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1 
Uranus and 

Neptune 
Tttt: f'LANl::'f URANUS is the seventh planet out from 
the Sun. It is about I, 784 million miles from the Suo, 
or about nineteen times as far from the Sun a.-. the 
Earth is. ll takes 84 years for Uranus to make one 
journey around the Sun. 

Uranus was discovered in 1781 and, after that. was 
very closely studied by astronomers. ·n1cy cxp<..-c-t<.-d it 
to move about the Sun in a certain way, according to 
the law of gravitation first ,vorked oot by the English 
scientist Isaac Newton (1642-1727) in 1687. According 
to this law. the S\m oog:ht to exert a strong gravita
tiooa) pull on Urrurns. a pull governed by the sizes of 
the Sun and Ura.nus and the distance between them. 
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Jupiter and Saturn, which are the largest plan�ts and 
also th<' hvo closest to Ura,,us, ought to exert small 
gl'avitational pulls of their own. 

lf the pulls of the Su,,, Jupiter, and Saturn were all 
taken into account. Uranus ought to move aroond tlu! 

Sun in a certain ellipticaJ orbit. fo movi!lg so it ,v<mld. 
as seen from Earth. move .:i.mong the stars in a certain 
path from night to night and a.,;tn)nomers should be 
able to tell exactly where i t  would be every night. 

The trouble was that th is tum<.'<I out not to he so. 
\.Vith time, Uraous slowly 1noved out of the ca1culated 
position. The error wouldn't seem much to ordinary 
people, but to astronomell'S it was a horri�ring situa· 
tion. It might h,l\re meant that Newton ·s law of gravi. 
talion  was wrong. Aod if that were the case astronomy 
might find itself in a very confused sitoation. 

Astronomers decided that the trouble was that they 
weren't considering �111 the difTerf;:nt gravitational 
pulls. Suppose there ,vere another planet beyond 
Uranus that h:1d not )'et been discovered. It would 
exert a small pull on Ura1rns that in turn might cause 
those en-ors in  its (X)sition thnt wen' trouhling astron
omers. 

'Rvo astronomer� trk-d to calculate where the un· 
known planet might be if i t  were to produce the en-ors 
that ,,-er(! being not<.-d in Uranus's motion. Ooe was a 
British ash·onomer, john Couch Adams (1819--1892), 
nnd the other was a Frcr)Ch a.,;tronomer, Urbain Jeao 
Joseph Leverrier (luh-\'eh-RW. 1 8 J l -1877). Each 
one worked on  the problem without knowing that the 
other was a1so working on it. 

11\e problem was very difficult, but both Adams 
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John Couch Adams and Urbain Jean Joseph Levertler played 
a key role In the discovery of Neptune, independently 

prooicling quite accurately the position in 1he sky where 
Neptune would be found. 
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and Lcverrier were excellent mathematicians. In 
1845. Adams got an anS\\oX:r, and in 1846, L,e,.•errier 
got an aos·wer. Eac,h ended with just about the same 
answer. The unknown planet would have to be located 
in ::t c..-crtain spot io the sky if it were to be responsible 
for the error in Uranus · s  motion . 

lt took a while to get astronomers with good tele
scopes to look for the planet in the sp(>t that Ada,ns 
,mcl Leverricr had indicated. However. on September 
23. 1846, two German astronomers, Johnnn Gottfried 
G:tlle (GAJll.-uh, 1812-19!0) and Heinrich Ludwig 
d'Arrest (dah-REH. 1 8 2 2 -1875). looked in the region 
of the predicted spot and withill an hour found a 
planet. 

Astronomers nanu:."<I this plaoet, which was the 
eighth planet out from the Sun. Neptune. The disc;:ov
ery was :1 mighty victory for the law of gravitation, for 
usillg that law, two astronomers had managed to work 
ot1t where a new and undiscovered planet ought to 
be-and there it was. 

Once Neptonc ·s actual distaoce (about Z, 792 ,nillion 
miles from the Sun or about thirty times oor C)Wn 

distance from the: Sun) was determioed and its size 
and motions all worked out, its gravitational pull on 
Uranus OOl!ld be calculated. And behold, Uranus's 
supposed error in motion was explained away. 

Yet it wa.� not an entirely happy ending, for Uranus's 
error of motion was not completely explained awayN 

'11u;rc was still a lilly error remaining. 
Could there be still another planet even beyood 

Neptune? If so, this other planet, being still farthe1· 
from Urnnos than Neptune was, would have a weakel' 
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gmvitationa) poll on Ur::tnus. That weak poll might 
just account for the last little bit of error. 

Of course. this additional on known planet beyond 
Neptune would be closer to Neptune than to Uranus, 
and it oug)1t to h:we a stronger effect on Neptune. 
Why botller with Ura.11us· s tiny error? Just keep an 
eye on Neptune·s motion. 

However, it docsn"t work that wn}'· The more times 
a planet travels around the Sun. the more accurately 
astronomers can measore n tiny Crn)r in its motion. 
Uranus had been discovered in 1781, and by 1846. 
when astronomers were looking for Neptune, Uranos 
had made three-quarters of its circle around the Sun, 
and the errors were clear. By the )•ear 1900 it had 
1nade one and two-fifths trips around the Sun, and by 
then even tiny errors in its motion had been men
sured. 

Neptune, on the other hand, hr1d been disc..'Overed 
in 1846, and it took lf,S years to go around the Sun. 
By 1900 Neptune h:,d gone only one-third the way 
around the Sun. R>r that reasoll it was safer to rely Oil 

the smaller errors in Urnnos's motion, rather thnn on 
what might eventually turn out to be larger errors in 
Neptune's motion. 

Still, very few astronomers thought it worthwhile to 
search for a new, more distant planet. There were 
several reasons for this. 

First, there was the matter of brightness. All the 
planets that were known from ancient times ate very 
bright and ca�y to sec. These an! f\•lcr<.'1.iry, Venos, 
Mars, Jupiter, and Saturn. They are first-11wgniJude 
ohjects. Venus aod Jupiter are particularly brilliant. In 
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fact, th.ere are few stars as bright, so the ver)' bright 
pl;mets stand out aod are ooticeable. 

Dimmer stars have higher m:ignitudf:S -2, 3, 4, 
and so on. The higher the magoitu<le. the dimmer the 
star. The dimmest stars we can see with the unaided 
eye h:we a mngnitudf: of ahout 6 .  The higher the 
magnitude, the more stars there are of that magni
tude. Only abot1t hwnty stars arc, like the plaoets, of 
magnitude 1. However, there are almost five thousand 
stars of magnitudes 5 �md 6. 

Uranus is hvice a� far away as Satum and consider
ably smaller. The light it reRt..)(:tS is much weaker, 
tl1crcfor<\ and its magnitude is only 5.5. It can just 
barely be seen by the unaided eye And is surrounded 
by thous,u1ds or stars of the same brightness. so it is 
in.uch harder to notice than the other plAnf't-.s. 

