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1 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/s2. 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)
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The diagram below shows a person using a device called a jetpack. Water is forced downwards

from the jetpack and produces an upward force on the person.

Lake

(@) State the condition necessary for the person to be able to remain stationary in mid-air.

1)
(b) The person weighs 700 N and the jetpack weighs 140 N.

(i) Calculate the combined mass of the person and the jetpack.

Gravitational field strength = 10 N/kg

Combined mass = kg
(2)
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(i) Increasing the upward force to 1850 N causes the person to accelerate upwards.

Calculate the acceleration of the person and the jetpack. Give the unit.

Acceleration = Unit

®)
(Total 6 marks)

The table contains typical data for an oil tanker.

3
Maszs 56 000000 kg
Cruising speed 12 mfs
"L_Ll I l . ﬂ%{% Deceleration force 392 000 N
Stopping distance 10 000 tm

(i)  Write down the equation which links acceleration, force and mass.

1)

(i)  Calculate the deceleration of the oil tanker. Show clearly how you work out your answer.

Deceleration = m/s?

2
(Total 3 marks)

4 (@ The diagram shows an aircraft and the horizontal forces acting on it as it moves along a
runway. The resultant force on the aircraft is zero.
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()  What is meant by the term resultant force? Py

1)

(i)  Describe the movement of the aircraft when the resultant force is zero.

(1)

(b) The aircraft has a take-off mass of 320 000 kg. Each of the 4 engines can produce a
maximum force of 240 kN.

Calculate the maximum acceleration of the aircratft.

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

Acceleration =

3)

(c) Asthe aircraft moves along the runway to take off, its acceleration decreases even though
the force from the engines is constant.

Explain why.

)
(Total 7 marks)
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When two objects interact, they exert forces on each other.

(@8 Which statement about the forces is correct?

Tick (v') one box.

Tick (v)

The forces are equal in size and act in the same direction.

The forces are unequal in size and act in the same direction.

The forces are equal in size and act in opposite directions.

The forces are unequal in size and act in opposite directions.

1)

(b) A fisherman pulls a boat towards land.
The forces acting on the boat are shown in Diagram 1.

The fisherman exerts a force of 300 N on the boat.
The sea exerts a resistive force of 250 N on the boat.

Diagram 1

N
-

250N 300N

(i)  Describe the motion of the boat.

(@)
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(i)  When the boat reaches land, the resistive force increases to 300 N.

The fisherman continues to exert a force of 300 N.

Describe the motion of the boat.

Tick (V') one box.

Accelerating to the right

Constant velocity to the right

Stationary

(1)
(i) Explain your answer to part (b)(ii).

(2)

(iv)  Another fisherman comes to help pull the boat. Each fisherman pulls with a force of
300 N, as shown in Diagram 2.

Diagram 2 is drawn to scale.

Add to Diagram 2 to show the single force that has the same effect as the two 300 N
forces.

Determine the value of this resultant force.

Diagram 2

N 300N

300N

Resultant force = N

4)
(Total 10 marks)
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6 The stopping distance of a car is the sum of the thinking distance and the braking distance.
The table below shows how the thinking distance and braking distance vary with speed.
Speed [Thinking distance|Braking distance
in m/s in m in m
10 6 6.0
15 9 13.5
20 12 24.0
25 15 37.5
30 18 54.0
(& What is meant by the braking distance of a vehicle?
1)
(b) The data in the table above refers to a car in good mechanical condition driven by an alert
driver.
Explain why the stopping distance of the car increases if the driver is very tired.
)
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(c) A student looks at the data in the table above and writes the following:

thinking distance « speed
braking distance « speed

Explain whether the student is correct.

(@)

(d)  Applying the brakes with too much force can cause a car to skid.

The distance a car skids before stopping depends on the friction between the road surface
and the car tyres and also the speed of the car.

Friction can be investigated by pulling a device called a ‘sled’ across a surface at constant
speed.

The figure below shows a sled being pulled correctly and incorrectly across a surface.

