
1 

© R Ashbee 2017 

 
6.6 Waves 
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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. 
 

 
 
 

 
Transverse waves 
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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 
 
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: 
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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. Is energy transferred by a wave? 
11. Are particles transferred by a wave? 
12.  Describe an experiment to show that sound waves do not transfer air 

particles. Include a diagram. 
13. What sort of motion would we see in the experiment described in (12)? 

Explain this motion. 
14. Describe an experiment to show that water waves do not transfer water. 

Include a diagram. 
15. What sort of motion would we see in the experiment described in (14)? 

Explain this motion. 
16. What sort of wave is represented here? Copy the diagram and explain your 

answer.  
17. In a water wave, what is the angle between the direction of vibration of the 

water’s surface and the direction of energy transfer? 
18. In a sound wave, what is the angle between the vibration of air particles and 

the direction of energy transfer? 
19. Define a compression in a longitudinal wave. 
20. Define a rarefaction in a longitudinal wave. 

 
 

Extension  
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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 
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. 



6 

© R Ashbee 2017 

 
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 
 
 
Answers 
 

1. Transfer it 
2. Oscillate  
3. A vibration around a fixed point 
4. A wave in which the direction of the oscillations is parallel to the direction the 

wave is travelling 
5.  

 
 
 
 
 

 
 
 
 

6. A plucked slinky and a sound wave 
7. A wave in which the oscillations are at right angles to the direction of travel of 

the  
wave. 

8.  
 

 
 
 
 
 
 

 
9. A shaken slinky and a water wave. 
10. Yes  
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11. No  
  

12.  Place a helium balloon next to a loudspeaker. 
 

13. The balloon will move slightly backwards and forwards 
as the air particles around it oscillate in a longitudinal 
wave. 
 

 
 

14. Place a floating object in a ripple tank.  
15. The float will move up and down as the water 

underneath it oscillates in a transverse wave. 
16. Longitudinal, because the lines (particles) 

have moved parallel to the direction of travel 
of the wave.  

17. 90ᵒ 

18. 0ᵒ or 180ᵒ 

19. An area of higher density 
20. An area of lower density 

 
 
Extension  

1.  
a)  

 
Distance along the 
wave (cm) 

Displacement of 
particle (cm) 

0 0 

5 -2 

10 0 

15 +2 

20 0 
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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. Z 
Y 
X 
W 

 
 

Intervention Questions 
 

1. What do waves transfer? 
2. What oscillates in a wave? 
3. What term is used for the vibration of particles about a fixed point in a wave? 
4. What name is given to a wave whose particles oscillate in parallel with the 

direction of travel of a wave? 
5. -  
6. What type of wave is a sound wave? 
7. What name is given to a wave whose particles oscillate at right angles to the 

direction of travel of the wave? 
8. - 
9. What type of wave is a water wave? 
10. Can a wave exist if no energy is being transferred? 
11. Are particles transferred by a wave? 
12.  Describe an experiment to show that sound waves do not transfer air 

particles. Include a diagram. 
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13. What sort of motion would we see in the experiment described in (12)? 
Explain this motion. 

14. Describe an experiment to show that water waves do not transfer water. 
Include a diagram. 

15. What sort of motion would we see in the experiment described in (14)? 
Explain this motion. 

16. What sort of wave is represented here? Copy the diagram and explain your 

answer.  
17. What type of wave has an angle of 90ᵒ between the vibration of the particles 

and the direction of energy transfer? 
18. What type of wave has an angle of 0ᵒ between the vibration of the particles 

and the direction of energy transfer? 

 
19. In the diagram above, which letter shows a compression? How do you know? 
20. In the diagram above, which letter shows a rarefaction? How do you know? 

 
 

Intervention Answers 
 

1. Energy  
2. Particles  
3. Oscillation  
4. Longitudinal  
5. -  
6. Longitudinal  
7. Transverse  
8. - 
9. Transverse  
10. No  
11. No  
12. Place a helium balloon next to a loudspeaker. 

 
13. The balloon will move slightly backwards and forwards as the air particles 

around it oscillate in a longitudinal wave. 
 

14. Place a floating object in a ripple tank.  
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15. The float will move up and down as the water underneath it oscillates in a 
transverse wave. 

16. Longitudinal, because the particles have moved parallel to the direction of 
travel of the wave.  

17. Transverse 
18. Longitudinal 
19. B because the particles are squashed closer together 
20. A because the particles are stretched further apart  
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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. 

 

Wavelength 

Wavelength is given by the symbol λ, which is the Greek letter L, pronounced 

“lambda”. The wavelength of a wave is the distance from one point on a wave cycle 
to the equivalent point on the next wave cycle. So on a water wave (transverse 
wave), the wavelength is the distance from one peak to the next peak. It is also the 
distance from one trough to the next trough. It is also the distance from one 
undisturbed point before a peak to the next undisturbed point before a peak. And so 

on.  
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The higher the wavelength the bigger the distance between waves. (b) has a larger 
wavelength than (c). 

The unit for wavelength is m (metres). 
 

Frequency 

The frequency is the number of wave cycles passing a point each second. It is 
difficult to show in a picture, as it is a function of time. But if the wave speed is kept 
the same, then frequency is inversely proportional to wavelength, i.e. a higher 
frequency wave has a shorter wavelength.  

 (C) has a higher 
frequency than (b). In 
a higher frequency 
wave, more wave 
cycles pass a fixed 
point per second.  

 

The unit for frequency 
is Hz (Hertz). 

 

 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwitxqPa1NvRAhUJwxQKHdbpD7UQjRwIBw&url=http://www.studyphysics.ca/newnotes/20/unit03_mechanicalwaves/chp141516_waves/lesson44.htm&bvm=bv.144686652,bs.1,d.ZGg&psig=AFQjCNEqHnYKgRy0BmG3lwKfn8oqCzA7FQ&ust=1485377530123195
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Time period 

The period is the time 
taken for one wave cycle 
to pass a point. Again, it 
is difficult to show in a 
picture of a wave as it is 
a function of time. We 
can graph the motion of 
one particle in a wave 
over time and show the 
time period on the graph: 
Note this is not the same 
type of graph as earlier, 
although it looks very 
similar. Thus graph is for 
one particle only and has 
time on the x-axis. The 

earlier graphs show a snapshot of a wave, i.e. many particles at one point in time, 
and have distance along the wave on the x-axis. 

