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1 The Stars

As FAR 4s we can see by looking at the sky. the universe
is made up of the Earth and other plancts, the Sun and
other stars, and the Moon.

But is that all? We know there’s only one Earth, one
Moon, and one Sun, but what about the planets and
stars? Could there be more than we see? Could there
be some planets and stars that are so dim that they
can’t be secn even though thev're there?

In 1608, a tclescope was invented in Holland.
Through a telescope, people could see things that
were too far away or too dim to see without a tele-
scopc.

In 1609, an Ilalian scientist. Galileo (GA-lih-LAY-
oh, 1564-1642}. huilt a small telescope of his own and
looked at the sky through it. Alinost at once he found
that wherever he looked in the sky, he could see many
more stars with a telescope than without one.



GALILEO

In 1610, for instance, he looked at the Milky Way
theough the tclescope. Without the telescope, the
Milky Wiy looks like a very faint foggy belt of light that
stretches across the skx Through the telescape.
however, Galileo could sec that the foggy light was
produced by vast crowds of very faint stars.

In that same vem. Calileo looked at [upiter and
tound that therc were tour smaller bodies that circled
it. They were “satellites™ {(SAT ub-lites} of Jupiter. just
as the Moon is a satellite of Earth. This meant that
there were more objects in the solar svstem, too, than
could be seen just by the eve alone.
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After Galilco’s 1 i
A r (zilltICOS time, it hecame clear that the tini-
Ylsc consisted nut only of the sotar svstem, but also of
1mihons upon milliuns of stary

That didn't mean that the universe had to be very
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GALILEO'S TELESCOPES
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WHAT GALILEO SAW

GIOVANNI D. CASSINI

But then, Lew large is the solar system?

In 1671, an Italian-French astronomcr. Giovanni 1.
Cassini (ka-SEE-nee, 1625-1712), was the first to work
out how far away the planet Mars is. Once that was
worked out, the distances of all the other planets of the
solar system could be calculated.
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Cassint’s caleulation was almost right. Later astrono-
mers corcected him a little and we new know thut the
Sun is just abont 93,000.000 miles away trom the
Earth. This was a lot further than ustroncimers bebore
Cussini’s tune had thought.

Some of the planets are even farther away from the
Sun than the Earth is. The planet Saturn was the
farthest known in Cassini’s time and it & over
%00.000,000 miles away trom the Sun.

Since Cassini's time planets that are even further
away' have been discovered. The farthest planet we
now know. Pluto, makes an ellipse around the Sun that
is over 7.000,000.000 (seven billion) miles from side to
side.

is that how hig the universe is? Seven billion miles
trom cnd to end with all the stars sprinkled in a huge
sphere just bevond Pluto?

A number of astronomers didn’t think so. They ar-
gued that the stars were at different distances and that
the dim ones were much farther away than the bright
ones. ‘They suspected that the stars were really
brightly shining suns. like our own. and were no
brithter than they seemed only because they were so
far awuy. In that casv, even the nearest of them would
have to be much farther away than Pluto. Alter ull,
why else should they all seen so dun if they were
really beight suns?

Was there any way of showing that this was actually
so, or weuld ustronomers have to guess torever?

As carly as 130 B.c. Grewk astranomers had found a
way of measuring the distance of something in the sky.
It is called “parallay” (PA-ruh-laks). To make use of
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parallax yon must keok at uy object from two differe
places and note the way the -
position,

~ You can see how this works if vou hold your finger in
t.'mnt of vour face, close vour left eve, and look al vour
hngc.*r with your right eve. You will sce that it is near a
particular part of the background. Keep the finger and
veur head in the same place, and close vour right eve
Now look at the finger with vour left eye and \:uu \;-ili

see that the finger has shified it :
( position agains
bd(‘kgl'oun(]_ ] agamst the

nt
object seems to change



Thc amount of shift depends on how fur away the
finger is from your eves. ({iy it and see for yourself.)
The farthcr away the finger is {from vour eycs, the
smaller the shift. or parallux. For something very far
away from your cycs, you cannot sce any shift at all.

To see the parallax of something very far away you
have to look at it fizst from onc place, then from an-
other place a distance away.

If something is as far away as a planet or a star. even
a mile chungc in position might not be enough. But
what about a changc in position of a few hundred
miles? You might then scc a small shift in the position
of a star against the background of other stars. From
the amount of the parallax and from the distance bc-
tween the two viewing places, the distance to a planet
or a star can be calculated.

Thc trouble was that if cven the closest stars were
very far away, the parallax would be so small it would
be very difficult to measure.

In 1838, a German astronomer, Friedrich W. Bessel
(BIES-ul, 1784-1846), was finally able to detcct and
mcasure the sinall parallax of a nearby star. From that
he calculated its distance. Other astronomers quickly
reported similar results for other close stars. It turned
out that even the nearest stars were not just a billion
miles away as Pluto is. They are thousands of billions
of miles away,

The closest star, we now know. is Proxima Centauri
(PROXce-ma sen-TAWree), and it is 25,000,000
000,800 (twentyfive thousand billion) miles away

That is just the ncarest star. There are other slars
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that are much farther away from us than Proxima Cen-
tauri is.

It gets complicated talking about the distance of
stars in thousands of billions of miles. All those zeroes
get confusing. Astronomers have worked out a better
way, one that involves light.

