Physics 6.6

Waves
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Question
Describe a transverse wave
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Describe a longitudinal wave
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Give two examples of transverse
waves
Give two examples of longitudinal
waves
How would you show that in a
sound wave, the wave travels but
not the air?
How would you show that in a
water wave, the wave travels but
not the water?
Give the formula for period and
frequency
Define "amplitude"

4
5
6
7
8

Answer
Oscillations occur at right angles to direction
of energy travel
Oscillations occur parallel to direction of
energy travel
Light, ripple on a pond
Sound, a plucked slinky
Observe a helium balloon in the path of the
wave: it will oscillate about a fixed position
Observe a float in the path of the wave: it will
oscillate about a fixed position
Period = 1/ frequency
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The distance from the point of zero
disturbance to the point of maximum
disturbance
How would you measure the speed Fire a starting pistol at distance, record the
of sound waves?
time between seeing the pistol flash and
hearing the bang, speed = distance / time
How would you measure the speed Using a ripple tank and lamp, follow a single
of water waves?
crest with a pencil and record the time from
one end to the other. Speed = distance / time
What is the "electromagnetic
A set of electromagnetic waves with a range
spectrum"?
of frequencies, all travelling at the same
speed in a vacuum
State the names of the waves in
Radio, microwave, infra-red, visible, ultrathe EM spectrum in order from
violet, X-rays, gamma rays
longest to shortest wavelength
Which group of electromagnetic
Radio
waves has the longest
wavelength?
Which group of electromagnetic
Gamma
waves has the highest frequency?
State a use of radio waves
Communication
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State three uses of microwaves

17

State two uses of infra-red waves

18
19

State a use of visible light
State three uses of ultraviolet light
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State a use of X-rays

9
10
11
12
13
14

Cooking, mobile phones, satellite
communications
Cooking, communications
Optical fibres
Counterfeit note detection, fluorescent bulbs,
tanning beds
Medical diagnosis
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State two uses of gamma rays

Sterilising medical equipment , treating
cancer
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Define "frequency"

Number of wave cycles in 1 second
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Define "wavelength"

Distance from a point on a wave to the
equivalent point on the next wave
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Give the formula that links wave
V = f
velocity, frequency and wavelength Velocity = frequency x wavelength

25

1
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What must frequency x time
always equal?
What happens in reflection? (HT)
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What is "colour"? (HT)

A property of visible light determined by its
frequency
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What happens in refraction? (HT)

A wave changes direction as it travels
through a material because it changes speed
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What happens in absorption?

30

What happens in transmission?

The wave's energy is transferred to an atom
and the wave is stopped
Waves pass through a material
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What are radio waves produced
by? (HT)

Oscillations in electrical circuits
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What can absorbed radio waves
can induce? (HT)
Where do gamma rays come
from?
What are the three ionising
electromagnetic waves?
What is "radiation dose"?

Oscillations in electrical circuits
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What are the dangers from
ultraviolet waves?

Premature skin ageing; increased risk of skin
cancer due to ionisation
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What are the dangers from X-rays
and gamma rays?

Ionisation leading to mutation leading to
cancer

38

What is the unit of radiation dose?

miliSieverts (mSv)
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What does damage from radiation
depend on?

What part of the body is exposed, amount
and type of radiation

33
34
35

A wave bounces off the surface of a material

Changes in the atomic nucleus
Ultraviolet, X-rays, gamma rays
A measure of the risk of harm from exposure
to radiation
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Name

Symbol

Factor

Tera
Giga
Mega
kilo

T
G
M
k

1012
109
106
103

To convert to
standard units:
× by
× by
× by 1,000,000
× by 1,000

centi
milli
micro
nano

c
m
μ
n

10-2
10-3
10-6
10-9

÷ by 100
÷ by 1,000
÷ by 1,000,000
÷ by 1,000,000,000

Introduction
How does energy reach us from the Sun? The answer is electromagnetic waves.
Electromagnetic waves are the only way that energy can travel across the vacuum of
space without matter being physically transferred.
Scientists are interested in electromagnetic waves, and in fact all waves, because they
are such a key method of energy transfer. Waves have certain characteristics and
properties, many of which can be described mathematically.

Electromagnetic waves
All around us are millions of electromagnetic waves. We can’t see them as waves, in
fact the only ones we can see at all are the type we call “visible light” – and we don’t
see it “as a wave”. If we could see electromagnetic waves, the room around us would
look something like this:

although there would be a great many more waves and they would be of a much
greater range of wavelengths (distance between the crests).
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Infra-red waves are emitted by all objects because of their internal energy (kinetic
energy). Microwaves are emitted by mobile phones and satellites beaming signals
down to Earth. Visible light waves from the Sun and artificial lights allow us to see.
Scientists put electromagnetic waves into seven categories to help us deal with the
vast range of frequencies. We will introduce the seven categories here before
returning to them in more detail later on:
Radio waves
Micro-waves
Infra-red waves
Visible light waves
Ultraviolet waves
X-rays
Gamma waves

The production of waves
All waves are produced by a vibrating (oscillating) object.

