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COVER: Modem techniques of image 
enhancement have enabled scientists 
to bring out photographic details that 
are barely visible in the negative and 
disappear when printed. This image of 
Halley's Come~ enhanced from phot~ 
graphs taken May 25, 1910 at Helwan, 
Egyp~ shows a jet (center) shooting 
out behind the comet. 
Image: Daniel A, Klinglesmith III 

HALLEY'S COMET 
A Preface to This Special Issue 

C
omets are thought to be pristine remnants of our origins, preserved 
in cold storage from the time, 4.5 billion years ago, when such little 
worlds collided, grew and helped to form our solar system. Earth, 

the other planets, their satellites, and many of the asteroids are different; 
they have been processed, reworked, physically and chemically modified 
since those early days. Comets may provide a window to our origins. 

But because comets are small icy objects - generally a few kilometers 
across, or smaller - and because they tend to envelop themselves in a 
coma and tail of gas and dust as they approach Earth, no one has ever had 
a good close-up look at the nuclens of a comet. Early next year, Halley's 
Comet will make another of its periodiC forays into the inner solar system, 
as it has probably done for 10,000 years or more (since it was gravitation
ally perturbed into its present orbit by a close approach to Jupiter). 

In the interim, we humans have gone from painting caves to launching 
spacecraft, not really as big a change as it sounds. In March 1986, we will 
at last be ready to meet a comet as it hurtles by Earth. Five spacecraft, 
from a total of 20 nations, will approach Halley's Comet, and one of them 
may even crash into it at high speed. 

This issue of The Planetary Report is devoted to Halley's Comet and 
this major step forward in the history of exploration. - CARL SAGAN 

Carl Sagan, President of The Planetary Society, and Ann Drnyan have written COMET, 
a richly illustrated book to be published by Random House this fall. 
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C arl Sagan has asked me to write a few words about 
why I accepted membership on the Board of Ad
visors of The Planetary Society. The most funda

mental reason is that I am a very curious person and a 
space buff who graduated from previously being an aviation 
buff. Had I been born earlier in human history, I would 
have liked to sail the then largely unknown regions of the 
Pacific and Antarctic with Captain Cook. Earlier yet, it would 
have been crossing the Atlantic with the Vikings or Colum
bus, or exploring Mexico and Peru with Cortes or Pizarro. 
Later, it would have been seeing Africa for the first time 
with Stanley and Livingstone. 

One speaks of climbing mountains because they are 
there. One explores unknown, distant places because they 
are there. Today, space is the last frontier, a vast unknown 
region, for exploration by curious people. There was not 
much to see when Roald Amundsen stood on the South 
Pole for the first time in December of 1911. How much 
greater the thrill to see the moons of Jupiter or the rings 
of Saturn up close. 

On a higher level of anticipation, imagine the first con
versation, albeit a long distance one, between intelligent 
beings of different species in our universe. As I said years 
ago in a preface to NASA's SETI report: 

"I was discussing the subject of extraterrestrial intelli
gence with a Russian lawyer who regarded me with some 
surprise and asked: 'Surely you must abandon your theol
ogywhen you consider these possibilities?' 'Indeed, I don't,' 
I replied. 'It is precisely because I believe theologically that 
there is a being called God, and that He is infinite in 
intelligence, freedom, and power, that I cannot take it upon 
myself to limit what He might have done.' Once He created 
the Big Bang - and there had to be something, call it 
energy, hydrogen, or whatever, to go bang - He could 
have envisioned it going in billions of directions as it 
evolved, including billions of life forms and billions of 
kinds of intelligent beings. I will go even further. There 
conceivably can be billions of universes created with other 
Big Bangs or different arrangements. Why limit Infinite 
Power or Energy which is a name of God? We should get 
some hint from the almost, but not quite, infinite profusion 
of the Universe we still know only in part. Only one consid
eration is important here regarding creation. Since God is 
intelligent, however He creates - 'Let there be light', Bang, 
or otherwise - whatever He creates is a cosmos and not 
a chaos since all His creation has to reflect Him. What 
reflects Him most is intelligence and freedom, not matter. 
'We are made in His image,' why suppose that He did not 
create the most of what reflects Him the best. He certainly 
made a lot of matter. Why not more intelligence, more free 
beings, who alone can seek and know Him?" 

TIlE PL\NETAKY SOCIETY is delighted to welcome Father 
Theodore Hesburgh, President of the University of Notre 
Dame, to its Board of Advisors. Be has been very active 
in the Society's area of interest: Hesburgh was a leading 
member of the National Science Board, when many of the 
major American optical and radio observatories were first 
being organized by the National Science Foundation. He also 
helped to organize the International Atomic Energy Agency, 
whose role is to restrict, partly through on~site inspection, 
the proUferation of weapons~grade nudear. material 
throughout the world - an example of international coop~ 
eration in which the United States and the Soviet Union have 
a common interest. Besburgh was also the first civilian to 
fly in the SR-71, the US Air Force's extremely high altitude 
reconnaissance aircraft. He has a long~stapding interest in 
several dift'erent facets of the Search for Extraterrestrial 
InteUigence (SEn). We are proud to welcome him to our 
Board of Advisors. - Carl Saglln 

All this really whets my appetite for new and creative 
exploration on a level surpassing all past searchings limited 
to our small planet. As a member of the Explorers Club, I 
read their magazine of earthly explorations. Sadly, I am 
reminded in reading the various articles, how slim the 
exploratory pickings have become on Earth. But beyond, 
in space, the opportunities are practically limitless, al
though currently limited by the speed of light. Even that 
limitation I hope to transcend after death, for a spirit unlim
ited by a body can travel anywhere in this universe, or in 
other possible universes, simply by thinking of a destination 
and being there immediately. We are now where our body 
is. Untrammeled by the body, spirit is where it operates. 
Maybe the Advisory Board is getting more than it bargained 
for in this traveler. 

(REV.) THEODORE M. HESBURGH, C.s.C. 
President, University of Notre Dame 3 
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I came in with Hailey's Comet in 1835. It is coming again next year, and I 
expect to go out with it. It will be the greatest disappointment of my life if 
I dtm't go out with Hailey's Comet. The Almighty has said, no doubt, "Now 
here are these two unaccountable freaks; they came in together, they must 
go out together. " Oh! I am looking forward to that. 

Mark Twain - 1909 

. apnearance and behavior, cO,mets were 
doomed to the region otEarth in the 

·. inlperfectsublunar space., Comets were 
tho!lght to. be warm, earthyexhaJations 

. that rose up ~to the upper atJilo~phere 
and ~were there ignited by the fiery u~ 
'regions. The siZe, shape and durati()n 
.of a partie,dar c()met depended upon . 
the nature ~of the exhruati()n . or ' fuel. 

Fore~hadoJiving Qis.iJste~ 
F~oD1.the . circumstances. surrounding 

> 7th~ apparitioos'ofpaSt comets, Aristo
tie claimed that co~ets,'~hen frequ~nt; 

!F", his (,ft~quotedrematk by titethe Greek philosopher, Aristotle, : . foreshattowwildJs'~ddio!lghtS.P~ly +" 
. . .... AmericanhuOl0iis~,Mark Twain, taught that a successful theory should ini~iated by Aristotle's enormous influ~ . 

.. .• . . . \\,ouI4 notberelliemberedtodaY; ,ifollowfrom theobsetyed facts. Urifor-enc;e,: tlie' sup~rstiti()lideve.opedfhat , ...... ,. 
except t~at'f\Vain did, indeed go Qut ' " tunately, he gotsonie of his f.actscometsllresagectextrenie weathercon~ 

" ...· withHalley'~.,Cometin .l9'O.Succes~ful . , wrong. Aristotle uivided spaceint() an editions, pestilence; wars, clianges .of 
" "' predictions are not. onlrwell remem~ ,~ imperfectichangeab1e tegi()o belowtJIe ' . . rule and, plll1icu1a,rly,the deaths 'of' 

,., bered, :bufthey proyide .the test by, ~oon and a perfect, etentalcelesti~ sover~igtlS or people of noblebirtb. 
which scientific tlteoriesm~st"e ,'....<' '+rw()rIdbeyond~'n , the ' heavenlysphere,TIte"s~ientifi(colicept . ofpfe~ic,tion .. 
judged -~da:ccepteaorforgotteo. the changeless' Sun, stars wid plru.etsbeillgusecl tc)test theori,es \\,aSover~ 

. ' .•.. ;" On~ hun:dre4. years beforeHalI~y's illoved a"outEarth tijJielessly in j>erfect shadow~dby . the~ttQlogical uSf! of 
Com~t's first positively recorded teturn circles. i ' .... ~ .• ....•••.. '.' .) t!ometary apparitio~ t~ pr~age ' 
to Eafth'sneig!tborhoC?din 24q B, C., : 8ecau.se :'Cot-their peculiar, ~ii~gi!lg . maIeficel:.fnts.. · . 

Hatley's Comet was first recorded in 240 BC, bUt tbe medIeVal &yeux TapestrYC01I'ains tbe mosija11J(JUSiIlus
tration 0/ Halley'sc.f!.1OOt. Here, based on t~ tapestry, we illustrate some oftbe comet's apparitions. In 87 BC, 
tbe~01I:~ Julius CileSllr 'SIlw tbe comet. Its AD 66 ,appearanc£ allegedly preSilgedtbejall of Jerusalem in AD 6,. 
Cbinese ast~ recorded an impressive cometary display in AD·141. 

~ ~ .. ~ 



The Jewish histori!m, JosephUs, de- , 
scribed a comet that "hung like a 'sWord" 
and allegedly foretold the destruction of . 

, Jerusalem in the first century A.D. This 
comet may well have been ~ey's , 
Comet during its close approach to Earth ' 

' in March of ~.D. 66. After ~ovem" 
'inent by several Roman prOtUrators, ~e 
people ,of Judea rebelled and'the Roman 
legate, Vespasian, was sent with three 
legions to suppress the revolt. Vespasian 
tool< Josephus prisoner and laid siege 
to Jerusalem in A.D. 69. (Th~ city fell the 
next year. Josephus' description of· the 
comet foretelling Jerusalem's destruction 
was written later, so there was really no ' 
prediction involved:- just a connection 

, after the fact. 
One thollSalld years later, HaIlers 

Comet was again accuSed of foretelling a 
, major conflict - the Battle of Hastings. 
The 1066 return of the comet has"been ' 

. immortalized in a panel of the Bayeux . 
Tapestry. The tapesti:y (actually an em
broi~ery) is 20 inches .wide by 231 feet 

long and Wa<; made for the CIthedr.d in the 
Ftench town of Hayeux. It is sectioned 
into 72 scenes that pictorially document 
the Norman conquest of'England. 

"Isti MiraiJt Stella" 
The sCenes begin ~ith the Saxon King' 
Harold (falsely) pledging allegiance to 
Duke William of Normandy., The final 
scenes depict·the Saxon defeat at the Bat
de of Hastings. One of the 72 panel$ 

. shows Harold's justUied fear of invasion. 
Harold and his subjects are frightened 
by a bright comet with a forked tail. The 
comet is seen with a latin inscription "Isti 
Mirant Stella," which loosely translates 
into ''They wondered at the st,tr." 

Toward the end of April 1066, when 
William and his army were in,·the SQuth 
of France, Halley's Comet would have 
appeared to them as an impressive object 
in the western evening sky. Per. the 
apparent positron of the comet over Eng- . 
land acted as an impetus to William and 
his men. In the antumn of 1066, ~e ar-

b07 084 
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mies of William and Harold met at Hast
ings, the firSt and most decisive victory 
in the Norman conquest ofEngiand. 

Whether or not the comet was actu
ally **e!l~~ ~ sign ·of destiny by Will- ' 
iam and a portent of coming'defeat by 
Harold ts open to question. History is 
written by the victors, and the Hayeux 
Tapestry was created for William long 
after the battles. were over. 

