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The Mariner Mars 1971 ultraviolet spectrometer will obtain spectra in the 
1100 to 3490 A wavelength range. The spectral features in this range will help to 
characterize the Martian atmosphere in a quantitative way. At wavelengths near 
3409 ~,  the spectra may be dominated by ground reflection because of the low 
surface pressure on Mars. 

Spectra from the outermost part  of the Martian atmosphere will be dominated 
by resonance scattering of solar radiation by atomic species such as hydrogen, 
oxygen, and nitrogen. Somewhat lower down in the atmosphere, major atmos- 
pheric species can be observed. Solar radiation can excite molecular species 
through resonance reradiation, fluorescence, and photoelectron excitation. Many 
of these possible neutral and ionic constituents, such as carbon monoxide, 
molecular nitrogen, and ionized carbon dioxide, reradiate in the ultraviolet. 
The spectra from the lower Martian atmosphere, i.e., within a scale height or so 
of the planet surface, will be dominated by absorption below 2000 A. The dominant  
signal longward of 2000 A will be due to Rayleigh scattering by carbon dioxide, and 
Mie scattering from clouds. I f  a loosely bound molecular species such as ozone is 
present, then a broad absorption feature can appear in the 2000 to 3000 A wave- 
length region. 

The atmospheric composition of Mars may be indicative of biological activity. In  
this sense, ultraviolet spectroscopy will contribute to a biological understanding of 
the  planet. 

I .  INTRODUCTION 

Scientific objectives of the ultraviolet 
spectroscopy experiment for the Mariner 
Mars 1971 orbital missions are divided into 
two categories: (1) ultraviolet cartography, 
the mapping of the surface and lower 
atmosphere in the ultraviolet spectral 
region; and (2) ultraviolet aeronomy, the 
s tudy of the composition and structure of 
the upper atmosphere using the techniques 
of ultraviolet spectroscopy. The ultraviolet 

1 This work was performed for the Jet  Propul- 
sion Laboratory, California Inst i tute  of Tech- 
nology, sponsored by the National Aeronautics 
and Space Administration, under Contract No. 
NAS 7-100; this work was also supported by the  
National Aeronautics and Space Administration, 
under research grant ]qGL 06-003-052. 

3 63 

cartography measurements will be accom- 
plished by pointing the spectrometer at the 
illuminated disk of Mars. The upper 
atmospheric measurements require the use 
of different geometries in order to view the 
upper atmosphere and to discriminate 
against the bright, lower atmosphere of 
Mars. 

The specific objectives included in ultra- 
violet cartography are (1) to measure local 
atmospheric pressure over a major part  
of the planet, (2) to measure local ozone 
concentration, and (3) to measure the 
Mars photometric function in the near- 
ultraviolet. Ultraviolet spectra of phenom- 
ena associated with Mars, such as the wave 
of darkening, white and yellow clouds, and 
the blue haze-blue clearing phenomenon, 
are included in this category. Implicit in 
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the ozone measurements i s  the search for 
evidence of biological activity that  might 
occur in suitable microenvironments on 
Mars. 

The specific objectives included in ultra- 
violet aeronomy are (1) to measure compo- 
sition and structure of the upper atmos- 
phere as a function of latitude, longitude, 
and time; (2) to measure ionosphere 
composition and its variations; and (3) to 
measure distribution and escape rate of 
atomic hydrogen from the exosphere. The 
distribution and variability of possible 
ultraviolet aurora, which might be indica- 
tive of an induced planetary magnetic 
field, will be explored. 

II. ULTRAVIOLET CARTOGRAPHY 

At wavelengths greater than about 
2000 A, a large part  of the solar radiation 
will penetrate deep into the Martian 
atmosphere; in fact, much of this radiation 
may reach the planet's surface. In discuss- 
ing ultraviolet cartography, we will be 
concerned with the ultraviolet spectra in 
the 2000 to 3400 A wavelength interval. 
When viewing the illuminated disk in this 
wavelength range, the ultraviolet spectro- 
meter will provide a spectrometric map of 
the planet. A similar ultraviolet spectro- 
scopy experiment, on the OGO-4 satellite, 
has been orbiting the Earth since Ju ly  
1967 (Barth and Mackey, 1969). What  is an 
upper atmosphere experiment on the 
Earth, however, becomes a lower atmos- 
phere experiment on Mars, where the 
surface pressure corresponds to the 30 to 
35 km level on Earth. 