Consider a perfectly still pool of water. If you held a block in the water at one side of
the pool, and moved it up and down once, what would happen?
A ripple would travel across the pool. This is called one wave cycle.

If you continued to move the block up and down, a series of wave cycles would travel
across the pool. This is called a continuous wave or more often just “a wave”.
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Electromagnetic waves are caused when the vibrating object is a charged particle
such as a proton or electron. A vibrating charge creates a changing magnetic field,
which in turn creates a changing electric field, which in turn creates another changing
magnetic field, and this process repeats until the wave hits an object which absorbs
its energy.

Stars (such as the Sun) give out electromagnetic radiation from all parts of the
electromagnetic spectrum.
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Questions
1. What are all waves caused by?
2. What is another word for oscillating?
3. What are electromagnetic waves caused by?
4. Give two examples of charged particles

Properties of waves
We often consider a wave as if it was frozen in time:
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We call the top parts of this “frozen” wave peaks and the bottom parts troughs.
The points in the middle of the wave are often referred to as “zero displacement”.
If you freeze a wave in time like this and measure the difference between two
equivalent and adjacent points, you will get the wavelength of the wave.
For example, on the wave above, a to e = 1 complete wavelength.
Wavelength is an important quantity to scientists. It is given the symbol λ (lamda)
and must be measured in m.
Questions
1. Which is the nearest equivalent point to b on the wave above?
2. Which is the nearest equivalent point to c on the wave above?
3. Which is the nearest equivalent point to d on the wave above?
4. Which is the nearest equivalent point to e on the wave above?
5. What is the wavelength of a wave?
6. What is the symbol for wavelength?
7. What is the unit for wavelength?

Frequency

Scientists are often interested in the frequency of waves. The frequency of a wave is
inversely proportional to its wavelength – we will explore this further when we study
the wave equation. For now let us just say that (if the wave speed stays the same) the
longer the wavelength, the lower the frequency.
Frequency is defined as “the number of complete wave cycles per second”.
One complete wave cycle means that we have had exactly one lot of “up and down”
–in other words, one full wavelength of the wave has passed.
The symbol for frequency is f.
The unit of frequency is hertz (Hz).
In a wave of 50Hz, 50 complete wave cycles pass a point in 1 second.
In a wave of 4Hz, 4 complete wave cycles pass a point in 1 second.
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In a wave of 0.5Hz, only half a complete wave cycle passes a point in 1 second.

Frequency and time

Frequency and time must always multiply together to equal 1. You are given the
formula frequency = 1/period on the formula sheet but it is usually easier to
remember this simple rule.

Frequency (Hz)
Time (seconds) (also called “period”)
10
0.1
50
0.02
0.5
2
0.25
4
1
1
Note that time must always be in seconds and must be converted if it appears in any
other unit.

Questions
1. What are the top parts of waves called?
2. What are the bottom parts of waves called?
3. What is one complete wave cycle?
4. What is the definition of frequency?
5. What is the symbol for frequency?
6. What is the unit of frequency?
7. What does “15Hz” mean?
8. What does “600Hz” mean?
9. What is the relationship between frequency and time?
10. What frequency does a wave of 0.2s time period have?
11. What frequency does a wave of 25s time period have?
12. What time period does a wave of frequency 0.5s have?
13. What time period does a wave of frequency 40s have?
14. 24 waves pass an observer in 4 seconds. What is the frequency of the wave?
15. 100 waves pass an observer in 20 seconds. What is the frequency of the wave?
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16. A continuous wave is created by a motor vibrating a block of wood in a tank
of water. The speed of the motor is increased: what happens to the frequency
of the waves? Explain your answer,

The wave equation

You need to recall the equation:
or

Where v = wave speed in m/s
f = frequency in Hz
λ= wavelength in m

So for example, a wave with frequency 50Hz and a wavelength of 0.2m will have a
speed of 50 x 0.2 = 10m/s.
A wave with speed 12m/s and frequency of 4Hz will have a wavelength of 3m.
Often we will need to find either the wavelength or the frequency (from the period)
from a graph of a wave. Distance on the X-axis allows us to find wavelength, while
time on the X-axis allows us to find period and then frequency.

