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1 
Colors and 

Waves 
lN 1665, A twenty-three year old English scientist. 
Isaac Newton (1642-1727), w·,s playing "ith light. 

I le pulled all the cortains shut in bis room, on a 
sunny day, so that it was quite dim. Through a little 
chink cut out of a curtain, a narrow beam of Smllight 
shone into the room. 

Newton allowed this beam of sunlight to pass 
through a triangular 1>iece of glass called a prism 
(PRIZ.um). The light beam bent in its path as it went 
through the prism. T11e beam was refracted (re e ­
FRAK-ted). 

The l igh t  cam.e out of the ptism traveling in a 
slightly different direction th;m it went in and shone 
on the wall behind. If the prism had not been in its 
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path, the beam would just have made a white round 
spot on the walJ. But the prism toos there. and the 

beam of light had spre ad out and fonned a rainbow. 
At one end the Hght was red. As one's eye passed 
along the b and of light, it turned, uttl e by little, 
orange, then }'ellow, then green, then b l ue, and, 
finally, at the other end, the light was violet. 

You can see colors all a.round you, but usuaJly 
they're part of solid objects. You CAn feel them. The 

colors on the walJ that Newton had produced, how· 
ever, could not be felt. They were in the l ight itself, 
not in anything solid .  Your hand could have gone 

throug)i the colore d light as though it had been a 

ghost. In fact. Newton CAiied the band of colored ught 
a spect·rum, tJ�e L"l.tin word for ghost. 

Where did the colors come from? Newton felt that 
what our eyes see as white light is actual)>, a mixture 
of colors. \Vhen while light passes throug}1 a prism 
and is refracted. the different colors are refracted by 
dillerent amounts. The re d light is refracted le«st, the 

violet light is refracted most. and the otherS are 
refracted h>' amounts in bel\\t-een. That separates the 

<.-olors and spreads them along a strip instead of plac­
illg them together in a small circle. 

To see if this wa.,; so. Ne,.\1on let the light pass 
throogh the prism, and then, before it ,,mid reach the 

wall, he let it pass throogh a second prism with the 

()Oint of the triangle facing the opposite way from that 
of the first prism. TI)e light had been bent one way 
when it went through the first prism, but now it bent 
the opposite way when it went through the secolld 
prism. The <.-olors separated As the}' went through the 

Grst prism alld they came together again as they Weill 
through the second prism. 

to 

beam of 
sunlight 

spectrum 

I 

Newton'S experiment wi1h prisms 

whi1e light 
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When the light had passed through both prisms, 
what appeared on the wall was just a circle of white 
light. 'Jo Newton, this was proof that the colors, mixed 
together, added up to white. 

8<11 why should there be dilferent colors of ligbt? 
\Vhy should they bend by different amounts in passing 
through a prism? 

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

It was possible that light ,night <.'Onsis t of a stream 
of very tiny particles, all moving very quickly i.n a 
straight line .  It was also possible that ligbt might 
consist of a stream of very small v.-avcs, all movin g 
very quickly in a straight line. 

Scientists were familiar with the way bullets tr:w­
eled in a straight line over short distances. The)' were 
also familiar with sounds that consisted of waves in the 

air. TI\ey oouJd also see the waves move across the 
surface of a still pond if they dropped a pebble into i t .  

One thing was very noticeable about waves, though. 
lbey could bend around obstacles. )'oo can v.ratch 
waler waves do it. )bu know too that you can hear 
somOOne around a corner, so the sound waves must 
bend around that comer. 

On the other hand, bullets don't bend around a 
corner, and light doesn't either. If someone is around 
the corner, you can't sec him. Light moves right pa.�t 
the edge of an obstacle. still going straight. 

ffir this reason, Newton thought light had to consist 
of a stream of smaU, movl1tg particles and 1101 of 
wav<.-s. 

•• 

Christian Huygens 

Not everyone agreed with him. There was a Dutch 
scientist, Christiaan f-hiygens (HY-genz, 1629-166.5), 
who thought light consisted of waves. He argued lhat 
small waves didn't bend around obstacles as easily as 
long waves did, If light consisted of very small waves, 
it would hardly bend around obstacles at all. 

Most scientists, it tun1cd out, sided with Newton 
because, as time went on, people realized he was a 
very great scie11tist. In fact, scientists today almost all 
agroo that he was the greatest scientist who ever lived. 

Still, eve11 the greatest scientist can be wrong some­
times. 
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'11,e person who settled the matter W3$ a British 
scientist, Thomas Young (l i73-1829). He was a man 
who was leamed in :a.II sorts of ways. 

He was a doctor. to begin with. Then. too, he wrole 
artioles r.,. Tire encycloptt/,a Britannica on .U so, ·ts or 
subjects. He \\'.LS even the first person to begin to 
work out the meaning of the ancient Egyptinn writing. 
Despite all that, he is best remembered for his cxper· 
iment:S with light. 

\oung had studied sound, and he knew that when 
two sound WQ\'t'S intersected. or cro.�sed paths. ooe 
would sometimes cane(:( out the other. 1n one sound 
wnve, the air carrying the wave might be moving in 
just as air was going out in the other wa,-e. In tho 
cornbim1tion, the aJr wouldn't move in oither direc­
tion. and there would be silence. If the sound wa\'eS 
we, ·e of difl'ercnt lengths. the longer �.., would 
overtake the shotter ond, for a while, the air wou]d 
move in and out at the same time in both waves . .  The 
sound would then be louder than oonnal. T11en the 
two sound w1•vcs w-ould fall out of step into silence 
ag..'lin, and so on. 

The res1.1lt Is that when two sound waves inee:l you 
might ·bear silem: .. 'e. then sound, then silence, then 
round. These are CQlled beat8 and they can he 11 1'1• 

pleasant to the car .  
If li1Zht consisted of st1 ·eams of particles, this 

couldn't happen. One 1>article couldn't cancel out 
another. 

