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Q1.

The Starflyer is a fairground ride which operates 60 m above the ground. As it begins to spin, the
chairs in which the riders sit move outwards.

Consider the chair and rider as a single object. By drawing a free-body force diagram and
considering the forces acting, explain the following observations.

The angle to the vertical of the supporting ropes depends on the speed of rotation, but does not
depend on the mass of the rider.

(5)
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(Total for question = 5 marks)

Q2.

The Enterprise is an amusement park ride. Riders sit in cars that are made to rotate in a vertical
circle.

The ride starts by moving in a horizontal circle. The speed of rotation increases, and the frame
tilts until the ride is rotating vertically as shown.

The photograph below shows riders at the top of the vertical circle. The riders are in contact with
their seats at all times during the ride.

The diagram shows the weight W of a rider and the push P from the seat on the rider at the top
and bottom of the circular path.

STEMUP.CO.UK
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* The rider moves from the bottom to the top of the circular path.

Explain how the apparent weight experienced by the rider would change.

Q3.

(Total for question = 6 marks)

A student carries out an experiment to investigate the force acting between two charged
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objects. A lightweight negatively-charged ball is freely suspended from the ceiling by an
insulating thread. The ball is repelled by a negatively-charged sphere that is placed near it on an
insulated support.

The angle of deflection is 8 and r is the distance between the centres of the ball and the sphere.

|
él
charged Q charged
ball | | sphere
| |
e 3 —==l

(a) (i) Draw a free-body force diagram for the suspended ball.

(ii) The weight of the suspended ball is W.
Show that the force of repulsion F on the suspended ball is given by

F=Wtan6

(b) (i) The student can increase the magnitude of the force by moving the sphere towards the
suspended ball.

She takes pairs of measurements of r and 6 and calculates the magnitude of the force F. She
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then plots a graph of F against r.
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Use readings from the graph to demonstrate that the relationship between F and r obeys an
inverse square law.

(ii) The charge on the sphere is 100 times greater than the charge on the ball.

Calculate the charge on the ball.
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(Total for question = 11 marks)

Q4.

A mass is attached to a light thread which is fixed at X.
The mass is moving at constant speed in a horizontal circle, centre O.

X

Which of the following is a correct free-body force diagram for this mass?

O O O O

(Total for question = 1 mark)
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Q5.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box # and then mark your new answer

with a cross X.

A trapdoor is fixed to a vertical wall with a hinge. A wire is attached to the other end of the
trapdoor and inclined at an angle of 60°, as shown. The wire holds the trapdoor horizontal.

vertical wall
\ - wire

hinge —_

trapdoor

Which of the following shows the free-body force diagram for the trapdoor?

O O O O
w

(Total for question = 1 mark)
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Q6.

The diagram shows a diver of weight 680 N on a diving board.

A

=~
¥

bl [

v |
Y
weight of diver
weight of diving board

The free-body force diagram for the diver standing on the board is shown.

I Reaction

¥ Weight

The two forces shown do not form a Newton third law pair.

Give two reasons why.

(Total for question = 2 marks)
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Q7.
A beam bridge is a rigid structure that consists of one horizontal beam supported at each end.
The diagram shows a bridge with a uniform beam of mass 8 500 kg.

A small truck is crossing the beam bridge. The position of the truck and the forces of the truck on
the bridge are shown, but are not drawn to scale.

support A ) © support B

T4 0m—=< 25m 12.5m 3
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FOrCe at B = it aeaas

The Volgograd Bridge is a concrete beam bridge across the River Volga in Russia.

In 2010 the bridge was closed to traffic due to windy conditions leading to resonance of the
structure.

(i) Explain what is meant by resonance in this context.

(ii) To suppress the oscillations of the bridge, dampers were installed.

Explain how damping resulted in the suppression of the oscillations of the bridge.

(iii) Each damper contains an enclosure filled with a fluid. When this fluid is subjected to a
magnetic field, the viscosity of the fluid greatly increases.

Describe how the behaviour of the fluid would change in a magnetic field and how this would be

STEMUP.CO.UK
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useful for the operation of the dampers.

(Total for question = 14 marks)

Q8.

The photograph shows a cyclist cycling at a constant velocity on horizontal ground.

Complete the free-body force diagram to show the four forces acting on the bicycle. Treat the
bicycle and cyclist as a single object. One force has been added for you.

friction force
on rear wheel

(Total for question = 3 marks)
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uestions

Q1.

The diagram shows the carriage of a rollercoaster about to enter a vertical loop of diameter 17.0
m. The carriage is initially at rest at a height Ah above the bottom of the loop.

(i) So that a passenger remains in contact with their seat at the top of the ride, show that the
minimum speed of the car at the top of the loop is 9.1 m s~

(ii) Calculate the minimum value of Ah that will enable the passenger to remain in contact with
their seat at the top of the loop.
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(Total for question = 4 marks)

Q2.
A student is investigating a 'Cartesian diver'.

The diver is made from a plastic pipette. When placed in a plastic bottle full of water the diver
rises to the top and touches the lid.

(a) Show that the downward force of the lid on the diver is about 0.02 N.
volume of diver = 8.0 x 10°®° m?3
mass of diver = 0.0059 kg

density of water = 1.0 x 10° kg m™

(b) When the pressure is increased by squeezing the bottle, water is forced into the diver
increasing its weight. The diver sinks, then remains at rest in the position shown.

STEMUP.CO.UK
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The volume of air in the empty pipette in part (a) was 8.0 x 10° m>.

Show that the volume now occupied by the air is about 6 x 10™° m>.

(c) The pressure of the air in the empty pipette in part (a) was 1.01 x 10 Pa.

Calculate the pressure of the air in part (b).

(Total for question = 8 marks)
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Q3.

A student investigates the motion of a friction-free trolley down a ramp. On the top of the trolley
there is a metal loop which makes contact with a length of thin resistance wire, AB, fixed above
the ramp. The resistance wire has a uniform diameter.

The trolley accelerates down the ramp and the metal loop stays in contact with the wire along
the full length of the ramp.

metal loop

- thin wire

The student uses a protractor to measure the angle 6 between the ramp and the horizontal and
records a value of 4° with an uncertainty of +1°.