The unit for time period is s (seconds). 

 

 

Velocity 

Velocity is the speed at which the wave travels (the speed at which energy is 
transferred). A wave’s speed depends on the medium through which it is travelling. 
A medium is the material through which the wave is travelling. For example, a sound 
wave can travel through air or water, and a water wave can travel on deep or shallow 
water. The unit for velocity is m/s (metres per second).  

 

Questions 

1. Copy and complete the table:  
 

Property Definition  Unit  Diagram  

a) Amplitude     

b) Wavelength     

c) Frequency    n/a 

d) Time 
period  

  n/a 
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e) Velocity    n/a  

 

 

2. 
What is the amplitude of this wave? 

3. What is the wavelength of the wave in (2)? 
4.  

What is the wavelength of this wave?  
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5. What is the amplitude of the wave in (4)? 
6. What is a medium? 
7. Give two examples of a medium of a sound wave. 
8. Which wave property does medium affect? 

 
 

Extension 

1. The diagram shows a student making a wave in a rope tied to a tree: 

 

a) What is the wavelength of the wave? 
b) What happens to the energy when it reaches the tree? 

 

 

2.  
A. Copy these diagrams and identify which letter has 
1. The highest amplitude 
2. The lowest amplitude 
3. The longest wavelength 
4. The shortest wavelength 
5. The highest frequency 
6. The lowest frequency 
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B. What assumptions must you make to answer the above questions?  
 
 

 

 

 

 

 

 

 

Answers 

1. Copy and complete the table:  
 

Property Definition  Unit  Diagram  
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a) Amplitude  The maximum 
displacement 
of a particle 
from its 
undisturbed 
position 

m 

 

b) Wavelength  The distance 
between a 
point on the 
wave cycle 
and the 
equivalent 
point on the 
next wave 
cycle – e.g. 
peak - peak 

m 

 

c) Frequency  The number 
of wave 
cycles to pass 
a point in 1 
second 

Hz n/a 

d) Time 
period  

Time for one 
wave cycle 

S n/a 

e) Velocity  Speed of the 
wave 

m/s n/a  

 

 

2. 10m 
3. ~2.9m 
4. ~0.62m 

What is the wavelength of this wave?  

5. ~0.34m 
6. The material through which a wave is travelling 
7. Air and water 
8. Velocity (speed) 

 

 

Extension 

1. The diagram shows a student making a wave in a rope tied to a tree: 
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a) 5m 
b) It is dissipated by heating the tree and surroundings 

 

 

2.  
A. Copy these diagrams and identify which letter has 
1. E 
2. A 
3. A 
4. C 
5. C 
6. A 
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B. X- axis is distance and y-axis is displacement; scale is the same for all. 
 
 

 

 

 

Intervention Questions 

1. a) Define amplitude and give its unit. Draw a diagram to support your definition. 

b) Define wavelength and give its unit. Draw a diagram to support your definition. 

c) Define frequency and give its unit. 

d) Define time period and give its unit. 

e) Define wave velocity and give its unit. 
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2. 
What is the amplitude of this wave? 

3. What is the wavelength of the wave in (2)? 

4.  
What is the wavelength of this wave?  

5. What is the amplitude of the wave in (4)? 
6. What name is given to the material through which a wave flows? 
7. Give two examples of mediums for water waves. 
8. Which wave property is affected by medium? 

 

 
 

Intervention Answers 

1. a) Amplitude is the maximum displacement of a particle in a wave. Its unit is m. 

b) Wavelength is the distance between a point on one wave cycle and the equivalent 
point on the next wave cycle. Its unit is m. 

c) Frequency is the number of wave cycles per second. 

d) Time period is the time taken for one complete wave cycle. 
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e) Wave velocity is the speed the energy is transferred at. Its unit is m/s.  

 
 

 

2. ~0.75m 
3. 44m 
4. 90m  
5. ~38m 
6. Medium 
7. Deep water, shallow water 
8. Velocity (speed) 
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The frequency and time equation 

 

What is frequency? 

The frequency of a wave is the 

number of wave cycles that pass 

a point in 1 second. This is hard 

to show pictorially, but for the two 

waves in the diagram, if they are 

moving at the same speed, we 

can see that more of the high-

frequency waves will pass point 

A in any given length of time. A 

higher frequency wave looks 

more “squashed up” on both 

graphs with time on the X-axis and those with distance on the X-axis. 

 

A higher frequency means a lower time period. For a fixed speed, a higher frequency 

means a shorter wavelength. 

 

Calculating frequency 

You are given the equation 

 

On the Physics equation sheet. This may be rearranged as: 

  

For example, for a wave with frequency 0.35Hz, the time period = 1 ÷0.35 = 2.86s. 

For a wave with time period 0.5s, the frequency = 1 ÷ 0.5 = 2Hz. 

 

Finding time period 
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Sometimes we know the time taken for a number of cycles greater than 1. For 

example: 

Emma observes a ripple tank. She counts 15 crests hitting the far end of the tank in 

36 seconds. 

The frequency is the number of waves per second – so we can just divide waves by 

time: 15 ÷ 36 = 0.42Hz. 

And then time period is 1 ÷ frequency = 1 ÷ 0.42 = 2.38s. 

 

 

Finding frequency from time period on a graph 

 

If a wave is shown on a graph 

with time as the x-axis, we can 

find the period by looking at the 

difference between one point on 

the wave and the next equivalent 

wave. For the graph shown, time 

period = 0.4s, so frequency = 1 ÷ 

0.4 = 2.5Hz. This does not work if 

the X-axis is distance – in this 

case we would need to work 

backwards from the wavelength 

equation, which is dealt with in forthcoming sections.  

 

 

Questions 

1. Copy the diagram for a high and low frequency wave and describe the 

difference in appearance of the two waves. 

2. Define frequency and give the unit. 

3. Define a wave period and give the unit. 

4. What equation links wave frequency and time period? 

5. A wave has time period 9s. What is its frequency? 

6. What is the frequency of a wave with period 0.8s? 

7. Find the frequency of a wave with time period 0.125s. 

8. What is the period of a wave of frequency 400Hz? 

9. If a wave has frequency 65Hz, what is its period? 

10. Find the period of a wave of frequency 0.1Hz. 
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11. What is the period of this 

wave?  

