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1 
Uranus 

1K ANCIENT TIMES. people noticed that most of the 

stars made the same pattern in the sky at all times. 
'lney moved across the sky, but all iil one piece, so to 
speak. They were called the fixe,1 st,u·s, because they 
S(:emed fixed in pk1.ce. They were fastened to the sky, 
it appeared, and tur11ed with the sky itsclr. 

'11um; \\.'CrC, however, seven heavenly bodies that 
changed position from night to night and S(!Ctru�d to 
wander among the pattc::m of the stars. One of these 
bodies was the Sun, and another was the Mooo. 'n\c 
other five were objects that looked like stars but were 
porticularly bright. Today we call these heavenly bod­
ies 7,la11et.s (PLAN.(:ts), fro1n the Creek word meaniog 
"wanderer." \Ve know them, howe\•er, by the names 
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of the Roman gods Mercury, Venus, Mars, Jupilcr, 
au<l Saturn. ·11u.� an¢i(�ut asLronomers thoup;ht these 

planets (as well as the starry sky itself) all revolved 
about the Ea,·tlt. 

In 1543, the Polish astronomer Nicholas Copen\icus 
(koh-PUH-nih-kus. 1473-1543) publislwd a book in 
which he claimed that it made more sense to suppose 
that Mercury, Venos, Mnrs, Jupit('r, and Satum aU 
revolved about the Sun. T11e Earth itself. he said. also 
revolved about the Sun. The Moon, however, T(."\'Olved 
ahoul the Earth. 

Astronomers eventually accepted Copernicus's no­
tion and began to apply the ,vord 1>la,1ets onl)' to the 

bodies that went around the Sun. These bodies ,.,·ere 

(in the ord(•r of distance from the Su,,) Mercury, 
Venus. Earth, Mars, Jupiter, and Saturn. The Moon. 
going around th<: Earth, was Earth's satellite (SAT-uh­
lite). All these bodies made up the solar system (SOH­
lcr SYS-tem). The ,vord solar comes from the Latio 
word for Sun. 

Tlw telescope was invented in 1608, and it was 
quick))' used to see things in the sky too dim to be 
seen hy the naked eye. Jo 1610, the 1talia11 astronomer 
Gali.leo (GAll-lih-LAY-oh. 1564-1642) discovered four 
satellites that circled Jupiter. 

In 1665, tl1c l)vtch ttStr(m(>rru::r Christian Hu)'gcns 
(HY-genz, 1629-1695) discovered a satellite that cir­
cled Saturn. In 1672and lf>84, the ltaliao-bor11 Fre,,ch 
astro,,omer Giovanni Domenico Cttssini (ka-SEE-nee, 
162.5-1712) discovered three more satellites of Satvrn. 

Cassini was also the 6rst, in 1672, to get a good idea 
of the distances of the difierent planets from the Sun. 
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Saturn is 887 million miles from tl1e Sun, oi,,e alld 
one-half times as far from the Sun as Earth i s .  

Right down into Cassini's time, and for a century 
more, Saturn was tl1c farthest known planet. Astrono­
mers didn't even imagine the existance of more distant 
planets, because it seemed that those farther planets 
would be seen i f they were there. After all, al1 the 
known planets were bright and easy to see. 

TI1en \Villiam Herschel (1738-1822), • German mu­
:,icfon with a strong interest in science, appeared on 

the scene. He was bom in llanover, �· portion of 
Cermany ruled in those days by the 'British king. In 
1757, he ellligrat(xi to Great Britain and became a 
successful music teacher in the city of Bath. 

Although a inusician by trade, Herschel had a pas• 
sion for astronomy. He wanted to be ao astronomer 
aod study the stars and other objects in the sky. He 
couldn't ,£rord to buy a good telescope, and he didn't 

want a bad ooe, so he decided to make his own. 
llerschel spent a great deal of time careful!)• grinding 
lenses aod mirrors, and he learned how to do it so 
well that he ended up with the best telescopes in the 

world. 
Once he had a good telescope. he began to study 

every object i n  the sky .  On .\laroh 13, 1781, l lcrschel, 
as he kept passing from object to object, found himself 
looking at a tiny disk of light. Stars are always points 
of light. so the tioy disk could not he a star. Herschel 
thoug),t it was a comet. 

Herschel kept 011 studying it and noticed that the 
disk had sharp edges. That was odd, because oomets 
always had fuzzy (:dges. \¥hat's nu)rc. the new object 
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l\>11raU of He:TS(..JM�I with the tdesoopc he.- used to d.isro,-er Ur.mus 
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moved ag,1inst the stars very slowly. TI1e farther an 
object in the solar system is, the slower it moves 
against the stars. This object was moving 1nore slowl}r 
than Saturn, so it was farther away than Sa.tom, and 
no comet co\11cl be seen that far away. 

Herschel had to conclude th:1.t he had dis<.'()vc-rcd a 
new planet, the fir.st to bo discovered since the earliest 
days of civilizatio11. It was 1.770 million miles from 
the Sun, twice the distance of Saturn. It ,vas .so far 
away that it was much fainter than the other planets. 
That, combined with its very slow motion. meant that 
astronomers didn't pay much attention to it (,'\'Cil when 

they hapl>ened to see it. 
An English astronomer, john Flamsteed (1646-

1719), had seen the distant planet in 1690, but he just 
marked its position in his records. thinking it was only 
another stat. A French astronomer, Pierre Charles Le 
Monnier (1675-1757), had seen it on thirteen dilfore1)l 
days in the 1750s. Ile had recorded each pos ition, 
thinking it was a different star each time. 

Herschel's good teles<.-ope and careful work settled 
the m3tter. It was a new planet. Herschel wanted to 
call it Ceorgium Sidus (rhc Georgian Star). after 
George 11 I, kiilg of Great Britain. Other British a s ­
tronomers ,vanted to call it Herschel. A German a s ­
tronomer, Johann Elert Bode (BOH-duh, 1747-1826). 
suggested, howevc::r, that they stick to names from the 
ancient myths. and astronomers dedded to do so. 

If v.ie begin with �tars, the planet next hC)'Ond it is 

Jupiter, named after Mars·s father in the Roman 
myths. The next planet is Saturn, named after )\lpi­
ter·s father .  Bode suggcstc::d tha t the new planet be 
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called Uranus, after Saturn's father. 'rhis name was 
accept,-d. 

