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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.
(@) e Place the 18Q resistor in component holder R.

e  Set up the circuit shown in Fig. 1.1.

1.5V d.c
I
||
X
 —
| I |
R X
{1 {
N
N

Fig. 1.1

e The resistor in R has resistance R. Record R.

R = Q
e Close the switch.
e Record the voltmeter reading V.
Vo e
e  Open the switch.
[1]

© UCLES 2020 9702/31/M/J/20 [Turn over



4
(b) Change the resistor in R and repeat (a) until you have six sets of readings of R and V. Include
your values from (a).

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

[9]
(c) (i) Plota graph of\1—/on the y-axis against lR 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 V and R are related by the equation

+B

x>

1
v
where A and B are constants.

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

A S
B =
[2]
(e) (i) Theory suggests that
_2
E
where E is the electromotive force (e.m.f.) of the cell.
Determine E.
E = V [1]
(ii) The two other resistors in the circuit each have resistance X.
When R = X, theory suggests that
1.3
vV E
Determine X.
X T Q [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 equilibrium of a metre rule.
(@) (i) You have been provided with a metre rule with two springs attached.

The distance between one end of the metre rule and the string is L, as shown in Fig. 2.1.

L |
i
metre rule
springs
Fig. 2.1
Measure and record L.
L = [1]
(i) Calculate % where n = 3.
L
T 1
- (1]
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(b) (i) e Setup the apparatus as shown in Fig. 2.2.

stand —_| |_stand

metre rule with scale facing upwards

@\
=8

i\ boss

Xrod of clamp

|

Z: Z

bench

Fig. 2.2

e Adjust the apparatus until the horizontal distance between the centres of the rods of
the clamps is equal to your value of %

e Adjust the heights of the bosses so that the rule is horizontal and the springs are
vertical and unstretched when the rule is held in position.

e  Gradually release the rule by lowering your hand. The rule will tilt.

e The angle between the rule and the horizontal is 6, as shown in Fig. 2.3.

rod of clamp

Fig. 2.3

Measure and record 6.
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(ii) Estimate the percentage uncertainty in your value of 8. Show your working.

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

(iii) Calculate sin 6.

(iv) Justify the number of significant figures that you have given for your value of sin 6.

..................................................................................................................................... [1]
(c) e Calculate % where n = 4.

L_

T
e Repeat (b)(i) and (b)(iii) using this value of %

B S °
SIN B = e
[2]
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(d) Itis suggested that the relationship between 6 and n is
2
no=cff-1
sin 5 n
where C is a constant.

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

firstvalue of C = ..o

SeCONd VAIUC Of C = ooeiiie e

(ii) Explain whether your results support the suggested relationship.
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(e) Theory suggests that
C= Mg

kL
where

e M is the mass of the metre rule given on the card
e kis the spring constant of the spring system
e g=9.81ms=2

Use your second value of C to determine a value for k. Give appropriate units.
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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 a pendulum made from a wooden strip with masses fixed at
one end.

(@) Some of the apparatus has been assembled for you.
e Pass the nail through the hole in the strip furthest from the masses.
e Fix the nail securely in the clamp.

e Complete the set-up of the apparatus as shown in Fig. 1.1.

clamp

stand nail

stand

masses [~

wooden
() strip

bench
Fig. 1.1 (not to scale)
e The hooks at the ends of the springs should pass through one of the holes in the strip.

Position the stands so that the coiled section of each spring is of approximate length
6 cm and the strip is vertical.

e The distance along the strip between the nail and the hole with the hooks is d.

Measure and record d.
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(b) e Move the bottom of the strip towards one of the stands and release it so that it oscillates.

e Take measurements to determine the period T of these oscillations.
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(c) Move the hooks to a different hole in the strip. Measure d and T. Repeat until you have six
sets of values of d and T.

1
Record your results in a table. Include values of d2 and 72 in your table.

[9]
(d) (i) Plota graph of% on the y-axis against d2 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 2020 9702/32/M/J/20



© UCLES 2020 9702/32/M/J/20 [Turn over



6
(e) Itis suggested that the quantities T and d are related by the equation
T2° ad?+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 bending of a rod under a compressive force.