Tl1cn, too, while ordinary stars maintain the same 
positions with respect to each other. night aftf·r night 
and year after year, the plaoets move against the 
background of the stars. This motion can be used to 
idcnHfy a planet and prove that it is not a star. 
However, the farther �1 pl:tnct i'i from tht� Sun, the 
more slowly it moves. Uranus moves so slowl)' that a 
careful astronomer is needed to note that it is moving. 
In other words, Uranus is so dim and moves so slowly 
that it"s not s\lrprising it was discovc!red only ill 1781, 
when the other planets were discovered in :mcicnt 
times. 

Neptune is still farther away than Uranus, so it is 
even dimmer. Its magnitude is 7.8, so it c.an't be seen 
at all without a telescope. \Vlutt's more, it moves even 
mc)rc:: slowl)' thao Uranus and is surrounded by tens of 
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East Wes1 
N&plune·s position tn the sky when it was discovered by 1wo 
Getman astronomers on the night of Sep1emb&r 23 ,  1846. 

thou.saods of stars of tl1e same brightness. It is eveo 
h�1rder to find than Uranus, which is wh)' it wits not 
<liscoveJ'ed until 1846. 

Neptune ,•,.ouldn·t have been discoverL'<I <"v<:n then 

if Adams aod Levcrricr l1ad not worked out where it 
ought to be by calculating its positioo from thf.! error 
in Uraou.s's rnotio,,. 

If there were a planet beyond Neptuoc. it ,,,.otild be 
still dimmer thao Neptune, it would move even more 
slowly, and it would be surrounded by hundr(�::,, of 
thousands of stats of the same bdghtnes.s. \.Vhat·s 
more, the remaining errors in Uranus's motiOJl \\/(!re! 
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so tioy th.it trying to get a hint h}' calculating where it 
ought to be was a task much more difficult than Adams 
and Leverrier had faced. 

To be sure, astronomers <.'Ould oow take photo
graphs of the stars, \\lhich Adams :.tnd Lc�verrier 
couldn 't do in their time. and that simplified the task 
somewhat-but not enough. Most astronomers simply 
felt that a search for a planet beyond l\cptulle was just 
a waste of time, .ind so they made no effort in that 
direction. 
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Percival 

Lowell 
ONE PF.RS0!1. OAl\t:.u to be different. He was Pcrdval 
Lowell (1855-1916). Lowell had been born to an 
aristocratic Boston family and had made a great deal 
of money in bosiness. He was also a skilled 111athema
tician. His hobby was astronomy. and he was particu
larly interested in tht" planet l\fars. 

h1 1877, ail Italian astronomer, Giowrnni Virginio 
Schiaparelli (l 835-1910), had studied Mars closely 
and made a map of the markings he coold se<' on i t .  
He thought the dark markings might represent water, 
and the light markings, land .  lie n oti<..'Cd that s«:,mc of 
the dark markings were long and narrow, and he 
called them canali, which is Italian for "cha,rnel." A 
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channel is any long. narrow bod)• of wi,ter <.."Onnecting 
two laJ'ger bodies. The English Channel between 
England ;:md Fr�nc;;c is th� lx:st-known example on 
Earth of a body of water k,1owll by that name. 

1l,c word, ho\\r-ever. was translated into English as 
(;.(rnals. This ,vas uofortunate, because a canal is an 
artificial watc:rwa)' dug out by humans. As soon as 
English-speaking people heard that there were '·ca
n�lls·· on Mars, th<:)' believed there "-ere intelligent 
beings on �tars. They also thought that Mars, being 
smaHer than the Earth and having ooly two-fifths its 
graviti1tiona] pull, was 1101 able to hold water over long 
periods. R>r that reason, Mars was drying out, and 
the Marti�ms must hnvc dog the canals LO conduct 
water from the planet's p0lar ice caps to the wanner 
regions near its equator, whert: they oould grow food. 

Lowell was very interested in tl1e Martian canals, 
and he made up his mind to st\1dy them with great 
care. He used his fortune to estnblish a private obser
vatory in Flagstaff, Ariwna, where the altitude. the 
desert air. and the remoteness from city lights mad<� 
the night sky particular))• clear. ·n,e Lowell Obser v a 
tory opened in 1894. 

For 6fteen years, Lowell studi(:d Mars as carefully 
as he could, taking thoosands of photographs. He was 
sure that he could make out the canals. In fa<:t, he saw 
far more than Schhtparelli ever did, and he drew 
detailed pich1res that eventually included over five 
hundred canals. 11u::sc followt .. -<I straight Jines that 
crossed one nnoth<'r. At the crossings, the dark areas 
seemed to broad<!n, and Lowell called these oases. 
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Maps of Mars made by Giovanni Schiaparelli and Percival 
Lowell, showing Hiles thal Schlapatelli thought were channels 

and ttiat LOwall lhOUQ.hl ware canaJs. 
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The �mals seemed to become double at times. There 
were changes with the Martian seasons. 

Lowell lectured on the subject, wrote popular 
books, and was completely oovinced that there was 
inteJligent life on Mars. As a result, the British write1· 
Herbert George (H. G.) Wells (1866-1946) wrote a 
book in 1898 called The War of the \\'<,rid., in which 
he described a Martian invasion of Earth. This made 
the notion of intelligent (and dangerous) life on Mars 
eveo more popular. 

�· other astronomers man:.tged to sec the canals 
tho way that Lo,vell did. but Lowell wasn ·, upset by 
that. He simply pointed out that he h�,d better eyes, a 
better telescope, and a better observatory. 

Yet, a.,; it turned out. Lowell v.ras wrong. \Ve now 
know that there are no canals on Mars. \Ve have sent 
unmanned spacecraft to Mars since the 1960s. and 
they have mapped the whole planet in detail. They 
found no ca1'als a,,d no signs of any intelligent lifeR 

Appanmtly, Lo,vell, trying to see things he could just 
barely make out, was fooled by optical illusions. Little 
patches of irregular dark markings seem to form 
straight lines whe,, the eyes strain to see them. 

Nevertheless, all this showed that Lowell was not 
afraid to take up difficult tasks and to deal with 
subj<.-cts that other astronomers avoided. 

Scginning io 1902, Lowell became interested in the 
pos.iihlc existence of a planet beyond Neptune. In 
I 905, he began a search for the planet, keeping thal 
search a secret so that other astronomers wouldn't 
take up the task and perhaps beat him to the discov-

Percival Lowell viewing the heavens at his observatory 
in Flagstaff, Arizona. 
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ery .  In 1908. he began to cull the unknown distant 
,,'Orld Planet X. 

