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WAVES: WAVE BEHAVIOUR QUESTIONS 
 

TRIP TO THE COAST (2021;1) 
 
(c) There is a post with a rope attached.  Mary and Fred grab the far end of 

the rope and send a pulse down the rope as shown below. They observe 
what happens. 
  
  
 

 
 
 
 

 
Complete the diagram above to show the reflected pulse. 

 
(d)  As they look over the wall, they notice that there are large waves in some areas, and no waves at all 

in other areas of the harbour.  The harbour has the design shown in the diagram below. 

 
 
(i) Complete the diagram to show the waves after they pass through the gaps between the sea walls and 

the lighthouse. 
(ii) Use physics principles to explain what causes some parts of the harbour to have large waves and other 

parts to have none. 
 

 
THE WAVE MACHINE (2020;3) 
 
(c) On one side of the pool there are two lights, and on the 

other side of the pool there are two speakers.  Describe 
and explain the differences between the waves emitted 
by the lights, and the sound waves emitted by the 
speakers.  Your answer should include comparison of the 
wave type, the need for a medium, and the speed of the 
waves. 

 
(d) During a test of the evacuation siren, a sound of a constant frequency is emitted continuously from 

both speakers. A lifeguard walks along the pool on the opposite side from the speakers.  Use physics 
principles to explain and justify what the lifeguard would hear. You may use a diagram to illustrate 
your explanation. 
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RADIO BROADCASTS (2019;3) 
 
Mountainous regions make radio communication and signal reception particularly 
difficult. As a result, transmitters need to be strategically placed, and use the correct 
frequency to ensure the signal is received.  The transmitter shown below is set to 
broadcast throughout the region. Fred lives in a house between the two hills shown. 
He enjoys listening to old-fashioned FM radio stations. 
 

 
 
(a) If a radio transmitter uses a frequency of 95 MHz, show that the time period for the waves is 10.5 ns. 
 
(b) Describe the phenomenon that allows the transmission to be received at 

Fred’s home despite the transmission tower being out of sight of his 
house.  Include a diagram in your discussion and explain whether or not 
longer wavelengths would make reception of signals better for his house 
shown. 

 
A second transmitter broadcasting on the same frequency is built next to the opposite mountain to boost 
the signal. 

 
 
A test pulse is sent from each tower. 
 

 
 
(c) Draw the resulting superposition after 3 seconds. 
 

 
(d) When a second transmitter, transmitting at the same frequency, is added, explain with reference to 

wave interference, why some locations in the valley may receive a boosted signal, while other 
locations may not. 
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RADIO AND LIGHT WAVES (2018;3) 
 
Sophie decided to investigate the difference between AM and FM waves. She knew that both are radio 
waves that travel at 3.00 × 108 m s-1 and can travel large distances.  An important difference, she 
discovered, was the size of their wavelengths. Sophie’s favourite AM radio station transmitted waves with 
a wavelength of 550 m, whereas her favourite FM station transmitted waves with a 3.3 m wavelength.  
Wavelength (λ) and amplitude (A) are properties of these waves. 
 
(a) On the diagram, mark the wavelength and the amplitude. 
 

 
 

 
At home, Sophie’s radio could detect one of 
the radio stations, even though a hill was 
between her house and the transmitter. 
 
 
 
This can be modelled using this diagram. 
 
 
 
 
 
 
(b) Name the phenomenon that allows this to happen, and state whether the AM or FM station is most 

likely to be detected at the house.  Give a reason for your answer. 
(c) To listen to her other favourite radio station, Sophie used her fibre optic cable internet connection. 

The music is encoded as light pulses which are either ON or OFF.  To show what happens when two 
pulses are sent through a fibre optic cable in opposite directions, a simplified diagram is presented 
below. Each pulse travels 3 squares horizontally every time period. 

 
 
 
 
 
 
 
Draw the resulting superposition after one time period, on the diagram below. 
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(d) In another place, Sophie decides to try to make the radio signal 

stronger by using two FM transmitting aerials, A and B, placed 6.6 m 
apart.  Sophie needs to know where the resultant signal will be 
strongest or weakest.  On the diagram (not to scale), mark one point 
where the resultant signal will be a maximum (mark it as X), and one 
where the strength of the signal will be a minimum (mark as Y).  
Comprehensively explain why these points result in different signal 
strengths. 

 
Waves (2017;3) 

 
During her summer break, Sarah goes to her holiday home by 
the beach. Due to rocks at the beach, the depth of the water 
changes sharply.  At the beach Sarah counts 3 waves reaching 
the boundary in 15.0 seconds. The wavelength of the waves in 
deep water is 18 m. 
 