I n 1787, Herschel discovered two satellites circling 
Uranus and named them Titania and Obero11. 

Other astronomers watched Uranus, too. They 
knew exactl)' how Uranus ooght to move ir1 ilS path, 
or orbit, aboot the Sun. In 1687, the English scientist 
Isaac Newton (1642-1727) hod worked out his theory 

of gravitation. According to this theory. every object 
in the universe pulled at every other ohjce:t ·with a 
force that depended on the masses of the various 
objects (that is, the <11-1antity of matter in them) and 
the distances bet-.vee n  them. 

The Sun is h)• far the most massive obj(:ct in the 

solar system, so its pull could be used to calculate the 
motion of Uranus. However. Jup:iter an d Saturn are 

quite large and a t  times are much closer to Uranus 
than the Sun is, so they produce pulls 0,1 Uranos large 

enough to affect its motion slightly. J\foasuring the 
pulls of the Sun. of Jupiter, and ofSaturr1, a�tronomers 
ex--pected to be able to work out Uranos 's  orbit exactly. 
1l1at me-Jnt they \YOuld always know the planet's exact 
position ill the sky as it moved among the stars. 

In 1821, the Freoch astronomer Alexis Houvard 
(boo.\�HR, 1767-)843) had been observing Uranus 
very closely. He plotted the motion of Ura1lus across 
the sky, using all the observatio11s made by astrono •  
nwrs since the discovery of Uram.is. He even used the 

observations of people who had see11 Uranus and 
record ed its position without kn owing it was a pla,1ct. 

B<>ovard found that Uranus wns not movfog in its 
orbit exactly as it ought to have been. By 1821. in fact, 

IS 

the actual position of Uranus w�lS diffel'ent from what 
it should have heco by one.fifteenth the apparent 
diameter of the full Moon. That was not much of a 
difforc!nl<e, but it was enough to disturb astronomers. 

Could something be wrong with Newton·s theory of 
gravitation? Suppose the thi'Ory ,vtre adjusted just a 
bit in order to account for Uranus's actual path. A S ·  
tronomcrs die.In ·t want to do that, b<.-'<.'llUSc Jupiter and 
Saturn. for i11stance, had orbits that fit the theory 
exactly. If the theory were adjusted to fit lfranus, 
Jupiter's and Saturn's rno,•einents would no longer fit. 

Could it be that Saturn or Jupiter or both had 
different masses than astronomers thought, or were al 
.somewhat different distances from Uranus than was 
thought? In that case, the pull of Jupiter or Saturn on 

Umnus would be slightly smaller or slightly greater 
than had hee,1 expected, and that might account for 
Uranus's not following its orbit exactly. However, no 
maller how carefully astronomers checked the mass 
and distance of Jupiter and Saturn, they could not 
account for Uranus's odd motion. 

That left astronomers with only one other possibil· 
ity. There was some gravitational pull they ,veren't 
coonting at :lll. It w(H.ild hove to be a rather siz:1ble 

gravitational pull. so it had to come from a. large 
pl:}net. If such a large planet were closer to tho Son 
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 farther from the Sun tha11 Uranus 
was. If that was so, the planet \\.'OoJd b<"' dimmer than 
Ura.nus and would move more slowly, so it would be 
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hard to se<; and recognize. If Uranus had not beeo 
discovered until 1781, it was oo surprise tht-tt a planet 
still farther away. still dimmer, and still slower moviog 
had not yet been found. 

Then, too, a planet beyond Uranus might still he 
close enough to Uranus to pull on it and change its 
position quite a bit. It would be much farther fn)m 
Jupiter and Saturn, howtver, and its pull wouldn't be 
strong enough to change the positioo of those planets 
noticeabl)'. That would be why only Uranus, and not 
the other planets, tnweled in a slightly wrong path. 

If such a planet exist<..-d beyond Uranus, it ought to 
be found with a good telescope. Because it was so 
dim, lots of stars that were no dimmer would he 
surrounding it and drowning it out. Unless you knew 
in what part of the sky the mysterious planet was 
likely to be shining. looking for it \\'()uld surely be a 
waste of time. 

8\1t how could anyone know where in the sky an 
unknown and unseen1 planet might be hiding? 

2 
Looking for 

a New 
Planet 

IN J84l, a l\l.'ellty-two-year-old astronomy student 
named John Cot1ch Adams (18 1 9 -1892) w"-" shodying 
at Cambridge University. He didn't have much time 
to himself, because:: when he wasn't studying he hnd 
to he teachiog in. order to support himself. However, 
he did have some time off during vacations, and he 
decided he would tackle the problem of the mysteri­
ous planet that might exist beyond Uranus and that 
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might therefore be affecting Uranus's motion by 

means of its gravitatiooal pull. 
This is the way he went about it. Since Saturn is 

about twice as far from the Sun as Jupiter is, and 
Uranus is twice �LS far from the Sun as Saturn is, Adams 

folt that the 11.ew plaoct might be twice as far from the 
Sun a� Uranus was. It might be about 3,500 million 
miles from the Sun. 

Then, too. Saturn was smaller than Jupiter, and 
Uranus was smaller than s�1turn. The unknown planet 
be)10nd Uranus mu.st be still smaller, bt1t it would not 
be tiny .  It would still be several times a� massive as 
Earth. 

Suppose, then, Adams imagined a planet that far 

away fn)m the Sun and that size. \¥here \\'Ould it be, 
in the year 1841, to have been able to rnove Uranus 
slightly out of its path h)' just the am ount that had 
been observed? 

11le unkn own planet would have to be on the same 
side of the Sun as Uranus at this time. for if it were on 

the opposite side of the Sun, it would be much too far 
:hvay to affect Ul'a11.us·s motion in recent yearS. Th:it 
waso ·t enough. Adams had to calculate wlwt motions 

the unknown planet ,wH1ld have that would just ac­
cou1ll for Uranos"s motion. 

The mathematical prohlcm w� very difficult, and 
most astronomers simply refused to tackle it. They 
felt they would be spending a long time at it a1ld 
would oot oorne out with any decent l'esulL'i. Adams, 
however. httd the enthusiasm of youth, and besides, 
he happened to be Lhe top mathematics student at 
Cambridge University at the time . 

