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Data
speed of light in free space, c = 3.00x108ms?
permeability of free space, Lo = 4ux107"HmM?
permittivity of free space, & = 8.85x102Fm?!
(1/(36m)) x 10° F m
elementary charge, e = 160x10'°C
the Planck constant, h = 6.63x10*Js
unified atomic mass constant, u = 1.66x107% kg
rest mass of electron, Me = 9.11x103%kg
rest mass of proton, mp = 1.67x10% kg
molar gas constant, R = 8.31JK?lmol?
the Avogadro constant, Na = 6.02 x 10* mol*
the Boltzmann constant, k = 1.38x102JK*
gravitational constant, G =  6.67 x 10711 N m? kg2
acceleration of free fall, g = 981lms>2
Formulae
. . 1
uniformly accelerated motion, s = ut + Eatz
v? =  u?+2as
work done on/by a gas, W pAV
hydrostatic pressure, p = pgh
o . ¢ Gm
gravitational potential, = e
temperature, TIK = T/°C + 273.15
. _ 1Nm,,
pressure of an ideal gas, p = §7<C >
mean translational kinetic energy of an ideal gas E _ EkT
molecule, 2
displacement of particle in s.h.m. X = XoSin @t
velocity of particle in s.h.m., v = Vo COS @'t
=t (xZ-x?)
electric current, I = Anvg
resistors in series, R = Ri+ Ro+..........
i [ llel = = 1 + L +
resistors in parallel, R = R, 'R, T
lectri tential \Y = Q
electric potential, = Aryr
alternating current/voltage, X = XoSin @t
|
magnetic flux density due to a long straight wire, B = Zﬂ;d
. . . . 1NI
magnetic flux density due to a flat circular coill, B = or
magnetic flux density due to a long solenoid, B = ol
radioactive decay, X = Xo €XP(—At)
In2
decay constant, A = t,
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Answer all questions.

1 Aballis kicked from horizontal ground towards a vertical wall as shown in Fig. 1.1.

path of ball
v o et \/\
~
bal ¥ i wall

24m

ground

:/ 5 horizontal
Fig. 1.1 (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 just hits the top of
the wall after a time of 1.5 s.

(a) Calculate the horizontal component vx of the velocity of the ball.
VX S e ms? [1]
(b) Hence, determine the initial vertical component vy of the velocity of the ball.
VY S e ms? [2]
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(c) The ball is kicked at time t = 0. Assume that the vertical component vy of the velocity of
the ball is positive in the upwards direction.

(i) On Fig. 1.2, sketch the variation with time t of vy for the time between O and 1.5 s.

10.0

-1
w/ms

5.0

-10.0

Fig. 1.2

[3]

(i) Using Fig. 1.2, determine the maximum height above the ground that the ball reached.

maximum height = ... m [2]

(iii)  When air resistance is not negligible, state and explain the acceleration of the ball at the
highest point of its path.

[Total : 10]

©YIJC 9749/02/Y13C/22 [Turn over



5

2 In acar test, a car with a dummy driver and passenger, moving at a speed of 6.9 m s, collides
head-on into a wall. The masses of the car, driver and front passenger are 1250 kg, 85 kg and

65 kg respectively. The average deceleration of the car, as it comes to a stop, is 48 m s2.

Both passenger and driver have their seat belts tightly fastened.

(a) Define impulse.

................................................................................................................. [1]
(b) Calculate the magnitude of the average force exerted on the car and its occupants.
average force=.................l. N [1]
(c) Determine the magnitude of impulse of the car and its occupants.
impulse = ........ooieiin. Ns [2]
(d)  Hence, using answers in (b) and (c), calculate the time taken for the car to come to a
stop.
time= ... s [2]

(e) Assuming that the average deceleration remains the same, state and explain how your
answer in (d) will change (if any) when the total mass of car and occupants has doubled.
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(f) Explain if the collision between the car and the wall is elastic.

