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A bead of mass 0.5 kg is threaded on a smooth straight wire. The only forces acting on the
bead are a constant force (4i + 7j + 2k) N and the normal reaction of the wire. The bead starts
from rest at the point 4 with position vector (i + 2j + 3k) m and moves to the point B with
position vector (4i + 3j — 2k) m.

Find the speed of the bead when it reaches B.
(C))

At time ¢ seconds, the position vector of a particle P is r metres, where r satisfies the
differential equation

2
d—zr +3£=0.
dt dt

When ¢ = 0, the velocity of P is (8i— 12j) m s~

Find the velocity of P when = 2In2 .
)

A uniform rod 4B, of mass m and length 2a, is free to rotate about a fixed smooth axis which
passes through 4 and is perpendicular to the rod. The rod has angular speed @ when it strikes
a particle P of mass m and adheres to it. Immediately before the rod strikes P, P is at rest and
at a distance x from 4. Immediately after the rod strikes P, the angular speed of the rod is 2 .

Find x in terms of a.

(©))
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Figure 1

A region R is bounded by the curve ) = 4ax (y > 0), the x-axis and the line x = a (a > 0), as
shown in Figure 1. A uniform solid S of mass M is formed by rotating R about the x-axis
through 360°. Using integration, prove that the moment of inertia of S about the x-axis
is + Ma?.

(You may assume without proof that the moment of inertia of a uniform disc, of mass m and
radius r, about an axis through its centre perpendicular to its plane is 1 mr2.)

)

Two forces Fi and F;act on a rigid body, where
Fi1=(3i+4j-6k) N and
F,=(5i—j+2Kk) N.

The force F acts at the point with position vector (i — 2j) m , and the force F acts at the point
with position vector (3i — k) m. The two forces are equivalent to a single force F acting at the
point with position vector (i — k) m, together with a couple G.

(a) Find F.

1)
(b) Find the magnitude of G.

®)
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Figure 2

A lamina S is formed from a uniform disc, centre O and radius 2a, by removing the disc of
centre O and radius a, as shown in Figure 2. The mass of S is M.

(a) Show that the moment of inertia of S about an axis through O and perpendicular to its
plane is 3 Ma?.

(&)

The lamina is free to rotate about a fixed smooth horizontal axis L. The axis L lies in the plane
of S and is a tangent to its outer circumference, as shown in Figure 2.

(b) Show that the moment of inertia of S about L is 2 Ma?.
“)

S is displaced through a small angle from its position of stable equilibrium and, at time ¢ = 0,
it is released from rest. Using the equation of motion of S, with a suitable approximation,

(c) find the time when S first passes through its position of stable equilibrium.

()

A motor boat of mass M is moving in a straight line, with its engine switched off, across a
stretch of still water. The boat is moving with speed U when, at time ¢ = 0, it develops a leak.
The water comes in at a constant rate so that at time 7, the mass of water in the boat is Az.
Attime ¢ the speed of the boat is v and it experiences a total resistance to motion of

magnitude 2Av.

(a) Show that (M + Af) % +3Av=0.

()
(b) Show that the time taken for the speed of the boat to reduce to 4 U'is % (2% -1).

()
The boat sinks when the mass of water inside the boat is M.
(c) Show that the boat does not sink before the speed of the boat is 1 U'.

2
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Figure 3

A uniform rod 4B has mass 3m and length 2a. It is free to rotate in a vertical plane about a
smooth fixed horizontal axis through the point X on the rod, where AX = 1 a. A particle of

mass m 1s attached to the rod at B. At time ¢ = 0, the rod is vertical, with B above 4, and is
given an initial angular speed \/g . When the rod makes an angle @ with the upward vertical,
a

the angular speed of the rod is @, as shown in Figure 3.

(a) By using the principle of the conservation of energy, show that

w?= 2£(5—3 cos 0).
a

®

(b) Find the angular acceleration of the rod when it makes an angle € with the upward
vertical.

(&)

When 8 = ¢, the resultant force of the axis on the rod is in a direction perpendicular to
the rod.

(¢) Find cos ¢.
3)

TOTAL FOR PAPER: 75 MARKS

END
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Number
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Question Scheme Marks
Number
5. (a) F=XIF =(8i+3j—4k)N Bl (1)
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7.(a)

(b)

()

(m+om)(v+ov)—mv=-2vd

dv dm ,
=+ V== =2 AV
dt di
dm . .
—=A; m=M+ At
dr

(M + /I?‘}E +3Av=20
dr

d‘\' _ |~ d?‘
3Av (M + AN

-
B

'i[h“f“ s %[ln(}f + ,{r}]“;

1 M+ AT)
Ehl: =111(;

A

1 %
T=—(2 -1)*
A

. M
Sinks at T, = —
A
1 . M 1
Reachesspeed —U atT =—(2 -1)
2 A

1

Since (2" —1)<1, T <T,

1
i.e. Reaches speed —U before it sinks
-

M1 Al

Bl Bl
D M1 Al

(6)

M1

DM1 Al

DM1

DMI1 Al
(6)

Alc.s.o.

(2)
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8.(a) MI of rod + particle

= 4ma”

. Y- a
+dma (@ —=)=3me—
Z L= ﬁ
a L

. o
o =1i(5—3c056‘)

-

(b) . 1 3
dma 8= Smg?r.fsmﬂ +mg—asind
e e
. 3gsing
= 8=-=
4a
(c)

mg
= F=—=(15-17cos6)

When&=¢, F=0
= cos¢ =1

1 2 1 2 3‘ 9
=35 3m(2a)” + 3?54[?ﬂ)'.+m(?ﬂ}"

3
(1—cosd)+ mgTa(l —costd)

1 2 3 2
F+4mgcos@=3m—am” +m—aa”
5 S

o
=3ma—=(5 — 3cosd)
2a

M1. M1
Al
M1 A ft Al
DMI Al
(8)
M1 Al ft
Al (3)
M1 Al
DM1
DM1
Al (5)
16
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