This wave has a frequency of 55Hz.
Find its speed.
v = fλ
v = 55 x 400
v = 22000m/s
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This wave has a wavelength of 14m.
Find the wave speed.
v = fλ
f = 1/t
f = 1/0.4
f= 2.5Hz
v = 2.5 x 14
v = 35m/s

Questions
1.
2.
3.
4.
5.
6.
7.

What equation links wave frequency, velocity and wavelength?
A wave has frequency 38Hz and wavelength 0.18m. Calculate its velocity.
Find the velocity of a wave of wavelength 2.6m and frequency 460Hz
If a wave has frequency 9.4Hz and wavelength 3.2m, what is its velocity?
Find the frequency of a wave of wavelength 0.7m and speed 3.8m/s.
A wave travelling at 13m/s has a wavelength of 4.4m. Calculate its frequency.
What is the frequency of a wave if its wavelength is 0.05m and its speed is
670m/s?
8. What is the wavelength of a wave of speed 550m/s and frequency 11Hz?
9. If a wave travelling at 78m/s has a frequency of 20Hz, what is its wavelength?
10. Find the wavelength of a wave with frequency 6Hz and speed 48m/s.

11. What is the frequency of
this wave?
12. What is the time period
of this wave?
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13. Wave 1 has a
frequency of
24Hz. What is
its speed?
14. What is the
time period of
wave 1?

15. This wave has a velocity of
14m/s. What is its wavelength?

16. A wave has frequency 3.1 x 104 Hz and wavelength 6.23 x 10-3m. Find the
speed.
17. What is the wavelength of a wave with speed 2.4 x 107 m/s and frequency 5.5 x
102 Hz? Give your answer in standard form.
18. What is the velocity of a wave with wavelength 8.3 x 10-6m and frequency 9.1 x
105 Hz? Give your answer in standard form.
19. Find the frequency of a wave with wavelength 2.9 x 105 m and speed of 4.6 x
104 m/s. Give your answer in standard form.
20. Find the time period for the wave in (25).
21. A wave has velocity 6.7 x 104 m and frequency 5.0 x 106 Hz. Calculate the
wavelength and give your answer in standard form.
22. Microwaves in a microwave oven have a frequency of 10 000 MHz. Their
wavelength is 3cm. What is the speed of microwaves?
23. Microwaves emitted by mobile phones have a speed of 3 x 108 m/s.Their
wavelength is 60cm. Calculate their frequency.
24. A TV station broadcasts at 450 000 kHz. The waves travel through the
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air at 300 000 000 m/s.
Calculate the wavelength of the waves broadcast by this station.
25. The picture shows a wave
made in a rope tied to a
tree. The wave speed is
6.5m/s. Five waves pass
point A in two seconds.
Find the wavelength of
the wave.
26. Goal-free problem
solving: What
information can you find
out about this wave:

Types of electromagnetic wave
When an electron in an atom moves down an orbit, an electromagnetic wave is
emitted. This is also called electromagnetic radiation.
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Electromagnetic waves are unusual in that they do not require a medium such as air
or water in which to travel. The oscillations in an electromagnetic wave are
disturbances in the
electromagnetic field. The
electromagnetic field
exists everywhere in the
universe, even in the
vacuum of space. In fact,
there are two
simultaneous sets of
oscillations in an electromagnetic wave: one in the electric field, and one in the
magnetic field which is perpendicular to the electric field. Both sets of oscillations are
at right-angles to the wave’s direction of travel, and for this reason all
electromagnetic waves are transverse.
Electromagnetic waves come in a range of different frequencies and corresponding
wavelengths. We can group them into seven categories:

We call this range of frequencies the electromagnetic spectrum.
Our eyes can detect the range of frequencies known as “visible light”.
All electromagnetic waves travel at the same speed in a vacuum: 3 x 10 8m/s.
electromagnetic waves transfer energy from their emitter to their absorber. Below are
some examples:
A toaster emits infrared radiation which is then absorbed by a piece of toast. The
infrared radiation has transferred energy from the toaster to the toast.
The Sun emits ultraviolet radiation which is then absorbed by ozone in the Earth’s
atmosphere. The ultraviolet radiation has transferred energy from the Sun to the
ozone.
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A lightbulb emits visible light which is then absorbed by dark surfaces. The visible
light has transferred energy from the lightbulb to the surfaces.
Emitters are also sometimes known as “sources”.

Questions
1. List the categories in the electromagnetic spectrum, in order of ascending
frequency.
2. List the categories in the electromagnetic spectrum, in order of descending
frequency.
3. List the categories in the electromagnetic spectrum, in order of ascending
wavelength.
4. List the categories in the electromagnetic spectrum in order of descending
wavelength.
5. What type of waves are electromagnetic waves?
6. What do electromagnetic waves do with energy?
7. Define “emitter”.
8. Define “source”.
9. Define “absorber”.
10. Through what do all electromagnetic waves travel at the same speed?
11. What portion of the electromagnetic spectrum can our eyes detect?
12. Give three examples of energy transfer through electromagnetic waves.
13. For each of the examples in (12), identify the source and absorber.

