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Attempts to understand the temper- 
ature and velocity distributions of Ve- 
nus's atmosphere through quantitative 
modeling have been severely limited by 
the lack of three-dimensional observa- 
tional constraints, especially for the alti- 
tudes below the cloud tops (1, 2). In or- 
der to obtain, for the first time (3), pro- 
files of the vector wind velocities as 
functions of altitude in the atmosphere of 
Venus, we undertook the Pioneer Venus 
differential long-baseline interferometry 
(DLBI) experiment using the bus and the 
four-probe spacecraft (4). 

In this experiment we did not measure 
wind velocities directly; rather, we mon- 
itored the velocity of each probe as it fell 
through the atmosphere. The two hori- 
zontal components of a probe's velocity, 
if averaged over intervals longer than a 
few seconds, are substantially equal to 
those of the ambient wind after the probe 
has descended to an altitude of about 65 
km. Above this altitude, interpretation of 
the horizontal velocity measurements re- 
quires aerodynamic modeling, as does 
interpretation of the vertical component 
of the velocity at all altitudes. 

For the determinations of all three ve- 
locity components, we relied upon 
Earth-based observations of the S-band 
(X = 13 cm) radio signal that each space- 
craft emitted. We combined Doppler- 
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shift observations, which were sensitive 
to the projection of the velocity along the 
"line of sight" from the spacecraft to 
Earth, with long-baseline interferometric 
observations, which were sensitive to 
changes in the direction of this line. In 
the latter observations, an important ad- 
vantage was gained by differencing the 
interferometric phases observed simulta- 
neously for the bus and for each probe. 
The observable DLBI thus obtained is 
sensitive to the motion of the probe rela- 
tive to the bus, but is relatively free from 
errors associated with the instrumenta- 
tion and with the propagation medium 
(4). By the use of this differencing tech- 
nique in conjunction with north-south 
and east-west interferometer baselines 
- 8000 km long, we are able to deter- 

mine the transverse components of the 
probes' velocities with uncertainties 
quite comparable to those for the line-of- 
sight components. 

The Pioneer Venus bus continued to 
follow a ballistic trajectory outside the 
atmosphere until after the impacts of all 
four probes, and its motion relative to 
the planet is determinable with velocity 
uncertainties of less than 10 cm sec-' in 
all three components by means of con- 
ventional Doppler tracking and orbit-de- 
termination techniques (5). The combi- 
nation of the Doppler and DLBI tracking 
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of the bus and the probes thus can yield a 
determination of each probe's velocity 
vector with respect to Venus. 

We believe that the uncertainties of 
our determinations, by Doppler tracking, 
of the line-of-sight velocities of the three 
small probes are each about 10 cm sec-1, 
caused by uncertainties in the trans- 
mitted frequencies. These frequencies 
were controlled by onboard crystal oscil- 
lators (6). The large probe and the bus 
carried coherent transponders which en- 
abled "two-way" Doppler observations 
to be made with equivalent velocity un- 
certainties of less than 1 cm sec-1. 

Redundant long-baseline interferom- 
eters were constructed for this exper- 
iment from the two antennas of 64-m di- 
ameter of the Deep Space Network 
(DSN) at Goldstone, California, and 
Canberra, Australia; and the 9-m an- 
tennas of the Spaceflight Tracking and 
Data Network (STDN) at Santiago, 
Chile, and Guam (7). The directional 
beam of each of these antennas, and the 
2291- to 2293-MHz radio-frequency (RF) 
passband of a single receiver connected 
to each, included the signals from all five 
spacecraft simultaneously. To monitor 
the group and the phase delays, as well 
as the gains, of the receivers and all sub- 
sequent portions of our interferometry 
system, we also included in the RF input 
of each receiver a set of continuous low- 
level calibration signals whose frequen- 
cies spanned the passband; the signals 
were derived from an atomic hydrogen 
maser or a cesium-beam frequency stan- 
dard at each site. 

The entire RF band of signals 2 MHz 
wide was converted to the 0- to 2-MHz 
"video" band, then sampled at 0.24- 
,usec intervals, digitized with 3 bits per 
sample, time-tagged according to the lo- 
cal atomic clock, and recorded digitally 
on redundant magnetic tapes at each 
site. When the observations had been 
completed, the recordings were carried 
to the Jet Propulsion Laboratory (JPL). 

