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Waves 
THE LIGHT WE see consists of a stream of tiny waves. 
It takes about fifty thousand of these light waves to 
stretch across the distance of an inch. That means that 
each wave is about 1/50, 000 of an inch long. This is a 
wavelength. 

Before we go any further, let's describe the wave
lengths without using inches. We use inches here in 
the United States, but everywhere else in the world, 
meters (MEE-terz) are used. Scientists everywhere, 
even in the United States, use meters. 

One meter is equal to 39.37 inches, or about 3V4 
feet. That is a pretty long distance, but meters can be 
divided into smaller units, just as we can divide yards 
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into feet nnd fo(->f iuto inche s. A yard is divided into 
three feet. and a f<k)t is divided into twel ve ioclws. A 
meter, thovgh, is always divid"d by even nu1nhcrs 
such as te1l, or a lnmdred. or a thous.and. Thut is what 
makes the metric sy.ftem (MET·rik) rnor<! Stnsible 

than the one we ure. 
Sowe have: 
) ce11timete1· (SENT-ih-MEE-ter) = 1/1()() of a 

meter, or about 2/5 of an inch. 
l mUlimete,· (�t ll�ih-MEE-ter) = 1/1()0() of a 

meter, or about J/25 of an inch. 
) micrometer (1t1KE-roh-MEE-ter) = 1/1()0() of a 

millimeter. or 1 millionth of a meter .  
) nmwmeter (NAK-<.>h-MEE-ter) = 1/11)0() of a 

micrometer ,  or 1 hilliontl1 of a meter. 
A light wave is about 500 nanometel'S long. Tua( s 

the same as saying 1/5(),CX)() of an inch, hut scientist.s 
All over the world pr<·f<·r to use nanomete.-s. 

Of course. oot all light waves have the same lengtb. 
Some are a little lougc::r, some a little shorter. \Ve can 
tell the differellce ju:,,t by looking, because light wave s 
of different leogths produ<: e light that seems of differ· 
�nt colors to our cy('s. 

T11e longest wavcl1..·ngths that we see look deep red 
to us. Those wavcl('ngths are 780 oalloowter s .  11\e 
shortest wavelengths we see look deep violet to us. 
and those are 390 nunometers. In betwti1tn are the 

other colors: orangt·, yellow. green, al\d blue. 
Each color has a small spread of wavelengths and, 

as the waveleogths change. the colon• fude into one 
�mother .  There nrc no sharp divisions. If we muke a 
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Jillie table of the ;;iverage wavelengtl1s of different 
colon; c>f light, it looks like this: 

1 ·ed 
onmge 

yellow 
green 
blue 
violet 

700 nanometers 
600 nanometers 
580 nanometers 

520 nanometers 

450 nanometers 

410 nanometers 

Light bends slightly when it passes from air into 
water or glass. ·rhe shorter the wavelength, the more 
it beods. Sonlight is a mixture of aH \\iavelengths, all 
col ors, but when it passes into tiny drops of water in 

the air, the different wavelengths bend by ,lifferent 
amounts and the colors aJI separate. That's \vhat ha, > 
pens when "-e see a rainbow in the air . \¥.lter droplets 
have SC!par::ited the wavelengths. and wt see bands of 
oolor blending into one another .  

But those are only tlw wavelengths our eyes cail 

sc:.-e. 
There is light with wavelengths 101\gCr tl1an 780 

nanometers, hut O\JT eyes just don · t  luive the ability to 

see it. The same is true of l ight with wavclt'ngths less 

than 390 nano,netcrs. Yet such extra-long an.cl extra
short light waves do exist. 

In 1800. the cxtr:}-long light waves were discovered 
by a Cennan-b orn, British scientist, named \Villiam 

Herschel (HER-shel, 1738-1822). Those extra-l ong 
light waves are caHed in/rtired rays (IN-fruh�red, 
nwaning ''b elow tl,c red'). Infra.red mys ca.11 have 

wavel eogLhs of from 780 oanometers aJI the wny up to 
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10 million nanometers, or 1 centimeter, which is the 
same thing. 

In 1801, the extra-short light waves were discovered 
by a German scientist named Johann Wilhelm Ritter 
(RIT-er, 1776-1810). Those extra-short waves are ul
traviolet rays ( UL-truh-VY-oh-let, meaning "beyond 
the violet"). Such ultraviolet rays have wavelengths of 
from 390 nanometers down to about 10 nanometers. 

But where does it stop? How short can the waves 
get? How long? 

In 1873, a British scientist, James Clerk Maxwell 
(1831-1879), showed that electricity and magnetism 
were different ways of dealing with the same thing. 
The combination is called electromagnetism (ee-LEK
troh-MAG-neh-tiz-um). 

Objects that carry electricity or objects that are 
magnetic produce an electromagnetic field that fills 
the space around them. This electromagnetic field can 
produce waves of electromagnetic radiation (RAY-dee
AY-shun). The kind of light we see, as well as infrared 
rays and ultraviolet rays that we don't see, are all 
examples of such electromagnetic radiation. 

Maxwell argued that such radiations could come in 
any wavelength from thousands of meters down to 
tiny fractions of a nanometer. 

In 1888, a German scientist, Heinrich Rudolf Hertz 
(HURTS, 1857-1894), discovered very-long-wave ra
diation. These waves came to be called radio waves 
and some of them are indeed thousands of meter� 
long. In American measurements, it means that some 
radio waves have wavelengths of miles. 

The shortest radio waves, those that are just a little 
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longer than the longest infrared rays, are microwaves 
(MIKE-roh-wavez). The wavelengths of microwaves 
are anywhere from 1 millimeter long to 150 millime
ters. (In inches, that would be anywhere from 1125th 
of an inch to 6V4 inches.) 

