
 

 
 

THE DOPPLER EFFECT                 06 MAY 2014 

 
Lesson Description 

In this lesson we: 

● Discuss the Doppler effect in words and equations 
 

 
Summary 

The Doppler Effect 

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

This effect is primarily observed with sound as objects on earth can move at a velocity which is 
relatively close to the speed sound of sound in air or water. 

The Doppler Effect can be calculated using the following equation: 

    
    
    

    

fL = frequency observed (Hz) 

fs = frequency of source (Hz) 

v = speed of sound (m.s-1) 

vL = velocity of observer (m.s-1) 

vS = velocity of source (m.s-1) 

If the source and observer are getting closer together then the observed frequency increases and the 
observer hears a higher pitch 

 

If the source and observer are moving further away from each other then the observed frequency 
decreases and the observer hears a lower pitch.  

Sound with a frequency lower than 20 Hz are called infrasound 

Sound with a frequency higher than 20 000 Hz are called ultrasound.  



 

 
 

Humans can hear sounds between 20 Hz and 20 000 Hz. 

The Doppler Effect can be observed with light but is best observed when considering the movement 
of the stars.  Stars move at speeds relatively close to the speed of light and therefore there is an 
observable change in frequency.  

When red shift is seen it means the star is moving away from the observer and when there is blue 
shift it means the stars is moving towards the observer.  Red shift is evidence that the universe is 
expanding. 

Applications of the Doppler Effect 

In nature animals such as whales, dolphins and bats used ultrasound to communicate and find their 
way.  

Ultrasound is used in the medical field in Doppler flow meters.  These meters are used to determine 
blood flow and measure the heartbeat of a foetus 

The Doppler Effect is also used by submarines in sonar navigation.  It is also used in speed traps and 
radar guns.  

 
Test Yourself 

Select the most correct answer from the options given. Write down only the correct letter 

Question 1 

A source of sound approaches a stationary listener in a straight line at constant velocity.  It passes the 
listener and moves away from him in the same straight line at the same constant velocity.  

Which one of the following graphs best represents the change in observed frequency against time? 

 

  



 

 
 

Use the diagram below to answer Question 2 and Question 3 

 

Question 2 

What does the diagram imply about the motion of the train? 

A. The train is stationary 
B. The train moves towards Bibo 
C. The train moves towards Bonita 
D. The train is moving away from Bibo 

Question 3 

The frequency and pitch of the sound heard by Bonita compared to that heard by Bibo is… 

A. smaller frequency and lower pitch 
B. smaller frequency and higher pitch 
C. greater frequency and higher pitch 
D. greater frequency and lower pitch 

Question 4 

The siren of an ambulance, APPROACHING a stationary bystander, emits sound waves.  

Which ONE of the following combinations will result in the most pronounced difference between the 
frequency emitted by the siren and the observed frequency? 

 Frequency of the 
sound 

Wavelength of the 
sound 

Velocity of the 
ambulance 

A. High Short High 

B. High Long Low 

C. Low Short High 

D. Low Short low 

Question 5 

Which ONE of the following is the main principle applied when measuring the rate of blood flow or the 
heartbeat of a foetus in the  

A. Doppler Effect 

B. Photoelectric effect 

C. Huygens’ principle 

D. Diffraction  



 

 
 

 
Improve your skills 

Question 1 

(Taken from DoE November Paper 1 2012) 

A bird flies directly towards a stationary birdwatcher at constant velocity.  The bird constantly emits 
sound waves at a frequency of 1 650 Hz.  The birdwatcher hears a change in pitch as the bird comes 
closer to him.  

1.1. Write down the property of sound that is related to pitch.  

1.2. Give a reason why the birdwatcher observers a change in pitch as the bird approaches him 

The air pressure versus distance graph below represents the waves detected by the birdwatcher as 
the bird comes closer to him.  The speed of sound in air is 340 m.s

-1
. 

 

1.3. From the graph, write down the wavelength of the detected waves.  

1.4. Calculate the: 

1.4.1. Frequency of the waves detected by the birdwatcher 

1.4.2. Magnitude of the velocity at which the bird flies.  

Question 2 

(Taken from Limpopo DoE September Exam 2012) 

A car is stationary at a green traffic light.  A taxi sounds its hooter as it passes the car at a constant 
speed of 25 m.s

-1
.  The hooter has a frequency of 256 Hz.  

 

Assume the speed of sound in air is 340 m.s
-1

. 

2.1. Calculate the frequency that the driver of the car hears as the taxi approaches him.  
2.2. How will the observed frequency of the hooter change as the taxi moves away from the car? 

Write down only INCREASE, DECREASE or REMAINS THE SAME 
2.3. Explain briefly your observations in 2.2. in terms of distance between source and observer and 

the wavelength of the waves. 
2.4. One of the applications of the Doppler Effect to mankind is ultrasound.  What is the advantage of 

using ultrasound as opposed to X-rays in medicine? 

  



 

 
 

Question 3 

(Taken from Gauteng DoE September Exam 2013) 

A submarine is stationary on the sea bed as shown in the diagram.  The sonar system of the 
submarine detects a whale straight towards the submarine at a velocity of 10 m.s

-1
. 

 

The sonar system operates at a frequency of 2,3 x 10
4
 Hz.  Take the speed of the sonar wave in 

water as 1 435 m.s
-1

 

3.1. Describe the Doppler Effect in words.  
3.2. Calculate the frequency of the signal received by the submarine after being reflected from the 

whale. 
3.3. Name ONE other use of the Doppler Effect.  

 


