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Uranus

IN ANCIENT TIMES, people noticed that mest ef the
stars made the same pattern in the sky at al) times
They moved across the sky, but all in one piece, s0to
speak. They were called the fixed stars, because they
scemed fixed in place. They were lastened te the sky,
it appeared, and turned with the sky itsclf

There were, however, seven heavenly bodies that
changed position fromn night te night and secued to
wander among the pattrn of the stars. One of these
bodies was the Sun, and another was the Moon. The
other five were objects that locked like stars but were
particularly bright. Today we call these heavenly Ix;d-
ies planets (PLAN.1:ts), froin the Creek word meaning
“wanderer.” We know them, however, by the names
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Fined Stars

Predemuic universie

of the Roman gods Mercurv, Venus, Mars, Jupiter,
aud Saturn. The ancicut astronomers thought these
planets (as well as the starry sky itself} all revolved
about the Eartl;.

In 15343, the Polish astronomer Nicholas Copesicus
(koh-PU knih-kus, 1473=1543) published a book in
which he claimed that it made more sense to suppose
that Mercury, Venus, Mars, Jupiter, and Saturn all
revolved about the Sun. The Earth itself he said. also
revolved about the Sun. The Moon, however, revolved
ahout the Earth.

Astronomers eventually acoepted Copernicus's no-
tion and began to apply the word planets only to the
bodies that went around the Sun. These bodies were
(in the order of distance fromm the Sua) Mercury,
Venus, Earth. Mars, Jupiter. and Saturn. The Moon,
going around the Earth, was Earth’s satelfite (SAT- uh
lite) All these bodies made up the solar system (SOH-
lcr SY$-tem). The word solar cemmes from the Lalin
word for Sun.

The telescope was invented in 1688, and it was
quickly used to see things in the sky too dim to be
scen hy the naked eye. [n 1610, the ltalian astronomer
Galileo (GAll-lih-LAY-oh, 1564-1642) discovered four
satellites that circled Jupiter,

In 1665, the DDutch astronoiner Christian Huygens
(HY-genz. 1628-1695} discowered a satellite that cir-
cled Satuern. In 1672 and 16842, the ltalian-born Freach
astronomer Cilovanni Domenico Céssini (Jat-SEE-nee,
1625-1712) discovered three more satellites of Saturn.

Cassini was also the first, in 1672, to get a good idea
of the distances of the difierent planet from the Sun.
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Saturn is 887 million miles from the Sun. nine and
ene-hall times as lar frem the Sun as Earth i s

Right down into Cassini's time, and for a century
more, Saturn was the farthest known planet. Astrono
mers didn't even imagine the existauce of more distant
planets, beeause it seemed that those farther planets
would be seen if they were therc. After all, ali the
known planets were biight and easy to see.

Then William Herschel (1738-1822), a German mu-
sician with a strong interest in science, appeared on
the scene He was bom in I{anover, u portion of
Germany ruled in those days by the British king In
1757, he emigrated to Great Britain and became a
successful music teacher in the city of Bath.

Although a musiclan by trade, Herschel had a pas-
sion for astronomy. He wanted to be an astronower
and study the stars and other objects in the sky. He
couldn’t afford to buy a good telescope. and he didn't
want a kad one, se he decided to make his own.
Herschel spent a great deal of time carelully grinding
lenses and mirrers, and he learned how to do it so
well that he ended up with the best telescspes in the
world.

®ncc he bad a good telescope, he beman to study
every objectin the sky ®n March 13, 1781, Ierschel,
as he kept passing from obiject to object, found himself
looking at a tiny disk of light. Stars are always points
of light. se the tiny disk could not be a star. Herschel
thought it was a comet.

Herschel kept on studying it and noticed that the
disk had sharp edges. That was odd, because spmets
always had fuzey cdges. What's ruorc, the new object



Porteatt of Hersdwel wath the techesoupe he used te discever Urunus
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moved against the stars very slowly. The {arther an
object in the solar system is. the slower it moves
ageinst the stury. This object was moving inore slowly
than Saturn, so it was farther away than Sutomn, and
no comet could be seen that far away.,

Herschel had to conclude that he had discovered a
new planet, the first to be discovered since the earliest
days of civilization. It was 1,770 willion miles leown
the Sun. twice the distance of Saturn, It was so far
away that it was much fainter than the other planets,
That. cembined with its very slow motion. meant that
astronomers didn’t pay much attention to it cven when
they happened to see it.

An English astronomer, John Flamsteed {1646-
1719), had seen the distant planct in 1688, but he just
marked its position in his records, thinking it was only
another star. A French astronotwner, Pierre Charles 1.e
Monnier (1675-1757), had seen it on thirteen dilfecent
days in the 1750s. He had recorded each position,
thinking it was a different star each time

Herschel's good telescope and careful work settied
the matter. It was a new planet. Herschel wanted to
call it Ceorgium Sidus {The Ceorgian Star), after
George 111, king of Creat Britain. Other British as
tronomers wanted to call it Herschel. A Germun as
tronowner, Johann Elert Bode (BOH-duh, 1747-1826),
suggested, howevar, that they stick to names from the
ancient wnvths, and astronomer; decided to do so-

1f we begin with Mars, the planet next heyend it is
Jupiter, named after Mars's lather in the Roman
myths. The next planet is Saturn, nawed after Jupi-
ter’s father. Bode suggested that the new planet be
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called Uranus, after Saturn's father. This name was
accepted.

