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INSTRUCTIONS
• Use black ink. You can use an HB pencil, but only for graphs and diagrams.
• Write your answer to each question in the space provided in the Printed Answer

Booklet. If you need extra space use the lined pages at the end of the Printed Answer
Booklet. The question numbers must be clearly shown.

• Fill in the boxes on the front of the Printed Answer Booklet.
• Answer all the questions.
• Where appropriate, your answer should be supported with working. Marks might be

given for using a correct method, even if your answer is wrong.
• Give your final answers to a degree of accuracy that is appropriate to the context.
• The acceleration due to gravity is denoted by g m s-2. When a numerical value is

needed use g = 9.8 unless a different value is specified in the question.
• Do not send this Question Paper for marking. Keep it in the centre or recycle it.

INFORMATION
• The total mark for this paper is 120.
• The marks for each question are shown in brackets [ ].
• This document has 12 pages.

ADVICE
• Read each question carefully before you start your answer.

You must have:
• the Printed Answer Booklet
• the Formulae Booklet for Further Mathematics B

(MEI)
• a scientific or graphical calculator

Thursday 15 October 2020 – Afternoon 
A Level Further Mathematics B (MEI) 
Y421/01 Mechanics Major
 Time allowed: 2 hours 15 minutes
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Section A (35 marks)

Answer all the questions.

1 A particle P of mass 0.5 kg is attached to a fixed point O by a light elastic string of natural length 
3 m and modulus of elasticity 75 N.

 P is released from rest at O and is allowed to fall freely.

 Determine the length of the string when P is at its lowest point in the subsequent motion. [5]

2 A student conducts an experiment by first stretching a length of wire and fixing its ends. The 
student then plucks the wire causing it to vibrate. The frequency of these vibrations, f, is modelled 
by the formula

 ,f kC l v= a b c

 where C is the tension in the wire,
 l is the length of the stretched wire,
 v is the mass per unit length of the stretched wire and
 k is a dimensionless constant.

 Use dimensional analysis to find a, b and c. [5]

3 The vertices of a triangular lamina, which is in the x–y plane, are at the origin O and the points 
( , )2 3A  and ( , ) .2 1B -

 Forces i j2 +  and i j3 2- +  are applied to the lamina at A and B, respectively, and a force F, whose 
line of action is in the x–y plane, is applied at O.

 The three forces form a couple.

 (a) Determine the magnitude and the direction of F. [4]

 (b) Determine the magnitude and direction of the additional couple that must be applied to the 
lamina in order to keep it in equilibrium. [3]
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4 A particle P moves so that its position vector r at time t is given by

 ( ) ( ) .t t tr i j5 20 95 10 5 2= + + + -

 (a) Determine the initial velocity of P. [3]

 At time ,t T=  P is moving in a direction perpendicular to its initial direction of motion.

 (b) Determine the value of T. [3]

 (c) Determine the distance of P from its initial position at time T. [4]

5 A car of mass 900 kg moves along a straight level road. The power developed by the car is constant 
and equal to 60 kW. The resistance to the motion of the car is constant and equal to 1500 N.

 At time t seconds the velocity of the car is denoted by v m s–1. Initially the car is at rest.

 (a) Show that .v
t
v v5

3 40d
d
= -  [3]

 (b) Verify that .lnt
v

v24
40
40

5
3

=
-
-

J

L
KK

N

P
OO  [5]
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Section B (85 marks)

6 A small ball of mass m kg is held at a height of 78.4 m above horizontal ground. The ball is released 
from rest, falls vertically and rebounds from the ground. The coefficient of restitution between the 
ball and ground is e.

 The ball continues to bounce until it comes to rest after 6 seconds.

 (a) Determine the value of e. [8]

 (b) Given that the magnitude of the impulse that the ground exerts on the ball at the first bounce is 
23.52 Ns, determine the value of m. [2]

7 

 

P

A

30°

O

    Fig. 7

 A particle P of mass m is attached to one end of a light elastic string of natural length 6a and 
modulus of elasticity 3mg. The other end of the string is fixed to a point O on a smooth plane, 
which is inclined at an angle of 30° to the horizontal. The string lies along a line of greatest slope 
of the plane and P rests in equilibrium on the inclined plane at a point A, as shown in Fig. 7.

