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Data
speed of light in free space, ¢=3.00x10%ms™"
permeability of free space, to = 4w x 107 Hm™
permittivity of free space, € = 885x1072Fm™
elementary charge, e=1.60x10"°C
the Planck constant, h=663x1024Js
unified atomic mass constant, u=166x10"2"kg
rest mass of electron, m, = 9.11 x10"3" kg
rest mass of proton, m, = 1.67 x 10727 kg
molar gas constant, R =8.31JK ' mol™
the Avogadro constant, N, = 6.02 x 1028 mol~1
gravitational constant, G =6.67x10"1" Nm?kg2

acceleration of free fall, g=981ms?
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Formulae
uniformly accelerated motion, s=ut+ Jz"atz
v2 = u?+2as
refractive index, n= _1
sinC
L 4 1 1
capacitors in series, C = ¢, + c, +...
capacitors in parallel, C=C+Cy+...
capacitor discharge, x = x,e~V/CA
pressure of an ideal gas, p= %N—37<c2>
radioactive decay, X=X oM
f 0.693
L}
itical density of matter in the Uni SHy”
| =
critical density of matter in the Universe, p, G
2
relativity factor, =v(1- V_2
c
current, I = nAve
nuclear radius, r= AR
sound intensity level, = 10lg (Ii)
0
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(@) (i) Define the momentum of a body.

(ii)) A body, initially at rest, explodes into two unequal fragments of mass m, and m..
Mass m, has a velocity v, and mass m, has a velocity v,. Using the principle of
conservation of momentum, derive an expression for v,/v,.

[2]

(b) Anisolated nucleus of mass 4.0 x 10725kg is initially at rest. It decays, emitting an alpha
particle of mass 6.7 x 10727 kg with kinetic energy of 1.2 x 107144,

(i) Show that the speed of the alpha particle is about 2 x 108m s,

[2]

(i) Calculate the momentum of the alpha particle.
MOMENtUM = ocurrre e kgms™  [1]

(lii) Hence find the speed of the recoiling nucleus.
SPEEA = v, ms™  [2

(c) Before the decay described in (b) the nucleus is at point P on Fig. 1.1.

Fig. 1.1

(i) Place a small cross on Fig. 1.1 at a possible position, to full scale, of the alpha
particle 8.0 x 10~9s after the emission. [1]

(i) Indicate with an arrow, starting at P, the direction of movement of the recoiling
nucleus. (1]

(iif) Estimate how far the recoiling nucleus has moved in 8.0 x 10-9s.

distance = ......cocceevicinncninns mm 1]

[Total : 11]
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Fig. 2.1 shows a ball at rest, hanging on a vertical thread from a fixed support, S.

S S
I
!
i
1
1
—~10.05mi—
Fig. 2.1 Fig. 2.2

(a) On Fig. 2.1 draw and label arrows to represent the two forces acting on the ball. [2]
(b) Fig. 2.2 represents the ball moving in a circle about a vertical axis through S. On

Fig. 2.2 draw and label arrows to represent the two forces acting on the ball. Explain
how they provide the force to make the ball move in a circular path.

------------------------------------------------------------------------------------------------------------------------------------------
..........................................................................................................................................

..........................................................................................................................................

{¢) The ball has a mass of 0.020kg and moves in a circle of radius 0.050m at
1.2 revolutions per second. Assume that the thread supporting the ball has negligible
mass. Calculate

(i) the speed of the ball

Speed =....ccccceeeereree e, ms~  [2]

(i} the magnitude of the force which keeps the ball moving in a circular path.

force =i N [3]

(d) Predict and explain the difference in the path of the ball when it is rotating at a higher
speed.

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

[Total : 13]
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3 (a) Define simple harmonic motion. *

..........................................................................................................................................

..........................................................................................................................................

(b) Fig. 3.1 shows a mass suspended from a spring beside a ruler. When the mass is pulled
down and released, it oscillates with simple harmonic motion. Fig. 3.2 shows the
variation of the position of the mass with time, starting at the moment of release.

28
27
26 4
25 1
2457 ; 0.7 I TT0 5 ) time/s
231 kA

22 A 4
214
16—: 20

b

mass position/cm

Fig. 3.1 Fig.3.2
(i) Use Fig. 3.2 to determine,

1 the amplitude of the oscillation

amplitude = .........cccooeveievcereeenn, m [2]

2 the frequency of the oscillation.

frequency=........coccovevrecvrininennn. Hz [2]

2824 Jan02
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(ii) Hence find the maximum acceleration of the mass.

acceleration =.....c.ococveiveresieeennn, ms2 [2]
(iif) Use Fig. 3.2. to state a time at which

1 the mass has maximum speed

time = e s [1]

2 the mass has maximum acceleration.

time= ..o, s [1]

{c) Onthe axes of Fig. 3.3 sketch the variation with time t of the acceleration a of the mass.
Add a suitable scale on the y-axis.

a/ms—2

0 R 04 08 0.8 time/s

Fig. 3.3
[31

[Total : 13]
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Fig. 4.1 shows two horizontal parallel metal plates, 1.2 x 1072m apart, connected to a 600V
power supply.