Uses and applications of electromagnetic waves

Radio waves are used in
television and radio
communications. Because they
have a long wavelength, they are
reflected by the ionosphere and
so can travel between points that
are not in “line of sight”.
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Microwaves are used in satellite
communications because their
shorter wavelength means they
can penetrate the atmosphere
and reach the satellite.

Microwaves are used in microwave
ovens for cooking food. This is because
they can penetrate into food and cause
heating when absorbed.

Infra-red waves are used in electrical heaters and
conventional ovens and grills. They are absorbed by
the surface of food and other objects and cause
heating. Infra-red waves are also used in infra-red
cameras as objects emitting infra-red waves can be
seen at night.
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Visible light can undergo total internal reflection by glass. This makes it suitable for
fibre-optic communications, as signals can travel down a long fibre.

Ultraviolet waves are used in energy efficient light bulbs. An electric current excites
the gas, moving its atoms up to a higher energy level. When the atoms de-excite,
they emit ultraviolet waves. These are then absorbed by the coating on the bulb, and
finally the coating “fluoresces”, giving off visible light.

Ultraviolet waves are also used in security marking and sunbeds.
X-rays are able to penetrate soft tissue but are absorbed by bones. A photographic
plate is blackened where it receives X-rays, and the bones leave a white “shadow”.
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This makes X-rays useful for medical imaging.

Gamma rays have the highest energy of all the electromagnetic waves and can
therefore be used to destroy tumours in radiotherapy. They can also be used to
sterilise medical equipment and food as they destroy bacteria including in hard-toreach places.
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Questions:
Copy and complete the table:

Production and absorption of electromagnetic waves

Production
Electromagnetic waves are produced when a charged particle such as an electron or
a proton oscillates. This is analogous to a water wave being produced when a ripple
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tank bar oscillates.

The frequency of the wave produced depends on the type of charged particle and
the way it moves. For example, gamma rays are produced when protons in the
nucleus oscillate after an alpha or beta decay. Radio waves are produced when
electrons oscillate, for example in an electric circuit with alternating current. In
something very hot, such as a star, some of the electrons oscillate at a higher
frequency, and so produce higher frequency waves, such as ultra-violet.

Absorption
When electromagnetic waves are absorbed energy
is transferred to atomic electrons. When radio
waves are absorbed by the electrons in a wire, an
alternating current is induced in the wire. This
alternating current has the same frequency as the
radio wave which induced it.

Electromagnetic waves with a high frequency (ultraviolet, X-rays and gamma rays)
can ionise the atoms that absorb them. This is because they carry more energy and
so can knock electrons out of their atoms. This is hazardous when they encounter
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human tissue, as an ionised atom in a DNA molecule can lead to a tumour.

When human skin absorbs ultraviolet premature aging of the skin and skin cancer
can result. When human tissue absorbs X-rays and gamma rays, mutations and
cancer can be caused.

Radiation dose
Radiation dose is a measure of the risk from exposure to radiation. The unit is
Sieverts (Sv) although milliSieverts (mSv) is often used. 1 Sievert (1Sv) = 1000
milliSieverts (1000mSv). The dose in Sieverts depends on the amount of radiation
absorbed, the type of radiation, and the type of tissue that has absorbed it.

Questions:
1.
2.
3.
4.
5.
6.
7.
8.
9.

What produces electromagnetic radiation?
Why are different frequencies of electromagnetic radiation produced?
What produces gamma rays?
What happens when electromagnetic radiation is absorbed?
Which three parts of the electromagnetic spectrum are ionising?
Why is ionising radiation hazardous?
What does dose measure?
What factors affect radiation dose?
How many mSv in 1Sv?
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10. The recommended radiation dose limit for people working with radiation is
0.02Sv. What is this in mSv?
11. A leg X-ray exposes each person in the room to a dose of 0.8mSv. Use this
and the information in (10) to explain why a patient does not need to be
worried about having a leg X-ray.
12. A radiographer can carry out 20 leg X-rays in a day. Should they be worried
about their radiation dose? Use the information in (10) and (11).
13. Suggest how the risk to the radiographer could be reduced.
14. What can result from absorption of ultraviolet radiation by the skin?
15. What can result from absorption of X-rays and gamma rays by human tissue?
16. The graph shows the doses from a range of activities. Why might this
information put people off becoming astronauts?