The tenuous nature of the Martian 
atmosphere makes possible some unique 
ultraviolet measurements tha t  would not 
be possible on the Earth or Venus. The 
S-band occultation experiment on the 
Mariner flyby mission in 1964 indicated 
that  the surface pressure on Mars is about 
6 mb or roughly 1/170 of the surface 
pressure on the Earth (Kliore, Cain, and 
Levy, 1967). With this pressure, and a 
nominal surface temperature of 200°K, 
the number density of the atmosphere at 
the surface of the planet would be about 
2 x 1017 molecules/cm 8. I f  one assumes 

carbon dioxide to be the maj or atmospheric 
constituent near the planet's surface, then 
the atmospheric scale height would be 
about 10 km. The number of molecules 
in a vertical column above the surface 
will be 2 x 1033 molecules/cm 2 column. I f  
one calculates the optical thickness, T, of 
such a tenuous atmosphere, with Ray- 
leigh scattering assumed to be the pri- 
mary extinction mechanism, the resulting 
optical depths are quite small. At 2000/~, 
T = 0.17, and T is still smaller as the wave- 
length increases toward the visible part of 
the spectrum. The implication of such a 
small optical depth is tha t  a large fraction 
of the solar flux ~rF (2000 to 3400 ~) reaches 
the Martian surface. The existence of 
sizable amounts of gases such as molecular 
nitrogen would not alter this picture 
appreciably, as they are all relatively 
transparent in the 2000 to 3400 A range. 
I f  radiation at  middle ultraviolet wave- 
lengths does not reach the ground (or a 
boundary layer close to the ground), 
then one must postulate the existence of a 
loosely bound molecular species such as 
ozone, which absorbs strongly at  these 
wavelengths. An alternate explanation 
would be tha t  clouds of sufficient opacity 
exist to prevent penetration of this radia- 
tion to the planet's surface. 

1. Surface Pressure 

I f  the dominant opacity of the Martian 
atmosphere in the ultraviolet is indeed 
governed by Rayleigh scattering, then the 
local surface pressure can be measured 
(Sagan, and Pollack, 1966; 1968; Pollack, 
1967). I f  one assumes that  the planet's 
surface is a very efficient absorber 
in the ultraviolet, having an albedo as 
small as 0.04, then the ultraviolet spectro- 
meter would view the atmospheric gas 
against a nearly black background (Evans, 
1965). As the atmosphere is optically 
thin, the apparent emission rate, 4 ~ d ,  is 
proportional to N, the number of mole- 
cules/cm ~ column along the line of sight 
of the ultraviolet spectrometer. In this 
discussion, it is assumed tha t  all of the 
molecules in the instrument's field of view 
are illuminated by the Sun. Under these 
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due to surface pressure.  

conditions, the intensity is related to the 
column density by the equation 

4~d(~)=~F(~)~(l+cos~¢)~R(;~)/V, (1) 
where ~rF(2) is the solar flux at Mars, aR()t) 
is the Rayleigh scattering cross section, N 
is the column density, and ¢ is the scatter- 
ing angle. As the solar flux is known 
(Tousey, 1963) and the Rayleigh cross 
sections of carbon dioxide and other gases 
such as molecular nitrogen tha t  might be 
present in significant amounts are also 
known, one can infer column densities 
from ultraviolet spectrometer intensity 
measurements. Knowledge of N then 
relates to the surface pressure by the 
equations 

and 

so tha t  

N = n H  

k T  
H -  

M g  

p = n k T  

N =  p 
M g  

and 

4~r~¢(~) = ~rF(~) ~(1 + cos 2 ¢) aR(~ ) ~/~, (2) 

where n is the number density at the 
planet's surface, H is the scale height of the 
lower atmosphere, p is the surface pressure, 
T is the surface temperature, k is Boltz- 
mann's constant, M is the mean molecular 
weight of the atmospheric gas, and g is the 
acceleration due to gravity. The significant 
fact is tha t  4qrd is proportional to the 
pressure at the surface of Mars. If, for 
example, the scale height is 10 km near the 
surface of Mars, then a 1-km change in 
average elevation of the Martian surface 
averaged over the ultraviolet spectro- 
meter field of view would translate into a 
10% intensity variation, as detected by 
the ultraviolet spectrometer. This is true, 
since the surface pressure variation with 
altitude is 

p(z) = p(O) exp (-z /h) ,  

where p(O) is the pressure at the reference 
altitude, z = O. Measurements of this type 
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FIG. 2. Intensity variation due to atmospheric composition. 

will be particularly useful when coupled 
with the local atmospheric temperature 
provided by infrared measurements and 
the results of the occultation experiments. 

I f  there are wavelengths in the ultraviolet 
where atmospheric Rayleigh scattering is 
the dominant process, relative to ground 
reflectivity and atmospheric absorption, 
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then the Mariner Mars 1971 orbiter will 
provide the opportunity to map the local 
atmospheric pressure. Figures 1 and 2 show 
how the ultraviolet intensity (measured in 
units of the solar flux) varies with wave- 
length for different surface pressures and 
for different mixtures of carbon dioxide 
and molecular nitrogen. In these figures, 
it has been assumed that  the planet 's 
surface provides a black background. 

