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You may not need to use all of the materials provided.
1 In this experiment, you will determine the resistance of an unknown resistor.

You have been supplied with a chain of eight resistors, as shown in Fig. 1.1.

f—<|—-—||—-—||—-—||—o—||—o—||—o—||—o—|>—ci

terminal terminal
Fig. 1.1

Connection to one or more of the resistors can be made by attaching a crocodile clip between
individual resistors.

The resistance of each individual resistor is 1000 Q.

The formula for the total resistance R of resistors in series is

R=R +R,+R, + ...
(@) (i) Set up the circuitin Fig. 1.2, with resistor X in the position shown.

d.c. power supply
o) o

— — — — — — o
crocodile

meter

metre rule resistance
wire

crocodile

A
Y
A
\/

Fig. 1.2

Only the first resistor in the chain is included in the circuit. This has resistance R of
1000 Q.

(ii) Place Z on the resistance wire and move Z until the meter reading is zero.

Measure and record lengths a and b.

For
Examiner’s
Use
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For
Examiner’s
Use

(b) Vary R by adjusting the position of Y on the chain of resistors.
Repeat (a)(ii) until you have six sets of readings of R, a and b.

Include values of % in your table of results.

(c) (i) Plota graph of % on the y-axis against R on the x-axis.
(ii) Draw the straight line of best fit.

(iii) Determine the gradient of this line.

gradient = .........cccciiiiiinee

© UCLES 2010 9702/31/0/N/10
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(d) The quantities a, b and R are related by the equation Exa;‘?;er,s
X Use

a_X
b R
where X is the resistance of resistor X.

Use your answer in (c)(iii) to determine the value of X.
Give an appropriate unit.

X =

(e) Using your graph, determine the value of R that would be needed for the lengths a and b
to be equal to each other.

© UCLES 2010 9702/31/0/N/10
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You may not need to use all of the materials provided.

2 In this experiment, you will investigate how the motion of two masses connected by a string
passing over a pulley depends on the difference between the two masses.

(@) Set up the apparatus with the pulley supported by the clamp. One possible way of doing
this is shown in Fig. 2.1.

pulley
string —|
\ /)
mass A
9
mass B
\@ tray

floor

Fig. 2.1

Using the masses and hangers provided, make both the mass m, of A and the mass m,
of B equal to 100g. It must be possible to transfer masses from B to A.

(b) Adjust the position of the apparatus so that the masses and pulley overhang the bench.

© UCLES 2010 9702/31/0/N/10 [Turn over
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(c) (i) Adjust the height of the apparatus so that the distance h between the bottom of
mass A and the floor is approximately 1 metre, as shown in Fig. 2.2.

(i)

(d) (i)
(i)

(iii)

© UCLES 2010

)

N—]

/ / "~ floor

Fig. 2.2

Measure and record h.

Transfer 10 g from mass B to mass A.

Record the mass m, of mass A and the mass m, of mass B.
Calculate the difference in mass (m, — m,).

Release mass A from height h as recorded in (c)(ii) and determine the time t it takes

to reach the floor.

9702/31/0/N/10
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(e) Estimate the percentage uncertainty in your value of t.

percentage uncertainty = ..........ccccoe e,

(f) Transfer another 10g from mass B to mass A and repeat (d)(ii) and (d)(iii).

(9) Itis suggested that the relationship between (m, —m_) and tis

(m,—my) = t_k2
where k is a constant.

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

firstvalue of K= ..o

second value of K= ...ooovieiieieeeee,

© UCLES 2010 9702/31/0/N/10 [Turn over
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(ii) Justify the number of significant figures that you have given for your values of k.

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

© UCLES 2010 9702/31/0/N/10
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(h) (i) Describe foursources of uncertainty or limitations of the procedure in this experiment. Exa;%er,s
Use
PSP
2 et eeeee e e e e e aae—eeeeeee e e e e n—ateteeeeeeaaaannaaereeaeeeeaaannraeeeeeeaann
USSP
Qe e e e eeeeeeeee e e e e atteeeeeeee e e e naa—teeteeeeeaaannteeeeeeeeeeaannnraeeeeeeaanns

(ii) Describe fourimprovements 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 In this experiment, you will investigate how the motion of a pendulum bob is affected by the
height of the bob above the bench.

