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Colors and
Waves

IN 1665, A twenty-three year old English scientist,
Isaac Newton (1642-1727). was plaving with light.

Ile pulled all the curtains shut in bis re#m, on a
sunny day. so that it was quite dim. Through a little
chink cut out of a curain, a narrow beam of smilight
shone into the room.

Newton ullowed this beam of sunlight to pass
through a triangular piece of glass called a prism
(PRIZ-um). The light beam beut in its path as it went
through the prism. The beam was vfracied (ree
+'RAK.ted)

The lght came out ef the prism traveling in a
slightly different direction thim it went in and shene
on the wall hehind. If the prism had not been in its



path, the beamn would just have made a white round
spot on the wall. But the prism was there, and the
beamn of light had spread out and formed a rainbow,
At one end the light was red. As one’s eye passed
dong the band of light, it tumed, little by little,
orange, then yellow, then green, then blue, and,
finally, at the other end. the light was violet.

You can see colors all around you. but vsually
they're part of solid obiects. ¥ou can feel them. The
colors on the wall that Newton had prodused, how.-
ever, could not be felt. They were in the light itself.
not 1v anything solid. Your hand could have gone
through the colored light as though it had been a
ghost. In fact. Newton called the band of colored light
a spectrum, the Latin word for ghost.

Where did the colors come from? Newton felt that
what our eyes see as white light is actually a mixeyre
of oolors. When white light passes through a prism
and is refracted, the different eslocs are refracted by
different amounts The red light is refracted least, the
violet light is refracted most. and the others are
refracted by amounts in between. That separates the
colors and spreads them along a strip instead of plac-
ing them sogether in a small circle.

To see € this was %8, Newton let the light pass
through the prisen, and then. before it could reach the
wall, he let it pass through a second pcisin with the
pemt of the triangle facing the opposite way from that
of the first prism. The light had been bent one way
when 1t went through the hirst prism, but now it bent
the opposite way when it went through the second
prism. The colors separated 3y they went through the
first prism and they came together agnin as they went
through the second prisro.

to

white light

Newton's expenment with prisms
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When the light had passed through botfi prisms.
what appearcd on the wall was just a circle of white
light. T Newton, this was proof that the colors, mixed
together. addcd up to white:.

But why should there be diRferent solors of light?
Why should they bend by different amounts in passing
through a prism?

To answer that quest on it might help te know what
light is made up of, but no one in Newton's time could
be sure. Still, there were two possibilities.

It was possible that light inight consist of a stream
of \¢ry tiny particles, all moving very quickly in a
straight line. It was also possible that light might
consist of a stream of very small waves, all moving
very quickly in a straight line

Scientisk were familiar with the way bullets trav-
eled in a stiaight line over short distances. They were
also familiar with sounds that consisted of waves in the
air. They cuuld also see the waves move across the
surface of a still pond if they dropped a pebble into it,

@ne thing was very noticcable about waves, though.
They sould bend around obstacles. You can watch
water waves do it. You know too that you can hear
someene around a corner, so the sound waves must
bend around that comer.

®n the eother hand. bullets don't bend around a
eerner, and light docsn’t either. If somcene is around
the coruer, you can't see him. Light moves right past
the edge of an ebstacle. still going straight.

Fer this reason. Newton thought light had to consist
of a stream of smail. moviag particles and not of
waves.

¥

Christian Huygens

Not everyone agreed with him. There was a Dutch
scientist, Christiaan fluygens (HY-genz, 1629-1G65),
who thought light consisted of waves. He argucd that
small waves didn't bend around obstacles as easily as
long waves did. If light consisted nf very small waves,
it would hardly bend around obstacles at all.

Most scientists, it turned out, sided with Newton
because. a5 time went on, people realized he was a
very great scientist. In fact, scientists today almost all
agree that he was the greatest scientist who ever lived.

Still, even the greatest scientist can be wrong some
times.
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The person who settled the matter was a British
scientist. Tlvomas Young (1773-1829). He was a man
who was learsed in ull sorts of wavs

He was a doctor, to begin with. Then, too, he wrote
articles foc The f.ncyclopedio Britannica on 2l surts of
subjects. He was even the 6rst purson to begin to
werk out the meening ol the ancient Egyptian writing.
Despite all that, he is best remembered for his cxper
itnents with light.

Young had studicd sound. and he knew that when
two sound waws intersected, or crossed paths. aoe
would somtimes cancel out the other. In one seund
wave, tbe air corrying the wave might be moving in
just as air was going out in the other wave In the
combination. the air wouldn't move in cither direc-
tion, and there would be silence. If the sound waves
were of differcnt lengths, the longer wave would
overmke the shorter und. for a while, the air wyuld
meve in and out at the same time in both waves. The
sound would then Le Jouder than movmal. Then the
two sound wavex would fall out of step into silenee
again. and 50 on.

The result is that when two sound waves 1ncet vou
might beuar silence, then seund, then silence, then
syund. These are culled beats and they can be un-
pleasant to the car

If light consisted of xtreams of particles. this
coukin't happen. One particle couldn’t cuncel out
another,

In 1801, Yeurg experimented by sending a beam of
light through two different narrowslit. one very close
e the other. AfRter the beams passed through the shts,

M

they spresd out slightly and, by the time they hatl
reached the wall, the two beams had overlapped.

