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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.

For n = 20 oscillations,

e Repeated readings of timings t shown t.=20.0s

t2=20.2s

e Calculate T with working

T-= t1+t, — 20.0+20.2 =1.01s (3 Sf)
2n 40
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(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.

m/g No. of | Timing for n [T/s lgm/g) |Ilg(T/s)
oscillations | oscillations
n ta/s to/s
50 20 20.0 20.2 1.01 1.70 0.002
100 30 24.7 24.9 0.827 2.000 -0.083
150 30 215 214 0.715 2.176 -0.146
200 30 20.0 20.0 0.667 2.301 -0.176
250 35 21.8 22.1 0.627 2.398 -0.234

[4]

e 5 sets of readings

e Timingt=>20s

e Column headings: Each column heading must contain a quantity, a unit and a separating mark where
appropriate. The presentation of quantity and unit must conform to accepted scientific convention

e Correct precision for raw data and s.f for calculated data
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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.

SincelgT=nlgm+Igk
By plotting a graph of Ig T vs Ig m, a straight line graph should be obtained with
gradient = n and y-intercept = Ig k

From graph plotted,

Gradient of graph = Z0.015-(20.199) — 33296 = -3.30 (3s.9)

1.770-2.310
(-0.015) =-3.3296 (1.770) + y-intercept
y-intercept = 0.5684

Hence

n=-3.30

lg k =0.5684

k=3.70sg™
=3.70 s g3%°

[6]
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e Axes:
-0.035 e Sensible scales must be used, no awkward scales (e.g. 3:10).

e Scales must be chosen so that the plotted points occupy at least half the graph
grid in both x and y directions.
e Scale markings should be no more than two large squares apart

e Plotting of points: All observations in the table must be plotted on the grid. Points must be

.0.055 plotted to an accuracy of half a small square. (3 points were checked)

e Line of best fit: Judge by balance of all points on the grid about the candidate’s line. There
must be an even distribution of points either side of the line along the full length. If there are 5
or more points, allow one anomalous point only if clearly indicated by the candidate.

e Coordinates of Gradient: The hypotenuse of the triangle used must be greater than half the
length bounded by the two extreme points. Both read-offs must be accurate to half a small

-0.075 square in both the x and y directions.
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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.

Ly

— )

Fig. 2.1

Measure and record L, for your rubber band.

Value of Lo in the range 7.0 cm to 8.0 cm &
(to nearest 0.1 cm or 0.001 m) L = 7.5cm [1]

(i)  Use the dimensions given on the card to calculate the volume V of the rubber band.
w=15mm,h=15mm

V=2x75x10?x15x10%x 1.5x107%)

Correct calculation of volume V (e.g. 2 X Lo x w x h) (Where
w is the width and h is the height of rubber band.)

3.4x10"m3/0.34cm?3
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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.___

D
boss
Ll |~
oS
e
Lo
\\
) | rubber band
/,[: //stand
//
mass hanger
A > :
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,.
e=85-7.6=09cm
=0.009 m
Record your answer in metres.
€= o] 0-009 .. m

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.

Both e is calculated correctly and correct precision (0.001 m) and
F is calculated to correct value and correct s.f. (accept 2 or 3 s.f.
as m may be read to 2 or 3 s.f)

F=0.100 x 9.81 = 0.981 N
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(i)  Vary m and repeat (b)(i).

Present your results clearly.

m/g L/m e/m F/N
100 0.085 0.009 0.981
200 0.102 0.026 1.96
300 0.130 0.054 2.94
400 0.170 0.094 3.92
500 0.226 0.150 491

(3]

5 sets of readings (using 100 g mass intervals not 50 g)
Column headings: Each column heading (m, L, e and F) must contain a quantity, a unit and
a separating mark where appropriate. The presentation of quantity and unit must conform to
accepted scientific convention

e Correct precision for raw data and s.f for calculated data

(iii)  Plot your results on the grid below.

