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:
Uranus and
Neptune

Trie: rLANET URANUS is the seventh planct out from
the Suu. it is about 1,784 million miles from the Sun,
or about nineteen times as fur from the Sun a3 the
Earth is. It takes 84 years lor Uranus to make one
journey around the Sun.

Uranus was discovered in 1781 and. after that. was
very closely studied by astronomers. They expected it
to move about the Sun in a certain way. ascording to
the law of gravitation first worked out by the English
scicntist {saac Newton (1642--1727) in 1687 According
to this law, the Sun ought to cxert a strong gravita
tional pull en Uranns, a pull governed by the sizes of
the Sun and Uranus and the distance between theru.



Jupiter and Saturn, which are the largest plancts and
alsv the twe closest te Uranus, eught to exert small
gravitational pulls uf their own.

If the pulls of the Sun, Jupiter, and Saturn were all
taken into ascount. Uranus vught to move arvoud the
Suo in a ccrtain clliptical orbit. In moving so it wamld.
as seen frem Earth, move among the stars in a certain
path from night te night aud astranomers <hould be
able te tell exactly where it would be every night

The trouble was that this turmned out not to be <o.
With time, Uranus slowly sneved out of the calculated
positivn. The error wouldn't seetn much to ordinary
people. but te astronomers it was a horrifving sitva-
tion. It might have meant that Newton's law of gravi-
tatio n was wrong. And if that were the case astrenemy
might find itself in a very confused sitnation.

Astronomers decided that the trouble was that thev
weren’t considering ull the different gravitatienal
pulls. Suppese there were anether planet bevond
Uranus that hud not vet been disouvered. It weuld
exerl a small pull on Uranus that in turn might couse
thuse etTors in its position that were trouhling astron
omers

Two astronomers tricd ko calculate where the uii-
kuown planet might be if i t were te produce the errors
that were being noted in Uranus's evotion. One was a
British astionomer, John Ceuch Adams (1819-1592),
and the other was a French astronomer, Urbain Jeao
Joseph leverrier (lub-veh-RYAY 181%1877) Fach
oue worked on the prablein without knowing that the
ether was alsv working oun it.

The problem was very difficult, but both Adams

1o

r“"’" A L Femer o

John Couch Adars and Urbain Jean Joseph Leverrier played
a key role in the discovery ot Neptune, independently
predicting quile accurately the pesition in ihe sky where
Neptune would be lound.
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and Leverrier were excellent mathematicians. In
1845, Adams got an answer. and in 1846, Levernier
got an answer. Each ended with just about the same
answer, The unknown planct would have to be located
in 4 certain spot in the sky if it were to be responsible
for the error in Uranus's motion.

It took a while to get astronomers with good tele-
scopes to look for' the planet in the spot that Adams
and Leverricr had indicated. However. on September
23 1846, two German astronomers, johann Gottlried
Galle (GAX),-uh, 1812-1910) and Heinrich [adwig
d'Arrest {dah.REH, 18221875), lovked in the region
of the predicted spot and within an hour found a
planet

Astronomers namdd this planet, which was the
eighth planet out from the Sun, Neptune The distuv-
ery was a mighty victory for the law of gravitation. ler
using that law. two astronomers had managed to work
out where a new and undiscovered planet ought te
be--and there it was.

Once Neptune's actual distaoce (about 2,792 million
miles from the Sun or about thirty times oor uwn
distance f-om the Sun) was determined and its size
and motions all worked out, its grtvitational pull on
Uranus eould be calculated. And ®ebold, Uranus's
supposed error in motion was explained away.

Yet it was not an entirely happy ending, ler Uranus's
error of motion was not completely explained away.
There was still a tiny error remaining

Could there be stil} another planet even beyond
Neptune? I{ so. this other planet, being still farther
lrom Uranus than Neptune was, would have a weaker
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gravitationa) poll on Uranus. That weak pnll might
just account for the last little bit of error.

®f course, this additional unknown plan¢t beyond
Neptune would be closer to Neptune than to Uranus,
and it ought to have a stron¥er effect on Neptune
Why bother with Uranus’s tiny error? Just keep an
eye on Neptune's motion.

1owever, it doesn't wock that way. The more times
a planet travels around the Sun, the more accurately
astronomers can measure g tiny err0c in its motien.
Uranus had been discovered in 1781. and by 1846,
when astronomers were looldng for Neptune, Uranusy
had made three:quarters of its circle around the Sun,
and the errors were clear. By the year 1904 it had
nade one and two-tifths trips around the Sun, and by
then even tiny errors in its motion had been mew
sured.

Neptune. on the other hand, had been dixcuvered
in 1846, and it teok 165 years to go around the Sun.
By 1980 Neptune had gone only one-third the way
areund the Sun. For that reason it was safer to rely on
the smaller etrors in Uranus's motion, rather than on
what might eventually turn out to be larger errors in
Neptune's motion.

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

First, there was the matter of boghtness. All the
planets that were known from ancient times are \ery
bright and casy to ses. These are Mercury, Venas,
Mars, Jupiter, and Seturn. They are first-+nagnitude
nhjects. Venus and Jupiter are particularly brilliant. In
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lact, there are lew stars as Lright. so the very bright
plinets stand out and are aoticealle.

Dimmer stars have higher magnitudes—2, 3. 4.
and so on. The higher the magoitude, the dimmer the
star, The dimmest stars we cun see with the unaided
eve have a magnitude of about 6. The higher the
magnitude, the more stars there are of that magni-
tude. @nly about twenty stars arc, like the planets, of
magnitude 1. However, there are almost five thousand
stars of magnitudes 3 and 6.