(a) The two ends of the wire are connected to a 1.5 V cell. A data logger, set to measure
potential difference, is connected to the metal loop and to the negative terminal of the cell.

1.5V

/,,metal loop

-

A - B
thin wire

data logger
Explain how the potential difference recorded by the data logger will vary as the loop moves

along the length of the
wire AB.
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(b) The graph shows the data obtained from the data logger.

1.6 -
14-
> 12-
5 104
¥
5
£ 08
2 06
B
2
0.4
0.2
D | | | | |
0 0.5 1.0 1.5 2.0 25

time / s

Determine the velocity of the trolley at 1.5 s.

1.5 V represents a distance of 2.00 m.

VelOCItY = .o

(c) The student calculated the velocity of the trolley at 2.0 s to be 1.5 m s™.

By considering the acceleration of the trolley, determine whether the student's measurement of
6 was within the uncertainty quoted.
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(Total for question = 11 marks)

Q4.

The Enterprise is an amusement park ride. Riders sit in cars that are made to rotate in a vertical
circle.

The ride starts by moving in a horizontal circle. The speed of rotation increases, and the frame
tilts until the ride is rotating vertically as shown.

The photograph below shows riders at the top of the vertical circle. The riders are in contact with
their seats at all times during the ride.

STEMUP.CO.UK
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The diagram shows the weight W of a rider and the push P from the seat on the rider at the top
and bottom of the circular path.

Forces not to scale
W
P
!
|
|
direction of motion
P
W

* The rider moves from the bottom to the top of the circular path.

Explain how the apparent weight experienced by the rider would change.

STEMUP.CO.UK
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(Total for question = 6 marks)

Q5.

The Shanghai Maglev Train is the first commercially operated high-speed magnetic levitation
train in the world, connecting the airport and central Shanghai.

The total distance travelled is 29.9 km and the total journey time is 440 s. The train starts from
rest and reaches a speed of 97 m s™* in 120 s.

(i) Calculate the average acceleration of the train during the first 120 s.

Average acceleration of train = ...,

(ii) Calculate the average speed of the train for the period following the 120 s acceleration.

(Total for question = 5 marks)
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Q6.

The world solar challenge is set every two years, in Australia. The challenge is to complete a
three thousand kilometre route with a vehicle powered only by the Sun.

Vehicles have their surfaces fitted with solar panels, as shown in the photograph.

(Source: © LAURENT DOUEK/LOOK AT SCIENCES/SCIENCE PHOTO LIBRARY)

The vehicle can reach a maximum speed of 34 m s~ on flat ground. The electric motor used to
move the vehicle has a power of 4.5 kW.

(i) Calculate the initial acceleration of the vehicle as it starts from rest.
mass of vehicle and driver = 420 kg
(3)

(1)

STEMUP.CO.UK
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(Total for question = 4 marks)

Q7.

A tennis player uses a racket to hit a ball over a net.

net
2.5m

12m

The player stands 12 m from the net. He throws the ball vertically upwards and hits the ball at a

height of 2.5 m above the ground. The ball leaves the racket horizontally with a velocity of 25
m s~1. The ball has a mass of 0.06 kg.

The ball is in contact with the racket for 0.04 s.

Calculate the average force on the ball.

(Total for question = 3 marks)
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Q8.

A stationary ball is released from a height of 2.0 m onto a hard surface.

The simplified velocity-time graph shows the motion of the ball as it falls and bounces back to its
maximum height.

Velocity /ms™!

! Time/s
T4

Maximum height = ...
(b) Calculate the decrease in kinetic energy of the ball as it bounces.

mass of ball = 60 g

Decrease in KinetiC enNergy = ...

(c) Calculate the resultant force on the ball when it is in contact with the ground.
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ResSUIANT fOrCe = oo

(d) The ball is replaced with one that is softer. It is released from a height of 2.0 m onto the
same surface as before. A velocity-time graph is drawn to show the motion of the new ball.

Describe the similarities and differences between the two graphs.

(Total for question = 10 marks)

QO.

Cathode ray tubes are used in oscilloscopes.

STEMUP.CO.UK
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The diagram shows a simplified cathode ray tube that can be used to determine the magnitude
and polarity of a potential difference (p.d.).

The cathode ray tube consists of an electron gun, a pair of deflecting plates and a fluorescent
screen.

p.d.
4 tobe screen
measured vacuum
:(é I /=1 "~ _electrons
P H‘""m

. deflecting N

S
electron gun plates

(a) The electron gun includes a filament. When this filament is heated, electrons are released
and are accelerated by a p.d. of 1.5 kV to form an electron beam.

(i) Name the process by which electrons are released from the heated filament.

(ii) Show that the maximum velocity of the electrons is about 2 x 10’ m s™*.

(b) The electron beam then enters a uniform electric field between the two parallel horizontal
deflecting plates. The magnitude and direction of the deflection is determined by the p.d. V that
is applied across the plates.

The diagram shows one possible path of the electron beam as it passes between the plates.
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(i) Show that the acceleration of an electron, of mass m and charge Q, is given by

dm

(ii) Calculate the magnitude of the vertical deflection y of the beam as it leaves the plates.
V=50V
d=0.01m

(c) A laboratory oscilloscope with the time base turned off operates in the same way as this
simplified cathode ray tube. A student uses an oscilloscope in this way to monitor an alternating
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p.d. of 53 Vs

On the grid, draw the trace that would be seen on the screen.

HHHHHHHHH 1 square =25V

(Total for question = 14 marks)

Q1lo0.

* The following extract comes from a section on forces, on a website written for children.

e ——

- Forces act in pairs. s -
The lift force on a plane pushing — —
/I'F both forces in the pair

[ it up inte the sky is paired with gravity, |
are equal, the plane will stay
>a+ rest in the same place.

which pulls the plane back towards the
centre of the Earth.

Criticise this extract.

STEMUP.CO.UK
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(Total for question = 6 marks)

Q11.

In an experiment to determine the charge on an electron, negatively charged oil drops are
allowed to fall between two parallel metal plates separated by a distance d.