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

7 7 Yz "~/ bench
Fig. 1.1

The distance h from the point of suspension to the bench should be as large as
possible.

The distance x between the centre of the bob and the bench should be approximately
5cm.

(ii) Measure and record distance h.

Throughout this experiment, do not change the distance h.

(iii) Measure and record distance x.

© UCLES 2010 9702/33/0/N/10
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For
Examiner’s
Use

(b) Displace the bob a small distance to the left. Release the bob and watch the movement.

The time the bob takes for each complete swing, first to the right and then back to the
left, as shown in Fig. 1.2, is T.

Fig. 1.2

By timing several of these complete swings, determine an accurate value of T.

© UCLES 2010 9702/33/0/N/10 [Turn over
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(c) Keeping h constant, change x and repeat (a)(iii) and (b) until you have six sets of values Exa;‘?;er,s
for x and T. Include values for T2 in your table of results. Use

(d) (i) Plot a graph of T2 on the y-axis against x on the x-axis.
(ii) Draw the straight line of best fit.

(iii) Determine the gradient and y-intercept of this line of best fit.

gradient = .........cccciiiiiiee

y-intercept = ...

© UCLES 2010 9702/33/0/N/10
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(e) The quantities T and x are related by the equation
T2=A-Bx
where A and B are constants.
A

Use your answers to (d)(iii) to determine the value of B

Give an appropriate unit.

© UCLES 2010 9702/33/0/N/10
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You may not need to use all of the materials provided.

2 In this experiment, you will investigate how the potential difference across a current-carrying
wire depends on its diameter.

(@) Measure and record the diameter d of wire A.

(b) Connect the circuit shown in Fig. 2.1. The wire A should be connected into the circuit
using crocodile clips placed close to the ends of the wire.

O ﬁ
o
crocodile clip

crocodile clip wire A

O

Fig. 2.1

(c) (i) Measure and record the length L of wire between the crocodile clips.

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

percentage uncertainty = ...........ccceeeeviiiiieeeenn,

For
Examiner’s
Use
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(d) (i) Close the switch. Adjust the variable resistor until the current is close to 90 mA. Exa;‘?;er,s
Record this current I. Use
I= e,
(ii) Record the voltmeter reading V and then open the switch.
Vo=
(e) Measure and record the diameter d of wire B.
A=

(f) (i) In the circuit, replace wire A with wire B, maintaining the same length L of wire
between the crocodile clips as in (c)(i).

(ii) Close the switch. Adjust I to the same value as in (d)(i). Record V and then open the
switch.

(g) Itis suggested that the relationship between V, L and d is

_ kL

V_ d2

where k is a constant.

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

value of Kforwire A= ..o,

value of kforwire B = .....cooviiiiiiiiiiieien .

© UCLES 2010 9702/33/0/N/10
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(ii) Justify the number of significant figures that you have given for your values of k.

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

Question 2 continues on the next page.
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(h) (i) Describe foursources of uncertainty or limitations of the procedure in this experiment. Exa;‘?;er,s
Use
e ettt e ettt e e e e e et e eeeeee e e e —eeeteeeeeeeeannaaeetteeeeeeaannnneeeaeeeeeaaannrneeeeeaanns
2 e eeeeee e e e e aae—teeeeeeeeeaan—aeeteeteeeeaaannteaeteaeeeeeaannrneeeeeeaanns
USSP
G e et e e e eeeteeeeeeeeaaa—eeeeeeeeeeeaaaatteeteeeeeeaanntaeteaeeeeeaannnrneeeeeeaanns

(ii) Describe fourimprovements 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 equilibrium position of a metre rule that is balanced
on a curved surface.

(@) Mount the cylinder provided on its side on the board, wedging it with modelling clay, as
shown in Fig. 1.1. If the cylinder has a lip, this should hang over the edge of the board,
as shown.

sandpaper strip

modelling
clay

board

|ip —

Fig. 1.1 (side view)

Note that the sandpaper strip is on the top of the cylinder.

