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gravitational field strength close to Earth’s surface

elementary charge
speed of light in vacuum
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permittivity of free space
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e =1.60x10""C
c=3.00x108ms™"
h=6.63x103%Js

£, = 8.85 x 107 2F m~

g =9.81Nkg"'

G = 6.67 x 10~ Nm?kg2

m, = 9.1 x 10*'kg

m, = 1.67 x 10*"kg
u =166 x 102"kg
R =8.31JK ' mol™’

N, =6.02 x 10® mol™

k=1.38x 102 JK"

0c=567x108Wm=2K™*

change of state

refraction
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diffraction
single slit, minima

grating, maxima

double slit interference

Rayleigh criterion

photon energy

de Broglie wavelength

simple harmonic motion

energy stored in a
capacitor

capacitor discharge

electric force

electrostatic potential
energy

gravitational force

gravitational potential
energy

magnetic force
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4
Section 1
You are advised to spend about 1 hour and 30 minutes answering this section.

1 (a) (i) State the difference between a vector and a scalar quantity.

...................................................................................................................................... [1]
(ii) Give two examples of each.
scalar vector
LSO OTSPI L USSP
2 2 [2]

(b) (i) Fig. 1.1 represents three vectors A, B and C.

Draw a sketch diagram in the space to the right of Fig. 1.1, to represent a vector D as the
sum of the three vectors A, B and C.

vector A

——
vector B

vector C

Fig. 1.1 (2]
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5

(ii) Fig. 1.2 represents a vector E of magnitude 37 units.
Calculate the magnitudes of the components of vector E in the x-direction and in the
y-direction.

37 units

—————

........................... - x
Fig. 1.2 (not to scale)

component in X-direCtion = ..........ccccccvivniinniiiiiiiis units

component in y-direction = ...........cccco i, units [2]

[Total: 7]
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2 (a) From the definition of work done, show that power = force x velocity.

(b) A car of mass 850kg travelling at a constant speed of 12.0ms™' has a power output of
1800 W.

Determine

(i) the driving force,

driving force =

(ii) the total resistive force on the car.

resistive force = N [1]

(c) The carin (b) accelerates from 12.0ms™" with an initial acceleration of 2.50ms™2.

Calculate

(i) the rate of change of momentum of the car,

rate of change of momentum

© UCLES 2018 9792/02/SP/20



(ii) the new driving force.

New driving fOrce = .......oovviiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee N [1]

(d) After accelerating, the car in (c) reaches a constant speed of 36.0ms™". The resistive force
on the car is proportional to its speed squared.

Calculate

(i) the new resistive force on the car at 36.0ms™",

resistive force = ... N [2]

(ii) the new power output.
power OUtPUL = ..o W [1]
[Total: 10]
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3 Fig. 3.1 is a diagram of a domestic electrical circuit. The circuit allows many electrical components
to be individually switched on or off. The supply voltage is 240V.

- - -

+— o D
o s, ! cooker water
240V S3 heater
o

Fig. 3.1

(@) (i) The water heater has a resistance of 20 Q. Calculate the power of the water heater.

(ii) Calculate the time it will take the water heater to raise the temperature of 33kg of
water from 20 °C to 60 °C, assuming no heat loss. The specific heat capacity of water is
4200Jkg~"°C™".
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(i) Explain how switches S, and S, control lamp D.

(iii) Calculate the resistance of lamp E, which is rated 10 W.

resistance = Q[2]

(c) All the electrical sockets in a house are connected to a circuit called a ring main. The circuit is
connected between P and Q to the 240V supply as shown in Fig. 3.2.

closed
switch

Fig. 3.2

(i) All the switches are open except the one to a computer at F, which is closed as shown.

Draw arrows on Fig. 3.2 to show the paths of the current when the computer is in use at
an instant in time when P is positive. [2]

(ii) Suggest two advantages of using a ring main.

...................................................................................................................................... [2]
[Total: 14]
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4 (a) Describe the basic difference between the following terms. You may use diagrams to illustrate
your answers.

(i) a transverse wave and a longitudinal wave

...................................................................................................................................... [2]
(ii) a polarised wave and a non-polarised wave

...................................................................................................................................... [2]
(iii) a standing wave and a progressive wave

...................................................................................................................................... [3]
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(b) (i) The light from a sodium lamp is analysed using an instrument containing a diffraction
grating. The diffraction grating has 500 lines per millimetre. A spectral line in the second
order spectrum is at an angle of 36.09°.

Use the equation nl = dsin 8 to calculate the wavelength of the light causing this spectral
line.

wavelength = ... m [3]
(ii) There is another second order spectral line at 36.13°.

Calculate the wavelength of the light causing this line.

wavelength = ... m [1]
(iii) The spectral lines are viewed using a lens of aperture b.

Use the Rayleigh criterion to find the approximate minimum size of the aperture that is
able to resolve the two spectral lines.

MINIMUM SIZE = ..o m [3]

[Total: 14]
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5 (a) In a fission process a neutron collides with a uranium-235 nucleus and causes a nuclear
reaction summarised by the following equation.

1 235 P R 90 1
on T U = o X = 5, Xe + ,Sr + 3;n + energy

(i) Give the numerical values of P, Q and R.

P o
Q =
R S s
[2]
(ii) State the feature of this equation that indicates that a chain reaction may be possible.
...................................................................................................................................... [1]

(b) A strontium-90 nucleus emits a ™ particle and decays to yttrium (Y). The decay has a half-life
of 28 years.

