
 

 

FYSP1081 / K6 THE DOPPLER EFFECT 

Purposes of the work: 

 To demonstrate the Doppler effect and the beat caused by interference 

 To practice use of Capstone and picking up measured values from graphs pro-

vided by it. 

The treatment of the Doppler effect is rather mathematical on lectures. The purpose of 

this work is to bring this phenomenon closer to the practice. This work offers a chance 

to practice the use of tools in Capstone to analyse periodic phenomena.  

The Doppler- and the s.c. beat effects (caused by waves with near by frequencies) can 

be studied e.g. from Young & Freedman (11th ed.) ch.’s 16.7 and 16.8. In this exercise 

you’ll quantitatively define the size of the Doppler effect of a moving sound source 

with help of the beat and the velocity of sound source is determined. The velocity de-

fined will be compared with a velocity based on direct time-difference measurement. 

The homework in the end of this manual has to be worked out before the experiment. 

 

1 Theory 

1.1 The Doppler effect 

A (sound) source Q with frequency fQ and velocity vQ moves towards an observer B. 

The frequency B will measure is given by 
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where c is the velocity of sound. When the source is moving away from B the frequency 

is 
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If vQ << c, eq.’s (1) and (2) can be approximated in the first order with 
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The frequency difference f compared to a stationary source is thus  
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1.2 The beat 

When two (sound) waves with frequencies close to each other interfere, a modulated 

sound with s.c. (modulation) beat results. This can be achieved according to the Dop-

pler-effect with two sound sources with equal frequencies when one of them is station-

ary and the other one is moving relative to the observer. Assume source 1 is stationary 

and source 2 moves. Both have a frequency of fQ, and amplitude of A1. The amplitudes 

of the two waves the observer measures behave like 

 tfAx Q )2sin(11        (5) 

and  

 ,)(2sin)2sin( 112 tffAtfAx QB      (6) 

where t is time and f is given by eq. (4). When both waves have the same direction of 

motion the amplitude of the interfering wave is given by 

𝑥 = 𝑥1 + 𝑥2 = 2𝐴1 cos (2𝜋
∆𝑓

2
𝑡) sin(2𝜋
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The sinus-term describes a wave with a frequency differing slightly from fQ. The more 

slowly changing cosines-term modulates the amplitude A with a frequency f between 

0 and 2A1:  

𝐴 = 2𝐴1cos(2𝜋
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If the interfering waves have amplitudes A10 and A11, the amplitude of the wave gener-

ated has values between A10 - A11 and A10 + A11. 

The time T of one period of the interference (beat) wave is T = 1
f

. The beat-frequency 

(Fig. 1) thus equals frequency difference [eq. (4)] caused by the Doppler-effect between 

the waves. 

 

Figure 1. The graph of beat. 

 

Homework: An alarm vehicle with a siren frequency of 300 Hz moves towards a 

wall with a speed 30 m/s. What is the frequency the driver hears when listening the 

echo from the wall? What is the frequency of the beat of the original and echo sounds? 

What are the corresponding frequencies if the vehicle departs with the same speed from 

the wall? Use 340 m/s for speed of sound (in reality the speed depends on the tempera-

ture and pressure of the air). Calculate the frequencies with the exact formulae given 

during the lectures or in Young & Freedman as well as with the linear approximations 

of this manual.  What are your conclusions? 

 

2 Equipment 

On your disposal there is a sound detector (a microphone) and two sound sources (loud 

speakers), one stationary and other one movable with respect to the microphone. A sig-

nal generator yields an equal signal for both loud speakers. The microphone registers 

the interfering sound wave.  The signal of the Pasco microphone is analysed with the 
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Sound Sensor within Capstone program on a PC. The beat frequency is determined 

from the Graph-window of the program.  

 

Figure 2.  Equipment 

 

3 Experiment 

Measure the beat frequency with velocity vQ of the mowing loud speaker. The frequen-

cies fQ should be in the range 3000-5000 Hz. Measure the accurate value of fQ using the 

Hz-option of a multimeter (e.g. Finest 703). The speed of the movable loud speaker 

should be 5 cm/s – 10 cm/s. Measure vQ with a stopwatch. The sampling frequency of 

the Capstone-microphone should be high enough, e.g. 500 Hz. Note that the frequency 

fQ may not be equal to the sampling frequency multiplied by an integer (why?). Analyse 

only the results using values corresponding to a constant speed of the loud speaker.  

How would the beat change if you would increase the velocity of the wagon? After 

answering this question, try out if your answer was correct. Furthermore, ponder how 

making the frequency fQ larger effects the period T. Before finishing the work, test what 

happens if the frequency fQ is exactly equal to the sampling rate multiplied by an integer. 

4 Results 

From the beat frequency you measured calculate the speed vQ (with error analysis) of 

the loud speaker. Compare the result to the one measured with the stopwatch. 

 


