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Topic 1:Fundamentas

1.1 Sl derived and Sl basenits and quantities

Reference Notes:
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1. Jan20
Which of the following quantities has the SI base units kgm?s—>?

[0 A force
B momentum

D work done

O
] C power
O

2. Octl9

All quantities may be expressed in terms of SI base units.

Which of the following are the base units for the moment of a force?

[0 A kgms?
[0 B kgm?s?
[0 C kgms
0 D kgm?s3
3. Jan22

Which row of the table contains two units that are not equivalent?

Unit 1 Unit 2
O A 15? W
OO B kgms™ Ns
O ¢ Nkg! ms
0 D Nm J
4. old

Which of the following is not a Sl base quantity?

L] A force
B length
C mass
[] D time
5. old

Which of these quantities is not measured in an Sl base unit?

[] A distance

B force
[l ¢ mass
[l D time

Page6 of 321



6. Old
Which of the following is a derived S| quantity?

D A force

[l B length

[l ¢ second

[] D watt
7. Ol

The newton can be written in base units as

] A kgm

L[] B kgms™

] ¢ kg m s

] b kg m? s
8. Old

Which of the following units is equivalent to the Sl unit for energy?

L] A kgms?
B kWh
L] ¢cNm?
D Ws
9. Old

Which of the following is a unit equivalent to the pascal?

Ll A kgms™
B kgms™@
[] c kgm's?
0 b kg m?s™?
10. OId

Which of the following is not a unit of energy?

[0 ANs

B kW h
[] ¢cNm
[0 pws
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1.2 Prefix, density, mean

Reference Notes:
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1. Octl9

Which row of the table gives the meaning of the stated unit prefixes?

micro centi
O A 10° 102
0 B 10 10?
EH C 10 102
0D 10° 10?
2. Octl9

A student measured the diameter of a length of wire in order to determine its
cross-sectional area.

The following measurements were taken at various positions along the wire and at
various orientations around the wire. All measurements are in mm.

1.57

1.36 1.54 1.55 1.58

Which of the following expressions should the student use to determine the
cross-sectional area of the wire in mm?*?

O A
] B
O C
0 D

7(1.56)?
(1.52)?
7(0.78)
7(0.76)?

3. June2l
A cylinder of aluminium has a weight of 35.0N and a volume of 1.32 x 103 m°.

Which of the following calculations gives the density of aluminium in kg m=?

(N

0O B
B c
O b

9.81x1.32x107?

35.0

1.32:% 102
35.0 x 9.81

35.0

9.81x1.32x107

35.0 x 9.81
1.32x 1073
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4.

A student used a balance to measure the mass of a small cube with sides of length x.

Which of the following is the density p, of the larger cube in terms of the density p; of
the smaller cube?

O A p, =34p,
O B p,=1.5p
O C p,=067p,
O D p, =0.30p
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Topic2: Vectors

Reference Notes:
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2.1 Scalars and vectors (MCQSs)

1. Jan2l
Which of the following is a vector quantity?

O A
0 B
O c
0 D
2. Jan22

Physical quantities may be vectors or scalars.

density
kinetic energy
momentum

viscosity

Which row of the table is correct?

Force Mass Acceleration
O A scalar vector scalar
0 B scalar scalar vector
O c vector vector scalar
J D vector scalar vector
3. June2l

Which of the following is a scalar quantity?

0 A weight
[J B momentum
[0 C terminal velocity
[0 D kinetic energy
4. June22

Which of the following is a scalar quantity?

O

(N
(N
O]

A

B
€
D

force
momentum
velocity

work
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5. Janl9

Which of the following is a vector quantity?

[0 A work done

[0 B time

[0 C temperature

[0 D displacement
6. Junel9

Quantities in physics are classified as either vectors or scalars.

Which of the following units could only be used for a scalar quantity?

0 A ms!
[0 B ms?
[0 C kgms?
0 D kgm™
7. Oct20

Which of the following units is only used with vector quantities?

O A1J
0 Bm
O CN
O D W
8. Oct22

Which of the following quantities is a vector?

O

(N
(N
(N

A energy
B mass

C momentum
D

power
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9. Jan20
The diagrams below show the velocity of an object before and after a force is applied.

The magnitude of the velocity did not change.

T /

before after

Which of the following arrows represents the direction of the change in velocity?

A B C D
O A
OB
XK
O D
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10. June21l
Two forces F| and F), act on an object, as shown.

F,

Which of the following is a correctly drawn scaled vector diagram for the resultant R of
the forces F, and F,?

O A
R
0 B
R
O c
R
0 D
R
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11. Oct20

Two forces P and Q act on an object as shown.

Q

Which of the following is a correctly drawn, scaled, vector diagram for the resultant R of
forces P and Q?

O 0 0o 0o

A
B
C
D
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12. Oct21
A block of wood is stationary on a frictionless ramp as shown.

The block is held in place by a string. The weight of the block is W. The force applied
to the block by the string is F.

ramp

A triangle of forces can be used to determine the magnitude and direction of the normal
contact force N acting on the block.

Which of the following triangles is correct?

6 6
T A = »
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13. Oct22

Two forces, X and Y, act at a point.