The constant of friction for the surface is calculated from the value of the force pulling the
sled and the weight of the sled.

Sled
r / Fulling
Piece of e P liNgG force
tyre rubber--' R f':]'r':ﬂ
Correct v Incorrect X

Why is it important that the sled is pulled at a constant speed?

Tick one box.

If the sled accelerates it will be difficult to control.

If the sled accelerates the value for the constant of friction
will be wrong.

If the sled accelerates the normal contact force will change.

1)
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(e) Ifthe sled is pulled at an angle to the surface the value calculated for the constant of

friction would not be appropriate.

Explain why.

()

(H By measuring the length of the skid marks, an accident investigator determines that the
distance a car travelled between the brakes being applied and stopping was 22 m.

The investigator used a sled to determine the friction. The investigator then calculated that
the car decelerated at 7.2 m/s?.

Calculate the speed of the car just before the brakes were applied.
Give your answer to two significant figures.

Use the correct equation from the Physics Equation Sheet.

Speed = m/s

3
(Total 11 marks)
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(@) The diagram shows a car at position X.

The handbrake is released and the car rolls down the slope to Y.
The car continues to roll along a horizontal surface before stopping at Z.
The brakes have not been used during this time.

()  What type of energy does the car have at X?

)

(i)  What type of energy does the car have at Y?

1)

(b) The graph shows how the velocity of the car changes with time between Y and Z.

Velocity

Time

(i)  Which feature of the graph represents the negative acceleration between Y and Z?

1)

(i)  Which feature of the graph represents the distance travelled between Y and Z?

1)
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(i) The car starts again at position X and rolls down the slope as before.

This time the brakes are applied lightly at Y until the car stops.

Draw on the graph another straight line to show the motion of the car between Y and
Z.

()

(c) Three students carry out an investigation. The students put trolley D at position P on a

slope. They release the trolley. The trolley rolls down the slope and along the floor as
shown in the diagram.

Floor

The students measure the distance from R at the bottom of the slope to S where the trolley
stops. They also measure the time taken for the trolley to travel the distance RS.
They repeat the investigation with another trolley, E.

Their results are shown in the table.

Distance RSin | Time taken in A_verage_ velocity
Trolley : in centimetres
centimetres seconds
per second
D 65 2.1
E 80 2.6

(i)  Calculate the average velocity, in centimetres per second, between R and S for
trolleys D and E. Write your answers in the table.

3)
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(i)  Before the investigation, each student made a prediction.

. Student 1 predicted that the two trolleys would travel the same distance.

. Student 2 predicted that the average velocity of the two trolleys would be the
same.

. Student 3 predicted that the negative acceleration of the two trolleys would be
the same.

Is each prediction correct?

Justify your answers.

3
(Total 12 marks)

3 Figure 1 shows a golfer using a runway for testing how far a golf ball travels on grass.
One end of the runway is placed on the grass surface.

The other end of the runway is lifted up and a golf ball is put at the top.

The golf ball goes down the runway and along the grass surface.

Figure 1
-
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(@) A testwas done three times with the same golf ball.

The results are shown in Figure 2.

Figure 2

Edge of runway

8.5cm
Test 1 O«

Test2 ©
Test3 O

()  Make measurements on Figure 2 to complete Table 1.

Table 1
Test Distance measured in centimetres
1 8.5
2
3

()

(i)  Calculate the mean distance, in centimetres, between the ball and the edge of the
runway in Figure 2.

Mean distance = cm

1)

(i) Figure 2 is drawn to scale.
Scale: 1 cm =20 cm on the grass.

Calculate the mean distance, in centimetres, the golf ball travels on the grass
surface.

Mean distance on the grass surface = cm

(1)
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(iv) The distance the ball travels along the grass surface is used to estimate the ‘speed’

of the grass surface.

The words used to describe the ‘speed’ of a grass surface are given in  Table 2.

