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ELECTROMAGNETIC WAVES

E lectromagnetic waves are transverse waves* made up

of continually changing electric and magnetic fields.
Like mechanical waves, electromagnetic waves can
travel through most solids, liquids and gases. They

can also travel through a vacuum — an empty space
where there are no particles of air or any other
matter. All electromagnetic waves are invisible,
except for those that make up light.

ELECTROMAGNETIC SPECTRUM

The complete range of electromagnetic waves, arranged
in order of their wavelength* and frequency*, is known

as the electromagnetic spectrum. At one end are
waves with a short wavelength and high frequency, and at
the other are waves with a long wavelength and low frequency.
They all travel at the same speed — approximately 300,000
kilometers per second. This is known as the speed of light.

GAMMA RAYS

Gamma rays are
short, high-frequency
waves. They can Kkill
living cells and
are used to
sterilize medical
equipment by

Gamma rays
are used to

: keep these
destroying any forceps free
germs on them. of germs.

The electromagnetic spectrum

Gamma rays

* Frequency, Transverse waves, Wavelength, 9.

X-RAYS

X-rays can travel through most soft
substances but not hard, dense ones.
X-rays are used in hospitals to make
shadow pictures of parts of the body.
They travel through soft tissue, such
as skin and muscle, but not through

hard bone. X-rays are also used for
security at airports to check what

may be hidden in people’s luggage.

Ultraviolet rays

__ Short wavelength

X-rays
were used
to create this
image of a woman’s
foot in a shoe. The bones
and metal shoe parts show up
most clearly because the X-rays
could not pass through them.

Visible light

/r

UV RAYS

Ultraviolet (UV)
rays have more
energy than visible
light (see below)
and can cause
chemical reactions

Sunscreen
0 il | e, protects skin

by blocking
For example, UV out harmful

rays from the Sun ~ UVrays.
cause the skin to
increase its production of a

brown chemical called melanin.

This makes the skin tanned. Too
much exposure to UV rays can
result in high levels of melanin,
and may lead to skin cancer.

VISIBLE LIGHT

There is a narrow section of the
electromagnetic spectrum that
humans can see. This is called
the visible light spectrum.
You can find out more about
visible light and the way it
behaves on pages 20-23.

INFRARED RAYS

Infrared rays are given out
by anything hot. For example,
heat from the Sun travels to
the Earth as infrared rays.

Infrared rays

RADIO WAVES

Radio waves are those with the
longest wavelength and lowest
frequency. You can read more
about them on page 32,

Microwaves are radio waves
with a relatively short
wavelength. They are easy to
control and direct, and have
many different uses.

In an ordinary oven, heat is
passed from molecules at the
edge of the food to ones in the
middle. Microwave ovens work
by making all the molecules in
a food substance vibrate at the
same time. This heats and cooks
the food more quickly.

Microwaves are
generated by a
tube called a
magnetron.

Fan spreads
microwaves
around oven.

Microwave
oven (cut away)

Radio waves

RADAR

Radar (which stads for radio
detection and rar,#\g) uses
microwaves to find the position
of distant objects, such as ships
and aircraft. A transmitter sends
out a beam of microwaves that
is reflected off a solid object and
picked up again by a receiver.
This information is transformed
into a screen image that shows
the distance and
direction of

the object.

Radio telescope

dishes like this one can pick up
microwaves that travel from distant
stars and planets. They can detect
things that are too dark or too far away
to be seen with normal telescopes.

Internet links

G0 to www.usborne-quicklinks.com
o links to the following Web sites:
!

Web site 1-3 These three sites contain

Radio waves have the lowest
frequency and longest
wavelength. Gamma rays
have the highest frequency
and shortest wavelength.

Microwaves

Waves used for
standard radio
and television
broadcasting

- High frequency

Long wavelength
Low frequency

lots of useful information about different
kinds of waves and the electromagnetic
spectrum.

Web site 4 Try out an X-ray activity,
and read about what X-rays are and
how they work.

Web site 5 Find out about infrared
light — what it is, how we can observe
it, and its uses in astronomy.