2. Surface Albedo 
Mars may have a nonnegligible surface 

albedo, A()t), particularly in the longer 
part  of the wavelength range. Figure 3 
shows the effect of small values of A. In  
Fig. 3, A is taken to be independent of 
wavelength. I t  is seen that  the effect of an 
albedo as large as 0.05 dominates the 
reflected spectrum, especially at longer 
wavelengths. In fact, albedos less than 
0.005 are clearly measurable at the longer 
wavelength part  of the ultraviolet range. 
I t  is seen that  at shorter wavelengths 
Rayleigh scattering is still dominant, 
meaning that  surface pressure measure- 
ments are possible at the shorter wave- 
lengths. Variations in the surface character 
may be mapped out if there are wave- 
lengths that  reach the ground. This will be 
particularly valuable information when 
coupled with the knowledge of the visual 
wavelength albedo over the surface and 
the infrared spectrometer measurements. 

3. Clouds and Haze 
Another possibility is that  clouds could 

be opaque enough to prevent ultraviolet 
radiation from reaching the Martian sur- 
face. In  this case, the spectrometer would 
sample, by  Rayleigh scattering, the atmos- 
phere above the ultraviolet cloudtops. 
In addition, the Mie-scattered radiation 
from the clouds may provide some in- 
formation about  the cloud particles. The 
wavelength dependence of Mie scattering 
is significantly different from Rayleigh 
scattering, at least for larger particles, 
so the separation of these effects may be 
possible. The molecular scattering part  of 
the signal would provide pressure measure- 
ments at the ultraviolet cloudtops. This 
information coupled with the scale height 

would provide altitude information about  
the clouds. Variation in cloud cover with 
time and planet locality would be detect- 
able if the cloud size were larger than, 
or comparable to, the 10-km ~ field of 
view. 

I t  has been suggested that  the Mars 
polarimetry data indicate the presence of 
a planet-wide haze of Mie-scattering 
aerosols (Rea and O'Leary, 1965). I f  a 
significant haze does exist, then ultraviolet 
spectra on both sides of the terminator 
should show its existence. The intensity 
contribution from the planet's surface dis- 
appears as the terminator is crossed, and 
the remaining signal will then have a wave- 
length dependence indicative of the scat- 
terer. I f  the interpretation of the Martian 
photometry and polarimetry measure- 
ments by  Pollack and Sagan (1967) is 
correct, then the scattering from the 
planet's surface is lost upon crossing the 
terminator, and the remaining intensity 
will be due to Rayleigh scattering, 1/A 4, 
from the atmospheric species. I f  Mie 
scattering by  a planet-wide haze is an 
important factor, then the wavelength 
dependence of the intensity after crossing 
the terminator will be indicative of Mie 
scattering, ~1/~. 

4. Ozone 
Ozone may be measured in a planetary 

atmosphere by  means of the absorption of 
ultraviolet light between 2000 and 3000 A 
due to the Hart ley band system. The 
intensity of light scattered by  an atmos- 
phere undergoing both Rayleigh scattering 
and ozone absorption is given by the 
following equation: 

4~rd()~) -- 7rF(,~)3 (1 -~ coseC) f :  aR(~)n R 
4 

x exp - z ~ +  eo~()Ono, dz' dz, (3) 

where aR and eo~ are the I~ayleigh scatter- 
ing and ozone absorption coefficients, 
respectively. The number densities of 
ozone and the Rayleigh scattering con- 
stituent are no, and n R, respectively. The 
cosine of the solar zenith angle is ~0 and the 
cosine of the emission angle is /~. The 



68 HORD, E T  A L .  

10 5 I I I 

10 4 

1111 f I I I 
2000 2400 2800 3200 3600 

WAVELENGTH, 

FZG. 4. Synthetic spectrum.~f4gm~niI),a2~i disk of Mars assuming varying amounts of ozone: 
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to 0.04. The Rayleigh scattering constituent is assumed to be CO2. An apparent emission rate, 
41r~ ¢ = 1/cR, corresponds to a brightness, ~ = 109/4rr photons cm -2 sec -1 (20 A) -1. 

inversion :of this equa t i on  gives the  ozone 
dis t r ibut ion a s  a funct ion of  height.  
Observa t ions  of: the :Earth in th i s  spec t ra l  
region h a v e  been ,made  b y  ' the u l t raviole t  
spec t rometer  on the  OGO-4 satellite (Ba r th  
and Mackey,  1969). Anderson et al. (1969) 
have  inver ted  Eq.  (3) to  obta in  an ozone 
dis t r ibut ion using the  OGO-4 ul t raviole t  
spec t rometer  data .  There  are detai led 
var ia t ions in the  spec t rum due to  F raun-  
hofer  lines in the  solar spectrum,  while a 
large dip occurs between 2000 and 3000 A 
with a m a x i m u m  at  2500 A due to ozone 
absorption.  The  amoun t  of  ozone in the  
Ea r th ' s  a tmosphere  is equivalent  to  a 
thickness of  0.3 cm at  s t andard  tempera-  
tu re  and pressure. In  Figs. 4, 5, and 6, the  
expec ted  in tens i ty  appropr ia te  to Mars is 
p lo t ted  for vary ing  amounts  of  ozone, 
0.0003, 0.001, 0.003, 0.01, 0.03 cm, all 
much  less t ha n  the  amoun t  on Ear th .  The  
surface albedo is t aken  to  be 0.04, and the  
assumed surface pressures are 4, 9, and 20 
mb. The measurement  of  ozone by  this 
technique  is a sensitive me thod  of  detect ing 
the  presence of  molecular  oxygen  in a 
p l ane ta ry  a tmosphere ;  the  fo rmat ion  of  
ozone is preceded by  the  photodissociat ion 

