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You may not need to use all of the materials provided.
1 In this experiment, you will determine the resistivity of a metal.

(@) e Set up the circuit shown in Fig. 1.1.

3Vd.c.
0 O

()
Y

Fig. 1.1

e Record the voltmeter reading E.

E o= e
e Set up the circuit shown in Fig. 1.2.
3Vd.c.
o O
nail
: X :
' > Q
22Q C i
P

wooden strip metal wire

Fig. 1.2 (not to scale)
e P and Q are crocodile clips.
The distance between the nail and Q is x, as shown in Fig. 1.2.

Adjust the position of Q until x is approximately 45cm.
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Close the switch.

The voltmeter reading is V.

Measure and record x and V.

Open the switch.
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(b) Change x by adjusting the position of Q on the wire. Use six different values of x. For each
value of x, measure V.

Record your results in a table. Include values of\1—/in your table.

[8]
(c) (i) Plota graph of\1—/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 = ...
y-intercept = ..
[2]
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(d) Itis suggested that the quantities V and x are related by the equation
v=Ax+B
where A and B are constants.

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

A S s
B = e
[1]
(e) (i) Use a micrometer to measure the diameter d of the wire.
O = e [2]
(ii) Itis suggested that A is given by the equation
A=— _4p
nd?ER
where R is 22Q and p is the resistivity of the metal.
Using your answers in (a), (d) and (e)(i), determine a value for p.
Give an appropriate unit.
0 T e [2]
[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 extension of two springs.

(@) (i) e Setup the apparatus as shown in Fig. 2.1.

X

springs<_||

stand

boss
clamp

mass hanger

bench

% % % 7
Fig. 2.1

e The length L, of the spring combination is measured from the top coil of the top
spring to the bottom coil of the bottom spring, as shown in Fig. 2.1.

Measure and record L,.

(ii) Estimate the percentage uncertainty in your value of L. Show your working.

percentage uncertainty = ..........ccccccoiiiiiiiii s % [1]

(iii) e Add the slotted mass to the mass hanger.
e The new length of the spring combination is L,.

Measure and record L2.

© UCLES 2022 9702/33/0/N/22
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e The spring constant k is given by the equation

w

K=7+—"7-
(I—2 - L1)
where Wis 0.981N.
Calculate k.
K e
e Remove the slotted mass and the mass hanger from the springs.
[1]
(iv) Justify the number of significant figures that you have given for your value of k.
..................................................................................................................................... [1]

(b) (i) e Use the balance to measure and record the total mass M of the four smaller steel
nuts.

e The volume V of the four nuts is given by the equation

M
o steel

V=

where the density o, of steel is 7.89 cm3.

Calculate V.
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Set up the apparatus using the four smaller nuts as shown in Fig. 2.2.

springs<\

paper clip

four nuts

Fig. 2.2
Bend the paper clip to hold the four nuts.
The length of the spring combination is L ;..

Measure and record L .

Gently lower the nuts into the oil until they are submerged but not touching the
bottom of the beaker, as shown in Fig. 2.3.

Fig. 2.3

9702/33/0/N/22
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e The length of the spring combination is L ;.

Measure and record L ;.

e Calculate (L, — L)

T O

e Remove the four nuts from the oil and place them on the tissue in the container.

[1]

(iii) Repeat (b)(i) and (b)(ii) with the four larger steel nuts.

© UCLES 2022 9702/33/0/N/22 [Turn over
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L. and Vis

(c) Itis suggested that the relationship between L, L,

(Ly, — Loy =2V

air
where Z is a constant.

Using your data, calculate two values of Z.

firstvalue of Z = ...
second value Of Z = ..o
[1]
(d) Itis suggested that the percentage uncertainty in the values of Z is 5%.
Using this uncertainty, explain whether your results support the relationship in (c).
............................................................................................................................................. [1]
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(e) The density p, of the oil is related to Z by

_ Paild

2=y

where g is 9.81Nkg™.

Use your second value of Z to determine p_;. Give an appropriate unit.
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(f) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

For any uncertainties in measurement that you describe, you should state the quantity
being measured and a reason for the uncertainty.

(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 In this experiment, you will investigate the stability of a cylinder.

