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(Total for Question 3 = 1 mark)
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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 2
change your mind, put a line through the box ¢ and then mark your new answer with a cross X. 9,
=
1 Which of the following units can only be used for a vector quantity? =
-
<
LI A e
<
LI B kg 73
=
[J CN m
B
LI D W
(Total for Question 1 = 1 mark)
An apple falls freely from rest until it reaches the ground.
The apple falls a distance s in a time ¢. 8
Which of the following gives the relationship between s and ¢? §
-]
-1
LI A soct %
e |
0 B st m
2
=
[ C sot T
n
0 D sxt >
ﬁ
(Total for Question 2 = 1 mark) >
A white ball moving with velocity v collides with a stationary red ball of the same mass.
After the collision, the white ball is stationary and the red ball moves with velocity v.
Which row of the table describes what happens to the total kinetic energy and total
momentum of the balls during the collision? o
o
2
Total kinetic energy Total momentum 2
0 A decreases decreases §
o
1 B decreases stays the same ;
] cC stays the same decreases g
7
LI D stays the same stays the same g;
m
>
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4 A toy car rolled down a ramp. The ramp was at an angle 6 to the horizontal.

The resultant force on the car was F. The car moved a horizontal distance x and a
vertical distance y, as shown.

Which of the following expressions gives the work done by F' as the car moved down
the ramp?

L] A Fx

o g ¥
cosf

] C Fy

LI D Fysind

(Total for Question 4 = 1 mark)

A force of 20N and a force of 35N act at a point. The forces act at right angles to each
other, as shown.

35N

20N

Which of the following expressions gives the magnitude of the resultant of these forces
in N?

20 + 35

A
B 20+35
C 20°+35°
D

J(20% +35%)

O o oo

(Total for Question 5 = 1 mark)
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6 A driver applies the brakes to stop a car. The car has a constant deceleration. %
Which of the following shows the velocity-time graph for the car as the brakes U
are applied? S
z
Velocity Velocity - g :
B
w3
s
Time Time ' : '

Velocity \\ Velocity \

Time Time
[l c ] D
(Total for Question 6 = 1 mark)
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7 A person doing a parachute jump falls at terminal velocity. The person is connected to
the parachute by cords, as shown.
parachute
person
Which of the following is the Newton’s third law pair to the force of the cords on
the parachute?
[J A The air resistance on the parachute —
[ B The force of the cords on the person —
[J C The force of the parachute on the cords —
[ D The weight of the person —
(Total for Question 7 = 1 mark)
. J
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8 A student applied a tensile force to a metal wire of length x and cross-sectional area 4.

The extension of the wire was Ax.

The student applied the same force to a second wire made of the same material.

The extension of the second wire was %

Which row of the table could show the length and cross-sectional area of the

second wire?

Length Cross-sectional area

LI A X 0.54

1 B X 24

I C 2x 0.54

LI D 2x 24

(Total for Question 8 = 1 mark)
.
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9 The force-extension graph for a spring is shown.

400 —
300
Force /N 200

100

0 | | | T T T T |
0 1 2 3 4 5 6 7 8

Extension / mm

A tensile force of 50N is applied to the spring.
An additional tensile force of 300N is then applied to the spring.
Which expression gives the change in elastic strain energy, in J, when the additional

force is applied?

0O A 300 x 6 x107°
2

0 g (300+50)x6x107
2

0 ¢ (300 +50+50)x6x10~
2

0 p (300+50)x7x107
2

(Total for Question 9 = 1 mark)
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10 A student hangs a 3 kg mass and a 2 kg mass from a spring, as shown.

The forces on the 3 kg mass are in equilibrium.

spring

RSB

3kg

string

| vawsmiNawmionod

2kg

The string holding the 2 kg mass breaks.

Which expression gives the initial upward acceleration of the 3 kg mass in terms of g?

O A 28
3
O B 28
3
] C 2g
] D 5g
(Total for Question 10 = 1 mark)
TOTAL FOR SECTION A =10 MARKS
- ) &5
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11 A car accelerates from rest on a horizontal road.
The engine causes a forward force F on the car of 7500 N.
The weight W of the car is 15000 N.
The road exerts a normal contact force N on the car.

Complete the free-body force diagram for the car at the instant the acceleration begins.
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(Total for Question 11 = 2 marks)
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12 A crane lifts a load of 3400 N through a distance of 26 m.
The power input to the crane is 5.7kW. The efficiency is 0.38

Calculate the time taken for the crane to lift the load.