(b) One of the metre rules has a cotton loop, fixed at the 65 cm mark. Balance this metre rule
on the sandpaper strip so that it is parallel to the bench, as shown in Fig. 1.2.

metre rule
_____ | / \ ( 1l _____
h, Q k cotton h,
loop
[ [

/ / / / / / 2

bench
modelling board
clay

Fig. 1.2 (end view)

(c) Measure and record the heights h, and h, from the bench to the bottom of each end of
the metre rule (see Fig. 1.2).

For
Examiner’s
Use
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For
Examiner’s
Use

(d) (i) Open out three paperclips as shown in Fig. 1.3.

Fig. 1.3

(ii) Hang the three paperclips from the cotton loop and measure and record h, and h,.

(iii) In (ii), the number n of paperclips was 3.
Now increase n and measure h, and h, again until you have six sets of values
for n, h, and h,. 1 1

Include in your table of results values for ——— and —.
y (h,—h) 3% n

(e) (i) Plota graph of ( on the y-axis against %on the x-axis.

1
h,—h,)
(ii) Draw the straight line of best fit.

(iii) Determine the gradient and y-intercept of this line.

gradient = ........ccooiiiiiiiiiiieee

y-intercept = ...

© UCLES 2010 9702/34/0/N/10
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(f) Itis suggested that the relationship between h,, h, and n is Exa;‘?;er,s
1 a Use
- ==+ b
(h1 - hz) n

where a and b are constants.

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

© UCLES 2010 9702/34/0/N/10
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. . For
You may not need to use all of the materials provided. Examiner’s

Use
2 In this experiment, you will investigate water flow through a hole in a container.

You are provided with a transparent plastic bottle with a small hole drilled in its base and with
labels marking two positions P and Q.

The apparatus has been set up for you as shown in Fig. 2.1.

clamp

labels

=Pi—
:

\VaVe

. |Ea

|-

beaker
of water
tray
L -

Fig. 2.1

(@) (i) Remove the bottle from the clamp and measure the diameter d of the bottle at
position Q.

(ii) Calculate the cross-sectional area A of the bottle at position Q, using the relationship

_ nd?
A= T

© UCLES 2010 9702/34/0/N/10
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For
Examiner’s
Use

(b) On the label at position Q, there are two horizontal lines, as shown in Fig. 2.2.

(i) Measure and record the distance x between the lines at position Q.

(ii) Estimate the percentage uncertainty in x.

percentage uncertainty = ...........ccccooeeveieennnnn.

(c) (i) Calculate the volume V of the bottle between the lines at position Q using the
relationship V = Ax.

(ii) Measure and record the distance h between the base of the bottle and the lower line
at position Q.

(d) (i) Locate the small hole in the base of the bottle.

(ii) Replace the bottle in the clamp as in Fig. 2.1.
Cover the hole in the base of the bottle with your finger and then add water to the
bottle so that the water level is just above the lines at position Q.
Replace the beaker under the bottle.

(iii) Remove your finger so that water flows into the beaker and measure the time it
takes for the water level to drop between the two lines at position Q.
Record this time t.

v alculate the 1low rate X, using the relationsnip = —. Glve an appropriate unit.
(iv) Calculate the flow rate R, using the relationship R = ¥. Gi iate unit

© UCLES 2010 9702/34/0/N/10 [Turn over
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(e) (i) Remove the bottle from the clamp and repeat (b)(i) and (c) for the lines at Exa;‘?;er,s
position P, using your value of cross-sectional area from (a)(ii). Use

X T e cm
V= e cm?
h= cm
(ii) Repeat (d) for the lines at position P.
b= S
R = e

(f) (i) Itis suggested that the relationship between R and h is
R = kh
where K is a constant.

Using your data, calculate two values of k.

k for position Q = ...

kfor position P = .......ccccocvvinvininiiniiinns

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

© UCLES 2010 9702/34/0/N/10



1

(g) (i) Describe foursources of uncertainty or limitations of the procedure in this experiment. Exa;%er,s
Use
RSP
2 e eeeeeeee e e e e aae—eteeeeeee e e n—aeeteeeeeeeaa e nnaaetetaeeeeaaannrneeeeeaaann
USSP
Qe e e e e eeeeeeeeeeeea e a—teeeeeeee e e e e aa—teeeeeeeeaaanntaeeeaeeeeeaannnraeeeeeeaanns

(ii) Describe fourimprovements 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 In this experiment, you will determine the resistivity of a metal in the form of a wire.

