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The First
Determination

Havr vou eveR seen a lightning Aash during a
thunderstorm?

Lightning is a current of electricity that races {rom
the ground to a cloud, or from onc cloud %e another.
Ag it docs so. it beats to a white-hot temperature of
many thousands of degrees for a split-second, and the
air expands. When the lightning fash is over, the air
coels and contracts again, coming togcther with a
bang. That bang is the clap of thunder we hear.

When the lightning strikes fairly closc to us, the
f ash of lightning is very bright and the clap of thun-
der is very loud, and they come at the samc timne.

When the lightning is far away, it flashes not so
brightty and it does so silently. If we wait a while,
however, the thunder comes, cchoing and re.
echoing, but it is not so loud.



I't is reasonable to suppose that a dis:ant lightning
flash is not as bright as a near one and that the thun
der is not as loud — but why is there a wait for the
thunder?

ltis because it takes time for sound to travel from
one place to another. The speed of sound has been
measured and found to be 740 miles per hour.

This means that ssund can travel 1,086 feet in one
second. In five secends, sound can travel a mile, Lf a
lightning flash strikes a m:]Je away, you have to wait
five seconds for the sound of the thunder to reach
you. If it strikes two m:les away, vou have to wait ten
seconds for it to reach you, and so on.

But what about the light of the lightning flash?
Doesn't tha! take time to reach you, too?

Perhaps it does. but if so, it must travel much
faster than sound, because the sight of the lightning
reaches us quite a bit of time before the thunder does.

Is there any way we ¢an measure how fast light
travels?

lo ancient times there was a general feeling that
one couldn't. Some scholars thought light might
travel so fast that it would cover any distance, how-
ever long, io jus: an instant of time It might travel at
“infinite” speed: that is, fas:er than any speed vou
can imagioe.

Even those scholars who thought the speed of light
was not infinite. st:ll thought it was too fast for it to
be measured.

The first persen who tried 1o measure the speed of
light was an Italian scientist, Galileo (gahl-ih-LAY-
oh, 1564-1642). He made the at:empt about 1630.

He and an asistant each carried lantcrss of a kind
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Galleo's experiment with the speed of light

in which the candle inside ¢ould be covered and un-
cuvvered. so that the light ceuld be flashed at a partic
ular time. @n a dark night, when small gleams of
light ceuld he easily seen, Galleo and hijs asistant
climbed two neighboring hills. When each gol to the
top of his hill. each flashed his light 90 the other could
see: he was there. Once each saw the other’s lantern,
beth lanterns were closed.

Now Galileo flashed his lantern. The instant his
assistant on the other hill saw Galileo's light. he
flushed his lantern. Galilee measured the tiine be.
tween the moment he flashed his lantern and the
moment he saw his assistant’s flash (perhags by

11



counting ofi seconds). The test was repeated a num
ber of times probably and the results were averaged.
The ameunt of time that passed had to be at least
partly due to the time it took light to travel from one
hilltop te the other, and then back.

1t was also partly due to “reaction time.” After all,
it took seme time afier the assistant saw Calileo's
flash v realize that he had seen it. and v move his
hand in such a way as to uncever his own flash.

Galilee then repeated the experiment by making
use of two hills that were censiderably farther apart
than the first pair. Galileo felt that his assistant’s re-
action time would be the same as before, but now the
light would have w travel a longer disiance. The
extra time it would take between Galilev's flash and
his sight of the return flash would be entirely due to
the time taken for the light te travel the eatra dis-
tance.

Howe ver, there was no extra ¢iine. The time taken
between flashes when the tao hills were distant was
cxactly the same as when the twe hills were close. [t
was all reactien time The light itself travelled so
swiftly that the extra tisne taken to travel the longer
distance was tou small for Galileo to measure. All
Calileo ceuld say was that light traveled very. very
fast

(®f course. Galileo was at a disadvantage for he
had no way of measuring short periods of time accu-
rately. Good clocks had not yet been inveoted.)

1o 1809, Galileo, making use of the first telescope

ever te be turned on the sky, had discovered {our
satellites of Jupiter. These satellites revelved areund
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Jupiter. Each one would move io front -ef Jupiter.
then move outward in one direction. return and
move behind Jupiter, then move outwaurd in the
other Jirection. then return again and move in front
of Jupiter and se on, over and over.

Jupiter and leur of its moons

Each time one of the satellites went behind Jupi-
ter, it meved into “eclipse,” and since thev each
moved about Jupiter at a steady speed, they went
into eclipse at fixed intervals. The satellite nearest
Jupiter swung about in the shortest time, going into
echipse every 134 days. The oext farther went into
eclipse every 3% days. the next every 7§ days. and
the far:hest every 16 days.

