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Q1.

The diagram below shows a plank being used as a simple machine.
The crate is slid up the plank into the back of the lorry.

l crate
g (70kg) F
0.5m

(i)  The mass of the crate is 70kg. Calculate the weight of the crate.

Weight N

(2)

(i)  Calculate the work done when the crate is lifted a vertical distance of 0.5m.

Work done

(4)
(Total 6 marks)

Q2.

(@) When an object is moving it is said to have momentum.
Define momentum.

(1)

(b) The diagram below shows one way of measuring the velocity of a bullet.
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-

block of

/ wood
bullet

B — 3.980kg
20g

after impact

before impact

A bullet is fired into a block of wood suspended by a long thread.

The bullet stops in the wooden block.

The impact of the bullet makes the block swing.

The velocity of the wooden block can be calculated from the distance it swings.

In one such experiment the block of wood and bullet had a velocity of 2 m/s
immediately after impact. The mass of the bullet was 20 g and the mass of the
wooden block 3.980 kg.

(i) Calculate the combined mass of the block of wood and bullet.

Mass

(1)

(i)  Calculate the momentum of the block of wood and bullet immediately after
impact.
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Momentum

(3)
(i)  State the momentum of the bullet immediately before impact.
(1)
(iv) Calculate the velocity of the bullet before impact.
Velocity m/s
@)
(v) Calculate the kinetic energy of the block of wood and bullet immediately after
impact.
Kinetic energy J
(3)
(vi)

The kinetic energy of the bullet before the impact was 1600 joules. This is

much greater than the kinetic energy of the bullet and block just after the
impact.

What has happened to the rest of the energy?

(1)
(Total 13 marks)

Q3.

The diagram shows a high jumper.
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In order to jump over the bar, the high jumper must raise his mass by 1.25 m.
The high jumper has a mass of 65 kg. The gravitational field strength is 10 N/kg.

(@) The high jumper just clears the bar.

Calculate the gain in his gravitational potential energy.

Gain in gravitational potential energy J
(4)

(b) Calculate the minimum speed the high jumper must reach for take-off in order to
jump over the bar.

(joule, J) (kilogram, kg) [(metre/second)? (m/s)?

Speed m/s

(3)
(Total 7 marks)

Q4.

A crane on a barge lifts a girder and then carries it along the river.
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The girder has a weight of 1 000 000 N and is lifted to a height of 1500 cm.
(@) Complete the sentence.
The weight of the girder is caused by the Earth’s gravitational field strength acting

on its

(1)
(b)  Calculate the work done in lifting the girder.

Write the equation you are going to use.

(1)

Show clearly how you work out your answer and give the unit.

Work done =

()

(c) The velocity—time graph represents the motion of the barge after the girder had
been lifted.
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0.7

0.6

Velocity 0.5
in
m's 0.4

0.3

0.2

0.1

Time in hours

To gain full marks in this question you should write your ideas in good English. Put
them in a sensible order and use the correct scientific words.

Describe the motion of the barge over this period of seven hours. You must refer to
the points A, B, C, D, E and F in your description.

(5)
(Total 10 marks)

Q5.
‘SPEED KILLS’ - was the heading of an advertising campaign. The scientific reason for
this is that energy is transferred from the vehicle to the person it knocks down.
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aEmEeTmn
BUS COMPANY

(@) The bus and the van are travelling at the same speed. The bus is more likely to
cause more harm to a person who is knocked down than the van would. Explain
why.

(2)
(b) A car and its passengers have a mass of 1200 kg. It is travelling at 12 m/s.

(i)  Calculate the increase in kinetic energy when the car increases its speed to 18
m/s.

Show clearly how you work out your answer and give the unit.

Increase in kinetic energy =

()

(i) Explain why the increase in kinetic energy is much greater than the increase in
speed.

(1)
(Total 8 marks)
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Q6.

When you transfer energy to a shopping trolley, the amount of work done depends on the

force used and the distance moved.

Force I

Complete the table by using the correct units from the box.

joule (J) metre (m) newton (N)

The first one has been done for you.

Quantity Unit
energy (transferred) joule
force

distance (moved)

work done

Q7.

A forklift truck was used to stack boxes on to a trailer.

It lifted a box weighing 1900 N through 4.5 m.

|
B!
[
() D

Calculate the work done on the box. Show your working.

(Total 2 marks)
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Work done = J
(Total 3 marks)

Q8.

A rollercoaster car stops above a vertical drop. Suddenly it falls under gravity.

The drop is 60 metres high and at the bottom of the drop the car travels at 125 km/h.

The acceleration experienced by the people in the car is 10 m/s?. The mass of the car and
its passengers is 1210 kg.

