systems not  agree with the data, but  tha t  
the vibrational intensity distribution of 
the A-X system was more appropriate to 
excitation by photoionization of carbon 
dioxide (Barth et al., 1971). This result is 
verified in the Mariner 9 data as is revealed 
by a comparison of the relative intensities 
of the (2,0) and (3,0) bands, in Fig. 1 of this 
paper, with the same bands in Fig. 4 of 
Barth et al. (1971). I t  is now possible to 
infer theoretically that  the major ion in the 
Mars ionosphere is ionized molecular 
oxygen, 02 +, as a result of a laboratory 
experiment performed in response to the 
new information present in the Mariner 6 
and 7 ultraviolet data (Fehsenfeld et al., 
1970). Carbon dioxide ions are converted 
into molecular oxygen ions by reacting 
with the small amount of atomic oxygen 
that  is present in the Mars atmosphere 
(Stewart, 1972) : 

t02 + + CO 
C02 + + O -+ (O + + CO 2 

0 + + CO 2 --> 02 + + CO. 

MARS AIRGLOW 1100--1900/~ 

In Fig. 2, the Mars airglow spectrum in 
the 1100-1900-/~ region is displayed. 
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This spectrum was produced by averaging 
120 individual spectral scans obtained 
simultaneously with the longer-wavelength 
spectra used in preparing Fig. 1. The 
carbon monoxide Cameron bands which are 
prominent in Fig. 1 appear in this spectrum 
longward of 1800~. Most of the other 
emissions that  appear in this figure are also 
the result of dissociation processes involv- 
ing carbon dioxide; namely, the CO A ~//- 
X 1Z+ fourth positive bands, several atomic 
carbon lines, and the atomic oxygen 
1356-A line. However, there are two 
emissions that  are produced by two minor 
constituents of the Mars upper atmosphere, 
the atomic hydrogen 1216-A line and the 
atomic oxygen 1304-A line. Both of these 
emissions are believed to be produced by 
resonance scattering of solar radiation by 
hydrogen and oxygen atoms in the Mars 
atmosphere. A measure of the intensity 
of these airglow lines is a measure of the 
density of these atoms. Using the oscillator 
strengths of the resonance transitions of the 
two atoms and the measured solar ultra- 
violet lines (Bruner and Rense, 1969; 
Barth, 1969), the amount of atomic 
hydrogen at 135km may be calculated 
to be one part per million (Anderson and 
Hord, 1971), and the amount of atomic 
oxygen at the same altitude, 1% (Strick- 
land et al., 1972). Even though these are 
minor constituents, they have important 
roles both as indicators and participants 
in the photochemistry of Mars. 

The Mariner 9 observations show that  
the atomic hydrogen Lyman alpha airglow 
decreases only slightly with increasing 
altitude over the range 100-800km (see 
Fig. 4 of Barth et al., 1972). This large 
apparent scale height results from the 
slowly changing density of this light atom 
with altitude and its moderate optical 
thickness. Such a calculation on the 
Mariner 6 and 7 data revealed the density 
at 200kin to be 3 × 104 atoms cm -~ 
and the exospheric temperature 350K 
(Anderson and Hord, 1971). This same 
figure shows the intensity of 1304-~ 
atomic oxygen emission to be nearly 
constant for altitudes between 100 and 
200 km and then to decrease with increasing 
altitude. This behavior is indicative of the 

large optical depth of the Mars atmosphere 
to 1304-A radiation. A radiative transfer 
calculation is required to determine the 
amount of atomic oxygen in the Mars 
atmosphere such as the treatment used 
with the Mariner 6 and 7 data (Strickland 
et al., 1972). 

