Doppler Effect

Is the apparent change in frequency of a wave, as a result of relative motion between the source and the observer.

When the source of a sound is moving towards you, the pitch sounds higher than that of the source. When the source moves away from you the pitch sounds lower. This is known as the doppler effect.
Source moving towards a stationary listener
· Wavelength decreases/ waves are compressed.
· Frequency increases.
· Velocity constant.
· Pitch of sound increases.
Source moving away a stationary listener
· Wavelength increases/ waves are further apart
· Frequency decreases
· Velocity constant
· The pitch of sound decreases
FOR A STATIONARY SOURCE/ LISTENER INSIDE A MOVING SOURCE/SOURCE NEXT TO THE LISTENER
The frequency is equal to(the same)/ wavelength is the same at all points.
No relative motion between the source and the observer.

EQUATION OF DOPPLER EFFECT
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APPLICATIONS OF DOPPLER EFFECT
· Used by traffic department as speed traps.
RADAR GUNS
The traffic officers will point the radar gun to the oncoming traffic.

The radar gun will send the infrared waves to the oncoming car that is moving towards the traffic officer. The waves will be reflected back to the radar gun by the moving traffic. The radar gun then acts as the receiver of the waves. For classroom purposes, waves to be considered are the one coming from the traffic, so the oncoming traffic must be the moving source reflecting back waves to the radar gun. Radar gun becomes the receiver or listener. Now Doppler formular can be employed to solve for the unknowns 
· Blood flow rate can be measured. (medical use)
· Speed of the planets and stars can be determined.
· Used to measure heartbeat of the unborn foetus in the womb. (medical use)
· Used in weather stations to detect precipitation. 
RED SHIFT

· Is the shift in the spectra of distant galaxies toward longer wavelength, toward the red end of the spectra
· The Doppler Effect is characteristic of all waves – including light.
· All stars emit white light and stars moving away from the earth will display light with longer wavelengths – the red colours of the spectrum, due to the Doppler Effect.
· Astronomers have found that all stars exhibit a red shift –  are moving away from the earth and from each other. This suggest the universe is expanding 
· Analogy to elucidate red shift
Shall we consider in particular a rising loaf of raisin bread, The raisins will see all other raisins moving away from it as the loaf expands

If universe is expanding so it must be smaller at some time in the past and so at some time in the past the entire universe may have been a single point, very hot, small, dense, with no stars, planets or atoms.

Say that was about 14 billion years ago, it expanded very quickly thus the name Bing Bang – resulting in the formation of atoms, stars and galaxies.
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Examples

1. A car is traveling towards you at 30 m.s-1 sounding its hooter with a frequency of 300Hz. The velocity of sound is 340m.s-1. What is the frequency of the sound that you will hear?
2. 2.The whistle of a train emits sound waves of frequency 2 000 Hz. A stationary listener measures the frequency of these emitted sound waves as 2 080 Hz. The speed of sound in air is 340 m·s-1.
2.1 Name the phenomenon responsible for the observed change in frequency.
2.2 Is the train moving AWAY FROM or TOWARDS the stationary listener?
2.3 Calculate the speed of the train.
2.4 Will the frequency observed by a passenger, sitting in the train, be GREATER THAN, EQUAL TO or SMALLER THAN 2 000 Hz? Explain the answer. 
Doppler effect Practice questions

QUESTION 6  Nov 2014
	6.1 
	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. 

	6.1.1 
	State the Doppler effect in words. 
	(2) 

	6.1.2 
	Is the ambulance moving towards or away from the observer?  Give a reason for the answer. 
	(2) 

	6.1.3 
	Calculate the speed at which the ambulance is travelling. Take the speed of sound in air as 343 m∙s-1. 
	(5) 

	6.2 
	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. 
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Is the star moving towards or away from the Earth? Explain the answer by referring to the shifts in the spectral lines in the two diagrams above. 