12. What is the frequency of 

this wave? 

 

 

 

 

 

 

13. What is the frequency of 

this wave? 

14. How many wave cycles 

will pass a point in 1 

second? 

15. How many wave cycles 

will pass a point in 3 

seconds? 

 

 

 

16. What is the frequency of this 

wave? 

17. How many wave cycles will 

pass a point in 1 second?  

18. How many wave cycles will 

pass a point in 16 seconds? 
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19. What is the frequency of 

this wave?  

20. How many wave cycles will 

pass a point in 32 

seconds? 

 

 

 

21. Paul observes waves on 

the surface of some water. He counts 14 wave cycles in 12 seconds. What is 

the time period of the wave? 

22. What is the frequency of the wave in (21)? 

23. A wave is found to have 56 cycles passing a point in one minute. What is the 

frequency of the wave? 

24.  Find the frequency of a wave with 200 cycles in 5 seconds. 

25. A wave has a frequency of 3.7 x 105Hz. What is its time period? 

26. How many cycles of the wave in (25) will pass a point in 5 seconds? 

27. Find the period of a wave of frequency 7.8 x 10-9Hz. 

28. How many cycles of the wave in (27) will pass a point in 6 minutes? 

29. What is the frequency of a wave with time period 1.56 x 10-7s? 

30. A wave has time period 4.9 x 10-8s. Find its frequency. 

 

Extension 

1. The lines in the diagram 

represent wave crests of 

surface water waves produced 

by a vibrating beam. The crest 

labelled Y was produced 4.0s 

after the crest labelled X. Find 

the frequency of the waves.  

2. Copy the diagram and draw a 

second one to show the crests 

of a wave with double the 

frequency. 
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Answers 

1. High frequency waves look more squashed 

up. 

2. Frequency is the number of wave cycles per 

second. The unit is Hz. 

3. Wave period is the time for one wave cycle (to pass a point). The unit is s. 

4. Frequency = 1/time period               Period = 1/frequency 

5. 0.11Hz 

6. 1.25Hz 

7. 8Hz 

8. 2.5 x 10-3s or 0.0025s 

9. 0.154s 

10. 10s 

11. 40s 

12. 0.025Hz 

13. 0.05Hz 

14. 0.05 

15. 0.15 

16. 0.1Hz 

17. 0.1 

18. 1.6 

19. 1.67Hz 

20. 53.33 

21. 1.17s 

22. 0.86Hz 

23. 1.07Hz 

24.  40Hz 

25. 2.70 x 10-6s 

26. 1850000 

27. 128205128.2s 

28. 2.81 x 10-6 

29. 6410256.41Hz 

30. 20408163.27Hz 

 

Extension 

1. 1.25Hz 
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2.  

 

 

 

 

 

 

 

 

 

Intervention Questions 

1. Copy the diagram for a high and low frequency wave and describe the 

difference in appearance of the two waves. 

2. What quantity is defined as “number of wave cycles per second”? Give the 

unit. 

3. What quantity is defined as “time for one complete wave cycle”? Give the unit. 

4. What equation links wave frequency and time period? 

5. A wave has time period 0.22s. What is its frequency? 

6. What is the frequency of a wave with period 3.24s? 

7. Find the frequency of a wave with time period 55.1s. 

8. What is the period of a wave of frequency 210Hz? 

9. If a wave has frequency 39Hz, what is its period? 

10. Find the period of a wave of frequency 0.45Hz. 

11. What is the period of this 

wave?  

12. What is the frequency of this 

wave? 
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13. What is the frequency of this 

wave?  

14. How many wave cycles will 

pass a point in 1 second? 

15. How many wave cycles will 

pass a point in 3 seconds? 

 

 

 

16. What is the frequency of this 

wave?  

17. How many wave cycles will pass 

a point in 1 second?  

18. How many wave cycles will pass 

a point in 40 seconds? 

 

 

 

 

 

19. What is the frequency of this 

wave?  

20. How many wave cycles will 

pass a point in 32 seconds? 

 

 

 

 

 

 

21. Dave observes waves on the surface of some water. He counts 19 wave 

cycles in 12 seconds. What is the time period of the wave? 

22. What is the frequency of the wave in (21)? 

23. A wave is found to have 83 cycles passing a point in one minute. What is the 

frequency of the wave? 

24.  Find the frequency of a wave with 360 cycles in 5 seconds. 

25. A wave has a frequency of 2.4 x 105Hz. What is its time period? 

26. How many cycles of the wave in (25) will pass a point in 5 seconds? 

27. Find the period of a wave of frequency 3.24 x 10-9Hz. 
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28. How many cycles of the wave in (27) will pass a point in 6 minutes? 

29. What is the frequency of a wave with time period 2.81 x 10-7s? 

30. A wave has time period 8.95 x 10-8s. Find its frequency. 

 

 

 

Intervention Answers 

1. High frequency waves look more squashed up 

2. Frequency is the number of wave cycles per 

second. The unit is Hz. 

3. Period is time for one complete wave cycle. The unit is s. 

4. Frequency = 1/period,   period = 1/frequency 

5. 4.55Hz 

6. 0.31Hz 

7. 0.02Hz 

8. 4.76 x 10-3s 

9. 0.03s 

10. 2.22s 

11. 60s 

12. 0.02Hz 

13. 0.2Hz 

14. 0.2 

15. 0.6 

16. 0.06 

17. 0.06 

18. 2.4 

19. 2.5 x 10-3Hz 

20. 0.08 

21. 0.63s 

22. 1.58Hz 

23. 1.38Hz 

24.  72Hz 

25. 4.17 x 10-6s 

26. 1200000 

27. 308641975.3s 

28. 1.1664 x 10-6 

29. 3558718.861Hz 

30. 11173184.36Hz 
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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 

 

 

 

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  
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v = 35m/s 

 

Questions 

1. What equation links wave frequency, velocity and wavelength? 

2. A wave has frequency 38Hz and wavelength 0.18m. Calculate its velocity. 

3. Find the velocity of a wave of wavelength 2.6m and frequency 460Hz 

4. If a wave has frequency 9.4Hz and wavelength 3.2m, what is its velocity? 

5. Find the frequency of a wave of wavelength 0.7m and speed 3.8m/s. 

6. A wave travelling at 13m/s has a wavelength of 4.4m. Calculate its frequency. 

7. 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? 