In 1787, Herschel discovered two satellites circling
Uranus and named them Titania and Oberoa.

Other astronomers watched Uranus, too. They
knew exactly how Uranus ought to move in its path,
or erbst, about the Sun. In 1687, the English scientist
lsaac Newton (1642-1727) had worked out his theory
of gravitation. According to this theory, every ohject
in the universe pulled at every other ohject with a
force that depended on the masses of the various
ublects (that is. the quantity of matter iu them) and
the distauces between them.

The Sun is by lar the most massive objuct in the
solar svstem, so its pull could be used to calculate the
motion of Uranus. However, Jupiter and Saturn are
quite lacge and at times are much closer to Uranus
than the Sun is. so they produce pulls on Uranasy large
enough to affect its motion slightly, Measuiing the
pulls of the Sun, of Jupite:t and of Saturn, astronomers
expected to be able to work out LUranos's orbit exactly.
‘I'hat meunt they would alays know the planet's exact
position in the sky g5 it moved among the stars.

In 1821, the French astronomer Alexis Bouvard
(boo-VAHR, 1767-1843) had been observing Uranus
very closely He plotted the motion of Uraaus across
the sky. using all the observations made by astrono-
incrs since the discovery of Uranus. He even used the
observations of pcople who had seen Uranus and
recorded its position without kiowing it was a planct.

Bouvard found that Urauus was not moving in its
orbit exactly as it ought to have been. By 182], in fact,
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the actual position of Uranus was different from what
it should have heen by one-ilteenth the apparent
diameter of the full Moon. Thut was not much of a
difference, but it was enough to disturh astronomers.

Could something be wrong with Newton's theury of
gravitation? Suppose the theery were adjusted just a
bit in order to acecunt for Uranus’'s actual path. A«
tronomers didn't want to do that, becavse Jupiter and
Saturn. [or instance. had orbits that (it the theory
exactly. If the theory were adiusted to fit Uranus,
Jupiter's and Saturn’s moveinents would no longer lit.

Could it be that Saturn or Jupiter or both had
dil‘erent masses than astronomers thought, oc were at
somewhat different distances from Uranus than was
thought? In that case, the pull of Jupiter or Saturn ec
Uranus would be slightly smaller or slightly greater
than had heen expected, and that might account fer
Uranus’s not jollowing its orbit exactly, However, no
matter how carefully astronomers checked the mass
and distance of Jupiter and Saturn, they could not
account for Uranus's odd motion.

That leR astronomers with only one other pessibil-
itv. There was some gravitational pull they weren't
counting at all. It would have to be a rather sizable
gravimtional pull. so it had to come irom a large
planet. If such a large planet were closer v tho Sun
than Uranus was, it would be brighter than Uranus
and would surely have been seen.

The conclusion, then, was that the large planet
would have to be (arther from the Sun than Uranus
was. If thut was so, the planet would be dimmer than
Uranus and would move more slowly, se it would be
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hard to see and recognize. If Uranus had not been
discovered until 1761, it was no surprise thut a planet
still farther away, still dimmer, and still slower moving
had not yet been lound.

Then, too, a planet beyond Uianus might still he
close enough to Uizanus to pull on it and change its
position yuite a bit, it would be much farther frem
Jupiter and Saturn, however, and its pull wouldn't be
strong enough to change the position of thosc planets
noticeably: That weuld be why only Uranus, and not
the other planew, traveled in a slightly wrong path.

If such a planet existed beyond Uranus, it ought to
be found with a good telescope Becausc it was so
dim. lots of stars that were no dimmer would be
surrounding it and drowning it eut. Unless you knew
in what pa:t of the sky the mysterious planet was
likely to be shining. looking for it would sucely be a
waste of tine,

But how could anyone know where in the sky an
unknown and unsecai planet might be hiding?

2

Looking for
a New
Planet

In 184), a wweaty-two-year-old astrenomy student
namied John Couch Adams (18 1 $1892) was studying
at Gambridge University He didn’t have much time
to himself, because when he wasn't studying he had
to be teaching i order to support himself However,
he did have some timc off during vacations, and he
decided he would tackle the problem of the mysteri-
ous planet that might c¢xist beyond Uranus and that
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might thereferc be affecting Uranus’'s ruution by
means of its gravitational pull.

This is thc way he went about it. Sinec Saturn is
about twice as far Irom the Sun as Jupiter is. and
Uranus is twice & fur from the Sun as Saturn is, Adams
felt that the hew planct ruight be twice as far from the
Sun as Uranus was, It might be abeut 3,500 million
miles from the Sun.

Then, too. Saturn was smaller than Jupiter, and
Uranus was smallec than Saturn. The unknown planet
beyond Uranus must be still smaller, but it would not
be tiny. It would still be several times as massive as
Earth.

Suppose. then, Adams imagined a planet that far
away frem the Sun and that size. Where would it be.
in the year 1841 to have been able to move Uranus
slightly out of its path by just thc amount that had
been observed?

The unknown planet would have to be on the same
side of the Sun as Uraous at this time, for i it were on
the opposite side of the Sun, it would be much too far
away to affect Uranus's motion in recent yYears. That
wasn't enough. Adams had to calculate what motions
the unknown planet would have that would just se-
ecuiit fir Uranus’s motion.

The mathematical problem wus very difficult, and
most astronoruers simply refused to tackle it. They
feit they weuld be spending a long time at it and
would not corne out with any decent results. Adams,
however, had the enthusiasm of vouth, and besides,
he happened to be the top mathematics student at
Cambridge University at the time.