While 'all of Halley's Comet's 
medieval apparitions were obvious ce
lestial displays, the ninth century return 

, was the most spectacular in its history. 
This celestial extravaganza began on 
March 22, 837 when the comet, with a • 
10-degree-long WI, was fll'St recorded 
by Chinese astronomers. (The 'Moon is 
half a degree across.) 

By April 9, the Chinese recorded that 
the tail was 66 degrees long and was 

'branched into two sections. The next ' 
night the comet passed within 5 million 
kilometers of Earth - its closest ap
proach yet. After moving an incredible .. 

760 837 

Allila the Hun was defeated in 451. In 530 a plague spread across Europe, II.nd was bl~med on the comet. 
TbeJanwus Italian volcalW, Vesuvius, erupted in 684. 

" ... ~ .... 

5 ' 
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45 degrees across the sky on April 10, 
837, and glowing nearly as brightly as 
Venus at its brightest, the comet ap
peared the next day with a tail 76 de
grees long. 

During this apparition, the Chinese 
noted that a comet's tail is always di
rected away from the Sun. Western as
tronomers would rediscover this in 
1538, seven centuries after the Chinese 
casually made reference to it in 837. 

While the Chinese duly noted the cir
cumstances of Halley's Comet's extraor
dinary apparition in 837, and while it 
must have been the most impressive 
celestial display of that century, west
ern chronicles hardly mention it at all. 
Why would the majority of the western 
world ignore a comet that would have 
astonished anyone who looked up in 
the evening sky during April 837? 

Back to Aristotle 
In a sense, medieval Europe did not 
look up, nor did they look ahead -
they looked back to Aristotle. During 
this period, there was very little scien
tific progress made as a result of ob
servational evidence, and there was 
certainly no testing of existing theories. 
It was an age of faith, and medieval 
authorities relied upon the teachings 
of Aristotle for their knowledge. 

It would be difficult to overestimate 
the impact of Aristotle upon the history 
of western science. Although the scien
tific method became widespread in the 
sixteenth century, the influence of Aris
totle could still be felt. Even Johannes 
Kepler, whose fame rests upon his aban
doning circular planetary motion in favor 

of elliptical motion, ran amok when his 
Aristotelian logic was applied to comets. 

In a classic irony, Kepler used his 
observations of Halley's Comet in 1607 
to demonstrate that cometary motion 
could be represented by a straight line. 
Although recognizing that his theory 
did not fit the comet's motion well, he 
felt the extra work required to improve 
it was unwarranted because he as
sumed that comets do not return. 

Kepler represents a transitional fi
gure between the science of Aristotle 
and that of Isaac Newton and Edmond 
Halley. It was largely through the ef
forts of his friend, Halley, that Newton 
was persuaded to set down his ideas 
on gravitational theory in his scientific 
classic, the Principia. 

Applying Genius 
While Newton was busy developing his 
ideas, the great comet of 1680 was 
seen throughout the world as a morn
ing object in November and early De
cember of 1680, and as an evening ob
ject later in December and in early Jan
uary of 1681. Halley pleaded with New
ton to apply his genius to the motion 
of comets as he had to the Moon and 
planets. Newton obliged and began by 
assuming that the comet seen in the 
morning in November was different 
from that seen later in December and 
January - and that the motion of both 
comets could be represented with a 
straight line. Aristotle strikes again! 

Through a correspondence with the 
first Astronomer Royal, John Flamsteed, 
Newton gradually changed his mind, and 
by 1684 he was convinced that comets 

do indeed travel about the Sun in highly 
elliptical paths, and that the comets seen 
in November and late December 1680 
were one and the same object. 

Newton then set out to find a method 
whereby a comet's orbit could be de
termined and accurately predicted. 
Newton described the problem as one 
of great difficulty and spent the next 
two-and-one-half years on it, finishing 
just before the publication of the Prin
cipia in 1687. Using three observations 
of the comet on the sky, Newton's 
method allowed the computation of a 
parabolic orbit - a good approxima
tion to a very elongated ellipse. 

Armed with the method outlined in 
Newton's Principia, Halley began what 
he termed "a prodigious deal of calcu
lation" and computed parabolic orbits 
for two dozen well-observed comets. 
As early as 1695, Halley wrote to New
ton stating his suspicion that the com
ets seen in 1531, 1607 and the one 
both Newton and he had seen in 1682, 
had very similar orbital paths, and they 
might well be the same object. Still, he 
was troubled by the unequal periods 
between successive returns and he 
asked Newton to think about the per
turbative effects of Jupiter and Saturn 
on a comet's period of revolution. 

Halley was then occupied with his 
duties as Deputy Comptroller of the En
glish Mint, with two voyages across the 
Atlantic Ocean to map geomagnetic 
variations (in hopes that these maps 
could be used to determine a ship's 
position at sea), as well as with two 
trips to Europe to offer advice on the 
fortification of seaports. 

The Bayeux Tapestry celebrated King Harold's 1066 defeat by William the C01IIJueror, an event supposedly foretold 
by the appearance of the comet. In 1456, East battled West in the Crusades. 
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Predicting the Comet 
By the time Halley had pulled together 
his cometary research it was 1705. He 
finally predicted that the comet that 
would one day bear his name would 
return in 1758. Halley later took ac
count of the effects of Jupiter and 
Saturn on the comet's motion and re
vised his prediction to late 1758 or 
early 1759. • 

There, it was done. Finally a theory 
of cometary motion resulted in a pre
diction that could be shown true (thus 
confirming the theory on which it was 
based) or it could be shown false (thus 
relegating the theory to the scientific 
scrap heap). 

The recovery of Halley's Comet on 
Christmas evening 1758 by Johann 
Palitzsch, a German amateur astrono
mer, immortalized Halley, verified 
Newton's theory and showed that this 
comet, and by inference others as well, 
revolved about the Sun in an elongated 
ellipse. Encouraged by Halley's success 
(which, unfortunately, he missed, dying 
in 1742), other scientists sought and 
found additional periodic comets. 

Cometary Problems 
By the early nineteenth century, mod
ified versions of Newton's cometary 
theory had been used to successfully 
predict the returns of several comets. 
However, with cometary motions there 
were still some problems that were not 
evident when the same theories were 
applied to the motions of planets and 
asteroids. Despite the efforts of as
tronomers before Halley's Comet's ex
pected returns in 1835 and 1910, the 

best predictions for the comet's closest 
solar passage were early by about four 
days. Clearly some force affecting the 
comet's motion was not being taken 
into account in the predictions. 

During his own observations of Hal
ley's Comet in 1835, the German as
tronomer F.W. Bessel noticed jet-like 
fountains near the center, or nucleus, 
of the comet. He reasoned that, if ma
terial were being ejected from the 
comet's nucleus, there might be a jet
like thrust acting upon it and this could 
cause the comet's motion to deviate 
slightly from that expected due to 
purely gravitational forces of the Sun 
and planets. 

It was these "nongravitational" 
forces that Fred Whipple wished to ex
plain, in 1950, when he introduced his 
dirty snowball model for a comet's nuc
leus. (See pages 12-14.) According to 
Whipple, when a "dirty snowball" 
comet approaches the Sun, the ices 
vaporize preferentially on the sunward 
side of the nucleus, and if the comet is 
rotating, a jet-like thrust pushes it 
either in the direction it is moving, or 
against it, depending on the direction 
of its spin. 

Beginning with the work of Brian S. 
Marsden, Whipple's model has success
fully been used to represent the non
gravitational forces affecting the mo
tion of comets. Whipple's model also 
predicted the presence of water ice in 
comets. Abundant amounts of hydrogen 
(H) and the hydroxyl radical (OH) have 
been identified in the spectra of com
ets, and water ice (H20) seems the ob
vious source. 

For Halley's Comet, the Whipple 
model explained the nongravitational 
effects accounting for a four-day 
change in its period of revolution 
about the Sun. Hence it was possible 
to accurately predict its position as it 
moved toward Earth, allowing David 
Jewitt and G. Edward Danielson to re
cover the comet with the Mount Palomar 
200-inch telescope on October 16,1982. 

Backward in Time 
Whipple's model and Newton's theory 
also allowed researchers to track 
Halley's Comet backward in time, and 
to recently identify observations of the 
comet made in 87 and 164 B.C., and 
recorded on clay tablets now preserved 
in the British Museum. The 164 B.C. 
apparition was the only one between 
240 B.C. and now that was not ob
served by Chinese astronomers. 

Now confident in our theory, we can 
predict the future motion of Halley's 
Comet. It will next return to the Sun 
on July 28,2061 and, one period later, 
on March 27, 2134. During this latter 
apparition, the comet will pass within 
14 million kilometers of Earth on May 
7, 2134 and briefly appear brighter 
than the brightest stars. 

You may wish to urge your grand
children to tell their grandchildren 
about this coming celestial attraction. 
As Mark Twain would have said, "Oh! 
I am looking forward to that." 

D01Ulld Yeomans is an astronomer at 
NASA'sJet Propulsion Laboratory who has 
provided predictions of the comet's matton 
at each returnfrom 1404 B.C. to AD. 2134. 

Kepler applied Aristotelian logic to his 1607 observations of the comet. In 1682, Halley applied Kepler's and 
Newton's laws to predict that the comet would return in 1758. Marlt Twain came in with the 1835 apparition; 
he went out with it in 1910. Humanltind will get its first close-up loolt at the comet In 1986. It will return again 
in 2061 and 2134. Painting: S.A Smilh 7 
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ASTRO-J 

On March 6,1986, Astro-l, an impres
sive payload of three ultraviolet (UV) 
telescopes and two wide-field 

cameras, will be launched into Earth orbit 
onboard a space shuttle. Their purpose? To 
observe Halley's Comet free of interference 
from Earth's atmosphere. 

The ultraviolet instruments are: 

The Johns Hopkins Ultraviolet Telescope 
(HUT), which will see into the far-ultraviolet 
spectrum through a much shorter wavelength 
than the other instruments. It will search for 
chemical elements not yet detected in comets, 
such as helium, neon, argon and nitrogen. 

The University of Wisconsin Ultraviolet 
Photopolarlmeter Experiment (WUPPE), 
which will be the first instrument to observe 

. and measure the polarization of light in the 
ultra-violet, as well as its spectral distri
bution. These measurements will provide 
information on the size and shape of 
cometary particles. 

The Ultraviolet Imaging Telescope (UIT), 
built by Goddard Space Flight Center, which 
will take pictures in the deep ultraviolet with 
a large field ofview. It is also capable of ob
serving objects too faint to be detected by 
Mount Palomar's 2oo-inch telescope. The UIT 
will map plasma and dust distributions. 

Although the UV instruments ditIer in their 

s Halley's Comet, in its 76-year 
orbit, falls ever faster inward to
ward the Sun, a fleet of spacecraft 

is coursing toward the points in space 
where the comet will be on certain days in --
March, 1986. Meanwhile, back on the blue 
and white planet from which the spacecraft 
came, a worldwide community of observ-
ers has begun a watch on the comet. 

It is already brightening as it comes 
closer, and even the weak sunlight out 
beyond the orbit of Mars has begun to 
warm it and boil off gases from its frozen 
surface. As it swings through the inner 
solar system early next year, the comet's 
tiny nucleus will be enveloped in an 
enormous cloud of gas and dust, stream
ing away in long tails. 

Some of the spacecraft will fly into the 
cloud; others will watch from a distance, 
and all will be coordinated with ground 
observations in an unparalleled display of 
international scientific action. 

First off were the two Soviet Vega craft, 
launched on December 15 and 21, 1984 
on a long course to Halley's Comet via 
Venus. (lbe ''Ve'' in Vega is for "Venera," 
the Russian word for Venus; the "ga" is for 
"Halley," which begins with "G" in the Rus
sian language.) The spacecraft carry inves
tigations designed by scientists in the 
USSR, Hungary, Bulgaria, Czechoslovakia, 
the German Democratic Republic, Austria, 
the USA and Poland. France and the Fed
eral Republic of Germany are also par
ticipating in the mission, with cooperation 
from the European Space Agency (ESA) 
and the US's National Aeronautics and 
Space Administration (NASA). 