Calculate the force exerted on the car and its passengers. Show your working.

Force = N
(Total 3 marks)

Q9.

A rocket has a mass of 5000 kg and is travelling at a speed of 600 m/s.
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Calculate the rocket’s kinetic energy in kilojoules. Show your working.

Kinetic energy = kJ
(Total 3 marks)

Q10.

A car which is moving has kinetic energy.

The faster a car goes, the more kinetic energy it has. The kinetic energy of this car was
472 500 J when travelling at 30 m/s.

Calculate the total mass of the car.

Show clearly how you work out your answer and give the unit.

Mass of the car =

(Total 5 marks)

Q11.

The drawing shows an investigation using a model steam engine to lift a load.

Page 10 of 34


https://stemup.co.uk

[ension n
the string

Metal block @

In part of the investigation, a metal block with a weight of 4.5 N was lifted from the floor to
a height of 90 cm.

(@) Explain what causes the weight of the metal block.

(2)
(b) (i) Whatis the tension in the string when the block is lifted at a steady speed?
(1)
(i)  Explain your answer to part (b) (i).
(1)
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(c) (i) Calculate the work done in lifting this load. Write the equation you are going to
use, show clearly how you get to your answer and give the unit.

Equation

Work =

()

(i) How much useful energy is transferred to do the work in part (c) (i)?

(1)

(d) In another part of the investigation, 250J of work is done in one minute. Use the
equation:

work done

power = time taken

to work out the useful power output. Give the unit.

Power =

(2)
(Total 10 marks)

Q12.

Mira and Susan are rock climbing. They are using a nylon climbing rope. Mira has
fastened herself to the rock face and to one end of the rope. The other end of the rope is
fastened to Susan. This means that, if Susan falls, the rope will hold her. Susan weighs
540 N.
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@ ()

(ii)

(iif)

Use the words distance, force and work to write an equation which shows the
relationship between them

(1)

What vertical distance up the rock face does Susan climb when she does 2000
J of work against gravity? Show your working and give your answer to the
nearest 0.1 m.

Distance = metres

(2)

How much gravitational energy will Susan gain when she does 2000 J of work
against gravity?

(1)
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(b)  The climbers dislodge a 3 kg stone which falls down the rock face.

What is the speed of the stone when its kinetic energy is 600 J?

1
kinetic energy = 2 mass x speed?

Show clearly how you get to your answer and give the unit.

Speed =

()

(c) The climbing rope is made of nylon. Nylon is very strong. Another advantage is that
it stretches. This means that, if Susan falls, it transfers some of her kinetic energy to
elastic (or strain) energy at the end of the fall.

Explain, in terms of force and deceleration, what would happen if Susan fell and the
climbing rope did not transfer any of her kinetic energy to elastic energy.

3)
(Total 10 marks)

Q13.

Complete the following sentences.
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When you drop a ball, it falls to the ground.

This happens because the pulls the ball

towards it with a force called

Forces are measured in units called

(Total 3 marks)

Q14.

A book weighs 6 newtons.

A librarian picks up the book from one shelf and puts it on a shelf 2 metres higher.

(a) Calculate the work done on the book. [Show your working].

(3)
(b)  The next person to take the book from the shelf accidentally drops it.
The book accelerates at 9.8m/s?.

Use this information to calculate the mass of the book. [Show your working].

Answer kg.
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()

(c) If the book was dropped from an aeroplane high in the sky, it would accelerate to
begin with. Eventually it would fall at a steady speed.

Explain, in as much detail as you can, why this happens.

(3)
(Total 9 marks)

Q15.

A crane is used to lift a steel girder to the top of a high building.

steel girder
(tnass = 200kg)

000

000
000

000

Massive
Crane

hody

25m

When it is lifted by the crane:

. the girder accelerates from rest to a speed of 0.6 m/s in the first 3 seconds;
. it then rises at a steady speed.

(@) Calculate the acceleration of the girder.

(Show your working.)

3)
(b) (i) Whatis the weight of the steel girder?

Answer N

(1)
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(i) Calculate the power of the crane motor as it lifts the girder at a steady speed
of 0.6 m/s.

(Show your working. You can ignore the weight of the cable and hook which is
small compared to the weight of the girder.)

Answer W

(2)

(c) A new motor is fitted to the crane. This motor accelerates the girder at 0.3 m/s2.

Calculate the force which the crane applies to the girder to produce this
acceleration.

(Show your working.)

Answer N

3)
(Total 9 marks)

16.
A When a gun is fired, a very large force acts on the bullet for a very short time.
The change in momentum of the bullet is given by the following relationship:
force (N) x time(s) = change in momentum (kg m/s)
(@) An average force of 4000 newton acts for 0.01 seconds on a bullet of mass 50g.

