Centre Class Index Name Class

Number Number

S3016

RAFFLES INSTITUTION
2024 Preliminary Examination

PHYSICS 9749/04
Higher 2 12 August 2024
Paper 4 Practical 2 hours 30 minutes

READ THESE INSTRUCTIONS FIRST

Write your index nhumber, name and class in the spaces provided at the top of this page.
Write in dark blue or black pen on both sides of the paper.
You may use an HB pencil for any diagrams, graphs or rough working.

Do not use staples, paper clips, glue or correction fluid.

Answer all questions.

Candidates answer on the Question Paper.

You will be allowed a maximum of one hour to work with the Shift
apparatus for Questions 1 and 2, and maximum of one hour for

Question 3. You are advised to spend approximately 30 minutes for

Question 4. Laboratory
Write your answers in the spaces provided on the question paper.

The use of an approved scientific calculator is expected, where
appropriate.

You may lose marks if you do not show your working or if you do For Examiner’s Use

t iat its.

not use appropriate units 1 /12
Give details of the practical shift and laboratory in the boxes
provided. 2 /10
At the end of the examination, fasten all your work securely 3 /22
together.

4 /11
The number of marks is given in brackets [ ] at the end of each
question or part question. Total / 55

This document consists of 21 printed pages and 3 blank pages.



1 In this experiment, you will investigate the force required to lift different masses.

rod of clamp 3/ bosses \E rod of clamp

e

/

pulley pulley

string

| —retortstand — |

ball m;
_ EO f _— mass hanger m,

Fig. 1.1

(@) Set up the apparatus as shown in Fig. 1.1. Hang the pulleys to the rods of the clamps. The top
of the pulleys should be approximately 42 cm above the bench.

Pass the string through the pulleys. Attach the end of the string with a small loop to the mass
hanger and the other end to a ball of modelling clay.

The mass of the ball is m, and the mass of the mass hanger is m,.

Ensure that the ball is suspended above the bench while the mass hanger is resting on the
base of the retort stand with the string taut.

Adjust the distance between the retort stands until h, is about 5 cm above the bench.

Measure and record h, .
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(b) Raise the ball to a height h above the bench as shown in Fig. 1.2.
Release the ball such that it moves in a circular path.

Ensure that the string is taut and the mass hanger is resting on the base of the retort stand at
the point of release of the ball.

The minimum height of the ball required to just lift the mass hanger off the base of the retort
stand is h.

ball

Fig. 1.2

Measure and record h.
Calculate Ah where Ah=h-h,.

Ah =
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(c) Using the same ball of mass m,, vary m, by adding slotted masses to the mass hanger and
repeat (b).

Present your results clearly.

[3]
(d) Ahand m, are related by the expression:
Ap=dMz
ml
where a and m, are constants.
(i)  Plot a graph of Ah against m, to determine a and m, .
a =
m =
[5]
(i)  Explain the significance of the horizontal intercept of the graph.
[1]
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(e) (i) Suggest one significant source of uncertainty in this experiment.

(i)  Suggest an improvement that could be made to the experiment to reduce the uncertainty
identified in (e)(i).

You may suggest the use of other apparatus or a different procedure.

[Total: 12]
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2 In this experiment, you will investigate the properties of a dry cell.

(a) Set up the circuit as shown in Fig. 2.1.

®

-

Fig. 2.1

(b) (i) Close the switch. Adjust the resistance of the variable resistor until the ammeter reading
| is as close to 0.5 A as possible. Measure and record the ammeter reading |.

(i)  Open the switch.
(c) Aresistor of resistance R is made using three 1.0 Q resistors connected as shown in Fig. 2.2.

1.0Q
R 1.0Q

—|

1.0Q

Fig. 2.2

Set up the circuit as shown in Fig. 2.3. The resistance of the variable resistor should be the
same as that in (b)(i).

®

:
ﬁ 1 —
(i) Record the effective resistance R.

(i)  Close the switch.

Measure and record the ammeter reading I.

(iii)  Open the switch.

©Raffles Institution 9749/04 [Turn over



(d) Vary R by re-arranging the 1.0 Q resistors and repeat (c).
You may use any humber of the 1.0 Q resistors.

Present your results clearly.

[3]
(e) Rand | are related by the expression:

= — 4+ —
E E

where E is the electromotive force (e.m.f.) of the dry cell and r is the sum of the resistance of
the variable resistor and the internal resistance of the dry cell.

ERr
|

Plot a suitable graph to determine a value for E and r.
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0.0 0.5 1.0 15 2.0 2.5 3.0
R/Q

(fy  Without taking further readings, sketch a line on your graph to show the results you would
expect if the experiment was repeated with a dry cell with a larger e.m.f. and a smaller internal
resistance than the one used.

Label this line Z. [1]

[Total: 10]
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3 An interrupted pendulum is a simple pendulum which strikes a rod below its pivot during its oscillation,
causing the pendulum to deviate from its original trajectory into a trajectory of a smaller radius.

In this experiment, you will investigate how the behaviour of an interrupted pendulum depends on
the position of the rod and the initial angle of release.

You have been provided with a simple pendulum and a wooden rod.

(@) Set up the apparatus as shown in Fig. 3.1.