In 1801. \�mg experimented by sending a beam of 
light through t\'l.'O different narrow slits. one very close 
to the other. After the be-•m• passed through the slits, 

.. 

they S))rcod out sligl11ly an d .  by the time they had 
reached the wall, the two beams had overlapped. 

\ou would suppose that where two beams or light 
overlapped, there v.'Ould ju.n be that much more light 
so that th<> wall "',uld be brighter thao in t>laces 
where the beams did not ovetlap. 

Not at all. \\'here the two beams overlapped, there 
were alternating striJ>eS of ligl1t and dark. ·1ne beams 
of light canceled out in <1>01> and added to each other 
in ,pols. They did thi, alternately. Just like beats in 
music. 

l\li\l\l\f \l\AI\ 

\\'hen two beanu of light cancel out, we sa)' that 
they b1te,fere with each other, or that there is inter­

ference. The stripes or light and dark are thc,.efore 
called interfere11C1Jfringe,. 

That settled it. Huygens was right alld Newton was 
\\oTOng. Light cons:is:ted of tiny waves. \\'hat's more, 
from the width of the interference fringes. \c)ung 
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could calculate how long the wave might be. This is 

called the wavelengtli. It turned out that a wavelength 
of light is in the neighborhood of 1/50,000 of an inch. 
This means that if you had a beam of light I inch Jong, 
it w'Ould consist of about 50,000 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 waveleOgth. the more the light is 
refracted. That is why a pl'ism separates the colors. 

The red lig},t all the way at one eod of the spectrum 
has a wavelength of 1/32.000 of an inch. The violet 
light at the other extreme end of the spe<.-tn1m has a 
wavelength of 1/64.000 of an inch. The other colors 
have wavelengths in l.>eh1;1,,'.>¢n, and they get shorter in 
the order in which the colors appear : red, orange, 
yellow. green, blue, indigo, and viol et. 

16 

2 
Making the 

Spectrum 
Longer 

\¥HY oo WE soe light and color? 
The retina of the eye is a patch or thin tissue on the 

inside of the back of the C)'e. In the retina are different 
chemicals that absorb different baods of wavelengths 
of light. \Vhen a.JI the wavelengths reach the retina. 
aJI the chemicals are working, and we see white 
light-ordinary l ight. \Vhcn some wavelengths reach 
the retina in l arge amounts with others ill s,nall 
amounts, some chemicals work more than others and 
we see one <.'Olor or aoother. 

Is it possible that some wavele11gths of light don't 
affect any of the chemicals in the retina, so  that we 
simply doll't see them? 
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It would seem not. because if wavelengths are pres• 
ent anywhere in the spectrum, we see them. One 
color or another, .. vc see them. 

That seems to sett1e the matter. Besides, the fact is 
that people before the 1800s never even thought about 
the matter. Light was simply something you saw if 
your eyes were in good working order. How could 
there be light that you ,'Ouldn't see? 

But then something turned up through the experi· 
mcnts of a Cerman-British scientist named \Villiam 
Herschel (HERSH-ul, 1738-1822). He was best 
known for being an a.st:rono,ner. lvr ilflstaoce, he 
discovered the planet Uranus in 1781. 

However, good scientists arc interested in maoy 
things, and Herschel grew interested in the spectrum. 

The sun delivers two things to us. It delivers light, 
which w-e can see, and heat, which we can fee). As 
everyone knows, at night it not only gets <lark, it also 
gets colder. 

Herschel wondered if the heat was delivered aJong 
with the light. One way to tell would be to put the 
bulb of a thermometer in the spectrum and see if the 
temperature went up. 

It did! 
Herschel wondered if different parts of the spec­

trum delivered different amounts of heat. He put the 
bulb of Lhe thermometer ii\ the violet part of the 
spectrum. then in the blue part. then in the green 
part, and so on. He. found that the tempe:rature went 
up in all of them, but the closer he got to the red end 
or the spectrum, the more it \,..,e,1t up .  The tempera· 
ture went up most in the red itself. 

That was a little surprising. Herschel may have felt 
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that the temperature should have gone up highest in 
the rniddle of the spectrum. Next he wondered what 
would happen ifhe put the bulb of the thermometer 
beyond the red end of the spectrum. where there was 
no light ot all. He expected that the temperature 
wouldn't go up at all out there. 

He wa.� wn>ng! '11\e temperature went up even 
further than in the red light. The sun was delivering 
heat even where it was not delivering l ight. Herschel 
t'Ould only suppose that there were two kinds of rays 
fro1lll the sun, light rays and heat rays. It would seem. 
then. that there w-ere two spectra, a light spectrum 
that we could s.;.-c. and a heat spectrum tlHlt the 
thermometer could detect. The two spectra over· 
lapped, hut thei• seemed to be partly separate, too. 

The next year, in 1801, a German scientist, Johann 
\'/ilhelm Ritter (I 7 7 6 -1810), tried something else. 

It was known that light caused certain white chem• 
icals that contained sih,er to break apart. Little grains 
of silver metal appeared in the chemicals. Since silver, 
when divided into little grains. looks blaek. the chem­
icals darkened in the light. 

Ritter soaked strips of paper with a solotion of the 
chemical and placed them in different parts of the 
SJ>CCtrum. l n  the red band of the spectrum. there was 
no darkening. As he looked at the strips of  paper 
further and farther toward the violet end, howm•er, 
there was ,nore and more d.arke1)i1lg. ln the violet 
band, the paper darkened much fuster than in ordi• 
nary sunlight. 

