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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 Stress is applied to a sample of a material. The stress is increased until the sample breaks.
The graph shows the relationship between stress and strain for the sample.

Stress

Strain

Which of the following gives the Young modulus of the material?

N

(|
(|
(|

A

B
C
D

The area between the line and the strain axis.

The gradient of the graph.

The maximum stress multiplied by the maximum strain.
The maximum strain divided by the maximum stress.

(Total for Question 1 = 1 mark)
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2 A coin and a feather are dropped from the same height, through air.

Which row of the table is correct as the coin and feather fall to the ground?

Initial acceleration Time taken to reach the ground

0 A Greater for coin Less for coin

0 B Greater for coin Same for coin and feather

[0 C Same for coin and feather Less for coin

0 D Same for coin and feather Same for coin and feather

(Total for Question 2 = 1 mark)

3 A physical quantity can be either a scalar or a vector.

Which row of the table is correct for acceleration and work done?

Acceleration Work done

] A scalar scalar

(] B scalar vector

] C vector scalar

(] D vector vector

(Total for Question 3 = 1 mark)
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4 A spring is stretched beyond its elastic limit. The applied force is then removed.
Which of the following describes the behaviour of the spring?
[J A The extension of the spring is always proportional to the force applied.
[J B Plastic deformation occurs until the spring reaches its elastic limit.
[J C The spring only shows elastic deformation.
[ D The spring does not return to its original length.
(Total for Question 4 = 1 mark)
5 An aeroplane lands on a runway at time 0 and then decelerates.
The graph shows how the deceleration of the aeroplane varies with time.
Deceleration
Time
Which of the following does the shaded area on the graph represent?
[J A The displacement of the aeroplane at time ¢.
[] B The change in displacement of the aeroplane during time ¢.
[J C The velocity of the aeroplane at time 7.
[ D The change in velocity of the aeroplane during time 7.
(Total for Question 5 = 1 mark)
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6 When a force F'is applied to a spring of stiffness £, the extension of the spring is Ax.
A force 2F is applied to a second spring of stiftness 3k.

Which of the following expressions gives the extension of the second spring?

0 A Zac
3
0 B Sar
[l C —-Ax
[ D 6Ax

(Total for Question 6 = 1 mark)
7 A student drops a ball and measures the time taken for the ball to reach the ground.
He repeats this for different heights.
He uses a graphical method to determine a value for g, the acceleration of free fall.
He plots height on the y-axis of his graph.

Which row of the table is correct for the student’s graph?

Quantity plotted on x-axis Gradient of graph
. 1
LJ A time —
g
] B time g
O ¢ (time)? %
0 D (time)’ 2g

(Total for Question 7 = 1 mark)
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8 The velocity-time graph for a train journey is shown.

2v
Velocity \
v —

0 | 1
t 2t

Time

Which of the following expressions gives the distance travelled by the train in time 2¢?

L] A 4w

L] B 5w

(Total for Question 8 = 1 mark)
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9 A free-body force diagram for an object moving through a fluid is shown.
upthrust = 90N
Not to scale
draggweigh‘c =49N
The mass of the object is Skg.
The object is accelerating upwards at 4ms .
Which of the following gives the magnitude of the drag force in newtons?
] A 5x4
LI B 90-49
LI C 90-49—-(5x4)
LI D 90-49+(5x4)
(Total for Question 9 = 1 mark)
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10 Traffic lights of weight ¥ are suspended from a wire.
The wire is held at an angle 6 to the horizontal by two supports, as shown.

support support

traffic lights

Which of the following expressions gives the tension in the wire?

] A 2Wsin#

w

(] B -
2siné

[ C 2Wcos®

(] D
2cosf

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS
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SECTION B
Answer ALL questions in the spaces provided.
11 The mass of a car is 1850kg.

Some people sit in the car. The car then accelerates at 0.230ms* when the resultant
force on the car is 460 N.

Calculate the total mass of the people in the car.

Total mass of people = ...