[Total : 10]
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3 (&) A cylinder is made from a material of density 2.7 g cm=. The cylinder has diameter 2.4 cm
and length 5.0 cm.

Show that the weight of the cylinder is 0.60 N.

[2]
(b) The cylinder in (a) is hung with a thread from end A of a non-uniform bar AB, as shown in
Fig. 3.1.

L 50cm N

i o 20cm J

! bar I . 12cm

A ' ' B
F)
cylinder ] X
0.25N

0.60N

Fig. 3.1 (not to scale)

The length of the bar is 50 cm and its weight is 0.25 N. The centre of gravity of the bar is
20 cm from B.

The bar is pivoted at P. The pivot is 12 cm from B.

An object X is hung with another thread from end B. The weight of X is adjusted until the bar
is horizontal and in equilibrium.

(i) Define the moment of a force about a point.

(ii) Calculate the weight of X.

weightof X = ... N [2]
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(c) The cylinder is now fully immersed in water of density 1.0 g cm3, as illustrated in Fig. 3.2.

water—}—- P 1 x
0.25N
Fig. 3.2 (not to scale)
An upthrust acts on the cylinder and the bar is not in equilibrium.
(i) Using information from (a), show that the upthrust acting on the cylinder is 0.22 N.
[1]

(i) Hence, calculate the new weight of X in order to obtain equilibrium for bar AB.

weightof X = ... N [3]

[Total : 10]
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4  Fig. 4.1 shows the drum of a washing machine.

direction
of

washing
machine drum

The clothes inside the drum are spun in a vertical circular motion in a clockwise direction.

(@) The drum has diameter 0.50 m. The manufacturer of the washing machine claims that the
drum spins at 1600 + 100 revolutions per minute.

Calculate the speed of rotation of the drum and the absolute uncertainty in this value.

speed = .........cenene. o, ms?t [3]

(b) The washing machine is switched off and the speed of the drum slowly decreases. The
clothes at the top of the drum at point B start to drop off at a certain speed v.

At this speed v, the normal contact force on the clothes is zero.
Calculate the speed v.

[Total : 5]
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5 (a) Phobos is one of the two moons orbiting Mars. Fig. 5.1 shows Phobos and Mars.

Mars
Phobos

I

I

I

|-

| 9380 km |

Fig. 5.1

The orbit of Phobos may be assumed to be a circle. The centre of Phobos is at a distance
9380 km from the centre of Mars and it has an orbital speed 2.14 x 103 m s™2.

(i) Calculate the orbital period T of Phobos.

(i)  Show that the mass M of Mars is 6.44 x 10% kg.

[2]
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11
(b) The gravitational field strength at a distance r from the centre of Mars is g.

Fig. 5.2 shows the graph of Ig (g/ N kg™1) against Ig (r/ km).

0.1

g (g/N kg™

—-0.1

-0.2

-0.3

-04

Explain why the gradient of the straight line of best fit is —2.
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(c) InJuly 2018, the closest distance between the centre of Mars and the centre of Earth will
be 5.8 x 10° m.

Fig. 5.3 shows the variation of the resultant gravitational field strength g between the two
planets with distance r from the centre of the Earth.

4.0

3.0
g/107®N kg™ \
2.0

1.0 N

0 ——
1

~1.0 /1010

—.

-2.0

Fig. 5.3

(i)  Explain why the resultant field strength has different signs.

(i)  Use your answer in (a)(ii) and the value of r when g = 0 from Fig. 5.3 to show that the
mass of Earth is 6.4 x 10**kg.

[2]
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(iii) Determine the total gravitational potential of the Earth—Mars system at the point where
g = 0. Ignore the gravitational effects of the other planets and the Sun.

total potential =........................ Jkg?t [2]

(iv) An object is projected from this point where g = 0, such that the object is just able to

reach infinity.

Calculate the minimum speed at which the object is projected.

speed =......coceeiiiiiinnnnn. ms?t [2]

[Total : 14]
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6 A small metal ball is suspended from a fixed point by means of a string, as shown in Fig. 6.1.

