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Both, Bose and Einsiein, were outstanding Physicisis Albert Einsiein is

regarded as the greatest scientist of oul cenhry The famous French

physicist de Bo€lio wrote i\19'2s: "The scientific watld of the hung on

eoery one of Einstein's uodq fot he was then at the Peak of his Jane "

In the summer of 1924 he received from Satyendra Nath Bose, at that

time a physicist of Dakka University a shot PaPer on "Pianck's law and

ihe Ht?othesis of Light Quanta". which con'sidered radiation as a form

of a gas consisting of photons Einstein was so imPressed by the PaPer

thai he himseu tlanslated it into Germand and sent it to the editor of the

"Zeitschrift ft1r Physik" who Publjshed it in ]ury Ai that time German



was the language of the Physicists The reason for Einstein's interest

was simple. He had seen irunediately thar it was Possible to exlend

Bose's statistical methods to ordinary aioms - "Bose-Einstein-sta'tics"

as ihey become lJ|ovfn.

Bose was bon on January 1, 1894 in Calcutta, he was a Faduate of the

Universiiy of Calcutra, thaught there in 1916, at the Unive$ity of Dakka

tuom 1921 - 1945 and again in Calcutta 1945 to 1956. He died on

Febuary 4, 1974.

The Bose Einstein statistics accounts for instance lor the friciion less

creeping of supernuid heliuln. tust during rhe laste year the Physicists

had beei fascinated by new exPedments where the Bose-Einstein-

Kondensation of sodium atoms could be obsewed. This Phenomenon

occures ai extremely low temPerature (2!rK), that means a temPemiure

very near io the absolute zero Point -273 ' Celsius

The phenomenon which I will discuss today are occuring also in a sPace,

where the temperatues are rather tow, but certainty not as low as just

mentioned before. The sPace, I shall iry to draw your atiention this

evenin& is ihe sPace where oui earth is moving aroullld the sun, the so-

caled interplanetaiY sPace

I do not lnow how many PeoPIe have consciously seen the comet Haie-

Bopp lasi year. Very rarely in the Past was such a briSht comet vjsibie in

ihe evening slq in such a good Position for a Period of sev€Ial w€eks'

Even iJ only a small proportion of the Public was aware of being so

privilege4 they actualty took Parr in this ashonomical event -
someihing that has not occued for decades.



1. The nature of comets

Wlat kind of bodies in the ski€s are comets and io whicfi Paris of the

obsewed astronomical families do ihey be1on8? Until today about 1000

different comets have been observed, and every year 5 io 10 new comets

It is not surprisin& therefor€, that ihroughout hisiory the tmPredictable

appearance oI comets has been Puzzling mankind md created fed in the

hearts o{ the observers. A comef was rcgarded an omen/ normally

presaging disasirous events Many PeoPle shared AJisiode s view thai

the appearance of a comet signaled adversity or drought

Reports on the aPPearances of comets reach ba& many centuries before

Chiist. These early records come almost exciusively ftoll1 China, laPan

and Korea. There exists also a Babylonian descaiPtion interPreted as a

reference to the comet of 1140 B.C.

. The question was whether comets were celestial objects or phenomena
( 

of the atnosphere. The Babylonians and also at fust the Greeks were of

the opinion that comeis were cosmic bodies, lik€ Plmets Bui these ideas

changed with Aristotle who led oui the Planerary nante of comets

According to his philosophy comeis belonged to the sublunar sPhare,

being ihe Product of meieorological Processes in our atmosphere'

Aiolmd ihe time of Christ's btth. Seneca th€ Roman, Emperor Nero's

teacher wrote "Some day there ivill arise a marl who will demonstrate

in whai regions o{ the heavens comets take their way, why they jouney

so far apart from the other Planets, what lheir slze, their nature
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Aboui 1600 years later, the time was ripe for those men to work out the

comei's dghifirl Place in the heaven Tycho Brahe, genemly considercd

to be ihe greatest astronomer oI his days, made the decisive observation

by determining the Parallax of the comet of lsz He show€d ihat the

distance of this comet was considembly gr€aier than the disiance from

th€ Eath to the Moon Aithough he was nol able to deieimine the orbit

oI the comet, these objects cotrld no longer be Placed jn sublunar

afinospheric sPace. Since that time comeis have been acknowiedged as

real objects in lhe solar system.

