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Stargazing in the nineteenth century

1. Thehairy stars

Human beings have been watching the sky at night for
maoy thousands of yrars because it i so beautifiil.

For onc thing, there are thousands of stars scattered
over the sky, some brighter than others. These stars make
a pattern that is the samc night after night and that slowly
turns in a smeoth and regular way.

‘Therc is the Moon. which docs not seem a mere dot of
light like the stars, but a larger bedy. Sometimes it is a
perdcct circle of Bght but at other times at is a difcrent
shape—a halfcircic or a curved creseent. 1t moves against
the stars from night to aight. Qoe midnight, it could be
ncar a particular star, and the ncxt midnight, quite far
away from that star.

Therc are aiso visible 5 siar-iikc otpjects that are
brighter than the stars. We call them Mercwy, Venus,
Mars, Jupiter and Saturn. They, 100, move against the
stars from night to night

The ancients called these 5 bright objects “‘planets™,
from a Greek word meaning “wandering’’, because they



wander across the sky. The Moon was alsc considered a
planet and se was the Sun which shone in the daytime
Therc were belicved to be 7 planew altogether.

The ancients studied the sky night after night, and they
saw that the plancts moved in a regular jashion. The
Moon moved in a cleculae path around the sky. It weuld
start out near one star, make a complete circle. and come
back to that same star after a .ittle morc than 27 days.

1t could all be predi¢ted. 1"he Moon repeated its path
over and over again, and the ancients who watched the
stais {“‘astronomers’*) could tell in advance just where the
Moon would beon a ccrtainday in the fiiturc and what its
shape would be.

The othcr planets had more complicated paths.
Sometimes they would move in the same direction as the
Meen, but occaswnally cach one would turn and move in
the opposite direction fer a while They moved atdifferent
speeds, and all moved more slowly than the Meen.

Just the same. ifthe planets were watched over a perjed
of time, a pattern could be scen After a while, you seuld
predict how cach planet was going to move and where it
would be.

Even very unusual events such as an eclipse of the Sun
or of the Meen could be predicted. An eclipse ofthe Sun
tesk placc when the Moon moved in frent of it.
Astronomers learned to tel in advanice when that would
happen. An eclipsc of the Moon teek plas¢ when the
Moon and the Sun were on oppositce sides of the Earth and
the Earth's shadow fcll on the Meen Eclipses could be
predicted 3.008 years ago.

1t was comlforting to know that each planet in the sky
followed a particular path over and over again. 1t scemed
to show that the machinewy of the Universe was working
in an orderly way. If the machinery was working well in
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the skies, 1t was prebably working well on Earth, tee.

But what happencd if, cvery once in a while, somcthing
unusual happened in the sky? Whan if something
happened that was so out of the ordinary that it could not
be predicted? Might that net imean semething had gone
wreng with thc machinciy? Might that net mean
something unusual was going to happen on the Earth,
00>

As 1t happencd, cvery once in a while, a new kind of
shining object appeared io the night sky: ene that was like
nothing elsc you oould sce in the sky. 1t was not just a
point of lightike the stars or the planets I was net a
bright circle of light iike the Sun or the full Moon.

It was something that was larger than a star but it did
not have sharp outlines. It was like a patch of shining feg,
and out of one sideofit there camea long, curved sircamer
of loggy light that grew fainter and fainter as it stretched
outwards.

It was as though it was a Juzzy star. with shining hair
streaming out of i1, The ancient Greeks called it "aster
kometcs™ which, in their language, meams “hairy star”.
We keep the second part of the Greek name and call such
an object in the sky a “comet™.

At the centre of the comet, there Is semietimes a bright
star-likc dotcalled a “nucleus™. Thchazy light around the
nucleus is the “‘coma™. The long trail of hazy light trom
onc side s the “tail’”,

The ancient astrenomers could net predict when a
comct would eeme, or wherce it would appear They could
not tell what path 1t would take across the sky, or when
and where it weuld disappear.

Even after astronome¢rs had worked out the movement
of all the other ebjects in the sky and had explamed
cclipses, they were still puzzled about comets. A comet
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Halley's comat of 1066 AD as illustraied on the Bayeaux Tapesiry

just came, tcavelled across the sky. and disappeared. The
morc poeplc came 10 expect evervthing io the sky to lollow
a regular path, the morc Inghtencd they becamc of
comcts. Mavbe, when a comet came crashing into the
smooth wotkings of the sky, 1t meant that some diaster
would take place on Earth. Seme important person might
die; there might be a war or a plague

Whenever a comet did appear, there was sure to be
something catasirophic happening on Earth (after all,
there always is} People would say that thc eemect had
served as a warning of this event. Then the next time a
come! apcarcd, they would e all the more frightened.

