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SECTION A

Answer ALL questions.

For questions 1-10, in Section A, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box ¢ and then
mark your new answer with a cross [X.

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

displacement / m

A
2 |
1~
0 =2
4 6 time/s

_1_/2

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

Displacement / m

2.0
3.0
5.0
3.0

0.5
0.5
2.0
2.0

Velocity / ms™!

(Total for Question 1 = 1 mark)

2 Physical quantities may be vectors or scalars.

Which row of the table is correct?

Force Mass Acceleration
Ll A scalar vector scalar
(] B scalar scalar vector
] C vector vector scalar
(] D vector scalar vector
(Total for Question 2 = 1 mark)
2
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3 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
I A
1 B
I C
LI D
(Total for Question 3 = 1 mark)
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4 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 6 to the vertical.

8ms

Sms™!

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

Magnitude / ms™! 0/°
O A V82 — 52 tan™' —
O B V82 — 52 sin™! =

0 cC V8% + 52 tanl%

[0 D V8% + 52 sinl%

(Total for Question 4 = 1 mark)
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5 An object on the Moon falls a vertical distance of 0.32m, from rest, in a time of 0.63s.

Which of the following expressions gives the acceleration due to gravity on the Moon
in ms2?

0.32

& 2 x0.63
0.32

B B 2 % 0.632

2x0.32
O c x 0.3
0.632

O 2x0.32
0.63

(Total for Question 5 =1 mark)

The graph shows how terminal velocity varies with mass for small spheres of equal
diameter falling through a viscous liquid.

terminal
velocity

mass

Which of the following describes the gradient of the graph for a liquid of
greater viscosity?

[] A a greater gradient

[J B asmaller gradient
[ C avariable gradient
0 D

the same gradient

(Total for Question 6 = 1 mark)
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7 A person is pushing a trolley at a constant velocity.

The floor exerts a force P on the person, the person exerts a force QO on the trolley.

The trolley exerts a force R on the person and the total drag force on the trolley is S.

(Source: Andy Dossett/Alamy Stock Photo)

Which pair of forces is a Newton's Third Law pair?

A
B
C
D

Pand R
Qand R
Qand S
Pand S

(Total for Question 7 =1 mark)

8 A wire breaks when a tensile force 7 is applied. A second wire, made of the same
material, has twice the diameter.

Which of the following is the force required to break the second wire?

(|
(|

A

B

(Total for Question 8 = 1 mark)
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9 A beam is balanced on two supports as shown.

P o

Th ]

w

The beam has a weight /" and the reaction forces at the two supports are P and Q.

Which of the following statements about the magnitudes of the forces is correct?

0 A P>Q0
I B Oo>WwW
1 € Oo>P
LI D @P+Q>Ww
(Total for Question 9 = 1 mark)
| 10 Which row of the table contains two units that are not equivalent?
Unit 1 Unit 2
LI A Js! W
] B kgms? Ns
] cC Nkg! ms?
LI D Nm J
(Total for Question 10 = 1 mark)
TOTAL FOR SECTION A =10 MARKS
. J

acom R OO A Turn over »
P 6 71 5 4 A 0 7 2 8

7



SECTION B
Answer ALL questions in the spaces provided.

11 A slow moving asteroid A was hit by a faster asteroid B. Asteroid B was absorbed by
asteroid A as shown.

BEFORE COLLISION AFTER COLLISION

O— B

B
A A

(a) State the principle of conservation of linear momentum.

(b) Before the collision, asteroid A had a velocity of 2.19 X 10°ms™! and a momentum
of 1.80 x 10""kgms".

(i) Show that the mass of asteroid A was about 8.2 x 10*kg.
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(i1) Calculate the velocity of the asteroids after the collision.

mass of asteroid B =5.90 x 102kg
velocity of asteroid B before the collision = 15.0 X 10°ms™!

Velocity of asteroids = ...,

(Total for Question 11 = 7 marks)
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12 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 /O

people

counterweight

(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 12kW.
total mass of lift and people = 2250kg
mass of counterweight = 1300kg
4)
(c) The electric motor dissipates energy to the surroundings at a rate of 3600 W.
Determine the efficiency of the electric motor.
(2)
Efficiency = . ...
(Total for Question 12 = 8 marks)
. J
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13 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 is 650N.

76° 1 76°

650N

Show that the tension 7 in the rope is about 1.3 X 10°N.
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(b) The rope has an unstretched length of 120m as shown below.

120m

650N

(1) Determine the strain in the rope while it is supporting the weight of the climber.

You may ignore the weight of the rope.

(i) The rope has a cross-sectional area of 3.14 X 10*m?.

Determine the Young modulus of the rope material.

Young modulus = ...