13
» a
4
FIN
3
o
2
1
e Plotting of points: All observations in the table must be plotted
on the grid. Points must be plotted to an accuracy of half a small
square
0 T :‘**““"f""““'u“"'"'""“"-LB";L;""“‘?
0.02 0-04% 0-9¢6 0.08 .10 o1 D.i6
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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,,.

Estimate correctly the area under graph up till e = Lo

Show working
Acceptable range (0.08 to 0.20 J)
Common mistake is thinking that the e = 2Lo

Estimated area = Area under black line

=% x(3.5-1.0)x0.076
=0.095J

energy stored = ... J[1]

(V) Calculate the energy stored per unit volume, in J m™, in the rubber band when its
extended length L = 2L,.

e  Correct calculation of energy stored per unit volume in J m=. In particular taking note of the correct units.

Energy stored per unit volume = Energy stored / volume
=0.095/ 3.4 x 107
=2.8x10°Jm3

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.

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

cardboard tube

Fig. 3.1
Measure and record Dy and dy.
b 45
4.4+45 R 2T cm
Average Dy= ———=4.5cm 0.29
2 Ay = BT mm
e repeated measurement of Dy [2]

e value of Dy recorded to nearest 0.1 cm
e 40cm < Dy < 46cm

Average dy = % =0.29 mm

e repeated measurement of dy
e value of dy recorded to nearest 0.01 mm
e 0.26mm < dy < 0.30 mm
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(b) 0] The total length of wire is Ly.
Estimate and record your value for Ly.
Show your working.

Number of turns of wire round the tube = 14
Circumference of 1 turn = (n)(Dy)

Ly =14 x (TE)(Dy)

formula to estimate Ly
=14x (ﬁ)(4-5) substitution of number into formula
=195.72 value of Ly calculated correctly

180cm < Ly < 220cm
Ly express to the nearest cm or tens of cm.

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

Ly =14 x (m)(Dv) e 1% <(ALyly)x100% < 10%
ALY AD 0.2 e If ALy is quoted, it should be to the order
. fcmandto 1 s.f.
_ Y o_ 0 = 0 0
- D - 45 x100% = 4.44% e Final percentage uncertainty expressed to
Lv Y : lor2s.tf.
. . 0
percentage uncertainty in Ly = ......cccccceeevininnnee. R [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

g,
Q’D cail Y
-] @
R
Fig. 3.2
Close the switch.
Note and record R and the ammeter reading I.
. — 15
° value of R recorded, measurement via DMM R = e, Q
is not required.
e value of | recorded to the correct decimal
place in A (in this case 4, e.g. 0.1340 A) |=....1366x107 or 01366 . A
[1]

Open the switch.
Vary R and repeat (c).

Present your results clearly.

R/Q /A IR/V
15 0.1366 2.0
18 0.1349 24
22 0.1258 2.8
27 0.1186 3.2
33 0.1130 3.7

e atable with correct column headings & units for
5 sets of readings

e no split tables!

e display correct trend (R increases, | decreases)

e value of IR calculated correctly and expressed to
correct s.f. (In this case the lesser of the two s.f.’s
between R and | is 2.)

#jwa Chong Institution
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(e) Plot your results on Fig. 3.3 and label this line Y.

an Zam (33.50, 3.800)
- i 0 i il I -~ / ‘ —
/‘/
350 1 : /'l =
=l g ‘ 1 // ‘ =iy
IRIV -
® - i ] (34.00, 3.200)
T ’ 2 2
3.00 " i "
, i >"/// - ;«/_ 1T |
P4 e Correct plot of all
AITHH 2 EEEE data sets to half the
ol ENENEEEZ AR ol M lim smallest square
2.50 . BUBE accuracy.
= % O+ i W ¢ Scale on the vertical
’ 1A > axis enable all data
EHEE A points to be plotted
(14400, 21000y e sSin = BNEENESERRAS S within grid.
200 HENN . > i R LN I R e Best fit line drawn.
T H AT e 0. 21000 =
1.50
10 20 30
RIQ
Fig. 3.3
| 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.

