
 

 

Doppler Effect                         28 APRIL 2015 

Section A: Summary Notes  

The Doppler Effect is the apparent change in frequency of a wave if the observer and source are 
moving relative to each other.  

Examples of the Doppler Effect can be observed in water waves, sound and light. The most 
commonly observed phenomenon takes place when the waves are sound waves. 

Sound and Ultrasound 

The pitch of a sound is the frequency of the sound.  

Consider a train moving towards a station.  A person standing on the platform will experience the 
sound produced by the train sounds higher in pitch.   As the train moves towards the platform the 
successive wavefronts produced by the train move closer and closer together.  This means that the 
person on the platform will experience sound with a smaller wavelength then is actually produced.  As 
the wavelength appears to become smaller so the frequency increases.  

When the train moves away from the platform, the person hears a sound of a lower pitch.  As the train 
moves the successive wavefronts get further and further apart and thus the experienced wavelength 
appears to be longer.  As the wavelength increases so the frequency decreases and the pitch heard 
is lower.  

It is important to remember that the speed of the sound produced doesn’t change and the ‘loudness’ 
of the sound is also constant.  

The Doppler Effect is described by the following equation: 

𝑓𝐿 =  
𝑣 ± 𝑣𝐿
𝑣 ± 𝑣𝑠

 𝑓𝑠 

fL = frequency observed by listener (Hz) 

fs = frequency of source (Hz) 

v = speed of sound (m.s
-1

) 

vL = speed of listener (m.s
-1

) 

vs = speed of source (m.s
-1

) 

For calculations: 

Source stationary:  vs = 0 m.s
-1

 
Listener moving closer then +vL 

Listener moving away then -vL 

Listener stationary:  vL = 0 m.s
-1

 
Source moving closer then -vs 

Source moving away then +vs 

Humans are able to hear sounds between 20 Hz and 20 000 Hz.  Sounds with a frequency lower 
than 20 Hz is called infrasound and sounds with a frequency higher than 20 000 Hz is known as 
ultrasound.  

Applications of Doppler Effect 

Many animals make use of the Doppler Effect to communicate or detect prey.  Whales use infrasound 
to communicate with each other, while bats use ultrasound to find prey. 

There are many medical applications too.  Doppler flow meters are used to measure blood flow and 
the heartbeat of a foetus.   Dentists also use ultrasound to remove plaque from teeth.  

  



 

 

Light 

As a light is a wave it is also able to experience the Doppler Effect.  Astronomers study the universe 
and have found that the spectra emitted from certain stars show a shift to the red part of the 
spectrum.  This means that the stars are moving away from the Earth.  Red has a longer wavelength 
and thus a shorter frequency.  This shift in the spectrum is considered to be evidence that the 
universe is expanding.  

Light shifts cannot be experienced on Earth under normal circumstances as objects and people are 
unable to travel at speeds that are relatively close to the speed of light.  

Section B: Practice Questions
 

Question 1 (Taken from DoE Exemplar 2008) 

During an experiment to determine the speed of sound, learners are given a siren that sounds a 
single note of frequency 426 Hz.  They attach it to a remote controlled car and move it at a constant 
speed past a stationary tape recorder which is mounted in the middle of a runway.  Ignore the effects 
of friction.  The tape recorder records the sound of the siren.  

 

The learners make the following observation: 

The pitch of the sound from the sired as it moved towards the tape recorder was higher than the pitch 
as the siren moved away from the recorder.  

1.1. Name the effect which explains this observation.      (2) 

In one of the trials the speed of the remote controlled car was noted as 31 km.h
-1

.  Two notes from the 
sire were recorded:  one with a frequency of 437 Hz and the other note with a frequency lover than 
426 Hz. 

1.2. Convert 31 km.h
-1

 to m.s
-1

        (2) 

1.3. Determine the speed of sound in air.        (5) 

1.4. Give a reason why the observed frequencies are respectively higher and lower than the 
frequency of the source (426 Hz)       (2) 

[11] 

Question 2 (Taken from Gauteng Preparatory Exam 2008) 

An ambulance moving at 40 m.s
-1

 approaches a traffic light where a blind man and his dog wait to 
cross the road.  The siren of the ambulance emits sound waves at a frequency of 350 Hz.  The pitch 
of the sound that the man hears gets higher as the ambulance moves towards him and decreases as 
the ambulance passes him and moves away.  

