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Q1.

The man in the photograph balances a ball above the ground.

(2
44

He lets the ball fall.
He starts a timer at the same time.
The graph shows how the height of the ball above the ground changes with time.
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(i) From the graph, state the height of the ball above the ground when the timer was started.

height above ground = ................... .m

(ii) From the graph, state the time taken for the ball to reach the ground.

time=....c.cceenenn. .S

(iii) The ball bounces back to a height of 1.9 m.
Continue the line on the graph to show this.

(iv) Explain why the ball does not bounce back to its original height.
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Q2.
Figure 4 shows two students investigating their reaction times.
Student B supports his left hand on a desk.

Student A holds a ruler so that the bottom end of the ruler is between the finger and thumb of
student B.

When student A releases the ruler, student B catches the ruler as quickly as he can.

The investigation is repeated with the right hand of student B.

student A
R

/—‘
student B

Figure 4

(a) The students took five results for the left hand and five results for the right hand.

Figure 5 shows their results.

which distance dropped (cm)

hand trial 1 trial 2 trial 3 trial 4 trial 5 average
left 10.1 255 18.4 14.6 11.7 14
right 17.5 16.1 194 18.6 20.2

Figure 5
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(i) Calculate the average distance dropped for the right hand.

Give your answer correct to 2 significant figures.

diStanCe = .o cm
(ii) Calculate the average time for the left hand.

Use the equation

. 3 distance
time® = ——
500

average time = .. S

(b) Explain whether any of the readings are anomalous.

(c) Give two ways that the students can improve the quality of their data other than ignoring
anomalous results.

(d) Describe how the students could develop their investigation to investigate how reaction time
changes with another variable.
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(Total for question = 10 marks)

Q3.

A 60 kg student weighs 600 N.
He does a bungee jump.

| 50m

The bungee cord becomes straight and starts to stretch when he has fallen 50 m.

Complete the sentence by putting a cross (&) in the box next to your answer.

When his speed is 10 m/s his momentum is

A 600 kg m/s
3 000 kg m/s

C 6 000N m/s

O O O O
™

D 30 000N m/s

Q4.

A 60 kg student weighs 600 N.
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He does a bungee jump.

| 50m

The bungee cord becomes straight and starts to stretch when he has fallen 50 m.

(a) Complete the sentence by putting a cross ([]) in the box next to your answer.

He first stops moving

A before all the energy has disappeared
before the bungee cord starts to stretch

C when the bungee cord is stretched the most

O O O O
™

D when the elastic potential energy is zero

(b) Complete the sentence by putting a cross ( []) in the box next to your answer.

When his speed is 10 m/s his momentum is

[0 A 600kg m/s
[J B 3000kgm/s
[l € 6000Nm/s
[l D 30000Nm/s

(c) (i) Calculate the change in gravitational potential energy as the student falls 50 m.

Give the unit.

STEMUP.CO.UK
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change in gravitational potential energy = .........cc...ccee.. unit .o .

(ii) State at what point in the bungee jump the student has maximum kinetic energy.

(Total for Question = 8 marks)

Q5.

Figure 10a shows a box falling towards a hard floor.

box
box
‘-__,_______
floor floor
Figure 10a Figure 10b

The box hits the floor and crumples a little before it comes to rest as shown in Figure 10b.
The momentum of the box just before it hits the floor is 8.7 kg m/s.
The box comes to rest 0.35 s after it first hits the floor.

(i) Calculate the magnitude of the force exerted by the floor on the box.
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Use an equation selected from the list of equations at the end of this paper.

force exerted by the flooronthe box = ... N

(ii) State the magnitude and direction of the force exerted by the box on the floor.

MAagNItUAE ..o

(o ITg=Tet H 0] o T

(Total for question = 4 marks)

Q6.

Figure 8 shows two ice skaters during a performance.

7

Figure 8

(i) The two ice skaters are travelling together in a straight line at 3.50 m/s.
Their total momentum is 371 kgm/s.
The man has a mass of 64.5 kg.

Calculate the mass of the woman.

(ii) Calculate the kinetic energy of the man.

KinetiC energy = ..o J
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(Total for question = 6 marks)

Q7.
Figure 7 is a velocity/time graph showing a 34 s part of a train's journey.
30
25+

20+

velocity

inm/s 159

10

0 | | T T T T 1
0 5 10 15 20 25 30 35

time in s
Figure 7
(i) Calculate the acceleration of the train in the 34 s.