For instance there was a comet in the sky in +t BC
which was the same year that the great Roman dictator,
Julius Caesar, was assassinated. There was also a comel
in the sky in 1066 AB which was the ycar that Willlam of
Normandy invaded and conquered England. That was a
disaster to the English, although the comet was lucky lor
Wiiliam.

Pcople whodon't really understand what is going on in
the sky are Irightened by comets even today. They think a
comet will bring disaster or that 11 means the end of the
world is coming

Actuoally, comets are no more than objects in the sky.
They have no cticct at all on the Earth, one way or the
othec But aslong as people do not know what comets are,
or where they eeme fcom, or where they go. or what makes
them appear in the sky, they will worry about them.

Fortunately, astronomers have Icarned, little by little,
the answers to thesc fJuestions about oomets, and
¢ducated people are no longer atraid of thermn.



2. Distance and
orbits

The &irst person to consider comets thoughtfillly was a
Greek philosopher named Aristotle who lived more than
2,009 years ago. About 330 BC, he decided that sinec ail
the o®jects in the sky moved in regular paths, comets,
because of their irrcgular behaviour, could not be objects
in the sky. He felt that comets were patches of air that
somehow caught fire. Such patches of burning air would
move slowly threugh the air and finally burn out. YWhen
that happened, the comet would disappear.

Aristotie was oonsidered the greatest thinker of ancient
times. Hiy ideas were taken seriously. For about 1,808
years, astionomers agreed with Aristotle and belicved
that comets were not heavenly bodies, but burning
patches of air.

One of the reasons why mo beiter explanation was
suggested bor a long time was that after the time of the
anclem Grecks, comets became so [rightening that no one
really wanted to look a1t them carefully. It wasn’t unul
1473 A® that a German astrenomer. Regiomontanus,
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observed a comet and noted its position in the sky night
after night. His work was the beginning of the modern
study of comets.

When a comet appeared in 1332, two astronomers
studied it and noticed something interesting One
astronomer was an jtalian named Girolamo Fracastoro
and thie other was an Austrian named Peter Apian. Both
of thera noticed that the tail of the comet always pointed
away from the Sun. When the comet moved past the Sun
from ene side to the other, the tail changed direction.

This was the Jirst im pertant scicntific discovery about
comets, and jt has turned eut to be true ef alt camets,
Every comet that astréenomers have studied has had a tail
peinting away from the Sun. This meam there had to be
some <onnecton between comew and the Sun.

Then, in 1577, there was an even more astonishing
discovery. In that year,a comet appeared in the sky and it
wasstudied by a Banish astronomer, Tycho Brahe, who is
usually known by his first name, Tycha He not only
declded to take note of the comet’s pesition in the sky, but
he also thought he would try o find out how jar away it
was

@®nv way of finding out the distance of something in the
sky is to make use of ‘paraliax’’. To do this you must look
atan ebject from twodilferent placesand note the way the
object seems to change pesition,

You can see bow this works if you hold your Onger in
frent of your face, close your left cye, and look at it with
your right cye. You will see thatit isnear a particular part
of the background. Keep the finger and your head in the
same place, and close your right eye. Now look at the
finger with your left eye and youwill see that the jinger has
shifted position against the background.

The amount of shilt depends on how Gar away the linger
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isfrom youreyes. (Try it and see for yoursell,) The turther
away the linger is frem your cyes, the smalier the shift, or
parallax. For something very far away fiem your eyes, you
caianot see any shilt at all.

To sec the parallax ofsomethingvery fiar away you have
to look at it Iirst friem one place, then from another place a
distance away (for example, a kilometre).

If something 18 as far away as the Moon, even a
kilomette change in pesiton might not be enough. But
what abour a4 change in pesition of a few hundred
kilometres? You might then <ec a small shift in the
position of th» Moon against the background ol stars
Frem the amount of the parallax and from the dictance
between the iwo viewing places. the distance to the Meen
can be calculated.

This was done by the ancient Greek asuonomers As
long ago as |38 BC, one of them. Hipparchus, had
calculated that the Moon was about 3864080 kilometres
frem the Earth.

In 1577, Tychedecided to try to measure the parallaxof
the comet in the sky, as Hipparcbus had measwed the
parallax of thc Moon. Ifthe comet was part of the air, it
should be much closer than the Moon, and it should have
a bigger paraliax.

Tycho arranged to have an astronomer in Germany, a
lew hundred kilometres away, note the position of the
comet against the stars at a Certain hour of a particular
night. Another astronomerobscrved it at exactly the same
time frem Bohemma, while Tyche himsell noted the
pesition at the same tume (rom his own observatery in
Betnmark.

Tycho swudied the results and found that the co.net
appearcd to be in just about the same place compared 1o
the stars no matter where the ebscrver was standing,
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There was hardly any shift. The parallax was much
smalier than that ol the Moon.

