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Q1.

Figure 1 shows a diagram of the Michelson-Morley interferometer that was used to try to detect the
absolute motion of the Earth through the ether (aether).

Light from the monochromatic source passes through the semi-silvered glass block and takes two
different paths to the viewing telescope. The two paths, PM; and PM,, are the same length.
Interference fringes are observed through the viewing telescope.
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It was predicted that when the interferometer was rotated through 90° the fringe pattern would shift
by 0.4 of the fringe spacing.

(@) Explain how the experiment provided a means of testing the idea that the Earth had an
absolute motion relative to the ether.

Your answer should include:
. an explanation of why a shift of the fringe pattern was predicted

. a comparison of the results of the experiment to the prediction
. the conclusion about the Earth’s absolute motion through the ether.
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(b)

(©)

(d)

(6)

The Michelson-Morley experiment provides evidence for one of the postulates of Einstein’s
theory of special relativity.

State this postulate.

(1)

State the other postulate of Einstein’s theory of special relativity.

1)
One consequence of the special theory of relativity is length contraction.

Experimental evidence for length contraction is provided by the decay of muons produced in
the atmosphere by cosmic rays.

Figure 2 shows how the percentage of the number of muons remaining in a sample changes
with time as measured by an observer in a frame of reference that is stationary relative to the
muons.

Figure 2
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In a particular experiment, muons moving with a velocity 0.990cC travel a distance of 1310 m
through the atmosphere to a detector.

Determine the percentage of muons that reach the detector.

percentage = %

4
(Total 12 marks)

Q2.

The diagram shows a gas discharge tube devised by William Crookes in one of his investigations.

When a large potential difference is applied between the cathode and anode the paddle wheel is
seen to rotate and travel along the rail towards the anode.
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(@ Explain how this experiment led Crookes to conclude that cathode rays are particles and that
these particles caused the movement of the paddle.

(2)
(b) Later experiments showed that cathode rays are electrons in motion.

Explain how cathode rays are produced in a gas discharge tube.

®3)

(c) Ina particular gas discharge tube, air molecules inside the tube are absorbed by the walls of
the tube.

Suggest the effect that this absorption may have on the motion of the paddle wheel.

Give a reason for your answer.
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(2)
(Total 7 marks)
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