A potential difference (p.d.) is applied across the plates. The diagram shows one oil drop
between the plates.
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When the p.d. is 0 V the oil drop accelerates to terminal velocity. The p.d. is increased. It is
observed that at a particular p.d. V the oil drop stops falling and remains stationary between the
plates.

* Explain the motion of the oil drop in terms of the forces acting on it as the p.d. is increased
from 0 to V.

(Total for question = 6 marks)

Q1l12.

In an experiment to determine the charge on an electron, negatively charged oil drops are
allowed to fall between two parallel metal plates separated by a distance d.

A potential difference (p.d.) is applied across the plates. The diagram shows one oil drop
between the plates.
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N

When the p.d. is 0 V the oil drop accelerates to terminal velocity. The p.d. is increased. It is

observed that at a particular p.d. V the oil drop stops falling and remains stationary between the
plates.

(a) The oil drop has a mass m. Show that the charge g on the oil drop is given by

mgd
V

q’:

(Total for question = 4 marks)

Q13.

The following extract is taken from a quote by Rutherford, speaking about the scattering of alpha
particles by a thin gold foil.
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We knew the alpha particle was a very fast, massive particle with a great deal of energy.
and the chance of an alpha particle being scattered backward was very small. ThenI
remember two or three days later Geiger coming to me in great excitement and saying
“We have been able to get some of the alpha particles coming backward ...” It was almost
as incredible as if vou fired a 15-inch shell at a piece of tissue paper and it came back and
hit you.

(a) Rutherford compared the scattering of alpha particle through large angles to firing "a
15-inch shell at a piece of tissue paper and it came back and hit you."

Explain, with reference to the properties of the alpha particle, why a relatively large force is
needed to deflect alpha particles through a large angle.

(b) Before the alpha particle scattering experiment, scientists believed that the mass and
charge of an atom were uniformly distributed throughout the atom in a radius of about 1.4 x
107'% m. Following the scattering experiments, a model of the atom was developed in which
there was a concentrated centre of charge called the nucleus.

Assess the validity of this model of the atom given that the magnitude of the force required to
scatter these alpha particles by a large angle is about 2.0 N. You should include a calculation in
your answer.

proton number of gold = 79
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Q14.

In the sport of curling, two teams of 'curlers' take turns sliding polished granite stones across an
ice surface towards a circular target marked on the ice.

commons wikimedia.org

While a stone is moving towards the target, the curlers vigorously sweep the ice directly in front
of the stone.

Explain why this may make the stone travel further.
(2)

(Total for question = 2 marks)

Q15.

The photographs show a wooden pop gun before and after the cork is popped.

B PR
\ .

Rl 1

STEMUP.CO.UK
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The diagram shows a cross-section through the pop gun.

cylindrical cork pist{i
\ [ Y 1
e ﬂ:lﬁ
\ handle
air wooden cylinder

Initially the piston is at the right-hand end of the cylinder, as shown. Then the cork is pushed into
the other end of the cylinder.

When the handle is pushed in, the pressure of the air in the cylinder increases. This exerts an
additional force on the cork.

Once the additional force is sufficient to overcome the frictional force between the cork and the
cylinder, the cork is pushed out.

Show that the pressure of the air in the cylinder must be about 2 x 10° Pa in order to push the
cork out.

maximum frictional force = 8.8 N

cross-sectional area of cork = 9.2 x 107> m?
atmospheric pressure = 1.0 x 10° Pa

(Total for question = 3 marks)

Q16.
A student carried out an experiment with coins.

She gave a 2p coin a sharp tap, so that it slid along a horizontal surface and came to rest as
shown.
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The student recorded the distance s moved by the coin.

She then replaced the 2p coin with a 1p coin and repeated the process.

The student read that the frictional force between an object and a surface is directly proportional
to the mass of the object. She suggested that, in her experiment, u is directly proportional to Vs

and is independent of the mass of the coin.

Discuss the validity of this suggestion.

(Total for question = 6 marks)
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Q17.
A beam bridge is a rigid structure that consists of one horizontal beam supported at each end.
The diagram shows a bridge with a uniform beam of mass 8 500 kg.

A small truck is crossing the beam bridge. The position of the truck and the forces of the truck on
the bridge are shown, but are not drawn to scale.

support A () () support B

T4 0m—=<25m 12.5m 3

(a) (i) State the conditions necessary for the bridge to be in equilibrium.

FOICE At A = i e
FOrCe at B = i e e eaeas

The Volgograd Bridge is a concrete beam bridge across the River Volga in Russia.
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In 2010 the bridge was closed to traffic due to windy conditions leading to resonance of the
structure.

(i) Explain what is meant by resonance in this context.

(ii) To suppress the oscillations of the bridge, dampers were installed.

Explain how damping resulted in the suppression of the oscillations of the bridge.

(iii) Each damper contains an enclosure filled with a fluid. When this fluid is subjected to a
magnetic field, the viscosity of the fluid greatly increases.

Describe how the behaviour of the fluid would change in a magnetic field and how this would be
useful for the operation of the dampers.

STEMUP.CO.UK
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(Total for question = 14 marks)

Q18.

Scientists have been studying a type of jumping spider that can jump up to six times its body
length.

Just as the spider starts the jump, it fixes a silk thread to the platform. It is thought that the
thread acts as a safety line in case the spider falls.

silk thread

platform._

I

-,
e,
",

A student makes the comment:

'If the silk thread can withstand a tension equal to the weight of the spider then this safety
system should work.'

Deduce whether this statement is correct.
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Q1l19.

(Total for question = 2 marks)

Answer the question with a cross in the box you think is correct (X). If you change
your mind about an answer, put a line through the box () and then mark your new
answer with a cross ().

An object is falling at terminal velocity.

Which of the following is not a valid conclusion from this statement?

O A
B

L
Ll c
L

Q20.

The acceleration of the object is zero.
There is a resistive force acting on the object.
There is a resultant force acting on the object.

The object has weight.

(Total for question = 1 mark)

A 'tennis trainer' consists of a tennis ball suspended by a string from the top of a vertical pole.
When the ball is hit it travels in a horizontal circle around the pole, as shown in both the
photograph and the diagram.
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vertical pole

tennis ball

The radius of the path of the ball is 1.2 m and the speed of the ball is 3.8 m s,

Deduce whether these values are consistent with the angle between the string and the vertical
pole shown in the photograph.

