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Chapter 1: Length, Time, Mass, Volume, and Density

1 The period of the vertical oscillations of a mass hanging from a spring is known to be
constant.

(a) A student times single oscillations with a stopwatch. In 10 separate measurements, the
stopwatch readings were:

1.8s, 1.9s, 1.7s, 1.9s, 1.8s, 1.8s, 1.9s, 1.7s, 1.8s, 1.8s.

What is the best value obtainable from these readings for the time of one oscillation?
Explain how you arrive at your answer.

o To T Y= | [V OO PO P OO PTROPT
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(b) Describe how, using the same stopwatch, the student can find the period of oscillation
more accurately.

[Total: 5]

2 (c) Explain, in terms of their molecules, why the density of the oil is greater than that of air.
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(b) The density of aluminium is 2.70g/cm3. The thickness of a rectangular sheet of
aluminium foil varies, but is much less than 1 mm.

A student wishes to find the average thickness. She obtains the following measurements.
mass of sheet = 60.7g
length of sheet = 50.0cm
width of sheet = 30.0cm

Calculate the student’s values for
(i) the volume of the sheet,

(if) the average thickness of the sheet.

thickness = ... [2]

(c) Another student, provided with a means of cutting the sheet, decides to find its average
thickness using a single measuring instrument. Assume the surfaces of the sheet are
perfectly smooth.

(i) Name a measuring instrument she could use.

(ii) Describe the procedure she should follow to obtain an accurate value of the
average thickness of the sheet.

Details of how to read the instrument are not required.

More Notes and Topical Past Papers at https://IGCSEexamguru.com



4 An archaeologist digging at an ancient site discovers a spoon.

(b) The archaeologist hopes that, by determining its density, she will be able to identify the
metal.

Describe a method for determining the density of the metal from which the spoon is
made.

5 A student wishes to determine the density of a small, irregularly shaped stone.

(a) With the aid of a labelled diagram, describe an experiment to determine the volume of the
stone.
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(b) (i) State the other quantity, apart from the volume, that must be measured in order to
determine the density.

(c) The student now wishes to determine the volume of a small, irregularly shaped piece of wood
that floats in water. He notices that a small lead weight tied to the wood makes it sink in water.

Describe how the student can adapt the experiment in (a) to determine the volume of the
wood. You may draw a diagram.
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6 A surveyor measures the dimensions of a room of constant height. Fig. 2.1 is a top view of the
room and shows the measurements taken.

6.01m

4.25m

6.75m

3.26m
Fig. 2.1

(a) State an instrument that would be suitable to take these measurements.

7 A student has a large number of coins of different diameters, all made of the same metal. She
wishes to find the density of the metal by a method involving placing the coins in water.

(a) State the formula needed to calculate the density.
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(c) State one precaution taken when carrying out the measurements in (b) to ensure that the
result is as accurate as possible.

.............................................................................................................................................. [1]
[Total: 7]
8 (a) The weight of water in cylinder A is 80kN.
Calculate the mass of water in cylinder A.
_ MASS = i e e e e [2]
(b) The density of water is 1000kg/m?>.
Calculate the volume of water in cylinder A.
VOIUME = Lo [2]

9 A student has 500 identical, rectangular sheets of paper. The mass of 1.0 m? of the paper is
0.080kg.

(a) Using a metre rule, she measures the length of one sheet of paper and its width. The length is
0.300m and the width is 0.210m.

(i) Calculate the mass of one sheet of paper.

(ii) The student makes a single pile of the 500 sheets of paper.
With a metre rule, she measures the height of the pile. The height of the pile is 0.048 m.

Calculate the density of the paper.
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(b) A second student has only 5 sheets of the same type of paper.

Suggest how this student determines the density of the paper to a similar accuracy. Additional
apparatus may be used.

[Total: 6]
10 A student wishes to find the volume of a piece of wood of irregular shape. Her experiment requires
the use of a small brass object of mass 200g.

(a) Calculate the volume of the brass object. The density of brass is 8.4g/cm?®,

VOIUIME = L oiiiiiiiiiiiiiiiiiiniee i eesss s cibnnnes i 2]

(b) To find the volume of the piece of wood, the student has a measuring cylinder, a supply of
water and the brass object in (a). The piece of wood and the brass object are small enough to
be placed in the measuring cylinder.

(i) The piece of wood does not sink in water.

Suggest why.

(ii) Describe what the student does to find the volume of the piece of wood, stating the
measurements that she makes and any calculations required.
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Chapter 2: Motion
1 Fig. 1.1 is a distance/time graph showing the motion of an object.

25
distance/m
15
Fig. 1.1

10

5

44T
0.:71-""’1"“5 1
0 1 2 3 4
time/s

(a) (i) Describe the motion shown for the first 2s, calculating any relevant quantity.

----------------------------------------------------------------------------------------------------------------------------------

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

(2]
(ii) After 2s the object accelerates.
On Fig. 1.1, sketch a possible shape of the graph for the next 2s.
(1]
(b) Describe how a distance/time graph shows an object that is stationary.
..................................................................................................................................... (1]
(c) Fig. 1.2 shows the axes for a speed/time graph.
10
8
speed
m/s g
4 Fig. 1.2
2
0
0 1 2 3 4
On Fig. 1.2, draw time/s

(i) the graph of the motion for the first 2s as shown in Fig. 1.1,

(ii) an extension of the graph for the next 2 s, showing the object accelerating at 2m/s?.
(3]
10
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(d) Describe how a speed/time graph shows an object that is stationary.

------------------------------------------------------------------------------------------------------------------------------------------

2 A girl rides her bicycle along a straight level road. Fig. 2.1 shows a graph of her distance

moved against time.

