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3
You may not need to use all of the materials provided.
1 Inthis experiment, you will investigate the motion of a system of masses.
(a) Set up the apparatus as shown in Fig. 1.1, with the shorter length of string above the
central loop and the longer length of string below the central loop.

Place four slotted masses in the bottom loop and four slotted masses in the
central loop.

rod of clamp

shorter length of string — | boss

@

— four slotted masses in the central loop

longer length of string —

(

| stand

four slotted masses in the bottom loop

| —

bench

Fig. 1.1
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4
(b) Move the slotted masses in the bottom loop to the left.
Release the slotted masses and watch the movement.

The slotted masses will move to the right and then to the left again, completing a swing
as shown in Fig. 1.2.

one
complete
swing

Y

Fig. 1.2
Measure and record the time for at least 10 complete swings.

Record enough readings to determine an accurate value for the time T taken for one
complete swing.

© UCLES 2014 9702/31/0/N/14
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(c) Change the number of slotted masses in each loop. Use all the eight slotted masses.

(i) Count and record the number B of slotted masses in the bottom loop.

(iii) Repeat (b).

© UCLES 2014 9702/31/0/N/14 [Turn over
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(d) Repeat (c) until you have six sets of values of B, C and T. Include your results from (b)
and (c).

For each set of values, use all eight slotted masses.

T2 C .
Include values of B and B in your table.

[10]
, T2 . C .

(e) (i) Plota graph of B on the y-axis against B 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 = ..o
[2]

© UCLES 2014 9702/31/0/N/14
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(f) The quantities T, Band C are related by the equation

2 FC
B=138 *C

where Fand G are constants.

Use your answers in (e)(iii) to determine the values of Fand G.
Give appropriate units.

© UCLES 2014 9702/31/0/N/14
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You may not need to use all of the materials provided.

2 Inthis experiment, you will investigate how the number of turns of wire around a rod depends
on the diameter of the wire.

(a) You have been provided with a wooden rod and two lengths of wire.

(i) Measure and record the diameter D of the rod as shown in Fig. 2.1.

| ). I

Fig. 2.1

(ii) Measure and record the diameter d of the thinner wire.

(iii) Calculate <D + g)

(D+g>= .................................................. [1]

(b) (i) Cutthe thinner wire so that its length is exactly 50.0cm.
(ii) Wrap the thinner wire around the rod.

Count and record the number (n + t) of turns of wire around the rod, where nis the
number of complete turns and tis your estimate of the remaining part of a turn.

© UCLES 2014 9702/31/0/N/14 [Turn over
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(iii) Estimate the percentage uncertainty in your value of (n + t).

percentage uncertainty = ... [1]

(c) Repeat (a)(ii), (a)(iii), (b)(i) and (b)(ii) for the thicker wire.

© UCLES 2014 9702/31/0/N/14
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(d) Itis suggested that the relationship between (n + t), dand D is

)

(n+t)= (D+

Nl

where kis a constant.

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

first value of K= ..o

SeCONd ValUE Of K = oo

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

(iii) Explain whether your results in (d)(i) support the suggested relationship.

© UCLES 2014 9702/31/0/N/14 [Turn over
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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.

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.
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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 ball and rod.

(a) Press the ball of modelling clay onto the end of the wooden rod, as shown in Fig. 1.1.

hook wooden rod ball
Fig. 1.1
(b) (i) Set up the apparatus as shown in Fig. 1.2 with the nail through the hook in the
wooden rod.
hook  nail ~
boss

T T

/wooden rod
/
L

stand

ball

bench

Fig. 1.2

(ii) Measure and record the distance L between the nail and the centre of the ball.

© UCLES 2014 9702/33/0/N/14



(c) Move the bottom of the rod to the left.
Release the rod and watch the movement.

The rod will move to the right and then to the left again, completing a swing as shown in
Fig. 1.3.

one
complete

Fig. 1.3

Measure and record the time for at least 10 swings.
Record enough readings to determine an accurate value for the time T taken for one
complete swing.

© UCLES 2014 9702/33/0/N/14 [Turn over



4

(d) Decrease L by moving the ball along the rod, and repeat (b)(ii) and (c¢) until you have six
sets of values of L and T.

Include values of T2L and L2 in your table.