•• 
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By rnid.Septemb<:r 1845, Adams had finished his 
calculations, but he was an unknown young man and 
he dido't have a t<:lescope u1lder his control. He had 
to h:tve someone who did have a good telescope and 
who Y.'Ould be willing to SJ>e!ld sorne tilYIC using the 
telescope and searching the sky in the place where 
Adan1s tbought he might find th<; unknown planet. 
That wouldn't be easy, since there was a lot of work 
to do with teleS<.-op<:-s, and no one woo Id be overjoyed 
to use one for su,ch a risl,,,-y piece of work. 

'llu) tw'O rncn who controlled telescopes in Great 
Britain were James Challis (1803-1882), Lhe direclor 

of the Carnl,ridgc Observatory, and Challis's boss, 
George Siddell Airy (1801- 1892), the Astronomer 

Royal. These were the two men that Adams had to 
interest. Unfortunately. neither Challis nor A iry 
thought there was any chant-e of locating a planet just 
b)' making mathematical ca1culations from the motions 
of Uranus. 

\\/hen Adams brought his 6gures to Challis. there ­
fore, Challis reli1sed to help. He ju.st told Adams to go 
to Airy with his work. 

Airy was evef� worse than Challis. I le was a very 
conceited man who always got himself in,10lvecl with 
little Lhi11gs. He did11 't have much of an imagjnation, 
and he treated .111 those who worked for him with 
contempt. The thiogs he tried to do in astronomy 
ahv:iys failed. 

Somehow, Adams couldn't get io touch wilh Airy. 
This was before tlw time of telephones :�nd telegraphs. 
Mc had to either send Airy a letter or visit him. 'Rvice 
he visited Airy·s home, but Airy was out both times. 

'11u} St:.'(.'Ond time, he wait.eel for him to return and 
then showed up again, but Airy was having dinner 
and Airy·s butler refuS(..-<J to interrupt the astronomer. 

Other astronomers who heard of Adams's work '"-ere 
impressed, but it was Airy who count<.'<I. \.Vhen Airy 
finally got word of Adam's calculations. he was not 
really interested. Like Cha.llis, he thoug}ll looking for 
a plaJ\et was a waste of tirne. He asked Adams whether 
his calcufa.tions explained something about Uranus's 
distance from the Sun, but Adams's calculations had 
nothing to do with that. Adams could see that 1\jry 

had missed the whole point of the ,,10rk. 
Adams was a rather shy and gentle person, �md he 

decided that it was uo use trying to get Airy inter .  
ested. and that he would just never get anyone to use 
a tdcsoope to search for Llhe unknown pla,,et. So he 
just gave up. 

In France. meanwhile. an irnporta1ll astronomer 

named Dominique Fnmo,s Jean Arago (a-ra-GOH. 
1786-1853) was looking fo r difficult problems ill a. ,; ­
tronomy and interested in :getting young astronomers 
to work at them, while he helped all he could. Unlike 
Airy, he was a friendly. outgoing person. 

Arago grew ii,terested i o  another French asti·ono. 
mer, Urb.:iin jean Joseph Leverrier (luh-vch-RYAY, 
1811-1877), who was, like Adams, a very good math­
ematician. Arago ask<..·d Levcrricr to investigate Lhc 
orbit of the planet Mercury. It was a mther lopsided 
orbit, and Mercury's motio.1)S dido't quite follow what 
was predkted by the law of gravitation. 

Levcrrier went into the matter in greater detail 
than previous astronomers had. lie carefuJly calcu• 
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l'oft.ndt of Urbain Jc.an Joseph t...e,-erner, io fn>nl or the 
J\lris Obscr,•atoty 

laled the pul I of other pltmets on Mercury and showed 
that pla11etary pulls accountc::d for Mercury's motions 
almost exactly. 

Leverrier's mathematical calculations impresse d Ar· 
ago, who then �isked the young astronomer to tackle 

lhe <,•vt;:n more difficult problem of Uranus's n1otions. 
Leve1Tier got to work, going into the malter thor­

oogh)y. He collected all the observatio11s of the posi­
tion of Ur.mus. e\'en those observatioos made- before 
the official discovery. On June 1, 1846, he annoom.-ed 
his final results. and they "-ere alrno�t the snme as 
those that Adams had reached eight months before. 
{Of course, Leverrier knew nothing at all about 
Adams·s work.} 

TI1e news of what Leverricr had don«;: re�ched Airy 
in Great Btitah1, and this time Airy was interested. 
The fact that both Adams and Lovt::rrier had reached 
the same conclusioos made it seem that perhaps they 
\Yere right. Airy, however, gave Leverrier all the 
credit and neglected to rncntion th:\t Adams had done 

the same thing earlier. 1-\:rhaps Airy felt ashamed of 
having neglected Adams and prcferr(.,d to pretend that 
Adams simply didn't exist. 

Airy wrote to Le verrier and a.�kcd the same foolish 
question about Uranus's distance frorn the Sun, the 

question th: :rt had nothing to do with the problem. 
Leverrier was not the shy and quiet mail Adams was, 
however. In fact. Leverrier was fully as egotistical and 
tyrannical as Airy. Leverrier wrote a letter to Airy 
telling him that his question was completely useless. 

Levenier's confidence impressed Airy, who in-
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structecl Challis of the Cam bridge Observatory to 
hegin a search for the on known planet. 

Challis, howe\'el', still wasn't interested. He put off 
the search as long as he could, because he was mo·re 
interested in sean::hi11g for comets. 

He 6nnlly began his search on July 29. 1846, almost 
t\110 months after Leverrier·s work had reached Airy. 
'l11en, when he did begin, he didn't look at the spot 
ill the st...-y indicated by Adams and Leverricr. lnstea<I, 
he began the sweep of a large portion of the sky, 
becau.se he had no confideoce io the Adams-1-.tvcrricr 
6g\lre's being (..'Orrect. In order to complete the 
sweep, he would have had to study about 3,000 st.a.rs 
and see if �my one of them happened to be in a position 
where oo star ought to be, a,1d if that star changed 
position from night to night. 

Challis, with young astrooomical students helping 
him, began his :,,veep and started noting down the 
position of all the stars seen. This was done mcchani­
c.-ally and withoot close study to see if a position was 
recorded that should not have cootaioed a star. Aftt::r 
all, Challis wa.�n 't really interested, :md he didn't want 
to take the time for a really close and attentive look at 
each star. 