You would suppose that where two beams of light
overlapped. there would just be that much more light
50 that the. wall would be biighter than in places
where the beams did not overlap.

Not at all. Where the twy beams overlapped, there
were altemating stripes of light and dark. The beams
of light canceled out in spots and added to each ather
in spots. They did this altemately, just like beats in
music.

AL

wavelength

When two beams of light cancel out, we say' that
they inteafere with each other, or that there is mter-
Jerence. The stripes of light and dark are therefere
called interference fringes.

That suttled it. Huygens was right and Newton was
wrong. Light consisted of tiny waves. What's more,
from the width of the inteiference fringes, ¥iung



oould calculate how long the wave might be. This is
called the wavelength. It turued out that a wavelength
of light is in the neighborhood of 1/50.080 of an inch.
This means that if you had a beain ef light I inch |eng,
it would consist of about 58,008 waves, one after the
other

Not all light waves are the same length. Red light
has the longest waves and violet light the shortest.
The shorter the wavelength, the more the light is
refracted. That is why a prism separates the oslors.

The red light all the way at one eud o the spectrum
has a wavelength of 1/32.000 of an inch. The violct
light at the ether extremc end of the spec:ttum has a
wavelength of 1/64,800 of an inch. The other colors
have wavelengths in between, and they get shorter in
the order in which the colors appear: red. orange.
vellow, grecn, blue. indigo, and violet.
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Making the
Spectrum
Longer

Wiy no we see light and color?

The retina of the eye is a patch of thin tissue on the
inside of the back ef the eye. In the retina are different
chemicals that absorb different bands of wavelengths
of light. When 2]l the wavelengths reach the retina,
all the chemicals are worldng, and we see white
light—ordinary light. When some wavelengths reach
the rctina in large amounts with others in sinall
amounts. some chemicals werk more than others and
we see one celer or another.

Is it possible that some wavelengths of light don’t
affect any of the chemicals in the retina, so that we
simply don’t see them?

17
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retna

It would seem not. because: if wavelengths are pres-
ent anywhere in the spectrum, we see them. @ne
solor or another, w wee them.

That seems to settle the matter. Besides, the fact is
that people before the 1800s never even thaughtabout
the matter l.ight was simply something you saw if
vour eyes were in good working order. How sould
there be light that you ceuldn't see?

But then something turned up through the experi-
ments of a German-British scientist narved William
Herschel {HERSH.ul, 1738-1822). He was best
known fer being an astronowmer. 1%r instance, he
discovered the planet Uranus in 1781.

Hewever, goud scientists arc interested in many
things, and Herschel grew interestedin the spectrum.

The sun delivers two things to us. It delivers light,
which we can see. and heat, which we can feel. As
everyene knows, at night it not enly gets «lark, it also
gets colder.

Herschel wondred if the heat was delivered aleng
with the light. ®ne way to tell would be to put the
bulb ef a therrnometer in the spectrum and see if the
temperature went up.

it did!

Herschel wondered if different parts of the spec-
trum delivered diff erent amounts of heat. He put the
bulb of the thermemeter in the violet part of the
spectrum, then in the blue part, then itv the green
part, and se en. He {ound that the temperature went
up in all of them, but the closer he got to the red end
of the spectrumn, the more it went up. The tempera-
ture went up mest in the red itself.

That was a little surprising Herschel may have {elt
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thermameteis not exposed
bo ligh

B thennomeler
| exposed to
infiared light

Diagram of Hershel's expeliment

that the temperature should have gone up highest in
the imiddle of the sptetrum. Next he wondered what
would happen if he put the bulb of the thermometer
beyend the red end of the spectrum, where there was
no Jight at all. He expected that the temperature
wouldn’t go up at all out there.

He was wreng! The temperature went up even
ferther than in the red light. The sun was delivering
heat even where it was not delivering light. Herschel
vould only suppose that there were two kinds of rays
from the sun, light rays and heat rays. It would seem.
then. that there were tweo spectra, a light spectrum
that we could sce. and a hcat spectrum that the
thermometer could detect. The two spectra over-
lapped, but they scemced te be partly separate, too.

The next vear, in 1801, a Gerntan scientist, Jehann
Wilbelm Ritter (17 76-1810), tried something ¢lse

It was known that .ight caused cerwin white chem-
icalg that containcd silver te break apart. Lit:le grains
of silver meta. appeared in the chemicals. Since silver.
when divided into littlc grains, leeks black, the chem-
icals darkened in the light.

Ritter 99aked strips of paper with a selution of the
chemical and placed them in dilferent parts of the
spectrum. Inthe red band of the spectrum, there was
no darkening As he laoked at the strips of paper
ferther and farther toward the violet end, however,
there was more and merc darkening 1n the violct
band, the paper darkened much faster than in ordi-
nary sonlight.

Because he had heard of Herschel's experiment,
Ritter put a strip of svaked paper beyond the violet.
and it darkened faster even than in the vielet. Could
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it he that the sun alse delivered chemical rays? Were
there three kinds of rays, and three kinds ef solar
spectra. one which you could detect with the eye. one
with thermemeters, and one with chemicals?

