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Answer all questions.

Answer each question in the space provided for that question.

1 Three forces, acting in the x—y plane, act at the points with coordinates as listed
below, where a and b are constants and i and j are unit vectors parallel to the x-axis
and y-axis respectively.

Force Acting at point
2ai+j (1, 3)
8bi — 2aj (-1, 4)
11i + 4bj (-5, =2)
These three forces form a couple.
(a) Find the value of a and the value of b.
[3 marks]
(b) Determine the magnitude of the couple.
[4 marks]
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(a) Find the magnitude of the force in rod OR, stating whether this rod is in tension or

(b) Determine the magnitude of the force that the wall exerts on the framework at S.

A wall-mounted sign is modelled by a framework PORS . The framework consists of
four light smoothly jointed rods PO, OR, RS and QS . It is smoothly hinged to the
wall at P and S. The rods QR and QS have length 2m and angle QSR is 30°. The
rods PO and RS are horizontal. The rods are all in the same vertical plane which is
perpendicular to the wall. A weight of 250 N hangs from R. The framework, as shown
in the diagram, is in equilibrium.

P 0

30°

250 N

compression.
[3 marks]

[5 marks]
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6
3 A uniform triangular lamina is bounded by the line y = a — x and the positive x and y
axes, as shown in the diagram.
Ya
a
= >
O a x

(a) (i) Explain why the centre of mass of the lamina lies on the line y = x.
[1 mark]

(ii) By using integration, find the coordinates of the centre of mass of the lamina.
[5 marks]

(b) A lamina is in the shape of an isosceles right-angled triangle, ABC, with its equal
sides 4B and BC of length a. The lamina has weight . It rests in a vertical plane
with the side BC on a rough horizontal surface. The coefficient of friction between the
lamina and the surface is . A force of magnitude P acts at 4 in the direction parallel
to CA, as shown in the diagram. The magnitude of the force is gradually increased.

N

w2

(i) Show that when the lamina is on the point of toppling about B, P = —
[3 marks]

(ii) The lamina slides before it topples if and only if u < k. Determine the value of k.
[6 marks]
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4 The forces 3i — 2j, 4i — j + 2k and 3j — 4k act at the points with coordinates
(-1, 1, 0), (2, 0, 5) and (—6, 2, 1) respectively.
(a) Find the total moment of these forces about the origin.
[5 marks]
(b) This system of forces is equivalent to a single force F.
(i) Find F.
[1 mark]
(ii) Determine a vector equation, in the form r = a + Ab, for the line of action of F.
[6 marks]
“owr | Answer space for question 4
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12
5 A rigid square framework is formed from five uniform rods, AB, BC, CD, AD and
AC. Rods AB, BC, CD and 4D are identical with length 2/ and mass m. Rod AC
has mass 2m .
D C
21
A 21 B
The framework can rotate freely in a vertical plane about a horizontal axis through 4,
perpendicular to the plane of the square ABCD .
(a) Find the moment of inertia of the rod AC about the axis through A.
[2 marks]
(b) Find the moment of inertia of the rod BC about the axis through A.
[2 marks]
(c) Show that the moment of inertia of the whole framework about the axis through 4
is 56 ?
—ml~.
3
[3 marks]
(d) The framework is released from rest with AB horizontal and D vertically above A.
Find the angular velocity of the framework, in terms of g and /, when B is vertically
below 4.
[5 marks]
(e) At the instant when B is vertically below A4, rod AB collides with a stationary particle, P,
of mass 3m, where AP = %l and P is vertically below 4. Throughout the subsequent
motion, P sticks to the rod AB. Find, in terms of g and /, the angular velocity of the
framework immediately after impact.
[5 marks]
QUESTION
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6 A uniform rod 4B has length 8a and mass m. The point C lies on the rod such that
AC = 2a. The rod is free to rotate in a vertical plane about a smooth fixed horizontal
axis through C which is perpendicular to the rod.

(a) Prove by integration that the moment of inertia of the rod about this axis is 23—8ma2.
[4 marks]
(b) Initially the rod is held at rest in the position making an angle of 60° with the vertical

line through C, as shown in the diagram.

Initial position

The rod is released from rest and begins to rotate. During the subsequent motion the
rod makes an angle 6 with the upward vertical.

(i) Find the angular acceleration of the rod in terms of a, g and 0.

[3 marks]
(ii) Find the angular velocity of the rod in terms of a, g and 0.
[6 marks]
(iii) The component of the reaction force parallel to the rod at C is X. Find X in terms of
m, g and 0.
[3 marks]
o | Answer space for question 6
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