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1

A strip of paper is attached to a small toy car. As the toy car moves, it pulls the strip of paper
through a timer. The timer marks a dot on the paper every 0.020s.

Fig. 1.1 shows a section of the paper strip with the first four dots marked. The first of these dots to
be marked on the paper is labelled A.

éA° . . .%

Fig. 1.1 (full scale)

(@) (i) Tick the box that describes the motion of the car.

acceleration

constant speed

\// deceleration

(ii) Explain your answer. @

@
The distance between the dots is decreasing Q\qual intervals of time showing

that the speed of car is decreasing. & .................................................................
D @

(b) The distance of each dot from A is d. Iédas marked on the strip at time t= 1.000s.

Take measurements from Fig. 1.1 ﬁ\ the space below, draw a table of results for d against t.

distance/m
0.0

6.0
10.0

12.0

[4]
(c) Use your data to calculate the average speed of the car between t=1.000s and = 1.060s.

Use the equation
distance travelled
time taken
12.0-0.0
~ '1.060 - 1.000

12
~ 0.060 =200

average speed = 200 cm /s [1]

average speed =




2 A student investigates the flow of water through a hole in the bottom of a straight-sided plastic
bottle. A small circular hole is drilled in the bottom of the bottle. A scale is drawn on the side of the
bottle, as shown in Fig. 2.1. The bottle is held in a clamp and placed above a sink.

e

sink

Fig. t to scale)

@r moves the bung at the bottom. He starts his stopwatch
the marks on the scale and stops it when the water level
timetres above the base of the bottle. The water level falls a

The student fills the bottle with w
when the water level passes
reaches P, a point which is a

distance h. P 4
g

(a) The time tfor the water level to fall a distance h is measured three times.
When h = 14.0cm, the times measured in seconds are:
354 35.6 35.3

Calculate the average time t_,.

t 35.4 +35.6 + 35.3
av, = 3




(b) The experiment is repeated for a range of values of h. The results are shown in Fig. 2.2.

(c)

(d)

h/cm t.,/s
2.0 6.5
4.0 12.5
6.0 18.4
8.0 23.1

10.0 27.1

12.0 321

14.0 35.4
Fig. 2.2

On Fig. 2.2, add your value for t_, from (a).

On Fig. 2.3, plot a graph of t_ /s on the y-axis against h/ the x-axis.
Start both axes from the or|g|n Draw the smooth curv fit.

The diameter d of the bottle is 10.0cm. The av@ﬂow rate R of water is given by the

equation
R =@

Use your answer to (a) to find the a@ flow rate for h = 14.0cm. Give your answer to two

significant figures. 0
T (10)2 (14)
.? 35 4)
00 " - 31 06

The student increases the diameter of the hole in the bottle and repeats the experiment.

On Fig. 2.3, draw a possible second curve to represent the results you expect from this larger
hole. Label this line S. [1]
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h/cm ——» [4]

Fig. 2.3
(e) Suggest why the student did not measure the time taken for the bottle to empty completely.



3

The lines AB and CD, as shown in Fig. 3.1, represent mirrors. A student traces a ray of light that
reflects off both the mirrors.

Fig. 3.1 <

The student places two optics pins P, and P, on th chat is incident on the mirror AB. The
student places two other optics pins P; and P, on @ after reflection by the mirror CD.

(@) (i) On Fig. 3.1, using the positions of peﬁPz, P, and P,, draw lines to show the path of
the ray through the mirror system@ [1]

& draw these lines.

| drew a line joining the points R and P, and extended

(ii) Describe the steps that yo
With the help of a

it to point Q"%n

*

(iii) State a precaution that you took to ensure that the lines are drawn accurately.

| drew a thin line with the help of a sharp pencil.



(b) The ray meets mirror AB at Q.
On Fig. 3.1,
(i) label Q,
(ii) draw the normal at Q,

(ili) measure the angle of incidence i at Q,

(iv) measure the angle of reflection rat Q.

(3]

(c) Explain how the student could improve the positions of P, and P, to achieve a more accurate
value for the angle r.
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4

A student determines the resistance R of a resistor. Fig. 4.1 shows the circuit used.

