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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,
unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,

¢=3.00x108ms™!
My = 47w x 1077 Hm™!
€ =8.85x10712Fm™!

e=160x10"19C

h=6.63x10"3*Js

u=1.66 x10"27 kg
m, = 9.11 x 1073 kg
m, = 1.67 x 10%" kg

A =8.31 JK™' mol-1
N, = 6.02 x 1023 mol~*

G =6.67x10"1"" Nm2kg—2

g=981ms2
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Formulae
uniformly accelerated motion, s = ut+3at?
v2 = u?+2as
refractive index, n= _1
sinC
L B I R
r =
capacitors in series, C =C, +C,*
capacitors in parallel, C=C,+C,+
capacitor discharge, x = x,0~/CR
pressure of an ideal gas, p= %N‘-/m<cz>
radioactive decay, X=Xx6M
; _ 0.693
: A
itical density of matter in the Uni SHy
critical density of matter in the Universe, p, = g—

. V2
relativity factor, =V(1-YX
current, I = nAve
nuclear radius, r=rA”»

sound intensity level,
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Answer all the questions.

A toy car runs down a length of flexible plastic track. In each of three trials the track is
shaped differently as shown in Figs. 1.1, 1.2 and 1.3 but the top of the track is always the
same vertical height above the ground. The car is released from rest at the top of the track
for each trial. Assume that any frictional effects are negligible.

Fig. 1.1 Fig. 1.2 Fig. 1.3

(a) State and explain whether or not the car has the same speed at the end of the track in
each trial.

------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------

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

(b) In Fig. 1.2 the length of the track is 1.2m and it makes an angle of 45° to the ground.
The mass of the car is 0.050kg. Calculate

(i) the change in gravitational potential energy of the car in a trial

energy change = .......coccceerceiceenrccnneennan, J [3]

(ii) the speed of the car at the end of the track.

SPEEA = cvvrereerrrrieereireneaes ms=t [2]
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u
(c) The car continues along the floor until it collides with a toy brick. Just before it hits the %

brick, its speed is 3.0ms™. It rebounds at two thirds of its speed.
The contact time is 0.2s.

() Calculate the change of momentum of the car in the impact. State your answer with
a suitable unit.

momentum change = ......cccomnnimnnniinnnins wrvveninne [3]

(ii) Calculate the average force on the brick during the impact.

(o] (o7 TE T N [2]

[Total : 12]
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(a) Define the capacitance of a capacitor.

(b) A capacitor C of capacitance 500 uF is connected either to a 12V battery or to a resistor
R through a switch S, as shown in Fig. 2.1. The capacitor is initially uncharged and
connected across R.

1 S
O
—L 2
12v T
t R - C
Fig. 2.1

(i) Describe the movement of charge in the circuit which takes place after the switch S
is moved from position 2 into position 1.

(i) Calculate the final charge stored on the capacitor.

charge =.....cccocrvvrcverieceeccnenen, uC [1]
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7

(c) The switch is moved back to position 2 so that the capacitor discharges through the
resistor R. Fig. 2.2 shows the variation with time ¢ of current I during the discharge.

@®

(ii)

(iif)

(iv)

v)

14
I'mA
12

10

l,

0 1 2 3 ts 4

Fig. 2.2

Use data from the graph and Fig. 2.1 to calculate a value for the resistance of R.

resistance =.....c.ccceeeiriinnnrneneennennnen Q [2]

Determine the time constant of the circuit.

time constant = .......cccceeeenne S s [1]

The curve of Fig. 2.2 can be described in the form I = I e¥RC, Substitute values
into the equation to give an expression for I in terms of .

The resistor R is replaced by one of half the resistance. Sketch on Fig. 2.2 the
discharge curve you would predict. [2]

[Total : 11]
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(a)

(b)

()

8

Explain the terms internal energy and specific heat capacity of a body.

INEINAI @NEIGY ..evvevirrrserireriri sttt seessssserstsssss st ers s s stssssesrensssss st seeesan st sssssanansesseasasaees

A night storage heater can be considered as a stack of bricks which is warmed in the
night by electric power and then cools down in the day heating a room. Calculate the
energy given out by such a heater of mass 600kg, as it cools from 70°C to 30°C.

The specific heat capacity of brick = 1.1 x 103J kg~1 K,

ENEIGY = ..errerriiecrrrrsscsreieer e J [3]

Estimate the internal energy of the air in a room of volume 24 m? at a temperature of
about 20°C. Assume that the air behaves as an ideal gas at atmospheric pressure. Here
are some useful formulae and data. There are several ways to make this estimate. You
do NOT need to use all of the information.

formulae:
pV = nRT is the equation of state of n moles of an ideal gas

kinetic energy of n moles of an ideal gas = g nRT

~

data:

R =8.31 Jmol~1K-1

density of air = 1.3kgm™2

molar mass of air = 0.030 kg mol~*
atmospheric pressure = 1.0 x 10°Pa

internal energy = ......cccccvveerveimvrcciccennenne, J [4]

[Total : 10]
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4 Two very small identical conducting balls, each of mass 8.0 x 10~*kg, are suspended from a
single point by insulating threads of negligible mass as shown in Fig. 4.1. Each sphere has
been given the same charge of 3.0 x 108C so that they repel each other and are in
equilibrium with their centres a distance 6.0 x 1072m apart.

data:
(4ne )" =9.0x 10°mF~*
g=9.8Nkg™

Fig. 4.1

(@) (i) On Fig. 4.1 draw two arrows, each labelled F,, to show the direction of the
electrostatic force on each ball. [1]

(i) Show that the value of F, is about 2.3 x 103N.

