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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.

Which of the following is a scalar quantity?

weight
momentum
terminal velocity

kinetic energy

(Total for Question 1 = 1 mark)

A cylinder of aluminium has a weight of 35.0N and a volume of 1.32 x 107 m’.

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

9.81x1.32x107
35.0

N

1.32x107
35.0 x 9.81

35.0
9.81x1.32x1073

35.0 x9.81
1.32x107

(Total for Question 2 = 1 mark)
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3 A van travels along a straight, horizontal road at a constant velocity.
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Which of the following statements is correct?
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[J A The frictional force of the road on the tyres can be ignored.

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

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

[ 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 A hydroelectric power station has an efficiency of 32%. In one hour the useful energy
output of the power station is 1.2 x 10"*]J.
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Which of the following expressions gives the total power input to the power station in watts?
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5 A compressive force F is applied to an object made of a material with Young modulus E.
The original length of the object in the direction of the force is x, and its cross-sectional
area is A.

Which expression gives the length of the object after the force is applied?

AE
] A x——
Fx

F
(] B x+—x
AE

AE
[ C x+—
Fx

F:
] D x——x
AE

(Total for Question 5 = 1 mark)

6 A tractor pulls a trailer a distance s in time ¢. The useful power output of the tractor is P.

Which of the following equations gives the force F of the tractor on the trailer?

] A F=Pts

Pt

(Total for Question 6 = 1 mark)
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7 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.
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Which of the following quantities are not the same for both objects?

N

The accelerations of the objects during the fall.
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The velocities of the objects as they reach the floor.
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The increase in the speeds of the objects during the fall.
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The kinetic energies of the objects as they reach the floor.
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8 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.
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Which graph shows the variation of acceleration with time for the car?
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9 A copper rod was placed under tensile stress and the tensile strain in the rod was measured.
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The graph shows how the tensile stress required to cause a tensile strain in the rod
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What does point X represent?

[J A the fracture point of the rod

=

the limit of proportionality for copper

@)

the maximum tensile stress in the rod

0
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=)

the yield point of copper

(Total for Question 9 = 1 mark)
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10 Two forces F| and F), act on an object, as shown.

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

LJ A

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS
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11 A railway carriage of mass 7.15 x 10*kg moving at 4.50ms™! collides with a second
A railway carriage of mass 5.35 X 10*kg moving in the same direction.
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The carriages join together. Immediately after the collision they move at a speed of
3.62ms™".

(a) Show that the total momentum of the carriages immediately after the collision was
approximately 4.5 X 10°kgms™.
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(c) Calculate the change in total kinetic energy during the collision.
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12 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.
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(a) Show that the trolley reaches point B with a speed of about 3ms™.
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13 The photograph shows a submarine below the surface of the sea.

(Source: noraismail/Shutterstock)

(a) The submarine has a volume of 5.83 x 10°m?.

The submarine is stationary in a region of the sea where the density of the seawater
is 1.03 x 10°kgm™.

(i) Calculate the upthrust exerted on the submarine by the seawater.

Upthrust = )

(i1) Explain why the mass of the submarine must be 6.0 x 10°kg.
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§§§§§§§§§ (b) The submarme now moves into a region of the sea where the water is less salty, and
%%%g%g the density of the water reduces to 1.01 x 10°kgm™.
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§§§§§§ (i1) The submarine alters its weight by pumping water in or out of its internal tanks.
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§§§§§§ Determine the mass of water that the submarine should pump, in or out of its
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55555 tanks, to maintain its depth below the surface of the sea.
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Mass of water = ...

(Total for Question 13 = 9 marks)
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14 A skier moving at 25ms™! skis off a ramp. The ramp is angled upwards at 10° to the
horizontal, as shown.
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There is a flat surface that starts 30 m from the ramp. The flat surface is 2.9 m below the
ramp.
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(a) Deduce whether the skier reaches the flat surface before landing. You may ignore
any effects of air resistance.
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(b) Another skier travels along the horizontal surface with an initial speed of 23 ms™.
She comes to rest after travelling a distance of 43 m.
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*15

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.
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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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16 A dragster is a racing car designed for a very short race along a completely straight
track, so must be able to accelerate at a very high rate. The dragster and driver shown
below have a combined weight of 1.23 x 10*N. The centre of gravity is 1.80m in front
of the rear axle.
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The front axle of the dragster is 6.00m from the rear axle.
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(a) Calculate the reaction forces R and R, shown on the diagram, when the dragster is
stationary and not accelerating.
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(b) When the dragster starts, there is a driving force that gives the dragster an initial
forward acceleration of 5.50 g.

