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SECTION A
Answer all questions in this section.

There are 24 marks in this section.

1 State the differences in quark structure between a meson and a baryon.

(2 marks)
2 A broadcast of music is transmitted with a bandwidth of 6 kHz.
(a) State the effective frequency range that such a system can transmit.
effective frequency range .........ccceeevveeiveeieeniiencieenienns
(1 mark)

(b) Comment on the quality of music reproduction by such a system compared with the
original sound, explaining your answer.

(2 marks)
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3 Figure 1 shows a graph of displacement against time for two waves A and B. These waves
meet in phase and add to form a resultant wave.

displacement/mm Figure 1
4
3 /TN AN\
2 / \ /
D 0.5 ¥ 1.0 15 tmess
-1 \\ /
) \\ /
3 ~ /
-4
(a) State the amplitude of the resultant wave.
(1 mark)
(b) Calculate the ratio
intensity of wave B : intensity of wave A.
(2 marks)
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4 Figure 2 shows an experimental arrangement in which radio waves from an aerial are
incident on a double slit. The waves passing through the slits are received some distance
away using a similar aerial. This arrangement produces a current output on a microammeter
that is proportional to the resultant intensity of the waves arriving.

Figure 2

receiving
aerial \

aerial \
i

transmitting

slits in metal plate

(a) The slits are 0.080 m apart and the wavelength of the radio waves is 0.025m.
Calculate the ‘fringe’ spacing that will be observed with the receiving aerial placed
3.0m from the double slits.

“fringe’ SpPacing .......ccceeveeeveeeneerieeeneennn
(2 marks)

(b) The receiving aerial is placed at a point of maximum amplitude but is then rotated
through 90° as shown in Figure 3.

Figure 3

receiving
transmitting aerial

aerial\ \
b ®

slits in metal plate
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The reading falls to zero. Explain this observation and state what it allows you to
deduce about radio waves.

(2 marks)

5 Figure 4 shows a violin string. One way to produce a musical note is to pull the centre of
the string to one side and then release it quickly.

Figure 4
fixed point
l string fixed point
1 l A
] I | ) I 'l =

(a) Draw on Figure 4 the fundamental standing wave that will appear on the string when
the note is sounding. (1 mark)

(b) (1) Sketch on Figure S the standing wave that corresponds to a frequency of three
times that of the fundamental.

Figure 5
fixed point
l string fixed point
1 l A
] I | ) I 'l =
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(i) State the name given to points on the standing wave where there is no vibration
of the string.

(2 marks)
(c) Children often learn to play the violin on a small instrument with shorter strings.

These shorter strings have to produce the same fundamental frequencies as those on the
full-size instrument. State two ways in which this can be achieved.

(2 marks)
6 A diffraction grating has 940 lines per mm.
(a) Calculate the distance between adjacent lines on the grating.
distance between lines .........ccceveevirieniencnieneenens
(1 mark)

(b) Monochromatic light is incident on the grating and a second-order spectral line is
formed at an angle of 55° from the normal to the grating. Calculate the wavelength of
the light.

wavelength .........ccocoevviiviiiiinnn.
(3 marks)
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7 The table shows some of the results from an experiment in which measurements were made
of the count-rate at various distances from a source of gamma rays.

Complete the blank spaces in the table with the values you would expect.

M/Jan06/PHB2

distance from source to detector/m 0.5 1.0 2.0
uncorrected count-rate/counts per minute 182
corrected count-rate/counts per minute 592 148

Turn over for Section B

(3 marks)
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SECTION B

Answer all questions in this section.

8 A speed camera uses the Doppler effect to measure the speed of a moving car. An
electromagnetic wave is directed towards the car where the wave undergoes a Doppler shift
before being returned to the camera. When the wave returns to the camera, the new
frequency is measured.

(a) One type of speed camera transmits a signal of frequency 2.1 x 10" Hz.
State the region of the electromagnetic spectrum to which this wave belongs.

(b) The car is moving towards the speed camera. Explain why the frequency measured by
an observer in the car differs from the frequency emitted by the speed camera. State
whether the observed frequency is higher or lower than the original.

(2 marks)
(c) The car has a speed towards the camera of 65 km/hour. Calculate the shift in
frequency measured by an observer in the car.
speed of electromagnetic waves ¢ = 3.0 X 10°ms™'
frequency shift .........cccceevveniieneennen.
(3 marks)

(d) State the wave property that causes the wave to return from the car to the camera.
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9 One of the important experiments in early twentieth-century physics was the alpha-particle
scattering experiment carried out by Rutherford and his co-workers. In this experiment alpha
particles were scattered by a gold foil.