In 1838, a Dutch astronomer, Christiaan Huygens
(HOl-genx, 1629-1695) invented the pendulum
clock, making use of certain properties of the pendu-
lum that Galilee had discovered. 1t was the firs:
accurase timepiece ever built, the first that could
measure time to the exact minute. 1t could be used to
time events such as the eclipses of Jupiter’s satellites
more ascuratelv than before.

A Dutch astronemer, Olaus Roemer (ROl-mer,
1644-1710}, studied Jupiter's satellites in this way,
and made a puzzling discevery. He noticed that dur-
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ing hall of the year. the eclipses came later and later
than their scheduled time. and then startex] coming
earlier and earlier. In the couise of the whole vear,
the eclipses came at the right time an the average.
but there were times when they were as much as
8 minutes ahead of the average and other times when
they were as much as 8 minutes behind the average.
Why should that be?

Qibits of Earth and Jupiter

The Ea1th goes around the Sun, making a circle in
one year. Jupiter is much farther from the Sun and
makes a larger circle. It takes 12 years to cemplete
that circle.
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‘I'he Earth goes around the Sun twelve times while
Jupiter is going around once. That means that during
half its year, Earth is on the same side of the Sun as
Jupiter, and, durng the other half. it is on the
oppesite side.

When the Earth is on the same side of the Sun as
Jupiter. andis as close as it can be to the other planet,
light travels from Jupiter's sateilites to Earth across a
certain distance. Half a year later, Earth i on the
other side of its orbit. and is therefore on the opposite
side of the Sun from jupisct. The light from fupiter’s
catellites must then travel the same distance as be
fere, plus an extra distance across the width of
Earth's orbit.

It takes time for light to cross the full width of the
Earth’s orbit. Astronomers on Earth must wait that
extra timc¢ before they see the eclipse of Jupiter's
satellite. That is why the eclipse is lat¢r than average
tk.en. When Earth is on the same side as Jupiter. the
light travels a comparatively short distance and the
eclipses arc earlier than average.

The exact width of Earth’s orbit was not yet
known in Roemcr's time. Roemer took the best figure
he knew for that width and decided that light must
take about 16 minutes to cross that distance. To
travel that distance in that time, Roemer calculated
that light must move at a speed of 132,000 miles per
second.

Because Roemer had the wrong figure for the
width of Earth's orbit, he ended up with a specd of
light that was considerably lower than it should have
been. In fact. it wasover 50,000 miles per second too
low—but it was a remarkable result for a first effort.
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Still, even Roemcr's figure. which he announced in
1676, was extremely fast. No wonder Galileo
couldn’t measure the speed of light by timing it from
one hill te another. 1f the hills were a m:le apart,
light would travel from one to the other and back
(assuming Roemer's figure was correct} in %y of @
second. If the hi'ls were ten miles apart, light would
flash from one to the other and back in ‘fuwe of a
second. Galileo couldn’t pos<ibly have measured such
small fractions of a second.

i8

From Space
to Earth

RoPMER 'S ANNOUNCEMENT 1MON T make much of a splash.
The speed seemed so huge that people couldn't
imaugine it. @r perbaps the idea of using a clock &
measure time so aecurately still seemed strange to
people. In any case, Reemer’s work was largely for-
gotten and nothing happened to call it back to mind
for about 70 years.

Meanwhile, scientists had become interested in
another subject. The stars were known to be very far
away, but no one knew exactly how far they might
be. As the Earth went around the Sun, however, it
shifted its pasition enonnously.

From one side of the Sun a nearby s:ar might be
seen in the sky at a certain scparation from a far-off
star. From the other side of the Sun (six months
later), that neuarby star would be viewed from a



slightly different angle and it would seem a slightly
different separation frorm that same far-off star. (The
far-off s:ar would be so far away that the whole shift
in Earth’s positien weuld be as nothing in compari-
son. The far-off star would, therefore, not change
position at all.)

This shift in positioir of a nearby star compared te
a far-off one as the Earth’s pesition isi space changes
is called “parallax” (PAR-uh-laks). You can see how
it works if you place your finger about a feotin front
of your face and hold it steady there If yvou close
vour left eye, ysu wili see the finger with your right
eve near a certain object in the background (a tree
outdoors, a lamp indoors). Now without moving
your finger. open your left eve and close your right.
Vicwing the finger with your left eyve, which is in a
different position from your right. you will see it in a
different pasition with respest to the tree or the
lamp.

Frow the amount of the shift, it is possible to cal-
culae the distance of the finger from your eves. In
the same way. from the amount of the shift of the
nearby star as the Earth swings about the Sun, as-
tronomers can calculate the dis:ance of the star.

The treuble was, theugh, thal even the nearest
stars are so far off that their parallaxes are tiny. The
telescepes of the 1700s were simply not good enough
to be able to measure those tiny parallaxes. However.
scientists didn't know this and they kept on trving to
measure the pesition of stars in the course of the vear
and to note any changes.