It was ait pretty confusing until Young's experiments
on light intedercnce were reported and scientists
realized that light consisted of waves.

It then seemcd pretty clear that ravs existed with
waves even longer than those of red light, and that the
¢hemicals in the human retina couldn't react te such
long waves. In the same way, there were waves even
sherte r than those of violet light, and the chemicals in
the retina couldn't react to such short waves, either,

This meant that we can only see part of the spec-
trum, the part from red to violet. The whole spectrum
stretches past the red and past the vislet, but we can't
see those extremes.

The part of the spectrum that reaches past the red
is referred to as infrared radiation. Infra i frem a
Iatin word meaning below. [f we view the spectrum
as wunning 'em vielet on top to red at the bettom,
the wnafrared iy below the rod.

The part of the spectrum that reaches past the violet
is referred to as ultraviolet radiation. Ultra is from a
Iatin word mcaning beyond and the ultraviolet s,
indeed. hheyond the vielet end of the spectrum.

How could one make sure, however, that the iufra-
red was really just like ordinary light, except for its
longer waves. if ene couldn’t see it to study it?

Fertunately, a de.icate way of mcasuring tempera.
ture was werked out in 1830 It was called a therme
pile. ‘This was a selies of strips of two different metals
that produced electric currents when ene c¢nd was

o
fiat metal stip absorb radiation)

Enlarged view of a modem thermopile

heated. Very weak electiic curreat could be easilv
measured, so verv small amounts of heat ceuld be
detected.

An Italian scientist. Macedenio Mellooi (mel-1.OIE-
nee, 1788-1854), improved the thermopile so that it
eyuld follow the infrared radiation as delicately as the
eye could fillow erdinary light. Then, since infrared
waves didn't pass through glass as easily as svdinary
light did. Melloni made lenses and prisms out of rock
salt. Infrared waves went through reck salt w:ry casily .

In 1850, he was able te show that infrared waves



behaved just as erdinary light waves did. Infrared
could be rcflected and refracted. You could even take
two beams of infrared and have them show interfer-
ence finges.

Thal really settled the matter.

But how far did the specirum extend? Was there
anything beyond the infrared and the ultraviolet?

The answe) to that came as a result of the work of a
British scientist named James Clerk Maxwell (1834
1879). Actually, he was interested in electricity and
magnetism. and that brought him to the matter of
light

Electncity and magnetism had been known, in a
simple way. even to the ancient Greeks. It was enly in
the 1800s, however, that sclentists lcarned how to
make an clectiic current run theough wires (see Hetw
Did We Find Qut About Electricity? by Isaac Asimev,
Wulker, 1973).

In 1820 it was found that if an electric current
traveled through a wire, the wire could be made to
actlike a magnet. Then, too, if 2 magnet were pushed
through a eoil of wire, it could start an electric current
going through the wirc.

Electricity and magnetism had always bee n thought
of as twe separate things, butit looked more and more
as though thcy were closcly related.

That was what interested Maxwell. He wimted to
study how this relationship worked.

He spent about nine years working en the problem,
arid by 1873, he had worked out four simplc mathe-
matical rules. fhese (sur rules described everything
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that electricity and magetism did, and they arc called
“Maxwell's equations.

I{ Maxwell's equations are correct, it turns eut that
it is impessible to have «lectricity without having
magnetism 100: or to have magnetism without having
electricity. Actually, the two make up one thing,
which is called electromagnetism

Maawell shewed thatas %00n us electricity came into
being it produced magnetism, which in turn pro-
duced electcicity, which in tura produced magnctism,
and so en. So the clectremagnetic fitld leapfrogs
outward in all directions. This spreading eutward is
electromagnetic radiatien

Frem his cquations, Maxwell could work out how
fast tbis radiation sheuld travel. The speed was enor-
meus—about 186,388 miles per second That happens
to be just the speed at which light travels. Maxwell
decided. therofore, that light was an electromagnetic
radiatien.

But why decs light come in different wavelengths?

Electromagnetic waves start because semething
carrying an clectric charge is escillating (AH-sil-lat-
ing): that is, moving back and forth. Each time it
moves bhack and forth. it creates a wave. Suppese the
chatge escillates 60 tiillion times a sesond. That
means that when the radiation has traveled 186380
miles (which takes it one second), there are 60 trillion
tiny waves along that length of light. Each wave is
1/30.000th of an inch long This is the wavelength of a
visible beam of light.

In Maxwell’s time, it wasn't knewn what existed
inside the atom, if anything, Nowadays. though, we
know there are electric charges inside the atom and

25



they oscillate rapidly cneugh te produce light. The
charges in all the different Jdnds of atoms oscillate
with different rates, so that light of all the diffcrent
wavelengths is fermed.

Maxwll peinted out that nothing in his equations
said electiic charges ceuld only oscillate at certain
rates. They could escillate so quickly that there could
be electromagnetic radiation with wavelengths smaler
than vltraviolet, or the electric charges could escillate
so slowly that there <ould be electremagnetic radia
tien with wavelengths longer than infrared.