This meant that the comet had to be further away than
the Meon. In lact, T'ycho decided the comet had to be at
Icast four times as lar away as the Moon —it was, therlore,
about i-5 million kilomctres away.

This figure was not accurate. Actually, the comet was
much further away than that But Tycho's result was still
impertant. It shewed that the comet could net be a
burning patch of air, and that Aristotle’s thee:¥ was
wrong. The comet was a hecavenly bedy, just as the planets
were.

1f comets were heavenly bedies, why did they leok and
actsodifferently frem other heavenly bodies? Tycho oould
not say, but in his time, asionomers were beginning to
1ake a new leok at the Universe.

Umil then, astronomers had thought that the various
plancts moved in circles around the Earth. In 1543,
however, a Polish astronomer, Nichelas Coperaicys,
showed that it made more sensc wo look at things in
another way.

He said that eily the Moon moved in a circle around the
Earth The Earth utself meved in a circle around the Sun.
All the other planets also meved in circlesaround the Sun
1f astronemers accepted this, it became much easier te
figurc out the motiens of the plancts. {The path fellowed
by a bedy meving around another body is called an
“orbit”, from a I.atin word meaning “circle”.)

The sun and all the objects that moved areund it make
up the ‘“solar system™ (so called because in Latin the sun
1s called “sol’*).

A German astronomer, Johannes Kepler, who had
been onc ef Tyche's assistants, disagreed with part of
Copernicus’s theory. Afier studying the metiens of the
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plancts in the sky, Kepler said, in 169, that the planets
moved around the Sun in orbits that were not arcles.
Each piaoet moved areund the Sun tn an “ellipse”.

An ellipse looks like a :laticned circle. It can be so
shightly flatiened that you cannot tell it from a circie, It
can be more |lattencd so that you can sec at aglance thatit
i1snot a circle, @r it can be so llattened that it looks long
and thin, something like a cigar.

The orbit of the Earth around the Sun isan ellipse that
is only very slightly Rattened. 1t is almost circular. The
Meon's orbit around the Earth is more llattened, and
Mcrcury's orbit around the Sun is still more flattened.
Fven Mercury's orbit, which is more flattened than thatef
any othcr planet known in Kepler's timc s not e
llattened. Its orbit still looks like that of a circle.

The Sun is not at the very centre ofthe elliptical orbits
of the planets around it. When the Earth meves areund
the Sun, it is only 147,250,000 kilometres frem the Sun at
onc end of its erbit, but 152,878,830 kilometres fiom the
Sun at the other end. The further distance 13 less than 4
per cent greater than the nearer distance.

Mercury’s orbit around the Sun is mere ellipucal, o
there is a bigger difference When Mercury is at the end of
the ctlipse nearer the Sun, itis only 45,000,800 kilometres
away. At the other end, it is ooly 70,800,089 kilomctres
from the Sun The further distance is absut 50 per cent
greater than the necarer distance.

Kepler was able to work out elliptical orbits ber all the
plancts, but what about the comets? 1f they were heavenly
bedies, did that mean they had orbits, too?

Kepler carefilly studied the reperts he had ahout the
changing positiens of comets in the sky. Finally, he
decided that comets must move in straight lincs. He
thought thcy came from far out in space, passed near the
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Comet orbits
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Sun, then travelled onwards far out in space in the other
direction,

They could only be seen when they were close 10 the
Sun and reflected its light. Before they came: close enough
to the Sun, they could not be seen Alter they moved far
enough from the Sun, they again e8uld not be seen,
According to Kepler's view, comets were not part of the
solar system. Each esmct just passed through the selar
system once and was never seen again.

Ao ldalian astronomer, Giovanni Alfense Borelli,
carefully studied the positions ofa comet that appeared in
the sky in 1884. He found he had todisagree with Kepler.
Theonly wayto make sense outofthe path the comet took
across the sky, Borelli said, was to supposc thatit changed
direction as it passed the Sun. It came closer and closcr 10
the Sun, along a line that was nearly straight. Then it
moved arcund the Sun, and lef: it along a line that was
again nearly straight but had changed direction.

The way Borelli explained this was to peint out that
ellipses esuld be very flattened indeed. They could be so
(lattencd that they would resembie a very long thin cigar.
Infact. ifyouimagined an el ipse that was more and more
flattened, and longer and longer, you could cventually
imagine one that was so llatiened i1t just went on and on
forever. Such an e lipse would be closed only at one end.
In the otherdirection, it would never be closed, but would
justgo on and on, A on¢-ended ellipse that goes on andon
Iorever s ca:led a “‘parabola™.

Bore li decided that a comet’s orbit was a parabela,
with the Sun very ncar the closed end. The comet came in
atone side of the parabela, went whizzing around the Sun,
and then moved outwards along the other side of the
parabela.