But stiU there remained the question of their orbit Alt]rcugh Kepier was

so successfd in determining the orbits of the Planets, he was wrong in

his belief ihat comets moved along straight Lines, but with irregular

speed.

Isaac Newton and Edmurd HaUey, the latier having been €clipsed in

History by ihe more famous N€wion, made the final step in describing

and calculating ihe orbits of comets. It was Halley who encouraged the

retiring Newton to Publish ihe PrinciPles of graviiaiion he had

developed after years of thought, supPosedly inspned by ilrc legendary

falling apple. Newton recognised that gravity on Eath rePresented the

same law of Iorce as ihat affeciing the motion oI plan€is around the

Sun. Haley edited the manuscdPi and financed ihe Publication in 1687

of Newtons Sreat book, "The Maihematical PrinciPles of Natural

Phnosophy'. But in aPPlying Newton's laws of Sravitation in co ectly

predicting the retun of a comei, Haley weni an imPortant sieP turther'

It turned out to be the fust dhect conJimation of Newion s theodes'

HaUey compared the o$its oI 24 comets on the basis of observations He

was able to show that these bodies are moving in ellipticar orbits like the
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planeis, atthough some were very elongated, hardly distinguishable

from parabolas. Irom his comParisons he d€tected thai the orbit oI the

comei 1682 was almost identicat with those of earlier yeals (1607 and

1531). Convinced that these three visits had been made by the same

comet, he predict€d that it would retuin in 1759- He l'xlew he wo ld not

live to s€e if his catculations Proved to be co ect. But he exPressed the

hope that "candid Posterity wil1 noi retuse to acl':nowledge dlat this was

tust discovered by an EnSlishman" Irdeed on Christmas niSht in 1759,

alrnost 17 years aJter Haley's death, ihe comet was seen again jirst as

Haltey had Predicied. Thjs comet now carries his name.

No other comet has been obseffed ov€r such a long Period of time Fiom

the tjlle ihis comet was mentioned for the fust time - by the Chinese in

the year 240 B.C. - it has been seen at each Periodic visit. The missing

record of an observation in the year 1& B C. has most likely been found

just recendy on a Babyionian iable with cuneitom characters. In 12 B C'

Hailey's comet appeared ov€| Rome and was said to hav€ presaged the

death of Agrippa.In 66 A.D. it was seen over the city of Jerusalem before

the ciry was destroyed. It aPPeared again in 451 dudng the Batde of

Chaions when the Roman ceneral Aetius defeated Attila the Hur, and it

appeared in 1066 during the Baitle of Hastings and was blamed for the

defeat oI King Harold's armies bY

Wiliam the Conqueror. Also when it returned in 1910, comet Haley

caused considemble Public concem - esPecialy when ii was hrown that

ihe Earih was actually to pass tluough the comei's iail. Some worded

people went to great lenghis to avoid being harmed by ihe Poisonons

cyanogen gas of which the tail was comPosed.
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The English astronomer Haley was ihus able ro show that comets move

arcund the Sun in an elliptical o$ii and thereforc belong to our

planeiary sysiem. However, until 35 years a8o ii was still an oPen

question as io where to Place comets m the solar sysiem and how they

odginaied. Remarkable was ihe fact that the cometary orbits were not

in a plane around the Sun like planetary orbits, but were distribuied in a

sphere around the Slm.

