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Data

speed of light in free space, ¢c=3.00x108 ms™!
permeability of free space, Mo =4mx 107" H m-1
permittivity of free space, € =8.85x10"12Fm™
elementary charge, e=1.60x10"1°C
the Planck constant, h=6.63x10"34Js
unified atomic mass constant, u=1.66 x 10727 kg
rest mass of electron, m, =9.11 x 1073 kg
rest mass of proton, m, = 1.67 x 10" kg
molar gas constant, R =8.31 JK™! mol~?
the Avogadro constant, N, = 6.02 x 1028 mol"
gravitational constant, G =6.67 x 10~ N m2kg2
acceleration of free fall, g=9.81ms2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,

capacitors in parallel,
capacitor discharge,
pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,

relativity factor,
current,
nuclear radius,

sound intensity level,

s = ut+zat?

v2 = u2+2as

1
n= ——
sinC
1_1,1
Cc c, G
C=C,+C, +
x = x,07YCR

X = X~
f = 0.693
2 A
3H2
Po= gnG
V2
=v(1- '&‘2—)
I = nAve
r= I’OA”3
o(7)
= 10lg IO
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Answer all the questions.

1 (a) Define simple harmonic motion.

.................................................................................................................................... [2]
(b) Fig. 1.1 shows a simple pendulum with the bob at the amplitude of its swing.
support
o (O
Fig. 1.1
On Fig. 1.1, draw and label arrows to represent the forces acting on the bob. [2]

(c) Fig. 1.2 shows the graph of displacement of the bob against time.

0'05 1. y. N P N A N\
\ I
\ / \ I
\
1 f/ \ \ i
. \ 7/ \ /
displacement/m 0
\ fi \ /| \ {
I
X Y N\ 4 A V'
-0.05

I_ Fig.1.2
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() Use Fig. 1.2 to determine the frequency of oscillation of the pendulum. Give a

suitable unit for your answer. For
Examiner's

Use

frequency = .....ceeeeenuennn. (1411 S [3]

(i) Use Fig. 1.2 or otherwise to determine the maximum speed of the bob. Show your
method clearly.

SPEEA = uevveerrerrrenererenas ms~ [2]

(d) The bob is now made to oscillate with twice its previous amplitude. The pendulum is
still moving in simple harmonic motion.

State with a reason the change, if any, in

(i) the period

............................................................................................................................ 2]
(ii) the maximum speed of the bob
............. USROSV -] |

[Total: 13]
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2 Abinary star is a pair of stars which move in circular orbits around their common centre of
mass. For stars of equal mass, they move in the same circular orbit, shown by the dotted For -
line in Fig.2.1. In this question, consider the stars to be point masses situated at their Exal'}'s";e's
centres at opposite ends of a diameter of the orbit.

----
ot

.
. .
........

Fig. 2.1

(a) (i) Draw on Fig.2.1 arrows to represent the force acting on each star. [2]

(ii) Explain why the stars must be diametrically opposite to travel in the circular orbit.

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

............................................................................................................................ {2]
(b) Newton’s law of gravitation applied to the situation of Fig. 2.1 may be expressed as
GM?
F= ——.
4R?
State what each of the four symbols listed below represents.
F st ra e e r b e R s h e e b en et errenn
G e e b e b et s aE R s R b e b et e e eneseenenn
TSI
T [2]
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(c) (i) Show that the orbital period T of each star is related to its speed vby v=2nH/T.

[1]

(ii) Show that the magnitude of the centripetal force required to keep each star
moving in its circular path is

4T2MR
T2

F=

[2]

(iii) Use equations from (b) and (ii) above to show that the mass of each star is given
by
H3
M=16n12 — .
GT?

[2]

(d) Binary stars separated by a distance of 1 x 10'"m have been observed with an orbital
period of 100 days. Calculate the mass of each star.

1 day = 86400s

MASS = .ivvvrererrissnsssnnnesnnns kg [2]
[Total: 13]
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3 (a) Define the capacitance of a capacitor.

.......................................................................................................................................... Use

(b) Fig.3.1 shows a circuit where a 0.47 uF capacitor may be connected by a two-way
switch S either to an 11.0V d.c. supply or to a 2200 Q resistor.

A B
o,
A

11.0V
— 0.47pF 2200Q
\ 4
Fig. 3.1
(i) The capacitor is charged with switch S in position A. Calculate
1. the charge stored in the capacitor
charge = ....cccoecrrereeeciceenes C [2]
2. the energy stored in the capacitor.
ENEIgY = ovveeerirrirnnnessessnenns J [2]

(ii) The switch is moved to position B at time t= 0 to discharge the capacitor.
Calculate

1. the initial current in the resistor

current = ....ooicciiinncncinienanens A [2]

2. the time constant of the circuit.

time constant = ........cooeeeiiciiens s [2]
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(c) Fig.3.2 shows the variation in current in the resistor with time for part of the discharge.

For
Examiner’s
3.0 \ Use
\
AY
2.0 \
\\
current/mA A
1 -0 = S
0 7 =
0 1.0 2.0 3.0 4.0 5.0
t/ms
Fig.3.2

(i) Show that the shape of the graph is exponential.

