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Data
speed of light in free space, c=300x108ms™?
permeability of free space, po=4mx 107 Hm™
permittivity of free space, € =885x107"2Fm™!
elementary charge, e=160x10"19C
the Planck constant, h=663x10"%Js
unified atomic mass constant, u=1.66x 10727 kg
rest mass of electron, m,=9.11x103" kg
rest mass of proton, m, = 1.67 x 107" kg
molar gas constant, R=8.31 JK-'mol!
the Avogadro constant, N, = 6.02 x 1023mol~!
gravitational constant, G =6.67 x 107" Nm2kg—2
acceleration of free fall, g=981ms?

P © OCR 2067

T O



Downloaded from http://www.thepaperbank.co.uk

3
Formulae
uniformly accelerated motion, s=ut+ 3 af?
vZ2 = u? + 2as
fractive ind n= 1
refractive index, =onc
capacitors in serie 11,1
aci in s, — =~ +t A t...
P c G G
capacitors in parallel, C=C,+C, +
capacitor discharge, X = x,eVCR
. Ni
pressure of an ideal gas, p= %—\r/‘n<c2>
radioactive decay, X = XM
fo 0.693
2T A
3H?2
critical density of matter in the Universe, P = 87G
V2
relativity factor, =V (1-"2)
current, I = nAve
nuclear radius, r= Al
I
sound intensity level, = 10lg To

T © OCR 2007
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Answer all the questions.

1 This question is about an alpha particle making a head on coilision with a gold nucleus.

(a) (i) When the alpha particle is at a large distance from the gold nucleus it has a kinetic
energy of 7.6 x 107'3J. Show that its speed is about 1.5 x 107 ms™".

mass of alpha particle = 6.6 x 1027kg

2]

(i} As the alpha particle approaches the gold nucleus, it slows down and the gold nucleus
starts to move, Fig. 1.1.

-
gold nucleus alpha particle

Fig.1.1

Explain this and explain how it is possible to calculate the speed of the goid nucleus.

........................................................ e ereieeree s eaetere et aae erereraataeeneraresaesenneransnteensnansanaes [O]
(ili) Fig.1.2 shows the alpha particle and the gold nucleus at the distance of closest

approach. At this instant the gold nucleus is moving with speed V and the alpha particle
is stationary.

o

gold nucleus aipha particle

Fig. 1.2
Calculate the speed V of the gold nucleus.

mass of gold nucleus = 3.0 x 1025kg

V=i, m s~ [2]
Lommam & OCR 2007 J
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(iv) The alpha particle bounces back. Its final speed approximately equals its initial speed
of approach. Assume that the mean force on the nucleus is 9.0 N during the interaction.
Estimate the time of the collision.

time=.......c.cc...el. s [2]
(b) |
SHRERS i
X- 3
15 ,
FIN [
10
o i
0 - i |
0 5 10 15 20

r/ 107 m

Fig.1.3

(i) Fig. 1.3 shows two points on the graph of the electrostatic repulsive force F between the
alpha particle and nucleus against their separation r. The particle and the nucleus are
being treated as point charges. Use data from the graph to calculate the values of the
force at distances r=10 x 107" mand 15 x 10~14m.

Fat10x 107 "¥m=................ N
Fat15x107"m=................ N [3]
(ii) Plot the two points on the graph and draw the curve. [1]
{Total: 13]

R © 0GR 2007 [Turn °Vi-l
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2 (a) Explain what is meant by the internal energy of a gas.
............................................................................................................................................... [2]
(b) A bicycle tyre has a volume of 2.1 x 103m3. On a day when the temperature is 15°C the
pressure of the air in the tyre is 280kPa. Assume that air behaves as an ideal gas.
() Calculate the number of moles n of air in the tyre.
N=iieanes mol [3]
(i) The bicycle is ridden vigorously so that the tyres warm up. The pressure in the tyre rises
to 290kPa. Calculate the new temperature of the air in the tyre. Assume that no air has
leaked from the tyre and that the volume is constant.
temperature = .............. °C [3]
T © OCF 2007
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(iii) Calculate, for the air in the tyre, the ratio

7

internal energy at the higher temperature
internal energy at 15°C

ratio = ......oounn.