One of those who did so was the English as
tronomer, James Bradley (1683-1762). Through his
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telescope he did notice a small shift in the position of
certain stars as the Earth swimg around the Sun.

The shifts weren't right though. As the Earth
moved in one direction, the position of the star
should seem to shift in the oppusite direction. ‘The
shift that Bradley observed didn’t do that. The star
shifted in the wrong direction, so it couldn’t be paral-
lax.

But if it wasn't parallax, what was it?

Bradley puzz)ed over the matter and eventually he
came up with this idea.

Suppose you are standing still in a rainstorm, and
the raindrops arc falling straight down. If you have
an vmbrefla, you would hold it directlv aver ynur
head and that would keep you dry.

Rut suppose you begin to walk ferward &n such
rainstorm. A raindrop that would just miss your um.
brella would hit you for as it moves lower yeu would
walk into it. Therefore, once you move, you would

. i}

have to anglc your umbrella forward just a little so
that raindrops w:Il miss you farther in froot than in
back. After all, you are walking toward the rain-
drops 1n front, and away from the raindrops in back.

The faster you move, the further forward you wili
have to angle the umbrella, for if you moxe faster,
you must make the raindrops mis you by a greater
amount so that your faster motion won't carry you
mto them.

Again, if the raindrops are falling more slowly,
you wil]l have to angle vour umbrella further forward
because there is tnore time for yno to walk into a
raindrop falling slowly. thaun one falling rapidiy.

You can calculate the exact amount vou must
angle your umbreila if you know both your awr,
speed and the speed of the raindrops and cempare
the two. En reverse, if you know the exact angle that
the umbrella requircs to keep you dry, and you know
how: fast youc sare moving. then you can calculate how
fast the raindrops must be falling,

It occurred to Bradley that light from a star must
fall down upon the Earth like raindrops. However,
the Earth is not standing still but is moving around
the Sun. Because it is, the telescope has to be angled
just a bit to catch the light, just as ar umbrella must
be angled to catch the raindrops. As the Earth curves
inits turn about the Sun. the star would shift just in
the way that Bradlcy had seen them shift,

Bradley knew exactly by how much the telescope
had to be angled to catch the starlight, because that
amounted to the shift of the star and he could
measure that. He also knew how fast the Earth was
moving about the Sun. From these two figures he
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could calcu)ate the speed with which the light was
moving as it fell from the star to the Earth.

His figure, which he reperted in 1745, turned out
%0 be 176.000 miles per second. This was consider
ably better than Roemer's figure, but it was still
about 160,008 miles per second too low.

Astronomers were a great deal readier to deal with
such an enormous figure in Bradley’s time than in
Roemer's. For the first time, the spscd of light was
accepted as having a particular value.

Both Roemer’s and Bradley's method for calculat
ing the speed of light involved astrostomical evenis—
the time it took light to go {from Jupiter to Earth. or
the direction io which light fell from a star to Earth.

Was there a way of moving the technique from
space to Eaith? Could scientist; measure the speed of
light on Earth, %0 that adinstments could ®e made
easily and so that all soits of details ceuld be deter-
mined?

In 1849, this was done. when a French scientist,
Armand Hippolyie Fizeau (fee-Z@®H, 1819-1896) de
cided to repeat Galileo's experiment— with improve.
ments.

As Galiles had done. Fizeau chose two hilltops,
and in his case they were five miles apart. Fizeau
managed to avoid the problem of reaction time,
however Instead of putiing an assistant on the
second hill, he put a mirror there.

A beam of light would be released by Fizeau on
the first hill. It would flash to the second hill and be
reflected by the mirror at once and f.ash back to
Fizeau again. From the time between the moment
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the flash was sent out and the moment it came back,
one would know the exact time it would take light to
travel ten miles, and from that one could easily cal
culate the speed of light.

But enough was known about the speed of light by
now to know that the time-lapse would e about
!As.000 Of 2 second. Fizeau had better timepieces than
Galileo had had. but still he couldn’t measure a time-
lapse that tiny, unles he used some clever method.

Fizeau used a very clever method indeed.

toodhvd wheeal

8.

Fizeau's altempt 1o measure Ihe speed of light

He made use of a toothed wheel, the edge of which
he placed in front of his light beam. Whether the
light beam got through the edge of the wheel de
pended on the wheel’s pesition. If one of the teeth
was directly in front of the light beam, it was
blocked. If a gap between the teeth was in front of
the light beam, it got through.



Fizeau set the toothed wheel spinning at a slow
speed. If a fash of light shot through one of the gaps,
it travelied to the miiror on the hilitop five miles
away, was ref.ected from the mirror. then travelled
back to Fizeau so quickly that the gap was still in
place. The wheel had not had time to move the gap
and place a'toeth in the way of the beam of [ight to
block it,

Fizeau made the toothed wheel move fastar and
faster. When the wheel turned at a certain speed. the
light would move from Fizeau through a gap e the
other hill where it would be reflected. By the time
the beam had moved back to Fizeau, however, the
tooth had moved acress and blocked the light from
returning to Fizeau's eye.

