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1. Attime ¢ =0, the position vector of a particle P is —3j m. At time ¢ seconds, the position
vector of P is r metres and the velocity of P is v m s!. Given that
v-2r = 4¢j,
find the time when P passes through the origin.
Q)
2
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Question 1 continued

(Total 7 marks)
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Figure 1

A uniform circular disc has mass 4m, centre O and radius 4a. The line POQ is a diameter
of the disc. A circular hole of radius 2a is made in the disc with the centre of the hole at
the point R on PQ where QR = 5a, as shown in Figure 1.

The resulting lamina is free to rotate about a fixed smooth horizontal axis L which passes
through Q and is perpendicular to the plane of the lamina.

(a) Show that the moment of inertia of the lamina about L is 69ma?.

)

The lamina is hanging at rest with P vertically below Q when it is given an angular velocity
Q. Given that the lamina turns through an angle ZT” before it first comes to instantaneous
rest,

(b) find Q in terms of g and a.
(6)
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3. A uniform lamina 4ABC of mass m is in the shape of an isosceles triangle with
AB =AC = 5a and BC = 8a.
(a) Show, using integration, that the moment of inertia of the lamina about an axis
through A, parallel to BC, is gmaz .
2
(6)
The foot of the perpendicular from A4 to BC is D. The lamina is free to rotate in a vertical
plane about a fixed smooth horizontal axis which passes through D and is perpendicular
to the plane of the lamina. The lamina is released from rest when D4 makes an angle a
with the downward vertical. It is given that the moment of inertia of the lamina about an
axis through 4, perpendicular to BC and in the plane of the lamina, is gma2 .
(b) Find the angular acceleration of the lamina when DA makes an angle 6 with the
downward vertical.
®)
Given that o is small,
(¢) find an approximate value for the period of oscillation of the lamina about the
vertical.
2)
J
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Question 3 continued
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4. Two forces F, = (i + 2j + 3k) N and F, = (3i + j + 2K) N act on a rigid body.
The force F, acts through the point with position vector (2i + k) m and the force F, acts
through the point with position vector (j + 2k) m.
(a) If the two forces are equivalent to a single force R, find
(i) R,
(2)
(i1) a vector equation of the line of action of R, in the foomr=a + ib .
(6)
(b) Ifthe two forces are equivalent to a single force acting through the point with position
vector (i + 2j + K) m together with a couple of moment G, find the magnitude of G.
)
12
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A raindrop falls vertically under gravity through a cloud. In a model of the motion the
raindrop is assumed to be spherical at all times and the cloud is assumed to consist of
stationary water particles. At time ¢ =0, the raindrop is at rest and has radius a. As the
raindrop falls, water particles from the cloud condense onto it and the radius of the raindrop
is assumed to increase at a constant rate 4. A time ¢ the speed of the raindrop is v.

(a) Show that

i N v
dt  (At+a)

g.
®

(b) Find the speed of the raindrop when its radius is 3a.
Q)
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A uniform circular disc has mass m, centre O and radius 2a. It is free to rotate about a fixed
smooth horizontal axis L which lies in the same plane as the disc and which is tangential to
the disc at the point 4. The disc is hanging at rest in equilibrium with O vertically below 4
when it is struck at O by a particle of mass m. Immediately before the impact the particle
is moving perpendicular to the plane of the disc with speed 3V(ag). The particle adheres
to the disc at O.

(a) Find the angular speed of the disc immediately after the impact.
)

(b) Find the magnitude of the force exerted on the disc by the axis immediately after the
impact.

()
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