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Data

gravitational field strength close to Earth’s surface g = 9.81Nkg™
elementary charge e = 1.60 x1071°C

speed of light in vacuum c = 3.00x108ms™!
Planck constant h = 6.63 x 10734Js
permittivity of free space & = 8.85x10712Fm~!
gravitational constant G = 6.67 x 107N m2kg—2
electron mass m, = 9.11 x 10-31kg
proton mass m, = 1.67 x 10~2"kg
unified atomic mass constant u = 1.66 x 10727kg
molar gas constant R = 8.31JKtmol!
Avogadro constant N, = 6.02 x 1023mol~*
Boltzmann constant k = 1.38 x 10723JK™1
Stefan-Boltzmann constant o = 5.67 x108Wm—2K™*
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4

Section A For
Examiner's
You are advised to spend 1% hours answering this section. Use

1 (a) Define momentum.

(b) State Newton'’s second law and use it to show that impulse is proportional to the change
in momentum.

(c) A cyclist is travelling due east with a velocity of 16 ms~1. The cyclist changes velocity to
be travelling due south with a velocity of 12ms,

(i) The initial velocity of 16ms= is shown in Fig. 1.1. On Fig. 1.1 draw the vector
representing the velocity of 12ms~1 and a further vector to represent the change in
velocity. Your drawing does not need to be exactly to scale.

16mst

Fig. 1.1 [2]
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(i) Calculate the change in the velocity of the cyclist. For

Examiner's
Use

magnitude of change in velocity = ........................ ms~[2]
direction of change in veloCity = .......cccccvvvvivvvvevieeeieeneen, [1]

(iii) The mass of the cyclist is 73kg. Calculate the magnitude of the change in the
momentum of the cyclist. Give the unit of this momentum change.

magnitude of change in momentum = ................... UNIt e [2]

[Total: 10]
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2 The graph drawn in Fig. 2.1 shows how the force applied to a copper wire is related to the

extension of the wire.

120 :

100 gy

force/ B

>
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~
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Fig.2.1
Using information from the graph answer the following.
(a) Give the letter that could correspond to
(i) the breaking point, ...
(i) the elastic limit, ..
(iii) the limit of proportionality. —.....................

(b) Complete the following statement.

The graph exhibits the behaviour of a ...................

35

40 45 50 55
extension/mm

material.

[1]
[1]
[1]

[1]

(c) State the feature of the graph that corresponds to the work done in stretching the wire.

(d) Add to the graph a line indicating the way the wire responds when, at D, the force is

reduced to zero.

© UCLES 2011 9792/02/M/J/11
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7

(e) The wire has an unstretched length of 2.40m and an area of cross-section of For

3.90x10~"m?2. Determine the Young Modulus Y of the material. Examiner's
Use

[Total: 11]
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(@)

Define resistance.

(b) Calculate the current through a resistor of 4.0Q resistance with a potential difference

(c)

(p.d.) of 12V across it.

current = ..., A[1]
A car battery can be charged from a d.c. supply connected in parallel.

Fig. 3.1 is a simplified circuit diagram of such an arrangement, but with some of the
electrical items in use in the car also still connected to the battery.

A G B
IZ
57777; 777: “IS Il
140V, = car battery electrical
d.c. suppl IR S L 12.0V items
ppy\: ! —— 4.0Q
'11.6Q |
C F D
Fig. 3.1

The car battery has an e.m.f. of 12.0V and negligible internal resistance.
The d.c. supply has an e.m.f of 14.0V and an internal resistance of 1.6 Q.
The total resistance of the electrical items in use is 4.0Q.

The p.d. between the wire AB and the wire CD is the same as the p.d. between G and F,
which is 12.0V.

(i) Deduce the p.d. across the internal resistance of the d.c. supply.

© UCLES 2011 9792/02/M/J/11
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(if) Calculate the current I, through the d.c. supply.

For
Examiner's
Use

(iii) Calculate the current I, through the battery.

(d) More electrical items are switched on.

