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Wave speed frequency and wavelength

AQA GCSE Physics 8463 and Combined Science Trilogy 8464 | Paper 2 | Foundation and Higher
Suggested core: 35-40 minutes + 15-20 minutes review | Core 53 marks; Physics-only extension 4 marks

Specification points covered

Transverse and longitudinal waves; energy transfer without net movement of the medium: 8463 4.6.1.1;
8464 6.6.1.1

Amplitude, wavelength, frequency, period and wave speed; sound/ripple measurement: 8463 4.6.1.2;
8464 6.6.1.2

Waves in a liquid and a solid: 8463 required practical 8; 8464 required practical 20
Separate Physics only: sound speed, frequency and wavelength on changing medium within 4.6.1.2

A harbour team tests a wave-warning system. A camera records the water surface and a fixed buoy records vertical
displacement. Engineers also test a sensor cable, model water waves in a ripple tank and check an air-horn signal.
Treat the harbour waves as regular idealised waves; the warning rule is for this exercise only.

Complete Questions 1-6. Separate Physics pupils may also complete Question 7. Use v =fA, T = 1/ f, frequency =
number of complete oscillations / time, and speed = distance / time. Use Sl units in calculations. A snapshot plots
displacement against DISTANCE; a buoy record plots displacement against TIME.

1 Checking the wave calculations
Each part uses a separate test. Show working and units.

1(a) In the school model, a water-surface marker moves up and down while ripples travel horizontally. Identify
the wave type and explain your choice. [2 marks]

1(b) The buoy completes 30 oscillations in 75 s. Calculate the frequency. [1 mark]

1(c) A test wave has frequency 0.40 Hz and wavelength 15 m. Calculate its speed. [1 mark]
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PhysicsUK worksheet

1 Checking the wave calculations continued
1(d) Another test wave travels at 5.0 m s with frequency 0.25 Hz. Calculate its wavelength. [1 mark]

1(e) A travelling wave on a sensor cable has speed 18 m s™' and wavelength 0.60 m. Calculate its frequency.
[1 mark]

1(f) A second cable test uses frequency 24 Hz and wavelength 75 cm. Calculate the wave speed in m s™'.
[2 marks]

2 Reading the harbour snapshot

Figure 1 is the water surface at ONE instant. The wave travels horizontally. The model warning is triggered when peak-
to-trough height exceeds 0.70 m.
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Figure 1
2(a) Read the wave’s amplitude from Figure 1. [1 mark]

2(b) Use the span from the first crest to the last crest to calculate the wavelength. Show the number of
wavelength intervals. [2 marks]
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2 Reading the harbour snapshot continued
2(c) Calculate the peak-to-trough height and decide whether the model warning is triggered. [2 marks]

2(d) A student counts four crests and calculates 72 / 4 = 18 m. Explain why this wavelength is incorrect.
[2 marks]

2(e) A floating marker bobs as wave crests pass, but stays near the same horizontal position. Explain what this
shows about wave transfer. [2 marks]

3 Using the buoy record

Figure 2 records ONE buoy’s vertical displacement as the same regular waves pass it. The buoy is moored and has no
net horizontal motion.
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Figure 2
3(a) Read the period from Figure 2. Use two equivalent points on successive oscillations. [1 mark]

3(b) Calculate the frequency of the harbour waves. [1 mark]
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3 Using the buoy record continued
3(c) Use Figures 1 and 2 to calculate the harbour wave speed. [1 mark]

3(d) A student says the buoy moves at the speed calculated in 3(c). Explain why this is wrong. [2 marks]

3(e) Later, the buoy record has amplitude 0.20 m but still shows three complete oscillations in 12 s. The
wavelength remains 24 m. A student says the wave speed has halved. Explain why the data do not support this.
[2 marks]

3(f) Anincoming wave crest is detected 180 m from the gate. Use the wave speed in 3(c) to calculate the time
until that crest reaches the gate. [1 mark]

3(g) The warning system takes 8.0 s to process the detection. The gate then needs 25 s to close. Use 3(f) to
decide whether it closes before the detected crest arrives. [2 marks]
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4 Testing water waves in the laboratory

Figure 3 is a top view of a ripple tank. A motor-driven dipper produces straight wavefronts. The ruler is parallel to wave
travel, in the plane of the water surface. A camera above the tank can record waves and a calibration ruler. The
drawing is not a numerical scale.
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Figure 3

4(a) A calibrated video frame shows five consecutive crests. The distance from the first to the fifth is 16.0 cm.
Calculate the wavelength in metres. [2 marks]

4(b) The dipper completes 20 oscillations in 5.0 s of real recording time. Calculate the frequency. [1 mark]

4(c) Use 4(a) and 4(b) to calculate the speed of the ripples. [1 mark]
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4 Testing water waves in the laboratory continued

4(d) Explain why measuring across four wavelength intervals and timing many oscillations improves the
measurements compared with measuring only one of each. [2 marks]

4(e) Write a method to determine ripple speed using Figure 3 and a camera. Include how to measure wavelength
and frequency, check the scale, improve reliability and work safely. Use this order: set up — distance
measurement — timing — calculation — checks. [6 marks]
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5 Testing waves in a solid

The sensor cable is modelled by a stretched string in Figure 4. Waves travelling along the string form a stationary
pattern of loops. You do not need to explain how it forms. Each loop is HALF a wavelength. The measured span is
from the first stationary point to the bridge.
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Figure 4

5(a) Moving points on the string vibrate up and down while the waves that form the pattern travel along the
string. Identify the wave type and explain your choice. [2 marks]

5(b) The span shown contains three equal loops and measures 0.90 m. Calculate the wavelength. [2 marks]

5(c) The signal generator is set to 25 Hz. Calculate the speed of the waves on the string. [1 mark]

5(d) Describe how this apparatus can measure frequency, wavelength and wave speed. Include how to obtain a
clear pattern and improve the length measurement. [3 marks]
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6 Checking the air horn

The harbour air horn sends a sound pulse through air. Two microphones on its path are connected to an electronic
timer/data logger.

6(a) Sound is longitudinal. Describe how air particles move relative to wave travel and describe the particle
spacing in compressions and rarefactions. [2 marks]

6(b) The microphones are 1.02 m apart. The same pulse reaches the second 0.0030 s after the first. Calculate
the speed of sound. [1 mark]

6(c) Describe a method using the two microphones to measure sound speed. Include the measured distance
and time, a calculation and one improvement. [3 marks]

7 Separate Physics only Sound in a different medium

A 500 Hz source sends sound from air into water. Sound speed is 340 m s in air and 1500 m s™' in water. The source
frequency is unchanged.

7(a) Calculate the wavelength of this sound in air. [1 mark]

7(b) Calculate the wavelength in water and explain why it differs from the value in air. [3 marks]

Review: correct one interval-counting error and one explanation about the wave and the motion of the medium.
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