Borelli's view was like that of Kepler, except that the
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orbit he conceived way not a sttaight line. Like Kepler,
Borelli thought the comst was originally so fus away it
could not be seen. As it came closer and closer to the Sun,
it grew bight enough 0 be seen, and then as it went
furtber and funber lkom the Sun, it onse more became too
din © be secn. In Bocelli’s view. as in Kepler's, the
comets were not members oftbe solar system. Each comet
just passed through the solar syswem once and never
returncd.
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3. The comet that
returned

Kepler's notion of clliptical orbits worked very well for the
plancis, but there were lots of questions left. Why did the
planeis go around the Sun incllipscs instcad of circles (or
somc other curve)? \Why did plangts move faster when
they were nearer the Sun than when they were further
away?

Thesequestiens and manyotherswere answered by the
English scientist 1saac Newton In 1687, he published a
book in which he described his *' Theowy of Universal
Cravitation™, According to this theory. every body in the
Uniserse attracted every other body. The strength of the
attraction between two particular bedies depended on the
“mass™ ofeach body (bow much matterit contained} and
on bow far apart the two bodies werc. The strength of the
attsactien could be calculated by a simple mathematical
equatien.

Newton shewed how to usc Lthe equation towork out the
exact orbit of the Moon around the Earth and of the
planets around the Sun.
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The same cquation explained why each planct moved
quickly at times and slowly at other timcs, and why some
planets moved [aster than others. It explained little
changces in the motion of the plancts 1hat were preduced
by the tiny pulls ofone planct on another even as all were
caught in the gigantic pull of the much larger Sun. It
explained the tides en the Earth and many ether things,
e,

But comcts were the one sct of heavenly bodies that
remained puzz:ing. 1fcomets travelled in orbis that were
parabelas, Newton's theory could account for that jact.
Suppose, though, the orbim were not quitc parabelas.
Suppose the orbits were just very long ellipscs and were
clesed at the other end.

We can only observe the comet at the end of the orbit
near the Sun. The shapc ofthatsma.l part of the enormeus
orbit would be a narrow curve if the ellipse was very jong.
The shape would be slightly wider, ifthe cllipsc was even
longer. and still wider, ifthe ellipse never closed at all and
was a paradola.

The dilferences in the shapes of the small bit or orbit we
could see, as predicted by Newton's theery, were so tiny
that astronomers in Newton’s time oould not tell them
apart. They ocouldn’t really say whether the erbit of a
comct wasa very leng dlipsc or whether it was a parabela

It made a difference Ifa eemet's orbitwasa parabela,
it would wisit the solar system once and would never be
seen again. If the orbit was a very, very long ellipse, then
eventually the comet weuld come to the other end of the
ellipse, turn areund and begin to approach the Sun agait,
The comet would return.

In Jact, if astronomers could calculate the exact length
d'the orbi, they sould even predictaten the comet weuld
retusrn. That would be a big victory [or Newten's theory,
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Newton had a young friend, Edmund Halley, whe had
helpcd Newton publish his book and who was interested
in the comet pioblem.

In 1682, a comet had appeared and Halley had very
carcfully studied its positions and the way it moved acress
the sky. From the partof'the orbit he could sce, hecouldn’t
tell whether it would cver rcturn.

It seemed te him, theugh, that if a eemct did return it
should do so at regular periods—every so many
ycars—and that it sheuld always trace the same curve
across the sky. He therefore began 1o collect a.l the reports
on the positions ef carlicr eemets that he could find. By
1705, he had collected good reports on two dozen comets
of the past, and began w ¢ompare them.

He noticcd that thecometof 1682, which he had himself
ebserved, fallowed the same curve acress the sky that the
come! in 1607 had. The same cuive had also been followod
by the comet of 1532 {which Frasastere and Apian had
studied} and the comet of 1456.

These comets had come at 75 or 76 year periods. Could
itbe that it was a single comet that rcturned every 75 years
or so? Could it be that 1t was a “periodic comet™?

Halley worked out the orbit fur a comet that returned
every 73 years and followed the same curve in the sky that
the comet of 1682 had fellewed.

The results were quite amazing. Saturn, the planet
fiirthe st frem the Sun {(as far as was known in Halley's
time) was nevcr lurther from the Sun than 1,560.800,000
kilometres. The comet 0f 1682, however, meved eut as far
as 5,150,000,800 kilometres from thec Sun belorcitreached
the other end of its elliptical orbit and began moving
inwards again. 1he eemct moved over three times as far
away from the Sun as Saturn ever moved.

