Q1. A child goes out to visit a friend.
The graph shows the child’s journey.
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(a) Calculate the child’s average speed for the whole journey.
[Show your working and give the units in your answer.]

@)

(b) How many times faster is the child travelling in part A of the graph than in part C?
[You should show how you obtained your answer.]

@
(Total 5 marks)

Q2. The graph shows the speed of a runner during an indoor 60 metres race.
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(@) Choose words from this list to complete the sentences below.
moving at a steady speed slowing down
speeding up stopped
Part A of the graph shows that the runneris .........ccccoceiee i
Part B of the graph shows that the runneris .........ccccccoevie v

Part C of the graph shows that the runneris ..........ccccooe i
®)

(b) Calculate the acceleration of the runner during the first four seconds.
(Show your working.)

@)
(Total 6 marks)

A man’s car will not start, so two friends help him by pushing it.

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) Calculate the acceleration they give to the car.

.............................................................................................. ANSWer ................ m/s?
@)
(b)  Whilst pushing the car the two friends together do a total of 2400 joules of work.
Calculate their total power.
............................................................................................ Answer ................ watts
)

Page 2 of 43



(c) 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.)

@)
(d) On aflat 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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e
T TIME
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Explain why the speed of the lorry increases at first but then levels out.

3)
(Total 9 marks)
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Q4.

A sky-diver steps out of an aeroplane.
After 10 seconds she is falling at a steady speed of 50m/s.

She then opens her parachute.

After another 5 seconds she is once again falling at a steady speed.

This speed is now only 10m/s.

(a) Calculate the sky-diver's average acceleration during the time from when she opens her
parachute until she reaches her slower steady speed. (Show your working.)

3)
(b) Explain, as fully as you can:
()  why the sky-diver eventually reaches a steady speed (with or without her parachute).
3)
(i)  why the sky-diver's steady speed is lower when her parachute is open.
1)
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(c) The sky-diver and her equipment have a total mass of 75kg. Calculate the gravitational
force acting on this mass. (Show your working.)

ANSWET ..ooviiiiiiie e N
@)
(Total 8 marks)
Q5. A crane is used to lift a steel girder to the top of a high building.
steel girder
itnass = 200kg)
A
000
tmassive 0010
crane 25m
body I:l D D
A I:I I:I I:I v

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.

(a) Calculate the acceleration of the girder.

(Show your working.)

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

ANSWET oo 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.)

ANSWET .o w
)
(c) A new motor is fitted to the crane. This motor accelerates the girder at 0.3 m/s’.
Calculate the force which the crane applies to the girder to produce this acceleration.
(Show your working.)
ANSWET ...t N
®)
(Total 9 marks)
Q6. A car travels along a level road at 20 metres per second.

speed = 20m/s

(8) Calculate the distance travelled by the car in 4 seconds.

(Show your working.)

@)
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(b) When the brake pedal of the car is pushed, brake pads press against very hard steel
discs.

force pushing hrake — | — force pushing hrake
pad agsinstdisc. —* | |4 pad against disc
| |
£«
gteel disc
A ety hard)
— 1

hrake

pads ﬁ

/

axle

car
wheel

steel disc

The force of friction between the brake pads and the steel discs gradually stops the car.

What two effects does using the brakes have on the brake pads and wheel discs?

SRR
PO RPN
©)
(Total 6 marks)
Q7. A book weighs 6 newtons.

A librarian picks up the book from one shelf and puts it on a shelf 2 metres higher.
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(&) 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].
ANSWET .. kg
®)
(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.
..................................................................................................................................... "

(Total 9 marks)

Qs8. The graph shows changes in the velocity of a racing car.
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(@) Describe the motion of the racing car during:

()  the period labelled Wi .........ooiiiiiee e
1)
(i) the period [aDElEd Y. ....ccoiiiie e
@
(b) Calculate the acceleration of the racing car during the period labelled X.
Show clearly how you work out your answer and give the unit.
Acceleration = ......cccceveieiiene e
(4)
(Total 6 marks)
Q9. A crane on a barge lifts a girder and then carries it along the river.

The girder has a weight of 1 000 000 N and is lifted to a height of 1500 cm.
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(@) Complete the sentence.

The weight of the girder is caused by the Earth’s gravitational field strength acting on

IS e .
(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 = ..o
3)

(c) The velocity—time graph represents the motion of the barge after the girder had been lifted.
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Q10.