(@) (i) e Use some of the sheets of paper to make a pile of approximate thickness 3 mm.
e Using the calipers, measure and record the thickness T of the pile.
T e [1]
(ii) e Position the apparatus on the bench as shown in Fig. 1.1.
bottle
book pile of board
sheets of
paper
bench
% |
1 w 1
Fig. 1.1
e Measure and record the width w of the board, as shown in Fig. 1.1.
W S e [1]

© UCLES 2022
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(b) e Use the stand and clamp to hold the rule vertically on the bench.

e Slowly raise the end of the board, as shown in Fig. 1.2.

clamp |

I\ru/|=| -

boss

stand

Fig. 1.2

e Measure and record the height z of the raised end of the board when the bottle rolls over
the pile of paper.

e Calculate 6 using

© UCLES 2022 9702/34/0/N/22 [Turn over
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(c) Change the number of sheets of paper in the pile. Measure T and z. Repeat until you have six
sets of values of T and z.

Record your results in a table. Include values of 6 and cos 6 in your table.
Give your values of cos @ to three significant figures.

[9]
(d) (i) Plota graph of cos 6 on the y-axis against T on the x-axis. [3]
(ii) Draw the straight line of best fit. [1]

(ili) Determine the gradient and y-intercept of this line.
gradient = ..o
Y-INTErCePt = oo
[2]
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(e) Itis suggested that the quantities 8 and T are related by the equation
cosf=a—-bT
where a and b are constants.

Using your answers in (d)(iii), 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 force acting on a magnet.

(@) (i) You have been provided with some of the apparatus already assembled, as shown
in Fig. 2.1.

pointer

boss and clamp

stand

bench
nut

Fig. 2.1

Measure and record the height h, of the end of the pointer above the bench.

By = oo [1]

(ii) e Attach the small magnet to the nut, as shown in Fig. 2.2.

magnet

Fig. 2.2

e Measure and record the height h of the end of the pointer above the bench.

o= [1]
© UCLES 2022 9702/34/0/N/22 [Turn over



506
8

(iii) e  Calculate the deflection d, caused by the magnet, using

d,, = hy—h.

e  Estimate the percentage uncertainty in your value of d_. Show your working.

percentage uncertainty = .........ccoeviiiiiiiiiii e %
[1]
(b) (i) You have been provided with a card showing the mass m of the magnet in g.

e Determine the value of min kg.

T S e kg
e (Calculate S using
=mg
S a
where g is 9.81Nkg™".
S T s
[1]

© UCLES 2022 9702/34/0/N/22
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(c) (i) You have been provided with a wire coil wound around a tube and connected to a
component holder.

e Use the second boss and clamp to position the tube so that the magnet hangs
inside the tube, as shown in Fig. 2.3.

boss

clamp
component

il / holder

Fig. 2.3

e Adjust the position of the tube so that the magnet is just above the coil and is not
touching the walls of the tube.

© UCLES 2022 9702/34/0/N/22 [Turn over
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Attach the circuit shown in Fig. 2.4.

variable resistor

1.5V d.c.

© UCLES 2022

Fig. 2.4

Close the switch and adjust the variable resistor until the ammeter reads
approximately 0.3A, then open the switch.

The magnet should have been pulled down when the current was flowing.
If the magnet was not pulled down when the current was flowing, reverse the
connections to the power supply.

Close the switch.

Measure and record the height H of the end of the pointer above the bench.

Record the ammeter reading I.

Open the switch.

9702/34/0/N/22
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(i)

Close the switch and adjust the variable resistor until the ammeter reads
approximately 0.7 A.

e Measure and record the height H of the end of the pointer above the bench.

e Record the ammeter reading I.

Open the switch.

(d) Itis suggested that the relationship between S, h, Hand I is
S(h—H) = kI
where K is a constant.

Using your data, calculate two values of k.

first value of K = oo

SECONA ValUC Of K = e

e) Itis suggested that the percentage uncertainty in the values of k is 20%.
(e) ag p g y

Using this uncertainty, explain whether your results support the relationship in (d).

............................................................................................................................................. [1]
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(f) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

For any uncertainties in measurement that you describe, you should state the quantity
being measured and a reason for the uncertainty.

(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 In this experiment, you will investigate the balancing of a metre rule.