As a matter of fact, on August 4 a11d 12, 1846, 
Challis's team had a<.-tuo.lly p1otted the position of a 
star that was really the unknown planet. It was 11ear3y 
where it was suppo�d to be. a<.'(.."Ording to the t'fllcu­
lations of Adams and Leverrier. However, Challis 
looked at it casually and faHed to notice that no star 
should have been in that position. 

3 
Neptune 

MEAKWIIIU:, LJ::VEJ\J\J£R WAS having trouble too. 
Like Ad"ms. he didn't have a good telescope at his 
disposal and he couldn't seem to 6nd any astronomer 
in Fi'ance willing to rnake the necessary search of the 
sky. or course, Airy had informed Lovcrrier that 
Challis was making the search, but the weeks passed 
and there was no word from Challis. 

Leverrier, however, had received an astronornical 
paper a year earlier from Joha11n Gottfried Calle 



(GAHL-uh, 1812-1910). a German astronomer who 
\vorked at the Berlin Observatory. L cverricr had 
thought the ,vork to be very good, and he wrote to 
Calle on September JS, 1846, .ser1diog him his predic­
tio11 a.� to where the new planet ought to be and askiog 
him if he would make the oeces.sary search of the sky. 

Wh<� n C�tlle received the letter. he wanted to un­
dertake the search, hut he nc<:ded the permission of 
the he:.1d of the observatory, Joha,rn Fra,12 Enckl' 
(ENK-uh, 1791-1865), and Enckc was not keen to do 
it. I le was afraid the search might be a waste of time . 
However, Heinrich Ludwig d'An-cst (dah-llEH. 1822-
187,5), a young graduate student, who was present, 
joined in enthusiastically on the side of Galle. 

As it tumed out. that da)' happened to he Encke's 

birthdav. It meant he , ... -ouldn't he :'lt the observatorv 
thnt nigl1t and wouldn't be using the telesoop,c. HC 
relented. therefore, and gave permission for the use 
o f  the observatory's very good telescope that oight. 

Calle and d'Arrest started looking as soon as it was 
dark. Unlike Challis, they looked at the very sp<)t 
where Leverrier's figures show(?d the planet ought to 
he locaf<'d. just the same, they had trouble. TI1<:)' 
were looking for a little disk and wc rcn 't finding any. 

D'Arrest then had the idea that they ought to get a 
star map of that regio1\ of the sky. ·111(' map wo\1ld 
show the! positions of all the stars. and they would 
only need to notice a stat of the brightness the 11(.:w 

planet ought to have that was not on the map. That 
would metm it was not a star but a planet that had 
now moved into the regioo of the map but had not 
been there when the map was made. 

30 

phann Callo and Hcinr.Ch d'Ancst snrching thc sl:ics fot Ne1>huw 

in 1846 
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For that, a particularly accurate star map was 
needed. Otherwise. stttrs ,

1

,.ould be observed where 
they shouldo'L be, simply because the star map was 
off in that particular case. 

Calle and ))'Arrest searched through the observa­
tory 61es and came across a new star mftp that had 
been prcpar(:d with particular care and that happe1,ed 
to include the very area of the sky they were studying. 
'11-iey had mit e1,•cn known that J)a.rlicula.r star map 
existed. 

They went b.wk to work, starting all over. Calle 
peered through the telescope, calling out the position 
of each star he saw. ))'Arrest was off in a <.'O rner with 
dim light (so as not to disturb Gaile's vision) and kept 
saying th(tt there was indeed svppoSl.•d to be a star in 
that position. 

In less thtm an hour. Galle called out the position 
of a star and D'Arrest. almost choking with excite­
ment, said, '"ll1at star is not on the chart." ·n1e 
u11known planet had been discovered�n September 
23, 1846. Galic and O'Arrest informed Eocke at ooce, 
interrupting his birthday party ·with the best present 
he <'Ould have had. 

11,e next night the)' looked ::tgain. and this time 
Encke joined them. There was oo doubt. The object 
had changed position, and wh;1t's more, it showed as 
a t.iny globe. 

TI1e news took a while to re11cl1 Creal Britain. 
Challis was still looking, and on September 29 he 
spotted the onknown planet a second tj,ne. This time 
he noted it showed a disk. He wasn't sure, however, 
and he dl'<:idcd he would wait and look again the next 
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night with a better teles<.'Op e .  lie wasn't in a hllrry. 
TI1e next night, September 30, the night was cloudy 
and he c'Ouldn't look. 

On October 1. 1846, the news of the discovery of 
the new planet Gn:,Hy reaclu .. '<I London, and Chnllis 
looked over his records and realized he had seen the 
planet twice and h:1d missed it .  

It was just like Challis and Airy, hov,,ever, to each 
try to share the credit for the discovery of the new 
planet. Neither 011e mentioned Adams's calculations. 

Fortunately. the British ;.1stronomer john Herschel 
(1792-1871), the son of the man who had disoovcrt'<I 
Uranus. publicized the fact that Adams had made the 
calculations also, and earlic:r than Lcverricr, and had 
come out with the same results. 

1'1'end� astronomers objected that the Hritish as­
tronomers were trying to steal credit. but in the end 
Adams and Leverrier hoth received credit for tl1c;ir 

work. Both are now considered the discoverers of the 

,,ew planet. Airy aod ChaJlis are remembered only for 

their stupidity and for their unfair treatment of Ad­
ams, who remaii,ed quiet and ge11tlemanly through it 
all. 

\.Vhen Challis died, Adams was appofoted director 

of the Cambridge Observttto11• in his place. ·11ten, in 
1881. when Aii'y l'etired at the age of eighty, Adams 
was offered the post of Astronomer l\oyal. But he felt 
he was himself too old to take on the responsibility, 
so he rcfus<.'<I. 

There '"'�s some feeling, by the way, that the new 
pla11et ought to be oame<l Leverrier for its discoverer. 
LeverriC!r himscff was vain c:: nough to think so.  I low-

I 

ever. astronomers ootsidc F'ra,,ce woo Id not have that. 
Bt.><:.-au se the oew planet seemed to be a greenish blue 

in color. it was called Neptune, for thc:: Homan god of 
the sea .  That had actually been Leverrier's Grst sug­
gestion. 

One assomption that both Adams and Leverrier had 
made about Neptune turned Ollf to be wrong. It had 
seemed nahmd to suppose that Neptune ,vould be 

twice as far away from the Sun as Uranus was. How­
ever. it wasn't. lt was onl>• a little over one and one­
half times as far away. Instead of being about 3,500 
million miles from the Sun, it \\'US 011ly about 2.800 
million 1niles from it. (Still. that's thirty times as far 
from the Sun as the Earth is.) 