MODEL ATMOSPHERE AND 
~ONOSPHERE 

A model atmosphere has been construc- 
ted based essentially on the Mariner 
ultraviolet spectrometer experiment re- 
sults, the Mariner radio occultation experi- 
ment results, and some results of high- 
resolution spectroscopy from ground-based 
telescopes. In Fig. 3, the temperature 
profile is adapted from Stewart's (1972) 
heat balance calculations based on Mariner 
6 and 7 measurements of the ultraviolet 
airglow. The density distribution of carbon 
dioxide is derived from this temperature 
profile and by setting the column density 
of CO2 at 135kin equal to the amount 
necessary to produce the maximum rate of 
photoionization at the altitude where the 
radio occultation experiment measured 
the maximum electron density (Fjeldbo 
et al., 1970; Barth et al., 1971; Stewart, 
1972). The implicit assumption of an 
essentially pure CO 2 atmosphere is based 
on the Mariner ultraviolet spectroscopy 
results. In this model, the amount of 
atomic oxygen is set at 1% at 135km based 
on the radiative transfer calculations of 
Strickland et al. (1972). Diffusive separa- 
tion is assumed to begin at 100kin and 
while this assumption is completely arbit- 
rary, the conclusions based on the iono- 
spheric calculations would not be changed 
unless the turbopause were higher by two 
or more scale heights. The amount of 
carbon monoxide, CO, and molecular 
oxygen, O:, in the model is based on the 
results of ground-based observations, less 
than 0.1% for CO (Kaplan et al., 1969) and 
slightly more than 0.1% for O: (Barker, 
1972; Traub and Carleton, 1972). The 
amounts of carbon monoxide in the model 
at 150 and 170kin fall within the limits set 
by Thomas (1971) from an analysis of 
the Mariner 6 and 7 ultraviolet airglow 
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spectrum. An important  characteristic 
of this model atmosphere is tha t  CO 2 is the 
major constituent throughout the altitude 
region where collisions and chemical reac- 
tions take place. The base of the exosphere, 
the region where collisions essentially do 
not occur, is at 230kin. 

Using the neutral atom and molecule 
distribution in Fig. 3, the altitude distri- 
bution of ions in the Mars ionosphere was 
calculated using ion-molecule and ion- 
atom reactions. The most important  reac- 
tion that  determines the ion composition 
is the reaction between atomic oxygen and 
ionized carbon dioxide, measured in the 
laboratory by Fehsenfeld et al. (1970). 
The electron density used in the calcula- 
tions was that  measured by the Mariner 6 
and 7 radio occultation experiment 
(Fjeldbo et al., 1970). The results of these 
calculations, shown in Fig. 4, indicate that  
over the entire altitude range of this model 
ionosphere 02 + is the major ion. For the 
particular atomic oxygen concentration 
of 1%, the ratio of 02 + to C02 + is approxi- 
mately 3 to 1. For other concentrations of 
atomic oxygen, the ion composition would 
be different, with the ratio of O: + to CO2 + 
approximately proportional to the con- 
centration of atomic oxygen. 

ESCAPE OF ATOMIC HYDROGEN 

With the temperature and density of 
hydrogen atoms at the base of the exos- 
phere determined from the Mariner ultra- 
violet observations, it is possible to 
calculate the rate of evaporative escape 
from the top of the Mars atmosphere. A 
form of the Jean's escape equation is 

where F is the flux of escaping atoms, 
n is the density at the critical level (230kin 
on Mars), ~ is the average thermal velocity 
of the atoms at tha t  level, E~ is the 
gravitational energy which equals 0.123 eV 
for a hydrogen atom on Mars, and EK = k T  
is proportional to the kinetic energy of the 
atoms. Using the temperature and hydro- 
gen atom density of 350K and 3 × 104 
atoms cm -3 that  was measured in 1969, the 

escape flux is calculated to be 2 × l0 s atoms 
cm-2sec -I. In 1971 the Mariner 9 obser- 
vations show a lower average temperature,  
325K, but the intensity of Lyman alpha 
emission, although variable, appears larger 
than in 1969. The result is tha t  the escape 
flux calculated for the physical conditions 
in 1971 is approximately the same as it 
was in 1969; namely, 2 × l0 s atoms 
cm -2See l. Since the time constant associ- 
ated with emptying the Mars exosphere of 
hydrogen atoms is 4hr and Mariner space- 
craft have observed hydrogen in the Mars 
exosphere on two occasions in 1969 five 
days apart and then daily for a period of 
120 days in 1971-72, there must be a source 
of atomic hydrogen that  is currently 
supplying atomic hydrogen to the exos- 
phcre. 

PttOTODISSOCIATIOI~= OF WATER VAPOR 

An attractive source to supply the 
hydrogen atoms that  are escaping is the 
same source that  is believed to produce 
the hydrogen atoms that  escape from the 
top of the earth's atmosphere; namely, 
the dissociation of water vapor. Water  
vapor has been observed and measured in 
the lower atmosphere of Mars by the 
Mariner 9 infrared interferometer spectro- 
meter (Hanel et al., 1972), during the same 
time period of the ultraviolet observations. 
The amount detected is more than ample 
to supply the atomic hydrogen observed 
escaping from the exosphere if the water 
vapor were exposed to unat tenuated solar 
ultraviolet radiation. However, the photo- 
dissociation of water vapor in the lower 
atmosphere is slow because of at tenuation 
and the amount in the higher atmosphere is 
severely limited by the cold trap at the top 
of the Mars troposphere (Hanel et al., 
1972; Kliore et al., 1972). Because of this, 
Hunten  and McElroy (1970) have sug- 
gested a mechanism where molecular 
hydrogen is formed in the lower atmosphere 
from the photodissociation of water vapor 
and transported into the upper atmosphere 
where it is dissociated by chemical reac- 
tions or solar radiations. In this model, 
a reservoir of molecular hydrogen is the 
current source of atomic hydrogen for 
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exospheric escape, but  the ultimate source 
is still the dissociation of water vapor. 