[10]
(e) (i) Plota graph of T2L 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 = ..o
Y-INErcept = ..o
(2]

© UCLES 2014 9702/33/0/N/14
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(f) The quantities T and L are related by the equation
T°L=Al?+B

where A and B are constants.

Use your answers in (e)(iii) to determine the values of A and B.

Give appropriate units.

© UCLES 2014 9702/33/0/N/14
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You may not need to use all of the materials provided.

In this experiment, you will investigate how the rebound height of a ball from an inclined

board depends on the angle of the board.

(@) (i) You have been provided with a ball and a board.
Place the board on the bench.

Hold the ball above the board as shown in Fig. 2.1.

Move the ball until the height h, of the bottom of the ball above the board is 40cm.

O/ ball before release

h; =40cm

/ ball at maximum height after rebound

-~

board

bench

(ii) Release the ball.

Fig. 2.1

Measure and record the maximum height h, of the ball after rebound.

(iii) Calculate g, where

© UCLES 2014
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(b) (i) Raise the board so that it makes an angle 6 with the bench as shown in Fig. 2.2.

stand
boss
clamp
board
| 0
bench
Fig. 2.2
(ii) Adjust the board until @is in the range 10° to 12°.
Measure and record 6.
B = e 1]
(iii) Calculate cos?(26).
[cos?(26) = cos (26) x cos (20)]
COS?(260) = e [1]
(iv) Justify the number of significant figures that you have given for your value of
cos2(26).
.............................................................................................................................. 1]
© UCLES 2014 9702/33/0/N/14
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(c) (i) Place the large container on its side with its open face towards the board as shown
in Fig. 2.3.

container

40cm NS

Fig. 2.3

(ii) Hold the ball 40cm above the board.

(iii) Release the ball. Watch it bounce at A and follow a curved path before bouncing
into the container.
Measure and record the maximum height h of the ball after rebound, as shown in
Fig. 2.3.

(iv) Estimate the percentage uncertainty in your value of h.

percentage uncertainty = ... [1]

© UCLES 2014 9702/33/0/N/14 [Turn over
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(d) (i) Adjustthe board until @is in the range 20° to 22°.
Measure and record 6.

0 = oo [1]
(i) Repeat (b)(iii), (c)(ii) and (c)(iii).
COSZ(26) = woueeeeeeeeeeeeeeeeee e
D= e,
[2]

© UCLES 2014 9702/33/0/N/14
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(e) Itis suggested that the relationship between h, g and @is
h = kq cos?(26)
where kis 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.

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.
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You may not need to use all of the materials provided.
1 Inthis experiment, you will investigate the refraction of light by a transparent block.

(a) You are provided with a sheet of paper with lines marked as shown in Fig. 1.1.
The sheet is attached to a board.

Stick a pin vertically into the board on the line AB approximately 3cm to the right of A. Stick
another pin vertically into the board at C.

approx.
3cm

- --Y_
o9)

pins

board
)\
C

D

Fig. 1.1 (not to scale)

© UCLES 2014 9702/34/0/N/14 [Turn over
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(b) (i) View the two pins horizontally from the direction shown in Fig. 1.2. Stick the third
pin into the board on the curved line so that it is in line with the first two pins.

A . B
:
C D
third pin~" !
i‘T’
/4 E
/

/

view pins from
this direction

Fig. 1.2 (not to scale)

(ii) Measure and record the perpendicular distance p from the third pin to the line DE,

as shown in Fig. 1.2.

(iii) Remove the third pin from the board.

© UCLES 2014
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(c) (i) Place the semicircular block on the board with its centre mark next to the pin at C,

as shown in Fig. 1.3.

(ii) View the first two pins horizontally from the direction shown in Fig. 1.3. Look at
the bottom of the first pin through the block. Stick the third pin in the board on the

curved line so that it appears to be in line with the first two pins.

centre
mark

curved
line

view pins from
this direction

Fig. 1.3 (not to scale)

(iii) Measure and record the perpendicular distance g from the third pin to the line DE,

as shown in Fig. 1.3.

(iv) Remove the third pin and the block from the board.

© UCLES 2014

9702/34/0/N/14

[Turn over



6
(d) Move the first pin to a different position on the line AB. Repeat (b) and (¢) until you have

six sets of values of pand q.

Include values for % and :) in your table.