3

Radio
Waves and
Microwaves

SCIENTISTS ARE aLwaYs dissatislied if they have to
suppose that something exists becaust: the mathenat
ics says it must By predicting soinething, the inathe-
matics tells thein what to look tor. ‘Then scientists
want to find what has been predicted

Maswell's ¢:guationssaid thei'e could be clectromag:
netic radiations with waveleugths far bevond the infra-
red in on¢ direction and bir bevond the ultraviolet in
the other direction. The thing was t lecate that
1adiation.

The fiist to succecd was a German scientist named
Ik:inrich Rudolf 1 kirtz (1857 =1894).

In 1888, Hertz set up an dlectric cunient thiit vscid-
jated very rupidly He had two metal balls separated



by a small air gap as part of the circuit. The electricity
surged inte one bail. When it reversed direction, it
surged into the ether ball, then, when it reversed
again, into the first ball agein, and so on. Each time it
surged into one hall or the other, a spark would flash
across the gap.

Herte felt thae it Maxwell was righe, clectromagnetic
radiation should appear while the circuit was oscillat-
mg- This radiation should have a wavelength much
longer than infrared. But hew could he tell whether
this was indeed happening ?

To detect the electremagnctic radiation, Hertz uscd
a simple loop of wirc with a tiny gap i it. Just as the
oscillating clectric current produced rudiation, so the
radation (if it were present) should set up an osc: llat-
ing electric current in the leep of wire

it did! Tiny sparks crossed the gap in Hertz's de-
tecting toop. Me carried it from place to place in the
reem. In places where the wave was way up or way
dewn. the spark appeared—the farther up or down,
the brighter the spark Where the wave was neither
up nor dewn, but in an intermediate positien, Hertz
had no spark. In this way, he ceuld tell that the
waveicngth of the radiation produced by the oscillat-
ing current was 2.2 feet long. er well over a million
timcs as long as the wavelengths of light.

These very long waves ol etectromagn etic radjatien
were called Hertatan wqves at first. Later on, howaver,
they came to be called radio roxwes.

Infrared waves, as they grow ionger and longer,
becoine rudio waves. There is no sharp division be-
tween the two kinds of waves. 8or cunvenience, sciean-
tists use 1/25th of an inch as a dividing lint:. Wave.
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Vielble
Light

micro- ulre-
waves infra red vialet

6//315 1\88

lengths less than 1/25th of an inch are infrared waves
{(and if they're small enough they becawmc light waves),
Waveleugths more than 1/25th of an inch are radie
waves,

Radio waves can be any length- —a few inches long,
a number of yards leng, or many miles long You can
divide radio waves into long-wave, short-wave, and
very-short.wave, if yeu wish. The very-short-wave
radio waves are usualy called microugves. Micre
comes Irom a Greek word meaning small,

Microwaves have wavelengths ef anvwhere from
1/25th of ao inch to about 6%1 inches.
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Onee scicntists knew about radio waves. they begm
to wordler if such waves could be used to send signals
a long distance. For the previous fifty vears, pcople
had heen sending messages by telegraph. That meant
wires had te be strung along poles across whele con-
tineots, and cables had to be placed across the bottom
of oseans.

Perhaps, # radio waves were used, people wouldn't
have to depend so much on ul] those expensivc wires
and cables.

In 1890. a French scientist, Fdovard Branly (brao-
LEE, 1544-1940), invented a better detector than
Hertz had used. Branly could detect radio waves at a
distance of 150 yards. The British scientist, @lver
Joseph Ledge (1851-1949), improved the detecting
denice even turther, so that he could detect radio
waves at 4 Jiswnee of halt 3 mile. He also sent out the
radio waves in dots and dashes %0 that he could
transmit a message in Morse code.

The most successhiul experimenter, huwever, was an
Ralian scientist, Cuglielrno Marconi (maheKOt)-nee,
18744 937). He found that he could send out more
powerful signds and receive them morc essily by
making usc of long vertical wires called antennas (the
same word lor the long feelers that insects have op
their heads).

By 1896, Marconi could dctect a signal at nine
miles. Could he do better stil? After all, radie waves
traveled in straight lines, and the surface of Earth's
globe curved downward. After nine miles, the radio
waves ought to just pass through the clouds ard inte
outcr space.

Gugligimo Marconi
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Fortunately, there is a layer of charged particles
high in the atmosphere. This layer is caled the ivn
sphere {eye-@N-uh-sfeer) because charged particles
are called ient (EYE-onz! The ijonosphere reflcxts
radio waves. Radio waves can bounce back and forth
betwveen the Earth and the ionosphere and, in this
way. travel around thie curve of the globe.

Marconi went to the southwest tip of England on
December 12, 1902, and sent oul radio wave signals
frem a balloun. Those signals were detected in New-
foundland on the other side of the Atlantic @cean.
Maiconi had sent a message acruss the ecean without
cables. just by adiation. Fer this reason, Mamn:oni is
considered to be the inventor of rudiotelegraphy (1
legraphy by radiation). This word was soon shortened
to radio.