2. The orbits o{ comets and theh origin

In 1950 the Dutch ashonomer Jan Oo analysed 19 cometary orbits,

which had very elongat€d eliPses and oIbital Pedods oI more than 30

000 years. The cometary orbits had bee.]l very accurately determined'

Oort's analysis showed ihat the najoriiy of these comeis come ftom

regions situaied in the outermost Part of our solar sysiem These regions

extend from about 30 000 AU io about 50 000 AU (50 000 AU coiresPond

to 0.8 light years - the disiance to the second star, Proxima Centauri, is

4.3 light years). Oort concltded from the analysis of cometary orbits thai

d cloud of.omets must elst in lhis region.

In the meantime lhe use of elecironic comPute$ had made it Possible to

analyse a much great€r number of cometary orbits, as weII as to

detennine tLeir orbits with $eater accuracy. These calculations have

conJirmed the ideas of Oort. The doud coniains rcugh1y 1012 comeis

with a total mass of 1028 g or aboui the mass of the Planei Eadh

This comet cloud can1e into being, together with the Planets anct our

own Sun, some four-and-a-half thousand miliion years ago, thJough

contraction and condensation ftom an inie6tellar cioud The greater

part o{ these comets have since then been far away ftom the Sun, and

6
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because ot ihe very low temperatures out there have remained

pmcticaly rurchanged as iI they wele in an astronomical deep-freeze'

Consequentlt ihe material in a comet could be fepreseniative oI th€

very eailiest condensations in our solar sysiem, and observations of its

physical and chemical ProPerties could yield h{ormafion about what the

solar system was like in its early stage

But how does a comei from tlns doud come close to the Sun, so that ii
can be observed 6om the Earth ? The mosi likely exPlanation is ihai a

siar streaking Past the solar system fiom time to time tfuows comets in

this cloud out of thei usual circular orbit into an eliPtical one This

elliptical orbit colrld ihen be affected so shongly by the large Planets,

and a comet comes so near to the Sun, that it linaily becomes visible lt
can be estimated that about once every two million years oiher stars

come close enough to our solar system for fheir gravitational force io

have a deiectabte effect on the comet cloud.

So what are comets? The observer on Earth sees a briUiantly shining

object, which as its gets closer to lhe Sun shows ihe tail that is a

characteristic of comets. ft was suPPosed that the brilliance comes flom

a temporary atmosphere su*ounding a solid nucleus. Frcm the Earth, it

was impossible to observe this nudeus directly, and one ordy had clues,

in particular it has been Possible for only the past few years to receive

radar signals from comets, suggesting that they had a radius oI about 1

From drc observations of the outer envelope the American astronomer,

Fred Whipple, alrived at ihe theory that the core was a dirty snowbal,

i.e. a conelomerate of ice and dnt. With a density of about 1 g/r8 and a

The Dhvsical and chemicai Droperties of comei
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diameter of a lew kilometres. a core [ke this would have a mass of 1015

to 1018 g, so that the toial mass of all lhe 1012 comets comes to only

about the order of magnitude of ihe Earth's mass'

ff one of these nuciei - of the kind Postulated by &ed WhiPPIe

approaches ihe Sun, gas js 
Siven off by its suface as it heats uP This gas

plrls off with iis Particles of dusi, and this builds uP a constandy

expanding ahiosPhere, a coma. wNch can rea'h dimensions of 10 000 to

100 000 km. The ratio of gas to dust varies from one comet to another'

