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Answer all questions in the spaces provided.

A box is being pushed in a straight line along horizontal ground by a force.
The force is applied in the direction of motion and has magnitude 10 newtons.
The box moves 5 metres in 2 seconds.

Calculate the work done by the force.

Circle your answer.

204 254 1004

Work done = Fd =10 x § = 50 7

[1 mark]

Two particles of equal mass are moving on a horizontal surface when they collide.
. " . " 21, 6 .
Immediately before the collision, their velocities are 4 ms~' and 5 ms

As a result of the collision the particles coalesce to become a single particle.
Find the velocity of the single particle, immediately after the collision.

Circle your answer.
[1 mark]

v=0nl(2 49 + (0, -2)]=%(2)=041) ms’!
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3 (a)

3 (b)

In this question use g = 9.8ms 2
A ball of mass of 0.75kg is thrown vertically upwards with an initial speed of 12ms—1
The ball is thrown from ground level.

Calculate the initial kinetic energy of the ball.
[1 mark]

KE = Yomv? = 15(0.75)(12)? = §4 T

The maximum height of the ball above the ground is & metres.
Jeff and Gurjas use an energy method to find 4

Jeff concludes that 7 =7.3

Gurjas concludes that 4 < 7.3

Explain the reasoning that they have used, showing any calculations that you make.
[3 marks]

Energy method: initial KE = gain in GPE at the top

mgh =S4 = 0.75(9.8)h = S4

h =54+ (075 x938) = 7.3469... = 7.3

Jeff has assumed there is no air resistance, so all the kinetic energy is converted

to potential energy and he obtains h = 7.3

Gurjas has taken air resistance into account: some energy is lost as work done

against air resistance, so less than $4 J becomes PE and the ball does not reach

7.3 m, s0 h <73
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4 (a)

4 (b)

Wavelength is defined as the distance from the highest point on one wave to the
highest point on the next wave.

Surfers classify waves into one of several types related to their wavelengths.
Two of these classifications are deep water waves and shallow water waves.

The wavelength w of a deep water wave is given by

_gt?
Tk

w

where g is the acceleration due to gravity and ¢ is the time period between
consecutive waves.

Given that the formula for a deep water wave is dimensionally consistent, show that k&

is a dimensionless constant.
[2 marks]

[wi=L [p]=LT> [t]=T
[pt?] = LT? x T2 = L
k=gt’tw = [J=[t?]<+[w]l=L<L=]

k has no dimensions, so k is a dimensionless constant

The wavelength w of a shallow water wave is given by
w = (gd)%th

where g is the acceleration due to gravity, d is the depth of water and ¢ is the time
period between consecutive waves.

Use dimensional analysis to find the values of « and 8
[3 marks]

[wl=1, [pdl=LT2xL=1T2 []=T
[(gd)atB] = (L2T2)oT8 = |2aT-20+B

Lo 2048 = )10

L: 2a=] = a=k

. 20+B=0 = B=2a=1

a=k B=I

0 4
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5 A car, of mass 1000kg, is travelling on a straight horizontal road. box

When the car travels at a speed of vms~1, it experiences a resistance force of
magnitude 25v newtons.

The car has a maximum speed of 72 km h=" on the straight road.
Find the maximum power output of the car.

Fully justify your answer.
[5 marks]

At maximum speed the acceleration is zero, so the driving force F equals

the resistance force R.

v=72lmh? =72 x1000 + (60 x 60) = 20 m s~

R = 25v = 25(20) = S00 N
F=R=2500N
P=Fv=2500x20=10000W

Maximum power output = 10 ki

Turn over for the next question

Turn over »
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6 An ice hockey puck, of mass 0.2kg, is moving in a straight line on a horizontal ice rink box
under the action of a single force which acts in the direction of motion.

At time ¢ seconds, the force has magnitude (2 + 3) newtons.
The force acts on the puck from t=0to r=T
6 (a) Show that the magnitude of the impulse of the force is aT? + bT, where a and b are

integers to be found.
[3 marks]

Impulse = [,7 F dt = [, (2t + 3) dt

= [t? + 3t],

=(T*+37T) -0

=72+ 3T

a=1 b=3
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6 (b) While the force acts on the puck, its speed increases from 1ms~1 to 4ms™ box
Use your answer from part (a) to find T, giving your answer to three significant figures.

Fully justify your answer.
[4 marks]

Impulse = change in momentum

I =mv—mu = 0204) - 0.2(0)

08 -02=06Ns

\\

T2 + 3T = 0.6

T2+ 3T-06=0
T=1[-3+32+4006))]<2=(0-3=y4) <2

T=0J8819... or T =-31889..