Coordinates of points used for calculating to be read
correctly to half the smallest square accuracy
Correctly calculate Gradient = G,

G = gradient = 3.800-2.000 _ ) 931
33.50-14.00

To find H, substitute (14.00, 2.000) and G into the given expression:

2.000 = (0.09231)(14.00) + H e  Correctly deduce y-intercept = H
e Correctly calculate Xy = H/G
H=2.000-1.292 =0.708

_0.708
Y

=——=17.67Q
0.09231
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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. e Value of Dz within (and include) 2 mm of Dy
e Value of dz to nearest 0.01 mm.
e 017mm < dz < 0.23mm.
e Value of Lz calculated correctly.
4.5+4.5
Average Dy= ———=4.5cm 4.5
2 Dz = cm
0.21+0.23
Average dv = 5 =0.22mm dz= i 022 mm
The length of wire wrapped around Z is Lz, where:
3 3x195.721
L, = TLY. L, = XT =146.79 cm = 147 cm
Calculate Lz.
Lz = 147 cm
[1]
(i) The resistance of coil Z is Xz.
Repeat (c¢), (d) and (e) to find Xz.
Plot your results on Fig. 3.3 and label this line Z.
: 3.200-2.000
R/Q |7 A IR/V G = gradient = =0.06857
15 0.1277 1.9 34.00-16.50
18 0.1175 2.1 Find H:
22 0.1090 2.4 2.000 = (0.06857)(16.50) + H
27 0.1000 2.7 H=2.000-1.131 =0.869
33 0.0932 3.1 .
,= 0869 _ 1500
0.06857
e A table with correct column headings & units for 5
sets of readings
e Atleast one of the graphs must be labelled.
Plot of line Z on Fig. 3.3
e At least 3 data points must be within the grid
* Generally below ¥ graph X2 = oo, L e Q
[2]

#jwa Chong Institution
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(iii) Use a digital multimeter to measure Xz.

measured Xz =22.8 Q

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

difference.

. The measured value is larger than the calculated value by 10.13 Q
AifferenCe ... ...

e Need to record the measured value of X.
e Measure value should be compared to be larger than the value of Xz found in (f)(ii)
e Additional resistance due to internal resistance of battery / heating effect or energy lost within battery.

(g) Itis 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.

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

M
L
7.67x(0.29x107%)?
kY_ -2
196 x10
12.7x(0.22x107®)?
‘ 147 x1072

&ijwa Chong Institution

=3.3x107" Om

=4.2x10" Qm

e Two values of k calculated correctly
e values of k expressed to the 2 or 3 s.f.
e correct units of k

3.3x107 Om

firstvalue of K= ..o,

second value of K= ............. 42x1070m ..

9749/ 04/ C2 Preliminary Examination 2024




20

(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).

(4.18x107 -3.29x107")

4.18x107" +3.29x1077

( ; )

% difference ink = x100 = 24%

Since the percentage difference in k is greater than the percentage
uncertainty in L of 4.4 %, the experiment does not support the suggested
relationship.

e working shown for % difference for k or uncertainty of k
e reference made to (b)(ii) in calculation of uncertainty ...
e correct conclusion drawn from above comparison

(h) (@) 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.

nvy > nz, and since Xz > Xy, ly > Iz. Hence the magnetic flux density at the end
of tube Y is greater.

e Tube Y produces a greater magnetic flux density
e Tube Y has a greater number of coil per unit length (n)
e Tube Y has a higher current flow (I) throughit ~  Jrrrrrressrerssemseeeseeees

(i)

Hiva Chong Institution 9749/ 04/ C2 Preliminary Examination 2024
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Describe, using a diagram, how you could check your conclusion in (h)(i) using a small
compass.

compass

deflection of
compass needle

I switch

cell

1. Connect the ends of the coil of wire on tube Y to a cell as shown in the
diagram.
. Place a small compass at the centre of the end of tube .
. Ensure the compass needle points towards the North in the direction of the
Earth’s magnetic field.
4. Orientate tube Y so that the axis of the coil is perpendicular to the compass
needle.
5. Close the switch.
6. The magnetic field generated at the end of the coil deflects the needle. Note
the angle of deflection of the compass needle from the North.
7. Repeat steps 1 to 6 with the coil on tube Z.

w N

The angle of deflection of the compass needle would be greater for the coil which exerts a
stronger magnetic flux density at its end.

