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L . 3
A rough plane is inclined to the horizontal at an angle o , where tan o :Z

A brick P of mass m is placed on the plane.

The coefficient of friction between P and the plane is u

Brick P is in equilibrium and on the point of sliding down the plane.
Brick P is modelled as a particle.

Using the model,

(a) find, in terms of m and g, the magnitude of the normal reaction of the plane on brick P

(2)
3
(b) show that u :Z
“)
For parts (¢) and (d), you are not required to do any further calculations.
Brick P is now removed from the plane and a much heavier brick Q is placed on

the plane.

The coefficient of friction between Q and the plane is also %

(¢) Explain briefly why brick O will remain at rest on the plane.
(0))

Brick O is now projected with speed 0.5 m s ' down a line of greatest slope of the plane.
Brick Q is modelled as a particle.
Using the model,

(d) describe the motion of brick Q, giving a reason for your answer.
(2)

(Total for Question 1 is 9 marks)
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A particle P moves with acceleration (4i — 5j) m s>

At time ¢ = 0, P is moving with velocity (—2i + 2j) m s™!

(a) Find the velocity of P at time 7 = 2 seconds.

(2)
At time ¢ = 0, P passes through the origin O.
At time ¢ = T seconds, where T > 0, the particle P passes through the point A.
The position vector of 4 is (Al — 4.5j)m relative to O, where A is a constant.
(b) Find the value of T.

“)
(¢) Hence find the value of A

(0]

(Total for Question 2 is 8 marks)

(i) At time ¢ seconds, where t> 0, a particle P moves so that its acceleration a m s>
is given by

a=(1-4ni+(B-1)j
At the instant when 7 = 0, the velocity of Pis 36im s!

(a) Find the velocity of P when ¢t =4

3

(b) Find the value of ¢ at the instant when P is moving in a direction

perpendicular to i
3)
(i) At time ¢ seconds, where ¢ > 0, a particle Q moves so that its position vector
r metres, relative to a fixed origin O, is given by
r=(—-1i+3tj

Find the value of # at the instant when the speed of Qis Sms™!

(6)

(Total for Question 3 is 12 marks)
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Figure 1

A ladder AB has mass M and length 6a.

The end A4 of the ladder is on rough horizontal ground.

The ladder rests against a fixed smooth horizontal rail at the point C.
The point C is at a vertical height 4a above the ground.

The vertical plane containing 4B is perpendicular to the rail.

The ladder is inclined to the horizontal at an angle a , where sin o =§ as shown in Figure 1.

The coefficient of friction between the ladder and the ground is u.
The ladder rests in limiting equilibrium.

The ladder is modelled as a uniform rod.

Using the model,
. . . 9Mg
(a) show that the magnitude of the force exerted on the ladder by the rail at C is
3
(b) Hence, or otherwise, find the value of 4.
Q)

(Total for Question 4 is 10 marks)
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Ums™

100m

Figure 2
A small ball is projected with speed U m s™! from a point O at the top of a vertical cliff.
The point O is 25 m vertically above the point N which is on horizontal ground.
The ball is projected at an angle of 45° above the horizontal.
The ball hits the ground at a point 4, where AN = 100 m, as shown in Figure 2.
The motion of the ball is modelled as that of a particle moving freely under gravity.
Using this initial model,

(a) show that U= 28

(6)
(b) find the greatest height of the ball above the horizontal ground NA.

3
In a refinement to the model of the motion of the ball from O to 4, the effect of air
resistance is included.
This refined model is used to find a new value of U.
(c) How would this new value of U compare with 28, the value given in part (a)?

1)
(d) State one further refinement to the model that would make the model more realistic.

1)

(Total for Question S is 11 marks)

TOTAL FOR MECHANICS IS 50 MARKS
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GCE A level Mathematics (9AMO) — Paper 32
Mechanics

October 2020 student-friendly mark scheme

Please note that this mark scheme is not the one used by
examiners for making scripts. It is intended more as a guide to
good practice, indicating where marks are given for correct
answers. As such, it doesn’t show follow-through marks (marks
that are awarded despite errors being made) or special cases.

It should also be noted that for many questions, there may be
alternative methods of finding correct solutions that are not shown
here — they will be covered in the formal mark scheme.

This document is intended for guidance only and may differ
significantly from the final mark scheme published in December
2020.

Guidance on the use of codes within this document

M1 — method mark. This mark is generally given for an appropriate method in
the context of the question. This mark is given for showing your working and
may be awarded even if working is incorrect.

Al — accuracy mark. This mark is generally given for a correct answer following
correct working.

B1 — working mark. This mark is usually given when working and the answer
cannot easily be separated.

Some questions require all working to be shown; in such questions, no marks
will be given for an answer with no working (even if it is a correct answer).




