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Thermal Structure and Energy Influx to the
Day- and Nightside Venus Ionosphere

Abstract. Pioneer Venus in situ measurements made with the retarding potential
analyzer reveal strong variations in the nightside ionospheric plasma density from
location to location in some orbits and from orbit to orbit. The ionopause is evident
at night as a relatively abrupt decrease in the thermal plasma concentration from a
few hundred to ten or fewer ions per cubic centimeter. The nightside ion and electron
temperatures above an altitude of 250 kilometers, within the ionosphere and away
from the terminator, are comparable in magnitude and have a value at the ionopause
of approximately 8000 K. The electron temperature increases from a few tens of
thousands of degrees Kelvin just outside the ionopause to several hundreds of thou-
sands of degrees Kelvin further into the shocked solar wind. The coldest ion temper-
atures measured at an altitude of about 145 kilometers are 140 to 150 K and are still
evidently- above the neutral temperature. Preliminary day- and nightside model ion
and electron temperature height profiles are compared with measured profiles. To
raise the model ion temperature to the measured ion temperature on both day- and
nightsides, it was necessary to include an ion energy source of the order of 4 x 1073
erg per square centimeter per second, presumably Joule heating. The heat flux
through the electron gas from the solar wind into the neutral atmosphere averaged
over day and night may be as large as 0.05 erg per square centimeter per second.
Integrated over the planet surface, this heat flux represents one-tenth of the solar
wind energy expended in drag on the sunward ionopause hemisphere.

In our earlier report we presented ion
and electron temperatures and major ion
composition data for six of the first ten
orbits selected as representative of the
dayside Venus ionosphere at a solar ze-
nith angle (SZA) of about 70° (/). The
ionosphere below the ionopause at that
location appeared to be relatively con-
stant in total ion concentration, ion and
electron temperature, and ion composi-
tion. Strong changes did occur when the
solar wind depressed the ionopause
height to 300 km on orbit 9, but none-
theless a fairly consistent picture of the
ionosphere appeared to have been
achieved.

In contrast, the ionosphere on the
nightside shows strong variations from
location to location within some single
orbits and from one orbit to the next
(Fig. 1). The in situ measurements made
by the Pioneer Venus retarding potential
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analyzer (RPA) experiment and compan-
ion experiments (2) are substantiating
the existence of strong nightside iono-
spheric variability initially inferred from

earlier radio occultation experiments (3)
and are revealing its nature in more de-
tail. Orbit 51 is representative of those
orbits for which the nightside ion con-
centration is at its maximum value. Orbit
92 is representative of a minimum night-
side ionosphere. Orbit 65 is intermedi-
ate. The ionopause is usually evident as
arather abrupt decrease in concentration
from a few hundred to ten or fewer ions
per cubic centimeter. Frequently, the ion
concentration increases to a few hundred
per cubic centimeter for a period of time
before the final decrease in concentra-
tion. This behavior suggests an irregular
ionopause surface or patches of de-
tached ionospheric plasma. The concen-
trations in Fig. 1 are plotted as a function
of altitude but are not ‘*vertical’’ profiles
inasmuch as the spacecraft is also mov-
ing horizontally. The total concentra-
tions are derived from the ion saturation
currents and are not corrected for ion
drift velocity.

Strong variations in plasma concentra-
tion within a single orbit are illustrated in
the lower half of Fig. 2. The wavelike
variations are most pronounced at low
altitude and decrease with altitude. The
spacecraft travels approximately 1500
km horizontally between the major
peaks in plasma density. At the higher al-
titudes, the plasma diffusion coefficient
becomes large and diffusion is evidently
able to smooth out the strong variations
observed at low altitude. The relative
plasma density is measured from the sat-
uration current of the electron mode and
is not as precise a measurement of the
plasma density as that obtained in the ion
mode (/).

The strong variation in the nightside
ion concentration with time and location
requires a strong variation in the ioniza-
tion source mechanism, loss mechanism,
or plasma transport mechanism. A deter-
mination of which of these mechanisms
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Fig. 2. Electron density and corresponding
electron temperature for nightside orbit 46,
P = periapsis. Large wavelike variations in
electron density at low altitude within one or-
bit are illustrated. The electron temperature
responds to variations in electron density in
the expected manner.

is the most significant will be the subject
of future investigations.