(a) Calculate the speed of the waves in the deep-water 

area. 
 
(b) The waves move from deep water into shallow water. 

(i) On the diagram draw the refracted waves in shallow water. 
(iii) If the wave speed in shallow water is 3.0 m s–1, calculate the wavelength of the refracted waves 

in shallow water. 
 
(c) One day Sarah is walking along a cliff 

beside the beach. She cannot see the 
water waves reaching the rocky shore, 
but she can hear them hitting the rocky 
shore. 

 
Explain why Sarah cannot see the water 
waves reaching the rocky shore but can 
hear them hitting the rocky shore. 

 
(d) Further down the beach a band was preparing to play 

music. They had set up two speakers which were 4.0 
m apart. As part of their sound test, they were playing 
a sound of constant frequency (pitch) through the 
speakers. Sarah walks along a straight line from A to 
B, as shown below. Sarah notices that the sound she 
hears varies from very quiet to very loud many times 
as she walks from A to B.  Explain in detail why Sarah 
hears louder and quieter sounds many times, as she 
walks from A to B. 
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Water (2016;2) 

 

(d) The pond is large enough that other wave 
effects can be seen by Tim. At one end of the 
pond, there are two large rocks that can be 
made to partially block the waves as they 
move from left to right. A water lily is floating 
beyond the rocks. By changing the position of 
the rocks, Tim can cause the water waves to 
move the floating water lily. 

 

(i) Name the process by which waves could 
reach the floating water lily. 

(ii) Complete both diagrams to show the pattern created by the waves as they pass through the 
gap between the two rocks in both rock position A and rock position B. 

(iii) Use your answer to part (ii) to decide whether the waves reached the floating water lily using 
rock position A or rock position B.  Give a comprehensive explanation as to why this rock 
position affected the waves more than the other rock position.  

 
 

Ropes and a mirage (2015;3) 
 
(a) Tom and his friend Ellen hold each end of a rope. Each of 

them sends a pulse along the rope in opposite directions. 
The grid below shows the motion of the pulses.  On the grid, 
draw the resultant pulse when the two pulses are fully 
superposed. 

 
 

 
 
 
 

(b) Tom ties a thick rope to a thin rope, as shown in 
the diagram. He then sends a pulse from the 
thick rope towards the thin rope. The pulse 
travels faster through the thin rope. 

 
 

In the box draw a diagram to show what 
happens to the pulse as it undergoes 
reflection and transmission (refraction) once it 
reaches the boundary between the two ropes. 
 
 

(c) Explain what happens to the amplitude of the pulse in the thick rope when it reflects. 
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Waves (2015;3) 
 

(a) Tom and Ellen watch waves in the ocean. The diagram below shows 
the wave crests approaching a gap in a sea wall.  On the diagram, 
draw the wave crests after they have gone through the gap. 

 
 

(b) Tom and Ellen stand on a beach, watching the waves. They notice that the wave fronts 
are closer together when they reach shallow water, as compared to the distance 
between wave fronts in deep water.  On one occasion, the distance between wave 
crests in deep water is 1.75 m. The speed of waves in deep water is 12.0 m s-1. The 
speed of waves in shallow water is 4.5 m s-1. 

 
Calculate: 

• the frequency of the waves 

• the distance between wave crests in shallow water. 
 
 
(c) Two speakers producing the same sound are placed close 

together. Tom walks along line AB and Ellen walks along line 
CD. 

• Describe the sound that Tom hears. 

• Compare the sound that Tom hears with the sound 
that Ellen hears. Explain your answer. 

 
(d) Tom shines a red laser through the two slits and gets the 

following pattern on a screen. 
 
 

 
 

 
 
Write a comprehensive explanation for why there are alternate bright and dark bands on 
the screen. In your answer include concepts about path difference and interference. 

 
At the beach (2014;2) 
 
(a) Moana is in her garden, which is just outside her 

room. There is a radio playing in her room and 
the door of her room is open. 

 
By comparing the wavelengths of light and 
sound waves, discuss why Moana can hear, but 
not see, the radio. 
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Watching the waves (2014;3) 
 
(a) Moana is watching water waves coming into the beach. She estimates the wave speed to be 

0.50 m s–1 and the wavelength to be 1.2 m.  Calculate the frequency of the waves.  Give your 
answer with the correct unit and correct number of significant figures. 

 
(b) At another place there are two gaps 

(labelled S1 and S2) in the line of 
rocks. There is a set of waves passing 
through the gaps, creating an 
interference pattern. 