Which of the following vector diagrams shows the magnitude and direction of the
resultant of the two forces?

X X_
Y resultant force Y resultant force
A B
X X

resultant force resultant force

C D

O 0o oo
o A = »
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14. Jan22

The diagram shows a student during a parachute jump on a windy day. The vertical
component of her velocity is 5.0ms™'. The horizontal component of her velocity is
8.0ms™'. She descends at an angle £ to the vertical.

8ms!
_—

SmS"l

Which row of the table gives expressions for the magnitude and angle of the student’s
resultant velocity?

Magnitude / ms™ &#po

O A N tan-! 2

O B V8 - 52 sin“%

B cC V8 + 52 tan"%

B D V8 + 52 sin“g
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15. Junel9

A student walked 12km on a bearing of 135° and then walked 20km on a bearing of

340° as shown.

12km

Diagram to scale

20km

340°

Which of the following could represent the final displacement of the student from his

starting point?

O A

0B

0 c
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16. Oct21
A tennis ball is moving through the air. The diagram shows the horizontal and vertical
components of its velocity.

Y 5.5ms™
velocity i

Which of the following expressions gives the magnitude of the velocity in ms™'?

13.2

0 o S
sin22.6°

LJ B 13.2xsin22.6°

5.5

0 ¢ ——
sin22.6°

0 D 5.5xsin22.6°
17. Octl9

The steps on an escalator move with a speed of 0.5ms™'. The vertical component of their
velocity is 0.3 ms ™' upwards.

Which of the following is the horizontal component of velocity for the escalator steps?

O A 02ms™
0 B 04ms’
O C 05ms
O D 0.8ms
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18.

A model boat is crossing a stream. The stream is travelling east at a speed of 1.5 m s™.
The boat is heading north at a speed of 0.5 ms™".

The magnitude of the resultant velocity is

[l A(15+05 ms™

[l B (1.52+05)ms™

0 ¢ JI5+05ms"
1 b \}(1.52+0.52)ms'

19. Old

Which table is correct for scalar and vector quantities?

has magnitude

has a direction

scalar v v
B A vector X v
has magnitude has a direction
scalar X '
1 B vector v v
has magnitude has a direction
scalar v X
0 c vector v v
has magnitude has a direction
scalar v v
] b vector v X
20. Old

Which set of quantities is all scalar?
A acceleration, displacement, velocity

[l B energy, mass, power
C extension, force, gravitational potential energy

L] b weight, kinetic energy, work
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2.2 Scalars and vectors (structure)

Reference Notes:
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1. June22

A student is flying a kite. The kite is held in equilibrium by a string as shown.

kite

string

(Source: © CAROL & MIKE WERNER/SCIENCE PHOTO LIBRARY)

The weight of the kite is 24 N, and the wind exerts a force of 70N at an angle of 43° to
the vertical, as shown below.

{ TON NOT TO
! SCALE

24N

(a) Determine the magnitude of the tension in the string by using a scaled
vector diagram.

Tension =

(4)
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(b) The student wants to determine the tension 7 in the string. She attaches a mass
holder to the string. The student adds known masses to the mass holder until the kite
is in equilibrium and part of the string becomes horizontal, as shown.

mass holder
and masses

The student takes a photograph of the arrangement.

Describe how the student can use the photograph to determine 7.

(Tatal for Onestion 16 = 9 marks)
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2. Jan22

The Tyrolean traverse is a technique for crossing a deep valley. The photograph shows
a climber crossing a river using this technique. The climber moves along a rope
suspended from the bank on either side of the river.

(Source: © Folio Images/Alamy Stock Photo)

(a) The free-body force diagram for the climber is shown below. The weight of the
climber 1s 650N.

650N

Show that the tension T in the rope is about 1.3 x 10°N.
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3. Oct20

The transmission of electricity over long distances requires a conducting cable that is
suitable to hang from supporting towers called pylons.

The vertical distance from the line of support to the lowest point on the wire is called
the sag. Due to the high voltages involved, the cable must maintain a minimum distance
from the ground.

pylon pylon

(a) The temperature and the tension in the cable affect the sag.

(1) Suggest one further factor that may increase the sag of a cable.

(i1) A cable of mass M is at an angle @ to the horizontal.

Explain why the tension in the cable decreases as the sag increases.
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4. 2011/2014 syllabus

The photograph shows a praying mantis hanging from a thin twig. Four of the praying mantis's six legs
are in contact with the twig. The tension in the legs balances the weight to keep the praying mantis
stationary.

© Robert Clamp

(a) The diagrams show a simplified model of the situation. For each leg in contact with the twig, the
upper section is horizontal and the lower section is at an angle of 30° to the vertical.

lower
section

upper section

Side view End view

(i) Calculate the tension in the lower section of each leg in contact with the twig assuming that these
tensions are all equal.
mass of praying mantis = 5.4 x 10™* kg

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

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

FOITSION B0 s avssvaissinmmnesssssationsientsiedsitasdsaNpbaN sy e ok

(ii) A student suggests that the tension in each leg in contact with the twig is 25% of the weight of the
praying mantis. State why this is not correct.
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5. 2011/2014 syllabus

A playground ride consists of a steel cable running at an angle between two posts of unequal height as
shown in the diagram.