Because he had heard of Herschel's experiment, 
Ritter pot a strip of waked paper beyond the violet. 
and it darkened faster eveo thao in the violet. Could 
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it he that the sun also del ivered chemical rays? \>\'ere 

there three kinds of rays, and thre e  kinds of solar 

spectra. one which you could detect with the eye, one 
with thermometers, and one with chemicals? 

It was all pretty confusing until )bung"s experiments 
on light interference were reported and scientists 
realized that light consisted of waves. 

It then seemed pretty clear that rays existed with 
waves even longer than those of red light, and that the 

chem lea.ls in the human retina c:ouldn 't  react to such 
long waves. In the same way, there were waves even 
shorter than those of violet light, and the chemicals in 
the retina couldn't re.act to such short waves. either. 

Titis meant tha.t ,ve cru\ only see part of the SJ>e<."" 
trum, the part from red to violet . TI\e whole spectrum 
stretches past the red and past the violet, but we can't 

see those extremes. 
The part of the spectrum that reaches past the red 

is referred to as Infrared radiation. Jnfr,, is from a 

Latin ,vord meaning below. If v.re view the spot,.,"Ctrum 
as running fr ont violet on top to red at the bottom, 
the infrared is below the red. 

The part of the spe<:trum that reaches past the violet 

is referred to as ultraviole t radiation. Ullt'a is from a 

Latin word meaning beyond and the ultraviolet is, 
indeed, beyond the violet end of the spectrum. 

How could one make sure, hO\vever, that the infra­
red was really just like ordinary light, exc ept for its 
longer waves, if one couldn' t see it to study it? 

R>rtunately, a delicate way of rncasuring temper a ­
ture v.ras worked out in 1830. It wa s called a thernw­
·pile. This wa� a series of strit>S of two different metals 

that produced electric currents when one end was 

flat metal strip 

mica ring 

Enlarged view of a modem thermopile 

heated .  \�ry weak electric current could be easil y  
measured, so very small amounts of heat could be 
detected. 

An Italian scientist. Macedonio Mellooi (,nel-LOil­
nee, 1798-1854), improved the thermopile so that it 

could follow the infrared radiation as delicately as the 

eye could fullow ordinary light. Then, since infrared 
waves didn't pass through glass as easily as ordinary 
light did, Melloni made lenses and prisms out of rock 
salt . Infrared waves ,vent through rock salt very easily. 

In 1850, he was able to show that infrared waves 



behaved just as ordinary light waves did. Infrared 
could be rcffected and refracted. ).Ou could even take 
h\.'O beams of 11\frared and have them show interfer ­
ence fringes. 

That really settled the matter .  

But how far did the spectrum extend? \Vas there 

anything beyond the infrared and the oltrav iolet? 
11,e answer to that (."ame as a result of the work of a 

British scie ntist named James Clerk M1txwell ( 1831-
1879). Achutlly, he  was interested in electricity and 
magnetism, and that brought him to the matter of 
light. 

Electricity and magnetism had been known, in a 
simple way, even to the ancie nt Creeks. It was only in 

the 1800s, however. that S<:ientists learned how to 
make an electric current run through wires (see How 
Did \Ve Find Out About Electricity? by lsaac Asimov, 
IV..lker, 197.JJ. 

In  1820, it was found that if an electric current 
traveled through a wire, the wire could be made to 

act like a magnet. TI\en_, too, if a magnet were pushed 
through a coil of wire. it could start ao electric current 
goin g through the wire. 

Electridty and magn etism had always bee n  thought 
of as two separate things, but it looked more and mor e 

as though they were c.losely related. 
Thal was what interested Maxwell. He \\�mted to 

study how this relationship worked. 
He spent about nine years working on the problem. 

ar,d by 1873, he had ""rked out four simple mathe• 
matical r ules .  These four rules described everything 
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that electricity and magnetism did, and they are <:ailed 
"Ji.1.axwell's equations.·· 

lf Maxwell's equations a.re correct, it turns out that 
it is impossible to have electricity without having 
magnetism too; or to have magnetism without having 
electricity. Actually, the two make up one thing, 
which is caHed electromagnetism. 

MaxweJI showed that as soon as electricity c.ame into 

being, it produced magnetism, which in turn pro· 
duced electricity, which ill turn produced magnetism1 

and so on. So the electromagnetic field leapfrogs 
outward in all directions. This spreading outward is 
electro,m,g,wtic radiation. 

From his equatio ns, Maxwell could work out how 

fos t this radiation should travel. The speed was enor ­
mous-about 186,300 miles per second. That happens 
to be just the speed at  which light travels. Maxwell 
de cided, therefore, that light was an electromagnetic 
radiation. 

But why doo.s light come in different waveJengths? 
Electromagnetic waves start because something 

carrying an electric charge is oscillating (AH-sil-lat ­
ing); that is, moving back and forth. Each time it 
moves back and forth, it creates a wave. Suppose the 

charge osciUates 60 trillion times a second .  That 
means that when the radiation has traveled 1861300 
miles (which takes it one second), there ar e 60 trillion 
till)' waves along lhat length of light. Each wave is 

1/50,000th of an inch long .  This is the wavelength of a 
v isible beam of light. 

In �1axwell"s time, it wasn't known what existed 
inside the atom, if anything .  Nowadays, though, we 
know there are electric cl1 a.rges in.side the atom and 
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James Clef1< Maxwell 

they oscillate rapidly enough to produce light. The 
charges io all the different kinds of atoms oscillate 
with different rates, so that light of all the different 
wavele11gths is formed. 

Max .... ,ell pohHed out that nothing in his equations 
said electric charges c:ould only oscillate at certain 
rates. They could oscillate so quickly that there could 
be electromagnetic radiation with wavelengths smaller 
than ultraviolet, or the electric ch.i.rges could oscillate 
so slowl}' that there <.'Ould be electromagnetic radia­
tion with wavelengths longer than infrared. 
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3 

Radio 

Waves and 

Microwaves 
S(:11':NTl�'TS ARE ALWAYS dissatisfied if they ha,e to 
suppose that something exists because the inathemat .. 
ics says il mu.st. By predicting ,omething. the malhe-• 
matics tells them what to look for. ·nlen scientists 
want to find whnt has been predicted. 