John Couch Adains
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Bv mid-September 1845, Adams had finished his
calculations, but he was an unknown young man and
he didn't have a tilcscope under his cnntrol. He had
to have someone who did have a good telescope and
who would ke willing to spend some time using the
telessope and searching the sky in the place where
Adaws thiought hc might find the unknown planet
That wouldn't be easy, since there was a lot of work
to do with telescopes, and no one would be overjoyed
to use one bor such a risky piece of werk.

The two men who eontrolled telescopes in Great
Britain were James Challis (1803-1882), the director
of the Carmbrridg€e Observatory, and Challis’s boss,
George Biddell Airy (1801-1892). the Astronomer
Royal. These were the two men that Adams had to
interest. Unloitunately, neither Challis nor Airy
thought there was any chance of locating a planet just
by making mathematical calculations from the motions
of Uranus.

When Adams brought his figures to Challis. there-
fore, Challis refused to help. He just told Adams to go
to Airy with his work.

Airy was even worse than Challis. lie was a very
conceited man who always got himself involved with
little things. He didn't have much of an imagination,
and he treated all those who worked ler him with
contempt. The things he tried to do in astronomy
always failed.

Somehow, Adams couldn’t get in touch with Airv.
This was hefore the time of telephones and telegraphs,
Hc had to either send Airy a letter or visit him. Rvice
he visited Air'y's home, but Airy was out hoth times.

The second time, he waited for him to return and
then showed up agein, but Airy was having dinncr
and Airy's butler refused to interrupt the astronomer.

Other astronomeis who heard of Adams's work were
impressed, but it was Airy who counted. When Airy
finally got word of Adam’s calculations, he was not
really interested. Like Challis, he thought leoking for
a planet wasa waste of time He asked Adams whether
his calculations explained something about Uranus’s
distance from the Sun, but Adams's calculations had
nothing to do with that Adams could see thut Airy
had misscd the whole paint of the wirk

Adams was a rather shy and gentle person. :nd he
deeided that it was uo use trving to get Airy inter
ested, and that he would just never get anyone to use
a telescope to search for the unknown planet. So he
Jjust aave up.

In France. mcanwhile, an imjwrtant astronomer
named Dominique Franois Jean Arago (a-ra-GOH,
1786-1653) was Inoking for difficult problems 1 a s
tronomy and interested in ¥etting young astronomers
to work at them, while he helped all he could. Unlike
Airy, he was a friendly, outgoing person.

Atago grew interested io another French astrono-
mer, Urbzin Jean Joseph Leverrier {luh-vih-RYAY,
1811-1877). who was, like Adams, a verv good math-
ematician. Arago asked Loewverricr to investigate the
orbit of the planet Mercury. It was a rather lopsided
orbit, and Mereury's motinis didn't quite fellow what
was predicted by the law of gravitation.

Leverrier went into the matter in greater detail
than previous astronomers had. MHc carelully calcu.
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Patrait of Viban Jean Josepli Levercoer, it fannt uf the
Paris Obserasary

laled the pull of other planets on Meccury and showed
that planetary pulls accounted for Mercury’s motiens
almost exactly.

Leverrier's mathematical calculations impresse d Ar-
ago, who then asked the young astronemer to tackle
the cven more difficult preblem of Uranus's niotions.

LeveiTier got to work. poing inte the matter thor-
oughly He eollected all the observations of the pesi-
tion of Urimus, even these observatiens made befure
the official discovery. On June 1, 1846, he announced
his final results, and they werc almost the same as
those that Adams had reached cight menths before.
{Of course, Leverrier knew nothing at all about
Adams's work.)

The news of what Levecrier had done reached Airy
in Great Brisain, and this time Airy was interested.
The fact that both Adams and Lewenier had reached
the same conclusious made it scem that perhaps they
were right. Airy, howeser, gave Jeverrier all the
credit and neglected te mention that Adams had done
the same thing eacliec Perhaps Airy felt ashamed of
having neglected Adams and preferred to pretend that
Adams simply didn't exist.

Airy wrete to Leverrier and asked the same foolish
questien about Uranus's distance froin the Sun, the
questien that had nothing to do with the prollem.
Leverrier was not the shy and quiet maa Adawms was,
however. In $uct, Leverrier was fully as egetistical and
tyrannical as Airy. Iewrrier wiste a letter to Airy
telling him that his question was completely uscless;.

Leverrier's confidence impressed Airy, whe in-
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structed Challis of the Cambridge @bservatorv to
begin a search for the wnknown planct.

Challis, however, still wasn't interested. He put oft
the search as lonyg as he could, bocause he was more
interested in searchiag ler comets.

He finally began his search on July 29, 1846, almost
two months after Leverrier's work had reached Airy.
Then, when he did begin. he didn't look at the spet
in the sky indicated bv Adams and Leverrier, Instead,
he began the sweep of a large portion of the skv,
because he had no confidence in the Adamis-1 «vcrrier
figure’s being correct. In order to complete the
sweep, he would have had to study about 3.000) stars
and see if:imy une of them happened to be in a position
where oo star ought to be, and if that star changed
position from night to night

Challis, with voung astreaomical students helping
him, began his sweep and started noting down the
position of all the stars seen. This was done mcchani-
cally and withont cluse study to see if a position was
recorded that should not have contained a star. After
all, Challis wasn’'t really interested, md he didn’t want
to take the time for a really close and attentive leok at
each star

As a matter of fact, on August 4 and 12 1346,
Challis’s tcam had ac:uslly piotted the position of a
star that was really the unknewn planet, It was nearly
where it was supposcd to be, according to the calcu-
lations of Adams and leverrier However, Challis
locked at it casually and fiuled to notice that no star
should have been in that position.