Justify your reasoning.

[Total: 10}
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3 The electric motor in a washing machine rotates the drum containing the clothes by means of a
rubber belt stretched around two pulleys, one on the motor shaft and the other on the drum shatt,
as shown in Fig. 3.1.

X

/

motor ———& machine

/casing

drum

V4 ? /?-//// /

Fig. 3.1
(a) The motor pulley of radius 15 mm rotates at 50 revolutions per second. Calculate

(i) the speed of the belt

speed = .....ccoceeerrnnnn. ms™' [2]

(ii) the centripetal acceleration of the belt at point X.

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

(lii) When the motor speed is increased, the belt can start to slip on the motor pulley. Explain
why the belt slips.

P © OCR 2007 J
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(b) When the drum is rotated at one particular speed, a metal side panel of the machine casing
vibrates loudly. Explain why this happens.

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

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

(¢) A fault develops in the motor, causing the coil to stop rotating. Magnetic flux from the
electromagnet of the motor still links with the now stationary coil. Fig. 3.2 shows how the flux
linkage of the coil varies with time.

T R R e T T E
flux linkage / Pyam T T =
Woturns "B P BB T e TN
1H5 *Lﬁjr:f__;ﬁ 1‘ \f H JJ‘_ T Jl{ FH- - N\J’E
BPANERRERRREN N W DR 11
RN T A T
O e B IO 5 L A0 T 25 HI T30
e B P A T o merine
SEEmuNEsNA RS RN TN T H__L i -
e e I T A R e T A
) I ; *f‘ LT | Jl[ 1 3
e e e e e
-3 HHHH L T B Y i

Fig. 3.2
(i) Using Fig. 3.2 state a time at which the e.m.f. induced across the ends of the coil is
T 2810 e ms
2 amaximum. ......coiiiiiiiiiniis ms (2]

(ii) Use the graph of Fig. 3.2 to calculate the peak value of the e.m.f. across the ends of the

coil.
peak em.f. = ... V2]
[Total: 12]
LQOCH 2007 [Turn over 1
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4 Fig.

10
4.1 shows a football balanced above a metal bench on a length of plastic drain pipe. The

surface of the ball is coated with a smooth layer of an electrically conducting paint. The pipe
insulates the ball from the bench.

(a)

(b)

Fig. 4.1

The ball is charged by touching it momentarily with a wire A connected to the positive
terminal of a 5000V power supply. The capacitance C of the ball is 1.2 x 107" F. Calculate
the charge @, on the ball. Give a suitable unit for your answer.

The charge on the ball leaks slowly to the bench through the plastic pipe, which has a
resistance A of 1.2 x 10'5 (1.

() Show that the time constant for the ball to discharge through the pipe is about

15X 10%s.

(]

(i) Show that the initial value of the leakage current is about 4 x 10712A,

i1

(iii) Suppose that the ball continues to discharge at the constant rate calculated in (ii). Show

s © OCR 2007

that the charge Q_ would leak away in a time equal fo the time constant.

[2]
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(iv) Using the equation for the charge Q at time ¢

Q= Qe RC

show that, in practice, the ball only loses about 2/3 of its charge in a time equal to one
time constant.

[2]

{c) The ball is recharged to 5000V by touching it momentarily with wire A. The ball is now
connected in parallel via wire B to an uncharged capacitor of capacitance 1.2 x 10°8F and a
voltmeter as shown in Fig. 4.2.

A B
00 V —
5009 v 1.2x10°F]

Fig. 4.2

(i) The ball and the uncharged capacitor act as two capacitors in parallel. The total charge
Q, is shared instantly between the two capacitors. Explain why the charge left on the ball
is Q/1000.