Next off was MS-TS (now called 
Sakigake or Pioneer), a test precursor for . 
the Japanese comet encounter spacecraft, 
Planet-A. MS-TS entered heliocentric orbit 
on January 7, 1985. This is Japan's first 
interplanetary mission, built by its Institute 

functions, they will complement each other 
and work together. 

The Wide-Field Dust and Plasma Cameras 
will observe Halley's Comet's plasma and 
dust tails at visible wavelengths. This wide
field coverage will allow scientists to study 
the tails' motions and changes in shape or 
form, as well as the comet's interaction 
with the solar wind. While each camera is 
designed for a particular tail type, both 
will record both types as insurance against 
equipment failures. 

Astro-l is scheduled to study the comet 
from March 9-14, then return to Earth with 
the shuttle. The mission will coincide with 
the Vega 2 and 6iollo encounters. 0 



of Space and Astronautical Science. Planet
A is to be launched in August, 1985. 

Meanwhile, an Ariane vehicle sent 
Giotto on its way July 2, 1985. Giotto is 
a mission of ESA, whose members include 
Belgium, Denmark, France, Germany, Ire
land, italy, the Netherlands, Spain, Swe
den, Switzerland and the United Kingdom. 

The Vegas, Giotto and Planet-A will all 
intercept Halley's Comet early in March, 
1986, when the comet is outbound from 
perihelion, its closest point to the Sun. (See 
the April/May 1981 PlanetaIy Report.) Be
cause the comet's motion is almost oppo
site to that of the planets and the spacecraft 
around the Sun, the relative speeds at en
counter will be very high, between 70 and 
80 kilometers per second (or 157,000 to 
179,000 miles per hour) . This has three 
consequences: First, the encounter obser
vations will last only a few hours and the 
closest, critical measurements only min
utes. Second, instruments collecting com
etary material for analysis will gather it at 
such high speed that the comet's 
molecules will be broken up as they strike 
the detectors. Third, the Vegas - and 

(continued on next page) 

by Julian Loewe and the staff of The Planetary Report 

FAR LEFT: 
A telescope array, 
mounted in a space 
shuttle's cargo bay, 
gazes steadily at 
a comet from orbit 
about Earth. 
Paintiag: 
William II. Hartmann 

LEFT: 
Japan's Planet-A, 
that nation's first 
interplanetary 
spacecraft, will 
view Halley's 
Comet from 
100,000 kilo
meters away. 
Painting: Kuuaki Iwasaki, 
courtesy of Space 
Art Intel1lational 

ABOVE: Giotto, the European Space Agency's probe, will fly as close as possible 
to the comet, risking destruction by dust streaming out from the nucleus. 
Painting: Mark Paternostro 9 



Paths of close encounter spacecraft 

\ 

10,000 Idlometers from nucleus 

Vega 1 
March 6 

500 kilometers from nucleus 

GioHo 
March 13 

especially Giotto, aimed the closest of 
all- may be damaged or even destroyed 
by the impact of cometary particles. 

Experiments and Instruments 
A main objective of sending spacecraft to 
Halley's Comet, apart from the historic 
meaning of the event, is to make observa
tions that cannot be done from Earth be
cause the comet is surrounded by an inter-

fering atmosphere extending out millions 
of miles. 

As sunlight warms the comet's tiny nuc
leus (it is thought to be only a few kilome
ters across), its long-frozen ices will evapo
rate and stream away, carrying a mixture 
of gases and whatever dust particles were 
embedded in the ice. Once the gases are 
flowing rapidly outward, forming the 
coma, the huge hydrogen cloud, and the 

dust and plasma tails, complicated physi
cal and chemical processes begin. The 
energy and pressure of sunlight and the 
solar wind act upon the comet's transient 
atmosphere, dissociating (breaking up) 
and then ionizing its molecules. 

What we see from Earth is the end result 
of these complex processes. To get closer 
to their beginnings we must get close to 
the comet, with instruments that can find 
the signatures of the so-called parent 
molecules that were once part of the 
comet's primordial ices. 

Why is it important to do this? The 
reason is found in the solar system's early 
history. Nter the Sun formed out of a swirl
ing nebula, the planets, capturing nebular 
material (gas, dust and planetesimals), 
grew toward their present sizes. Short-lived 
radioactivity, gravity and heat from the Sun 
destroyed the volatiles in the small, close
in planets. In the far outer reaches of 
the nebula, the forming comets escaped 
these heat sources and maintained their 
volatiles. 

Now astronomers are finding, in cold 

Comet Missions Scorecard 
Key Data on Missions 

AGENCY PROJECT LAUNCH FLY· BY DATE FLY ·BY DISTANCE 

European Space Agency Giatta July, 1985 March 13, 1986 500 kilometers (km) 

Intercosmos Vega 1 December, 1984 March 6, 1986 10,000km 
Vega 2 December, 1984 March 9, 1986 3,000 - 10,000km 

Institute of Space and MS-T5 January, 1985 March, 1986 1.5 mill ion km 
Astronautical Science (Japan) Planet-A August, 1985 March 8, 1986 100,000km 

National Aeronautics and ICE December, 1983 March 28, 1986 3millionkm 
Space Administration (USA) 

Experiments GIOTTO VEGAS.I&2 MS·TS PLANET·A ICE 

Remote Wide-angle camera X 
Sensing Narrow-angle camera X X 

Ultraviolet camera X 
(Observes hydrogen cloud) 

Infrared sounder X 
(Detects coma radiation) 

Photopolarimeter X 
(Measures scattered light from dust) 

Three-channel spectrometer X 
(Detects chemical species) 

GaslDust Neutral mass spectrometer X X 
Measure- (Measures molecular composition of gas) 
ments Dust mass spectrometer X X 

(Measures composition of dust) 

Ion mass spectrometer X X 
(Measures compositon of ionized gases) 

Dust impact detector 
(Determines number and mass of particles) 

X X 

Plasma Solar-wind ions X X X X 
Measure- (Measures compositon and energy) 
ments Solar-wind electrons X X X X 

(Determines energy spectrum) 

Plasma waves X X X 
(Detects interaction of sclar wind and comet) 

Energetic particles X X X 
(Measures cosmic ray environment) 

Magnetometer X X X X 
(Determines magnetic field around comet) 

Radio waves X 
10 
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PIANET-A 
japan's First Interplanetary Mission 

by K. Hirao 

traviolet light, viewing the emissions in the hydrogen Lyman-alpha 
spectral line. 

I n its first interplanetary effort, Japan is sending two spacecraft, 
Planet-A and MS-T5, to investigate Halley's Comet on its next 
passage through the inner solar system. The Planet-A mission 

will complement the near-nucleus investigations of Giotto and Vega 
with measurements of the solar wind and images of the hydrogen
hydroxyl cloud surrounding the nucleus. 

These Lyman-alpha pictures will begin several weeks before 
perihelion (closest approach to the Sun) and will give us information 
on the growth and decay of the hydrogen cloud. The velocity of the 
hydrogen atoms depends on the mechanism that formed them. Thus 
these spectral observations will tell us how the hydrogen cloud is 
formed. 

MS-T5, a test vehicle to prove the capability of a new satellite 
launcher, was successfully sent on its way on January 8, 1985. 
Planet-A is scheduled for launch in August. Neither spacecraft, op
erated by the Institute of Space and Astronautical Science (ISAS), 
will come as close as the European and Soviet spacecraft, but the 
data they will return will be important to understanding the behavior 
of the comet in its approach to the Sun. 

The long, straight ion tails streaming out behind the comet's head 
are formed primarily by the solar wind blowing across the comet's 
nucleus. Solar flares cause "gusts" in this wind, propagating shock 
fronts through interplanetary space. These fronts may cause turbu
lence in both the ion tail and coma. Therefore, it is important to 
measure the solar wind simultaneously with several spacecraft in 
the vicinity of the comet. 

Somewhere around the orbit of Mars, volatile materials start to 
evaporate off the comet's surface. Water (H20) is the main volatile, 
and as it is blown off the surface, sunlight will break the molecules 
up into their component parts. The hydrogen forms a gigantic cloud, 
millions of kilometers in diameter, around the head of the comet. 
Planet-A carries an imaging system that will watch in extreme ul-

Planet-A will investigate the behavior of particles within the solar 
wind. MS-T5 will study the structure of the solar wind, measuring 
plasma waves, solar-wind particles and magnetic fields. Scientists 
will coordinate the experiments on these two spacecraft that will 
be flying between the Sun and the comet, ensuring that solar-wind 
conditions affecting the comet can be more completely understood. 

Dr. [(unto Hirao is the former Director of the Planetary Science 
Research Division of the Institute of space and Astronautical Science 
inJapan. 

interstellar clouds like the one from which 
the solar system may have formed, the 
radio and infrared signatures of a rich vari
ety of molecules: carbon monoxide, water, 
methane, hydrocyanic acid, ethyl alcohol, 
formic acid and many others, including 
even the amino acids that are the very stuff 
of life. 

Did these fragile substances, after cold 
storage in the outer solar nebula, rain 
down on the cooling planets, bringing at-

Balloons on Venus 

mospheres, oceans and the possibility of 
life? Well, some of them are found even 
in certain meteorites that fall today, and 
also in the tiny meteoroids that trail along 
the orbits of comets and make brief, an
nual meteor displays when intercepted by 
Earth. Thus in examining the primal stuff 
of comets we may be advancing the quest 
for our own origins. 

Four main classes of techniques are a
vailable for investigating cometary materi-

O nJune 11 and 15,1985, VegllS 1 and 2 interrupted their cruise to Halley's Comet 
to drop two balloon probes into the atmosphere of Venus and two landers to the 
planet'S surface. A French/Soviet project, the balloons hovered 54 kilometers 

(about 36 miles) above the planet's surface, enabling them to take the first steady, long
term measurements of the dense atmosphere. Previous experiments on the US Pioneer 
Venus probe and Soviet Venera spacecraft had been limited to readings of 50 seconds or 
less, at each altitude. 

The balloons carried instruments that measured the motion of the wind, and an optical 
device detected cloud particles. A barometer and thermometer took pressure and temper
ature readings, and a small photo-electric instrument counted lightning discharges. The 
information was transmitted to Earth through a one-way communications system. 

The VegllS dropped the helium-filled balloons on Venus' night side, where they en
countered a pressure of about one-half Earth's atmosphere (as measured at sea level). 
They recorded temperatures ranging from 20 to 70 degrees Celsius in being carried by 
the wind from the night side to the day side of Venus. The balloons stopped transmitting 
after 46 hours when their batteries were exhausted. 

Two separate but coordinated networks tracked the balloons on their flights - a 
Soviet network and a French network, which includes the United States, the German 
Democratic Republic, Canada, Brazil, South Africa, the Federal Republic of Germany, and 
one Soviet station. Although the Soviet and French networks exchanged no information 
during the actual transmissions, scientists from all involved nations will meet to discuss 
their findings this August in Toulouse, France. 

The Vega balloon experiment is the brainchild of Professor Jacques Blamont 
of the French Centl'e National d'Etudes Spatiales, and advisor to The Plane
tary Society. He explains: "I had been working very long hours and, jinally, 
exhaustion forced me to sleep. In a dream I saw Venus with a probe in its 
atmosphere . . . and that WIlS it, the Idea for the mission. " 

"That WIlS 17 years ago, and It hIlS been one of my projects ever since. " 
The amiable scientist joked, "When I started it, I had no gray hair." 

als and processes. The first is remote sens
ing: measuring properties of radiations 
emitted or reflected from the comet's at
mosphere, or coma. This class is typified 
by the ultraviolet spectrometry of Planet-A, 
which will , from its flyby distance of 
100,000 kilometers, define the extent and 
nature of the vast hydrogen cloud sur
rounding the comet. 

Other remote-sensing instruments are 
the infrared spectrometers on the Vegas 
and Giotto, which will record the signa
tures of various gases in the coma and can 
also detect some properties of the comet's 
dust. 