2]

(b) Each ball experiences three forces. On Fig. 4.1 draw and label arrows to represent the
other two main forces acting on one ball. [1]

(c) Using the data above, calculate the angle between the threads.

angle =......coviiiiincrennccnenens ° 4]

(d) The gravitational force F, between the two balls is much smaller than the electrostatic

force F, between them. Calculate Fg.
e

[Total : 12]
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(a) Complete the table below for the three types of ionising radiations.

penetration ability

radiation nature range in air
o 0.2 mm paper
B electron
Y several km

[3]

(b) Describe briefly with the aid of a sketch an absorption experiment to distinguish
between the three radiations listed above.

......................................................................................................................................
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(c¢) Rutherford suggested that the isotopes of uranium had equal numbers of atoms, when ¥
the Earth was formed. The half lives of two isotopes of uranium are shown in the table
below.
isotope 2%0 | 288U
half life/10% years | 0.75 | 4.5
(i) Assuming Rutherford’s suggestion is correct, calculate the ratio
number of 233U atoms
number of 238U atoms
at a time 4.5 x 10° years after the Earth was formed.
(€211 [ T [3]
(i) The present day value for this ratio is 0.0072. Suggest without detailed calculation
why this theory therefore puts the age of the Earth between 6.0 x 10° and 7.5 x 10°
years.
............................................................................................................................... [2]
[Total : 11]
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Fig. 6.1 shows a section of an electro-mechanical oscillator. The coil inside the oscillator is
attached by a spring to the casing, so that the coil can move freely to the left and right in the
space between the poles of a permanent magnet. A cross-section through the magnet and
coil is shown in Fig. 6.2. The coil and magnet are being viewed from the right of Fig. 6.1.

magnet

(@ (@
(if)

i)

(iv)

casing

Pz spring

-
O

Fig. 6.1 Fig. 6.2

On Fig. 6.2 draw lines with arrows to represent the magnetic field between the
poles. (1]

Draw an arrow on the coil to indicate the direction of the current which will cause
the coil to move upwards, that is, out of the plane of the examination paper. 1]

Write down an expression for the force F on a wire of length [ carrying a current I at
right angles to a magnetic field of flux density B.

Calculate the force on the coil when there is a current of 80 mA in the coil. The flux
density of the magnetic field at the coil is 0.40 T. The length of the wire in the coil is
15m.

fOrce =....ovvvvvivrnreccicree e, N [2]

(b) An alternating current in the coil forces the coil to oscillate in simple harmonic motion at
a frequency of 50 Hz with an amplitude of 2.0 mm.

(M

On Fig. 6.3 below sketch a graph of the variation with time t of displacement x of
the coil over an interval of 40 ms. [3]

2

x/mm
1
0 10 20 30 —40]
t/ms 740
-1

Fig. 6.3
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(i) Show that the maximum acceleration of the coil is about 200 m s2,

i3]
(iii) Hence calculate
1 the maximum force on the coil, of mass 0.020kg
(0] (1= =T N [1]
2 the maximum current in the coil.
(o101 =Y | A [2]

(c) The amplitude of vibration of the coil varies with frequency as shown in Fig. 6.4. The
alternating current in the coil of the oscillator is maintained at a constant maximum value.

£
S
3 4 . .
'c P
= L
3 2
E
©
0
50 100 150 200
frequency / Hz
Fig. 6.4

(i) State the term used to describe this effect.

(i) Estimate the value of the natural frequency of oscillation of the coil.

frequency =......cccnirireniiinsnen Hz [1]

(iii) Predict how the shape of the curve in Fig. 6.4 will change when the damping within
the oscillator is reduced.

[Total : 18]
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7 (You will be awarded marks for the quality of written communication in your answer to %

question 7.)
(a) Describe briefly one scattering experiment to investigate the size of the nucleus of the

atom. Include a description of the properties of the incident radiation which makes it
suitable for this experiment.

..........................................................................................................................................
R T L T o
..........................................................................................................................................
...........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
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(b) (I) Give one difference and one similarity between a fusion reaction and a fission %

reaction.

Lo 1 =T (=T o= T
=] 171 T 1Y
............................................................................................................................... [2]

(i) Describe the process of the fission of a Zggu nucleus, induced by a neutron.

............................................................................................................................... [4]

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