Calculate the speed of the bullet. (Show your working.)

Answer m/s

(4)

(b) The bullet is fired horizontally. In the short time it takes for the bullet to reach its
target, its horizontal speed has fallen to 80% of its initial speed.

(i)  Explain why the speed of the bullet decreases so quickly.
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(2)

(i)  Calculate the percentage of its original kinetic energy the bullet still has when it
reaches its target.

(Show your working.)

(4)
(Total 10 marks)

Q17.

When you slide a book across a table, there is a force of friction between the book and the
table.

A book shides this way

A :‘L‘}

(@) Which arrow shows the force of friction that acts on the book?

(1)

(b)  The force of friction will slow the book down.
Write down one other effect that the force of friction will have on the book.

(1
(Total 2 marks)

Q18.

A man’s car will not start, so two friends help him by pushing it.
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Mass of car = 800 kg

By pushing as hard as they can for 12 seconds they make the car reach a speed of 3
metres per second.

(a)

(b)

(c)

(d)

Calculate the acceleration they give to the car.

Answer m/s?

(2)

Whilst pushing the car the two friends together do a total of 2400 joules of work.
Calculate their total power.

Answer watts

(2)

Another motorist has the same problem. The two friends push his car along the
same stretch of road with the same force as before.

It takes them 18 seconds to get the second car up to a speed of 3 metres per
second.

What does this tell you about the mass of the second car?
(You can ignore forces of friction.)

(2)

On a flat stretch of a motorway a lorry driver changes into top gear. He then makes
the lorry go as fast as he can.

The graph shows what happens to the speed of the lorry.
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SPEED[

—_—
T TIME
Change to
top geat

Explain why the speed of the lorry increases at first but then levels out.

3)
(Total 9 marks)

Q19.

A cyclist accelerates from a set of traffic lights.
The driving force of the back tyre on the ground is 250 N.

(@) How much work is done by this force when the cyclist travels 5 metres?
(Show your working.)

Answer joules (J)

(2)
(b)  What happens to the energy transferred by this force?

(2)
(Total 4 marks)

Q20.

A cyclist accelerates from a set of traffic lights.

The driving force of the back tyre on the ground is 250 N.
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(@) How much work is done by this force when the cyclist travels 5 metres?
(Show your working.)

Answer joules (J)

()

(b)  What happens to the energy transferred by this force?

(2)
(Total 4 marks)

Q21.

To get a bobsleigh moving quickly, the crew push it hard for a few metres and then jump

(@) Choose from the following words to complete the sentences below.
distance energy force speed time
You can calculate the work done by the bobsleigh crew like this:

work done = X

The work done by the crew is transferred to the bobsleigh as kinetic

()

(b)  Which of the following units is used for the amount of work done?
Underline the correct one.

joules newtons metres metres per second

(1)
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(Total 4 marks)
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Mark schemes

Q1.
(i) 700 or 686
gets 2
Else mgor 70 x 10 or 70 x 9.8 (1)
gets 1
2
(i)  350J
gets 4
Else 350
gets 3
Else 700 x 0.5
gets 2
Else W = F.d.
gets 1

Any answer with unit J may score 1, 2 or 3 (see general instructions)

[6]

Q2.

(a) product of mass and velocity
(b) (i) 4kgor4000g
(i) M =8kgm/s or Ns

for 3 marks

elseM=8
for 2 marks

elseM—mvor4x2
for 1 mark

(i) 8 kgm/s (watch e.c.f.)

(iv) v=400
for 3 marks

else v = 8/0.02
for 2 marks

else M —mv, v—M/mor 8 =0.02v
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Q3.

(a)

(b)

for 1 mark

(v) ke=8
for 3 marks

else ke = 1/2 (4 x 22)
for 2 marks

else ke = 1/2 (mv?)
for 1 mark

(vi) transferred to heat and sound
or does work against wood/pushing wood aside/deforming bullet

[13]

W=65x%10
(allow a maximum of 3 marks if candidate uses g = 9.8N / Kg (as ecf))

gains 1 mark

but

W =650 (N)

(allow use of p.e.=m x g x h)
gains 2 marks

but
PE change = 650 x 1.25 or 65 x 10 x 1.25

gains 3 marks

but
PE change = 812.5 (J) (allow 813J or 812J)

gains 4 marks

k.e.=p.e.
gains 1 mark

but
(speed)*=8125x2/65 or 8125=" %65 x (speed)®* ecf

gains 2 marks

but
speed = 5 (m/s) (allow 4.99 — 5.002)

(if answer = 25mls check working: 812.5 =2 m x v gains 1 mark for
KE = PE)
2x81248

(butif812.5="m xv2=%x65xv2orv2= B2  gains 2 marks)

25, with no working shown gains 0 marks
gains 3 marks
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Q4.