Give your answer to an appropriate number of significant figures.

AcCCeleration = ..o

(ii) Calculate the distance the train travels in the 34 s.

diStanCe .o

(Total for question = 6 marks)
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Q8.
Figure 9 shows a skier on a slope.
The skier travels down the slope with a constant acceleration.

The speed of the skier is measured at points P and Q.

Figure 9

The table in Figure 10 gives some data about the skier making one downhill run.

acceleration 3.0 m/s?

speed at P 7.6 m/s

speed at Q 24 m/s
Figure 10

(i) Calculate the distance from P to Q.

Use an equation selected from the list of equations at the end of this paper.

distance from P 0 Q = oo m

(ii) Calculate the time taken for the skier to travel from P to Q.

EMe fromM P o Q =i S

(Total for question = 6 marks)
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Q9.

Figure 5 shows a racket and a tennis ball.

The tennis ball is travelling towards the racket at a velocity of 8.2 m/s.
The ball is hit back in the opposite direction at a velocity of 15 m/s.
The ball has a mass of 0.075 kg.

The ball is in contact with the racket for 12 ms.

(i) Calculate the average force exerted by the ball on the racket.

Use the equation

- racket

tennis ball travelling
15m/s
—> () away from racket

<—— (O tennis ball travelling
8.2m/s  yowards racket

Figure 5

(ii) Describe how Newton's Third Law of Motion applies to the collision between the racket and
the ball.

(Total for question = 5 marks)
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Q1lo0.

In a science fiction story, lightning is used as an energy source for accelerating a car.

Figure 6

In the story, the car has a kinetic energy of 960 k] at a speed of 40 m/s.

(i) Calculate the mass of the car.

(ii) Only 5% of the energy of the lightning bolt is transferred to the kinetic energy of the car.

Calculate the total energy of the lightning bolt in MJ.

BNEIOY D ittt M]

(Total for question = 6 marks)

Q11.

Figure 11 shows a ball held in a clamp at R, above the ground.
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Figure 11
The ball is released from the clamp and falls.
S is 3.8 m below R.
At S the momentum of the ball is 0.40 kg m/s.
Calculate the mass of the ball.

Acceleration due to gravity, g, = 10 m / s*
mass of the ball ..., kg

(Total for question = 4 marks)

Q12.
Figure 9 shows a small steel ball held at a height, h, above the ground.

ball

h
J ground

Figure 9
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The ball is released and allowed to fall to the ground.

The height his 1.4 m.

Calculate the time, t, for the ball to reach the ground.

Use the equation

g = 10 m/s?

(Total for question = 2 marks)

Q13.

A car travelling at 15 m/s comes to rest in a distance of 14 m when the brakes are applied.

Calculate the deceleration of the car.
Use an equation selected from the list of equations at the end of this paper.

deceleration = .o m/s

(Total for question = 3 marks)

Q14.

The photograph shows a man dropping an egg inside a padded box from a height.
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He is investigating to see if the padding stops the egg from breaking.

The velocity of the container was 18 m/s as it hit the floor.
The mass of the container was 0.5 kg.

Calculate the momentum of the container.

momentum = .........ccoevenenns kg m/s

Q15.

(a) A car accelerates at a constant rate of 1.83 m/s? along a flat straight road.
The force acting on the caris 1.870 kN.

Calculate the mass of the car.

Give your answer to three significant figures.

(b) The car accelerates from rest for 16 s.

Calculate the speed of the car after 16 s.

STEMUP.CO.UK
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(c) The car starts on another journey.

Figure 6 shows the graph of the car's movement.
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Figure 6

Show that the distance travelled when the car is moving at a constant speed is greater than the
distance travelled when the car is slowing down.

(Total for question = 10 marks)

Qle6.

(a) The man in the photograph balances a ball above the ground.

€
2
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He lets the ball fall.
He starts a timer at the same time.
The graph shows how the height of the ball above the ground changes with time.
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(i) From the graph, state the height of the ball above the ground when the timer was started.

height above ground = ................... .m

(ii) From the graph, state the time taken for the ball to reach the ground.

time=....c.ceevnenn. .S

(iii) The ball bounces back to a height of 1.9 m.
Continue the line on the graph to show this.

(iv) Explain why the ball does not bounce back to its original height.

(b) The diagram shows a collision between a proton (p) and a helium nucleus (He).
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before collision

N
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| He +——+=»
\__/

(i) The table gives some information about the collision.