Time taken = ...,

(Total for Question 12 = 4 marks)
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13 In a game called ‘curling’, players slide circular ‘stones’ across ice towards a target.

In one game, stone A moves towards the target, and stone B is stationary. Stone A is

. . )
about to collide with stone B, as shown. (@]
=
o
View from above ;
2
=]
m
2
stone A stone B .
&— O :
>
)
m
>
ice

target

(a) During the collision, there is a resultant force on stone A and a resultant force on
stone B in the opposite direction. These forces have the same magnitude and act for ()
the same time. o
S
Explain how Newton’s second law predicts that momentum is conserved when =4
stone A collides with stone B. :Eu
=
m
2
.................................................................................................................................................................................................................................................. q
=
n
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(b) Before the collision, stone A had a kinetic energy of 3.8 J. Stone B was stationary.
After the collision, stone B moved with a speed of 0.45ms".

Stone A will slide past the target if the momentum of stone A after the collision is
greater than 5.5kgms .

Deduce whether stone A will slide past the target.

mass of stone A = 18kg
mass of stone B = 17kg

(Total for Question 13 = 7 marks)

.
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14 A container is used to hold plants. The container hangs by a chain from a bracket
attached to a wall, as shown.

Not to scale

hook
horizontal bar chain
supporting bar
wall .
container

The bracket has a horizontal bar with a hook at one end. There is a supporting bar
beneath the horizontal bar.

(a) The container is in equilibrium.

State why the centre of gravity of the container is vertically below the chain.

P 7 9 1 4 3 A 0 1 4 3 2
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(b) A screw in the wall exerts a force F on the horizontal bar, as shown.
0.28m
0.16 i
F i > Not to scale
55°
The weight of the container is 34 N.
The mass of the bracket is negligible.
Determine force F.
You should take moments about point P.
“4)
F=
(Total for Question 14 = 5 marks)
\_ J
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15 A can of spray-paint contains a paint and a solvent, which are both liquids. The can also
contains a ball bearing.

)
When the can is moved, the ball bearing moves through the paint. (@)
=2
(a) Stokes’ law applies as the ball bearing moves through the paint. 9,
=
State the conditions for Stokes’ law to apply. =
-
2
]
.................................................................................................................................................................................................................................................. T
n
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA =
)
m
B
(b) Stokes’ law applies as the ball bearing moves through the paint at a constant
velocity. The ball bearing moves a distance of 5.6cm in a time of 1.3s.
Calculate the viscous drag due to the paint acting on the ball bearing. 8
radius of ball bearing = 0.90 mm g
viscosity of paint = 0.15 Pas ;
=
=
I
.................................................................................................................................................................................................................................................. E
=
=
.................................................................................................................................................................................................................................................. G
B
)
.................................................................................................................................................................................................................................................. m
>
Viscous drag due to paint = ... 8
2
()]
-
=
=
o
m
2
-
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>
o
m
>
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(c) When the can is shaken, the ball bearing moves. This causes the paint and the
solvent to form a mixture.

The viscosity of the mixture is different from the viscosity of the paint.
The ball bearing falls through the mixture at terminal velocity.
Calculate the viscous drag due to the mixture on the ball bearing.

mass of ball bearing = 2.4 x 10 kg
density of mixture = 1.5 x 10°kgm”
radius of ball bearing = 0.90 mm

Viscous drag due to mixture = ...

(Total for Question 15 = 10 marks)
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16 The photograph shows a tennis racket.

string

racket

(Source: © Diy13/Getty Images)

A student determined the Young modulus of the material of the string from a
tennis racket.

She used the apparatus shown below.

marker _
string

clamp
X bench pulley
i

.

small mass

The student determined the cross-sectional area of the string. She measured the original
length x of the string between the clamp and the marker.

She increased the tension in the string and measured the new length of the string
between the clamp and the marker. She used her results to calculate the Young modulus
of the string.

(a) State why the student should suspend a small mass from the string before
measuring Xx.
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(b) Explain how the student could decrease the percentage uncertainty in the value of x.
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(c) The table shows the Young modulus of different materials used to make string for
tennis rackets.

Material Young modulus / GPa

gut 6.0

nylon 5.0

polyester 0.92

The string used by the student had a cross-sectional area of 1.2 x 10™°m”.
The initial length of the string was 1.6 m.

When the student increased the force on the string by 15N, the length of the string
increased by 4.2 mm.