Tl1cn, too, aJthough Neptune turned out to be 
smaller than Umnus, as had Ix-en thought, it was not 
smaller h>• very much. Uranus is �1bout 32,500 miles 
ill diameter, and Neptune about 31,400 miles. Each is 
a little over four times as wide as the Earth, so they 
are giant planets. llowtver, their diamete1·s are only a 
Uttle ovc:: r a third the diameter of Jupiter, the largest 
of all the planets. 

B<�cause Neptune is so far from the Son, and be­
cause it moves so slowly out there where the Son's 
gmvitaliooa.J pull is \\'eak, going around the Sun once 

takes � long time!. Neptu11e makes one circoit of the 
Sun io L64.8 years. 1n all the time sioce Neptune was 
discovered. it has 11ot vet had a chance to circle: the 

Sun <Nell once. ln fact, it w(m't come back to the spot 
in the sky wltc-re it \\'US 6rst discovered urllil the year 
2011. 

lfit were possible for us to be staudio.e; on Neptune.:, 
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we ,vould see the Sun as a fat point of light .  The Sun 
,vould be too distant for us to  rnake out as a little globe 
without the use of a telesoope. 

The Sun would still be the brightest object i,, the 
sky, however. It would be 450 times as b1ight as the 
fuH Moon is in 0\1r ow11 sky. \\!hat's more, aJI that 
brightness would be concentrated into a point. That 
means looking at the S\ln ,vould still be cbngCn)\lS, for 
it could still darnage the eye. 

Just as in the case of Uranus. Neptune had been 
sighted before its discovery by astronomers who did,,'t 
rcalire they ,wrc looking nt a new planet. 

On May 8, 1795, the French astronorner Joseph 
Jerome de L•l•ndc (fah-1 ,AIIND. 1732-1607) noted a 
star whose position he recorded. He observed the 
same sh'lr hvo dnys Inter and foond it hnd a different 
position. He thought he had made a mistake the first 
time, so he pot down the second vnloe and forgot 
about the observation. Actually. he had made no 
mistake. The .. star .. had mo"cd. Once Neptune hnd 
been discovered. L·dande's records were checked 
ao<l, sure enough, he turned out to have seen Neptune 
without knowing it. 

rt is eveo [)()Ssihle thal Galileo himself had seen 
Neptune with his primitive telescope. At ]east he 
recorded a star that isn't there oow, hut Neplune was 
about there at the time he looked. 

4 
Near 

Neptune 
NATUI\ALLY, Of\'C£ NEPTUNE wa.s discovered, astron­
omers began to study it closely. 

By 1846, the year of its discovery, it was known that 
the Earth hnd one satellite, Jupiter had four, Saturn 
had seven, and Ur.tnus had two. That was fourteen 
altogether. Of these, six were large satellites about 
the size of our Moon. ·n,ese six were the Moon itself; 
Jupiter's four satell ites, lo, E\lropa., Ganymede, and 
Callisto; and Sah1rn's largest satellite. Titan. 

Sin<..<>e all th<: three previously know11 gia11t planets-­
Jupiter, Saturn, :md Uranus-had s..ttellites, it seemed 
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tl1 ::it Neptune ought to h,we satellites, too. However. 
Neptune was so far away that 1>erhaps its satellites 
would be too dim to see. 

One Bri tish astmnornc; r particularly interested in 
Neptune ""s William Lassell (1799-1880). Ile had 
heard about Adams·s calculations, and though Airy 
was not interested, LasseJl was. He had a vc•ry good 
telescope he had ,nadc himself. and he would have 
used it to search for the planet except that, at the 
time, he was in bed with :1 b�1dly sprained ankle. By 
the time he was up and about and could hav(' hccn 

observing, other matters had crowded in upon him 
and he forgot about Adams. Jt was anotlu.�r pk-'(.'t: of 
bad luck for Adams, and was also bad luck for Lassell, 
who might have been the first to sec Neptune. 

Onc.-c Neph.me was disoovered, however, Lassell 
began his observations. 011 October LO. 1846, only 

two nnd a half weeks after Neptune had first been 
sighted, Lassell discovered a satellite of th<: pl anet. At 
least he thought l1c had. but the Sun was now close to 
Neptune's position. makiog the pl aoct han:1 to ob­
serve. Astronomers had to w�lit until the Sun passed 
Neptune and was far enough 011 the other sid<:: for 
Ncptufle t<> h<:: observed in the complete darkness of 
night. Finally, in July 1947, this could be done, and 
there was oo question but that l..assdl was right. 
Neptune did have a s11tellite. 

(Jo 1851, Lassell went oo to discover two n1ore 
satellites of Uranos, which he named Ariel and Um­
briel.) 

Kcph.me·s satellite wns named 1i-iton, after the 
name of the son of the sea god in the Greek mylhs. 



Astronomers <.'<mid tell little about Triton. Its distance 
was so great they could sec it only as a dim poiot or 
light. Triton t"Ould not be magnified into a tiny g]obe 
so that its diameter t'Ould be measured. From its 
brightness ;;1.nd distance, however, a1ld supposing that 
it reffected light the way other satellites did, astrouo­
nwrs decided that Tritoo was about the size of our 
Moon. 

lfiton was the seveoth large satellite to be discov­
ered. No othc;: r ktrge satellite has beeo dis<.'Overed 
since li·iton was 61 ·st seen, even though many smaJI 
ones have sinCf: been sighted. 

Triton circles Neptune at a disttmt-e of about 2.20,000 
miles, almost the:: same distance from Neptune as the 

Moon is from Earth. Neptune, however, is larger than 
Eal'th and the rcfore has a stronger gravitational pull. 
So while the Mooo travels aboot the Earth in tweoty­
seven and onf' lhird days, Triton travelsahout Neph1 ne 
in not quite six days. From the dislancc ofTritoo from Neptune, and the 

Sp(..-ed with which it circles the pl anet. we can calcu­
late the mass or the Earth-that is. its ,11eight, ff ,ve 
could imagine it sitting Oil a sea.le and being subjected 
to the earth's pull. 

Althoogh Neptune has a smaller diameter than Ura. 
nus. Neptuoe is on(:-sixth more massive tha1) Uran\lS. 
Neplunc is 17 .2 times as massive as the Earth, while 
Uranus is only 14.6 timcs as massive. 

