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1 This experiment considers the oscillatory motion of a cylinder on a curved section of a card.
{a) You have been provided with a sheet of card which has been attached to a piece of
cardboard. The mid-point of the card has been marked by a straight line. You should not
remove the card from the cardboard during the experiment.

{b)y (i) Setup the apparatus as shown in Fig. 1.1.

1 ] 1

e i
cardboard - d . d ' wood block

Fig. 1.1

Use the blocks of wood to raise both sides of the card so that the section of card
between the blocks is curved. Each block should be a distance d from the centre of
the card. Adjust the blocks until d is approximately 10 cm.

{ii} Measure and record d.

(iiiy Estimate the percentage uncertainty in this vatue of d.

percentage uncertainty = 1

{c}) (i) Place the cylinder on the card close to one of the blocks. Release the cylinder so
that it performs oscillations as shown in Fig. 1.2.

O~ 0

Fig. 1.2

(ii) Measure and record the period T of these oscillations.
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(d) Vary the distance d by moving both of the blocks.
Values of d should not be less than 7.0 cm.
Repeat {b)(i), (b)(ii}. (c}(i) and {c){ii).

Present your results clearly.

[5]
(e} Itis suggested that 7 and d are related by the expression

T=Ad
where A and n are constants.

Plot a suitable graph to determine the values of Aand n.
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{f) A student suggests that 7'is directly proportional to d.

State whether the results of your experiment supports the student’s suggested
relationship.

Justify your conclusions by referring to your value in (b)iii).
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2 Inthis experiment, you will investigate the resistance of a wire in an electrical circuit.

(a) Measure the length L of resistance wire X.

(b} Set up the electrical circuit as shown in Fig. 2.1.

P / Q

resistance wire X

O

Fig. 2.1
Close the switch and adjust the variable resistor such that the current is about 100 mA.

Measure and record the value of the potential difference V1 and current /1 and hence
determine the resistance R of wire X.

Vo =
e = [1]
Ry = (11

Open the switch.

Note that the resistance wire may be hot if the circuit is left closed for a
peried of time.
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(c) Remove wire X from the crocodile clips at P and Q and fold it into two equal segments as
shown in Fig. 2.2.

Using the crocodile clips at P and Q, clip the ends of wire X as shown in Fig. 2.3 and
connect the circuit as shown in Fig. 2.4.

Fig. 2.2

P / Q

resistance wire X

Iz

Fig. 2.4

Close the switch.

Measure and record the value of the potential difference V and current 1 and hence
determine the resistance R of wire X in this configuration.

oy Vo= e
L=, (1}
R = (1]

Open the switch.
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{d) Itis suggested that
R =R/N"
where m is an integer and N is the number of segments of the wire.
inpart(c), V= 2.

Calculate m using the results in (b) and (c).

(e} If you were to repeat this experiment by folding wire X into different number of segments,
describe the graph that you would plot to determine m.

[7 marks]
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3 In this experiment, you will investigate how the terminal velocity of a paper helicopter falling in
air depends on the length of its rotor blades.

(a) Use the pair of scissors provided to cut out the paper helicopter template 3A along the
solid lines. Use the dotted lines to guide you in folding the template into the helicopter as
shown in Fig. 3.1, Attach the paper clip provided to the bottom of the paper helicopter to
lower its centre of gravity.

>l

Fig. 3.1

{b) Measure and record the width of the rotor blade w.
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(¢} (i) Mountametre rule vertically on the floor using a retort stand, boss and clamp.

(i) Release the paper helicopter from at least 50 cm above the top of the metre rule as
shown in Fig. 3.2.

Y/ paper helicopter
metre rule

AN
=1

C__—[L

retort stand —____

\|w||“mw|m\\|||||\\\LHJI|IIII||IIHIHHIIIHILUJJ

| )]

Fig. 3.2

(iii) Make and record measurements to determine the time ¢ for the paper helicopter to
fall through a distance h = 1.000 m.

(iv) Estimate the percentage uncertainty in your value of ¢t

percentage uncertainty of t = (1]
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{v) Youmay assume that the paper helicopter has reached terminal velocity by the time
it reaches the top of the metre ruler. Calculate the terminal velocity v of the paper
helicopter.

(i} Suggest an improvement that could be made to the experiment to reduce the error
identified in (d)(i).