17. Jason is having an abdominal CT scan and is worried about the risk. Verity says
that the graph in (16) shows the risk is low. Suggest why she says this.
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18. The pie chart shows the percentage of various contributors to a US person’s

dose.
The “safe dose” is 0.05Sv. This graph does not tell us if a US person receives a
safe dose or not. Why not?
19. An individual person may have a different pie chart for their dose. Suggest
why.

HT
20. What produces radio waves?
21. What happens when radio waves are absorbed by a wire in a circuit?
22. Draw a graph to represent this information:
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Interaction of electromagetic waves with materials (HT)
When an electromagnetic wave encounters a material, one of four things may
happen to it:

Absorption: the wave’s energy is
transferred to the atoms in the
material, and the wave ceases to travel.
For example, lead absorbs gamma rays
and bones absorb X-rays.

Transmission: the wave travels straightthrough
the material. For example, glass transmits visible
light and paper transmits gamma rays. When a
wave is transmitted by a material, we also say that
the material has penetrated the material.
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Refraction: the wave travels through the
material but changes direction due to a
change in speed. For example, water
refracts visible light.

Reflection: the wave rebounds from the
surface of the material. For example, a
shiny surface reflects infra-red rays.

Which of these things happen depends
on the wavelength (and corresponding
frequency) of the waves, and the material
involved. Often a combination will occur, with
some of the waves being reflected, for
example and some refracted:
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Questions
1.
2.
3.
4.
5.
6.

What happens when a wave is absorbed by a material? Include a diagram.
What happens when a wave is transmitted by a material? Include a diagram.
What happens when a wave is refracted by a material? Include a diagram.
What happens when a wave is reflected by a material? Include a diagram.
What two factors determine the interaction of a wave with a material?
The diagram shows four different actions
between waves and a material. Copy the
diagram and name the interaction shown
by each letter.
7. Frank says “Waves A, B, C, and D must all
have different wavelengths.” How does he
know this?

8.
The graph shows the absorption of different
frequencies of electromagnetic radiation by the
Earth’s atmosphere.
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Which parts of the electromagnetic spectrum are transmitted by the
atmosphere?

Refraction
When light travels from one medium to another it changes direction. This is called
refraction and allows lenses to work, for example in the eye, glasses, telescopes and
microscopes.
Examples of media (plural of medium) include air, water, glass, diamond. Air and a
vacuum are the least dense media.

We show refraction using a ray diagram.

What are rays?
A ray is a very narrow section, i.e. a line, of light travelling. Most light sources give
out something like thousands of rays in all directions. We can use a laser or a raybox
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and slit to produce a ray for experiments. We draw diagrams using individual rays
because it helps to show what is happening.

Which way will the ray bend?
Change of
medium
Less dense to
more dense

Ray bends…

Diagram

Example

Towards the
normal

From air into
glass

More dense to
less dense

Away from the
normal

From glass into
air

Why do we draw the normal line?
When the medium edge is straight, we could measure the angle between the ray and
the edge. But when the edge is curved or bent, this would give us an inaccurate
reading. So we draw the normal line in order to be sure of obtaining an accurate
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measurement. We draw a normal even when the edge
is straight, so as to be consistent.
We use a normal line to measure the angle of the
light. The normal is a dotted line drawn on a diagram
at right angles to the surface. We measure the angle
between the ray and the normal line. The normal line
is used rather than the surface itself because
sometimes a surface will not be straight and the angle
measured would be inaccurate.

Questions
1. What is refraction?
2. Give two examples of how we use refraction.
3. Give three examples of media light can travel
through.
4. Name two media more dense than air.
5. Copy this diagram into your book. Label the
incident ray, refracted ray, and normal.
6. How can we tell which direction the refracted ray
will bend?
Copy the following diagrams and complete:

7.

28

8.

9.

10.

29

11.

12.

30

13.

14.

31

15.

16.

17.

32

18.

19.
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20. Use refraction ray diagrams to show what a convex
lens does to parallel rays of light:

21. Use refraction ray diagrams to show what a
concave lens does to parallel rays:

Refraction (HT)
Refraction occurs because light travels more slowly in denser media. Because light is
waves, it has “fronts” i.e. crests. We can show fronts as straight, parallel, evenly
spaced lines, drawn at right-angles to the direction of travel.
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Light travels more slowly in denser media because there are more atoms in its way.
When light changes media, its change in speed can affect its direction. This is called
refraction.