(@) e Setup the apparatus as shown in Fig. 1.1.

upper spring————

lower string loop

lower spring—— |

bench

Fig. 1.1

e The length L, of the spring combination is measured between the top coil of the upper
spring and the bottom coil of the lower spring, as shown in Fig. 1.1.

Measure and record LO.

© UCLES 2022 9702/35/0/N/22
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e Use the lower string loop to suspend a total mass of 2009, as shown in Fig. 1.2.

Fig. 1.2
e The new length of the spring combination is L.

Measure and record L.

L T s cm

e The spring constant k of the spring combination is given by the equation

w
k=-Ly

where Wis 1.96N.

Calculate k.

© UCLES 2022 9702/35/0/N/22 [Turn over
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(b) e Set up the apparatus as shown in Fig. 1.3.

=

ivot
i p
a metre rule

L 1 L E ]
ol | X
[ L X /K !

: A A
: : 50.0cm :
' 95.0cm '

Fig. 1.3

e Use the adhesive putty to fix two 100g slotted masses with their centres above the
50.0cm mark on the rule. The masses must remain at this position throughout the
experiment.

e Place the lower string loop at the 5.0cm mark on the rule.

e The distance between the pivot and the midpoint of the rule is a.

Adjust the pivot so that a is approximately 25cm.

e Adjust the stand, boss and clamp so that the springs are vertical and the rule is horizontal.

e Measure and record a and L.

Calculate e.

© UCLES 2022 9702/35/0/N/22 [Turn over
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e Change a by moving the pivot. Adjust the stand, boss and clamp so that the springs are
vertical and the rule is horizontal. Measure a and L. Repeat until you have six sets of
values of aand L.

Do not include values of a less than 15.0cm.

Record your results in a table. Include values of e, % and % in your table.

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

(ili) Determine the gradient and y-intercept of this line.
gradient = ..o
Y-INtercept = oo
[2]

© UCLES 2022 9702/35/0/N/22
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(d) (i) Itis suggested that the quantities e and a are related by the equation
l = 1 +C
e a
where B and C are constants.

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

B = e
G o e
[2]
(ii) Theory suggests that
_ k
MG
where R is the weight of the rule and Wis 1.96N.

Using your answers in (a) and (d)(i), determine a value for R.
R = N [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 oscillations of a triangular card.
(@) e Determine the midpoint M of the shortest side of the triangle.

e Draw a line from M to the opposite corner of the triangle, as shown in Fig. 2.1.

M

Fig. 2.1 (not to scale)
e Determine the midpoint N of one of the longer sides.

e Draw aline from N to the opposite corner of the triangle, as shown in Fig. 2.2.

M

Fig. 2.2 (not to scale)
e Mark the point C where the two lines cross.
e The distance between C and M is d.

Measure and record d.
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(b) (i) e Ontheline from M to the opposite corner, mark a point P a distance of approximately
0.06 m from C, as shown in Fig. 2.3.

M

Fig. 2.3 (not to scale)
e The distance between C and P is p, as shown in Fig. 2.3.

Measure and record p in metres.

e Place the card on the cork so that P is above the cork. Use the pin to carefully
pierce a small hole in the card at P.

e Set up the apparatus as shown in Fig. 2.4.

stand—_|

boss

clamp

© UCLES 2022 9702/35/0/N/22
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e Displace the base of the triangle through a small distance to the side. Release it so
that it oscillates as shown in Fig. 2.5.

Fig. 2.5

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

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

percentage uncertainty = ..........cccccoiiiiiiiii s % [1]
(iii) Calculate p? and T2p.
D2 S e,
T2 S e
[1]
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(iv) Justify the number of significant figures that you have given for your value of T%p.

..................................................................................................................................... [1]
(v) Repeat (b)(i) and (b)(iii) with a distance p of approximately 0.12m.
o2 m
T = S
D2 S e,
T2 S e
[2]
(c) Itis suggested that the relationship between T and p is
T°p=qp*+ S
where S has the value 0.015ms? and q is a constant.
Using your data, calculate two values of q.
firstvalue of g = ..o
second value Of G = ...
[1]

© UCLES 2022 9702/35/0/N/22
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(d) Itis suggested that the percentage uncertainty in the values of q is 15%.

Using this uncertainty, explain whether your results support the relationship in (c).