(Total for question = 5 marks)

STEMUP.CO.UK
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Q1.

A student used a sonometer to investigate the properties of a stretched wire. The sonometer is a
long hollow wooden box.

A steel wire is attached to one end of the box and rests on two wooden bridges. The wire is
placed under tension T by hanging a mass from the end of the wire, as shown.

sonometer —— pulley

__—mass

N

wooden bridges

bench /

The student placed the base of a vibrating tuning fork in contact with the wire, at one of the
bridges. This set the wire into oscillation. He adjusted the position of the other bridge until a
single-loop standing wave was produced on the wire between the bridges.

The student repeated this for a series of tuning forks with different frequencies f. For each fork
he measured the distance L between the bridges.

The steel wire, of mass per unit length u, was placed under tension T by hanging a mass of 2.10
kg from the end of the wire.

(i) State one safety precaution that should be taken when carrying out the investigation.

(ii) The student plotted a graph of L? against 1/f 2.

Show that the gradient of this graph is equal to T

4

(iii) The student's graph is shown below.

STEMUP.CO.UK


https://stemup.co.uk

0.05
0.04 -
0.03 s ra
IY/m? -
002
0.01 -
0.00 =
00 20 40 6.0 80 100 12.0 140
1/f2/ 1079

The value of u for different standard wire gauge (SWG) steel wire is shown in the table.

SWG pigm™
22 3.15
24 1.95
26 1.31

Deduce which wire the student used in the investigation.

(4)

STEMUP.CO.UK

(Total for question = 8 marks)
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Q2.

The diagram shows the carriage of a rollercoaster about to enter a vertical loop of diameter 17.0
m. The carriage is initially at rest at a height Ah above the bottom of the loop.

(i) So that a passenger remains in contact with their seat at the top of the ride, show that the

minimum speed of the car at the top of the loop is 9.1 m s~ .

(ii) Calculate the minimum value of Ah that will enable the passenger to remain in contact with
their seat at the top of the loop.
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(Total for question = 4 marks)

Q3.
A student is investigating a 'Cartesian diver'.

The diver is made from a plastic pipette. When placed in a plastic bottle full of water the diver
rises to the top and touches the lid.

(a) Show that the downward force of the lid on the diver is about 0.02 N.
volume of diver = 8.0 x 10°®° m?3
mass of diver = 0.0059 kg

density of water = 1.0 x 10° kg m™

(b) When the pressure is increased by squeezing the bottle, water is forced into the diver
increasing its weight. The diver sinks, then remains at rest in the position shown.

STEMUP.CO.UK
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The volume of air in the empty pipette in part (a) was 8.0 x 10° m>.

Show that the volume now occupied by the air is about 6 x 10™° m>.

(c) The pressure of the air in the empty pipette in part (a) was 1.01 x 10 Pa.

Calculate the pressure of the air in part (b).

(Total for question = 8 marks)

STEMUP.CO.UK
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Q4.

A student investigates the motion of a friction-free trolley down a ramp. On the top of the trolley
there is a metal loop which makes contact with a length of thin resistance wire, AB, fixed above
the ramp. The resistance wire has a uniform diameter.

The trolley accelerates down the ramp and the metal loop stays in contact with the wire along
the full length of the ramp.

metal loop

- thin wire

The student uses a protractor to measure the angle 6 between the ramp and the horizontal and
records a value of 4° with an uncertainty of +1°.

(a) The two ends of the wire are connected to a 1.5 V cell. A data logger, set to measure
potential difference, is connected to the metal loop and to the negative terminal of the cell.

1.5V

/,,metal loop

-

A - B
thin wire

data logger
Explain how the potential difference recorded by the data logger will vary as the loop moves

along the length of the
wire AB.
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(b) The graph shows the data obtained from the data logger.
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Determine the velocity of the trolley at 1.5 s.

1.5 V represents a distance of 2.00 m.

VelOCItY = .o

(c) The student calculated the velocity of the trolley at 2.0 s to be 1.5 m s™.

By considering the acceleration of the trolley, determine whether the student's measurement of
6 was within the uncertainty quoted.
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(Total for question = 11 marks)

Q5.

A length of string is threaded through a drinking straw. The string is fixed at one end and held at
the other so that it is at 30° to the horizontal. A balloon is inflated and attached to the straw.
When the balloon is released, the air escapes from the balloon and the balloon and straw start to
move up the string.

Calculate the minimum force on the balloon due to the escaping air if the balloon is to move in
this way.

mass of straw and balloon = 11 g
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Q6.

The International Space Station (ISS) orbits the Earth with a constant speed v. The orbit is
circular and of radius r.

(i) The ISS completes one orbit in 92 minutes.
Calculate the centripetal acceleration of the ISS.

r=6800 km

Centripetal acceleration = ...
(ii) Astronauts in the ISS are often described as being "weightless".

Discuss whether the astronauts are "weightless" when they are orbiting the Earth in the ISS.
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(Total for question = 7 marks)

Q7.

In an experiment to determine the charge on an electron, negatively charged oil drops are
allowed to fall between two parallel metal plates separated by a distance d.

A potential difference (p.d.) is applied across the plates. The diagram shows one oil drop
between the plates.

N

When the p.d. is 0 V the oil drop accelerates to terminal velocity. The p.d. is increased. It is

observed that at a particular p.d. V the oil drop stops falling and remains stationary between the
plates.

(@) The oil drop has a mass m. Show that the charge g on the oil drop is given by

mgd
V

q’:
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(Total for question = 4 marks)

Q8.

A length of string is threaded through a drinking straw. The string is fixed at one end and held at
the other so that it is at 30° to the horizontal. A balloon is inflated and attached to the straw.
When the balloon is released, the air escapes from the balloon and the balloon and straw start to
move up the string.

With reference to Newton's laws of motion, explain why the balloon starts to move.

Q9.

A student investigated the terminal velocity of steel spheres falling through oil.

