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Data
speed of light in free space ¢ =3.00 x 108ms™!
permeability of free space Ug =4 x 107"Hm™!
permittivity of free space &, =8.85x 107'2Fm~"

( 47.1:50 = 8.99 x 109mF-1)
elementary charge e=1.60x10"19C
the Planck constant h =6.63 x 10734Js
unified atomic mass unit 1u =1.66 x 10~27kg
rest mass of electron m, =9.11 x 1031kg
rest mass of proton m, =1.67 x 10~%"kg
molar gas constant R = 8.31JK 'mol~’
the Avogadro constant N, = 6.02 x 1023 mol-"
the Boltzmann constant k =1.38 x 1078 JK"!
gravitational constant G =6.67 x 107""Nm?kg2
acceleration of free fall g=9.81ms=

© UCLES 2018 9702/23/M/J/18
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Formulae
uniformly accelerated motion S =ut+ 1Eat2
v2 = u?+2as
work done on/by a gas W = pAV
gravitational potential o =- GTm
hydrostatic pressure p = pgh
pressure of an ideal gas p = %N—\T(C%
simple harmonic motion a=-w
velocity of particle in s.h.m. =V, cos wt
V== a)\/(xo2 —x2)
Doppler effect f 5V
oppler effec =
PP ° vy
. : _Q
electric potential V =
4meyr
capacitors in series 1/C =1/C, +1/Cy +. ..
capacitors in parallel C=Ci+Cy+...
energy of charged capacitor W = %QV
electric current I = Anvg
resistors in series R=R+R,+...
resistors in parallel 1/R =1/Ry +1/R, + . ..
BI
Hall voltage Vg = %
alternating current/voltage X = X, sin wt
radioactive decay X = X exp(=At)
decay constant ) — 060

t;
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Answer all the questions in the spaces provided.

1 (a) Ananalogue voltmeter is used to take measurements of a constant potential difference across
a resistor.
For these measurements, describe one example of
(i) a systematic error,
....................................................................................................................................... [1]
(ii) arandom error.
....................................................................................................................................... [1]
(b) The potential difference across a resistor is measured as 5.0V £ 0.1 V. The resistor is labelled
as having a resistance of 125Q * 3%.
(i) Calculate the power dissipated by the resistor.
POWET = ottt W [2]
(i) Calculate the percentage uncertainty in the calculated power.
percentage uUnCertainty = ........ccceeeveeeiiiiiiiiiieeee e % [2]
(iii) Determine the value of the power, with its absolute uncertainty, to an appropriate number
of significant figures.
POWEL = ..eeiiiiiieeeieeeeiiie e o W 2]
[Total: 8]
© UCLES 2018
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2 (a) State whatis meant by work done.

(b) Adiver releases a solid sphere of radius 16 cm from the sea bed. The sphere moves vertically
upwards towards the surface of the sea.

The weight of the sphere is 20N. The upthrust acting on the sphere is 170N. The upthrust
remains constant as the sphere moves upwards.

(i) Calculate the density of the material of the sphere.

density = ...ccovieeeiee e kgm=3[2]

(i) Briefly explain the origin of the upthrust acting on the sphere.

(iii) Calculate the acceleration of the sphere as it is released from rest.

acceleration = .........ccccveveeeeeeeeeeeeee e ms—2 [2]

© UCLES 2018 9702/23/M/J/18
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(iv) The viscous (drag) force D acting on the sphere is given by

D = kr?v?

where ris the radius of the sphere and vis its speed.
The constant k is equal to 810kgm3.

Determine the constant (terminal) speed reached by the sphere.

(v) The diver releases a different sphere that moves with a constant speed of 6.30ms™"
directly towards a stationary ship. The sphere emits sound of frequency 4850Hz. The
ship detects sound of frequency 4870 Hz as the sphere moves towards it.

Determine, to three significant figures, the speed of the sound in the water.

[Total: 11]
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3 Aballis thrown vertically upwards towards a ceiling and then rebounds, as illustrated in Fig. 3.1.

speed 3.8ms™! ball leaving
ceiling

ceiling

ball thrown speed 9.6ms™
upwards

Fig. 3.1
The ball is thrown with speed 9.6 ms™! and takes a time of 0.37's to reach the ceiling. The ball is
then in contact with the ceiling for a further time of 0.085s until leaving it with a speed of 3.8ms™".
The mass of the ball is 0.056 kg. Assume that air resistance is negligible.

(a) Show that the ball reaches the ceiling with a speed of 6.0ms™".