Light travels faster than anything clse we know.
When you turn on a flashlight the beam of light travels
outward at a speed of 186,282 miles cach sccond. It
would take only 1% seconds for a bLeam of light to
travel firom the Earth to the Moon. It takes only 8
minutes for a beam of light from the Sun to travel to
the Earth over the distance of 93,000,000 miles that
separates the two bodies.

How far would a beam of light travel in a ycar?

There are 31,557.000 seconds in one vear. If we
multiply that number by 156.282, the number of milcs
light travels in cach one of those scconds, that gives us
5,880,000.000,000 miles. That is almost six thousand
billion milcs and it is the distance that a beam of light
would travel in one year. That distance is called a
“light-year.”

Proxima Centauri, the nearest star (cxcept fer the
Sun) is 4.4 lightycars away. It takes light 4.4 years to
travel the distance from Proxima Centauri to our
selves. When we look at Proxima Centauri, we see it
by light that left it 4.4 years ago.

Few pcople in the Unitced States can see Proxima
Centauri, however. It is always so lar south in the sky
that it can’t be secn trom farther north than southcn
Florida.

One star that can be seen in the northern sky is
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Sirius (SIR-ee-us), which is the brightest star in the
'sky at night. It is 8.63 light-years away, and even so, it
is one of the nearest stars. The brig:ht star Arctu;us
{ahrk-TOO-rus) is 40 light-years away,

Astronomers managed to work out the distance of
stars that are farther and farther away from us.

One of the bright stars in the constellation of Orion
{0h-RYE-on) is called Rigel (RYE-jel) It is 540 light
years away, over 120 times as far away as Proxima Cen-
'taL’m. A'nd, of course, therc are stars much farther
;:\e:\: u\::tdh parallaxes so small they can’t possibly be

By 1850, it was clear that the universe is enormens.
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How gxats1ots MCHT the universe be? Could it be
that the stars spread out over space farther and further
away from us without any enc! whatever? In that case,
the universe would be “infinite” {IN-fih-nit), from
Latin word s meaning “without end.”

Some astronomers suspected this might not be so,
because of the Milky Way. that band of dim, foggy hght
that Galileo had found to be composed of very many
very faint stars.

Io the direction of the A ilky Way, there are so many
stars so far away that they all blend together into a dim
fog. In other directions, there is no such dim tog,
which meant to the early astronomers that there could
not be vast numbers of stars in those dircctions. They
seemed o come to an end beforc very great distances
were reached.

A German-English astronomer. William Herschel

2¢

SPIRAL GALAXY LIKE OUR MILKY WAY

(HER-shel, 1738-1822), considered this watter in
1784, long before the actual distances of the nearest
stars were worked out.

He decided to count the stars to see if there were
morce in some parts of the sky than in others.

Naturally, he couldn’t count all the stars in the en-
tire sky There were many millions of stars that could
be scen through a telescope, and trying to count them
all would be too enormous a job. Instead, Herschel
took a shortcut. He selected small patches scattered
evenly all over the sky and all of the same size. There
were 683 of them, and he counted just the stars in
thosc smali patches.



He found that the closer a patch was to the Milky
\Vay, the more stars he could count in it. The <mallest
number of stars were in the patches that werc as far
awav from the Milky Way as possible.

Could it be that the stars were crowdgd closer to-
gether as one approached the Milky Wa)f |

Herschel didn’t think so. He thought it was more
ensible to suppose that stars were spread through‘
space cvenly, but thatl in some ;lirec:t:on;l e‘fiey were

: t for longer distances than in others.
Spll(rzm‘l;ltlt::r \\‘ords;chrschcl didn’t think that the stars

HERSCHEL'S 40-FOOT TELESCOPE

AP

were spread out in the shape of'a sphere, like a basket-
ball. Suppose they were, and we were at the center—
inside the basketbuall, so to speak. In everv-direction
we looked, we would see to the edge of the spherical
ball of stars. It would always be the same distance in
whatever direction we looked, however, and we would
always see the same number of stars.

Supposc, though, that the stars were spread out in
shape like a f attened hamburger patty. and we were in
the center. If we looked outward in the direction in
which the patty was wide, we would have to look a
long, long distance to see to the edge of the collection
of stary.

All those many, many stars would fade into a dim fog
of light. 1f the patty were circular; we would see that

Few stars visible

L1
L

Many stars visible

COLLECTION OF STARS WITH THE
SHAPE OF A HAMBURGER PATTY



fog make a circle about the sky, and that is exactly what
the Milky Way does.

It we looked in the direction in which the patty had
been tlattened and made thin, we would come to the
end of the collection of stars pretty soon, and there
would be few stars and no fog of light.

If the collection of all the stars we see in the sky had
the shape of a patty, then the stars would be strewn
more thickly in the sky as one got closer to the lumi-
nous hand of the Milky Way, just as Herschel had
found.

Herschel therefore cencluded that the collection of
stars which made up the universe had the shape that
we see in a hamburger patty, This collection came to
be called “the galaxy” {GAL-ak-see), from a Greek
word for the Milky Way.

Herschel didn’t know how large the galaxy was. for
he didn’t know how far away any of the stars were. He
made some estimates, though, as to how much larger
the galaxy was thap the average distance (whatever
that might be) between two stars.