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

o R R o e e Dl e L e A -

(1]
(e) (i) Repeat (a)using template 3B to fold a second paper helicopter.
(i) Repeat (b), {c)(ii), {(c){iii) and (c){v) and record your results below.
R

W=,

t =
Vo [3]
© Raffles Institution [Turn over
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(f) Itis suggested that v is inversely proportionat to w.

State and explain whether your results from {b}, {c){v} and {e)(ii) support this suggestion.
Justify your conclusion by referring to your answer in (civ}).

e PP YR PR P P LR LRt bbbttt
----_-—--------------------------_--------------------.u----------‘-----------------------------_ .....

(g) In aninvestigation, the length L of the helicopter blades was varied.

The following results for L and { were recorded.

f.fcm 5.0 6.5 8.0 9.5 1.0

tfs 0.46 0.70 1.00 1.27 1.60

(i) Plot t against L on the grid provided and draw the straight line of best fit.
b
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(2]
(i) Use your graph to determine the value of t when the helicopter has no blades.
t = (2]
(iti} Comment on the value of t obtained in (g)ii).
__________________________________________________________________________________________ (2]
© Raffles Institution {Turn over
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(h} The stability of the descending motion of the paper helicopter depends greatly on the
position of its centre of gravity.

Plan an investigation to determine the position of the centre of gravity of the paper
helicopter.

You may suggest the use of any additional apparatus commonly found in a school physics
laboratory.

Your answer-should include a diagram and your experimental procedure.

RS T PEE LR ELE DR bbb teieiedelelininluiiededs b
[T TR L P T LU T AL b b L b bttt
RSP PR ETL L LS ELEL bbbttt
TP T BT EE LT L Dt ettt
e PP T EE T ELCE LR L bbbt hiaieiiainibee

Total : [21 marks]
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A tin can telephone is a type of acoustic (non-electrical) speech-transmitting device made up of
two tin-cans; paper cups or simiarly shaped items attached to either end of a taut string or wire. It
is a particular case of mechanical telephony, where sound is converted into vibrations along
a liquid or solid medium. These vibrations are transmitted along the medium and then reconverted
back to sound. In the case of the tin-can telephone the medium is a string.

When the string is pulled taut and someone speaks into one of the cans, its base acts as
a diaphragm, converting the sound waves into mechanical vibrations which vary the tension of the
string. These variations in tension set up longitudinal waves in the string which travel to the second
can, causing its base to vibrate in a similar manner as the first can, thus recreating the sound,
which is heard by the second person.

For a string of length L with tension T, the intensity / of the sound produced at the second tin is

- given by

I=kIT?
where k, a and b are constants.
Design an experiment to determine the values of a and b.

You would be provided with two tin cans with a small hole at the base of each can, some string
and a sound level meter. You may also use any other equipment usually found in a physics
laboratory. : S SR

Draw a diagram to show the arrangement of your apparatus. You should pay particular attention
to

{(a) the equipment you would use

(b) the procedure to be followed

(c) how the length, tension and intensity of sound are measured
{d) the control of the variables

{e) any precautions that should be taken to improve the accuracy and safety of the experiment.

Diagram
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-----------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------
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------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------
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[Total: 11}
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2021 Raffles Institution Prefiminary Examinations — H2 Physics
Paper 4 - Suggested Solutions

1 This experiment considers the oscillatory motion of a cylinder on a curved section of a card.
{a) You have been provided with a sheet of card which has been attached to the bench. The
mid-point of the card has been marked by a straight line. You should not remove the card
from the bench during the experiment.

{b) (i) Setup the apparatus as shown in Fig. 1.1.

card

il ]

1 ]
a0 d
Fig. 1.1

Use the blocks of wood to raise both sides of the card so that the section of card
between the blocks is curved. Each block should be a distance d away from the
centre of the card. Adjust the blocks until d is approximately 10 cm.

wood block

-i-

cardboard

{ii) Measure and record d.
10.0+10.9 _ 460 em

(iii) Estimate the percentage uncertainty in this value of d.

0'20 x100% = 2.0 % .

percentage uncertainty = 2.0% [1]

{¢) (i) Place the cylinder on the card close to one of the blocks. Release the cylinder so
that it performs oscillations as shown in Fig. 1.2,

Fig. 1.2
(i) Measure and record the period T of these oscillations.
21.56+21.66 _9161s
_ 21.61

T="—=1081s
20

T = 1.081s [1]
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(d) Vary the distance d by moving both of the blocks.
Values of d should not be less than 7.0 cm.
Repeat (b){i), (c)(i) and (c)(ii).