1f Fizeau continued to make the wheel spin faster
and faster. then, eventually, the light would shoot
through a gap and. by the time it travelled five miles
to the other hill and [ive miles back, the toeth had
moved completely acress the line of sight. The beam
of light returned in time te move through the next
gap and Fiaeau could see it again.

Fizeau knew how fast the wheel was turning. sohe
knew how much time it took for a tosth to replace a
gap, and how much time for a tooth te move com-
pletely acros so that a secend gap replaced the fizst
one. He could calculate the time it took light to move
ten miles and from that he could calculate the speed
of light,

Fiacau's 1849 calculation placed the speed of light
at 196.000 miles per sccond. For the firs: time, sume-
one bad found a value that was too high. Actually,

24

Fizeau's value was no better thsn Bradley’s. Brad
ley's value had been 10.000 miles per second too
slow, and Fizeau’s was 10,000 miles per second too
high.

Hewever. Fizeau had at least moved the measure-
ment from spaee to Earth. What was needed, new,
was a s:ill better method.
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In the
Laboratory

Ix < worx. Fizseau had had the assistance of another
French scientist, Jcan Bernard Léon Foucault {(foo
KOH, 1819-1868).

Foucault went on to try an experiment, rather like
Fizeau's. I nstead of a toothed wheel, however, Fou-
cault used a second mirror. Light travelled to the
first mirror, was reflected to the second minor,
which, in turn, reflected the light to a certain spet on
a screen.

Suppose the secend miiroz is set to spinning
rapidly. By the time the light reaches the fixst maror
and Iy reflected back to the second mirror. the second
has moved slightly and reficcts the light to a different
spot on the screen.

From the distanee by which the ceflected light s
displaced by a mirrer spinning at a known rate, the
speed of light can be deteruiined.
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e T rodating mirmar

Foucault’'s method

Foucault made his measurements over and over.
making various improvements in his equipment. In
1862, he got a result of 185,000 miles per second for
the speed of light. This was by {ar the best figure yet
obtained, for it was only a little over 1.800 miles a
secend below the true value.

Foucault's methed had another advantage It was
so delicate that it didn't have to use great distances
It was no longer necessary to use hilltops that were
miles apart as Calileo and Fiaeau had had to do. In-
stead, Foucault ohtained good results even by using
light beams that travelled only about 66 feet
sogether

This meant he could werk in the laberatery,
rather than outdoors. What's more, it also meant
that Foucault could measure the speed of light when
it passed through subs:ances other than air.

As long as light bcams had s he ten miles long {or
the speed of light to be measured. they could only be
made 4o travel through air. Even if vou made use of a
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trough ef water {ive miles long and had a light beam
travel from one end to the other and back, vou could
not determine the spced of light in water. All the
light would be absorbed, you see, bxcause water
only transparcnt over short distanoes.

Foucault. working with short distances, could
mcasure the speed of light through water.

In his day, there were still two theories about the
nature of light. Some thought it to be compesed of a
stream of particles: others thought it consisted of a
series of waves. The wave theorv was winning out,
but those who accepted the particle theory were not
vet completely convinced.

According to the particle theory, Bight should
travel {aster in water than in air. Accovding to the
wave theery, light should travel more slowly in
water than io air.

{n 1853, Foucault sent a beam of light through
watler and measured its speed by his spinning-mirror
method. [t turned out that the speed ol light through
water was just about three-quarters that of the specd
of light through air. This gave strong support to the
wave theory, so that the particle thcory was aban-
doned. (Eventually, half a century later. it became
plain that light acted as beth a wavc and a particle,
as we shall see.)

When light travels from air into some other trans-
parent material, iw pathway is ent, or “refracted,”
as it makes the cressover. The amount by which it is
bent depends on the “index of refraction” of the
transparent materlal. The higher the index of refrac-
tion, the slower the speed of light ttwough that
material.



Refraction of light by waler

Eight travels through water at a speed of about
140.000 moiles per second. Through glass, which has
a higher index of refraction, it travels al about
125,000 miles per second. Through diamo«d, which
has a very high index of refraction, it traveis at a
speed o only about 77,000 miles per secend.)

The next impertant figure io the deter mination of
the speed of light was a Ger man-American scientjst
named Albert Abraham Michelson (MY-kul-sun,
1852-1931). y

He began working on the problem in 1578, and he
made use of Foucault’s scheme, but he improved the
delicacy of his equipmeut. Foucault had managed to
get the spot of light to be displaced by only !4, of an
inch when he used his spinning mirror. Measuring
that % of an inch accurately was rather difficult.