(@)

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.

(®)
(Total 10 marks)

O

The van shown above has a fault and leaks one drop of oil every second.

The diagram below shows the oil drops left on the road as the van moves from W to Z.

w X Y FA
» [ ] » * PP RBEST @ . » *

Describe the motion of the van as it moves from:

@)
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(b) The van was driven for 20 seconds at a speed of 30m/s.

Calculate the distance travelled.

Distance ................... m
2
(c) The van was travelling at 30m/s. It slowed to a stop in 12 seconds.
Calculate the van’s acceleration.
Acceleration ................... m/s2
3)
(d) The driver and passenger wear seatbelts. Seatbelts reduce the risk of injury.
Explain how seatbelts reduce the risk of injury.
4

(Total 12 marks)
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Q11.

O O

Five forces, A, B, C, D and E act on the van.

(@)

(b)

(©

Complete the following sentences by choosing the correct forces from A to E.
Force ......cceee. is the forward force from the engine.

Force ... is the force resisting the van’'s motion.
1)

The size of forces A and E can change.
Complete the table to show how big force A is compared to force E for each motion of the

van.
Do this by placing a tick in the correct box.

The first one has been done for you.

MOTION OF VAN | FORCE A SMALLER | FORCE A EQUAL | FORCE A BIGGER
THAN FORCE E TO FORCE E THAN FORCE E

Not moving v

Speeding up

Constant speed

Slowing down

@)

When is force E zero?

@)
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(d)

()

The van has a fault and leaks one drop of oil every second.
The diagram below shows the oil drops left on the road as the van moves from W to Z.

w X Y z
» [ ] » & S0P ORBES P - » &

Describe the motion of the van as it moves from:

0 X
DG (0 T U PP PP PP U P TP TP PP
D 20 (0 A PR PRPTN
(©)
The driver and passengers wear seatbelts.
Seatbelts reduce the risk of injury if the van stops suddenly.
backwards  downwards force forwards mass  weight
Complete the following sentences, using words from the list above, to explain why the risk
of injury is reduced if the van stops suddenly.
Alarge ..o, is needed to stop the van suddenly.
The driver and passengers would continue to MOVE ..........ccccceeeviiiieeeeecciieee e, .
The seatbelts supply @ .....cccoovveeiviieiiiieeee force to keep the driver and passengers
in their seats.
(©)

(Total 11 marks)
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Q12. A hot air balloon called Global Challenger was used to try to break the record for travelling
round the world.
The graph shows how the height of the balloon changed during the flight.
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The balloon took off from Marrakesh one hour after the burners were lit and climbed rapidly.

(@) Use the graph to find:
()  the maximum height reached.
Maximum height ..........ccccocevirinne metres.

(i) the total time of the flight.

Total time .ovveeeiceee e, hours.
@)
(b) Several important moments during the flight are labelled on the graph with the letters A, B,
C,D,EandF.
At which of these moments did the following happen?
()  The balloon began a slow controlled descent to 2500 metres. ...........cccvveeneeen.
(i)  The crew threw out all the cargo on board in order to stop
averyrapid descent.
(i)  The balloon started to descend from 9000 metres.  .vieeviieeeee,
(©)

(Total 5 marks)
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Q13. A sky-diver jumps from a plane.

The sky-diver is shown in the diagram below.

(@ Arrows X and Y show two forces acting on the sky-diver as he falls.

(i)  Name the forces X and Y.

X
Y
@)
(i)  Explain why force X acts in an upward direction.
........................................................................................................................... "
(iii)  Atfirst forces X and Y are unbalanced.
Which of the forces will be bigger? ........ccocceevviiieiiiiiinnn,
@)
(iv) How does this unbalanced force affect the sky-diver?
........................................................................................................................... "
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(b) After some time the sky-diver pulls the rip cord and the parachute opens.
The sky-diver and parachute are shown in the diagram below.

X

Y

After a while forces X and Y are balanced.
Underline the correct answer in each line below.
Force X has

increased / stayed the same / decreased.
Force Y has

increased / stayed the same / decreased.
The speed of the sky-diver will

increase / stay the same / decrease.
(©)
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(©

The graph below shows how the height of the sky-diver changes with time.
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(i)  Which part of the graph, AB, BC or CD shows the sky-diver falling at a
constant speed?

