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You may not need to use all of the materials provided.

1 In this experiment, you will investigate combinations of resistors in an electrical circuit.

 (a) Fig. 1.1. shows an electrical circuit.

A
R1

R2

Z3 V d.c.

Fig. 1.1

 ● Set up the circuit shown in Fig. 1.1 using R1 = 33 Ω and R2 = 82 Ω.

 ● Calculate 
R1R2

(R1 + R2)
 .

 
R1R2

(R1 + R2) =  ............................................................Ω

 ● Close the switch.

 ● Record the ammeter reading I.

 I =  ............................................................... 

 ● Open the switch.
 [1]
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 (b) Use six different pairs of resistors to provide six different values of 
R1R2

(R1 + R2).

  For each arrangement, record R1, R2 and I in a table. Include values of 
R1R2

(R1 + R2) and 1I  in 
your table.

 [10]

 (c) (i) Plot a graph of 1I  on the y-axis against 
R1R2

(R1 + R2) 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]

339



5

9702/33/O/N/21© UCLES 2021 [Turn over

340



6

9702/33/O/N/21© UCLES 2021

 (d) (i) It is suggested that the quantities I and 
R1R2

(R1 + R2) are related by the equation

1
I  = P [ R1R2

(R1 + R2)] + Q

   where P and Q are constants. 

   Using your answers to (c)(iii), determine the values of P and Q. 
   Give appropriate units.

 P =  ...............................................................

 Q =  ...............................................................
 [2]

  (ii) The constants P and Q are related to the electromotive force (e.m.f.) E of the power 
supply and the resistance Z of resistor Z by

P = 1
E  and Q = Z

E  .

   Determine the values of E and Z. 
   Give appropriate units.

 E =  ...............................................................

 Z =  ...............................................................
 [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 time taken for filter papers to fall in air.

 (a) (i) ●	 You	have	been	provided	with	filter	papers	of	two	different	sizes.

    Take one sheet of the smaller filter paper.

 ● The diameter of one sheet of filter paper is d, as shown in Fig. 2.1.

filter paper

d

    Fig. 2.1 

    Measure and record d.

 d =  ...................................................  cm [2]

  (ii) Calculate the area A of the filter paper using

A = πd2

4 .

 A =  ...................................................cm2 [1]

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

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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 (b) (i) ●	 Set	up	the	apparatus	as	shown	in	Fig.	2.2.

bench

six sheets of filter paper

metre rule

clamp

boss

stand

Fig. 2.2

 ● Hold the six sheets of the smaller filter paper at the top of the metre rule, as shown 
in Fig. 2.2.

 ● Release the filter papers and start the stop-watch.

 ● The time between release and the filter papers hitting the bench is t.

    Measure and record t.

  t =  ......................................................  s [2]

  (ii) Estimate the percentage uncertainty in t. Show your working.

 percentage uncertainty =  .........................................................  [1]

  (iii) Measure and record the total mass m of the sheets of smaller filter paper.

 m = ..........................................................  [1]
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 (c) (i) Repeat (a)(i) and (a)(ii) using one of the larger sheets of filter paper.

 d =  .........................................................  cm

 A =  .......................................................  cm2 
 [1]

  (ii) Using two sheets of the larger filter paper, repeat (b)(i) and (b)(iii). 

 t =  ............................................................  s

 m =  ............................................................... 
 [1]
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 (d) It is suggested that the relationship between t, m and A is

kt = mA

  where k is a constant.

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

 first value of k =  ...............................................................

 second value of k =  ...............................................................
 [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.

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
 [4]

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

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
 [4]

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

1 In this experiment you will investigate an electrical circuit.

 (a) (i) ●	 Assemble	the	circuit	shown	in	Fig.	1.1.	

3 V d.c.

NM

A

C DE

B

p

q

wooden strip

wooden strip

wire 1

wire 2

V

Fig. 1.1

 ● A, B, C and D are crocodile clips.

 Connect A approximately half-way along wire 1.

 ● Measure and record the distance p	between	B	and	A,	as	shown	in	Fig.	1.1.

 p =  .........................................................  cm

 ● Close the switch.

