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Answer ALL the questions.
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lined page(s) at the end of this booklet. The question
number(s) must be clearly shown.
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Answer ALL the questions

1 A stationary uranium-238 nucleus (%gu) decays into a

nucleus of thorium-234 by emitting an alpha-particle.

(a) The chemical symbol for thorium is Th. Write a
nuclear equation for this decay. Use the space
below. [2]

(b) The mass of the uranium nucleus is 4.0 x 10~%°kg.
After the decay the thorium nucleus has a speed
of 2.4 x 10° ms™.

Calculate the kinetic energy, in MeV, of the
alpha-particle.

kinetic energy = MeV [4]




(c) The uranium-238 (232U> nucleus starts the

decay chain which ends with a nucleus of

lead-206 (235Pb).

Show that 14 particles are emitted during this
decay chain. Explain your reasoning. Use the
space below. [3]



A small thin rectangular slice of semiconducting
material has width a and thickness b and carries

a current 1. The current is due to the movement of
electrons. Each electron has charge —e and mean drift
velocity v. A uniform magnetic field of flux density B
is perpendicular to the direction of the current and

the top face of the slice as shown in Fig. 2.1. You may
also use the model provided to help you.

FIG. 2.1




(a) As soon as the current is switched on, the moving
electrons in the current are forced towards the
shaded rear face of the slice where they are
stored. This causes the shaded faces to act
like charged parallel plates. Each electron in
the current now experiences both electric and
magnetic forces. The resultant force on each
electron is now zero.

Write the expressions for the electric and
magnetic forces acting on each electron and use
these to show that the magnitude of the potential
difference V between the shaded faces is given by
V = Bva. Use the space below. [3]



(b) Here are some data for the slice in a particular
experiment.

number of conducting electrons per cubic metre,
n=12x10% m=3

a=50mm
b=0.20mm
I1=60mA
B=0.080T

Use this data to calculate

(i) the mean drift velocity v of electrons within the
semiconductor

v= ms~1[3]

(ii) the potential difference V between the shaded
faces of the slice.

V= V[1]




(c) The slice is mounted and used as a measuring
instrument called a Hall probe. A cell is connected
to provide the current in the slice. The potential
difference across the slice is measured by a
separate voltmeter.

A student wants to measure the magnetic flux
density between the poles of two magnets
mounted on a steel yoke as shown in Fig. 2.2.
The magnitude of the flux density is between
0.02T and 0.04T.

FIG. 2.2

magnets magnets

steel yoke 6.0 cm \ steel yoke
6.0cm ™

(i) Suggest ONE reason why this Hall probe is
NOT a suitable instrument to measure the
magnetic flux density for the arrangement
shown in Fig. 2.2.

[1]




(ii) Another method of measuring the magnetic
flux density for the arrangement shown in
Fig. 2.2 is to insert a current-carrying wire
between the poles of the magnet.

Explain how the magnetic flux density can be
determined using this method and discuss
which measurement in the experiment leads
to the greatest uncertainty in the value for the
magnetic flux density.

[4]
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3 A student is investigating how the discharge of
a capacitor through a resistor depends on the
resistance of the resistor.

The equipment is set up as shown in Fig. 3.1.

FIG. 3.1
O o
S\
e @ R

The student charges the capacitor of capacitance

C and then discharges it through a resistor of
resistance R using switch S. After a time t=15.0s
the student records the potential difference V across
the capacitor. The student repeats this procedure for
different values of R.

It is suggested that V and R are related by the
equation

where V,, is the initial potential difference across the
capacitor and t is the time over which the capacitor
has discharged.
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(a) The student decides to plot a graph of In (V/V) on
: : 1 : ;
the y-axis against R on the x-axis to obtain
a straight line graph. Show that the magnitude of
the gradient is equal to %5 Use the space below.

[2]

(b) Values of Rand V at t=15.0s are given in the

table below.
R/kQ VIV (%)/10-6 -1 In (VIV)

56 3.0+£0.2 18

68 3.7%+0.2 15 1.31 £ 0.06
100 5.0+x0.2 10 1.61 £ 0.04
150 6.4%0.2 6.7 1.86 £ 0.03
220 7.3%+0.2 4.5 1.99 £ 0.03
330 8.1+0.2 3.0 2.09 £0.03

(i) Complete the missing value of In (V/V) and its
absolute uncertainty in the table above. [1]
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(if) Use the data to complete the graph of Fig. 3.2.
Four of the six points have been plotted for
you. [2]

FIG. 3.2
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(iii) Use the graph to determine a value for C.
Include the absolute uncertainty and an
appropriate unit in your answer.

C= n s unit [4]

(c) Determine the value of R, in kQ, for which the
capacitor discharges to 10% of its original
potential difference in 15.0s. Show your working.

R= kQ [2]
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4 (a)* You are given an unmarked sealed square box
which has four identical terminals at each corner.

Fig 4.1 shows the circuit diagram for the contents
of the box with the four terminals labelled A, B, C

and D.