Once the distance of the ncarer stars was deter
mined, people went over Herschel's figures again. Ac-
cording to thosc figures, the galaxy would be 8,000
Jigh tvears across the leng way and 1,500 light-years
across the shost way, and it would contain ahout
300,000,000 stars. (That is 50,000 times as many stars
as we can see without a telescope.}

I's that really the size of the galaxy? Does the galaxy
make up the entire universe? If so, the universe is
Jarge, but it certainly isn’t infinite.

24

Our solar system

a —_-_—7 Globular clusters
L

»

TOP VIEW OF THE MILKY WAY

Our solar system

SIDE VIEW OF THE MILKY WAY
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Later astronomers improved on Herschel's meth-
ods. They had better telescopes and they used the
ncw invention of photography to take pictures of the
sky. which meant they could count the stars more
easily—on a photograph, instead otlooking at them in
the sky.

They found that Herschel's idea about the shape of
the galasy was correct but that he underestimated its
size. By 1920, a Dutch astronomer. Jacobus C. Kap-
teyn (KAP-tin, 1851H922), calculated that the galaxy
inust be 35,000 light-years across the long way and
11,000 light-years across the short way.

GLOBULAR STAR CLUSTER

Both Herschel and Kapteyn felt that our solar sys-
tem wmust be very near the center of the galaxy be-
cause the Milky Way looked about cqually bright in all
directions. But therc was one thing about the galaxy
which made it scem that the solar system was not in
the center Tt involved “globular clusters” —thousands
of stars crowded into clusters that had a spherical
shape.

Herschel himselt had discovercd them. Altogether
about a hundred such clusters were located in the
galaxy during the 1800s.

There seemed no reason why the globular clusters
shouldn't be sprcad all through the galaxy. If our solar
system was in the center of the gulaxy, we ought to sec
the globular clusters in every direction.

But we dont! Alinost every one of those clusters is
crowded into halt the skv. In fiact, one third of them
are in the constellation of Sawittarius (SAJ-ih-TAR-ce-
usl, which takes up only 2 percent of the sky. Why this
should be so was a mystery.

Then, in 1912, an American astronomer. [lenrietta
Swan Leavitt {LL12V-it, 1 86 51921). was studying ccrtain
stars called “Ccepheids” (SEE-fee-idz} These are “‘vari-
able stars” which grow brighter and dimmer in a regu-
lar way. Each Cepheid has a certain “period”—that is,
a certain time it takes to go through onc brightening
and one dimming,

Leavitt noticed that the brighter the Cephcid was,
the longer its period. This made it possible to work out
the distance of objects in the galaxy that were too far to
have parallaxcs that could be measured.

Suppose, for instance, that an astronomer notices
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HARLOW SHAPLEY

two Cepheids. cach with the same period. That would
mean that the two Cepheids weuld be equally bright
it he were viewing each from the same distancc.
Hewever, one of those Cepheids appears to be much
brightcr than the other to his eyves. That can only be
because the brighter Cepheid is much closer to him
than the dimmer one is. {In the samc way, if you see
two streetlights and find that one appears brighter
than the other: vou assumc the brighter strectlight s
closcry)

It isn’t quite that simple, of course, andastronomers
had to make many complicated calculations and mea-
surements. Finally, however, they found they could
use the Cephcids to measurc great distanccs.

An American astronomer. Harlow Shapley (SHAP-
lee, 1883-.1972) was particularly interested in doing
this. Hc studied globular clusters very closely and
found Cepheids in each one. He measured their peri-
ods and their apparcnt brightness and in this way
found just how far away the globular clusters were.

The globular clusters were all tens of thousands of
Light-years away. What's more, from their distance
and their position in the sy, they seemed to hc ar
ranged in a kind of sphere around a center.

Shapley decided that this center about which the
globular clusters were arvanged was the center of the
galaxy If so, the center of the galaxy was very far away
from us, in the dircction of the constcllation Sagit-
tarius. That meant the solar system was not at or near
the center of the galaxy. It was far toward one of the
edges of the galaxy.

In that case, why did the Milky Way seem equally

29



INTERSTELLAR DUST CLOUD OBSCURING GALAXY

bright all around the sky? Why wasn't the Iaalrl of the
\jilky Way ncar the constellation Sagittarius, mucl;
brigliter than the part in the opposite _sidc of ‘th(: sky
(Actually. the Milky Way is a little brighter in Sagt-
tarius than anywhere ¢lse.)

The reason is that therc are clouds of dust and gas
here and there between the stars. Once the telescope
was invented, such clouds could be scen. Tht?l't‘ are
manv such clouds in the Milky Way, and they l.ud(.: the
stars that lay beyond them and obscure their light.
The light from the center of the galaxy cannot reach us
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and we cannot sec it. We are near the center of that
part of the galaxy that we cau scc.

Shapley hadn’t quite allowed for the cffect of these
clouds, but a SwissAmerican astronomer. Rohert ).
Trumpler (1886-1936), did. [Ie showed how they made
the light of the distant stars dimmer than they ought to
be trom their distance alone. He was able to show that
the galaxy was 100,000 light-ycars across the long way,
and about 16,000 light-years across the short way, at its
center.