 P is now pulled a further distance 2a down the line of greatest slope through A and released from 
rest. At time t later, the displacement of P from A is x, where the positive direction of x is down the 
plane.

 (a) Show that, until the string slackens, x satisfies the differential equation

  .
t
x

a
gx
2 0

d
d
2

2
+ =  [6]

 (b) Determine, in terms of a and g, the time at which the string slackens. [5]

 (c) Find, in terms of a and g, the speed of P when the string slackens. [2]
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8   [In this question, you may use the fact that the volume of a right circular cone of base radius r and 
height h is .r h3

1 2r ]

 (a) By using integration, show that the centre of mass of a uniform solid right circular cone of 
height h and base radius r is at a distance h4

3  from the vertex. [5]

  r

2r

r

     Fig. 8

 Fig. 8 shows the side view of a toy formed by joining a uniform solid circular cylinder of radius r 
and height 2r to a uniform solid right circular cone, made of the same material as the cylinder, of 
radius r and height r.

 The toy is placed on a horizontal floor with the curved surface of the cone in contact with the floor.

 (b) Determine whether the toy will topple. [7]

 (c) Explain why it is not necessary to know whether the floor is rough or smooth in answering 
part (b). [1]
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    Fig. 9

 Fig. 9 shows a uniform rod AB of length 2a and weight 8W which is smoothly hinged at the end A 
to a point on a fixed horizontal rough bar. A small ring of weight W is threaded on the bar and is 
connected to the rod at B by a light inextensible string of length 2a. The system is in equilibrium 
with the rod inclined at an angle i to the horizontal.

 (a) Determine, in terms of W and i, the tension in the string. [4]

 It is given that, for equilibrium to be possible, the greatest distance the ring can be from A is 2.4a.

 (b) Determine the coefficient of friction between the bar and the ring. [6]
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    Fig. 10

 Fig. 10 shows a small bead P of mass m which is threaded on a smooth thin wire. The wire is in the 
form of a circle of radius a and centre O. The wire is fixed in a vertical plane.

 The bead is initially at the lowest point A of the wire and is projected along the wire with a velocity 
which is just sufficient to carry it to the highest point on the wire. The angle between OP and the 
downward vertical is denoted by i.

 (a) Determine the value of i when the magnitude of the reaction of the wire on the bead is .mg2
7

 [7]

 (b) Show that the angular velocity of P when OP makes an angle i with the downward vertical is 

  given by ,cosk a
g

2
iJ

L
KK
N

P
OO  stating the value of the constant k. [4]

 (c) Hence determine, in terms of g and a, the angular acceleration of P when i takes the value 
found in part (a). [3]
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11 Two uniform small smooth spheres A and B have equal radii and equal masses. The spheres are on 
a smooth horizontal surface. Sphere A is moving at an acute angle a to the line of centres, when it 
collides with B, which is stationary.

 After the impact A is moving at an acute angle b to the line of centres. The coefficient of restitution 
between A and B is .3

1

 (a) Show that .tan tan3b a=  [5]

 (b) Explain why the assumption that the contact between the spheres is smooth is needed in 
answering part (a). [1]

 It is given that A is deflected through an angle c.

 (c) Determine, in terms of a, an expression for .tanc  [2]

 (d) Determine the maximum value of c. You do not need to justify that this value is a maximum.
 [5]
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    Fig. 12

 Fig. 12 shows a hemispherical bowl. The rim of this bowl is a circle with centre O and radius r. The 
bowl is fixed with its rim horizontal and uppermost.

 A particle P, of mass m, is connected by a light inextensible string of length l to the lowest point A 
on the bowl and describes a horizontal circle with constant angular speed ~ on the smooth inner 
surface of the bowl.

 The string is taut, and AP makes an angle a with the vertical.

 (a) Show that the normal contact force between P and the bowl is of magnitude .cosmg mr2 2 2~ a+
 [9]

 (b) Deduce that ,cosg r k k2
1 2

21 ~ a+a k  stating the value of the constants k1  and .k2  [3]

END OF QUESTION PAPER
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