Deduce which material the string was made from.

(Total for Question 16 = 8 marks)
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17 In a factory, boxes move along tracks.

(a) One track forms an inclined plane at an angle of 22° to the horizontal.
A box of mass 5.0kg is placed on the track, as shown.

Not to scale

The box slides down the track from rest. Friction acting on the box is negligible.

Calculate the velocity of the box when it has moved 2.5 m along the track.
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*(b) The box is placed on a different track in the factory.

The sketch graph shows how the displacement of the box varies with time.

Displacement

Time / s

Explain what the graph shows about the velocity and acceleration of the box.

(Total for Question 17 = 10 marks)
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18 In 2009, a satellite orbiting the Moon fired a projectile towards the surface of the Moon.

(a) The initial velocity of the projectile was 2460ms " at an angle 6 to the horizontal.
The horizontal distance travelled by the projectile was 2930 m, as shown.

projectile i \_, é _____
|\ 2460ms!

V3HVY SIHL NI ILIHM 1ON Od

surface of Moon

2930m

The time taken for the projectile to reach the surface of the Moon was 7.50s.

(i) Show that 6 was about 81°.

YISV SIHL NI ILI-IM LONOd

Y3dY SIHLNEILIIM LON Od

NN 0D OO mor
P 7 9 1 4 3 A 0 2 4 3 2



DO NOT WRITE IN THIS AREA

DO NOTWRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

GradeMax

(i1) Calculate the speed of the projectile as it reached the surface of the Moon.

Assume the acceleration due to gravity is constant and has a value of 1.63ms .

(b) A satellite orbiting the Earth could fire a projectile towards the surface of the Earth
with the same initial height and velocity as the projectile fired towards the Moon.

(1) A student used the equations of motion to predict the motion of this projectile.

Explain how the predicted horizontal distance travelled by this projectile would
be different from the horizontal distance travelled by the projectile fired towards
the Moon.

Assume the acceleration due to gravity is constant and has a value of 9.81ms ™.

You do not need to do any calculations.

25
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(i1) The student used the equations of motion to calculate the speed of the projectile
at the surface of the Earth. The student used a value of 9.81ms ™ for the s
acceleration of the projectile.

Give two reasons why the student’s value for the speed would not be accurate.
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(Total for Question 18 = 12 marks)
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19 A toaster is a device used to heat a slice of bread.

A platform in the toaster is supported by four springs. A slice of bread is placed in the
toaster and a person pushes the platform downwards, stretching the springs. A hook then

holds the platform

Empty toaster

in place, as shown.

GradeMax

Slice of bread in toaster Platform held by hook

— / slice of
bread

- spring
L—1
~platform —

hook —_|

—

|__spring

— J

(a) Explain how the elastic strain energy stored by the springs compares with the work
done by the person to push the platform downwards.

EEOEC
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(b) The platform is supported by one spring at each corner. The 4 springs are identical.

A person places a slice of bread of weight 0.52N in the toaster. The weight of the
bread causes the platform to move 2.1 cm downwards.

(i) Show that the stiffness of each spring is about 6Nm .
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(i1)) The hook exerts a downwards force of 1.2N on the platform.
The toaster heats the slice of bread and then releases the hook. The springs
return to their unstretched length and the bread is launched upwards.
The mass of the platform is negligible.
Determine the speed of the bread at the instant the springs return to their
unstretched length.
(6)
Speed =
(Total for Question 19 = 12 marks)
TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER =80 MARKS
. J

29
am NN 0O
P 7 9 1 4 3 A 0 2 9 3 2



List of data, formulae and relationships

Acceleration of free fall g=9.81ms? (close to Earth’s surface)
Gravitational field strength g=9.81Nkg' (close to Earth’s surface)
Unit 1
Mechanics
. . ) . (u +v)t
Kinematic equations of motion s = T
v=u+ at
s=ut + Sar?
2
vi=u*+ 2as
Forces XF=ma
F
g=—
m
W=mg
Momentum p=my

Moment of force

Work and energy

Power

Efficiency

Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus

moment = Fix

AW = FAs
_ 1o
Ek - Emv
AEgrav = mgAh
E
p=—=
t
w
p=
t
efficiency = useful energy 'Output
total energy input
efficiency = useful power .Output
total power input
_m
P vV
F= 67E77rv
AF = kAx
AE = 1 FAx
¢ 2
E=Z where
g
St _F
ress o v
. Ax
Strain € = —
X
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