When a light wave hits a more dense medium at right angles, each part of the wave
front slows down at the same time. So the wave continues in straight line, more
slowly. The wave fronts are closer together as they have slowed down.
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Something different happens if the wave hits the boundary at an angle:

This phenomenon can be understood using an analogy:
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The reverse effect happens when light travels from a more to a less dense medium:

Questions
1. What is
refraction?
2. Draw a
wavefront diagram showing refraction from air to glass.
3. Explain why light is refracted towards the normal when travelling from air to
glass.
4. Draw a wavefront diagram showing refraction from glass into air.
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5. Explain why light is refracted away from the normal when travelling from glass
to air.
6. Copy the diagram and suggest a medium for A and B:

7. Copy the diagram and suggest a medium for A and B:
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8. Copy the diagram. Add the refracted ray, and
wavefronts on both the incident and refracted
ray.
9. Describe and explain what is happening in (8).
Use the words light; refract, normal, wave fronts,
speed, medium, dense.

10. Copy the diagram. Add the refracted
ray, and wavefronts on both the
incident and refracted ray.

11. Describe and explain what is
happening in (10). Use the words
light; refract, normal, wave fronts,
speed, medium, dense.
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12. Copy the diagram. Add the refracted ray, and
wavefronts on both the incident and refracted ray.

13. Describe and explain what is happening in (12). Use
the words light; refract, normal, wave fronts, speed,
medium, dense.

14. Copy the diagram. Add the refracted ray, and
wavefronts on both the incident and
refracted ray.
15. Describe and explain what is happening in
(14). Use the words light; refract, normal,
wave fronts, speed, medium, dense.

Extension
“Refractive index” is the name given to the
density of a transparent material. The table
shows various transparent materials with
their refractive indices. The higher the refractive index, the more light is
slowed down by the medium.
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The following diagrams have an unknown material shown with a letter.

Suggest a material for each letter.
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Transverse and Longitudinal Waves
Waves are a form of energy transfer. In a wave, particles (or an electromagnetic field)
oscillate (vibrate) around a fixed point and energy is transferred by these oscillations.
The direction of oscillations compared to the direction of energy transfer is
important.
Longitudinal waves
In longitudinal waves, the oscillations are parallel to the direction of energy transfer.
When we “ping” one end of a slinky we get a longitudinal wave:
Sound
waves
are

longitudinal. The object making the sound oscillates back and forth and causes the
air particles to also oscillate back and forth:

In a longitudinal wave, the areas
of higher density are called
compressions and the areas of lower density are called rarefactions.

44

Transverse waves
In transverse waves, the oscillations are at right angles to the direction of energy
transfer.
When we shake the end of a slinky up and down or side-to-side we get a transverse
wave:

Water
waves are

transverse waves.

Movement of wave vs. movement of particles
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In waves, energy is transferred
but the particles are not
transferred. The particles do
move, but only to oscillate
about their original position.
For sound waves, we can
show this by
placing a helium balloon next
to a loudspeaker:

For water waves, we can show this by floating
an object at a certain point:

Questions
1. What do waves do to energy?
2. What do particles in a wave do?
3. What is an oscillation?
4. Define a longitudinal wave.
5. Copy the diagrams for a longitudinal wave.
6. State two examples of longitudinal waves.
7. Define a transverse wave.
8. Copy the diagrams for a transverse wave.
9. State two examples of transverse waves.
10. Explain the differences between longitudinal and transverse waves. Use the
words whereas, oscillations, direction of wave travel, right angles, parallel
11. Is energy transferred by a wave?
12. Are particles transferred by a wave?
13. Describe an experiment to show that sound waves do not transfer air
particles. Include a diagram.
14. What sort of motion would we see in the experiment described in (12)?
Explain this motion.
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15. Describe an experiment to show that water waves do not transfer water.
Include a diagram.
16. What sort of motion would we see in the experiment described in (14)?
Explain this motion.
17. What sort of wave is represented here? Copy the diagram and explain your

answer.
18. In a water wave, what is the angle between the direction of vibration of the
water’s surface and the direction of energy transfer?
19. In a sound wave, what is the angle between the vibration of air particles and
the direction of energy transfer?
20. Define a compression in a longitudinal wave.
21. Define a rarefaction in a longitudinal wave.

Extension
1. A cathode ray oscilloscope (CRO) can be used to show a sound wave on a
screen. It is much easier to see and interpret a transverse wave, so the CRO
converts the longitudinal wave into a transverse one for the screen. This
exercise shows how this can be done.
The diagram shows first the undisturbed positions of air particles, before a sound
wave passes through them. The second row shows the displacement of these
particles at a point in time. We can plot displacement of particles as a function of
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distance along the wave.

a) Complete the table:
Distance along the
wave (cm)

Displacement of
particle (cm)

b) Copy the axes and plot the points from your table. Join them with a smooth
curve. You should have a graph that looks like a transverse wave.
2. The diagram represents a snapshot of a longitudinal wave travelling on a
slinky spring. Each short vertical lie represents a turn on the slinky.
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Copy the diagram and complete the statements:
____ is displaced to the right of its undisturbed position.
____ is at the centre of a compression
____ is at the centre of a rarefaction
____ is displaced to the left of its undisturbed position
Properties of waves
Waves have several properties: amplitude wavelength, frequency, time period, and
velocity.
Amplitude
The amplitude is the maximum displacement of a particle from its undisturbed
position. In a water wave (transverse wave), the amplitude is the largest distance a
water particle is moved above or below its resting position.