 ● Test your circuit by placing C at end E of wire 2. The voltmeter reading should be 
non-zero. Record the voltmeter reading.

 voltmeter reading =  ...........................................................  V

 ● Open the switch.
[1]
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  (ii) ●	 Close	the	switch.

 ● Adjust the position of C on wire 2 until the voltmeter reading is as close as possible 
to zero.

 ● The distance between C and E is q,	as	shown	in	Fig.	1.1.

Measure and record q.

 q =  .........................................................  cm

 ● Open the switch.
[1]
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 (b) Move A to a new position on wire 1. Measure and record p and repeat (a)(ii).
  Repeat until you have six sets of values for p and q.

  Record your results in a table. Include values of 1q and pq in your table.

[10]

 (c) (i) Plot a graph of 1q on the y-axis against pq 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]

350



5

9702/34/O/N/21© UCLES 2021 [Turn over

351



6

9702/34/O/N/21© UCLES 2021

 (d) It is suggested that the quantities p and q are related by the equation

1
q = a (pq) + b

  where a and b are constants.

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

 a =  ...............................................................

 b =  ...............................................................
[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 oscillations of a suspended rod.

 (a) (i) ●	 You	are	provided	with	a	pin	pushed	into	a	cork.

Clamp the cork to the stand so that the pin is horizontal and approximately 50 cm 
above the bench.

 ● You are provided with a rod with two strings attached.

The distance between the two holes in the rod is y,	as	shown	in	Fig.	2.1.

y hole

rod

string

Fig. 2.1

Measure and record y.

 y =  ...................................................  cm [1]

353



8

9702/34/O/N/21© UCLES 2021

  (ii) ●	 Set	up	the	apparatus	as	shown	in	Fig.	2.2.

 ● Tie the two strings together so that, when the rod is suspended from the pin, the top 
of the rod is approximately 30 cm below the pin.

stand

θ

≈ 30 cm

boss

clamp

string

cork

pin

rod

bench

Fig. 2.2

 ● Ensure that the rod is horizontal.

 ● The angle between the rod and the string is θ,	as	shown	in	Fig.	2.2.

Measure and record θ.

 θ =  ........................................................° [1]

  (iii) Estimate the percentage uncertainty in your value of θ. Show your working.

 percentage uncertainty =  .........................................................  [1]

  (iv) Calculate D where

D = y tan θ
2 .

 D =  .........................................................  [1]
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  (v) Justify the number of significant figures that you have given for your value of D.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 (b) (i) ●	 	Push	the	rod	approximately	2	cm	to one side and then release it so that it swings as 
shown	in	Fig.	2.3.

Fig. 2.3

 ● Take measurements to determine the period S of these oscillations.

 S =  .........................................................  [2]

  (ii) ●	 Return	the	rod	to	a	horizontal	and	stationary	position.

 ● Push the whole rod approximately 2 cm away from you and release it so that it 
swings towards and away from you.
As it swings, the rod should always remain parallel to its stationary position with no 
twisting or sideways motion.

 ● Take measurements to determine the period B of these oscillations.

 B =  .........................................................  [1]
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 (c) ●  Adjust the lengths of the two strings so that, when the rod is suspended from the pin and 
horizontal, the top of the rod is approximately 15 cm below the pin.

 ● Ensure that the rod is horizontal.

 ● Measure and record θ. 

 θ =  ............................................................. °

 ● Calculate D.

 D =  ...............................................................

 ● Repeat (b).

 S =  ...............................................................

 B =  ...............................................................
[2]
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 (d) It is suggested that the relationship between D, S and B is
 k

D = (S2 – B2)

  where k is a constant.

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

 first value of k =  ...............................................................

 second value of k =  ...............................................................
[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.

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
[4]

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

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
[4]

[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 metre rule.

 (a) ●  Set up the apparatus as shown in Fig. 1.1, with the scales on the metre rules facing 
upwards.

upper rule

lower rule

bench

H

w w

string loop

jaws of
clampboss

stand

string loop

adhesive
putty

adhesive
putty

Fig. 1.1

 ● Adjust the clamp so that the upper rule is parallel to the bench.

 ● Adjust the positions of the string loops so that each loop is approximately 40 cm from the 
nearest ends of the two rules.

 ● The vertical distance between the two rules is H.