(@) (i) Measure and record the diameter d of the short sample of wire that is attached to the

card. You may remove the wire from the card.

(ii) Calculate the cross-sectional area A of the wire using the formula

_ nd?
A=T

+ —
o o
R
metre rule wire
Y /
X o
Fig. 1.1

(ii) Position the crocodile clip labelled ‘Y’ half-way along the wire.

(iii) Measure and record the distance x of wire between the two crocodile clips, and the

ammeter reading I.

© UCLES 2010 9702/35/0/N/10
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(c) Change x and repeat (b)(iii) until you have six sets of readings of x and I.

Include values of % in your table.

(d) (i) Plota graph of % on the y-axis against x on the x-axis.

(ii) Draw the straight line of best fit.

(iii) Determine the gradient and y-intercept of this line.

gradient= .......cccoiviiiiiiiiiieeee,

y-intercept = ...

© UCLES 2010 9702/35/0/N/10
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(e) The quantities I and x are related by the equation N
’ Use
T =Mx+ N
where M and N are constants and
M_ P
N AR

where p is the resistivity of the material of the wire and the resistance R of the fixed
resistor is given on a card.

Use your answers in (a)(ii) and (d)(iii) to determine a value for p.

© UCLES 2010 9702/35/0/N/10



7

For
Examiner’s
Use

You may not need to use all of the materials provided.
2 In this experiment, you will investigate the equilibrium of a wooden strip.

(@) (i) Attach masses to the apparatus as shown in Fig. 2.1.

X
— i
I o« o
string strip
) string—__|
mass A ,>
60g
mass B
50¢g
[ [

% % ~. bench

Fig. 2.1

Mass A is suspended from the wooden strip using the loop of string. The distance
between this loop and the nearest end of the wooden strip is x.

(ii) Change x until the wooden strip is balanced and approximately parallel to the bench.
Measure and record x.

© UCLES 2010 9702/35/0/N/10 [Turn over
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(b) (i) Remove both masses. Thread the string for mass B over the pulley, and then attach Exa;‘?;er,s
the masses again, as shown in Fig. 2.2. Use
X
—_—

-~ i -

[ ]
mass A
m

Fig. 2.2

(ii) Transfer 10g from mass A to mass B.

(iii) With x at the same value as in (a)(ii), adjust the position of the pulley until the
wooden strip is parallel to the bench.
Measure and record the angle 6 that the string for mass B makes with the vertical,
as shown in Fig. 2.2.

(iv) Estimate the percentage uncertainty in your value of 6.

percentage uncertainty = ...........ccccoeeveeieenennn.

© UCLES 2010 9702/35/0/N/10
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(v) Record the mass m of mass A and the mass M of mass B. Exa;(l)'/,;er’s
Use
M= e
M= e
. m

(vi) Calculate W
m_
e

O = e
I
M= e
m_
P
(d) Itis suggested that the relationship between m, M and 0 is
cosf = k1
M
where k is a constant.
(i) Using your data, calculate two values of k.
firstvalue of k= = ...
second value of k= = .......cccccvvvinniinniinninnns

© UCLES 2010 9702/35/0/N/10 [Turn over
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(ii) Justify the number of significant figures that you have given for your values of k.

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

© UCLES 2010 9702/35/0/N/10
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(e) (i) Describe foursources of uncertainty or limitations of the procedure in this experiment. Exa;%er,s
Use
PSP
2 et eeeee e e e e e aae—eeeeeee e e e e n—ateteeeeeeaaaannaaereeaeeeeaaannraeeeeeeaann
USSP
Qe e e e eeeeeeeee e e e e atteeeeeeee e e e naa—teeteeeeeaaannteeeeeeeeeeaannnraeeeeeeaanns

(ii) Describe fourimprovements 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 In this experiment, you will investigate the equilibrium position of a flat board.