Fig. 2.1

400

+D

300

distance/m

200

100

A

0 -
0

(a) Describe her motion

(i) fromAtoB,

() fromBtoC,

10

20

30

40 50 60

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

--------------------------------------------------------------------------------------------------------------

() FrOM € 10 D oottt bttt

(b) Calculate

(i) her average speed from A to D,

(i) her maximum speed.

average speed =

maximum speed =

(3]
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3 A brick is dropped from the top of a very tall building as it is being constructed.

Fig. 1.1 is the speed/time graph for the brick as it falls to the ground.

70
60
speed =
m/s 50
40 Bou
30 -+
20
10
0
0 2 4 6 8 10 12 14 16
time/ls
Fig. 1.1
(a) State a time at which the acceleration of the brick is
(i) zero,
Me = [1]
(ii) constant but not zero,
time = L [1]
(iii) not constant.
Me = [1]

(b) Explain in terms of the forces acting on the brick why, between 0 and 14.0s, its speed
varies in the way shown by the graph.

12
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4 Fig. 1.1 shows the graph of speed v against time t for a train as it travels from one station to
the next.

20
L4 \
m/s
101
- \
0
0 20 40 60 80 100 120 140 160
Fig. 1.1 ths
(a) Use Fig. 1.1 to calculate g-1.
(i) the distance between the two stations,
distance =........ccccovviiiiiiciiiiiiiiiieecene. (4]
(if) the acceleration of the train in the first 10s.
acceleration = ... 2]
(b) The mass of the train is 1.1 x 10°kg.
Calculate the resultant force acting on the train in the first 10s.
resUltant force® ®........cccucnucsinssnsisssssnnssssnssssssas (2]
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(c) The force generated by the engine of the train is called the driving force.

Write down, in words, an equation relating the driving force to any other forces acting on
the train during the period t= 10sto t = 130s.

[Total: 9]

5 On a windy day, a parachutist of mass 85kg jumps from an aeroplane.

Fig. 3.1 shows the parachutist falling through the air at a constant vertical velocity of 8.4m/s

downwards.

84ml/s

Fig. 3.1

(a) Distinguish between speed and velocity.

14
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(b) As the parachutist falls, the wind is moving him towards the right of the diagram, at a
horizontal velocity of 6.3m/s.

(i) OnFig. 3.1, draw an arrow to show the horizontal velocity of the parachutist. [1]

(ii) On the grid below, draw a vector diagram to determine graphically the size and
direction of the resultant velocity of the parachutist.

SIZE = e e
direction = ...
(4]
(iii) Calculate the kinetic energy of the parachutist.
KINOUO GNOIYY B ;occccsesessrssemssacsssssssesescssrnisnsasessss (3]
[Total: 9]
15
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6 A train is at rest in a railway station. At time t = 0, the train starts to move forwards with an
increasing speed until it reaches its maximum speed at time t = 48s.

Fig. 1.1 is the speed-time graph for the first 48 s of the journey.

304k THETE T
speed t i - ' ¥ : .. .....
m/s S . : T :

20

101 - e s -

b I <+ < 4 + + 4 ; 1] < < .I é-‘ v + & < 4 4+

0 - T 1] 1]

0 20 40 60 80 100 120

time/s
Fig. 1.1

(a) (i) State how the graph shows that, during the first 48 s of the journey, the acceleration
of the train is constant.

(ii) Calculate the acceleration of the train during the first 48s of the journey.

acceleration = ..o [2]
(b) After time t = 48s, the train continues at its maximum speed for another 72s.

(i) On Fig. 1.1, sketch the speed-time graph for the next 72s of the journey. [1]
(ii) Determine the total distance travelled by the train in the 120s after it starts moving.

distance = ... [3]
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7 Arocket, initially at rest on the ground, accelerates vertically.

It accelerates uniformly until it reaches a speed of 900m/s after 30s.

After this period of uniform acceleration, the rocket engine cuts out. During the next 90s, the

upward speed of the rocket decreases uniformly to zero.

(a) On Fig. 4.1, plot a speed-time graph for the rocket for the first 120s of its flight.
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(b) Using the graph, Fig. 4.1

(i) calculate the acceleration during the first 30s,

T ] —

(ii) determine the height reached by the rocket after 120s.

e ) L —

(4]

2]

...... 2)
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8 (a) Underline the vectors in the following list of quantities.
density energy force mass velocity volume [2]
(b) A small metal ball is projected into the air with a velocity of 40 m/s vertically upwards.

The graph in Fig. 2.1 shows how the velocity changes with time until the ball reaches its
maximum height.

40
velocity
m/s
20 e
0
0 1.0 2.0 3.0 4.0 5.0 6.0
ime/ s
-20
-40
Use the graph to find, Fig. 2.1
(i) the time at which the ball reaches its maximum height,
time = s (1]
(ii) the deceleration of the ball,
ODOBIBTRION B oorieatsisesstossissitistossserssaistimmsaistas (2]
(iii) the maximum height reached by the ball.
IMEETRIN NBERIE ™ .oocoiuaiesscsacnsasassssssencasasossesesassatans (2]

(c) On Fig. 2.1, add a line to the graph to show how the velocity of the ball changes after it
reaches its maximum height. Your line should extend to time 6.0s. (1]

[Total: 8]
18
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9 A school athlete does a sprint training run. Fig. 1.1 shows how her speed varies with time.

8 me= 0H
=
6
speed
m/s

4

2

¢ 2 4 6 8 10

Fig. 1.1 time/s

(a) Explain how the graph in Fig. 1.1 can be used to determine the distance she runs.

