der was found to be excellent from a
comparison of the z, and z, sensor data,
which agreed to better than 0.1 cm/sec?
(0.3 km radius) throughout the descent.
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Preliminary Results of the Pioneer Venus

Nephelometer Experiment

Abstract. Preliminary results of the nephelometer experiments conducted aboard
the large sounder, day, north, and night probes of the Pioneer Venus mission are
presented. The vertical structures of the Venus clouds observed simultaneously at
each of the four locations from altitudes of from 63 kilometers to the surface are
compared, and similarities and differences are noted. Tentative results from attempt-
ing to use the data from the nephelometer and cloud particle size spectrometer on the
sounder probe to identify the indices of refraction of cloud particles in various re-
gions of the Venus clouds are reported. Finally the nephelometer readings for the
day probe during impact on the surface of Venus are presented.

A backscattering nephelometer in-
strument (/) was included in the experi-
ments complement of each of the four
Pioneer Venus probes (2). The objective
of the nephelometer experiment (desig-
nated LN on the large sounder probe and
SN on the other probes) was to investi-
gate simultaneously the vertical struc-

ture of the clouds of Venus at four wide-
ly separated locations. A secondary ob-
jective was to attempt to vertically
document the source of atmospheric ul-
traviolet absorption in the atmosphere.
Each of the nephelometer instruments
functioned, and data were recorded from
the time the instrument was deployed
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(window cover opening) at altitudes of
about 65 km until probe impact on the
surface of the planet, or, in the case of
the day probe, until 64 minutes after im-
pact. Although data pertinent to both of
these objectives were obtained during
the mission, only the data applicable to
the first have been analyzed and present-
ed here.

A curve of the backscatter cross sec-
tion recorded as a function of altitude
above the surface of Venus during the
descent of the sounder probe is shown in
Fig. 1. The data reported for this probe
(and also that for the high-altitude phases
of early descent for the other probes)
contain gaps as a result of a delay caused
by the effort required for reprocessing
and reconstituting data tapes from the re-
ceiver stations. These data will be avail-
able later. The altitude scales shown in
each of the figures are only crudely
known at the time of this report, but will
be modified as improved trajectory data
become available. Typical signals ob-
tained were greater than 20 data ele-
ments (granular elements), whereas av-
erage noise was a fraction of one such
unit. Thus, even many of the minor fluc-
tuations shown in the data are believed
to be real. Because below about 45 km
the signals from each probe tended to be
small, usually below the limit of in-
strument sensitivity [which confirmed
the results of Marov et al. (3) that the
clouds have a well-defined lower bound-
ary overlying a relatively particulate-free
atmosphere down to the surface], the
data below about 45 km have not been
plotted on this curve or on correspond-
ing curves for the data from other
probes. These will be discussed in sub-
sequent reports. The magnitudes of the
main cloud signals measured were also
similar to those of Marov et al. (3).

The structure within the clouds is
characterized by four distinct regions
(Fig. 1). Region A, beginning at about
46.1 km, is made of narrow stratified lay-
ers (one 50 m, the other 200 m thick). Re-
gion B (maybe the only region that could
really be called a “*cloud’’) extends from
about 47.4 to 49.4 km and is character-
ized by a strong maximum. Region C
(about 49.4 to 56.0 km) is smooth over
much of its extent. Region D (about 56.0
to above 62 km) is less smooth, and is
considered different from region C by
consideration of the large probe cloud
particle size spectrometer (LCPS) data.
The data from the highest altitude report-
ed here are still far from the top of the
cloud system.

The sparser data currently available
from each of the other three probes are
plotted in Fig. 2. The altitude intervals
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Fig. 1. Variation of the 175° angular scattering coefficient with ground received time (GMT) for the sounder probe nephelometer. Altitude
markings in this figure and in Figs. 2 and 3 are only crudely known at the time of publication but will be available later.

over which data are integrated for these.
probes are larger than those for the soun-
der probe since these free-falling probes
descended through the cloud regions
more rapidly than the sounder probe,
which descended on a parachute. Never-
theless the general cloud features and
variations in cloud features are apparent
in these data.