®n tbe other hand, when the comet passed aleng the
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Orbit of
Halley's comet
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end eftheeliipsc that was ncar the Sun, itcame as ¢losc as
87,000,080 kilometrcsto theSun, This wasenly about half
of Earth’s distance {frem the Sun.

After Halley had calculated the orbit, he announced
that the cormetof ]682 would return some time 1n 1758 and
would fellow a particular path acress the sky.

Haley did not live long enough to sce the comet's
return. He was 86 years old whenhedied in 1742, but that
was much toe scen to see the return.

There were, however, others wiw weie watching for it.
A Frenchastronomer, Alexis Claude Clairault considered
the orbit as eutlined by Halley. He realised that the
g avitational pul] ofthelarge planets, Jupiterand Saturn,
would delay the comet a lietle bit. It would net pass
areund the Sun till seme time in 17 59.
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In 1758, astronomers eagerly watched that part of the
sky in which Halley had said the comet should appear,
Theydid net have to depend oniy on their eyes as Tycho
ard carlicrasawnomers had done. The tedescope had been
invented in 1689,

®n 25 Pecember 1758, Christmas Bay, a German
farmer named Johann Geerg Palitzch, whe was an
amatcur astronomer, spetted thc somet. The comet of
1682 had appeared in the sky where Halley said it would
and procceded to move along the path Halley had
predicted forit. It moved around the Sunquite closc to the
time Clairault had predicted.

There was no questien that it was the cemctof 1682 and
thatit had returned. That meant that some efthe mystery
of comets was cleared up. They followed the same rules as
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the other bodics ot the solar system execpt that their orbits
were more elliptical.

Naturally, the comet of 1682 that returned and passed
around the Sun in 1759 came te be called ‘“Halley’s
comet’.

Halley's comel is the mest fameus cemet there is. It
happens 10 be the one which was in the sky in 18066 AD
when William of Nermandy was preparing to invade
England. It was also in the sky in 11 BC about the time
when Jesus may have been born. Some peeple think it
may have been the “Star of Bethlehem™.

Halley's comethas returned twice since Palitzch saw it
1t came back in 1835 and was glowing in the sky when
Mark Twain (the autbor of Th Adzertures of Tom Sawye
and Huckfeberry Fin ) was bern. Then it came backin 1910
and Mark Twain died when it was glowing in the sky. It
will come back again in 1986.

It 1s fortunate that Halley's comel has an erbit that is
shert enough l'er it to come back. every 75 years or so.
What ifits orbit was longer? it might then take many
hundreds, or even thousands, of years to rcturn.

Somg comets appeared io the 1800s—in 1812, in 1861,
in 1882—that weie very laige and bnght. They seem to
have orbits that are so long that thcy may take many
thousands of yea 1s to 1eturn. The last time they were near
the Sun, human beings werc just primitive cave dwellers
who did not think much about comcts. When they come
back again, who knows what the werld and its pceple will
be like!

The orbitsefsuch camets cannet be calculated frem the
little part of the orbit we see. Sinoe they have made no
previous returns when there were astrenomers watching
the sky, we cannot compare orbits, as Haliey did Ger the
orbits of the comet of 1682
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Halley's comet hasa shorter orhit than anyother bright
cometincxistence and it is the only bright one wbose orbit
is known and whose returns can be surcly predicted.

Just the same, astronomers now know that come s are
members of the solar system, and have orbits that are
clliptical and can be calculated if only we an see enough
of them.
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4. Faintcomets

Halley's prediction of the return of the comet of 1 682 and
its actual return on schedule in 1759 made astronomers
pay more attention to comets. They did not have to wait
for bright comels, whichmight not appear for long pcriods
of time. With their telescopes they could locate many
comets too {aint te see with the naked eye.

Many faint comets were lsund. In fact, cvery year a few
were discovered.

In 1770, a Swedish astronomer named Anders Jean
Icxcll discovered a cemet. He followed its path as it
travelled and feund thatitsorbit was easy to calculate It
moved in an ellipse that was much siorter than that of
Halley's comet. In fact, its orbit would bring it to the
neighbeurheod of the Sun every 5-5 years.

In that case, why was it that it had never been scen
befe1 €? No comet had ever been scen passingalong the sky
on the route Lexell's comet had taken.

Lexcll traced the path of the comet back into space to
see where it had been befsre he first saw it. He feund that
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it must have passed near Jupiter, It passed so clese to
Jupiter that it must ha ve moved among the planet’s four
large satellites

Lexell decided that the comet had had a long elliptical
orbit to begin with, which was why it had net been seen
bellore When it passed clesc to Jupiter, however, the
gravitational pull of that large planet made the comet
curve out of its path It took up a new orbit in an cllipse
that was much shorter than the old one.

However, the new short orbit did not stay put, cither
Lexell’'s comet never appcared again. There was more
calculatienand it seemed that, on its path away [rom the
Sun after its | 77@ apprroach, the comet oncr again passed
clese to Jupiter Once again it curved out of ats orbit.