    Measure and record H.

 H =  .........................................................  [1] 
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 (b) ●  For both rules, the distance between the 50 cm mark and each string loop is w, as shown 
in Fig. 1.1.

   Adjust the positions of the string loops until the distances w are equal and approximately 
10 cm.

 ● Measure and record w.

 w =  .........................................................  cm

 ● Gently rotate the lower rule and release it. The lower rule will oscillate as shown in 
Fig. 1.2.

lower rule

lower rule

TOP VIEW

upper rule

Fig. 1.2

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

 T =  ............................................................  s
 [2] 
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 (c) Vary w in the range 5.0 cm G w G 20.0 cm and determine six sets of readings of w and T.

  Record your results in a table. Include values of 1
w  in your table.

 [9]

 (d) (i) Plot a graph of T on the y-axis against 1
w  on the x-axis. [3]

  (ii) Draw the straight line of best fit. [1]

  (iii) Determine the gradient of this line.

 gradient =  .........................................................  [1]

362



5

9702/35/O/N/21© UCLES 2021 [Turn over

363



6

9702/35/O/N/21© UCLES 2021

 (e) (i)  It is suggested that the quantities T and w are related by the equation

T = B
w  

   where B is a constant.

   Using your answer to (d)(iii), determine a value for B. 
   Give an appropriate unit.

 B =  .........................................................  [2]

  (ii)  It is suggested that B is given by the equation

B2 = 3π
2H3

g  

   where g is the acceleration of free fall.

   Using your answers to (a) and (e)(i), determine a value for g. 
  

 g =  ................................................ m s–2 [1]

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

2 In this experiment, you will determine the weight of a metre rule.

 (a) (i) ● Attach the spring to the clamp.

 ● Suspend the mass hanger from the spring as shown in Fig. 2.1.

L0

mass hanger

bench

clamp
boss

spring

stand

Fig. 2.1

 ● The length of the coiled section of the spring is L0.

     Measure and record L0.

 L0 =  .................................................... cm [1]

  (ii) Estimate the percentage uncertainty in your value of L0. Show your working.

 percentage uncertainty =  .........................................................  [1]
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 (b) (i) ● Add an additional mass of 0.100 kg to the mass hanger.

 ● The new length of the coiled section of the spring is L1.

     Measure and record L1.

 L1 =  .........................................................  cm 

 ● Remove the 0.100 kg mass.
 [1]

  (ii) Calculate (L1 – L0).

  (L1 – L0) =  ...................................................  cm [1]

  (iii) The spring constant k is given by the equation

k = F
(L1 – L0)  

   where F is 0.981 N.

   Calculate k.

 k =  .........................................................  [1]

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

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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 (c) (i) ● Set up the apparatus as shown in Fig. 2.2.

L

d

stand

metre rule

adhesive
putty

Fig. 2.2

 ● Support the rule on the mass hanger. You may need to use some of the adhesive 
putty to stop the rule from slipping off the mass hanger.

 ● The distance between the lower end of the rule and the mass hanger is d, as shown 
in Fig. 2.2. The length of the coiled section of the spring is L.

     Adjust the apparatus so that d is approximately 90 cm and the spring is vertical.

 ● Measure and record d and L.

  d =  .........................................................  cm

  L =  .........................................................  cm

 ● Using your answer to (a)(i), calculate (L – L0).

  (L – L0) =  .........................................................  cm 
 [1]

  (ii) Repeat (c)(i) with a distance d of approximately 60 cm.

  d =  .........................................................  cm

  L =  .........................................................  cm

  (L – L0) =  .........................................................  cm
 [2]
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 (d) It is suggested that the relationship between (L – L0) and d is

C = d(L – L0)

  where C is a constant.

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

 first value of C =  ...............................................................

 second value of C =  ...............................................................
 [1]

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

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 (e) The constant C is given by

C = 
Wd0
2k  

  where d0 is the length and W is the weight of the metre rule.

  Use your second value of C to determine W.

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

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
 [4]

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

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
 [4]

 [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 wooden strip.

 (a) (i) ● Assemble the apparatus as shown in Fig. 1.1 with the nail held securely in the boss.