Our solar system is about 30,000 light-years from
the center and 20,000 light-years from the near edge.
The galaxy is thickest at the center and gets thinner
toward the cdge. Tn the place where our solar system
is, the galaxy is only 3,000 light-years thick:

Thus the galaxy is much larger than Kapteyn had
thought, in the time before the Cepheids had been
uscd to measure distances. The galaxy is now known to
contain up to, perhaps, 300,000,000,000 (three hun-
dred billion? stars. About 80 percent of these stars are
considerably smaller than our Sun, however If all the
stars in the galaxy were the samce size as our Sun, there

would be about 100.0000,000.000 of them.
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The Other
Galaxies

For NEArLY A hundred fifty vears after Herschel had
first worked out the shape of the galaxv. astronomers
seemed to think that the galaxy was all there was.
They might argue about just how large the galaxy
might be, but whatever its size, it appeared to be the
whole universe. At least so it secmed. The telcscopes
didn’t show the astronomers anything that seemed to
lie outside the galaxy.

There was one exception. Deep in the southern sky
there are two foggy patches of light that look as though
they arc pieces of the Milky Way that broke loose.
They are called the “Magellanic Clouds™ (MAJ-uh-
LAN-ik), in honor of Portugucse navigator Ferdinand
Magellan (muh-JE L-an, 1456-1522).

When Magellan led his ships on the very first voy-
age around the world, the lookout on his ship was the
first European ever to sec the Magellanic Clouds. This
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was at a time when the ship was near the southern tip
of South America, tor the two clouds are so far S‘Oll(%l
that they are never seen from northern nations Isuch
as those of Euiope. )

If the Magellanic Clouds are studied through a tele-
scope, they can be seen to be composed of large num-
bers of very faint stars, just as the Milky Wav is. Some
of thosc stars are Cepheids. In fuct. it was the
Cepheids in the Magellanic Clouds that Leavitt was
studymg when she found that the brighter ones h';d
longer periods. ‘

From the periods of thesc Cepheids, astronomers
were able to show that of the two clouds, the largc.r

LARGE MAGELLANIC CLOUD
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one was 155,000 light-vears away and the smaller one
was 165,000 light-years awav

The clouds are well outside our galaxy, and they
could be looked at ay separate galaxies that are much
smaller than ours. The larger cloud may contain as
many as 10,000,000,000 (ten billion} stars and the
smaller one perhaps only 2,000,000.000 {two billon'
stars. Both clouds, put together, have perhaps only
one twentieth as many stars as our galaxy has.

It could be, then, that the whole universe 1s made
up of our galaxy, plus two small satellite galaxies, and
that’s all.

[Iowever, there was one object that was puzzling.
In 1612. a German astronomer, Simon Marius
(1570-1624), had described a small patch of dim light
in the constellation Andromeda (an-DROM-uh-duh).
It was a “nebula” (NEB-yoo-luh), from a Latin word tor
“cloud.” Because of its location, it was called the “An-
dromeda nebula.”

Most astronomers thought that it was a cloud of dust
and gas. Such nebulas sometimes glowed because
there were stars inside the cloud. In fact. some astron-
omers thought the Andromeda nebula was a cloud of
dust and gas that was settling together under the pull
of its own gravity, and that it was just forming the star
that gave it light.

Tn 1799, a French astronomer, Picne de Laplace
{lah-PLAHS, 174918 27), suggested that our own solar
system had formed out of such a huge cloud of swirling
gas. This was called the “nebular hypothesis™ (hy-
POTH-uh-sis), after the Androineda nebula.

There was a catch. Other nebulas, which had stars

34

ANDROMEDA GALAXY
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lighting the gas and dust of which they were formed,
emitted light that contained only a few wavelengths of
light. {(Light is made up of very tiny waves of different
lengths.) The Andromeda nebula, however, emitted
light of cvery possible wavelength, just as stars did.
The light from the Andromeda nebula was not like that
of clouds of dust and gas lit by stars but seemed like
starlight itself. Could it actually be made up of stars?

The trouble with this idea was that no stars could be
seen in the Andromeda nebula. It appeared to be just
an even fog of dim white light.

Every once in a while, though, tiny points of light
could be seen in the Andromeda nebula, like very dim
stars that only lasted a short while and {aded away-

There are indecd such things as temporarily bright
stars. Sometimes stars suddenly brighten consider
ably, then fade away to their original dimness. If the
star is too dim to be seen ordinarily, it might become
visible while it is in its bright stage, then fade away to
invisibility again. In the days before the telescope
such stars, which seemed to appear and disappear.
were called nocae stellue, which is Latin for “new
stars.” Today they are called “novas,” for short.

Could the occasional points of light in the An-
dromeda nebula be connected with the nebula? Or
could they just be appearing in the galaxy somewhcre
in the space in front of the nebula but have no connec-
tion at all with that little patch of luminous fog?

An American astronomer. Heber ). Curtis
(1872-1942), studied the problem in the carly 1900s. If

the novas were just appearing in the space in front of
thenebula, then they should be appearing in the same
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way in other dircctions, too—at least in some other
directions.

But they weren’t. A grcat many novas appeared in
the Andromeda nebula (by now. about a hundred have
been detected), but nowhere else in the skv do so
many appear in such a small area. It couldn’t just be
that the space in front of the Andromcda nebula was so
unusual. It had to be that the novas were appearing
inside the nebula and that it was the nebula that was
unusual.