 

 

 

13. Wave 1 has a 

frequency of 

24Hz. What is 

its speed? 

14. What is the 

time period of 

wave 1? 
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15. What is the 

wavelength 

of this 

wave? 

16. How many 

wave cycles 

of this wave 

would pass 

a point in 5 

seconds? 

 

 

17. What is the 

frequency 

of this 

wave? 

18. What is the 

period of 

this wave? 

19. How many 

wave 

cycles of 

this wave  

would pass 

a point in 30 seconds? 

 

 

20. This wave has a wavelength of 

0.2m. Find its velocity. 
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21.  This wave has a velocity of 

14m/s. What is its wavelength? 

 

 

 

 

 

 

22. A wave has frequency 3.1 x 104 Hz and wavelength 6.23 x 10-3m. Find the 

speed. 

23. 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. 

24. 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. 

25. 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.  

26. Find the time period for the wave in (25).  

27. 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. 

 

 

 

Extension  

1. The diagram shows a sound wave in air. The human range of hearing is 20Hz 

– 20kHz. Would a human be able to hear this sound wave? Explain why. 

 

2. One end of a long slinky spring is moved back and forth at a frequency of 

2.0Hz to produce a longitudinal wave. A compression is observed to move 

8.0m in 3.5s. Calculate the distance from the centre of one compression to 

the centre of the adjacent rarefaction.  
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3. 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. 

 

 

 

Answers 

1. v = fλ  or velocity = 

frequency x wavelength 

2. 6.84m/s 

3. 1196m/s 

4. 30.08m/s 

5. 5.43Hz 

6. 2.95Hz 

7. 13400Hz 

8. 50m 

9. 3.9m 

10. 8m 

11. 0.5Hz 

12. 2s.  

13. 48m/s  

14. 0.04s 

15. 44m 

16. 1 

17. 0.05Hz 

18. 21.43s 

19. 1.5 

 

 

20. 5 x 10-3m/s 

 

 

 

 

 

 

21.  280m 
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22. 193.13m/s 

23.  4.36 x 104m 

24. 7.55 x 100m/s 

25. 1.59 x 10-1Hz 

26. 0.63s 

27. 1.34 x 10-2m/s 

 

 

 

Extension  

1. Yes because f = 22Hz. 

 

2. 0.57m 

 

3. 2.6m 

 

 

 

Intervention Questions 

1. What equation links wave frequency, velocity and wavelength? 

2. A wave has frequency 430Hz and wavelength 0.14m. Calculate its velocity. 

3. Find the velocity of a wave of wavelength 3.6m and frequency 40Hz 

4. If a wave has frequency 11.4Hz and wavelength 3.2m, what is its velocity? 

5. Find the frequency of a wave of wavelength 0.7m and speed 9.8m/s. 

6. A wave travelling at 13m/s has a wavelength of 0.4m. Calculate its frequency. 

7. What is the frequency of a wave if its wavelength is 0.05m and its speed is 

12.7m/s? 

8. What is the wavelength of a wave of speed 550m/s and frequency 21Hz? 

9. If a wave travelling at 78m/s has a frequency of 140Hz, what is its 

wavelength? 

10. Find the wavelength of a wave with frequency 17Hz and speed 48m/s. 
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11. What is the 

frequency of this 

wave?  

12. What is the time 

period of this wave? 

 

 

 

13. Wave 1 has 

a frequency 

of 24Hz. 

What is its 

speed?  

14. What is the 

time period 

of wave 1? 

 

 

 

 

 

15. What is the 

wavelength 

of this 

wave?  

16. How many 

wave cycles 

of this wave 

would pass 

a point in 

200 

seconds? 
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17. What is the 

frequency of this 

wave if its speed is 

4200m/s??  

18. What is the period 

of this wave? 

19. How many wave 

cycles of this wave  

would pass a point 

in 30 seconds? 

 

 

20. This wave has a wavelength 

of 45.67m. Find its velocity.  

 

 

 

 

 

 

 

 

21.  This wave has a velocity 

of 14m/s. What is its 

wavelength? 

 

 

 

 

 

 

22. A wave has frequency 2.1 x 107 Hz and wavelength 6.23 x 10-3m. Find the 

speed. 

23. What is the wavelength of a wave with speed 8.4 x 107 m/s and frequency 2.5 

x 102 Hz? Give your answer in standard form. 

24. What is the velocity of a wave with wavelength 8.3 x 10-5m and frequency 9.1 

x 108 Hz? Give your answer in standard form. 

25. Find the frequency of a wave with wavelength 2.9 x 10-5 m and speed of 4.6 x 

106 m/s. Give your answer in standard form.  
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26. Find the time period for the wave in (25).  

27. A wave has velocity 2.17 x 108 m and frequency 4.01 x 104 Hz. Calculate the 

wavelength and give your answer in standard form. 

Intervention Questions 

1. V = fλ  or velocity = frequency x wavelength 

2. 60.2m/s 

3. 144m/s 

4. 36.48m/s 

5. 14Hz 

6. 32.5Hz 

 

7. 254Hz 

8. 26.19m 

9. 0.56m 

10. 2.82m 

11. 0.78Hz 

12. 1.28s 

13. 72m/s  

14. 0.04s 

 

15. 110m  

16. 40 

17. 93.33Hz 

18. 0.01s 

19. 2800 

20. 0.76m/s 

21.  0.14m 

22. 1.31 x 105m/s 

23. 2.1x1010m/s 

24. 7.55x104m/s 

25. 1.59x1011Hz 

26. 6.30x10-12s 

27. 5.41x103m 
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Measuring wave speed 

 

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:  

 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwim77Dgx_HRAhWMDxoKHQf9BacQjRwIBw&url=http://www.geoset.info/presentation/measuring-the-speed-of-sound/&psig=AFQjCNHwvFdt0r5ua0TV1Znbycl4RuU41A&ust=1486123623033576
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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: 

 

 

One student should run a pencil along the paper, keeping it level with one wave. 

Another student measures the time taken to travel between the two points marked 

on the paper.  

  

Again we use speed = distance / time. 

So if the distance A-B = 0.4m and the time = 3s, wave speed = 0.4 ÷ 3 = 0.13m/s.  