(Total for Question 11 = 3 marks)
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12 A person on skis slides down a slope. The slope is at an angle of 14° to the horizontal.

The initial speed of the person is 7.1 ms ', as shown.

The resistive forces acting on the person are negligible.

Calculate the speed of the person after moving 15 m down the slope.

Speed = ...
(Total for Question 12 = 3 marks)
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13 An ‘escape lane’ can stop cars or trucks safely if the brakes stop working when moving
downbhill.

The photograph shows an escape lane.

ESCAPE
LANE

(Source: adapted from © Presse03)

The escape lane is made of sand and is horizontal, as shown below. The resistive force
of the sand on a vehicle reduces the kinetic energy of the vehicle.

vehicle

sand

steep road
escape lane

(a) As a truck enters the escape lane, the kinetic energy of the truck is 8.0 x 10°]J.

The sand exerts an average resistive force of 3.5 x 10°N on the truck as the truck
comes to rest.

Calculate the distance moved by the truck on the escape lane.
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(b) The resistive force exerted by the sand on a vehicle is proportional to the weight of
the vehicle.
The weight of a car is less than the weight of a truck.
Explain how the deceleration of a car on the escape lane would compare with the
deceleration of a truck.
(2)
(Total for Question 13 = 4 marks)
. J
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14 An air track is a straight tube with holes along its length. Air forced through the holes
lifts the gliders, preventing friction between the gliders and the air track.

A teacher uses an air track and two gliders, A and B, to demonstrate the principle of
conservation of linear momentum.

Gliders A and B move towards each other and then collide.

(a) State how Newton’s third law applies to the gliders during the collision.

(b) Gliders A and B have different masses and move at different velocities before the
collision, as shown.

0.32ms | 0.11ms "
H %

0.15kg 0.20kg

SO O i

glider A glider B air track

The gliders stick together in the collision.
A student predicts that the gliders will move to the left after the collision.

Deduce whether the prediction is correct.

(Total for Question 14 = 4 marks)
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15 The Cruachan hydroelectric power station in Scotland is built inside a mountain.

Water from a lake near the top of the mountain flows through straight pipes to a
generator. The pipes have a length of 350m and are inclined at an angle of 55° to the
horizontal, as shown.

lake

generator

The gravitational potential energy of the water in the lake is used to generate
electrical power.

(a) In one minute, each pipe transfers 1700m’ of water to the generator.
The density of the water in the lake is 1100kgm .

Show that the power transferred by the water in each pipe is about 88 MW.
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4 )
(b) Water travels from the lake to the generator through 4 identical pipes.
As water moves through the 4 pipes to the generator, the total power wasted i1s 256 MW.
Calculate the efficiency of the power station.
(2)
Efficiency = ...,
(Total for Question 15 = 7 marks)
J
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16 A balance is formed by a beam suspended from a string. A dish is hung from the beam
and the balance is used to measure a fixed portion of rice.

When the dish contains one portion of rice, the balance is in equilibrium, as shown.

string \_ZZZ_AAL
25.0cm
centre of . : ]
gravity of i i
beam >
8.0cm

dish

one portion of rice

(a) State the conditions needed for an object to be in equilibrium.
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(b) The dish is moved along the beam so that the horizontal distance from the string to
the dish is 7.0 cm.

Rice is added to the dish until the balance is in equilibrium.

Deduce whether the dish now contains 3 portions of rice.
You should include a calculation of the weight of 1 portion of rice.

weight of beam = 3.1 N
weight of empty dish = 0.64 N

(Total for Question 16 = 8 marks)
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17 A tugboat is a small boat that can be used to pull large ships. A tugboat is attached to a
ship using a thick rope.

A sample of the rope is tested to make sure that the rope will not break when a ship
is pulled.

(a) The original length of the sample was 36.8 m.

Calculate the strain in the sample when the length of the sample increased to 38.1m.

Strain= ...
(b) The stress-strain graph for the sample is shown.

