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Answer all questions.

Answer each question in the space provided for that question.

1 A light lamina is placed in the x — y plane. Three masses are attached to the lamina.
A mass of 1 kg is attached at the point (d, 0), a mass of 1.5 kg is attached at the point
(0, —2d) and a mass of 2 kg is attached at the point (—3d, 4d), where d is a positive
constant. The lamina is free to rotate about an axis through O perpendicular to the plane

of the lamina. The moment of inertia of the system about this axis of rotation is
513 kgm®.

Find the value of d.
[5 marks]
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(a)

(b)

(c)

A framework consists of seven light inextensible smoothly jointed rods AB, BC, CD, AD,
AE, BD and DE. They form equilateral triangles ADE, ABD and BCD. The framework
is in equilibrium in a vertical plane resting on supports at C and E. The rods 4B, CD
and DE are horizontal. Loads of weight I are attached at B and D. The reaction on
the support at C'is Y, as shown in the diagram.

A B

/4

SwW
Show that Y:T .

[3 marks]
Find the magnitudes of the forces in the rods BC and BD in terms of W.

[5 marks]

State whether the rod 4B is in tension or compression, giving a reason for your answer.
[2 marks]
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A uniform solid cone is formed by rotating the finite region bounded by the lines with

equations y = lx , ¥ =0 and x = 94 through 27z radians about the x-axis. The cone is

shown in the diagram below.

ylk

-8 "~
xv

Use integration to find the distance of the centre of mass of the cone from the origin.
[5 marks]

(a)

The cone rests in equilibrium with its plane face on a rough plane inclined at an angle of
6 to the horizontal as shown in the diagram.

(b)

[

Given that the plane is sufficiently rough to prevent slipping, find the maximum value of 6
for the cone to remain in equilibrium without toppling. Give your answer to the nearest

degree.
[3 marks]
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4 A uniform rod AB has mass 2m and length /. The rod is free to rotate about a fixed

smooth axis which passes through A4 and is perpendicular to the rod. The rod has angular
speed w when it collides with a stationary particle, P, of mass m. Immediately before the
collision P is at a distance d from A. The particle sticks to the rod and immediately after
the collision the angular speed of the rod is%w :
Find d in terms of /.

[5 marks]
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5 A system of forces 2 pi+ j+ 2k, pi—2j+3kand 2i— pj+2 pk act at the points with

coordinates (2p, 1, 0), (1, 2, 0) and (-2, —1, 2) respectively, where p is a constant.

Show that the total moment of this system of forces about the origin is independent of p.

[6 marks]
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6 (a) Prove, by integration, that the moment of inertia of a uniform solid sphere, of mass m
. , _ 2mr?
and radius r, about a diameter is
[6 marks]
(b) A body consists of two uniform solid spheres and a uniform rod. The uniform rod, 45,

has mass 2m and length 4». The larger sphere has mass 4m and diameter 4 and is
rigidly attached at A. The smaller sphere has mass m and diameter 27 and is rigidly
attached at B. The centres of the spheres are C and D, and CABD is a straight line, as
shown in the diagram.

4r

A
v

The rod is smoothly pivoted at E, the midpoint of AB. The body is free to rotate about a
horizontal axis through E and perpendicular to AB. Initially the body is at rest with 4B
horizontal.

(i) Show that the moment of inertia of the smaller sphere about the axis

 4Tmr?
through E'is
[2 marks]
(ii) Find the moment of inertia of the body about the axis through E.
[5 marks]
(iii) Find the maximum angular velocity of the body after it is released from rest.
[6 marks]
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7 The equations of the lines of actions of two forces F, and F, are given by
2 ; 3 g 4 -1 fivel
r= + andr = + respectively.
5 -1 0 : 2 P Y
The unit of length is the metre. The system formed by these two forces is equivalent to a
k
single force F = {O}N acting at the origin along with a clockwise couple of magnitude
39 N m.
. i 3a
(a) Explain why F, can be written as F, = .
—da
[1 mark]
(b) Find F; and F, and the value of k.
[11 marks]
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8 A uniform square lamina PORS has mass m and side 6a. The lamina is free to rotate in
a vertical plane about a fixed smooth horizontal axis, which passes through P and is
perpendicular to the plane of the lamina. The moment of inertia of the lamina about this
axis is 24ma’.

The lamina is held at rest with S vertically above P and then released. Attime ¢ seconds
after release PR makes an angle 6 with the upward vertical as shown in the diagram.

|
|
| S
I
|
6 R
P
0
(a) Show that §” = % (1—=+2cos 0) .
a
[4 marks]
(b) Find, at time ¢, the magnitude of the component of the force acting on the lamina at P, in
the direction perpendicular to PR, in terms of m, g and 6.
[6 marks]
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