(a)
(b)

(c)

(d)

(e)

power supply
O O

meter 1 () ammeter

O voltmeter

meter 2

Fig. 4.1
He uses two meters. In the boxes above, write the names of the meters. [1]

State the quantities that are measured by these meters.

meter 2 measures potential difference . [1]
Fig. 4.2 shows the readings on the meters. O
meter 1 (é&
Fig. 4.2
Record the readings below.
meter 1 .Q:24 A...............
meter2 . L:2.V ) 2]
Use your readings to find the value of the resistance R using the equation
_Vv
=7
_0.24
7.2
= .30 e, [1]

parallax error. 141
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1

A student measures the acceleration of free-fall g. He drops a metal ball from a height of 1.000m
onto the floor, and measures the time t it takes to hit the floor.

Fig. 1.1 shows the ball and a metre rule, held vertically in a clamp.

O

cm

—10

metal ball éo
& 90

r—% 100

©
oQig. 1.1

(@) On Fig. 1.1, draw the posi he ball at its point of release. [1]

+
* S

(b) He repeats the expefim)Id obtains the following five values of t, measured in seconds.
0.65 0.60 0.68 0.59 0.61

(i) Calculate the average value for t. Give your answer to two decimal places.

tav ’



(c) The acceleration due to free-fall g is given by the equation

2h
9=1"2"
tavz
where h=1.000m.
(i) Calculate a value for g. 2 (1.000)
~ (0.63)2
= 5.04

(i) Another student suggests that, to obtain a better value for g, the ball should be dropped
from a height greater than 1.000m.

Explain why this student is correct.




2 A student investigates a series circuit containing two non-identical lamps P and Q. Both lamps
need a working voltage of 2.5 V to be at full brightness.

She sets up the circuit shown in Fig. 2.1.

P Q
(A
QT

()
N\
o o
3V power supply

Fig. 2.1 @
The student adds a voltmeter to the circuit to measure ’t@ntial difference (p.d.) across
lamp P.

(@) (i) On Fig. 2.1, draw the symbol for a voltmeter, ow where it is connected. [1]

(ii) Fig. 2.2 shows the reading on the vc@.

2 -
N

:

Fig. 2.2

State the voltmeter reading V shown on Fig. 2.2.



(b) She measures the p.d. across lamp Q and records the value in Fig. 2.3, together with the
brightness of the lamps.

lamp potential difference / V brightness
P 2.4 bright
Q 0.6 not lit
Fig. 2.3

(i) Add your result from (a)(ii) to the table in Fig. 2.3.

(ii) Fig. 2.4 shows the reading on the ammeter in the circuit of Fig. 2.1.

0.4 0.6

(iii) The student stefgs
results show that t

cause lamp Q is not lit, its filament is broken. Explain how the
atement is incorrect.

Lamp Q is in series with the lamp P. Since lamp P is working, so there must

(iv) Suggest one reason why lamp Q does not glow.

The p.d across lamp Q is too small (0.6 V) to make it glow.



3 Astudent investigates the effect of three different insulating materials on the cooling of hot water
in a beaker.

The following apparatus is available:
+  thermometer
. stopwatch
«  250cm3 glass beaker
«  250cm?3 measuring cylinder
+  cardboard
+  cotton wool
+  cloth
*  boss, clamp and stand
A supply of hot water is also available.
Write a plan for the experiment.
You should:

(a) explain how to carry out the experiment; a diagram is not d, but you may draw one if it
helps to explain your plan, ©

N\
‘O&

,§°
Q°Q0

S 4 .
o4 :’

With the help of a méasuring cylinder, put a fixed quantity of hot water in a beaker



(b) state any quantities that need to be kept constant,

(c) draw a table, with headings, to show how to display the results,

insulating material |temperature drop / T
A
B
C

(\ [1]

(d) explain how the readings can be used to reac clusion.




4 An object is moved between a lamp and a screen. A student investigates how the height of the
shadow cast by the object on the screen changes.

The apparatus is shown in Fig. 4.1.

screen

lamp
object (side view)

\

| e
] | O |
e D=80.0cm‘i—\é !

Fig. 4.1 (not to @;

The object is a square sheet of white card. The'| h of each side is H. The object is attached to
a pin and supported by a cork, as shown in 2.

R i

card

¥»

pin

-

Fig. 4.2 (full size)

A 4
“Je
*

(a) Measure and record the length H as shown in Fig. 4.2.



(b) The screen is placed at a distance D = 80.0cm from the centre of the lamp.

She places the object at a distance d = 70.0cm from the centre of the lamp and observes the
shadow made by the object on the screen. The shadow is shown in Fig. 4.3.

screen

shadow

Fig. 4.3 (full size) e

(i) Measure and record the length h of the shadow s in Fig. 4.3.