This time it took up an orbit that was spread out so
widely that itdid not close at the other end. 1t spread out
cven more widely than a parabola would. The cuive of the
new orbit was an hyperbola.

Jupiter had hurled Lexell’s comet out of the solar
systemalvogether. Every once ina whilea cometislost in
this fashion.

What happened to I.exell's comet also showed how
carefully onc had to calculate a comet's orbit. An orbit
could always be changed by the various planets.

Mest impertant of all was the lact that Iexell’s camet
passed very close to Jupiter and its satellites and yet
preduced ne changes in thetrr orbits I.exell's cemct
must have had so iittle mass that it had almost no
giavitational pull.

Unatil then, it had been tbought that comets might be
large, very dangeious bodies that could destrey the Earth
by oelliding with it.

Now astronomers knew they were actually tiny bedies.
They might be surrounded by comas that took up a great
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A cometputinio a new orbil by Jupiter deal of reom, and they might have tails that were many
millions of k:lometres long. However, the amount of
actual matter, or ‘‘mass’’, in the coma and the tail was
very small indeed. And &t was the mass that counted.

T he comets were the f5tst really small bedies discevered
in the solar system.

In onc particular way, astronomers ot the 1788s were
disappeinted in comets. After Halley had worked out the
orbit of Halley's comet, there had been the $izeling that
many erbits might be worked out—but fer a hundred
years after Halley's time, no other comet had its orbit
worked out. For a while, [txcll had theught he had one,
but that orbit changed.

"Then in 1818, a French astronomer, Jean [.auis Pons,
found a oomet he thought was new. A German
astronomer, Johann Franz Encke, studied its path and
found that several earlier comems—in 1786, 1795, and
188 5—had followed the same path.

With this infermation, Encke calculated the orbit of the
comet and found its ellipse was so short that it returned to
the neighbourheed ef the Sun every 3-3 years. The ellipse
' was so shoit thatit didn’t even extend outwards as far as
* Jupiter's orhit,

\. The comet came to be known as ‘‘Encke’s comet”. It

\ was the first comet alter Halley's ceamet te have its orbit
\ worked out and w actually follow that orbit and return
a when it was suppesed to.

N, Enckc's comet is a ‘‘short-period eemet”. Though
. many ocomets have had their orbits worked out since
H"‘u Enck:e's time, no other comet has been found to have an
\\ orbit so shert, or to come ®ack to the neighbourhood of the

Sun so often. Altogether, Encke's comet has been

H“x observed by astrenomers on nearly 58 returns to the Sun.

“w Fincke's comet can only be scen threugh a telesoope
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Orbit of Encke’s come;

Satum

® Jupiter

sinee it is very dim. Even in a telesospe ont can only sce a
small eoma around it, and there is oever any taijl.

In lfact, all theshortperiad comets—tivose that return
to the neighbourhood of the Sun cvery few ycars—are
faint. The coma that is fermed each time is blown away
into the tail and never comes back. Each time the comet
retung, therc is less material in it to foin a eoma and tail
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This means that a comct must get less bright at cach
return and slowly fade away Comets that have small
orbits and rcturn fiequently to the Sun bave faded away
long ago. Only cemet: with long orbiwe that icturn t@ the
nczghbourhood of the Sun eace in a Jong while are still
bright when they tetum.




3. The comet that
died

What happens to a comet as it fades? judging from
Encke’s comet, it mght be that a smali steny nucleu:s
remains behind.

But 12 this socvery time? Is there always a stony nuclcus
that remains behind? 1T he aaswer to thatwas disoovered
in the [81Ms,

In 1826, an Australian astrenomer, Wilhelm von Biela,
sightcd a comet. He studied its position n'ght after night
Frem the path it followed acress the sky, he decided that
its orbit was a short ellipsc. It was not as short as the
ellipse of Encke’s comet, though.

He caiculated that the comet came back te the vicinity
of the Sun every 6:8 years. Working backwards, this
meant that the comet had been seen on a number of its
earlier visits. In fact, a comet that had becn sighted in
1772 must have been the same as the one now called
“Biela’s comet’’.

Bicla's comet was the second short-peried cemet to
have its orbit worked out. J¢ began to rctum on scheduic,
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Biela's comet



just as Encke’s comet was doiog,

lo Jact, one astronomer went over Bicla's igures and
calculated that Biela's cemet would make its closest
approach to the Sun on 27 November 1832 He was
correct to the very day.

After that, Bicla's camet came back again in 1839. In
that year, however, the pesition of the Earth and ofBiela’s
comet were such that the comet would always appear to
be very near the Sun. It was too faint to be seen under
those conditions

Asttonomers were not concerned, however They were
sure it would come back once again in Februaiy 1846,
when it would be casy to sce. Se they waited.