 
 
 
 
 
The difference between the distances from S1 to X and S2 to X is 0.40 m. The wave speed is 
0.80 m s–1 and one wave reaches the wall every second.  Is the point X at a node or an 
antinode? Explain your answer. 

 
(c) At school, Moana investigates waves in springs. She connects a light spring to a heavy spring and 

ties the heavy spring to the leg of a bench. Moana sends a single pulse along the light spring, as 
shown in the diagram. (Waves travel faster in a light spring than in a heavy spring.) 

 
The diagram shows the pulse 
after it has moved into the heavy 
spring. 

 
 
 

 
On the same diagram, draw the pulse reflected in the light spring showing: 
• the phase of the pulse 
• the distance travelled by the pulse.  
 
Give reasons for your answer.  
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At the swimming pool (2013;3) 
 
There are two pipes that drip water into the shallow pool, making 
circular waves. Rima notices that the dripping water produces an 
interference pattern in the pool, as shown in the picture. 
 
(a) Explain what would happen to the position of the first 

antinodal line, with respect to the central antinodal line, if 
the frequency of the drips from both pipes increased and 
they remain in phase. 

 
 
 
 
(b) The diagrams show waves approaching two different-sized 

gaps in a harbour wall. 
 
 

 
 
(i) Name the process by which waves could reach positions A and B. 
(ii) Explain whether the owner of a boat would do better to anchor his boat at A or B. Support your 

answer by completing the wave patterns in the above diagrams. 
 
Refraction (2012;3) 
 
(a) A boat is anchored in a harbour behind a sea-wall separating it from the open sea. There is a gap in 

between two sea-walls as shown below. A sea-wall is a structure that is built to protect a harbour 
from waves. Waves from the sea go towards the gap between the two sea-walls. On the diagram 
below, show what happens to the waves once they go through the gap between the two sea-walls. 
Include direction of the waves in your drawing. Describe and explain the effect the waves will have 
on the boat. 
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(b) The diagram below shows parallel wave fronts approaching TWO gaps. The wavelength of the waves 

is 4.0 m. A boat is anchored 3.0 m from gap A and 5.0 m from gap B.  Describe and explain the effect 
of the waves on the motion of the boat, giving reasons. In your answer, state what happens to the 
wave fronts as they go through the two gaps. 
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Waves and interference (2011;3) 
 
Abi, Ben and Charlotte are using two way radios on a tramping trip. The radios transmit waves with a 
frequency of 4.80 × 105 kHz. (Assume that the speed of light in air is 3.0 × 108 m s–1.) 
 
(a) Calculate the wavelength of the radio waves.  
(b) The radio waves are created by electrons oscillating in the aerial. Find the distance travelled by the 

radio wave during the time an electron completes one oscillation. Show your calculation OR your 
reasoning. 

(c) Abi and Ben are 21 m apart. Both their 
radios are sending out waves that 
overlap as shown in the diagram. The 
darker circles represent the crests of 
the radio waves. Charlotte walks in a 
line from X to Y, and then from Y to Z. 
Describe and explain how the strength 
of the radio waves her radio receives 
varies as she walks from X to Y and from 
Y to Z 

 
 
 
 
 
 
 
 
 
(d) Abi is standing on the opposite side of a wall 

to Ben. There is a gap in the wall, as shown in 
the diagram. Abi’s radio can receive a signal 
from Ben’s radio, even though she cannot see 
him, and even though radio waves are unable 
to penetrate the wall. Explain this observation 
using correct physics terms. You may use a 
diagram as part of your explanation. 
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Pulses (2010;1) 
 
(a) Janet ties a rope to a pole and sends a pulse down the rope as shown below. 

 
Draw a diagram in the space below to show what happens to the pulse after it reflects from the fixed 
end. Include an arrow to show the direction of travel of the pulse. 

 
 
 
 
 
 
 
 
 

 
(b) Describe the changes that take place to the speed and frequency of the wave after the pulse is 

reflected from the fixed end. 
(c) Janet and Sophie hold two ends of the rope that is stretched between them. They each send a pulse 

in opposite directions along the rope. The pulses are of equal width. The diagram below shows the 
two pulses travelling towards each other. 

 
 

Pulse A is 10.0 cm high and pulse B is 4.0 cm high. Describe and explain the observations of the 
pulses when they meet and when they eventually pass each other. 

 
(d) Janet and Sophie tie two different ropes together. The ropes are of different thickness. Janet sends a 

pulse along the rope towards Sophie. 