(i) Write the nuclear transformation equation for the emission of the ™ particle.

[2]

(ii) State the number of electrons in a neutral atom of yttrium.

(iii) In a laboratory source of strontium-90, the number of atoms present in the year 2012
was 2.36 x 102,

Calculate the number of strontium atoms that will be present in the source in the year
2124 (112 years later).

LU L] o= [3]

[Total: 9]
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6 (a) The equation hf= @ + 1§mv§m is used in the theory of the photoelectric effect.

Describe the photoelectric effect and explain what the three terms in the equation represent.

(b) Describe an experiment used to determine v, in the equation in (a). You should include a
diagram showing the arrangement and electrical circuit.

© UCLES 2018 9792/02/SP/20 [Turn over
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(c) The photoelectric effect was important in the development of a photon theory of
electromagnetic radiation.

(i) State one observation of the photoelectric effect that cannot be explained using the wave
model.

...................................................................................................................................... [1]
(i) Explain how the wave model fails to account for this observation.

...................................................................................................................................... [1]
(iii) Explain how the photon model can account for this observation.

...................................................................................................................................... [1]

[Total: 13]

© UCLES 2018 9792/02/SP/20



15

7  Auniform block of rectangular cross-section is at rest on a rough ramp as shown in Fig. 7.1.

block
rough surface

Fig. 7.1 (not to scale)

mass of block = 2.80kg

width w of block = 10.0cm

height h of block = 15.0cm

coefficient of static friction between block and ramp . = 0.600

coefficient of kinetic friction between block and ramp x, = 0.550

The right-hand end of the ramp is slowly raised increasing 0. Eventually, the block moves.

Use the data to predict whether the block will topple or slide as the ramp is raised. Support your
answer with appropriate explanations and calculations.

[Total: 8]

End of Section 1
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Section 2
You are advised to spend about 30 minutes answering this section.
The questions in this section may refer to the pre-released material
provided as an Insert to this paper.
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

VAR /TN 7T\

ITA

\ |/ |/ \ |/
0 \ | / \_| / \ | /

0 0.010 0.020 0.030 0.040 0.050 0.060
t/s

-800

Fig. 8.1
Fig. 8.2 shows how the voltage V across the transmission line varies with time t.

+400

+300 T—7 1\ 7 T\ 7 1T\
+200 17 \ / \ / \

+100

VIKV 0
100 \ / \ / \ /

™~
\\
L1
I~~~
L1
I~
L1

\ / \ / \ /
—200 \ / \ / \ /
300 N/ N N

—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 = ........ccccoiiiiiiiiii s

2. State the peak value, in volts, of the voltage across the wire.

peak value of voltage = ...

© UCLES 2018 9792/02/SP/20
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(ii) Determine the power delivered by the transmission line at

1. t=0.015s,
POWET = ettt eaeenenes W

2. t=0.030s.
POWEL = iiiiieie e e e ee e ettt e e e e e e e e et e e e e e e e eeeenns W
[2]

(iii) Using information from (a)(ii) and Fig. E1.1 in Extract 1 of the Insert, 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]

PIW

0 0.010 0.020 0.030 0.040 0.050 0.060
t/s

Fig. 8.3

(iv) Itis suggested that this transmission line is used in a high voltage direct current (HVDC)
transmission system delivering a current of 800A 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.

© UCLES 2018 9792/02/SP/20 [Turn over
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(b) A cylindrical copper wire in the transmission system has a diameter of 3.00cm and a length of
580km. There is an a.c. of frequency 50.0 Hz in the wire.

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

skin effect depth = ... m [1]
(ii) 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 = ........ccceevviiiiiiceiiiiiie e m< [2]

(iii) The resistivity of copper is 1.72 x 10"2Qm. Calculate the resistance of the wire for this
current.

resSiStanCe = ... Q2]

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

heat (thermal energy) = .....ccccoooiiiiii e MW [2]

© UCLES 2018 9792/02/SP/20
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(c) An undersea transmission cable consists of two parallel, metal conductors separated by an
insulator. This arrangement is similar to a parallel-plate capacitor and so the undersea cable
has a capacitance which can be determined.

Fig. 8.4 shows a capacitor of capacitance C connected directly to an alternating voltage
supply of peak value V,, and of frequency f.

Vi

O ~ O

Fig. 8.4

(i) State an expression for the charge Q, stored on the capacitor at time .

(iii) The current I, in the circuit is given by the expression
I, = 2rfCV,, cos (2nft).

1 Suggest why the peak current in the circuit depends on the frequency of the a.c.
supply.

2 Determine an expression for the capacitive reactance for the circuit in Fig. 8.4 and
give its unit.

© UCLES 2018 9792/02/SP/20 [Turn over



20
3 Anundersea transmission cable of length 200 km, has a capacitance per unit length
of 7.00 x 107"Fkm™. The cable is tested by being connected to an alternating
voltage of peak voltage 350kV and of frequency 50.0Hz. There are no connections
at the other end of the cable. The resistance of the cable is negligible.

Calculate the peak value of the current in the transmission cable.

peak value of current = ... A[2]

(iv) Suggest one disadvantage of transmitting an alternating voltage using an undersea
cable that has a large capacitance.

[Total: 25]

End of Section 2
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