(i) Suggest why it would be difficult to

The shadow has not distinct e



(c) She repeats the procedure for values of d of 60.0cm, 55.0cm, 45.0cm, 30.0cm and 25.0cm.
Her results are recorded in the table of Fig. 4.4.

d/cm h/cm
70.0 2.3
60.0 2.7
55.0 2.9
45.0 3.6
30.0 5.3
25.0 6.4
Fig. 4.4

(i) Add your value of h from (b)(i) to the table in Fig. 4.4.

(ii) On Fig. 4.5, plot a graph of h/cm on the y-axis agains on the x-axis.
Start both axes from the origin. Draw the smooth cu est fit.

N\
o
o"’*&
>
Q
Q@

n 4 continues on page 12.




9.0

8.0

7.0

6.0

5.0

4.0

h/cm

3.0

2.0

1.0

4

10

20 30

d/cm ———»

40

Fig. 4.5

50

60

70

80

(4]



(d) (i) Use your graph to find h,,, the value of h when the object is 40.0cm from the centre of
the lamp.

(i) The student suggests that the value of h,, is related to the length H of the object by the
equation

hyo = 2H.

Calculate the length H of the object using this equation.

(iii) Compare the value for H calculated in (d)(ii) with the value that you measured in (a).

State whether your results support the student’s suggestion and justify your answer by
reference to the results.

statement .Yes,..my. results. suppart.. the. student's. sudge

h \

justification ....7....02 o L LR _ ettt M st oS

midway between lamp and screen. @&

() (i) Extend your graph to predict the Ien@ , of the shadow when d'=20.0cm.

0 Rop = 8 cm [1]

(ii) The student suggests @dlstance d should not be less than 10.0cm. Give one
reason why thisis a s suggestion.

The size of ;tk?

ecomes too large to fit on the screen.

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

(f) D was kept constant throughout the investigation. Suggest why.
D was kept constant in order to make it a fair test. .
............................................................................................................................................... [1]
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1

A student finds the mass of a table-tennis ball using a top-pan balance, as shown in Fig. 1.1. The

top-pan balance reads to the nearest gram.

*

top-pan balance —__ [

Fig. 1.1
(@) The mass of the ball is about 2.5g.

Suggest a reason why placing the ball on the top-pan balance does not give an accurate
value for the mass of the ball.

.............................................................................................. @ ®[1]

(b) The student uses ten identical balls and a glass beak‘@bld them, as shown in Fig. 1.2.

....................................................................... [y s



2

A student investigates how high a table-tennis ball bounces. He drops the ball from a height of
60cm onto a tiled floor, as shown in Fig. 2.1. He records the height h of the bounce using a metre
rule with millimetre divisions.

5'1 00

‘ 81 =90
80 P80

70

table-tennis ball -20
-1 0 iled floor

petri dish\t

Fig. 2.1 ‘é?‘

(@) The ball is placed near the metre rule so that@ released, it falls 60 cm before it hits the
floor.

On Fig. 2.1, draw the ball in its startingégifon. [1]

(b) Before recording any values for tbﬂ]ht of the bounce, the student performs a trial drop.

Suggest a reason for doin ial drop.

(c) He drops the ball five times from 60 cm and records the following values of h.
40cm 39cm 40cm 42cm 40cm

(i) Suggest a reason why h is recorded to the nearest cm.

h is recorded to the nearest cm because it is not possible to measure the exact

(i) Calculate the average bounce height h_ . Give your answer to the nearest centimetre.

_ 40 + 39 + 40 + 42 + 40
hav_ 5 :40.2




(d) The student extends the investigation to find the average bounce height h,_, from other drop
heights H. Fig. 2.2 shows the results obtained.

drop height H/cm bounce height h,,/cm
60 40
100 56
140 74
180 86
220 94
260 96
Fig. 2.2

(i) On Fig. 2.2, add your value of h,, at H=60cm.

(ii) To get the larger values of H, the student changes i&ratus and method. Suggest
how he does this. A

(iii) On Fig. 2.3, plot a gra
axes from (0,0). Dra

.,/ CM on the y-axis against H/cm on the x-axis. Start your
oth curve of best fit.

S 4
(e) (i) The student does n any readings of h,, for H less than 60cm.

Suggest why these readings are difficult to take.

These readings are difficult to take as bouncing occurs too close to the floor and

(i) Use your graph to estimate the value of h,, when His 40cm.