Lowelrs secrecy was of no use, ho,1,,'L•v<:r. Another 
aristocratic Boston astronomer, \Villiam He1lr)' Pick. 
ering ( 1 8 5 8 -1938). was also interested in the possible 
existence of a planet beyond Ne1>tune. Pickering had 
aJready made some discoveries about the outer pla
nets. fo 1898, for iostaoce, he had detected a oioth 
satellite of Saturn, one that was farther from the planet 
Lha11 ally of the others. He called it Phoebe. 

Pickering used Lhc tiny err-Ors in Uranus's rnotion 
to ventur<; an cstima.t<' of the location of a plnnct 
beyond Neptune (a planet which: ht �llcd Planet 0) .  
He believed that tht planet b<..•yond Nt;!ptonc wuold 
probably be aboot 4.800 million miles fn)m the S\m. 
or about one and tl1rce-qoarters times :Ls far from the 
Sun as Neptune is. It would take 373 years to move 
once around the Sun. or two and one-qoarter times as 

long as it takes Nephme to m:1ke its own circ\lit. 
Pickering also believed thnt the 11ew planet would be 
about twit."e the mass of Earth. ln addition, he b e 
lieved that its magnih1de woold be between 11 and 
13, which meant it woold be sorro\mded by millions 
of stars of the same brightness. 

Pickering :mnount'ed his figrires in 1908. When 
Lowell heard this, he was upset and decided to do 
some figudng of his own. lli.s r(:sults pr(:dictl-d that 
the distant planet was about 4.400 million miles from 
the S\m. a little nean::r tban Pickering thought. and 
that it would go a.round the Sun in 327 years. again 
l<:ss than Pickerin g's figure. He also thought it w'Oul<l 

he abotit six or seven times the mass of the Earth. or 

almost half the size of Uranus or Neptune. 
Picktring, ho,ve\'er. did not follow up his figures by 

actually tryio� to Hud tl1c planet in the sky. But Lowt.dl 
was more determined. 

He began wh:H wns an enormous task. :He u1a<le 

photogr,1phs of sections of the sky under conditions 
that wo11ld pitk op stars as dim as mag1liludc 13. Such 
a photograph might contain hundreds of thousands of 
star,;. He would then take another photogran,h of the 
same part of the sky a few <lays l.1ter. All the dim stars 
Oil it would remain in place, hut if out of the stars was 
actually a new plaoct, that "star" would have changed 
ils position slightly. 

Lowe ll would then search the two phot()!?:raphs with 
a magnif)•ing Jtlass, lookillg al tael1 star and trying to 
see if he could delc-el a chan�e. It was the kind of 
work that led to one disappointment after another, 
and by 1912, Lowell suffered a nervous collapse. lie 
laltr re<.'0,-ered. however. and went right ba-ck to the 
search. 

Lowc::ll died of a stroke ill 1916, aud :.1t the time or 
his death, he had still not found the planet. He was 
onl)• 61 when lie died. and his life may wdl have been 
shortened by his corllinuous searchin�. 

Toward the end. however, he had found a better 
wny of looking for Lhc planet. This wa$ thrt)ugh the 

use of a b/i11k comvarator. Carl Ouo Lsmplaod (1873-
1951}, then the assistaul director of the Lo,',,'(..�11 Obser 
vatory, had urgNI Lowell to get this device. """ 6nally 
he did. ·n,is is how it worked. 

·foro photographic plates were take11 of a ,,articular 
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sector of sl1• a few days apart. These two pltttes were 
placed in the hlink comparator, which shone a light 
through one of the plates and projected it onto a 
screen. Then it shone a light through the other nega
tive and projected it onto the same screen. The blink 
comparntor )"'\vitd1cd from one negative to the oth<!r, 
back and forth, back and forth, very quickly, If the 
plates didn't fall on ex•ctly the same part of the 
screen, the stars would appear first in 011.e place. the11. 
in the other, shuttling back :md forth rapid])'. The 
plates would be adjusted till both projectioos were 
aligned on exactly the same part of the screen. Then, 
as the light beam switched back aod forth, all the stars 
sho\1t'ed up motionless. 

If on<! of those "stars" oo the scree,1 were a planet, 
howe\•er. it would h,we moved d01ing the time b e 
tween which the hvo plates were taken, a.od it would 
jump back and forth with the rapid switch between 
plates. ff the move was a large one, the object \WS 

probably an asteroid, which would be a compan1th•ely 
close objc..-ct. Io order for it to be a far dista11.t pl.111.et, 
it would have to blink back :ind forth only " small 
amount. 

The blink comparntor was a great invention, b e 
cause il was far easier to look at a photoi;raphic plate 
and watch for a single blink among many thoosands of 
stationary stars, than to inspect each star with a mag
nifying glttSs and try to dct<.'Ct a small movement with 
the human eye alone. 

Yet. even with the help of a blink comparator, 
Lowell's Planet X was not located in his lifetime. 

3 
The 

Discovery 
of Pluto 

IN HJS WILL. Percival Lowell put one of his assistants. 
the American astronomer \�sto Melvin Slipher {1875-
1961)), in chal'l!e of the continuing search for Plauct X, 
and he left a million dollars to the Lowell Observatorv 
for th� purpose. 

• 

HO\vever, Lo\\t't.:IJ'S widow didn't want a million 
dollnrs to go to the observatory. Lowell had left her a 
good deal of mone)', too, but Mrs. Constance Lowell 
wantc:..·d more and turned to the law. TI1is lost the 
observatory a great deal of money and a great deal of 
time. U w� not until 1927 that everything wa5 settled 
mtd the observatory's astrooomcrs oou1d return to the 
search. 

Once that was done, the observatory found it 
needed a new and b<·tlcr telescope, and that cost 
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mor<• rnooey than it nO"-' h,1d. t;)rtuoatel>·, Lowell's 

brother ttlso bad money. He paid for 3 new tt·lc"\.cope, 
which w� put in place in 1929. 

\Vhat "-as neetk·d rwu was someone who would 
take phot�:mphs of the ,k) .md \IM.' llw blink com1>.1-
rator to look for Planet X. ll would be t1 long and 
d1.ffic.,,, lt job, and none of th{' important thtronomets 
at the LoweU Ob:)N,·utory wa.ntc:d to do it E.tC'h hmJ 
speciali1A"<I knowledJtt- and training and unportant 
tasks to perform. \Vhat \\.&.\ needed for the search wa\ 
someone w11h V<'r)' little training but "'1th l'nthusia\m, 
(Mhence, and a good eye. 

TI10 right m.i.n for the job lumed ot• l to ))(• Cl>de 
\Vill iom Tombaul(h (b. 19061. I k was from a farm 

family 1n IIHnois ftnd. being too poor to aHord collt'St<'. 
had onl) n high school tdm.-ation. 11<1"--ever. he w.u 
fascinated by a.\tTOn<uny 11nd had "-orkNI t•,1gcrl} "1th 
thl'1·c.· telescopes he had built using ("hlrb from old 
machinery he found ot his father's form. 