�t:1..·(welrs (.'(Juations sa,d there could be clcctromag­
neUc radiations v..ith wavelcnglhs far bef01\Cl the infra­
red in one, direction and for be)ond the \1ltra,rlolet in 
the othf·r direction. The thing w.as to locate thnt 
radiation. 

The first to succeed was a Cenmm scienhst named 
I lclnrich Rudolf I l< ·rt2 (1857-1894). 

In 1&&8, Hertz set op an electric current tha t oscil­
lat.cd very n,pidly. He had two met.J.I bolls separated 



by a small air gap as part of the circuit. The electricity 
surged jnto one baJJ. \Vhen it re,.,ersed. direction. it 
surged into the other boll. then, when it reversed 
again, into the first ball again, and so on. Each time it 
surged into one ball or the other, a spark would ftash 
across the gap. 

Hcrr.t felt that if �,ta'<,vell was right, electromagnetic 

radiation should appear whiJe the circuit was osc-mat­

ing .  This radiation should have a wavelength much 
longer than infrared. But lww could he tell whether 

this was indeed happening?  
To detect the electromagnetic radfation, Hertz used 

a simple loop of wire with a tiny gap ht it. Just as the 

oscillating electric current prodv<.-e<l nul.iation, so the 
radiation (if it were present) should set up an oscillat­
ing electric current in the loop of wire. 

It did! Tiny sparks crossed the gap in Hertz's de­
tecting loop. He carried it from place to place in the 
room. In places where the wave was way up or way 
down. the spark appeared-the farther up or down, 
the brighter the spark. \Vhere the wave was neither 
up nor down, but in ao intermediate position, Hertz 
had no spark. In this way, he could tell tha t the 

waveJcngth of the radiation produced by the oscillat ­
ing curre,1t was 2.2 feet long, or well over a million 
times as long as the wavelengths of light. 

These very long waves of electromagnetic radiation 

were cal1ed Herlzi.an ux,ves at first. Later on. hov.rever, 
they came to be called 1'adio ,woos. 

Infrared waves. as the}' grow Jonger and longer, 
become n-tdio waves;. 11,cre is no sharp division be­
tween the two kinds of waves. }x)r convenience, scien­
tists ose 1125th of an inch as a dividing line . \".�tve-
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lengths less than JJ25th of an inch are infrared waves 
(and if they're smal l  enough they become ligl,t waves) .  
\Vavelengths more than I/25th of an inch are radio 
waves. 

Radio waves can be any 1ength-a few inches long, 
3 number of yards Jong, or rnany mi)es long. You can 
div"ide radio waves into long-wave, .short-wave, and 
very-short-wave, if you wish. The very-short-wave 

radio waves are usually called microuxn:es. Micro 
comes from a Creek word meaning small. 

Microwaves have waveleogths of an)'\vhere from 
1125th of ao inch to about 6V.. inches. 
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Once scientists knew about radio waves, they be�m 
to wonder if such w::wes could be used t.o send signals 

a long distan<.-e. For the previoos fifty years, pe<>ple 

had been sending messages by telegraph. That mean.t 
wires had to be strung along poles across whole con­
tinents, and cables had to be placed across the bottom 
of oceans. 

J\:rht1ps. if radio waves were used, people wouldn't 

have to depend so much on all those experlsivc wires 

an d  cables. 
In 1890, a French sci entist, Edouard Branl)1 (bran­

LEE, 1844-1940), invented a better detector than 
Hertz had \1 sed. Branly could detect radio wa\•es at a 
distance of 150 yard.s. The British scientist, Oliver 

Joseph Lodge (1851-1940), improved the detecting 
dc.,•vic.-e even further, so that he could detect radio 
waves at a distance of half a mile. He also sent out the 
radio waves in dots and dashes so that he could 
transmit a message in Morse code. 

The most successful experimenter, however, was an 
Italian scientist, Cuglielrno Marconi (mahr-KOl 1-nee. 
1874- 1 937). He found that he could send out more 
powcrfol signals and receive them inorc easily by 
making use of long vertical wires called antemws (the 
same word for the long feelers that inse<:ts have 01) 

their hc;ads). 
· 

By 1896, .\.farconi could detect a signal at nine 

miles. Could he do better still? After all, radio waves 
traveled in strnight lines, and the surfr1ce of Earth's 
globe curved downward. After nine miles, the radio 
waves ought to just pass through the clouds a1)d 11Ho 
outer space. 

31! 

Guglielmo Marconi 
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Fortunately, thtre is a la}'er of charged partjcJt:s 
high in the atmosphere. This layer is called the iono ­
sphel'e (eye-ON-uh-sfeer) because charged particles 

are called ions (EYE-onz). The ionosphere refft"<>ts 
radio waves. Radio waves can bounce back and forth 
behveen the Earth and the ionosphere and, io th is 
way, travel around tl1 e curve of the globe. 

Marconi went to the southwest tip of England on 
December 12, 1902, and sent out radio wave signaJs 

fn)m a balloon. Those signals ,1;-ere detected in Nc::w­
foundland on the other side of the Atlantic Ocean. 
?\farco1,i had sent a message across the oceao ,-vithout 
cables. just b}' radiation. Fbr this reason, Marconi :is 
considered to be the inventor of rc1diotelegraphy {te­
legraphy by radiation). This word was soon shortened 
to radio. 