Another point about the novas in the Andromeda
nebula was that they were very dim. They were much
dimmer than the novas that appcared in other places
in the sky. Could it be that the Andromeda novas were
very dim because they were very far away—much far-
ther away than anything else in the galaxy? If so, it
might be that the Andromeda nebula was composed of
stars, but that those stars could not be scen because
the nebula was so fur away that individual stars simply
eould not be made out.

In 1885, a star had appeared in the Andromeda
ncbula, one that was a nova. but much brighter than
any of the other novas. It was so bright that it could
almost be seen without a telescope. Could it have
becn part of the nebula?

it turned out that there were some very few novas
that appeared in other parts of the sky that were much
brighter than ordinary novas there. One such star ap-
peared in the sky in 1572 and, for a time, was brighter
than the planet Venus, then faded away, The Swiss as-
tronomer Fritz Zwicky 1895-1974) called such unusually
bright novas, “supernovas.”
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A supernova could, for just a short time, be
100-000,800.000 (a hundr¢d billion} times as bright as
an ordinary star, What if the star of 1583 was a supetr-
nova that had appearcd in the Andromeda nebula? It
would be as bright as the entire nebula for a short
perod of time and it was.

But then, why should that supernova of the An-
dromeda nebuli have heen so dim that it eculdn’t be
seen without a telescape. when the supernova of 1572
wus brighter than Venus? Curtis decided that the su-
pérnova of 1372 must hine been rather close to us,
while the supernova of 1885 was in the Andrvomeda
nebua, which was very fur away:

For some years there was considerable dispute
antong astronomers as to whether the Andromeda
nélsula was inside our galaxy. or was far bevond it

Then, in 1917, a new telescope was put into use, in
California. Wt had a minvor that was one hundred
inches across und it was the largest and best telescope
that had been built up to that time. Using it was an
American astronomer, Edwin 2 Hubble (1589-1933),
and he was able to take photographs which &nally
showed that the Andromeda nebula was made up of
vast crowds of very tiny stars.

Curtis was right. The Andiomeda nebula had to he
very far away.

1t really wus another galaxy, even larger than our
own. From that point on, it came to be called the
“Andromeda galasy.” Eventually, Cepheids were made
out in the Andromeda galaxy and from their periods
and apparent brightness, the distance of the new gal-

axVv' could be calculated.
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EDWIN P HUBBLE

At first the calculation camnc out too low. but in 1952,
a Gevman-American astronomer, Walter Baade (BAH -
duh, 1893-1960). showed that there were twe kinds of
Cepheids. That changed the method of calculation.
When it was done correctly, it turned out that the
Andromeda galaxy was 2.300,000 light-years away It
was fifteen times as far away as the Magellanic Clouds,
and it contained about twice as many stars as our own
galaxy does.

Once it was undcrstood that the Andromeda nebula
was a galaxy. many ether galaxies were found. Our ewn
galaxy turued out to be enly one of very many, and
sometimes it is called the Milky Way galaxy te dis-
tinguish it from the rest.

The Milky Way galaxy. thc Andremcda galaxy. the
Magellanic Clouds {which are now considered te be
two “dwarf galaxies™), and abeut two dozen ether dwarf
galaxies make up a cluster of galaxics that arc called
the “lecal group.”

Altogether, astronemers have detected millions of
galaxies, alinost all of which are divided into clusters.
Some of the clusters are huge and centain thousands ef
galaxies. The farthest galaxies we can see are hundreds
of milliens of light-years away That means that the
light by which wc see such very distant galaxies
started en its long journcy te us hundreds of millions
of years ago, when the only life on Earth consisted of
simple microscopic creaturcs.

In 1963, astronemers discovered “quasars’ (KVVAY
zarz). Some scientists think they are very distant galax-
ies with very bright centers. They are so far away that
enly the very bright centers can be seen. Fer this
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reason. the quasars look like dim stars. However, they
are bilfions of light-years away. The farthest quisar we
know is more than 10,000,000,000 (ten bill'mn) light-
vears awav. The light it emits started on jts journey ,t"
us billions of years before the Earth camc into exis-
tence.

Counting the very distant galaxies welcant see,
there may bc as many as 100.000,000,000 (a hundred
billion) galaxies altogcther, md the L}lli\’CI‘S&“lIl‘dy be as
much as 25.000,000,000 {twenty-five billion) light-
vears across. Our own galaxy js as a tiny dust gram
cempared to the wholc universe.

The
Receding
Galaxies

Dy ik exiverse always exist? Will it alwayvs continue
to exist? The answers to such (uestions depend upon
certain discoveries about light.

When sunlight, which is a mixture of tiny waves of
all sorts of wavelengths, is passed throagh a triangle of
glass called a “prism” (PRIZ-urn), the rays of light
bend. The longer wavelengths bend less than the
shortey: wavelengths. Thereforc a band of light is pro-
duced in which all the wavelengths are lined up in
order; the longest wavelengths at one end, the shortest
at the ether. This is called a “spectrum” (SPEK-trum)

Ditlerent wavelengthy seem to have different colors
to onr eves, so the spectrum is a rainbow of color Red
is at the long-wavelength end, then orange, vellow,
green, blue, and. finally, violet is at the short-wave-
length end.