(b) Determine her maximum acceleration. Show clearly on the graph how you obtained the
necessary information.

maximum acceleration = ... [4]
(c) She runs a distance of 62m.

Calculate her average speed.

average speed = ... 2]

More Notes and Topical Past Papers at https://IGCSEexamguru.com



10 Fig. 2.1 shows a model fire engine used by a student to take measurements of force and
motion.

model fire engine
containing water tank

forcemeter

Fig. 2.1

The model projects a jet of water forwards. The forcemeter holds the model stationary.
It indicates a force of 0.060N acting on the model.

The forcemeter is now disconnected and the model accelerates to the right at 0.030m/s2.

(a) The back of the model breaks a pair of light beams and the time to pass between them
is measured electronically. The beams are 12mm apart and the second beam is broken
0.080s after the first.

The student times with a stopwatch how long it takes from the release of the model until
the beams are cut.

Calculate the time he measures.

time measured = ... ... (4]

20
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11 Fig. 1.1 shows a distance-time graph for a moving object.

50 --=-=-=ececcecrcccccccec e C
distance/m
B 5
30F---==========- . ;
A E 5
0 E 5
0 15 ) 40
time/s
Fig. 1.1

(a) Describe the speed of the object between points

(i) AandB,

(b) State whether the acceleration of the object is zero, negative or positive, as shown on the
graph between points

(i) AandB,

(2]
(c) Calculate the average speed of the object during the 40 seconds.
SPEEU = ...t (2]
[Total: 6]
21
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12 A free-fall parachutist jumps from a helium balloon, but does not open his parachute for some
time.

Fig. 1.1 shows the speed-time graph for his fall. Point B indicates when he opens his parachute.

A
speed

0 time
Fig. 1.1

(a) (i) State the value of the gradient of the graph immediately after time t = 0.

gradient = ... [1]
(ii) Explain why the gradient has this value.
....................................................................................................................................... [1]
(b) State how Fig. 1.1 shows that the acceleration decreased between time t = 0 and the time
to A.
............................................................................................................................................... [1]
(c) Explain, in terms of forces, what is happening in section AB of the graph in Fig. 1.1.
............................................................................................................................................... [2]

(d) A second parachutist of the same size and mass jumps from the balloon with a larger
parachute. He also opens his parachute at point B.

On Fig. 1.1, sketch a possible speed-time graph for his fall after he opens his parachute. [3]
[Total: 8]

22
More Notes and Topical Past Papers at https://IGCSEexamguru.com



13 Fig. 2.1 shows a tanker lorry full of liquid.

Fig. 2.1

The tanker delivers the liquid and drives away empty.

(a) (i) Compare the acceleration of the empty tanker with the acceleration of the full tanker for
the same resultant force. Tick one box.

acceleration of full tanker is less than acceleration of empty tanker

acceleration of full tanker is the same as acceleration of empty tanker

acceleration of full tanker is more than acceleration of empty tanker

(1]

(i) Explain your answer.

...................................................................................................................................... [2]

(b) The empty tanker has a weight of 50000 N. The forward force is 6000N and the total resistive

force is 2000 N.

Calculate the acceleration.

acceleration = ... [3]

[Total: 6]

23
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14 Fig. 3.1 shows the speed-time graph of a firework rocket as it rises and then falls to the ground.

rocket
moving A
upwards

0 B time

rocket

moving Y C D
downwards

Fig. 3.1
The rocket runs out of fuel at A. It reaches its maximum height at B. At E it returns to the ground.
(a) (i) State the gradient of the graph at B. gradient = ... [1]

(ii) State why the gradient has this value at B.

.............................................................................................................................................. [3]
(c) Another rocket, of the same size and mass, opens a parachute at point B.
On Fig. 3.1, sketch a possible graph of its speed from B until it reaches the ground. [3]
[Total: 8]
24
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15 (a) Fig. 1.1 shows the distance-time graphs for three different objects A, B and C.

A
distance

0 time
Fig. 1.1

Describe the motion of each of the objects A, B and C by selecting the appropriate description
from the list below.

constant speed increasing speed decreasing speed stationary

A e eeeeeeeeeeeeeeeaeeeeeeeeeessseseeeieeeeteesnnnteeeeeeeeintttteaeeeeaaaannaataaaaaaaas
B e eeeeeeeeeeeeeeteeeeeeeeeeesansbeeeeeeeeeennaeaaeeeeeeaattttaaaeeeeaenttaaaaaaaaan
0D .. W - SO
(2]
(b) Fig. 1.2 shows the speed-time graphs for three more objects D, E, and F.
speed D
E
F
0
0 time
Fig.1.2

Describe the motion of each of the objects D, E and F by selecting the appropriate description
from the list below.

constant speed constant acceleration increasing acceleration stationary
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(c) Fig. 1.3 shows a person bungee-jumping from a bridge. The person is attached to a long
elastic rope.

N strong fixed point I

rope

jumper

river

Fig. 1.3
(i) In 1.5s the speed of the jumper increases from zero to 10.5m/s.

Calculate her average acceleration during this time.

acceleration = ... [2]
(ii) At one point during the fall, she reaches her maximum speed.

1. State her acceleration at this point.

acceleration = ... 1]

2. What can be said about the forces acting on her at this point?

26
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16 At a sports event, a champion runner and a car take part in a race.

(@) The runner runs at a constant speed of 10m/s from the start of the race. During the first 5.0s
of the race, the car's speed increases from O0m/s to 25m/s at a uniform rate.

On Fig. 1.1, draw
(i) a graph to show the motion of the runner, 1]

(if) a graph to show the motion of the car.