Web site 6 See how light is usedto. =
study and test different things such'as.
the properties of materials, chemical

reactions and atoms and molecules.. J
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Thie beaconiin this
lighthouse rotates,
flashing with
intense bright light
that can reach ships

LIGHT AND SHADOW

ight is a form of energy. It is made up of U A
Lelectromagnetic waves which are part of the

electromagnetic spectrum®. This part is known

as visible light because it can be seen.

LIGHT SHADOWS

Different types of substances
transverse wave®, Like other allow differen;1 amo;:‘ntt; of
aves, they transport energy light to pass through them.
Egsg 9}? Substances .-thtaugg which light
can pass fully, such as clear glass,
are said to be
Su es

Light waves are a type of

Whenligl‘-lnt;shnes on an opaque
object, the waves cannot pass
through, so a dark area, called a
shadow, forms on the other side.
bght - yight cannot [
~ . pass through il

]_'|_:'.":--— .

Seestoy youself

To see the two different kinds
of shadow, hold a book over -
a piece of white paper under
the light of a lamp. Notice the
types of shadow it casts. If
you move the book closer to
the paper, you will see more
umbra and less penumbra.

Opaque objects cast two types
of shadow. If no light reaches
an area, a dark shadow, called
an umbra, is formed. If some
light reaches an area, gray
shadow is formed. This is
called a penumbra, and it
forms around the edge of the
umbra. The smaller the light
source, the more umbra

and less penumbra it creates.

Some luminous objects give
off more light than others.
The level of brightness is called
intensity. The further you are
from a source of light, the less
intense the light is. This is
because light waves spread
out as they travel away

from the source.

flashlight ¥ Penumbra
gives more The light fades oo y Umbra
intense as the vibrations - 4 -
light than of the light waves
the small become gradually
candle, ; smaller.

The bright fplel Mo light (umbra)
- 1

L some light (penumbra)

7%

* Electromagneltic spectiuni, 18-19; Transverse waves, 9.

LASERS

visible light is made up of several colors

| different wavelengths* and frequencies*.
tachines called lasers create beams of intense,
wure color of one wavelength and frequency.

na simplg laser, a ruby rod absorbs light energy
om a bright lamp. Atoms in the ruby gain the
ergy and give off bursts of light of a certain
welength and frequency. Each burst of light
auses other atoms in the ruby to give off
light waves of the exact same type.
ogether they form a
laser beam.

In this laser, a rod of
ruby absorbs light from
a coiled flash lamp.

Ruby'l'l- rod

The ruby re-emits
the light as a
concentrated

red laser beam. kaser

Coiled flash lamp beam

s in a laser beam are coherent. This

hat they travel in step with each other

thing about them is exactly the same.

y together in a narrow, concentrated
making them easy to direct.

Some powerful lasers '
s produce extremely hot
beams of infrared light*. These are used in

ry for melting through metals, diamonds

The drill (far left)
makes a rough
hole in the metal
and produces
waste shavings.

The powerful
laser beam, by
contrast, melts
a clean hole.

k&
“'(I“Phcy 9. .
" 2} Infrare fays, UV rays, 19; Wavelength, 9

FLUORESCENCE

ome substances can absorb eriergy, such as electricity

or ultraviolet (UV) rays*, and give jt 5 i ‘
are described as ‘ﬂudre_scgntgsub;ta?'nucte?.sTl'lr?g; e
are widely used in advertising and

paints as they make colors

seem to glow.

_This T-shirt has been washed
with a washing powder containing
fluorescent substances that absorb UV

rays from the Sun and make white clothes
look whiter,

Fluorescent lights consist of a tube filled with
a gas such as neon. When electricity is passed
through the tube, it gives energy to particles
in the gas, which give off their new energy'
as light. Fluorescent lights give off

different colors, depending
on the gas used.
These
colored lights .
are filled with : o andl
fluorescent e r
gases. |
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Internet links ,J .

o 1o www.usborne-guicklinks.com

/o
- /’ | forlinks to the following Wel

Web site 1 An

Web site 2

B Web site 4

Web site 5 Find out more about the
physics of light.

