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You may not need to use all of the materials provided.
1 Inthis experiment, you will investigate the oscillations of a mass.

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

rod of clamp
spring
rod of clamp A ) string loop
i
metre rule —
Y |
[ . . . . | | ' : . '
; ; string loop
S
mass M
Ia Al - >
/
bench
Fig. 1.1

* Hang mass M from the string loop near the end of the metre rule.

*  Ensure that the metre rule is pushing up against the rod of clamp A at approximately the
24cm mark.

* The distance between the rod of clamp A and the string attached to the spring is d.
Adjust the position of the stand holding the spring so that d is approximately 30 cm.

* Adjust the height of the clamps until the rule is horizontal. Ensure that the spring is
vertical.

. Measure and record d.

* The distance between the rod of clamp A and the string supporting M is s.

Measure and record s.
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(b) * Pull M down through a short distance.
* Release M so that it oscillates.

* Determine the period T of these oscillations.

(c) * Without moving the stands, slide the rule horizontally through the string loop so that d
remains constant but s changes.

* Adjust the height of the clamps until the rule is horizontal. Ensure that the spring is
vertical.

. Measure and record s.

*  Repeat (b).
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(d) Vary s and repeat (c) until you have five sets of values of s and T. You may include your
previous sets of readings.

Record your results in a table. Include values of T2 in your table.

9]
(e) (i) Plota graph of T2 on the y-axis against s on the x-axis. [3]
(ii) Draw the straight line of best fit. [1]

(iii) Determine the gradient and y-intercept of this line.
gradient = ..o
YAINTErCePt = oo
(2]
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(f) It is suggested that the quantities T and s are related by the equation
T2=Ps+Q
where P and Q are constants.

Using your answers in (e)(iii), determine the values of Pand Q.
Give appropriate units.

[Total: 20]
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You may not need to use all of the materials provided.
2 In this experiment, you will investigate the oscillations of a magnet.
(a) You have been provided with a metal plate.

* Use tape to secure the plate at the edge of the bench as shown in Fig. 2.1.

tape N

edge of bench

Fig. 2.1

* Use more tape to secure one of the paper strips to the bench so that it covers the plate,
as shown in Fig. 2.2.

TOP VIEW OF BENCH

plate under paper paper strip

R - Bl [

>

edge of bench

Fig. 2.2
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You have been provided with a bar magnet attached to a string.

*  Set up the apparatus as shown in Fig. 2.3.

clamp
boss
split cork
stand\ /string
~55cm
bar magnet
L Al =X
7 A
bench plate covered by paper
Fig. 2.3

* The distance between the bottom of the split cork and the bottom of the magnet should
be approximately 55cm.

* The distance between the bottom of the magnet and the paper strip is x. Adjust the
height of the magnet so that x is approximately 3mm.

o Measure and record x.

© UCLES 2018 9702/31/M/J/18



(b) *
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Move the stand until the magnet hangs with one edge vertically above line A, as shown
in Fig. 2.4.

_ magnet paper
string

Fig. 2.4

Pull the magnet to the right, keeping the string straight, until the same edge of the magnet
is above line B, as shown in Fig. 2.5.

Fig. 2.5
Release the magnet. The magnet will oscillate.

Draw a line on the paper at the position of the edge of the magnet after 30 complete
oscillations.

Label this line C. The distance BC is y as shown in Fig. 2.6.

A C B

Fig. 2.6

Measure and record y.
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(c) Estimate the percentage uncertainty in your value of y.

percentage uncertainty = .........ccccceeeiiiiiinnnns

(d) * Increase xto approximately 8 mm.

o Measure and record x.

*  Repeat (b).

(e) Itis suggested that the relationship between y and x is

}/=ﬁ

where kis a constant.

(i) Using your data, calculate two values of k.

firstvalue of K= ..ooooenveeiiiiei,

secondvalue of K= ....ovviviiiiieiiaeinn .

© UCLES 2018 9702/31/M/J/18
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(ii) Explain whether your results support the suggested relationship.

(f) () * Remove the plate and paper strip from the bench. Do not adjust the height of the
magnet above the bench.

* Using the second strip of paper, repeat (b) without the plate.