............................................................................................................................ [2]

(i) Estimate the charge which flows from the capacitor during the time { = 1.0ms to
t=2.0ms.

charge = .......... SR, C [3]

[Total: 14]
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Fig.4.1 shows a square flat coil of insulated wire placed in a region of uniform magnetic
field of flux density B. The direction of the field is vertically out of the paper. The coil of side
x has Nturns.

region of uniform
magnetic field

Fig. 4.1

(a) (i) Define the term magnetic flux.

e AR R RS RR S seessesssen st sssesaeeesssssessessessenessseeneens [ 1]

(if) Show that the magnetic flux linkage of the coil in Fig.4.1 is NBx2.

e s st nnensnennnennenennnensnmmnenennnes [2)]

(b) The coil of side x = 0.020m is placed at position Y in Fig.4.2. The ends of the
1250 turn coil are connected to a voltmeter. The coil moves sideways steadily through
the region of magnetic field of flux density 0.032T at a speed of 0.10ms™! until it
reaches position Z. The total motion takes 1.0s.

2824 Jun04
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0.0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 gistance/m

For
Examiner’s
0.020m toe
<>
. ——>
0-020m Y 0.10ms™ z
region of uniform magnetic
field B=0.032T
coil position at f= 0 coil position at t=1.0s
Fig.4.2

(i) Show that the voltmeter reading as the coil enters the field region, after t=0.2s, is
80 mV. Explain your reasoning fully.

(3]
(i) On Fig.4.3, draw a graph of the voltmeter reading against time for the motion of
the coil from Y to Z. Label the y-axis with a suitable scale. [4]
voltmeter ts
reading |4 0.2 0.4 0.6 0.8 1.0
Fig. 4.3
[Total: 10]
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5 (a) Explain what is meant by nuclear fission.
For

: Examiner’s

.......................................................................................................................................... Use

(b) A possible fission reaction is
22U+ 4n—%8sr+ 2 Xe +2]n

(i) The two asterisks (*) represent two numbers missing from the right hand side of
the nuclear reaction.

Write down the missing nucleon (atomic mass) NUMbDEr .........ccccvvvcivmiiniiinnnneen,

and the missing proton (atomic) NUMDET ........iciicciviiiiceninrrrr e [2]

(i) The total mass of the compound nucleus 233U before fission is 236.053 u. The
total mass of the fission products is 235.840 u. Show that the energy released in
the fission process is about 3 x 10711 4.

[3]

(c) Suppose that 0.001 kg of uranium-235 could be persuaded to fission completely.

(i) Show that the energy released would be about 8 x 1010J.

[2]
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(ii) Estimate the mass of water that the released energy could raise from 20°C to its
normal boiling point.

For
Examiner’s
Use

specific heat capacity of water = 4200 J kg™ K™

MASS = .ovevccerrressesserenarens kg [3]
[Total: 11}
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6 (a) The charge and mass of each of the three types of ionising radiations emitted by
radioactive substances can be given in terms of the fundamental charge e and the
mass m, of an electron or the mass m, of a proton. Using these symbols, complete the

table below.
radiation charge mass
a
p
Y

3]

(b) Alpha particles do not penetrate more than a few centimetres of air. Fig.6.1 shows
how the mean range of alpha particles depends on their kinetic energy at emission.

100

AN

80 ' 2

AN

mean range 60
in air/mm -

40 pusi

20 =

0 2 4 6 8 10
energy/MeV

Fig. 6.1

(i) Use the graph to find the range of alpha particles emitted with an energy of
5.0MeV.

(=13 [0 [T mm [1]
(ii) Calculate the initial speed of a 5 MeV alpha particle.
1MeV =1.6x10713J

I SPEed = ..uoeerreereeeerns ms™ [3]
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(iii) Explain how alpha particles lose kinetic energy as they travel through the air.

(c) Fig.6.2 shows a film badge which is worn by people who work with ionising radiation,
such as beta particles, X-rays and gamma rays. The film is wrapped in a light-tight
paper wrapper. It is placed in a plastic holder which has a wide slot or ‘window’ cut
through the plastic. The holder also contains a number of metallic and plastic filters.
The amount of darkening in different regions of the film indicate the exposure to
different types of radiation.

-film badge cutaway section
filters
plastic
case
paper
window position
window in film
plastic
plastic case
Fig.6.2

Suggest why film badges are not suitable for monitoring alpha radiation, and why the
window and the different types of filter are provided.

[Total: 13]
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7 In this question, four marks are available for the quality of written communication.
For

(a) Define the momentum of a particle. State the principles of the conservation of linear Exa{}'s’ze"s

momentum and the conservation of energy as applied to head-on collisions between
particles. Explain the conditions under which linear momentum and kinetic energy are

conserved.

------------------------------------------------------------------------------------------------------------------------------------------
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(b) Use one or both of the principles in (a) to explain why in elastic collisions a small
particle bounces back from a massive stationary particle, Fig.7.1, whereas a large
massive particle incident on a small particle does not bounce back, Fig.7.2.

before after

Fig.7.1

before after

Quality of Written Communication [4]
[Total: 16]
END OF QUESTION PAPER
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OCR has made every effort to trace the copyright holders of items used in this Question paper, but if we have inadvertently
I overlooked any, we apologise. I
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