of  molecular  oxygen  to  form oxygen atoms. 
The oxygen  a toms react  with o ther  oxygen  
molecules to form ozone. The  ozone is 
des t royed  b y  photodissociat ion and  reac- 
t ions wi th  a tomic oxygen.  The equil ibrium 
densi ty  of  ozone is a funct ion of  the  am o u n t  
of  molecular  oxygen present ;  conversely,  
the  am o u n t  of  molecular  oxygen  m a y  be 
inferred f rom a measurement  of  the  a m o u n t  
of  ozone. 

Through  the  ul t raviole t  spect roscopy 
exper iment ,  amounts  of  ozone equivalent  
to  a molecular  oxygen  concent ra t ion  of  
biological significance, 0.1~/o (Barth,  1969), 
can be detected.  Bel ton  and  H u n t e n  (1968) 
suggest t h a t  the  upper  limits previously  
placed on the  am o u n t  of  molecular  oxygen 
in the  Mart ian a tmosphere  m a y  be too low, 
and t h ey  discuss a possible detec t ion of  
oxygen in the  Mart ian a tmosphere .  

The ul t raviolet  spec t rometer  (F-channel) 
will have  a pro jec ted  field of  view of  
approx imate ly  10 × 10 k m  on the  ground 
at  the  periapsis a l t i tude of  1600 km. This 
high spatial  resolut ion will make  i t  possible 
to search for microenvi ronments  t h a t  have  
ozone and  to  de termine  whether  localities 
of  enhanced ozone concentra t ion occur  on 
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FIG. 5. Synthetic spectrum of illuminated disk of Mars assuming varying amounts of ozone: 
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Mars. The greater pressure in the low- 
lying regions may cause the ozone density 
to be larger. The ozone may be in contact 
with the surface and react with different 
surface materials. The oxidized state of 
the surface may, in fact, be due to ozone. 
Different surface materials may react in 

varying degrees with ozone, producing 
local variations in the ozone concentration 
and in the characteristics of the surface. 
There may be local areas where biological 
activity may produce molecular oxygen. 
Photodissociation in turn will lead to the 
formation of ozone. The ozone then could 
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FIG. 6. Synthetic spectrum of Mars illuminated disk assmning varying amounts of ozone : 0.0003, 
0.901, 0.003, 0.01, 0.03 c m - a t m .  
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protect the bot tom of the craters from 
ultraviolet radiation and permit greater 
biological activity. The measurement of 
ozone abundances in localized areas in 
amounts that  exceed what may be ex- 
plained by  physical processes may be 
interpreted as indicative of biological 
activity. 

Variable ozone production may be in- 
volved in the wave of darkening, whether 
or not that  phenomenon is due to a physi- 
cal or a biological process. The wave of 
darkening is a seasonal phenomenon that  
may be related to the amount of solar radi- 
ation reaching the surface of the planet. 
Ozone formation is also regulated by  the 
intensity of the solar radiation. I t  should be 
determined whether the two phenomena 
are interrelated. The interaction between 
the wave of darkening and the ozone 
concentration may be an oxidation of the 
surface, or a shielding of biological activity 
on the surface from ultraviolet radiation. 
I t  is possible that  another loosely bound 
molecular absorber, such as nitrogen 
dioxide, absorbs in the middle ultraviolet 
on Mars. The absorption features of middle- 
ultraviolet absorbers are broad, but  have 
different variations with wavelength and 
are distinguishable at 20-A resolution. 

Let  us summarize the results that  might 
be expected from spectral scans covering 
the wavelength interval from 2000 to 
3400 A with the instrument pointed at the 
illuminated disk of Mars. In this wave- 
length range, the reflectivity of Mars will 
be dominated by  four physical phenomena: 
(1) reflectivity of the surface, (2) Rayleigh 
scattering by  the atmosphere, (3) absorp- 
tion by  atmospheric constituents such as 
ozone, if present, and (4) Mie scattering by  
clouds or haze, if present. Each of these 
phenomena has a different dependence on 
wavelength. Spectral scans covering the 
wavelength range between 2000 and 3400 A 
should make it possible to separate these 
four effects, especially when taken under 
different viewing conditions and above 
regions with different surface reflectivities. 
Our present knowledge of Mars would lead 
us to expect that  Rayleigh scattering would 
be the dominant process at the shorter 
wavelength end of the spectrometer range; 

the middle-wavelength range would be 
dominated by  ozone; at longer wave- 
lengths, the reflection characteristics of 
the Martian surface would dominate. The 
pressure, as determined by  the spectro- 
meter measurements, will also be correlated 
with the pressure measurements made by  
the S-band occultation experiment. Both 
measurements are based on the same funda- 
mental molecular property, i.e., the electric 
polarizability of the atmospheric molecules. 
In addition, the infrared spectroscopy 
experiment will provide measurements of 
the pressure near the surface by  observing 
the pressure broadening of COs absorption 
features. 