A fe,.1;, years later, a Canadian-American scientist, 
Reginald Aubrey Fessenden (FES-en-den, 1866-
1932), learned how to make a radio wave vary in such 
a way that it took on the outline of a souod wave. 
S0u1:1<.f ,1,,,aves could then produce radio waves that 
followed the v ariations in the sound waves. At the 

other end, the shaped radio waves could be tume<I 
into those sound , ... ,ave.,; again. In that '"'a}', technicians 
could make the radio speak aod play mosic. On De­
cember 24, 1906, music was sent over the radio for 

the 6rst tj mc;:. 
Other improvements follow-ed, until we h:1d the 

radios and television sets of today. 

Micro1,,1,,,avcs, the very short radio waves, had no 
particular uses until 1he 1930s. Then the question 
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arose of detecting objects at a distance by means of 
radiation. 

This is not strange to us becaus<: ,ve detect obje<:ts 
at a distance in jost this way. \.Ve see ligJ1t that is 
reaected by distant objects. Tiie resulting image al­
lows us to judge what shape and <..'Olor an object has, 
and about how far 3\\";t}' it is. 

\Ve can't see things under the ocean, ho,vever. 
because light doesn't penetrate very far into water. 
Sound waves do, but souod \\18VCS arc so long they 
aren't refk-cted by smaU objects under water. They 
C\lrve around them instead. 

Suppose, though, that v ery short sound waves are 
used. sound waves too short to be heard. Such sound 
waves are ultniSOnic (from Latin words meaning be. 
yond sound). 

In 1917, a French scientist, Poul Langevin (lahnzJi. 
\q.N, 1872-1946), worked out a rnethod for sending a 
pulse of ultrasonic waves down into the ocean and 
detecting the reflectioo. From the reHection, he, could 
tell the size and sf1ape of wh3tever it \\'aS that did the 
reflecting. From the time it took for the poise to reach 
the obje<:t and return, the distance of the object could 
be calculated. This syste,n wa.� c.alled S0n(lr, an :1bbre ­
viation of " sound navigation and ranging," where 
ranging mea11s · · telling the distance.·· 

Doring \�rid Vt�r I, Langevin \1/0rked on sonar as 
a syste,n for detecting Cerm:m submarines under 
water. By the time sonar wa.� in full operation, how­
ever, the war was O\ler, and the Gennans had been 
defeated. Sonar wa.,; used for sden tific purposes after 
the war-to study the bottom of the ocean. 

In the 1930s, it looked as though a oew war with 
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Cormany might <.'Orne. and now it was airplanes that 
were ao enormous danger. It was necessary to know if 
unseen airplanes were 8)•ing toward you at night, or 

flying above the clouds. Sonar wouldn' t  do .  It was far 
too slow. 

Electromagnetic radiation was needed that would 
tra,•el at the speed of light. The waves couldn ·t be too 
long, or they wouldn't be reflected by airplanes. They 
couldn' t  be too short. or they wouldo 't 1>enetrate far 

enough through the atmosphere, especiall)• if mist, 
fog, or clouds \\o'Cre in the way. It turned out th:1t 
micro,wves were just right-not too long, not too 
short .  

Scientists had to figure out a way to send out pulses 
of microwaves aod then to recei,•e the reflection. ·n1ey 
also had to learn to measure the difference in time 
between the outgoing pulse and the retun\ing reffec­
tion, even 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 sdentist, Robert 
Alexander \\\Itson-Watt (1892-1973), the system was 
made to work. Since it used very short radio waves 

rather than very short sound v.r:wes, it was callod 
rad.a,., an abbreviation of "radio detection and rang· 
ing." 

\��r came in 1939 and, io 1940, wave upon wave of 
German planes attacked Great Br itain. This was c.'llled 
the Battle of Britair\. TI1e C'.ermans 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 \1,,-ere always on the spot, 
so  th:.tt German)• lost the Battle of Britain, aJld <;vCn· 

World Wei II coastal radar station 
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tually, th ey lost World \\\tr ll, just as they had lost 
\\\:,rid \Var I. 

Oooo \Vorld \Var 11 was over, radar and microwaves 
l'Oo1d be used for everyday purposes. Police used 
radar to measure the speed of cars so that they cou]d 
more easily crack down on speeders:. Airports used 
radar to sj.,ot planes in Oight. l11is made it possible for 
them to organi:re takeolTs and landings: without danger 
of collision. 

Even in the home, microwaves C:lme to be used. 
Ordinary cooling involves heating objects over fires 

or over red-hot electric coils. Large quantities of 
infrared radiation are released and this transfers heat 
to the material being cooked. 

Infrar<.-' d rndiation, however. doesn't penetrate very 
dc>eply into food, so that the heat only reaches the 
outside. The heat from the outside seeps into the 

inside only slowly. A turkey ,  for insunoe, must be 

roasted for a long time before the interior is he:.Hed 
properly. 

Microwaves, however. with their lolllger wave-s, can 
penetrate obj�,cts more deeply. They can go right 
through a slab of meat, for instance, dJstributing heat 
to the irHcrior of the food. not only to its surface. 
Many homes now have microwave ove ,,s for the rapid 
preparation of food. Supermarkets provide food that is 
espocially packaged for microwave cooking .  
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4 
Planets and 
Microwaves 

AFTER \VOI\LO \VAi\ f l, radar could also b e  put to 
scientific ose. fur instance, the microwaves making 
up radar can be reffccted by meteorites as w.;:11 as by 
airplanes. Ordinarily. we can see meteorites only at 
night wheo they arc heated white-hot as they pass 

through the atmosphe1se. \Ve see them as shooting 
stars, which cannot be v iewed by daylight any more 

than ordinary stars ca,,. \Vith radar, we call detect 
meteorites i.n daytime as well as at night. 