Why should Neptune be more ma.ssive than Uranus 
even though �eptune is sm alle r? 

Plaoets are made up of icy materials, rock, and 
metal. A volume of rock is hc!avicr than the same 
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volume of icy materials, and the same voluine of metal 
is lu} avicr still. A pl;met like the Earth, which is made 

up mostly of rock and me ta). is massive for ils size. A 
satellite like Callisto or Titan, which is made up 
mostl)' of icy materiaJs, is liight for its size. Supposedly, 
Uranus and Neptune are both made up or icy materi· 
als, rock, and m<; lal. but Neptune has a bit more rock 
:md metal in its makeup, aod a bil less icy materials. 
Therefore. Ntphme, although smaller in diameter 
than Uranus, is (more massive). No one knows why 
this should be. 

\Vhile Uraous and Neptune are among the giant 
planets, they are considerably smallet thao the other 

two giants, Jupiter a.1)d Saturn. $:}tum has a mass 51/t 
times that of Neptune an.cl 95 times that of Ea1 ·tb, 
Jupiter has a mass S'h times that or Neptune and 318 
times that of Earth. 

The �toon travels about the Eartl1 from west to east. 
·t11is is <:onsidered normal. since almost all the other 

satellites also travel from \\�!SI to cast. Triton, however. 
moves about Neptune from east to ,vest. This is caJl(:d 
retrograde (RET.roh-grayd) motion, from Latin words 
ineaning .. backward steps .• , No one knows why Triton 
moves about Neptune in this backward fa.shion. 

For a hundn::d years afier the discovery of 1i·iton, 
no other satellite of Neptune ,vas found. This was not 
surprising, since Neptune was so for away from Earth 
that any satellite smaller than Triton would be diJlic-ult 
to see. 

ln the 19·10s, ho,"""ever, the Dutch•American astr<m­
omer Gerard Peter Kuiper (KOY-per. 1905-1973) was 
studying the dist:mt planets. In 1947. he found that 
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Pvrtmil or Cl:'r.ird Ku iper with the McOooald rdl.octor. with which 
he t1iM.'(!\1•n-d Mimncb in 1948 

Saturn's largest sateHite. Titan. had an :1tmosphere. It 
wa.� the first satellite to be foond to have one. 

Kuiper also studied Uranus, which by then had four 
known satellites. two discovered by Herschel and two 
by Lassell. No1\e of these is a large satcllitt·. Titania, 
the largest, has a diameter of about 990 miles, less 
than half that of our Moon. 

In 1948, Kuiper discovered a 6f\h satellite of Ura­
nus, one that was close r to Uranus, and small('r. than 
the other four.  This turned out to be about 300 miles 
in diamet('r, and Koiper named it Miranda. 

Tilen. in 1949, Kuiper discovered a seco1\d satellite 
of Neptune. I le called it Nereid. which is the name of 
a group of sea nymphs in Creek myths. Nereid is 
a.boot 350 miles across :md is very difficolt to see at 
Neptune's distance. 

Nereid travels alxwt Ncptonc in tl1e normal west ­
to-east direction, but its orbit is unusual. Most satel­
lites have orbit,; that arc nearly circles, bot Nereid 
travels about Neptune in an elongated ellip,.se. Nep­
tune is )C)(,-atcd toward one end of the ellipse, so th:1t 
Nereid is much closer to Neptune at the end than at 
th<! opposite end. 

The average distance of Nereid from Neptune is 
about 3.5 ,ni1lio1\ miles. Al one end of its orhit, 
however,  it is :i.s close as 864,()(K) miles from Neptune. 
At the other end, it is neat)}' 9.8 million miles awa>'· 
Nereid take:; about 360 days to orbit Neptune. 

10 account for this peculiar orbit, some astrnnomers 
feel that Nereid must be an asteroid that approached 
Neptune too closely once in the f._,r past and was 
capttJred hy Kcptunc·s gravitat-ional pull. 
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In 1977, another startling discovery was made about 
the distant planets. On March 10 of that yl-ar, Uranus 
was going to move in front of a star. 11iis was imf)()r­
taot, because as Uranus approached the star, the star 
would shint through Uranus's atmosphere for a little 

while. 1ben, when Uram.is moved past it and the star 
emerged, the star would shine through the atmo­
sphere a.gain. foform ation about Uranus's atmosphere 

could be obtained during this time. 
Astronom.ers studied the event from ;m airpla11e 

high ill the ttir so that our own atmosphere would not 
oonfuse matters too much. The star turned out to 
blink on and off nine t.i,nes before Uranus actually 

moved in froot of it. \\/hen Uranus moved beyond it, 
the star blinked nine tfo1es again. 

Uranus seemed to have nine rings of m:tterial that 
obsc-ured the star. Until that time, Satum was the only 
planet known to have rin,gs. Satun\ · s  rings, however, 
are broad and bright, while Uranus's rings are so 
11:1.rn,w and dim that tl1ey can't be seen from Earth. 

After that discovery. Neptune was watched very 
closely to see what would happen when it passed in 
front of stars. Astronomers deci ded there might be 

rings there, too, or parts of them at least. Starlight 
sometimes hlinked on one side of Neptune, but �ot 
oo the other. 

•• 

5 
Space 
Probes 

THE CHANCE OF SBEINC detail, where Neptune was 
oonccnwd, was s,nall. \Vith the planet 2,800 million 
miles a,vay, little could be seen from Earth. even wi th 
good telesropes. 

However, the time was coming when astronomers 
no lorlger had to watch Neptune onl)' from Earth. The 

Spttt."f! tage beg.1.11 in 1957 when the first artificial sate). 
lite was placed into orbit about the Earth. By 1969, 
the first hum:ln beings stood on tile Moon. 
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Human bdngs have gone no farther than the Moon. 
but rocket prnbes h:tve been fired to the planets .  No 
human beings were aboard. but the probes carried 
instruments that could take photographs and mala� all 
sorts of measoren1cnL'i that could then be sent back to 
Earth. 

In the 1960s. prohcs passed near Venus and ?1,fars. 
Eventually, some even landed on the surface of those 
planets. One probe photographed Mercury from close 
up. and in 1986 probes studied Halley's Comet when 
il passed the Earth. 