In 1895, another German scientist, Wilhelm Kon
rad Roentgen (ROINT-gen, 1845-1923), discovered 
very-short-wave electromagnetic radiation. He called 
it X rays, and its wavelengths turned out to be any
where from 10 nanometers down to about 1/1000 of a 
nanometer. 

The next year, a French scientist, Antoine Henri 
Becquerel (beh-KREL, 1852-1908), found that cer
tain elements, like uranium (yoo-RAY-nee-um), were 
constantly giving off radiation. Another French scien
tist, Paul Ulrich Villard (vee- YARD, 1860-1934), 
found that among the radiations given off by uranium 
was a kind of electromagnetic radiation with wave
lengths even shorter than those of X rays. The new 
radiation are the gamma rays (CAM-uh), which have 
wavelengths all the way down to 1/100,000th of a 
nanometer, or less. 

Here, then, is a list of the different kinds of electro
magnetic radiation, from the longest waves down to 
the shortest: 

radio waves 
microwaves 
infrared rays 
visible light 
ultraviolet rays 
X rays 
gamma rays 
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radio 

waves 
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micro

waves 

infra

red 

visible 

light 

ultra

violet 

x-rays 

Different kinds of electromagnetic radiation 

from longest to shortest 

gamma 

rays 

2 
Radiation 

and Energy 
LIGHT IS A form of energy (EN-ur-jee). Energy is 
anything that can do work, and light can do work. 

A beam of light seems to pour out energy continu
ously, just as though it were a stream of water. The 
energy might seem as though it could be broken up 
into smaller and smaller bits forever. The stream of 
water looks like that, too, but we know that water is 
made up of tiny atoms that are far too small to see, 
and that atoms are the smallest bits of ordinary mat
ter. 

If water looks as though it pours out in a steady 
stream but is really made up of tiny atoms, is it 
possible that energy is really made up of tiny chunks 
of some kind, too? 
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A Cenna11 scienli.st. Ma,,: Karl Erosl L udwig Planck 
(1858-1947), was wonde ring about thot in 1900. Ho 
was trying to work out the way in which hot ohjects 
give off' electromagnetic radiation of different wa\'e. 
le11gths. \Vhy do they give off more of one kin d of 
wnvelength than of another kind? 

A number of scientists had tried to work out an 
<:x-planation and to use that as a way of describing how 

the wavtl e ngths ought to come off. Howe\'er, their 
descriptions nc;.."V(:r fit what was really so, and a scie1\· 
tific explanation that doesn't match reality is uscl<'Ss. 

All the other scientists, however, had tried to WOl'k 
things out by supposiog that <�ncrgy just poured out 
continuously and didn't <.'(>nsist of little chunks. Planck 
thought: What if those little chuuks :,re thel'e? 

He pot that possihility into his thinking ancl found 
that he was ahle to work up a description of how hot 
objects produced radiation of diffe rent wa ... clengths. 
llis description mtttched what was really so. 

Planck wondered just how much energy there was 

in each little chunk, so what he worked out is called 
quantum theory (K\VAK-tum, from a Latin ,vord 
meaning ''how much?''). Planck fou1td tlwt the amo u11t 
of energy i n  each chunk was extremely liny. That 's 

why it took so long for scientists to realize those 
chuok.s \,-ere there. 

In 1918, Planck received a �obd Prize for this 
\I/Ork. 

EventuaJly, <:rich little chunk was c a J led a photon 
(FQH.ton). One very important thillg that Planck 
found out was that the amount of energy carried by a 
photon was different for deetromag:netic radiation of 
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different wavelengths. The shorter the wavelength, 
the greater the energy of the photon. 

For instance, violet light has a wavelength about 
half that of red light. This means that a violet-light 
photon has twice the energy of a red-light photon. For 
this reason, violet light can do more work. Even 
though a particular beam of red light and another of 
violet light might have the same total energy, the 
violet light comes in larger photons, and that's what 
counts. 

Suppose, for example, someone threw a pound of 
powder at you. You wouldn't feel a thing. If he threw 
a pound of pebbles at you, you would feel each 
pebble. If he threw a one-pound piece of rock at you, 
he might hurt you very badly. 

One of the kinds of work light does is to darken the 
chemical on photographic film, so that you can form a 
picture on it. The red-light photons are so small that, 
with ordinary film, nothing happens to the chemicals. 
That's why films are often developed under red light. 
You can see what you're doing and the film isn't 
affected. W ith shorter-wavelength light, the film 
would be darkened at once. 

Naturally, wavelengths that are longer than red 
light carry still less energy. Infrared rays have less 
energy than visible light. Microwaves have still less 
energy, and radio waves have the least energy. 

It works the other way at the other end of the 
spectrum. Ultraviolet rays, with shorter wavelengths 
than visible light, have more energy. X rays have still 
more energy, and gamma rays have the most energy. 

We can feel the increase in energy as wavelengths 
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grow shorter. Radio waves are all about us because 
radio and television stations broadcast them, but they 
are too low in energy to harm us. Sunlight, on the 
other hand, darkens our skin. If we have very fair 
skin, sunlight might even burn our skin. 

Exposure to sunlight over a considerable period, 
especially to the shorter wavelengths of sunlight, can 
cause skin cancer. There are ultraviolet rays in sun
light, and those do most of the damage. 

X rays and gamma rays are even more dangerous. 
Doctors and dentists use X rays to study the situation 
in tissues inside your body. However, they expose you 
as briefly as possible. Gamma rays are even more 
dangerous. 