A few years later, a Canadian-American scientist,
Reginald Aubrey Fessenden (FES-en-den. 1866-—
1982), learned how to make a rmdio wave vary in such
a way that it took on the outline of a sound wave
Sounrd waves could then produce radio waves that
followed the variations in the sound waves. At the
other end. the shaped radio waves eeuld be tumed
into those sound wawvess agein. In that way. technicians
sould make the radio speak and play music. ®n D e
cember 24, 1906, music was sent over the iadio for
the first time.

@ther improvements followed, until we hud the
radios and television sets of today.

Microwaves, the very short radio waves, had no
particular uses until the 1930s. Then the question

arose of detecting objects at a dissance by means of
radiation.

This is not strange to us because we detect obpacts
at a distanee in just this way, \Ve see 'ight that is
reflected by distant ebjects The resulting image al-
lows us to judge whal shape and culor an object has,
and about how far awy it is.

We can't see things under the ovean, however,
because light doesn't penetrate very far into water,
Sound waves do. but sound svaves ar: 9o long they
aren’'t reflected by small objects under water They
curve around them instead.

Suppose, though, that very short sound waves are
used, sound waves too short 1o be heard. Such suund
waves are ultrayentc {from Latin words meaning be-
yond sound).

In 1947, a French scientist, Paul Langevin {lahnz)-
VAN, 1872-1946}. worked out a method ior sending a
pulse of ulirasenic waves down into the ocean and
detecting the 1e flection. From the reflection, he euuld
tell the size and shape of whatever it was that did the
refl.ecting. Frrom the time it took for the pulse to reach
the object and return, the dissance of the obyject could
be calculated. This system was called sonar. an wbbre
viation of “sound navigation and ranging.” where
ranging means " telling the distance.”

During World War 1, Langevin worked on sonar as
a system lor detecting Germim submarines under
water. By the time sonar was in lull opcration, how-
ever, the war was over, and the Gennans had been
defeated Sonar was used ior scientific purposes after
the war—ww study the bottom of the ocean.

In the 1930s, it looked as though a oew war with



Germany might come, and now it was aiplanes that
were an enormous danger. It wus necessay to know if
unscen airplanes were flying toward you at night, or
flying above the clouds. Sonar wouldn't do. It was far
tee slow.

Electromagnetic radiation wus needed that would
travl at the speed of light. The waves couldn’t be too
long. or they wouldn't be reflected by ainplanes. They
couldn't be too short, or they wouldn't bienetrate far
enough through the atmosphere, especially if mist,
fog, or clouds were in the way. It turned out that
microwaves were just right—not too long, not teo
shoit

Scientists had to figure out a way to send out pulses
of microwaves and then to receive the reflection. "Ihey
also had to learn to measure the difference in time
between the outgoing pulse and the returrting reflec.
tion, cven though that was only a tiny fraction of a
second This enabled them to compute distance and
size of an object.

By 1935, thanks mostly to a British scientist, Robert
Alexander \¥atson-Wat1 (1892-1973), the syvstem was
made to warlc. Since it used very short radio waves
rather than very short sound wuwves, it was called
radar. an abbreviation of “radio detection and rang-
ing”

War came in 1989 and. in 1940. wave upon wave of
German planes attacked Great Britain. This was called
the Battle of Britain. The Cicrrans had more planes,
but the British had radar and could always tell when
the planes were coming and where they were The
outnumbered British planes were always on the spot,
s0 that Germany- lost the Battle of Biitain, and cven-

{TEEELL

World Wer |l coastal radar staton
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tually, they lost World War 11, just us they had lost
World War £

Onec \World War [1 was over, radar and microwaves
conld be used for everyday puiposes. Police uscd
radar to measure the speed of cars so that they could
more easily crack down on speeders. Airposts used
radar to spot planes in Right. This madc it pissible for
them to or@anize takeoff s and landings without danger
of collision.

Even in the home, microwaves cime #o be used.

O®rdinary cooking invulves heating ohjects over fires
or over red-hot electiic coils. Large quantities of
inf “ar cd radiation are rcleased and this transfers heat
to the materal being sooked.

Infrarved radiation, however. doesn’t penetrate very
deeply into food, sv that the heat only reaches the
oukide The heat from the outside seeps into the
inside only slowly. A turkey, for instance, must be
10asted fur a long time befure the interior is he:sted
properly.

Microwaves, however, with their longer waves, can
penetrate objects more deeply. They can go right
through a slab of meat, for instance. distributing heat
to the intcrior of the feod, not only to i surlace
Many homes now haw microwave ovens for the rapd
preparatien of fuod. Supermarkets provide food that js
espccially packaged fur microwave cooking

4
Planets and
Microwaves

AFTER WerLL Wan 11, radar could also be put to
scicntific use. For instence. the microwaves maldng
up radar can be reflected by mcteorites as wcll as by
airplanes. @rdinaiily, we can see meteorites only at
night when they are heated white-hot as they pass
through the atmosphere. We see them as shooting
stars, which ¢annot be viewed by daylight any more
than ordinary stars can. With radar. we carn detect
metcorites in daytime as well as at night.

Tosgets even tarther off can be reached. In 1946. for
instanc:e, a radar beam was bounced off the Moon,
and its echo was detected. In later years radar beams
ware bounced off Venus, Mercury, Mars, and Jupiter
Radar beams were: ovun bounced of “the sun.