Uranus is twice as far away as Saturn and consider
ably smaller. The light it reflects is much weaker,
therefore, and its magnitude is only 5.3 It can just
barely be seen by the unaided eve and is surreunded
by thousands of stars of the same brightness, so it is
inuch harder to notise than the other planets.

Then, too, while ordinary stars maintain the same
positions with respect to each other. night aftcr night
and ycar after vear, the planets move agminst the
backround of the stars. This motion can b uscd to
identify a planet and prove that it is not a star
However, the farther « planet is fromn the Sun. the
morc slowly it moves Uranus moves so slowly 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 surprising it was discovered only in 1781,
when the other planets were discovered in imcient
times.

Neptune is still farther away than Uranus, so it is
even dimmer its magnitude is 7.8, so it can’t be seen
atall without a telescope. What's morc, it moves even
monv slowly thaa Uranus and is surrounded by tens of
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Neplune's position @ Ihe sky when it was disocovered by twe
German astronomers on tlie mghl of September 23. 1848,

thousands ol stars of the same brightness. 1t is evea
hurder to find than Uranus, which is why it was not
cliscovered unti 1846

Neptune wouldn’t have been discevered cvien then
if Adams and Leverrier liad not warked out where it
ought to be by calculating its position lrow the error
in Lranus s tnotioe.

If there were a planet beyond Neptuac, it weuld be
still dimmer thaa Neptune, it would move even more
slowly, and it would be surrounded by hundreds of
thousands of stars of the same Lnghtness. What's
more. the remaining crrors in Uranus's motion wer
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so tiny that trving to get a hint by calculating where it
ought to be was a task much ruore difficult than Adams
and Leverrier had taced.

To be sure, astronomers ¢ould now take photu-
graphs of the stars, which Adams :nd Leverrier
couldn't do in their time, and that simplified the task
semewhat— but not enough. Most astronomers simply
felt that a scarch ler a planet bevond Iieptune was just
a waste of time, and so they made no effort in that
direction.

16
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Percival
Lowell

ONE PERSON 043tD to be different. He wus Percival
Lewell (1835-1916). Lowell had been bom to an
aristecratic Boston family and had made a great deal
of money in businesy. e was also a skilled mathema-
tician. His hobby was astronomy, and he was particu-
larly interested in the planet Mars,

In 1877, aa Italian astronomer. Giovanm Virginio
Schiaparelli (1835-1910). had studied Mars closely
and made a map of the markings he cwuld see oo it
He thought the dark markings might represent water,
and the light markings, land. e noticed that seme of
the dark markings were long and narrow, and he
called them canalf, which is italian for “channet.” A
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¢hauuel is any leng, nariow body ef water connecting
twe laiger bodies. The English Channel between
England and Fiznce is the best-known example on
Earth uf a bedy of water knewn by that name.

The word, however. was tianslated into English as
cunals. This was uofortunate, because a canal is an
artificial waterway dug out by humans. As soon as
English-speaking people heard that there were “ca-
nals™ on Murs, they Dhelieved there were intelligent
beings un Miars. They alse theught that Mars, being
smaller than the Earth aud having only twe-lifths its
gravitational pull, was not able te hold water over long
petivds. For that reasou, Mars was drying ont, and
the Martions must have dog the cauals te ceuduct
water frum the planet's pular ice caps tu the warmer
regions near its equator, where they could grew ed.

Lowell was very interested in the Martian canuls,
and he made up his mind tv study them with great
care. He used his frrtune to establish 1 private obsce
vatory in Flastaff, Arizona, where the altitude, the
desert air. and the remoteness fum city lights made
the night sky particulurly clear The Towell Observa
tory opened in 1894

For fifteen yeuars, Lowell studicd Mars as carefully
as he could, taking thovsunds of phutugiaphs. He was
sure that he could make vt the canals. In fact, he saw
fo1r more than Schisparelli ever did. aud he drew
detailed pictures that eventnally included over live
hundred «anak. Thesc fellowed straight iines that
crussed une anuther. At the crossiugs, the dark areas
seemed tu breaden, and Lewell called these oases.

b

Maps of Mars made by Glovanri Schigparalll and Parcival
Lewell. showing lines that Schiaparelli thought were channels
and 1hat Lowall thought ware canals.
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The c:mals seemed to beceme double at times. There
were changes with the Martian seasons.

Lewell lectured on the subiect, wrete popular
beoks, and was completely cuvinced that there was
intelligent life on Mars. As a result, the British weites
Herbeit George (I1. G.) Wells (1866-1946) wrote a
beok in 1888 called The War of the Werlds in which
he described a Martian invasion of Eacth. This ;nade
the notion of intelligent (and dangerous) lifc en Mars
even more popular,

Few other astronomers man:ged to see the canals
the way that Lowell did, but Lowell wasn't upset by
that. He simply pointed out that he had bettereycs, a
better telescope, and a better observatory

Yet, as it turned out, Lowell was wrong. We now
knew that there are no canals on Mars. We have sent
onmanned spacecraft to Mars since the 1960s, and
they have mapped the whole planet in detaill. They
found no canals and no signs of any intelligent tife.
Apparcntly, Lowell, trving to see things he could just
bercly make eut. was fooled by opticul illusions. Little
patches of icregutar dark markings seem to form
stiaight lines when the eves strain to see them.

Nevectheless, all this showed that Lowell was not
afraid to take up difficult tasks and to deal with
subjects that ether astronomers avoided.