30
speed
m/s
20
10
0
0 1.0 2.0 3.0 4.0 5.0
time/s
Fig. 1.1
(1]
(b) Use your graphs to determine
(i) the distance travelled by the runner in the 5.0s,
distance = ..o [1]
(if) the distance travelled by the car in the 5.0s,
distance = ..o 2]
(iii) the time at which the car overtakes the runner.
M = 2]
[Total: 7]
27
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17 An experiment is carried out to find the acceleration of free fall.

A strip of paper is attached to a heavy object. The object is dropped and falls to the ground, pulling
the paper strip through a timer. The timer marks dots on the paper strip at intervals of 0.020s.

Fig. 1.1 shows a section of the paper strip with the first three dots marked. The first dot on the
paper strip, labelled A, is marked at the instant the object is dropped.

0.0076m

. .
A 0.0019m

AN

paper strip

Fig. 1.1 (not to scale)

(a) State how the dots on the paper strip show that the object is accelerating.

............................................................................................................................................... 1]
(b) Calculate the average speed of the object
(i) inthe first 0.020s after the object is dropped,
aVerage SPeeA = ...t
(ii) inthe second 0.020s after the object is dropped.
average SPeeA = .. aaaaas
[3]
(c) Use the results from (b) to calculate the acceleration of the falling object.
acceleration = ... [3]
[Total: 7]
28
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18 (a) Figs. 1.1 and 1.2 show speed-time graphs for two objects, each moving in a straight line.

A A

speed speed

0 time 0 time

Fig. 1.1 Fig. 1.2

(i) Describe the motion of the object shown by the graph in Fig. 1.1.

(b) On a day with no wind, a large object is dropped from a tall building. The object experiences
air resistance during its fall to the ground.

State and explain, in terms of the forces acting, how the acceleration of the object varies
during its fall.

29
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19 A plastic ball is dropped from the balcony of a tall building and falls towards the ground in a straight
line.

Fig. 1.1 is the speed-time graph for the falling ball.

8.0
speed
m/s
6.0
V.
4.0 7
v
2.0
J
'
00 1.0 2.0 3.0

time/s

Fig. 1.1

(a) State and explain, in terms of forces, what is happening to the speed of the ball between time
t=2.0sand t=3.0s.

(b) On Fig. 1.1, mark a point P on the line where the acceleration of the ball is not constant. [1]
(¢) Using Fig. 1.1,

(i) calculate the acceleration of the ball between t = 0s and ¢t = 0.25s,

acceleration = ... [2]

(ii) estimate the distance that the ball falls in the first 3.0s.

diStaNCe = ..oooie s [2]
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20 A comet, travelling in space, enters the atmosphere of a planet.

Fig. 1.1 is the speed-time graph for the comet from time t =0 s.

40000
speed A
20000 A
10000
0
0 4.0 8.0 12.0 16.0

time/s
Fig.1.1

(@) (i) During the period t = 0s to t = 6.0s, both the speed of the comet and the velocity of the
comet remain constant.

State what this suggests about the motion of the comet.

(i) Determine the distance travelled during the period t=0s to t=6.0s.

distance = e [2]

(b) Explain what the graph shows about the motion of the comet during the period t = 6.0s to
t=10.0s.

31
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(c) Determine the acceleration of the comet at t = 11.0s.

acceleration = ... [2]

(d) Suggest what happens to the comet at t = 12.0s.

21 Fig. 1.1 shows a rocket-powered sled travelling along a straight track. The sled is used to test
components before they are sent into space.

sled
track

Fig. 1.1

Fig. 1.2 is the speed-time graph for the sled from time t = 0s.

1000

800
speed /
m/s 600

400

200 =

SR

0

0 1.0 2.0 3.0 4.0
time/s

Fig. 1.2

(a) On Fig. 1.2, mark a point labelled P to indicate a time when the acceleration of the sled is not
constant. [1]

32
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(b) (i) Calculate the acceleration of the sled att= 1.0s.

acceleration = ... [2]

(ii) Determine the distance travelled by the sled between t=1.0sand t = 2.0s.

distance = .. [2]
(c) The resultant force acting on the sled remains constant during the test.

Suggest why the acceleration of the sled is not constant.

[Total: 6]
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Chapter 3: Forces

1 Fig. 2.1 shows a mobile bird sculpture that has been created by an artist.
tail

bird sculpture

pivot

hole in sculpture
for pivot

Fig_ 21 E 12cm E 30cm

M is the centre of mass of the bird sculpture, including its tail (but not including the
counter-weight that will be added later). The mass of the bird and tail is 1.5kg.

The bird sculpture is placed on a pivot.

The artist adds the counter-weight at the end E of the tail so that the bird remains stationary
in the position shown.

(a) Calculate the mass of the counter-weight.

(b) The centre of mass of the sculpture with counter-weight is at the pivot.
Calculate the upward force acting at the pivot.

(c) The sculpture is rotated clockwise to the position shown in Fig. 2.2. It is held still, then
carefully released.

pivot

Fig. 2.2

counter-weight

34
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(i) State whether the sculpture will stay in that position, rotate further clockwise or
rotate back anticlockwise.

2 A bucket is full of oil. The total mass of the bucket of oil is 5.4kg and the gravitational field
strength is 10N/kg.

(a) Calculate the total weight of the bucket of oil.

(b) The bucket of oil is hung from a spring of unstretched length 20cm. The limit of
proportionality of the spring is not exceeded and its length increases to 35cm.

(i) State what is meant by the limit of proportionality.

............................................................................................................................. (1]
(ii) The oil is poured into a measuring tank. The empty bucket stretches the spring to a

length of 25cm.

Calculate

1. the force that stretches the spring to a length of 25cm,

35
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2. the mass of the oil in the measuring tank.

