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Abstract. The Lyman alpha measurements made on the sunlit side of Venus by Mariner 5 showed
that the distribution of the radiating hydrogen atoms was governed by two scale heights. A revised
model is presented in which the inner or cold distribution is attributed to hydrogen atoms in thermal
equilibrium with the thermosphere and the outer or hot distribution is due to hydrogen atoms
produced by the photodissociation of molecular hydrogen. The consequence of this interpretation
is that the temperature of the dayside thermosphere of Venus is 325 K.

1. Introduction

The ultraviolet photometer data from Mariner 5 shows that the Lyman alpha emitters
in the upper atmosphere of Venus must be present either in two forms or at two
different temperatures (Barth, 1968). Among the several models suggested, one re-
quires the presence of both molecular and atomic hydrogen (Barth et al., 1968) while
the other has hydrogen atoms present in both a thermal and a ‘hot’ population. At
the time of the original suggestion (Barth, 1968), there was no plausible physical model
for producing the ‘hot’ atoms. The present paper offers a model in which the molecular
hydrogen model and the ‘hot’ atom model are combined. In this theory, the ‘hot’
atoms arise from the photodissociation of molecular hydrogen.

Since there is water vapor in the atmosphere of Venus, there should be molecular
hydrogen as well, just as there is molecular hydrogen in the earth’s upper atmosphere.
Lewis (1968, 1970) has calculated that under chemical equilibrium conditions in the
dense, lower atmosphere of Venus, the reaction CO+H,0=CO,+ H, leads to a
mixing ratio for molecular hydrogen of the order of 10~5. In the upper atmosphere,
diffusive separation should set in and molecular hydrogen may become the major
atmospheric constituent over a limited altitude range. In the region where the mole-
cular hydrogen is no longer screened from the solar ultraviolet radiation by carbon
dioxide, photodissociation will occur.

2. Photodissociation of Molecular Hydrogen

Molecular hydrogen is photodissociated by ultraviolet radiation shortward of 845 A
into two hydrogen atoms.

H, + hv (A < 845 A) — H (Is) + H (25, 2p) (1)

This direct photodissociation produces half of the atoms in the ls state and the other
half in either the 2s or 2p depending upon the particular photodissociation continua
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followed. Dalgarno and Allison (1969) have calculated the cross sections for photo-
dissociations proceeding by way of the B'Z}, C'm,, and B''Z} states.

Photodissociations that are caused by photons with energy greater than 14.7 eV (the
photodissociation threshold) will produce atoms with excess kinetic energy. In this
way, the photodissociation of molecular hydrogen in the exosphere of Venus, where
collisions do not occur, will produce a population of hot atoms.

The rate of production of hydrogen atoms from the photodissociation of molecular
hydrogen is given by the following expression, since in the exosphere, densities are
sufficiently low that there is no attenuation of the solar radiation:

[A] = 2[H,] > ou(Ho)F, @

A<845 A

where the square brackets designate volume densities of the chemical constituent
within the bracket, o,(H,) is the photodissociation cross-section of molecular hydro-
gen, and F) is the solar flux. Since the last two quantities are functions of wavelength,
their product needs to be summed for wavelengths less than 845 A, the photodissocia-
tion threshold. The total flux of photodissociated hydrogen atoms may be obtained
by integrating the rate of photodissociation from the base of the exosphere to infinity.
Using the continuity equation, this flux of newly formed atoms may be equated to a
volume density of hydrogen atoms times an average velocity.

f [f1] dz = [HF 3)

This average velocity represents the excess kinetic energy shared by the atoms in the
photodissociation process, and is a function of the wavelength of the photon. The
flux of photodissociated atoms may be equated to the photodissociation process by
integrating the molecular hydrogen density over altitude. This integral may be
approximated by the local molecular hydrogen density times the molecular hydrogen
scale height, s#(H,).

The density of freshly photodissociated hydrogen atoms at the base of the exosphere
may be related to the density of molecular hydrogen at the same level through the

following equation
) = 23 (2825) sy, @

The quantities in the large parentheses including the average velocity are all functions
of the wavelength of the photodissociating photon and should be calculated separately
and then summed. Using the solar fluxes of Hinteregger et al. (1965), adjusted by a
factor of 1.5 to make them appropriate to October 1967, and the photodissociation
cross sections of Dalgarno and Allison (1969), the atom production rates and the
average excess energy of the freshly dissociated atoms are given in Table I. In Equation
(4), the density of atomic hydrogen that has been converted from molecular hydrogen
is given in terms of the molecular hydrogen density. This ‘conversion factor’ has been
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TABLE 1
Wavelength Average Solar flux Production Conversion
excess energy Venus, 1967 rate factor
A eV 10°cm=2sec™! 10-° psec~? 10-7
840-830 0.08 2.1 19.3 7.93
832-835 0.10 1.5 13.8 5.01
830-820 0.17 1.9 14.4 4.05
820-810 0.27 1.7 9.9 2.19
810-796 0.38 2.0 9.2 1.71
790.1 0.51 1.0 2.8 0.45
7817.7 0.53 0.92 2.6 0.40
780.3 0.60 0.44 1.0 0.14
796-780 0.53 2.1 5.9 0.93
770.4 0.71 1.2 2.0 0.27
765.1 0.76 0.60 0.8 0.10
780-760 0.71 2.1 3.6 0.50
Total 83 24