 
The speed of the pulse in the first rope is 4.5 m s–1 and its wavelength is 12.4 cm. The wavelength of 
the pulse as it travels through the second rope is 8.6 cm. Calculate the speed of the pulse in the 
second rope. 
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Radio waves and light (2010;4) 
 
Henry listens to music on his radio while driving. There 
are two radio stations that he usually tunes to: 
• Radio Station A, which broadcasts on its FM 

network using a radio wave of  
93.4 MHz (93.4 x106 Hz) 

• Radio Station B, which broadcasts on its AM 
network using a radio wave of 856 kHz. 

 
(a) Calculate the wavelength of the radio wave used by Radio Station A. 

 
(b) While driving on hilly terrain, Henry notices that he can only tune into one of these two radio 

stations. Explain why he can hear music from only one of these two radio stations. In your answer 
identify which radio station he can hear, giving reasons for your answer. You may use calculations / 
diagrams to justify your reasoning. 

 
Ashley shines a red laser through two 
slits. He obtains a pattern on a screen 
as shown below. 

 
(c) Describe what would happen to the 

pattern if the screen was brought 
closer to the barrier. 

(d) Explain why every alternate band is a 
dark band. 

 
 
 
 
Waves (2009;3) 
 
Bianca is sitting in her boat listening to the radio. The radio 
signal is coming from a distant transmitter. 
 
(e) Explain why the radio waves can reach her boat, even 

though she cannot see the transmitter. 
(f) Bianca is sitting on the beach listening to music. She 

is the same distance away from each of the two speakers. Unfortunately when she connected the 
speakers to the radio, she connected the wires to one speaker the wrong way round. This means the 
two speakers are vibrating exactly out of phase. Explain clearly what effect this will have on the 
sound Bianca hears. 
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Waves (2008;1) 
 
While at the beach, Petra and Callum noticed two wave 
pulses approaching each other from opposite 
directions. The following diagram shows two wave 
pulses approaching each other at a speed of 1 square 
per second. 
 

 
(a) Draw the resultant of the two wave pulses 3 s 

later in the grid below. 
 

 
Petra and Callum then played with two ropes, a 
thick rope and a thin rope that were joined to 
each other. The diagram below shows a pulse 
approaching a boundary between a thin rope and a thick rope. 

 
(b) Complete the "after" diagram, 

showing the reflected pulse and 
the transmitted pulse, including 
the appropriate phase and 
pulse length. 

 
 
 

(c) The length of the pulse in the thin rope is 0.30 m. The length of the pulse in the thick rope is 0.20 m. 
Calculate the speed of the pulse in: 
(i) the thin rope, AND 
(ii) the thick rope 
if the pulse travels 5.0 m s-1 faster in the thin rope than the thick rope. 

 
 
Interference (2008;2) 
 
Petra and Callum went for a boat ride that took them to the famous "Hole in 
the Rock" located off Paihia.  The diagram shows wave fronts approaching the 
hole in the rock. 

 
(a) Name the phenomenon shown in the diagram. 
(b) Complete the diagram to show 

what would happen to the waves 
passing through the hole if their 
wavelength was much shorter. 
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At the harbour (2007;2) 
 
Maria is sitting on a harbour wall. She sees a series of water waves 
travelling towards the wall at an angle, as shown in the diagram 
below. 
 
(a) On the diagram, draw the reflected wave fronts. 
 
 
 
The sea wall has a gap to allow boats to pass though. Maria watches the waves as they come through the 
gap. She notices that the behaviour of the waves depends on their wavelength. 
 
(d) Draw the wave patterns she would observe in each situation shown below. 

 
 

(e) State the name of this phenomenon. 
 
Maria notices a radio transmitting aerial either side of the harbour entrance. She is told that these are to 
guide boats through the centre of the entrance. They both transmit the same frequency radio wave. The 
waves are in phase. Boats equipped with radios pick up the waves and travel along the path where the 
signal is strongest. 

 
(f) If a boat travels along the central path, it receives a strong radio signal. If the boat moves to one side 

of the central path, the amplitude of the radio waves received decreases. Clearly explain these two 
observations. 

 
The radio waves used have a period of 0.035 ms. The speed of light is 3.00 x 108 m s-1. 
 
(g) Calculate the number of complete waves emitted by an aerial each second. 
(h) Calculate the distance a wave crest moves during one period. Write your answer to the correct 

number of significant figures. 
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Waves (2006;1) 
 
Roy and Sally spent time on a beach watching the incoming waves. The 
diagram shows wave fronts as they approach shallow water. The waves 
travel slower in shallow water. 