@
(i)  What distance does the sky-diver fall at a constant speed?
Distance .......cccccvcveeiiineeens m
@
(i)  How long does he fall at this speed?
TIME e S
@
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(iv) Calculate this speed.

@
(Total 14 marks)

Q14. Below is a distance-time graph for part of a train journey.
The train is travelling at a constant speed.
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(@ Use the graph to find
(i)  how far the train travels in 2 minutes .................... km.
(i) how long it takes the train to travel a distance of 10 kilometres ............... minutes.

@
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(b) Calculate the speed of the train.

(4)
(Total 6 marks)

Q15. (@) The diagram below shows a moving tractor. The forward force from the engine
exactly balances the resisting forces on the tractor.

(i)

(i)  The tractor comes to a drier part of the field where the resisting forces are less. If the
forward force from the engine is unchanged how, if at all, will the motion of the tractor
be affected?

@)

(b) Two pupils are given the task of finding out how fast a tractor moves across a field. As the
tractor starts a straight run across the field the pupils time how long it takes to pass a
series of posts which are forty metres apart. The results obtained are shown in the table

below.
Distance travelled (m) 0 40 80 120 160 200
Time taken (s) 0 8 16 24 32 40

Page 20 of 43



Cistance

(©

() Draw a graph of distance travelled against time taken using the axes on the graph
below. Label your graph line A.

200
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140
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a0

all

40

20

Time {5}
2

(i) Calculate the speed of the tractor.

@)

In another, wetter field there is more resistance to the movement of the tractor. It now
travels at 4 m/s.

(i)  Calculate the time needed to travel 200m.
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Q16.

(ii)

On the graph in part (b) draw a line to represent the motion of the tractor across the
second field. Label this line B.

(4)
(d) On aroad the tractor accelerates from rest up to a speed of 6 m/s in 15 seconds.
Calculate the acceleration of the tractor.
.................................................................................. Acceleration = ..................m/s2
®)
(Total 15 marks)
(@)

When a car is driven efficiently the engine gives a constant forward pull on the car as
the car accelerates to its maximum speed. During this time frictional forces and air
resistance oppose the forward motion of the car. The sketch graphs below show how the
car's speed increases when only the driver is in the car, and when the driver has a
passenger in the car.

A

speed

dnver d one

dnwver and passenger

>

titme

How does the acceleration of the car change with time?

@)
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(i) What conclusion can be made about the resultant (net) forward force on the car as
its speed increases?

(1)
(i)  On the graph, draw a line to show how you would expect the car's speed to vary if it
carried three passengers.
(1)
(b) The manufacturer of a family car gave the following information.
Mass of car 950g
The car will accelerate from 0 to 33 m/s in 11 seconds.
(i)  Calculate the acceleration of the car during the 11 seconds.
ANSWET ..ot
2
(i)  Calculate the force needed to produce this acceleration.
ANSWET .o N
2
(i)  The manufacturer of the car claims a top speed of 110 miles per hour. Explain why
there must be a top speed for any car.
2

(Total 9 marks)

Q17. The manufacturer of a family car gave the following information.
Mass of car 950 kg

The car will accelerate from 0 to 33 m/s in 11 seconds.
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() Calculate the acceleration of the car during the 11 seconds.

@)
(b) Calculate the force needed to produce this acceleration.
@)
(c) The manufacturer of the car claims a top speed of 110 miles per hour. Explain why there
must be a top speed for any car.
®)

(Total 7 marks)

Q1s. A cyclist goes on a long ride. The graph shows how the distance travelled changes with
time during the ride.

ﬁﬂ'"_
5(}.21'.

Distance H
inkm 304 _

Time in hours

(i) Between which two points on the graph was the cyclist moving at the fastest speed?

)
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(i)  State one way cyclists can reduce the air resistance acting on them.

(1)
(ii)  How long did the cyclist stop and rest?

(1)
(iv)  Write down the equation which links distance, speed and time.

(1)
(v) Calculate, in km/hr, the average speed of the cyclist while moving.

Average speed = ......ccccoveeeviineninnennn km/hr
3)
(Total 7 marks)
Q19. (@) The diagram shows the horizontal forces that act on a moving motorbike.

(i)  Describe the movement of the motorbike when force A equals force B.

@
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(i)  What happens to the speed of the motorbike if force B becomes smaller
than force A?