(@) You are provided with two thin rods. Measure and record the length L and diameter d of the
longer rod.

(b) e Assemble the apparatus as shown in Fig. 2.1 using the longer rod.
Position the ends of the rod in the shallow holes in the wooden strip and the block.

nail held in boss . y
LoX |
' |
I / : \6 : :!: é I
: string loop
u
\
stand—____ || holes rod I
wooden strip Y newton meter
block
[ | I“I/

bench /l

Fig. 2.1

e Adjust the apparatus so that the rod is vertical and the wooden strip is parallel to the
bench.

e The distance between the nail and the top of the rod is x and the distance between the
nail and the string loop is y, as shown in Fig. 2.1.

Measure and record x and y.
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(c) e Slowly pull the newton meter down until the rod bends in the middle by approximately
1cm, as shown in Fig. 2.2.

Fig. 2.2

e Record the force F_ needed to bend the rod by approximately 1.cm.

(d) Estimate the percentage uncertainty in your value of F_. Show your working.

percentage uncertainty = .......cccoooiiiiiiiiiiiii e [1]

© UCLES 2020 9702/32/M/J/20
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(e) Calculate the force F exerted on the rod using

YFm
F= X -

(F) Justify the number of significant figures you have given for your value of F.

(9)

[ J
<
0}
Q
[72]
c
=
D
Q
=)
o
-
D
Q
o
=
o
—
>0
D
[0}
=]
«Q
—
0
'\
Q
=]
o
o
Q
3
D
—
)
=
Q.
o
=h
—_
0
D
(7
=2
o
-
(]
=
=
o
Q

e Set up the apparatus as shown in Fig. 2.1 using the shorter rod.

e Adjust the apparatus so that the rod is vertical and the wooden strip is parallel to the
bench.

e Repeat (c) and (e).
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(h) Itis suggested that the relationship between F, L and d is

64FL2
n3d?

where E is a constant.

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

first value Of B = .o

SeCONd ValUE Of E = ..o,

(ii) Explain whether your results in (i) support the suggested relationship.
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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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You may not need to use all of the materials provided.
1 In this experiment, you will investigate the equilibrium of a metre rule.
(@) You have been provided with a metre rule with a string attached to it.
e Set up the apparatus as shown in Fig. 1.1.

A

pulley attached to stand

L N string
f) L
~ 60 cm
metre rule
mass m
A string loop ~_ pivot //\B
stand
100g mass wooden block

( AY

AN

bench
Fig. 1.1

e Add masses to the mass hanger so that mass mis 80g.

e Adjust the pivot so that it is 5mm from end B of the rule. The distance between the string
at end A and the pivot is L.

e Measure and record L.

e Adjust the string loop supporting the 100g mass so that it is approximately 60cm from
end A.

e Hold the rule at end A so that the rule is approximately horizontal.

© UCLES 2020 9702/33/M/J/20



3
e Adjust the position of the string loop to find the position where end A is just about to

move upwards when the rule is released. The distance between the string at end A and
the string loop is y, as shown in Fig. 1.2.

Y

@

Fig. 1.2
e Measure and record y,.

Y4 S e

e Adjust the position of the string loop to find the position where end A is just about to
move downwards when the rule is released. The distance between the string at end A
and the string loop is y,.

e Measure and record y,,.

Y T s

e Calculate y where
Nty
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(b) Increase m. Measure the new values of y, and y,,.
Repeat until you have five sets of values of m, y, and y,,.

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

[8]
(c) (i) Plota graph of y on the y-axis against m 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]

© UCLES 2020 9702/33/M/J/20
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(d) Itis suggested that the quantities y and m are related by the equation
y=Am+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 e ———————
B = e
[2]
(e) Theory suggests that
_,_RA
B=L- >
where R is the mass of the metre rule.
Determine a value for R.
Give your answer to three significant figures.
R = [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 result of a collision between two cylinders.
(@) e The wooden cylinder labelled A has diameter D.

Measure and record D.

e The wooden cylinder labelled B has diameter d.