[10]
(e) (i) Plota graph of % on the y-axis against :) on the x-axis. 2]
(ii) Draw the straight line of best fit. [1]

(iii) Determine the gradient and y-intercept of this line.
Gradient = ..o
YANtErCept = o s
(2]

© UCLES 2014 9702/34/0/N/14
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(f) The quantities g and p are related by the equation

a(1-b)

q_ +b
p

where a and b are constants.

Using your answers from (e)(iii), determine the values of a and b.

Give units where appropriate.

© UCLES 2014 9702/34/0/N/14
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You may not need to use all of the materials provided.

2 Inthis experiment, you will investigate the relationship between surface area and friction as a
rod is hammered into a container of rice.

(@) You are provided with two pencils labelled P and Q.

(i) Measure and record the distance d between the opposite flat faces of pencil P, as

shown in Fig. 2.1.
EON:

pencil P
Fig. 2.1
A= cm [1]
(ii) Measure and record the length x between the two marks on pencil P, as shown in
Fig. 2.2.
first second
mark mark
< | E
3 Z . -
Fig. 2.2
X S et cm [1]

(ili) Measure and record the length [ along the flat section of the pencil to the first mark,
as shown in Fig. 2.2.

(b) Estimate the percentage uncertainty in your value of L

percentage uncertainty = ..o [1]

© UCLES 2014 9702/34/0/N/14 [Turn over
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(c) Calculate the surface area A of the pencil up to the first mark, using the relationship

A=24/3dl.

(d) (i) Push the sharp end of the pencil vertically into the centre of the container of rice
until the first mark is about 1 cm above the surface of the rice, as shown in Fig. 2.3.

boss /L

stand

hinged
wooden strip

pencil

first mark
R

rice

container

bench

Fig. 2.3

(ii) Position the stand and wooden strip so that the free end of the wooden strip rests on
top of the pencil. Adjust the height of the nail so that the wooden strip is horizontal,

as shown in Fig. 2.3.

(iii) Raise the free end of the wooden strip by 3cm and drop it onto the pencil. Repeat
until the first mark on the pencil is level with the surface of the rice.

(iv) Adjust the height of the nail so that the wooden strip is horizontal again.

(v) Raise the free end of the wooden strip by 3cm and drop it onto the pencil. Repeat
until the second mark on the pencil is level with the surface of the rice, counting the

number n of times the wooden strip is dropped.

© UCLES 2014
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(e) Repeat (a), (c) and (d) using pencil Q.

(f) Itis suggested that the relationship between nand A is
n=kAx
where kis a constant.

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

first Value Of K= e

SECONA VaAlUE Of K = oo

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

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.
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(ii)

© UCLES 2014
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Explain whether your results in (f)(i) support the suggested relationship.

Describe four sources of uncertainty or limitations of the procedure for this
experiment.

Describe four improvements that could be made to this experiment. You may
suggest the use of other apparatus or different procedures.
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You may not need to use all of the materials provided.

1 Inthis experiment, you will investigate the motion of masses suspended from springs.

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

boss rod of clamp

spring

bench

Fig. 1.1
The mass P must be 200g and must remain constant throughout the
experiment.
The mass m should be 250¢.

(ii) Calculate and record (m— P).

© UCLES 2014 9702/35/0/N/14
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(b) (i) Pull both masses down through a short distance.
Release both masses at the same time and watch the movement.
The two masses will move up and down becoming out of step.
After a time the masses will be back in step so that they reach the lowest point
together.

(i) Pull both masses down through a short distance. Release both masses at the same

time.
Start the stopwatch when the masses are back in step and reach the lowest point
together for the first time.

Measure and record the time t taken for the masses to reach their lowest point
together for the sixth time.

© UCLES 2014 9702/35/0/N/14 [Turn over
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(c) Increase m and repeat (a)(ii) and (b)(ii) until you have six sets of readings of mand t.

Include values of # and (m— P) in your table.

[10]
(d) (i) Plota graph of # on the y-axis against (m — P) 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 = ...
YAINEErCePt = oo
(2]

© UCLES 2014 9702/35/0/N/14
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(e) Itis suggested that the quantities t, m and P are related by the equation
E=Um=-P)+V

where U and V are constants.

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

© UCLES 2014 9702/35/0/N/14
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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 cup in water.

(@) You have been provided with two plastic cups labelled C and D.
Cup C has had part of the base removed. Cup D has had all of the base removed.

Measure and record the thickness x of the plastic of the two cups.