The second technique is direct space
craft imaging, to show the size and nature 
of the nucleus and the morphology of the 
coma and tails. Several cameras are 
aboard the Vegas and Giotto. On its 
kamikaze plunge into the comet, Giotto 
may have a best resolution (ability to re
solve detail) as fine as 30 meters . The 
Vegas ' best resolution is expected to be 
near 150 meters. 

While GiallO's resolution will be finer, 
the Vegas' imaging system will benefit 
from innovative design. "The cameras are 
on a scan platform, with an onboard com
puter to keep them focused on the comet," 
according to Bradford Smith of the Univer
sity of Arizona, a member of the Vega im
aging team. (Smith is also leader of the 
Voyager imaging team; that spacecraft will 
encounter Uranus in January, 1986, a few 
months before the Vegas reach Halley's 
Comet.) The onboard computer eliminates 
the need to control the scan platform from 
Earth, saving communication time - very 
important because of the high speed and 
brief duration of the encounter. 

The third class of investigations involves 
the direct capture of cometary material for 
analysis onboard the spacecraft. The high 
encounter speed makes this difficult, be 

(continued on page 21) 11 



A Talk with 
Fred Whipple is one of the "greats" of solar system astronomy. His recent interests have focused on comets, 
and his "dirty snowball" hypothesis of the cometary nucleus has attracted enormous attention. It will not be too 
long, I hope, before the Halley's Comet spacecraft bring us new evidence to confirm his hypothesis. 
In the late 1940's, Fred and I were members of tile Upper Atmosphere Rocket Research Panel trying to foster the 
use of rockets to carry instruments on a vertical trajectory above the sensible atmosphere. At that time, Fred was 
interested in meteor studies, particularly photography of meteor trails. His photographic techniques led to Baker· 
Nunn cameras which are still used to track satellites. Under his direction, the Smithsonian Astrophysical Observatory 
at Cambridge, Massachusetts, established a network of optical tracking stations to observe artificial satellites. 
Fred received his Ph.D. from the University of California at Berkeley in 1931. He has spent most of his professional life 
at Harvard University, where he was chairman of the Astronomy Department from 1949 to 1956. He was named Director 
of the Smithsonian Astrophysical Observatory in 1955, and was elected to the National Academy of Sciences in 1959. 
W. H. PICKERING, Former Director, Jet Propulsion Laboratory 

Kelly Beatty: How would you describe a 
comet? 
Fred Whipple: When we see comets, they 
appear as fuzzy and hazy on the sky, as 
distinguished from a star that appears 
sharp. We usually see the head as a fuzzy 
region, sometimes with a sharp nucleus 
inside. When they're first observed at great 
distances from the Sun, at two or three 
astronomical units, for example, [one as
tronomical unit equals the average dis
tance from the Sun to Earth, about 150 
million kilometers] comets do not have 
tails. But as they come in, they develop 
them. 

The tails divide into two classes. The 
long, straight, graceful ones that we see in 
picture books are the great ion tails. They 
can stretch out for up to about 300 million 
kilometers. The stubby, curved tails are the 
dust tails, and sometimes they can be vel)' 
conspicuous. Dust tails are much more 
stable over time, whereas ion tails tend to 
change rapidly, with clumps moving out 
from the head at very high speeds. 

KB: At what point do the tails form? 
FW: We rarely see the conspicuous tails 
until the comet comes within one as
tronomical unit of the Sun. As a comet 
comes in, the coma, or head of the comet, 
grows until it comes within 1.8 or so as
tronomical units. Then the tails develop 
as the coma shrinks. 

KB: Do these comets come in from great 
distances? 
FW: We somewhat arbitrarily separate 
comets into two categories, based on their 
orbits. The short-period comets go around 
the Sun in less than 200 years. Anything 
with a period longer than that is a long
period comet. Many of those travel in 
nearly parabolic orbits. 

Back in 1931 or '32, Ernst Opik showed 
that a system of comets out to about 
100,000 astronomical units would remain 
in orbits stable against perturbations by 
the Sun for the lifetime of the solar system. 
But the gravitational effect of passing stars 
would knock out a lot of comets, vel)' 
much like shooting a bullet through a 
swarm of gnats. The bullet would kill a lot 
of gnats, but the swarm would still be left. 
Then in 1950, Jan Oort in Holland showed 
that passing stars could cause comets to 
come into the inner solar system. They 
would travel in orbits with periods of a 
million years or so. 

About a hundred years ago, HA Newton 
at Yale, who was not a relative of the 
bachelor Sir Isaac Newton, showed that if 
a long-period comet came in with just the 
right orbit, there was a vel)' small but finite 
chance that Jupiter might turn it into a 
short-period orbit. In recent years, Edgar 
Everhart in Denver has shown how, in 
many passes through the solar system, 
comets can be perturbed by the planets 
into short-period orbits. But of these com
ets, about half will be knocked out. 

KB: Do you mean actually ejected from 
the solar system? 
FW: The planets will kick them out so they 
never come back again. It's a vel)' wasteful 
process. But apparently there are enough 
comets to keep up the supply of short
period comets. 

KB: All these comets come in from some 
great distance. Do estimates exist of how 
many comets reside in the outer solar 
system? 
FW: Oort estimated about a hundred bil
lion were needed out there to keep the 
supply of new comets coming. This is the 
Opik-Oort cloud, extending out to some 

50,000 astronomical units or more. It is 
the storehouse of comets from which the 
passing stars appear to send in a few new 
comets each year. 

KB: What are comets made of! 
FW: In the 1860's, HA Newton and G. 
Schiaparelli, and others, established that 
some meteor showers come from debris 
left in the paths of comets - the Perseid 
and Leonid showers, for example. That 
gave us a picture of a comet as a big mass 
of unconsolidated material- dust, gravel 
or whatever - moving in orbit around the 
Sun. The picture of comets as flying sand 
banks dominated the scene for almost a 
century. But since the 1860's gas had been 



observed in the tails of comets. It was at
tributed to dust particles, having absorbed 
gas, releasing it when exposed to sunlight. 

All light from a comet arises from sun
light. We see sunlight reflected from the 
dust. In both the ion tails and the gas 
around the head of the comet, we see 
fluorescence of gases. Sunlight excites the 
atoms, giving them energy. Then they ra
diate away that energy in visual wave
lengths, and we see it. 

This was well known by the early 1900's. 
About that time, Karl Schwartzschild calcu
lated how much gas was coming out of 
these comets. In the 1930's and 40's, Wurm 
continued the calculations. They found so 
much gas coming out that it would be very 
difficult for the dust to hold enough gas to 
provide the fluorescent illumination of 
comets. 

That bothered me in the 1940's. The 
question arose: Was there anyway a comet 
might pick up gas while traveling through 
space? It was a nice thought. With a 

graduate student, I calculated the number 
of electrons in the zodiacal light. [Some
times called the false dawn, the zodiacal 
light is caused by sunlight reflecting off 
interplanetary particles.] It was a very low 
number and there was just no way comets 
could pick up enough gas to account for ' 
the tails. 

So there had to be a deep freeze storage 
of gas in a comet. Ice was the obvious 
answer, and that led me to the dirty snow
ball model. If you put dust into a deep 
freeze of ice, particularly water and possi
bly carbon dioxide or ammonia, then you 
have a supply that could last for a huge 
period of time. 

That seemed pretty obvious to me. The 
idea that comets were made of ice had 
actually been suggested by Laplace long 
before. But he thought that the vapor recon
densed at great distances from the Sun, 
which is physically impossible in terms of 
modem knowledge of the Sun and physics. 
So his concept was forgotten. A lot of other 
people were very close to the idea, but 
never published it specifically. 

Then I remembered the peculiar motion 
of Encke's Comet. This comet has the short
est-known period, three and one-third 
years, and was discovered in 1786. Around 
1819, Encke calculated its orbit and disco
vered it was shortening by about two and 
one-half hours every orbit. 

This concept of the snowball being ac
tivated by sunlight gave a physical 
mechanism for the changing period of the 
comet. When the Sun shines on an icy 
mass in space - in a vacuum - the gas 
comes off at about half a kilometer per 
second. That's a lot of force acting on the 
nucleus. Now if the nucleus is spinning, 
and everything seems to be spinning in 
the universe (it's very hard to keep anything 
still), then the gas goes off at an angle to 
the Sun. Depending on which way the 

comet is spinning, it can increase the 
period, or reduce it. 

When I calculated the numbers, they 
came out very reasonable if Encke's Comet 
was a dirty snowball, two or three kilomet
ers in diameter. 

KB: How did comets come to be? 
FW: There's a lot of evidence that the inner, 
earthy planets - Mercury, Venus, Earth 
and Mars - collected from rocky plan
etesimals, growing larger and larger into 
planet-sized bodies. But within the inner 
solar nebula, from which the Sun and plan
ets formed, (see the September/October 
1984 Planetary Report) the temperature 
was just too hot for much ice to form. 
However, out beyond Saturn's orbit, it 
would have been cold enough that ice 
could freeze. Planetesimals could there 
form out of ices, plus earthy stuff. 

In fact, the compositions of Uranus and 
Neptune are what we would expect if they 
were made of ice and dust frozen out of 
the original solar mix of gas. Collect 
enough of this stuff, say 14 or 15 times 
Earth's mass, and we'd have very nearly 
the gross physical properties ofUranus and 
Neptune. The comets may have formed 
out in this region, so the ones we see could 
be leftover building blocks of Uranus and 
Neptune. 

After the planets became large, their 
gravity was great enough to kick the com
ets out into very long orbits. Many of them 
got kicked into infinity, and were lost 
forever. Many got kicked into the Sun, and 
were lost there. Many were lost, as comets 
are today, by coming into the inner solar 
system where the Sun's radiation destroyed 
them. 

KB: If, in its early history, a large number 
of comets passed through the inner solar 
system, could this bombardment of com
ets have had some major effect on Earth? 
For example, is there some component of 
cometary material in Earth's atmosphere? 
FW: I looked into that. If you assume that 
the original number of comets was very 
high, so that billions of them passed 
through the inner solar system over a 
hundred million years or so, even then the 
number that would strike Earth is trivial. 
So it's very unlikely, from my calculations 
at least, that comets contributed much to 
Earth's atmosphere. 

Possibly, however, we had a cometary 
nebula form in the inner solar system. It 
could have contributed a considerable 
mass to the inner planets. 

KB: You mentioned that a comet, in a 
short-period orbit, becomes exhausted 
and eventually dies. Is there any firm link --



Above: Here is scientist-artist William K. Hartmann's 
version of a comet nucleus. Snowfields of long-frozen 
water erode away as sunlight heats the comet. Rocks 
protect underlying ice, forming short pedestals that 
erode to slim spires when the rocks fall off. Propelled 
by gas jets, ice and dust particles stream away from 
the comet. Painting: William K. Hartmann Below: If viewed 
from above the plane of the solar system (the ecliptic), 
Halley's Comet would appear to cross the orbits of all 
the planets except Pluto (Figure A). The comet's posi
tions at given dates are here indicated on its orbital 
path. But if viewed from a point (Figure B) looking 
along the ecliptic, the comet would appear to come 
from below, crossing the ecliptic and rising above it 
at perihelion (its closest approach to the Sun). 
Orawlngs: S.A. Smith 

In its 1986 apparition, Halley's Comet will not be as spectacular 
as in 1910, when this photo was taken. Photo: Harvard University 

between comets and asteroids? Are some 
asteroids defunct comets? 
FW: There may well be some link. I've 
been troubled by this question ever since 
I first thought of the dirty snowball model, 
and wondered about Encke's Comet, 
which I proved has been around for 
thousands of revolutions. But the question 
has never been answered very clearly; I've 
always been on the fence. 

There are two aspects of this problem. 
If you start out with a large cornet, and if 
there's meteoritic material-large hunks 
of rock - on it, some of them would be 
too big to be blown off by the gas. They 
would fall back and eventually cover the 
comet's surface, so the comet would be
come inactive. 

