Chapter 12: Electromagnetic waves

Knowledge organiser

Electromagnetic (EM) waves are transverse waves that transfer
energy from their source to an absorber. For example, infrared
waves emitted from a hot object transfer thermal energy.

Properties of radio
waves (HT only)

Radio waves can be produced by
oscillations in an electrical circuit.

EM waves have many practical
applications, but exposure to some
EM waves (such as those that are
forms of ionising radiation) can have
hazardous effects.

EM waves of a wide range of
frequencies can be absorbed or
produced by changes inside an
atom or nucleus. For example,
gamma rays are produced by
changes in the nucleus of an atom.

(HT only) Different substances may absorb,
transmit, refract, or reflect EM waves in ways
that vary with their wavelength.
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Refraction occurs when there is a difference
in the velocity of an EM wave in different

When radio waves are absorbed

EM waves form a continuous spectrum, and are grouped by their by a receiver aerial, they may

wavelengths and frequencies. substances. - create an alternating current Radiation dose (in sieverts) is the risk
When electrons in an atom move with the same frequency as the of harm from exposure of the body to
EM waves all travel at the same VelOCity through air or a vacuum. down between energy [eve[S, they . q y a particu[ar radiation.
They travel all at a speed of 3 x 108 m/s through a vacuum. emit EM waves. RO e,
Our eyes can only detect visible . .
light on the EM spectrum. Type of Use Why is it suitable Hazards
I EM wave for this use? (HT only)
radio waves micro- infrared vigible ultraviolet X-rays gamma rays * cantravel long distances through air
waves (IR) "'_ght ' v radio waves television and * longer wavelengths can bend around
increasing energy — radio signals obstructions to allow detection of
long wavelength short wavelength signals when not in line of sight
over 10000m below 10°m can penetrate the body and
e can pass through Earth’s atmosphere to cause internal heating
satellite reach satellites
—ing wavelength microwaves communications * can penetrate into food and are
and cooking food absorbed by water molecules in food,
— heating it
e all hot objects emit infrared waves -
00 0000000000000 0000000000000 0000000000000 0000000000000 0000000000000000000000000000000 eleCtricalheaters) SensorscandeteCtthesetOturnthem Candama eorkillskincells
infrared cooking food, and into animage &€
o nr . . . . due to heating
Infrared radiation (required practical) infrared cameras * can transfer energy quickly to heat
rooms and food
This practical investigates the rates of absorption and Senser Semsar - : o
radiation of infrared radiation from different surfaces. Metal cube visible light fibre optic * shortwavelength means visible light can damage the retina

communications carries more information

You should be able to plan a method to determine the rate
of cooling due to emission of infrared radiation and evaluate
your method.

can damage skin cells,
causing skin to age
prematurely and increasing
the risk of skin cancer, and
can cause blindness

energy efficient lights | ® carries more energy than visible light
and artificial sun .

tanning

ultraviolet (UV) some chemicals used inside light bulbs

Using infrared detectors to measure the radiation emitted can absorb UV and emit visible light

by different surfaces

Monitoring the rate of cooling in cans with different e pass easily through flesh, but not denser

X-rays o) S .
surfaces y o . materials like bone form of ionising rafilatlon
Todata logger medical imaging and . o - can damage or kill cells,
To be accurate and precise in your investigation you need to: treatments hlgf:jdoskgﬁ kill living ﬁells, so can be cause mutation of genes,
thermometer to used to Kill cancer cells - gamma rays
e use an infrared detector with a suitable meter, where TR wERaT gamma rays can also be used to kill harmful bacteria and lead to cancers

possible

e ensure that you always put the detector the same
distance from the surface

® repeat measurements and calculate an average.

temperature at
intervals as it
cools

alternating current
oscillation

radiation dose

electromagnetic wave

reflection refraction

electromagnetic spectrum

transverse
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Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

P12 questions Answers
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Are electromagnetic (EM) waves longitudinal or
transverse waves?

Explain why EM waves are not mechanical waves.

What do EM waves transfer from their source to an
absorber?

List the different types of waves in the EM spectrum

in order of decreasing wavelength (increasing
frequency).

Which part of the EM spectrum can humans see?

How can electromagnetic waves be produced?
How are gamma rays produced?
How can radio waves be produced?

How can we detect radio waves?

What are radio waves used for?
What are microwaves used for?

What is infrared radiation used for?

Which types of EM waves are harmful to the
human body?

What are the hazards of being exposed to
ultraviolet radiation?

Why are X-rays used for medical imaging?

Why are gamma rays used for treating cancer and
sterilising medical equipment?
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transverse

they can travel through a vacuum (don’t need a
substance to travel through)

energy

radio, microwave, infrared, visible, ultraviolet,
X-rays, gamma

visible light

changes inside an atom/atomic nucleus

changes in the nucleus of an atom, for example during
radioactive decay

oscillations in an electrical circuit

waves are absorbed and create an alternating current
with the same frequency as the radio wave

transmitting television, mobile phone, and Bluetooth
signals

satellite communications, cooking food

heating, remote controls, infrared cameras,
cooking food

ultraviolet, X-rays, gamma rays

damage skin cells, sunburn, increase risk of skin cancer,
age skin prematurely, blindness

they pass through flesh but not bone

high doses kill cells and bacteria
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