Web site 6 See how amazina 3D
images, called hologran ;
lasers.



OLOR OF THE SKY MIXING LIGHT

The color of the
ol

SEFING IN COLOR

Yoau can see colors when

light reflecting off objects is
detected by color-sensitive cells
in your eyes.

All colored objects and paints
contain pigments. These are
substances that absorb certain
colors andhr,éfl%c-‘ijgﬂhgrs. You
can see the color of an object
because it reflects only light of
that color. For example, a red
flower reflects red light and
absorbs all the other colors of
the spectrum.

MIXING PIGMENTS

Pigments mix by a process
called subtractive mixing. For
example, the pigment in yellow
paint absorbs blue light and the
pigment in cyan paint absorbs
red light. So when you mix
yellow and cyan paints, the
mixture can only reflect green
light, making it look green. The
primary colors of pigments are
cyan, yellow and magenta. Red,
blue and green are the
secondary colors.

COLOR PRINTING

Color printing in books and
magazines uses dots of magenta,
yellow and cyan ink, along with
black ink to make the pictures
look sharper. This process is
called four-color printing.

This magnified picture shows how all
the colors are made up of tiny dots
of magenta, yellow, cyan and black.

If you look through a magnifying
glass at any picture in this book,
you will see the dots which

B
ee mg, . make up the image.
1€ sha I:' This o Colors used in four-color printing
“namely bottle looks: *
fracted the most. blue because it N =
gii="~ b E e ] : i’eﬂects only blue Yellow and cyan pigments mix to Q ‘ ‘
o . The different colors of this evening Ight and absorbs all ©
i MTI.Q‘F E“!P‘ﬂmoﬂ sky are caused by light scattering. the other colors. make green because they absorb ~Cyan  Magenta  Yellow Black
g ly Water blue and red light.
- .l _\ .l . " i
|”_I.I_|;' act like Prisms, At sunrise and sunset, the light Cyan, magenta and yéllow are R hiie el . : .
Jlight into colors. has to travel through more of the secondary colors of light. 5 ‘l e objects appear white See foryourself o Internet links b
the atmosphere before reaching ecause they reflect all the y

f white light are
o seven
rs as they
shine through
this glass

, . i ivicle it int lanations about the physics behind
pram . i ther to make white light achronmuaiie ol the circle, divide it into seven exp phy
P the lowest frequencies. ]Eogether | i ag s omatic colors. sections and paint them with them.
' ansxangi € Ie AR yt} A the colors of the rainbow. Push Web sites 34 Find out about light
; (OPPOS'te Eac 1 )O el ITl (; | The white feathers a pel’lCil th rough the middle and color on these two fascinating Web
o) diagram above) are calle h this pengui and spin it on a table sites.
h ) n ! P a 24
"“—.-Q-z rs reﬁ(ﬁl‘,[ all i 1 A
- Complementary colors. that hits Uﬂ?‘n"ght /}S|lt<sznr'5/|the Web site 5 Lots of great experiments
. il (o)< it that play tricks with light and colar

K

ek

your eyes. This means that the
blue is scattered out before you
can see it, leaving the sky with
an orange or red glow. These
are the colors of light with

! * Dltfcacslon. .'ﬂr,ifW-p,~:Mmaw'i.t:.W&'§:

When two primary colors are
added together, the color
they make is called a
secondary color. Any two
colors that can be added

colors of light equally. Black
objects absorb all the colors, so
hardly any light is reflected,
making the object look black.
Black arid white are known as

Ttg_ black feathers
absorh) all the light
At Kits them,

You can see the colors of the

spectrum form white light by
making a color spinner. Draw
around the bottom of a jar on
some stiff cardboard. Cut out

reflecting off it
merges to
make white.

'Go to www.usborne-quickliniks.com
forlinks Lo the following Wais sites:

Web sites 1-2 Two sites that contain a
wealth of information about rainbows
from what they are to detailed

Web site 6 Watch a movie about the
many different uses of lasers and take

a
quiz to test your knowledge. |
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Smooth surface

When parallel light rays hit a
smooth, shiny surface, they are Lp = o e
reflected so that the reflected rays
are also parallel. This is called
regular reflection.