(a)

(b)

[7]

mass

work (done) = force (applied) x distance (moved in the direction of the force)

do not accept correctly substituted figures for this equation
mark

accept W =Fs or W= Fd or W = Fh (well done) = force x
height)

mark formula independently

1000 000 x 15
75
allow 1 000 000 x 7000

= 15000 000
=15 000

J /joules
KJ / kilojoules

allow 1 000 000 x 1500

= 15 00 000 000 for 1 mark
only — no unit mark

allow 3 marks for correct answer if no working / correct
working is shown

Quality of written communication

The answer to this question requires ideas in good English, in a sensible order with
correct use of scientific terms. Quality of written communication should be
considered in crediting points in the mark scheme

Max.4 if ideas not well expressed

A — B not moving
accept stationary or at rest

B - C accelerationor C—-D
acceleration

accept increases speed / velocity accept gets faster

comparison made that the acceleration
B-CislessthanC—-D

accept comparison made that the
acceleration C-D is greater than B-C

D - E constant velocity
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accept steady speed or at 0.4 m/s

E — F deceleration

accept decreases speed / velocity
accept gets slower

Q5.

(a) the greater the mass / weight

then the greater the kinetic energy

accept the greater the momentum
accept greater mass / weight therefore greater force = 2

(b) (i)
Note: this calculation requires candidates to show clearly
how they work out their answer

1

k.e. 2 mv?2
accept evidence of equation

86 400 (J) at 12 m/s
accept ¥ x 1200 x 122 or 86.4 KJ

194 400 (J) at 18 m/s
accept ¥ x 1200 x 182 or 194.4KJ

increase in k.e. = 108 000
NB 10800 = 0 marks

N.B. if no working at all then max 3 for a correct numerical
answer

joules or J
accept 108 kilojoules or kJ

(i) explanation that ke = v?2

Q6.

newton or N

metre or m
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joules or J

Q7.
8550

Q8.
12 100

Q9.
900 000

Q10.
1050

kg

all three correct 2 marks
two or one correct 1 mark

correct answer with no working = 3
if incorrect, allow 1 mark for work = force / weight x distance,
2 marks for = 1900 x 4.5

N.B. correct answer from the incorrectly recalled relationship
mass x distance = 2 marks

correct answer with no working = 3

if answer incorrect, allow 1 mark for force = mass x
acceleration

1210 % 10 = 2 force / weight = mass x gravity is neutral

N.B. no marks for correct answers with incorrectly recalled
relationship

correct with no working = 3 if answer incorrect, allow:
i

1 mark for K.E. = 2 x mass % speed?
i

2 marks for £ x 5000 x 6002

N.B. correct answer with the incorrectly recalled relationship
7

2 x weight x speed? = 2 marks

7
if answer incorrect then kinetic energy = 2 mveor

accept indication by correct substitution for 1 mark
accept 900 for 1 mark
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Q11.
(@)

(b)

2KE

accept m = v’ or indication by correct substitution for 1
mark

either
gravity

due to mass of the Earth

or

(the) interaction / attraction between the (1)

mass of the block
and the mass of the Earth (1)

(i)

(ii)

(i)

45N
unit required accept equal to weight (lifted)
do not credit ..mass..

the forces are balanced
accept because the block is not accelerating

accept because the block is moving at a steady speed (in a
straight line) accept because the block’s velocity is
constant

either
4.05J

or
work (done)
= force (applied)
x distance (moved in the
direction of the force)
or work =4.5 x0.9
note ‘= 4.5 x 0.9’ is not an equation

=4.05

joules or J or newton metres

405 J will be a common answer
it gets (1) (for the unit) if correct equation is not shown but
(2) otherwise

4.5 + 0.9, or variations on this theme, get (1) (for the unit) at
most
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(d)

Q12.
(@)

(i) 4.05J
or same as the answer to (c) (i) provided that the same unit
for energy is shown in both cases

4.16
accept 4, 4.2, 4.17, 4.16

(i)  work = force x distance
or any correctly transposed version e.g.
Work
force = distance

or in correct units throughout e.g.
J=Nxm

or in acceptable abbreviations e.g.
W=fxd

do not credit W = Nm or any other
ambiguous or unclear response
do not credit

‘ ar m
£F]DN /D[FN
unless subsequent calculation shows understanding

(i) EITHER

3.7 (m)

OR
2000
(distance =) 940

(i) 2000 J
unit required

EITHER

20

OR
speedz = 600 + 1.5

z
or speed: = 600 x 7
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or speed: = 400
i

or speed: = KE + Emass

metres per second
or m/s

(c) any three from

deceleration (would be) (very) great
or rate of change of speed / velocity would be (very) great

(because) F = ma

or (because) force is proportional to deceleration / (negative)
acceleration

(so the) force (on Susan / the rope) would be (very) great
do not credit she would be hurt
do not credit just the rope could snap

the rope may exceed its elastic limit

[10]

Q13.