calculated as a function of average excess energy and is listed in Table I also. The
conversion factor summed over all energies which gives the amount of atomic hydro-
gen at a given altitude that has been converted from molecular hydrogen is 2.4 x 10~6,
Each of the subgroups of hydrogen atoms will be distributed with their own scale
height depending on their average kinetic energy. This calculated value for the con-
version factor is a minimum since some processes that photodissociate molecular
hydrogen have been neglected. Mentall and Gentieu (1969) have found that absorption
into the D'm, state leads to predissociation producing additional hydrogen atoms. A
more important one is the photo-destruction mechanism proposed by Stecher and
Williams (1967) in which ultraviolet radiation shortward of 1108 A is absorbed into
discrete excited states and then reradiated into the continuum of the ground state
producing dissociation. Dalgarno and Allison (1969) have estimated that this process
may produce ten times as many atoms as the photodissociation process calculated
above.

3. The Model

This model identifies the Lyman alpha emission from the outer atmosphere of Venus
as arising from the resonance scattering of solar Lyman alpha radiation by atomic
hydrogen. The emissions originating from planetocentric distances less than 9000 km
come from thermal hydrogen atoms; i.e., atoms that have undergone collisions below
the exobase and are in thermal equilibrium with the constituents of the thermosphere.
The Lyman alpha emissions arising from planetocentric distances greater than 9000 km
originate from ‘hot’ hydrogen atoms, i.e., atoms that have been produced by the
photodissociation of molecular hydrogen in the exosphere and have not undergone
any collisions since their formation. This identification of the observations with ‘hot’
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and thermal hydrogen atoms is illustrated in Figure 1 which has been adopted from a
figure used for an alternate model (Barth, 1968).

The identification of the lower altitude regime of the data with thermal hydrogen
atoms leads to the requirement that the thermospheric temperature of Venus be 325 K.
The bottom of the exosphere, the exobase, will be located at the level above which
collisions essentially do not take place. The cross section for thermalizing collisions
between hydrogen atoms and hydrogen molecules may be estimated to be 3.5 x 1016
cm?. This means that the volume density of molecular hydrogen at the exobase can
be no more than 2 x 108 molecules cm ™2 since the molecular hydrogen scale height at
325 K is 160 km. The carbon dioxide volume density at this same level needs to be
4 % 10° molecules cm~2 or less. The distribution of these additional constituents in
the model are illustrated in Figure 2 where the curve marked atomic hydrogen contains
both the thermal and ‘hot’ populations from Figure 1.
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Fig. 1. Distribution of ‘hot’ and thermal hydrogen atoms in model.

4, Test of Model

When the conversion factor determined in the Table is applied to molecular hydrogen
density at the exobase, the density of ‘hot’ hydrogen atoms at this level is calculated
to be 5x10% atoms cm~3. The values of excess kinetic energy listed in the table
indicate that the bulk of these atoms will have scale heights that exceed the 640 km
scale height of the hot atom distributions in the model shown in Figure 1. This means
that the “hot’ atom distribution at planetocentric distances less than 9000 km actually
is less than that indicated in Figure 1 and at distances greater than 9000 km the
distribution is greater than that shown in Figures 1 and 2.
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Fig. 2, Distribution of atomic and molecular hydrogen and carbon dioxide in model. Atomic
hydrogen distribution includes both the ‘hot’ and thermal atoms shown in Figure 1.

When the Stecher-Williams process is taken into account, the conversion factor is
ten times larger and the density of ‘hot’ atoms shown in Figure 1 can be matched using
a scale height of 640 km. To exactly match the distribution in the figure, the bulk of the
‘hot” atoms would need to have an average energy that is twice the kinetic energy of
the thermal atoms.

5. Summary

The molecular hydrogen model of Barth (1968) failed to take into account the reso-
nance scattering of Lyman alpha radiation by the freshly created hydrogen atoms.
When these ‘hot’ atoms are included, the Lyman alpha emissions at distances greater
than 9000 km are accounted for. The Lyman alpha emissions at distances less than
9000 km are then attributed to thermal hydrogen atoms with the consequences that the
Venus thermosphere is very cold, 325 K. As compared with the earlier model, the
amount of molecular hydrogen in this model is greatly reduced with the consequence
that the Lyman alpha radiation that is radiated during the photodissociation process
no longer plays a role in the explanation of the observations.
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