The unpertancee of these eaperiments is great By
measuring the time betweeu the emission of the mi-
crowave pulse and the detection of its reb ection,
scieotists could tell the distance of heavenly budies.
This method was far more accurate than any other up
to that timne

What's more, tadar could tell us things about the
planets that we never knew before.

Suppose we begin by considering that, when a small
hedy revolves around a large one, the large body sets
up tides in the smaller one. The tides create Fiction,
which dowss down the smaller body's rotation around
its axis. Eventually, the small body, as it revolves
arouwd the larger body, turns only nae side o it
Thus. the Meon always turns the sume face to Earth
as it revolves around it

Astronomers have thought for many vears that Mer-
cuty faced only one side to the sun as thes planet
revolved arousd it. That side wis thought to be forever
cxtremely hot, whle the other side, always in dark-
ness, was thought to be extremely cold.

Can we tell that for sure now? Yies, for ¢cvery object
gives of: electromagnetic radiation. The hotter the
object is, the shorter the waves it gives 0. An obiject
has to be very hot to give off light waves that we can
see. Coal objects give off longer waves that we cannot
see, such as microwaves.

In 1962, astronomers could detect microwaves
given off from Mercury's dark side. ‘The microwaves
were so short, and were present in such quantity. that
it was clear Mercury's dark side was much warmer
than had been thought Therefore, it had to be
warmed by the sun at least now and then.

10

Astronomers then sent a beam of microwaves to-
ward Mercury aud studied the reflection. If blercury
were tuming on its axis, the microwaves would be
slightly distorted and carry that distortioa whes they
came back. From the size of the distortion, the rate at
which Mercury is rotating could be calculated.

If it turned out that Mercury was rotating on its axis
once in 88 days, jost the length of'its revolution around
the sun, that would mean ooe side of Mercury would
always face the sim.

In 1965, scientists discovered !rom microwave re-
flections that Mercury turned once in about 58%% days.
That means it turns slowly with respect to the sun and
every part of its surface gets sunlight at one time or
another.

The planet Venus proved even more surPrising It
is closer to us than Mercury is. and it is larger
Therefere 3cientists can study its dark side more easily
than Mercury's, In 1986, it was found that Venus geve
off microwaves in an amount that made it seem hot
indeed.

Of course. Venus has a thick atmosphere <md Mer
cury has none PRerhaps Venus's high clouds might be
hot while the solid suiface below was sosl. In 1862,
however, an Amwerican rocket probe, Mariner 2,
passed near Venus and measuted its microwaves.
There was no guestion after that The surface of Venus
was hot everywhere, hot enough to melt tin and lead.

Scientists had suspected fi-om Venus's thick clouds
that it might be a very watery planet and only mildly
warm, like Africa, perhaps. But microwaves told us
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that Venos is far too hot to Live on and dut its suctace
is ubsolutely dvy

Because the cloud layer is so thick and unbisken,
no astrenotner had ever seen the suiface of Venus, and
with ne wurface visibility there were ne warkinyge that
could be watched as Venus tusaed so as te measure it
rotation pesiod. Some scientists thought Venus might
turn in 24 hours as Larth and Marsdid. Some thought
¢ turned in 225 days. which is the thne of its zevolu-
tien around the sun, so that it shoawved only ene side
to the sun.

Buth views were weong. Microwave refluctions, in
1862, showed that Venus rodates in 243 dayvs, se that
every pazt of it iy exposed to the sun at some time or
other, like Mercury. What's more, the planet retaics
from east te west, while the other planets revolve from
west to cast

Micromiuves sould riveal still wmere where Venus
was eoncerned. [n 1978, an Amesican priube, Pienger
Venus, passed close to Venus and went inte erbit
around it

The probe sent out beams of microwaves that
passed threugh the cloud layer without trouble and
were reflected fiom the solid surface of Venus, By
studying the refliections of those micromave beams,
scientists could ¢akeulate the nature of the planet's
surface, i the same way as by studsing light reflec-
tions. Of course. micrewaves ire much longer thun
light waves, so that Venus is seen in a fuzzier way.

‘Ihe: micyowave reflections show that about five-
sixths ol the sutace of Venus is made up of foamations
bigk shove the average surbace. The runsining one-



Mobile television unit
with microwave amenry

sixth is low and may have been flled with water when
the planet was young

®u the continental arvas, there are twu large pla.
teaus that bear mountain ranges. These possess moun-
tain pcaks that are higher than sny on Earth. Some of
thuse mountain peaks mayv be volcanoes, but they
seem to be extinct



5
The

Universe
and
Microwaves

MIROWAVES REACH US from beyond the solar svs-
tem, but the discevery of that Eact came abeut |y
asudent

Leng-distance telephone calls acress the oecans
were making use ofradio waves. It often happened. in
such calls, that raklio wavey (rom outside sources
caused interfeience The outside radio waves intro-
duced crackling noises ciled stustic, which made cun-
versations hard to hear

‘The Bell Telephone Company wanted to find out
where the interference was ceming from so that they-
could find ways of removing it. In 193 1, they gave the
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10b toan Ametican engineer namced Kar] Giethe Jansky
(19654950 ).

jansky cet up 4 device that weuld recdve rudio
waves. He knew that there weuld be some soming in
frem thuirvdeestorms, from aiccrafi passing overhead,
lrom nearby electrical equipment. and so on. Such
preblems were being werked ou. Jansky was trying to
find other seurces of radio waves that weren't being
taken into account.