Some wavclengths happen to be missing in sun-
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light. As a rcsult, there are places in the spectrum
where there is no light. A dark line crosses the spec
trum and is callecl a “spectral Jine.” There are thou-
sands of such lines in the spectrum of sunlight.
Spectra can be obtained from other sources oflight,
and these may have difterent patterns of spectral lines.
When a source of light is coming toward us, all the

I

Sun Sirius

SPECTRA OF THE SUN AND SIRIUS
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wavelengths of the light we receive are shortened. The
spectral lines are theretore shifted toward the violet
end of the spectrum. This is a “violet shift.” \When a
source of light is going away from us, all the wave-
lengths of the light we receive are lengthened. The
spectral lines arc shifted toward the red end of the
spectrum. and this is a “red shift.”

This shifting of lines is called a “Doppler Fizcau
cflect.” Tt was first explained, in 1842, by an Austrian
scientist, Christian [. Doppler (D@P-ler, 1803-53). He
worked it out in connection with sound, but soon after-
ward, a French scientist, Armand H. L. Fizeau {fee-
ZOH, 1819-96). showed that it worked tor light also.

This should tell us something about stars. Starlight
canbe spread into a spectrum with dark lines crossing
it. Astronomers lcarned to recognize particular dark

Red shifts

Cluster Distance H K

Nebula in in light years

u 43,000.000

virgo 750 mi/sec

- 728,000,000

Corona Borealis 13,400 mi/sec
- 960,000,000

Hydra 38,000 mi‘sec |
Dark lines H and K move to the K

right towards the red wavelength
DOPPLER-FIZEAU EFFECT
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lines and to know cxactly where each is supposed to be
in the spectrum. If the actual position is shifted a little
toward the violet. then the star is approaching us; if it
is shiftcd a littlc toward the red, the star is receding
from us. From the amount of the shift. the speed of
approach or rccession can be calculated.

In 1868, a British astronomer. William Huggins
(1824--1910) was finally able to form thc very faint
spectrum of the star Sirius. He noticed a tiny shift of
the lines toward the red and he could tell that Sirius
was moving away from us. The best present-day obscr
vations tcll us that it is reccding from us at a speed of
about 3 milcs a second.

Afterward. various astronomers obtained the spec
tra of other stars and found out how fast they were
moving, either toward us or away trom us. They werc
not surprised to fnd out that somc stars were ap-
proaching us and somc were rcceding from us. The
speeds at which they werc moving were mostly be-
tween 3 miles a second and 70 miles a second.

In 1912, an American astronomcr, Vesto M. Slipher
(SLY-fer. 1875-1969), managcd to obtain the spcetrum
of the Andromeda galuxy. At that time. of course, it
was not vet known to be a galaxy. [t was thought to be
just a cloud of dust and gas.

On its faint spectrum there werc dark lincs, just like
those in starlight or sunlight. Slipher was able to show
that the lines were shifted a bit toward the violet end
of the spectrum. The Andromeda galaxy wus coming
toward us at a speed of about 120 miles a second. That
was a little grcater than the speed at which most stars
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moved, but some stars did move that quickly, so Sli-
pher wasn’t troublcd by the fiigure.

He went on to study the spectra of other nebulas
that showed dark lines. and by 1917 he had worked
with fifteen of them.

By that time he had two problems. He would have
expected that about haif of the nebulas would be ap-
proaching and half would be receding, but that’s not
how it was. Thc Andromeda nebula and one other
were approaching. The remaining thirteen were all
receding

The second problem was the speed of recession.
The average speed for the thirteen reccding ncbulas
was about 400 miles per second. This was a much
higher specd than that at which any known star
moved.

As Slipher made more measurements, he continucd
to find only recessions, and the speeds continucd to
get higher and higher YWhen Hubble showed that
these nebula were really distant galaxies, astronomcrs
began to wonder all the more why the galaxies moved
so quickly when nothing else moved as quickly. and
why they all receded. The two galaxies that were ap-
proaching were part of the local group. Every single
galaxy outside the local group was reccding, without
exception.

Working for Hubble was another astronomer.
Milton L. Humason (HYOO-muh-son. 1891-1972),
who continued to work with the spectra of distant gal-
axies. He exposed the light from these very dim galax-
ies to a camera night afiler night in order to build up
the light to the point where he had a phetograph he
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could study. In 1928, he obtained the spectrum of a
taint galaxy that was reccding at a speed of 2.400 miles
a second. In 1936, he managed to get the spectrum of a
galaxy that was receding at a speed of 23.000 miles a
second.

Such speeds seemed very strange indeed. How
could they be explained?

Hubble was particularly interested. He did his very
best to estimate how far away all these distant galasies
were. He used all sorts of ways to make an estimate
and he ended up by placing in order of increasing
distance all the galaxies whose spectra had been
studied.

Vi’hen he did this, he discovered something un-
usual. The farther away a galaxy was, the more quickly
it was receding. In fact, the speed of recession in-
creased by a fixed amount for cvery additional bit of
distance. This is called “Hubble’s Law,” and it was first
advanced in 1929.

But why should this be so? VWhy should all the gal-
axics (except a couple in our local group) be receding
from us? And why should they be receding from us
more and more quickly, the more and more distant
they are from us?