III .  ULTRAVIOLET AERONOI~I¥ 
Observations of the photoelectron- 

excited and resonance-scattering ultra- 
violet dayglow between l l00  and 1900 A 
provide a method of measuring the distri- 
bution of the major constituents in the 
upper atmosphere of Mars. The photo- 
electrons that  result from the ionization of 
the atmosphere by solar extreme ultra- 
violet radiation excite the atoms and 
molecules that  are the major constituents 
in the thermosphere. The photoelectron 
excitation mechanism in the Earth 's  
atmosphere has been discussed by  Green 
and Barth (1967) and Dalgarno, McElroy, 
and Stewart (1969). Examples of the 
dayglow emissions in the 1100 to 1900 A 
range are shown by  Barth (1969). Atomic 
lines from hydrogen (1216 A), oxygen 
(1304 /~), nitrogen (1200 A), and carbon 
(1657 A) occur in this wavelength range. 
The fourth positive bands of carbon mon- 
oxide and the Lyman-Birge-Hopfield 
bands of molecular nitrogen are produced 
by  photoelectron excitation. The actual 
intensity ratio between emissions from 
different atoms and molecules depends, 
of course, on their relative abundance in 
the atmosphere and the cross section for 
the particular emission. The height at 
which the maximum emission from the 
photoelectron-excited dayglow occurs is 
determined by  the depth of penetration of 
the ionizing radiation. The measurement 
of the dayglow as a function of solar 
zenith angle is a way of determining the 
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height distribution of the major atmos- 
pheric constituents. In the thermosphere, 
where diffusive equilibrium exists, the 
lighter atoms rise above the heavier 
molecules. A complete global map of the 
photoelectron-excited dayglow, such as 
will be obtained from many successive 
orbits, will show variations in the atmos- 
pheric structure as a function of time. 
For example, changes in the amount of 
solar heating will affect the structure by 
changing the scale height for diffusive 
equilibrium. 

Other molecular band systems undergo 
fluorescent scattering, which can be meas- 
ured as part of the twilight glow. The 
r-bands of nitric oxide and the Cameron 
bands of carbon monoxide appear in 
fluorescence. Measurement of these twi- 
light emissions can give the distribution 
of these molecules as a function of height 
at the terminator. Repeated twilight 
measurements can show changes in the 
structure of the atmosphere as a function 
of latitude and of time. Minor constituents 
such as nitric oxide may be used to indicate 
what atmospheric motions are occurring. 

The most likely ions in the Martian 
ionosphere are CO2 + and CO +. These 
molecular ions have fluorescent spectra 
in the 2100 to 2900 A region. Barth (1969) 
gives synthetic spectra of the first negative 
bands of CO + and the emission bands of 
CO2 +. These ions and their distribution 
with height may be measured at twilight. 
When these results are combined with 
radio occultation measurements taken at 
different times from the orbiter, the 
structure of the ionosphere may be deter- 
mined as a function of time. Repeated 
twilight passes occurring at different 
latitudes would permit also a measure- 
ment of changes along the terminator. 

The synthetic spectra of a number of the 
band systems discussed here as well as the 
associated emission rate factors are given 
by Barth (1969). The emission rate factors, 
in effect, specify the sensitivity of the 
spectrometer to the various species. 

Atomic hydrogen produces an ultra- 
violet dayglow line at  1216 /~ by the 
resonance scattering of solar radiation. 
The intensity of this emission is a measure 

of the density of atomic hydrogen (Thomas, 
1963). The temperature may be determined 
from the variation of the intensity as a 
function of planetocentric distance (Barth, 
Wallace, and Pearce, 1968). The escape 
rate of atomic hydrogen may be deter- 
mined from a knowledge of the density 
and temperature. On Mars, where the 
gravitational attraction is much less than 
on Earth, the escape rate is greater. The 
escape rate may vary on a time scale 
measured in days, either because of an 
increase in the temperature of the upper 
atmosphere due to solar activity or 
because of a change in the supply of atomic 
hydrogen to the upper atmosphere. Such 
a change might come about, for example, 
if water vapor is released into the atmos- 
phere during the melting of the ice caps. 
The change in escape rate, as measured by 
a change in the density of atomic hydrogen, 
could take place during a Martian 
season. 