~—®

)

befare collision after collision
kinetic energy
proton (arbitrary units) 125 45
kineti
helium nucleus Inetic energy 0 .

(arbitrary units)

Use information from the table to show that the collision is elastic.

(Total for Question = 10 marks)

Q17.

* Figure 13 shows two objects, Q and R, before and after they collide.

before after

@ © @ o
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Figure 13

The arrows show the direction of movement of the objects.
The arrows are not to scale.

Explain how momentum is conserved in the collision.
Use Newton's third law and Newton's second law in your answer.
Newton's second law can be written as

change in momentum

force = -
time

(Total for question = 6 marks)

Q18.

(a) The diagram shows a bullet moving towards a wooden block.
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170 m/s
oO—p
bullet

M v

wooden block
(not moving)

(i) The bullet is moving with a velocity of 170 m/s.
The mass of the bullet is 0.030 kg.

Show that the momentum of the bullet is about 5.0 kg m/s.

(ii) The bullet collides with the wooden block and sticks in it.
The bullet and the wooden block move off together.
The mass of the wooden block is 0.80 kg.

Calculate the velocity of the wooden block and bullet immediately after the collision.

velocity = ...ooiiiiiienn,
(iii) The collision between the bullet and the wooden block is an inelastic collision.

State what is meant by an inelastic collision.

(b) An electron and a positron collide and annihilate each other.
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Two photons are produced.

(i) Explain why two photons must be produced, rather than just one.

(ii) Calculate the minimum total energy of the photons produced when an electron and positron
collide.

Use the equation
2

E =mc

mass of an electron = 9.1 x 107! kg
speed of light = 3.0 x 108 m/s

energy = .ooviveiiiiiienennn, J

(Total for Question = 10 marks)

Q19.

The force that keeps an object moving in a circular path is known as the

A balancing force
B centripetal force

C reaction force

O O O O

D resistance force
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(Total for question = 1 mark)

Q20.
(a) A cyclotron accelerates charged particles.

(i) Describe the shape of the path a charged particle takes in the cyclotron.

(b) (i) Complete the sentence by putting a cross (X) in the box next to your answer.

In an inelastic collision there is conservation of

[] A kinetic energy

[] B momentum

[ € kinetic energy and momentum
[l D velocity

(ii) State why momentum has the unit kg.m/s.
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*(iii) Different types of collision are shown in the diagrams.

Analyse both collisions in terms of momentum and kinetic energy.

collision 1 collision 2

(Total for Question = 12 marks)

Q21.
Students investigate conservation of momentum using two identical trolleys.
A card is then added to trolley A.

Some of the apparatus is set up as shown in Figure 4.
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trolley A sticky pads trolley B
-~ ~

-~

runway

-

Figure 4

(i) Describe an investigation the students could carry out to show that momentum is conserved
when these two trolleys collide.

You may add to the diagram to help with your answer.

(Total for question = 5 marks)

Q22.

A student lifts a toy car from a bench and places the toy car at the top of a slope as
shown in Figure 1.
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Figure 1
The student lets the toy car roll down the slope.

Describe how the student could find, by experiment, the speed of the toy car at
the bottom of the slope.

(Total for question = 4 marks)

Q23.
Figure 2 shows a way of projecting a small trolley up a sloping track.

button
A

track

trolley

i
.
!

Figure 2

When the button is pressed, a spring is released in P that projects the trolley up the track.
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The trolley travels up the track, stops and then rolls back down.
The spring in P always exerts the same force when projecting the trolley.

A student investigates how the mass of the trolley affects the maximum vertical
height, h, reached by the trolley.

Describe how the student could extend the investigation to determine the
average speed of the trolley as it rolls back down the track.

(Total for question = 3 marks)

Q24.

A pilot begins to land an aircraft.

(a) The height of the aircraft decreases from 200 m above the ground to 100 m.
(i) What happens to the gravitational potential energy of the aircraft?

Put a cross ([]) in the box next to your answer.

A it becomes zero
B it decreases

C it does not change

O O O O

D itincreases

(ii) The velocity of the aircraft remains constant.
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What happens to the kinetic energy of the aircraft?

Put a cross (1) in the box next to your answer.

A it becomes zero
B it decreases

C it does not change

O 0O O O

D it increases

(b) The aircraft lands with its wheels on the runway as shown.

runway —____

The aircraft is moving forwards.

(i) Draw an arrow on the diagram to show the direction of the momentum of the aircraft.