Diffuse reflection
of light rays
= —_ |

When parallel light rays hit a rough
surface, the reflected rays are
scattered in different directions.
This is diffuse reflection. It is
the most common type of
reflection as most surfaces are
rough (though they may not seem
so unless seen with a microscope).

When you look at an object, the light that reflects off it goes
directly into your eyes, so you see the object where it really is.
If you look at an object in a mirror, the rays bounce off the
object and then bounce off the mirror before entering your
eyes. What you are looking at is the image of the object. In
this case the image appears to be behind the mirror.

hrouch thesa

10w that light

1ge and refrac ion d 1

inge in density. Light rays speed up
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oving into a denser one.
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For in -tanlce,'l-i:g"f_wt rays bouncing off
Hﬁ%jts in water can make the objects
look distorted. This is because the rays
rzﬁ%ﬁ_ré_fracted as they pass out of the water
into the less dense air. You can find out

more about refraction on page 11.

To see light refraction, look at a straw
in a glass of water from all sides.

it seems to bend in different

ways. The unbroken lines in

the diagram show the real

path of the light

rays looking from N

above. But the r’\‘x\

brain assumes they O\

travel straight, so \ R

it sees the end of \R X
the straw at X.

about dif

|LIGj | 1] c
I - -
‘When light rays are reflected or
diffracted, their paths may cross,
causing interference. See page
171 for more about interference.
As light rays interfere with each
other, some wavelengths of light
are sirengthened and some are
weakened, so certain colors
become visible. The colors on a
compact disc and on the surface
of scap bubbles, for example, are
caused by interference.

The metallic sheen on the
wings of this butterfly
. is caused by light
~ interference.

The rainbow colors on a soap §
ubble ar when bt .
reflected off the outer surface of
" the bubble interferes with light
reflected off the inner surface.

Part of ray is-—
reflected off
outer surface
of bubble.

Part of ray is
refracted into
inner skin,
reflected, then
refracted out,

Reflected and refracted parts
of ray have traveled different
distances, so waves are at
different stages in their cycles
when interference occurs.

The colors are constantly
changing, giving a shimmering
effect called iridescence. This
is also seen on the wings of
some insects and birds.

Soap bubble .

V1D AU |

direction, su

A polarized light
wave is filtered so
that its vibrations
are in just one
direction, as
shown here.

Polarizing sunglasses work
by filtering out all light wave
vibrations that are not in a
certain direction. This shields
the eyes from excessive glare.

Ordinary
light ray

-

) ~ Polarized

. light ray
\ Y

Polarizing sunglasses only altow light
vibrations through in one direction.




lens is a piece of transparent
A substance with curved

surfaces, that makes light passing
through it bend in a particular
way. A mirror is a shiny surface
that reflects nearly all of the light
that hits it. Lenses and mirrors
have many uses, for example

in cameras and telescopes.

LENSES

Lenses are shaped so that light

passing through them is bent
(refracted®) in a particular way.
There are two main shapes of
lens: convex and concave. In

a convex lens, one or both
surfaces curve outwards. In a
concave lens, one or both
surfaces curve inwards.

Types of convex lenses

Convex
meniscus

Plano-
convex

Bi-convex

Types of concave lenses

[1(

Concave
meniscus

Plano-
concave

Bi-concave

Lenses are described as
converging or diverging lenses,
depending how the light rays
are refracted. For example, a
glass convex lens in air acts as
a converging lens and a glass
concave lens in air acts as a
diverging lens.

* Refraction, 11,

26

This photograph
of New York City
was taken through
a fish-eye lens. This
curved lens creates a
distorted, circular image,
covering an angle of 180°.

Any point where light rays come
together or appear to come from
is called a focus. A converging
lens causes parallel rays of light
passing through it to come
together at a focus.

Converging lens

Convex lens ——
|
Light rays
|

A diverging lens makes parallel
rays of light spread out.

