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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 ñpingò 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 
waterôs 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. 
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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 
 
 
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. 90  

18. 0  or 180  

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 90  between the vibration of the particles 

and the direction of energy transfer? 
18. What type of wave has an angle of 0  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 ñleftò or ñrightò of its resting position. 

 

Wavelength 

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

ñlambdaò. 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 waveôs 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 ï 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 ñsquashed upò 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 ï 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 ï 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 



28 

© R Ashbee 2017 

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 ñnumber of wave cycles per secondò? Give the 

unit. 

3. What quantity is defined as ñtime for one complete wave cycleò? 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. 