Nightside ion temperature profiles de-
rived from a few selected orbits are pre-
sented in Fig. 3. The orbits selected were
those with higher plasma concentration.
Ion temperatures at high altitude on the
inbound legs differed systematically
from those of the outbound leg and will
not be discussed in this report. The out-
bound leg is more representative of a
vertical profile at large SZA. Contrary to
our expectations, the ion temperature
above an altitude of approximately 225
km is larger by a factor of 2 or more than
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Fig. 3. Nightside ion temperatures from three
selected orbits. Ion temperatures are com-
parable to the electron temperatures (Fig. 4).
The model ion temperature curve was derived
for a column heat input of 5 x 10~% erg cm™2
sec™! uniformly distributed between altitudes
of 150 and 500 km.
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it is on the dayside (/). Above this alti-
tude on the outbound leg the ion and
electron temperatures (Fig. 4) are com-
parable. The coldest ion temperatures
measured at periapsis are 140 to 150 K
and are comparable to but higher, evi-
dently, than the neutral temperature (4).
The ion temperature should not show
such a strong vertical temperature gradi-
ent if the ions were equilibrated with the
neutrals at the lowest altitudes. The
model temperature illustrated represents
a preliminary attempt to reproduce the
observed ion temperature. The model
was arbitrarily given an ion concentra-
tion and composition measured by the
RPA and a heat input of 5 x 107 erg
cm™2 sec™! uniformly distributed be-
tween 150 and 500 km. Heating of the
thermal electrons by photoelectrons (on
the dayside) and thermal exchange be-
tween ion and electron gases are includ-
ed as well as energy loss to the neutral
gas.

The electron temperature T, on the
nightside is comparable to that on the
dayside. Figure 4 shows measured tem-
peratures for several orbits from alti-
tudes of 150 to 800 km. The model curve
illustrated is the expected T, variation in
a spherically symmetric electron gas
through which heat is being conducted
and which has a temperature of 300 K at
a radius of 6200 km (altitude, 148 km). If
the effect of the magnetic field on the
thermal conductivity may be neglected
or if the field is substantially radial in di-
rection, the heat flux is approximately
0.07 erg cm™2 sec™'. The T, increases
abruptly from approximately 8000 K in-
side the ionophere to a few tens of thou-
sands of degrees Kelvin just outside the
ionopause. Further into the shocked so-
lar wind, the temperature increases to a
few hundreds of thousands of degrees
Kelvin.

Quite generally, T, varies oppositely
to the electron concentration. Transfer
of heat from the electron gas to both the
neutral and ion gases increases with an
increase in electron concentration (5).
The large variations in T, observed be-
low 250 km on orbit 46 are evidently in
response to the large concentration vari-
ations (Fig. 2).

We have reanalyzed ion temperatures
from a few dayside orbits, using infor-
mation on the minor ion concentrations
provided by the orbiter instruments (6).
These revised temperatures, together
with the T, measured on the same orbits,
are presented in Fig. 5. The ion temper-
atures between altitudes of 150 and 250
km were lowered by this reanalysis ap-
proximately 100 K below the values pre-
sented earlier. The solid lines are model
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Fig. 4. Nightside electron temperature data
from both inbound and outbound legs of sev-
eral orbits. The large scatter at low altitude is
real (see Fig. 2). The model electron temper-
ature curve was derived on the assumption
that heat was being conducted from above.
For a near-vertical magnetic field, the heat
flux is 0.07 erg cm~2 sec™'.