Ultraviolet aurora are observed on both 
the night and day sides of the Ear th  by the 
ultraviolet spectrometer on the OGO-4 
satellite. I t  is possible tha t  aurora may 
also be observed on Mars. The following 
physical processes could lead to an aurora 
on Mars. When the solar wind interacts 
with a conducting atmosphere, an induced 
magnetic field is produced. This induced 
field, in turn, guides the charged particles 
of the solar wind around the planet and 
perhaps into the atmosphere. The energy 
carried by the protons is transferred to the 
electrons, which then interact with the 
atmosphere. Such an effect would be 
symmetric with the subsolar point and pro- 
duce an auroral ring near the terminator 
on either the night or day side. The ultra- 
violet spectrometer can distinguish ultra- 
violet emissions from charged-particle 
bombardment and can give information 
about a possible auroral region on Mars. 

IV. MEASUREMENT GEOMETRY 

Four fundamental measurement ge- 
ometries for the ultraviolet spectrometer 
are shown in Fig. 7 and are identified as 
the (1) bright limb, (2) illuminated disk, 
(3) terminator, and (4) dark limb. The 
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FIe. 7. Four fundamental geometries to be used by the ultraviolet spectrometer. 

Lyman-a resonance line of atomic hydro- 
gen can be observed in all of these 
geometries and, in fact, would be seen 
throughout an orbit. The Earth 's  Lyman-a 
radiation can be observed out to 100,000 km 
and on Venus to 20,000 km (Barth et al., 
1967). 

For wavelengths below 2000/~, the COs 
lower atmosphere absorbs efficiently and 
provides a black background against which 
the emission features of the upper atmos- 
phere stand out. The solar excited features 
differ in intensity for the bright limb, 
illuminated disk, and the terminator cases, 
primarily because of geometry differences. 
In  the case of optically thick lines and 
bands, multiple scattering will modify the 
observed intensities. 

Longward of 2000 A, the lower atmos- 
phere no longer served as a black back- 
ground for upper atmospheric spectral 
features, and the geometry differences are 
more important. When observing the 
illuminated disk, one could expect the 
signal to be dominated by  Rayleigh 
scattering from COs because there is so 
much of it; the ozone-Hartley band absorp- 
tion, because the cross section, a = 10 -17 
cm ~, is so large; and by  ground reflection, 
because a large fraction of the radiation 
reaches the ground. In addition, Mie 
scattering from clouds may be important. 
The intensities expected are about four 
orders of magnitude larger than the 

emissions from the upper atmospheric 
constituents in this wavelength region. 
The bright limb and terminator geometries 
provide discrimination against the bright 
lower atmosphere for wavelengths in the 
2000 to 3400 A range. In the case of the 
terminator geometry, this discrimination 
occurs because the lower atmosphere is not 
directly illuminated by  solar radiation. The 
bright-limb geometry depends upon effec- 
tive discrimination against off-axis light. 

1. Bright L imb 

Let us consider the bright-limb geometry 
in some detail. First, the response function 
of the spectrometer must fall off rapidly 
outside of the central field of view to allow 
for effective off-axis light discrimination. 
The Mariner instrument has an effective 
baffling arrangement that  reduces the 
sensitivity of the instrument by  more than 
a factor of 105 at 1 deg off-axis. The 
Mariner Mars ultraviolet spectrometer slit 
function falls off exponentially with off-axis 
angle, for angles more than a degree outside 
the central field of view. In cases where the 
off-axis response has axial symmetry, the 
intensity can be written 

4~d(off-axis) = 4~rd(disk) p(00) 

~'OH 2 Oo 

(4) 
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where 4~rd(disk) is the brightness of the 
planet disk, taken to be constant. The 
point source response function for an 
angle 0 o between the planet limb and optic 
axis is p(Oo), where p(O) is normalized so 
that  p(0)= 1. The scale factor for the 
off-axis response function is 0H; ~o is the 
solid angle of the central field of view 

~0 ---- f p(0)d~9 (5) 

andf(Oo/Orl) is a factor of order unity 

x exp (--x) dz (6) 

In making bright-limb measurements, it 
is important to have a small slant distance 
to the planet limb in order to make 
4~¢(off-axis) less than, or at most, of the 
same order as the intensities of the lines or 
bands to be measured. 

Let  us examine the geometry necessary 
to convert bright-limb intensity measure- 
ments into an altitude distribution for a 
given atmospheric constituent. In this 
discussion, the atmospheric constituent 
will be assumed to be optically thin in both 
the excitation process and the emitted 
radiation. This is true at higher altitudes 
where the number density of the con- 
sti tuent is small. When this is not the case, 
i.e., if the optical depth approaches r - -  1 
lower in the atmosphere, then the analysis 
is more complicated, but  still straight- 
forward. 