and depends on ihe disiance lrom the Slm, it can range from ten times

more gas than dusi to equal proPotions. Gas enussion begins to

develop at about the distance of JuPiier (5 AU with the lighter gases

(such as carbon monoxide). At ihe distance of MaIs/ water vaPour can

As the comei gets closer to the Sun, a tail devetoPs ftom the core, always

poinied away fiom ihe Sun. Until *rc early 1950s therc was no

theoretical understanding of ihe observations of comet tajls The

German astrophysicist Ludwig Biermann found fte answe! to this

puzzle inihe early JjJiies Asirjking fact was that rnany comeis build uP

not just one, bui two iails One tail consists of Pariides oI dwt that are

accelerared by the Pressure o{ sunlight and hence blown away in the

opposite direction from tha Sun. What was unclear was how ihe very

much smaler 8as partictes are accelerate4 and how ihe vert much

Ionger iails of gas, which someiimes stretch for more ihan 100 milljon

k]1, come about. It was Biemann who, from the existence oI this

eleciricaly-charged tail of 8as and ihe high velocities noted jn it (more

ihan 100 km/s€e), concluded that this Phenomenon couid be caused only

by a corpuscular radiation {aom the Srm Ludwig Biemarm thus wo*ed

out the iheory that a continuous stream of Palicles mlrst be enliftect



from ihe Sui - a wind This sfteam of Particles was indeed fotmd, in the

early 1960s, by ttre tust of the interPlanetary sPace Probes' and since

then it has been known as the solar wind'

The solai wind is rcsponsible lor the comei's ionized iajl, and *rc force it

exerts on the gas Particles is far shonger than ihe radiation Plessure on

the dust pafiicles. Because of ihis, the dust iails are cuved' and do not

have the velocities we find in the almost straight, long tails of gas

4- Artilicial cometarv tails - E\

In 1957 and 1958 ihe Russians and the Amedcans launched the 6lsi

artificial salefiies. Very soon also space Probes had been started fwith

measuring instruments to Probe the sPace where the planets and comets

are movinS. As Biermann had Predicted the eristence of the solar wind

could be Proven and its strength for the tust time could be measued But

how did solar wind intexact with the comerary tails? So far this was not

possible to obsenre dlectly. Aiso at thai time it seems not feasible to

send a sPace Probe to a comet to carry out measurements in the

neighberhoud of a com€t in Pariicular within a cometary tar'l'

For this reason in the Max Planck listiute for extrate estrial Physics

the idea was developed to create an ardficial comeiary tail in sPace ur

order to study its int€raction with the solar wind-

It would of course have bem ideat iJ it had been Possible to iniect into SPace

the same atorns or molecu-Ies that had been found in the comet tails Firsi

esiimat€s showed, howeve!, that sev€ral tons of carbon mononde would be

needed to produce in SPace a cloud of CO+ visible lrom ihe Earth Since

there was no hoPe of having a ro&ei to cally such a heavy payload' this idea

riments in S!a!e

(



had to be abandoned on the other hand the element barium was very well

suited to ihe Purpose: a Iew grams of barium would be enough to make a

visible cloud, it wouid be rapidly ionized by sunlight' and the barium ions

codd - when eluminated by the Sun - be obsefled from the Earth'

Since at thai time there were however only smalt hiSh-aliitude sounding

rockeis available, we chose to use the upPer abnosPhere lor this experiment'

at a highs of between 200 and 250 kr1. After varaious ai tust unsuccesstu]

expedments in 1962 and 1963, we releas'd the tust barium doud into ihe

ionosPhere above the Algeiian Sahara in November 1964

L

Though the starting Point for the barium cloud expedments was our interest

in comei Ph]'sics, ihis new method has been ar1d stif is used for quite

different scienlrJic PurPoses by numerous grouPs in oiher countdes' for

studying the Earth s uPPer atmosPh€re Using barium clouds it is Possible to

visualize the lines oI lorce in the EartNs magneiic field' just as we make lines

oI magn€iic force visible hele on Earth by using iron fiLings The observation

of barium clouds aifowed foi the first time reliable measuremmts ol

electricai fieids and of features of ihe Plasma high uP in the Earths

f ut-osph"re. Ouiside the Eath's ahnosPhere' but stil wiihin its

magnetosPhere, we calded out only two bariun-cloud exPeriments in ihe

1960s, using the ESA saielite HEOS and a big Scout rocket made avallabLe

by the NASA. But it was still not Possible to reach interPlanetary SPace and'

