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Section B

Answer all questions in this section.

Figure 1 shows the apparatus used in an experiment to investigate electron diffraction
and the de Broglie hypothesis.
Figure 1
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| EI Explain how high-speed electrons are produced in the apparatus in Figure 1. .
In your answer you should:

e name parts A and B
¢ discuss the purposes of potential differences ¥, and V. ‘

[4 marks]
A § the flamend. B i{ the anode . |
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EI In the experiment, electrons are incident on a target made of a crystalline material.
The electron wavelengths need to be about 50% the size of an atom to produce a
diffraction pattern on the screen.
Suggest a suitable value for V5.
Support your answer with a calculation.
[4 marks]
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Question 1 continues on the next page
- _ Turn over b
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E] Figure 2 shows a typical diffraction pattern produced on the screen by the electrons. box

Figure 2

Explain how measurements made with the apparatus in Figure 1 can be used to

support the de Broglie hypothesis.
[4 marks]
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E STM and TEM are abbreviations for two types of electron microscope. | b
Which row links the type of microscope to a relevant property of moving electrons?
Tick (v') one box. .
[1 mark] |
|
STM TEM :
i
Moving electrons can cross a Moving electrons can be deflected by a L//
potential barrier. magnetic field. |
Moving electrons can be deflected by a Moving electrons can be deflected by a i
magnetic field. magnetic field. |
|
Moving electrons can be deflected by a Moving electrons can cross a |
magnetic field. potential barrier. |
Moving electrons can cross a Moving electrons can cross a |—

potential barrier. potential barrier. ‘ 13
i
Turn over for the next question i
I
|
i
|
|
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— |
Turn over »




speed of electromagnetic waves in a vacuum.

vacuum.

In 1864, James Clerk Maxwell published a theory that included an equation for the

Show that Maxwell's theory agrees with the accepted value for the speed of light in a

Use information from the Data and Formulae Booklet in your answer.

C \n boollet S 5.00)“0?
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[2 marks] l

- 2.0 A0 mi~! |

wA i Ao well!s

AAre0)
J

the one used by Hertz in one of his experiments.

Figure 3

L/

D is a detector that uses a conducting loop aerial.

‘06

Hhe OV

Between 1886 and 1889, Heinrich Hertz completed a series of experiments in an |
attempt to verify Maxwell’s theory. Figure 3 shows a simplified arrangement similar to |

i i i isti o vertical metal rods. '
T is a radio wave transmitter with an aerial consisting of tw |
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Doml'u;;l:
@ T Is switched on so that an oscillating current is produced in the metal rods. box

An emf is detected in the conducting loop aerial.

Explain this experiment with reference to Maxwell's model of electromagnetic waves.
[4 marks]
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Question 2 continues on the next page
Turn over »
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In a different experiment Hertz used stationary waves to determine the speed of radio . box

waves.
Figure 4 shows an experimental arrangement similar to the arrangement Hertz used.

Figure 4

\ \

\ detector

fixed transmitter fixed metal reflector d

L

Stationary waves are produced between the fixed transmitter and the fixed metal |
reflector.

In one experiment the distance between the transmitter and reflector is about 12 m
and the transmitter frequency is 75 MHz.

Deduce whether this arrangement can be used to measure the speed of
electromagnetic waves suggested by Maxwell's equation. |

[4 marks]
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Figure 5 shows the features of a Michelson-Morley interferometer. it

Figure 5
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Explain how, using this arrangement, Michelson and Morley attempted to detect the
absolute motion of the Earth.

In your answer you should:

« outline the experimental procedure

 explain the expected result of the experiment |

« describe the actual result and explain the significance of this result. '
[6 marks]
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[I] State what is meant by an inertial frame of reference. | bor
[1 mark] |
|
0ne  Hiad mouel ok convkanty velocCl vl |
|
|
EI A pair of detectors is set up to measure the intensity of a parallel beam of unstable
particles.
In the reference frame of the laboratory, the detectors are separated by a distance of |
45 m. The speed of the particles in the beam is 0.97c¢. i
The intensity of the beam at the second detector is 12.5% of the intensity at the first
detector. ‘
Calculate the half-life of the particles in the reference frame in which they are atrest. |
Sy [4 marks]
W kame of _ (0.9%)% |
e d,{(/‘rah&,-‘-[—'!i'\( ' ~ et F 10.Am. |
.w0a y |
s Do 5 .2 |
o~} |
hall L(\_Q A Kve = 13w 4 .
S |
|
-3
hatfsie= -2 x 10 s
EI In calculations involving time dilation, it is important to identify proper time.
Identify the proper time in the calculation in Question 04.2. '.
[1 mark] |
The Bbme  taken 4or o parbick beam £
trauel  bVerweon  dolecha meaurod  in thy |
= |
frame  of voletence of tho parbicle boam . |8

L

END OF QUESTIONS
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