(iii) The volume of the oil in the measuring tank is 0.0045m?. Calculate the density of
the oil.

[Total: 10]

3 Fig. 3.1 shows an aeroplane of mass 3.4 x 10°kg accelerating uniformly from rest along a
runway.

Fig. 3.1
After 26 s it reaches a speed of 65m/s.
(a) Calculate

(i) the acceleration of the aeroplane,

acceleration = ... (2]

(ii) the resultant force on the aeroplane.
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(c) When the aeroplane reaches its maximum height, it starts to follow a curved path at a
constant speed.

State the direction of the resultant force on the aeroplane.

[Total: 9]
4 Fig. 2.1 is a head-on view of an airliner flying at constant speed in a circular horizontal path.
The centre of the circle is to the left of the diagram.

Fig. 2.1

(a) On Fig. 2.1, draw the resultant force acting on the airliner. Explain your answer.

(b) The weight of the airliner is 1.20 x 10 N and there is an aerodynamic lift force of
1.39 x 108 N acting at 30° to the left of the vertical.

By drawing a scale vector diagram, or otherwise, show that the resultant of these two
forces is in the same direction as the resultant force you drew in (a).

(3]
37
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(c) The speed is constant as the airliner flies in this circular path.

State and explain what is happening to the velocity.

(b) An aeroplane is flying towards the east in still air at 92m/s. A wind starts to blow at
24m/s towards the north.

Draw a vector diagram to find the resultant velocity of the aeroplane. Use a scale of
1.0cm=10m/s.

resultant speed =

angle between resultant and easterly direction =
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6 (c) The trampoline springs are tested. An extension-load graph is plotted for one spring. Fig. 3.2

7 (a)

(b)

is the graph.

extension

X
0
0 Fig. 3.2 load
(i) State the name of the point X.
....................................................................................................................................... (1]
(ii) State the name of the law that the spring obeys between the origin of the graph and
point X.
..................................................................................................................................... (1]
[Total: 9]

A stationary body is acted upon by a number of forces. State the two conditions which
must apply for the body to remain at rest.

1 OO RRRAUUUURRRRRRRTRY . U5 | SUSSRUUUUR
2. eeiiieesentiiiessssessesssssssnessensssssnnsossasssnnssssasanselGe]\gaceestesasnsaseessssnnnsnensesssnnsssosssnnnnnssssanannsssnne
. . \ . (2]
Fig. 3.1 shows a device used for compressing crushed material.
380 mm .~ 120mm
= x O H
lever arm
plunger
Y 20N
H — cylinder
cross-sectional | crushed material
area A
Fig. 3.1

The lever arm rotates about the hinge H at its right-hand end. A force of 20N acts
downwards on the left-hand end of the lever arm. The force F of the crushed material on
the plunger acts upwards. Ignore the weight of the lever arm.

(i) Use the clockwise and anticlockwise moments about H to calculate the upward
force F which the crushed material exerts on the plunger. The distances are shown
on Fig. 3.1.
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(ii) The cross-sectional area A of the plunger in contact with the crushed material is
0.0036 m?. Calculate the pressure exerted on the crushed material by the plunger.

hook
axle

caterpillar tracks

Fig. 4.1

(c) When the crane lifts a heavy load with its hook, the load exerts a moment on the
lifting-arm about the axle.

(i) Explain what is meant by moment of a force.

(ii) Despite the moment exerted on the lifting-arm, the crane remains in equilibrium.

State the two conditions required for any object to be in equilibrium.
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9 Fig. 2.1 shows the extension-load graph for a spring.

A

extension

Y

load

Fig. 2.1
Point P is the limit of proportionality.

(@) (i) Name the law obeyed by the spring from the origin to P.

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

(ii) Describe two features of the graph which show that the law is obeyed.
e ecretitsinesnnianssnssnsssanssnsanssssssassnssnsgfe N Taressenesntssasasssssssssssssstsssestassasssssatsassssnsaness
U . K. -
(2]
(b) On Fig. 2.1, sketch a possible continuation of the graph when the spring is loaded
beyond the limit of proportionality. [1]
[Total: 4]

10 (a) Underline the vectors in the following list of quantities.
density energy force mass velocity volume (2]

11 A spring S is suspended from a clamp stand in a school laboratory.

A student hangs various masses from the end of S and determines the extension x produced
by each mass.

(a) Calculate the weight of a 250g mass.
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(b) The student plots a graph of the force F applied to the spring against the extension x.
Fig. 2.1 is the student’s graph.

6.0

5.0

FIN e
4.0

3.0

2.0

1.0

0

0 2 4 6 8 10 12
Fig. 2.1 x/cm

At point P on the graph, the line begins to curve.

(i) State the name given to point P.

(ii) Use the section of the graph where spring S obeys Hooke’s law (F = kx) to
determine the spring constant k of the spring.

(c) Fig.2.2 shows a mass of 0.12 kg resting on the bottom of a box.

mass spring

box

Fig. 2.2

A spring that is identical to S connects the mass and one side of the box. Ignore friction
between the mass and the box.

(i) The box and the mass are at rest.

State the resultant force acting on the mass.
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(ii) The box is firmly attached, in a horizontal position, to the body of a racing car.
As the car accelerates the spring stretches by 2.0cm.

1. Using Fig. 2.1, determine the tension in the spring.

tension = ... (1]
2. Calculate the acceleration of the mass produced by this tension.

acceleration = ... [2]
[Total: 9]
12 Fig. 2.1 shows a model fire engine used by a student to take measurements of force and
motion. model fire engine

containing water tank

light
beams

forcemeter

Fig. 2.1 12mm

The model projects a jet of water forwards. The forcemeter holds the model stationary.
It indicates a force of 0.060 N acting on the model.

