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1. Read all instructions carefully before answering the questions.

2. This question paper consists of (6) questions in (3) pages.

3. Answer any (4) questions only. All questions carry equal marks.

4. Answer for each question should commence from a new page.

5. Draw fully labelled diagrams where necessary.

6. Involvement in any activity that is considered as an exam offence will lead to punishment.
7. Use blue or black ink to answer the questions.
8

. Clearly state your index number in your answer script.




I A particle is projected with velocity o at an angle « 1o the horizontal in a medium whose
resistance per unit mass is kv where v s the speed of the particle. 11 £ 15 the range on the
horizontal plane through the point of projection, and 7 is the time of {light, prove that

R i I
kR (klmltr + 2 SL't:rc) +gn (l - —s':.-ra) =0and T =~=In (;)
i u fe u=lkRsoca
2. (a) With the usual notation, show that in plane polar coordinates (7, #), the velocity v and

acceleration a of a particle moving in a plane are givenby v = /¢, +r0e¢, and

= (# — 10?2 L ; sitsval Feaiings
a=((F-r0%e + ~——eg respectively, where ¢, ¢p have the usual meanings.

(b) . A particle, P moves round the circle whose polar equation is ¥ = 2Zacos0,
m n R oo . .
—5 S0 =, where a is a positive constant. It moves so that its acceleration has no
ransverse component. Show that

sinfl

(1) 7 is proportional to ==

. . . . . |
(i1) the radial acceleration i1s proportional 1o —,
=

3. (a) With the usual notation, show that in mtrinsic coordinates, the velocity and  acceleration

a of a particle moving in a planc curve arc  given by v =

$t and a = 5t + =n
L E=RVTE
respectively.

(b) A smooth wire in the form of an arch of the cyclowd. is given by s = da sin s, where

4 i . ..» . . . - . .
sEPE E;md a is a positive constant. The wire 15 Nixed i a vertical plane with its axis
vertical and its vertex O at its lowest point A bead P ol mass m, moves under gravity on

this wire. Given that the bead 1s projecied from the vertex O with speed 2 /ag, show that
when /2 reaches the point at which the taneent s inchined at an angle 0 to the horizontal:

(1) 1ts speed 1s 2,/ ag cos 0.

(11) the normal contact force exerted by the wire onthe bead s 2mg cos 0,
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4 () With the usual notation show that the equation of the central orbit ol a paracle movinge i a
plane is piven by

i o
S = s and 0 h .
do hn

(b) A particle moves under the central foree pi/r per unit mass. [Uis projected from an apse
. i A PR TR o

at a distance a from the origin with velocity = = . Show that the path s piven by

fn

rcos(0/2) = a.

- : 5 . dv dm . ; . . . :
5. (a) Establish the formula F(t) = m(t) 7 Tu= for the motion ol a particle of varying mass,
-4 { !
; ; . - . _ ) dm
moving with velocity v under a force [7(r), the matter being emitied at a rate : with
- ol
velocity o relative to the particle.

(b) A rocket has total mass M. 1t propels itself by burning (uel and ejecting the burnt maiter at a
uniform rate with constant speed  relative to the rocket. The total mass of the fuel in the
rocket is nitially > and the fuel is all burnt up after a time 7.

The rocket is launched from rest vertically upwards from the surface of the Earth. It may be
assumed that the acceleration due to gravity remains constant throughout the flight of the
rocket, and that air resistance is negligible. At time 7 the speed of the rocket is v,

dv

(1) Show that, while the [uel is being burnt (t<T), (2T — t) U g@2T —1).

(11} Hence. find the speed of the rocket at the instant when all the [uel has been burn

b 3”' TN
=y /
dar
b —— - - a

0.

A model of a timing device in a clock consists of two umiform circular dises cach of nuiss
m and radius a. with a untform rod attached as above The centres of the dises e fived o
the ends A and A of the rod, which has mass 3m and length 8¢ The dises and the tod e
coplanar. as shown m the figure. The body is [ree 1o rotate ma vertical plane about 4 smooth
fixed honzontal axis. The axis is perpendicular to the plane of the dises and passes thiouh
the pomt (ol the rod. where 0A = 3a.

t) Show that the moment of inertia ol the body about the axis s S54mao

(b B the perrod of small oscillatnons of the system about iis position of stbde ol