Measure and record d.

(b) (i) You have been provided with a wooden strip with a line drawn on one face.

e Use the stand, boss and clamp to set up the wooden strip in the position shown in
Fig. 2.1. The end near the line should touch the bench and the other end should be
approximately 5cm above the bench.

wooden strip

line ~

= 5cm
Z
bench
Fig. 2.1
e Place cylinder B approximately 30cm from the end of the strip.
L
cylinder B \OA ‘\/
i
Fig. 2.2

e The distance between the end of the strip and B is L, as shown in Fig. 2.2.

Measure and record L.
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(ii) e Place cylinder A on the line on the strip as shown in Fig. 2.3.

cylinder A

: o

/.

Fig. 2.3
e ReleaseA.
e Awill roll down the strip and along the bench until it collides with B.
B will roll and then come to rest as shown in Fig. 2.4.

The distance between B and the end of the strip is [, as shown in Fig. 2.4.

l

6O —

iz

Fig. 2.4

Measure and record 1.

(ili) Estimate the percentage uncertainty in your value of [. Show your working.

percentage uncertainty = .........ccoveeeiiiiiiiiiiii e

(iv) Calculate (1— L)

© UCLES 2020 9702/33/M/J/20
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(c) e Measure and record the diameter D of cylinder C.

e Using cylinder C instead of cylinder A on the wooden strip, repeat (b)(i), (b)(ii) and
(b)(iv).
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(d) Itis suggested that the relationship between [, L, D and d is
(1- L)Y = k(D - d)3
where k is a constant.

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

first value of K = oo

seconNd Value Of K = oo

(ii) Explain whether your results support the suggested relationship.
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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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You may not need to use all of the materials provided.
1 In this experiment, you will investigate the balance of a pivoted rule.
(@) The apparatus has been partially assembled for you.

e Addthe mass M to the apparatus as shown in Fig. 1.1. The mass M should be suspended
approximately 15cm from the nail.

stand
boss
| d | nail |
upper stop i ! metre rule
— N : __l,
| rf] [ > 9|
lower stop — T string
loop ﬂﬂ
syringe
boss
beaker
tray
[ | [ | | )
bench
Fig. 1.1

e The distance between the nail and the string loop attached to M is d, as shown in Fig. 1.1.

Measure and record d.

(b) e Pour water into the syringe until it is full. The rule will tilt until it touches the upper stop.
The water will flow out of the syringe.

e The time between the water level passing the 50cm? mark on the syringe and the rule
losing contact with the upper stop is t.

Measure and record t.
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(c) Change d by moving M. All values of d should be less than 25cm.
Measure d and t. Repeat until you have six sets of values of d and t.

Record your results in a table. Include values of (1_1 and t2 in your table.

[9]
(d) (i) Plota graph of t2 on the y-axis against %1 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]

© UCLES 2020 9702/34/M/J/20
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(e) Itis suggested that the quantities f and d are related by the equation
2_4a
t q +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 amplitude of oscillations of a mass suspended from a
spring.

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

wooden rod ] boss

|
spring /

100g mass hanger

stand

two 100 g slotted masses

bench

Fig. 2.1

e Pull the mass hanger and slotted masses down through a short distance. Release
them so that they oscillate vertically.

e Measure and record the period T of the oscillations.

(ii) Calculate the spring constant k using

472 M
k= 2

where M = 0.300kg.
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Slide the two 100 g slotted masses to the top of the mass hanger as shown in Fig. 2.2.

(b) o
| ==]
two 100g
slotted
masses
[~
[ |
Fig. 2.2
e The height of the slotted masses above the base of the mass hanger is y, as shown in
Fig. 2.2.
Measure and record y.
Y T m [1]
(c) e Drop the two 100g slotted masses. The masses and the mass hanger will oscillate

vertically, as shown in Fig. 2.3.

.
-

Fig. 2.3

© UCLES 2020 9702/34/M/J/20
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e The distance between the lowest and highest positions of the oscillating mass hanger
is H, as shown in Fig. 2.3.

Measure and record H.