Beginning iu 1902, .owell became interested in the
possihle existesce of a planet bevond Neptune. In
1965. he began a search for the planet, keeping that
search a secret so that other astronomers wouldn't
take up the task and perhaps beat lum to the discev

Percival Lowsl| view|?g the heavens at his nbservatory
in Flagstaf Arizong
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ery, In 1908, he began to call the unknown distant

world Planet X.

Lowell's secrecy was of no use, however. Another
aristocratic Boston astronomer, William Henry Pick-
ering (18581838), was also interested in the possible
existence of a planet beyond Neptune. Pickering had
already made some discoveries about the outer pla-
nets. {n 1898, for iustance, he had detected a ninth
satellite ot Saturn, one that was tarther from the plaiet
than any of the others. He called it Phocbe

Pickering used the tiny ercers in Uranus’s motion
to venture 3o ostimate of the Jocation of a planet
beyond Neptunc {a planet which he called Placet Q)
iHc believed that the planet bevond Neptone wonld
probably be abont 4.800 million niles from the Sun,
ov about one and three-quarters times as far from the
Sun s Neptune is. It would take 373 years to move
once around the Sun. or two and one-Qunacter times as
long as it takes Neptune to mzke its own circuit
Pickering also believed that the new planet would be
about twice the mass of Earth. In addition, he be
lieved that its magnitude would be between 11 and
13, which meant it would be snrrounded by millions
of stars of the same brightness.

Pickering announced his ligures in 1908, When
Jowell heard this, he was upset and decided to do
some figuring of his own. J)is results prudicted that
the distant planet was about 4,300 million wiles from
the Sun, a little neaver than Pickering thought, and
that it would go around the Suai in 327 vears, again
less than Pickering's tligure He also thought it weuldl

he abeut six o1 seven times the mass of the Earth, or
almost half the size ot Uranus ur Neptune.

Pickering, howevel, did not l®llow up his figures by
actoally trying to find the planet in the sky. But [owell
was nure determined.

He began whal was an enormous task. He wade
phatographs of sections of the sky under conditions
that windd pick up stars as dim as magnilude 13. Such
a photograph might centain hundreds of thousands ot
stars. He would then take another photogranh of the
same part of the skv a tew davs later. All the dim stars
on it wonld remain in place. but if ouc of the stars was
actually a new planct, that “star” would have changed
its position slightly

lovell would then search the two photegraphs with
2 wmagnifying glass, looking al caclt star and trying to
see if he could detect a change. It was the kind of
work that led to one disappointment after another,
and by 1912, Lowell suffered a nervuus collapse. ie
latcr recovered, however, and went right back to the
search.

Lowell died of a stroke in 1916, aud st the time ol
his death. he had siill not found the planet. He was
only 61 when le died, and his life may well have becn
shortened by his continuuus searching

Toward the end, however, he had found a better
wry of looking for the planet. This was through the
use of 3 Mk comparator Catl Otto Lampland (1873-
1951), then the assistant directur of the Lowell @bser-
vatoty. had urged Lowell to get this device, and finally
he did. This is how it worked.

‘two photographic plates were taken of a particular



sector of sly a few davs apurt. These two plates were
placed in the hlink cemparator, which shene 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
comparator switthed from ene negitive to the other,
back and forth, back and flerth, veiv quickly. If the
plates didnt &l on exactly the same part of the
screen, the stars would appear first in ae place, thea
in the other, shuttling back imd forth rapidly. The
plates weuld be adjusted till both projectiens were
aligned on exactly the same part of the screen. Then,
as the light beam switched back and lerth, all the stars
showed up motionless.

If one of those “stars” on the screen were a planet,
however, it would have moved during the time b e
tween which the two plates were taken, and it weuld
jump back and forth with the rapid switch between
plates. If the meve was a large one, the object was
probably an asteroid, which would be a comparatively
lose object, In erder for it to be a far distant planet,
it would have to blink back und forth only a small
amount

The blink comparstor was a grest invention. be
cause it was far easier to look at a photographic plate
and watch for a single blink amorg many thousands of
stationary stars, than to inspect each st with a mag-
nifying glass and try to dotevt a small movement with
the human eve alone.

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

2

The

Discovery
of Pluto

IN HIS WILL, Percival Lowell put one of his assistants,
the American astronomer Vesto Melvin Slipher (1875-
1969). in charge of the continuing search for Planct X,
and he lelt a million dollars to the Lowell Observatorv
tor the puipose

However, Lowell's widow didn't want a million
dollars to go to the observatory. Lowell had lelt hier a
g00d deal of maney, oo, but Mrs. Constance Lowell
wanted more and turned to the law. This lost the
observatoiy a great deal of money and a great deal of
time. It was not until 1927 that evervthing was scetled
and the observatory's astronomers ¢vuld return to the
search.

Once that was done, the observatory tound it
needed a new and beuiter telescope, and that cost
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morts money than it now hud. lurtuoately, Lewell's
brather also had money. He paid for a new ta:lescepe
which was put in place in 1929

What was needded next was someone who would
tuke phetegriphsof the sky and use the blink comb.a-
sator to Jook for Planet X. It would be u long and
d9Bcult job. and none o the important astronomers
at the Loweli ®bservutury wanted to do it. Ench had
spedahued knowledite and trainmg and wnportant
tasks to perform. What was neede:d {ar the search wax
someane with very little training but wath ¢nthusias,
patience. and a good eye.

Tke right man for the job turned out to Ixs Clyde
willian Tombaugh (b 19061 Fi¢ was [rom a farm
fom:y i Ulinois snd, being too poor to afbord collesze,
had only a high school vducation. Hewever. he was
fascinated by astreneny undl had woorked ¢agerly wath
theiic telescopes he had built using jparts bom old
machinery he found at his father's farm.

