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SECTION A

Answer all questions in this section.

There are 25 marks in this section.

1 (a) State the name of the antiparticle of a positron.

(2 marks)

2 Figure 1 shows three particles in a medium that is transmitting a sound wave. Particles A and C are
separated by one wavelength and particle B is half way between them when no sound is being
transmitted.

» direction in
which wave
is moving

o]
o]

one wavelength 4
Figure 1

(a) Name the type of wave that is involved in the transmission of this sound.

(b) At one instant particle A is displaced to the point A’ indicated by the tip of the arrow
in Figure 1. Show on Figure 1 the displacements of particles B and C at the same instant. Label
the position B” and C’ respectively. (1 mark)

(c) Explain briefly how energy is transmitted in this sound wave.

(2 marks)
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Foundation Physics Mechanics Formulae

moment of force = Fd

for a spring, ¥’

energy stored in a spring

T

u+at

ut ++ at’
ur+2as
%(u + V)t
kAl

LFAL = Lk(Al)

1
!

Foundation Physics Electricity Formulae

terminal p.d.

1n series circuit, R

in parallel circuit

output voltage across R

circumference of circle =

area of a circle

surface arca of sphere =

volume of sphere = L
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Waves and Nuclear Physics Formulae

fringe spacing = 4D
single slit diffraction minimum sin 6 = %
diffraction grating nA = dsinf
Doppler shift A—f = - forv<<c
Hubble law v = Hd
radioactive decay A4 = AN

Properties of Quarks

Type of quark|  Charge Baryon number
up u +% e +3
down d —1e s
— 2 1
u —3¢€ -3
d +ie -=

Lepton Numbers

Lepton number L

Geometrical and Trigonometrical Relationships

2nr

wr?

4up?

3
3

Particle 7. I I
e 1
e’ -1
v, 1
@e -1
M- 1
u- -1
u 1
U -1
T~ 1
T" -1
v, 1
v, -1
sin @ = %
b
¢ cos O = -
a
tan 0 = %
b
¢t = a*+b?
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3 Figure 2 shows an arrangement to investigate stationary (standing) waves on a stretched string.

1.2m

string fixed to
retort stand \

oscillator vibrator fixed to string

Figure 2

The stationary wave in Figure 2 appears when the frequency of the oscillator is set at 75 Hz.

(a) State the name given to a point on the stationary wave such as X in Figure 2.

(b) Calculate the speed of the wave along the string.

speed of Wave......cccoecvvveeneeeiecieeieen,
(2 marks)

(¢c) Calculate the frequency that would produce a stationary wave with two loops on this string.

frequency.....cocevveveeneenie e Hz

TURN OVER FOR THE NEXT QUESTION
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4 Light from a laser has a wavelength of 6.30 X 10 'm. When the laser light is incident normally on a
diffraction grating the first order maximum is produced at an angle of 12°.

(a) Calculate the spacing between the lines on the grating.

spacing of liNes ........ccoeveeevecienciiiiiiiees
(2 marks)

(b) Calculate the number of positions of maximum light intensity that are produced when the laser
light is incident on the grating.
Show your reasoning clearly.

number of PoSItioNS..........oovvvvniiniinnnnn..
(3 marks)

5 Neutrons were discovered when beryllium, ZBe, was bombarded with alpha particles.
An alpha particle knocked a neutron out of a beryllium nucleus producing a carbon nucleus, C.

(a) Write down the equation that describes this reaction.

(b) (1) Describe the quark substructure of a neutron.

(i1)) Describe how the quark substructure of a meson differs from that of a baryon such as a
neutron.

WO05/PHB2
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6 The graph in Figure 3 shows the results of an investigation of how the visible light intensity / varies
with distance d from a filament lamp. The lamp can be assumed to behave as a point source of light.

80
I/Wm™ ‘\‘
60 \
\
\
\
40
20 N
\\
0
0 0.02 0.04 0.06 0.08 0.10
d/m
Figure 3

(a) Use data from the graph to show that the visible light intensity varies with distance according
to an inverse square law.

(3 marks)

(b) Find the power of the visible light emitted by the filament lamp.

(2 marks)

Turn over P
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SECTION B

Answer all questions in this section.

There are 50 marks in this section.

Total for this question: 13 marks

7 Figure 4 shows an arrangement to investigate the interference between microwaves that meet after
being reflected from two parallel surfaces.

X
transmitter

microwave | ﬁl

gencraior | : movement of

] «—
. o metal plate

microwave .

receiver recerver

hardboard sheet  metal plate
(partial reflector) (total reflector)

Figure 4
The hardboard sheet reflects some energy while allowing some to pass through it and the metal plate
reflects all the energy that falls on it.
As the metal plate is moved toward the hardboard sheet the received signal strength goes through a
series of maximum and minimum values.

(a) Explain why the received signal strength is a minimum for certain positions of the metal plate.

Two of the 6 marks for this question are available for the quality of your written communication.

(6 marks)
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(b) The wavelength of the microwaves used in the experiment is 28 mm. A maximum signal is
observed when the metal plate is in position X.

(i) Calculate the least distance that the metal plate will have to be moved so that another
maximum is observed. Show your reasoning clearly.

least distance...........coovvvviiiiininnn.
(2 marks)

(il) When the metal plate moves at a constant velocity the received signal strength varies at a
constant frequency. Calculate this frequency when the metal plate is moved at 0.50ms .

frequency........ooovvvviieiinninnn..