(@) The board is suspended from a nail as in Fig. 1.1. Check that the board can swing freely.

retort stand

nail held
in boss
\O ___—board

(@]
(@]
(@]
o
9 | ——holes
o

_A-k _______ : : _______ A_

:: l =:
h1 hz
\ | | A
e "/ bench
Fig. 1.1

(b) Measure the heights h, and h, of the two lower corners of the board above the bench.

If necessary, add a small amount of Blu-Tack to the top edge of the board so that the two
heights are the same (i.e. so that the lower edge of the board is parallel to the bench).

(c) Measure and record the length [ of the lower edge of the board.
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(d) Us||:ng t1h; wire hook, attach the 150 g mass to the top hole in the board, as shown Exa;%er’s
Inrig. 1.z. Use

@ set
square
|

e e d d 7/ / benCh

Fig. 1.2

The distance d is measured from the top edge of the board to the hole with the hook in
it. The angle @ is the angle between the lower edge of the board and the horizontal.

(e) (i) Measure and record h, and h,. You may find it useful to use a set square as shown
in Fig. 1.2.

(ii) Using your answer from (c), calculate 6 (in degrees) using the relationship

h,—h,

ing =
sSin I

(iii) Measure and record d.
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(f) Increase d by moving the hook and 150 g mass to a lower hole in the board, and Exa;‘?;er,s
repeat (e) until you have five sets of readings of h,, h, and d. Use

Include in your table values for 8 and A .
tano

(g) (i) Plota graph of ta1n@ on the y-axis against d on the x-axis.
(ii) Draw the straight line of best fit.

(iii) Determine the gradient and y-intercept of this line.

gradient = .........cccciiiiiinee

y-intercept = ...
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(h) The quantities 6 and d are related by the equation Exa;‘?;er,s
1 Use
tand ad+b

where a and b are constants.

Using your answers from (g)(iii), determine the values of a and b. Give units where
appropriate.
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You may not need to use all of the materials provided.
2 In this experiment, you will investigate the frictional force between strips of paper.

(@) You have been provided with three strips of paper, one of which is shaped, and a wire
hook.

Attach the wire hook to the end of the shaped strip by folding and glueing, as shown in
Fig. 2.1.

Glue together the other two strips over a 4 cm length at one end and clamp this glued end
to the bench.

Position the strips as shown in Fig. 2.1.

clamp

shaped strip
hook

strips
glued here

paper folded
over and glued

Fig. 2.1

(b) (i) You have also been provided with two rubber pencil erasers. Measure the length
and width of the larger eraser and use these to calculate the area A of the largest
face as shown in Fig. 2.2.

Fig. 2.2
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. . . F
(c) (i) Place the larger rubber pencil eraser on top of the paper strips and balance Exam?';er’s
the 500g mass on top of the eraser, as shown in Fig. 2.3. Use
(ii) Attach the newton-meter to the hook and lay it horizontally on the bench as shown
in Fig. 2.3. Check that it reads zero (adjust the zero if necessary).
500g mass
newton-meter
hook
eraser
P Nc
Fig. 2.3
(d) (i) Pullthe newton-meter until the middle paper strip starts to slide. Take measurements
to determine the average force F that just makes the strip slide. Show your working.
F o=,
(ii) By considering the measurements that you took in (i), estimate the uncertainty in
your value of F.
uncertainty = ... N
[Turn over
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(e) Repeat (b)(i), (c) and (d)(i) but using the smaller piece of rubber eraser. Exa;‘?;e,,s
Use
length = ..o,
WIdth = oo
AT e
F o=

(f) Itis suggested that F remains constant when A is changed.
Using your answer in (d)(ii), explain whether your results support the suggested
relationship.
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(g) (i) Describe foursources of uncertainty or limitations of the procedure in this experiment. Exa;%er,s
Use
PSP
2 et eeeee e e e e e aae—eeeeeee e e e e n—ateteeeeeeaaaannaaereeaeeeeaaannraeeeeeeaann
USSP
Qe e e e eeeeeeeee e e e e atteeeeeeee e e e naa—teeteeeeeaaannteeeeeeeeeeaannnraeeeeeeaanns

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