I f  atomic hydrogen has been escaping 
from Mars at the current rate for 4.5 
billion years and if water vapor has 
been the source of atomic hydrogen over 
tha t  time period, the amount  of liquid 
water tha t  would be required to supply 
the hydrogen would be the equivalent 
of 4 ms evenly distributed over the surface 
of Mars. In the process ofphotodissociation, 
oxygen atoms would be produced that,  
because of their greater mass, would 
have a negligible opportuni ty to escape 
by atmospheric evaporation. I f  these 
atoms were combined to form oxygen 
molecules and remained in the atmosphere, 
an amount equivalent to 2.hkm-atom 
would have accumulated. The amount  of 
molecular oxygen that  is presently ob- 
served in the Mars atmosphere is 10cm- 
atom (Barker, 1972; Traub and Carleton, 
1972) or 4 × l0 -5 times less. The oxygen 
may have reacted with the surface material 
in which case approximately 1025 atoms 
cm -2 would need to be chemically com- 
bined with the surface material. The idea 
tha t  there may be nonthermal methods 
by which atoms can escape from the Mars 
atmosphere has been examined by McElroy 
(1972) and indeed he has suggested that  
there are processes tha t  can lead to the 
escape of atomic oxygen. The gravitational 
energy that  an oxygen atom needs to have 
in order to escape from the Mars exosphere 
is 1.97eV. McElroy has suggested that  
oxygen atoms produced in the Mars 
ionosphere may receive this energy through 
dissociative recombination. Recombina- 
tion of the major ion, 02 +, leads to two 
oxygen atoms with excess energy of 2.5 eV 

02 + + e -+ 0(3P) + 0(1D) 

and recombination of the next  most 
abundant  molecular ion, C02 +, leads to a 
single oxygen atom with excess energy of 
4.0eV 

CO2 + ~- e ~ C 0 ( X  1~)  _~ 0(1D). 

ACCRETION FROM THE SOLAR WIND 

At the orbit of Mars, the flux of solar 
wind protons is on the average 1-2 × l0 s 

protons cm-2sec -1. Since the magnitude 
of this flux of atomic hydrogen ions is 
strikingly similar to the escape flux of 
hydrogen atoms from Mars, it is appro- 
priate to consider whether or not there is 
any connection between the two. Since 
Mars has essentially no permanent mag- 
netic field, there is no magnetosphere to 
divert the solar wind from impinging on 
the Mars atmosphere; the Earth 's  mag- 
netosphere causes the solar wind to flow 
around the Earth.  I f  the solar wind protons 
did impinge on the Mars atmosphere, 
they would undergo charge transfer by 
the time they penetrated to the 150-kin 
level. After thermalizing, these newly 
accreted hydrogen atoms could become 
part  of the supply of hydrogen atoms to 
the exosphere. However, according to 
current theoretical ideas about the inter- 
action of the solar wind with Mars, the 
solar wind protons do not impinge on the 
atmosphere (Dessler, 1968). Since the 
upper atmosphere of Mars contains a 
highly conducting ionosphere and the 
solar wind carries with it a magnetic field, 
the relative motion of the two causes a 
current to flow in the ionosphere producing 
a magnetic field in such a direction so as 
to impede the flow of the solar wind. 
Thus, Mars has an induced magneto- 
sphere that  causes the solar wind protons 
to flow around the planet and not be 
accreted by its atmosphere. 