In 1828, Tombaugh wiote i letler to the lLowmell
®bsenotory, sendmit drawing and notes Ix: had
matle ot his telescopic chw.natiens. Slipher found
them excellent. It didn't bother him that Ttembaugh
did uot have advanced astronomical tiaming e
would just be nievided to stare at the blink comparator

“‘Ismixiugh arrived at the ohse rvatory in 928, When
be found out what they wanted hin to do. he was
perfectly willing He started on the project and dssouy-
ered that he was entirelv on his vwn, @thers hid
promised to hdp> him, but were actuallv' k> basy to
do 0.

Tombough, the-rcfore, worked out his vwu uoprove-

%

Ciyde TomMbaugh, the discoverer of FRRo, al the bljsvk
compar atos,” an matrumentused to compare photogeapl s of
agctions of the sky. Tombawgh found Pivito alier CITasng
the pasitons ol hundrads of HAEInds of hsverdy bodien

ments of the hlink cewparator and we ut about the
enlire job himself. It was not easy. The averuge pho
tographic section codained 160,000 stars, and there
were some regions of the sky where he expected to
have over a willion slars ou one plate. He lound lots
of asteroids that shiked pusition a great deal, but he
didn’t want them. He wunted a tiny shili that a very
distant planet would wake. The months pussed, but
that little shilt didn't show up.

This seemingly fulile- searitli wasnt the unly thing
that discouruged Tombauugh, (tdidn't help that visiting
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astrunomess weie impressed by the rest of the nbser
vatosy hut found Tmhaugh good only for a laugh.
They all told him that he couldn't possibly find any
thing

But Tombsiugh kept @imly at his work. and on
Febrvary 18, 1930, he found the blink he had been
lueking for. A dun “star” had mimmad slightly in pho-
tographs taken sit days apart.

EOr forty-bive minutes. Tombaugl kept staring at
the photographic plustes. unable to 'selieve whit he
siaw. Then he called Lampland, who carefully studied
the images, nnd afiter that Tmuhaugh called in Slipher
Both [ampland and Slipher agreed that Jombaugh
bad leund Pianet X

The three of them didn’t rush to announce the
discovery, bowever. They wantcd to fulloss the planel
and ebserve its continued motion. The+ wanted to be
sure. Then. tua, thesy wanted to announce the discov-
ery on March 13, Bniival Loavell's birthday. it would
have wen his sevinity-fith birthd oy ifhe Iad nout died
fisurteen years earlier. They announced the discovery
of the new planet on that day

VWhat was the new planct to be czlled? For a wiule,
after the discovery of Uranus, some had wantexi to call
thii planet “Herxchel” aRter its iscoverer. In the
same way, there had been a rnovement to wll Nep-
tune Leverner,” atur its discoverer. Meither nawme:
bad stuck, and astrononiers eveatually tumed to an-
cient mythology m each case

Not learming from this, Mrs. Lowell suggested the
new planet be culled ‘Reranvaal, ” afiter ber bushund. or
even “Constance,” aR¢r herself, but such suggestions

January 23, 1§30

Janueary 2q . 1630

Tombaugh nade his momantous dmcovery d PRAD when o
“blinked’ two Phologravhs showing sections ol 1w sky that
lookad e those ahowm hese. The one odyext in a diiterent

piace i8 Pluto. /magbm conaring Shographic plame
oconteining e images ol hundsrads of Housaiwds ot starsl



were dismisved at once. Slipher insisted on mvthol
ogy. and he wanted “MVtinerva”

Noweswr, an eleven-vear-kl Biitivh gicl named Ve-
wetia Burney suggested “Pluto.” This was apprepr.iate
Jor one thing, Pluto was the god of the dark undeer
world in the Creek myths, and the new planet swung
out so far from the Sun that it could be considered to
he eut in a kind ef dark underwerld itself For anether
thing, and perhaps more important, the first two
letters of the naine- -PL—wrere Rercival Lowe. s ini-
tials. So Pluto it vras

With time, the exact erbit of Pluto was werked out.
Its average distance from the Sun was about 3.672
million railes, less than either Lowgtl or Pickering had
predicted. Pluto went around the Sun in about 248
vears, again less than cither’s predictions. On the
whole, though. Pluto’s actual orbit was closer to Low-
cll's calclations than to Pickerings. and Pluty’s posi-
tion in the sky in 193® (when it was discovered] was
much closcr to [.owcell's predictext pesitien than to
Pickerin.g’s.

Onc American astronomer, Milven i.a Salle Huna-
son (1891-1972), had. by the way, tiied to find the
distant planet using Pickering's estiinate of it and its
position. He did not sueceed. Nevertheless, once
Pluto was discevered, Humason realized he had taken
photographs of the region where it wis located, So
why hadn't he recegnized the new planete

Humason went back to those phetogtaphs and fonnd
that two of his plates did indeed include Pluto. But
one tune a nearby star, brigh ter than the planet, had
drowned it out. And the second tme. it image had

: ﬂmdm‘lﬂi e
el = P,

The acdval orbil of Pluto ditfered some what from the orbil
predincted by Lowell
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just happened to fal] on a tiny flaw i1t the plate, so that
it again didn 't show.

Pluto’s orbit was surprising in sevne ways. Uniil the
discovery of Plute. the solar systenm was {lat, at least
as lar as the planet’s motions were concerned. Ail the
knewn planets orhited the Sun in very nearly the same
plane.. Il you were ta make an exact tiny model of the
solar system, say. a foot across, the whele thing would
fitinto a Rad pizza hox.