Then, R.P. Stefanik and I made some 
calculations in the 1960's on effects of 
radioactivity in the middle of a large comet. 
If the comet is big enough - 30 to 50 or 
more kilometers in diameter - its radio 
activity could warm it up. This could trans
fer the ice (as gas) outward and leave a 
meteoritic core. After many passes around 
the Sun, the outer ice would have been 
removed, leaving a stony core. 

This may well have happened. For many 
years there's been the question of Hidalgo, 
an asteroid traveling in a comet-like orbit 
that carries it outside of Jupiter's orbit. 
There are two or three other such asteroids 
in unusual orbits. Then there is 1983TB, 
the first asteroid found moving in the orbit 
of a meteor stream, the source of the 
Geminid meteor shower. This looks very 
suspiciously like an old comet that de
teriorated and left a meteor stream. 

Quite a few people are in favor of the 
Earth-crossing asteroids, the Apollos, 
being defunct comet nuclei that look like 
asteroids. 

KB: A fair number of well-known comets 
have been watched for generations. What 
is special about Halley's Comet, that all 
these spacecraft are converging on it? 
FW: The special thing about Halley's 
Comet is that it is the only large, very active 
comet whose return is predictable. As a 
consequence, we can plan ahead. Now, if 
you compare Halley's Comet to almost all 
other short-period comets, it's much more 
active, with a long tail and a big coma. 

We cannot, at this stage of the game, 
plan our space missions and execute them 
rapidly enough to take advantage of an 
unexpected new comet, which might be 
more active than Halley's. Kohoutek was 
a good example of a case where a great 
deal of activity was mobilized for a . 
comet - very successfully, as far as sci
ence is concerned. We had enough time 
to do quite a bit of scientific preparation. 
But the press overemphasized its possible 
brightness and got everybody excited, and 
then disappointed. 

In the case of Halley's Comet, we have 
had many years to prepare. Big projects 
were aimed at it with the certainty that 
Halley's will be an interesting and active 
comet. 

KB: Astronomers have vel}' powerful tele
scopic techniques for observing comets. 
What is to be gained from actually visiting 
the comet? 
FW: Take the example of IRAS-Araki
Alcock, the closest comet in a hundred 
years. We had very little time to prepare 
for it. And although it came very close, we 
still cannot say what the diameter of its 
nucleus is. 

That's why we want to get some good 
spacecraft images of Halley's Comet. It's 
possible that the dust may make it difficult; 
if not impossible, to see the nucleus. That's 
a gamble. But we hope we can get a picture 
of the nucleus and see what it looks like. 

The space missions will also pick up 
material immediately after it comes off the 
comet. One of the results of the studies of 
lRAS-Araki-Alcock was the identification of 
the S2 molecule, diatomic sulfur, which is 
almost impossible to make in the labora
tory. If you heat up and cool down sulfur 
to make a compound, you get something 
more like S8, instead of the diatomic form. 
P. Feldman and M. A'Hearn show, I think 
convincingly, that the only way to make 
diatomic sulfur is at extremely low temper
atures. This is almost conclusive evidence 
that comets were formed at extremely low 
temperatures, and have never been heated 
up until their surfaces are exposed to sun
light. 

Now that evidence came from this unex
pected comet for which we had very little 

(continued on page 21) 



· THE INTERNATIONAL HALLEY WATCH 
....................................................... An Experiment in Cooperation .................................................. . 

by Jurgen Rahe and Ray L. Newburn, Jr. 

P
eople knew Halley's Comet was coming in 1910, 
and they waited anxiously for its appearance in 
the sky. Scientists hoped to learn as much as they 
could about this famous celestial visitor. But while 

they focused their telescopes, calibra~ed their spectro
graphs, and otherwise prepared to use their observational 
skills, many scientists neglected some of their most impor
tant techniques: cooperation, coordination and collabora
tion. Much valuable information was lost because scientists 
around the world did not work as a team. 

While preparing for the 1986 apparition of Halley's 
Comet, Louis D. Friedman of NASA's Jet Propulsion labo
ratory (now Executive Director of The Planetary Society) 
recognized how the scientists of 1910 had missed a great 
opportunity. With several missions to the comet being plan
ned, he felt it was especially important to coordinate space 
and ground observations. In the fall of 1979, Friedman 
proposed a worldwide organization of professional and 
amateur astronomers to coordinate observations of the 
comet during this apparition. He called it the International 
Halley Watch (IHW). 

Following its strong endorsement by international sci
ence groups and funding by NASA, two IHW Lead Centers 
were established, the western hemisphere office in 
Pasadena, California, and the eastern hemisphere office in 
Bamberg, Federal Republic of Germany. 

Internationally selected scientists have organized 
worldwide networks of observers from different technical 
disciplines. They will set up observations, solve special 
problems and , ultimately, submit data collected to a com
prehensive Halley's Comet archive that will include all 
properly documented data obtained from both ground and 
space. The data will be published in 1989. 

Over 900 professional astronomers from 47 countries 
are now collaborating in the IHW, with many amateur 
astronomers also involved. (As a service to the IHW and 
NASA, The Planetary Society publishes an Amateur Obser
vers' Bulletin for over 3,000 participants.) 

Why do we need so many observers? One reason is that 
scientists would like continuous observations to look for 
such things as flares or other sporadic activity from the 
comet. But continuous observations require complete lon
gitudinal coverage from around Earth. Consider the remote 
continental areas and the vast expanse of the oceans, and 
you'll see the difficulty. 

In addition, we have so few opportunities to prepare 
observations of big, bright comets that we must make the 
most of this one, which means coordinating and compar
ing, as much as possible, complementary observations 
taken at the same time. Comets change so rapidly that 
comparing observations taken even a day apart may be 
like comparing apples and oranges. 

These observations will include those of the five space
craft that will encounter Halley's Comet in 1986. (See pages 
8-11.) One of the most exciting roles of the IHW is to 
supply information about the comet's position in space. 
European and Soviet mission controllers will use this infor
mation to precisely target their spacecraft. 

While other countries are flying spacecraft by Halley's 
Comet, the United States will conduct space-shuttle-based 
experiments to make longer-term but much more distant 
observations of the comet in wavelengths blocked by our 
atmosphere, and so not observable from Earth's surface. 

Equipment in airplanes, balloons and sounding rockets 
will augment these studies. 

The IHW will help put together the short-duration, close
up spacecraft data with the long-duration, faraway Earth-or
bital and ground-based observations. 

Both the professional and the amateur astronomers will 
contribute to the ground-based effort. The professionals 
are organized into eight technical disciplines: 

o Astrometry will provide data for orbital position and 
velocity computations, and will model the shape, motion 
and behavior of the comet's nucleus to help explain its 
motion. These data will be given to all observers, including 
the spacecraft navigational teams. 

o Large-Scale Phenomena Studies will use wide-angle 
photography to study the comet's gas and dust tails with 
high temporal and spatial resolution . 

o Near-Nucleus Studies, using photographic and elec
tronic imaging of structures in the coma, will yield data 
on the nucleus, such as rotation rate, aCtive regions and 
surface structure, and also data on the general activity of 
the comet. 

o Infrared Spectroscopy and Radiometry will provide 
detailed information on the energy balance and tempera
ture of the dust particles released by the comet, as well 
as on their size and composition. Some data may also be 
obtained on gaseous components of the coma. 

o Photometry and Polarimetry will determine the abun
dances and distribution of volatile (easily evaporated) and 
non-volatile components of the coma, and the physical 
mechanisms acting on them. 

o Radio Sciences will provide further data on the phys
ical processes and composition of the comet through the 
study of cometary chemical species observable at radio 
wavelengths. 

o Spectroscopy and Spectrophotometry will yield data 
on the composition and physical state of the nucleus, coma 
and tail. 

o Meteor observations of the Aquarid meteor shower 
in early May and the Orionid meteor shower in late October 
may provide information on their source, believed to be 
dust left behind in the trail of Halley's Comet. 

Amateur astronomers will play an important role by sup
plementing the observations of professionals. The visual 
and photographic techniques available to amateurs today 
are very similar to those used by professionals in 1910. In 
many cases, work by amateurs will fill in gaps in profes
sional coverage, which is limited by telescope time allot
ments and the geographical positions of observatories. A 
few amateurs can also provide spectroscopic and photo
electric data to supplement those taken at major obser
vatories. 

All these data will be collected and archived by the 
International Halley Watch, and will serve as the most 
complete data set ever compiled on a single comet. Gen
erations of scientists will sift through it and, in the process, 
increase our understanding not only of comets, but of the 
origin of the solar system, Earth, and the life on it. 

Jurgen Rahe of Remeis Observatory in Bamberg, Federal 
Republic of Germany, heads the International Halley Watch 
Eastern Lead Center; Ray Newburn runs the Western Lead 
Center from Jet Propulsion Laboratory, Pasadena, California. 15 
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COMET 
A Short Guide to Seeing Halley's Comet 
AS THE LONG-AWAITED APPARITION APPROACHES, people are preparing to watch Halley's Comet. For some of us, 
this will be the only chance of our lifetimes. But, unfortunately, many are going to be disappointed. There will be 
no bright, glowing light spread across the sky. At its 1986 best, Halley's Comet will be a faint smudge apparent 
only to those who know how to look for it. This coming apparition of the comet may be the worst in 2000 years, 
and it won't be any better in 2061. 

The Planetary Society wants to help its members make the most of this visit by the comet. Many members have 
already called or written with questions about how best to see the comet, and we would like to share those 
questions, and the answers, with you. 

When will Halley's Comet become visible? 
Scientists with high-powered telescopes 
have been watching the comet since Oc
tober 16, 1982, when Dave Jewitt and Ed 
Danielson photographed it with the 200-
inch instrument on Mount Palomar. But 
for those with smaller telescopes, the 
comet will become visible sometime in 
August, 1985. 

In northern skies, by December, 1985, 
people with binoculars should be able to 
find it in the southwest sky about half-way 
between the horizon and zenith about 
one and one-half hours after sunset. 

In early January, 1986, Halley's Comet 
will be visible in the west to the naked 
eye. As the month goes on, it will sink 
lower in the sky, eventually becoming lost 
in the Sun's glare. It will then be moving 
behind the Sun for its closest approach to 
the Sun - perihelion on February 9. The 
comet will then be at its most active, with 
its longest, brightest tail, but we won't be 
able to see it from Earth. 

Halley's Comet will reappear in March in 
the southeastern sky. Unfortunately, it will 
be very close to the horizon in the north
ern hemisphere, probably not visible from 
north of a line drawn, roughly, through 
Chicago, Madrid and Vladivostok. 

In southern skies, by December, the 
comet can be seen with binoculars low 
on the northwest horizon about one and 
one-half hours after sunset. In early Janu
ary, it will be visible to the naked eye. Then 
it moves behind the Sun and disappears 
for over a month. 

Toward the end of February the comet 
will reappear in the moming sky, low on 
the southeast horizon. Each day it will climb 
higher in the sky, moving from southeast 
to southwest. The tail will grow and the 
comet will brighten, reaching its best be
tween the last week of March and the first 
week in April. By the end of April, it will no 
longer be visible to the naked eye. People 
with telescopes or binoculars will be able 
to watch it fade for a few . more months. 

Where should I go to get my best view of 
the comet? 
Get as far away as possible from city lights 
and pollution. These human-made interfer
ences could be the greatest obstacles to see
ing the comet. Find the darkest skies you 
can, probably in the mountains or desert. 

During March and April, go as far south 
as possible. Many travel agents, astronomy 
clubs and other organizations, including 
The Planetary Society, are planning tours 
to the southern hemisphere especially to 
see the comet. 

Wherever you go, pick a time during the 
dark of the Moon. Bright moonlight can 
interfere with comet-viewing as much as 
city lights and pollution. 
Will it be worth the triP? 
This is a difficult question for another per
son to answer for you. A good question to 
ask yourself is: Have you always wanted 
to see South America, southern Africa, Au
stralia or New Zealand? If so, then Halley's 
Comet is a good excuse to go. 