Diverging lens

Concave lens |

Refracted rays
spread out as they
pass through a
diverging lens.

r
Focus - light

rays appear to
come from here. *

The size and position of an image
seen through a converging lens
depends how far the object is

from the lens. If the object is ver

close to a converging lens, the
image is upright and enlarged

Object very
close to lens

here.

fror
If the object is further E{Wzye i
a converging lens, the IM
upside down.

Object
further
from lens

£YES AND EYESIGHT

Vour ye turns light reﬂect_ed from an object into an
ima'g'e,;-that can .be recognized by your brain. The front
art of the eye Is a convex converging lens. It focuses

the light rays so that they form an image on a layer
called the retina, at the back of the eye. The image
rormed is upside down, but your brain then corrects
this so you see things right-side up.

Lens A hole called the
pupil lets light
into the eye.

Human eye

Retina

Light waves bounce off
the vase and refract as
they pass through the
eye’s converging lens.

Optic nerve carries signals
from the retina to the brain.

Distant objects are
blurred for people
with short sight.
This is because the
lenses in their eyes
bend the light rays
oo much and the
Image forms in
front of the retina,

Short sight

Rays from a

distant object :.>

focus in front :

of the retina. :
Diverging lens

A diverging lens ‘

corrects this,

focusing rays

on the retina.

Far-sighted people

Far: Far sight
._cl!lll t see nearby
CRlects well, This s ner oect

near object

beca :
- “ause the |aps focus beyond

‘il 2]
le*(_s not bend the the retina.
Nt rays enoygh
O the rays foc A converging Converging lens
behing gy Ocus lens corrects |
€ retina this, focuging
rays on the .-
retina. ‘<‘:l:‘—‘—‘=-

" at You ] x
Poon, 0:1 refllectian in the bowl of 4 shiny metal
€ ref| ion \A?iltlj the SPoon very close to your face
€ furthay _Vl;’_e-iier%ila_r'ged, If you hold '
the ey down, oA the reflection will be
‘ee i tom of the At the two diagrams at
Y this happé_c,glum“ on the right to

MIRRORS

When light from an object hits a flat mirror
straight on, it is reflected straight back. The
Image produced is the same size and same
way up as the object but the left and right
sides are switched around. The image is the
same distance behind the mirror as the
object is in front of the mirror.

Curved mirrors bounce light
off at an angle, producing
different kinds of images.

A convex mirror curves
outward. The image formed

i 1 Car wi i
is upright and reduced in size. “HRgRors

are convex.

Convex
mirror

~
~

e
—

Image — rays
appear to come
from here.

*

Concave mirrors curve inward. If an object
Is very close to the mirror, an enlarged image
is produced. If the object is further away, the
Image is upside down. The bowl of a shiny
metal spoon acts like a concave mirror.

Concave —
mirror

Enlarged —J
upright image
appears here.

= Object very—
close to mirror

— Concave
mirror

Upside-down
enlarged ——

ima
O el Obiject further

from mirror

here<
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signals could only be sent
today satellites can instant
around the world.

BROADCASTING

Most radio and television shows
are broadcast as radio waves.
These are a band of waves in the
electromagnetic spectrum®* with
a range of different frequencies®
and wavelengths®.

Radio

Radio waves are the longest waves
in the electromagnetic spectrum.

Before broadcasting, sounds and
images first have to be converted
into electrical signals. Sounds are
made into electrical signals by
microphones. Cameras create
electrical signals from images.

MODULATION

To enable them to be
broadcast, electrical signals
have to be altered, using a
method called modulation.
This is done by mixing the
electrical sound and picture
signals with radio waves, called
carrier waves.

As a result of modulation, the
shape of the carrier wave varies
depending on the electrical
sound and picture signals. The
picture on the right shows an
example of this.

* Amplitude, 9; Electromagnetic spectrum, 18-19;
372 Frequency, Wavelength, 9.

TV AND RADIO

he first radio transmissions were made about 100
years ago. Television was inve

ly broadcast clear signals

nted in 1926. The first
over very short distances, but

This early radio was
invented by Marconi. It
was called a marconiphone.

This part of the _
atmosp )

- called the-
. 1ON0SPhETE.

