Name: The Deppler shift

1. In class, we derived a “general” expression for the Doppler shift which takes into account the motion of both
the source and the observer. In fact, equation 8.7 assumes that the motion of the source and the observer occur

along a straight line.

Consider the following, more general, situation. A car is traveling along a road at 50 miles per hour. A train is
approaching the car with a constant speed of 25.0 m/s on a track that is running parallel to the road, but 30.0 m
away from it. The train’s horn emits a frequency of 500 Hz. ) .
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a) Draw a diagram, similar to Figure 8.6 in your book, showing the velocity and position of the car, the train, and
the propagation of the sound waves.
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b) Write a more general equation for the Doppler shift that could be used in this situation in terms of the angle
between the line of sight to the train and the direction of the road. (ThlS isa generahzatxon of Example 1inyour
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c) What frequency do the passengers in the car hear at the instant when the train is 40m from Ltspemt-efﬂosest
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d) Qualitatively explain how the sound of the train’s horn evolves as it approaches and passes ane=passes the car
(as heard by the passengers inside the car). .
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e) What is the minimum and maX|mum frequency heard by the observers in the car? .
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f) How would you modify the equation found in b) for the more general situation where the car and the train
are not moving in parallel directions? .
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2. The speed of light in water is 2.25 x 108 m/s (about % the speed of light in a vacuum). A beam of high speed
electrons emits Cerenkov radiation in the water, the wavefront being a cone of angle 38 /_’ﬂ_

a) For some time t>0, draw a diagram showing the position of the electrons, and wavefronts of the
electromagnetic radiation emitted at time t=0. Carefully show the position of the angle 6.

b) Find the speed of the electrons in water. C
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