-



What equipment should I buy? 
A good pair of binoculars is probably your 
best investment. Those marked 7 x 35 are 
good, with 7 x 50 as the best bets. Because 
the comet will be a dim band of light 
stretching across the sky, the light-gather
ing power of the binoculars, rather than 
the magnification, will be the most impor
tant thing to consider. 

A telescope with a wide field of view 
will enable you to see the comet long be
fore and long after it is visible with binocu
lars. With it, you may see details of the 
comet's coma and tail. STAY AWAY FROM 
LONG, NARROW, SPYGLASS-TYPE TELE
SCOPES! These instruments may claim ex
traordinary magnifying power, but they 
have extremely narrow fields of view
much too narrow for watching comets. 
Find instead an instrument with a large 
aperture - the larger the aperture, the 
brighter the image. 

Remember, good telescopes are expen
sive and require some skill to use. Before 
you sink hundreds, or even thousands, of 

dollars into an instrument, carefully con
sider how you will use it after Halley's 
Comet has faded from the sky. 

How can I photograph the comet? 
Use any camera that can take time expo
sures (most of these have a "8" setting for 
the shutter speed) . You should also use a 
tripod and a cable release. A standard, 50 
mm lens will have a field of view wide 
enough to take in the entire comet. It may 
also be able to record more of the comet 
than you can see with your naked eyes. 

Load your camera with ISO (ASA) 1000 
daylight slide or print film. Focus on infin
ity, and open the lens as wide as possible 
(the lower the f-stop, the wider the aper
ture) . Using your cable release, take a 
series of exposures from five seconds to 
several minutes long. 

You should begin and end each roll of 
film with a non-astronomical photograph. 
For example, you could take a flash photo 
of your binocular -bedecked friends or fam
ily huddled together for warmth in the 

midst of a very dark desert. By taking such 
pictures you'll give the photo-processing 
technician references for cutting your film 
into frames. Most technicians are not famil
iar with astronomical photographs; they 
may see your prize shot of Halley's Comet 
as a bit of fogged-up film. Instruct the pro
cessor to print all negatives and mount all 
slides. 

You should now be almost ready for 
Halley's Comet. If you would like more 
information, there are many books and 
pamphlets about the comet available from 
your local bookshops, planetarium, other 
magazines and The Planetary Society (see 
page 23) . Mr. Halley's Comet, a booklet 
prepared by the editors of Sky & Telescope 
magazine, is available to Society members 
for $1.00, $2.00 for non-members. Send 
your money (to cover handling and post
age) to: Mr. Halley's Comet, The Planetary 
Society, 110 S. Euclid Avenue, Pasadena, 
CA 91101. 

Happy comet-watching! o 

These charts summarize the observing conditions for Halley's Comet in 1986. The comet's positions are given for 
the beginning of moming twilight and the end of evening twilight. The visual magnitude (apparent brightness) is 
given in parentheses. The lower the number the brighter the comet; a sixth-magnitude star is about the dimmest 
that can be seen with the naked eye. As a reference for the sky positions, five degrees is about the width of a 
hand held at arm's length. Charts: S.A. Smith 17 
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by Clark R. Chapman 

What colors are planets? People have long thought 
of Mars as the Red Planet. In song and verse, the 
Moon is "silvery." Recently we have marvelled at 

Voyagers pictures of Jupiter's larger inner moon, 10, which 
make it seem like a pizza smothered in orange tomato 
sauce. 

Now along comes Andrew Young, a planetary as
tronomer writing in the May Sky & Telescope, who wants 
us to believe that Mars is a "dark yellowish brown," that 
the Moon is a dark "brownish gray," and that 10 is pale 
yellow with hints of green! These startling assertions will 
be difficult for many people to accept; but Young makes 
a persuasive case that the pizza-like version of 10 is the 
creation of darkroom photographers and magazine printers 
rather than of Nature itself. . 

It is not that there is any dispute about what fraction of 
sunlight, at every wavelength, is reflected by the various 
planetary surfaces. The question is how can those tele
scopic and spacecraft measurements be used to fabricate 
a "hard-copy" picture that the human eye will perceive as 
having the same color as the planet. For example, how 
could we mix a paint having the same color as the sands 
of Mars, and then how could we photograph and print a 
picture of that paint so that our eye/brain responds as it 
would to the "true" color of Mars? 

In his· Sky &Telescope article, Young explains how one 
might try to do this and then - provocatively - presents 
some examples for us to see for ourselves. His logic sounds 
good to me, but 1 don't predict you'll see many of Young's 
pale yellow versions of 10 in future issues of The PlanetaIY 
Report, or even in Sky & Telescope again. I think this 
particular "truth" will be too difficult for people to accept. 

Other Worlds 
The June issue of Science 85 features four articles on the 
theme of whether or not planets and life abound elsewhere 
in the universe. Mitchell Waldrop's article on the search 
for other planets features a five-part scenario of current 
beliefs about how our solar system was formed. 

Many scientists feel that such processes should have 
operated in countless other stellar systems. But, despite 
recent discoveries of interesting companions and disks 
near some other stars, we are still awaiting the first definitive 
proof for the existence of an Earth- or Jupiter-like planet 
near any other star. 

A thought-provoking article by George Greenstein pro
poses that we should fear making contact with extraterres
trials, a common attitude some decades ago, but now out 
of style. And there is an historical overview by Alan Light
man on the religious implications of other worlds. 

History is also the topic of Donald Osterbrock's article 
in the March/April Mercury about James Keeler's famous 
measurement, ninety years ago, of the rings of Saturn. 
Using the principles of Doppler spectroscopy, Keeler pro
vided the first observational proof of Maxwell's earlier 
theoretical proof that the rings are composed of a myriad 
of particles rather than being solid and rigid. 

Planetary discoveries were big news then as now, and 
Keeler found his results sensationalized in the national 
press, to his considerable consternation. Donald McCarthy 
ran into similar problems just last year when a National 
Science Foundation press release heralded his discovery 
of a 2,000 degree Fahrenheit brown dwarf companion of 
a faint, nearby star as the first extra-solar-system "planet" 
(see Waldrop's Science 85 article). 

Hype, Seriously Reconsidered 
1 have complained in recent columns of fads in science, 
which are sometimes inaccurately hyped in popular 
magazines and newspapers. Sometimes the scientists 
themselves get overexcited and lose perspective. Some 
sober reconsiderations of Nemesis - the supposed com
panion star to the Sun responsible for comet showers and 
periodic extinctions - were voiced at a recent meeting on 
our galaxy and solar system. As described by Richard Kerr 
in the March 22nd issue of Science, much of the support 
for periodic extinctions, for periodic cratering of Earth, and 
for Nemesis itself has eroded away under serious scientific 
scrutiny. The giant-impact model for the origin of the Moon 
has generated some enthusiastic but inaccurate reports, 
as well. The sober scientific facts are recounted in a brief 
but somewhat technical article by Jeffrey Taylor (Geotimes, 
April 1985). . 

Some hype I can appreciate. Steve Erickson's prose 
waxes flowery and extravagant as he tells the story of the 
Galileo project in the January 1985 issue of the PSA airlines 
flight magazine. This spacecraft mission, more than a dec
ade in the planning and due for launch next year, deserves 
Erickson's enthusiasm. I can even accept as poetic license 
a picturesque inaccuracy in Ray Bradbury's accompanying 
poem, which anticipates Galileo's probe diving into the 
heart of Jupiter's Red Spot. The men and women who have 
struggled to bring this project to fruition will be gathering 
at Cape Canaveral just a year from now to watch a space 
shuttle carry the product of their work into orbit and send 
it on its way to the giant planet. 

In Erickson's tale, the greatest threat to Gali/eo was in 
the form of "a vast slithering form of alien life ... oozing 
inertia and indecision" called the US Congress. As 1 write 
this column, that same entity is once again thrashing about, 
trying to enact a budget freeze that could freeze out many 
planetary missions and other NASA endeavors for years to 
come. Should that happen, Galileo might become the last 
planetary mission of the century. We need more Steve 
Ericksons to kindle enthusiasm for the potential of deep 
space exploration in US decision-makers. 

Clark R. Chapman will be among the thousands at Cape 
Canaveral next year to watch the beginning of Galileo 's 
journey. 
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• HALLEY'S OOllllET TELEVISION SPECIAL 

The • Corporation for Public Broadcasting and the Public 
Broadcasting Service (PBS) have now committed to the Plan
etary Society television special on Halley's Comet. 

The television show is scheduled to air nationwide on 
November 26, 1985. M&MlMars, makers of Mars and Milky 
Way bars, have joined us as the corporate underwriter for 
this important television event. 

John L. Wilhelm, WETA-lV of Washington, DC and the 
Asahi Broadcasting Company of Japan are co-producing the 
show. Wilhelm, a former national science correspondent for 
Time magazine and former managing editor for Science 80, 
is serving as Executive Producer and co-writer and Lawrence 
K. Pomeroy is Senior Producer and co-writer. The Planetary 
Society is providing scientific advice under the direction of 
Professor Joseph Veverka of Cornell University. 

With the support of our members, we intend this to be 
the most exciting and complete Halley's Comet lV presen
tation anywhere. The show will present historical and scien
tific information about Halley's Comet, while focusing on 
the Soviet, Japanese and European spacecraft encounters. 

This can be the beginning of an important new project 
for The Planetary Society, enabling us to reach millions of 
people through the medium of television. Members who wish 
to help make this happen may contribute to the Halley's 
Comet Television Fund. Tax-deductible donations should be 
mailed to P.O. Box 2530, Pasadena, CA 91102, or use the 
mailing form you should have received during our special 
appeal in May. 

• C-oAfET QUEST AT THE SIIIIITHSONIAN 

The Planetary Society and the Smithsonian Institution's Na
tional Air and Space Museum are co-sponsoring an interna
tional comet symposium, "Comet Quest," on December 6 
and 7, 1985 in the museum. On Friday evening, December 
6, Dr. Carl Sagan, President of The Planetary Society, will 
give a public lecture on Halley's Comet and its scientific 
importance. 

Symposium participants will discuss other topics, including: 
"Comets and the Mind of Man," "What is a Comet?," "In Search 
of Edmond Halley," "The International Halley Watch," "Comet 
Giacobini-Zinner," and "The Space Missions to the Comet." 

M&M/Mars is the corporate sponsor of the symposium, 
as well as the underwriter of The Planetary Society's television 
special on Halley's Comet. 

Admission to the symposium is free. 

• HAWKING HALLEY'S COIIIIET 

Many books, pamphlets, pictures, souvenirs, paraphernalia 
and gimmicks are being marketed in connection with the 
1986 apparition of Halley's Comet, as also happened in the 
previous (1910) apparition. The Planetary Society will make 
available, at discounts for members, as much worthwhile 
material as we possibly can. Our September/October issue 
will include a special sales section on Halley's Comet. If 
you would like to get a jump on the comet, we now have 
available: 

• Mr. Halley's Comet: Everyone's Complete Guide to Seeing 
the Celestial Event by the editors of Sky & Telescope. Avail-

...... ii~§ 
able to members for $1.00, $2.00 for non-members. 

• Observer's guides to the northern and southern hemi
spheres, published by the International Halley Watch. Avail
able for $1.00 each. 

• The Comet Book: A Guide for the Return of Halley's 
Comet by Robert D. Chapman and John C. Brandt. Available 
for $14.00. 

To order, use the form in the back of this magazine, or 
write to The Planetary Society, 110 S. Euclid Avenue, 
Pasadena, CA 91101. 

• UPCOIIIIING EVENTS 

September 29, 1985 - Initiation of the META (Megachannel 
Extraterrestrial Assay) project in Harvard, Massachusetts. Pro
ject leader Paul Horowitz, Carl Sagan and others will discuss 
the significance of this new 8.4-million channel receiver for 
the Search for Extraterrestrial Intelligence (SETI). 

October 30, 1985 - Public policy discussion at the annual 
meeting of the Division for Planetary Sciences of the Amer
ican Astronomical Society in Baltimore, Maryland. In the 
ballroom of the Baltimore Plaza Hotel, leading planetary 
scientists will discuss the future of space exploration. 