Question 1 (Total 9 marks)

Part | Working or answer an examiner might | Mark | Notes
expect to see
(a) R— 4 M1 | This mark is given for a method to
~ Mg cos a= 5 mg 3.4 | resolve perpendicular to the plane
Al This mark is given for a correct
1.1b expression for R
F=mg sin o is mark is given for a method to
(b) g M1 | Thi k is given f hod
34 resolve parallel to the plane
Al This mark is given for a correct
1.1b expression for F
F=uR M1 | This mark is given for a method to use
71 F = 4R to solve for i
3 Al The mark is given for fully correct
M= 4 294 working leading to the given answer
(c) | The forces acting on Q will still balance as Bl This mark is given for a correct
the m terms cancel 24 explanation
(d) | Q slides down the plane with constant Bl This mark is given for a correct
speed 0.5 m s ™! 24 description of the constant speed of Q
There is no resultant force down the plane B1 This mark is given for a correct
so there is no acceleration 24 description of acceleration

GCE A level Mathematics (9MAO) — Mechanics — October 2020 student-friendly mark scheme (Version 1.0)
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Question 2 (Total 8 marks)

Part | Working or answer an examiner might | Mark | Notes
expect to see
(a) | v=(2i+2j)+2(4i-75j) M1 | This mark is given for a method to use
31a |VTU + at
=6i—8jms! Al This mark is given for a correct answer
11b | ony
(b) | (li—4.5))=(2i+2jt+ %t 2(4i - 5j) M1 | This mark is given for a method to use
3.1a r=ut+lat2
2
Al This mark is given for a correct
1.1b expression for r
—4.5=2T - > T? M1 | This mark is given for a method to
2 51 | attempt to equate j components to give
) an equation in T only
T=18 Al This mark is given for a correct answer
11b | ony
(c) |2x18+ 1 (1.8)* x 4 M1 | This mark is given for substituting the
2 3 1a value of T into the i component to find a
' value for A
A1=2.88 Al This mark is given for a correct answer
11b | only
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Question 3 (Total 12 marks)

Part | Working or answer an examiner might | Mark | Notes
expect to see
(@) |v=(t—2td)i+ (3'[ _ lt3 j j(+o) M1 | This mark is given for a method to
3 34 integrate a to find the velocity v
A1l | This mark is given for a correct
1.1b expression for the velocity v
When t =4, Al | This mark is given for a correct answer
28, L1b | oY
v=8i——jms
3
(b)) |t-2t2+36=0 M1 | This mark is given for a method to
31a |cquate the i component of v to zero
A1l | This mark is given for a correct
1.1b expression in terms of t
t=4.5 Al | This mark is given for a correct answer
Lib | oy
(b)(ii)) | v=2t—1)i+ 3j M1 | This mark is given for a method to
34 differentiate r to find the velocity v
Al This mark is given for a correct
1.1b expression for v
—-1)y"+3°= is mark is given for a method to use
(Qt—1)*+32=5° M1 | Thi k is given f hod
21 the magnitude to find an expression in
' terms of't
Al | This mark is given for a correct
1.1b expression in terms f't
42 —4t+1+9=25 M1 | This mark is given for a method to solve
42 _4t_15=0 31a |0 equation for t
t=25 Al | This mark is given for a correct answer
Lib | oy
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Question 4 (Total 10 marks)

Part | Working or answer an examiner might | Mark | Notes
expect to see
(a) | Nx '4a = Mg x 3a cos M1 | This mark is given for a method to take
Sin & 33 | moments about A
Al | This mark is given for correctly taking
|.1p | moments about A
9Mg Al The mark is given for fully correct
25 1.1b working leading to the given answer
®) (=) F= Mg sin « M1 | This mark is given for a method to
25 34 resolve horizontally
A1l | This mark is given for a correct
1.1b | expression for (—) F
9Mg . .
MR+ ==L cos a=Mg M1 | This mark is given for a method to
25 34 resolve vertically
A1l | This mark is given for a correct
1.1b | expression for MR
F=uR M1 | This mark is given for using F = ©R
3.4
9Mg 4 M 9Mg 3 M1 | This mark is given for a method to
25 5 H 5 5 31p | climinate R and F to solve for u
36Mg = 1 x 98Mg
U= 18 Al | This mark is given for a correct answer
¥ 22a | O
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Question 5 (Total 11 marks)

Part | Working or answer an examiner might | Mark | Notes
expect to see
(@) | Ucos45°t=100 M1 | This mark is given for a method to use
33 horizontal motion
M1 | This mark is given for a correct equation
1.1b inU and t
Usin45°t— 1 gt?=-25 M1 | This mark is given for a method to use
2 34 vertical motion
Al This mark is given for a correct equation
1.1b inUand t
1002 M1 | This mark is given for a method to
t= U 31b eliminate t and solve for U
u 1002 1 [(100v2Y
— x - =g =-25
V2 U 27U
100 — 4.9 x 200200 =-25
U=28 Al | The mark is given for fully correct
1.1b working leading to the given answer
(b 0% = (28 sin 45°)*> — 2gh M1 | This mark is given for a method to use
( )’ —29 g
34 vertical motion
Al | This mark is given for finding a correct
1.1b equation in terms of h only
Greatest height =45 m Al | This mark is given for the correct
1.1p | @nswer only
(¢) | The new value is greater than 28 B1 This mark is given for a correct
352 statement
(d) | For example: Bl This mark is given for a valid refinement
Account for the effects of wind 3.5¢
Use a more accurate value for g
Account for the spin of the ball
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