(2) 




Question 8 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 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.
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f, = frequency heard by the listener in Hz
f,= frequency produced by the source in Hz
V= speed of sound in a medium(air or water)
m.s™

v, = velocity of the listener in m.s™*

V.= velocity of the source in m.s™
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The learners make the following observation:

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


	8.1
	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 siren were recorded: one with a frequency of 437 Hz and the other note with a frequency lower than 426 Hz.
	
	


	8.2
	Convert 31 km·h-1 to m·s-1.
	
	(2)


	8.3
	Determine the speed of sound in air.
	
	(5)


	8.4
	Give a reason why the observed frequencies are respectively higher and lower than the frequency of the source (426 Hz).
	
	(2)




QUESTION 8 November 2008

An ambulance travelling down a road at constant speed emits sound waves from its

siren. A lady stands on the side of the road with a detector which registers sound

waves at a frequency of 445 Hz as the ambulance approaches her.

After passing her, and moving away at the same constant speed, sound waves of

frequency 380 Hz are registered.

Stationary lady

Assume that the speed of sound in air is 343 m·s-1.

8.1 Name the phenomenon that describes the change in the frequency observed

by the lady.(1)

8.2 Calculate:

8.2.1 The speed at which the ambulance is moving (7)

8.2.2 The frequency at which the siren emits the sound waves (3)

QUESTION 6 (Feb-March 2013)
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-1.) 

(5) 



	6.2.2 
	Distance x between the car and the ambulance when the observer BEGINS measuring the frequency 
	               (3) 


QUESTION 6 (May-June 2015)
The graph below shows the relationship between the apparent frequency (fL) of the sound heard by a STATIONARY listener and the velocity (vs) of the source travelling TOWARDS the listener. 

[image: image8.emf]
	6.1 
	State the Doppler effect in words. 
	                                            (2) 




6.2 Use the information in the graph to calculate the speed of sound in air (5).                                      
6.3 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.      (2)

Question 5 Western Cape 2014

Use the diagram below to answer the following questions:
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5.1 Identify the medical device shown in the diagram. (1)

5.2 Explain very briefly how the device functions and what it may be used for. (2)

5.3 A fire truck with its siren on, moves away at constant velocity from a person

standing next to the road. The person measures a frequency which is 90% of the frequency of the sound emitted by the siren of the fire truck.

5.3.1 Name the phenomenon observed. (1)

5.3.2 If the speed of sound in air is 340 m·s-1, calculate the speed of the fire truck. (4)

QUESTION 6 FS 2015
A grade 12 learner visits a motor racing event, Formula 1. He wants to determine the 

speed at which the motor vehicles are passing him. He notices that as the vehicles pass 

him the sound of the engine changes. He measures the frequency as the vehicles 

approach him and as they move away from him.
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6.1      Name the phenomenon observed?
        
(1)

6.2
The sound from the car has a frequency of 2500 Hz.When the car is moving the learner observes that the frequency increases by 535 Hz. Calculate the speed, of the vehicle as it passes him. Give your final answer in km per hour. 

        
Assume that the speed of sound in air to be 340 m.s-1. 
                     (6)

6.3
What will be observed when a yellow star moves away from the Earth.  


Explain briefly.    








(2)
Question 6 WC 2015

	A burglar alarm is wailing with a frequency of 1200 hertz. The speed of sound in air is 340 m∙s-1. 

6.1.1. Explain what is meant by the Doppler Effect                                (2)

6.1.2 If a police officer drives towards the alarm at constant velocity, would he observe an INCREASE, DECREASE or NO CHANGE in the frequency of the sound?         (1)

6.1.3 Explain the answer in QUESTION 6.1.2 by referring to the WAVELENGTH of the sound observed by the officer.     (2)

6.1.4. Calculate the frequency the police officer will observe if he is driving towards the alarm at a constant speed of 40 m∙s-1.                               (4)




	QUESTION 6 FS 2014
	
	


	Light emitted from distant stars demonstrates the phenomenon known as red shift. 
	
