
AQA Maths M2

Topic Questions from Papers

Moments and Equilibrium

PhysicsAndMathsTutor.com



!

"#$%&%'()*$+',,!-'.

-*/012 !"" 341/567*/8

# - 4*6972: ;1):< !"< =)/ :)// !$ >? )*@ A1*?5= B :1521/8 - 27C1 6/ )55)D=1@ 57 5=1 ;1):
)5 !8 - /1D7*@ 27C1 6/ )55)D=1@ 57 5=1 ;1): )5 5=1 C76*5 #< 0=6D= 6/ ! :1521/ 927: "8 E75=
79 5=1 27C1/ )21 F1256D)A8 G=1 ;1): 6/ 6* 1346A6;264: 6* ) =726H7*5)A C7/6567*< )/ /=70* 6*
5=1 @6)?2):8

I6*@ 5=1 51*/67*/ 6* 5=1 507 27C1/8 $% &'()*+

$ - C)256DA1< 79 :)// ! >?< 6/ )55)D=1@ 57 7*1 1*@ 79 ) A6?=5 6*1J51*/6;A1 /526*?8 G=1 75=12 1*@
6/ 96J1@ 57 5=1 C76*5 ,8 G=1 C)256DA1 6/ /15 6*57 :7567*< /7 5=)5 65 @1/D26;1/ ) =726H7*5)A D62DA1
79 2)@64/ $8+:1521/< 065= 5=1 /526*? )5 )* )*?A1 79 %$! 57 5=1 F1256D)A8 G=1 D1*521 79 5=1
D62DA1 6/ F1256D)AAK ;1A70 ,8

L)M N=70 5=)5 5=1 51*/67* 6* 5=1 /526*? 6/ !!8+O< D7221D5 57 5=211 /6?*696D)*5 96?421/8
$- &'()*+

L;M I6*@ 5=1 /C11@ 79 5=1 C)256DA18 $. &'()*+

!

B:

!:

"#

,

%$!

$8+:

PMT

1

(Q1, Jan 2006)

2

P92070/Jan07/MM2B

Answer all questions.

1 A child, of mass 35 kg, slides down a slide in a water park. The child, starting from rest,
slides from the point A to the point B , which is 10metres vertically below the level of A , as
shown in the diagram.

(a) In a simple model, all resistance forces are ignored.

Use an energy method to find the speed of the child at B . (3 marks)

(b) State one resistance force that has been ignored in answering part (a). (1 mark)

(c) In fact, when the child slides down the slide, she reaches B with a speed of 12m s!1 .

Given that the slide is 20 metres long and the sum of the resistance forces has a
constant magnitude of F newtons, use an energy method to find the value of F .

(4 marks)

2 A hotel sign consists of a uniform rectangular lamina of weight W . The sign is suspended in
equilibrium in a vertical plane by two vertical light chains attached to the sign at the points
A and B, as shown in the diagram. The edge containing A and B is horizontal.

The tensions in the chains attached at A and B are TA and TB respectively.

(a) Draw a diagram to show the forces acting on the sign. (1 mark)

(b) Find TA and TB in terms of W . (4 marks)

(c) Explain how you have used the fact that the lamina is uniform in answering part (b).
(1 mark)
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3 A particle has mass 800 kg. A single force of (2400 i! 4800t j) newtons acts on the particle
at time t seconds. No other forces act on the particle.

(a) Find the acceleration of the particle at time t. (2 marks)

(b) At time t ¼ 0, the velocity of the particle is (6iþ 30j) m s!1. The velocity of the
particle at time t is vms!1.

Show that

v ¼ ð6þ 3tÞ iþ ð30! 3t2Þ j (4 marks)

(c) Initially, the particle is at the point with position vector (2iþ 5j) m.

Find the position vector, r metres, of the particle at time t. (5 marks)

4 A uniform plank is 10m long and has mass 15 kg. It is placed on horizontal ground at the
edge of a vertical river bank, so that 2m of the plank is projecting over the edge, as shown
in the diagram below.

(a) A woman of mass 50 kg stands on the part of the plank which projects over the river.

Find the greatest distance from the river bank at which she can safely stand. (3 marks)

(b) The woman wishes to stand safely at the end of the plank which projects over the river.