There, they are filtered digitally to re- 
duce the 2-MHz bandwidth to a set of 
seven spectral windows each about 1 
kHz wide. Each window contains, in ad- 
dition to noise, one continuous-wave sig- 
nal: the carrier wave from one of the five 
spacecraft, or one of two band-edge cali- 
bration signals. These reduced-band- 
width data, also in digital form, are 
shipped to the Massachusetts Institute of 
Technology where the phase of each sig- 
nal is estimated as a function of the time 
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indicated by the receiving site's clock 
when the signal was originally recorded 
(8). Data processing, both for bandwidth 
reduction and for phase estimation, is 
proceeding as anticipated but is in- 
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complete (9). However, several impor- 
tant results are already in hand: 

1) Processing of the calibration-signal 
data is complete and shows that for the 
duration of the observations at all four 
tracking stations, the receiving and re- 
cording systems functioned perfectly, 
and that the contributions of any in- 
stabilities in these systems to errors in 
the probe velocity determinations should 
be insignificant (smaller than about 1 mm 
sece1). 

2) Partial processing of bus and probe 
data from all four stations reveals signals 
of the expected strengths and phase 
stabilities. The probe data already exam- 
ined include some from lower-atmo- 
sphere and postimpact observations; no 
difficulty from scintillation has been en- 
countered. 

3) Completed analyses of "control" 
experiments, in which we used all of the 
same equipment and computer programs 
for observations of other spacecraft that 
simulated the Pioneer Venus bus and 
probes with respect to their spatial or RF 
separations, or both (10), showed that er- 
rors from all relevant sources, including 
both '"instrumental" effects and dif- 
ferential propagation medium effects, 
were equivalent to less than a velocity 
error of 10 cm sec-' at Venus. 

On the basis of these results and those 
of other detailed theoretical and experi- 
mental studies of error sources (11), we 
believe that the uncertainties of our final 
determinations of the velocity vectors of 
the Pioneer Venus probes, relative to 
Venus and averaged over intervals of 100 
seconds, will be less than 0.3 m sec-' for 
all components (12). In future reports, 
we hope to present such determinations 
and also to compare and combine them 
with the pressure, temperature, radia- 
tion-flux, vertical acceleration, turbu- 
lence, and composition measurements 
obtained from the other Pioneer Venus 
experiments, in order to better under- 
stand Venus's global atmospheric circu- 
lation. 
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night probe, which transmitted a strong signal 
for 1 second after its impact, provides a useful 
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6. Results of extensive environmental tests per- 
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mospheric entry until impact, should have been 
of the order of three parts in 1010. The frequency 
stability over longer time intervals is unimpor- 
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transmitter frequency accurately, simultaneous- 
ly with the parameters of its ballistic approach 
trajectory, by analysis of our preentry tracking 
data. This analysis, which we have not yet com- 
pleted, will also yield a useful, independent as- 
sessment of each transmitter's short-term stabil- 
ity (5). 

7. The DSN and the STDN are managed for the 
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8. We take the difference between the phases, esti- 
mated separately for the signals received at two 
stations from a given spacecraft, to obtain an in- 
terferometric observable. 
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Pioneer Venus Radar Mapper Experiment 

Abstract. Altimetry and radar scattering data for Venus, obtained from 10 of the 
first 13 orbits of the Pioneer Venus orbiter, have disclosed what appears to be a rift 
valley having vertical relief of up to 7 kilometers, as well as a neighboring, gently 
rolling plain. Planetary oblateness appears unlikely to exceed 112500 and may be 
substantially smaller. 
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The radar mapper experiment (1) car- 
ried aboard the Pioneer Venus orbiter 
spacecraft has three major scientific ob- 
jectives. The first, and most important, is 
to measure the height of the spacecraft 
above the local surface immediately be- 
low. The second is to analyze the 
strength and delay distribution of the 
echo to determine the physical charac- 
teristics of the scattering region. These 
first two tasks are carried out simultane- 
ously during that small portion (about 0.8 
second in duration) of each spacecraft 
roll when the 30? beamwidth of the radar 
antenna, which is programmed to move 
appropriately in the plane containing the 
spacecraft's axis of rotation, sweeps 
across the nadir direction. The third ob- 
jective is realized about 1.5 seconds ear- 
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lier or later than the altimetry observa- 
tions, when the antenna is directed by 
the spacecraft's rotation to one side or 
the other of the nadir. At these times, 
echoes are analyzed in delay and Dop- 
pler frequency, to obtain 64 picture ele- 
ments of a relatively coarse side-looking 
radar scattering image. Because of echo- 
strength limitations, the imaging can on- 
ly be carried out at altitudes less than ap- 
proximately 500 km above the surface. 
Altimetry is possible at all spacecraft al- 
titudes below 4700 km. 

In the orbit achieved by the Pioneer 
Venus orbiter, altimetry is possible over 
a band extending from 74?N latitude 
through the equator to about 63?S. [We 
have used the following values for the 
Venus north pole position (1950:0); 
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