The forcemeter is now disconnected and the model accelerates to the right at 0.030m/s2.

(@) The back of the model breaks a pair of light beams and the time to pass between them
is measured electronically. The beams are 12mm apart and the second beam is broken
0.080s after the first.

The student times with a stopwatch how long it takes from the release of the model until
the beams are cut.

Calculate the time he measures.

time measured = ... (4]

More Notes and Topical Past Papers at https://IGCSEexamguru.com



(b) This experiment is carried out with the water tank in the model nearly full.

Calculate the mass of the model including the water in the tank.

(c) The student repeats the experiment with the same force but with the water tank nearly
empty.

State and explain how the acceleration will compare to that of the first experiment.

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

...................................................................................................................................... [2]
[Total: 8]
13 (a) (i) State one similarity and one difference between vector and scalar quantities.
10 g 11 E= T OO T UOUOUOUUOPPOPPPOPOR
0 113 (ST 2= o Lo OO TS UUUP OO P TRUOUPOON [2]
(ii) Give an example of each quantity.
VECIOT QUANTILY ottt b b e e e e e e e e e ettt d it e s s aaaaaaaan
SCAlAN QUANTIY oo e e ettt e e e e e e e e an [2]
(b) Fig.3.1is an overhead view of two tractors pulling a tree trunk.
tractors =]
\
30000N
- 20° = tree trunk—
20000N
Fig. 3.1
44
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The force exerted by each tractor is indicated in the diagram.

In the space below, carefully draw a scale diagram to determine the resultant force on
the tree trunk. State the scale you use.

Write down the magnitude of the resultant force and the angle between the resultant
force and one of the original forces.

magnitude of resultant force = ...........cccooiiiiiiiiiiii e
direction of resultant force = ...........ccccoiiiiiiiiiiicee
[4]
[Total: 8]
14 (a) State Hooke's law.
..................................................................................................................................... [1]
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(b) Fig. 1.1 shows a graph of the stretching force F acting on a spring against the extension
x of the spring. 250

200

FIN

150

100

50

—1

0
0 10 20 30 40 S50 60 70 80

Fig. 1.1 x /mm
(i) State the features of the graph that show that the spring obeys Hooke's law.

(ii) Calculate k, the force per unit extension of the spring.

(iii) The limit of proportionality of the spring is reached at an extension of 50 mm.

Continue the graph in Fig. 1.1 to suggest how the spring behaves when the
stretching force is increased to values above 125N. 1]

(iv) Another spring has a smaller value of k. This spring obeys Hooke's law for
extensions up to 80 mm.

On the grid of Fig. 1.1, draw a possible line of the variation of F with x for this
spring. 1]
[Total: 7]
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15 A train has a total mass of 7.5 x 10°kg.

(a) The train accelerates from rest at a constant rate along a straight, horizontal track.
It reaches a speed of 24 m/s in 60s.

Calculate

(i) the train’s acceleration,

acceleration = ... [2]

(ii) the resultant force acting on the train.

force = .. [2]

16 (a) (i) Write down the names of three man-made devices in everyday use that depend,
for their action, upon the moments of forces.

g . N
e e a4t e e e hae a4 e e e b e at e e e e e ea e haae e e e e e s eaaeaee e e e ennnaeaaaan
.
2
(ii) Fig. 3.1 shows a uniform rod AB acted upon by three equal forces F. (2]
A
F F
A B
lF
Fig. 3.1
State two reasons why the rod is not in equilibrium.
e e et e et e e et ate e e haaeeeeeahaeeaeeeeateteeeeeennttaeseeaanaeaeeennnnaaean
e et e aetteeeeaa—aeeeeniaaeaeeeett et eeeeanateeeeehanaaeeeenaaeaaaeeetttaeeeaanns
(2]
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(b) Fig. 3.2 shows a uniform rod PQ, supported at its centre and held in a horizontal position.
The length of PQ is 1.00m.
' 1.00m

!  0.30m s ;
Pi : : Q
l AN
12N § S
\I
Fig. 3.2

A force of 12N acts at a distance of 0.30m from the support. A spring S, fixed at its
lower end, is attached to the rod at Q.

(i) Calculate the force exerted on PQ by the spring.

[Total: 7]
17 A metre rule balances when the 50 cm mark is directly above a pivot.

(a) State where in the rule its centre of mass is located.

(b) Fig. 3.1 shows an apple and a 0.40N weight placed on the rule so that the rule remains
balanced at the 50 cm mark.

0.40N
apple ' i weight _L
: 50cm ——
E/ mark ]
[ i ' ]

' 25¢cm Q 45¢cm
pivot

Fig. 3.1 (not to scale)
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The centre of mass of the apple is 25cm from the pivot and the centre of mass of the weight
is 45cm from the pivot.

Calculate

(i) the weight of the apple,

(ii) the mass of the apple.

(c) The apple is not moved. The weight is removed from the rule and the pivot is moved to the left
until the rule balances as shown in Fig. 3.2.

apple E
PP ' 50cm
y - mark

Fig. 3.2 (not to scale)

(i) Explain why the arrangement in Fig. 3.2 balances.

(ii) The pivot in Fig. 3.2 is closer to the 50cm mark than to the centre of mass of the apple.

Compare the weight of the rule to the weight of the apple.
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18 Parachutes are used to slow down a certain racing car.

Fig. 1.1 shows the racing car, of total mass 750kg, slowing down by using parachutes.

Fig.1.1
Fig. 1.2 is the speed-time graph for 20s after the car reaches full speed.