@)
(b)  The graph shows how the velocity of a motorbike changes when it is travelling along a
straight road.
25
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()  What was the change in velocity of the motorbike in the first 5 seconds?
@)
(i)  Write down the equation which links acceleration, change in velocity and time taken.
@)
(i)  Calculate the acceleration of the motorbike during the first 5 seconds.
Show clearly how you work out your answer and give the unit.
Acceleration = .......ccccevvceeviie e
@)
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(c) Acaristravelling on an icy road.

Describe and explain what might happen to the car when the brakes are applied.

2
(d) Name three factors, other than weather conditions, which would increase the overall

stopping distance of a vehicle.
USSR
2 e et e e ehe e —e e bt e et—e e be e e abeeeataeeabeeeabeeabeeeataeeabeeeaaeeaareas
K PP SPRP

3)

(Total 13 marks)
Q20. (@) The arrows in the diagram represent the size and direction of the forces on a space

shuttle, fuel tank and booster rockets one second after launch. The longer the arrow the
bigger the force.

Thrust force

Weight of shuttle, fuel tanks and
booster rockets plus air resistance

(i) Describe the upward motion of the space shuttle one second after launch.

@)
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(i) By the time it moves out of the Earth’s atmosphere, the total weight of the space
shuttle, fuel tank and booster rockets has decreased and so has the air resistance.

How does this change the motion of the space shuttle? (Assume the thrust force
does not change).

1)
(b) The space shuttle takes 9 minutes to reach its orbital velocity of 8100 m/s.
(i)  Write down the equation that links acceleration, change in velocity and time taken.
1)
(i) Calculate, in m/s?, the average acceleration of the space shuttle during the first
9 minutes of its flight. Show clearly how you work out your answer.
average acceleration = ..........cccoeeeeveiceceeeee e m/s?
2
(i)  How is the velocity of an object different from the speed of an object?
(1)

(Total 6 marks)

Q21. (@) The diagram shows an athlete at the start of a race. The race is along a straight
track.

In the first 2 seconds, the athlete accelerates constantly and reaches a speed of 9 m/s.
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(i)  Use the equation in the box to calculate the acceleration of the athlete.

change in velocity
time taken for change

accelleration =

Show clearly how you work out your answer.

Acceleration = .........ccceveeniieeenn
@)
(i)  Which one of the following is the unit for acceleration?
Draw a ring around your answer.
J/s m/s m/s? Nm
)
(i)  Complete the following sentence.
The velocity of the athlete iS the ... of the
athlete in a given direction.
1)
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(iv) Complete the graph to show how the velocity of the athlete changes during the first 2
seconds of the race.

1

Velocity
in metres
per second

4

0.0 0.5 1.0 1.5 2.0
Titme in seconds

@

(b)  Many running shoes have a cushioning system. This reduces the impact force on the
athlete as the heel of the running shoe hits the ground.

Cushionng
a7 stem
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The bar chart shows the maximum impact force for three different makes of running shoe
used on three different types of surface.

1200 77717
1000 H
- o [ Key
. 800 | Surface:
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oL 2=
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()  Which one of the three makes of running shoe, A, B or C, has the best cushioning
system?

®)
(i) The data needed to draw the bar chart was obtained using a robotic athlete fitted with
electronic sensors.
Why is this data likely to be more reliable than data obtained using human athletes?
@)

(Total 10 marks)
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Q22. A cyclist travelling along a straight level road accelerates at 1.2 m/s’ for 5 seconds.
The mass of the cyclist and the bicycle is 80 kg.

(&) Use the equation in the box to calculate the resultant force needed to produce this
acceleration.

resultant force = mass x acceleration

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

Resultant force = ......ccccooveiinicnenee,
(©)
(b) The graph shows how the velocity of the cyclist changes with time.
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(i)  Complete the following sentence.
The velocity includes both the speed and the ....................... of the cyclist.
1)
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(i)  Why has the data for the cyclist been shown as a line graph instead of a bar chart?

)
(i) The diagrams show the horizontal forces acting on the cyclist at three different
speeds. The length of an arrow represents the size of the force.
B
Which one of the diagrams, A, B or C, represents the forces acting when the cyclist
is travelling at a constant 9 m/s?
Explain the reason for your choice.
(©)

(Total 8 marks)

Q23. (& The diagram shows the horizontal forces acting on a swimmer.
S — D
T = - —__

BN

(i)  The swimmer is moving at constant speed.
Force T is 120 N.

What is the size of force D?