In 1926. Tombauth \\TOte ,1 lt·Uer to the Lowell 
Obse".atory, st!n<lmi drawings and note:. ht:.' had 
made of hi� telescopic ohM·n-attOn\ Sl ipher found 
them excellt•nt It didn't bother him thal Tombau�:h 

did uot ha,"t' ndv,mced �trouornical tramini, J Je 
would Just be n<·<·dt--d to stare al tht' blink comparator. 

1omb.1u.e;h arri"ed at the ohscrv,Uol) in 19'29 \Vhen 

be found out what they wanted hon to do, he '\\.LS 

perfectly willmg. He :,tal't<-d on the projt·ct and d1scov. 
rred that lie.· \\-'llS entirel) on his own Others had 
promised to hcl('> liim. but Wt"re actually too fmsy to 
do w. 

Tornb.,,, gh, tht�n:fore. worked out h1.s own uopro\e., 

!6 

Cf1<le TOmbough. the dlSOOIIOfe< ol Pl>lo, at the ' blink 
comparator," an Ntrument used IO compare photographs ot 
sec1Jo<11 ol the Sky. Tombaugh lound Pi\lto alter -ing 
the 1)()11"""5 ol h<lndrods ol thousands ol hea-.ly l>odlo1. 

nwnts of tlu- hlink <.-orn1>.1ra1or and Y.t.• ut about dw 
t'lllire job himwlf lt was not easy. The nwr.a1(e pho
toJ;tnlphic s:.c<.11on t.,>ulained 160,000 stars. and there 

were wme region,; of the sky wl1t•re be e'q)('rted to 

ha\'t' O\t•r J million \IJ.rS oo one pl.I.le. He fouod lots 
of asteroid, that shifted 1>osition a IU('at deal, but he 

drdn 't want tht"1r'I. He wanted a tfoy \hifi that a \t'ry 
dhtant planet would make. Tht> months p.t\wd. but 
th,u little shift didn't shO\I.• up. 

11U'i \4;.'t'ming)y fuh)(• Sl'ar<:)1 Wll\n 
· t the on)y tl1in,Z: 

that dlsrouraged Tomb;iuith. It didn t help thot vi<ohng 
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astronomen wt·rt• impressed hy the rest of lht· obser· 
vat"') hut found T<,mhaugh good only for a laUJ!),. 
They all told him that he could,i"t possibly 6nd •11y
tbing. 

But Tombaugh kept Jtnmly at hii. '"ork. and on 
Jil,bruary 16, 1930. he lound the blink lw had been 
loolrng for. A dun .. ,tar" had moved slightl)' in pho
tographs ta.ken .,,u; days apart. 

For forty•6\'e mmott>s. Tombaugl, kept stafinj( at 
the photoio-Jphic plates. unable to ll<'lie\1' whnt he 
l>llW. 11,en he C-Jlied UlmplJnd, WOO <art'fully Sludiro 
1he images, nnd after that Tomhau(h called in Slipher. 
Both Lampland and Slipher � that 1ombaugh 
had found Planet X. 

11,t three of them didn't rush to announce the 

discover,·. however. The)" want<:d to fo1'°"" the pl1'nt'I 
and observe Its oontinut"d motion. Thl')' wonted to ht' 
11,rr. Then, too. they want<'d to announce lhe di.scov· 
ery on March 13. l\•rcival 1.b.1..-lrs birthda) It would 
have IX'<'n his ..,_,,, nty-6ftb birthd,,y ifhe bad not died 
fourt<'<'n ,ears earlier. The)' announr.:d the discowry 
of the new planet on th.at d;ay. 

\\bat was the new pbnN to be call<'d? R,r a wlule, 
after the di�\ery of Unmu�. ,ome had ,._,anl<-d to caJI 
th,\I planet .. l-l<'l'M.•hd," after Its JiS(.'(),erer. In the 

same W.l), there had berren a movement to cnll Nep· 
hme ··Leverrier," .illt•r its diSOO\'t"rt'r, .Neither namt· 
had stuck, and astrononwr\ e\"et\tua.lly turned to an· 
c1cnt rnytholOJ,t)· m each case 

Not lean1in_g from this, \trs. Lowell ),UAAested the 
new pbnet be <.'OIied ··�mv,1), ·· nfter her hu,hl\11d, or 
even ·con.stance, .. afi('r herself. but "uch suggestions 

.,.._, 23, 1930 

�29. 1930 

Tombaugh ..-his momontout discove,y or Ptuoo when ho 
' bllnkocl" two pho<ographs show,ng sections ol "- sky that 
I OC>Qd lb: rtiose shown here. The one oti;ect in a dllterent 

ptac» is Pl uto. 1,_ comparing phoO)graphlc platOI 
containing the i.,,,._ of hundreds d thousands ot star91 



,vere dh;missed at once. Slipher insisted on mythol
ogy, and he wanted ··�tinerva. · • 

However, an eleven-year--0ld British gfrl named Ve -
1letia Burney suggested ''Pluto." TI1is v.ras appropriate. 
For one thing, Pluto was the god of the dark under
world ill the Creek myths, and the oew planet swuog 
out so far from the St1n that it could be considered to 
he out in a kind of dark underworld itself. R>r another 
thing, and perhaps more important, the Grst two 
letters of the naine-.PL-wr:re Percival Lo,"-cll's ini
tials. So Pluto it v.ias .  

With time, the exact orbit of Pluto was worked out. 
Its average distance from the Sun was about 3,672 
million miles. less tlu111 either Lo,wll or Pickering had 
predicted. Pluto went around the Sun in about 248 
years, a.gain less than either's pr<..-dietions. On the 
whole, though. Pluto's actual orbit was closer to Low
ell's calC'l1lat.ions than to Pickcring·s, And l'luto·s posi
tion in the sky in 1930 (when it was discovered) was 
much cJoscr to L o,"-cll' s predict<.'() position than to 
Pickerin,g·s. 

0Hc American a.�tronomer. Milton L a  Salle Huma
son (1891-1972), had, by the way, tried to 6nd the 
distant planet using Pic·kcring's esthnate of it and its 
position. He did not succeed. Nevertheless, onoe 
Pluto was discovered. Hurnason realized he had taken 
photographs of the region where it w;lS located. So 
why hadn't he recogoized the oew planet? 

lhima.son went back to those photographs and foond 
that two of his plates did indeed include Pluto. But 
one titt'IC a nearby star, hrightcr than the planet, had 
drowned it out. And the second tme. it.s image had 

' ' ' ' ' ' ' 5,l'TUi:t,v 
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The actual orbit of Pluto differed somewhat from the orbit p<OOJCted by Lowell 
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just happened to fall on a tiny Raw in the plate. so that 
it ag;1in didn't show. 

Pluto·) orbit wns surprising in some ways. U1Hil the 
discovery of Pluto. the solar system was Oat, at least 
as far as the planet's motions were concerned. AH the 
known planets orhited the Sun in ve11' nearly the same 
plan€'. I f  you ,vere to make an exact tiny model of the 
solar system. say. a foot across, the whole thing would 
fil into a Aa1 pi1.-za box. 