(i) Using your second value of k, calculate x when y has the value given in (f)(i).

© UCLES 2018 9702/31/M/J/18 [Turn over
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(g) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

(ii) Describe four improvements that could be made to this experiment. You may suggest
the use of other apparatus or different procedures.

[Total: 20]
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You may not need to use all of the materials provided.
1 Inthis experiment, you will investigate the motion of a rolling sphere.
(@ (i) °© Assemble the apparatus as shown in Fig. 1.1.

The top end of the track is a distance d above the bench.
The initial value of d should be approximately 5cm.

stand\-
SIDE VIEW clamp
wo_oden
target strip
wooden strip
d
|
bench
Blu-Tack
TOP VIEW
— wooden strip boss
target =
wooden strip a
Blu-Tack i A
|
50.0cm : = \
label A

— wooden strip

Fig. 1.1

* Ensure that the distance between the bottom of the track and the target wooden
strip is 50.0cm.

© UCLES 2018 9702/32/M/J/18
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®* Place the sphere on the track and hold it gently against the tape, as shown in
Fig. 1.2.

sphere

bench

Fig. 1.2

®* Measure and record the height h of the top of the sphere above the bench.

(ii) * Release the sphere.

®* Measure and record the time t from release for the sphere to reach the target.
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(b) Change d and repeat (a) until you have six sets of values of h and t. Do not use values of d
greater than 10cm.
Ensure that the distance from the bottom of the track to the target is always 50.0cm.

Record your results in a table. Include values of 1‘1_2 in your table.

9]
(c) (i) Plota graph of :—2 on the y-axis against h on the x-axis. [3]
(ii) Draw the straight line of best fit. [1]

(iii) Determine the gradient and y-intercept of this line.
gradient = ...
YAINTEICEPT = oo
(2]

© UCLES 2018 9702/32/M/J/18
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(d) Itis suggested that the quantities t and h are related by the equation
:—2 =ah+b

where a and b are constants.

Use your answers in (c)(iii) to determine the values of a and b.
Give appropriate units.

[Total: 20]
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You may not need to use all of the materials provided.
2 In this experiment, you will investigate stationary wave patterns.
(a) You are provided with two pieces of string of different diameters.

Each piece of string has a 10g mass attached to one end.
Using the thinner string, assemble the apparatus as shown in Fig. 2.1.

clamped unclamped
wooden block wooden
block

G-clamp bench

hacksaw blade

string/

10g mass

Fig. 2.1

The length of string between the hacksaw blade and the 10g mass is L, as shown in Fig. 2.1.

Measure and record L.

© UCLES 2018 9702/32/M/J/18 [Turn over
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(b) The length of hacksaw blade outside the blocks is x, as shown in Fig. 2.2.

0

When the end of the hacksaw blade is moved a small distance to one side and released, the
string vibrates.

Fig. 2.2

For certain values of x, the string vibrates in stationary wave patterns.
Examples of these patterns are shown in Fig. 2.3.

Fig. 2.3
© UCLES 2018 9702/32/M/J/18
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®*  Press down on the unclamped wooden block.
o Move the end of the hacksaw blade a small distance to one side and release it.

* Change x in small steps. Keep changing x, testing for a pattern at each step, until the
pattern B with three loops is clearly produced.

° Measure and record x.

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

percentage UNCertainty = ........cccooiiiiiiiiiii e [1]
(d) Calculate the value of A in metres, using A = %
A T e ———— m [1]

© UCLES 2018 9702/32/M/J/18 [Turn over
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(f) You are provided with a card stating the mass per unit length u of the string.

* Record the value of u from the card.

*  Calculate the frequency fof the vibrations, using

1 /[mg
=7 (7)

where m=0.010kg and g = 9.81 ms™2.

L=
X S oo
A T m
IS oo ee e kgm™!
F o e Hz

(3]

© UCLES 2018 9702/32/M/J/18
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(h) It is suggested that the relationship between fand x is

k

f=5
X2

where kis a constant.

(i) Using your data, calculate two values of k.

firstvalue of K= ..o
SeCONd Value Of K= ..o
(1]
(ii) Explain whether your results support the suggested relationship.
....................................................................................................................................... [1]
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(i) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

(ii) Describe four improvements that could be made to this experiment. You may suggest
the use of other apparatus or different procedures.