L

M string loop

mass

boss

nail

wooden
strip

string

string

weight

spring

stand

bench

Fig. 1.1

 ● Hang the mass labelled M midway between the nail and the end of the strip.

 ● Adjust the height of the boss so that the strip is parallel to the bench.

 ● Move the weight so that the spring is vertical.

 ● L is the distance between the nail and the string loop attached to M, as shown in 
Fig. 1.1.

Measure and record L.

 L =  .........................................................  [1]
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  (ii) ●  Pull the free end of the strip down by approximately 2 cm. Release the strip so that it 
oscillates.

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

 T =  ....................................................... s [2]
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 (b) ● Move M along the strip and adjust the apparatus so that the strip is parallel to the bench.

  ● Measure L and determine T.

  ● Repeat until you have six sets of values of L and T.
   Record your results in a table. Include values of L2 and T2 in your table.

[9]

 (c) (i) Plot a graph of T2 on the y-axis against L2 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) It is suggested that the quantities T and L are related by the equation

T2 = aL2 + b

  where a and b are constants.

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

 a =  ...............................................................

 b =  ...............................................................
[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 amount of air needed to lift an underwater load.

 (a) You are provided with a syringe attached to a long tube containing a wire.

  ● Bend the end of the tube as shown in Fig. 2.1.

tube

to syringe wire

8 cm

Fig. 2.1

  ● Pull the plunger of the syringe to the 50 cm3 mark (1 cm3 = 1 ml).

  ● Bend the tube and hook it over the container so that the end is approximately 11 cm 
above the bottom of the container, as shown in Fig. 2.2.

. 11 cm

tube
containing
wire

container

water

syringe

plunger

air
tray

Fig. 2.2
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  (i) You have been provided with a set of metal rings.

   Take measurements to determine the average thickness t of the rings.
   Show your working.

 t =  ...................................................  cm [1]

  (ii) Measure and record the inner diameter d1 and the outer diameter d2 of one of the metal 
rings, as shown in Fig. 2.3.

d1 d2

Fig. 2.3

 d1 =  .........................................................  cm

 d2 =  .........................................................  cm
[1]

  (iii) Calculate the volume VR of a metal ring using

VR = 
πt(d2

2 – d1
2)

4 .

 VR =  .................................................. cm3 [1]

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

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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 (b) You have been provided with a paper clip and a plastic cup with string attached.

  (i) ●  Bend the paper clip into a hook shape as shown in Fig. 2.4. Add 8 metal rings to the 
paper clip and hook it onto the string loop, as shown in Fig. 2.4.

top string

cup

string loop

paper clip

rings

Fig. 2.4

 ● Lower the cup into the water. Ensure that the cup is completely filled with water.

 ● Use the top string to position the cup over the end of the tube, as shown in Fig. 2.5.

top string

Fig. 2.5

 ● Record the initial reading x1 from the syringe scale.

 x1 =  .................................................. cm3 [1]
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  (ii) ● Slowly press the plunger of the syringe so that air enters the cup.
Continue until the cup starts to lift the rings towards the surface of the water.

 ● Record the final reading x2 from the syringe scale.

 x2 =  .......................................................  cm3

 ● Calculate the volume of air VA in the cup using

VA = x1 – x2.

 VA =  .......................................................  cm3

[2]

  (iii) Estimate the percentage uncertainty in your value of VA. Show your working.

 percentage uncertainty =  .........................................................  [1]
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 (c) ● Remove the cup and the tube from the container of water.

  ● Pull the plunger of the syringe to the 50 cm3 mark to draw air into the syringe.

  ● Replace the tube in the container of water.

  ● Repeat (b)(i) and (b)(ii) using 12 metal rings.

 x1 =  .......................................................  cm3

 x2 =  .......................................................  cm3

 VA =  .......................................................  cm3

[2]
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 (d) (i) The mass M of one metal ring is given on the card.

 ● Write down the value of M.

 M =  ............................................................ g

 ● The number of rings attached to the paper clip is n.
It is suggested that the relationship between n, M, VR and VA is

nM = k(nVR + VA)

where k is a constant.

Using your data, calculate two values of k.

 first value of k =  ...............................................................

 second value of k =  ...............................................................
[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.

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
[4]

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

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
[4]

[Total: 20]
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