(i) Show that the total resistance of the electrical items in use in Fig. 3.1, for the battery
to supply zero current, is 9.6 Q.

2]

(i) Suggest what will happen if the total resistance of the electrical items is higher than
9.6Q.

[Total: 9]
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10

(a) Explain, with the aid of a diagram, what is meant by total internal reflection.

(b) Deduce, from the expression for refractive index, the relationship between the critical
angle c and the refractive index n.

(2]

(c) An optical fibre is made of a core of very pure glass of refractive index n = 1.536 for red
light. It is surrounded by a cladding of refractive index n = 1.517 for the same red light,
as shown in Fig. 4.1.

@) £

Fig. 4.1

cladding
n=1517

(i) Explain why these refractive indices are stated for a specific colour of light.

© UCLES 2011 9792/02/M/J/11
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(i) 1. Calculate the speed of the red light in the core.

For
Examiner's
Use

2. The speed of red light in the cladding is 1.978 x 108 ms~1. Use this value and
your answer to 1 to determine the critical angle for the interface between the
core and the cladding.

critical angle = .......ccccoecviiinnininiinnn, ° 2]

(iii) Calculate the extra distance travelled by light internally reflected within the core at
this angle, compared with light travelling along the axis of a fibre of length 4.00 km.

distance = ......cccooviiiiiiiiiieenne m [3]

[Total: 13]
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5 (a) Fig.5.1 represents light of wavelength 589 nm emitted from two sources. The time axes

have the same scales.
t
NNNANN NNNANNNANNNANNNN
\VAVAVAVAV/ VVVVVVUVVVUVVUV
ANANAANANNANNN ANANANANAANANNANDN NNANANANANANANLN
VAVAVAVAVAVAVAVAY, VAVAVAVAVAVAVAVAY, VAVAVAVAVAVAVAVAY,
Fig.5.1

(i) Calculate the frequency of the light waves of wavelength 589 nm.

frequency = ..o, Hz [2]

(i) Find the approximate value of time t shown in Fig. 5.1.

(iv) Explain why sources that are not coherent do not produce a visible interference
pattern.

© UCLES 2011 9792/02/M/J/11

For
Examiner's
Use



13

(b) Fig. 5.2 represents three different wave patterns related to radio transmission. Waves A For

and B combine to form wave C. Examiner's
Use

Fig. 5.2
State the terms used for
(i) the low frequency wave A, ... [1]
(if) the high frequency wave B, ........ccocociiiiiiiiiiiii [1]
(iii) the combined wave C. . [1]

[Total: 10]
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6 (a) Describe, with the aid of a labelled diagram, the alpha particle scattering experiment For

and explain its importance in determining the structure of atoms. Examiner's
Use

(b) Nuclear decay is spontaneous and random. Explain what is meant by these two terms.

SPONTANEOUS ....eeiiiieie ettt ettt e e et e et e ea e et e ea e ea e en e e ea e een s een e ean e eeneeeneeaneeenaeennas

© UCLES 2011 9792/02/M/J/11
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(c) A particular nucleus has a constant decay probability.

For
Explain why this results in a sketch graph of number of undecayed nuclei N against time  |Examiners
t having the shape shown in Fig. 6.1. Use
N
0 : .-
0 time

(d) A radioactive source contains 2.40x101° nuclei. The time for the number to fall to

1.20x10%° nuclei is 693 hours. The decay probability of these nuclei is 1 in 1000 in
one hour.

Calculate

(i) the initial rate of decay per hour,

initial rate of decay = .........ccccoeuee per hour [2]

(i) the number of undecayed nuclei after 6930 hours.

number of undecayed nuclei = .........cccccoeeeiiiiiiiiinnnnnns [2]

[Total: 16]
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7 (&) Inan experiment to test the ideas of Louis de Broglie, a stream of electrons was aimed For
at a thin film of carbon atoms. The pattern of the electrons formed on a screen after the |Examiners
electrons had passed through the film is illustrated in Fig. 7.1. Use

Fig. 7.1

Describe how the results of this experiment changed our understanding of the nature of
the electron.