The data from the north probe, which
entered on the nightside of the planet at
high latitudes, show the same gross char-
acteristics as those from the sounder
probe. The magnitude of the signal re-
ceived from the tentatively identified C
region is roughly the same as that seen
by the sounder probe. Regions B and C
are apparent, although the relative mag-
nitudes and shapes of the regions in-
dicate that the detailed composition or
distribution of particle size may be sub-
stantially changed from those observed
by the sounder probe. In particular, the
relative magnitudes and shape of region
B with respect to region C hint at the ab-
sence of the upper part of region B as
seen by the sounder probe. This region is
characterized for the sounder probe by
the presence of large (> 5 um in diame-
ter) particles ). The presence of region
A is also hinted by the change of in-
flection on the low-altitude boundary of
region B, although its presence is not
clearly delineated as it was for the sound-
er probe. The sharp, lower altitude bound-
ary of the cloud is, however, evident.

High-altitude data received at the time
of this report for the day probe start only
4 seconds or 200 m above the lower
boundary of the cloud layer, which is ap-
parent at about 49 km for this probe; the
general lack of backscatter signal was
again manifested all the way to the sur-
face. This probe did survive impact and
transmitted reports during impact and
for approximately 60 minutes after im-
pact.

Available data for the night probe
again showed the same gross overall fea-
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tures as the sounder probe for the lower
cloud. The separation between regions B
and C is distinctive, and the relative
magnitude of the signal in region C
agrees fairly well with that obtained on
the sounder probe. In region B, the rela-
tive magnitude is less than that for the
sounder probe and the shape is much
more jagged, again hinting at the absence
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of as much large-particle scattering near
the top of this region and perhaps more
large-particle scattering near its base.
Region A, below the base of region B is
about the same magnitude as seen by the
sounder probe and is again not as clearly
separated from region B, appearing to be
bifurcated before merging with region B.
Pending further verification from the
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Fig. 2 (left). Variation of the 175° angular scat-
tering coefficient with ground received time
(GMT) for nephelometers from the (A) north
probe, (B) day probe, and (C) night probe.
Fig. 3 (top right). Comparison of signals mea-
sured by the sounder probe nephelometer in
region D (upper cloud region), with values
calculated according to the particle size distri-
bution measured simultaneously by the sound-
er probe cloud particle size spectrometer,
and under the assumptions of spherical parti-
cles and no absorption, and by varying the
assumed index of refraction for the particles.
Fig. 4 (bottom right). Day probe nephelome-
ter signals obtained during the period of probe
impact on the surface of Venus.
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delayed data for the small probes, it ap-
pears that region C i< a planetary feature,
whereas regions t¢ . tively identified as
A and B may diffe; .rom one location to
another. No data on region D is, as yet,
available for the small probes.

A consideration of the sounder probe
nephelometer response at a given alti-
tude and comparison with the particle
size distribution measured by the LCPS
experiment at the same altitude makes
possible best-fit analyses for the indices
of refraction of the particles at those alti-
tudes, assuming that the particles have
very little or no absorption at 900 um and
that they are spherical or that the shape
factor is known (5). The assumption of
low absorption is supported by the re-
sults of the solar net flux radiometer
(LSFR) experiment (6), and supporting
evidence for the sphericity or lack of
sphericity for the particles, especially for
large particles, is obtained from the
LCPS experiment. These data support
the hypothesis that the particles are
spherical in all of the regions except pos-
sibly region C. The comparisons and
analyses have yielded the following re-
sults.

In region D, the curves of nephelome-
ter reading and total particle concentra-
tion are similar, especially at the higher
altitudes, which implies that the distribu-
tion function of particle sizes is relatively
constant, as is also directly verified from
the LCPS measurement. From our pre-
flight calibration without renormaliza-
tion, the nephelometer data can be de-
rived directly from the measured par-
ticle size distribution by assuming spheri-
cal particles and an index of n = 1.44,
in agreement with the properties of a
75 to 85 percent concentration of H,SO,.
Figure 3 shows the sensitivity of the
calculation to the choice of index of
refraction. We conclude that in region D
the particles are essentially composed of
a concentrated solution of H,SO,.