Steel cable

Post N Post

\F’
‘Ij m

2

Sm
Seat l

14 m

A child sits on the seat which moves on runners along the cable from the high end to the lower end.

(a) (i) Show that her maximum possible speed when she arrives at the lower post is about 3ms™".

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

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

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

(b) The diagram below shows the child at a point P where both sides of the cable make an angle of 2° to
the horizontal.

P —
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(i) Add labelled arrows to the diagram to show the forces acting on the cable at the point P.

(ii) The total mass of the child and seat is 40 kg.
Show that the tension in the cable is about 6000 N.

.............................................................................................................................................
.............................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................

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

(Total for Question = 10 marks)

6. 2011/2014 syllabus

Orthodontists use braces to straighten a patient’s teeth. The force required to move the teeth and the
distance the teeth need to move both depend on the individual patient. One type of brace consists of a
wire under tension placed across the teeth, held in place by a bracket on each tooth.

movement
of tooth
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(I) Calculate the total force of the wire on the tooth to move the tooth in the direction shown.
(2)

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

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

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

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

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

(Total for question = 4 marks)

7. 2011/2014 syllabus

Physical quantities can be veclors or scalars.
A car travels 45 km due north and then 30 km due east.

(i) Calculate the total distance travelled by the car.
(1)

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

.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
............................................................................................................................................
.............................................................................................................................................
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2.3 Scaled vector diagram:

Reference Notes:
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1. 2011/2014 syllabus

A student rows across a river heading from point A. Her boat is headed in a direction at right angles to the
bank and she rows through the water at a constant speed of 1.5s'
The river flows with a current of 1.1 m s™'

as . A
nverbank °
nver 1.5ms?| ——> 1.1ms*?
nverbank

(a) Calculate the velocity of her boat relative to the riverbank.

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

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

Magnitude of VEIOCILY = .......oiiiiiiiiiiii e
Angle of velocity to the riverbank = ...

(b) Another student also rows through the water at a constant speed of 1.5 m s’ and heads their boat in
a direction at 65° to the riverbank.

L s

On the grid below draw a scaled vector diagram to determine the velocity of the boat.
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MagntideioFBleehY = auwnnnsmnmmsnasnarssvnsimss
Angle of velocity to the riverbank = ...........coociiiiiiiiiiieee e
(Total for question = 7 marks)
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2. 2011/2014 syllabus

A man is walking at a constant horizontal velocity of 1.2 m s-' in the rain. To the man
the rain appears to be falling vertically at a velocity of 1.8 ms-'.
Draw a labelled vector diagram, to scale, and use it to determine the actual velocity of the rain.

Magnitude of the actual velocity of the rain = ...
Angle of the rain to the vertical = ...........coeviieeieeee e

(Total for question = 5 marks)
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3. 2011/2014 syllabus

A river is flowing at a speed of 3 m s~'. A boat is pointed at an angle of 40° to the riverbank and paddled
at a speed of 1.5 m s', as shown in the diagram.
nverbank

boat

3ms™?

nver flow

In the space below, draw a vector diagram to scale and use it to determine the magnitude of the actual
velocity of the boat.

Magnitude of actual velocCity = ..........ccooeeiiemreer e

(Total for question = 6 marks)
4. 2011/2014 syllabus

A jet ski is a jet-propelled vehicle that moves across the surface of water.

water outlet

A man on a jet ski is heading away from the coast at a speed of 19 m s~ in a direction 30° south of east,
as shown. There is a current in the water of 6 m s~' due north.

The velocity of the jet ski has been drawn to scale on the vector diagram below
(with a scale of 1 m s~ = 0.5 cm).
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N
N
05cm=1ms"
position at t =0
\\
N
N
\\
19ms™
N
™
omplete the vector diagram and determine the resultant velocity of the jet ski.
(5)

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

esultant velocity of jet ski =

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

irection of jet ski =

(Total for question = 5 marks)

Page37of 321




5. 2011/2014 syllabus
Two forces act on a body. The free-body force diagram is shown.

12N ,
!
_5‘[
|
16N
On the grid below, complete the scale diagram to determine the resultant force acting on the body.
(3)
Magnitude of resultant force = ..........ccccceviiiiiciiiiicniniic s
Angle of resultant force t0 16 N fOrce = .........ccceiriciiciiiiiiinissiiersecensieesieenens
(Total for question = 3 marks)
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Topic3: Linear motion

Reference Notes:
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3.1 Free fall, Vertical motion, Bouncing bgdMCQs)

Reference Notes:
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Free Fall

1. Jan2l

A student measures the time ¢ taken for a ball bearing to fall different measured
distances s from rest. The student uses his measurements to plot a graph with a gradient
equal to the acceleration due to gravity g.

Which row of the table shows a graph with a gradient equal to g?

y-axis X-axis
O A s ¢
0 B 2s t
BH C ? s
0 D ? 2s
2. June22

A student determined a value for g by dropping a metal sphere from rest. The student
measured the distance fallen and the time taken for the sphere to fall.

The student obtained a value for g of 11.2ms .

Which of the following could explain the difference between the student’s value and the
accepted value?

[0 A The air resistance was not negligible.