(1]

(b) Calculate the height of the ceiling above the point from which the ball was thrown.

(c) Calculate

(i) the increase in gravitational potential energy of the ball for its movement from its initial
position to the ceiling,

increase in gravitational potential energy = ........cccccoiiiiiiiie e J[2]

© UCLES 2018 9702/23/M/J/18
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(ii) the decrease in kinetic energy of the ball while it is in contact with the ceiling.

decrease in KiNetiC eNergy = .........ccceiiiiiiiiiiieieie e J[2]

(d) State how Newton'’s third law applies to the collision between the ball and the ceiling.

(e) Calculate the change in momentum of the ball during the collision.

change in momentum = ..., Ns [2]

(f) Determine the magnitude of the average force exerted by the ceiling on the ball during the
collision.

average force = ... N [2]

[Total: 13]
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4 (a) Define the Young modulus of a material.

............................................................................................................................................... [1]
(b) A metal rod is compressed, as shown in Fig. 4.1.
rod
F F
| L |
Fig. 4.1

The variation with compressive force F of the length L of the rod is shown in Fig. 4.2.

151

150+ N

L/mm EEne=SunEE

149 e E

148 EEEammz=t

147

146

145

0O 10 20 30 40 50 60 70 80 90
F/kN
Fig. 4.2
Use Fig. 4.2 to
(i) determine the spring constant k of the rod,
K = e Nm~' [2]

© UCLES 2018 9702/23/M/J/18
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(ii) determine the strain energy stored in the rod for F = 90kN.

SErain @Nergy = ..o J [3]
(c) The rod in (b) has cross-sectional area A and is made of metal of Young modulus E. It is now

replaced by a new rod of the same original length. The new rod has cross-sectional area A/3

and is made of metal of Young modulus 2E. The compression of the new rod obeys Hooke’s
law.

On Fig. 4.2, sketch the variation with F of the length L for the new rod from F=0to F=90kN.
[2]

[Total: 8]
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5 (a) State the relationship between the intensity and the amplitude of a wave.

(b) Microwaves of the same amplitude and wavelength are emitted in phase from two sources P
and Q. The sources are arranged as shown in Fig. 5.1.

P

Qe :\ path of detector
|

Fig. 5.1

A microwave detector is moved along a path that is parallel to the line joining P and Q. A series
of intensity maxima and intensity minima are detected.

When the detector is at a point X, the distance PX is 1.840m and the distance QX is 2.020 m.
The microwaves have a wavelength of 6.0cm.

(i) Calculate the frequency of the microwaves.

freqUENCY = .oooveeeeie e Hz [2]

(ii) Describe and explain the intensity of the microwaves detected at X.

© UCLES 2018 9702/23/M/J/18
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(iii) Describe the effect on the interference pattern along the path of the detector due to each
of the following separate changes.

1. The wavelength of the microwaves decreases.

2. The phase difference between the microwaves emitted from the sources changes to
180°.

[Total: 8]
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6 Awire X has a constant resistance per unit length of 3.0Qm~" and a diameter of 0.48 mm.

(a) Calculate the resistivity of the metal of wire X.

FESISHIVILY = oo Qm [3]

(b) The wire X is connected into the circuit shown in Fig. 6.1.

1.6AY

Fig. 6.1

The battery has an electromotive force (e.m.f.) of 5.0V and an internal resistance of 2.0 Q.

The wire X and a resistor R of resistance 4.5Q are connected in parallel. The current in the
battery is 1.6A.

(i) Calculate the potential difference across resistor R.

potential difference = ...........cccc V[1]

© UCLES 2018 9702/23/M/J/18
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(ii) Determine, for wire X,
1. its resistance,
resistanCce = ... Q[3]
2. its length.
length = . m [1]

[Total: 8]

Please turn over for Question 7.
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7  Agraph of nucleon number A against proton number Zis shown in Fig. 7.1.

219
218
217
216
215
214 X
213
212
211
210

09
80 81 82 83 84 85 86 87 88
Z

Fig. 7.1
The graph shows a cross (labelled P) that represents a nucleus P.

Nucleus P decays by emitting an o particle to form a nucleus Q.
Nucleus Q then decays by emitting a f~ particle to form a nucleus R.

(@) On Fig. 7.1, use a cross to represent
() nucleus Q (label this cross Q), (1]
(ii) nucleus R (label this cross R). (1]

(b) State the name of the class (group) of particles that includes the p~ particle.

(c) The quark composition of one nucleon in Q is changed during the emission of the ™ particle.
Describe this change to the quark composition.

[Total: 4]
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