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Data
speed of light in free space, c=3.00x 108 ms™’
permeability of free space, Ug = 41 X 1077 Hm™!
permittivity of free space, €, =8.85x 10712 Fm™!

( 47150 = 8.99 x 109 mF)
elementary charge, e=160x10"1°C
the Planck constant, h=6.63x1034Js
unified atomic mass constant, u=1.66x10"2"kg
rest mass of electron, m, =9.11x 10731 kg
rest mass of proton, mp =1.67 x 10727 kg
molar gas constant, R=8.31 JK' mol!
the Avogadro constant, N, = 6.02 x 1023 mol™"
the Boltzmann constant, k=1.38x 10723 yK!
gravitational constant, G=6.67x107"" Nm?kg
acceleration of free fall, g = 9.81 ms—2
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Formulae
uniformly accelerated motion, s = uz‘+%al‘2
v2 = u?+2as
work done on/by a gas, W = pAV
gravitational potential, ¢ =— G_rm
hydrostatic pressure, p = pgh
, 1 Nm_ ,
pressure of an ideal gas, p = §7<c >
simple harmonic motion, a=-wx
velocity of particle in s.h.m., Vv =, cos wt
=+ 0 V(x,2 - x?)
. : . Q
electric potential, V =
4reyr
capacitors in series, 1/C =1/C; +1/Cy + ...
capacitors in parallel, C=Ci+Cy+...
energy of charged capacitor, W = %OV
resistors in series, R=R/+R,+...
resistors in parallel, 1/R =1/R; +1/R, +...
alternating current/voltage, X = Xy sin wt
radioactive decay, X = X, exp(=At)
decay constant, A= 0.693

L
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Answer all the questions in the spaces provided.

1 (a) Use the definition of work done to show that the SI base units of energy are kgm?s=.

(2]
(b) Define potential difference.
.............................................................................................................................................. [1]
(c) Determine the SI base units of resistance. Show your working.
UNIES et [3]
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2 A stone is thrown vertically upwards. The variation with time t of the displacement s of the stone is
shown in Fig. 2.1.

A

/f

N

>

Fig. 2.1
(@) Use Fig. 2.1 to describe, without calculation, the speed of the stone from t=0to t=3.0s.

.............................................................................................................................................. [2]
(b) Assume air resistance is negligible and therefore the stone has constant acceleration.
Calculate, for the stone,
(i) the speed at 3.0s,
SPEEA = .o ms~' [3]
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(ii) the distance travelled from t=0to t=3.0s,

AIStANCE = ..oeei s m [3]

(iii) the displacement from t=0to t= 3.0s.

displacement = ... m
direction ..o,
(2]
(¢) On Fig. 2.2, draw the variation with time t of the velocity v of the stone from t=0to t= 3.0s.
A
vims™
0
0 1.0 2.0 3.0

Fig. 2.2
(3]
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3 ArodPQis attached at P to a vertical wall, as shown in Fig. 3.1.

wall— |

. é 0,

P
rod
w

Fig. 3.1

The length of the rod is 1.60m. The weight W of the rod acts 0.64m from P. The rod is kept
horizontal and in equilibrium by a wire attached to Q and to the wall at R. The wire provides a
force Fon the rod of 44N at 30° to the horizontal.

(@) Determine

(i) the vertical component of F,

vertical component = ... N [1]

(ii) the horizontal component of F.

horizontal component = ..........oooiiiiiiiiiiiie N [1]

(b) By taking moments about P, determine the weight W of the rod.
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(c¢) Explain why the wall must exert a force on the rod at P.

(d) On Fig. 3.1, draw an arrow to represent the force acting on the rod at P. Label your arrow with
the letter S. [1]
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4 (a) A gas molecule has a mass of 6.64 x 1072’kg and a speed of 1250ms~"'. The molecule
collides normally with a flat surface and rebounds with the same speed, as shown in Fig. 4.1.

flat surface flat surface

molecule molecule
o — = )

AT

before collision after collision

Fig. 4.1

Calculate the change in momentum of the molecule.

change in momentum = ........ccccoiiiiiiiii e Ns [2]

(b) (i) Use the kinetic model to explain the pressure exerted by gases.

a gas.
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5 (a) OnFig. 5.1, sketch the temperature characteristic of a thermistor.

A

resistance

0 T |

temperature/°C

Fig. 5.1
(2]

(b) A potential divider circuit is shown in Fig. 5.2.

-
N~

Fig. 5.2

The battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connected
in series with resistors X and Y and thermistor Z. The resistance of Y is 15kQ and the
resistance of Z at a particular temperature is 3.0kQ2. The potential difference (p.d.) across Y

is 8.0V.
(i) Explain why the power transformed in the battery equals the total power transformed in
X,Y and Z.
...................................................................................................................................... (1]
(ii) Calculate the current in the circuit.
CUITENT = i A [2]

© UCLES 2015 9702/22/M/J/15
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(iii) Calculate the resistance of X.

resistanCe = ... Q [3]
(iv) The temperature of Z is increased.

State and explain the effect on the potential difference across Z.
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6 (a) State two differences between progressive waves and stationary waves.

3 PSP PEPR PP
2 et eeeeeeeeeeeeeeeeeeeeeeeeaeseeeeeeeeeeeeaasstetteeeeeeeaaaa_———teeeeeeeeaaan_teeteeeeeeaaaantteeeeeeeeaaaannnareraeaeen
(2]
(b) A source S of microwaves is placed in front of a metal reflector R, as shown in Fig. 6.1.
) metal reflector R
microwave detector D
microwave i]
source
} ) meter
Fig. 6.1
A microwave detector D is placed between R and S.
Describe
(i) how stationary waves are formed between R and S,
...................................................................................................................................... [3]
(ii) how D is used to show that stationary waves are formed between R and S,
...................................................................................................................................... [2]

Fig. 6.1.
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(c) The wavelength of the microwaves in (b) is 2.8cm. Calculate the frequency, in GHz, of the
microwaves.

freqUENCY = ..o GHz [3]

Please turn over for Question 7.
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7 A uranium-235 nucleus absorbs a neutron and then splits into two nuclei. A possible nuclear
reaction is given by

235 a 93 c a
U + pn = FRb + X + 2¢gn + energy.

(a) State the constituent particles of the uranium-235 nucleus.

.............................................................................................................................................. (1]

(b) Complete Fig. 7.1 for this reaction.

value

a

b

c

d
(3]

Fig. 7.1
(c) Suggest a possible form of energy released in this reaction.

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