(onsequentt). the solar wind

Finally Gerhard Haercndel and his $ouP at the Max-Plancklnstitute n

Garching were able to aclfeve th€ original aim of the Barium cloud

technique. On 27 December 1984 and on 18 luly 1985' two Barium douds

were created in ihe solal wind outside ihe Earth's magnetosPhere ar a

distance of 17.2 RE aIId 18 5 R-'
t0



The opportunity for these axPedments arose wilh the imPlementation of the

AMPTE (Active Magnetosphedc Particle Tracer ExPlorer) mission o{ the

USA" West Germany and the United Kingdom Although the Pdme aim oI

the mission was the long-raJlge tracing oI the transPort of ions from the

solar wind into the magneiosPhere and fuliher redistdbuiion therein it was

ideally suited for the srudy oJ the initiai interaction of the injected Plasma

with rhe ambient medium. To this end, a set of Plasma and field diagnostic

instrumenis was hstalled on the German lon Release Module (IRM) which

carried the Barium and Littrium release containe$ Furthermore, a

L- subsatelite developed in the United Kingdom (UKS) was injected into nearly

the same orbii as the IRM in order to Provide another Probe lor the Ptasma

and field perLurbaiions created during the release exPeriments ln addition

to the rn-situ diagnostics, oPtical obsewations lrom the Earth contribute

valuable information about the d)'namics of ihe solar wind intemction with

the seeded plasma. 2 kg o{ Bariu$ were released each time and one was able

to obse e the interaction oI the artificial doud with th€ solar wind and the

surrounding magnetic field. These measurements .an be comPared now with

the observations in the near neighbolrhood of Comet Haley from the

( spacecraft sent to Comet Haley

5. The pr€paraiion of the sPace missions io Halley's comet and the

sp?eclratt

Four space agencies - the lntercosmos of the USSR Academy of

Sciences, the laparlese Insiiiuie of Space and Astronautical Scienc€

(ISAS), the National Aeronautics and Space Adminjstation G{ASA) and

the European Space Agency (ESA) sent sPacecraft io Halley's Comet or

have been involved with Halley obser'\'ations 6om space during the

comet's Preseni apParition. lntercosmos launched''lega-1 and VeEa-2'

l1



ISAS launched Sakigake aid Suisei and ESA launched Giotto, while

NASA was able to redirect a sPacecraft that was formerly lflown as the

lntemational Sun-Earrh ExPlorcr ISEE-3 and was now renamed

International Comeiary ExPlorer ICE

The encolrnter sPacecraft comPlemented each other in fl'6y distance,

ranging from 600 km io 7 milion kn, aJtd comet hetocentric distances at

the times of encounter ranging ftom 0 79 to 0 89 AU The encounters all

iook place in March 198t because Halley crossed the ediPtic plane on 10

March and the laun€h energy requt€d was mininiis€d if the encounter

\' spacecraft cornd stay close to the ecliPtic The relative flyby sPeeds' i e'

L\e speeds in the comet's frame of reference, were aI very high

Unfo*unately, due to Halley's retiogmde orbii, only fasi flyby missions

The whol€ Progranrmes of the different sPace agencies were

coordinaied by an Inter-Agency Consultative GrouP GACG) which was

formed in 1981 and has met since then very regularly

( 
Comet Haley was chosen for a number of good reasons:

1. Compared to most of the other comets, the data of its orbit wele very

2. The energy rcquhements fo! the spacecraJi to reach Comet Halley

were relativety low.

3. Although Comet Haley often apProached the Sun, iis dust and 8as

production rate can be comPared with those of "new comets'

12



4. Last but not least it was its name and the role it played in History'

The Italian painter Giotto di Bondone saw Ha ey in 1301 and was so

impressed by its aPpearance that he incorporated it a feir yea$ laier as

th€ "Star o{ Bethlehem" in one of the frcscoes in the Scaovegni chaPel in

Padua. The painring shows details of the comet's coma and ihe tail not

uniike the drawings made in the 19th centuy by scientists' Ihis is why

ESA has given the name Giotto" io its comet mission io Haliey'

The scienhfic obiectives for ihe missions had been ihe folioq'in8:

L- l. ro ,It"u"*" tl'" production of the dust and the gases, ihe ;ize and

shape oI ihe dust paficles as weil as to de{ine the ch€mical

isoiopic mixing of the gas and dust Paffcres,

2. To investigate the Physicat Processes and chemical reactions in rhe

surrorndings of the comei as wetl as the interaction of the comet with

the solar wind Plasma, and

3. to discover the nucleus and, if it realy exisis, io take Phoios of it with

( a resolttion of up to 50 meires.