28

Neptune

MeanwiurLe, LEverRries was having trouble too.
Like Adams, he didn’t have a good telescope at his
disposal and he couldn’t seem to find any astronorner
in Trance willing to make the necessary search of the
sky. @f course, Airy had informed Leverrier that
Chalis way making the search, but the weelw passed
and there was no word from Challis.

Leverider. howcver, had received an astronomical
paper a year earlier from Johann Cottfried Galle



(GAHL-ubh, 1812-1910), a German astronomer who
worked at the Berlin Observatocy, lLé&verricr had
thought the work to be very good, and he wrote to
Galle on September 18, 1846, seadiug him his predic-
tion as to where the new planet ouglt to be and askiug
him if he would make the uecessary scarch of the sky.

Whaen Gulle received the letter. he wanted to wi-
derwke the search, htit he needed the permission of
the hend of the observatory. Johaan Franz Encke
(ENK-uh, 1791-1865). and l.ncke was not keen to do
it. Iic was afraid the search might be a waste of time:.
However, Heincich Ludwig d'Arrestdah-REH, 1822-
1875), a young guaduate student, who was present,
joined in enthusiastically on the side of Galle.

As it turned out, that days happened to be Enckdés
birthdav. It meant he weuldnt he at the observatory
that night and wouldn't be using the telescope. He
relented. therefore, and Zave permission for the use
¢ithe observatory's very good telesicope that night.

Galle and d'Arrest started looking as soon as it was
dark. Unlike Challis, they looked at the very spot
where [everriers figures showed the planet onght to
he located. Just the same, they had trouble. They
were looking for a little disk and weren't linding any.

D Arrest then had the idea that they oughe to get a
star map of that region of the sky Th¢ map would
show the: positions of all the swrs. and they would
only need to notice a stat of the brigbtness the riéw
planet oughe to have that was not on the map. That
would mean it was not a star but a planet that had
now moved into the region ofthe map but had not
been there when the map was made.
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Jabann Galle sod Heiorwxch dArTest scarching the skigs far Neatasre
in 1346
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Foe that, a particularly accuiate star map was
needed. Qtheiwise, stiars would be observed whece
they shouldn't be, simply because the star map was
off in that particular case.

Galle and 1>°Acrest searched through the observa-
tory files and came across a new star m:p thut hud
been prepuced with particulae care and that happeaned
to include the very area of the sky they were studying
Ihey had 0t even known that particulac star mup
existed.

They went badk to work, starting all over. Galle
peered through the telessope. calling out the position
of each star he saw. 13'Arrest way off in 8 @rner with
dim light (so 2s not to disturb Galle’s vision) and kept
saying the.t there was indeed suppesed to be a star in
that position.

In les; than an hour, Galle called out the position
of a star and D’Arrest, almost choking with excite-
ment, sad, “fhat stacr is not on the chart.” The
unknown planet had been discovered—en September
23. 1846. Galle and D'Accest inlocmed Encke at once,
interrupting his birthday party with the best present
he ceuld have had.

The next night the)y: looked again, and this time
Encke joined them. There was no doubt. The object
had changed position, and whitts more, it showed as
a tiny globe.

The news took a while to resch Creat Britain,
Challis was still looking and on September 29 he
spotted the unknown planct a secord tine. This time
he noted it showed a disk. He wasn't sure, howgver,
and he decided he wonld wait and look again the neat
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night with a better telesoupe 1Je wasn't in a hworry.
The neat night, Septe mber 30, the night was cloudy
and he ¢couldn't look,

QOn Qctober 1, 1846. the news of the discovery of
the new planet finaily reachied London, and Challis
looked over his records and realized he had seen the
planet twice and had missed it

1t was just like Challis and Airy, however, to each
try to share the credit for the discovery of the new
planet. Neithec ane mentioned Adams'’s calculations.

Fortunately, the British astronomer John Herschel
(IF92-1&7 1), the son of the man who had diseven:d
Uranus, publicized the fact that Adams had made the
calculations also, and carlic:r than Leverrier, and had
come out with the same results.

Freneh astronomers objected that the Brtish as-
tronomers were trying to steal ciedit. but in the end
Adams and Leverriec hoth received credit for thevc
work. Beth are now considered the discoverers of the
new planet. Airy and Challis are remembered only fec
their' stupidity and for their unfair treatment of Ad-
ams, who remained quiet and gentlemanly through it
all.

VAhen Challis died. Adams was appointed dicector
of the Cambridge Observatory in his place. Then, in
1861, when Airy retired at the age of eighty, Adams
wus offercd the post of Astronome - Royal. But he felt
he was himself too old to take on the responsibility.
s® he refused

There was some feeling, by the way, that the new
planet ought to be named Leveccier lor its discoverer
Leveruer himself was vain enough to think so. 1Jow

ever, astronomers outside France would not have that
Becausc the new planet seemed to be a greenish blue
in color, it was called Neptune, loc the Roman god of
the sea That had actually been Leverrier's first sug-
gestion,

Qne assumption that both Adams and L verrier had
made about Neptune turned owl to be wrong 1t had
seemed natural to suppose that Neptune would be
twice as fac away From the Sun as Uranus was. How
ever, it wasn't. It wus only a hittle over one and one-
half times as lar away. Instead of being about 3,500
million miles firom the Sun, it was only about 2,800
million miles (com it. (Still, that's thirty timcs as lar
from the Sun as the Earth is.)