Whenever any object is surrounded by material that 
is cooler than it is, the object gives off electromagnetic 
radiation that cools it down. W hen an object is sur
rounded by materials that are warmer than it is, the 
object absorbs the electromagnetic radiation being 
given off by the other material, and it warms up. 
Electromagnetic radiation always goes from a warmer 
place to a cooler place, evening out the temperature. 

So everywhere in the universe, photons are flying 
from one object to another. Some are being given off 
all the time, and this is called emission of radiation. 

Objects giving off photons give them off in a variety 
of wavelengths, but some wavelengths come off in 
greater quantities than others. Usually, there is some 
intermediate wavelength that comes off in greatest 
amounts. Wavelengths that are longer or shorter come 
off less frequently. Wavelengths that are much shorter 
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or much longer hardly appear Rf all. This was all 
expla.ioecl by tile <1uantum theory. 

S.,ppose an object gets hotter and hottt:r. Naturally. 
as it does so, il givt'S off more and more photons. 
What's more, as it l(ets hotter and hotter, the photons 
it produces have more:: and more energy, Oil the 
average. Th:lt means that the intcrmcdiate-wave-
1ength photons that are given off most frequently are 
of shorter wavelength in hot objects than in cold 
objects. 

Thus, very cold objects give off ooly pho tons of 
radio waves an.cl microwaves. By the time an object is 

as warm as the l1t1m�m body. it is giviog off mostly 
infrared mys. 

A kettle or boiling water gives off a great de,11 of 
infr:}rc.:d rays. and if you put your hand near the kettle 

(not on it, of C<>urse}. you can feel the rays as heat .  
Your lrnnd is cooler than the kettle, so it absorbs the 
infrared-ray pl\otons, and th�1t warms your haf1d. 

If yoo ,vere to heat something very strongly, then, 
eventually some photons of visible light would begin 
to hf: given off. Mostly there ,YOuld ht� the longer light 
waves, so the ohjccl would be red /wt. If it were 

healed forther and further, more and more visible. 
light photons of shorter and shorter waveleoglh would 
come off and the object would be uJhite l,ot. 

111e surface or the son is white hot. If you huild a 
honflrc, that Sire is not as hot as the sun·s st1rfoce. and 
the Oames seen1 to be yellowish or even orange. 

In any object, the various atoms and t'Ombinations 

of atoms contai,1 e,1crgy, and they are alw�ws moving 
around and jostling each other .  The jostling transfers 
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photons from atom to atom and sends some into the 
outside world. 

Generally, each atom gives off a photon of some 
particular wavelength in such a way that it is moving 
in some particular direction. Another atom may give 
off a photon of a different wavelength in a different 
direction. 

This means that in any object, we have photons 
spraying outward in all directions and over a whole 
range of different wavelengths. This is true of sunlight, 
of bonfires, of candles, of electric lights, of hot kettles, 
of everything. You wouldn't think there was any other 
way in which photons could be given off. 
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Masers 

IN 1917, A German scientist, Albert Einstein (1879-
1955), thought about the way photons are given off. It 
seemed to him that a particular type of atom or group 
of atoms could pick up a photon of just the right size 
to send it to a higher level of energy, one that would 
just fit its structure. The atom or group of atoms would 
then be excited and, sooner or later, it would give up 
the extra energy and would produce a photon of just 
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the size that had excited it. Different atoms would 
give up those photons at different times and in differ
ent directions. 

But suppose you could get all the atoms in a given 
material excited. All of them would have this extra 
energy. And suppose that a photon would now come 
along of just the right size to excite them. It would hit 
an atom, but it wouldn't excite it because that atom 
was already excited. Instead, the photon would cause 
the atom to give up its own extra photon at the 
moment it was hit. The photon it gave off would be 
exactly the size of the photon striking it, and the 
second photon would move off in exactly the same 
direction as the first. 

Now there would be two photons of the right size, 
and they would hit two other atoms and produce two 
more photons. Then the four would hit four other 
atoms and there would be eight, and so on, and so on. 
All this would happen very quickly so that, before you 
could blink your eyes, billions and billions of photons 
would be produced, all of the same wavelength and 
all moving in the same direction. 

This is not the ordinary kind of emission of radiation 
that you see in a bonfire or in the sun, where the 
photons fly off every which way and at every wave
length. It is the kind of emission that happens when 
excited atoms are struck by a photon of just the right 
size. The atoms are stimulated by the photon, so this 
kind of emission is called stimulated emission of radi
ation. 

What's more, though you start off with a single 
photon, you end up with countless numbers. You 
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might not detect the single photon to begin with, but 
the vast numbers of photons you produce are easy to 
detect. The original photon has been magnified or 
amplified into a much larger display of energy. W hen 
this happens, you can speak of amplification by stim
ulated emission of radiation. 

Ordinary radiation, with its photons moving in 
every which way on every which wavelength, doesn't 
stick together. It tends to spread out. Even if you use 
a curved mirror so that all the rays of light are re
flected in the same direction, as in a flashlight or in 
an automobile light, the light still spreads out quickly. 
Such light is incoherent (in-koh-HEER-ent), meaning 
"doesn't stick together. " It is also polychromatic 
(POL-ee-kroh-MAT-ik), meaning "in many colors" or 
"in many wavelengths. " 

Stimulated emission of radiation, however, has all 
the same wavelength. It is monochromatic (MON-oh
kroh-MAT-ik), meaning "one color" or "one wave
length. " Also, since all the photons are moving in the 
same direction, the light hardly spreads out at all. It 
is coherent (koh-HEER-ent), meaning it "sticks to
gether. " 

Einstein was a theoretical physicist. That means he 
tried to work out in his mind and on paper what ought 
to happen if Planck's quantum theory was correct. But 
suppose Planck's quantum theory wasn't completely 
correct. We should set up an experiment and see if we 
actually do get stimulated emission of radiation. We 
have to see if reality matches the theory. 