(c) The apparatus is now arranged as shown in Figure 5 to investigate diffraction at the transmitter
aperture. A maximum is observed at P and the signal strength first falls to a minimum at Q.

microwave transmitter ] receiver B [ cowave
generator )9 receiver
2
Figure 5
(i) Explain briefly what is meant by diffraction.
(2 marks)

(i1) The width of the aperture of the transmitter is 60 mm. Calculate the angle 6 at which the
intensity of the received signal falls to a minimum.

(2 marks)

Turn over P
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8 Total for this question: 10 marks

(a) (1) State what is meant by the Doppler effect.

(2 marks)

(ii)) Describe briefly a practical situation other than the ‘red shift’ in which the Doppler effect
occurs.

(2 marks)

(b) A scientist measures the frequency of a spectral line of the radiation from a galaxy to be
4.531 x 10"Hz. The same spectral line from a laboratory source has a measured frequency
of 4.600 x 10" Hz.

speed of electromagnetic radiation in free space = 3.0 x 10°ms"'
Hubble constant =65 kms ' Mpc™'

Calculate
(1) the velocity of the galaxy with respect to the Earth,

VElOCILY weveeeeiieiieiieieieee
(2 marks)

(ii) the distance of the galaxy from Earth.

distance from Earth...............................
(2 marks)
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(c) Draw on the axes below a graph to show how the velocities of the galaxies vary with their
distances from the Earth assuming the Hubble law to be correct.
(2 marks)

velocity of the galaxy/kms™ 1400

1200
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800
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400
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distance from the Earth/Mpc

TURN OVER FOR THE NEXT QUESTION
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9 Total for this question: 12 marks

A freshly prepared radioactive source that emits negatively charged beta particles (B~ ) has an activity
of 120 Bq and a half-life of 12 h.

(a) (i) State the effect on the proton number Z and the nucleon number 4 when a B~ particle is
emitted.

(2 marks)

(i1) Sketch, on the axes below, a graph that shows how the activity varies during the two days
after the source was prepared.

activity/Bq 140

120
100
80
60
40
20

00 4 8 12 16 20 24 28 32 36 40 44 48

time/hours

(3 marks)
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(b) (i) The total energy released in each decay is 5.5 x 10°J.
Calculate the initial energy produced each second by the source.

initial energy.......ccccevvvevverveniennennen. J
(1 mark)

(ii) Figure 6 shows the energy spectrum for the beta particles emitted in the decay. It shows
that different energy beta particles are possible.

relative
number of beta
particles with
energy E. P
0 }
0 5.5 E/N10°°]

Figure 6

Explain why all the beta particles that are emitted do not have 5.5 x 107" J of energy.

(3 marks)

(c) The probability of one of the radioactive atoms decaying each second is 1.6 x 10°. How many
radioactive atoms are present when the activity is 120 Bq?

number of radioactive atoms..........ccovuvvveeeeeeecnnnenen.

Turn over P
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(d) A scientist undertaking an investigation places the freshly prepared source close to a Geiger-
Miiller tube as shown in Figure 7 and records a count rate of 50 counts per second.

Source —» @ 5 } 50
Geiger-Miiller tube count
rate
Figure 7

State and explain two reasons why the measured count rate is lower than the activity of the
source.

(2 marks)
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TURN OVER FOR THE NEXT QUESTION
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Total for this question: 15 marks

Figure 8 shows the block diagram of a communication system.

(a) State

WO05/PHB2

(1)

(i)

information

input ]
i3 transmifter
———{Iransducer e. madul - | ;
input mi:mphmg- B ubator [ amplifier e.g. derial —E
radio waves .

I e e i e W et s e e e

T .

i

| I outpul i .

! ToColver o

e il j amplifier [Hdemodulator M transducer e.g. information
. aera o _-m—autput

Figure 8

the useful energy transfer that occurs at the receiver aerial,

the purpose of the demodulator.

(2 marks)
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(b) Two points on the Earth's surface are separated by a distance of several hundred kilometres.
Describe two transmission paths other than cable or fibre optics that would enable
communication between these two points. In each case name a suitable region of the

electromagnetic spectrum for the transmission.

Two of the 6 marks for this question are available for the quality of your written communication.

(6 marks)

QUESTION 10 CONTINUES ON THE NEXT PAGE
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(c) Figure 9 shows the analogue signal from a transducer.

analogue voltage/mV

10

J M LM
: oA
: \ /

1 VSN
ARAY,

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
time/s

Figure 9

(i) For transmission the signal is digitally sampled at 0.002 s intervals starting at 0s. In the
analogue to digital, A to D, converter

0 to 1 mV produces a digital output 0000
+10 mV produces a digital output 1010

The bits for each sample are transmitted down four parallel wires.
Show on the axes below how the output of the A to D converter varies with time.

output of A to D converter
1010

1001

1000
0111

0110

0101

0100

0011
0010

0001

0000
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014

time/s (3 marks)
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(i1) Calculate the fundamental frequency of the sound that produces this waveform.

fundamental frequency..........cccecveviveniiennnn.
(2 marks)

(iii)  The third harmonic (second overtone) is also present in the waveform. State the period of
this harmonic.

END OF QUESTIONS
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