temperatures. The model included a heat
input to the electrons at the 500-km
boundary of 3 X 102 erg cm~2 sec™!. Be-
tween 150 and 250 km, a uniformly dis-
tributed energy input to the ion gas of
3 x 1073 erg cm™2 sec™! was included to
raise the ion temperature above the neu-
tral gas temperature. This energy input is
presumably from Joule heating. Heating
of the ions by dissociative charge ex-
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Fig. 5. Dayside ion and electron temperature
profiles. A column heat input of 3 x 10~° erg
cm~2 sec™! uniformly distributed between alti-
tudes of 150 and 250 km and presumably rep-
resenting Joule heating was required to raise
the model ion temperature to the measured
temperature in this altitude interval. The mod-
el included an electron heat input at the top of
3 x 1072 erg cm~2 sec™! (see text).
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change production of energetic O," (7) is
estimated to be less by an order of mag-
nitude than that needed to raise the ion
temperatures to the measured temper-
ature. A smaii heat input to the ions of
1.7 x 107" erg cm~2 sec™! uniformly dis-
tributed in altitude above 230 km was in-
cluded to bring the model ion temper-
atures at high altitude into agreement
with the measurements. Solar wind heat-
ing or Joule heating, or both, are possible
sources for this heating. This latter ion
heat input is approximately half of that
which Cravens e al. had assumed would
be present prior to the Pioneer Venus
measurements (8).

We have assumed in the above compti-
tations of heat flux thrcugh the electron
gas for both day and night that the mag-
netic field is sufficientiy weak to be ne-
glected or, equivalentiy. that the field is
parallel to the heat flow. However, a
magnetic field with a magnitude of 1
gamma and perpendicuiar to the direc-
tion of heat flow is expected to greatly
reduce the heat conductivity. We have
found it possible to match the observed
dayside electron temperature profile rea-
sonably well by reducing the heat con-
ductivity by 20 percent and assuming no
heat influx at the top boundary. With this
modification, photoelectron heating of
the electron gas was sufficient to heat the
electrons to the observed tempcrature.
Nevertheless, the electron gas heat con-
ductivity within the ionosphere must be
substantiaily greater than it is in the re-
gion of the ionopause boundary. The
rapid decrease in 7T, is going from the
shocked solar wind into the ionosphere
and the nearly constant temperature with
altitude just inside the ionosphere imply
an increase in the thermal conductivity
within the ionosphere.

If the electron gas within the iono-
sphere has a conductivity that is close to
its magnetic field-free value (K, = 9 X
1077 7,5 erg cm™ sec™' K1), it will
conduct into the neutral atmosphere a
substantial fraction of the solar wind en-
ergy expended in drag on the sunward
ionopause hemisphere. The heat flux Q
through the electron gas averaged over
the day- and nightsides will be of the or-
der of 0.05 erg cm™2 sec™'. The energy
expended in drag is equal to the product
of the solar wind velocity v and the pres-
sure nmipv? cos? SZA integrated over the
sunward ionopause hemisphere, where n
is the solar wind proton concentration
and m, is the proton mass. Thus, the up-
per bound for the fraction f of heat con-
ducted into the atmosphere becommes

w0

7?1 2Znmw?

= 0.1

f=
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where r is the radius of the ionopause.
We have taken n to be 20 cm™3 and v to
be 450 km sec™!. This is a significant
fraction of the expended energy and has
significant implications for the theory of
the solar wind-ionosphere interaction.
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Comparison of Calculated and Measured Ion Densities

on the Dayside of Venus

Abstract. Data from the Pioneer Venus ion mass spectrometers are compared with
model calculations of the ion density distributions appropriate for daytime condi-
tions. The model assumes diffusive equilibrium upper boundary conditions for the
major ions (O,%, O, CO,", He™", and HY), the agreement between the calculated and
measured gross behavior of these ions is reasonably good except for H*, which may
be influenced strongly by convective transport processes. The distributions of five
minor ions (C*, N*, NO*, CO*, and N,") are also calculated for the chemically
controlled region (< 200 kilometers), the agreements are, in general, poor, an in-
dication that our present understanding of the Venus minor ion chemistry is still

incomplete.

Data from the Pioneer Venus in-
strument complement (/) are providing
the most comprehensive set of observa-
tions ever obtained of a planetary iono-
sphere-atmosphere system other than

the terrestrial one. The purpose of this
report is to present the results of model
calculations of the ion density distribu-
tion of the dayside Venus ionosphere
and to compare these with the observed

Fig. 1. Calculated ion density 5
profiles for O*, O,*, and CO,*. =280
Data from OIMS and BIMS &
are also shown. The curves g
with dashed lines are for inhib- E
ited diffusion coefficients.
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