November 26, 1985 - Broadcast of the Planetary Society 
television special on Halley's Comet. 

December 6, 1985 - International comet symposium at 
the Smithsonian Institution's National Air and Space 
Museum. Dr. Carl Sagan will speak in the evening of De
cember 6 in the Samuel P. Langley Theater. 

January 24, 1986- "Uranus - The Voyage Continues," 
symposium to celebrate Voyager 2's encounter with 
Uranus. Live images from the spacecraft will be transmitted 
to the symposium site at Beckman Auditorium at the Califor
nia Institute of Technology in Pasadena, CA. 

March 29-April 12, 1986- Halley's Comet cruise from Rio 
de Janeiro to Fort Lauderdale on the Cunard Line ship Vis
tafjord. The Planetary Society will present a lecture program 
on the comet. Discounts are available for Society members. 

• COIIIIPARING THE PLANETS 

Did an asteroid destroy the dinosaurs? Could humans turn 
Earth into a deep-freeze like Mars or a furnace like Venus? 
What do the other planets still have to teach us about Earth? 
Leading planetary scientists Eugene Shoemaker, James Pol
lack and Harold Masursky addressed these questions at a 
Planetary Society event, "Dinosaurs, Greenhouses and Ice 
Ages - The View from Space," held June 8 at Beckman 
Auditorium at the California Institute of Technology. The 
talks formed a public session to the scientific conference, 
"Terrestrial Planets: Comparative Planetology," held the pre
ceding week and cosponsored by the Society, Caltech's Di
vision of Geological and Planetary Sciences and several other 
science organizations. 

• 1984AUDITCOIIIIPLETED 

The Price Waterhouse audit of our complete 1984 financial 
statement resulted in an opinion with no qualifications, find
ing our statements in conformity with generally accepted 
accounting principles. A one-page summary is available 
upon request. 
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W hen one realizes that Voyager 
was approved in 1973 and 
Calileo in 1976, it is evident that 

the pace of the United States' deep space 
exploration has slowed down. At the same 
time, other spacefaring nations have been 
Quickening their paces. 

The Soviet program, in particular, is im
pressive not only in the number of mis
sions they now contemplate, but in the 
innovation and creativity they employ in 
designing them. Theywill soon be sending 
single missions to several different targets, 
with spacecraft carrying innovative exper
iments that could make important dis
coveries at each target. 

by Louis D. Friedman 

The Soviets are also showing a welcome 
openness in discussing their future mis
sions. Academician Roald Sagdeev, Direc
tor of the Institute for Cosmic Research, 
and Academician Valeriy Barsukov, Direc
tor of the Vernadsky Institute for 
Geochemistry and Analytical Chemistry, 
both visited the United States earlier this 
year. Sagdeev, at The Planetary Society in 
January, and Barsukov, at the Houston 
Lunar and Planetary Conference in March, 
were very informative about the Soviet pro
gram to explore the solar system. 

The corresponding US program is the 
Solar System Exploration Committee 
(SSEC) Report. The SSEC recommended a 
three part strategy: the core program, con
sisting of two parts, Observers and Mariner 
Mark · If; and the augmented program, 
focusing primarily on the surface explora
tion of Mars. 

The Observers are designed as low-cost 
spacecraft, adapted from Earth-orbital 
satellites, to be used for special-purpose 
planetary missions. The first Observer will 
be the Mars Geoscience/Climatology Ob
server (MGCO), approved last year and 
scheduled for launch in 1990. Other possi
ble Observers are a lunar orbiter and a 
rendezvous with a near-Earth asteroid. 

The Mariner Mark If is a new multi-pur
pose spacecraft that will follow in the tra
dition of earlier Mariners and will include 
new technology wherever possible to re
duce costs and simplify design. Engineers 
at NASA's Jet Propulsion Laboratory are 
designing common modular subsystems 
for the Mariner Mark If, to share and save 
costs among the individual spacecraft that 
will be sent on different missions. 

The first Mariner Mark If mission plan
ned is the Comet Rendezvous Asteroid Fly
by (CRAF), to be launched in 1991, prob
ably to Comet Wild II. (Because of the fre
Quency of short-period comets, the launch 
date and target can be varied, depending 
on schedule and budget considerations.) 
Comet rendezvous differ from flybys (like 
the missions to Halley's Comet) in that 
spacecraft can fly very near a comet during 
a large portion of its course around the 
solar system. Measurements can be taken 
over months through the whole gamut of 
comet activity, rather than in a few mi
nutes, as in the fast flybys. 

After CRAF, the most studied candidate 
for Mariner Mark If is a Titan lander-Saturn 
orbiter project, the Cassini mission now 
being studied jointly by NASA and the Euro
pean Space Agency. This mission would 

be launched in the mid-1990's and would 
reach Saturn about the tum of the century. 

The core program of Observers and 
Mariner Mark If missions was considered 
an irreducible minimum by the SSEC and 
other science advisory groups to NASA. 
Above the minimum, they recommended an 
augmented program of sample returns from 
and rovers on Mars. These automated mis
sions would pave the way for human ex
ploration of that planet in the next century. 

But even the core program is in jeopardy 
from current budget constraints and other 
program priorities in NASA. Although Pres
ident Reagan proposed a five percent in
crease in the fiscal year 1986 budget for 
NASA, it contained no new planetary mis
sions. Thus far Congress, in its considera
tion of the FY'86 budget, has concentrated 
on reducing the federal deficit by freezing, 
wherever possible, budgets at their FY'85 
level. 

For NASA this means a significant cut 
from the President's proposal and further 
difficulties for new starts in space science 
and exploration missions. Although not offi
cially confirmed, the budget cut would 
probably kill the new start for the CRAF 
mission in FY'87. This would be a serious 
loss, not only because of the importance 
of a rendezvous mission for comet studies, 
but because of the damage it would do to 
the entire SSEC program. 

Another casualty of the budget cuts is 
space science research - the analysis of 
data from past planetary missions. Al
though, in response to congressional pres
sure, NASA officials promised to restore 
the research budget to its 1981 level (it has 
been cut every year since then), it is not 
possible to maintain that level within exist
ing budget constraints. The issue is very 
serious. If present trends continue, many 
planetary scientists will be forced to leave 
the field. 

As these budget deliberations continue 
and NASA reacts to constraints imposed 
by national priorities, it will be necessary 
to rethink NASA's own priorities and 
whether it wishes to continue the historic 
American program of planetary explora
tion. The Planetary Society encourages dis
cussion on this subject. Members who 
wish to make their views known may write 
us or the congressional committees most 
involved in defining the priorities for space 
exploration (see box). 

Louis Friedman is Executive Director of 
The Planetary Society. 



· A TALK WITH FRED WHIPPLE 
(continued from page 14) 

time to prepare. With probes going right 
into the comet nucleus, we can measure 
those molecules and atoms in close. 

KB: So in exploring comets, were really 
flying to examine material that's un
changed< since its formation, and presum
ably since the formation of the solar 
system. 
FW: Exactly, that's why it's of great interest. 
We suspected this all the time, and talked 
about it. But the S2 evidence of A'Hearn 
and Feldman is a very strong substantiation 
of that concept. 

KB: You were bom in 1906; do you re
member Halley's Comet? 
FW: No. I was living on a farm then and 
my parents didn't go out to see it them
selves, even when it was most conspicu
ous. And I would have only been about 3 
and one-half at the time, so it's unlikely I 
would have remembered it anyhow. But I 
asked them specifically, and they said they 
didn't take me out to see it. 

KB: Are you looking forward to this pass
age? 
FW: Oh yes, naturally. Not so much for 
seeing it as for finding out what the mis
sions will divulge about the nature of the 
comet. 

KB: Are you bothered or pleased by all the 

LOOKING INTO HALLEY'S COMET 
(continued from page 11) 
cause the results are very dependent on 
what happens when the dust and gases 
smash into the detectors inside the instru
ment. 

A dust particle will be vaporized by im
pact; mass spectrometry of the resulting 
cloud gives an idea of the particle's com
position, while determining its impact 
energy and speed gives a measure of its 
mass. 

These investigations will be important 
in the search for parent molecules. "We 
will not see actual parent molecules. These 
are broken up by their impacts [with the 
instruments]''' explained Giotto Project 
Scientist Ruediger Reinhard of ESA. "We'll 
look for atoms such as carbon, nitrogen 
and oxygen and do a number of clever cal
culations to try to determine the nature of 
the parent molecules." 

The fourth and last technique is the in
vestigation of interplanetary particles and 
fields around the comet, including its in
teractions with the solar wind. (The solar 
wind is a stream of ionized particles blown 
outward by the Sun.) All of the involved 

attention that's being given to this passage 
of Halley's Comet? 
FW: I've had the unhappy experience of 
the press overselling Kohoutek, and the 
public being disillusioned. It should be 
said that there's very little chance that HaI
ley's Comet will be as bright as Kohoutek 
at its best. 

KB: You've been fortunate enough to see 
the entire drama of space exploration un
fold. During the 1950's you did some 
speculative articles on the future of hu
mans in space. With all that experience 
under your belt, can you wax speculative 
again, and suggest what might happen in 
the next 20 years? 
FW: With Wernher von Braun and others 
I contributed to a series of articles in Col
lier's magazine. The question of man (by 
this I mean mankind) in space I've always 
considered as separate problem from the 
scientific investigation of space. There was 
a confusion in people's minds, and there 
still is, between these two projects. Gener
ally speaking, we can deal with science 
by remote control at about 10 percent of 
the cost for the same results achieved by 
sending men. On the other hand, man in 
space is a highly commendable goal, and 
I think we should push for it. We should 
try to conquer space as we've conquered 
all parts of Earth - Mount Everest, the An
tarctic, and so forth. 

KB: Sort of a manifest destiny? 

deep-space craft, including the Japanese 
MS-T5 millions of kilometers from the 
comet and the International Cometary 
Explorer (see the May/June 1985 Plane
tary Report), will carry magnetometers, 
charged-particle detectors, or other instru
ments for this type of investigation. 

A key element in the 1986 Halley's 
Comet campaign is the simultaneous use 
of a wide variety of techniques, invented 
by scientists throughout the world, to per
mit cross-checks and correlations of mea
surements based on many different princi
ples. Not only does this vastly improve the 
missions' scientific yield; also it brings to
gether investigators from many countries, 
even including those with opposed politi
cal systems. 

Two Planetary Society Advisors are 
prominent members of this scientific com
munity. Roald Sagdeev is Director of the 
USSR's Institute for Cosmic Research, the 
agency responsible for the Vega mission. 
Jacques Blamont of the French Centre Na
tional d'Etudes Spatiales is a principal sci
entist on the Vegas'Venus balloon exper
iment (see box on page 11). 

In addition to Bradford Smith on the im-

FW: Yes. And, of course, if you are highly 
pessimistic, it would be an awfully good 
idea to have a viable colony or two on 
Mars or the Moon in case somebody trig
gers off a nuclear holocaust on Earth. But 
I don't like to use that as an argument for it. 

The ideal nature of space colonies has 
been distorted in recent times, because of 
ignoring or underestimating the effects of 
cosmic rays on people. You put people 
into small colonies with only a few inches 
of steel or aluminum between them and 
outer space, and the secondary cosmic 
rays will be much more dangerous than 
the original rays. (See the March/April 1985 
Planetary Report.) The only safe places to 
have viable colonies are in very large 
spacecraft, far beyond what anyone was 
thinking of building in the early days, or 
inside the Moon or Mars. 

For the serious propagation of the 
human race, I'm much happier with the 
concept of lunar, martian or asteroidal col
onies than I am with space colonies. 

KB: So you encourage or endorse the 
recent movement to rethink the idea of 
lunar bases? 
FW: Yes, I think we 'Should have somebody 
up there. We could also go to Mars or an 
asteroid. There would be valuable miner
als that might be mined on an asteroid 
more easily than on Earth. 