Pluto, however, has ao orbil that's a bit diffcreot. It 
is tilted abc:wt S(.'VCu tcc::n degree's to the other orbits, 
so that at one end it ,vould ,nove above the top of the 
pi:tw box (UH.I at tJ,c otl,c r end it would move hclow 
it. 

Whafs more. 1'h1 to·s orbit is more clongat.,:d than 
that of the other pltl11tts. ·n1c other plaucts have orbits 
that are nearly perft.'Ct circles, but Pluto's instead is 
quite dliptical. At one tmd it is nl,out 4,600 million 
miles from the Sun, but nt the other end it is only 
2,700 million miles frou1 tlHt Sun. 

\Vhen Pluto is nearci,t tl1 c S\m- 'when it is at 1Jeri
l,elion (l'Ellll-ih-llEE-lcc-on, from Creek words 
me�ming "near the Sun")-it is ac:-h1ally a li11le closer 
to the Sun thnn Neptune CV(:r gets. up to 60 million 
miJel'> closer. 

If you draw the orbits or Neptone and Pluto on a 
piec...-e of paper. l'loto·s orbit sc:ems no cross Ne ptune's 
nt one end. It is not :i r(: al Cn)SSing, howc::ver, aod 
there is no danger of Pluto and Ne11tuoe ever collid
ing. Because· Pluto's orhit is tilted, tthe point at which 
I he orbits cross is when Pluto is fu belov.• Neptune. 
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The Ofbit o, Pluto is tilted, rel ative to the orbits of the other 
planets. and is more elongated as well. 
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The two planets never get clos('r to e�1ch other than 
about 1.sso million mil es. 

\Vhen Pluto was di scovert..� d. it was moving toward 
its perihelion. ln 1979, it reached the point wlu;r.: it 
was as far from the Sun as �t phme was, and after that 
it moved slightly closer. It stays slightly closer for 

l\venty years altogether. In l9<-JO. Pluto is at perihelioo 
and is as close to the Sun as it ever gcLS. 

By 1999, Pluto will be farther from the Sun thau 
Neptune is, and it will stay farther th an J\eptune for 
the next 229 years. 

/ 

l 

J 
J 
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The Size 

of Pluto 
THE 01sco,·1-:Hv OF Pluto p1 ·oduccd a problem aJmost 
at once: . Lowell had reaso,wd that the pla1\(:t l1e was 
looking for would lrnve to be fairly large if it were to 
have enoogh gravitational pull to produce even a tiny 
effect on Vranus·s motion. 

He had S\1 pposed, therefore. that the Jlew planet 
would be similar h) Jupiter, Saturn, Uran\1 s. and Ncp· 
tune. Of course, the farther <mt one goes from the 

Sun, the small er these large planets tend to be. Jupikr 
is a true giant, h: :IVing a mass 318 times that of Earth. 
while Saturn is s1na1ler, with a mass ooly 95 times that 
of the Earth ·s. As for Uranus and Neptune. they are 
only 14.5 a.nd 17.2 times the mass of Earth, respec... 
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lively. The new planet, (_,()\\'CII had estimated. might 
have n mass !l.6 times that of Earth. and if it w.-,re as 
latge as 10 times the mass of the Earth, even that 
woold not be surprising. The mass shoold, in other 
words, be somewhere between one-third and 01\e-half 
the rn�lss of Neptulle. 

Now, Neptune has a rnagnitud<" of 7.8. If it were 
farther o,1t nnd if its average distance from the Son 
were that of Pluto. then natum1ly it would be di1nmer 
and would have a magn ilude of about 9. If P)uto were 
only one-third or one�half the mass or Nt'ptune, it 
might h;we a magnitod<.' of 10 or 11. 

As soon a� Pluto was discovered, however, astrono
mers determined that it had a magnitude of 15. The 
planet was only one-fortieth as bright as it was c:<
pected to be in U>\vclrs estimate. That, in fact. was 
one of the reasons it had been so difficolt to locate. 

There were three possible reasons for this surpris
ing dimness: 

l .  Pc: rhaps Pluto was consider;;ibly mOr<" distant 
than expected. 

2. Perhaps Pluto was made of <li1rkcr materials tha1\ 
expected. 

3 . Perhaps Pluto was smaller than expected. 

Of course, it could also be some comhinatio11 of 
these three possibilities. 

The first possibility could be eliminated at once. 
The distanc<; or Pluto could be detennined by the 
speed ,vi.th which it moved arour\d the Sun. and this 
<.'Quid bt) determined from the .sp4;X..--d with which it 
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drifted from one place in the sky to another. There 
was no question about its S()CL'<I and therefore no 
question about its distance. And since Pluto was a bit 
closer to the Sun than Lowell had .suggested. it shoold 
have been brighter than expected, not dimmer. 

Could Pluto be made of a dark material that re
Oected little light? TI1e g:iant planets- Jupiter, Saturn, 
Uranus. an<l Neptune-al) have thick, deep. cloud
topped atmospheres. TI\e clouds reOect aho11t half the 
light th:lt falls upon them. If Pl uto were more massive 
than Earth, it should aL1,o have a cloudy ahnosphcrt 
that would reflect half the light it receives. It can·t be 
large and dark at the sar'r'lC time. 

That leaves us with the third possibility-that Pluto 
is <.'Onsiderably sn1aller than L owell had expected. It 
could be no larger than Earth. and might have 011ly a 
thin atmosphere that r<·flcctcd little light. That was 

the only way of accounting for its dimness. 
If Pluto wt'n� an Earth-like body, its solid surface 

might be seen and that surface might be lighter in 
soine plact�S and darkt'r in others. 1f the planet r o 
tated. light parts and dark parts would alternate a1\d 
the light would seem to flicl.:t: r in a regular way. 

In 1954, the Canadian astronomer Robert H. Har· 
die and a colleague, Merle ·walker, rneaS\lrcd the 
brightness very precisely and did indeed 6nd that it 
varied regularly. From Lhe rate of vadation. they 
determined that Pluto irohttes once every 6.4 Earth 
days. 

13\i t ju.st how large is Pluto? 
One way of determining its size is to look at it 

through a telesool>e strong enough to magnify it into ;l 
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little globe. The width of the little globe could be 
measured. Knowing the nrngnification of th(• image• 
and the distance of Pluto. the diameter could be 
worked out. 

Diametc::..s of globes are cletermii1ed by anf:!ular 
measure, The complete circuit of the sky is divided 
iuto 360 degrees. Each degree is divided into 60 
minutes of arc. and each minute of arc is further 
divid1..,--d into 60 s<·oonds of arc. ·n111s, the Surl has a 
diameter of about 32 minutes of arc. or just over half 
a degree. This means that if you inrngiuc 675 circles, 
each the size of the Sun, and put them side by side 
they would stretch (..'Omplctt:ly an)und th(' sky. 