In region C, our early calculations in-
dicate that it is not possible to fit the
nephelometer data with values of index
greater than 1.40 for the larger particles
(assuming sphericity) while retaining a
value of n = 1.44 for the smaller parti-
cles and that our best fit occurs when we
use a value of 1.33. We are not in a posi-
tion, however, to definitively exclude
high-index, irregularly shaped particles
such as sulfur from this region, since
such particles may well have backscat-
tering cross sections much smaller than
spheres of equal volume and refractive
index.

In region B, again in accord with the
results of the LCPS and LSFR measure-
ments, we assume liquid (spherical) par-

ticles and conservative scattering; from
the particle size distributions measured
by the LCPS, we compute that in all
parts of this region the nephelometer
data cannot be fit by assuming an index
as large as 1.44 for the large particles
(d > 5 um), and by assuming n = 1.44
for smaller particles. The largest value of
index (under the assumption that the
large particles are spherical), which pro-
vides rough agreement with our data, is
n = 1.37. Further refinement of our cal-
culations may change this value slightly.
We tentatively conclude that in this re-
gion it is not necessary to invoke large
sulfur particles in order to explain the
data.

Region A appears to be composed of
particles similar to those of region D with
a slightly broader distribution. The very
narrow peak appearing in the neph-
elometer data at an altitude of about 1500
m below the major structure of region A
is evident in the data of both the neph-
elometer and cloud particle sampling ex-
periment and is, again, apparently simi-
lar in its physical properties to region D.
Nephelometer signals from region A may
be explained by using the measured par-
ticle size distribution results from this re-
gion, corrected for the integration time
differences between the LCPS and large
probe nephelometer experiments, by as-
suming particles of n = 1.44 (H,SO,).
Because of the similarity in particle size
distributions between the lower portion
of region B and region A, we infer that

region A has been detached from region
B by local weather.

Finally, we report the nephelometer
signals observed during the impact of the
day probe (Fig. 4). We have inferred that
this probe landed in loosely compacted
material so that a small amount of fine
“*dust’ was ejected from the surface into
the atmosphere in the vicinity of the
probe. This dust subsequently settled
out onto the surface over the next few
minutes until the atmosphere in the vi-
cinity of the probe was again free of par-
ticulate matter.
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Clouds of Venus: Particle Size Distribution Measurements

Abstract. Data from the Pioneer Venus cloud particle size spectrometer experi-
ment has revealed the Venus cloud system to be a complicated mixture of particles of
various chemical composition distinguishable by their multimodal size distributions.
The appearance, disappearance, growth, and decay of certain size modes has aided
the preliminary identification of both sulfuric acid and free sulfur cloud regions. The
discovery of large particles > 30 micrometers, significant particle mass loading, and
size spectral features suggest that precipitation is likely produced; a peculiar aerosol
structure beneath the lowest cloud layer could be residue from a recent shower.

The cloud particle size spectrometer
flown on the large sounder probe (hereaf-
ter LCPS) during the Pioneer Venus mis-
sion provided detailed microstructural
data on the Venus cloud system. Air-
craft-mounted particle-size spectrome-
ters are currently widely used in terres-
trial cloud physics, air-quality studies,
and research programs involving the siz-
ing of airborne particulates (/). How-
ever, this is the first time a particle size
spectrometer has flown on a space mis-
sion.

The LCPS measured particle size and
number density in the clouds and lower
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atmosphere of Venus as a function of al-
titude. The LCPS is an in situ measuring
device capable of high-resolution mea-
surements of particle size in the range of
0.5 to 500 wm. It makes single-particle
measurements even at high concentra-
tions (10® to 10* cm~®) and is relatively
insensitive to particle shape and orienta-
tion.

In the primary measurement, the shad-
ows of laser-illuminated particles are im-
aged onto a linear photodiode array. The
number of photodiode elements inter-
rupted by each particle is counted as a
specific size. Three different magnifica-
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