 
(a) On the diagram, draw an arrow showing the wave direction and 

the refracted wave fronts in the shallow region. 
(b) Clearly explain why the waves behave as you have drawn them in 

the diagram above. 
(c) State what happens to the frequency and wavelength of the 

waves as they pass from deep to shallow water. 
 
Roy and Sally spent time on a beach watching the incoming waves.  
 
(d) Roy counted 8 complete waves passing a fixed point in 20 seconds. Calculate the frequency of the 

waves. 
(e) State two possible units for frequency. 
(f) The speed of the waves in the water is 2.8 m s-1 Calculate the 

wavelength of these waves. 
 
(g) Give a physics reason why Roy and Sally could hear the sound of 

the waves when they were sitting behind a building at the 
beach, even though they could not see the waves. 

(h) State TWO important physical differences between sound waves 
and light waves. 

 
(i) Roy and Sally took skipping ropes to the beach. One rope was thicker than the other. They tied the 

two ropes together. Roy held the thin rope and gave it a flick so that a pulse travelled along the thin 
rope towards the thick rope as shown in Box One below. 

 
 

Draw a diagram in Box Two below, to show the reflected and refracted pulses after the pulse hits the 
boundary (the pulse travels faster in the thin rope). 
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Light (2006;2) 
 
Roy and Sally later shone a red laser beam through two 
narrow slits. They saw a pattern formed on the wall as 
shown in the diagram below. 

 
 
(a) State a name given to the bright fringe. 
(b) Explain clearly why there are dark fringes on either 

side of the central bright fringe on the wall. 
 
 
 
Question Three (2005;3) 
 
Robbie is sitting beside the outside pool listening to music. His radio receives radio waves and produces 
sound waves. (vlight = 3.0 x 108 m s-1). The dial shows that he is tuned to 91.0 MHz. 
 
(a) State one important difference between radio waves and sound waves. 
(b) The radio wave is produced by making electrons oscillate up and down inside an aerial. Calculate how 

long it will take one of the electrons to oscillate up and down once. 
(c) Calculate the wavelength of the radio wave. Write your answer to the correct number of significant 

figures. 
(d) The radio's speaker cone causes the air molecules to vibrate. Each molecule moves a total distance of 

1.0 cm every oscillation. Calculate the amplitude of an oscillation. 
 
 
QUESTION FOUR (2005;4) 
 
Robbie and Amy are sitting beside the children's pool. The 
children's pool has an island in it. Waves travel past the 
island as shown in the diagrams below. Robbie looks at the 
shape of the waves after they pass the island. He notices 
that the wave behaviour depends on the wavelength. 
 
(a) Draw the wave patterns he would observe as the 

waves pass the island in each case. 
(b) State the name of this phenomenon. 
 
(c) There are two speakers on the grass area by the pool. The 

speakers are producing the same constant frequency sound. 
Robbie and Amy are sitting facing them as shown. Robbie 
complains that the sound is loud but Amy observes it to be 
quiet. Explain clearly how interference could cause this to 
happen. 
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WAVES (2004;2) 
 
Mere is now on holiday, and she is sitting in a boat that is stationary on a 
calm lake. There are two outboard motors at the back of the boat. These 
motors have been pulled up out of the water. Drops of water are dripping 
from both motors at the same time and at the same constant rate onto the 
surface of the lake.  Mere looks down and sees that the resulting pattern of 
waves produced by the dripping water is as shown below. The interference pattern has nodal lines (N) and 
antinodal lines (A) 
 
(a) The surface of the water remains approximately flat 

along a nodal line. Explain clearly why this is so. 
(b) After a while, the frequency of the dripping water from 

both sources is halved. Describe what effect this change 
will have on the wavelength and on the pattern of the 
nodal lines. 

(c) A wind begins to blow producing straight waves on the 
surface of the lake. Mere watches what happens to the 
waves as they go past a stone wall in the water. 
Complete the above diagram by drawing carefully the 
appearance of the wave crests as they continue to the 
right of the three crests already shown. Indicate the 
direction(s) of the waves that you draw. 

(d) Name this phenomenon. 
(e) If the crests of the waves are 1.3 m apart and they are travelling at a speed of 2.0 m s-1 calculate the 

frequency of the waves. Give a unit with your answer. 
(f) Mere was studying straight waves in a different part of the lake. Using a stopwatch, she counted 12 

complete waves passing her in 56.7 seconds. She estimated that the distance occupied by the 12 
complete waves was 48 m.  Calculate the speed with which the waves were travelling. Give your 
answer to the correct number of significant figures. 
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