[0 B The student’s measured distance was greater than the actual distance.

[0 C The sphere did not fall vertically.
O

D The student’s measured time was greater than the actual time taken.

3. Oct20

A student used a falling sphere to determine the acceleration of free-fall g. The sphere
was released from rest.

Which two quantities would require the fewest measurements to be taken in order to
determine g?

[0 A displacement and initial velocity
[0 B displacement and time
[J C final velocity and displacement

[J D final velocity and time
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4, June2l

Two objects with the same initial speed fall from the same height in a vacuum chamber,
as shown. The arrows in the diagram show initial directions of travel of the objects.

vacuum chamber

objects

floor

Which of the following quantities are not the same for both objects?

[J A The accelerations of the objects during the fall.

[J B The velocities of the objects as they reach the floor.

[J C The increase in the speeds of the objects during the fall.
L

D The kinetic energies of the objects as they reach the floor.
5. Janl9

A ball is thrown vertically upwards.

Which row of the table correctly describes the magnitude of the initial acceleration of the
ball and the magnitude of the acceleration when it is at its maximum height?

Initial acceleration | Acceleration at maximum height

0 A 0 . 9.81ms*

OB | 981ms? ‘ 0

ac 9.81ms? | 981ms?

Oop| 0 0 |
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6. Jan22
An object on the Moon falls a vertical distance of 0.32m, from rest, in a time of 0.63 s

7. Octl9
A student used a falling sphere to determine the acceleration of free fall.

Which of the following expressions gives the acceleration due to gravity on the Moon
in ms—2?

(|

(|

(|

(|

A camera produced images of the sphere at constant time intervals as it fell.

The positions of the sphere in the first two images are shown. Image 1 shows the
sphere’s position at the instant it was released.

C

D

0.32
2x0.63

0.32

2 x0.63?
2x0.32

0.63°

2:%0:32
0.63

O O O O

Image 1

Image 2

Which of the positions P, Q, R or S will the sphere be at in Image 3?

OAP

0B Q
O CR

ODS
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8. Oct21
A ball bearing falls vertically from rest through a distance of 50cm in a time of 0.32s.

Which expression gives the acceleration of the ball bearing in ms=?
O A 1+0.32?

0 B 05+032

0 C 100+0.322
U

D 50+0.32

9. Jan20

Which of the following statements describes the gravitational field strength acting on a
body at a point?

[J A gravitational force per unit length

[J B gravitational force per unit mass

[J C gravitational potential energy per unit length
L]

D gravitational potential energy per unit mass

Vertical Motion:

1. Junel9

A lift moves upwards from rest with an acceleration a. A student of mass 70kg standing
in the lift exerts a force of 800N on the floor of the lift.

Which of the following expressions could be used to determine a?
0 A 70g = 70a

[0 B 800 = 70a

0 C 800 - 70g = 70a

[0 D 70g — 800 = 70a

2. Jan20
A ball of mass m is projected vertically upwards. An air resistance F acts on the ball at
all times.

Which of the following equations would apply to the ball as it is travelling upwards?

O Amg-F=0

O Bmgt+tF=0
O C mg—F=ma
O D mg+ F=ma
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3. Oct21

The diagram shows a rocket of massm accelerating upwards with acceleration a.

The diagram represents the forces acting on the rocket.

T
Diagram not
to scale ‘l’

Which of the following equations gives the value of D?

O A D=T+m(g-a)
0 B D=T+m(a+g)
0 € D=T-m(g—-a)
O D D=T-m(g+a)
Bouncing Ball:
1. Janl9

A ball is dropped, bounces once and is then caught.

Which of the following graphs of gravitational potential energy £ against time  could

represent the motion of the ball?

Eum\ ‘ Eum\ ‘ Egmv ‘ Egmv ‘
t t t t
O A O B BB C O b
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2. Oct20
Questions 9 and 10 refer to the information below.

The velocity-time graph for the motion of a ball is shown.

N

velocity > time

9 Which of the following correctly describes the motion of the ball?
[J A The ball is dropped and rebounds to its original position.
[J B The ball is dropped and rebounds to a lower position.
[0 C The ball is thrown upwards and is caught at its original position.
L

D The ball is thrown upwards and is caught at a higher position.
3.

10 Which of the following graphs of displacement against time could represent the motion
of the ball?

/ A
b= : = \
[} 1 (5} 1
£ : z :
3 ' > time 3] : time
< H - < H -
b 1 - 1
z : 2z L
2 o -
A B
/
— —
= h = ]
(] 1 (5] 1
(= : = ‘
3 ! ti S : > i
8 > fime g me
o o,
2 2
o °
& D
O A
O B
B C
O D
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4. Oct20

The velocity-time graph for the motion of a ball is shown.

N

> time

velocity

9 Which of the following correctly describes the motion of the ball?

O

(|
L]
L]

A The ball is dropped and rebounds to its original position.

B The ball is dropped and rebounds to a lower position.

C The ball is thrown upwards and is caught at its original position.

D The ball is thrown upwards and is caught at a higher position.
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3.2 Free fall, Vertical motion, Bouncing ball (Structure)

Reference Notes:
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1. Jan20

A student carried out an experiment to measure the acceleration of free-fall g.