In Dcecmber 1845, Biela’s comet was sighted by the
waiting astionomers. [t was coming back right on
schedule,

But it was not a normal appcarance. An American
scientist, Matthew Fontaine Maury, peintcd out that
there was a secend, fainter comet accompanying Biela’s
comet. The two comets moved in step as they travelled
towards the Sun. What had happened?

Perhaps during the 1839 approach to the Sun when the
comet could not be scen, enough of its matter had been
heatcd and puled out of it to leave behind a dumbbell
shape. T'hat “dumbbell” had broken in twe, so there were
two comets where therc had been one before.

What would happen at the next appioach to the Sun in
18527 The comet was then scen by an ltalian astronomer.
Pictro Angelo Secchi. There were still two comets, but
now they were scparated by quite a distance. The pull of
nearby planets must have afected each of them a little
diflcrently, so their orbits were no longer quite the same.
Secchi’s measurements showed the two tomets to be
2,414,000 kilometres apart.
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The nextreturn was o be io 1859, but this time it would
again be in the sky only at twilight and would not be seen.
Astronomers would have to wait until 1866, at which time
it should be easily visible.

lcwas not, The year | 866came and went and there was
no sign ofeither part ofBiela’s comet. Furthermore, it has
never been scen again. It had disappcared. Jupiter had
not beenin apositionto puilitintoa new orbit. Could it be
thatin the 1859 return. what was left of the matcrial of tle
comet had been turned into a coma and tail, and now
all was gone?

Nothing like that happened to Encke’s comet. Perhaps
that was berause Encke's comet had a rocky core and
Biela’s comet had not.

But was there rea’ly nnothing at allle ftof Biela's comet?
T hatquestion brings us to something else: every once in a
while there is a '‘sheoting star'” or “meteor’” in the sky. It
is not a real star, of course. It is just a littic bit of matter
that has been moving through space and has collided with
the Earth

As the matter moves through the atmosphere at great
speed, it heats up because of friction with the air 1t gets
hoteneugh toglow and then you scr it like ashiningline of
light that appears and thea quickly comes to an end.
Semetimes, the piece of matter heating upin air is 8o large
that not all ofit melts and burns away. What remains hits
the graund as a lump of stone or iron that is called a
“metc orite”. Such meteerites are very rare,

Most meteors arc very small objects in the air, objects
lar too small to end up as meteerites. They may be no
larger than the hcad of a pin. Even such tiny objects can
glow and appear as steaks of light.

These tiny metsers are very common. Sometimes, in
lact, the Earth scems to pass through a whole cloud of
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Fanfastic meient shower in USA 1833

such tiny pinhcad bodics. In that casc, there is a “meteor
shower™.

A particularly remarkable metcor shower was scen
from the United States in 1833. The sky was alive with
lines of light, seerming to lall as thickly as snowilakes.
Some peeple who were watching thought that all the stars
were laliing from the sky and that it was the end of the
world. But \when the mcteer :hewer ended, all the stars
were still in the sky

These small bodies buetr up completely in the air. No
mattcer how thick a metcorshower is. nothing ever rcaches
the greuod.

The metcor shower of (833 made astronomers wonder
absut such clouds of particles that the Earth passed
through every once in a whilc. Could it be that the y meved
around the Sun n a regular orbit?

The ltalian  astronomer. Giovanmi  Virginio
Schiapaielli censideted the matter He gathered all the
inlormation he could {ind about when metewr showers
appeared and {irom what part of the sky they socmed to
<omc. His calculations in the |8§)s shewed that clouds of
meteors moved about tht Sun in orbits that wcre long
¢ilipscs, Their orbits resernbled these of comets Could it
be that there wasi syme ¢onnection between those meteer
cleuds and comets?

Schiaparells thought so. There was one meteer shower
that usua.ly appcared in August and sexmed to come out
e fa spot in the constellation Perseus Thcse meteors were
therelore called “'Perscids’’, Schiaparelli showed that the
Perseids moved in the same orbit as “Tuttle’s comet ™.
(T hiscomethad been discovered in 1853 by the American
astronomer Charles Wesley Tuttlc It returned 1o the
vicinity of the Sun every 14 years))

It began to look as though a comct might be madc up of
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material that would evaporate and become a gas in the
heat of the Sun. Scattcred through this gaseous material
were fine bits of rock. When the gaseous material
evaporated, line bitsof rotk were leltwhich glittered in the
Sun. It was these that ceuld be seen in the cama and the
tail.

