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through the tail of Giacobini-Zinner in Sep
tember 1985 and a five-spacecraft "fleet" ar
rives at comet Halley in March, 1986. 

In December 1983 the project scientists for 
each comet space mission very graciously 
gave their time to present invited talks to 
AGU members at the AGU 1983 Fall Meet
ing in San Francisco, Calif. T. I. Gombosi 
(Hungarian Academy of Sciences) presented 
the dual VEGA (acronym of "Venera-Halley" 
in Russian) mission and expected results, R. 
Reinhard (ESA) presented the Giotto mission, 
H. Oya (Tohoku University) presented the 
Japanese MS-T5 and Planet-A missions, and 
T. T. von Rosenvinge (Goddard Space Flight 
Center) presented the ICE mission. Each pro
ject scientist kindly agreed to write up his talk 
for the Eos readership. With the launch of 
the Soviet VEGA 1 on December 15, 1984, it 
was thought that it would be appropriate and 
timely to publish Tamas Gombosi's article on 
the VEGA mission now. This mission, as will 
be evident, is one of the most ambitious re
mote-controlled investigations ever launched 
into space. 
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part of the solar system. Not all of these plan-
etesimals make it to the proximity of the sun: 
the majority only get to "parking" orbits 
whose perihelia are beyond the orbits of the 
giant planets Jupiter and Saturn. It is from 
these parking orbits that the spectacular ac
tive comets originate. With the help of gravi
tational perturbations caused by the giant 
planets, the cometary bodies find their way to 
final orbits approaching the sun. 

When one of these dirty frozen snowballs 
approaches the sun, its surface gradually 
warms up, and at a distance of about 3 AU, 
carbon monoxide starts to sublimate. When 
the comet gets closer than about 1.5 AU to 
the sun, water vapor becomes the dominant 
sublimating species. The freshly sublimated 
gas leaves the surface at slightly less than the 
local speed of sound, and it propagates as a 
"cometary wind" into interplanetary space. 
The sublimating gases are capable of blowing 
away specks of dust from the surface. Solar 
radiation and other effects partially ionize the 
outflowing gas, which then interacts strongly 
with the solar wind. Radiation pressure and 
solar gravity act on the dust grains. It is these 
effects that cause the cometary coma and the 
tail. 

When they arrive at Venus in June 1985, 
the two VEGAs will each release a 1500-kg 
entry probe for a nightside landing on the 
Venusian surface. About 55 km above the 
unfriendly surface (the surface pressure is 
about 100 times that of the earth, and the 
temperature is about 25 times greater) the 
descending probes will each dispatch a bal
loon for tracking wind velocities. 

After release of their Venus probes the two 
modified Venera-class, three-axis stabilized 
spacecraft (see Figure 1) will continue their 
voyage toward their Halley encounters. The 
planned orbit is shown in Figure 2. The 
probes will pass the comet at a distance of 
about 10,000 km on the sunward side at 
about 0300 UT on March 6 and 9, respective
ly. At the encounter, the spacecraft will have 
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international scientific payload. In addition to 
the Soviets, who are bearing most of the 
costs, France and Hungary also played a ma
jor role in putting together the complex of 
instruments. Scientists from Austria, Bulgar
ia, Czechoslovakia, the Federal Republic of 
Germany and the German Democratic Re
public, Poland, and the United States also 
have contributed to this very ambitious pro
gram. U.S. scientists participate on an indi
vidual basis in VEGA: Thomas Cravens and 
Andrew Nagy of the University of Michigan 
take part in the particle science team; D. Aso-
ka Mendis of the University of California, 
San Diego, participates in the spectroscopic 
team; and Bradford Smith of the University 
of Arizona is a member of the television sci
ence group. John Hsieh of the University of 
Arizona and John Simpson of the University 
of Chicago designed detectors for neutral gas 
and dust, respectively, made jointly with sci
entists of the Max Planck Society, Federal Re
public of Germany (FRG). 

The generally accepted view of the scien
tific community is that comets were formed 
together with the rest of the solar system ap
proximately 4.5 billion years ago. These esti
mated million million (10 1 2) planetesimals 
were created in the outer, cooler part of the 
presolar nebula. They did not form into the 
giant planets but reached the outer edge of 
the planetary system to form the so-called 
Oort cloud. Because of the effect of gravita
tional perturbations, some of these deep-fro
zen dust-ice conglomerates leave the Oort 
cloud and can propagate toward the inner 
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Fig. 1. The VEGA spacecraft. 

a velocity of 78 km/s with respect to the 
comet. 

Figure 3 shows the encounter geometry. 
The z axis points towards the sun, while x is 
perpendicular to the ecliptic plane, pointing 
northward. In order to see the center of the 
coma at a preencounter point (marked A in 
Figure 3), all optical instruments have to look 
ahead, along the sic trajectory, and somewhat 
upward. After encounter (point C in Figure 
3) the instruments have to look back and 
downward. 