(e) Theory suggests that

where g is the acceleration of free fall.

Use your second value of g to determine g.
Give an appropriate unit.

© UCLES 2022 9702/35/0/N/22
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(f) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

For any uncertainties in measurement that you describe, you should state the quantity
being measured and a reason for the uncertainty.

(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 In this experiment, you will investigate the oscillations of a pendulum.

(@) (i) e Assemble the apparatus as shown in Fig. 1.1 with the top nail held securely in the
cork by the clamp. Check that the rod can swing freely.

cork

top nail

rod

N

77

upper nails

lower nails

—
4 ==
| —

L

Fig. 1.1

e Slot masses onto the upper and lower nails as shown in Fig. 1.2.

nails

slotted mass

Fig. 1.2

© UCLES 2022 9702/36/0/N/22
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e Load all of the masses onto the nails in the positions shown in Fig. 1.3.

i

=

100g mass

50g mass

upper nails

lower nails

SN

Fig. 1.3

e Record the total mass M, on the four lower nails.

(ii) e Push the bottom of the rod through a short distance and release it so that it oscillates.

e Take measurements to determine the period T of these oscillations.

© UCLES 2022 9702/36/0/N/22 [Turn over
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(b) Rearrange the slotted masses between the upper and lower nails.
Record M, and determine T. Repeat until you have six sets of values.

Use all of the slotted masses each time so that the mass of the pendulum is constant.

Record your results in a table. Include values of VM, to three significant figures in your table.

[9]
(c) (i) Plota graph of T on the y-axis against VM, 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 = ...
Y-INTErCept = oo
[2]
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(d) Itis suggested that the quantities T and M, are related by the equation
T=avM +b
where a and b are constants.

Using your answers in (c)(iii), 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 optical properties of a transparent block.
(@) You are provided with a semicircular transparent block.

Take measurements to determine the radius of curvature R of the curved surface, as shown
in Fig. 2.1.

Fig. 2.1

(b) (i) You are provided with a piece of paper labelled P with four parallel lines drawn on it.

e A is the distance between the two central lines and B is the distance between the
two outer lines.

Measure and record A and B.

e Calculate E using

© UCLES 2022 9702/36/0/N/22 [Turn over
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(ii) e Arrange the apparatus as shown in Fig. 2.2.
observer
:: / block

paper P

bench

Fig. 2.2

e Look down through the block and close one eye. The appearance of the lines should

be similar to Fig. 2.3.
‘ ‘ ‘ block

/

Fig. 2.3

e Gradually raise the block until the two central lines seen through the block are
aligned with the two outer lines seen outside the block, as shown in Fig. 2.4.
You may have to move your head sideways to see this alignment.

Fig. 2.4

© UCLES 2022 9702/36/0/N/22



233
9

e  With the block in this position, measure and record the height d, of the block above
the paper, as shown in Fig. 2.5.

Fig. 2.5

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

Show your working.

percentage uncertainty = ........ccoooiiiiiiiiiiis % [1]
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(iv)

© UCLES 2022

11
Turn the block over and lower the curved face onto the paper.
Look down through the block and close one eye.

Gradually raise the block until the two central lines seen through the block are
aligned with the two outer lines seen outside the block.

Measure and record the height d, of the block above the paper, as shown in Fig. 2.6.

Fig. 2.6
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(c) Repeat (b)(i), (b)(ii) and (b)(iv) but this time using the piece of paper labelled Q.

A T
B o
E oo e
d1= .......................................................... cm
d2= .......................................................... cm
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(d) Itis suggested that the relationship between R, d, and d, is
2k=R+d,-d,
where k is a constant.

Using your data, calculate two values of k.

first value Of K = oo,

SECONA VAlUC OF K = oo

(e) Itis suggested that the percentage uncertainty in the values of k is 5%.

Using this uncertainty, explain whether your results support the relationship in (d).

(f) A property of the block called the focal length fis given by

_E(d, +K)
C(E-1)-

Using your results from (¢) and your second value of k, calculate the value of f.

F o e [1]
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(g) (i) Describe four sources of uncertainty or limitations of the procedure for this experiment.

For any uncertainties in measurement that you describe, you should state the quantity
being measured and a reason for the uncertainty.

(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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