In the 1970s, probes began to be sent ouhvard 
heyood Mars to the giant planets. Pioneer 10 and 
Pioneer J) were the first to pass near Jt1piter and to 
make obsel'vations of that gi ant plaoet and of its 
satellites. 

After that. two more probes, \f.>yager 1 and \byager 
2. were sent ()ul. \byager 2 was the most .su<.-ccssful 
probe up till now. Not only did \!,yager 2 pass by 
Jupiter and Salum as \byager 1 did, but it went on 

to\\,ard Uranus and Neptune and sen.t back photo· 
gmph:, und mcasureine,,ts of both planets. 

\byager 2. which was launched in 1977. passed 
Uranus in January 1986. after a nine·ycar trip. Sun• 
light at Uranus is only 1/368 as stroog as at Earth, but 
it was still bright enough for photographiog Uranus 
a..lld its s;1tellitcs, though exposures of nearly two 
minutes had to be tdken. 

Uranus turnNl out to be a bluish phmet with what 
seemed a very calm i.ltmosphere. This was not surpris• 
ing. Jupiter has a very active atmosphere, because it 
is inuch closer to the Sun; the Suo's he:Jt drives the 
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ntmospbenc 1M: tion. Jupiter has vi,sl winds that fonn 
h<'lts of clouds. Jupiter has the c .. e.1t Red Spot. ii gi ant 
tornado big enoui.th for the entire pbnt•t £11rth to drop 
into. 

Saturn "l'ts only one-third il.s muc.:h h1•at �u. Jupiter 
doe.s. sint-..· SJturn is fartlwr frum the Sun. It IM\ It·\� 
mal'ked bands und 1�0 't as stom1y. Sinc.'4..' L'ranus '"t.'b 
only one-thirteenth the h,ea.t th1u Jupiter does. ih 
al mmphere is quiet. 

As \("Jfl.ctf'I' 2 passed near Ur:\1111.ot. it �thc•red infor­
mation that enabled sc1c11tM;; to calculate tlmt L'r.inus 
rotated ulx..ut ib .u:is in se\'entN·n 11.ncl one-halfhoun. 
TI1ls 1•otation period 1,ad onl) been J,(ues.sed at pn·vi­
oml)', \�e,. 2 also i.hO\\l.'d l:nmus·� thin. dim rings 
el<'nrl� Mad found ten rather than nine. 

l'ranu,\ \.lltdlites were rmmd to be mo.1dt• up of 
unei.-pectedly d.1rk matcria.l s. Th.al meant that to 'l("<'Ol 

os bright as tht·) do from Emih. tht•) had to be a b,t 
l.lr,ter than the earll<•r c•stimates Their i.orf.� were 
intccr<·�ling and uousual, too- This wn..s t'\J>eci.11.Jy true 
of Miranda. who"e surf,l<a't" �as so jumbled th.It .1stron• 
omer� thml.. that early in lh history it un<l<'l'went 
collisions that kuoc-ked it aparl und that ,ts pi<·C<'s then 
rt•.l)St'tnhled C:\'<"1")" wh1ch w:\y. 

\byager 2 �).«.'d on heyond \Jranu� .111d ill August 
19,1:;.9 J>IIS\.N:i llear Neptu,w. 

The firllit tlung noticeable about Neptum· wila'i that. 
likt..� Ura.nus. 1t w1.1s blue. t"\t'n a deeper blue in f.wl. 

The surf.��· of J\eptune and of the other giant 
1>1.mets is not a sohd �urface. Lt is, iMt('.u:I, the top of 
a thie-k atm osphere. Tlw ntm<hphere comists, in e.ach 
case, mainly of the ,ery simple gas<.-s hydror.tn tHY· 
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dmh-jcn) .md heli11111 (I I EE-lee-um). Thew ;m, oolor· 
less. Addt"d to them, hO\\f'\er, arc small qu.mhties of 
olhel' gases thttt �ive the J.tmo,llhrre a color. 

Jupiter has a v1irit·I,- of othel' waw,. and wc' l'e not 
ct•rt.ain wh�tt tht:·) all are, but the) make its su.rl'M.'1.' 
lool.. hrown, orange, )<•llow. and whit<•, The bi� tor· 
n••do oo Jupiter t-\'ell look� rt-ddish. so that 11 1\ · ·the 
C reat 11t-d Spot .. 

Saturn is rold(•I' than Jupiter, hc•ln,iz farther frorn I h� 
Sun. and some of tile colored nrnterial m the upper 
atmo1iphere is frown. "'r that reason, &.turn is pa)er 
tba.Jl Ju1,1tl·r a,1d seems to he· yelk,.\• and white. 

ln the C',dM" of t.:ranus ond 1'{1>hme, aJI the matt-rial 
that produt't·"l the colors of Jupiter and Saturn i" 
fro;,.4,.•n, and the utmosphere is comJ>osed mostly of 
thnoe substances th;1t �main gases C'\'t'n at low tem­
peratures of these d1 .. t.1nt pl,mets. These- are hydro­
gen, ht'lium, and meth"'1w. Methane h� a molecule 
made up of one carbon atom and four hrdrogen ato,n� 
and on Ear1h i\ found in natural g;u. 

r,.l(•thane ti wt• M'l' it in small quaulilies on Earth 
has no wlor, but whrn 1t exists in lar�c· quantities, 
mht-d with hydn)gen and ht"lnnn. it is bluhh. ·n1is is 
what gJ\('' the color to Uranu� and 1\eptune. 

In one im1>ort.ant way, Nt.•ptune is quite difl'1:rent 
from Ura.nus. l'r.anu� is a quiet plauN because it ,tN\ 
'I'> much less heat from the Sun that Jt11>lh.•r and Sa.tum 
do. A\tronomen: expected Nt>ptunt� to be C'\'\'n qoic tcr 
tha,1 L'ranus, since N°<'phine gets only h\O--finhs as 
much bc:-at from the Sun as U1'a11us does. 

Tius is not w. howt.."\'Cr, Neptune 1s a surpri srnih 
Jelwe plaoet. ·nw "-inds in its UJ>pt'r Jhnosphere tear 
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along ::it speeds of up to 1500 miles an hour much 
faster than those:: on Jupiter. But Jupiter gets twenty 
times as much heat from the Sun ;tS Neptune does. 
Where d0<:s the energy of Neptune · s  winds come 

from? Apparently, Neptune:: gc::ts 2. 7 times as much 
heat from ib own interior as it does from the Suo. \Vhy Neptune's iotcrnal l, cat is so high is still a pu:,..zle. 