@)
Page 33 of 43



(i) By increasing force T to 140 N, the swimmer accelerates to a higher speed.

Calculate the size of the initial resultant force acting on the swimmer.

Initial resultant force = .......cccovvee i N
@
(i) Even though the swimmer keeps the force T constant at 140 N, the resultant force on
the swimmer decreases to zero.
Explain why.
®)
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(b) A sports scientist investigated how the force exerted by a swimmer's hands against the
water affects the swimmer's speed.
The investigation involved 20 males and 20 females swimming a fixed distance.
Sensors placed on each swimmer's hands measured the force 85 times every second
over the last 10 metres of the swim.
The measurements were used to calculate an average force.
The average speed of each swimmer over the last 10 metres of the swim was also
measured.

The data from the investigation is displayed in the graph.
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Average force in newtons

()  What was the dependent variable in this investigation?

)
(i) Explain one advantage of measuring the force 85 times every second rather than
just once or twice every second.
@)
(i) Give one way in which the data for the male swimmers is different from the data for
the female swimmers.
)

Page 35 of 43



(iv)  Considering only the data from this investigation, what advice should a swimming
coach give to swimmers who want to increase their average speed?

@)
(Total 10 marks)

Q24. The diagram shows the forces acting on a car. The car is being driven along a straight,
level road at a constant speed of 12 m/s.

Reaction

Frictional force Driving force

Weight
(@ The driver then accelerates the car to 23 m/s in 4 seconds.

Use the equation in the box to calculate the acceleration of the car.

change in velocity

acceleration = )
time taken for change

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

@)
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(b) Describe how the horizontal forces acting on the car change during the first two seconds
of the acceleration.

®)
(Total 6 marks)

Q25. (&) A person takes their dog for a walk.

The graph shows how the distance from their home changes with time.

F

Distance B
from home D

k4

Time

Which part of the graph, A, B, C or D, shows them walking the fastest?

Write your answer in the box.

Give the reason for your answer.

@
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(b) During the walk, both the speed and the velocity of the person and the dog change.

How is velocity different from speed?

@)
(Total 3 marks)

Q26. (@) Acaris being driven along a straight road. The diagrams, A, B and C, show the
horizontal forces acting on the moving car at three different points along the road.

Describe the motion of the car at each of the points, A, B and C.

500N ra'/_ﬂl_'_'jﬁ_ DN e
A

200N qn___ﬂ__}‘ seoMN

B

500N & [ __ 200N

@)

(b) The diagram below shows the stopping distance for a family car, in good condition, driven
at 22 m/s on a dry road. The stopping distance has two parts.

()  Complete the diagram below by adding an appropriate label to the second part of the
stopping distance.

The distance the car travels during
the driver’s reaction time

@)
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(i)  State one factor that changes both the first part and the second part of the stopping
distance.

(1)
(c) The front crumple zone of a car is tested at a road traffic laboratory. This is done by using
a remote control device to drive the car into a strong barrier. Electronic sensors are
attached to the dummy inside the car.
| Strong barrier
(i)  Atthe point of collision, the car exerts a force of 5000 N on the barrier.
State the size and direction of the force exerted by the barrier on the car.

1)
(i)  Suggest why the dummy is fitted with electronic sensors.

1)

Page 39 of 43



(i) The graph shows how the velocity of the car changes during the test.
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Use the graph to calculate the acceleration of the car just before the collision with the
barrier.

Show clearly how you work out your answer, including how you use the graph, and
give the unit.

(©)
(Total 10 marks)
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Q27. The diagram shows a boat pulling a water skier.

(@) The arrow represents the force on the water produced by the engine propeller.
This force causes the boat to move.

Explain why.

2
(b) The boat accelerates at a constant rate in a straight line. This causes the velocity of the
water skier to increase from 4.0 m/s to 16.0 m/s in 8.0 seconds.
(i) Calculate the acceleration of the water skier and give the unit.
Use the correct equation from the Physics Equations Sheet.
Acceleration = ...
3)
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(i)  The water skier has a mass of 68 kg.
Calculate the resultant force acting on the water skier while accelerating.

Use the correct equation from the Physics Equations Sheet.

Resultant force = ......oooovvvivivce e N
@)
(i) Draw a ring around the correct answer to complete the sentence.
The force from the boat pulling the water skier forwards
less than
will be the same as | the answer to part (b)(ii).
greater than
Give the reason for your answer.
)

(Total 9 marks)
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