L m [2]

(d) Estimate the percentage uncertainty in your value of H. Show your working.

percentage UNCertainty = .........ccccccoiiimmmiimmiimiiiiiiiieeee [1]

(e) Repeat (b) and (c) but this time sliding the two slotted masses approximately half-way up the
mass hanger.

Y T e m
H o e m
(2]

© UCLES 2020 9702/34/M/J/20 [Turn over
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(f) Itis suggested that the relationship between H and y is
H=c\y
where c is a constant.

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

firstvalueof c= ...
second value Of C = ..o
[1]
(ii) Justify the number of significant figures you have given for your values of c.
..................................................................................................................................... [1]
(iii) Explain whether your results in (f)(i) support the suggested relationship.
..................................................................................................................................... [1]
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(g) Theory suggests that an approximate value for the acceleration of free fall g is given by

9=8m

where m = 0.200kg.

Use your value of k from (a)(ii) and your first value of ¢ to calculate g. Include an appropriate
unit.
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(h) (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 will be allowed to work with the apparatus for a maximum of 1 hour for each question.

You should record all your observations in the spaces provided in the question paper as soon as these
observations are made.

e You may use a calculator.
e  You should show all your working and use appropriate units.
INFORMATION

The total mark for this paper is 40.
The number of marks for each question or part question is shown in brackets [ ].
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2
You may not need to use all of the materials provided.
1 In this experiment, you will investigate the motion of a spring and a mass.

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

™ mass hanger

bench

Fig. 1.1

e The distance between the top of the rod of the clamp and the bottom of the mass hanger
is z, as shown in Fig. 1.1.

Measure and record z.

e Add mass m to the mass hanger where m = 0.300kg. Gently lower the mass to stretch
the spring.

e Record the total added mass m (do not include the mass of the hanger).
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e Pull the bottom of the mass hanger horizontally through a short distance.

e Release the mass hanger. The mass hanger and masses will oscillate as shown in
Fig. 1.2.

~_

Fig. 1.2

e Determine the period T of these oscillations.
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(b) By changing the total mass added to the mass hanger, vary m. Measure T and repeat until
you have six sets of values of m and T. Include your values from (a). Do not use m = 0.

2
Record your results in a table. Include values of % and % in your table.

[10]
. T2 . . 1 .

(c) (i) Plota graph of 7 on the y-axis against o 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

2
L:A+B
m m

where A and B are constants.

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

(e) A student repeats the experiment using two springs in series, as shown in Fig. 1.3.

Fig. 1.3
Using two springs connected in series halves the value of the spring constant of the system.

Theory suggests that A is proportional to z and that B is inversely proportional to the spring
constant of the system.

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 a potential divider circuit.

(@) (i) e Connectthe voltmeter across the cell as shown in Fig. 2.1.

O,

Fig. 2.1
e The reading on the voltmeter is the electromotive force (e.m.f.) E of the cell.

Record E.

e Measure and record the diameter d of wire A.

O T
[1]
(ii) Calculate Ed?.
EA? = oo [1]
(iii) Justify the number of significant figures that you have given for your value of Ed?.
..................................................................................................................................... [1]
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(b) (i) You have been provided with a wooden strip with some wire connected between two
nails.

e  Set up the circuit shown in Fig. 2.2.

wooglen wire
strip / nail

\ |

/ 4

©

Fig. 2.2
e C and D are crocodile clips.

Place the clips on wire A so that the length L of wire between C and D is equal to the
length of wire between the two nails.

e Measure and record L.

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

percentage uncertainty =
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(d) e
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Close the switch.

Record the voltmeter reading V.

Open the switch.

Remove the wire between C and D.

Measure and record the diameter d of wire B.

Calculate Ed?.

[1]

Connect length L of wire B between C and D and repeat (c).

9702/35/M/J/20

[Turn over



10

(e) Itis suggested that the relationship between V, E and d is

1_ Kk 1
V Ed? E

where k is 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]
(f) Theory suggests that
k =D?
where D is the diameter of the wire on the wooden strip.
Use your second value of k to calculate a value for D.
D = [1]
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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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