2.1. Use a sketch of wave fronts to show why the pitch of the sound that the blind man hear is: 
2.1.1. Higher as the ambulance approaches him     (2) 
2.1.2. Lower as the ambulance moves away from him     (2) 

2.2. If the speed of sound in air is accepted as 340 m.s
-1

, determine the apparent frequency of the 
sound waves that the man hears while the ambulance approaches him.    (5) 

2.3. Explain how this effect can benefit a blind person.      (2) 

[11] 



 

 

Question 3 (Taken from DoE Feb – March 2009) 

Dolphins use ultrasound to scan their environment 

When a dolphin is 100 m from a rock, it emits ultrasound waves of frequency 250 kHz whilst 
swimming at 20 m.s

-1
 towards the rock.  Assume that the speed of sound in water is 1 500 m.s

-1
. 

3.1. Calculate the frequency of the sound waves detected by a detector on the rock.   (4) 
3.2. When the dolphin is 50 m from the rock, another ultrasound wave of 250 kHz is emitted.  

How will the frequency of the detected sound waves compare with the answer calculated in 
Question 3.1?  Write down only HIGHER, LOWER or REMAINS THE SAME.  Explain your 
answer.           (2) 

[6] 

Question 4 (Taken from November Exam 2009(1)) 

A fire truck, with its siren on, is moving at 20 m.s
-1

 towards a burning building.   A person standing 
next to the road with a detector, measures the frequency of the sound emitted by the siren to be 450 
Hz.  The measured frequency is HIGHER than the frequency of the sound emitted by the siren.  

4.1. Is the fire truck moving towards or away from the person?    (1) 
4.2. Explain why the registered frequency is higher?      (2) 
4.3. Calculate the frequency of the siren if the speed of sound in air is 340 m.s

-1   
(4) 

[7] 

Section C: Solutions 

Question 1 

1.1. Doppler effect (2) 

1.2. 
31 𝑘𝑚. ℎ−1 =

31000

3600
  

= 8,61 𝑚. 𝑠−1
 (2) 

1.3. 
𝑓𝐿 =  

𝑣 ± 𝑣𝐿
𝑣 ± 𝑣𝑠

 𝑓𝑠 

437 =  
𝑣 + 0

𝑣 − 8,61
  426  

437 𝑣 − 8,61 = 426𝑣 

437𝑣 − 3762,57 = 426𝑣 

11𝑣 = 3762,57 

∴ 𝑣 = 342,05 𝑚. 𝑠−1
 (5) 

1.4. Higher frequency – source is moving towards the observer  

Lower frequency – source is moving away from the observer  (2) 

 

  



 

 

Question 2 

2.1.1. 

 (2) 

2.1.2. 

 (2) 

2.2. 
𝑓𝐿 =  

𝑣 ± 𝑣𝐿
𝑣 ± 𝑣𝑠

 𝑓𝑠 

=  
340

340 − 40
  350  

= 396,7 𝐻𝑧 (5) 

2.3. When crossing a street, a blind person can determine whether a car is moving 
towards or away from him. (2) 

Question 3 

3.1. 
𝑓𝐿 =  

𝑣 ± 𝑣𝐿
𝑣 ± 𝑣𝑠

 𝑓𝑠 

=  
1500

1500 − 20
  250 × 103  

= 253,38 × 103 𝐻𝑧 (4) 

3.2. Remains the same  

The detected frequency is independent of the distance between the source and 

observer.  (2) 

Question 4 

4.1. Towards the person  (1) 

4.2. When the source moves towards a stationary observer the waves in front of the 
source are compressed resulting in shorter wavelengths,  resulting in a higher 

frequency when the speed of sound is constant.  (2) 

4.3. 
𝑓𝐿 =  

𝑣 ± 𝑣𝐿
𝑣 ± 𝑣𝑠

 𝑓𝑠 

450  =  
340

340 − 20
 𝑓𝑠 

∴  𝑓𝑠 =
450 320 

340
 

= 523,53 𝐻𝑧 (4) 

 