70+ ‘ N 0010 0 0 00 O 0 0 0 0 O 0 0 O
. ebeleolsdrieofoatesris jorbed sferdorhodsleshoshodesleshododeshedbodsofeshedrelrohssbedve fsbsabefoedsrks Lelobed
A IO 08 O 0

speed 60f}ittilitbdpids

L
odolorhedulaioriadueqsshe et sehodbedoofoshodpoqee hodbodes foabodeoie fapogio o
mls 1 N
ol e -
504 iy vy i
S e o
p " 4 N
b R OO 0 60 O 0 D O odbe
401 e 4 e
o e b oo i
. U000 X 0 OO O 0 O I O 4 A DO 0 Y 9 O
. - ‘
, oo B0 PO O 0 O O 0 0 0 O o
30:- BT o D
» o s
. '™ ohe o
3 1
. 4. &
. e 0 0 1 i
3
O., . oche &
- i b B b T "

0 2 4 6 8 10 12 14 16 18 20
Attime t = 6.0, the parachutes open. Fig. 1.2 time t/s

(a) OnFig. 1.2,

(i) mark a point, labelled A, where the car is moving at constant speed,
(ii) mark a point, labelled B, where the car is decelerating at a uniform rate,
(iii) mark a point, labelled C, where the car is decelerating at non-uniform rate.
(b) Calculate Gl

(i) the deceleration of the car at time t = 6.5s,

deceleration = ...........cooociiiiiiiiiiii (2]
(ii) the resultant force acting on the car at this time.

resultant force = ... (2]
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(c) Explain why there is no resultant force acting on the car at time t = 4.0s.

[Total: 8]

P and Q are both at an angle of 45° to the horizontal. The tensions in P and Q are each 30N.

(a) Inthe space below, draw a scale diagram to find the resultant of the tensions in P and Q. Use

a scale of 1.0cm to represent 5.0N. Label the forces and show their directions with arrows.

resultant = ..., [4]
(b) State the direction of the resultant. ... 1]
(c) State the magnitude of W. maghnitude of W= ..., [1]
[Total: 6]
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20 Fig. 2.1 shows a uniform, rectangular slab of concrete ABCD standing upright on the ground. The
slab has height 0.60m, width 0.30m and mass 18kg. A force of 40N acts horizontally to the left

at B.
_A B
40N
0.60m
Die————..C
0.30m
Fig. 2.1
(@) (i) Calculate the weight W of the concrete slab.
W om eeeaee [1]
(b) (i) On Fig. 2.1, draw and label an arrow to show the weight W of the slab acting at its centre
of mass. [1]

(ii) Calculate

1. the moment of the 40N force about point D,

2. the moment of W about point D.

(iii) The ground is rough so that the slab does not slide.

State and explain what happens to the slab as the horizontal force at B is gradually
increased.

[Total: 9]
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21 (a) State the two conditions necessary for a system of forces acting on a body to be in equilibrium.

(b) Fig. 1.1 shows a loaded wheelbarrow held in equilibrium by a gardener. The wheel of the
wheelbarrow is in contact with the ground at point C.

Fig. 1.1

In Fig. 1.1, there are three vertical forces acting on the wheelbarrow.
P is the upward force applied by the gardener.

Q is the upward force of the ground on the wheel at point C.
W is the weight of the wheelbarrow and its contents.

Explain why the force P is less than the force W

(i) by considering the forces P Q and W,

53
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(c) Fig. 1.2 shows a kitchen cupboard resting on a support and attached to a wall by a screw.

wall

\

‘F cupboard

0.75m

/

support 1 0.24m
i Y 75N
Fig. 1.2

The weight of the cupboard and its contents is 75N. G is the position of the centre of mass of
the cupboard.

The clockwise and anticlockwise moments about point P are equal.

Calculate the force F exerted by the screw.

[Total: 9]
22 An athlete of mass 64 kg is bouncing up and down on a trampoline.

At one moment, the athlete is stationary on the stretched surface of the trampoline. Fig. 3.1 shows
the athlete at this moment.

54
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(b) The stretched surface of the trampoline begins to contract. The athlete is pushed vertically
upwards and she accelerates. At time t, when her upwards velocity is 6.0m/s, she loses
contact with the surface.

(i) Calculate her kinetic energy at time t.

Kinetic @nergy = ... [2]
(ii) Calculate the maximum possible distance she can travel upwards after time t.

maximum distance = ... (3]

(iii) In practice, she travels upwards through a slightly smaller distance than the distance
calculated in (ii).

Suggest why this is so.

....................................................................................................................................... 1]
23 Fig. 3.1 shows part of the extension-load graph for a spring.
extension/cm
K B
e :
0 12.0
Fig. 3.1 load/N
The spring obeys Hooke's law between points A and B.
(@) (i) OnFig.3.1, complete the graph between A and B. [1]
(ii) State the name of point B.
....................................................................................................................................... [1]
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(b) The average value of the load between A and B is 6.0N.

Calculate the work done in extending the spring from A to B.

WOrK dONE = L. 2]
(c) The spring has an unstretched length of 4.0cm.

An object is hung on the spring and the spring length increases from 4.0cm to 6.0cm.

(i) Calculate the mass of the object.

(i) The object is immersed in a liquid but remains suspended from the spring.

The liquid exerts an upward force on the object and the length of the spring decreases
to 5.0cm.