Attach the wooden rod to the retort stand with the boss. Ensure that the wooden rod is below
the pivot such that the string of the pendulum is just touching the rod, with the string remaining

vertical.
split cork
clamp boss boss clamp
| F1 . éﬁ_]ﬁg_"?"_ )
pivot retort string pivot
. stand retort stand
string wooden rod
L L
wooden rod \FD-‘I'-E)?ff bolss Nk o
X X
I FRE A, \ A ————Yo__X_
bob — " bob —
[ ) bench [ ) bench
[ ] ]
front view side view
Fig. 3.1

The length of the pendulum is L. The distance between the rod and the pendulum bob is x.

Adjust the positions of the pendulum and the rod so that L is approximately 50 cm and x is
approximately 10 cm.

(i) Measure and record L and x.
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(i)  Estimate the percentage uncertainty in your value of L.

percentage uncertainty inL =

(iii) Estimate the percentage uncertainty in your value of x.

percentage uncertainty in x =
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(b) (i) Displace the pendulum by a small angle ¢ away from the rod, as shown in Fig. 3.2.
Ensure that € does not exceed 5°.

split cork
clamp boss
|
retort
) stand
string
boss
|
wooden rod
bob
[ ) bench
[ ]
front view
Fig. 3.2

Release the pendulum from this angle. It will swing and oscillate, with the string striking
the rod halfway through its oscillation.

Record your value of 6.
Determine the period T of these oscillations.

(i)  Adjust the wooden rod so that x is approximately 30 cm.

Measure and record your value of x. Repeat (b)(i), using the same value of 6.
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14
(c) Itis suggested that
T = p\/;+ q

where p and q are constants.

Use your values in (a)(i), (b)(i) and (b)(ii) to determine a value for p.
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(d) At larger angles of oscillation, the period T of an interrupted pendulum is thought to be
dependent on the angle of release 6. You will now investigate this dependency.

In the following experiment, you will use the same value of x throughout.

(i) Choose one value of x from your values in either (a)(i) or (b)(ii) to use in the following
experiment.

Record your choice of x and the period T, of the oscillation of the pendulum at this value
of x from your values in either (b)(i) or (b)(ii).

Explain your choice of x.

(i) Displace the pendulum away from the rod by an angle 6, as shown in Fig. 3.2, where 6
is approximately 30°.

Measure and record 6.

(i) Estimate the percentage uncertainty in your value of 6.

percentage uncertainty in ¢
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(iv) Release the pendulum from this angle, allowing it to oscillate.

Determine the period T of these oscillations.

(e) Repeat steps (d)(ii) and (d)(iv) with a larger value of dwhere 6 <60°.

©Raffles Institution 9749/04



17

(f)  Itis suggested that

tzk\/EHZ
X

where k is a constant, #is in radians, and t is given by

t=1 -1
T

X

(i)  Use your value of L in (a)(i) and your values of x, T, , #and T in (d) and (e) to determine
two values of k.

first value of k =

second value of k =

(i)  State whether or not the results of your experiment support the suggested relationship.
Justify your conclusion by referring to your values in (a)(ii), (a)(iii) and (d)(iii).
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(g) Remove the wooden rod so that the pendulum is now able to swing freely as a simple
pendulum.

Vary L and determine the period of oscillation T, using the same value of 8in (b)(i).
Present your results clearly.

Use your results to estimate a value of L for the simple pendulum where the value of T is the
same as your answer in (b)(i).
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(h)  Anengineer wishes to design an amusement park ride based on an interrupted pendulum, with
the bob representing the ride carriage.

However, instead of getting the carriage to oscillate, the engineer wants the carriage to swing
and make a full circle around the rod, with the string looping around the rod.

It is suggested that the ratio T is directly proportional to 1-coség,, where g, is the minimum

angle of release from the vertical for the carriage to complete a full circle around the rod.
Explain how you would investigate this relationship.

Your account should include:

e your experimental procedure

e control of variables

e how you would use your results to show direct proportionality

¢ how you would use your results to find the minimum angle of release for an amusement
park ride where L =100 cm and x=70 cm.

[Total: 22]
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4 A thermoelectric cooler is made up of pairs of n- and p-type semiconductors sandwiched between
two metal contact plates. This arrangement enables the semiconductor pairs to be electrically
connected in series. The metal contact plates are in turn glued to flat ceramic substrates.

heat absorbed (cold side)

pairs of n- and p-type semiconductors@
n[[el[n][p

ceramic substrate \|

current provided

metal contact plates :S hi 'p n p ' n||p .n p_n_ P gycw;)r;ﬁ?ds o
/I S | B | S | s | S | supply
ceramic substrate

heat sink

<L

heat rejected (hot side)

Fig. 4.1 Cross section of a thermoelectric cooler.

When current flows through the semiconductors, heat is absorbed by the thermoelectric cooler at the
cold side and rejected by the heat sink at the hot side as shown in Fig. 4.1.

The thermoelectric cooler unit can be used to cool a beaker of water. The rate of heat transfer P
across the thermoelectric cooler depends on the current | through the thermoelectric cooler and the
N number of pairs of n- and p-type semiconductors.

The rate of heat transfer P is given by
P=kI“N’
where k, ¢ and f are constants.
Design an experiment to determine the values of « and S.
You are provided with thermoelectric coolers of different number of pairs of n- and p-type
semiconductors with heat sinks attached.
Draw a diagram to show the arrangement of your apparatus. You should pay particular attention to:
¢ the equipment you would use
e the procedure to be followed
¢ the control variables

e any precautions that would be taken to improve the accuracy of the experiment.
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Diagram
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[Total: 11]
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