The higher the
amplitude the taller
and deeper the
wave. (b) has a
larger amplitude
than (a).
The unit for
amplitude is m
(metres).
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In a sound wave (longitudinal wave), the amplitude is the largest distance an air
particle is moved to the “left” or “right” of its resting position
Measuring wave speed
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Measuring sound wave speed

We can set up two microphones a
fixed distance apart, and connect
them to datalogging software on a
computer. This software can
record the time the sound is
recorded at a and b, and find the difference to get the time the sound took to travel
from a to b.

We can then use the equation speed = distance ÷ time. So if distance d = 50m and
time t = 0.15s, then speed of sound = 50 ÷ 0.15 = 333.33m/s.
It is possible to find the speed of sound without a
datalogger. If a sound and visual signal are made
simultaneously, an observer some distance away
can start a stopclock when they see the visual
signal and stop it when they hear the sound.
However, this is less accurate than the datalogger
method.

A variation on this experiment uses an echo. In this case we have to use double the
distance:
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So if t = 2.9s, speed of sound = (480
x 2) ÷ 2.9 = 331.03m/s.

Measuring the speed of a water wave
To measure the speed of water waves, we can use a ripple tank set up as shown:
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Experiment design
In both experiments, the larger the distance the better as any error in recording time
will be smaller by comparison. This is known as “reducing percentage error”.

To measure the frequency, wavelength and speed of waves in a ripple tank:

Method
1. Set up the ripple tank with about 4 cm depth of water.
2. Adjust the height of the wooden bar so that it just touches the surface of the
water.
3. Switch on the lamp and motor and adjust until you can see the wave fronts on
the paper below, at as low a frequency as possible
4. Place a transparent ruler in the tray
5. Take a photograph of the wave fronts on the card and use the ruler in the
photo to measure the distance across e.g.10 waves
6. Count the number of waves passing a point in ten seconds then divide by ten to
record frequency.
7. Calculate the speed of the waves using: wave speed = frequency × wavelength.

Example results table
Length of 10
waves (cm)
...

Wavelength
(cm)
...

Number of waves in
10 seconds
...

Frequency
(Hz)
...

Wave speed
(cm/s)
...
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Questions
1. Copy the diagram for measuring sound wave speed and explain how it is
done.
2. Copy the diagram for measuring water wave speed and explain how it is done.
3. Why is it best to use longer distances in these experiments?
4. A student measured the speed of the waves produced in a ripple tank. The
time for one wave to travel 0.45m was 2.65s. Calculate the wave speed.
5. A ripple tank was set up to measure the speed of the waves. An observer
recorded a time of 1.89s for a crest to travel 0.52m. Find the wave speed.
6. Find the speed of a wave in a ripple tank that takes 3.08s to travel 0.48m.

7. A student used the
equipment shown in the
diagram to find the speed
of sound. Calculate the
speed of sound from his
measurements.

8. The diagram shows the equipment used to measure the speed of sound and
the results on the datalogger. If the distance between the two microphones
was 102m, what was the speed of sound?
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9. Two students measured the speed of
sound as shown in the diagram.
They stood 150m apart and
recorded the time between seeing
the flash of the pistol and hearing it
being fired as 0.42s. What was the
speed of sound?

10. The speed of
sound was
measured using
the equipment
shown. The time
from the sound’s
emission to its
recording was
recorded as
1.58s. What was the
speed of sound?
11. An electronic sound
emitter and receiver
was used to measure
the speed of sound.
The time between chirp
and echo was found to
be 0.02s. What was the
speed of sound?

12. A team of scientists used a sound emitter and recorder to find the speed of
sound in water. If the time recorded between sound emission and recording
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was 0.62 seconds, what is the speed of sound in water?

Extension
1. A teacher places a block in a ripple tank so that there is an area of shallow
water with an area of deep water on either side. The teacher sets the motor to
a frequency of 4Hz. The diagram shows a freeze-frame of the image projected
under the ripple tank. A student measures the distance shown. Calculate the
speed of the wave in the
deep water.
2. Suggest a wavelength
for the wave in the shallow
water.
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Practical: waves on a string

Aim of the experiement
To measure the frequency, wavelength and speed of waves in a string.