Satellite dishes
beam radio waves
to satellites above
the Earth.

Radio transmitters
send radio waves

Satellite signals are
beamed to
transmitters on
Earth, to be sent
\ to your home.

in all directions.

With frequency modulation
(FM) the electrical signals are
altered to match the frequency
of the carrier wave. With
amplitude modulation (AM)
the electrical signals are altered
to match the amplitude*
(strength) of the carrier wave.

P /' '\ — Sound signal

“— Carrier wave
Modulated FM

wave
*

HOW A RADIO WORKS

A radio works by receiving
modulated radio waves thfo“,gm
its antenna, and then conver
them back into very wed
electrical signals.

Radio receives many.
different signals. N
Tuner is adjusted to &

select wavelength of &
broadcast required.

The signal is streng‘the”e:akeu
(amplified) and @ lput Sa'[ cal
turns it into a soun!

be heard.

HOW TV WORKS

Television signals are carried by radio w. .
well as the soupgi signals, the \}:vaves car?)\:e;i'cﬁjre
signals. A tel_ewsmn converts these signals into
sound and pictures. The sound is converted in the
same way as in a radio, The picture signals are
converted into pictures by a cathode ray tube
The pictures are built up from about 350,000 tin
shapes called pixels (short for picture ele:ments)y

A cathode ray tube

Electrical signals
converted into three
electron beams: one
for red, one for blue
one for green ‘
element of picture.

Beam of
I~ Electron beams :lrg‘tirrzgs
sweep quickly  down tube
across screen, at scree
varying in e
strength.

Screen covered in pi i
pixels, wh

glow red, blue and green wi:gl

hit by beam, making picture.

CABLE BROADCASTING

rl\lll::ggf rfldio signals can be
il Ca ong_;ables, too. The
e Whan-coqvey more signals
oot hen they are transmitted
-!umﬁql the air, so more
;H‘{Wofks afre available. A vast
xichy ThC; underground cables
to. ¢y °€ can also be used

Y phone signals.

Fiber-optic
cables are used
for carrying
television and
radio signals.

DI
GITAL BROADCASTING

“‘,r 20]

:” be done dl@?'g and television broadcasting

a;?lr'cal Signa|g tally. Digital signals are

-,LS Made Z":NhICh carry information as a
PONents: wirt Millions and millions of just two

+ BIthH i ’
The qierr.. R (1)'0r "o (0)

Gital :
A Co il 1
e O W es.dg)ils';m}?ed onto — and then carried b
- Morg fssfan'%;gletl:!nformation Cenioe COmpressgd
er fnor(e:agh @ sent A‘S'Zage 31, for an example) so

L AS a res
annels than pre\-/til!)tasl?;oadcasters can

INTERACTIVE TV

Digital broadcasti [

' Ng makes it possj
communicate in two directionF;. Aslb[e i
ca(rj*u send information back through
order programs to watch wh

‘ enever you w
to buy things, or even to take part ir): gangt’ o
competitions. This is called interactive TV 4.

a result, you
your TV, to

This TV shows an
Interactive game
to play during a
soccer game.

Competitors predict
the scorers of goals
and the game’s
outcome. Their
predictions are
registered with the
TV company and if
they are right they
win instant prizes.

SATELLITE TV

Satellite TV companies
bounce signals off space
sa.ltellites, to be received
directly by a small dish
that is fixed to the side

of your home.
ReceiverJ x

Satellite TV dish

The dish focuses
the TV signal onto a
receiver. The signals
travel along a cable
to a television set.

See for yourself

Put a magnifying

-am: glass up close to your TV
)[Nhl|e It is on. Look carefully and yO)l/,I'” be ali(la;
O see the pixels that make up the picture.

Internet links

Go to www.usborne-

Web sites: quicklinks.com for links to the following

Web site 1 Find
} out about the history of radi
the nineteenth century to the present ()i/dc\’/ e

Web site 2 Read
about Ve Aol _ . :
e sions ut Marconi’s invention and the first radio

Web site 3 Find oul about the history of TV.

W q :
eb site 4 Watch a movie and answer a quiz about radio.
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