Evc::n more surprising is the fact that Ncphme has a 
tornado that looks just like Jupiter's Great Red Spot 
and that is located at just about the same spot on the 
planet's surface . Ncphme's tornado is smaller than 
J\1piter'sf because Neptu,,e itself is smaller, but it 
makes Neptune look just as Jupiter would look if th:it 
giant planet shrank. Neptunc·s tornado is blue, of 
course, and might be t'11led the Great Dark S1>0t. By 
studring r..1dio waves from Neptune, astronomers have 
found that Nc!phmc turns on its a.xis ill just a fow 

minutes more than sixteen hours. so that it tums a 
little faster Lhan Uranus does, The Great Dark Spot 

move.s about the planet more slowly than that. 
Why should Jupiter and Neptune both have Lhcse 

great tornadoes, when Saturo and Uranos don't? It 
should take a lot of eucrgy to keep the tomado going, 
and we: can be satis6ed that Jupiter gct.s enough 
energy from the Sun for the purpose. But if Saturn 
aod Uranus don't get enough energy to start a huge 
tornado, how does Neptune gc; t it when it is farther 
from the Sun than any of the other three? Agaio, it is 
prob::i.bly the result of Neptune · s  unusually large inter• 
nal heat . 

T1ie probes that \vent into the outer solar system 
round additional satellites for e•ch planet, satellites 
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too small and dim to be scc 11 from Earth. Usually, the 
sattllitos discovered ,vere closer to the plane t thau the 
larger satellites v .. -e see from £arth. 

Thus, (".alik-o fi.-sl observed the four l:1rge sa1clli1es 
of Jupiter in 1610. In 189-2, a filth was discovered. 
smalkr and closer lo Jupiter than any of the first four .  
fo the 1900s, eight tiny satellites were discovered far 
out from Jopiter, which ,vere probably captured tlSt(.: r ­
oids. That made fourteen satellites altogether. \by· 
ager 1 spotte<l three more small satellites quite close 
to Jupiter. 

Saturn hod nine satellites visible from Earth, but 
the \.byager probes spotted eight more S1llall ooes. 
Uranus hnd five satellites seen from Enrth, but \t,y­
ager 2 discovered ten small ones, all very close to 
Uranus. 

Neptuoe ·was no exception. from Earth, astrono­
mers ht1d seen only two satellites. Triton and Nereid, 
hut Voyager 2 detected six small satellites quite dose 
to J\eptune. 

fo other words. before the probes went out, astron• 
omers knew of thirty-three satellites altogether in oor 
solar system. Now '"'e know of sixty. All the new ones 
are tiny satellites, Gfty miles across or less. 

Another discovery involved ring,�. \Vhen the two 
\tifJogtrs pa.�sed Jupiter, the)' discovered a single thin 
ring of dust and debris circling that giant planet. No 
one had ever seen that ring from Earth. \IOyager 2 
then saw Uranus's rings. Astroooiners were prepared 
to soc1 riogs around Neptune, too. 

Su.re enough, Voyager 2 spotted three rings around 
Neptune. They '"-ere C(}rnplcte rlogs. but they ''-'ere 
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thin and clumpy. 'Tile clurnps would hide the stars 
more than other parts of the ring would. That is wh)• 
astronomers watching starlight fade i1\ the neighbor­
hood of N('ptone thooght im ... 'Qmplete rings might be 
there. 

Now '"1? know that three of the four giant planets 
have thin, dim rings. 11\e question is: \Vhy is Sahm) 
the only one of the foor gfant planets to have large. 
brood, bright rings? 'What is so special about Saturn? 
Astronomers don·t know. 

'When \byager 2 passed Saturn, it had a chan<:f: to 
study Titan, Saturn's ltlrgest satellite. It found that 
Titan had an unexpectedly thick atmosphere, a'> thick 
as Earth's or thicker. and made up of nitrogen (NY­
truh-jeo), which also makes up most or Earth ·s atmo­
sphere. In addition, Titan's atmosphere contained 
considerable amounts of methane, which in the sun­
light was converted to smoggy droplets of more com­
plicated molecules obscuring Titan· s solid surface {to 
the disappointment of astronomers). 

Astronomers felt that Triton, Neptune's largest sat­
ellite. might have much the appeanmce of Titan. 
Ho,ve\'er. when W>iJager 2 passed close by Triton, they 
round it was considerably smal14.: r than astronomers 
had imagined. Its gravitationaJ pull was therefore less 
than Titan·s, and it C:.'()uld hold only a thin atmosphere, 
about l/60,000 as dense as Earth's. Its solid surface 
could therefore he seeo dearly. 

The thin atmosphere consisted of nitrogen and 
methane, as in Tita1\'s case, aod the surface was 
slicked witl1 fn:,�.cn nitn>gen and methane, for Triton 
is a very cold world. Its surface is at a temperature of 

54 

\O)·og<;r 2 pm1ses by Neptuoo as it heads out into dttp 3J)l•CC 

55 



about 370 degr<:<:S bdow zero F3.hl'enheit (or 223 
degrees below zero Celsius). 

The frosty su1ftu .. -e reflects sunlight well. and it 
makes Triton seem brighter when viewed from Earth 
than it would appear if its surface were darkish rock. 
Astrooomers, thioking its surface was dttrk, folt it must 
be as large as the Moon to appear as bright as it does. 
A shiny surface means Triton needs to be smalJcr to 
appear as bright as it docs. In fac-t, Tritoo. tumed out 
to be only 1,700 miles across. It is still one of the l:}rgC 
satellites. but it is tht: smallest of the seve11. By 
<..X>mparison, our Moon is 2.160 miles across. 

Cold as Triton is, it is still warm enough, ui l<ler its 
sorfacc, to turll frozen nitrogen into v�,por. Froren 
nitrogen undergroond seems to erupt io.to ice volca• 
noes now a11d then, producing craters ;md ridges. 

Having seen all this, \t>yager 2 passed Oil beyond 
Neptune. lt will continue to drift oul\v.trd for <..'()tmt­
less millions of years. As far as we k,1ow, however, it 
will not pass near any astronomical bodies. E.ven if it 
does. it will have expended all its energy and be 
unable to se11<l messages back to us any longer. 

But it did a lu!roic job for l\velve )'e..'lrs. and we all 
salute it. 