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFt-jzmuLRAhXI1hQKHavhBRIQjRwIBw&url=http://mrtremblaycambridge.weebly.com/p10-sound.html&psig=AFQjCNE3t3jrDjkHU2X3z4rtiT21ppGaQg&ust=1485602548336744
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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”. 

 

 

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 I 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. 

 

 

 

 

 

 

 

 

Answers 

1. A datalogger is used to record the time that a 

sound is heard in each of two microphones a 

fixed distance apart. Then speed = distance/time 

is used to calculate speed. 
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2. A pencil is used to follow a single crest 

from one end of the ripple tank to the 

other. The time is recorded using a 

stopclock and the distance between the 

two points is measured with a ruler. The 

formula speed = distance/time is used to 

find speed.  

3. To reduce the percentage error. 

4. 0.17m/s 

5. 0.28m/s 

6. 0.16m/s 

7. 335m/s 

8. 340m/s 

9. 357.14m/s 

10. 316.46m/s 

11. 400m/s 

12. 1290.32m/s 

 

 

 

Extension 

 

1. 0.084m/s  

2. ~1.1cm 

 

 

 

Intervention 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. How can percentage error be reduced in these experiments? 

4. A student measured the speed of the waves produced in a ripple tank. The 

time for one wave to travel 0.64m was 3.65s. Calculate the wave speed. 

5. A ripple tank was set up to measure the speed of the waves. An observer 

recorded a time of 2.89s for a crest to travel 0.42m. Find the wave speed. 

6. Find the speed of a wave in a ripple tank that takes 2.18s to travel 0.35m. 
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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 190m, 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 235m apart 

and recorded the 

time between 

seeing the flash of 

the pistol and 

hearing it being 

fired as 0.71s. 

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 0.91s. What was 

the speed of sound?  
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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 0.04s. 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 2.32 seconds, what is the speed of sound in water? 

 
 

 

 

Intervention Answers 

1. A datalogger is used to record the time that a sound is 

heard in each of two microphones a fixed distance 

apart. Then speed = distance/time is used to calculate 

speed. 

 

 

2. A pencil is used to follow a single crest 

from one end of the ripple tank to the 

other. The time is recorded using a 

stopclock and the distance between the 

two points is measured with a ruler. The 

formula speed = distance/time is used to 

find speed.  

 

3. Use the greatest distance possible. 

4. 0.18m/s 

5. 0.15m/s 

6. 0.16m/s 

7. 341.67m/s 

8. 316.67m/s 

9. 330.99m/s  

10. 384.62m/s 

11. 325m/s 

12. 310.34m/s 

Types of electromagnetic wave 
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When an electron in an atom moves down an orbit, an electromagnetic wave is 

emitted. This is also called electromagnetic radiation. 

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 108m/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. 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj4vaDtgPTRAhUEOBoKHdupDmYQjRwIBw&url=http://physics.stackexchange.com/questions/291571/how-is-the-combination-of-electric-magnetic-waves-electromagnetic-wave-illus&psig=AFQjCNGyCC2B_NVSDaduk02iB57fvp5dEg&ust=1486214002235904
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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. 

 

 

 

Answers 

1. Radio; microwave; infrared; visible; ultraviolet; X-rays; gamma 

2. Gamma; X-rays; ultraviolet; visible light; infrared; microwave; radio 

3. Gamma; X-rays; ultraviolet; visible light; infrared; microwave; radio 

4. Radio; microwave; infrared; visible; ultraviolet; X-rays; gamma 

5. Transverse   

6. Transfer energy from source/emitter to absorber 

7. Something that gives out electromagnetic waves 

8. Something that gives out electromagnetic waves 

9. Something that takes in electromagnetic waves 

10. A vacuum 

11. Visible light 

12. 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.  
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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. 

A lightbulb emits visible light which is then absorbed by dark surfaces. The 

visible light has transferred energy from the lightbulb to the surfaces. 

13. Sources: toaster, Sun, lightbulb 

Absorbers: toast, ozone, surfaces. 

 

Intervention Questions 

1. List the categories in the electromagnetic spectrum, in order of increasing 

frequency. 

2. List the categories in the electromagnetic spectrum, in order of decreasing 

frequency. 

3. List the categories in the electromagnetic spectrum, in order of increasing 

wavelength. 

4. List the categories in the electromagnetic spectrum in order of decreasing 

wavelength. 

5. Why are electromagnetic waves transverse? 

6. What do electromagnetic waves transfer? 

7. The following definition has an error in it. Write out the correct version: “An 

emitter is something that takes in electromagnetic waves.” 

8. What is another word for “emitter”? 

9. The following definition has an error in it. Write out the correct version: “An 

absorber is something that gives out electromagnetic waves.” 

10. The following statement is false: “radio waves travel faster than gamma 

waves in a vacuum.” Copy the sentence from the text that tells you this is 

false. 

11. With what do we detect visible light? 

12. Give three examples of energy transfer through electromagnetic waves. 

13. Identify the sources and absorbers in (12). 

 

 

 

 

Intervention Answers 

1. Radio; microwave; infrared; visible; ultraviolet; X-rays; gamma 

2. Gamma; X-rays; ultraviolet; visible light; infrared; microwave; radio 

3. Gamma; X-rays; ultraviolet; visible light; infrared; microwave; radio 

4. Radio; microwave; infrared; visible; ultraviolet; X-rays; gamma 

5. Because the oscillations are at right angles to the direction of travel 

6. Energy  

7. An emitter is something that gives out electromagnetic waves. 

8. Source  

9. An absorber is something that takes in electromagnetic waves. 
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10. All electromagnetic waves travel at the same speed in a vacuum: 3 x 108m/s. 

11.  Our eyes. 

12. 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. 

A lightbulb emits visible light which is then absorbed by dark surfaces. The 

visible light has transferred energy from the lightbulb to the surfaces. 

13. Sources: toaster, Sun, lightbulb 

Absorbers: toast, ozone, surfaces. 
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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 

and slit to produce a ray for experiments. We draw diagrams using individual rays 

because it helps to show what is happening. 
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Which way will the ray bend? 

Change of 
medium 

Ray bends… Diagram  Example  

Less dense to 
more dense 

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 

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 
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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.  
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8.  
 

 

 

9.  
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10.  
 