Since the spacecraft is three-axis stabilized, 
a rotating pointing platform will ensure that 
the nucleus, never before seen, remains in 
the field of view of the imaging instruments. 
This platform has to move with an angular 
velocity of about 17s near closest approach 
(B c in Figure 3). The field of view of the nar
row-angle main television camera is only 
about 0.5°; thus there is a high degree of on
board tracking accuracy required to lock the 
camera onto the nucleus. The crucial final 
phase of the encounter lasts only about 5-10 
minutes. Because this occurs at an approxi
mate distance of 1 AU from the earth, it is 
not possible to use remote control. From the 
images of the television camera, a built-in on
board computer system has to be able to rec
ognize the cometary nucleus and command 
the pointing platform to track it at the same 
time that the spacecraft speeds past the cen
tral part of the optically thick coma. 

Figure 4 illustrates the TV camera and its 
interface with the rotating platform. Three of 
the four charge-coupled devices (CCD's) 
work in a photographic regime to provide a 
processed picture every few seconds. On the 
basis of subsequent pictures the central mi
croprocessor of the "pointing/predicting" unit 
continuously updates orbital elements for the 
nucleus and predicts its position a few sec
onds ahead. The TV/platform interface unit 
directs the platform rotation around its two 
axes based on these predictions. The fourth 
CCD operates in a mode different from the 

rest. It continuously provides ~10-Hz fre
quency TV pictures of the nucleus (commer
cial TV pictures use a 25-Hz frequency). 
These pictures are analyzed in real time by a 
separate electronic unit which is able to give 
platform control commands after having 
processed each frame. This command line is 
used as one of several backups to be activated 
under certain circumstances. 

At comet Halley the VEGA probes will 
have the following scientific objectives: 

• To determine the physical characteristics 
and chemical structure of the nucleus; 

• To identify the parent molecules of the 
coma (gas molecules leaving the surface); 

• To determine the chemical composition 
and size distribution of the dust particles at 
different distances from the nucleus; 

• To determine the chemical composition 
of the coma at different distances from the 
nucleus; 

• To investigate the interaction between 
the solar wind and the cometary atmosphere 
and ionosphere. 

To meet these objectives, the probe has 
been equipped with the scientific instruments 
whose descriptions follow. 

TV System 

This instrumentation consists of two TV 
cameras and several on-board microproces
sors. The instruments will obtain images in 
various spectral bands and in white light 
from different areas in the vicinity of the cen
ter of the coma. The optical systems of the 
cameras have focal lengths of 150 and 1200 
mm, resulting in view angles of 3.5° x 5.2° 
and 0.4° x 0.6°, respectively, and 512 x 576 
CCD light-sensitive matrices are used. For a 
comet-space probe distance of 10,000 km the 
resolution of the narrow angle camera on the 
surface of the cometary nucleus is 180 m. 
The TV system is a French, Hungarian, and 
Soviet joint experiment. 

Three-Channel Spectrometer 

This instrument will measure the light of 
the comet in the UV (120-350 nm), visible 
(350-900 nm), and IR (900-2000 nm) wave
length bands. The instrument is designed to 

• Study the spectrum of the nucleus and of 
the region around the nucleus; 

• Determine the parent molecules; 
• Investigate the spectrum and polarization 

of the light scattered by the dust; 
• Analyze the chemical composition of the 

coma; 
• Map the coma; 
• Measure the velocity of the different gas 

molecules. 
The spectrometer is a joint venture of Bui 

garia, France, and the Soviet Union. 

Infrared Spectrometer 

This instrument comprises three optical 
channels, two of which serve for investiga
tions in the 4000-8000-nm and 8000-16000-
nm wavelength ranges, respectively. The 
third channel, operating in the 7000-14000-
nm range, will produce an infrared image of 
the nucleus. This spectrometer will help to 
determine the following: 

• Dimension, radiation intensity and tem
perature of the nucleus; 

• Composition, density distribution, and 
temperature of the dust particles; 

• Distribution of the parent molecules and 
their density and velocity relative to a refer
ence parent molecule. 

The infrared spectrometer was produced 
by French experts. 

Dust Mass Spectrometer 

This instrument will be used to determine 
the mass and chemical composition of the 
dust particles which form a cloud around the 
cometary nucleus. Dust particles evaporate 
upon hitting a silver plate, and some fraction 
becomes ionized. The number and mass of 
the ions thus created are measured. The val
ues obtained are assumed to be repre
sentative of the mass and composition of the 
primary particle. The instrument is suitable 
for analyzing dust particles with masses be
tween 3 x 10 ' 1 6 and 5 x 1 0 1 0 g. This equip
ment is a cooperative project of the FRG, 
France, and the Soviet Union. 