The scientjlic exPeimenis on the vadous spacecraJt comPl@rcnted and

supported each oiher.

The Gioito sPacecraJt is sPin-stabilized, with a nominal sPin Pefod

sec. Its diameter is 1.86 m, and the height from the tiP oI i'\e triPod to

bottom adaptor ring is 2.85 m. At Iamch Cioti:o weighed 960 kg'

6. The Giotio mission

the

of4
ihe

l.l



After five years' developmeni work and a great many iests, Gioito was

iau.:rched on schedule from Kouou in Frcnch Guiana on 2 Iuly 1985, by

the European Ariane rocket. Its flighi was io last nine months Giotto

was Dut into its orbit so accwately ihat any course corections would be

need€d only a couPle of days before the flyby. During its flight, a[ &e

instruments were swiiched on and tested severat times

The nine months of the flight were tulI of tension for everyone

concerned, and werc not entirely free of wordes The least oI our

worries was that Halley's Comet would suddedy disaPpear' But I shail

not easily forget the early moming ot 24la\nary whm I was woken

with ihe news that radio contaci wiih Gioti:o had been tost As this was

exactly the date on which ihe American Voyager probe was to fly ry the

planet Umnus, we did not {or a while have the big American reflector

ieiescopes immediaiely available Ior sending radio commands to Giotto'

At two o'clo& the folowing moming I was rel.ieved to hear at last, ftom

Califomia, that contact with Giotto had been reestabtshed

At long Iasi everything was ready for the moment when Giotto was to

fiy by the core of Halley's Comet, at 3 minutes Past midnight on 14

March. It was planned ihat Ciotto would fly by at a distance of 500

kilometres, pltts 4C knr, on the Sun side of the Comet's nudeus Finai

cor€ciions were to be made on 9,11 and 12 March- To make these we

howeve! needed exact data on the Comet's orbit; the normal

ashonomical observations made ftom ihe Srou'nd were inadequate'

Because oI this, ihere had long before been an intemational sharinS-out

oI the work with the Iniercosmos and NASA as agreed in the Inrer-

Agency Consultative GrouP



The two Russian probes Vega 1 and 2, which flew by Haley on 5 and 9

March 1986 at a distance of 8890 io 8030 kilomehes, pinPointed the

exact position of the comet, and the data was then passed from the

Russian control centre in Moscow to the EuroPean control centre ai

Darmsiadi. For this one needed however also io know the exaci

position of the two Russian Probes, which could not be deiermined by

the Russiansbut only with the helP oI ihe bi8 American antennas ln this

wa, finalt Hafey's Posirion was Plotted to within 40 kilometes This

showed ihat after alrnost nine months' flight and uaveling 4 44 minion

kilomehes Gioito woul4 i{ no course coirections wer€ made fiom the

ground, pass the Comei at a distance of about 800 kilometres, Plus oi

minus 20 kn.

Opinions differed among the exPelimenters as to how near Ciotto

should come to the Comet, and b\ey ar#ed about tttrs closest distance

up to 24 hours before the eveni. The camera team, esPecially, walried to

gei no closer than 1000 km, while most of the other exPerimenters

wanied 500 kilometr€s. Th€y were PrePared to take ihe dsk of the Probe

being totaly desboyed by the impact of dust Paticles, desPite its

protective shield. In the end, all concemed agreed on a distance of 540

kilomebes. Crcund control consequently made a sliSht course

correciion, 24 hours before the plarmed time of oyby. The Probe was by

then 14O million kilometres away from the Ea*h, and a radio siSnal

needed about 8 minuies to travel this distaItce.