200

150

Stress / MPa 100
50

0 T T T T 1
0 0.01 0.02 0.03 0.04 0.05

Strain
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(1) The diameter of the sample is 220 mm.
Determine the force applied to the sample when the strain was 0.025
“4)
Force = ...
(i1) Explain how the area under the stress-strain graph and the volume of the sample
can be used to determine the energy stored.
3)
(Total for Question 17 = 9 marks)
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18 A small, remotely controlled submarine is used to explore the sea.

(a) The engine of the submarine produced a horizontal force of 70N. The drag force on
the submarine was 43 N at an angle of 25° to the horizontal, as shown.

70N

W‘ - Not to scale
43N

Determine the resultant of these two forces on the submarine by drawing a scaled
vector diagram in the space below.

Magnitude of resultant force = ... ...

Angle of resultant force to horizontal = ... ...
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*(b) A crane on a ship can lift the submarine out of the sea, as shown.

crane cable

submarine

(Source: adapted from © PJF Military Collection/Alamy Stock Photo)

The submarine is initially completely underwater and at rest just below the surface.
A cable from the crane is attached to the submarine, so that the cable is vertical.

The crane pulls on the cable. The submarine moves vertically upwards at a constant
speed until the whole submarine is out of the water.

Explain how the tension in the cable changes as the submarine moves from below
the surface of the water to being completely out of the water.

You should assume the drag force on the submarine is negligible.

(Total for Question 18 = 11 marks)

J

23
. NN T DA 0
P 7 8 4 7 4 A 0 2 3 2 8 Turn over

>



19 Scientists launched a projectile from a mountain. The launch site was 2.0 km above
sea level. The projectile initially moved with a speed of 500ms ' at an angle of 22° to
the horizontal.

A ship was a horizontal distance of 15km from the launch site, as shown. The projectile
passed over the ship.

launch site 500ms"
\ Not to scale

./ship
sea
V.o___. /

(a) (i) Show that the projectile was vertically above the ship about 30s after launch.

You should ignore the effects of air resistance.
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(i1) Determine the height above sea level of the projectile as it passed over the ship.

You should ignore the effects of air resistance.

Height above sea level = ...

(b) The scientists launched several more projectiles. Each projectile was launched at the
same speed but at a different angle to the horizontal.

As the launch angle was increased, the horizontal distance travelled before landing
in the sea increased to a maximum value and then decreased.

Explain why the horizontal distance travelled reached a maximum value.

You should consider the components of the initial velocity.

(Total for Question 19 = 11 marks)
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20 A student determined the terminal velocity of a metal sphere falling through a container
of oil.

(a) The student released the sphere from rest in the oil.

Explain why the sphere reached terminal velocity.

(b) The student measured the time taken for the sphere to fall through 0.45m of the oil
at terminal velocity.

(i) Calculate the viscous drag force on the sphere.
Assume the conditions for Stokes’ law applied.

time taken = 7.3 s
radius of sphere = 0.90 x 10°m
viscosity of oil = 2.1 x 10 Pas
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(1i1) The student repeated the experiment using a second sphere with a
greater diameter.
The density of the second sphere was the same as the density of the
original sphere.
The temperature of the oil was the same and the conditions for
Stokes’ law applied.
Explain how the time taken for the second sphere to fall through 0.45m at
terminal velocity compares with the time taken for the original sphere.
3)
(Total for Question 20 = 10 marks)
TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER = 80 MARKS
.
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List of data, formulae and relationships

(close to Earth’s surface)

(close to Earth’s surface)

Acceleration of free fall g=98Ims>
Gravitational field strength g=9.81Nkg'
Unit 1
Mechanics
. . . ) (u+ vt
Kinematic equations of motion =7
v=u -+ at
s=ut + tar
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 = Fx

AW = FAs
E = L
k - Emv
AEvgralv = mgAh
_E
t
w
p=-
t
efficiency = useful energy F)utput
total energy input
efficiency = useful power output
total power input
m
P = I
F=6nnrv
AF = kAx
AE = 1 FAx
¢ 2
o
E= — where
€
St _F
ress o y
: Ax
Strain & =

|
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