Mechanics Year 2 exam questions - AQA

NOTE:
Please be aware that in the Year 12 collections, you will find questions from the Year 13

papers. However, these questions are intentionally included because they align with Year 12
content and topics. That's the reason why you are missing some questions here, please have
a look at the Year 12 collection!

Happy studying!
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Ch 22 A model for friction

June 2022 Question 19 Paper 2

19

19 (a)

19 (b) (i)

19 (b) (ii)

In this question use g = 9.8ms 2

A rough wooden ramp is 10 metres long and is inclined at an angle of 25° above the
horizontal. The bottormn of the ramp is at the point O.

A crate of mass 20kg is at rest at the point A on the ramp.
The crate is pulled up the ramp using a rope attached to the crate.

Once in motion, the rope remains taut and parallel to the line of greatest slope of the
ramp.

o) 25° |

The tension in the rope is 230N
The crate accelerates up the ramp at 1.2ms 2

Find the coefficient of friction between the crate and the ramp.
[7 marks]

The crate takes 3.8 seconds to reach the top of the ramp.

Find the distance OA.
[3 marks]

Other than air resistance, state one assumption you have made about the crate in
answering part (b)(i).
[1 mark]
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ANSWER

Q

Marking instructions

AO

Marks

Typical solution

19(a)

States F'= uR seen anywhere
Pl by use of xR in their 4-term
equation of motion or on
diagram

3.3

B1

Resolves the weight parallel to
the slope to obtain m g sin25 or
better

B1

Resolves perpendicular to the
slope to obtain R = m g cos25 or
better

B1

Uses F = ma to form a four-term
equation with consistent signs.
€g

I'—weight — Friction = ma
Condone omission of g in weight
and friction component

3.3

M1

Substitutes "= 230 and
F = pmg cos 25 into their four

term F = ma equation with
consistent signs.

Condone ‘mga ' in F =ma
for this mark

1.1a

M1

Obtains single correct equation
with all numerical values
substituted.

€d

230-196sin25-196cos25u =24
Scores B1B1B1M1M1A1

Al

Obtains u = 0.69
CAO

3.2a

A1

T —weight — Friction = ma
I-20gsin25-F=mxl1.2

T-20gsin25-20gcos25u=mx1.2
230-196s1in25—-196cos 25y =24

L =10.69

Subtotal
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Q

Marking instructions

AO

Marks

Typical solution

19(b)(i)

Substitutes u=0, ¢ = 1.2 and
t=38into s= ut+%a52

Or uses appropriate constant
acceleration equations that
forms a complete method to
obtain s

1.1a

M1

Obtains AWRT 8.7

A1

Obtains 10 — their 8.7
AWRT 1.3

or
FT their 8.7 provided it is less
than 10

Condone missing units

A1F

t+1 t?
5=1U —=a
2

s= % x 1.2 x 3.8° = 8.664

OA =10 — 8.664
=1.3m

Subtotal

Q

Marking instructions

AQ

Marks

Typical solution

19(b)(ii)

States the crate has been
modelled as a particle
OE

3.5b

E1

The crate is a particle

Subtotal
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November 2021 Question 15 Paper 2
15 A cyclist is towing a trailer behind her bicycle.

She is riding along a straight, horizontal path at a constant speed.

$

A tension of T newtons acts on the connecting rod between the bicycle and the trailer.

The cyclist is causing a constant driving force of 40N to be applied whilst pedalling
forwards on her bicycle.

The constant resistance force acting on the trailer is 12N

15 (a) State the value of T giving a clear reason for your answer.
[2 marks]
15 (b) State one assumption you have made in reaching your answer to part (a).
[1 mark]
15 (c) Find the external resistance force acting on the cyclist and her bicycle.
[2 marks]
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ANSWER

Q Marking Instructions AO Marks Typical Solution
15(a) Deduces T = 12 2.2a B1 T=12
States clear reason 24 E1 Constant speed means forces on
For example: trailer are in equilibrium
No resultant force since no
acceleration
T must balance the resistant
force as speed is constant
Subtotal 2
Q Marking instructions AO Marks Typical solution
15(b) States one valid assumption 3.5b E1 The rod remains horizontal
For example:
Rod is rigid
Rod lies parallel to the direction
of travel
Rod is inextensible
Subtotal 1
Q Marking instructions AO Marks Typical solution
15(c) Forms equilibrium equation of 3.3 M1 40=T+R
forces acting on cyclist and
cycle R=28N
Plby R =28
Obtains resistance force = 28 N 3.2a A1
Must state units
Subtotal 2
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18 Block A, of mass 0.2 kg, lies at rest on a rough plane.