The planet Venus, when it is closest to the Earth, is 
abot• t l minute of arc in diam eter. This means that 32 
dots the size of Venus. side by side. would stretch 
across the apparent width oftlu' Sun. Distant N<'ph me 
i s  2.2 seconds of arc in diameter. so that 27 dots the 
size of Neptonc wo,1ld stretch across the ap(h'kr<'nt 
width of Venus. 

Pluto ilt nearest to us at its pt rihclion. If it ,V(: rC th<' 
size of Earth, then at perihelion it would have a width 
of ().57 stconds of arc, or about onc-fourlh the appar
ent width of Neptune. 

Now, all we· hav<' to do is rnagl)ify Pluto ioto a little 
globe and see what its apparent width really is. 

'l11c: joh wa.,; tackled hy the Dutch-American astroo
omer Gerard Peter Kuiper (KOY-per. 190S-1973). 
Kuiper had specialized in the distant reaches of the 
solar system. lie was the first to ,;how that Satum·s 
largest sateJlite, Titan. had an atmosphere. In 1948. 
li e dis<.'()Vt r<..J a fifth satellite of Urao.us, which he 
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The system of angular measure divides the sky into 360 
degrees, each degree Into 60 mlnutM ot arc, and each minute 
o, arc lnto 60 seconds ot are. The size of a heavenly body can 

be measured using this system. fn 1950, Gerard Kuiper 
determined that Pluto had a diameter of 0.23 second ot arc, 

or about 3,800 mUes. 39 



named Miranda. and in 1949 he discovered a second 
satellite of Neptune, which he uanwd Nereid. 

fo 1950, Kuiper made use of the new 200-inch 
telescope at Palomar, the hcst one then in existence, 
and 61,aJly managed to see Pluto as a tiny globe. Even 
so. Pluto was difficult to .see sharply, since it appcar<.-d 
so lii'I)' that ii twinkled a bit. 'Rvinkling is caused when 
temperature differences in the Earth's atmosphere 
bend the light slightly this way aod that. The twill
kling made the globe fuzzy and hard to me.ast1re. 

Kuiper did his best, however, and allowing for the 
magnification produced by the telescope, he con
clud<.-d that Pluto had a width of 0.23 reco,,ds of arc, 
less than half of what would have been expected if it 
we re th<• size of Earth. Kuii>Cr therefore decided that 
Pluto must have a diameter of not more than 3,800 
miles and that it was a hit smaJler tha,, the plaJlet 
�1ars. 

A b<�1ter way of detennioirlg the true diameter was 
needed. though. one that would avoid the problem of 
t-winkling. 

Every once in a while. Pluto, as it move.s slowly 
across the sky, passes near a dim star. If Pluto happeos 
to move directly in front of the stri.r (an occuftMi<m), 
the star will wiok out for a period of time. This is not 
affected by twinkling, since both Pl\lto and the stur 
would be io the same place and would thel'efore 
twinkle in time with euch other. 

TI\e time of occultation depends on two things: 
First, how fast Pluto is moving, that is. whether it 
covers the star with just a narrow part of it.self toward 
one end or with ils full width. Secood , and most 
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8efOC'e caleul ating the diameter oC Pluto, Kuiper made 
observations using the 200-inch Hale telesoope at the Mount 

Palomar Observatory I n Southern Callfomla .  
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importa,H. how long the occultation lasts depends on 
just l10w wide the planel is. 

Astrooomers know how fast Pluto moves, so if the 

CC'nter  of Pluto is located and the position of the star 
is measured, they can then draw a line thn)ugh the 

part of Pluto that covers th<' star. From the time or 
occultation they C:.\n then calculate the lcngtl1 of that 
line, and from thal they c.an <Y.llculate the width of 
Pluto. 

On April 28. 1965, Pluto was moving toward a dim 

star ill th<' t."C.mstellation of Leo .  Jr Pluto were as large 
as Earth, or even a� large as Mars. it would have 
occulted the .star with some part of itself. Instead. it 
misse,l. That inea1ll it didn't stretch far eoough from 
its own center to reach the star and wasn't even as 
large as Mars. Pluto 1, ad to have a diameter of less 
than 3,600 miles. 
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Charon 
Tm::. PHOOLEM OF Pluto's actual size was finally 
solved, quite uoexpecteclly. in June 19i8, hy an Am er
ican ai.trononu.:r. Jiunes Christy. 

He was stud)ring excellent photographs of Pluto 
takf:n by a 61-inch telescope at the Naval Observatory 
in Flagstaff. Arizona. 111.ey were taken at high nlti 
tu<fr·s so that tlu .. • twinkling produced by our own 
atmosphere was much reduced. 

Christy studi(."() lh(: photographs under strong mag
nification .. and it seemed to him that there was a bomp 
oo Pluto. Coukl iL he tllat th� telescope had moved 
very :;lightly while the photograph was being taken? 
No1 for in that case all the slars io the field ,vouM have 
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appeared as short lillCS, aud these were all perfect 
poiots. 

Christy looked at ()ther photogmphs under magni• 
ficatiou, and they ;_tll had the bump. V/h:1t' s nlor�. 
Christy noticed that the bump wasn't in the same 
place frou1 J>icture to picture. lo great excitement. 
Christy !(Ot still earl ier 1>hoto!(raphs of Pluto, some as 
much as eight years old, and from these it became 
clear that the bump was moving around Pluto wi thin 
a period of6.4 days, Pluto"s rotatio, rnJ period. 

Either th<'rC was a hu�e mountai n on Pl uto, or c::lsc 
Pluto had a nearby satellite. Christy was sure it was a 
sateJlite, and thh ,i.·as proved in 1980, whcu the 

French astronomer Antoine Labcyrie, working on top 
of Mauna Kea in lfawaii, made use of a technique 

called .. speckle interferometry ... This technique 
shO\w;d Pluto � a pattern of dots. but it produced two 
patterns, a larger and a su,allcr, with no connection 
betwee11 1he111. Pluto definitely had a satellite. 

Christy named the sa1c,llite Ch aron (Kair-ron) afte, ·  
the oam� of the forryboat pilot who, ill th<- ancient 
mvths. c.uTied the souls of the dead ;)cross the River 
s�,x into Pluto's und�rground kingdom of Hades. The 

mnne Persephone (pur.SEf-oh-11ce), who was Pl uto's 
wife in the myths. 111il,(]1t have been heller, but 
Christy was influenced hy the fact that his own wife's 
name was Charlene. and he wanted the firsl four 

letters of his wife's name to be also in the rmme of the 
satellite. 