(b) (i) Place cup C on the grid below and draw around the hole with the pencil.

Use the grid to determine the area A of the hole in cup C.

1cm?

© UCLES 2014 9702/35/0/N/14 [Turn over
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(ii) Estimate the percentage uncertainty in your value of A.

percentage uncertainty = .......ccccceiiiiiiiii e 1]
(iii) Calculate the volume V of the plastic removed to make the hole, where

V=Ax

© UCLES 2014 9702/35/0/N/14
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(¢) (i) Using tape, attach the mass to cup C, as shown in Fig. 2.1.

cup C

mass

tape

Fig. 2.1

(ii) Hold the cup so that it rests on the surface of the water in the bucket as shown in
Fig.2.2.

water

bucket

Fig. 2.2

© UCLES 2014 9702/35/0/N/14 [Turn over
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(iii) Release the cup and measure the time T for the cup to reach the bottom of the
bucket.

T e [1]
(d) Repeat (b)(i), (b)(iii) and (c) for cup D.

A S e cm?

Vo s

T o e

(3]

© UCLES 2014 9702/35/0/N/14
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(e) Itis suggested that the relationship between T and Vs

T2= K

%
where kis a constant.

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

first value of K= ..o

SeCONd ValUE Of K = oo

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

© UCLES 2014 9702/35/0/N/14 [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.

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.
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2

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

1

In this experiment, you will investigate a network of resistors.

(@) (i) Assemble the circuit of Fig. 1.1.

3V d.c. supply
O oj
metre rule resistance
wire .
\ \ crocodile
\ clip
M
\Y
A B
V —T—— component
holder
Fig. 1.1

(ii) To check that your circuit is correct, close the switch and place the movable contact
M on the resistance wire at the 50cm mark.

Record the voltmeter reading, which should be between 0.3V and 0.7V.

voltmeter reading = .......cccveiiiiiiiiiii 1]

(iii) Open the switch.
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(b) (i) Select one of the resistors labelled with a numerical value and connect it between
the crocodile clips of the component holder. Record the resistance R of your
selected resistor.

—T—— component
holder

Fig. 1.2

(ii) Close the switch. Adjust the position of M on the resistance wire until the voltmeter
reads zero. Measure and record the length las shown in Fig. 1.2.

(iii) Open the switch.
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(c) Repeat (b) using different labelled resistors in the component holder until you have six

sets of values of R and [ Include values of lR and ll in your table.

[10]
(d) (i) Plota graph of ll 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 = ...
yrintercept = ..o
[2]
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(e) The quantities land R are related by the equation

1_a
1_4a,.p
-

where a and b are constants.

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

7

(@) (i) Place the stand in the tray and suspend the empty bottle from the nail, as shown in

Fig.2.1.
Check that the bottle swings freely.
stand—____|]
nail
boss
clamp ¢ J
> <
> <
> <
bottle
tray
\ | . )
bench
Fig. 2.1

(ii) Measure and record the distance L from the base of the bottle to the nail, as shown

in Fig. 2.1.
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(b) (i) Pour water into the bottle until it is approximately half full, as shown in Fig. 2.2.

> <
> <
> <

d
> <
A S

bench

Fig. 2.2

(i) With the bottle hanging vertically, measure and record the distance d from the base
of the bottle to the water surface, as shown in Fig. 2.2.

(iii) Calculate the ratio c using the relationship ¢ ==~ .
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(c) Calculate the value of g using the relationship

(d) (i) Push the base of the bottle approximately 4cm to one side and then release it so
that it swings, as shown in Fig. 2.3.

Ensure that the stand does not fall over when the bottle is swinging.

one complete swing
Fig. 2.3

(ii) Measure and record the total time t for 10 complete swings.

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

percentage uncertainty = ... [1]
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(e) (i) Pour more water into the bottle until it is approximately 34 full.
(i) Repeat (b)(ii), (b)(iii), (c), (d)(i) and (d)(ii).

O = e mm
C o e
= e
Lo e

(3]

(f) Itis suggested that the relationship between t and q is
t2 = kq
where kis a constant.

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

firstvalue of k= ...,
second value of K= . ...
(1]
(ii) Explain whether your results support the suggested relationship.
............................................................................................................................. [1]
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(@) (i)

(ii)

© UCLES 2014
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Describe four sources of uncertainty or limitations of the procedure for this
experiment.

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