A ball bearing was released from position A. The time ¢ for the ball bearing to fall a
distance / was measured. This was repeated for decreasing values of /.

ball bearing/

N

Explain how the measurements obtained can be used to determine a value for g in ms™.
Your answer should include a sketch on the axes below of the graph that the student

would expect to obtain.

[

timer

v

(Total for Question 11 = 5 marks)
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2. Janl9

A student carries out an experiment to determine a value for g, the acceleration of free
fall. A short wooden rod is released above a light gate. A timer connected to the light
gate is used to measure the time taken for the wooden rod to pass through the light gate.

ﬂ/ wooden rod

light gate

The experimental arrangement is shown.

to timer <—

The student uses the equation v* = u” + 2as, where u = 0, and a graphical method to
determine a value for g.

(a) State the additional measurements the student should take.

(b) Describe how the velocity v of the wooden rod as it passes through the light gate can
be determined accurately.
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(c) Describe how the student can determine a value for g using a graphical method.
3)

(Total for Question 12 = 7 marks)

3. Oct20

* A skydiver jumps from an aeroplane and accelerates until she reaches terminal velocity.
At a time ¢, she opens a parachute and a second, lower terminal velocity is reached

before landing safely at time 7.
The acceleration-time graph for the motion of the skydiver is shown.

A
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acceleration
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Explain the shape of the graph. You should refer to the forces acting on the skydiver.

(Total for Question 14 = 6 marks)
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4. Jan22

The diagram shows a lift system for moving people up and down a tall building. There
is a counterweight to balance the weight of the lift. An electric motor is used to raise
and lower the lift.

electric motor

counterweight \I

(a) Explain how the counterweight affects the amount of work required from the electric
motor to raise the lift.
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(b) The electric motor raises the lift through a height of 40.0m in a time of 30.0s.
Show that the output power of the electric motor is about 12 kW.

total mass of lift and people = 2250kg
mass of counterweight = 1300kg

(c) The electric motor dissipates energy to the surroundings at a rate of 3 600 W.

Determine the efficiency of the electric motor.

EGIoney = ..o

(Total for Question 12 = 8 marks)
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5. Jan22

* A student of weight 600N is standing on weighing scales in a lift. The scales are
calibrated to give readings in newtons.

lift

weighing scales

The lift moves upwards at constant velocity, then decelerates to rest. As the lift moves,
the student looks at the readings on the scales.

Explain the readings on the scales.

(Total for Question 14 = 6 marks)
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6. Oct22

A child is holding a balloon by a string, as shown. The balloon contains helium gas.
Helium gas is less dense than air.

balloon

string “

(Source: © pinstock/Getty Images)
(a) The child releases the balloon by letting go of the string.
Calculate the resultant force on the balloon immediately after it is released.

mass of balloon and string = 9.20 x 10 kg
volume of balloon and string = 5.00 x 10° m’
density of air = 1.20kg m™
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*(b) Immediately after the balloon is released, it begins to move upwards.
The density of the air remains constant and there is no wind.

Explain how the forces acting on the balloon affect its motion as it moves upwards
from the moment it is released.

(Total for Question 14 = 10 marks)
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7. Jan20
Popcorn kernels contain water. When heated, the water turns to steam. The kernel *pops’
and moves upwards.

‘popped’
__ popcorn
kernel

Scale

lem

popcorn
kernel ——__

—

—

(a) The photographs above show a popcorn kernel just before popping and at the
maximum height after popping. The time between the two photographs was 83 ms.

(1) Determine the maximum height after popping.

Maximum height =
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(11) Calculate the initial speed of the ‘popped’ popcorn kernel.

Imitial speed = ..o uunnmmnssmmmssssamsssmmsi

(b) The average water content in a popcorn kernel is 14% of the total mass of the kernel.

A kernel is heated until it pops. Steam is ejected downwards, and the popped kernel
moves upwards with an initial speed of 1.5ms™".

Calculate the speed at which the steam is ejected.

total mass of unpopped kernel = 0.11 g

(Total for Question 16 = 9 marks)

Pageb9of 321



8. June21

* A large spacecraft is made up of several ‘stages’. Each stage consists of a rocket motor

and a fuel tank. Once a stage has used all its fuel, the rocket motor in that stage shuts
down. The stage then disconnects from the spacecraft and falls back to Earth.

BEFORE SHUT-DOWN

astronauts

second stage

first stage

AFTER SHUT-DOWN

As the rocket is rising due to the upward force of the first stage, an astronaut feels himself
pushed further and further back, compressing the back of his seat.

When the first stage shuts down, the astronaut is suddenly projected forwards by the
seat. The astronaut is held in place by a safety strap.

Page60of 321



Explain the effects experienced by the astronaut. You may assume that the force
provided by the first stage rocket motor is constant until the moment it shuts down.

(Total for Question 15 = 6 marks)
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3.3 Graphs of motion (MCQSs)

Reference Notes:
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1. Oct22

Which of the following quantities is given by the area under a velocity-time graph?
0 A acceleration

[0 B displacement
0 C speed

0 D time taken

2. June22

The velocity-time graph shows the motion of a particle with a constant acceleration.
P, Q and R represent the magnitudes of each area shown.