Tal'gets even farther off can he re.ached. In 1946. for 

instant-e, a mdar beam was bounced off the Moon, 
and its echo was det<.-clcd. In later years radar beams 

, ... -ere bounced off Venus, Mercury. Mars. and Jupiter. 
Radar hcams wcr<; L"\•tn bounced off the sun. 
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The important-e of these experiments ls great. By 
measuring the time beh1:een the emission of the mi· 
crow,we pulse and the detection of its reflectior), 
scieotists t'(>Uld tell the distance of heavenly bodies. 
This method was far more accurate than any other up 
to that time. 

\Vhat's more, radar could tell us things about the 
planets that we never knew before. 

Suppose we begin by oonsidering that, when a small 
h<>dy revol"es around a large <>ne, the large body sets 
up tides in the smalJer one. The tides create friction, 
which slO\\'S down the smaller body's rotation around 
its a.xis. Eventually, the small body, as it revolves 
around the larger body, turns only or)e side to it .  
Thus, the Moon always turns the same face to Earth 
as it revolves around it. 

Astronomers have thought for many years that Mer� 
cury faced only one side to the sun a.,; tlu; planet 
revolved around it. That side w:tS thought to be forever 
extremely hot, while the other side, a l ways in dark· 
ness, was thought to be extremely cold. 

Can we tell that for sure ,,ow? \'es, for every object 
gives off electromagnetic radiation. The hotter the 
object is, the shorter the waves it gives off. An object 
has to be very hot to gi"e off light wa\<es that we can 
see. Cool objects give off lon.,ger waves that we cannot 
see, S\1ch as microwaves. 

In 1962, astronomers t'Ould detect microwaves 
given off from Mercury's dark side. The microwaves 
v.iere so short, and were present in such quantity, that 
it was clear Mercury's dark side was moch 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 t� 
ward �'1ercury aod studied the reflection. If  f\,Jercury 
were turning on its axJs, the micl'O\vaves v.'Ould be 
slightl y distorted and carry that disl'ortio1) when the)' 
ca.me back from the size of the distortion, t!he rate at 
which Mercury is rotating could be calculated. 

If it turned out that Mercury wa.,; rotating Qn 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 Slm. 

In 1965, scientists discovered from microwave re­
Oections that Mercury turned once in aboot 58Vi days. 
That means it turns slowly with respect to the sun and 
every part of its surfut-e gets sunlight at one time or 
:.mother. 

The pl anet Venus proved even more surprising. It 
is closer to us than Mercury is, and it i s  larger. 
TI)erefore scientists can study its dark side more easiJy 
than Mercury's. In 1956, it was found that Venus gave 
off microwaves in an amount that made it seem hot 
indeed. 

Of <..'Ourse. Venus has a thick :1tmosphere �md Mer· 
cury has none. Perhaps Venus's high clouds might be 
hot while the solid surface below was cool. In 1962, 
however, an American rocket probe, Mariner 2, 
p;tS.sed near Venus and measured its microwaves. 
There was no question after that. ·t11e sorfuce of Venus 
was hot everywhere, hot enough to melt tin and lead. 

Scientists had suspected from Venus·s thick clouds 
that it might be a very watery planet and only mild))' 
warm, like Africa, perh:.tps. But microwaves told us 
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lhal Vtnos is far too hot to Hve on and tlrnt its su.rfuce 
is absolutely dry. 

llec-Juse the cloud layer is so thick nnd unbroken. 
no astronomer had a'er seen the surf.1ee of Venus, and 
with no .surfu(..'e visibility them were no markings that 
could be watched as Venus turru: d so as to measure its 
rotation period. Some scientists thought Venus might 
torn in 24 hours as Earth and Mars did. Some thought 
it turned in 2:25 days, which i.t the thnc or its re"olu­
tion around the sun, so that it showed only one side 
to the .sun. 

Both views were wron.g,. M icl"O\.\--a,-e refJactioni, in 

J962, showed that \\:nus rotates in 243 days. so that 
every part of it is exposed to the sun at some time or 
other, like �1ercury. \Vhafs more, the planet rotates 
from easl to west, while the other planets re\'Olve fron1 
"'est to cast. 

Microwtl,res could rc,·cal still more where \�nos 

v.'llS concerned. In 19i8, an American probe, Pioneer 
\'fJnu.1, passed close to venus and we11t into orbit 
around it. 

11,c probe sent out beams or microwaves 1hat 
passed through the cloud layer without trouble nnd 
were reflected from the solid surfuce or Venus. By 
studying the reflections <>r those microwave beams. 
scientists could cakulate the nature or the planet's 
surface. in the same way as by stud)'lng light reOec­
tions. or oourse, microwaves :ire much longer tha.n 
light ,va,"es, so that \Y!nll$ is seen ill a ru.zzier way. 

Tho micro\va,•e r<'flcctions show that about Rve• 
1ixths oftbe surfuce or\l-nus is made up of formations 

high above the average surface. The rcmflining one-
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sixth is low and may have been filk--d with water when 
the planet w;ts young. 

On the contioenlal areas. there are hvo large pla. 
teaus that bear mountain ranges. 111e-se possess moun­
tain pca'ks that are higher than any on Earth. Some of 
those mountain peaks m3y be volcanoes, but they 
seem to be extinct. 



5 

The 
Universe 

and 
Microwaves 
}\·htHOWAVES f\EACH us from beyond the solar sys­
tem, but the discovery of thal F'acl came about by 
accident. 

Long..distance telephone calls across the oceans 
were making use of radio waves. It often happened, in 
such calls, that radio waves from outside sources 
caused interference. TI1e outside radio waves intro­
duood cradding noises called st<1tic. which made con­
versations hard to hear. 

·111e Bell Telephone Company wanted to find out 
where the interference was oomirlg from so that the)' 
could find ways of removing it. In 1931, they gave the 
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job to a11 American enginee,r oame<l Karl Gothe Jansky 
(1905-19.50). 