Jansky did detcct a new Jdnd ef weak static that was
very stcady and that didn’t ceme from any of the wsual
sowrces. He was surprsed to discever that it was
soming frrom the sky overhead. In fact, it scemed to
be coming from the sun.

Why net? The sun gave off all the waveélengths of
clectremagnetic radiation; it way bound to give off
radie wavey, too,

Jansky fellowed the source of the static frem dav to
day. and it began %0 appear that it did not ceme from
the sun after all. The source gained on the sun and
appcared te be ahead of it, farther and farther, each
day. It geined about four minutes on the sun each day.

As it happens, the stars Zain on the sun by feur
minutes each day. It must be, then, that the sourec of
the static came lrem sewnc where eutside the solar
svstem, from some place in the stars.

As Jansky kept on watching, he decided that the
static waves came from semewherc in the direction
that the American astronorwer Hailow Shapley (1885-
1972) had shown, twenty ycars before, to be the
location of the center of the palaxy. The radio waves,
in other words, seemcd te be coming from the center
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radlo telescope at Whaaton, lllinois

of the collection of u evuple of bundre:d billion stars
that inclludes our sun.

In Decenber, 1832, Jansky reported hi findings
Radio waves were ceming from the center of the
galaxy. which we aow know to e 30,080 light-yeass
away

This discovery created considerable excitement
The New York Times put the news on the lont page
Yet scientists did nothing about it. There was only one
who tricd, and he was an Anerican radic amateur,
Grote Heber (bom 1911}, In 1937, he built a dish-
shaped reflcctor in his backyard iz VWheaton. llinois.
It received radio waves from the sky anl refiected
them to a dctesctor in the center. ‘This was the fiist
radio telescope.

In 1838, Reber began to study the skv for sources
ol ridio waves. He ¢waey made a “iadio map” of the
sky and published it in 1942 The results were very
lumy, but Reber did more than anyuone else at that
time.

As it happens, very few kinds d electrumagnetic
radiatieo can get through the Eawth’'s atmosphere.
Ordinary light can do 0. of course. Most ultiaviclet
hight and still shorter wavelengthy duo not et through
the Earths atmosphere, however, and neither do most
infrarcd or long radio waves, It's as though the baod
of ordinary light &5 a windew in the atmosphcre
through which we can detect the universe.

There is a second window. though—the micro-
waves. These cin puss through the atmosphere easily.
The longer nidio waves, if they start from Earth,
bounce off the ionospheie and disappear into outer
space, That's why micowaves weren't used in ruclio.
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[0 the same way, longiadio waves from outer space
hounce off the ionesphere as they come teward us and
never reach our instruments. Microwaves, however,
Dpass right through the ionosphere and reach us. The
radio waves detected by Jarnsky and Reber were micro-
waves

Why weren't scientists merc interested in micro-
waves [lom outer space? The answer is that, since
micrewwaves weren't used in radio, instruments had
not been devised to detect them and study them.

Tle development of radar in the 1930y, however.
meant that such instinnents were then devised and
constructed. After Vierld War 11, when radar was not
sccret anymore, those instoiments could be used by
scientists. In the 1%50s, radio telescopes were built
and radio astronemy bccame cxtremely important.

Since a tadio telescope deals with waves that are
over a million times as long as light waves, a radio
telesc.ope must be over a million times as wide as an
ordinary telescope to “see’” as clearly

‘Tlete is a way of get:ing around that, however. Two
small radie tclescopes set miles apart can be made to
act so completely and ewactly togcther that they will
behave as though they were one radio telescope miles
across. In this way, radio telex:opes can now be built
in large groups that see even more clearly and shaiply
than ordinary telescopes can.

Radio telescopes give scientists information that
ordinary tdcseepes can't possibly give. A distant gal-
axy may look perfectly: ¢quiet and peacefisl when it is
viewed by orlinary light When it is viewed by aradio
telesoope. howvever, there may be large quantities of
micrewaws coming out of its center. Or there may
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secm to have been arm explosion that sent large guan-
tities of microwave—emitting matcrial out of the center
to either side.

Such galaxies arc wew called actite galixies. Even
ordmary galaxles are more active than we dreamed
befere the days ef radio astronomy.

At the center of our own mela.xy, Jansky had noted
radio waves in his first disc:overy. Now we know that
there is, indced, a very small spot al the very center
ot the galaxy that gives off large guantities of micn)
waves.