Find the minimum mass which she should place on the other end of the plank so that
she can do this. (4 marks)

(c) State how you have used the fact that the plank is uniform in your solution. (1 mark)

(d) State one other modelling assumption which you have made. (1 mark)
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3 A uniform ladder of length 4 metres and mass 20 kg rests in equilibrium with its foot, A, on a
rough horizontal floor and its top leaning against a smooth vertical wall. The vertical plane
containing the ladder is perpendicular to the wall and the angle between the ladder and the
floor is 60!.

A man of mass 80 kg is standing at point C on the ladder. With the man in this position, the
ladder is on the point of slipping. The coefficient of friction between the ladder and the floor
is 0.4 . The man may be modelled as a particle at C.

(a) Draw a diagram to show the forces acting on the ladder. (2 marks)

(b) Show that the magnitude of the frictional force between the ladder and the ground
is 392N. (3 marks)

(c) Find the distance AC . (6 marks)

4 A particle moves in a horizontal plane under the action of a single force, F newtons. The
unit vectors i and j are directed east and north respectively. At time t seconds, the position
vector, r metres, of the particle is given by

r ¼ ðt3 # 3t2 þ 4Þiþ ð4t þ t2Þj

(a) Find an expression for the velocity of the particle at time t. (2 marks)

(b) The mass of the particle is 3 kg.

(i) Find an expression for F at time t. (3 marks)

(ii) Find the magnitude of F when t ¼ 3 . (2 marks)

(c) Find the value of t when F acts due north. (2 marks)
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Answer all questions.

1 A particle moves in a straight line and at time t seconds has velocity vms!1 , where

v ¼ 6t2 þ 4t ! 7, t5 0

(a) Find an expression for the acceleration of the particle at time t. (2 marks)

(b) The mass of the particle is 3 kg.

Find the resultant force on the particle when t ¼ 4 . (2 marks)

(c) When t ¼ 0 , the displacement of the particle from the origin is 5 metres.

Find an expression for the displacement of the particle from the origin at time t.
(4 marks)

2 A uniform plank, of length 6 metres, has mass 40 kg. The plank is held in equilibrium in a
horizontal position by two vertical ropes attached to the plank at A and B, as shown in the
diagram.

(a) Draw a diagram to show the forces acting on the plank. (1 mark)

(b) Show that the tension in the rope attached to the plank at B is 21g N. (3 marks)

(c) Find the tension in the rope that is attached to the plank at A. (2 marks)

(d) State where in your solution you have used the fact that the plank is uniform.
(1 mark)
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3 A uniform ladder, of length 6 metres and mass 22 kg, rests with its foot, A, on a rough
horizontal floor and its top, B, leaning against a smooth vertical wall. The vertical plane
containing the ladder is perpendicular to the wall, and the angle between the ladder and the
floor is y .

A man, of mass 90 kg, is standing at point C on the ladder so that the distance AC is
5 metres. With the man in this position, the ladder is on the point of slipping. The
coefficient of friction between the ladder and the horizontal floor is 0.6 . The man may be
modelled as a particle at C.

(a) Show that the magnitude of the frictional force between the ladder and the horizontal
floor is 659N, correct to three significant figures. (4 marks)

(b) Find the angle y . (5 marks)

Turn over for the next question
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3 A uniform plank, of length 8 metres, has mass 30 kg. The plank is supported in equilibrium
in a horizontal position by two smooth supports at the points A and B, as shown in the
diagram. A block, of mass 20 kg, is placed on the plank at point A.

(a) Draw a diagram to show the forces acting on the plank. (2 marks)

(b) Show that the magnitude of the force exerted on the plank by the support at B is
19.2g newtons. (3 marks)

(c) Find the magnitude of the force exerted on the plank by the support at A. (2 marks)

(d) Explain how you have used the fact that the plank is uniform in your solution.
(1 mark)

4 A particle moves so that at time t seconds its velocity vms!1 is given by

v ¼ ð4t3 ! 12t þ 3Þiþ 5jþ 8tk

(a) When t ¼ 0 , the position vector of the particle is ð!5iþ 6kÞ metres.

Find the position vector of the particle at time t. (4 marks)

(b) Find the acceleration of the particle at time t. (2 marks)

(c) Find the magnitude of the acceleration of the particle at time t. Do not simplify your
answer. (2 marks)

(d) Hence find the time at which the magnitude of the acceleration is a minimum.
(2 marks)

(e) The particle is moving under the action of a single variable force F newtons. The mass
of the particle is 7 kg.