	


	6.1
	Explain how the phenomenon known as red shift can be used to explain an expanding universe.
	(2)


	6.2
	A submarine can use the Doppler effect to detect the speed of ship. A submarine at rest and just below the surface of the water, detects the frequency of a moving ship as 437 Hz, 0,985 times the actual frequency of the sound emitted by the ship. The speed of sound in water is 1470 m·s-1.
	
	


	
	6.2.1
	Is the ship moving away from or towards the submarine? Give a reason for your answer. 
	(2)


	
	6.2.2
	Calculate the speed of the ship. 
	(5)


	6.3
	Name two applications of the Doppler effect in Medical Science.
	(2)


	QUESTION 6   Nov 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. 
	
	


	6.1
	Write down the property of sound that is related to pitch.
	
	(1)


	6.2
	Give a reason why the birdwatcher observes a change in pitch as the bird approaches him.
	
	(1)


	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.
	
	



	6.3
	From the graph, write down the wavelength of the detected waves.
	
	(1)


	6.4
	Calculate the:
	
	


	
	6.4.1
	Frequency of the waves detected by the birdwatcher
	
	(3)



	
	6.4.2
	Magnitude of the velocity at which the bird flies
	
	(5)




QUESTION 6 Nov 2015

	6.1 

	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. 

6.1.1 Write down the dependent variable for this investigation.       (1)

6.1.2 State the Doppler effect in words.                                            (2)

6.1.3 Was the sound source moving TOWARDS or AWAY FROM the listener? Give a reason for the answer. (2)

6.1.4 Use the information in the table to calculate the speed of sound during the investigation. 




6.2 The spectral lines of a distant star are shifted towards the longer wavelengths of light. Is the star moving TOWARDSA or AWAY FROM the Earth?      (1)
Question 5 (BURGLAR ALARM)

Some motion-sensing burglar alarms make use of ultrasound waves (frequency 30 kHz). Waves sent out from the device are reflected by all objects in the room. If the reflecting objects are stationary then the reflected waves that reach the device’s receiver have the same frequency as the outgoing wave (30 kHz). If something moves in the room then the frequency of the reflected waves is altered. Such a  change will trigger the siren. The speed of sound in air is 340 m·s-1. 

5.1) Name the scientific phenomenon upon which this technology is based.
(1)

5.2) Calculate the wavelength of the waves being generated by the device.
(3)

5.3) How would the frequency change if a wave is reflected off a person walking  

       towards the device?








(1)

5.4) Calculate the frequency detected if a burglar is moving towards the device at a 

       speed of 3m·s-1.








(3)

5.5) Calculate the velocity (magnitude and direction) of the burglar if the detected 

       wave has a frequency of 29 500 Hz.


Question 7 (CRIMINAL INVESTIGATION)

Whilst in a nightclub Andries has his car stolen and calls the police. He waits outside the nightclub for the police to arrive. The police car which has its siren on approaches the club and drives past where Andries is standing before parking.



The siren is emitting a note of frequency 1 200 Hz but Andries hears a note of frequency 1 100 Hz.

7.1) Is the car moving away from Andries or towards him when he hears the note of 

       frequency 1 100 Hz?








(1)

7.2) Calculate the magnitude of the velocity of the police car relative to Andries.

       Take the speed of sound to be 340 m.s-1.





(4)

According to the police the criminal was travelling at 40 m.s-1 when he passed their speed trap. They flagged him down and he braked uniformly coming to rest in a distance of 240 m. The mass of the car was 1 200 kg.

7.3) Calculate the kinetic energy of the car as it passed the speed trap.

(3)

7.4) State the work-energy theorem.






(2)

7.5) Use the work-energy theorem to calculate the resultant force exerted by the 

       brakes in bringing the car to rest.






(3)

7.6) Calculate the power of the car’s braking system.

QUESTION 6 (Feb- March 2016)
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 10-3 m. 

	6.1 
	Calculate the speed of this sound wave through the air. 
	(3) 



	6.2 
	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. 

6.2.1 Is the moth moving TOWARDS or AWAY FROM the bat?   (1)

6.2.2 Calculate the magnitude of the velocity of the moth, assuming that the velocity is constant.                                                    (6)
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