(b) Calculate the de Broglie wavelength of an electron travelling with speed 2.8x10"m s™.

wavelength= ... m [3]

[Total: 6]
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Section B

You are advised to spend about 30 minutes answering this section.
Your answers should, where possible, make use of any relevant Physics.

8 (a) Fig. 8.1 shows how the current I in an a.c. transmission line varies with time t.

+800

" ol L\ / T\ / 1T\

400 \ |/ \ |/ \ |/
\ |/ \ |/ \ |/

0.010 0.020 0.030 0.040 0.050 0.060
t/s

—-800
0

Fig. 8.1

Fig. 8.2 shows how the voltage V across the transmission line varies with time t.

+400
viky T390 VRN VAR VAR
+200 / \ / \ / \
+100 1/ \ / \ / \
0
\ / \ / \ /
—100 \ / \ / \ /
—200 |/ |/ |/
~300 \ / \ / \ /
—400
0 0.010 0.020 0.030 0.040 0.050 0.060
t/s
Fig. 8.2
(i) 1. State the peak value of the current in the wire.
peak value of current = ..........ooeviviiiiieneeen, A[1]
2. State the peak value, in volts, of the voltage across the wire.
peak value of voltage = .......ccccoeeeeevrvivnninnnnnn, V[1]

© UCLES 2011 9792/02/M/J/11
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(i) Determine the power delivered by the transmission line at

1. t=0.015s,
POWEL = .ot W

2. t=0.030s.
POWEr = ..o W
[2]

(iii) Using information from (ii) and Fig. E1.1 in Extract 1, sketch a graph on the axes
of Fig. 8.3 to show how the power P delivered by the transmission line varies with
time. [3]

P/W

0 0.010 0.020 0.030 0.040 0.050 0.060
t/s

Fig. 8.3
(iv) It is suggested that this transmission line is used in a high voltage direct current
(HVDC) transmission system delivering a current of 800 A at a constant voltage of
350kV.

Draw a line on Fig. 8.3 to show the power that would be delivered by this HVDC line
as time varies. [2]

(v) Explain how the graph you drew on Fig. 8.3 shows that the average power delivered

by the HDVC transmission line would be much greater than that delivered by the
line when transmitting a.c.

For
Examiner's
Use
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(b) A cylindrical copper wire in the transmission system has a diameter of 3.00cm and a For

length of 580km. There is an alternating current (a.c.) of frequency 50.0Hz in the wire.  |Examiners
Use

(i) Use information from Extract 4 to calculate the skin effect depth for the wire when it
carries this current.

skin effect depth = ........ccoceeiiiiiiiinnen m [1]
(i) Assume that when there is an alternating current in the cylindrical copper wire, the
current flows only in the region between the surface of the wire and a depth equal

to the skin effect depth and there is no current at the centre of the cylindrical wire.

Use the value from (b)(i) to calculate the cross-sectional area of the region of the
wire in which this current flows.

cross-sectional area = ...........ccccceveueennne. m? [2]

(iii) The resistivity of copper is 1.72x10-8Qm. Calculate the resistance of the wire for
this current.

resistanCe = ....vvvveeeveeeeeeeeenennn, Q[2]

(iv) The peak value of the a.c. in the wire is 800 A. Calculate the maximum rate at which
heat (thermal energy) is generated in the wire. Express the answer in megawatts.

heat (thermal energy) = .....ccccoiiiiiiiiiennenn. MW [2]

© UCLES 2011 9792/02/M/J/11
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(c) Since the development of high voltage direct current (HVDC) transmission systems, For
there has been an increasing number of national and international applications of the |Examiners
technology. There is, however, no likelihood of any d.c. mains electricity supply being Use
developed and neither will existing a.c. mains supplies be converted to d.c.
Suggest why this is so by considering
» the financial consequences of a d.c. mains supply,

e the operational practicality of a d.c. mains supply,

* how the requirements of a mains supply reduce the advantages of HVDC.

[Total: 25]
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