The answer came as a result of the work that had
been done by a German-born scientist, Albert Ein-
stein (INE:stine, 1879-1955). In 1913, he had worked
out a new kind of description of the universe based on
what was called “the General Theory of Relativity.” As
part of that theory, Einstein worked out a set of “field
ecjuations” that described what the properties of the
universe as a whole would have to be.
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Einstcin himself thought the universc should be
considered “static’—that is, it didn't change with
time. For that reason, he introduced another tigure
into his field equations in order to have them work for
such a static universc.

In 1917 however, a Dutch astronomer, Willem de
Sitter (1872-1934), showed that Einstein’s field cqua-
tions, if his new figure werc left out, described a uni-
verse that was constantly expanding and growing
larger

Sitter worked this out by pretending there were no
stars or other objects in the universe. In 1922
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however, a Russian mathcmatician, Alexander A.
Friedman (1585-1925)., showed that the field equations
meant an expanding universe, even if the stars were
takcn into account. In 1930, an E nglish astronomer:
Arthur S. Eddington (1882-1944}, showed that even if
Einstein’s static universe existed, it wouldn’t stay
static. It would start either to expand or (o contract,
and either way it would continue to do so.

Einstein had to leave the field cquations the way he
had them in the first place. He said afterward that
inventing that figure was the worst mistake he had
everr made.

Einstcin’s fleld equations explained Hubble's Law
The universe was expanding. Clusters of galaxies were
held together by gravitational pull, but different clus-
ters kept moving apart because the universe, as it ex-
panded, pulled them apart.

If you suppose that every part of the universe is
cxpanding at the same rate, then we would indeed
observe exactly what Hubble observed. All the galax-
ics outside the local group would be receding from us.
The farther away they were, the faster thev would
seem to be receding.

This wouldn’t make us special. If we were watching
the sky firom any other galaxy. we would see the same
thing. Itisn’t that the clusters of galaxies are receding
from us particularly, they are all receding from each
other.

This notion of the expanding universe. based on
Einstein’s thcory and Hubble's Law. brings us face to
face with the questions of the beginning and the end of
the universe.
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5 The Big
Bang

Surrose WE rINK about the expanding universe for a
while. Since it is expancling, it is bigger this vear than
it was last vear—and it was bigger last year than it was
the vear before—and bigger the year before than it
was the vear beforc that—and so on.

In fact, it we look back in time, it would seem that
the universe would get smaller and smaller and
smaller until it shrank down to nothing.

The first person to speak out about this was a
Belgian astronomer, Georges E. Lemuitre (luh-MET-
ruh. 1894-1966). In 1927, he said that at some long past
time everything in the universe was squashed together
into a very small object he called the “cosmic egg.”

He thought that this cosmic egg suddenly exploded
and flew apart and that the universe is still expanding
as part of this original explosion.

This view was taken up and supported by a Russicn-
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American scientist, George Gamow (1904-68} He
called this explosion of the cosmic cgg the "Big Bang.”
and he considered it the beginning of the universe.

How far back in time would we have to go to imag-
ine the universe shrunk to a very compact size? VWhen
did the Big Bang take place, and how old is the uni-
verse now?

That depends on how fast the universe is expanding.

THE BIG CRUNCH
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The faster it is expanding, the faster it has grown in the
past, and the less time it took tor the universe to ex
pand to its present size.

Backin 1929, Hubble had worked out how fast the
universe was expanding, and the rate depended on a
figurc he had worked out called the “Hubble con-
stant.” The larger the Hubble constant, the faster the
universe had cxpanded, and the shorter the time since
the Big Bang, The original figurc tor the Hubble con-
stant madc it look as though the Big Bang had taken
plce 2,000,000,000 {two billion) years ago and that
the universe was therefore that old.

This figurc came as a terrible surprise to scientists
who studied the Earth. {Such scientists are “geolo-
gists” [jec@®L-uh-jists].) There were rocks on Earth
that they werc sure were over three billion years old,
and they were quite certain that the solar system had
formed out of a cloud of dust and gas about
4,600,000,000 {4.6 billion) years ago. How could the
solar system be older than the entire universe?

For over 20 vears, this puzzle was not solved. Who
were right, the astronomers or the geologists?

Then, in 1952, when Baade showed there were two
kinds of Cepheids, it turned out that the astronomers
had been wrong, By making use of the Cepheids to
measure distance in a new way, it turned out that the
universc was much larger than they had thought car
licr, That meant the value of the Hubble constant was
considerably smaller than had been thought. And that
meant it had taken longer for the universe to cxpand to
the size it now was, so that the Big Bang was much
longer ago than had been thought.
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The universe is certainly older than the solar sys-
tem. but how much older is not certain. Some astror 10-
mers think the Big Bang took place as recently as
19.000,000,00)0 (ten billion) years ago, and some think
it took place as long as 20,000,000,000 (twenty billion)
vears ago. It might be best to take an average and say
that the universe may be 15.000,000,000 {ifteen bil
lion) yecars old.

Some astronomers were not ccrtain the Big Bang
had taken place at all. They thought that even though
the galaxies were moving apart and the universe was
cxpanding, new matter might be slowly forming and
new young galaxies would be appearing in the spaces
lett by the old galaxies as they pulled apart.