Method

1. Attach a string or cord to a vibration generator and use a 0.2kg) hanging mass
and pulley to pull the string taut. Place a wooden bridge under the string near
the pulley.
2. Switch on the vibration generator and adjust the wooden bridge until stationary
waves can be seen
3. Measure the length of as many half wavelengths (loops) as possible, divide by
the number of half wavelengths (loops). This is half the wavelength: doubling
this gives the wavelength.
4. Take the frequency from the frequency of the power supply
5. Calculate the speed of the waves using: wave speed = frequency × wavelength.

Example results table
Number of half
wavelengths
...

Length of X half
wavelengths (cm)
...

Wavelength
(cm)
...

Wave
speed
(cm/s)

Frequency
(Hz)
...

...
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Synoptic questions

1. The picture shows a speed gun being used to measure how fast a
tennis player hits the ball.

a) Not all of the microwaves are reflected by the bal: some are absorbed.
What happens to the ball because of this?

(b) The microwaves reflected from the ball have a higher frequency than the
microwaves from the speed gun.
The graph shows how the difference between the two frequencies depends on
the speed of the ball.

(i)
Describe the pattern that links the difference between the two frequencies
and the speed of the ball.
______________________________________________________________
______________________________________________________________
(ii)

The speed gun measures the difference between the two frequencies as
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3200 Hz.
Use the graph to find the speed of the tennis ball.
Show clearly on the graph how you obtain your answer.
(iii)

Why has the data been presented as a line graph?

2. Microwaves and visible light are two types of electromagnetic wave.
Both can be used for communications.
a)
(i)
Give two properties that are common to both visible light and
microwaves.
(ii) Name two more types of electromagnetic wave that can be used for
communications.
(b) Wi-Fi is a system that joins computers to the internet without using wires.
Microwaves, with a wavelength of 12.5 cm, are used to link a computer to a
device called a router. Microwaves travel through the air at 300 000 000 m/s.
Calculate the frequency of the microwaves used to link the computer to the
router.
(c) Wi-Fi is used widely in schools. However, not everyone thinks that this is
a good idea.
A politician commented on the increasing use of WiFi. He said: ‘I believe that
these systems may be harmful to children.’
However, one group of scientists said that there is no reason why Wi-Fi should
not be used in schools. These scientists also suggested that there is a need for
further research.
(i)
Suggest what the politician could have done to persuade people that what
he said was not just an opinion.
(ii) Why did the group of scientists suggest that there is a need for further
research?
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3. .
The diagram shows the apparatus that a student used to investigate the
heating effect of different wavelengths of light.

(a) (i)
The student put thermometer D outside of the light spectrum.
Suggest why.
(ii) The table gives the position and reading of each thermometer 10
minutes after the investigation started.

Thermomete
r

Position of thermometer

Temperature in °C

A

in violet light

21

B

in green light

22

C

in red light

24

D

outside the spectrum

20

What should the student conclude from the data in the table?
(b) A similar investigation completed in 1800 by the scientist Sir
William Herschel led to the discovery of infrared radiation.
Suggest how the student could show that the spectrum produced by the
glass prism has an infrared region.
(c) A person emits infrared radiation at a frequency of 3.2 x 10 13 Hz.
Calculate the wavelength of the infrared radiation that a person emits.
Take the speed of infrared radiation to be 3.0 x 108 m/s.
(d) A thermal imaging camera detects infrared radiation. Electronic
circuits inside the camera produce a visible image of the object emitting
the infrared radiation.
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At night, police officers use thermal imaging cameras to track criminals
running away from crime scenes.
Thermal imaging cameras work better at night than during the day.
Explain why.

4.

A headline from a recent newspaper article is shown below.

(i)
What serious health problem may be caused by using a sunbed too
much?
(ii) The pie chart compares the number of deaths in Britain each year which
may have been caused by using sunbeds too much, with those which may
have been caused by too much exposure to the Sun.

It is difficult for a doctor to be certain that a person has died because of using a
sunbed too much.
Suggest why.
(iii)

A spokesperson for a leading cancer charity said:
‘We want people, especially young people,
to know he possible dangers of using a
sunbed.’

Why is it important that you know the possible dangers of using a sunbed?

62

5.
Different wavelengths of light can be used to transmit information along optical
fibres.
The graph below shows how the percentage of incident light transmitted
through a fibre varies with the wavelength of light and the length of the fibre.

Wavelength × 10−7 metres
Compare the percentages of incident light transmitted through the two different
fibres over the range of wavelengths shown.

6. Goal-free problem – what can you find out from this graph?

63