Then, too, although Neptune tumed out to be
smaller than Uranus, as had beeu thought, it was not
smaller hy vecy much. Uranus is sbout 32,5M) miles
in diameter, and Neptunc abeut 3 1400 miles. Each is
a little over four times as wide as the Earth, se they
are gant planets. However, their diameter's are only a
little ovec a third the diameter of Jupiter. the largest
of all the planets.

Because Neptune is so far from the Sun, and be-
cause it moves 50 slowly eut there where the Sun's
gravitatioual pull is weak, going around the Sun once
takes a long time. Neptune makes one circuit of the
Sun in £64.8 vears. In all the time since Neptune was
discovered, it has not vet had a chance to circle the
Sun even once, In fact, it wea't come Back to the spot
in the sky where it was first discvovercd uetil the y car
2011.

JFit were possible for us tobe stauding on Neptune,
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we would see the Sun as a fat point of light The Sun
wvould be too distant fer us to make out as a little globe
without the use of a telesco pe

The Sun weuld stil] he the brightest object i the
aky, however It would be 430 times as biight as the
full Moon is in our own skyv. VWhat's more, all that
brightness would be concentrated into a point. That
means fooking at the Sun would still be dangerous, for
it could still damage the eve.

Just as in the case of Uranus. Neptune had been
sighted before its discovery by astronomers who dida't
realize they were looking at a new planet

On May &8 1785 the French astronomer Joseph
Jerome de Laande (Jah-LAUND, 1732-1807) noted a
star whose position he recorded. He obzerved the
same star hwo duys feter and fownd it had a different
position. He thought he had made a mistake the first
time, so he pot down the second vahie and {orget
about the observation. Actually. he had made no
mistake. The “star” had moved. Once Neptune had
been diseovered. Lalande’s resords were checked
ancl, sureenough, he turned out to have seen Neptune
without knowing it.

It is even possihle that Calileo himself had seen
Neptune with his primitive telessope. At least he
recorded a star that isn't there now, hut Neptune was
about there at the time he looked.

4
Near
Neptune

NATURALLY, ONCE NEPTUNE was dissyvered, astron-
omers began to study it closely.

Bv 1846, the vear of its discovery, it was known that
the Earth had vne satellite, Jupiter had four, Saturn
had seven. and Urinus had two. That was fouiteen
altogether. Of these, six were large satellites about
the size of our Moon. These six were the Moon itself;
Jupiter's four satellites, lo, Eoropa. Ganymede, and
Callisto; and Saturn’s largest satellite, Titan.

Since all the: three previvusly known giarit planets—
Jupiter. Satum, und Uraaus— had satellites, it seemed
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thut Neptune ought te have satellites, too. However,
Neptune was se [ac away that perhaps its satelbites
would be too dim to see.

®ne British astronoinec particularly interested in
Neptune was William Lassell (1799-158®). [He had
bea:d about Adawis’s calcutations, and though Aicy
was not interested. Lassell was. He had a very yood
telescope he had made himself, and he would have
used it to search fer the planet except that, at the
time. he was in bed with « badly sprained ankle. By
the time he was up and abont and could have been
obseving, other matters had crowded v upon him
and he foigot about Adams. It was another pece of
bad luck for Adams, and was also bad luck fer Lassell.
who might have been the ficst to see Ne-ptune.

Onee Neptune was discovered. however. Lassell
begen his observations. @n @cteher 10, 1846, only
two and a half weeks after Neptune had first been
sighted. Lassell discovered a satellite of the: planet At
least he thought he bad, but the Sun was now close to
Neptune's position. making the planet hard to ol
serve. Astronomners had to wuit until the Sun passed
Neptune and was far ensugh en the other side for
Neptune to be observed in the complete darkness of
night. Finally, in July 1947, this could be dene, and
there was no question but that Lasscll wasy right.
Neptune did have a satellite,

(In 1851, Lassell went en to discever two more
satellites of Uranus, which he named Ariel and Um-
briel)

Nephine's satellite was named Triton, after the
name of the son of the sea god in the Greek avths.



Astronomers ¢ould tell little about Triton. Its distance
was so great they eould see it only as a dim point of
light. Triton ¢ould not be magnified into a tiny globe
so that i diameter ¢ould he measured. From its
brightness and distance, however, asd supposing that
it reflected light the way other satellites did. astrouo-
ners decided that Triton was abeut the size of our
Moon.

Triton was the seventh large satcllite to be discow
ered. No otherc large satellite has been discevered
since Triton was first ceen. even though many smail
ones have since been sighted.

"Riton circles Neptune at a distancie of about 226,000
miles, almost the same distance [rom Neptune as the
Muon is from Earth. Neptunc, however, is larger than
Easth and therefore has a stronger gravitational pull.
So while the Moon travels alwnt the Earth in twenty-
seven and one third days, Triton travelsaivoict Neptune
in not Yuite six days.

From the distance of Triton from Neptiae, and the
spered with which it circles the planet, we can calcu-
late the mass of the Earth—that is, its \weight, If we
could imagine it sitting en a scale and beiny subjected
ta the earth’s pull.