In 1980. Pluto passed close to aoothrr star. Pluto 
missed the star as seeo from Earth. but Charon passed 
in front of th(: star, �md this occultalion was vic,"-e<I 
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James W. Christy discovered a moon of Pluto in 1978, sceo 
here as a bump at the top of the drawing of Pluto. The 

cftScovery of the moon-named Charon--enabled him to falr1y 

accurately calculate the mass of Pluto. 
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from al\ observatory in South Africa by an a.�t ronom er 
named A. n. \.Valkc-r. 11)e slar wi11ked out for fifty 
sc<: oods, and that showed Charon to h�1ve a diamct('r 

of over 730 miles. 
11)c e:<istence of Charon made it possible to deter

mine the mass of Ph,1to, tl1(' am oun t of 1natter io it. If 
you have a planet and its satellite. and if you know the 
distance between them and the time it takes for the 
sat<..�11itc to orbit the pla,)et. you ca.n calculate the 
combined mass of the planet and the satc1litc. If you 
know the width of each and suppose that each is made 
of similar materials. you can t'3.lcoh1tc th(• individual 
masses or both the:: planet aocl the satellite. 

Chatoll was found to be only 12,205 mih:s from 
Pluto. Tl-1is is 01t1>1 onc-hve,Hieth the distance of our 
Mooo from the Earth. so it's no wonder that, at Pluto's 
distan(...'e from us, a satellite so near ,vent unnoticed 
for 11.early half a century. Even then astn)nOmf:rs 
wouldn't hav<..· se:.-cn it if Pluto hado·t happened to be 
approaching perihelion. 

Sin(...'e Chan)n al that dista1)ce moved around Pluto 
in 6.4 days. the mass of Pluto ,vorked out to be only 
J/455 the� rna..:;s or Earth, a11d oot quite one•si.xth as 
massive as our Moon. There was now no reason to be 
.sorprisNl at its dimness. It was a very small world. 

Now even ifwe know Pluto's rrnlSS, that still doesn't 
tell us how large its diameter is. That would depend 
partly on what kind or nu\tcrial it was made of. A 
wooden ball, fol' instance. would be t.'On.sidcr:tbly 
larger than an iron hall of Lhe same mass. because iron 
is denser than wood. 

Fortuna.t<�ly, astro11omers had another stroke of 

luck. Charon r('V()h'<..�s nbout Pluto in such a way that 
for rive years oear its pcrihc::lion we see it pass from 
north to south in front of Pluto and tl1cn pass from 
south to north behind Pluto. Charon started this 

series of eclipses in 1985. just seven years after its 
disoovery. and the eclipses came to an end io 1990.  If 
Charon had been discovered twelve years later, a s 
tronomers would have missed the eclipses eotircly . 

These eclipses have beeo important, since frolll 
them astronomers have beeo able to calculate the 
diameter of Pluto from the time it takes Charon le) 

pass in front of Pluto, or from the time Charon rc
mai11s hidde1l behind it. It is just like the occultatic)n 
of a star ta.killg place every 6.4 days. 

It turns out that Pluto is 1430 miles across, only 
about two-thirds Lhe diameter or our ri.·toon. ·11,is is 
smaller Lhan all)'Olle had thought. Charon is 740 miles 
across, a lit Lie over hair as wide as Pluto. Charon ·s 
mass is  about ooe-scveuth that of Pluto. 

The PJuto-Charoo oomhination is particularly inter
estiog for two l'easoos. first, whc-· 11 a small ,.,·orld 
circles a large one, lhc rotation of the small world is 
slov,.red by the tides set up in it hy the.: gravitational 
pull of the large one. 11)is slowing continues until 
eveotua.11)' the sinaJI ,'l{)rld faces the .sume .side to the 
large one at all limes. l1H1s, our Moon faces only one 
side to Earlh. 

Io the same way, Charon face::s ouc:: side to Pluto at 
all times, but Pluto is so srnaJI that its n)taliou has alM> 

been slowed, aild it faces ooly one side to Charon. As 
Charon rotates about Pluto and as Pluto tun\s on its 
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Charon 

Pl.Ito ·s axtS ot rQl;uiQn ro&alive 
IO lhEI plan• (II i ls orbil 

The relationship between the orbits of Charon around Pluto 
and of Pluto arou.nd the Sun. When Pl uto Is closest to the 
Sun. as it was from 1985 to 1990, viewers on Earth can 

observe Charon, eclipsing Pluto. 

axis, the two keep right in st<:p. It is the only case of 
this sort we know of in o,,r solar system. 

Sc�oond, there is the �ssue of Charon's mass. Gen· 
eraHy, satellites are very small compared with the 
planet the)' circle. Before Charon was discovered, the 
largest satellite in terms of its planet's mass was our 
own Moon. Our Moon is :.:about one-eightieth the mass 
of the Earth, aod flO other known satellite i.s anywhere 
near that fraction of the mass of its planet. Indeed, 
some astronolllers thougfht of the Earth and the �'loon 
as a double planet-until Charon was discovered. 

Sim ... -e Charon hns one-se"enth the mass of Pluto, 
the Pluto--Charon combination is much more nearly a 
double planet than is the Ea r th-Moon combin3tion. 

Durfo. g the eclipses, astrooomers have had a chance 
to learn more about Pluto and Charon by studying the 
light the)' reflect. \Vhen Charon is behind Pluto, we 
see only the reflected light of Pluto. \�'hen Charon 
comes out from behilld Pluto. \\'e see the reffected 
light of both. If we subtrnct the reflection of Pluto, we 
are leli with the reflected light of Charon only. 

From this reffected light, astronomers decided by 
1987 that the surface of Pluto was rich in methane, a 
subst;mce which on Earth is a m::tjor part of the natural 
gas we use as fuel. �tethane freezes at a very low 
temperature, so that even in Pluto's unbelievable 
oold, some or it would still be a gas. Pluto has a 
methane atmosphere about 1/900 �lS dense .tS Earth's 
and one•tenth as dense as that of Mars. Pluto seems 
to h e  lighter at its (>Oles, when.: more of the methane 
freezes than at  its equator. 

Pluto·s surface is  slick with ice-like solid methane, 
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Ari artJ:st's conc&plk>n of Chanlfl viewed from the 
frozen-methane surface of Pluto. 

so it reflects more light than ff1ost small \\X>rlds close 
to the Sun do. I fit were R rocky world. it would reflect 
considerably less light an.d would he f'\'t..'n dimmer 
than it is. It would ha.vc been much harder to discover. 

Charon's reflected light is quit<! different from Plu
tc)s. Because Charon is smaller than. Pluto, it has a 
sinaller gravitational pull. lt can't hold on to the 
molecoles of gaseous methane very well, so that aft)' 
it may have ooce had cscap,c<J long, long ngo. \Vhat is 
left is frozen water. which doesn't vaporize at Charon 's 
frigid temperatures and therefore isn't lost. 

