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1. The Bending of Light

The early Greek philosophers, some' 3,000 years
ago, believed an object is visible to us because our
-eyes &end out special rays, and when these rays
strike an object and return to our eyes, we see the
object. Today we know that our eyes do not send @,
.out rays; our eyes receive rays @ by the object.
These rays are of two types:* T direct light, which
we receive from a light source such as the sun; and
(2) indirect light, which is reflected, just as this
page reflects the light by which you are reading®. @
A body that produces its own light waves, like the
sun or an electric bulb, is said to be luminous, while
a body that reflects light, such as the moon or this
page, is said to be illuminated. Thus, any object
that sends light waves toward our eyes is visible. @

How Light Waves Are Reflected

Reflections such as those seem in a mirror, or on
a polished table or in the glass of a window,® exist
bec’:;;: the light waves strike these surfaces and
bounce of f* in much the same mamner as a ball bounces @
when thrown against a wall.’
V"’) L
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REFLECTING SURFACE

Light travels in a straight line. We make use
of"this fact when we want to make light turn a cor-
ner; this is done by reflection. The Elisfgl)_e, similar
to that used in a sub:g@, makes use of the principle

of reflection. Light is made to change its normal
straight-line course by being reflected® off a mirror
or some other special surface. It is possible to control
the direction of the reflected light, because we know
the “Law of Reflection.’” According to this law or
rule, if a light wave strikes a surface (from which.
it will be reflected) at an angle, it will “bounce off”
at an angle. The light wave that strikes the surface
is known as the smcident ray'. The angle between
the incident ray and a perpendicular drawn to the
sur face'' is known as the angle of incidence,'* The
light wave that has bounced off the reflecting surface
is called the reflected ray'®, and the angle between.
this ray and the perpendicular is known as the angle
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of reflection'. In every case the angle of incidence

4s equal to'® the angle of reflection.

Dif fused Reflection'

The Law of Reflection is true under all conditions,
whethar the. surface is smooth, like a mirror, or rough, ®
like 2 sandy beach or a brick wall. If you take a flash-
light on a moonless night and point it at the very
smooth wood exterior wall of a house, the light will

- be reflected. If the light is aimed at an angle to the

wall, the angle of incidence will be equal to the angle 1@
«of reflection,

However, when a light strikes a rough surface, the
light is diffused. The reason the light from the
flashlight will not bounce off a rough brick wall, as
it does'” from a smooth wooden wall, is that the light@
is sent off in different directions by the uneven surface
of the bricks. Yet if we could examine each minute'®
portion of light—break down'® the beam into many
individual light waves—we would find in -each case
that the Law of Reflection still works. But because @
the surface consists of many small portions at diffe-
rent angles, eath small light wave is reflected in a

different direction.

v

When Light Waves Bend
Light waves travel through space and various &
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kinds of materials. When these waves ean pass thro-
ugh a certain material, we say that the material is

transparent. But light does not travel at the same

mugh all materials; it goes slower through

some* than through others. While light waves travel
most quickly through air, they go much slower
through water and even slower through glass. When
the light waves, traveling through air, strike water
or glass at an angle, they bend as thiay slow down,
When light passes from one transparent medium
(such as air, water, or glass) to another at an angle,
the waves are bent at the boundary between the two
mediums. This bending is known as w. You
can see this easily if you put a straw into a glass
Phhiialid
of water. The straw seems to be bent at the place
where it enters the water. There is always some
moisture in the atmosphere, but when this amount
increases a great deal. it affects the light waves.
Light traveling through space goes at a much faster
speed than light waves passing through very moist
air near the surface of the earth". Space and moist
air are considered by scientists as two different me-
diums, just as water and glass:are different. And.
just as Jight waves are refracted as they pass from
air into glass or water, the light waves from spacs
are tefracted when they pass through the moist air.

You can see this refraction at work®® if you watch

e 4 o
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the sun setting on a very damp, warm day. Just as

the sun nears the horizon, the previously round disk
seems to have a flattened bottom; it is not a perfect
circle. The light waves coming from the bottom por-
tion of the sun are refracted by the moisture in the

air to create this illusion.

Polarized Light

One of the properties of light is that it traveis
in the form of waves as it goes from one place to
another. Light travels as a series of crests and

troughs much like a wave in water. We can create

such waves with a piece of string or rope. If you

tie one end of the string to a door handle and hcid
the other end in opne hand, you will be able to pro-
duce a wave by moving your wrist up and down.
This type of wave, moving up and down, is known
as a wvertical transverse wave®® because it vibrates in

a vertical plane, an imaginary vertical surface. On
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the other hand*'. if you move your wrist from side
to side, you produce another type of wave; it is
known as a horizontal transverse wave™. vibrating in
a horizontal plane. Now, still holding the rope, you .
can move your wrist along a diagonal—to the right
as you go up and to the left as you go down. This
will produce another type of wave different from
either the vertical or horizontal transverse wave.