In 1924, experiments were conducted that showed 
there could indeed be stimulated emission of radiation 
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Comparison of coherent and incoherent hght 
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and that such radiation would indeed be coherent and 
inonochro,natic. 

ll\1t how could you produt'(' real quantities of stich 
coherent radiatioo? It doesn't sound as though il 
,,.:ould be easy. After all, there is a great deal of 
radiation io the universe about us. but it is all incoher� 
ent. ·111nt makes it look as though ordinary emission is 
easy to ptoduce and stimulated emission is hard. 

Tl1c n .. ·ason stimulat<:d emission is hard to cr<:atC' is 
that once you stimulate atoms to ,1bsorb particular 
photons, they do11·1 1,aug on to those photons vc·ry 
long. )bu can·t seem to get enough atoms excited and 
keep tlu'111 cx<;itC'd long enough to stimulate them. 

This seemed so clear that, for a long time after 
scientists knew that stimulated emission of radiation 
was possible, no one tried to bring it about in an 
important way. 

But then, in 1951. an American scientist. Charles 
I lard .. l()wnc-s (b. 1915) was trying to figure out a way 
of producing a strong beam of microwaves. It occurred 
to him that the molcc-ulc of a gas called ··a,nmonia .. 
v , ,ould absorb a microwave photon of just the size he 
was intc•r('Stf·d in. If enough au,rnonia molcc-ules could 
be excited and if the)' could be stimulated. he would 
gtt a strong twain of 1nicrowavc:i$. 

Townes realized that it wouldn't be possible to 
cxeiff· all th<· ammonia atoms and kc::cp tl,cm excited 
just by heating them. Other methods would have to 
be:: osNJ. An f·lc-ctric cu1T<-nt might do it, or a beam of 
light. or a chemical reaction. If he could do it, then 
he� could stimulate the cxcitt.'<I anunonia a.ml gc::t his 
I.U"ge beam of microwaves. 
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Charles H Townes expla,n,ng h,s ammonia maser 
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Not until De<.-cmbcr 1953 wen, 1()wnes and his 
students able to devise a successful instrument. Inside 
it. the ainmouia rno1ecu1es could all be excited aod 
made to hang on to their extm photons tilJ :i photon of 
the right size was seot io to make thein all Jet go at 
once. That was ampli6c.1tion by stimt1lt1ted emission 
of radiation, hut since it involved 1nicrowaves, il was 
microwat:e amplification by sf'imufotecl emission of 
tatlialion. 

Even scientists don't like to say all that (...�·ery time 
they waot to talk about the device, so Townes took the 
initi,11 letters of the long '"'Ords: m -a -:H...'-r. J le c:�lled 
it a maser (�tAY2�er). 

At abot1t the same time, two scientists in the Soviet 
Uoioo ,vere also worliog on schemes for setting up a 
m:i.ser. One w:i.s Alexander M. Pn:,khorov {prol1-IIOH
ov, b .  1916) and the other was Nikolai C. Basov (BAS· 
ov, I,. 1922). In 1964, a Nobel Prize was sha«�I by all 
three-Townes, ProkhoJ'ov. and Basov-for their work 
on the m:,ser. 

The first masers that were built gave off only brief 
pulses of micrownvt:s. Once the atoms or molt:cules 
,vere excited and then stimulated. all the extra pho
tons would be cmittf.!d and, in a fraction of a se<.-ond, 
there would be no more excited atoms or molecules 
in the m:�er. The molt:culcs would h:h•C to be excited 
again before they could be made to emit radiation 
ag:tio. 

But ill 1956, a Dutch.American scientist, Nicolaas 
llloembcrgcn (BLOOM-ber-gen, I,. 1920). got the ide.i 
of usillg a molecule that would have three energy 
k·vd.s. There would be thf.! ordinnry level tat the bot -
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tom, then an excited level above that, and then a still 
more excited level above that. 

If you have such a three-level maser, you can pump 
the molecules from levels one to level three. A photon 
of the proper size will drop the molecule from level 
three to level two, releasing a flash of microwaves. 
The molecules would then drop from level two to level 
one but would be immediately pumped up to three 
again. One kind of photon could do the pumping and 
another kind could do the stimulation. They could 
work together, without interfering with each other, so 
that the maser stays excited and continues to emit. 

Bloembergen was the first to build a "continuous 
maser,"  and, in 1981, he was given a share of the 
Nobel Prize for this. 

Remember that masers are amplifiers. Suppose a 
maser is exposed to radiation from space. If a photon 
happens to come along that is at the proper energy 
level, it will excite a beam of microwaves from the 
maser. Scientists would find it much easier to detect 
the beam than the original photon. This makes a 
maser a very sensitive detector and helps astronomers 
learn more about what goes on in space. 

Of course, a particular maser might detect only 
photons of a certain energy, but different kinds of 
masers were quickly manufactured. Some made use 
of one gas or another. Some made use of solid mate
rials. Actually, then, microwaves of a great many 
different wavelengths can be detected by one type of 
maser or another. 

Remember, too, that the microwave beams pro-
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duced by masers are coherent. They don't spread out 
very much even over long distances. A beam of such 
microwaves, aimed in the right direction, can travel 
all the way to Venus without spreading much. It will 
hit Venus and be reflected, and the microwave echo 
can then be detected when it returns to earth. 