[Total: 20]
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3
You may not need to use all of the materials provided.
1 In this experiment, you will investigate an electrical circuit.

(@) * Setup the circuit shown in Fig. 1.1.

1.5V
O O

wooden strip
wire

| -

: G \
R R

N N

W N\

V, v,
Fig. 1.1

F and G are crocodile clips.

* Place G on the wire so that the distance x between the ends of F and G is approximately
40cm.

° Measure and record x.

X S e
*  Close the switch.
* Record the voltages V, and V,,.
V=
Vo = s

*  Open the switch.
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(b) Vary x until you have six sets of readings of x, V, and V..

Record your results in a table. Include values of (V,—V,) and Y in your table.

X

[10]
(c) (i) Plota graph of (V,—V,) on the y-axis against 4 on the x-axis. [3]
(i) Draw the straight line of best fit. [1]

(iii) Determine the gradient and y-intercept of this line.
gradient = ..o
YAINtErCepPt = .o
[2]

© UCLES 2018 9702/33/M/J/18
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(d) Itis suggested that the quantities V,, V, and x are related by the equation

PV.
(V-Vy) = 51+ Q

where P and Q are constants.

Using your answers in (c)(iii), determine values for P and Q.
Give appropriate units.

[Total: 20]
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You may not need to use all of the materials provided.
2 In this experiment, you will investigate the motion of an interrupted pendulum.

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

split cork
,_ﬂ_l /\;,//clamp

N\

bos;/ | J -----------

stand string L
bob\)
( N -
/
bench/

Fig. 2.1

* Adjust the string in the split cork so that the distance L between the bottom of the split
cork and the centre of the bob is approximately 55cm.

° Measure and record L.

L
° Calculate 5

© UCLES 2018 9702/33/M/J/18 [Turn over
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(b) (i) °* Attach the other boss and clamp and the wooden rod to the stand as shown in
Fig. 2.2.

* Adjust the position of the wooden rod so that, when the string is touching the rod,
the angle A between the vertical and the string is approximately 14°, as shown in
Fig. 2.2.

*  Without changing the length of the pendulum, ensure the distance between the

L
wooden rod and the centre of the bob is 5

wooden rod

L
2
C N -
/
bench/
Fig. 2.2
* Measure and record angle A.
A S s [1]
(ii) Estimate the percentage uncertainty in your value of A.
percentage UNCErtainty = ........cceeeeeieiriiiiiiirieeee e [1]

© UCLES 2018 9702/33/M/J/18
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(¢) (i) °* Pullthe bob away from the wooden rod so that the angle between the string and the
vertical is 45°, as shown in Fig. 2.3.

[ =
<

~

wooden rod

bench/

Fig. 2.3
° Release the bob. The bob will oscillate and hit the wooden rod.

*  Determine the period T of these oscillations.

© UCLES 2018 9702/33/M/J/18 [Turn over
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(i) Calculate d where

_ sinA
" sin 45°°

(iii) Justify the number of significant figures that you have given for your value of d.

(d) * Move the position of the wooden rod so that angle A is approximately 28°.

*  Without changing the length of the pendulum, ensure the distance between the wooden

L
rod and the centre of the bob is 5

* Measure and record angle A and repeat (c)(i) and (c)(ii).

© UCLES 2018 9702/33/M/J/18
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(e) Itis suggested that the relationship between T and dis

T=k(d+1.707)
where k is a constant.

(i) Using your data, calculate two values of k.

firstvalue of K= ..o
second value of K= ...
(1]
(ii) Explain whether your results support the suggested relationship.
....................................................................................................................................... 1]
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(f) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

(ii) Describe four improvements that could be made to this experiment. You may suggest
the use of other apparatus or different procedures.

[Total: 20]
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You may not need to use all of the materials provided.

1 Inthis experiment, you will investigate an electrical circuit.

You are provided with groups of components connected in parallel. The circuit symbol for each of
these components is shown in Fig. 1.1.