The student obtained the following results.
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radius of steel sphere = 1.50 mm
volume of steel sphere = 1.41 x 1078 m?
mass of steel sphere = 1.10 x 107 kg
maximum speed of sphere = 0.849 m s™*

The student had the following table.

Tvpe of oil Density at 26°C /kgm™ Viscosity at 26°C/Pas
Corn 018 0.0447
Hazelnut 018 0.0504
Sunflower 918 0.0414

Identify which type of oil the student used.

(Total for question = 4 marks)

Q1l0.

Beam engines contributed to powering the Industrial Revolution in Britain in the 18th century. A
beam engine consisted of a beam which could rock to and fro around a well-oiled pivot. Attached
to the beam there are two rods, one connected to a piston in a steam cylinder and the other
connected to a pump.
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=

The diagram below shows a simplified arrangement of a beam engine.

steam
cylinder \

rod

steam /

cylinder

P steam inlet

The beam has a constant thickness and a mass of 3.05 x 10* kg. The length of the beam is 11.0
m. The pivot P is positioned 6.0 m from the steam cylinder end of the beam.

In its resting position the steam cylinder rod is supported by the base of the steam cylinder with
the beam at an angle of 20° to the horizontal.

The steam cylinder rod exerts a force T on the beam. The force exerted on the beam by the
pump rod can be neglected.

Calculate the force T.

(4)

STEMUP.CO.UK
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(Total for question = 4 marks)

Q11.

A track for toy cars can be built with a circular loop as shown.
track

loop

table

A toy car is placed on the track at various heights. It travels around the loop before leaving the
track horizontally at X.

The loop has radius r and the mass of the toy car is m. It is possible for a toy car to complete the
loop without losing contact with the inside of the track.

For this to occur the minimum speed of the toy car at the top of the loop v, is given by

-
Vip = \ gt

Explain why.
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(Total for question = 2 marks)

Q1l2.

A current of 1.50 A flows in a straight wire of length 0.450 m. The wire is placed in a uniform
magnetic field of flux density 2.00 x 1073 T which acts perpendicular to the wire.

Under these conditions the magnetic force balances the weight of the wire.

Calculate the mass of the wire.

[l A 1.32 x107?kg

[0 B 1.35x 103kg

[ € 1.38 x 10™* kg
L]

D 1.35 x 107*kg

(Total for question = 1 mark)

Q13.

A cyclist travels up a slope through a vertical height h in a time t. The mass of the cyclist and his
bike is m.

The average power of the cyclist is
O A —=

0 B

(Total for question = 1 mark)
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Q1l4.

The photograph shows a bridge.

The diagram shows a car of mass 950 kg at the highest point X of the bridge.

The bridge forms part of a vertical circle of radius 20.0 m.
(a) Calculate the total upward force R of the road on the car:
(i) when the car is stationary at X,
(1)

(ii) when the car is passing point X at a speed of 12.0 m s™*!

(3)

STEMUP.CO.UK
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(b) The car is repeatedly driven over the bridge at gradually increasing speeds. Above a certain
speed the car loses contact with the road at X.
State why this happens.

(Total for question = 5 marks)

Q15.
A beam bridge is a rigid structure that consists of one horizontal beam supported at each end.
The diagram shows a bridge with a uniform beam of mass 8 500 kg.

A small truck is crossing the beam bridge. The position of the truck and the forces of the truck on
the bridge are shown, but are not drawn to scale.

support A () (5) support B

=4 0m—=<25m 12.5m =

(ii) Calculate the vertical forces at each of the bridge supports.
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FOICe At A = i e
FOrCe at B = it e eaas

The Volgograd Bridge is a concrete beam bridge across the River Volga in Russia.

In 2010 the bridge was closed to traffic due to windy conditions leading to resonance of the
structure.

(i) Explain what is meant by resonance in this context.

(ii) To suppress the oscillations of the bridge, dampers were installed.

Explain how damping resulted in the suppression of the oscillations of the bridge.

STEMUP.CO.UK
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(iii) Each damper contains an enclosure filled with a fluid. When this fluid is subjected to a
magnetic field, the viscosity of the fluid greatly increases.

Describe how the behaviour of the fluid would change in a magnetic field and how this would be
useful for the operation of the dampers.

(Total for question = 14 marks)
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Q1.

The International Space Station (ISS) orbits the Earth with a constant speed v. The orbit is
circular and of radius r.

(i) The ISS completes one orbit in 92 minutes.
Calculate the centripetal acceleration of the ISS.

r=6800 km

Centripetal acceleration = ..o
(ii) Astronauts in the ISS are often described as being "weightless".

Discuss whether the astronauts are "weightless" when they are orbiting the Earth in the ISS.

(Total for question = 7 marks)
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Q2.

* The following extract comes from a section on forces, on a website written for children.

P —

- Forces act in pairs. - L
The lift force on a plane pushing — —
/I'F both forces in the pair

[ it up into the sky is paired with gravity, |
are equal, the plane will stay
>u‘l' rest in the same place.

which pulls the plane back towards the
centre of the Earth.

Criticise this extract.

STEMUP.CO.UK
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(Total for question = 6 marks)

Q3.

A length of string is threaded through a drinking straw. The string is fixed at one end and held at
the other so that it is at 30° to the horizontal. A balloon is inflated and attached to the straw.
When the balloon is released, the air escapes from the balloon and the balloon and straw start to
move up the string.

With reference to Newton's laws of motion, explain why the balloon starts to move.

Q4.
The force between two identical point charges, X and Y, is F.
Charge X is doubled; charge Y remains the same.

Which row of the table gives the force on each charge?
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1 A

0B F oF
] C 2F F
O D oF 2F
Q5.

A space rocket lifts off vertically.

The rocket lifts off because

[ A the exhaust gases exert a force on the ground.

[1 B the exhaust gases exert a force on the rocket.
[J € the ground exerts a force on the rocket.

[l D the rocket exerts a force on the ground.

(Total for question = 1 mark)

(Total for question = 1 mark)
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Q6.

The diagram shows a diver of weight 680 N on a diving board.

r'y
< L >
| 1
X ;W
Y

A4 weight of diver
weight of diving board

The free-body force diagram for the diver standing on the board is shown.