This was the theory of “continuous creation,” and it
was advanced in 1948 by an English astronomer; Fred
Hoyle (1915~ ), and by two Austrian-born astron o
mers, Hermann Bondi {(1919- ) and Thomas Gold
(1920- ). If continuous creation was correct, the
universe looked just about the same as far back in tume
as we can go. The universe could be considered as
having lasted forever and as having no beginning.

At about the time that continuous creation had been
suggested, however. Gamow had pointed out that if
there were a Big Bang, it must have filled the universe
(which was very tiny at first) with radiation that was
very hot—trillions of trillions of degrees. As the uni-
verse expanded, however, the radiation expanded,
too, and its temperature dropped rapidly

By now, billions of vears after the Big Bang, the
averagc temperature of the universe must have cooled
down to a very low temperaturc indeed. What's more,
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radiation is very short-wave when it is hot, and the
waves grow longer as the temperature gets lower. By
row Lhe radiation of the original Big Bang must have
strctched out its wavelengths till they are in the form
of what we call “radio waves.”

Gamow thought, therefore, that if there were sone
wav of dctecting them, a faint Lackgiounc! of radio
waves should be found in the sky The farthcr one
looked into space with tclescopes, the longer it took
radiation to reach us from the greater and greater dis-
tances that were rcached. If one looked fir enough
into spacc. radiation would reach us that had been
traveling evcr since the Big Bang. In no matter what
direction we looked, if we looked far cnough, we
would reach evidence of the Big Bang The radio
waves should come from cvery direction, thereforc. in
exactly the same way. They wonld be a kind of faint
whisper rcaching us from that huge explosion in the
past.

At the time Gamow suggested this, there were no
instruments capable of picking up faint radio-wave sig-
nals from the sky, but as the years passed. astronomers
built better and better “radio telcscopes.”™ In 1961, an
American astronomer. Robert 11. Dicke (DIK-ee,
1916- ), revived Gamow's notion.

The search for the background radio-wave radiation
began at once. In 1965, two American astronomers,
Amo A. Penzias (PEN-zee-us, 1933- ) and Robert
W Wilson (1936- L set up very delicate systems
for detecting such radiation. Soon they were able to
report having detected the radiation and found it to be
exactly as Gamow had felt it ought to be.
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Since then, many astionomers have studied the
background radiation. aud it is considercd strong cvi-
dence that the Big Bang did take place. The possibility
of centinuous creation has faded out.

In fact. as we look into the distance with our
telescopes, the farthest quasar we see is over
10.000,000.000 (ten billion] light-years away The light
we sce il by must have left it ten billion vears ago, not

SPACE TELESCOPE |N ORBIT
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Jong after the Big Bang. Can we detect quasars that
are farther away still? Perhaps not. There seems to be
a haze beyond the farthest quasars and we may be
looking into the hot radiation of the Big Bang, perhaps
twelve or fifteen billion years ago. ‘.

And what is going to happen in the fqltul"ef

One possibility is that the universe will sunp}y con-
tinue to expand—and expand—and expand‘{c.)re\er
The galaxies will continue to recede until, trllhf)ns of
vears from now, all of them, except for those in t‘he
local group. will be too far away to see using any in-
struments. This is an “open universe.

However, the galaxies, as they move apart,' are ak
ways being pulled upon by cach other’s gravitational
force. The gravitation causes the cxpansion to slow
down with time. It may be that, eventually, the expan-
sion will slow down to zero. The universe may stop
expanding, and then, very slowly, start to contract.
The contraction weuld continue, faster and fa‘ster,“ur-l-
til all the galaxies will come together in a Big
Crunch.” This would be a “closed universe.

If the universe is closed, it may be that the material
for the Big Bang came out of nothing and that with the
Big Crunch it will go back into nothing Or else, when
the Big Crunch comes, the galaxies will crush Fogetllcn'
only so far and then will “bounce” in a new Big Bang.
It mav be that the universe expands and contracts,
then expands and centracts, then expand‘s‘ and con-
tracts and so on forever This would be an oscillating
universe.,

m\\;iell, is the universe open or closed? If it is closed,
is it a one-time universe, or an oscillating universe?
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Astronomers arc not entirely certain, Whether the
universe will continue to expand forever;, or whether it
will someday stop expanding and begin to contract
depends on how strong the universe’s gravitational
pullis. The strength of that pull depends on how much
matter exists in the volume of the universe. It depends
on how many galaxies and stars and other “mass,”
giving rise to gravitational pull, are squeezed into the
volume of the universe.

If we consider the stars and galaxies alone, then
there seems to be only one one-hundredth as much
mass in the volume of the universe as isneeded to stop
the expansion. If that is so, then the universe is open,

Some astronomers think, though, that there may be
some mass that we've leaving out of consideration.
(This is called “the problem of the missing mass.”)
Mavbe there ismass outside the galaxies. Maybe there
are tiny particles that we think have no mass but that
actually de have mass.

In that case, it may bhe that we’ll eventually decide
the universe is closed. And we may discover ways of
deciding whether a closed universe will oscillate or
not.

There's still a great deal to find out about the uni-
verse, but then, think how dull it would be for scien-
tists. and for all of us, if all the questions about the
universe were answered and there was nothing more
to find out.
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