£ L Z

string

ball

e

D 4

Fig. 6.1
The ball is pulled a small distance to one side and then released. The variation with time t of
the horizontal displacement x of the ball is shown in Fig. 6.2.

6
x/cm

4

Fig. 6.2
The motion of the ball is simple harmonic.

(&) Using Fig. 6.2, determine

(i) the angular frequency of the oscillation,

angular frequency = .............coeeenie rad st [1]
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(ii) the horizontal acceleration of the ball for a displacement x of 2.0 cm.

horizontal acceleration = ....................... ms? [2]

(iii) the velocity of the ball when the ball is at the lowest position.

velocity = .......oooeiiiiiin, ms?t [2]
(b) The maximum kinetic energy of the ball is Ex.

On the axes of Fig. 6.3, sketch a graph to show the variation with time t of the kinetic energy
of the ball for the first 1.0 s of its motion.

kinetic
energy

Ex

[2]
Fig. 6.3

(c) State the maximum kinetic energy of the ball, in terms of Ex, when the ball is pulled to a
horizontal distance of 2.0 cm instead before releasing.
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(d) When the oscillation is done in an environment where air resistance is not negligible, the

amplitude of vibration is reduced from 4.0 cm to 2.5 cm after eight complete oscillations due
to the light damping.

State and explain whether, after a further eight complete oscillations, the amplitude will be
1.0 cm.

[Total : 10]
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The graph in Fig. 7.1 shows how particle displacement varies with distance for a progressive wave
moving from left to right with a frequency of 250 Hz at time t = 0.0 s.

particle displacement / um

A
6.0

4.0
2.0

» distance/ m

0.0
_2.0-
_4.0-
—6.0-

2.5

Fig. 7.1
(&) Using the graph in Fig. 7.1,

(i) determine the wavelength of the wave. Show your working clearly.

wavelength = ................. m [2]

(i) state the amplitude of the wave.

amplitude = .................. um 1]

(b) For the particle at position A shown on Fig. 7.1, sketch, in Fig. 7.2, the variation with time of
its displacement on the axes with all relevant values, for the first 10 ms.

displacement / um
A

n

10 time / ms

0.0 2.0 4.0 6.0 8.0

Fig. 7.2
[3]

[Total : 6]
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8 (a) Explain how stationary waves are formed.

(b) State two differences between a progressive wave and a stationary wave.

(c) A microphone that is connected to a cathode-ray oscilloscope (c.r.0.) is used by a student
to detect the sound from a loudspeaker.

Fig. 8.1 shows the trace on the screen of the c.r.o.

/1 ™
Vi N
N V.|
\ /
\
/ \
\ Vi
\
Vi
AY Vi
\
N
N
icm
icm
Fig. 8.1

In air, the sound wave has a speed of 330 m s~' and a wavelength of 0.18 m.

(i) Calculate the frequency of the sound wave.

frequency = ... Hz [1]
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(i) Determine the time-base setting, in s cm™, of the c.r.o.

time-base setting = .............ccoooiiiiiiieenn. scm™ [2]

(d) Next, the student fills a long tube, fitted with a tap, with liquid. The loudspeaker in (c) is
held above the top of the vertical tube as the liquid is allowed to run out of the tube, as
shown in Fig. 8.2.

Ioudspeaker\é é

liquid —
______ -a— |level A ~-----1=— |evel A
tube —
...... -a— |evel B ~-----1<a—level B
liquid —
Fig. 8.2 Fig. 8.3

A loud sound is first heard when the liquid level reaches level A and then heard again
when the liquid level reaches B, as shown in Fig. 8.3.

(i) Determine the vertical distance between level A and level B. Explain your working
clearly.

distance = ...........coiinn. m [2]
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(i)  The method used in (d)(i) is to determine the wavelength of a sound and also to
overcome end-correction.

Explain what causes end-correction.

[Total : 10]

END OF PAPER

©YJC 9749/02/Y13C/22