Microwaves travel at the speed of light, and we 
know the speed of light very exactly. The time be
tween the emission of the beam and the detection of 
the echo is the time it takes the microwaves to go to 
Venus and back at the speed oflight. (It's only a matter 
of minutes!)  That tells us exactly how far away Venus 
was at the moment the microwaves struck its stuface. 

In fact, measuring astronomical distances by micro
wave beams is the best way of doing it that we have 
yet discovered. Astronomers now know the orbits of 
the planets more exactly than ever before. 

Venus has a thick layer of clouds that covers the 
entire planet at all times. We can't see through the 
clouds, even with the best telescopes, so until recent 
years no one had any idea what the solid surface of 
Venus was like. They couldn't even tell how fast Venus 
was turning or in which direction. 

Microwaves, however, can pass right through Ven
us' s clouds and hit the solid surface. There they are 
reflected and pass through the clouds again so that the 
echo reaches us. 

A beam sent out by a maser is monochromatic and 
is all the same wavelength. If Venus' s surface were 
perfectly smooth and motionless, the beam would be 
reflected with no change in its wavelength. However, 
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if the planet is turning, the surface is moving, and 
that produces a change in the wavelength. The faster 
it is moving, the greater the change. Through study
ing microwave echoes, scientists were able, in 1962, 
to calculate the exact way and speed in which Venus 
was rotating. They never knew that before. 

Then, too, if the surface of Venus is uneven, if it has 
mountains and ravines, that also affects the microwave 
echo. Such beams have actually been used to locate 
those unevennesses. In 1978, a probe was put into 
orbit around Venus, and it worked out a map of 
Venus' s surface by microwave echoes. 

Microwave beams have reached farther than Venus. 
They have touched Mercury, Mars, the sun, Jupiter, 
and so on. In 1989, microwave echoes were detected 
after a microwave beam was bounced off Titan, a large 
satellite of the planet Saturn, which is thirty-five times 
as far from Earth as Venus when Venus is closest to 
us. 

Titan is the only satellite that has an atmosphere, 
and that atmosphere is so thick and hazy that even a 
probe wasn't able to tell us anything about its surface. 

The microwave beam, taking about 2V3 hours to go 
to Titan and back, could pass through the clouds and 
give us information about the surface. It was sent out 
on three different days, hitting different parts of Ti
tan's surface each day, since the satellite turns. The 
echo on the first and third days was very weak, as 
though it had hit liquid. On the second day, it was 
strong, as though it had hit solid material. 
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It may be, then, that Titan, like Earth, has both 
oceans and continents. But, of course, the materials 
making up Titan's oceans and continents are surely far 
different from those making up Earth's surface. 
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Lasers 

IF YOU CAN prepare masers that produce beams of 
microwaves of one wavelength or another, then why 
can't you produce beams of electromagnetic radiation 
that are not microwaves at all? If you choose your 
materials carefully, you may get energy levels that are 
far enough apart to produce unusually energetic radi
ation . That would be radiation with unusually short 
wavelengths. Perhaps you could produce a beam of 
infrared waves ,  or even of visible light. 

Townes was already thinking about that in 1958 and 
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trying h) work out \vhat materials might b(: needed in 
a maser to produce a hc::im of light instead or micro
waves. A light-produciog maser would be an optical 
maser. 

111afs not what scientists decided to call it. how
ever. A maser is micr owave amplification by stimu
lated emission of radilltion. If a light beam were 
pmduced instead. that would b<: light amplification 
by stimulated emJ.ssion of radiation. The initials of 
that, as you can see, are 1-a-S-('-r, so the device is 
calkd • laser (LAYZ,.er). 

)bu can tell by the first lettc:r. A m:LSer produces a 
colwrcn t. monochromatic beam or microwaves; a laser 
produt'CS a coherent. 1nooochromatic beam of light. 

·nw fiir:st successful laser was put together in 1960 
by an American scientist, 11lc!<xlore Harold Maiman 
(MAY-onan, b .  HrZ7). He used a rod of synthetic rnby, 
which ¢c)nsists of a material caJlc: d aluminum oxide to 
which a small amount of chromium oxide is added. It 
is th(.: d1romium atoms that give the material a red 
color and make i t  a ruby. 

'nu:: chromium atoms can he pumped up to an 
excit('d state. and. when they fall to a lower level. they 
produce enot1gh enel'gy to emit pl1otons of a wave

length tliat is seen as reel Jighl. AHc::r the rod has beeo 
excit<;d, a photon of the <.'Ornx:-t wavelength is seot 
into the rod. T hen it begins to produce aclclitiooal 
photons of th;;it same wavelength. Tl1ese flash out or 
the nib)• bar to form a deep red bc.�111 of cohereot, 
1non(>eh,·omatic light. 

I 
/ 

Theodore Mairnan contempla ti ng the fi rst ruby 1aser 
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The first laser was intcnnittent. It produced a Rasl1 

of light, and it h�d to be excited ag:}in before it could 
produce aHoLhcr. llo,"'e\'er. before 1960 w8.!; over. an 
lmnian•born scicutist, Ali Ja\fan, used a gas mixture of 
neon ancl helium and produced a conti1111ous laser. 

Before 1960, scientists had never s<.-en t'Oherent. 
monochromalic light. AH the lighL Lhat r<'ached them 

from ordinary Earth sources. from the sun. and from 

the stars was intoherent and polychn)m atic. 
Since 1960, however, cohereot light has been de .. 

tected from astronomical objects. TI\C'n� are clouds of 
thin gas ir\ places bet\veen the stars, and they are 

called interstellar cloud,; (IN-te,-STEL-er). The atoms 

in these gases arc, in a few cases, .stiinulat1,,,d by light 
from nearby st.ars, and they can produce be�tms of 
coherent microwaves as a result. Such clouds are 
caHed cosm;c ma�wJ.rs. 

