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1 In this experiment, you will investigate the period of torsional oscillations of a suspended disc with
loaded mass.

(a) Set up the apparatus as shown in Fig. 1.1.

clips

disc B

\ 4 :) —

disc A

Fig. 1.1
Disc A and disc B have three small holes spaced at regular intervals near the edge. Pieces of
string have been threaded through the holes.

Clamp disc B horizontally using two small blocks of wood. Use the clips on disc B to adjust the
length | of each string until I is about 100 cm.

Place a 50 g mass in the centre of disc A.
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(b) (i) Gently rotate disc A through a small angular displacement and release it so that the disc
performs torsional oscillations of period T in a horizontal plane as shown in Fig. 1.2.

Top View
50 g mass

disc A

Fig. 1.2

Determine and record T.

(i) Repeat (b)(i) for different values of mass m, by stacking the slotted masses on top of each
other, until you have five sets of readings of T and m.

Present your results clearly.

[4]
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(c) Itis suggested that T and m are related by the expression:

T =km"

where k and n are constants.

Plot a suitable graph to determine the values of k and n.

[Total: 12]
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2 In this experiment, you will investigate the energy stored in a stretched rubber band.

@ Place the rubber band on the bench so that it is taut without being stretched, as shown in
Fig. 2.1.

The length of the rubber band is L.

==-—'=======:]I

e R Y

Fig. 2.1

Measure and record L, for your rubber band.

(i)  Use the dimensions given on the card to calculate the volume V of the rubber band.
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() O Set up the apparatus as shown in Fig. 2.2 with the mass hanger suspended from the
rubber band.

rod of clamp__

boss
LY s
“JJ “~rubber band
| — __—stand
/'// i
mass hanger
d A}

L

bench™
Fig. 2.2
The extended length of the rubber band is L.

Calculate the extension e of the rubber band where:

e=L-L,.

Record your answer in metres.

The force F acting on the rubber band is given by:
F=mg
Where m is the mass, in kg, suspended from the rubber band and g = 9.81 N kg™.

Calculate and record F.
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(i)  Vary m and repeat (b)(i).

Present your results clearly.

(3]

(iii)  Plot your results on the grid below.

5

F/N =

e/m

(1]
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(iv) The area under the graph represents the approximate energy stored by the rubber band.

Estimate this energy when its extended length L = 2L,.

energy stored = ... J[1]
(v) Calculate the energy stored per unit volume, in J m™2, in the rubber band when its
extended length L = 2L,
energy stored per unit volume = ... ... Jm>3[1]
[Total: 9]
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3 This experiment investigates the properties of a coil of wire.

(&) You have been provided with two cardboard tubes with wire wrapped around them.
The diameter of the tube labelled Y is Dv, as shown in Fig. 3.1.
The diameter of the wire is dy.

cardboard tube

Fig. 3.1
Measure and record Dy and dy.
DY T cm
Oy = mm
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(b) O The total length of wire is Ly.
Estimate and record your value for Ly.

Show your working.

(i) Estimate the percentage uncertainty in your value of Ly.

percentage uncertainty in Ly = .......oooveoiiiiiii e [1]
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(c) Connect the circuit shown in Fig. 3.2 where resistor R has a resistance R of 15 Q.

I
| e
Q‘D cail Y
9 &
R
Fig. 3.2
Close the switch.
Note and record R and the ammeter reading I.
R = e, Q
| = A
[1]
Open the switch.
(d) vary R and repeat (c).
Present your results clearly.
[3]
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(e) Plot your results on Fig. 3.3 and label this line Y.

IRIV ]
HHHHHH 5 =
10 20 30
RIQ
Fig. 3.3
I and R are related by the expression:
IR=GR+H
where G and H are constants.
The resistance Xy of coil Y is given by:
H
X, = —.
YOG
Use your graph to determine Xy.
Y 2 e Q
3]
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(f) The diameter of the tube labelled Z is Dz. The diameter of the wire is dz.

(i) Measure and record Dz and dz.

The length of wire wrapped around Z is Lz, where:

3L,
L, = —.
z 4
Calculate Lz.
Lz = cm
(1]

(i) The resistance of coil Z is Xz.
Repeat (¢), (d) and (e) to find Xz.

Plot your results on Fig. 3.3 and label this line Z.

(iii) Use a digital multimeter to measure Xz.

Describe any difference between your two values for Xz and suggest a reason for this
difference.

o (11 1= (=] (¢

IS 7= 5T
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It is suggested that the resistance of a wire, X, is given by the relationship:

Where L is the length of the wire, d is the diameter of the wire and k is a constant.

i) Use your values from (a), (b)(i), (e), (f)(i) and f(ii) to determine two values of k.

firstvalue of K= .. ...
secondvalue of K= ...
[1]
(i) State whether or not the results of your experiment support the suggested relationship.
Justify your conclusion by referring to your value in (b)(ii).
.................................................................................................................. [1]
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(h) O When there is a current | in one of the coils, the magnetic flux density B at each end of the
tube along its axis is given by:

B =Cnl
Where C is a constant and n is the number of turns of wire per unit length on the tube.

Without taking further readings, explain whether tube Y or tube Z has a greater magnetic
flux density at its ends when the voltage supply is connected directly across the coil.

(i) Describe, using a diagram, how you could check your conclusion in (h)(i) using a small
compass.

[Total: 22]
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4 A student is investigating how the boiling point of a salt solution varies with pressure and the density
of the salt solution.

It is suggested that the relationship between the Celsius temperature @ at which the water of the
solution starts to boil, the air pressure P and the density o of the salt solution is

0=ko*PY
where k, x and y are constants.
Design a laboratory experiment to determine the values of x and y.
Draw a diagram to show the arrangement of your apparatus. You should pay particular attention to:
(@) the equipment you would use
(b) the procedure to be followed
(c) the control of variables

(d) any precautions that should be taken to improve the accuracy of the experiment.

Diagram
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[Total: 12]

&jwa Chong Institution 9749/ 04/ C2 Preliminary Examination 2024