VARIATIONS IN LYMAN ALPHA INTENSITY 

The Mariner 9 ultraviolet spectrometer 
is able to measure the 1216-A Lyman 
alpha emission line both when viewing the 
planetary limb and when looking directly 
down at the disk of Mars. This emission line 
is essentially uncontaminated by back- 
ground radiation from the lower atmos- 
phere since carbon dioxide absorbs the 
incoming solar radiation high in the 
atmosphere. During the Mariner 9 opera- 
tions, measurements of the disk were made 
on every orbital revolution, while limb 
observations were made on only selected 
orbital passes. Most of the limb observa- 
tions were conducted approximately 15 
minutes before periapsis, after the instru- 
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ments had completed a set of disk obser- 
vations and prior to additional measure- 
ments of the planetary surface. The limb 
observations were accomplished by aiming 
the field of view of the spectrometer at a 
point approximately 1000km above the 
surface and allowing the spacecraft motion 
to carry the field of view downward through 
the atmosphere. Figure 5 shows the Lyman 
alpha emission rate as a function of altitude 
for a typical limb observation; this parti- 
cular one was conducted on 28 November 
1971. Each individual data point is pro- 
duced by fitting a triangular slit function to 
individual spectra using a least squares 
fit technique. In Fig. 5, a least-squares 
fit has been made to some ninety individual 
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is a m a x i m u m .  

measurements to produce the nearly 
vertical straight line. The altitude where 
the maximum intensity occurs in the 
carbon dioxide airglow, slightly below 
150km, may be seen from the altitude 
profile also shown in the figure. 

Lyman alpha measurements which were 
made across the disk of Mars for the same 
orbit on 28 November 1972 are shown 
in Fig. 6 with the emission rate plotted as a 
function of time of observation. The 
location of the limb measurements (on the 
left of the figure) is facilitated by the use 
of the carbon dioxide airglow data which 
also appear in the figure. In  this particular 
orbital pass, the intensity of the Lyman 
alpha emission is 7.2 kilorayleighs at the 
altitude where the carbon dioxide airglow 
reaches its maximum. At the location 
where the field of view crosses onto the 
illuminated disk, the solar zenith angle is 
32 ° and the Lyman alpha intensity 7.0 
kilorayleighs. The Lyman alpha emission 
rate decreased as the observation pro- 
ceeded across the planet, reaching 2.7 
kilorayleighs at the terminator.  

Since the Mariner 9 Lyman alpha 
observations were made under a variety of 
observing geometries, it is necessary to 
compare measurements made under similar 
conditions at different times to determine 
if temporal variations occur. Such a com- 
parison has been made both for limb 
measurements and for measurements made 
while viewing the planetary disk. Varia- 
tions in the Lyman alpha intensity 
measured at the limb are shown in Fig. 7. 
The Lyman alpha intensity was measured 
at the altitude where the carbon dioxide 
airglow was a maximum, approximately 
150km, for 12 orbital passes in November 
and December 1971. The solar zenith 
angle was 32 ° at  every limb crossing. 
Variations in intensity of 20% do occur. 
For comparison, an indicator of solar 
activity, the 10.7-cm radio flux, has been 
plotted for the same time period. A 
particular difficulty in comparing Mars 
observations with solar activity indicators 
is tha t  the portion of the solar disk 
illuminating the Mars atmosphere is not 
accessible for observation from the Ear th  
at the same time. For measurements 
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made  at  the end of  November  1971, there 
was a th ree-day  lag between the times 
when a part icular  location on the Sun 
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faced Mars and when it faced the E a r t h  
(Barth et al., 1972). There is the suggestion 
in the figure t h a t  the var ia t ion in the Mars 
L y m a n  alpha intensi ty  does ant icipate  
the var ia t ion in the solar flux indicator  
by  several days. 

Observat ions of  the L y m a n  alpha inten- 
si ty f rom the disk of  the planet,  made  
during a 39-day period in J a n u a r y  and 
Feb rua ry  1972, are shown in Fig. 8. The 
L y m a n  alpha measurements  used were 
obtained under  similar viewing conditions, 
where the solar zenith angle was 45 ° 
and the ins t rument  viewing direction 
was vertical. The disk emission rates are 
smaller than  those from the limb and also 
v a r y  in intensi ty  with a range of 20% 
or more. The 10.7-cm radio flux, also 
p lot ted  in the figure, shows a var ia t ion 
t h a t  is the same in phase bu t  different in 
magni tude  than  the L y m a n  alpha inten- 
sity, when allowance is made for the 
seven-day delay appropr ia te  to these 
observations.  