[Total: 22]

e Diagram: (1) Correct placement of compass relative to coiled tube.
(2) Appropriate circuit connected to coils.
e Consideration for Earth’s magnetic field
o Repeat experiment for both coils and clear explanation on how to draw conclusion based on proposed experiment
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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*P?
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

Hiva Chong Institution 9749/ 04/ C2 Preliminary Examination 2024
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Suggested solution

outlet for wiring with
vacuum grease

sealed glass container
with screw-on lid

liquid-in-glass
thermometer

retort stand
pressure gauge

—

beaker

TN

electrical wiring
for hotplate
(to socket)

‘_

solution vacuum pump

2% Z 7

electric hotplate tabletop

Fig. 1

Aim: The relationship between the Celsius temperature 6 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*P’
= lgf=Igk + xlgo +yIgP
Determine x and y.

Experiment 1. Keep P constant, vary o and determine 8
e Plotgraphoflg #vsIg o. If the relationship is valid, the data points will present a straight-line trend. Draw
a best-fit straight line and determine gradient = x.

Experiment 2: Keep o constant, vary P and determine 4
e Plotgraphoflg &vsIg P. If the relationship is valid, the data points will present a straight-line trend. Draw
a best-fit straight line and determine gradient = y.

Apparatus and Method to Measure the Various Quantities:

Dependent Variable: 6 Measured with a liquid-in-glass thermometer. Salt solution starts to boil
when the bubbles move to the top of the solution and the temperature
reaches a maximum for a few seconds.

Independent Variable: o | Weigh the mass M of the salt solution using the electronic balance.

Measure the volume V of the salt solution using a measuring cylinder.
Density o= M/V

Independent Variable: P | Measured with the pressure gauge

Additional controls: The type of salt used to make the solution can affect the boiling point. Hence,
the salt solution should only be made with distilled water and laboratory-grade
salt, e.g. NaCl; keep the same type of salt throughout the experiment.
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Experiment 1: Keep P constant, vary o to find @

1)
2)
3)
4)

5)

Prepare a large amount of salt solution by adding salt to water in a large container. Determine and record
the density o of the salt solution to be used and fill the beaker with the salt solution.

Set up the apparatus as shown in Fig. 1. Record the pressure P indicated

Switch on the electrical heater and wait for the solution to start to boil. Read off the temperature 6.
Repeat the experiment for Steps 1 to 3 for 10 different values of o while keeping P constant. o can be
varied by adding additional salt to the solution in Step 1.

Plot a graph of Ig #vs Ig o and determine gradient = x.

Experiment 2: Keep o constant, vary P to find 64,.

6)
7

8)

Setup the apparatus as shown in Fig.1.

Repeat the experiment for steps 1 to 3 by now varying P and keeping o constant. The pressure P can
be changed by using the vacuum pump to pump out some of the air each time. Obtain 10 sets of data of
different values of P and the corresponding values of 6, while keeping o constant.

Plot a graph of Ig #vs Ig P and determine gradient = .

Additional Details

e Conduct preliminary experiments to find a suitable range for oand P that will lead to a good variation
of measurable values of 6.

e The pressure P may still change (in Experiment 2) as the water heats and steam builds up, so the P
value recorded should be the value when the water boils. Hence, read the value of P at the same time
as when @is read.

e There is some judgement in deciding when exactly is the point when the solution starts to boil. One
way to address this is to repeat the experiment 3 times and take the average of 6 for each o
(Experiment 1) or each P (Experiment 2). This checks for reproducibility of results as well.

Safety Precautions

e Wear protective goggles to protect the eyes from possible implosion of the container when the
pressure is reduced.

e Handle the hot beakers and thermometers with thermal gloves to protect the hands from accidental
burns.
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