Althongh Neptune has a smaller diameter than Ura-
nus, Neptune is on¢-sixth more massive than Uranus.
Neptune is 17.2 times as massive as the Larth, while
Uranus s only L4.6 times ay massive,

Why should Neptune be more massive than Uranus
even though Neptune is suiallic?

Placets are made up of icy materials, rock, and
metal. A volume of rock is heavier than the same
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valume of icy materials, and thc same voluinc of metal
is heravier still. A plimet like the Earth, which is made
up mastly of rock and metal, is massive for its size. A
satclhte like Callisto or Titan, which is made up
mostly of icy materials, is Jight fur its size. Supposedly,
Uranus and Neptune are both made up of icy materi-
als, rock, end matal, hut Neptune has a bit more rock
and metal in its makeup. and a bil less icy materials.
Thereterc. Neptune, although smaller in diameter
than Uranus. is [more massive]l No one knows why
tiws should e,

While Uranus and Neptune are amony the giant
planets, they are considerably smaller than the other
two glants, Jupiter and Saturn. Sstutn has a mass 5%
times that of Neptune and 95 times that of Eurth,
Jupiter has a mass 8%¢ times that of Neptune and 318
times that of Earth.

The Moon travels about the Earth f-om west to east,
"this is considered nommal. since almast al] the othec
sateilites aiso travel from west to cast Triton, however,
moves about Neptune fiom east to west. This is called
retcograde {IRET-rohgrayd) motion, from Latin words
meaning ~“haekward steps.” No one knows why Triton
moves about Neptune in this hackward fashion.

Ior a hundred ycsrs after the discovery aof Triton,
no other satellite of Neptune was teund. This was not
surprising since Neptune was 50 1dr away from Earth
that any satellite smaller thian Triton weuld be ditheudlt
to see.

In the 1840s, however, the Dutch-American astrou-
amer Cerard Peter Kuiper (KOY-per, 1905-1973) was
studying the distmt planets, In 1947, he found thst
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Poreruit of Geeard Kuiper with the McDenald reftectnr, wath which
tie ihsmvered Mirungla in |98
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Saturn's largest sateilite. Titan. had an atmosphere It
was the first satellite to be found to have one.

Kuiper also stidied Uranus, which by then had four
known satellites, two discovered by Herschel and twe
by Lassell. None of these is a large satellite Titania,
the largest, has a diameter of about 990 miles. less
than halfthat ef eur Moon.

In 1948, Kuiper dissovered a fifth satellite of Ura-
nus, enc that was cleser te Uranus, and smaller, than
the other four. This turned out to be about 300 miles
in diaracter, and Kuiper named it Minanda.

Then. in 1919, Kuiper discovered a second satellite
of Neptune, e called it Nereid, which is the name of
a group of sea nymphs in Creek myths Nereid is
about 350 miles across imd is very difficolt to see at
Neptune's distance

Nereid travcly about Neptune in the normal west
to.east direction. but its orbit is unusual. Most satel
lites have orbit.s that are nearly cirdes, but Nereid
travels about Neptune in an elongated ellipsie Nep-
tine is Jocated toward one end of the ellipse, so that
Nereid s much closer to Neptune at the end than at
the opposite end.

The average distance of Nereid from Neptune is
abent 3.3 millien miles. At one end of its orhit,
however, it is as close as 564 980 miles from Neptune
At the other end, it is nearly 9.8 miilion miles away.
Nereid takes abuut 360 days to orbit Neptune.

To account for this peculiar orbit, some astrenomers
feel that Nereid must be an asteroid that appreeched
Neptune too closely once in the fur past and was
captured by Neptunc's gravitational pull.
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in 1977, another startling disoosery was made ahout
the distant planets. (m March 10 of that ye-ar, Uranus
was going to move in front d a star, This was imper
tant, because as LUranus approuched the star, the stai
would shine through Uranus’s atrugsphere for a little
while. Then, when Uranas moved past it and the star
emerged, the star would shinc through the atino
sphiere again. Information about Uranus's atmosphere
oould be obtained during this time.

Astronomers stedied the event frem m aniplane
high 10 the sir so that our own atmosphere would not
confuse matters too much. The star tumed out to
blink on and off nine tincs before Uranus actually
moved in front of it. When Uranus moved beyond it,
the star blinked nine times agin.

Uranus seemed to have nine rings of nuiterial that
obscured the star. Until that time, Saturn was the only
planet known to have rings. Saturm’s rings, however.
are broad and bnght, while Uranus's rings are so
narcow and dim that they can't be seen from Earth.

AfRter that disoovery, Neptune was watched very
closcly to see what would happen when it passed in
fiont of stars. Astronomers decided there might be
rings there, too, or parts of them at least. Stailight
sometimes hlinked on one side of Neptune, but not
on the other
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5
Space
Probes

THE CHANCE OF SZEING detail, where Neptunc way
concerned, was simall. Witk the planet 2,800 million
miles away, little could be seen fram Earth, even with
gond telescopes.

However. the time was coming when astronomers
no longer had to watch Neptune only: |zom Earth. The
spaue sge begum in 1937 when the first artificial satel-
lite was placed into orbit about the Earth. By 1969,
the first ium an beings steod on the Moon.



ChsHalc ny

Helertair

high-gain anlenna

high-feld R —
intererametir

i lomeler

bepim

ﬂ’lll'rur-a-.unl‘u-
thermo-
electri

Eemerubore

inframed
miterferaimeler,
s imonmeler,

and
g -.‘|I||||||.l||_-|-

how emergy
l\.|:|.l.lt-|~:|
particle
delecior

plaretin
1adin adirennams
el jbysario vanie
unienna

Varvagger 3

Human beings have gene no farther than the Moen.
but rocket prnbes hitve been hired to the planets No
humun beings were abeard, but the piobes carried
instruments thut could sake photogiaphs and make all
sorts of measurcnvents that could then be sent back to
Farth.