Jansky set up a device that would receive n1dio 
waves. He knew that there would be some coming ill 
from thur1dcrstorms, &om ajrcraft pa.�sing overhead, 
from nearby electrical equipment, and so on. Such 
problems were being worked on. Jansky was trying to 
find other sources of radio waves that weren't being 
take,1 into account. 

Jansky did detect a new kind of weak static that was 
very steady and that didn·t come from any of the osuaJ 
soorces. He \\'a.S surprised to discover that it \\'a.S 

coming from the sl...-y overhead. In fact, it seemed to 
be coming from the sun. 

\Vhy not? The sun gave off all the wavelengths of 
electromagnetic radiation; it was bound to give off 
radio waves, too. 

Jansky followed the source of the static from day to 
day, and it began to appear that it did not come from 

the sun after all. 'll1e SOttr<..<>e gained on the sun and 
appeared to be ahead of it'" farther and farther ,  each 
day. It gained about four minutes on the sun each day. 

As it happens, the stars gain on the .sun by four 
minutes each day. It must be, then, that the source of 
the static came from sorn ewhere outside the solar 
system, from .some place in the stars. 

As Jansl-y kept on watching, he decided that the 
static waves came from sornewhere in the direction 
that the American astrono,ner Harlow Shapley (1885-
1972) had shown, twenty years before. to be the 

location of the center of the ga laxy. The radio waves, 
ill other words, seemod to be coming from the center 

Radio 1elesoope 
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Grole Rebe< ..-.d his 
radio lalescope at �on, Nllnols 
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of the eolledion of n eouple of hundnc<I billion stors 
that iocludes our sun. 

In December. 1932, Jansky n,portcd his 6ndings. 
Radio waves were comit, g from the center o( the 
gala.<y. which we now know to be 30.000 light•te•rs 
away. 

'l11is discovery created considerable excitement. 
'lne New }o,-k Times put the n(..•w.s on the front page. 
Yet scienti1ts did nothing about it. There was only one 
·who tried, and he was an Americ-.tn radio arnatcur, 
Grote R<:ber (born l\lt l). In 1937, he built a dish­
shaped reflector in his backyard in \Vheaton. Illinois. 
It received radio w�wes from the sky aucl reAected 
them to a dct<..'<.10r in the center. This was the first 
radio tek«ope. 

In 1938, Reber began to study the sky for sou n.'Cs 
of rodio waves. He t ... •cn ,nade a .. radio map" of the 
.sky and published it in l942. The results were very 
funy, but Reber did more than anyone else at that 
time. 

As it hapc>ens. ,'Cry few kinds of electromagnetic 
radiation can gel through tho Earth's atmosphere. 
Ordinary light can do so, of course. Most ultr1:wiolet 
light and still shorter wavelengths do not g_et through 
the Earth's atmosphere. bon�>er, and neither do mo.st 
in&arcd or long radio wa\'es. lf.s 11.s though the baod 
of ordinary light is a wind�· In the atmosphere 
through which \\'C can detect the universe. 

There is a second window, though-the micro­
waves. These can J>llSS through the atmosphere easily. 
The longer n,dio waves. if they slart from Earth, 
bounce off the ionosphere and di.sappear into oulcr 
space. ·n1at's why mic1·owa,es �·eren't used in mclio. 
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fo tl1e same way, long radio waves from outer space 
hounce off the iooosphere as they come t<m,ard us and 
never reach our instruments. Mi<."rowaves. however, 
J)llSS right through the ionosphere and reach us. The 
radio waves detected by Jansky and Reber were micro­
waves. 

'Why wcren ·t scientists more interested in micro ­
waves from outer space? The answer is that, since 
microwaves weren't used io radio, instruments had 
not been devised to detect them and study them. 

111e dQ\•elopment of radar lit the 1930.s, however, 
meant that such instnnnents were then devised and 
constructed. After \Vorld \\nr JI, when radar was not 
secret anymore, those instn1ment.s oould be used b}' 
scientists. Ln the 1950.s, radio telescopes were built 
and radio astronomy became extremely important. 

Siooe a radio telescope deals with waves that are 
over a millio11 times as long as light waves, a tadio 

telesc.'Ope must be over a million liincs as v.'lde as an 
ordinuy telescope to .. see" as clear)>'· 11"1etre is a way of getting around that, however, Two 
small radio tolesc.-opes set mil es apart can be made to 
act so ,completely and exactly together thttt they will 
behave a� though they w ere one radio telescope miles 
across. In  this way, radio telesc.'Opes can now be built 
ill large groups that see even more clearly and sharply 
than ordinary Lclcscopes can. 

Radio telescopes give scientists information that 
ordinary telescopes can't possibly give. A distant gal­
axy may look perfect!)' quiet and peaceful when it is 
viev.'ed by ordinary light. \.Vhen it is vie\!,ed by a radio 

telescope. hO\vever, there may be large quantities of 
micro,vnves <..'Oming out of its center. Or there may 
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s�!m to h�ve been an explosion that sent large quan­
tities of microwave-emitting material out of the center 
to either side. 

-

Such galaxies arc now called aclit'e galtixics, Even 

ordinary galaxfos are more active. than we dreamed 
before the days of radio astronomy. 

At the center of our own gala.,y, Jansky had noted 
radio waves in his first dis<.'Overy. Now we know that 
t�ere is ,  indeed, a very small spot at the very center 
of the galaxy that giv,e-s off large quantities of micro­
waves. 

Scientists think there is a black hole at the center of 
our galaxy (see llow Did \Ve Find Out About Black 
Holes? by Isaac Asimov, ·walker, 1978). Perhaps there 
1s one at the center of every galaxy, but we might 
never have suspected this except for microwaves .  

Most stars are .so for away that their microwaves 
cannot be detected at such distances. ·we only detect 
the microwaves from our sun because it is so close to 
us . 