 

 

 

 

11.  
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12.  
 

 

 

13.  
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14.  
 

 

 

15.  
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16.  
 

 

 

17.  
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18.  

19.  
 

 

 

Extension  
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1. Use refraction ray diagrams to show 

what a convex lens does to parallel rays 

of light:  

 

 

 

 

 

 

 

 

 

2. Use refraction ray 

diagrams to show what 

a concave lens does to 

parallel rays:  

 

 

 

 

 

 

 

 

Answers 

1. When a ray of light 

bends because it has moved from one medium into another.  

2. In the eye and telescopes (or any suitable answer). 
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3. Water, glass, air (or any 

suitable answer) 

4. Water and glass 

5.  

 

 

 

 

 

 

 

6. From less to more dense 

medium = towards the normal 

From more to less dense medium = away from the normal 
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Extension 

 

1.  

 

2.  
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Intervention Questions 

1. What name is given to the phenomenon of light changing direction when it 

changes medium? 

2. Give two examples of how we 

use refraction. 

3. Give three examples of media 

light can travel through. 

4. Name two media less dense 

than water and glass. 

5. This diagram has three 

mistakes. Draw the correct 

version into your book  

6. What is the rule for knowing 

which direction the ray will 

bend in refraction? 

 

Questions 7-19: Repeat the 

original question. 

 

 

Intervention Answers 

1. Refraction  

2. The eye, telescopes, or any suitable answer 

3. Air, water, glass, or any suitable answer. 

4. Air and a vacuum.  

5.  

 

 

 

 

 

 

 

6. Going into a denser medium 

= bends towards the normal; 

going into a less dense 

medium = bends away from the normal 



75 

© R Ashbee 2017 

 

 

 

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. 

 

 

 

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. 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi1ifPTuYDSAhXCtBoKHfm6DtEQjRwIBw&url=https://astarmathsandphysics.com/gcse-physics-notes/903-waves-and-wavefronts.html&bvm=bv.146094739,bs.1,d.ZGg&psig=AFQjCNGtYTlwrlV6do7bkjQ2vp8TmDEumQ&ust=1486641594658150
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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. 

5. Explain why light is refracted away from the normal when travelling from glass 

to air. 
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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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Answers 

1. When light changes direction as it changes medium 

2. Draw a wavefront diagram showing refraction from air to glass. 

 
3. Because the light travels more slowly in the glass, the first part of the 

wavefront to hit the glass slows down more, pulling the wave round and 

changing its direction. 

4. Draw a wavefront diagram showing refraction from glass into air. 

 
5. Because light travels more quickly in air, the first part of the wavefront to hit 

the air speeds up more and pulls the wave round, changing its direction 
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6. A could be air or vacuum; B could be water, glass or diamond

 
7. A could be water, glass or diamond; B could be air or vacuum. 
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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. 

A = air or vacuum 

B= rutile or gallium phosphide 

C= vacuum, air, ice, water or ethyl alcohol 

D= vacuum, air, ice or water 

   

Intervention questions: repeat the above questions. 
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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: 

 

 

 

 

 

Questions 

1. What happens when a wave is absorbed by a material? Include a diagram. 

2. What happens when a wave is transmitted by a material? Include a diagram. 

3. What happens when a wave is refracted by a material? Include a diagram. 

4. What happens when a wave is reflected by a material? Include a diagram. 
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5. What two factors determine the interaction of a wave with a material? 

6. 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? 

 

 

 

 

Extension: 

The graph shows the absorption of different 

frequencies of electromagnetic radiation by the 
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Earth’s atmosphere.

 

1. Which parts of the electromagnetic spectrum are transmitted by the 

atmosphere? 

 

 

 

Answers 

1. The wave’s energy is transferred to the atoms 

in the material, and the wave ceases to travel. 

 

 

2. The wave travels straight through the material.  
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3. The wave travels through the material but changes 

direction due to a change in speed. 

 

 

 

4. The wave rebounds from the surface of the material.  

 

 

 

 

5. The frequency of the wave and the nature of the material. 

6. A = reflection; B = transmission; C = absorption; D = refraction. 

7. The medium is the same and their interactions are different (although they hit 

the surface at the same angle). 

 

Extension: 

1. Visible light and radio waves. 

 

 

Intervention Questions 

1. What name is given to the process of a wave being stopped by an object and 

transferring its energy to the object? Include a diagram. 

2. What name is given to the process of a wave passing straight through a 

material? Include a diagram. 

3. What name is given to the process of a wave passing through a material but 

changing direction due to a change in speed? Include a diagram. 

4. What name is given to the process of a wave rebounding from the surface of 

a material? Include a diagram. 

5. What two factors determine the interaction of a wave with a material? 
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6. 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 frequencies.” How 

does he know this? 

 

 

 

Intervention Answers 

1. Absorption 
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2. Transmission  

 

 

 

 

 

3. Refraction . 

 

 

 

 

 

 

4. Reflection 

 

 

 

 

 

5. The wavelength of the wave (and its corresponding frequency) and the nature 

of the material. 

6. A = transmission 

B = refraction 

C = absorption 

D = reflection  

7. They are all interacting differently with the same material 
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Coloured objects (HT) 

 

White and coloured light 

Our eyes detect different frequencies of light as different colours: 

 

 

Light sources like the sun and electric lightbulbs emit all frequencies of light. Our 

eyes detect this mixture as “white light”. This is counterintuitive because when you 

mix different colours of paint, for example, you get brown. Because light is comprised 

of waves, not particles like paint, we get a different effect. 

 

Coloured objects 

If an object is red, it means it reflects red light and absorbs all other colours. In other 

words, its surface atoms reflect light of frequency 4.3 x 1014Hz, and reflect all the 

other visible light frequencies. The reflected red light reaches our eyes and is 

detected by cells in the retina. 

 



97 

© R Ashbee 2017 

An equivalent process takes place for all other colours. 

Questions 

 

1. What is white light made of? 

2. Why is the nature of white light counterintuitive? 

3. Draw a diagram showing how we see a green leaf. 

4. Explain how we see a green leaf. 

5. Use the information on frequencies above to complete the table: 

 

Colour of object Absorbs frequencies 
(THz): 

Reflects frequencies 
(THz): 

Red    

Blue    

Green    

White    

Black    

 

6. What’s wrong with this diagram? Draw out the correct version.  

 

 
 

Extension: 
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The graph shows the absorption spectrum for an object in visible light. What colour is 

the object?  