Present your results clearly.

number of Time for N oscillations / s
oscillations | d/m T/s lg(T/s) | lg(d/m)
N ) t t> average
30 0.070 23.14 23.16 23.15 07717 | -0.1126 | -1.155
25 0.080 21.82 21.94 21.88 0.8752 | -0.0579 | -1.097
20 0.090 19.10 19.33 19.22 00608 | -0.0174 | -1.046
20 0.100 21.56 21.66 21.61 1.081 0.0338 -1.000
20 0.110 23.41 23.19 23.30 1.165 0.0663 | -0.959
20 0.120 25.24 25.05 25.15 | 1.257 0.0993 | -0.921
(5]
(e) Itis suggested that T and d are related by the expression
T=Ad
where A and n are constants.
Plot a suitable graph to determine the values of A and n.
Seeony,

lgT=nlgd+IigA

Plot graph of Ig T against Ig d, where the gradient is n and y-intercept is 1g A.

Using points (—0.9300, 0.092) and (-1.1500, -0.108)
D.092-(-0.108)

~0.9300- (-1.1500)
Using (—0.9300, 0.092) and gradient = 0.909,
- 0.092 = 0.909 (-0.9300) + y-intercept

= y-intercept = 0.937

= gradient =

n = gradient = 0.909

lg A = y-intercept = 0.937
= A= 865sm’®

-
I

8.65 s m09%°

=1
i
@
©
<
D
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{iii) A student suggests that T is directly proportional to d.

State whether the results of your experiment supports the student’s suggested
relationship.
Justify your conclusions by referring to your value in (b)iii).

© Raffles Institution
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2 Inthis experiment, you will investigate the resistance of a wire in an electrical circuit.

(a) Measure the length L of resistance wire X.

1d.p. incm. £ = 500cm
3dp. inm. o B

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

(V)
\/

L

P / Q

resistance wire X

T

g

Fig. 2.1
Close the switch and adjust the variable resistor such that the current is about 100 mA.

Measure and record the vaiue of the potential difference V; and current /) and hence
determine the resistance R of wire X.

Vi = 0615V .
Vv, 08615
77, 01006 e-11e L= _1006mA (1
= 1
T EIe [
Open the switch.
Note that the resistance wire may be hot if the circuit is left closed for a period of
time.
© Raffles Institution [Turn over
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{c) Remove wire X from the crocodile clips at P and Q and fold it into two equal segments as
shown in Fig. 2.2.

Using the crocodile clips at P and Q, clip the ends of wire X as shown in Fig. 2.3 and
connect the circuit as shown in Fig. 2.4.

Fig. 2.2

P / Q

resistance wire X

—

Fig. 2.4

Close the switch.
Measure and record the value of the potential difference V and current / and hence
determine the resistance R of wire X in this configuration.

- Vo= 018V ..
_ 0.182 1350
I 0.1348 i = 1348_mA _____________ [1
R = 135Q ... (1}
Open the switch.

© Raffles Institution
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{d) Itis suggested that
R =R N7

where m is an integer and N is the number of segments of the wire.
N=2in{c).
Calculate m using the results in (b} and {c).

R =R, N"

1.350 = 6.11(2™)

1.350
LEC L
9511 -9

m=-2

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

(e) If you were to repeat this experiment by folding wire X into different number of segments,
describe the graph that you would plot to determine m.

Take 6 readings by folding wire into the required number of segments.
R=RN" = WgR=lgR:+mighN

Plot Ig R against ig N 1]
m will be given by gradient [1] [2]
[7 marks]
© Raffles Institution [Turn over
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3 In this experiment, you will investigate how the terminal velocity of a paper helicopter falling in
air depends on the length of its rotor blades.

(a) Use the pair of scissors provided to cut out the paper helicopter template 3A along the
solid lines. Use the dotted lines to guide you in folding the template into the helicopter as
shown in Fig. 3.1. Attach the paper clip provided to the bottom of the paper helicopter to

lower its centre of gravity.

Fig. 3.1

(b) Measure and record the width of the rotor blade w.

wy =3.0cm
w:=31cm
wave:3'0+3'1—:3.1 cm
2
w = 3.1cm (1]

© Raffles Institution
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(c) (i) Mounta metre rule vertically on the floor using a retort stand, boss and clamp.

