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Data
speed of light in free space ¢ =3.00x108ms™
permeability of free space Uy =4 x 107"Hm™?
permittivity of free space &, =8.85x 107 2Fm™

( 4;%(90 =8.99 x 10°mF™1)
elementary charge e=160x10"19C
the Planck constant h=6.63 x10734Js
unified atomic mass unit 1u = 1.66 x 1072"kg
rest mass of electron m, = 9.11 x 10731kg
rest mass of proton m, = 1.67 x 10727 kg
molar gas constant R =8.31JKtmol™?
the Avogadro constant N, = 6.02 x 102mol?
the Boltzmann constant k=1.38x10"23JK™?
gravitational constant G = 6.67 x 1001 Nm2kg=2
acceleration of free fall g=9.81ms™2
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Formulae

uniformly accelerated motion

work done on/by a gas
gravitational potential
hydrostatic pressure
pressure of an ideal gas

simple harmonic motion

velocity of particle in s.h.m.

Doppler effect

electric potential

capacitors in series

capacitors in parallel
energy of charged capacitor
electric current

resistors in series

resistors in parallel

Hall voltage

alternating current/voltage

radioactive decay

decay constant
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Answer all the questions in the spaces provided.
1 (a) Make estimates of

(i) the mass, in kg, of a wooden metre rule,

(ii) the volume, in cm?3, of a cricket ball or a tennis ball.

Fig. 1.1

The volume V of the wire is given by the expression
nd?L
7
The diameter, length and mass M are measured to determine the density of the metal of the
wire. The measured values are:

V=

d=0.38 £ 0.01mm,
L=25.0+£0.1cm,
M=0.225+0.001g.

Calculate the density of the metal, with its absolute uncertainty. Give your answer to an
appropriate number of significant figures.

[Total: 7]
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2 A ball is thrown from a point P with an initial velocity u of 12ms™ at 50° to the horizontal, as
illustrated in Fig. 2.1.

path of ball

horizontal

Fig. 2.1
The ball reaches maximum height at Q.
Air resistance is negligible.
(a) Calculate
(i) the horizontal component of u,
horizontal cOmpoNeNnt = ........cccceviiiiiiiii e ms1[1]
(ii) the vertical component of wu.
vertical cComponent = ... ms1[1]

(b) Show that the maximum height reached by the ball is 4.3 m.

[2]

(c) Determine the magnitude of the displacement PQ.
displacement = ... m [4]
[Total: 8]
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3 Aball of mass 150g is at rest on a horizontal floor, as shown in Fig. 3.1.

ball

floor ’/

Fig. 3.1

(@) (i) Calculate the magnitude of the normal contact force from the floor acting on the ball.

TOrCE = o N [1]

(ii) Explain your working in (i).
....................................................................................................................................... [1]
(b) The ball is now lifted above the floor and dropped so that it falls vertically, as illustrated in

Fig. 3.2.
‘/ball
/
6.2ms‘1l ‘ ‘ T 25ms™t
just before contact just after losing contact
Fig. 3.2

Just before contact with the floor, the ball has velocity 6.2 ms~1 downwards. The ball bounces
from the floor and its velocity just after losing contact with the floor is 2.5ms™! upwards. The
ball is in contact with the floor for 0.12s.

© UCLES 2016 9702/21/M/J/16
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(i) State Newton’s second law of motion.

....................................................................................................................................... [1]
(ii) Calculate the average resultant force on the ball when it is in contact with the floor.
magnitude of fOrCe = ... N
direction of fOrCe ........ovviiiiiiiiiiie
[3]

(iii) State and explain whether linear momentum is conserved during the collision of the ball
with the floor.

[Total: 8]
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4 (a) State whatis meant by elastic potential energy.

(b) A spring is extended by applying a force. The variation with extension x of the force Fis
shown in Fig. 4.1 for the range of values of x from 20cm to 40cm.
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Fig. 4.1

(i) Use data from Fig. 4.1 to show that the spring obeys Hooke's law for this range of
extensions.
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(ii) Use Fig. 4.1 to calculate
1. the spring constant,
SPriNG CONSTANT = ...oeveiveieeceeee e, Nm=1[2]

2. the work done extending the spring from x = 20cm to x=40cm.

WOIrK dONE = oo J[3]
(c) A force is applied to the spring in (b) to give an extension of 50cm.

State how you would check that the spring has not exceeded its elastic limit.

[Total: 9]
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5 The variation with time t of the displacement y of a wave X, as it passes a point P, is shown in
Fig. 5.1.
4.0
3.0
ylem wave X
2.0
\‘\‘ ,/'/ \‘\‘
1.0
\ / \
0
0 1. 2.0 .0 4.0 5.0
\ / 1T
10 t/ms
\\\\\ ,l/l’
-2.0
-3.0
-4.0
Fig. 5.1
The intensity of wave X is I.
(a) Use Fig. 5.1 to determine the frequency of wave X.
fTEQUENCY = oo Hz [2]

(b) A second wave Z with the same frequency as wave X also passes point P.
Wave Z has intensity 2I. The phase difference between the two waves is 90°.

On Fig. 5.1, sketch the variation with time t of the displacement y of wave Z.

Show your working.

[3]
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(c) A double-slit interference experiment is used to determine the wavelength of light emitted
from a laser, as shown in Fig. 5.2.

\J

\J

0.45mm

\J

\J

laser light

double slit screen
Fig. 5.2 (not to scale)

The separation of the slits is 0.45mm. The fringes are viewed on a screen at a distance D
from the double slit.

The fringe width x is measured for different distances D. The variation with D of x is shown in
Fig. 5.3.

5.0

4.0 =
x/mm =

3.0

20F

1.0

0

1.5 2.0 2.5 3.0 35
D/m

Fig. 5.3

(i) Use the gradient of the line in Fig. 5.3 to determine the wavelength, in nm, of the laser
light.

wavelength = ... nm [4]
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(ii) The separation of the slits is increased. State and explain the effects, if any, on the graph
of Fig. 5.3.

[Total: 11]
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6 (a) Define the coulomb.

(b) A resistor X is connected to a cell as shown in Fig. 6.1.

Fig. 6.1
The resistor is a wire of cross-sectional area A and length I The current in the wire is I.

Show that the average drift speed v of the charge carriers in X is given by the equation

I
nAe

where e is the charge on a charge carrier and n is the number of charge carriers per unit
volume in X.

V=

[3]

(c) A 12V battery with negligible internal resistance is connected to two resistors Y and Z, as
shown in Fig. 6.2.

12v

—

Fig. 6.2
© UCLES 2016 9702/21/M/3/16
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The resistors are made from wires of the same material. The wire of Y has a diameter d and
length 1. The wire of Z has a diameter 2d and length 21

(i) Determine the ratio

average drift speed of the charge carriersinY
average drift speed of the charge carriers in Z

(ii) Show that

resistance of Y _ 5
resistance of Z

[2]
(iii) Determine the potential difference across Y.
potential difference = ......cccccooiiiiiii V [2]
(iv) Determine the ratio
power dissipated in Y
power dissipated in Z
FALIO = oot [1]
[Total: 12]
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7 (a) Give one example of
= = o | 0] o PN

= T 1T 0] (] P PRRRRS

[1]
(b) Describe, in terms of the simple quark model,

(i) aproton,

(c) Beta particles may be emitted during the decay of an unstable nucleus of an atom. The
emission of a beta patrticle is due to the decay of a neutron.

(i) Complete the following word equation for the particles produced in this reaction.

(L1011 0] R PP F o F o [1]

[Total: 5]
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