(ii) The velocity of the aircraft when it lands is 75 m/s.
The mass of the aircraft is 130 000 kg.

Calculate the momentum of the aircraft.

momentum = .........ccoeevennenns kg m/s
(iii) The aircraft comes to a stop.

State the momentum change of the aircraft from when it lands to when it stops.

change in momentum = .............ccoe. kg m/s
(c) When the aircraft lands, the momentum of each passenger also changes.

(i) Explain why it is more comfortable for a passenger if the aircraft takes a longer time to
slow down.
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(Total for Question is 10 marks)

Q25.

The photograph shows a man dropping an egg inside a padded box from a height.

.

v [ ]

N p =
be

He is investigating to see if the padding stops the egg from breaking.

(a) State the type of energy which the egg gains as it falls.

(b) The weight of the egg is 0.6 N.

STEMUP.CO.UK
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Calculate the work done on the egg to lift it up by 20 m. State the unit.

work doneonegg = ......cceveenneennnnnn unit oo .

(c) The velocity of the container was 18 m/s as it hit the floor.
The mass of the container was 0.5 kg.

Calculate the momentum of the container.

*(d) A student stands on the ground with an egg in his hand.
He throws the egg vertically upwards.
The egg rises to a height of 10 m.
Then the egg falls and lands on the ground.

Describe the energy changes of the egg during this sequence of events.

(Total for Question = 12 marks)
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Q26.

Shot-put is an Olympic event.

The shot is a heavy ball.

An athlete throws the shot as far as possible.

A sports scientist analyses an athlete's throw to help improve performance.

(a) The scientist takes pictures of the athlete every 0.1 s during one throw.

Figure 3 shows the pictures of one throw.

L

\ -
S |’t¢ /I‘J’:\i
4 i ',
\ | "| ! Y
#',1 W /// 'f'i»ni(.’/ .
start of throw just after the
(shot at rest) release of the shot

Figure 3

(i) Estimate the amount of time during the throw when the shot is in the athlete's hand.

(iii) The average acceleration of the shot while in the athlete's hand is 20.6 m/s>.
The mass of the shot is 7.26 kg.

Calculate the average force that the athlete applies to the shot during the throw.

(iv) In another throw, the shot is in the athlete's hand for 0.48 s.

The average acceleration during this time is 23 m/s.
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Calculate the velocity of the shot as it leaves the athlete's hand.

VelOCILY = (i m/s
(b) In one throw, the shot continues to rise by another 1.3 m after it leaves the athlete's hand.
The mass of the shot is 7.26 kg.

Calculate the amount of gravitational potential energy gained by the shot.

gravitational potential energy gained = ... J

(Total for question = 10 marks)

Q27.

Figure 9 is a diagram showing a rocket that is sent into space to try and change
the path of a small asteroid.

rocket ~ asteroid

r

Figure 9

Newton's third law, when applied to the collision of the rocket and the asteroid as
shown in Figure 9, can be stated as follows:

The force exerted by the rocket on the asteroid is equal and opposite to the
force exerted by the asteroid on the rocket.

Explain how this statement links to the conservation of momentum in
the collision.

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

Q28.

Shot-put is an Olympic event.

The shot is a heavy ball.

An athlete throws the shot as far as possible.

A sports scientist analyses an athlete's throw to help improve performance.

The scientist examines the images to find ways of increasing the momentum of the shot when it
leaves the athlete's hand without the athlete using any extra force.

The scientist advises the athlete to

lean further down at the start
and make his arm straight before he releases the shot.

Explain the scientific principles behind this advice.
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(Total for question = 3 marks)

Q209.

Figure 8 shows a rocket soon after it takes off from the ground.

(Source: @ Alones/Shutterstock)

Figure 8

The force that the rocket engines produce remains constant during the first few seconds after
take-off.

Explain what happens to the acceleration during the first few seconds.

(Total for question = 3 marks)

STEMUP.CO.UK
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Q30.

Figure 9 shows a small steel ball held at a height, h, above the ground.

ball

h
J ground

Figure 9

Two students use the arrangement shown in Figure 9.
They use a stopwatch to time the ball falling through the height of 1.4 m.

The students repeat the measurement many times, but their average value for t is different from
the calculated value.

(i) Suggest a reason why the students' value for t is different from the calculated value.

(ii) Suggest one improvement the students could make to their procedure so that their value for
t is closer to the calculated value.

(Total for question = 2 marks)
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