Plute. howerer, has an orbit that's a bit dfferent. It
is tilted dbout scvaiteen degrees te the ether orbits,
s0 thot at ene ¢ ad it \weuld move ahove the top of the
pizza bex auel st the other end it would inove hdew
it.

What's inore, I'hito’s erbit is more clongatcd than
that ef the other planets. The other plancts have orbats
thot are nearly perfe:ct circles, but Plute’s instead 1s
guite ellipticul. At one eud it is about 4,680 million
m:les from the Sun. but at the other end it is enly
2.700 million iniles Irorn the Sun.

When Plute is nearest thie Sun—when 1t is at jreri-
ficlion PLEIIR-ih-NELdec-on, f-em Greck words
me:ming “near the Sun”}—it is actually a litlle closer
to the Sun than Neptune cver gets, up to 6& million
miles closer

Il you deaw the orbits of Neptune and Pluto en a
piece of paper, Pluto’'s erbit sceins Lo ¢ross Neptune 's
at one end. it is net 3 rual cressing hawever, and
then: is no danger of Pluto and Neptune ever collid
ing. Because Plutos erbutis tilted, the point at which
the orbits cross is when Pluto is far heloww Neptune

32

it aof Plulo

The orbit of Piute is tilled. relative to the oriite of the other
Panets, and Is mon? elongated as vsell



The two planets never get closcr to exch other than
aheut 1.550 million miles.

When Pluto was discoverod, it was moving toward
its perihelion. In 1979, it reached the point wlere: it
was as far from the Sun as Neptune was, and after that
it moved slightly closer. It stavs slightly closer for
twenty years altogether. En 1990, Pluto is at perihelion
aad is us close to the Sunas it ever gets.

By 1989, Pluto will be farther from the Sun thau
Neptune is, and it will stay Jarther than Neptune for
the next 229 years.

e, =
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The Size
of Pluto

THE 0ISCOVERY OF Pluto produced 4 problem almost
at once. Lowell had reasoncd that the planat he was
lucking for would have to be lairly large if it were to
have enough gravitational pull to produce even a tiny
cKect on Uianvus's motion.

He had supposed, therelere. that the new planet
would be similar Lo Jupiter, Saturn, Uranys. and Nep-
tune- Ol suurse, the farther eut one gaes from the
Sun, the smaller thesc large planets tend to be. Jupiter
is a true giant, having a inass 318 times that of Farth,
while Saturnis sinaller, with a mass only 93 times that
of the Earth’s. As for Uranus and Neptune, they ure
anly 14.5 :nd 17.2 times the muss of Earth, respec
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lively, The new planet, i.owell had estimated, might
huve a mass 616 times that of Earth, und if it were as
large as 10 times the mass ol the Earth, even that
would net be surprising The mass should, in ether
words, be semewhere betww-u ene-third and ene-half
the miss of Neptune.

New, Neptune has a magniticle ol 7.8. If it were
farther out wnd if its average distance from the Sun
were that of Pluto. then naturaly it weuld be dinmer
and wweuld have a ruagnitude of about 9. If Pluto were
euly onethird or ene-half the mass of Nieptune, it
might have a magnitude of 18 or 11,

As seon as Pluto was discovered, however., astreno-
mers determined that it had a magnitude of 15. The
planet was enly one-fortieth as bright as it was es:
pected to be in Luwell’s estimate. That. in fact. was
one of the reasens it had been so difficult to lovate

There were three possible reasons lor this surpris-
ing dimness:

. Burhaps Pluto was considerably mere distant
than expected.

2. Perhaps Pluto was made of dinrker matecials thata
expected.

3. Perhaps Pluto was smaller than expected.

Ol course, it could also be some comhiaatior: of
these three possibilities.

The lirst possibility could be eliminated at ence.
The distamne: of Pluto could be determnined by the
speed with which it meved arouryd the Sun, and this
ewwuld be determined from the speerd with which it
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drifked hom one place én the sky to another There
was no question about its speed and therefyre ne
question about its distance. And since Plute was a bit
cleser to the Sun than Lowell had suggested, it should
have been brighter than expected. not dimmer

Could Tlute be made of a dark material that re-
flected little light? The giant planets—Jupiter, Satuen,
Uranus, and Neptune—all have thick, deep. cloud-
topped atmospheres. The cleuds relect ahoiit half the
light that falls upon them. If Pluto were more massive
than Earth, it should also have a cloudy atinosphere
that would refl.ect half the light it receives It can't be
large and dark at the sain¢ time.

That leaves us with the third possibility—that Pluto
is considerably smaller than i.owell had expected. It
could be no larger than Earth, and might have enly a
thin atmosphore that re-flected littde light That was
the only way of accounting for its dimness.

1f Phato were an Earth-like body. its solid surfsce
might be seen and that suface might be lighter in
sorne placrs and darker in ethers. If the planet ro-
tated, light paits and dark parts would alternate and
the light weuld seem te flicker in a regular way.

In 1954, the Canadian astronomer Rebert H. Har
die and a colleague, Merle Walker, measured the
brightness very precisely and did indeed find that it
varied regulacly. From the rate of varmation, they
determined thst Pluto cotistes once evay 6.4 Earth
days.

But just how large is Pluto?