Duiing the night of 13 to 14 March this stage was reached, after rhe firsi

comet particles had already been recorded on 12 Mardr ai a distance of

raiher more ihan 7 milion kilometres ftom the core. The exPeximenters

were able io {o[ow the instsument daia being received at Darmstadt in

real time, and these were released to the Public a few minutes later' All

t5
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the experiments worked withort a hitch. Tlie djsrance actualy reached

ftom rhe Comet's core was 605 kiiometers

Though Ciotto was meani to fly by very dose to ihe Comet s core, it was

expected thai it would surwive. Bet$.een eight and sixteen seconds

before the closest encounter Giotto was struck by a relaiively Iarge dusi

partide, which made the probe rock. Because of ihis ihe antenna was no

Ionger pointing exactly at the Eafih, a.nd radio contact was sudderny

lost. Such an eventuality had however been foreseen ty the engrneers,

and ihey had built nutation damPers into Giotto; 32 minuies later these

had ieduced the spacecraft's nutating movements enough Ior the

variation in antenna Pointing to once more be within 1 degree of the

required directio& and radio contact was restoied'

The two lapanese sPacecraJt had a flyby distance of 151 000 l(m on

March and of 7 million lm on 11 Marcl! ihe American XxPlorer ICE

distance of about 28 million km on 25 March.

Decjsive for the success oI the sPace rnission was the camera, develoPed

( ly *" l,l* Plan& lnstitute for Aeronomie in Germany. The quality of

the camera had bem even better than the exPectation The Passing

velocify oI Giotto with resPect to the nideus of comet Halley was

250.000 km/tl The camera had to tak€ Pictures Irom such a fast moving

object. One comParison could demonstrate the perlormance of the

c:mera: One wo ld be abie to PhoiograPh a Pilot in an alPlane thai

passing ar a distance oI160 m with sound velodiy or equal to 1 200 lm^
with a resolution of 4 mm

For the firsi time ihe nudeus of a comet could be PhotograPhed lts

surface as weil as its size and shaPe could be obseNed and measured As

8



the theory prodicte4 he js comParable to a dirty snowball and he is one

oI the darkest bodies in the 6o1ar system. The Pictures show a lenghty.

not spherical nudeus, comParible to a Potatoe The long axis has a

Iength of about 15 kn, while ihe smaler one between 7 to 10 1or The

surface is nregular and shows sPhedcal structures, quite comParable to

claters, vaileys and bils. Beside these pictues the other measurmg

instruments [ke mass sPectrographs and dusf counterc have given very

impo ant resulfs about the nature of this comet.

Giotto suffered some damages during the ny-by due to the impact of

dust particles. AIter the encouter ihe instruments were checked, atl

t' worked periectly wiih the exePtion of the camera, which aPParently

was damaged by the dust imPaci lt was possible to retarget Giotfo to

ret rn io the neighbourhood of lhe ea h on July 1990 Using an Ialth

gravity assist it could be redirected towards another comet, namely to

comet Gngg-SkjeleruP. On Iune 1O'h 1992 Giotio Passed his 2"d comet in

a distance of about 200 kn and again interesiing and imPortant res'rits

were received on the earfh. At this time Giotto was at a distanc€ oI314

milion kn and from the eath had haveled about 64 bilion kn' But

Giotto sti[ has enough tuel and iherefore its o$it had been rednected

C again that it come near to ihe earth in t]rc year 1999 Then it will be

waked up fiom its hibemation, the instruments wil be checked again

and Giotto misht be ledirected to another comet

But let me retui:n to the start to comet Hale-BoPP: Also his observations

have given us new exPlanations about comeis Bui while comet Ha[ey

will return aJter 76 years in the neiShbourhood of the sun ard iherefore

could be observ€d again this will take much longer for comet Hale-

Bopp. lvhen HaIe-BopP Passed the nearest Point oI &e sun it had lost

eveff second aboui 100 t of;aterial But even with tbns blood-LttttinS he
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has suffioent material to show up a dozen of times at l€ast. But its next

visite wil occure in 2 380 year', that meaff at the end of the 44d cmtury'

C-
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