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Data

acceleration of free fall g
speed of light in free space c
elementary charge e
unified atomic mass unit 1u
rest mass of proton m,
rest mass of electron m,
Avogadro constant N,
molar gas constant R
Boltzmann constant k
gravitational constant G
permittivity of free space €
(4;8
0
Planck constant h
Stefan—Boltzmann constant o
Formulae
uniformly accelerated motion S
V2
hydrostatic pressure Ap
upthrust F
Doppler effect for sound waves f,
electric current I
resistors in series R
resistors in parallel %

9.81ms™

3.00 x 108 ms™’
1.60 x 107°C
1.66 x 107%" kg
1.67 x 102" kg
9.11 x 103" kg
6.02 x 10> mol™
8.31 JK " mol™
1.38 x 1073 J K™
6.67 x 107" N m? kg2
8.85x 1072 Fm™
8.99 x 10°mF™)
6.63 x 1034 Js

567 x 108 Wm2K™*

ut + lat?
u? + 2as

pgAh
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1 The speed v of a transverse wave on a uniform string is given by the expression

/1L
=N'm
where T is the tension in the string, [lis its length and m is its mass.

An experiment is performed to determine the speed v of the wave. The measurements are shown
in Table 1.1.

Table 1.1

quantity | measurement | uncertainty

T 1.8N +5%
[ 126 cm +1%
m 519 +2%

(@) Use the data in Table 1.1 to calculate the speed v.

(b) Use your answer in (a) and the data in Table 1.1 to calculate the absolute uncertainty in the
value of v.

absolute UNCertainty = ...........cocoveveeeeeeeeeeeeeeeeeeenn, ms™' [2]

[Total: 4]
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2 (a) Define acceleration.
.............................................................................................................................................. [1]
(b) Aballis kicked from horizontal ground towards a vertical wall, as shown in Fig. 2.1
path of ball
Vy, -7 TT= *{
ball s wall
28°
> +~—— horizontal
! 24m ! ground
Fig. 2.1 (not to scale)

The horizontal distance between the initial position of the ball and the base of the wall is
24 m. The ball is kicked with an initial velocity v at an angle of 28° to the horizontal. The ball
hits the top of the wall after a time of 1.5 s. Air resistance is negligible.

(i) Calculate the initial horizontal component v, of the velocity of the ball.

Vg = oot ms™ [1]
(i) Show that the initial vertical component v,, of the velocity of the ball is 8.5 m s7.
[2]
(iii) Calculate the time taken for the ball to reach its maximum height above the ground.
HMe = e s [2]
© UCLES 2019
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(iv) The ball is kicked at time ¢ = 0. Assume that the vertical component v,, of the velocity of
the ball is positive in the upwards direction. On Fig. 2.2, sketch the variation with time t of
v, for the time until the ball hits the wall.

10.0
vy /ms™
5.0
0
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1
t/s
-5.0
-10.0
Fig. 2.2 [2]
(c) (i) Calculate the maximum height above the ground of the ball in (b).
maximum height= ... m [2]
(ii) The maximum gravitational potential energy of the ball above the ground is 22 J.
Calculate the mass of the ball.
MASS = eeiiiiieeeei ettt e e e e e eeeae e e e e aaeeees kg [2]

(d) A ball of greater mass is kicked with the same velocity as the ball in (b).
Air resistance is still negligible.

State and explain the effect, if any, of the increased mass on the time taken by the ball to
reach its maximum height.

[Total: 13]
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3 (a) (i) Define force.

(b) A block of mass 0.40 kg slides in a straight line with a constant speed of 0.30 ms™" along a
horizontal surface, as shown in Fig. 3.1.

block 0.30m 3_1 spring
mass 0.40kg
horizontal
surface
Fig. 3.1

Assume that there are no resistive forces opposing the motion of the block.

The block hits a spring and decelerates. The speed of the block becomes zero when the
compression of the spring is 8.0 cm.

(i) Calculate the initial kinetic energy of the block.

KinetiC energy = ... J[2]
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(ii) The variation of the compression x of the spring with the force F applied to the spring is
shown in Fig. 3.2.

801---------"-----
x/cm

Fig. 3.2

Assume that the elastic potential energy of the spring when its compression is 8.0 cm is
equal to the initial kinetic energy of the block.

Use your answer in (b)(i) to calculate the maximum force F,,,, exerted on the spring by
the block.