Table 2
‘Speed’ of grass surface Mean distance the golf ball
travels in centimetres
Fast 250
Medium fast 220
Medium 190
Medium Slow 160
Slow 130

Use Table 2 and your answer in part (iii) to describe the ‘speed’ of the grass surface.

1)

(b) The shorter the grass, the greater the distance the golf ball will travel.
A student uses the runway on the grass in her local park to measure the distance the golf
ball travels.

()  Suggest two variables the student should control.

(2)

(i)  She carried out the test five times.
Her measurements, in centimetres, are shown below.

75 95 84 74 79

What can she conclude about the length of the grass in the park?

1)
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(c) Another student suggests that the ‘speed’ of a grass surface depends on factors other than

grass length.
She wants to test the hypothesis that ‘speed’ depends on relative humidity.

Relative humidity is the percentage of water in the air compared to the maximum amount of
water the air can hold. Relative humidity can have values between 1% and 100%.

The student obtains the data in Table 3 from the Internet.

Table 3
Relative humidity expressed Mean distance the golf ball
as a percentage travels in centimetres
71 180
79 162
87 147

(i) Describe the pattern shown in Table 3.

1)

(i)  The student writes the following hypothesis:
‘The mean distance the golf ball travels is inversely proportional to relative humidity.

Use calculations to test this hypothesis and state your conclusion.

©)

(i) The data in Table 3 does not allow a conclusion to be made with confidence.

Give a reason why.
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(d) Inatest, a golf ball hits a flag pole on the golf course and travels back towards the edge of

the runway as shown in Figure 3.

Figure 3

~Edge of unway

—

Flag pole

f
f

Golf ball

The distance the ball travels and the displacement of the ball are not the same.

What is the difference between distance and displacement?

)
(Total 15 marks)

9 A racing driver is driving his car along a straight and level road as shown in the diagram below.
(@) The driver pushes the accelerator pedal as far down as possible. The car does not
accelerate above a certain maximum speed. Explain the reasons for this in terms of the
forces acting on the car.
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(b) The racing car has a mass of 1250 kg. When the brake pedal is pushed down a constant

braking force of 10 000 N is exerted on the car.

(i)  Calculate the acceleration of the car.

(i)  Calculate the kinetic energy of the car when it is travelling at a speed of 48 m/s.

(i)  When the brakes are applied with a constant force of 10 000 N the car travels a
distance of 144 m before it stops. Calculate the work done in stopping the car.

(12)
(Total 16 marks)

10 Two students investigated how the acceleration of a trolley depends on the force applied to the
trolley.

Before starting the investigation, each student wrote a hypothesis.

Hypothesis of student A:

‘The acceleration of the trolley is directly proportional to the force applied to the trolley.’

Hypothesis of student B:

‘Changing the force applied to the trolley will change the acceleration of the trolley.'

@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor
Catalyst Tutors Page 18 of 21



(@)

(b)

_ _ theonlinephysicstutor.com
Consider the hypothesis of student A.

Predict what would happen to the acceleration of the trolley if the force applied to the trolley
is doubled.

)

Why is it difficult to make a valid prediction using the hypothesis of student B?

1)

Figure 1 shows some of the equipment used by the students.

Figure 1
Trolley
Slopi Lt |
oping runway,
N L—Cf:tﬁ )
B |
EEmeee e —‘
(c) Write a list of any other equipment the students will need to complete the investigation.
2
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(d)  Why should the students use a sloping runway? Py

Tick one box.

To reduce the effect of friction on the trolley.

To decrease the acceleration of the trolley.

To stop the trolley rolling back up the runway.

1)

(e) Describe a method the students could have used for their investigation.
(6)

(H  The students used the same trolley throughout the investigation.

Suggest why.

)
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The students' results are shown as a graph in Figure 2.

Figure 2
5_
X
4
Acceleration
in m/s2
2 =
1
0 . | . .
0 1 2 3 4 5
Force in newtons
(g) Explain why hypothesis A gives a better explanation of the results.
)
(Total 8 marks)
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