+
Fig. 1.1
(@) * Assemble the circuit shown in Fig. 1.2.
component
/_\ holders
movable
lead L
3Vd.c. =T

© UCLES 2018
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~N e — e~

5 components in parallel

Fig. 1.2

Check that the positive terminals of the power supply, component C and the groups of
components are connected as shown in Fig. 1.2.

Connect the movable lead L to terminal A.
Close the switch S.

Record the voltage Vg shown on the voltmeter.

Open switch S.

9702/34/M/J/18
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(b) ¢ Record the total number n of components in parallel in the component holders.

o Move the movable lead L and connect it to terminal B.
e (Close switch S.
e Open switch S after approximately 5s.

e  Move the movable lead L and connect it to terminal A. Immediately record the voltage V
shown on the voltmeter.

© UCLES 2018 9702/34/M/J/18 [Turn over
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(c) Change n and repeat (b) until you have six sets of values of nand V. One of the component
holders may be left empty if required.

Record your results in a table. Include your values from (b). Also include values of 1 in your

table. v
[9]
(d) (i) Plota graph of lV on the y-axis against n on the x-axis. [3]
(i) Draw the straight line of best fit. [1]
(iii) Determine the gradient and y-intercept of this line.
gradient = ...
YAINErCept = oo
[2]

© UCLES 2018 9702/34/M/J/18
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(e) Itis suggested that the quantities V and n are related by the equation
1 _
y =ant b
where a and b are constants.

Use your answers in (d)(iii) to determine the values of a and b.
Give appropriate units.

[Total: 20]
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You may not need to use all of the materials provided.
2 In this experiment, you will investigate the motion of a plastic bottle floating in water.

(@) * Pour 500cm? of water from the jug into the beaker (1 ml = 1cm3).
*  Pour this water into the bottle.

* Place the 100g mass hanger with two 100g slotted masses in the bottle, as shown in
Fig. 2.1.

bottle

/

water

mass hanger

e /slotted masses
=7

Fig. 2.1

»  Assume that the density of the added water is 1.0gcm™ (1.0cm?3 of water has a mass
of 1.09).

Calculate the total mass M of the mass hanger, slotted masses and water in the bottle.

A kg [1]

© UCLES 2018 9702/34/M/J/18
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(b) (i) < Carefully place the bottle in the bucket of water so that the bottle floats vertically in
the water.

e  Carefully push the bottle down, ensuring that its top remains above the level of the
water in the bucket.

* Release the bottle so that it oscillates vertically, as indicated in Fig. 2.2.

ﬁ ﬁ /bucket

water
bottle _———F+—— | ) | —

water —— |

Fig. 2.2

e Take measurements to find the period T of the oscillations.

(ii) Estimate the percentage uncertainty in your value of T.

percentage UNCErainty = ........cccccccoiiiiiimiiaees 1]
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(c) () * Remove the bottle from the bucket and place it in the tray.
e Add three more 1009 slotted masses to the mass hanger in the bottle.

o Calculate the new total mass M.

(i) Repeat (b)(i).

(d) Itis suggested that the relationship between M and T is
M = kT?
where kis a constant.

(i) Using your data, calculate two values of k.

first value of K= oo,

SECONA VAIUC Of K = oo

(ii) Explain whether your results support the suggested relationship.

© UCLES 2018 9702/34/M/J/18
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(e) (i) Measure and record the diameter D of the bottle.

S rttree e e e e e e e e e e et aaaaannn m [1]
(i) Calculate the cross-sectional area A of the bottle using
_aD?
A= 7
A S m? [1]
(iii) The density p of the water in the bucket is given by
_ 4nPk
=~ Ag
where g =9.81ms™2.
Using your second value of k, calculate p.
o T kgm=3[1]

© UCLES 2018 9702/34/M/J/18 [Turn over
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(f) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

(ii) Describe four improvements that could be made to this experiment. You may suggest
the use of other apparatus or different procedures.

[Total: 20]
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You may not need to use all of the materials provided.

1 Inthis experiment, you will investigate the equilibrium of a metre rule.

(@) (i) You have been provided with some masses.