Something .si1oilar happens in the atmospheres of 
Mars and Veous. The atmosphere on each of these 

planets is mostly carbon dioxide. T he carbon dioxide 

in the upper heights of those atrnos11hcrcs is excited 
by sunlight and prOdll<-'eS coherent beams of infrared 
rays. In facL, carhon dioxide lasers have b<.-en designed 
here on Earth that produce radiatioo vc :ry much like 

that produced naturally by the upper atmospheres of 
).iars and of Venus. 

Cosmi s masers and lasers, hO\vever, are not nearly 
ns effective as the.: devices we build on Earth. The 

coherent beams of radiation produced in space form 

bundles that go off in d.iffel'ent directions. That's what 
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made them so difficult to detect until scientists knew 
what they were looking for. 

In la�crs d('signcd 011 Earth, the natural ten<leocy 
for coherent light to move in the same direction is 
increased by the use of mirrors, which, or <...'Ot• rse. 
don't exist in interstellar cloti ds or in planetary lltmo:>
llheres. The two ends of the tube in which the laser 
beams are formed are accorntely polished and m:1de 
into mirror surfhces. The photons in the beam then 
bounce back and forth in an ex::ict stmight p�1th, 
gathering more photons and more total energy with 
each pass. 

Any photon that happens to be moving in a tlirec
tion that is the slightest bit different from the rest 
reaches one side of the bar in a tiny fmction of a 
second and is absorbed or leaks out. Any photon th;1t 
happens to get into the bar from outside ,md is moving 
in the wrong direction passes through the b;;1r and out 
the other side. 

EventuaHy. the laser beam is very tightly focused. 
One of the mirrors is partly tr,msparent, ,md when 
the laser beam grows intense enough (which is almost 
at once), it blasts through that end of the rod. 

A laser bemn can be focused so tightly that it can 
travel a million meters and still hit something as small 
as a pot and heat the coffee in i t .  In 1962. a laser beam 
reached the moon. which is about 383 million meters 
away. and even at that distance it had only spread out 
about two miles. \Ve can do better now. In 1969 
astronauts left a mirror on the moon and laser beams 
began bouncing back to earth. allowing scientists to 

aoM-up ot lunar m,rror 
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measure the distance between the moon and earth 
with new accuracy. 

In 1964, the first chemical laser was devised by an 
American scientist, Jerome V. V. Kasper. In such a 
laser, the source of the energy is a chemical reaction. 
The energy produced by this chemical reaction excites 
the molecules in the laser and produces the coherent 
light. 

An ordinary laser is like an electric device that has 
to be plugged into a socket so that energy can reach it 
from the outside to make it work. In a chemical laser, 
the energy source is part of the laser. It is like an 
electric device that includes a battery so that electric
ity runs it without the need for a socket. 

Of course, a battery runs down eventually, and so 
do the chemical reactions in a chemical laser. How
ever, while the chemical laser is running, it is more 
efficient than an ordinary laser. More of the energy in 
a chemical laser is turned into coherent light than in 
an ordinary laser. 

Organic lasers were first developed in 1966 by John 
R. Lankard and Peter Sorokin. They make use of what 
are called organic molecules. Such molecules are built 
up of many atoms, including a number of carbon 
atoms. 

Because organic molecules are so complicated, they 
can gain energy at various levels as one part of the 
molecule or another is excited. That means an organic 
laser can produce coherent beams in a variety of 
wavelengths, and there are ways of tuning it so that it 
will produce one particular wavelength on one occa
sion and a different wavelength on another occasion. 
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Nowadays, the most common types of lasers are 
semiconductor lasers (SEM-ee-kon-DUK-ter). They 
use small devices made of the same materials we find 
in computers, the so-called "chips. " Such a laser can 
be no larger than a grain of salt. An electric current 
passes through it and causes it to emit tiny rays of 
coherent light. 
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5 

The Uses of 

Lasers 
WHEN MASERS AND lasers were first invented, it 
seemed they might be suitable for scientists, but many 
people wondered if they would ever have any uses in 
the ordinary world around us. It turned out that there 
are many such uses. 

In the first place, lasers can produce coherent light 
in all sorts of amounts, and they are all useful. Semi
conductor chips that produce very tiny laser beams 
can be used to read the bar codes on the objects you 
buy in the supermarket so that the price can be 
recorded. The beam is so feeble that it is not even 
noticeable. Its power is less than a thousandth of a 
watt, thousands of times weaker than the smallest 
night-light. 
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It is also possible, however, to build a large laser 
and arrange it so that the en('rgy in it piles up to 
incre dihlc heights and is Lhe,, released all at once. ln 
that rose, {m enormous amount of energy can be 
produced, but it i,IJ gel� used up almost at once s-0 
that the beam la.�ts only for a short while. 

There are lasers that can produce a flash of coherent 
light of more than 2 million walls, but it lasts only for 
a few seconds. There is even one thnt can fl ash at 1()0 
million million watts, which is a hundred thousand 
times as 1nuch energy as a large nuclear reactor t<an 
produce. I I0\1,,·evel'. such a Rl'lsh c a,, last only less th:an 
a billionth of ..t sCt'()nd. 11lese giant lasers are only 
used for scientific work ,  or for possible \,-eapons. They 
arc1 ,1ot for supermarkets. 

Actually, lasers use up a lot 1nore energy than they 
produce. Of :ill the energy that goes to excite the 
molecules, ooly a part can come out as a Rash of laser 
light-perhaps twCJ)ty percent at rnost. The rest is 
just h1 rncd i1'1to heat. 