Find the minimum magnitude of F. (2 marks)
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7 A uniform rod AB , of length 4m and mass 6 kg, rests in equilibrium with one end, A,
on smooth horizontal ground. The rod rests on a rough horizontal peg at the point C,
where AC is 3m. The rod is inclined at an angle of 20! to the horizontal.

(a) Draw a diagram to show the forces acting on the rod. (2 marks)

(b) Find the magnitude of the normal reaction force between the rod and the ground.
(3 marks)

(c) (i) Find the normal reaction acting on the rod at C.

(ii) Find the friction force acting on the rod at C. (5 marks)

(d) In this position, the rod is on the point of slipping.

Calculate the coefficient of friction between the rod and the peg. (2 marks)
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3 A particle moves in a horizontal plane under the action of a single force, F newtons.
The unit vectors i and j are directed east and north respectively. At time t seconds,
the velocity of the particle, vms!1, is given by

v ¼ 4e!2t iþ ð6t ! 3t2Þj

(a) Find an expression for the acceleration of the particle at time t. (3 marks)

(b) The mass of the particle is 5 kg.

(i) Find an expression for the force F acting on the particle at time t. (2 marks)

(ii) Find the magnitude of F when t ¼ 0 . (2 marks)

(c) Find the value of t when F acts due west. (2 marks)

(d) When t ¼ 0 , the particle is at the point with position vector ð6iþ 5jÞm.

Find the position vector, r metres, of the particle at time t. (5 marks)

4 Ken is trying to cross a river of width 4m. He has a uniform plank, AB, of length
8m and mass 17 kg. The ground on both edges of the river bank is horizontal. The
plank rests at two points, C and D, on fixed supports which are on opposite sides of
the river. The plank is at right angles to both river banks and is horizontal. The
distance AC is 1m, and the point C is at a horizontal distance of 0.6m from the
river bank. Ken, who has mass 65 kg, stands on the plank directly above the middle
of the river, as shown in the diagram.

(a) Draw a diagram to show the forces acting on the plank. (2 marks)

(b) Given that the reaction on the plank at the point D is 44gN, find the horizontal
distance of the point D from the nearest river bank. (4 marks)

(c) State how you have used the fact that the plank is uniform in your solution. (1 mark)
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3 A uniform ladder PQ, of length 8 metres and mass 28 kg, rests in equilibrium with
its foot, P, on a rough horizontal floor and its top, Q, leaning against a smooth
vertical wall. The vertical plane containing the ladder is perpendicular to the wall
and the angle between the ladder and the floor is 69!.

A man, of mass 72 kg, is standing at the point C on the ladder so that the distance PC
is 6 metres. The man may be modelled as a particle at C.

(a) Draw a diagram to show the forces acting on the ladder. (2 marks)

(b) With the man standing at the point C, the ladder is on the point of slipping.

(i) Show that the magnitude of the reaction between the ladder and the vertical wall
is 256N, correct to three significant figures. (4 marks)

(ii) Find the coefficient of friction between the ladder and the horizontal floor. (4 marks)

4 A car travels along a straight horizontal road. When its speed is vms!1 , the car
experiences a resistance force of magnitude 25v newtons.

(a) The car has a maximum constant speed of 42m s!1 on this road.

Show that the power being used to propel the car at this speed is 44 100 watts.
(2 marks)

(b) The car has mass 1500 kg.

Find the acceleration of the car when it is travelling at 15m s!1 on this road under a
power of 44 100 watts. (4 marks)

P47647/Jan12/MM2B
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3 A uniform ladder PQ, of length 8 metres and mass 28 kg, rests in equilibrium with
its foot, P, on a rough horizontal floor and its top, Q, leaning against a smooth
vertical wall. The vertical plane containing the ladder is perpendicular to the wall
and the angle between the ladder and the floor is 69!.

A man, of mass 72 kg, is standing at the point C on the ladder so that the distance PC
is 6 metres. The man may be modelled as a particle at C.

(a) Draw a diagram to show the forces acting on the ladder. (2 marks)

(b) With the man standing at the point C, the ladder is on the point of slipping.