Perbaps itwas thesce fine bits of rock from heated cemets
that produced the meteers in the ¥arth's atmosphere.
Every timc a comet pasgsad near the Sun, meteor bits left it
and then moved abeut the Sun on their own. Gradualiy,
they spread out through the entue orbit of the comet.
There were usually more bits ncar the cemet than fivr
away from it

Evcntually, if the comet had no rocky core, all of it
would turninto a cloud of parlicles. Could it be that this
was what happened to Bielas comet?

Aficer Schiap«rclli had shown that the Perscids were
preduced by Tuttle’s comet, astronomers applied this
knowledge to Biela's comet. They knew what the orbit of
Bicla's cemet was and they expected there would be
meteos all along it. There would be a particularly thick
cluster of them in the spot where the comet itself would
have been.

They waited ferthe time when the Earth would be near
the spoc. One astronomer, £ Weiss, predicted that there
would be a meteor shower on 28 November 1872. Hc was
wrong by just one day: it appearcd on 27 November.

Thispartic ular metcor showerwas called the “Bielids™.
Lt appcared sexeral more times and then laded out. The
paaticle cloud spread through the orbit but was not thick
enough anywhere to make a good sbewer
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6. Whatcomets are

In 1950, the Putch astronomer Jan Hendrik @ort
suggesved that there was a belt of small bodies tar out fom
the Sun. They might be as much as several millions of
millions of kilometres away, so no onec csuld possibly see
them out there even with the biggest telescope. There
might be as many as a thousand million of them i that
distant belt. These small bodes beeants comets when they come
close éo the Sun

The American astronomer Fred Lawrence Whipple
suggested that it was se cold far eut there that the distant
cemets weie made up chiefly of materials that would be
gases on Earth, Such gascs as “ammonla”, ““methane”,
““cyanogen™ (carbon and nitregen), would all be solid,
ioc-like substances making up the comets. There would
also be ordinary ice or frozen water in the comets.

In amongst all this icy material there would be a fine
scattering of rocky particles At the centre, there might be
a rocky core, or there might not.

Every once in a while, one ofthese faristant comets
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Action ot solar wind on a comet's 1ail

might be slowed up as u made its huge circle about the
Sun. This loss of speed might bc causced by a cellisien
beiween twe of them, or because of the pull of a distant
star.

The slowcd eomet woutd then drep in towards the Sun
ina new orbit that would be a very long eltipse 1t would
pass near the planets, and if 1t camc ncar cnough te the
Sun, it weuld shine hrightly enoughfor us to secit. Theo i
would pass around the Sun and head back 1 the far
distances. 1 its new orbit it might come clese to the Sun
enly ence cvery millien years or se.

When a cemet approaches the Sun in this way, the icy
materials it is compesed of would evaporate. The rocky
particles vwould be freed and would form the ceina.
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In1958, the Americanscientist Eugene Nerman Parker
showced that tiny particles, even smaller than atoms. were
always hurtling out of the Sun at great speeds n all
dircctions. These particles formthe “solarwind”. Itisthis
selar wind that sirikes the coma of the comet and drivesit
away: (rom the Sun to form a 1ail.

Cemets which are eatering the ncighbourhood of the
Sun for the Jirst time can prodace a huge cema that may
take up morc space than the Sun usclf, and a long tai that
may stretch for hundreds of millions of kilometres.

Evcry once in a while, such a eomet is curved out of its
orbit by a planet, usually by Jupiter, the largest of the
plancts, It can then meve along a shertcr elliptical orbit.
| tloses s@ much of its material as it passes the Sun many
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Six Skylah views of Come{ Kphoutek

18 December 1973

29 December 1973

30 December 1973 5 January 1974
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times that it quickly grows faint. Even Halley's comet is
growing fainter.

A comet that came fiwmn the (ar outer reaches of space,
perhaps for the first time, and was ver y bright, was seen in
1882.

Scientists have been waiting cver since 1882 for a new
comet from the outer reaches to arrive so that they could
gtudy it with the new instrumnents and new kn®wledge
they have developed in the last century Finally, in 1973, a
Caech astronomcr, Lubos Kohoutck, sighted a comet
quite a longdistance from the Earth Thatmeantithad to
be a large onc or it would not reflect cnough light to be
seen.

From its orbit, ‘‘Comet Kohouxk” or ‘“Kohoutck's
comet”” seemed to be arriving from the far-distant belt of
small bodies. It made its closest approach to the Sun on 28
BDecember 1973. It didn't become as bright as
astronomers hoped it might; but it has been studied by
humans in space on the Skylab sasellite, and it will be
studied further as it moves outwards from the Sun again,

Perhaps some day in the future, when once again a new
osmet arrives [irom Gr-distant spaee, astronomers will be
on a rocket ship ready to landon it

Then, instead of being afraid of a emet as asign e fbad
luck, astronauts wili be touching it and bringing back to
Earth pieces of it for close study.
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