Michelson got a displace ment of 5 inches. which
was much easier to work with, ri_n 1879. he reported
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the speed of light to be 186,355 m:les per sec»ndj
"This was a considerable improvement on all earlier
figures, for it was only about 73 miles per second too
hfgh-ﬁtor his work.on light then and later, he got a
Nobel Prize in 190"/ He was the first American to get
such a prize in the siences

Michelson, in his search fer bett¢r and bet:er
values fer the speed of light, eventually decided to go
back to the hilltop method of Galileo and Fizeau. He
didn't have to. The results he got in his laboratory
were the best ever. St:ll. he thought that if he ceuld
use the same delicate measurements over a long. long
distance, he would get still better results.

Lo 1923, Michellson picked two mountaintops in
California. They were not 5 miles apart as Fizeau's
had been, but 22 miles apart. Of course, Michelson
was able to produce light beams that were much
brighter than those of Galileo, or even of Fizeau.
Michelson could usc elextric lights. That meant
Michelson could easily send out a light beam that
would still be visible after it travelled 22 m:les, was
neflected, and travelled 22 miles back.

V#hat’s more, Michelson felit he should know the
exuct distance between the two mounlaintops, so he
could know the ¢xacf distance covered by the light
beam. Saying “22 mles’” wasn'l good enough. e
carefully measured the distance between the spots on
which he was setting up his cquipment on those
mountain tops till he got the distance exact to the
nearest inch.

Finally, Michelson used a special eight-sided spin-
ning mirror that could produce much more displace-
me7t than ordinary mirrors could.
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He ran his experiments over and over and, by
1927, he was satisfied that the best figure he ceuld
get for the speed of light was 186,295 miles per
second. This was indeed a further improvement, for
it was only 13 milcs per second too high.

Eveo 30, Michelson was not satisfied. Sending a
light beam through air introduced a slight slowing
effect since air had a tiny index of refractiori. The
only way it was possible to get the true maximum
speed of light was to send it through a vacuum.

Roemer and Bradley had dealt with light travel-
ling through long distances of cuter space, and there-
fore through a vacuum. Their systems of measure-
ment, however. had shortcomings that wiped out
any pessible advantage of using that vacuum.

Fizseau, Foucault and Michelson had developed
more and more delicase methods, but thev had al-
ways measured light travelling through air. Now
Michelson determined to use those dclicate measur ¢
ments to deal with light travelling thrwugh a
vacuum.

Michelson therefore used a long tube, th¢ length of
which he knew to a small fraction of an inch. He
pulled jus: about all the air out of it, leaving a
vacuum behind. Within it, he set up a system of
mirrors that sent a beam of light back and forth till
he had made it pass through ten milexs of vacuum.

He madec his measurements aver and over, kecplog
it ug Lil) he dizd. It waen't until 1933, two years after
he died, that all the calculations were completed by
those who had worked with him, and his final figure
was aonouinced.

It was 186,271 miles per second. It was a little
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Albert A. Michelson (18521931)

more ascurate than any other he had announced, but

not by very mu i
e ¥ much. It was only L1 4 miles per second

Michelson was able to do
; ) one more thing with h;
studies of light travelling through a w.raouurgn?mth i
N In'ob]ccts tha.t have an index of refraction, frem
’e}:my one of aiy, to the large one of diamond, iight
with short waves (such as violet light) is refracted
?;:_re than light with tong waves (such as red light)
mof rr;can[s tIil'at short-wave light shoyld trave] a bit'
e slowly ¢
T ¥ through such substances than Iong-wave
In a vacuum, liowever which h i
. . 5 . as no index of
fraction, light of all wavelengths should trav-e] at t':;
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Light-Years
and the
Universe

Now TaaT we have the exact figire for the speed of
light. we can pwiot out seme facts aboul the Uni
verse.

The average distance of the Moon from the Earth
5 238,867 miles. How long docs it take light to travel
{rom the Moon to the Earth? The answer comes ot
to be just about 144 seconds.

Ii. for any reason, the Moen were suddenly to dis
appear from the sky-, the last bit of light it reflected
from Lhe Sun would take that much time to travel
through space to our eyes, and \we¢ would not see the
Meon disappear until 1 )4 seconds alter it really did.

The Sun is about 93.000,0089 miles from the Earth.
It take:s light 8 minutes and 19 secends to travel from
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the Sun to the Earth. If the Sun were suddenly to dis-
appear. we weuldn't know about it for 84 minutes.
Tt would take light 16 minutes and 35 seconds to cross
from one side of Earth’s orbit to the other, something
Reemer found out when he was timing the eclipses of
Jupiter’s satellites at different times of the vear.

Sun

.
¢

// diglance 93.000,000 miles

]

light taksa 6 minutea ad 13 sascnds (

reach the Earth hom ihe Sun

Earin ./ distance; 23887 mies
o &
1okes light 1% seconde Irom tiw Moeont o 1w Earln

Distance of Earlh Irom the
Sun and the Meon

The most distant of all the planets is little Pluto,
which is nearly 40 times as far from the Sun {(on the
average) as Earth is. That mears it would take light
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40 times as long to cros Pluto’s orbit as it dees to
cress Earth’s orbit It would take light just about 11
hours to cross Pluto’s erbit.