(i) Show that the magnitude of the reaction between the ladder and the vertical wall
is 256N, correct to three significant figures. (4 marks)

(ii) Find the coefficient of friction between the ladder and the horizontal floor. (4 marks)

4 A car travels along a straight horizontal road. When its speed is vms!1 , the car
experiences a resistance force of magnitude 25v newtons.

(a) The car has a maximum constant speed of 42m s!1 on this road.

Show that the power being used to propel the car at this speed is 44 100 watts.
(2 marks)

(b) The car has mass 1500 kg.

Find the acceleration of the car when it is travelling at 15m s!1 on this road under a
power of 44 100 watts. (4 marks)
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9 A smooth hollow hemisphere, of radius a and centre O, is fixed so that its rim is in a
horizontal plane. A smooth uniform rod AB, of mass m, is in equilibrium, with one
end A resting on the inside of the hemisphere and the point C on the rod being in
contact with the rim of the hemisphere. The rod, of length l, is inclined at an angle y
to the horizontal, as shown in the diagram.

(a) Explain why the reaction between the rod and the hemisphere at point A acts
through O. (1 mark)

(b) Draw a diagram to show the forces acting on the rod. (2 marks)

(c) Show that l ¼ 4a cos 2y
cos y

. (5 marks)

Copyright ! 2013 AQA and its licensors. All rights reserved.
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1 A particle, of mass 3 kg, moves along a straight line. At time t seconds, the
displacement, s metres, of the particle from the origin is given by

s ¼ 8t3 þ 15

(a) Find the velocity of the particle at time t. (2 marks)

(b) Find the magnitude of the resultant force acting on the particle when t ¼ 2 . (4 marks)

2 Carol, a circus performer, is on a swing. She jumps off the swing and lands in a
safety net. When Carol leaves the swing, she has a speed of 7m s#1 and she is at a
height of 8 metres above the safety net.

Carol is to be modelled as a particle of mass 52 kg being acted upon only by gravity.

(a) Find the kinetic energy of Carol when she leaves the swing. (2 marks)

(b) Show that the kinetic energy of Carol when she hits the net is 5350 J, correct to three
significant figures. (3 marks)

(c) Find the speed of Carol when she hits the net. (3 marks)

3 A particle, of mass 10 kg, moves on a smooth horizontal plane. At time t seconds,
the acceleration of the particle is given by

fð40t þ 3t2Þ iþ 20e#4t jgms#2

where the vectors i and j are perpendicular unit vectors.

(a) At time t ¼ 1 , the velocity of the particle is ð6i# 5e#4jÞms#1 .

Find the velocity of the particle at time t. (5 marks)

(b) Calculate the initial speed of the particle. (3 marks)

4 A uniform plank AB, of length 6m, has mass 25 kg. It is supported in equilibrium in
a horizontal position by two vertical inextensible ropes. One of the ropes is attached
to the plank at the point P and the other rope is attached to the plank at the point Q,
where AP ¼ 1m and QB ¼ 0:8m, as shown in the diagram.

(a) (i) Find the tension in each rope. (5 marks)

(ii) State how you have used the fact that the plank is uniform in your solution. (1 mark)

P61143/Jun13/MM2B
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(b) A particle of mass m kg is attached to the plank at point B, and the tension in each
rope is now the same.

Find m. (6 marks)

5 Tom is travelling on a train which is moving at a constant speed of 15m s!1 on a
horizontal track. Tom has placed his mobile phone on a rough horizontal table. The
coefficient of friction between the phone and the table is 0.2 .

The train moves round a bend of constant radius. The phone does not slide as the
train travels round the bend.

Model the phone as a particle moving round part of a circle, with centre O and
radius r metres.

Find the least possible value of r. (4 marks)

6 A car accelerates from rest along a straight horizontal road.

The car’s engine produces a constant horizontal force of magnitude 4000N.

At time t seconds, the speed of the car is vms!1, and a resistance force of
magnitude 40v newtons acts upon the car.

The mass of the car is 1600 kg.

(a) Show that
dv

dt
¼ 100! v

40
. (2 marks)

(b) Find the velocity of the car at time t. (6 marks)

7 A train, of mass 22 tonnes, moves along a straight horizontal track. A constant
resistance force of 5000N acts on the train. The power output of the engine of the
train is 240 kW.

Find the acceleration of the train when its speed is 20m s!1 . (6 marks)
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