I
[ _ _ _ ____
+
o -2
600 Vd.c. 1.2x107%m
Q
L |
|
Fig. 4.1

(a) (i) On Fig. 4.1 draw lines to represent the electric field between the central region of
the plates. [2]

(if) Calculate the electric field strength between the plates, expressing your answer
with a suitable unit.

electric field strength = .......ccccvvverivicer crrervrne [3]

(b) (i) Explain how the plates act as a capacitor.

...................................................................................................................................

............................................................................................................................... [1]
(i) The capacitance of the plates is 1.0 x 10~'2F. Calculate
1 the charge stored on the plates
charge =......cccccevenvecrieeeenncnnne, C ]
2 the energy stored in the charged capacitor.
BNBIJY = vieeererrercrererereserecarverire s J 2]

2824 Jan02
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(c) A tiny sphere of weight 3.3 x 107N has acquired a charge so that it is held in
equilibrium midway between the plates by the electric field. See Fig. 4.2.

l
[ i
+
o -2
600 Vd.c. o 1.2x107m
o
— |
l
Fig. 4.2

(i) State the magnitude and direction of the electric force on the sphere.
magnitude = ..........cceeeeiieeee, N
direction = .....cooovvvecerveneeeeenn, [1]

(i} Calculate the magnitude of the charge on the sphere.

charge =........ccooomveveirerecn. C [2]

(iii) The voltage between the piates is doubled suddenly. Describe the motion of the
sphere,

...................................................................................................................................

...................................................................................................................................

[Total : 14]
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5 (a) An aircraft is flying horizontally at a constant speed v close to the North Poie. Fig. 5.1 *

shows the aircraft viewed from above. The vertical component B of the Earth’s magnetic
field is indicated by crosses.

P
X X X x X X B(into page)
Q

Fig. 5.1

(i) A wire stretches from wing tip P to wing tip Q. Each free electron, charge —e, in the
wire experiences a force along the wire. Write down an expression for this force.

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

(ii) On Fig. 5.1 mark with an arrow the direction of this force. [1]

(iii) Explain why a steady voltage is induced between the wing tips.
............................................................................................................................... [3]

2824 JanQ2
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(b) The vertical component B of the Earth’s magnetic field is 5.0 x 10°5T. The aircraft is
flying at 200m s~*. The distance PQ between the wing tips is 40 m.

(i) Calculate the force exerted by the magnetic field on each electron in the wire.

force =i, N [2]

(ii) Hence, or otherwise, calculate the voltage induced between the wing tips.

voltage =.....coocevvmreeeieeceeeen, vV [3]

[Total : 10)
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Carbon-14 is a radioactive isotope of carbon which decays by B~emission with a half life of
5700 years.

(@) (i) Explain the meaning of the term half life.

...................................................................................................................................

(b) 1gC is produced when a nitrogen nucleus 1‘;N first absorbs a neutron in the atmosphere
and then the resulting nuclide emits a proton.

(i) State the nuclear reaction equation for the production of '¢C from '3N.

(c) Living plants absorb carbon dioxide from the atmosphere, a small quantity of which
contains '3C. The B~activity A, from a living plant remains constant but once the plant
dies, the activity decays according to the expression

A=A e
where A is the activity at time ¢.

Calculate

(i) the decay constant A for '¢C

decay constant = .......cceceeeererernrnieninnes v (2]

the activity after 40 000 years

(i) the quantity f= = i ritial activity A,

2824 Jan02
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(d) ‘For objects over 40000 years old the 12C B-emission becomes indistinguishable from

the background count’. Explain the implications of this statement, making clear the
meaning of the term background count.

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

[Total : 13]

7 (@) (in this question, 4 marks are available for the quality of written communication.)

Explain what is meant by internal energy. Suggest how the internal energy of a real gas
differs from that of an ideal gas.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

Question 7 continued over the page.
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(b) Describe the changes which occur to the infernal energy and the state of matter as a %

gas is cooled from room temperature to near absolute zero. Include in your answert,
where appropriate, a description of the changes on the molecular scale.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

[Total : 12]
Quality of written communication [4]
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