What about the stars?

The stars are so much farther away from us than
any of the planets that it is cenvenient %o use a dis-
tance called a “light-year” to deacribe how far away
they are.

A light-year is the distance travelled by light in one
year. To see how long such a distance is, let’s first see
how many seconds there are in a year.

There are 60 seconds in a minute, and 60 minutes
in an hour. That means there are 60 X 60, or 3,080
seconds in one hour. There are 24 hours in a day.
That means there are 3.608 X 24, or 86,408 seceids
in one day. There are 365.2422 days in a year that
mieans there are 86,400 X 365.2422, or 31,956,926
seconds in one year,

In 1 secend, light will travel 186,262.3959 milexs
In 1 year. then, light will travel 186,2623939 X
31,556.926., or 5.875.499.776,000 miles. Since the
fiigure 1,000,900,000,008 is “one trillion,” a light
year is just a litt.e bit under 6 trillion nuiles.

It turns out, then, that 1 light.year is equal. to
nearly 25 million times the distance from the Earth
to the Moon. Tt takes our astronauts 3 days to go from
the Eaith to the Moon. If they could e ontinue at that
average speed it would take them about 209,000
vears to go a distance of a light-year.

To put it another way, a light-year is 1,880 times
as long as the distance acress the orbit ef Pluto.

Now we are ready to consider the distances of the
stars.



Rigel (RY-jul), one of the bright stars in the cen-
stellation of @rion (olt-RY-un), is 815 light.vears
away, and is therefore 95 times as far away as Sirius
is. It takes 815 years for light leaving Rigel to cress
the vastspace between us and to reach our eyes. The
next time you look at Rigel. remember that the light
you sce i¢ft Rigel on its long vovage when Richard
the Lionhearted was a littie boyv.

Yet even Rigel is a s:ar in our own neighborhood.

The Sun and all the stars we see in the sky are part
of a large cunglomeration of stars—about two or
three hundred billion of them-—that is shaped liko a
pinwhevl. This cenglomeration is called the Milky
Way Calaxy (CAL- uksee).
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The nearest star to us is a dim little object called : 53
“Proxima Centauri” (PROK:sih-moh-sen-TAW-r¢e). : 2
{t is 4.27 light-years away: or just about 25 trillion i
m: Jes away, There is no s:ar clowr to us than that I

Thls means that the light from Proxima Centauri 3
takes 4.27 years (4 years, 99 days) to reach us. Light,
which travels so quickly that it can go from the Earth e TR
to the Moon in |} seconds. takes 4.27 yeass to reach B :
us from Proxima Centauri. e, PR

And Proxima Centauri is the nearest star.

Sirius (SIR-ee-us). the brightest star in the sky, is

§.64 light-yeass away, twice as far as Proxima Cen e T : ;
tauri P Milky Way Galaxy

: : % Section of Milky Way Galaxy
. '-I'I$1|_Z|!H fo us



We are nowhere near the center of the Galaxy. We
and all the stars we see in the sky are about 23,000
light-years from the center. We can't see any light
from the center of the Calaxy because there are huge,
dark cllouds of thin matier between us and the center.
However, radio waves from the center can penetrate
these clouds and reach us.

The radic waves we can detect from the center
right now, left the center 25,000 yeuars ago. long be-
fore human beingz became civilized. ot

The entire Galaxy from end % end is at least mﬁv‘%
100,000 light-years wide. which means that the same N
light waves that can travel from the Eaith to the
Moon in 1% seconds would take 100,000 year:; %0
travel across the full length of the Galaxy.

And eur Galaxy isn't all there isin the Universe by
any means. There are many billions &f other galaxics, .."_.‘*1 e w:?
mos: of them smaller than ours and a few consider. i mm‘“ i
ably larger. The nearest large galaxy to ours is the
“Andromeda galaxy” {(an-DR@®M-uh-duh). It can be
seen on a cicar, dark night as a stmall hazy patch in
the eonstellation of Andromeda, and it is the most
distant object that can be seen by the unaided eve.

Itis 2,300,000 light vears away from us, and it
takes 2.300,000 years, therefore, for light from the
Andromeda gd axy to reach us. 1f you should happen
to look at the Andromeda galaxy, the light vou will
be secing will have left it long before modern human
beings exis:ed. When that light left the Andromeda
galaxy, the most advanced form of life on Earth were
small human.like creatures in southerm Africa, s;and-
ing four feet high on two legz, but with brains no
larger than those of moden chimpanzees.

Map of local galaxias
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Andremeda

There are many galaxies far beyond the
Andromeda. In large telescepes, we can see dim
galaxies that are hundreds of millions of lighl-ycars
away.