You might wonder what good it is to have a laser 
beam if you have to waste eighty per< .. '(ml or more of 
the e1lergy use d to produce it. 'J1)c ar1swe r is that the 
laser l,c.a11) can be p\1 t to use to do things that other 
forms of energy cannot do. That more than makes up 
for the cncrm1 that is lost. 

R>r instance, h<;cause the l;.t.Ser beam is coherent., it 
can be (.'()ncentratecl and 1nade to come to a very fine 

poinl. Ordinary light won't do that because its waves 
go every which way and carl't be brought to an exact 
point. A laser beam car1 easily be focused into a tiny 
spot only l,(M)() nanomc lers across, and that is only 
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A catt>on <1iox1 de laser cutting through metal. 
TM flashes 3(0 incan<lescent specks of metal. 
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twice as wide as a light wave. All the energy of the 

laser beam is concentrated into that tiny spot, and the 
temperature at that spot goes way up. 

If the laser is very weak, it can be used to cut pap.er 
�md rubber. A stronger Jaser can be used to cut and 
drill plastic or ,.,ood. If )'OU concentrate the beam very 
tightly, you can make it hot enough to melt its way 
through metal. 

A concentrated laser beam can cut through metal 
more quickly and far more neatly than a torch or a 
saw can. It cao also cut metal with the use of less 

energy altogether , even if eighty percent or more of 
the energy producing the laser beam is wast<.-d. 

The la.Ser can also be used to do very delicate work, 
if the Rash comes and goes in just a tiny fraction of a 
secor)d. While it is on, the terllpcrature is very high 
at the exact poiot where the beam is concentrated. 
but then tl1e Aash goes off again before the heat has 
time to spread. 

For instance, a laser-eraser was iO\·ented that pro
du<.-es enough heat to burn off the typewriter ink and 
does it so quickl y that it doesn · t  have time to scorch 
tl1e paper. Naturally. it would be silly to use a laser 

when a.n ordinary eraser, or a hit of whitener , would 
do the trick. but the process shows what lasers can 
do. 

Lasers can be used in this way in the human body. 
For iostan,-e, if the retina of the eye should show sig1ls 
of coming loose, that could lead to bliodoess. A qoick 
Oash o f  Jascr light through the pupil <.'an pin the r elioa 

tightl y to the back of the eye, forming so small a spot 
that it doesn't interfere ,Yith vis-ion. The laser does 
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The use ol tM laser in eye surgery 
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this so quickly that the heat has no chance to harm 
anything around the spots. Laser light can also be 
used to remove warts, freckles, tattoos, corns, wine 
marks, and even for simple operations. 

Lasers can also be used for printing. Early word 
processors have printers that slam letters against a 
ribbon onto the paper. That makes considerable noise. 
In a laser printer, the laser prints the letters on the 
page, does it very quickly and very silently. All word 
processors will eventually have laser printers, even 
mine. 

The most common use of lasers right now, though, 
is in reproducing sound. Until recently, recordings 
were made on flat disks. A groove is formed by a 
vibrating needle. The needle vibrates to the compli
cated sound waves of speech and music. Later, when 
the record has been hardened, another needle can 
follow the groove and is made to vibrate in exactly the 
same way the original needle did. That means the 
original sound waves are formed again. These are 
amplified and you can hear speech and music. 

In this arrangement, the needle slowly wears out 
and has to be replaced. There is often a faint scraping 
sound. 

But now there are records in which the sound waves 
are converted into a pattern of tiny dark spots on a 
shiny surface. The dots are invisible to the eye. A very 
weak infrared beam from a tiny semiconductor laser 
scans the surface and changes the pattern into sound 
waves. 

There is no actual touch of metal against record, so 
there is no scratching of any kind. The sound repro-
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duction is completely pure and without noise. W hat's 
more, more sound can be squeezed onto a record of a 
given size in the form of tiny dark spots than as a 
wavering groove. For this reason, since the new laser 
records are smaller and more compact, they are called 
compact disks, or CD recordings . CD recordings are 
rapidly replacing all others. 

Another important use for lasers involves sending 
messages. For years, people have been using radio 
waves to communicate. Different radio or television 
stations can send out programs at the same time, 
because each one uses a different wavelength. On 
your radio set or television set, you can adjust the 
wavelength that is being received by turning a knob. 
In that way, you get only the station or the channel 
you want and the rest can be ignored. 

Radio and television stations, however, must leave 
gaps between the wavelengths they use so that there 
is no overlap and confusion between two nearly alike 
wavelengths. This means that only a certain number 
of stations and channels can be found on your sets. 

The shorter the wavelength, the more different 
messages can be squeezed into a given range. For 
instance, light waves are only about a millionth as long 
as radio waves, so that you might be able to fit a 
million times as many stations or channels into a range 
of light waves as into the same range of radio waves. 

There is a catch, though. Radio waves can travel 
through rain, fog, clouds, trees, walls, and so on. 
Light can't do that. Radio waves bounce off regions in 
the upper atmosphere so that they can follow the 
curve of the Earth and reach long distances. Light 
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travels io a straight line and quickly moves off the 
curve of th<: Earth. 

But suppose we're talking about satellites in space. 
In space, there is no interfering wea.Lher, oolhiog solid 
to block the li�t. no curve of the Earth that hos to be 
followed. Someday, whe,, we have ma.oy people irl 
space, they will be ,1ble to communicate with each 
other by means of]aser beams along millions of differ
ent wavelengths. 

Vie cao do it 01) Earth, too .  but not for radio aod 
television, where the r,1diution be�tms go through the 
air .  \Vhat about telephooes, though? 