(iii) Calculate the maximum deceleration of the block.

deceleration = ..o ms=[2]
(iv) State and explain whether the block is in equilibrium:

e before it hits the spring
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(v) The block is now replaced by another block of the same mass. Frictional forces affect

© UCLES 2019

the motion of this block so that it has a speed of 0.25m s~ when it makes contact with
the spring.

A short time later, the block has a speed of 0.15ms™" as it loses contact with the spring
and moves back along its original path.

Calculate the magnitude of the change in momentum of the block.

change in momentum = ... Ns [2]

[Total: 12]
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4 (a) (i) By reference to the direction of transfer of energy, state what is meant by a transverse
wave.

...................................................................................................................................... [1
(ii) State the principle of superposition.
...................................................................................................................................... [2]
(b) Circular water waves are produced by vibrating dippers at points P and Q, as illustrated in
Fig. 4.1.
wavefront
P
44cm
R
29cm
Q

Fig. 4.1 (not to scale)

The waves from P alone have the same amplitude at point R as the waves from Q alone.
Distance PR is 44 cm and distance QR is 29 cm.

The dippers vibrate in phase with a period of 1.5 s to produce waves of speed 4.0 cm s,

(i) Calculate the wavelength of the waves.

wavelength = ... cm [2]
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(ii) Calculate the path difference at point R of the waves from P and Q.
Give your answer in terms of the wavelength 1 of the waves.

path difference = ... A1]

(iii) Describe the motion, if any, of the water particles at point R.
Explain your answer.

[Total: 8]
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A beam of vertically polarised monochromatic light is incident on a polarising filter, as shown in
Fig. 5.1.

polarising filter

vertically polarised

_transmitted light beam
incident light beam -

\

—— =N

direction of
transmission axis

Fig. 5.1

The transmission axis of the filter is initially vertical and the transmitted light beam has the same
intensity as the incident light beam.

The filter may be rotated about the direction of the light beam to change the angle of the
transmission axis to the vertical.

(a) State one angle of the transmission axis to the vertical that results in no transmitted light
beam.

(b) The filter is now positioned with its transmission axis at angle é to the vertical, as shown in
Fig. 5.2.

vertically polarised
incident light beam

transmitted light beam

Y

\

transmission axis
at angle 6 to the vertical

Fig. 5.2

intensity of transmitted light
intensity of incidentight 'S eaual to 0.75.

The ratio
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(i) Calculate angle 6.

(i) Calculate the ratio

amplitude of transmitted light
amplitude of incident light

[Total: 5]
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6 (a) Three resistors of resistances R,, R, and R, are connected as shown in Fig. 6.1.

"4
R1
S>>
I I,
RZ
o>
IZ
R3
——
I3
Fig. 6.1

The currents in the resistors are I1, 12 and I3. The total current in the combination of resistors
is I and the potential difference across the combination is V.

Show that the total resistance R of the combination is given by the equation

1_1.1 1
==ttt
R™R R, R,

[2]

(b) A battery of electromotive force (e.m.f.) 6.0V and internal resistance r is connected to an
external resistor of resistance 12 Q and a thermistor X, as shown in Fig. 6.2.

Fig. 6.2

(i) By considering energy, explain why the potential difference across the terminals of the
battery is less than the e.m.f.

© UCLES 2019 9702/02/SP/22



15
(ii) A charge of 2.5kC passes through the battery.
Calculate:

e the total energy transferred by the battery

ENEIGY = ittt J

e the number of electrons that pass through the battery.

(iii) The combined resistance of the external resistor and thermistor X connected in parallel
is 4.8 Q.

Calculate the resistance of X.

FeSIStanNCe = ... Q1]
(iv) Use your answer in (b)(iii) to determine the ratio

power dissipated in thermistor X
power dissipatedin12Q resistor

(v) The temperature of thermistor X is now decreased.

State and explain the effect, if any, of this temperature change on the total power
produced by the battery.

...................................................................................................................................... [3]
[Total: 12]
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(a) Anucleus X decays by emitting a B* particle to form a new nucleus, 1213Na.

State the number of protons and the number of neutrons in nucleus X.

nuMber of ProtoNS = ..........uuiiiiiiiiiiiiiiieeeeeeeeeeeeeeee e
number of NEULIrONS = ........oiiiiieeee e
[2]
(b) State one similarity between a p* particle and a B~ particle.
.............................................................................................................................................. [1]
(c) State the quark composition of a meson.
.............................................................................................................................................. [1]
(d) A hadron consists of two down quarks and a charm quark.
Determine the charge of the hadron. Show your working.
charge = .. C 2]

[Total: 6]
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