One way of determining its size is to look at it
through a telescope strong enough to magnify it into a
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little globe The width of the little globe sould be
measured. Knowing the magnification of the imag
aud the distance of Pluto, the diameter sould be
worked out

Diaveters of globes are determined by angular
measure. The somplete circuit of the sky is divided
into 360 degrees. Each degree is divided into 6@
minutes of are. and ¢ach minute of arc is hirther
divide:d into €0 saconds of are This the Sun has a
diameter of about 32 minutes of arc. or just over half
a degree This means that if yvou iniaginc 675 arcles,
each the size of the Sun, and put them side by side
they would stretch completely arpnnd the sky.

The planet Venus, when it is dosest tothe Earth. is
about 1 minnte of arc ju diam<ter This means that 32
dots the size of Venus. side by side, would stretch
acruss the apparent width of the Sun. Distant Nivptune
is 2.2 sesonds o arc in diameter, so that 27 dots the
size of Neptnne woold stretch across the apparcnt
width of Venus.

Pluto is nearest to ns at its pinibelion. Ifit were th
size of Earth. then at perihelion it would have 1 width
uf .57 seconds of arc, or about oue-fourth the appar
ent width of Neptune.

Now. all we have to do is inagnity Ploto into a little
globe and see what its apparent width really is

“The joh was tackled by the Butch-American astron
omer Gerard Peter Kniper (KOY-per, 1905-1973)
Kuiper had specialized in the distant reaches of the
solar system. Tie was the first to show that Satum’s
largest sateilite. Titan, had an atmosphere, In 1948,
lie discovered a fikth satellite of Uranus, which he
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Tlwe system of angules measure divides the sky inte 360
degrees, each degree inte 80 minuias &l arc, and each minute
ol arc lrilo 60 seconds ol arc. The size of @ heavenly bpdy can

bo measured using this system. In 1958, Gerard Kuiper

determined thal Pluto had a diameler of 0.23 secend of arc.
or absul 3 800 miles 3y



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

In 1950, Kuiper made use of the new 200-inch
telescope at Palomar, the hest one then in existence,
aad linally managed to see Pluto as a tiny gltobe. Even
so, Pluto was difficult to see shamply, since it appcarad
%0 tiny that it twinkled a bit. Twinkling is caused when
temperature differences in the Farth’s atmosphere
bend the light slightly this way and that. The twin-
klin g made the globe fizzy and hard to measure.

Kuiper did his best, however, and allewing for the
magnification produced by the telescope, he con-
cloded that Pluto had a width of .23 secends ef arc,
less than half of what would have been expected if it
weice: the size of Earth. Kinper therefore decided that
Pluto must have a diameter of not more than 3,808
miles and that it was a hit smaller than the planet
Mars

A better way of deteanining the true diameter was
needed, though, one that would avoid the problem of
twinkling

Every once in a while, Pluto, as it moves slowly
across the sky, passes near a dim star. If Pluto happens
to move directly in front of the st:r (an occultution),
the star will wink out for a period of time. This is not
affected by twinkling, since both Pluto and the stor
would be in the same place and would therefore
twinkle in time wAth each other

The time of occultation depends on twwe things:
First. how fast Pluto is moving, that is, whether it
covers the star with just a narrow part of it:ell toward
one cnd er with its full width. Second. and most
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Bol ose calculating the diameter of Pluto, Kuiper made
obsenations usiing the 200-inch Hale teledoope at e Mount
Palomar Observawry inSoutharn Callfomia
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important, how loug the occulation lasts depends un
just how wide the planet is.

Astronomers kucw how fast Pluto moves, 39 if the
center of Pluty is located and the position of the star
is measured, they in then diaw a line threugh the
part of Pluto that covers the star. Frum the time of
occultation they cun then calculate the length of that
line, and from that they can culculate the width of
Pluto.

On April 28, 1965. Plutv was moving toward a dim
star in the constellation of Leo. JE Pluto were as large
as Earth, er eveu as lawe as Mars, it would have
occulted the star with seme part of itself Instead, it
msec/. That neant it didn't stretch far enough from
its owo ¢cnter tv reach the star aud wasn't even as
large as Mais Pluto tiad tv have a diameter of less
than 3.600 miles.
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5
Charon

Tue pre8LEM OF Pluto's actual size was Hhinally
selved, quite unexpectedly, in June 1978, hy au Amer-
ican astronomer, Junes Christy.

He was studying excellent photographs of Pluto
taken by a 61-inah telesovpe at the Naval Observatory
in Flagstalf Arizona. They were taken at high alti
tucleés so that the twinkling produced by sur own
atmosphere was much reduced.

Chuisty studiesd the: phutogiuphs under strong mag
nification, and it seeined to him that there was abymp
on Pluto. Conld it he that the telescope had mouved
verv shghtly while the photegraph was being taken?
No, bor in that case all the stars in the field would have
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appeared as short lines. and these were all perfect
puants.

Christy looked at other photugraphs under magni
ficion, and they all had the bump, What's more,
Christy noticed that the hump wasn't in the same
place from picture to picture. In great cxcitement.
Christy got still carlier photographs of Pluto, some as
much as eight vears old, and from thesc it became
rlear that the bump was muving aound Pluto within
a period vf6.4 days, Pluto's rotational period.

Either there was a huge mountain on Pluto, or clse
Plutu had a nearby satellite. Christv was sure it was a
satellite. aud this wus proved in 1980, when, the
French astromomer Antoine {abevrie, working on top
of Mauna Kea in Hawaii, made use of a techmique
called “speckle interferomctry.” This technique
showe-d Pluto as a pattern of dots. hut it producad two
patterns, a larger and a seoaller, with no connection
hetween theraw. Plutu definitely had a satellite.