100 »

\

90 y.d

80 A

70

N\

60 ve

50

~

40

hav/ cm

30 I

S~

~

T ——)

20 :

——

10 :

0 50 100 150 200 250 300 350
38 H/cm——» [4]

Fig. 2.3



3

Fig. 3.1 shows a thermistor. A thermistor is a type of resistor whose resistance is affected by
changes in temperature.

connecting wires

thermistor

Fig. 3.1

Fig. 3.2 shows a partially completed circuit.

5V

1000 Q ®

A ; B \

Fig. @®

(a) The thermistor is connected between in the circuit.
On Fig. 3.2, draw the correct circ&bol for the thermistor between A and B. [1]
(b) The thermistor is at room ature and the reading on the voltmeter is shown in Fig. 3.3.

A 4
“Je
*

~N

\

Fig. 3.3

(i) State the reading V on the voltmeter.



(ii)

(iif)

(iv)

The student then records the reading on the voltmeter when the thermistor is at a steady
temperature of 0°C.

Suggest how she can reduce the temperature of the thermistor from room temperature
to 0°C in the laboratory.

She can place the thermister in a beaker of melting ice.

At 0°C, the reading V on the voltmeter is 1.8 V.

The resistance R of the thermistor, measured in ohms, can be found using

5000
R= Vv 1000.

Calculate R at room temperature and at 0°C. Give both a ers to 2 significant figures.

at room temperature, R = . 3@ ..............................................
at om,@....@..@ ................................................
[2]

Use your results to state how the resi taﬁf'{he thermistor changes with temperature.

As temperature decreases, the istance of thermistor icreases.




4

In Fig. 4.1, AB represents a converging lens. An object PQ is placed with end Q on the principal
axis ST of the lens.

y
B

Fig. 4.1 (full scale)

(@) The point F is a focal point (principal focus) of the lens.

Measure the focal length of the lens.

(b) (i) Draw aline from P, parallel to ST, to meet the lens AB at point C. Label C. [1]

(ii) Explain how you ensured that this line is parallel to ST.

Using set squares, measure the length PQ with its other edge along the line ST.



(c) Draw a straight line from F to C and extend this line until it meets the dotted line at point R.
Label R. (1]

(d) Measure the angle 6 between the lines RC and CP.

= .23 C e [1]
(e) Determine the length Lin centimetres where
_22
sin@’
[= .28 M e, [1]

(f) Theory suggests that lis equal to the distance CF.

Measure CF and comment on the extent to which your results agree with the theory.

results
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A student investigates the period of a simple pendulum. The period T is the time taken for one
complete oscillation of the pendulum.

She sets up the pendulum with its point of support a fixed height above the surface of the bench.
She does not change this height, or the position of the clamp during the investigation.

A scale diagram of her experimental set-up is shown in Fig. 1.1.

~

/ clamp

point of support

pendulum bob
é\
I
Fig. 1@@
(@) (i) Measure the distance D on Fig. 1. e nearest millimetre. Record your result.

OQ D= A0 e cm [1]

f one-tenth full size.

(i) Fig. 1.1is drawnto a

Write down the’%:t ht H of the point of support above the bench.



(b) She adjusts the length of the thread until the height h of the centre of the bob above the
bench is 15.0cm. She gives the ball a small sideways displacement and releases it so that it
oscillates. She records the time for 20 oscillations in the table in Fig. 1.2.

hicm time for 20/;)scillations T/s 72/82
15.0 22.8 1.14 1.30
20.0 20.8 1.04 1.08
25.0 18.8 0.94 0.88
30.0 16.6 0.83 0.69
40.0 10.6 0.53 0.28

Fig. 1.2

@ ;
She repeats the procedure for heights h of 20.0cm, 2 & 30.0cm and 40.0cm.

readings. @
(i) Complete the table in Fig. 1.2. o (1]

(ii) Explain why measuring the tin’Qr 20 oscillations, rather than for 1 oscillation, gives a
more accurate value for T,

She uses her results to calculate the period& ne oscillation and T2 for each set of




(¢) () On Fig. 1.3, plot a graph of T2/s? on the y-axis against h/cm on the x-axis.

Start your axes from the origin (0,0). Draw the straight line of best fit.

2.0

pd
yd

//

1.8 N

1.6

1.2

P4

1.0 ' RN

0.8

2 2 . :
T2/s ”’g} N
& N
0.6 N

0.4

l,‘

//

0.2

0 5 10 15 20 25 30 35 40
h/cm ———»

Fig. 1.3 [4]



(ii) Extend your line so that it cuts the y-axis.

