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A wheel is rotating about a fixed axis, and is slowing down with constant angular deceleration
0.3rads™2.

(i) Find the angle the wheel turns through as its angular speed changes from 8 rads™! to Srads™!.
(2]
(ii) Find the time taken for the wheel to make its final complete revolution before coming to rest.

31

A rod AB of variable density has length 2 m. At a distance x metres from A, the rod has mass per unit
length (0.7 - 0.3x) kg m™!. Find the distance of the centre of mass of the rod from A. [5]

From a speedboat, a ship is sighted on a bearing of 045°. The ship has constant velocity 8ms™' in the

direction with bearing 120°. The speedboat travels in a straight line with constant speed 15ms™' and
intercepts the ship.

(i) Find the bearing of the course of the speedboat. [41

(i) Find the magnitude of the velocity of the ship relative to the speedboat. 3]

The region between the curve y = = and the x-axis for 0 < x < a is occupied by a uniform lamina

with mass m. Show that the moment of inertia of this lamina about the x-axis is %maz. 71

A uniform circular disc has mass 4 kg, radius 0.6 m and centre C. The disc can rotate in a vertical
plane about a fixed horizontal axis which is perpendicular to the disc and which passes through the
point A on the disc, where AC = 0.4 m. A frictional couple of constant moment 4.8 N m opposes the
motion. The disc is released from rest with AC horizontal (see diagram).

(i) Find the moment of inertia of the disc about the axis through A. [2]

(ii) Find the angular acceleration of the disc immediately after it is released. 3]

(iii) Find the angular speed of the disc when C is first vertically below A. [4]
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3

A rigid body consists of a uniform rod AB, of mass 15 kg and length 2.8 m, with a particle of mass
5 kg attached at B. The body rotates without resistance in a vertical plane about a fixed horizontal axis
through A.

(i) Find the distance of the centre of mass of the body from A. [21
(ii) Find the moment of inertia of the body about the axis. 2]
1A
9

]
1 2.
]
!

8§m
i
12rads™!
A44‘51'21ds"2

At one instant, AB makes an acute angle 8 with the downward vertical, the angular speed of the body
is 1.2rads™! and the angular acceleration of the body is 3.5 rad s72 (see diagram).

(iii) Show that sin 8 = 0.8. (31

(iv) Find the components, parallel and perpendicular to BA, of the force acting on the body at A. [6]

[Question 7 is printed overleaf.]

2640/Jan04 [Turn over




2a

A small bead B, of mass m, slides on a smooth circular hoop of radius a and centre O which is fixed
in a vertical plane. A light elastic string has natural length 2a and modulus of elasticity mg; one end
is attached to B, and the other end is attached to a light ring R which slides along a smooth horizontal
wire. The wire is in the same vertical plane as the hoop, and at a distance 2a above O. The elastic
string BR is always vertical, and OB makes an angle 6 with the downward vertical (see diagram).

(i) Show that 8 = 0 is a position of stable equilibrium. 7
(ii) Find the approximate period of small oscillations about the equilibrium position 8 = 0. 7
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1 2 Jo2 (equivalent of the linear v>  u*  2as)
g 5 2 03
65 rad 2]
For the final complete revolution ...
it tat’ ("s vt Lat’")
2 0+ 03 ¢
2 4
RV
t 6 4720.. 6 4Ts 3]
2
2 mass of rod 007 03zdzx 0 7z 015952(2) 08
2 p .
08 07 03cdz 035 01, 06
=075
[5]
3 speedboat vship ship Vsea‘ speedboat Vsea
Sine Rule ...
sin sin105
8 15
31 008...
So the bearing of the speedboat 45 076 008... 076 0
[4]
v 15
sin 75 sin 105
v 10 7858.. 10 8ms” 3]
y
4 I area of lamina . xg/a dz  ia
y=—
a . . 3m o’
mass of ‘elemental strip’= yz — — =z
a a
« Mol i1y° 3msa: dz Ea 20 de 1ma’ (show)
; a a o 7




parallel axes theorem ...

I, I, m 04 136kgm’ 2]
at the instant of release ...
¢ I
392 04 48 136
=8 00 rads”
energy considerations ... 3]
gain in K.E. = loss in G.P.E. - work done by friction
II* 4 98 04 48 5
> 11 9708...
3 45989... 3 46 rads™
[4]
Mz m, T, 20z 15 14 5 28 =175
2]
I 4mP 52° 4 15 14 20 14 178 4 kgm’
2]
0
1 1.75 ¢ I
“ 196 1 75sin 78 4 35
¢ sin =0 8 (show)
1196 3]
" P
A N2 radially BA H mgcos m °r
H 20 98 06 20 12° 175 168N
mg N2 normal mg sin P mr
B P 20 98 08 20 175 35 343




Potential Energy Function (relative to position with 8 = 0)

2]
V. mga 1l cos Lm geos *oal
Lmga cos®  4cos 3 5 5

dv . . .

1 imga cos sin  2sin imgasin 2 cos

dVv . I .

10 0 and therefore 8= 0 is an equilibrium position.

0
i . &’V
e imga 2cos  sin®  cos’ e imga 0
0

So the potential energy function has a local minimum at = 0 and therfore we have a position of
stable equilibrium. 7]

conservation of mechanical energy ...

imga cos® 4cos 3 ima constant
differentiating ...
$mga 2sin sin  cos ma’ 0
I sin 2 cos
2a
for small oscillations ...... sin and cos 1
and so .... A
2a
L . . . 2 2a
The motion is therefore approximately SHM with period 7T — 2  |—