Answers 

 

1. A range of different frequencies (different colours) 

2. When we mix coloured paints we get brown 

3. Draw a diagram showing how we see a green leaf. 

 
4. White light shines on the leaf. The white light is a mixture of all the colours of 

the spectrum. Green light is reflected by the leaf and travels to our eye. All 

other colours are absorbed by the leaf. 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjw2_WtnZLSAhWGWRQKHTYTB9sQjRwIBw&url=http://www.onestopgrowshop.co.uk/blog/2017/01/grow-lights-intro-part-2-whats-hows-testing/&psig=AFQjCNHaVrbcg1fdL9DWdQ3oMFG4GRvo3w&ust=1487252443094932
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5. Use the information on frequencies above to complete the table: 

 
 

Colour of object Absorbs frequencies 
(THz): 

Reflects frequencies 
(THz): 

Red  ~480 - 790 ~405 – 480 

Blue  ~405 – 600 and ~700 - 
790 

~600 – 700 

Green  ~405 – 530 and ~ 580 - 
790 

~530 – 580 

White  none ~ 405 – 790 

Black  ~405 -790 none 

 

6. The blue light was absorbed when it should be reflected; all other colours 

were reflected when they should have been absorbed.  

 
 

Extension: 

Green. 

 

 

Intervention Questions 
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1. White light is made of seven different wavelengths of light. What name do we 

give these 7 different wavelengths? 

2. Dave says “I think when you mix all the seven colours of light together you 

should get brown light.” Why does he think this? 

 

3. Draw a diagram showing how we see a yellow book. 

4. Explain how we see a yellow book. 

5. Use the information on frequencies above to complete the table: 

 

Colour of object Absorbs frequencies 
(THz): 

Reflects frequencies 
(THz): 

Red    

Blue    

Green    

White    

Black    

 

6. What’s wrong with this diagram? Draw out the correct version.  

 

 

 

 

 

 

 

Intervention Answers 

 

1. Colours  
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2. Because this is what happens when you mix paint 

 

3. Draw a diagram showing how we see a yellow book. 

 
4. White light is incident on the book. Yellow light is reflected, all other colours 

are absorbed. 

5. Use the information on frequencies above to complete the table: 

 

Colour of object Absorbs frequencies 
(THz): 

Reflects frequencies 
(THz): 

Red  ~480 - 790 ~405 – 480 

Blue  ~405 – 600 and ~700 - 
790 

~600 – 700 

Green  ~405 – 530 and ~ 580 - 
790 

~530 – 580 

White  none ~ 405 – 790 

Black  ~405 -790 none 

 

6. What’s wrong with this diagram? Draw out the correct version.  
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Coloured filters (HT) 

A coloured filter is a coloured transparent object such as coloured reading overlays 

or coloured glass. People often think that if you look through, for example, a green 

filter, then everything appears green – but this is not quite true. White and green 

things appear green, but red objects appear black.  

 

 

A green filter transmits only green light and absorbs all other frequencies. So if you 

look at a red object through a green object, red light reflected by the object gets as 

far as the filter but is then absorbed. Our eye detects no light – which we see as the 

“colour” black. 

 

Equivalent effects happen for other colours of filters. 

Questions 

1. Draw a diagram to show how a red filter works. 

2. Explain how a red filter works. 

3. Explain why a green object appears black when viewed through a blue filter. 
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4. Use the data in the table to complete the blanks: 

 
 

 

Colour of filter Absorbs frequencies: Transmits frequencies 
(THz) 

Blue   

Green    

Red    

 

5. What’s wrong with this picture? Draw out the correct version. 
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6. What will you see if you look at a white object through a blue filter on top of a 

red filter? 

 

 

Extension 
 

The speed of light in air is 3 x 108m/s. A THz is 1 x 1012 Hz. Calculate the 

wavelength ranges blue, green and red light.  

 

 

 

 

 

 

 

Answers 

1. Draw a diagram to show how a red filter works. 

 
2. White light travels to the filter. Red light is transmitted by the filter. All other 

frequencies (colours) are absorbed by the filter. 

3. Green light is reflected by the object. When it gets to the filter it is absorbed. 

No light passes through the filter to the eye, so the object appears black. 

4. Use the data in the table to complete the blanks:  
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Colour of filter Absorbs frequencies: Transmits frequencies 
(THz) 

Blue ~405 – 600 and ~700 - 
790 

~600 - 700 

Green  ~405 – 530 and ~580 to 
790 

~530 - 580 

Red  ~480 - 790 ~405 - 480 

 

 

5. Red light was transmitted where it should have been absorbed; blue light was 

absorbed where it should have been transmitted. Correct version:              

 
6. Black  

 

 

Extension 

 

 

Colour Wavelength (m) 

Blue - 5 x 10-7   - 4.29 x 10-7 

Green 5.66 x 10-7 – 5.17 x 10-7 

Red  7.41 x 10-7 – 6.25 x 10-7 

 

 

Intervention Questions 

1. Draw a diagram to show how a green filter works. 

2. Explain how a green filter works. 

3. Explain why a red object appears black when viewed through a green filter. 
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4. Use the data in the table to complete the blanks: 

 
 

 

Colour of filter Absorbs frequencies: Transmits frequencies 
(THz) 

Blue   

Green    

Red    
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5. What’s wrong with this picture? Draw out the correct version. 

 
6. What will you see if you look at a white object through a green filter on top of a 

red filter? 

 

 

Intervention Answers 
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1. Draw a diagram to show how a green filter works. 

 
2. White light (a mixture of all the colours of the spectrum shines on the green 

filter. The green filter transmits green light and absorbs all the other colours. 

3. The red object reflects red light. When this red light encounters the green 

filter, it is absorbed, and none is transmitted. Our eye detects no light which it 

perceives as black. 

4. Use the data in the table to complete the blanks:  

Colour of filter Absorbs frequencies: Transmits frequencies 
(THz) 

Blue ~405 – 600 and ~700 - 
790 

~600 - 700 

Green  ~405 – 530 and ~580 to 
790 

~530 - 580 

Red  ~480 - 790 ~405 - 480 
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5. What’s wrong with this picture? Draw out the correct version. The red filter is 

transmitting blue light whereas it should be absorbing blue and transmitting 

red.  