Velocity

Which of the following expressions gives the total displacement of the particle?

O A P+Q
O B P+Q-R
BH C R+Q
O D R-Q

3. Jan22

A student walks for 6 seconds. The displacement-time graph for the student is shown.

displacement / m

time / s
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Which row of the table shows the final displacement and velocity of the student?

Displacement / m Velocity / ms™
O A 20 0.5
LJ B 3.0 0.5
B C 5.0 2.0
OO b 3.0 2.0
4. Oct21

Graphs can be used to represent the motion of an object.

N

Quantity

A\

Time

Which row in the table gives a quantity plotted on the y-axis and the corresponding
quantity represented by the gradient of the graph?

Quantity plotted on y-axis | Gradient of graph
O A displacement acceleration
0 B velocity acceleration
i3 C acceleration velocity
O D acceleration displacement
5. Jan2l

The graph shows how the acceleration @ of an object varies with time 7.

anmn

-~V
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Which of the following graphs shows how the velocity v of the object varies with ?

v A v A v A v A

-~V
i
~ VY
-~ VY

A B C D
O A
N
O c
£ o
6. June22

A rocket is accelerating horizontally due to a constant resultant force.
The mass of the rocket decreases steadily as it uses up its fuel.

Which graph shows how the acceleration of the rocket could change?

A B

~
>

Acceleration
Acceleration

Time Time

~
>

Acceleration
Acceleration

Time Time

o ooano
T 0w >
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7. Oct22

A car accelerated along a straight road. The graph shows how the acceleration of the car
varied with time.

Acceleration

V

Time

Which of the following graphs shows how the velocity of the car varied with time over
the same time interval?

h 4

Velocity Velocity

Time Time

Velocity Velocity

@e Tim;

o o0 0o o
T N = »
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8. Jan22

The velocity-time graph for a particle is shown.

velocity

time

Which of the following is the displacement-time graph for this particle?

\
displacement displacement
time time
A B
displacement displacement [
time ! time
’_
C D
O A
L B
BH C
L0 D
9. Junel9

A model rocket is launched and moves vertically upwards while still burning fuel to give
a constant upwards thrust. The fuel runs out, and the rocket reaches the maximum height
at time 7 before falling back to the ground.
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Which of the following graphs could show how the acceleration a of the rocket varies
with time 7, if the decrease in mass as the fuel burns is neglected?

a /

o
1\,
~

10. June2l

A constant forward force acts on a car. The car accelerates along a straight road. After a

while, the speed of the car reaches a constant value.

a

(|
=

~

a /A

N}
-~
>

C (I )

Which graph shows the variation of acceleration with time for the car?

6 ) ) O
g A = »

Acceleration

Acceleration

Time

Time

Acceleration

Acceleration

N

~

>

Time

Time
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11. Jan20

Two objects P and Q are at the same position at time ¢ = 0s. The graphs show how the

velocity v varies with time ¢ for each object.

v/ms™! v/ms™!
| | +--=-==== .
i i
0 T i —T1— t/s 0 E
| IIZ 3 ? 1 2 3 4
i — =i
object P object Q

Which of the following statements describes the positions of P and Q at t = 4s?

(]

(]
(]
(N

A P and Q are both at the initial position.
B P and Q are the same distance from the initial position.
C P is further from the initial position than Q.

D Q is further from the initial position than P.

t/'s
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3.4 Graphs of motion (structure)

Reference Notes:
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1. Janl9

The graph shows how the velocity of an object varies with time.

20
) 10 e N\,
E 0= > time /s
z 5 10\ 15 20
g -0
V]
> \

_20 ‘\

\\
-30

Describe how the acceleration of the object varies with time.
Your answer should include calculations.

(Total for Question 11 = 3 marks)
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2. Junel9

A swimmer swims a 100m race. A simplified displacement-time graph for the swimmer

is shown.

Displacement / m
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(a) Draw a corresponding velocity-time graph for the motion of the swimmer on the axes
below. Show all working in the space below.

4

Time / s

=

o

Velocity / ms™!
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(b) To increase her initial speed, the swimmer began the race by gliding underwater

for 15 m and then began to use her arms and legs. This was not represented on the
simplified displacement-time graph.

(1) Sketch onto the axes below to show the actual variation of displacement with
time for the first 15 m of the race.

(2)
15+
=
a
)
=
L
2
&
Aa
0 .
14
Time /s
(i) Explain one other way in which the motion of the swimmer has been simplified
when drawing the displacement-time graph.
(2)

(Total for Question 13 = 8 marks)

Pager3of 321



3. Octl9
I The velocity-time graph for a car for the first part of a journey is shown.

24

22 u

20 e

18 an

16 3rd gear

14

12 /

velocity/ms™

4 Ist gear

0 10 20 30 40 50 60 70

time/s

(a) As the velocity of the car increased, the driver changed gear. Each change in gear
produced a small decrease in velocity.

(i) State how the graph shows that in 3rd gear the car has a smaller acceleration than
in 1st gear.

(1)
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(i1) Determine the average acceleration when the car is accelerating in 2nd gear.