In the 1960y, prohcs passed near Venus and Mars.
Eventually, some even landed on the surlzce of those
planets One probe phutagraphed Mercury from clove
up. and in 1986 probes studied Hallev's Comet when
i1 passed the Earth.

In the 19705, probes began to be sent outward
hevond Mars to the giant planets. Ptoneer I8 and
Pioneer 11 were the first to pass near fupiter and to
make observations of that giant planet and of its
satellites.

Alter that, twe more probes, Vyager I and Veyager
2, were sent eut. Veyager 2 was the most sw.cesstul
probe up till now. Not only did Veyager 2 pass by
Jupiter and Satura as Vbyager I did, but it went on
tovard Uranus and Neptunc and sent back photo-
graphs and mecasureinents of both planets.

Vbyager 2, which wus launched in 1977, passed
Uranus in January 1886, after a nineyear trip. Sun-
light at Uranus is only 1/368 as stmng as at Earth, but
it was still bright enough for photogiaphing Uranus
and its satellites, though exposures of neacly twe
minutcs had to be taken.

Uranus turmed out to be a bluish plianet with what
scemed a very calm atmosphere. T his was not surpris-
ing. Jupiter hay a very active atmospherc, because it
is much closer to the Sun; the Sun's heust ddves the



atinosphenc action. jupiter has vast winds that foin
helts of cdouds. Jupiter has the Creat Red Spot, a giunt
tormado big enouxh for the entire planit Earth to drep
into.

Soturn gets ondy one-thind as much heat us Jupiter
does, sincyr Suturn is farther frun the Sun. It has hss
narked bands and 10t as stormy. Sime Uianus gets
only onethirteenth the heat thut Jupiter does, its
atrnosphere is quiet,

As Yoyaper 2 passed near Urianus. it gathered infor
mation that enabled x:rutists to calculate thit {mous
actated abaut its axis in seventeen and onehalfhours.
This otation period lad only been guessed at previ-
ously, Veyager 2 also showed Urunus's thin. dim rings
cleearly and found ten rather than nine.

Cranus’s sutellites were found to be made up of
unexpectedly dark inaterials. Thel ineant that to seem
as bright as th¢y' do fron Easrth, they had to be a bit
lerger than the earlicr estiinates, Their sorfaces were
inte:esting and uoustid, too. This was aspecially true
of Miranda whote surfac>e was so juinbled that astron-
omners think that early in its history it undcrwent
collisions thatkuocked itapartund that its picces then
reassesnbled every which way.

ttyager 2 passed on bevond Uranus and in August
1989 pussed near Neptuae.

The first thing noticeable about Neptune was that,
like: Uranus, it was blue, even adeeperblue in fixl,

The surfiscw of Neptune and of the other ghant
planets 1s not a sohd swface. 1t is, insteadd, the top of
a thick utiriosphere. The stinesphere consists, in each
ease, nainly of the very sirnple geses hydrogen tHY-
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druh4en) and kefiun (ILEE leeum). These are color-
less. Added to thern, homesvr, are small gquantities of
other @ases thit Kive the atmosphere a oolor

Jupster has a variety of other gnses, and we're not
cvrtawn whut they all aze, but they inake its surface
look brown, orange, yellow. and whité. The big tor-
n:sdo 0o Jupiter even looks reddish. so that 11 s “the
Creat Re«d Spot.”

Saturn is colder than Jupiter, belng: fasther from the
Sun. and some of tie cvlored niatenal m the upper
atmosphere i frozen. For that reasen, Saturm is paler
thap Jupiter and seems to e vellow and white.

In the cuse of Cianus and Neptune, all the material
that produces the celons of Jupiter and Saturn is
Irarxn, and the utmosphere s cuinposed mostly o
threre substanees that remain gases even at low tem-
peratures of these distant plunets. Tbese are hydso:
gen. heliuin, and methume. Methane has a inolecule
made up ol one embon atoin and fous hydiogen atoins
and an Earth is found in natusal gias.

Methane as wer st it in small quantities on Farth
has no color. but when it exisk in large quantities,
mixd with hydregen and helnnn, it is bluish. 1his is
what givess the color to Uninus and Neptune.

Jo one important way, Nuptune is guite difflerent
faiom Uranus. Liranus is a quiet pliuct because it gets
%0 nuch less beat froin the Sun that Ju biter and Saturn
do. Astronomess expected Neptune: to be ¢ven yoicter
than Urinus, since Neptune gets only two filths as
much heat Iraim the Son as Uranus does

This is not 0. howe-er, Neptune s a surprisingls
active planet. The wands in its upper utmosphere tear
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The wurface of Neptune, shuowing the Cooat Uask Spot

along 1t speeds of up to 1504 riles an hour much
flaster than those on Jupiter. Bat Jupiter gets twenty
times as much heat fromn the Sun #s Neptune does.
Where de:s the energy of Neptune's winds come
from? Apparently, Neptunc gets 2.7 times as much
heat from its own interior as it does -om the Sun.
Why Neptune's intcrual ieat isso h:ghis still a puzde

Evvn more surptising is the fact that Neptame has a
tornado that looks just like Jupiter's Great Red Spot
and that is located at just abeut the same spot on the
planet's surface. Neptime's tornado is smaller than
Jopiters. because Neptune itscl is smaller, but it
makes Neptunc Juok just as Jupiter wedd look if that
Kiant planet shrank, Neptuncs tormado is blue, of
course, add might be culled the Gieat Dark Spet. By
studying radio waves [rom Neptunc, astronomers have
found that Neptime turns on its axis in juost a fow
rofnutes more than sixteen hours, so that it turns a
ltttle Caster than Ucanus does. The Great Dark Spot
moves about the planet more slowly than that.