6. Black. 
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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 

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 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjd6pznydPUAhWFtBoKHVwNChwQjRwIBw&url=http://www.pstcc.edu/departments/natural_behavioral_sciences/Web%20Physics/Chapter24.htm&psig=AFQjCNHGzTp1bDLLSj2rfnQM_bIuK4AESA&ust=1498293872364950
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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 

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.  
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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. What produces electromagnetic radiation? 

2. Why are different frequencies of electromagnetic radiation produced? 

3. What produces gamma rays? 

4. What happens when electromagnetic radiation is absorbed? 

5. Which three parts of the electromagnetic spectrum are ionising? 

6. Why is ionising radiation hazardous? 

7. What does dose measure? 

8. What factors affect radiation dose? 

9. How many mSv in 1Sv? 

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? 
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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. 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiky4z83ZTSAhXMORoKHSe3CeoQjRwIBw&url=https://phys.org/news/2013-12-scientists-publish-surface-mars.html&psig=AFQjCNE_7U55SFM1z5NSUbrHNhVnIN0cXg&ust=1487338535510025


115 

© R Ashbee 2017 

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? 

 

 

 

 

Extension: 

Draw a graph to represent this information: 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjU35rd3pTSAhXErRoKHWQLA9UQjRwIBw&url=https://radwatch.berkeley.edu/rad101&psig=AFQjCNE_7U55SFM1z5NSUbrHNhVnIN0cXg&ust=1487338535510025
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   Answers: 

1. Oscillations of charged particles 

2. Different frequencies of oscillation and different charged particles oscillating 

3. Changes in the atomic nucleus (protons oscillating) 

4. Energy is transferred to atomic electrons 

5. Ultraviolet, X-rays and gamma rays 

6. If an atom in a DNA molecule is ionised then it can cause a mutation and 

cancer 

7. The risk to a person from exposure to radiation 

8. The amount of radiation exposure, the type of radiation, and the type of tissue 

9. 1000 

10. 20mSv 

11. 0.8mSv is much smaller than the annual safe dose of 20mSv. 

12.  20 x 0.8 = 16mSv in one day – in two days’ work you would exceed the safe 

dose. 

13. Leave the room when the X-ray is being taken. 

14. Premature skin aging and skin cancer. 

15. Mutations and cancer 

16. The dose from space travel is higher than the safe dose for radiation workers. 

 

17. The dose from an abdominal CT scan is lower than the radiation worker 

annual limit. 

18.  

The chart shows percentages not actual dose levels. 
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19.  They may work with radiation or have had medical treatment involving 

radiation. 

 

 

HT 

 

20.  Oscillating electrons 

21. The electrons in the wire oscillate at the same frequency as the radio waves. 

Alternating current of this frequency is induced in the circuit. 

 

Extension: 

 

 

    

Intervention Questions: 
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1. There is a mistake in the following sentence – write out the correct version: 

“Electromagnetic radiation is produced when neutral particles oscillate.” 

2. What two factors determine the frequency of electromagnetic radiation 

produced? 

3. How are gamma rays produced? 

4. Electromagnetic waves carry energy. What happens to this energy when an 

electromagnetic wave is blocked by a material? 

5. Which three parts of the electromagnetic spectrum can knock electrons out of 

atoms? 

6. What problems can ionisation cause to human tissue? 

7. What does dose measure? 

8. What factors affect radiation dose? 

9. How many Sv in 1mSv? 

10. The recommended radiation dose limit over two years for people working with 

radiation is 0.04Sv. What is this in mSv? 

11. An arm X-ray exposes each person in the room to a dose of 0.6mSv. Use this 

and the information in (10) to explain why a patient does not need to be 

worried about having an arm X-ray. 

12.  A radiographer can carry out 22 arm 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? 
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16. The graph shows the annual doses received by radiographers working in 

different rooms in a hospital. Which two rooms present the highest risk to 

radiographers?  

17. Ella would like to be a radiographer but is concerned about the risk. Use the 

graph in (16) and the information in (10) to advise her as to whether she 

should be worried. 
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18. The pie chart shows the percentage of various contributors to a UK person’s 

dose.  

A person receives a dose of 30mSv in a year. According to the pie chart, what 

was the dose from nuclear medicine? 

19. An individual person may receive a higher annual dose. Suggest why. 

 

 

HT 

 

20.  The following sentence contains an error – write out the correct version in 

your book. “Radio waves can be produced by oscillations in magnetic 

circuits.” 

21. The following sentence contains three errors – write the correct version in 

your book. “When radio waves are reflected by a wire in a circuit they induce 

a direct current with the same speed as the radio waves.” 

   

 

Intervention Answers 

1. Electromagnetic radiation is produced when charged particles oscillate. 

2. The type of charged particle (proton or electron) and the type of motion. 

3. When a proton in the nucleus oscillates after an alpha or beta decay. 

4. It is absorbed. 

5. Ultraviolet, X-rays and gamma rays. 

6. Change in DNA → mutation and cancer 

7. The risk from exposure to radiation. 
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8. The amount of radiation absorbed, the type of radiation, and the type of 

tissue. 

9. 0.001. 

10. 40mSv 

11. 0.6mSv is a very small proportion of 40mSv 

12.  22 x 0.6 = 13.2mSv – so in 4 days they would exceed their annual limit – so 

yes they should worry. 

13. Leaving the room when X-ray taken. 

14. Premature skin aging and skin cancer. 

15. Mutations and cancer 

16. D and F  

17. No she does not need to be worried as the highest dose, 8mSv, is much 

below the annual safe limit of 40mSv. 

 

18. 3.6mSv. 

19. They might receive more nuclear medical treatments. 

 

 

HT 

 

20.  “Radio waves can be produced by oscillations in electric circuits.” 

21. “When radio waves are absorbed by a wire in a circuit they induce an 

alternating current with the same frequency as the radio waves.” 
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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”.  

 

 

 

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-
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red waves are also used in infra-red cameras as objects emitting infra-red waves can 

be seen at night.  

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 
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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”. 

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-to-

reach places.  
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Questions: 
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Copy and complete the table: 
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Answers: 
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Intervention Questions 

Repeat the table above. 

 