7
The plane is inclined at an angle  to the horizontal, such that tan ) = 22

A light inextensible string is attached to A and runs parallel to the line of greatest
slope until it passes over a smooth fixed pulley at the top of the slope.

The other end of this string is attached to particle B, of mass 2 kg, which is held at
rest so that the string is taut, as shown in the diagram below.

18 (a) B is released from rest so that it begins to move vertically downwards with an

acceleration of Egms‘2

625

Show that the coefficient of friction between A and the surface of the inclined plane
is 0.17
[8 marks]

18 (b) In this question use g = 9.81ms—2
When A reaches a speed of 0.5ms~! the string breaks.

18 (b) (i) Find the distance travelled by A after the string breaks until first coming to rest.
[4 marks]

18 (b) (ii) State an assumption that could affect the validity of your answer to part (b)(i).
[1 mark]
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ANSWER

Q

Marking Instructions

AO

Marks

Typical Solution

18(a)

Uses F = ma to form a four-term
equation with at least three
correct terms

condone consistent swapping of
sinel/cosine

3.3

M1

Obtains perpendicular component
of weight

3.1b

B1

Obtains parallel component of
weight

3.1b

B1

Recalls F = uR

1.2

B1

Forms fully correct equation for
particle A

I'—mgsin@ — pmg cos @ = ma
Obtains M1, B1, B1, B1, A1

1.1b

Al

Forms fully correct equation for
particle B

2g — T = 2a or with acceleration
substituted

3.3

B1

Eliminates T from their equations
of motion with a # 0

34

M1

Shows at least one step leading to
given y value AWRT 0.170

If exact values used throughout
with g=9.81 then p = 0.17

exactly

Al

I'—W sin@ - Friction = ma
T —mgsinf — umgcosf = ma

T —0.2g(0.28) — 0.2ug(0.96)

g2 543
- exg258

2 T=2 ﬁ
g1 =<cxg75

2g — 0.28(0.28) — 0.2ug(0.96)
_ 22 x 233
= e Xeo58

0.192u =2 — 0.056 — 1.911(36)

u=017

Subtotal

18(b)(i)

Uses F = ma with T=0 to form a

three-term equation with at least
two correct terms

condone consistent sine/cosine

error condone one sign error

3.4

M1

Obtains a= -4.347792
AWRT -4.35

A1

Uses v* = u” + 2as with u=0.5 and
v=0 and their a value

Do not accept the following values
for a

a# O,Eg,8.51424
625

a = 8.522928, 8.688

3.4

M1

Obtains 0.0288 m
Must have units
CAO

3.2a

A1

—0.2 x 9.81 x (0.28)
—0.2(0.17) x 9.81
x (0.96) = 0.2a
a = —4.347792
Use v = u* + 2as

0 =0.25 — B.696s

5=10.0288 m

Subtotal

18(b) (i)

Describes assumption in context
of part (b)(i) eg No air resistance,
String does not obstruct block

3.5b

E1

A does not reach the pulley before
coming to rest

Subtotal
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June 2019 Question 17 Paper 2

17

17 (a)

17 (b)

Lizzie is sat securely on a wooden sledge.
The combined mass of Lizzie and the sledge is M kilograms.

The sledge is being pulled forward in a straight line along a horizontal surface by
means of a light inextensible rope, which is attached to the front of the sledge.

This rope stays inclined at an acute angle 0 above the horizontal and remains taut as
the sledge moves forward.

The sledge remains in contact with the surface throughout.

The coefficient of friction between the sledge and the surface is ¢ and there are no
other resistance forces.

Lizzie and the sledge move forward with constant acceleration, am s—2
The tension in the rope is a constant 7' Newtons.
Show that

Ma + pg)

cosf + usinf
[7 marks]

It is known that when M = 30, 8 = 30°, and T = 40, the sledge remains at rest.
Lizzie uses these values with the relationship formed in part (a) to find the value for u

Explain why her value for 1 may be incorrect.
[2 marks]
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ANSWER

Q

Marking Instructions

AO

Marks

Typical Solution

17(a)

Resolves vertically to form a three
term equation
Condone sign error or sin/cos error

3.1b

M1

Obtains fully correct equation for
resolving vertically

Al

Uses Newton's second law
horizontally to form a three term
equation

Condone sign error or consistent
cos/sin error

M1

Obtains fully correct equation for
resolving horizontally

Al

Uses F =uR to replace F with 4R in
their horizontal equation

3.3

B1

Eliminates R to form a single
equation

1.1a

M1

Completes rigorous argument to find
required expression.