I Reaction

V' Weight

The two forces shown do not form a Newton third law pair.

Give two reasons why.

(Total for question = 2 marks)
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Q1.

* A stationary radium nucleus decays by emitting an alpha particle. The speed of the recoiling
nucleus is small compared to the speed of the alpha particle.

Explain why the nucleus recoils and why its speed is small compared to that of the alpha
particle.

(Total for question = 4 marks)

Q2.

A tennis player uses a racket to hit a ball over a net.
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net
2.5m

12m

The player stands 12 m from the net. He throws the ball vertically upwards and hits the ball at a

height of 2.5 m above the ground. The ball leaves the racket horizontally with a velocity of 25
m s~*. The ball has a mass of 0.06 kg.

The ball is in contact with the racket for 0.04 s.

Calculate the average force on the ball.

(Total for question = 3 marks)

Q3.

In the sport of curling, two teams of 'curlers' take turns sliding polished granite stones across an
ice surface towards a circular target marked on the ice.
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commons. wikimedia.org

* Stone B is stationary. Stone A travels towards the target and makes a direct hit on stone B as
shown. Both stones have mass m.

stone B stone A

e 0O

The collision is elastic. Just before the collision stone A has a velocity v. After the collision stone
B moves off with velocity v.

Discuss how the relevant conservation laws apply to this collision.
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(Total for question = 6 marks)

Q4.

A coil of wire is placed around the lower end of an iron rod. The coil is supplied with an
alternating current.

A thick aluminium ring is placed around the iron rod above the coil. The coil remains in the
position shown.

aluminium ring

4 thick iron rod

coil of wire

The current is switched off and the aluminium ring comes to rest on top of the coil.

The supply to the coil is changed and a direct current (dc) is switched on. An upwards force F
acts on the ring for 0.05 s accelerating it to a final speed, v. The ring then moves freely through
a height of 30 cm.

Mean diameter of ring = 4.8 cm

Mass of ring = 0.019 kg

Magnetic field strength = 0.032 T

(i) Use conservation of energy to calculate the speed v of the ring after 0.05 s.
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(ii) Use the idea of impulse to calculate the magnitude of the mean force F acting on the ring

and hence the mean current / in the ring.

Q5.

(Total for question = 8 marks)

A body, initially at rest, explodes into two masses M; and M,. These masses move apart with

speeds v; and v, respectively.

The ratio v,/v, is equal to

"v'll M,

JM,

;1’f 1
1’1{ 2

M,
M
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M

M,
*C M
M,
M,
M,
= D I
M,
(Total for question = 1 mark)
Q6. (a) Explain what is meant by the principle of conservation of momentum.

A student carries out an experiment to find the speed of a pellet fired from an air rifle. The pellet
is fired horizontally into the modelling clay. The pellet remains in the modelling clay as the car
moves forward. The motion of the car is filmed for analysis.

The car travels a distance of 69 cm before coming to rest after a time of 1.3 s.

(i) Show that the speed of the car immediately after being struck by the pellet was about 1 m

STEMUP.CO.UK
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(iii) Show that the speed of the pellet just before it collides with the car is about 120 m s~

mass of car and modelling clay = 97.31g

mass of pellet = 0.84 g

(c) The modelling clay is removed and is replaced by a metal plate of the same mass. The metal
plate is fixed to the back of the car. The experiment is repeated but this time the pellet bounces
backwards.

*(i) Explain why the speed of the toy car will now be greater than in the original experiment.

(ii) The film of this experiment shows that the pellet bounces back at an angle of 72° to the
horizontal.

Explain why the car would move even faster if the pellet bounced directly backwards at the
same speed.
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(d) The student tests the result of the first experiment by firing a pellet into a pendulum with a
bob made of modelling clay. She calculates the energy transferred.

Ll LS

string

Qimodelling clay

The student's data and calculations are shown:

Data

mass of pellet = 0.84 g

mass of pendulum and pellet = 71.6 g

change in vertical height of pendulum = 22.6 cm
Calculations

change in gravitational potential energy of pendulum and pellet
=71.6 x 107> kg x 9.81 Nkg™! x 0.226 m = 0.16 |

therefore kinetic energy of pendulum and pellet immediately after collision = 0.16 |
therefore kinetic energy of pellet immediately before collision = 0.16 ]
therefore speed of pellet before collision = 19.5 m s~!

There are no mathematical errors but her answer for the speed is too small.

State and explain which of the statements in the calculations are correct and which are not.
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(Total for Question = 16 marks)

Q7.

A projectile of mass 65 g is fired vertically upwards into a stationary wooden block of mass 2.400
kg, as shown.

__~wooden block

.-""FJ

__-projectile

The projectile becomes embedded in the block. They both move vertically upwards through a
vertical displacement of 55 cm before momentarily coming to rest.

Calculate the energy dissipated as the projectile hits the block.
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(Total for question = 6 marks)

Q8.

In 1965, Richard Feynman proposed a double slit experiment to investigate the wave properties
of electrons.

The experiment was later carried out using the arrangement shown.

detector

_—
beam of electrons

barrier
A beam of electrons was directed at a barrier with two slits.
The detector recorded the positions where electrons arrived after passing through the slits.

The following pattern was obtained. Black dots represent points where electrons were detected.
A band where electrons were not detected has been labelled X and a band where electrons were
detected has been labelled Y.
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The path difference for electrons arriving at band X from the separate slits was 2.5 x 10™! m. For
electrons arriving at band Y the path difference was 5.0 x 107 m.

Explain why this pattern is observed when the electron energy is 9.6 x 107! .

The electrons are travelling at non-relativistic speeds.

STEMUP.CO.UK
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(Total for question = 6 marks)

Q.

The following extract is taken from a quote by Rutherford, speaking about the scattering of alpha
particles by a thin gold foil.

We knew the alpha particle was a very fast. massive particle with a great deal of energy.
and the chance of an alpha particle being scattered backward was very small. Then I
remember two or three days later Geiger coming to me in great excitement and saying
“We have been able to get some of the alpha particles coming backward ..." Tt was almost
as incredible as 1f you fired a 15-inch shell at a piece of tissue paper and it came back and
hit you.