In  the optically thin case, the intensity is 
proportional to the number of atoms or 
molecules]cm ~ column, N (along the 
instrument axis) of the species leading to 
the emission, so that  

4zrd -~ gN. (7) 

The constant, g, or emission rate factor, 
contains the atomic constants that  describe 
the process and, in general, is proportional 
to the solar flux, ~rF, and the cross section, 
a, for the process. In the case of more 
complicated processes such as photo- 
electron-excited dayglow, branching ratios 
are included in g (Barth, 1969). The 
observed lines must be optically thin in 

order to infer altitude distribution, i.e., 
the optical depth, r - - a N ,  must be less 
than 1. 

Let  us relate the column density to the 
number density, n(R), of an emitting 
constituent which obeys the barometric 
law 

n(R) = n(R)oexp[-(R--  Ro)/H]. (8) 

The scale factor is H and R is measured 
from the center of the planet. The vertical 
column density for an isothermal atmos- 
phere above R is 

Nv(R ) = n(R)H. (9) 

In Fig. 8, consider the evaluation of the 
column density, N(Ro, ~), along a ray  
originating at radius Ro and making an 
angle $ with the local zenith. The Chapman 
function defined as 

Ch(~, Ro/H) N(Ro, $) (10) 
Nv(Ro) 

was first investigated by  Chapman (1931}. 
The Chapman function has more recently 
been investigated by  Swider (1964) and by  
Green and Martin (1966). A new analysis 
leads to a convenient expansion applicable 
to all values of the zenith angle, $. The 
Chapman function can be written as 

P o o  

Ch($, Ro/H) = J~o n(R) V(~, Ro[R)dR (11) 

f ~  n(R)dR 

for ~ ~< 90 deg and where the kernel is the 
Van Rhiin function 

V (~, Ro/ R) = [1 - (sin S ~)(Ro/R)2] -1/2. 
(12) 

Subsequent analysis gives 
L 

Ch("x)  = l i m  ~o (--1)z(1 - - ~ 2  I, \ ~a) 

× Oaz a~l (13) 

The generating function is 

7g 1/2 2 

[ (9] x erfc (cosef) (14) 
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where erfc(x) is the complementary  error 
function. The solution for the Chapman 
funct ion can be wri t ten 

Ch($, x) = Ch(°)(~, x) + Ch(1)(~, x) + . . . .  

(15) 

The first few terms of the expansion are 

C h  (0) = (~x/2) l /2  exp p erfc p 1/2 

Ch (1) = --(1/x)[(p -- ½) Ch (°) - V] 

Ch (2) = - ( 1 / 2 x ) [ ( - p  2 -- p + ¼) Ch ~°) 

+ (p + ½)v] (16) 

Ch(3) = (1/2x~)[(_pa _ ~p2 + ~p _ ~) Ch(0) 

+ (p2 + p _ ~) v], 

where 

and  

p = (x/2) cos2~ (17) 

- (x /2 )cos5  ( i s )  

Addit ional  terms can be found from a 
recurrence relation. In  practice, when 

x = R o / H  is large, as is usually the  case, 
then  

Ch(~, x) ~ Ch(°)($, x) + order (I/x). (19) 

When ~ is small, Ch(°)(~,x) reduces to sec 
and when $ =  90 deg, i t  becomes the  
Hu n t e n  approximat ion (Hunten,  1954) 

Ch(°)(90 °,x) \ 2 R o /  " (20) 

The column densi ty  along the ul traviolet  
spectrometer optic axis from an orbiter 
above a p lanetary  atmosphere is 

N(R) = 2N~(R) Ch(90 °, R / H )  (21) 
o r  

N ( R )  = n ( R ) ( 2 7 r R H )  1/2. (22) 

The ultraviolet  spectrometer then  essen- 
t ial ly samples the atmosphere at  a point  
along the  optic axis t h a t  passes closest 
to the  planet.  Because of  the  weak de- 
pendence of the square-root factor,  the  



MARINER MARS 1971 UV SPECTROSCOPY 75 

DIFFRACTION GRATING - DISPERSES ULTRAVIOLET LIGHT 
INTO A SPECTRUM 

PERISCOPE 

SPHERICAL (EBERT) MIRROR EXIT SKITS 

DETECTOR ELECTRONICS 

ENTRANCE OCCULTING SLIT SHADE El OF MARS 

SLIT ELIMINATES STRAy LIGHT MIRROR STRAy LIGHT ATES STRAy ~1 
AND DEFINES FIELD C 

FIG. 9. Optical layout and physical configuration of ultraviolet spectrometer. 

intensity is proportional to the number 
density at the sample altitude 

4~J~ = gn(R)(2~Ro/H) 112. (23) 

In cases where a constituent such as 
hydrogen is escaping, a more succinct 
representation can be made in terms of 
functions of the form 

n(R) = n(Ro)(Ro/R) k. (24) 

In this case, the intensity as a function of 
sample altitude number density, n(R), can 
be found by  substituting Eq. (24) into 
Eq. (11) 