S O U R C E  OF LYMAN ALPHA V A R I A T I O N  

With  the excitat ion mechanism of the 
Mars L y m a n  alpha airglow identified as 
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resonance scattering of solar Lyman alpha 
photons by atomic hydrogen in the Mars 
atmosphere, the most plausible explana- 
tion of the variation in the Mars Lyman 
alpha airglow is that  either the number 
of hydrogen atoms in the Mars atmosphere 
is changing or that  the flux of the solar 
Lyman alpha radiation is changing, or 
that  both mechanisms are operating. 
In the case of the Earth 's  Lyman alpha 
airglow', there is evidence that  both 
types of changes occur. In the Earth's 
exosphere, the number of hydrogen atoms 
changes throughout the l 1-year solar 
cycle in response to a changing escape 
flux brought about by changes in the 
thermospheric temperature (Kockarts and 
Nicolet, 1962). Shorter term variations 
in satellite measurements of the Earth 's  
Lyman alpha radiation have been attri- 
buted to the variability of the Lyman 
alpha flux at the center of the solar emission 
line (Meier, 1969). Measurements of the 
solar emission line show that  the flux in 
the center of the line does vary and 

that  this variation may be correlated 
with the Zurich sunspot number (Blamont 
and Vidal-Madjar, 1971; see also Thomas 
and Bohlin, 1972). 

On Mars, the number of hydrogen 
atoms in the exosphere may vary due either 
to changes in the rate of escape of atomic 
hydrogen through thermal evaporation 
from the exosphere or to changes in the 
rate of supply of atomic hydrogen to the 
exosphere. Since an increase in the thermo- 
spheric temperature would lead to an 
increase in escape rate, the hydrogen 
atom density should decrease with an 
increase in thermospheric temperature. 
The supply of atomic hydrogen to the 
exosphere may be controlled by the rate 
of dissociation of a hydrogen-bearing 
molecule, most likely either water vapor 
or molecular hydrogen. The rate of 
dissociation, in turn, may vary either 
because of changes in the dissociating solar 
flux or in the supply of the hydrogen- 
bearing molecule to the upper atmosphere. 
For example, the release of water vapor 
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into the lower atmosphere of Mars may 
vary seasonally or its transport into 
the upper atmosphere may be regulated 
by the thermal structure of the atmosphere. 
Finally, since the flux of the solar Lyman 
alpha line does vary with the 27-day 
rotation of the sun, there should be 
variations in the Mars Lyman alpha 
airglow. The 20% variation that has 
been observed in the Mariner 9 ultraviolet 
observations is moderate compared with 
the variation of the solar Lyman alpha flux 
that has been reported from 0S0-5 obser- 
vations (Blamont and Vidal-Madj ar, 1971 ). 

What is most striking about the Mariner 
9 Lyman alpha observations is not their 
variations, but that the observed inten- 
sities are as constant as they are. Previous 
to the Mariner 9 observations, it was 
anticipated that there might be large 
variations in the amount of atomic 
hydrogen in the Mars atmosphere (Barth, 
1969; Hord et al., 1970). During November 
and December 1971 there was a planetwide 
dust storm on Mars (Masursky et al., 
1972). The solar ultraviolet radiation 
capable of photodissociating water vapor 
was not able to penetrate to the lower 
atmosphere. During this same period the 
temperature structure of the atmosphere 
changed radically with the higher levels 
of the atmosphere becoming warmer 
(Hancl et al., 1972; Kliore et al., 1972). 
There were strong winds which, in blowing 
over the extreme elevation variations in the 
topography (Hord et al., 1972), might 
have been expected to enhance mixing 
into the upper atmosphere. During the 
first 120 days of Mariner 9 observations 
it was summer in the southern hemisphere 
and the polar cap became progressively 
smaller until only a remnant remained 
(Masursky et al., 1972). While these 
dramatic climatic changes were occurring 
in the lower atmosphere, the observed 
rate of escape of atomic hydrogen from the 
exosphere remained comparatively con- 
stant. These observations suggest that 
there is a large buffer keeping the supply 
of atomic hydrogen to the exosphere 
relatively constant whi le  dramatic varia- 
tions are taking place in the lower atmos- 
phere of Mars. 
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D i s c u s s i o n  

MARCY: What  is the background sky brightness for Lyman c¢ and oxygen? 
BARTH: About 300 Rayleighs for La;  there was no detection of atomic oxygen 

(corresponding to a brightness less than 10 Rayleighs). 
MARCY: We found about 800 Rayleighs for Lyman c¢ and from 3 to 5 Rayleighs 

for atomic oxygen. Is it possible to explain the height distribution of Lyman 
in terms of a vertical distribution of hydrogen atoms ? 

BARTH: Yes, dissociation of H20 might produce sufficient atomic hydrogen. 
M ~ o v :  Is it possible, though, to explain the mixing ratio of atomic hydrogen 

(1 × 10 -6) required? 
BARTH : Yes ; the problem is to explain the small amount of atomic oxygen seen. 
WEILL: Do you see the 1356/~ line? 
BARTH: Yes, the 1356 A line is present (it arises from photo-dissociation of CO2). 