(a) Rutherford compared the scattering of alpha particle through large angles to firing "a
15-inch shell at a piece of tissue paper and it came back and hit you."

Explain, with reference to the properties of the alpha particle, why a relatively large force is
needed to deflect alpha particles through a large angle.

(b) Before the alpha particle scattering experiment, scientists believed that the mass and
charge of an atom were uniformly distributed throughout the atom in a radius of about 1.4 x
107'% m. Following the scattering experiments, a model of the atom was developed in which
there was a concentrated centre of charge called the nucleus.

Assess the validity of this model of the atom given that the magnitude of the force required to
scatter these alpha particles by a large angle is about 2.0 N. You should include a calculation in
your answer.

proton number of gold = 79
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Q1l0.

A 'Gauss gun' can be made from five ball bearings of equal mass and two magnets, as shown.

1:'_ILJ m h [ .;c?-.' e

ar Ry W H,m*

Pairs of ball bearings are placed to the right of two strong magnets. A single ball bearing is
released from the left, as shown. The ball bearing is attracted to, and collides with, the first
magnet. This and all subsequent collisions can be assumed to be elastic.

Explain what happens to make the last ball bearing on the right subsequently move off with a
large velocity.

(3)

(Total for question = 3 marks)

STEMUP.CO.UK
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Q11.
Which of the following is a possible unit for rate of change of momentum?
[0 A kgms™

[0 B kgms™

[0 ¢ Ns™
[l D Ns

(Total for question = 1 mark)
Ql2.

Two objects of mass m travel towards each other on a smooth horizontal surface, each with
velocity of magnitude v. The collision is elastic.

After the collision the

[0 A total kinetic energy is 2mv®
[0 B total kinetic energy is mv?
[J € total momentum is 2mv

[l D total momentum is mv

(Total for question = 1 mark)

Q13.

The photograph shows cars driving around a roundabout at a constant speed.
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The resultant force F on a car causes it to follow a circular path.

Which of the following statements about F is incorrect?

[l A Fis equal to the product of the mass and angular velocity of the car.

[l B Fisequal to the product of the momentum and angular velocity of the car.
[] € Fisinthe same direction as the acceleration of the car.
[

D Fis perpendicular to the momentum of the car.

(Total for question = 1 mark)

Q14.

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross [X.

The velocity v of a non-relativistic particle can be expressed in terms of combinations of the
following quantities: kinetic energy E,, momentum p and mass m.

Which of the following expressions is correct?

2

L] szp—
m
2F

0 B v= k
m
E

O C v=-—%
2p
2E

[l D v= £
pm

STEMUP.CO.UK
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(Total for question = 1 mark)

Q15.

A trolley, mass 0.50 kg, has a speed of 2.0 m s™*. A second trolley, mass 1.0 kg, has a speed of
2.0 m s™!. The two trolleys are travelling in opposite directions and collide.

Which of the following could be a correct value of total momentum, in kg m s*, after the
collision?

0A O

L1 B 1.0
L1 ¢ 2.0
0 D 3.0

(Total for question = 1 mark)
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Q1.

* A stationary radium nucleus decays by emitting an alpha particle. The speed of the recoiling
nucleus is small compared to the speed of the alpha particle.

Explain why the nucleus recoils and why its speed is small compared to that of the alpha
particle.

(Total for question = 4 marks)

Q2.

A tennis player uses a racket to hit a ball over a net.
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net

2.5m

12m
The player stands 12 m from the net. He throws the ball vertically upwards and hits the ball at a
height of 2.5 m above the ground. The ball leaves the racket horizontally with a velocity of 25
m s~*. The ball has a mass of 0.06 kg.
The ball is in contact with the racket for 0.04 s.

Calculate the average force on the ball.

(Total for question = 3 marks)

Q3.

At the beginning of the 20th century, Rutherford carried out large-angle alpha particle scattering
experiments using gold (‘3 ay) foil.

The vast majority of the alpha particles went straight through the foil whilst a few were deflected
straight back.

Rutherford also carried out the experiment with aluminium (ﬁAI) foil

The aluminium foil had the same thickness as the gold foil and the alpha particles had the same
initial kinetic energy.

The following observations were made.
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Observation 1:

The fraction of alpha particles scattered at any particular angle for aluminium foil was always
much less than for gold foil.

Observation 2:

The alpha particles scattered from aluminium foil had less kinetic energy than the alpha particles
scattered from gold foil.

Explain how these observations can be used to deduce how an aluminium nucleus compares to a
gold nucleus.

(Total for question = 4 marks)

Q4.

In the sport of curling, two teams of 'curlers' take turns sliding polished granite stones across an
ice surface towards a circular target marked on the ice.

commons. wikimedia.org
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* Stone B is stationary. Stone A travels towards the target and makes a direct hit on stone B as
shown. Both stones have mass m.

stone B stone A

e 0O

The collision is elastic. Just before the collision stone A has a velocity v. After the collision stone
B moves off with velocity v.

Discuss how the relevant conservation laws apply to this collision.

(Total for question = 6 marks)

Q5.
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* Particle accelerators accelerate particles to very high speeds before collisions occur.
New particles are created during the collisions.

Two particles of the same type can undergo two kinds of collision.
Fixed target: a high speed particle hits a stationary particle.
Colliding beams: two particles travelling at high speeds, in opposite directions, collide head-on.

By considering the conservation of energy and momentum, explain which type of collision is able
to create a new particle with the largest mass.

(Total for question = 6 marks)

Q6.

* The photograph shows a probe moving in space.
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Whilst moving, empty fuel tanks can be ejected by means of an explosion. This has the effect of
increasing the speed of the probe.

Discuss whether conservation of momentum and conservation of energy apply in this situation
and why the speed of the probe increases.

(Total for question = 6 marks)

Q7.

A body, initially at rest, explodes into two masses M; and M,. These masses move apart with
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speeds v; and v, respectively.

The ratio v,/v, is equal to

.
JM,

Q8.

;1’f |
;'M’ 2

M,

g |

<
=

95

<
b
b

]
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=
b

&

‘:}-'—-
-—"‘ -

(Total for question = 1 mark)

(a) Explain what is meant by the principle of conservation of momentum.