Calculate the upward force exerted on the object by the liquid.

upward force = ... [2]

[Total: 9]
24 (a) Fig. 4.1 shows a top view of a tourist vehicle in a game park and two elephants pushing
against the vehicle. The two forces indicated are at right angles to each other.

vehicle
[
4.0kN
TS.O kN
elephant
elephant l
Fig. 4.1
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In the space below, draw a scale vector diagram to determine the magnitude of the resultant
force. Label the two forces applied and the resultant, and clearly state the scale you use.

magnitude of resultant force = ... [3]

(b) Fig. 4.2 shows another elephant pushing horizontally against a vehicle with a force of 11kN at
a distance 1.8 m above the ground. Point M is the centre of mass of the vehicle.

elephant

vehicle

(i) Calculate the moment about point A of the force exerted by the elephant.

(ii) The mass of the vehicle is 1900kg, and it does not slide when pushed by the elephant.

Determine whether the elephant tips the vehicle over. Show your working.

calculation
CONCIUSION <.ttt et e e e e e eaaaa e e e e e easnnaeaeenessnanaeeeeenessnnnaaeaanns [2]
[Total: 7]
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25 (a) (i) Mass is a scalar quantity.
State another scalar quantity.
(i) Force is a vector quantity.

State another vector quantity.

(2]
(b) A boat is floating on still water.
The mass of the boat is 290000 kg. A resultant force of 50kN acts on the boat.
Calculate the acceleration of the boat.
acceleration = ... [3]

(c) Fig. 2.1, not to scale, shows the view from above of the boat, now on a fast-flowing river. The
boat accelerates.

Two forces are shown acting on the boat. The resultant of these forces is at right angles to the

river banks.
river bank

direction of

force from
engine direction of
river current
- .

direction of boat
force on boat
from river
current

river bank

Fig. 2.1 (not to scale)
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Fig. 2.2 is an incomplete vector diagram of the forces acting on the boat.

A

resultant force

force from river current =

Fig. 2.2

The force from the river current is 80 kN.

(i) Determine the scale that has been used in the vector diagram.

SCAlB IS ...eiiiiiiiiii i

(ii) OnFig. 2.2, complete the vector diagram to determine the magnitude and direction of the

force from the engine. Measure the angle between the direction of the current and the
force from the engine.

magnitude of force from engine = ...

[Total: 9]
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Chapter 4: Momentum

42/FM/16 [Q2]

1 Fig. 2.1 shows a hammer being used to drive a nail into a piece of wood.

hammer head

nail
L; —
S —
Fig. 2.1

The mass of the hammer head is 0.15kg.
The speed of the hammer head when it hits the nail is 8.0m/s.
The time for which the hammer head is in contact with the nail is 0.0015s.

The hammer head stops after hitting the nail.

(a) Calculate the change in momentum of the hammer head.

change in momentum = .........coceiviieicceiiee e[ 2)

(b) State the impulse given to the nail.

IMPUISE = ...ceeeeiciee e [1]

(c) Calculate the average force between the hammer and the nail.

average force = ......ccccvvvceeviies e[ 2]

[Total: 5]
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43/ON/16 [Q3]

2 (a) (i) State how a vector quantity differs from a scalar quantity.

(b) A spacecraft of mass 35kg is travelling in a straight line at a velocity of 1200 m/s. Assume no
external forces act on the spacecraft.

Calculate

(i) the momentum of the spacecraft,

MOMENIUM = Lo i et e [2]

(ii) the kinetic energy of the spacecraft.

KinetiC @Nergy = ... [2]

(c) The rocket fuel stored in the moving spacecraft in (b) explodes and the spacecraft splits into
two sections. One section speeds up and the other section slows down.

(i) State what happens to the total momentum.

[Total: 9]
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43IMJ/17 [Q2]

3 (a) State the word equation that defines momentum.

(b) A metal block A, travelling in a straight line at 4.0m/s on a smooth surface, collides with a
second metal block B which is at rest. Fig. 2.1 shows the two metal blocks A and B before
and after the collision.

3.2kg 1.6kg

40m/s
before collision A — B at rest

1.5m/s

after collision A p— IT‘V_,

Fig. 2.1

The mass of Ais 3.2kg. The mass of B is 1.6kg.
After the collision, the velocity of Ais 1.5m/s.

Calculate

(i) the momentum of A before the collision,

MOMENTUM = L. e [2]

(ii) the velocity v of B after the collision.
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(c) In the collision that occurred in (b), block A and block B are in contact for 0.050s.

Calculate the average force that is exerted on B during the collision.

average force = ... [2]

(d) After the collision in (b), the total kinetic energy of the two blocks is less than the kinetic
energy of block A before the collision.

Suggest one reason for this.

............................................................................................................................................... [1]
[Total: 9]
42/MJ/17 [Q3]
4 (a) Underline the pair of quantities which must be multiplied together to calculate impulse.
force and mass force and velocity mass and time
time and velocity weight and velocity force and time [1]

(b) Fig. 3.1 shows a collision between two blocks A and B on a smooth, horizontal surface.

A B A B
3.0m/s v
24kg p— 1.2kg E——
before collision after collision
Fig. 3.1

Before the collision, block A, of mass 2.4kg, is moving at 3.0m/s. Block B, of mass 1.2kg, is
at rest.

After the collision, blocks A and B stick together and move with velocity v.

(i) Calculate

1. the momentum of block A before the collision,

MOMENTUM = e e [2]
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2. the velocity v,

VEIOCIY = Lo [2]

3. the impulse experienced by block B during the collision.

IMPUISE = L e [2]

(i) Suggest why the total kinetic energy of blocks A and B after the collision is less than the
kinetic energy of block A before the collision.

[Total: 8]

41/0N/17 [Q4 (a)]

5 Fig. 4.1 shows a balloon filled with helium that is used to lift measuring instruments to a great
height above the Earth’s surface.

Fig. 4.1

(a) Explain, in terms of momentum, how the atoms of helium produce a force on the wall of the
balloon.
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