(2)
Average acceleration in 2nd gear = ...
(ii1) The equation that links the power P of a car engine to the forward force F on the
car and the velocity v of the car is
P=Fy

Comment on the magnitude of 7 when the car is in higher gears, assuming P

remains constant.
(2)
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(b) The manufacturer of a different car gives the following information.

Gear Maximum velocity/ms™ Maximum acceleration/ms™
Ist 18 2.9
2nd 32 1.2
3rd 46 0.83
4th 74 0.72

(i) Calculate the minimum time taken for the car to accelerate from rest to
60 miles per hour. You may assume that the time taken to change gears is negligible.

1 mile = 1600 m
(4)

(Total for Question 17 = 12 marks)
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3.5 Inclined planémotion on a ramp (MCQSs)

Reference Notes:
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1. June22

A cyclist rode along a slope at a constant speed. The increase in vertical height of the
cyclist was Ah. The slope was at an angle # to the horizontal as shown.

The forward force of the road on the bicycle was F and air resistance was negligible.
Which of the following gives the work done by the cyclist?
0 A FAhcosf

F Ah
cos

0 B

[0 C FAhsiné

F Ah
sin @

0 D

The diagram shows the forces acting on an object on an inclined surface.

The component of R parallel to the inclined surface is

0 Ao
] B 1
[l ¢ Rcose
[] b Rsine
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The diagram shows an object on an inclined surface.

The component of the weight W parallel to the surface is

[0 Ao

1 B 1
D C Wcosb6
[l D wsine

4.

A child goes down a slide. Which of the diagrams correctly represents the forces acting on the child?

A B C D

Two students, P and Q, of equal mass climb to the top of a mountain. They both start their climb from the
same vertical height.

Studeat Q's route

Student P’s route
Student P takes two hours to climb a shorter, steeper route. Student Q takes three hours to climb a
longer, less steep route.
Which row of the table correctly describes the gain in gravitational potential energy and power developed
by student P compared to student Q?

Gain in gravitational

potential energy Power developed

O A greater for P than Q greater for P than Q
O B greater for P than Q | less for P than Q
O C same for P and Q | greater for P than Q
0 D same for P and Q | less for P than Q
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6.

A student uses a force F to push a block of weight W all the way up a frictionless ramp, at a constant

speed.
1/
h
v !
The work done by the student can be calculated using
L A Fn
OB (Fwi
O c wn
o w
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3.6 Inclined planémotion on a ramp (structure):

Reference Notes:
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1. Oct21

A sledge accelerates, due to gravity, from rest down a frictionless slope. Air resistance
can be ignored. The slope is at an angle of 6.9° to the horizontal, as shown.

sledge

(a) Complete the free-body force diagram below for the sledge.

(b) The slope has a total length of 60m.

(i) Show that the initial acceleration of the sledge along the slope is about 1 ms™—.
(2)

(11) Determine the speed of the sledge at the end of the slope.

Speed at end of slope =
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(i11) Determine the time taken for the sledge to travel to the end of the slope.

Time taken = ...
(Total for Question 13 = 8 marks)
2. Oct22

A cyclist is moving up a slope at a constant speed. The angle of the slope to the
horizontal is 4.0°, as shown.

/

As the cyclist pedals, there is a constant forward force on the bicycle of 150N. The
cyclist travels 215 m along the slope.

(a) Show that the work done by the cyclist is about 3 x 10*J.
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(b) The cyclist must do work against the force of gravity and air resistance.
(1) Calculate the work done by the cyclist against air resistance.

mass of cyclist and bicycle = 90kg

Work done against air resistance = ...

(11) State one assumption that must be made when calculating the work done against
air resistance.

(1)
(c) At the top of the slope, the road becomes horizontal. The cyclist continues to pedal
with the same force.
Explain how the speed of the cyclist changes as the road becomes horizontal.
(2)

(Total for Question 19 = 9 marks)
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3. Oct21

The diagram shows a system used to move a stone block up a ramp. A team of people
uses a rope to pull the block at a constant speed.

team of people

4.35m
ramp

height of ramp =4.35m

angle of ramp to horizontal = 6.0°
mass of block = 2.10 x 10°kg

speed of block up ramp = 0.450ms™!
total power of team = 6.25kW

(a) Show that the total force that the team exerts on the block is about 14 kN.

Total work done =
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(c) Show that the useful work done on the block is about 90klJ.

Efficiency = ... S B

(Total for Question 18 = 9 marks)
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4, June2l

A trolley accelerates from rest at point A, down a straight track to point B. The trolley
then continues along a horizontal track to point C, as shown.

A
trolley
N
0.50m
A B C
h 2.0m - i -

The effects of air resistance and friction are negligible.

(a) Show that the trolley reaches point B with a speed of about 3ms™'.

Time taken= ... R —

(Total for Question 12 = 7 marks)
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5. Octl9
A student set up the apparatus shown.

A

<
< r

(a) When released from a height A, trolley A ran down the slope and then continued to
move horizontally. On the horizontal part of the track a frictional force F brought
the trolley to rest over a short distance d. The trolley has a mass m. The student
measured d for a range of heights 4.