Scientists think there is a black hole at the center of
our galaxy (scc {lvw Bid We Find Qut About Black
Heles? by Ismac Asimov, Walker. 1978) Ferhaps there
1s one at the center of every galaxy, but we might
never have suspected this cxce pt for microwaves

Most stars are so far away that their microwaves
cannot be detected at such distances We only detect
the micremaw:s from our sun because it is s close to
us

Some stars, however, do send out enough micro-
waves to detect. These wi:rc salled radito stavs. They
seemed so unusual that they \vere studied very carc
fully by ordinary telesepes and some seemed to have
a cerlain fuzziness. It seemed that they might not be
ordinary stars, so they were referred to as Guasi-steflar
(frem jatin words meaning starresembling). The
phrase was soon shortened to Guasar.

‘the light from these (1 wsars was analyzed carefully,
and the dctails of their spectra seemed very odd. It
wzs not t)] 1963 that the Dutch-American scientist,



Maaten Schmidt (born 1929), puzzled it out The
spectrum seemed odd becavse the quasar he was
studying was moving away from us at an enortmous
speed. All the quasars were moving away from Eaith
atenormous s peeds

Scientists think that the faster an object moves away
from us the more distant it is. If yo, the quasars are
unusvially far away. Even the nearest quasar is one
billion light-years away, and some have been discow.-
ered that may be seventeen bi'lion iight.years away

Quasars seem to be extremely active galaxies. Tleir
very centers, which are ablaze with activity. are 4l
that can be seen, even in a tclescope, at their great
distance from us. Thic outer parts of the galaxy cannot
be seen. That is why the centers look merely .ike faint
stars. But for the micrewa ves they send out, scientists
weuld 1¢cver have thought of them as in the least
interesting

We sce the farthest quasais as they were about
seventeen billion years ago. for that is how long it
takes their light to reach us. ‘They existed, as we see
them. in the very early days of the univese. If we
kncw more about thesc distunt quasars, we might
know morc¢ about how the galaxies of stars, which fill
the universe. formed and took shape.

Certain radio stars give signs of twinkling, of send-
Ing out microwaves, in smal, rapid bursts A British
astronomer, Antotyy Hewish [born 1924). designed a
radio telescope that would detect such rapid bursts or
twinkles He set up 2048 separate receiving dcviecs
spr'ead out vver an area of three acres.

In July, 1967, one of Hewish's students, jocelyn
Bell, noticed a very rapid pulsation of microwaves.
The hursts were much more rapid and more regular
than they had exbected.

Hewish called the obiect a pulsating star, and this
was eventually shortened to pulsar. In 1968, the
AustriannAmcrican scientist, Thomas Cold (born
1920), pointed out that it might be a very small, very
dense aohject called a nentron star. Such an object
would contain as much mass as an ordinary star, but
it would have all that mass squeeaed into a ball only
cight miles or so across. Scientists naow think that view
Is correct.

ulsars rowate very rapidly, making a cemplcte tumn
in just a few seconds at most sometimes in a few
tcenths of a second. Recently, pulsars that rotatcd in a
few thousandths of a second have been located.

If it hadnt been for their burst of microwawes.
which sweep past us each time a pulsar turns, these
peculiar svars might never have been discovered

Since the 1920s, scientists have {elt that the uni-
verse might have originated some time about [ifteen
or twenty billion year.s ago. It started as a tiny point of
matter that eaploded in a “hig bang™

Thce universe is still expanding, and the galaxies are
huirying away firom c¢ach aother as a result.

But did it all really happen? In {348, a IRussian-
American scicntist, George Gamow {CAM-ov, 1904—
1968). pointed out that if the big bang did happen.
then there should be a Wint background of microwaves
coming equally from all ports of the sky.
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In 18G4, a German-American scientist, Arno Allen
Penzias (hora I933), and an American sci¢éntist, Robert
Weedrew W:lson (bom 1936), actually detected this
microwave baciground. This is the best evidence we
have that the big bang actually happened. If it weren't
for the microwaves that were detected. no geod evi
dence lor the big kang might ever have hecn ehtained.

In 1917, the German-Swass scientist. Albert Ein-
stein (1879-1958). pointed out that if 2 rnolecule were
in a high-energy state and it was bumped by a wa-e
of radiation, the molecule might give off some of its
ena &y as radiation. The rudiation it gave off weuld be
in the form of a wave exactly the same size and
direction as the wave that had bumped it. These might
hit t»0 more molecules and there would then be four,
and then eight, and then sixtecn, and so on.

The first wave would start a whole flood of waves all
of exactly the same wavelength and all moving in the
exactly same direction. This is called coherent radia-
tion.

In 1933, an American scientist, Charles Haid
Townes (bormn 1918), constructed a device in which a
bit of micreviave radiation produced a flood of the
same microwave radiation. Trwmes called this “micro-
wave amplifieation by stimulated emission of radia-
tion” and this phrase was abbreviatcd to maser.

What could be done for microwaves could be done
for othey kinds of radiation, like that of ordinary light
An American scientist. Theodore Harold Maiman
{born 1927), built a device in which a bit of hgiht
produced a flond of the same kind of light This was



“light ampliflication by stimulated emission of radia-
tion” or. a faser.

Both masers and lasers have proved very useful to
sclientists. In everyday life, lasers have preduced new
and superior kinds of music records, fer inssance, and
new and superior kinds of printers fer hoine comput
ers.

And it all started when Newton passed a beamn of

light through a prism.
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