Christy named the saiellite Cliaron (Kairron) afte;
the name of the ferrybout pilot who, i the: ancient
myths, c.ulied the souls of the dead seross the River
Sty:x 1nto Pluty’s underyround kingdom of Hades, The
nane Persephone (pur-SE E-vhuce), who was Plute’s
wife in the myths, might have been beller. but
Christy was influenced hy the fact that his own wile’s
name was Charlcne., and he wanted the first lour
letters of his wite's name to be alsu in the name of the
satellite.

In 1980, Pluto passed close to another siar. Pluto
nussed the starasscen from Earth. but Charon passed
n (ront of the star, and this occultation was vicwed
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James W. Chnsty discovered a mgon of Piute in 1978, seen
here as a bump al tie (op ol the drawing of Pitd. The
discovery olthwe meon—named Charan—enabled him o fairly
accuralely calculale the mass of Plute
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frem an ebservatery in South Africa by an astronowier
named A. R Walkcr The star wirked eut for fifiy
sccouds, and that showed Charon to huve a diamctor
of over 730 miles.

I esistence of Charon made it possible to detee
mine the mass of Phito, the ameunt ef matter in it. If
yeu have a planet and its satellite, and if vou know the
dissance between them and the time it takes for the
satc-llite te erbit the plaret. yeu can calculate the
combined mass of the planet and the satellite Ul vou
know the width el cach and suppose that each is made
of similar materials, vou can cukulute the incividual
masses of beth the planet and the satellite.

Charoit was lound to be only 12.205 miles firom
Pluto. This is only ene-lvienitieth the distance of our
Meen fiom the Earth, so it's no wonder that. at Pluto's
distance from us, a satellite so near \vent unnoticed
for aearly hall a century. Even then astronomers
wouldn't hav€é secn it if Pluto hadn’t happened to be
appreaching perihelion.

Singe Charon at that distaace meved around Plute
in 64 days. the mass of Pluto worked out to tx* enly
1/433 the wass of Earth, arid net quite one-siath as
massive as our Moon. There was now ne reason te be
surpriscd at its dimness. It was a very small world.

Now even ifwe know Pluto’s imuass, that still deesn't
tell us how large its diameter is. That wuuld depend
partly en what kind of nusterial it was made eof. A
wooden ball, for instance, would be ewnsidersbly
lar¥er than an iron lall e the same mass. because iren
1s denser than wood.

Fortunatadly, astreriemers had another stroke of

luck. Charon revolves about Pluto in such a way that
for live years near its perihulion we see it pass from
nesth te south in front ef Pluto and then pas; from
south to north wehind Plute Charon started this
series of eclipses in 1885, just seven vear: after its
discovery, and the eclipses came te an end in 1988. 1f
Charon had been discovered twelve vears later. as
trenemer:; would have missed the eclipses entirely.

These eclipses have been impertant, since from
them astronomers have Been able to calculate the
diameter of Pluto I'rom the time it takes Charon to
pass in front ef Pluto, er Irom the time Charen n:-
mairis hiddea behind it. 1t is just like the occultation
of a star vakirig place every 6.4 days.

It turns out that Plute is 1430 miles acress, only
abeut two.thirds the diameter of eur Meon. ‘This is
smaller than any-one had thought. Charon is 740 miles
across, a littie over haif as wide as Pluto. Charon’s
mass is abeut one-scventh that ef Pluto.

The Plute-Charon cemivinatien is particularly inter-
esting lor two reasons Ficst, when a small sorld
circles a large one, he rotatien of the small world is
sleved by the tides set up in it by the griwitational
pull of the large one. "Ilis slowing continues until
eventually the small world faces the same side to the
large one at all limes. Fhus, eur Moun faces only one
side to Earlh.

In the same way. Charen [aces oue side te Pluto at
all times, but Pluto i< so smalll that its rotatiou has also
been slowed. and it faces only ene side te Charen. As
Charon retates about Plute and as Pluto turns en its
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Fube's mas e redadion redslive
U Plans e is orba

The rejatjonship belween the orbils of Charon around Piuto
and of Piuto around the Sun. When Pluto is closest to tie
Sun, as itwas lrom 1985to 1990, viewers on Earth can
observe Charon, aclipsing Pluto

48

axis, the two keep right in ste-p. 1t is the only case of
this sort we know of in oarr solar sy 'stem.

Sccend, there is the tssue of Charon’s mass. Cen-
erally, satellites are very small companed with the
planet they circle. Before Charon was discovered, the
largest satellite in terms of its planet's mass was our
own Moon. Our Moon is about oneeightieth the mass
of the Earth, and no ether known satellite i any where
near that fraction of the mass of iss planet. lndeed,
some astronorucrs thought ef the Earth and the Moon
as a double planet—until Charon was discevered.

Sinee Charon has one-seventh the mass of Pluto,
the Pluto-Charon combination is much more nearly a
double planet than is the EarthMoon combination.

Burin.g the eclipses. astronomers have had a chance
to learmn more about Pluto and Charon by studying the
light they: rellect. $¥hen Charen is behind Plute, we
see only the reflected light of Pluto, ¥hen Charon
comes out lrom behiind Pluto. we see the reflected
light of both. If we subtiact the reflection of Pluto, we
are lelt with the rellected ligivt of Chares: only.