The student plotted the following graph of d against A.

d/\

h

Derive an expression for the gradient of the graph, in terms of F, m and g.
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(b) In a second experiment, an identical trolley B was placed at rest at the bottom of the
slope. When trolley A was released as before, it rolled down and collided with trolley B.
After the collision the two trolleys joined together and moved off to the right with a
velocity v.

A

bd

h
The student predicted that, provided friction was ignored, v = %

Assess whether the student was correct.

(Total for Question 12 = 6 marks)
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6. Junel9

Machines make work easier by changing the size or direction of a force. A student
designed a simple machine to lift a box of mass 50kg. The student claimed the
efficiency of the machine was greater than 90%.

The machine used a slope of height 2.0m and length 15m to move the box. The box was
connected to an 8.0kg mass by a rope over a pulley as shown. As the 8.0kg mass fell, the
box moved up the slope at a steady speed.

K

(Total for Question 12 = 4 marks)
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7. Oct21
A toy car is released from rest and rolls down a slope, as shown.

mass of car = 0.160 kg
speed of car at bottom of slope = 2.6 ms!

(a) Calculate the increase in kinetic energy of the car as it accelerates down the slope.

(2)
Increase in kinetic energy = ... .. B
(b) As the car accelerates down the slope, the work done against frictional forces
is 0.261J.
Calculate the vertical displacement of the car.
(2)

Yertical displacement O CAI= .....coomsmmmmmmosmasss

(Total for Question 11 = 4 marks)
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8. Janl9

The luge is an event at the Winter Olympics. An athlete lies on a small sledge and races
down an icy track, feet first.

A\
R 7

Source: www.wiop.com

(a) An athlete accelerates down a straight section of the track as shown. The track is at
an angle 6 to the horizontal.

Draw a free-body force diagram for the sledge and athlete.
You should consider the relative sizes of the forces when drawing your diagram.
(4)
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(b) The mass of the athlete is one of the factors that affects her time to complete the race.

(i) Explain why the mass of the athlete has little effect on the initial acceleration.

3)
(i) Explain, in terms of forces, why the athlete reaches a maximum velocity.
3)
(111) It is stated that the maximum speed is greater for athletes of greater mass.
Suggest why this is only correct up to a certain mass.
(2)
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(c) After the finish line there is a straight, uphill section of track for the sledge to
decelerate in. The maximum permitted gradient of this section is 20 %.

direction of motion

finish line

(1) Show that a track with a gradient of 20% is at an angle to the horizontal of about 11°.

(1)

(i) An athlete reaches the finish line at a velocity of 33 ms'. She then applies a
minimum braking force of 240N as she moves along the uphill section of track to
help her come to a stop.

Calculate the minimum uphill length of track L that should be available for braking.
You should ignore all frictional forces other than those applied by the athlete.

mass of sledge and athlete = 95kg

(Total for Question 18 = 18 marks)
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9. Jan20
A ball falls through a vertical height of 0.60 m before bouncing at point A on a ramp,

as shown.

N

0.60m |Y

70°

ramp

> f

ground
WL E R TSI TSI ES TSI IEL SO T TION I LIS IS

(a) Show that the velocity of the ball immediately before the bounce is about 3ms™.

(2)
(b) Kinetic energy is conserved as the ball bounces off the ramp. The ball bounces at an
angle of 70° to the vertical.
State expressions for the horizontal and vertical components of velocity of the ball
immediately after the bounce.
(2)

Horizontal component =

Vertical component =
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(c) Point A is 0.86m vertically above the ground and 1.23 m horizontally from the end of

the ramp as shown.

70°

0.86m

\
LIS TS LA AL LLLS LT LS TS AL LA LIES AL LA LL LIS
< 1.28m—>

Deduce whether the ball will bounce a second time on the ramp.

(Total for Question 15 = 8 marks)
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Reference Notes:
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41 bSgilizyQa f:l ga dédalvaov

1. Junel9

Once in orbit above the Earth’s atmosphere, the engines on a space rocket are switched off.

Which row of the table correctly states the resulting motion of the rocket and the law
explaining this motion?

Motion of rocket Explanation
O A uniform velocity Newton’s 2™ law
OB uniform velocity Newton’s 3" law
EH C changing velocity Newton’s 2™ law
0 D changing velocity Newton’s 3™ law

2. Jan2l
Which of the following statements is not correct for a Newton’s 3rd Law pair of forces?
[0 A The forces act in opposite directions.
[0 B The forces act on the same body.
[0 C The forces are of the same type.
Cl

D The forces have the same magnitude.
3. June2l

A van travels along a straight, horizontal road at a constant velocity.

Which of the following statements is correct?
[J A The frictional force of the road on the tyres can be ignored.

[0 B The frictional force of the road on the tyres is equal to the resultant force on
the van.

[0 C The frictional force of the road on the tyres is in the direction of motion of
the van.

[0 D The frictional force of the road on the tyres is in the opposite direction to the
motion of the van.
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4. Oct21

A massive star exerts a gravitational force F__ on a small distant planet. The planet
exerts a gravitational force F oianet 9N the star.

Which row of the table 1s correct?

O A
O B
B C
I
5. Jan22

Magnitude of forces Direction of forces
F s < Vo opposite
P <Fg, the same
AL E opposite
e S the same
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