T must be positive (the force acts fromt = 0 to t = T),

so reject T = —3.19

T=018%8s (3 st)

Turn over for the next question

Turn over »
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7 (a)

The particles A and B are moving on a smooth horizontal surface directly towards
each other.

Particle A has mass 0.4 kg and particle B has mass 0.2kg

Particle A has speed 4 ms~"! and particle B has speed 2 ms~! when they collide, as
shown in the diagram below.

4ms1 2ms-1
% %
0.4kg 0.2kg
A B

The coefficient of restitution between the particles is e

Find the magnitude of the total momentum of the particles before the collision.
[2 marks]

Take the direction of A's motion as positive.

\

Momentum of A = 04 x G =16 N s

Mowmentum of B = 0.2 x (-2) = =0.4 N s

\

Total momentum = 1.6 — 0.4 = 1.2 N s

0 8
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7 (b) (i)

7 (¢)

7 (b) (ii) Find an expression, in terms of e, for the speed of A immediately after the collision.

Show that the speed of B immediately after the collision is (4¢ +2)ms~"
[3 marks]

After: velocity of A = u, velocity of B = v (both positive to the right)

CoM: 1.2 =04u +02v = 12 =64u+2v ()

NLR: v—u=e(46-(-2)) =6e = u=v-6e ()
Sub (2) into (1): 12 = (v - 6e) + 2v

12 = 6v — 2Ge

2=v-Ge

v=24Ge + 2 >0, sospeed of B = (4e +2) m s as required

[2 marks]
u=v-—=6be=246 +2 - ébe
u=2-2e
Speed of A = (2 — 2e) m s
Explain what happens to particle A when the collision is perfectly elastic.
[2 marks]

Perfectly elastic collision = e =]

u=2-20)=0

So the velocity of A after the collision is zero: particle A comes to rest (it

stops) immediately after the collision.
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8 A particle, of mass 3 kg, is attached to one end of an elastic string. box
The particle is placed on a smooth horizontal table.
The other end of the string is attached to a fixed point O on the horizontal table.
The elastic string has natural length 1 metre and modulus of elasticity 200 N

The particle is set in motion so that it moves in a horizontal circle, centre O, with a
constant speed of 4ms*1, as shown in the diagram below.

Throughout the motion, the extension of the string is x metres and the tension
is T newtons.

8 (a) Show that 7' = 200x
[1 mark]

Hooke's law: T = A/l = 200x/| = 200x  as reguired

10
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11

8 (b) By considering the circular motion of the particle, show that
25x2 + 25x -6 =0
[4 marks]
The string is stretched, so radius r = | + x = | + x
Tension provides the force towards O (centre of circle):
T = mv3/r
T = 309)%/0 +x) = 43/ + x)
With T = 200x:  200x = 43/(] + x)
200x() + x) = 48
200x> + 200x — 48 = 0
=8 25¢° + 25x — 6 = 0 as required
8 (¢) Hence deduce the radius of the circle.
[2 marks]
Gx=DCx+6)=0 = x=020rx=-12; x>0s0x=02
Radius =1 +x =1+ 02 =12 m
8 (d) Describe one limitation of the model that you have used.
[1 mark]
The string is modelled as light, but in reality it has mass.
END OF QUESTIONS
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There are no questions printed on this page

DO NOT WRITE /ON THIS PAGE
ANSWER IN THE /SPACES PROVIDED

12

stemup.co.uk

Jun22/7366/2M

Do not write
outside the
box


https://stemup.co.uk

13

Do not write
outside the
— . box
Question Additional page, if required.
number Write the question numbers in the left-hand margin.

13

stemup.co.uk Jun22/7366/2M


https://stemup.co.uk

14

Do not write
outside the
— . box
Question Additional page, if required.
number Write the question numbers in the left-hand margin.

1 4

stemup.co.uk Jun22/7366/2M


https://stemup.co.uk

15

Do not write
outside the
— . box
Question Additional page, if required.
number Write the question numbers in the left-hand margin.

15

stemup.co.uk Jun22/7366/2M


https://stemup.co.uk

16

Question
number

Additional page, if required.
Write the question numbers in the left-hand margin.

Copyright information

For confidentiality purposes, all acknowledgements of third-party copyright material are published in a separate booklet. This booklet is
published after each live examination series and is available for free download from www.aqga.org.uk.

Permission to reproduce all copyright material has been applied for. In some cases, efforts to contact copyright-holders may have
been unsuccessful and AQA will be happy to rectify any omissions of acknowledgements. If you have any queries please contact the

Copyright Team.

Copyright © 2022 AQA and its licensors. All rights reserved.

16

2 26 A7 36 6/ 2M

stemup.co.uk Jun22/7366/2M

Do not write
outside the
box


https://stemup.co.uk