1. Kelly Beatty is Senior Editor of Sky & 
Telescope magazine. 

aging team, the Soviets have invited several 
other American scientists to participate in 
the Vega mission. John Simpson, a physi
cist at the University of Chicago, has a 
comet dust analyzer on each of the space
craft. Ke Chiang Hsieh, a colleague of 
Smith's at the University of Arizona, de
signed a neutral mass spectrometer for the 
mission. Dr. Andrew Nagy of the University 
of Michigan, a veteran of the US Pioneer 
Venus mission, is a member of the Vega 
plasma physics science team. 

This encounter with Halley's Cornet will 
be an unprecedented, worldwide scientific 
event. The spacecraft missions are fully 
cooperative and their data will be com
bined with the ground-based observations 
of the International Halley Watch (see page 
IS) and the Earth-orbital observations of 
Astro-l onboard a US space shuttle (see 
box on page 8). 

Thus the human race, despite its bicker
ings and miseries on Earth, has risen at 
last with modern science to meet a mysteri
ous celestial visitor whose regular pass
ages through our neighborhood in the 
solar system. have been marked by our 
forebears for over two thousand years . 0 
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THE PLANETARY SOCIETY invites you to participate in a once-in-a-lifetime 

VOYAGE TO VIEW HALLEY'S COMET 

March 29 - April 12, 1986 • Rio de Janeiro to Ft. Lauderdale 

Visit exotic Caribbean and South American ports in luxury 
aboard Cunard's magnificent Five Star Plus VISTAFJORD, 

while participating in the excitement of viewing the comet which 
visits Earth only once every 76 years. A distinguished faculty of 
scientists selected by the Society will present an ongoing program 
about Halley's Comet and space flight throughout the voyage. 
Planetary Society members and guests will receive a 10% DIS
COUNT from the regular fare, and another 5% will be a donation 
for the Society's research and education programs. A team of 
eminent astronomers and scientists on board will give passengers 
personal advice on viewing the comet. 

Y our voyage aboard the VISTAFJORD will be the ultimate in 
cruise luxury. A dedicated staff offers impeccable personal 

service, and the lively entertainment and superb cuisine are excep
tional. Comfortable accommodations will make your days and 
nights at sea a delightful experience. Enjoy the sea-going edition 
of the famous "Golden Door Health Spa," or just curl up in a 
deck chair and enjoy the glorious sun and bracing salt air. Dining 
at sea features an ocean view and outstanding menu. 

y ou are invited to experience this most enlightening and exciting 
voyage hosted by THE PLANETARY SOCIETY. For a 

brochure describing itinerary and fare information, please phone 
Cruise International at (213) 491-1004 / in California phone (800) 
423-3674. Cruise International represents THE PLANETARY 
SOCIETY for cruise arrangements. 

VISTAFJORD REGISTERED IN THE BAHAMAS 

VOYAGE ITINERARY 

The VlSTAFJORD embarks on this historic Halley's Comet voyage 
March 29, 1986 from the world's grandest tropical city, Rio de 
Janeiro, through the perfect latitudes and at the perfect time to view 
the comet. The itinerary: 

Ij~!II!D 29 
30 

31 

rmmJ 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Rio de Janeiro 

At sea - Comet viewing - Meetthe faculty and introduction of 
program 

At sea - Comet viewing - seminar and workshop 

Recife, charming tropical city of canals evoking classical Italy, 
watched over by the well known landmark Sugar Mountaiu 

At sea - Comet seminar and workshop 

At sea - Comet seminar and workshop 

Belem, a thriving metropolis which is chief port of the world's most 
powerful river, the Amazon 

At sea - Comet seminar and workshop 

At sea - Comet seminar and workshop 

Barbados - enjoy a bit of Britain amid swaying palms and sandy 
beaches 

St. Lucia - explore the inside of a volcano, tour a picturesque 
fishing village, or enjoy relaxing on the beach 

St. Thomas, the shopper's paradise of the Carribean 

At sea - Comet seminar and workshop 

At sea - Comet seminar and workshop 

Ft. Lauderdale and your return flight home 

Special Offer on Three of Our Popular Videotapes! 
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Mars, the Red Planet 

Recapture the excitement 
of the Mariner and Viking 
missions. This video tape 
contains spectacular de-

. tailed photographs of the 
martian surface, animated 
accounts of its geological 
evolution, and current 
scientific theories on the 
possibility of life on our 
neighboring planet 
(30 minutes) 

Universe 

The Voyager Missions 
to Jupiter and Saturn 

This outstanding videotape 
provides an opportunity to 
share in some of the most 
intriguing discoveries of 
the solar system. It includes 
exceptional images of 
Saturn's rings and the 
amazing moons of the 
giant planets. 
(28 minutes) 

Journey through the universe from our solar system to the edge of known space 
with this information-packed videotape, narrated by William Shatner. Planets and 
pulsars, the lives and deaths of stars, and the origin of the universe are just a few 
of the topics covered. (30 minutes) 

These videotapes are now available for only $30.00, marked down from $35.00. Order yours nowl 



001 

002 

003 

004 

008 

009 

010 

012 

015 

016 

018h 
019s 

020 

The Solar System in Pictures and Books 

Voyage to Jupiter by David Morrison and Jane Samz. 199 pages. 

Journey to the Planets by Patricia Lauber. 87 pages. 

The Case for Mars edited by Penelope J. Boston. 314 pages. 

Out of the Cradle: Exploring the Frontiers Beyond Earth 
by William K. Hartmann, Ron Miller and Pamela Lee. 
190 pages. 

The Surface of Mars by Michael Carr. 232 pages. 

Voyages to Saturn by David Morrison. 227 pages. 

PRICE (IN 
us DOLLARS) 

$11.00 

$11.50 

$18.00 

Soft cover $11.00 

$15.00 

$14.00 

The New Solar System edited by J. Kelly Beatty, Brian O'Leary, and 
Andrew Chaikin . 2nd edition $12.50 

The Moon by Patrick Moore. 96 pages. $12.00 

The Grand Tour: A Traveler's Guide to the Solar System $ 9.00 
by Ron Miller and Will iam K. Hartmann. 192 pages. 

Planets of Rock and Ice by Clark R. Chapman. 222 pages. $12.50 

The Planets edited by Bruce Murray. 129 pages. Hardcover $15.00 
Soft cover $ 9.50 

Murmursof Earth by Carl Sagan, Frank Drake, Ann Druyan, Timothy $ 7.00 
Ferris, Jon Lamberg, Linda Salzman Sagan. 273 pages. 

041 Voyager 2's Future Missions - Don Davis paintings 
(set of 2 color reproduction prints) 

042 Apollo photograph of Earth - full disk (16" x 20" Laser Print) 

043 Earthprlnt photograph of North America (8" x 1 0" Laser Print) 

036 Voyager 1 at Saturn (Five 23" x 35" posters) 

037 Planetfest '81 - Saturn and the F-ring (Two 23"x 35" posters) 

044 You Are Here (23" x 29" poster) 

046 Other Worlds (23" x 35" poster) 

048 Voyager 1 Saturn Encounter (40 slides with sound cassette) 

049 Voyager 2 Saturn Encounter (40 slides with sound cassette) 

050 Viking 1 & g at Mars (40 slides with sound cassette) 

051 Voyager 1 & g at Jupiter (40 slides with sound cassette) 

052 The Solar System Close-Up, Part One (50 slides with booklet) 

053 The Solar System Close-Up, Part Two (50 slides with booklet) 

056 Comets and Comet Halley (30 slides with booklet) 

057 Earthrise photograph of Earth from the Moon (16" x 20" Laser Print) 

PRICE (IN 
US DOLLARS) 

$ 2.00 

$ 8.00 

$ 4.00 

$16.00 

$ 5.00 

$ 5.00 

$10.00 

$15.00 

$15.00 

$15.00 

$15.00 

$36.00 

$36.00 

$24.00 

$ 8.00 

021 A Meeting with the Universe edited by Bevan M. French and $15.00 
Steph'en P. Maran. 221 pages. 

058 Human In Space photograph of astronaut in space (16" x 20" Laser Print) $ 8.00 

022 Outofthe Darkness by Clyde W. Tombaugh and Patrick Moore. $13.00 
074 ~~~A Universe (30 min. videotape) 084 

221 pages. 

024 Distant Encounters by Mark Washburn. 272 pages. $11.50 
075 ~~~A Space: The 25th Year ... and Beyond (51 min. videotape) 085 

025 Earth Watch by Charles Sheffield. 160 pages. $20.00 076 VHS The Voyager Missions to Jupiter and Saturn 

026 Pioneer Venus by Richard O. Fimmel, Lawrence Colin and Eric Burgess. $12.50 
253 pages. 

086 BETA (28 min videotape) 

on ~~~ A Mars, the Red Planet (30 min. videotape) 087 
029 Atlas of the Solar Systen by Patrick Moore and Gary Hunt. 464 pages. $30.00 

088 Space Shuttle Mission Reports: STS 5, 6, & 7 (CAV LaserVideodisc) 
030 Worlds Beyond: The Art of Chesley Bonestell by Ron Mi ller $13.00 

and Frederick C. Durant II I. 133 pages. 089 Apollo 17 Mission to Taurus Llttrow (CAV Laser Videodisc) 

034 Imaging Saturn by Henry S. F. Cooper, Jr. 210 pages. $13.00 066 Calendar for 1985 

045 The Comet Book by Robert Chapman and John Brandt. 168 pages. $14.00 078 Men's T-Shirt - white with blue logo. S M LXL 

054 Voyager: The Story of a Space Mission by Margaret Poynter and $ 8.50 079 Women's T-Shirt - navy with white logo. S M LXL (sizes run small) 
Arthur L. Lane. 152 pages. 080 Buttons - blue with logo (2 for $2.50) 

055 Cosmic Quest: Searching for Intelligent Life Among the Stars $ 9.00 
by Margaret Poynter and Michael J. Klein. 124 pages. 081 Planetary Report Binders - blue with gold lettering. (2 for $16.00) 

065 Back issues of the PLANETARY REPORT. Each volume 

For a written description of each item, 
see back issues of THE PLANETARY REPORT or write to The Planetary Society. 

contains six issues (Vol I, NO.5 &6; Vol II, No.1, 5, & 6; 
and Vol III, No.1 & 2 have been sold out) Specify the issues 
you are ordering by volume and number. 

fF YOU NEED MORE ROOM, JUST ATTACH ANOTHER SHEET OF PAPER 

NAME 

ADDRESS 

CITY. STATE. ZIP 

COUNTRY 

o CHECK OR MONEY ORDER ENCLOSED FOR $ ___ ________ ISorry. no COD.'51 

o VISA 0 Me 0 AM/EXP EXPIRATION DATE! ! ! ! 

COMPLETE ACCOUNT NUMBER 

SIGNATURE __________________________ _ 

MAIL ORDER AND PAYMENT TO 

THE PLANETARY SOCIETY 
110 S. Euclid Ave., Pasadena, CA 91101 

ITEM 
NUMBER QUAN. 

For faster seNice on 
credit card orders: 

Phone: 8 AM - 5 PM 
(Pacific Time) 

IS1S1793-5100 

Officers of The Planetary Society do not 
receive any proceeds from sales of books 
of which they are authors and contnbutors 

DESCRIPTION 

Sales Tax: 
California residents add 6%. 

PRICE 
EACH 

Los Angeles County residents add 
an additional y,% transit tax. 

Foreign Orders add 54.00 
for Shipping and handling. 

Total Order: 

each 

$30.00 

$35.00 

$30.00 

$30.00 

$36.00 

$36.00 

$ 7.00 

$ 9.00 

$ 9.00 

$ 1.50 

$ 9.00 

$ 2.00 

PRICE 
TOTAL 



EXPLOSION ON A COMET - As the comet nears the Sun, ice and dust are swept off its surface, 
thinning the crust. Trapped gas pockets could explode through the crust, creating jets that might 
explain changes in comets' brightness and orbital periods. 

Space artist (and new father) Michael Carroll lives in San Diego and works at the Reuben H. Fleet 
Space Theater and Science Center. 