\Ve speak on telephones because :m electric corrent 
races aloog copper wires. Ma,,y ditTe1 ·ent messages 
t';ltn be titrried by cable, but suppose we send light 
beams Oil long thin glass 6bers. If we use a laser 
beam. we Ci;ln squee-te hundreds, or even thousands, 
of different messages into these optical fibers. 

Class is much cheaper than <:Opper, and coherent 
light v,.,il) carry more messages than an electric curreot 
will. Hight now fiber-optic telephone links run be
n.veen many cities. Toward the end of 1988. a fiber
optic link wus laid across the lx,ttom of the Atlantic 
Ocean. 

Fiber optics can guide:: light to where we want it to 
go inside the human body. 

ln 1989. doctors are experimenting with the use of 
laser beams to treat some kinds of cancer. First. a 
p.1tient is given a photosen$i.titt: drug (F'OM-toh-SEN
sih•tev), one that absorbs light. After tw·o or three 
days, when the drug has gone all through the body, a 
thin optical fiber is inserted into the body and pushed 
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into the tumor, A l11>er flti,;h goe� tbrv11gt, the fiber 
and i.nto the tumor. 111.e drug absorbs the light and 
prod11.1Ct!S energetic atoms and mol ecules that kill the 
cells in the immediate neighborhood. In this way, the 
tumor rl'light be destroyed, while normal cells outside 
the tumor aren't touched. 

Laser beams have also shown their usefulness io 
photograph)', In ordina,,• photography, a beam of 
ordio.ary light is reflected from a1l object a nd  faJls oo a 
photographic film. Where o lot of lig)it is reflected. 
the film is darke,,ed; where little light is rcRec-te<l, the 
film isn't darkened. A dark-and-light pattern is pro
duced, a11d when the film is developed, you have a 
photograph. The photogntph. ho·wever, is flat. You 
do1,'t see anythiog ill three diine1l.sio11s. 

I nste.ad, soppose a beam of light is split in t\1,·o. One 
part of the beam strikes the objects beiog photo
graphed and is ref1(.'(!t4,:d. while the second part strikes 
a mil!'for and is reflected. The two beams are then 
allow�;d to cn:,ss each otlu;! r .  ·n1cy mix and form a 
jumb]e because one beam has been scattered by re 
flecting from an objl·Ct w'1ilc the other has not 
changed. 

If you let th<! jumble where the hvo beams cross 
strike a photographic 61m. you get only a gray fog that 
doesn't look like anything at all. lfow<..-•ver, if you then 
allow light to shine through the foggy film, the light 
takes on all the wave forms of the two reflected beams 
and forms an image in the air. It is a three-dimeosio,,al 
iina.gc th at looks very re.a). and it is t-alled .t holograph 

(HOH-loh-graf). 
The theory of this was worked oot in 1947 by the 
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Hungarian-horn British scieolist Dennis Gabor (19<X>-
1979). and in 1971, h•l<mty-foor years kiter ,  he r e 
ceived a Nobel Prize for the holograph. 

The r(.:.ttson it took so long was that nt first no 
holographs could be taken, because ordinary l ight 
docsn't give a suffic-icntly neat jumble. OncC' lasers 
were invented. however, holographs could be taken. 
In 1965, tl, c first holograpl, was prOdll(...:,<l by two 
Americans. Emmet N. Leith and Juris Upatnieks. 

Holographs arc still not entirely practical, but some 
say we may be watching three-dime1lsionaJ television 
on a table top. ,-00 will sec football g::uncs or listen to 
orchestras. in miniature, that v.tiU look entire))• real, 
except that you will bc1 able to put your han d through 
them, for they will be only radiation. 

Some things arc still further off in the future::. 
Scientists are trying to 6nd ways to produce energy 
hy making hydrogen atoms fuse to helium atoms. Soch 
fusio,i reactors (FYOO-zhen) would produce far more 
cn,:rgy than ordinary nudc.ar reactors do. Fusion 
reactors might also produce very little radioactivity 
and would be less likely to have daogerou.s accidents. 
l n  addition, the atoms used in fusion are much more 
oommo1l than those used i,1 ordioary nuclear reactors 
so th,1t the fusion fuel would last us for billions of 
years. 

The catch is that hydrogen ,1,.on't undergo fusion 
unless it is heated up to very high temperatures and 
kept in one pl:.tce long enough at those temperatures 
for the fusio11 lo starl. Scieotist,; have been lryi11g to 
do this for nearly forty yea.rs. and so far they h�ven't 
succeeded. 
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In an experimental fusion reactor, laser beams are 
focused on a pell et of frozen hydrogen. 

heating It to milliofl.s of degrees. 
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One of the possible ways of creating fusion is to 
start with frozen hydrogen. A tiny pellet of frozen 
hydrogen would be hit simultaneously from various 
directions by laser beams . That would raise its tem
perature to hundreds of millions of degrees. Ordinar
ily, the hot hydrogen gas that is produced would just 
expand and escape. The lasers would heat it to that 
temperature in such a tiny fraction of a second, how
ever, that the hydrogen wouldn't have time to escape. 
It would undergo fusion instead. 

This hasn't been done yet. We need stronger lasers, 
and scientists are working on the problem. 

They are also working on systems whereby lasers in 
space can shoot down enemy missiles carrying nuclear 
bombs. This may or may not work, but missiles travel 
through space so quickly that only a laser beam aimed 
by a very advanced computer can possibly be quick 
enough to put a missile out of action. 

Isn't it amazing, when you stop to think of it! Look 
at all the things lasers can do and how many more 
things they might do in the future. Yet only thirty 
years ago, lasers had not even been heard of. 
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