CRRLLRZS

200000 e %%
%%

ORI BRLRR

R SERIH RS

<
oo
i
204
%
S5

SGRIRIIREES,
SIISESEILIES,
RRLHLRRLRKRARRK,

0
SO0
SO0
\5

K
<K
5

<
o
<1
!
RS

SR Calculate the initial driving force on the dragster.

el

(2)

b
<
R

g
<
<X Sy
So%%
200069
bosress

-t .
KRR R ALK K
00200600069 % % %%

<
%
o
it
&
R

SR SRR
dSete! 25
KRS NN

T S N B \

KRR

9%
%
0%
0%
%

Initial driving fOrCe = ...

ototetotete!
etetetodet

(c) The power from the car’s engine is constant.
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Explain how the force from the engine varies as the car accelerates.
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17 A pulley system is used to lift a 5.00kN load through a height of 1.50m. The system consists of one
fixed pulley and the other pulley can move. The pulleys are connected by a nylon rope, as shown.

fixed pulley supporting beam
nylon rope

\

Force FF

5.00kN load moving pulley

1.50m

The nylon rope will stretch when it is used in this way. The weight of the pulleys and
the rope can be ignored, and you may assume that there is no friction in the pulleys.

The properties of the nylon rope are:
Young modulus of nylon 2.70 GPa
overall length of rope before adding the load  6.00 m

area of cross-section 3.00 X 10™*m?

(a) The greater the length of a rope, the smaller the stiffness of the rope.
Explain why.
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(i1) The pulley system lifts the 5.00 kN weight at a steady rate.
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Determine the extension of the rope while the lift is taking place.
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Work done in stretching rope = ...
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(c) Assess whether the stretching of the rope has a significant effect on the efficiency of
the pulley system.
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18 A student carried out an experiment to determine the viscosity of a liquid. He measured
the terminal velocities v of several different glass spheres of diameter d, as they fell

through the liquid.

The student used his measurements to plot the graph of v against d? shown below.
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d*/ 10*m?

(a) Explain what is meant by terminal velocity.
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(b) A glass sphere of diameter 35 mm is travelling through the fluid at terminal velocity.

CRRLLRZS

200000 e %%
%%

ORI BRLRR

R SERIH RS

<
oo
i
204
%
S5

SGRIRIIREES,
SIISESEILIES,
RRLHLRRLRKRARRK,

0
SO0
SO0
\5

&

Show that the drag force on this sphere is about 0.2 N.
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density of glass p = 2.52 x 10°kgm™
density of liquid p, = 1.43 x 10°kgm™
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(c) The student reads in a textbook that if Stokes’ law is obeyed
v=kd?

where k is a constant.
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(1) Deduce from the graph whether the flow of liquid around the spheres was laminar.
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(i1) Determine a value for & using the student’s graph.

(i11) The constant £ is given by

where 7 is the viscosity of the liquid.
Determine a value for 7.

density of glass p,=2.52x 10°kgm™
density of liquid p_ = 1.43 X 10°kgm™
(2)

(Total for Question 18 = 15 marks)

TOTAL FOR SECTION B
TOTAL FOR PAPER

70 MARKS
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

Unit 1

List of data, formulae and relationships

g=9.81ms?
k=138 x10> JK™!
k = 1/4ng,
8.99 x 10° N m? C2
e=-1.60 x 10°C
m, =9.11 x 10°'kg
leV=1.60x10"J
G=06.67 x 10" N m? kg
g=9.81 Nkg'
g, =885 10" Fm™
h=6.63x107*]s
1.67 x 10" kg
¢c=3.00x%x10*ms™"
6=5.67x10*Wm?K*
u=1.66x 102" kg

(close to Earth’s surface)

(close to Earth’s surface)

m =
p

Mechanics
Kinematic equations of motion s = @
v=u + at
s =ut + 5 atr®
vi=u?+ 2as
Forces XF=ma
F
&=
W=mg
Momentum p=my

Moment of force

Work and energy

Power

moment = Fix
AW = FAs

P 6 6 3.9 3. A0 2 7 2 8




Efficiency

Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus

useful energy output

efficiency = X
total energy input
. useful power output
efficiency = P - P
total power input
m

B>
v
=
e

el

2
o
E= — where

€

St il
ress c = —
A
) Ax
Strain € = —
X
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