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

....................................................................................................................................... [3]
(i) Hence or otherwise calculate the initial reading V on the voltmeter.
V= Vi2]
[Total: 14}
L @ 0CR 2007 [Turn over __I
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5 This question is about the electron beam inside a television tube.

—-7.0kV ov
2 ]
2 e!e(_:tio_n_ L
'Z beam
region of
2 2 magnetic
ield
4 % fie
cathode anode
Fig. 5.1 Fig. 5.2

(a) Fig. 5.1 shows a section through a simplified model of an electron gun in an evacuated TV
tube,

On Fig. 5.1 draw electric field lines to represent the field between the cathode and the
anode. (2]

The electrons, emitted at negligible speed from the cathode, are accelerated

through a p.d. of 7.0 kV. Show that the speed of the electrons at the anode is about
5.0x 107ms™.

(2]

(b) Some electrons pass through a small hole in the anode. They enter a region of uniform
magnetic field shown by the shaded area in Fig. 5.2. They follow a circular arc in this region
before continuing to the TV screen.

Draw an arrow through the point labelled P to show the direction of the force on the
electrons at this point. [1]

State the direction of the magnetic field in the shaded area. Explain how you arrived at
your answer.

R © OCR 2007
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(iif) Calculate the radius of the arc of the path of the electron beam when the value of the
magnetic flux density is 3.0 x 1073T.

radius = ................... m (4]

(c) The region of uniform magnetic field is created by the electric current in an arrangement of
coils. Suggest how the end of the electron beam is swept up and down the TV screen.

rrrrrere e et et ee s e eaas trereereen e abas rerrreae e eare st anas O crereeseraans [2]
[Total: 13]
R © 00 2007 [Turn over _I

*959673813"




Downloaded from http://www.thepaperbank.co.uk

14 I

6 This question is about the decay of an isotope of bismuth, 2}2Bi.

(a) 130

129

128

127

126

125
80 81 82 83 84 85

p
Fig. 6.1

Fig. 6.1 shows a small region of the chart of neutron number n against proton number p. An
isotope of bismuth, Bi, decays to an isotope of lead, Pb, in two stages along the path shown
by the two arrows on Fig. 6.1.

Complete the nuclear equations which describe these two decays.

(i) 212Bi -  gPo o+ 2]
(i) 5aP0 — @b+ [2]

(b) Imagine that you are given a sample of 21gBi mounted on a stand. You are asked to verify
experimentally that the two decays in (a)(i) and (ii} occur. Outline briefly the experiment that
you would perform.

............................................................................................................................................... (4]
L ®0CR 2007 J
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(c) The decay constant for 2}2Bi is 0.0115min".

3% 10"%min!.

(if} Calculate the half-life of the isotope.

(i) Show that the initial activity of a sample containing 1.00 x 10~9g of the isotope is about

half-life = ............. min [1]

(iii) Assume that only one decay in a million is detected in an experiment to measure the
half-life. Draw a graph on the axes of Fig. 6.2 of the count rate against time that you

(3]

would expect to observe. [1]
T ; T
I
+ - :
30F ]
count rate/ T
103 min~’ -
20} . - -
10
0 . - T - )l L 4 . ! -4 . Lﬂ =
0 20 40 60 80 100 120 140
time/min
Fig.6.2
[Total: 13]
B © OCH 2007 [Turn over J
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In this question, four marks are available for the quality of written communication,
(a) Describe the processes of fission and fusion of nuclei. Distinguish clearly between them

by highlighting one similarity and one difference between the two processes. State the
conditions required for each process to occur in a sustained manner.

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

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

L@ OCR 2007 J
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(b) The fission of a uranium-235 nucteus releases about 200MeV of energy, whereas the fusion
of four hydrogen-1 nuclei releases about 28 MeV. However the energy released in the
fission of one kilogramme of uranium-235 is less than the energy released in the fusion of

one kilogramme of hydrogen-1. Explain this by considering the number of particles in one
kilogramme of each.

Quality of Written Communication [4]

[Total: 15]
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