In 1963, scientists discuvered certain staelike
hodies that they called “quasany™ (KWAY.zahrz).
Thesc quasars turned out to be galaries with very
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bright ccnters, galaxies that are so far away that all
we can see are these bright ¢enters.

The quasars are the most distant objects known.
Even the ncarest quasar is ahout 1,000.000.000 (one
billion) light-years away. When we s:are at that qua-
sar, we are looking at light that started on its iourney
whep the onlyv living things on Earth were micro
scopic. one.celled creatures. The light had covered
threefifthe of its journey before more complicated
life-forms had developed on Earth and were begn
ning to make their way out onto land. $¥'hen the light
was nine-tenths of the way here. dinosaurs domti
nased the Earth, and it was 96 percent of the way
here before the first hiornan-like creatures evolved.

That is only the nearest quasar. The farthest qua-
sars arc over 10 billioo light-years away. The light

Quasers
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frem such extremely distant guasars begao its jour-
ney before our Sun and Earth even cx:isted. In fact,
the light had covered more than half the long dis
tance between us before the selar systern beZan to
form.

So you see how large the Universe is. Light may
travel unbdievably fast when we are dealing with
distances on Earth, but when we switch to the Uni.
verse as a whole, we find that in cemparcison with it
light travels at a very. very slow crawl. '

Imagine taking billions of years to get from one
place to another!

S

Relativity
and the
Speed Limit

WHEN SCIENTISTS FIasT tiied to determine the speed of
light, they were merely curious. There was no reason
to suppose that the speed of light was anything more
than a Eigure to be determined — like the speed of
sound. or of a racehorse

Just the same, it ended as much more than that.
Here’s how it happened.

Once it was decided that light censisted of waves,
it seemed natural to ask, “Waves of what?”

On the oecan surface, there were waves of water,
Sound censis:ed of waves of air. Light, however,
passed eaiily through a vacuum. There was nothing
in a vacutun, so what formed the waves of light?
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Some people suggested that the whole Universe
consisted of an indetectable substance called “ether’
(an old Creek word for the material they thought
made up the heavenly bodies). Light, they thought,
consisted of waves of ether.

That seemed to raise another point of interest.
Things on Earth move cempared to the surface of the
Ea:th, but the surface of the Earth is also meving. It
turns about an axis, but the axis is also moving, The
axis moves around the Sun, but the Sun is als® mov-
ing. The Sun moves around the center of the Calaxy,
but the Galaxy is also moving,

Apparently, ¢verything i moving, and that seems
rather cenfusing

It ooccurred to some people that the ether musl
ferm the basic structure of the Universe se it couldn't
be moving It was at “absolute rest,” All motions
seuld be meusured against the ether and thco we
would have ‘‘abselute motion.”

It secmed to Michelson, when he was beginning te
be interestcd in the speed of light that there was a
way of measuring the motion of the Earth cempared
to the ether.

The E arth in all its motions must be moving rela.
tive to the cther. Suppose you sent out a beam of light
in a certain direction aod measured its specd. Since it
cowsisted of waves of ether it would be moving
through a motionless subs:ance. If Earth were
moving in the same direction, the beam of light
would be moving at is 2wn speed plus the Eanth’s
speed, or a bit faster than usual. If Earlh were
moving in thc oppesite direction, the beam of light
would be moving at its nwn speed minus the Earth's

48

speed, or a bit slower than uyoal,

Frem thc differcnce in spced you could caleulate
the speed of the Eath’s motion against the ether.
@noce you had the Earth’s absolute miotion, you seuid
calculate all other abselute motions, by determining
speed relative to the Earth.

Of ceurse, the Earth's speed is so much smaller
than the speed of light, that adding or subtracting
the Eaith’s speed would make verv litt e difference to
the speed of light. How ceuld Earth's contributaon be
measured?
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Michelson’s expesiment

In 1881. Michelson constructed an “interferom-
cter” (IN-ter-ferOM-uh-ter), that split a bearq of
light in two, sent the two halves away in different di-
rections, then brought them back tegcther again.
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The light in one direction would ge with the
Earth’s metion, then back against it. The light in the
other direction would go at right angles to Earth's
motien in both ways

Michelson calculated that if the cther were
motionless and the Earth was moving, the two halves
of the light beam would travcl at slightly different
speeds and when they came back together, their
waves wouldn't masch each other anv more.

In some places the waves would reinferce cach
other, geing up and down together, so that the light
would be brighter. 1n other places, the waves would
cancel cach other, one would go up while the other
would go down, and the light would be dim.

In fact, there would be light annd dark alterna-
tions, or “interfercnee fringes” From the width of
the fringes, the difference inlight-speed could be cal-
culated and the abselutc motien of the Earth seuld
be obtained.

