DOPPLER EFFECT
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If a star moves AWAY from the observer, a lower frequency and longer wavelength is detected. The lower frequency or longer wavelength corresponds to the red end of the spectrum.

If two objects are approaching each other: v = fλ
The wavelengths become shorter (waves become more compressed). Since the speed of sound is constant, the observed frequency will therefor increase. 
OR 
For a constant speed of sound, the observed frequency increases because the number of wave fronts per second reaching the observer increase. 


STRUCTURED QUESTIONS
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‘QUESTION 4

41 The data below was obtained during an investigation into the relationship between the different
velocities of a moving sound source and the frequencies detected by a stationary listener for each
velocity. The effect of wind was ignored in this investigation.

Experiment number 1 2 3 4
Velocity of the sound source (m-s-) '] 10 20 30
Frequency (Hz) of the sound detected by

the stationary listener 900 a4 850 827

4.1.1  Write down the dependent variable for this investigation. 1)
4.1.2 State the Doppler effect in words. )
413 Was the sound source moving TOWARDS or AWAY FROM the listener? Give a reason for

the answer. )
4.14  Use the information in the table to calculate the speed of sound during the investigation. (5)

42 The spectral lines of a distant star are shifted towards the longer wavelengths of light. Is the star

moving TOWARDS or AWAY FROM the Earth? (1)

11
QUESTION 5

Reflection of sound waves enables bats to hunt for moths. The sound wave produced by a bat has a frequency
of 222 kHz and a wavelength of 1,5 x 103 m.

5.1 Calculate the speed of this sound wave through the air. (3)
52 A stationary bat sends out a sound signal and receives the same signal reflected from a moving moth

at a frequency of 230,3 kHz.

5.2.1 s the moth moving TOWARDS or AWAY FROM the bat? (1)

5.2.2 Calculate the magnitude of the velocity of the moth, assuming that the velocity is constant. (6)
[10]
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QUESTION 6 (Start on a new page.)

The siren of a stationary ambulance emits sound waves at a frequency of 850 Hz.

An observer, travelling in a car at a constant speed in a straight line, begins measuring
the frequency of the sound waves emitted by the siren when he is at a distance x from

the ambulance.

The observer continues measuring the frequency as he approaches, passes and
moves away from the ambulance.

The results obtained are shown in the graph below.
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6.1 The observed frequency suddenly changes at t = 6 s. Give a reason for this

sudden change in observed frequency.
6.2 Calculate the:

6.2.1 Speed of the car
(Take the speed of sound in air as 340 m-s™.)

6.2.2 Distance x between the car and the ambulance when the observer
BEGINS measuring the frequency

(6)

(3)
[0]
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WAVES, SOUND AND LIGHT: DOPPLER EFFECT

Doppler Effect

The apparent change in frequency/pitch of the sound detected by a listener because
the sound source and the listener have different velocities relative to the medium of
sound propagation.

OR: The change in frequency/pitch of the sound detected by a listener due to relative
motion between the sound source and the listener.

Red shift

Observed when light from an object increased in wavelength (decrease in frequency).
A red shift occurs when a light source moves away from an observer.

Blue shift

Observed when light from an object decreased in wavelength (increase in frequency).
A blue shift occurs when a light source moves towards an observer.

Frequency

The number of vibrations per second.
Symbol: f Unit: hertz (Hz) or per second (s')

Wavelength

The distance between two successive points in phase.
Symbol: A Unit: meter (m)

Wave equation

Speed = frequency x wavelength
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EMISSION VS. ABSORPTION SPECTRA
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QUESTION 1

1.1

The siren of a stationary ambulance emits a note of frequency 1 130 Hz. When the ambulance moves
at a constant speed, a stationary observer detects a frequency that is 70 Hz higher than that emitted
by the siren.

1.1.1  State the Doppler effect in words. )
1.1.2 Is the ambulance moving towards or away from the observer? Give a reason. )
1.1.3 Calculate the speed at which the ambulance is travelling. Take the speed of sound in air as

343 m-st. (5)

A study of spectral lines obtained from various stars can provide valuable information about the
movement of the stars. The two diagrams below represent different spectral lines of an element.
Diagram 1 represents the spectrum of the element in a laboratory on Earth. Diagram 2 represents the
spectrum of the same element from a distant star.

Blue Red
Diagram 1 I | I
Blue Red
Diagram 2 I l l
Is the star moving fowards or away from the Earth? Explain the answer by referring to the shifts in the
spectral lines in the two diagrams above. )

M1
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‘QUESTION 6
An ambulance is travelling towards a hospital at a constant velocity of 30 m-s-'. The

siren of the ambulance produces sound of frequency 400 Hz. Take the speed of sound
in air as 340 m-s-'. The diagram shows the wave fronts of the sound produced from the (
siren as a result of this motion.

6.1 At which side of the diagram, X or Y, is the hospital situated? (1)
6.2 Explain the answer to QUESTION 6.1.
6.3 Calculate the frequency of the sound of the siren heard by a person standing at the hospital. (5)
6.4 A nurse is sitting next to the driver in the passenger seat of the ambulance as it approaches the
hospital. Calculate the wavelength of the sound heard by the nurse. (3)

[12]
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QUESTION 3
The graph below shows the relationship between the apparent frequency (f.) of the sound heard by a

STATIONARY listener and the velocity (vs) of the source travelling TOWARDS the listener.
Graph showing apparent frequency (fi) versus velocity of sound source (vs)
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3.1 State the Doppler effect in words. )
(5)

3.2 Use the information in the graph to calculate the speed of sound in air.
33 Sketch a graph of apparent frequency (fL) versus velocity (vs) of the sound source if the source was
moving AWAY from the listener. It is not necessary to use numerical values for the graph. )
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