Must see T as a factor before
division e.g.T(cos 6 + usin@)
AG

2.1

R1

R+ Tsing = Mg
Tcos8 —F = Ma

F=uR
Tcos@ — uR = Ma
Tcosl —u( Mg —Tsinf) = Ma
T(cos@ + usin@) = Ma + uMg

_ M(a+ug)
~ cos@ +using

17(b)

Explains that the relationship may
not be valid because the sledge is at
rest

2.4

B1

Identifies that friction may not be at
its limiting value

Accept reference to F=uR

Sledge may not be on the point of

slipping

3.5b

B1

The sledge is at rest so the
relationship may not be valid as
friction may not be acting at its
limiting value

Total
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June 2018 Question 13 Paper 2

13 In this question use g — 9.8ms 2

A boy attempts to move a wooden crate of mass 20 kg along horizontal ground. The
coefficient of friction between the crate and the ground is 0.85

13 (a) The boy applies a horizontal force of 150 N. Show that the crate remains stationary.
[3 marks]
13 (b) Instead, the boy uses a handle to pull the crate forward. He exerts a force of 150N,

at an angle of 15° above the horizontal, as shown in the diagram.

150 N

Determine whether the crate remains stationary.

Fully justify your answer.
[5 marks]
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ANSWER

Q Marking Instructions AO Marks Typical Solution
13(a) | Uses model for AO3.3 B1
maximum friction = umg F.. =umg
=0.85x20x9.8
Makes an appropriate comparison AQO1.1a M1 =166.6N
Explains clearly why crate remains AD24 E1 150 < 166.6
stationary - crate does not move
13(b) | Forms an equation by resolving AQ3.1b M1 20g = R+150sin15°
vertically . R=157.177N
Condone one of sign error or cos
error
F_ =ux157.17
Obtains correct reaction force AO1.1b A1 ma = HX157.177
=133.6N
Uses maximum friction = uR
With ‘their’ reaction force AO1.1b B1F 150c0s15°=145N
Must identify maximum or limitin
- it g 145> 133.6
- crate begins to move
Compares 150cos15° with ‘their’ AO1.1a M1
maximum friction
Explains, using their values, why AO2.4 E1F
the crate begins to move.
Total 8
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June 2018 Question

17

17 (a) (i)

17 (a) (i)

17 (b)

17 (c)

17 (c) (i)

17 (c) (ii)

A buggy is pulling a roller-skater, in a straight line along a horizontal road, by means
of a connecting rope as shown in the diagram.

2

e

-
<l

The combined mass of the buggy and driver is 410kg
A driving force of 300N and a total resistance force of 140N act on the buggy.

The mass of the roller-skater is 72 kg
A total resistance force of R newtons acts on the roller-skater.

The buggy and the roller-skater have an acceleration of 0.2ms ™2
Find R.
[3 marks]
Find the tension in the rope.
[3 marks]
State a necessary assumption that you have made.
[1 mark]

The roller-skater releases the rope at a point A, when she reaches a speed of 6ms '
She continues to move forward, experiencing the same resistance force.

The driver notices a change in motion of the buggy, and brings it to rest at a distance
of 20m from A.

Determine whether the roller-skater will stop before reaching the stationary buggy.

Fully justify your answer.
[5 marks]

Explain the change in motion that the driver noticed.
[2 marks]
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ANSWER

Q Marking Instructions AO Marks | Typical Solution
17(a)(i) | Forms equation of motion with AO3.4 M1
four correct terms
Condone sign error 300-140-R=482x0.2
R=636N
Obtains correct equation. AQO1.1b A1
Obtains correct value of R. AO1.1b A1
Forms equation of motion with T-636=72x02
17(a)(ii) | correct terms AO1.1a M1
Condone sign error T=78N
Obtains correct equation AO1.1b A1F
Follow through their R
Obtains correct value of T AO1.1b Al
States appropriate assumption . .
17(b) | NOT friction or air resistance | A033 | E1 | Rope has nomass oris horizontal
or is inextensible
Forms equation of motion for
17(c)(i) | skater using ‘their’ R AO3.1b M1 -63.6 =72a
Condone sign error
Finds correct acceleration for
‘their' R AO1.1b | A1F |a=-0.883..ms?
Uses a suitable constant AO1.1a M1 u=6 v=0 a=-0.883
acceleration formula with ‘their’ a
Obtains s when v=0 AO1.1b | A1F | 0=6"—-2x0.883s
Or
Obtains v or positive v* when §=204m
s=20
Explains that the skater hits 20.4 > 2(,]
buggy using correct values AQO3.2a E1 Skater hits buggy
The rope is released so there is no
17(c)(ii) | Explains that the tension is AO2.4 E1 tension acting on the buggy, so
removed from the buggy there is a higher resultant force.
The driver will notice an increase in
acceleration.
Explains that the driver notices AO2.4 E1
an increase in acceleration
Total 14
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