In 1887, Michcisen had worked out all the detatils
of what he planned to do. and, with the help of
another scicntist, Edward \Villiams Morlev
(1838-1923), the “Michelson-Morley cxperiment”
was carried through.

As it happened, though, the experiment seemed to
fail. There were mo interfercnec fringes. Light
secmed to travel at equal speed in anv direction and
this didn't seem possible. Michelson ran the experi-
ment many times and always got the same result—no
fringes.

Infact, the MichelsonMorley experiment has been
run over and over again in the last hundred year;,
somctimes with cquipment much more sensitive than

N

the eriginal. It alwaysendsin the same way. Thercis
nosignof any difference in the spced ofiight, regard-
les< of the direction in which it moves, and regardless
of the way in which Earth moves.

Then, in 1903, a young CermanSwiss scientist,
Albert Einstein (1879-1955) presented his “Special
Theerv of Rclativity.” This offered a new way of
looking at motion. Einstein felt there was no such
thing as absolutc rest er absolute motion. He showed
that cverything worked smoothly if vou always mea
sured motion as compared te sometihing else that was
also in metion

Einstein was not trying to solve the problem of the
Michclson-Merlcy experiment, for it is possible he
had not even heard of it. For other reasens, though,
it secmed te him that light must always travel
through a vacuum at the same speed, no matter in
which direction it was geing, and no matter how fast
or in which direction the source of the light was
moving.

For everything else but light, it does matter how
fast and in what directien the place from which the
motion starw is moving. Light. in other words,
doesn’t act in a “cemmenscnse” way, and most pee-
ple thought at First that Einstein couldn’t possibly be
r.ght

Einstein showed, however. that if light acts the
way he thought it should, then all sorts of deductions
could be made awout how the world ought te sehave
and how exper ments ought to werk out. He worked
out those deductions and it turned out that those de.
ductions were currect.
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Since 1905, scientists have made thousands upon
thousands of careful observations of how things be-
have and work, and they've conducted thowsands
upon thousands of experiments. Every single one of
those observations and cxperlinents backs up Ein-
stein’s theory.

Nowadays, all scientists accept the theery as an
aecurase description of the Universe,

Eintstein's theory also shuwed that light worked in
accordance with “quantum theory"” —as first worked
out by the German scientis:, Max K. E. L. Planck
(1858-1947) in 1900. Using quantum theory, Einstein
showed that light crossed a vacuum because it had
particle properties as well as wave properties, and
that the ether was unnecesaty. Scientists therefore
decided the ether didn't exist. and without an ether,
it's no wonder that the Michelson-Morley experiment
failed.

For their work on the quantum theery. Planck re
ceived a Nobel Prizee in 1218, and Eins:ein received
one in 1921.

Einstein's theory also nade it necesssary to con-
clude that nothing made of matter ceuld go faster
than light under any conditions. Nor could any mes-
sages ever go faster than the speed of light.

The speed of light, which had till then been looked
at as just an interesting figure no different from any
other speed, suddenly became a univeisal speed limit
that no one could break.

Till then, human beings had been able to reach out
farther and farther by simply learning how to in
crease speed. At first human beings could go no faster
than they could walk or swim. Then they tamcd the

Alberl Einstein (1879194 5)
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horse, and after that they invented steamships and
automobiles and airplanes and reckets.

Human beings 1earned how to cros oecans and
continents, first in weeks, then in days, and then in
hours. They lcarned how to speed to the Moon in
three days.

If human beings continue to learn how to go faster
and faster, can they someday get % the nearest star in
three days?

Asirenaut on the Moon
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Nol Human beings can’t get to the nearest star in
less than 4.27 years, or make a round tripin less than
8.54 vears, 10 metter uihet,

We can't get to the star, Rigel, in less than 815
vears or make a round trip in less than 1,630 vears,
ro matéer what! And if vour descendants finally
reach Rigel and send a mescage %0 Earth that they
have arrived, that message will take 815 vears to get
to Earth, and it will take another 815 years; to get a
reply. mo matter what.

We can'i get to the ecnter of the Calaxy in less
than 25,000 years, or to the Andromeda galaxy in les
than 2.380.000 yeais, or 10 the neares\ quasar in less
than 1,000.000,000 vears.

@ f ceusse, Eins:ein’s theory shows that time dows
down with spesd. At nearly the spesd of light, ticne
slews down to near nothing You might somehow
flash to the nearest quasar and back along with a
beam of light and it will seem to you that almest no
time has passed.

You will come back, however, to find that
2,000.000.000 vears have passed on Earth.

We can no longer dream of exploring the Universe
in the wsual way. If we leave fer Lhe slars, we will
probably have to say good-bye forever, and if, for
aoy reasen, we ¢an't speed at more than a tenth the
speed of light, it is unlikelly we will live long enough
to reach any destination.

The scientists, from Calileo to Michelson, who
tried to measure the speed of light, little knew they
were measuring the prisen bars that may keep us in
the solar system forever.
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