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iy (i) Two forces ¥ and F, acton a particle moving it from a point with position vector a to a point with
pesition vector b.
Given that Fj = (91 - H2KN, Fa= (i % I5))N, a = (2i 4+ 4K)m, b=(%i-4j+ 7K)m, find the total work
done on the particle, ;
(i1}  The position vectors of points A, B, C, D of a rigid body, with respect to a fixed origin O, are

a=(3i+2j-km, b= (2i+4j + Km, ¢=(-Zi+j+lm andd= {-4i -j+1k)m, respectively, A force F,
uf magnitide 20N acts along CB. A force F, of magnitude 15N acts along CD | A third force F: acts at
A. This system reduces to a couple G.
Find,
{a) the magnitude of ¥, ,
{b) the moment of G.
Show that the line of action of the resultant of F; and F. is given by

x+2 p-1 =z-1

& 2 5
B (1) The table below gives the coordinates of poinis on 2 curve. Using Simpson's rule, estimate the volume

generated by rotaling the region under this curve mtherange 2.4 < x <48 completely about the x-axis,
(Give your answer o 3 significant figures).

2 P oa | 38 | Aol s [iant] i Tag
5 3 3 | 6 7 7 4

(ii} Using the approximations

24 ; i
hz(d—} = er Rt ey h(ﬂq ard Eh(@i |~ Yuer =¥y 2nd a step length of 0.2,
: dx ), dx J» :

|
A
estimate the value of ¥, correct to 4 decimal places, when x = 0.6, given
d’y dy : dy
that x— 4+~ L sy =0 andp=1 — =0, whenx=10.
e S dx ;

3. Aparticle A of mass 5mis prejected along a smooth horizontal plane with speed 1. Another particle B of mass
m moving with speed 3u impinges obliquely on A. At itnpact B is moving at an angle o to the line of centres

J 3 : ’ . 3usecg
and after impact moves at an angle 2a to the line of centres. Prove that the speed of B after impact is =

Find the velocity of A and the value of e, the coefficient ¢f restitution, in terms of o only.

4. The motion of a body of mass m is moving along a straight line against a constant resistance of magnitude Am
and a variable resistance of magnitude 2" );;, where vms! is the speed and 4 and k are positive constants,
Initially the body is moving with speed u .

le

Show that the' body is brought to rest over a distance gln(] + Ak] and that the

time taken is | [%J tan"[; %J .
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5. A thin uniform rod of length 24 and mass m, is attached to a smooth fixed hinge at one end O and then allowed
to fall from a horizontal position. Show that in the subsequent motion,

' 2
Za[i{’q =3gsing,

dr .
where 8 is the angle the rod makes with the horizontal. |

Find, in terms of m. g and 8, the force exeried at the hinge. Show that the horizontal force exerted on the hinge is |

: . DLl : o iR
greatest when 8 = % and that the magnitude of the vertical force on the hinge then is > mg.

6, (i) A continuous random variable X is normally distributed with mean 235 and standard deviation 20,
Calculate, to 3 decimal places,
(a) the probability that a randemly obscrved value of X will lie between 225 and 240,
(b) the probability that the sum of five randomly observed values of X does not exceed 1100,
(ii) A discrete random variable Y has a Poisson distribution with mean &. Given that POY =2)=3P(Y = 4),

find
(a) the values of 4,
(b} P(X = 2j, giving your answer 10 3 decimal places.
7. Given that the path of a particle P moving on the xy-planc satisfies the vector differential equation.

d*r
— + 91 = Sjeos3t .
dt”

| Find the yaluc of the constant vector a given that a tsin3t is a solution of this diffcrential equation. Find the
| solution of the differenbial equation given that initially P is at the point with position vector - i and moving with

veloeity 4.

o

A smooth circular hoop, centre O and radius a, is fixed with its plane vertical. A small smooth bead ©Q, of mass
m, 1s threaded fo the hoop. The bead is projected with speed . (ag) vertically downwards (rom a point B on the

hoop, where OB is herizontal, Show thatif6,0=8< g, is the angle OQ has turned through in time t |

- 1)
QL%)] = g(1+25ind) .

When the bead reaches the lowest point A of the hoop, it collides and coalesces with a smooth small bead of mass
2m, which is also threaded on the hoop and is at rest, Find the height above A, to which the combined particles
rise before coming to instantaneous rest. Find also the angle which O« makes with (34 at this instant. Fine the
magnitude of the force exerted by the beads on the hoop when the beads first returmn to A.
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