(ii)

© UCLES 2018

Set up the apparatus as shown in Fig. 1.1.

boss

d of clamp
/ro
50cm

; il string loo
metre rule ! m——— TTnooep
| ] ] ] ] ] [ ] ] |
[ x |
| . y
string Ioop/ 7 ! ) string loop
mass P
mass Q
stand
{ A /
/
bench/
Fig. 1.1

Mass Q should be 200g.

The distance between the 50cm mark on the rule and the string loop supporting the
rule is x. Adjust the position of the metre rule so that x is approximately 15cm.

The distance between the string loop supporting mass P and the string loop
supporting the rule is z. Adjust the position of mass P so that z is approximately
30cm.

The distance between the string loop supporting the rule and the string loop
supporting mass Q is y. Adjust the position of mass Q until the rule is balanced.

Measure and record z.

Measure and record x.

Measure and record y.
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(b) *  Write down your value of z from (a)(i).

* Keeping z constant, change x and adjust y until the rule is balanced. Repeat until you
have six sets of values of x and y. Record your results in a table.

You may include readings where x is measured to the left of the 50cm mark.
In such cases x has a negative value.

(8]
(c) (i) Plota graph of y on the y-axis against x on the x-axis. [3]
(ii) Draw the straight line of best fit. [1]

(iii) Determine the gradient and y-intercept of this line.
gradient = ..o
YAINErCePt = oo
(2]
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6
(d) Itis suggested that the quantities y and x are related by the equation
y=Ax+B
where A and B are constants.

Using your answers in (c)(iii), determine the values of A and B.
Give appropriate units.

[2]
(e) The mass of P is p. The mass of Q is g, where g = 0.200kg.
The constants A and B are related to p, g and z by
A= g and B= %Z.
Calculate p.
P S e kg [1]
(f) The experiment is repeated using the same equipment but a smaller value of z.
For this experiment, draw a second line on the graph to show the expected results.
Label this line W. [1]
[Total: 20]
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You may not need to use all of the materials provided.
2 In this experiment, you will investigate the current in a coil.
(@) (i) You have been provided with a bar magnet, masses and Blu-Tack.

* The total mass of the mass hanger and mass should be 200g. Use the Blu-Tack to
fix the bar magnet to the mass hanger, as shown in Fig. 2.1.

mass hanger

__total mass of 200g

Blu-Tack

bar magnet

Fig. 2.1

*  Set up the apparatus as shown in Fig. 2.2.

~

rod of clamp

boss spring

stand\
C N
/
bench
Fig. 2.2
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*  Pull the mass down through a short distance. Release the mass. The mass and
magnet will oscillate.

*  Determine the period T of these oscillations.

(ii) Calculate the frequency fof the oscillations where

-1
f=—+.
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Take the cardboard tube with more turns of wire.

(b) (i)

o Count and record the number n of turns of wire around the tube.

(ii) * Connect the ammeter to the ends of the wire around the tube and place the tube
below the magnet.

* Adjust the height of the bottom of the magnet so that it is level with the top of the
tube as shown in Fig. 2.3.

crocodile clip

| __—cardboard tube

e——

crocodile clip

wire

/

Fig. 2.3

* Pull the mass down so that it rests on the top of the tube with the magnet passing
centrally through the tube. Release the mass. The mass will oscillate.

*  Measure and record the maximum current I shown by the ammeter.

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

percentage UNCertainty = ........cceeeeveiiniiiiiiiiieee e e [1]
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() () * Remove the tube.
* Increase the total mass to 500g.

* Take measurements to determine the period T and frequency f of the oscillations of
the mass and the magnet.

(2]

(ii) Keep the mass as 500g and use the tube with fewer turns of wire to repeat (b)(i) and

(b)(ii).

© UCLES 2018 9702/35/M/J/18
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(d) Itis suggested that the relationship between I, nand fis
I = knf
where k is a constant.

(i) Using your data, calculate two values of k.

firstvalue of K= ..o,
SeCONd Value Of K = .oooiiiiiiiiiiee e
(1]
(ii) Explain whether your results support the suggested relationship.
....................................................................................................................................... 1]
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(e) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

(ii) Describe four improvements that could be made to this experiment. You may suggest
the use of other apparatus or different procedures.

[Total: 20]
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