FIG. 4.1

A B
O— [ O
C D
(o, S O

One of the resistors in the box has resistance
220 Q. The other resistor has resistance 470 Q.
Two of the terminals are connected by a wire.

The four terminals on your unmarked sealed box
are NOT labelled.

You are given a 6.0V d.c. supply, a 1002 resistor
(labelled R) and a digital ammeter.

Plan an experiment to determine the arrangement

of the components and identify which terminal of
your unmarked sealed box is A, B, C and D.
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A space has been left for you to draw circuit
diagrams to illustrate your answer. [6]
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(b) A light-dependent resistor (LDR) is connected
between points X and Y in the circuit of Fig. 4.2.
The circuit is used to switch on a lamp during the
hours of darkness.

FIG. 4.2
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(i) Draw the symbol for an LDR on Fig. 4.2
between X and Y. [1]

(if) Fig. 4.3 shows how the resistance of the LDR
varies with light intensity. The electronic
switch closes when V across XY is 4.0V
and opens when V across XY is 2.4V. The
electronic switch draws a negligible current.

Calculate

1 the resistance R of the resistor for the lamp
to switch on at a light intensity of 0.80 Wm2

R = Q [3]

2 the light intensity of the surroundings at
which the lamp switches off.

light intensity = Wm2 [2]
19




5 (a) Aloudspeaker mounted on a bench is emitting
sound of frequency 1.7 kHz to a microphone.
Fig. 5.1 shows an illustration of the bulk
movement of the air at one instant of time.

FIG. 5.1

to signal loudspeaker

to
generator

oscilloscope
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The maximum displacement of the air particles
from their mean positions is 2.0 x 10~°m.

The speed of sound in air at 17°C is 340 ms™1.

(i) On Fig. 5.2, sketch the sinusoidal variation
of the displacement of the air with distance
between C and R.

FIG. 5.2
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1 Label the axes and include sensible scales.

2 On Fig. 5.2, mark one point where air
particles are moving at maximum speed.
Label it X.

3 On Fig. 5.2, mark one point where air
particles are moving at maximum speed but
travelling in the opposite direction to the air
particles in 2. Label it Y. [4]

(ii) Calculate
1 the maximum speed v, of the oscillating
particles in the sound wave

Viax = ms~1[2]

2 the root mean square speed ¢, of the air
molecules in the room.
The molar mass of air is 2.9 x 10~2 kgmol~".

Crms. = ms™ [2]
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(b)* Students are given the equipment in Fig. 5.1
together with a metre rule. They are also given a

second loudspeaker connected to the same signal

generator at 1.7 kHz. They are asked to design an
experiment where they would need to take just
one measurement and be able to determine the
value of the speed of sound.

They set up the experiment in two different ways
as shown in Fig. 5.3(a) and (b).

FIG. 5.3(a)

‘o sianal loudspeakers to

O sigha oscilloscope
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FIG. 5.3(b)
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generator generator
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-

In method (a) the microphone is fixed and one
loudspeaker is moved to the left as shown in
Fig. 5.3(a).

In method (b) the microphone is moved to the
left or to the right with the loudspeakers fixed a
certain distance apart as shown in Fig. 5.3(b).
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Describe and explain how both methods can be
used to accurately determine the speed of sound.
In your description, discuss how the uncertainty
in the value for the speed of sound can be
minimised in one of the methods, without using
any other apparatus. [6]
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6 This question is about the motion of a ball suspended
by an elastic string above a bench. The mass of the
string is negligible compared to that of the ball. Ignore
air resistance.

FIG. 6.1 FIG. 6.2 (NOT TO SCALE)

¢ P

O

In Fig. 6.1 the ball of weight 1.2N hangs vertically
at rest from a point P. The extension of the string is
0.050 m. The string obeys Hooke’s law.

>

" 0.045m |

In Fig. 6.2 the ball is moving in a horizontal circle of
radius 0.045m around a vertical axis through P with
a period of 0.67s. The string is at an angle 6to the
vertical. The tension in the string is T.
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(a) On Fig. 6.2 draw and label one other force acting
on the ball. [1]

(b) (i) Resolve the tension T horizontally and
vertically and show that the angle O is 22°.
Use the space below. [2]

(if) Calculate the extension x of the string shown
in Fig. 6.2.

X= m [3]
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(c) Whilst rotating in the horizontal plane the ball
suddenly becomes detached from the string.
The bottom of the ball is 0.18 m above the bench at
this instant. The ball falls as a projectile towards
the bench beneath. Fig. 6.3 shows the view from
above.

FIG. 6.3

ball detaches here ball lands here
on the bench

Calculate the horizontal distance R from the point
on the bench vertically below the point P to the
point where the ball lands on the bench.

R= m [4]
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(d) Returning to the situation shown in Fig. 6.2,
state and explain what happens when the rate of
rotation of the ball is increased.

[2]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the

following lined page(s). The question number(s) must be
clearly shown in the margin(s).
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