(b) The picture shows a toy car initially at rest with a piece of modelling clay attached to it.
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A student carries out an experiment to find the speed of a pellet fired from an air rifle. The pellet
is fired horizontally into the modelling clay. The pellet remains in the modelling clay as the car
moves forward. The motion of the car is filmed for analysis.

The car travels a distance of 69 cm before coming to rest after a time of 1.3 s.

(i) Show that the speed of the car immediately after being struck by the pellet was about 1 m

(iii) Show that the speed of the pellet just before it collides with the car is about 120 m s™*
mass of car and modelling clay = 97.31g

mass of pellet = 0.84 g

(c) The modelling clay is removed and is replaced by a metal plate of the same mass. The metal
plate is fixed to the back of the car. The experiment is repeated but this time the pellet bounces
backwards.
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*(i) Explain why the speed of the toy car will now be greater than in the original experiment.

(ii) The film of this experiment shows that the pellet bounces back at an angle of 72° to the
horizontal.

Explain why the car would move even faster if the pellet bounced directly backwards at the
same speed.

(d) The student tests the result of the first experiment by firing a pellet into a pendulum with a
bob made of modelling clay. She calculates the energy transferred.

Vil AP AV P

string

Qinmdclli.ng clay

The student's data and calculations are shown:

Data

mass of pellet = 0.84 g

mass of pendulum and pellet = 71.6 g

change in vertical height of pendulum = 22.6 cm

Calculations
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change in gravitational potential energy of pendulum and pellet
=716 x 10 kg x 9.81 Nkg™! x 0.226 m = 0.16 J

therefore kinetic energy of pendulum and pellet immediately after collision = 0.16 |
therefore kinetic energy of pellet immediately before collision = 0.16 ]
therefore speed of pellet before collision = 19.5 m s~!

There are no mathematical errors but her answer for the speed is too small.

State and explain which of the statements in the calculations are correct and which are not.

(Total for Question = 16 marks)

Qo. * In 2012 Neil Armstrong, the first man to step on the moon during the Apollo 11 lunar
mission, died at the age of 82.

During this mission, a planned explosion caused the separation of the module in which
Armstrong was travelling and the final-stage rocket. This explosion resulted in an increase in the
speed of the module.

Discuss how the conservation of momentum and the conservation of energy apply to this
situation.
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(Total for Question = 5 marks)

Q1lo0.

A projectile of mass 65 g is fired vertically upwards into a stationary wooden block of mass 2.400
kg, as shown.

_~wooden block

T

__—projectile

The projectile becomes embedded in the block. They both move vertically upwards through a
vertical displacement of 55 cm before momentarily coming to rest.

Calculate the energy dissipated as the projectile hits the block.
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(Total for question = 6 marks)

Q11.

A 'Gauss gun' can be made from five ball bearings of equal mass and two magnets, as shown.

LT h"'ﬁ?-.- 5

F NPT WL v

Pairs of ball bearings are placed to the right of two strong magnets. A single ball bearing is
released from the left, as shown. The ball bearing is attracted to, and collides with, the first
magnet. This and all subsequent collisions can be assumed to be elastic.

Explain what happens to make the last ball bearing on the right subsequently move off with a
large velocity.

(3)

STEMUP.CO.UK
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(Total for question = 3 marks)

Q1l12.

Two objects of mass m travel towards each other on a smooth horizontal surface, each with
velocity of magnitude v. The collision is elastic.

After the collision the

[0 A total kinetic energy is 2mv?
[0 B total kinetic energy is mv?
[1 € total momentum is 2mv

[ D total momentum is mv

(Total for question = 1 mark)

Q13.

Two identical spheres of mass m are both travelling with a speed v towards each other.

The spheres collide head-on.

Which of the following statements must be true after the collision?
[J] A total momentum = 2mv

[J B total momentum =0

[1 C total kinetic energy = mv?
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[l D total kinetic energy = 0

(Total for question = 1 mark)

Q14.

The discovery of the Higgs particle was an important contribution to our understanding of
particle physics.

(a) Describe the standard model for subatomic particles. You should identify the fundamental
particles and the composition of the particles we can observe.

(b) The mass of the Higgs particle is 2.2 x 1072 kg.

Calculate this mass in GeV/c?.
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(c) The Higgs particle was discovered using the Large Hadron Collider (LHC) in 2012. Two beams
of very high energy protons, moving in opposite directions, were made to collide.

(i) Explain the need for such high energy collisions.

(ii) The beams of protons are contained within a ring of superconducting magnets.

Calculate the momentum of a proton in a beam.

magnetic field strength = 8.3 T
circumference of the ring = 27 km

MOMENEUM = it eraeeans

(iii) State the total momentum of the products of the collision between the two beams of
protons.

Total momentum = ...
(d) A student used the equation .. _ r
2m to predict the energy of a proton in the beam, using the
momentum calculated in (c)(ii), but found the energy was far higher than 7 TeV.

Explain why.


https://stemup.co.uk

(Total for question = 17 marks)

Q15.

A teacher is demonstrating the principle of conservation of momentum using a flat glass surface
and air pucks. Lightweight tubing supplies compressed air to the pucks which is forced out from
the bottom of the pucks. This means that the pucks move with very little friction across the glass
surface.

air

tubing

puck [

(a) Explain, using ideas about molecular movement, how the puck is able to hover a small
distance above the glass surface.

pmmmmm e m e m
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*(b) Applying Newton's 2" and 3™ laws of motion to the collision between two pucks leads to
the conclusion that momentum is conserved.

Justify this statement.

(c) The teacher uses two identical pucks to investigate collisions. In one collision, one puck
moves with a velocity of 4.0 m s™* and collides with a second puck that is stationary.

After the collision, the first puck has a velocity v at an angle of 30° to its original direction, and
the second puck moves off with a velocity of 2.0 m s™! at an angle of 60° to the original

direction.
Before: % 4.0m s Diagram not
O to scale

(i) Show that the magnitude of the velocity v of the first puck after the collision is about 3.5 m
-1
s~
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(Total for question = 16 marks)
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