From this reflected light, astronomers decided by
§987 that the surface of Pluto was rich in methase, a
subst.mce which on Earth is a major part of the natural
s we use as {uel. Methane freezes at a very low
temperature, so that exwn in Pluto’s unbelievable
oold, some eof it would still be a mes Pilute has a
methane atmosphere about 1/900 us dense as Earth's
and one-tenth as dense as that of Mars. Pluto seems
to be lighter at its peles, where more of the methane
freezes than atits equater

Plute’s su)face is slick with ice-like solid methane,



An artist's coneaplson of Chason viewed Irom the
finzer -meifiane sw face of Plulo

50 it reflects more light than mest small workls close
to the Sun de. 163t weee a rocky werld, it weuld reflect
considerably less light and would he ¢ven dimmer
than it is. 1t wonld bave been much harder to discover
Charon's rellected light is quite diffi:eent trom Plu-
tus. Because Charon is smaller than Pluto, it has a
simaller gravitational pull. It can't holl on to the
molecules of seous methane very well, so that any
1t may ltave once had cscapred long, long #go. What is
lef is f-ozen water, which doesn 't vaporize at Charen's
{rigid temperatures and therefore isn't lost.
Consequently. where Pluto has mostly a frozen-
rnethanc surface, Char@n has 4 froven-wauter surface.
Charon has no atmosphere of its own. but Plute’s
racthane atrnosphare seems to stretch ovt so far from
the little planet that its very thin outer most [-irige ol
atmospherric: @s extends bevond Charon. Charon thus
ciicles Pluto inside wisps of Pluta’s atmospherce.
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Beyond
Pluto

OnCE I'LUTO wAs discovered, astronomers conclluded
from its dimness that its discovery was just a lucky
ovmcrlence. 'loto was cleary too small for its tiny
gravitational pull to have any noticeable efiect on
Uranus.

Pluto was found almost exactly where Lowell had
said the distant planct would be, but Pluto was not
the obiect Lomell was looking for. it just happened to
be in the right spet

Well, them. if the tiny errors in Uranus's motion
were te be explined, thece must be still anether
planet, a tenth planet, which must lie beyond Pluto
It would be larger than Plute in order to produce the



effecton Uranus, aud] the farther beyond Plito 1t was,
thes larger 1t would hive 1o be

On the whole, then, wen if it were farther than
Pluto. its larger sixe would make it brghter than dim
little Pluto. and tluwelore it would b asier to find.

But where s it?

Tombaugh, who luxd discovertel Alutn and then
realized it couldn’t hee Lowell's Pluiel X, esactly,
sontinued to use bis bliok comparator for vears alter-
ward, and by 1943 lie had examined 435 nullion sturs
In the jproeess, he found all sorts of wstronomicul
olcts [2r outside the xdar system. Inside the solar
system, he discovered 4 new comet and no ksser than
TI5 asteroids that hadnt heeo seen before. Bul he
found no new phnet

If there were a tenth planet the size of Neptune
Tombaugh could haw \ytted it (e n if it win:' 43,600
milbon miley away, or tw:lve times as lar away as
Pluto s average distance (iom the Sun. Even if d were
only a thiid the size I Neptune and fur beyond Phato,
he could have spotied it

After fourteen years of wrarching, bowanver, Bon-
baugh concluded rathe'r wearly that there wsre no

new planets to be found within 3,5(K) million miles ol

the Sun. and thit if plan ¢ts cxisted bevond that, they
would be too [ away to have: much mflumee on the
oibits of Uranus or Nesptrne.

Yit not all astronomers are satnfied with that cen-
clusioa. After all, itis possible to sue a planct und yet
not recognize it. Tiunk of thunason taking two photo
aaphs of Pluto and missing both times hecause of the

inteceference of nearhy tars and of Haws on the pho.
tograph’c plate.

Besidees, il there is no planct out shere, then what
s causing the small eror io Uianus's motion? \What's
more, Neptime hiias now moved Fir imougb azound its
b ag orbit that crrors in its motion have alvo lucn
detected and sumething must he causing it

An astionoiner numed Conley Bewrl] hns recalou-
latecl the crrors of the plapet Urnus. He lelt that
siuce 1918, much better obsenations had been inade
of Unimus than befoce. and that perhaps only those
wbservations made after 19]Q ought to b cunsidened.
He worked out the error smce then and calculated
that thent: might b a tenth planet with thruc times
the mass of E:uth, and at a distance of 5,650 million
miles lrorn the Sim. It would ircle the Sun ¢very 494
vears. Powell even medicted when: in the sky it
should be fund.

in 1987, Powel bersuaded istrosowmers at lowell
Obsenvatory o esnch fur the plamet ot the indicated
sput. They did. but feund nothing

(Of comese, sven if the planet exists, 1ts or it may be
so estentric that it is not likcely to befound The oibit
miht he preath tpped with respect to the other
plane vary orbits. and it mmav be extremely lopsided.
Iinhaps: only when it aphreaches its ivenbelion does it
affect the outer planets. It may have reached perihe-
lion during the last couple of centuries i done its
work to belp us fincd Neptune and Pluto. Bait it mnay
now be on its way ler out where it cant be seen, and
it may not retden to penhelion for eight centui.es or
%0



There are now more sophisticated telessopes, and
there are roekets s1d probes that venture far out 1nto
space. Someda): these might spot something It is also
pussible that we might study cometasry orbits that
reach out bevond Neptune and Pluto and see if any
errors are found in their orbits that ecouvld be blumed
on a tenth planet. Some rocket probes have now
passed beyond Neptune and Pluto and some errors in
their motions might be blamed on a teath planet.
Hemever, so far vothing has showed up that has been
any help at all

Yet something unexpeeted may turn up (like
Charon, or Pluto itself) whcn astrenomers are expect
ing nothing, or when they have given up all hope. 1t's
just that the unexpected may not ture up tor many
years.

®r, vou know, it could turn up tomorcew.
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