(Total for Question 13 = 9 marks)

\. J
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*14 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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15 A hollow brass cylinder with closed ends is floating on the surface of water.

The cylinder has a length of 4.0cm and an external diameter of 2.1 cm as shown.

brass cylinder

water air 2.1cm

4.0cm

63% of the volume of the cylinder is submerged. The cylinder contains negligible
weight of air.

(a) Explain why the brass cylinder floats.

(b) The density of water is 1.0 X 10°kgm™

(1) Show that the mass of the cylinder is about 9 x 103kg.
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(i1)) Deduce whether an identical hollow cylinder made of gold would also float.
Assume that the volume of gold is the same as the volume of brass.

density of gold = 19.3 x 10°kgm™
density of brass = 8.7 x 10°kgm™

(Total for Question 15 = 10 marks)

J
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16 The photograph shows a toy pinball machine. The launcher is pulled back, compressing
a spring. The spring obeys Hooke’s law. When the launcher is released, the spring
returns to its original length and a small ball is launched horizontally into the machine.

ball

spring

launcher

launcher

(Source: © Valery Voennyy/Alamy Stock Photo)

When the launcher is pulled back, the spring is compressed by 5.0cm. When the spring
is released, the ball is launched at a speed of 8.0cms™.

(a) Show that the kinetic energy of the ball just after launching is about 4 x 107°]J.

mass of ball = 12¢g
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( )
(c) Determine the stiffness of the spring.
(2)
Stiffness = ..
(d) The spring returns to its original length L.
Sketch a graph, on the axes below, to show how the velocity of the ball varies with
the length of the spring.
4)
velocity
0 | length of spring
L
(Total for Question 16 = 10 marks)
J
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17 A small sphere is moving horizontally through a viscous liquid.
(a) Stokes' law can be used to calculate the drag force on an object.

State the conditions that must apply for Stokes' law to be valid.

(2)
(b) There is a constant force of 2.3 X 10 N acting horizontally on the sphere.
diameter of sphere = 4.5 X 10 m
viscosity of liquid = 7.1 x 102Pas
(i) At one instant, the speed of the sphere is 5.2 x 10°ms™.
Calculate the resultant horizontal force on the sphere.
3)
Resultant horizontal force = ...
(i) Calculate the maximum speed of the sphere in the horizontal direction.
2)

Maximum horizontal speed =
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(c) A larger diameter sphere in the same liquid is acted upon by the same constant force
as in (b). The liquid is at a lower temperature.

Explain the effect these changes have on the maximum speed of this sphere.

(Total for Question 17 = 11 marks)
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18 A stunt motorcyclist wants to jump across a river to land on the other side. The diagram

shows the motorcyclist driving off a ramp at the edge of a river.

river

100m

The ramp is at an angle of 25° to the horizontal and the height at the end of the ramp
is 3.0m. The width of the river is 100m. The initial velocity of the motorcyclist
is 35ms™.

(a) Calculate the horizontal and vertical components of the motorcycle's initial velocity
as it leaves the ramp.

Horizontal component = ...

Vertical component = ...

J
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(b) Deduce whether the rider lands on the other side of the river.

The effects of air resistance can be ignored.

(Total for Question 18 = 9 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER =80 MARKS
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Acceleration of free fall
Boltzmann constant

Coulomb’s law constant

Electron charge

Electron mass

Electronvolt

Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass

Speed of light in a vacuum
Stefan-Boltzmann constant

Unified atomic mass unit

List of data, formulae and relationships

g=9.81ms?
k=138 x 103 JK!
k = 1/4ne,

=8.99 x 10° Nm? C?

e=-1.60 x 10”C

m, =9.11 x 10°"kg

leV=1.60x10"J

G=6.67 x 10" N m? kg2
g=9.81 Nkg'!

£, =885 10" Fm™
h=6.63 x103]Js

m =1.67x 10 kg
¢c=3.00x10ms"'
c=567x10*Wm?2K*
u=1.66x 102" kg

Unit 1
Mechanics
. . . . (u+ v
Kinematic equations of motion s = T
v=u -+ at
_ + l 2
S =ut 5 at
v:=u?+ 2as
Forces YXF=ma
F
g= —
m
W=mg
Momentum p=my

Moment of force

Work and energy

Power

24

moment = Fix

AW = FAs
1
E = Emv2
AE, . = mgAh
FE
P— _
t
w
p=—
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( )
Efficiency efficiency = useful energy .output
total energy input
efficiency = useful power ?utput
total power input
Materials
Densit "
ensi = —
Y v
Stokes’ law F=6nnry
Hooke’s law AF = kAx
. . 1
Elastic strain energy AE = EF Ax
o
Young modulus E= i where
Stress 0 = -
ress o= —
) Ax
Strain £ = —
X
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