Consequently, where Pluto has inostly a fro2e1\-
1ncth anc surface, Chan)n has ::t fro-lcn-w:1ter surface. 
Charon has no atmosphere of its own. but Pluto's 
mctlrnnc atmosphere seems to stretch out so far from 
the little planet that its very thin outermost fringe of 
atmospl1c dc:: gas l'Xt(.·nds beyond Chtiron. Charon thus 
cil'cles Pluto inside wisps of Pluto's atmosphere. 
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6 
Beyond 

Pluto 
ONCE PLUTO WAS discovered. astronomers concloded 
from its dimness that its discovery was just a lucky 
ooincid<:n(..'C. Ploto was clettrly too �mall for its tiny 
gravitational pull to have any noticeable effect on 
Uranvs. 

Pluto was found almost exactly where Lowell had 
said the distant planet would be. but Pluto w;;tS not 
the object Lowell was looking for .  It just happened to 
be in the right spot. 

\Vell, then, if the tiny errors ill Uranus's motion 
were to be c,cplafr1cd, there must be still another 
planet. a tenth planet, which must lie beyond Pluto. 
It would be larger than Pluto in order to produce the 
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dTect on l1r,nus. aod the farth«•r he)'Ond Pluto ,t Wih, 

ttw la�er 1t \lr'Ould h.:1,(• to be. 
On the wholt•. then, t.'\'en if it "''rt..· furllwr than 

Pluto, its larger ,11c.� ,,.-oulcl make it hri�hter than dim 

)jttJe Pluto. and tlwrefore it "1>uld be t_·.uier to flnd. 
But wht•rt..· IS it? 
Tombau�l1. who Jud clisco,'<'rt'<I Pluto nnd then 

re.1lited it rouldn't ht, �l!'U's Pl.ulC'l >.., t•,ilctly. 
oontiuued to mt· hil> bliol.. comparator ror }ean after· 
ward. and by 1943 lw had e,.,mined -45 nullion JilM!t 
In tht: 1)rocess. h<' found all �rts of tl1'lronomic·.al 
ol,Jt--ctS far outside tlw solar S}Stem. lnsic.lt· the solar 
,y,;tt·m. he d,,wvered !.i n<"" COOlN and no (('·\\t·r than. 
775 .isteroids that hadn't heeo seen b<>fore. Hul he 

found no new planet. 
If tlwr<.-> "�re a tenth plam·l the siw or "(·phult'. 

Tombaul(h rould hav<' ,1,otted 1t t:ven ifit "1.·n.· 43,600 
millKm milP:. away. or h,-.•lve limes as for n,v11y as 
Pluto·� average dhtance fro,o the Sun Even if 11 \\'('re 

only a lhird the ,ize of Nl',>tune and for beyond Pluto, 
he t'Ould h..1,e spotkd ,t. 

Alter fourleen }e-al'\ of sc: .t1't:hin�. ho\\\'Vt·r, 'Ihm 

h.au,t:h concluded rathr•r wearil) that ther<· ,,<•re no 
n('w planets to be found within 5,5<X) million m,les of 
the Sun. and thnt if plan<•h c.•�isted IX'yood th.at. they 
would b(· too far awJy to lutn• much inRut·n<X� on the 

orbit� of Uranus or Nc: ptuue. 
)\•t not .. 11 astrononwr-. are s.th�flecl w, th that 001'1· 

du"on. After all, it is pos.s1ble to S<'t.' J pla,wt .ind yet 
nol rt"<.'Ognize IL llnnl of llumason t.l"mg two photo
,o.iph;; of Pluto and ,nissillg both bm('" hL·cause of the 

... 

infrrl"<·1·(•11ce of nt•Jrhy st.:,r-. ,md of Haw'i on the pho· 
tograph,c pl•te. 

Bcs,dc•,, If then· h no pl.ln<'l out there, then what 
1, causing tlw small error io l1ranu.s·� motion'.> \\·hat'� 
more•, Nq>hnw f1.� now mo,'t'd for enough around its 
1011,t orbit that l'1 '1'0rs in •h motion h•ht' aho bc·t..·n 
detect<><I ,md somrtl,ine mu�t be causrni 1t. 

An astrono, ner HJrnc-d Conic·, f\)\\'(.·11 luu rt..'Qlku· 
l.1kcl the <'ITOrs of tlw planet llmnus. He> felt that 
;;iucc· 1910. much bett(•r olh(·rvltion,; had lx't•n m:.1de 

of l'r.mus than lld'ore. and that perhaps only those 

ob�·rH1tlo11s rnadc• .ill(•r IHIO oue:ht to h�· <..--onsid<>rt'<I. 
He ,,ur ked out the error since then nnd calculated 
thal t.h(·n.· might lw a knth plmw t w1 1h thrt· c  time\ 
th� mass of Eo.1rth. and Jt a distm\l'(" of 5,600 million 
milt·� from tlu- �m. It would circle tht· Sun <.'Wry 494 
rear:... PoweU t"'+en pl' edkted "·here in the sk) it 
should bt· fuund. 

In 19S7, Powell 1wnuaded 1l\tro1Kttner) at Lowell 
(>1-,.-.t•rvulory lo ..earch for th(· plJm•t ill ttw lncl1cated 
spot. They did. but found nothing. 

Of c.,mrsc, t'\'t•11 if tl1(' J)l.owt cx11,h, 1h orlnt mj&y he 

so ectt"ntric that it Ii not likc·ly to be found 11\e o,·bit 
mud1t he• i;(:r<-a.tl} l1p1wd with n:.·-.pect to the otht·r 

planetary orbits. and it may be e�tremel> lopsided. 
J\•,·hap.s onl) '"hen it llJ>J>madu .. ·� 11, iwrihehon docs it 
a.m.'C't the OUtl'r planets It may ha\C.• reached IX'rihe. 
lion dorrng tlw I.Mt couph· of t..'t·nturi<·,; ,mcl don(• 1h 
work to lwlp us find Neptum.• Jnd Pluto But it may 
now be on its way far out "h�r<• it can't l>t• .M.-en, and 
it m.i) not l"<'h• rn to J)('nhelion for t>idit «nluries or 

so 



·n-.ere are oow inore sophisticated telescopes. and 
there are rockets :u,d pn)bcs that venture far out ioto 
space. Sorneda}' these might spot something. It is also 
possible that we might study <..X>m<:t.ary orbits that 
reach out hcyood Neptuoe and Pluto and see if any 
errors are found in their orbits that cook\ be bktmcd 
on a t<:nth pl anet. Sorne rocket probes have now 
passed beyond Neptune and Pl uto and some errors in 
their motion� might be blame'{! on a tenth planet. 
However, so far nothing has showed up that has been 
any help ,,t all. 

Yet something unexpected may turn up {like 
Charon, or Pluto itself) wlH .. ·n astn)no1ncrs are expect. 
iog oolhiog, or when they have given up all hope. It  · s  
just that the unexpected may not turn up for many 
years .. 

Or, you know, it t'Ould turn up tornorrow. 
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