Some stars, however, do send out enough micro ­
waves to detect. These \1,,-crc called r<Ul.io stars. They 
seemed so unusual that they \Vere studied very care­
fully by ordinary telcs.x,pes and some seemed to have 

a cert.ain fuzziness. It seemed that they might not be 
ordinary stars, so they were refene d to as quasi.�stellar 
(from Latin words meaning star-resembling). The 

phrase was soon shortened to quasar. 
The light from these quasars wa.'i analyzed carefully. 

and the details of the:ir spectra seemed very odd. It 
was not till 1963 that the Outeh-Amcrlcan scientist, 



Maarten Schmidt (born 1929), puzzled it out. The 

spectrum seemed odd because the quasar he was 
studying v.•as moving ay.iay from us at an enonnous 
speed. All the quasars were moving away from Earth 
at enormous speeds. 

Scientists think that the faster an object ,novcs away 
from us the more distallt it is. If so. the quasars ar� 
unusually far away. Even the nearest quasar is one 

billion light-years away, and some ha\le been disco\1-
ered that may be S(.'\'(mteen billion light-ye.a.rs away. 

Quasars seem to be extremely active galaxies. TI1eir 
very centers, which are ablaze with activity. are all 
that cao be seen, even in a telc.s<.'Ope, at their great 
dist::tnce from us .  TI1e outer parts of the galMy cannot 
be seen. That is why the centers look merely like faint 
stars. Dut for the micn>wa.ves they send out, scientists 
V.'Ould 1leVCr have thought of them as in the least 
interesting. 

\Ve see the farthest quasars as they were about 
seventeen billion years ago, for that is how long it 
takes their light to reach us. ·n1ey existed, as we see 
them, in the very e-.. uly days of the universe. If we 
knew more about these distunt quasars, ,ve might 
know more about how the galaxies of stars, which flll 
the universe, fonned and took shape. 

Certain ntdio stars give signs of tv.'1.nkling, of send­
ing out microwaves. in small, rapid bursts. A British 
astronomer, Anto,1y Hewish (born 1924), designed a 
radio telescope that would detect such rapid bursts or 
twinkles. He set up 2,048 separate receivirlg devices 
spr ead out over an area of three acres. 

In July, 1967, one of Hewish's students, Jocelyn 
Bell, noticed a very rapid pulsation of rnkrowaves. 
The horst.s v.-ere much more rapid and more regular 
than they had ex1>ected. 

H""ish called the object a vu/sating star, and this 
was eventuall>' shortened to 11ulsor. In 1968, the 
Austrian-American scientist. Thomas Cold (born 

1920), pointed out that it might be a very small, very 
dense object called a n,mtron star. Such an object 
would contain as muc.h mass as an ordinary star, but 
it would have all that mass squeezed into a ball only 
eight miles or so across. Scientists 1lOW think that view 
is correct. 

Pulsars rotate very rapidly, making a complete tum 
in just a few seconds at most, sometimes in a few 
tenths of a second. Recently, pulsars that rotated in a 
few thousandths of a second have been located. 

If it hadn 't been for their burst of microwa• .. es, 
which sweep past us each time a pulsar turns> these 
peculiar stars might never have been discovered. 

Since the 1920s, scientists have felt that the uni­
verse might have originated some time about 6fteen 
or twenty billion years ago. It started as a tiny point of 
matter that exploded in a " hig bang." 

The universe is still expanding, and the galaxies are 
hurrying away from each other as a result. 

llut did it all really happen? In  I!H8, a Russian ­
American scientist. George Gamow (CAM-ov, 1904-
1968), pointed out that if the big bang did happen, 
then there should be a fuint background of microwaves 
coming equally from all par ts of the sky. 
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Albert Einstein 

In 1964, a Cennan-American scientist, Amo Allen 
Penzias (horn l933), and an American scientist, Robert 
Woodrow Wilson (born 1936). actually dete<:ted this 
microwave background. This is the best e\'idence we 
have that the big baog actually happened. lf it weren't 
for the microwaves that ,.,-ere detected, no good evi ­
dence for the big bang might ever hav<; hecn Ohtaioed. 

In 1917, the German-Swiss scientist, Albert Ein­
stein (1879-19.55), pointed out that if a ,nolecule we:re 
in a high-energy state and it was b\1mped by a wave 
of radiation, the molecule might gjve off some of its 
energy as radiation. The rttdiatioo it g :ive off would be 
in the form of a wave exactly the same size and 
direction as the wave that had bomped it. 11,ese. mig.ht 
hit t\vo more molecules and there would then be four , 
and then eight, and then sixteen, and s o  on. 

The 6rst wave \VOuld start a whole flood of waves all 
of exactl y the same wavelength and all moving i11 the 
exactly same direction. This is called coherent rmlia­
tion. 

In 1933, ail American scientist. Charles Hud 
10wnes (born 1915), constructed a device Ill which a 
bit of rnicro\vave radiatjon produced a Aood of the 
same microwave radiation. Townes called this ··micro­
wave amplification by stimulated emission of radia­
tion" and this phrase was abbreviate.-'() to maser. 

\.Vhat (..."Ot1ld be done for microwaves could be done 
for other kinds of radiation. like that of ordinary light. 
An American scientist, ·11teodore Harold Maiman 
(born 1927), buill a device in which a bit of liglil 
produced a flood of the same kind of light. This was 
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"light arnpliflt-ation by stimulated emission of tadia• 
tion" or , a laser. 

Both masers and la.�rs have proved ve.ry useful to 
scientist�. ln everyday life, lasers have produced new 
and superior kinds of music rec()rds. for instance, and 
new a,,d superior kinds of printers for home comput· 
ers. 

And it all started when Newton passed a beam of 
light through a prism. 
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