State the value of the intercept ¢ on the y-axis.

(iii) Calculate the gradient m of your line. Show your working and indicate on your graph the

values you use to calculate the gradient.

1.95 - 0.28
0 - 40

= -0.04175

(d) Theory suggests that H is given by the equation
_C
H= m

Use this equation to calculate H.

H = 1.95 o’b

0.04175

46 7Q0Q0

(e) Compare your measpJ

H= . A6.7 oo, cm [1]

for H from (a)(ii) with your result in (d).

State whether the two values agree with each other and justify your answer.



2

A student investigates the effect of insulation on the rate of cooling of hot water in a beaker.

He pours 250cm? of hot water into a beaker and places a thermometer in the water, as shown in

Fig. 2.1.
=[”]=[DJ=

beaker

water

Fig. 2.1
He waits for a short time. He then starts a stopwatch as he rec e temperature 6 of the hot
water. This is at time t = 0.
©
Fig. 2.2 shows the thermometer at t = 0. *\

Fig. 2.2
(@) (i) Read the thermometer and record the temperature 6.

(ii) Explain why the student waits a short time before recording the temperature of the water
att=0.



(b) The student records the temperature of the water in the beaker after 3.0 minutes.

He then pours 250 cm? of hot water into an identical beaker that is insulated with cotton wool,
as shown in Fig. 2.3. He repeats the procedure.

f—r

cotton wool insulation

water

&

Fig. 2.3

®,

His results are shown in the table in Fig. 2.4. QQ

without insulation with insulation

time t/.s...... temperature temperature 6/.°C....

0 85

180

03 75 75
K. 3

. } Fig. 2.4
eadings in the table in Fig. 2.4. (1]

(i) Complete the colu

(i) Add your value of @in (a)(i) to the table in Fig. 2.4.

(iii) State whether the insulation has any significant effect on the rate of cooling in the first
3.0 minutes.

Justify your answer by reference to the results.
statement .Yes; the insulation has a significant effect on the rate of cooling in the first 3.0 minutes

justification In the absence of insulation the temperature is dropped by 13 °C while in the

presence of insulation the temperature is dropped by 10 °C. [1]



(c) (i) Initially, the main cause of heat loss from the beaker is evaporation.

Suggest how the student can reduce heat loss by evaporation.

The student can reduce the heat loss by evaporation by covering the beaker

(ii) State one other modification to the apparatus in Fig. 2.3 that reduces further the loss of
heat.

The bottem of the beaker can also be made insulated using cotton.

(d) State one quantity that is kept constant to make a fair comparison between the rate of cooling
of the two beakers.

The volume of hot water should be kept the same. [1]




3

A student measures the refractive index of the material of a transparent block ABCD by tracing the
path of a ray of light through it.

The experiment is set up as shown in Fig. 3.1.

ray box

—— transparent
block

Fig. 3.1



(a) She directs a ray of light PQ from the ray box on to side AB of the block.

(i) On Fig. 3.1, draw a normal to side AB at point Q. Extend the normal so that it crosses
side CD. Label the point at which the normal crosses CD with the letter R. [1]

(ii) Measure the angle of incidence « of the ray PQ on side AB.
(b) She marks, with crosses, two points on the emergent ray from CD, as shown on Fig. 3.1.

* On Fig. 3.1 draw a line joining the two crosses and continue this line until it meets QR.

*  Label the point where the line crosses CD with the letter S and the point where it crosses
QR with the letter T.

*  Draw a straight line from Q to S.

(i) Measure the length x of QS.

(ii) Measure the length y of ST.
ydi :pcm ........................................
N 2]
(c) The refractive index n of the material of the blo iven by the equation

P
<

.QQ? 53
A )

Calculate n.



A student investigates how the resistance of a wire depends upon its length.

He uses the equation

R= potential difference V

resistance
current I

The following apparatus is available:

*  power supply

e ammeter

e  voltmeter

*  switch

*  connecting leads and crocodile clips
* alength of resistance wire

*  metrerule

*  wire cutters.

Write a plan for the investigation. &e

(a) Draw a circuit diagram in the space below.

. 4
* ;’

*

(2]

(b) Explain briefly how the student carries out the investigation.

The student can measure the potential difference V across the wire using voltmeter



(c) Explain how the student can use the readings to reach a conclusion.
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