(i} Release the paper helicopter from at least 50 cm above the top of the metre rule.

Y/ paper helicopter
metre rule

retort stand ——____

—{

HIIHIIIH\IIIH“H:IHIlI'JHHI-IHHHHHIHHIUJLJJ

L 1

Fig. 3.2

(iii) Make and record measurements to determine the time i for the paper helicopter to
fall through a distance 2 = 1.000 m.

t1=105s
tr=116s
1 =1.30s
tave:1.05+‘l.;5+1.30 117 s

(iv) Estimate the percentage uncertainty in your value of £,

1.30-1.05 _

Al '0.1s

% uncertainty of t = 10%17 x100 =8.9%

percentage uncertainty oft = 8.5% 1

© Raffles Institution [Turn over
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{(v) You may assume that the paper helicopter has reached terminal velocity by the time
it reaches the top of the metre ruler. Calculate the terminal velocity v of the paper

helicopter.
v:£:1—'0~9:0.85 ms’
117

(d) (i) Suggest a significant source of error in this experiment.

Time of fall too short, making the % uncertainty of f very large. (or words to that
=171 N

Or Difficult to start and stop timing at the precise position (moving too fast / [1]
parallax error), making the value of both t and h unreliable

(i) Suggest an improvement that could be made to the experiment to reduce the error
identified in {d){i).

You may suggest the use of other apparatus or a different procedure.
1. Allow helicopter to fall through greater height to increase duration of fall.

2. Use helicopters of longer/wider blades so that force due to air resistance is
..... greater, increase duration of fall. o iaans
3. Use light gates and electronic timer to detect the fall of the helicopter to have

{e) (i) Use the template 3B to fold a second paper helicopter.
(i) Repeat {b), (c)ii), {c)(iii) and {c}{v) and record your results below.

wi; =2.0cm
we =2.0cm
B 2.0+20

W 2 =20cm
t; =088s
L = 069s
t2=068s

_ 0.88+0.69 -0.68 =0.75s

S
n
™
o
o
3

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

....
I
o
~
o
w

<
n
—
w
&
3
ml
<
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()  Mis suggested that v is inversely proportional to w.

State and explain whether your results from (b}, {c){v} and {e)(it) support this suggestion.
Justify your conclusion by referring to your answer in (c)(iv).

If v is inversely proportional to w, then v = K where k is a constant.
w

When w= 3.1 ¢em, v=085ms'. Hence, k,=3.1x0.85=2.64
When w=2.0cm, v=1.33ms™". Hence, k, =2.0x1.33 =2.66

k. +k
e = — =2 = 2.65
; kz _ ka 0
% difference of k from the average value = p e »100%

T ave

- 99, 100%
2.65

=0.38%

[2]
{g) In an investigation, the length L of the helicopter blades was varied.
The following results for L and t were recorded.
Licm| 50 6.5 8.0 9.5 11.0
s 0.46 0.70 1.00 1.27 1.60
P,
(i)  Plot t against L on the grid and draw the straight fine of best fit.
© Raffles Institution [Turn over
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tis
4
20 [
- - - (10.60, 1.50) -F1¢-
1.5 ]
1.0 ¥} ]
0.5 L=t
~“H(5.30, 0.50)
O : ‘ . b dodabed ; ‘r‘L/m
50 6.0 7.0 8.0 9.0 10.0 11.0
[2]
(i) Use your graph to determine the value of t when the helicopter has no blades.
gradient = 150-050 _1.00 _ 45g
10.60-5.30 5.30
If the helicopter has no blades, L =0
=150 5489
0-10.60
t=-050s
P, t = -050s ... [2]
(iii) Comment on the value of { obtained in {g)(ii}.

-----.------------..-.-----__---...------_----------_----—------_-_-._------_----—------- - ——————
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(h) The stability of the descending motion of the paper helicopter depends greatly on the
position of its centre of gravity.

Plan an investigation to determine the position of the centre of gravity of the paper
helicopter.

You may suggest the use of any additional apparatus commonly found in a school physics
laboratory.

Your answer should include a diagram and your experimental procedure.