Describe the principal results observed by Rutherford and the deductions about atomic
structure that he was able to make. Go on to write briefly about the evidence relating to the
structure of the nucleus that has been provided by other scattering experiments.

Two of the 7 marks for this question are available for the quality of your written
communication.

(7 marks)
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10 (a) Carbon-14 ( 12C ) decays with the emission of a beta particle to form nitrogen (N).

Nitrogen has a proton number of 7. Write down the full nuclear equation that describes
this decay.

(3 marks)

(b) A sample of pure 12C contains 6.3 x 10" carbon atoms each with a decay probability
of 3.8 x 10257

(1) State the S.I. unit of activity.

(i) Calculate the initial activity of the sample.

nitial aCtiVILY ..oooecveveeiieeiieeiee e,
(3 marks)
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(c) All nuclei of carbon-14 ('¢C) have the same decay probability.
Explain how this statement accounts for the observation that the number, N, of
radioactive carbon atoms in the sample varies with time, ¢, as shown in Figure 6.

Figure 6

7.0

N/10Y

3.0

2.0

1.0

0 5 10 15 20 25 30 #10°years

(4 marks)
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11 Figure 7 shows the displacement of particles in an ultrasound wave at different distances
from the source at a particular time. The wave travels at 3200ms™.

Figure 7
displacement/
arbitrary units N E
/ /
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/
2 / \ / \
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(@) (1) Use the graph to find the wavelength of the wave in Figure 7.

wavelength ........cccocovvvveiiiniieinieeeen.

(i) Calculate the frequency of the ultrasound wave.

freqUENCY ..oovveeieiieeie e
(3 marks)
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(b) One industrial use for ultrasound waves is to detect flaws inside a metal block.
Figure 8a shows the arrangement in which the waves are fired downwards in short
pulses from a transmitter. Figure 8b shows the amplitudes of the initial pulse and the
reflected signals recorded by the receiver. You may assume that there is no reflected
pulse received from the upper surface of the block.

Figure 8a

transmitter  receiver

N/

Figure 8b

amplitude/arbitrary units

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
time/Us

The ultrasound wave travels at 3200ms ™. Use data from Figure 8b to calculate the
distance of the flaw below the top of the block.

dIStANCe ...,
(3 marks)
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12 Radar waves are used to study the surface structure of the Antarctic ice-sheet. Figure 9
shows some of the successive peaks of a wave (the wavefronts) moving from an aircraft to
the ice as they meet the air—ice interface.

(a) The wave is partially transmitted and partially reflected at the air—ice interface. Draw
on Figure 9 the subsequent positions of the wave peaks after they have reached the ice

surface.

Figure 9

peaks of the wave

RN\

ice

(4 marks)

Figure 10 shows a similar technique in which the radar signal is transmitted vertically
downwards from the aircraft.

Figure 10

‘, aircraft
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[

M/Jan06/PHB2



17

The wavelength of the radar wave is 0.045 m and it emerges from the aircraft through an
aperture of diameter 0.62 m where it is diffracted.

(b) (i) Calculate the angle 6, to the vertical, at which a first minimum of intensity of the
diffracted beam occurs.

(i1) The aircraft flies at a height of 500 m above the ice surface. Calculate the
radius, r, of the circle over which the central maximum of the diffracted beam
extends.

(4 marks)

(c) The radar signal is reflected back to the aircraft by the ice and is received through
another aperture in the base of the aircraft. The resolution of the system can be
improved by flying closer to the ice. State two further ways in which the resolution of
the receiving system can be improved.

INETROM 1 oo enenesenesenennnnennnnnnnnn

(2 marks)

(d) The data are transmitted from the aircraft back to an Antarctic base station in real time.
Complete the block diagram of a communication transmissions system on the aircraft
that could be used to achieve this.

input
transducer

Data —

Y
Y

(3 marks)
Question 12 continues on the next page
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(e) The data are eventually transmitted back to the United Kingdom. Describe three
communication paths (other than by ship or air flight) that could be used to achieve
this. Outline the range of possible regions of the electromagnetic spectrum that could
be used for each path that you suggest.

Two of the 8 marks for this question are available for the quality of your written
communication.

(8 marks)

END OF QUESTIONS 21
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