Why should Jupiter and Neptune beth have these
great tomadoes, when Saturn and Uranns don't? It
should take a ot of euwr @y to keep the tornadoe going.
and we c¢2n be sutisfied that Jupiter gets enough
energy fion the Sun fir the puipose. But if Saturn
and Uranus don't get enough energy to stact a huge
tornado, hew does Neptune got it when it is farther
from the Sun than any of the other three? Agsin, it is
prebably the result of Neptune's unusually large inter
na) heat.

The probes that went into the outer solar system
found additiona) satellites for each planet, satellites
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too small and dim to be seon lrom Earth. Usually, the
satellites discovered were closer to the planat thai the
larger satellites wewee from Karth.

Thus, Calilco first observed the four large satcllites
of Jupiter in 161@ In 139.2, a fiith was discovered,
smaller and closcr te Jupiter than any of the first feur
In the 1900s, eight tiny satellites were discovered far
out from Jupiter, which \vere prebably captured sste r
oids. That made fourteen satellites altegether. Vou~
ager 1 spotted three inore small satellites quite close
to Jupiter.

Satuim had nine satellites visible from Earth, but
the Voyager prebes spotted eight more small enes.
Uranus had Ffive satellites seen frem Enith, but W,y
ager 2 discevered ten small oy, all very close te
Uranus.

Neptune was no exception. Irom Earth, astrone-
mers had seen only two satellites, Triton and Nereid,
hut Voyager 2 detected six small satdlites quite close
te Neptune.

In other words, belore the probes went eut, astren-
omers Joew of thirty-three satellites altogether in our
solar system. Now we Jai aw of sixty. All the new ones
are tiny satcllites, [ifty miles acioss or less.

Another discovery invalved rings. YWhen the two
Wwagers passed Jupiter, they discovered a single thin
ring of dust and debris circling that giant planet. No
one had ever seen that ring from Earth. Woyager 2
then saw Uranus's rings. Astrouomners were prepared
to sce riugs around Neptune, too.

Sure enough, Yoyager 2 spotted three rings around
Neptune. They werc c#inplete rings, but they were

Hn'prulw".- rings
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thin and clumpy The clumps would hide the stars
mere than other pasts of the ring would. That is why
astionomers watching starlight fade in the neighbhor
hood of Neptnne thonght ino xumpletgin# might be
there.

Now we know that three of the four iant planets
have thin, dim rings. The question is: Why is Sattirn
the only one of the fonr giant planets to have large,
bread, bright rings? What is so special ahout Saturn?
Astrenomers don't know.

When Voyager 2 passed Saturn, it had a chance to
study Titan, Saturn's krgest satellite. It found that
Titan had an unexpectedly thick aimesphere, as thick
as arth’s or thicker, and made up of nitrogen (NY-
truh-jen), which alse makes up most of Earth’s atme-
sphere In addition, Titans atmosphere contained
considerable ameunts of methane, which in the sun-
light way converted to smoguy droplets of more com-
plicated molecules obscuring Titan's solid surface {10
the disappoint ment of astr onomers).

Astronomers felt that Triten, Neptune's largest sat-
ellite. might havw much the appeiarunce of Titan.
However, when Yoyager 2 passed close by Triton, they
found it was ennsiderably smaller than astronomers
had imagined Its gravitational pull was therefore less
than Titans, and it could hold only athin stmosphere,
about I/68,008 as dense as Earths. Its sold swtaee
osuld theref are he seen clearly.

The thin atmospheie consisted of nitrogen and
methane, as in Titan's case. and the surfase was
slicked with frucen nitcegen and methane, for Triton
is a vely cold world. Its surf.aee is at a temperature of

Vorager ¢ passe: by Neptuoe as it heads out into deep shiroe



about 370 degrees below zero Fahrenheit (or 223
degrees below zero Celsius).

The frosty suifuce cecflects sunlight well, and it
makes Triton seem brighter when viewed from Earth
than it would appear if its surface were darkish rock
Astronowmers, thinking its swfase was dark, f¢lt it must
be as large as the Moon to appear as bright as 1t does.
A shiny surface means Triton needs to be smalicr to
appear as brigbt as it does In fact, Triton turned out
tobe only 1,788 miles across. It is still one of the 1age
satellites, but it is the sallest of the sevea. By
oumpacisen, our Moon is 2.160 miles across.

Cold as Thiton is, it is still warm enough, “mder its
surface, to turn [rozen nitrogen into viapor. Frosen
nitrogen underground seems to enipt into ice volea-
noe¢s now aand then, preducing craters amd ridges.

Having seen all this, Voyager 2 passed en beyond
Neptune. It will continue to drift outward for ceunt
less millions of years As fac as we know, however. it
will net pass near any astronomical bodies. fiven if it
does, it will have expended all its energy and be
unable to send messages back to us any longer

But it did a heroic jeb ler twwelve yeuns, and we all
<alute it.