(centre of the) Earth [not ground]
gravity
newtons (allow N)

each for 1 mark

[3]

Q14.
(@) WD = force x distance or 6 x 2
gains 1 mark

but 12 gains 2 marks
units J/joules [credit Nn]

for 1 mark

(b) 0.6 (i.e. using the recalled 10N/kg)
gains 1 mark

but evidence of force = mass x acceleration
or of correct substitution e.g. 6/9.8

gains 2 marks

but 0.61 (2...)
gains 3 marks
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any reference to
initial acceleration due to gravity
(force due to) friction/air resistance

each for 1 mark

ideas that
this increases as speed increases
forces eventually balance

each for 1 further mark

9
[9]
Q15.
change in speed 0.6
(a) *evidence of acceleration = tire or
gains 1 mark
but 0.2
gains 2 marks
units m/s?
for 1 mark
3
(b) (i) 2000 or 1960
for 1 mark
1
wiork done 75
(i) evidence of power = time taken or weight x speed (credit figures)/ 0.6
26
(iii) 06
gains 1 mark
but 1200/1176 or figure consistent with (b)(i)
gains 2 marks
2
(c) evidence of force = mass x acceleration or 200 x 0.3
gains 1 mark
but 60
gains 2 marks
but 60 + weight of girder (2060/2020%) (or figure consistent with (b)(i))
gains 3 marks
3
[9]
Q16.
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(@)

(b)

Q17.
(@)

Q18.

(a)

any evidence of: momentum = mass x velocity (words, symbols or numbers)
appropriate re-arrangement mass as 0.05kg

each gains 1 mark

but 800
gains 4 marks

(i)  any reference to friction with air/air resistance
gains 1 mark

but idea that friction with air/air resistance is high (at high speed)
gains 2 marks

(i) any evidence of: k.e. *v2 or k.e. = /2 mv?
final k.e.
initial k.e.
either initial or final k.e. correctly calculated (i.e. 16000; 10240)

each gains 1 mark

but (0.8)?
gains 3 marks

but 64%(credit 0.64)
gains 4 marks (also credit e.c.f)

[10]

for 1 mark

wear it away or make it warmer
for 1 mark do not accept ‘stops it’

[2]

change in speed 3
time taken .12

evidence of
gains 1 mark

but 0.25 or Vs
gains 2 marks

wiork done 2400

evidence of UMetaken .17

gains 1 mark

Page 32 of 34


https://stemup.co.uk

(d)

Q19.
(a)

(b)

but 200
gains 2 marks

idea that

second car has a bigger mass
(allow bigger weight/heavier)

gains 1 mark

but

second car has 1.5 times bigger mass
or

second car has mass of 1200 kg

gains 2 marks

friction/resistance increases with speed
gains 1 marks

but
friction with/resistance of air increases with speed

gains 2 marks

. increase in speed because driving force greater than friction
. steady speed when friction = driving force
or

increases in speed until friction = driving force
each for 1 further mark to maximum of 3

[9]

work done = force x distance or 250 x 5 NB if formula given must
be correct

gains 1 mark
but

1250
gains 2 marks

[In this and similar examples, a correct answer only gets full marks.

From an incorrect formula, do not allow marks for ‘error carried forward’
2

. (mainly) (transferred as) it is kinetic / movement energy (not ‘mechanical’)
. (some) lost / wasted / transferred as heat / sound

[Answers must refer to ‘energy’. Do not allow ‘it drives the

bike’]
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or
used to overcome friction / air resistance

each for 1 mark

[4]

Q20.

(@) [NB e.c.f not allowed from incorrect formula]
work done = force x distance or 250 x 5

gains 1 mark

but
1250
gains 2 marks
2
(b) - (mainly) transferred as kinetic / movement energy

[not makes bike move]

. (some) lost / wasted / transferred as heat / sound
or
used to overcome friction / air resistance

each ¢ for 1 mark

[4]

Q21.
(a) force distance (either way round)
energy
for 1 mark each
3
(b) joules

for 1 mark

[4]
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