__,D,.2(~)1/~ r[½(k + 1)] (25) 
4 ~  = ~ , ~ .  ~ (~_]~ r ( ½ k )  

Equations (23) and (25) are exact only 
when the solid angle of the instrument is 
infinitesimal. In the case of the Mariner 
ultraviolet spectrometer, the field of view 
of the F channel (1700 to 3400 A) is 0.25 
deg square and the G channel (1100 to 
1700 ~) is 0.25 by  2.5 deg. For the G 
channel, the platform pointing angles can 
be chosen to align the projected spectro- 
meter slit with the bright limb of Mars, 
providing an enhanced signal from small 
scale height species. For the anticipated 
orbits for the 1971 orbital mission, the 
slant distances to the bright limb of Mars 
will provide good altitude resolution. For 
exospheric hydrogen or when the scale 
height of the constituent is larger than the 
projected field of view of the instrument, 
the effect of the instrument's finite field of 

view is negligible. When the projected 
field of view becomes comparable to the 
scale height, the intensity as seen by  the 
instrument is 

I f  the slant distance is S and the half-cone 
angle of the rectangular field of view is O, 
then it can be shown that  the intensity is 

rsinh(OS/H) + order (~ - ) ] ,  4rr,~l=gN(R)[ ~ OS 

(27) 

where N(R) is the column density along 
the spectrometer optic axis. 

V. INSTRUMENT DESCRIPTION 

The instrument to be used is an Ebert  
scanning spectrometer with an occulting 
slit telescope and a baffling system for the 
elimination of stray light. The optical 
layout and physical configuration of the 
instrument are shown in Fig. 9. The short- 
wavelength detector, 1100 to 1700 A, is 
referred to as the G channel, while the 
longer wavelength detector, 1700 to 3400 ,~, 
is referred to as the F channel. The G 
channel detector is a photomultiplier tube 
with a cesium iodide photocathode and a 
lithium fluoride window; the F channel 
detector uses a photomultiplier tube with a 
cesium telluride photocathode and a 
sapphire window. The characteristics tha t  
make these particular detectors desirable 
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are discussed b y  B a r t h  (1969). The  elec- 
t ronics  are l inear  for bo th  channels.  The  
necessary  dynami c  range,  to  m a k e  low- 
in tens i ty  airglow measu remen t s  as well as 
h igh- in tens i ty  b r igh t  disk observa t ions  on 
the  F channel,  will be achieved b y  hav ing  
feedback-contro l led  gain changes.  The  
gain  change will be accompl ished b y  
va ry ing  the  high vol tage  appl ied to  the  
F tube .  

The  Mariner  u l t rav io le t  spec t romete r  
scans its range  wi th  a 3-sec per iod and  
gives a spec t rum wi th  20-A resolution. 
W a v e l e n g t h  scanning is accompl ished b y  
a gra t ing  m o v e m e n t  dr iven b y  a cam. 
I n  addi t ion  to t ak ing  comple te  u l t ravio le t  
spect ra ,  the  design of  the  electronic sub- 
sys t em allows for sampl ing  a t  1216 A 
(Lyman-a )  in order  to  utilize a lower d a t a  
r a t e  mode.  This  capab i l i ty  allows L y m a n - a  
d a t a  to be t a k e n  for a larger pe rcen tage  of  
each orbit .  

VI .  BIOLOGICAL INFERENCES 

I f  biological ac t iv i ty  is occurring,  then  
one would expec t  t h a t  the  a tmosphe re  mus t  
b e t r a y  its exis tence and  be modified 
accordingly.  The  a tmospher i c  a lgor i thm 
for biological ac t iv i ty  is only  par t i a l ly  
specified a t  this  po in t  in t ime.  One of  the  
i m p o r t a n t  fac tors  is t h a t  03 m a y  exist  only  
in t race  abundances  in the  absence of  
biological a c t i v i t y  (Urey, 1959; Berkner  
and  Marshall ,  1966). The  presence of  02 a t  a 
biologically significant threshold  is de tec t -  
able b y  an  u l t rav io le t  spec t romete r  because  
of  the  a c c o m p a n y i n g  fo rma t ion  of  03 
(Bar th ,  1969). M a n y  other  chemical ly  
ac t ive  componen t s  of  the  E a r t h ' s  a tmos-  
phere,  which m a y  also be  present  in the  
Mar t i an  a tmosphere ,  can be de tec ted  b y  
u l t rav io le t  spect roscopy.  Fo r  example ,  
OH,  N02,  N 0 ,  and  CO can be de tec ted  in 
t race  abundances .  Other  a tmospher ic  gases, 
such as N2, can be de tec ted  i f  t h e y  are 
m a j o r  const i tuents .  H i t chcock  and  Love-  
lock (1967) discuss how var ia t ions  in the  
a m o u n t s  of  these cons t i tuents  f rom the rmo-  
dynamic  equi l ibr ium abundances  m a y  be 
indicat ive  of  life. Biological ac t iv i ty ,  i f  i t  is 
developing,  m a y  well send up  its a tmos-  
pheric smoke  signal in advance  of  more  
over t  physical  signs of  its existence. 
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