We know that light is a combination of several
kinds of waves. [t travels as horizontal transverse
waves, vertical transverse waves, and many types of
diagonal transverse waves™. In ef fect”. it is a combi-
nation of wavesseach flowing in a different plane. If’
we separate any of these waves, that is, single out®®
one wave in a given plane, we have polarized the
light wave. '

We can polarize light waves by using special
materials or lenses. These materials consist of mil-
lions of small crystais shaped like needles and they
permit only those light waves that vibrate parallel
to a certain plane to pass through the material.® Light.
waves perpendicular t0*° that plane are adsorbed by
this material. The material used is known as a pola-
rized lens. Normally, polarized lenses are used in
pairs.” Light coming through the first lens can pass
through the second lens if they are lined up™ so
that light waves coming through both lenses are

¢« B o



parallel to the same plane. Then if the second lens
is rotated 90°, the second lens will absorb all the
light that has 'passed through the first lens. Thus,no
light will be able to come through the pair of lenses.
Our eyes cannot tell the difference between pola- ®&
rized or nonpolarized light waves. Yet, wﬁen we take
photographs and want to eliminate unwanted reflec-
tions, such as the reflection from the glass in a
picture frame, we use polarizing lenses to do this
job, Similarly, when we are observing an object un- @
der a microscope, we can eliminate the unwanted
reflections which may occur. Again, we use pola-
rizing lenses to do the job, Also, polarized . glass
used for windshields of cars reduces  the glare from

the sun and from the headlights of other cars. O
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2. Sounds You Canmnot Hearv

About a mile off the coast of England a small
ship moves slowly back and forth. After a few hours
of going to the left and then to the right, to the
left again and then to the right again, a buoy is
thrown overboard' and the ship returns to port. Ths
wreck of a sunken ship has Jjust been located by
sonar. Later, divers will go down to examine ths
wreck and to decide how to raise it from the bottom
of the sea.

Uses of Sonar

“Sonar” is the name put together from “SOund
NAwvigation and Ranging.”® It uses high-irequency
sound waves to measure ocean depths. An instrument
on shipboard called a fathometer, using an electricdl
vibrator, sends a short blast of scund into the water.
The waves produced®, traveling at about 4,800 feet
a second, hit the gcean ‘bottom and bounce back to
a microphone on the ship. The time between the
sending of the blast and the return of the echo is
marked automatically on a moving strip of paper.
With this information the distance to the bottom
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can be determined easily. Besides measuring ocean
depths and locating underwater objects such as sunken
ships, schools of fish', and enemy submarines, sonar
helps in ocean navigation. Radar uses short radio
waves to locate objects in air or in space in much the
same way’. But radio waves do not pass through sea
water, while sound waves can do this easily.

Sonar is just one of the uses that engineers and
scientists have found for ultrasonic sound, which is
often called ultrasound. These are names for sound
that is foo high in frequency to be heard®. The average
person’ can hear sound waves that range in frequency
from about 20 to 18,000 vibrations per second. A dog
can hear vibrations as high as 40,000, and the
hearing range of other animals goes even higher®.
The waves used in sonar have a frequency of around
25,000,

Production of Ultrasounds

For most of the practical uses of ultrasound,the wa-
ves have frequencies from about 20,000 to 1,000,000;\
although. frequencies as high as 10,000,000,000 (ten
billion) have been produced in laboratories. Ordipary
sound waves are usually a few feet long, but ultrasonic
waves are measured in tiny fractions of an inch. The
very short wave lengths of ultrasound make a great
difference in what they can de.
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Vibrating strings, organ pipes®, or loud-speakers
are useless for the production of ultrasounds because
they are much too slow. So special electrical instru—
ments had to be invented. One kind of ultrasound
generator uses a thin slice made from a crystal of ®°
guartz'’. The slice is held between two flat pieces of
metal connected to a special radio set. When the
electric current surges back and forth'', it makes the
crystal vibrate. The sides of the crystal move in and
-out like the air in an organ pipe, but at much higher (@
flequenmes This movement sets up waves of ultra-
sound in the air or other surrounding material.

Ordinary sound waves usually spread out in all
directions, but ultrasonic waves, being much shorter,
can be sent out in a straight beam. This makes it @
possible to pack a great amount of sound energy into
a small space. The high frequency also helps toward
putting out more energy's.
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An experimenting scientist attached a thin fiber
to a vibrating quartz crystal. On the end of this fiber
he placed a drop of oil, which was instantly changed
into a little cloud of mist. Snails and small fish could

® be killed by putting the vibrating crystal into an
aquarium. These experiments‘ were exciting stunts
when scientists first began to experiment with ultra-
sound about thirty years ago, but the really impor—
tant uses came later.

© Ultrasonic Waves in Liquids

Today, ultrasonic waves are being put to work in
laboratories and factories. If an ultrasound generator
is placed in a liquid, the waves move the liquid back
and forth hundreds of thousands of times each second.

@ This causes materials to mix quickly or to dissolve
in liquids. Paint manufacturers use ultrasound to do
a better job of blending colors. The companies that
make film for your camera find that mixing chemi-
cals by the use of sound waves will produce a more
@ sensitive film.

The new lightweight type of washing machine'?
uses ultrasonic waves to get clothes clean. Its special
ultrasound generator is put into a pail of soapy
water containing the soiled ¢lothes. The sound waves

@ drive the soapy water back and forth through the
cloth so fast that everything is scon clean. There is
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