= i-helicopter

~ plumb line

bench top

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

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

Total : [21 marks]
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Question 4 {Planning Question}

1. Problem Definition

Experiment 1

Independent variable:

Dependent variable:

Control variables:

Experiment 2

Length L of string

Intensity / of the sound produced at the second can

~ Tension T in the string, frequency and intensity of the incident sound in

Independent variable:

Dependent variable:

Control variables:

2. Experimental Set-up

tin can held by a stand

small
loudspeaker
on a fixed
stand

signal
generator

3. Procedure

—_— [
/
knots on string

the first can

Tension T in the string
Intensity / of the sound produced at the second can

Length L of string, frequency and intensity of the incident sound in the
first can

strings tied

second tin can .
to rim of can

string, iength L .
9. leng pulley fixed

/

to bench top

sound level meter

base of stand held by a stand

clamped to bench y standard

top weights
Fig. 1 -

1. Set up the apparatus as shown in Fig. 1

2 Measure and record the length L of the string between the bases of the two tin cans using

a metre rule.

3. By adding pieces of standard weights onto the mass hanger, the tension T in the string

can be varied.
Measure and record the total mass M of the weights hung from the pulley using an

electronic balance. The tension T in the string can be calculated using T = Mg.

4.  Tum on the signal generator that is connected to the small loudspeaker. Select a

frequency that is in the audible range.
Adjust the amplitude of the output voltage until a2 sound of moderate loudness is obtained.

© Raffles Institution
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5. Record the reading / > on the sound level meter. Correct the intensity of the sound
produced in the second can for ambient sound (intensity /,) by using the equation
I=1"—1I.

6. Experiment 1: variation of / with £, keeping T constant
Repeat steps 2 to 5 to obtain a total of 6 sets of readings of / and L by using strings of
different lengths but keeping the tension T constant.

T is kept constant by hanging the same mass M from the pulley.

7.  Experiment 2: variation of / with T, keeping L constant
Repeat steps 2 to 5 to obtain a total of 6 sets of readings of / and T by varying the masses
hung from the pulley but keeping L constant.

L is kept constant by using the same string with the two knots spaced at a fixed distance

apart.
4. Analysis
] =ki°T®

To determine a from Experiment 1
lg = algL +1g(kT") where Tis constant.
Plot a graph of Ig I against Ig L, where the gradient = a and the vertical-intercept = ig (k ™.

To determine b from Experiment 2:
Ig/ =blgT +1g(kL®) where L is constant.
Plot a graph of Ig / against Ig T, where the gradient = b and the vertical-intercept = Ig (k L).

5 Safety Precautions
1. Clamp the stand holding the first tin can securely to the bench top to prevent the apparatus
from toppling.

6. Additional Details

1. Perform the experiment in a sound-proof room.

2  The frequency and intensity of the sound emitted by the loudspeaker should be kept fixed
throughout the experiment.

3  The distance of the loudspeaker from the base of the first can should be kept fixed
throughout the experiment.

4. When the loudspeaker is turned on, record the reading on the sound level meter when no
tension is applied to measure the intensity 7, of the ambient sound.

5] The distance of the sound leve! meter from the base of the second can should be kept
fixed throughout the experiment.

6. The intensity of the sound produced in the second tin should not be too close to the
ambient sound level, otherwise the uncertainties in the measured intensities will be too
high and the resuits will be inaccurate.

© Raffles Institution [Yurn over
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Question 4 (Planning Question) Mark Scheme

1. Detailed Diagram [max 1]
1. Clearly labelled, workable set-up of the tin cans, pulley and weights system, 1]
signal generator and loudspeaker, sound level meter.
2. Diagram includes support for set-up (e.g- table top, clamps, stands)

2. Procedure [max 4]

1. Describe the steps to determine the length L of the string, stating the [1]
appropriate measuring instrument (includes making the knots).

2. Describe the steps to determine the temsion 7, stating the appropriate [1]
apparatus and eguation to be used.
3. Describe the steps to set the intensity of the incident sound. i1
4. Describe the steps to measure the intensity / of the sound produced in the (1]
second tin can.
3. Control of Variables [max 2]
1. To determine a, repeat for at least 6 sets by varying L and keeping T constant. [11
2 To determine b, repeat for at least 6 sets by varying 7 and keeping L. constant. [1]
4. Analysis [max 2]
1. Plot a graph of Ig / against Ig L, stating gradient = a. (1]
2. Piot a graph of Ig / against Ig T, stating gradient = b. [11
5. Safety Precautions | [max 1]
1. Method to ensure setup and experiment is safe {(e.g. clamp the stands). [11

Do not allow “ensure sound is not too loud”.

6. Additional Details [max 1]
Refer to the points given in the above list.

[Total: 11 marks]
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