Dust Impact Counters 

Three types of dust impact counters are 
employed on the VEGA probes. 

The first, an acoustic counter, consists of 
several metal plates stacked in series. Each 
plate is equipped with three piezoelectric sen
sors which will detect acoustic waves. The im
pact of a dust particle induces vibrations in 
the metal plate, and these vibrations are eval
uated by the piezoelements. From the ampli
tude of the vibrations and from the time de
lay between individual detectors the impact 
can be located precisely, and the momentum 
of the dust particle can be determined. In ad
dition, the mass of a particle is obtained with 
knowledge of the relative velocity of about 78 
km/s. The instrument, oriented in the direc
tion of the relative velocity vector of the 
spacecraft and the comet, is able to detect 
particles above a mass of 10" 1 0 g. 

The second, a dust particle counter, is an 
instrument that counts the plasma clouds ere-
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Fig. 3. VEGA encounter geometry. 

ated by evaporating dust particles in the 10"1 2 

to 10"1 8 g range. Both of these dust counters 
were made in the Soviet Union. The third, a 
solid-state dust detector, was made by Univer
sity of Chicago scientists in cooperation with 
the Max-Planck-Institut fur Aeronomie, FRG 

Neutral Gas Mass Spectrometer 

Although the principle of operation of this 
instrument is very simple in a technical sense, 
its implementation is very difficult. The neu
tral gas molecules incident on the spectrome
ter are first ionized, and then the ions ob
tained are accelerated to a known energy. A 
very small time-of-flight analyzer (about 10 
cm in size) measures the velocity of the ions. 
From knowledge of the ion energies and ve
locities, the masses can easily be calculated. 
This instrument represents a Hungarian-
FRG-Soviet-U.S. cooperative effort. 

Ion and Electron Spectrometer 

This instrument consists of five detectors 
and their electronic units. One detector mea-
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Fig. 4. Schematic diagram of the 
VEGA television system. 

sures the total ion flux from the sun, while 
another the density of the ions from the com
et. A third detector measures the energy 
spectrum of the solar wind ions in the 50 eV-
25 keV range. A fourth detector determines 
the energy spectrum of the electrons in the 
3-5-eV range. The fifth detector measures 
the energy spectrum of the cometary ions. 
The latter information will be used to deter
mine the ion mass spectrum by taking into 
account the relative velocity of 78 km/s. This 
instrument is the product of Hungarian-Sovi
et cooperation. 

Energetic Particle Detector 
The sensors of this instrument comprise 

two semiconductor detectors each, an anti
coincidence scintillator to filter out the parti
cles from lateral directions, and an electronic 
unit for data processing. The purpose of the 
experiment is to investigate the particles ac
celerated in the vicinity of the comet, su-
perthermal ions and electrons emitted by the 
sun, and low-energy galactic cosmic radiation. 
The instrument will detect ions in the range 
between 20 keV and 14 MeV per nucleon. 
The telescope was prepared by a Hungarian-
FRG-Soviet cooperation. 

Plasma Wave Detectors 

These instruments are designed to detect 
electrostatic and electromagnetic waves prop
agating in the plasma. The low-frequency 
wave detector measures waves between 0.1 

and 1000 Hz with a sensitivity of 10 |xV/m. 
The high-frequency sensor measures electro
magnetic waves in the 0—300-kHz range with 
a sensitivity of about 3 |xV/m. The Langmuir 
probe included in the system determines the 
parameters characterizing the state of the 
cold comet plasma (temperature and density). 
These devices were prepared jointly by 
Czechoslovak, French, Polish, and Soviet 
experts. 

Magnetometers 

The flux-gate magnetometers measure the 
components of the magnetic field vector with 
an accuracy of 10"6 Gauss. They are located 
on a 5-m-long boom extending from the end 
of the solar cells. These devices were pre
pared by Austrian and Soviet experts. 

Shortly after the VEGA encounter with 
Halley, measurements will also be made at 
the comet by the Giotto probe from the Eu
ropean Space Agency (ESA) and by Japan's 
first deep space probe, called Planet-A. 

In addition to its own scientific program,* 
VEGA will also help ESA to fine-tune the 
Giotto encounter with Halley on March 13, 
1986. ESA is planning to have Giotto ap
proach the nucleus to within about 500 km. 
To do so, the ESA engineers need highly ac
curate information on the location and trajec
tory of the nucleus, information that can be 
provided by the VEGAs. Information of the 
location of the nucleus obtained from the 
VEGA television cameras will be given to the 
Giotto project in time to use it for Giotto's fi
nal course correction. Giotto's last pre-
encounter maneuver will be performed 2 
days before its fly-by and 5 days after the 
VEGA 1 encounter. Thus VEGA will act as a 
"pathfinder" for the European spacecraft. 
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