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Forces F, and F, acts at points with position vectors r, and r, respectively where
F =(i-3j+3Kk)N ,r, =(3i+j-2k)m
F,=(2i+2j-12k)N r,=(i+3j+k)m
(a) Show that the lines of action of F, and F, intersect at the point with position vector (2i +4j— 5k)m

. (5marks)
()  The forces F,=(i+3j~k)N and F, acts through the points with position vector (i+j-k)m so that

the system of four forces reduces to a couple, C.
(i) Find the force F,. (2 marks)

. (1) Find the magnitude of the couple C. -~ (5 marks)

A particle P, of mass mkg moves in a straight line. At time t seconds the displacement of P from a fixed point
O on the line is x metres and P is moving with velocity x ms™-. Throughoutithe motion, two horizontal forces
act on P; a force of magnitude 4mn® lxi newtons directed towards Qj and a resistance force of magnitude

2mk|k| newtons, where n and k are positive constants.

(a) Show that ¥+2kx+4n’x=0 : (2 marks)
®) Inonecase k=n,when f=0,x=a and x=0.
(i) Show that

x= e'"’[acosﬁnt+[ﬁa]sin ﬁntj| (6 marks)

3
¥i) Show that P passes through O whentan (\/511 t) = —\/5 (2 marks)
(¢) .Inadifferent case k=2n
(i) Find a general solution for X at.time t seconds. _ (2 marks)
(i) Hence state the typefof damping which occurs (1 mark)

d
(1) ~ Given that y satisfies the differential equation (x + 1)-d—y =2x-y.
x
(a) Find a solufion to the above differential equation as a Taylor series of ascending powers of (x— 1)

up to and including the terms in (x —1)3 given that y=0.5 when x=1.
(4 marks)

() Use the approximation y,,, =¥, +2h(3—yJ and a step length of 0.2 to find the value of y when
X /), .

x=1.4.

(5marks)

i

(ii)  The table below gives the speedv ms™ of a particle in a straight line between two points A and B. At

time ¢ =0.2s the particle is at A, and at time f=1s the particle is at B.

t(s) 0.2 0.4 0.6 0.8 1.0
v(ms) 6.03 4.04 2.71 1.82 1.22

Using Simpson rule, estimate to two decimal places, the distance AB. (4marks)




Two smooth spheres A and B have equal radii and masses2m kg and m kg respectively. The spheres are
moving on a smooth horizontal plane. The sphere A has velocity (3i +]) ms” when it collides with the sphere

B, which has velocity (2i —5j) ms™'. Immediately after the collision, the velacity of the sphere B is (2i + j) ms™

(a) Find the velocity of A immediately after the collision. _ (2 marks)
(b) Show that the impulse exerted on B in the collision is (ij) Ns ) s (2 marks)
(c) * Find the coefficient of restitution between the two spheres (3 marks)

(d) After the collision, each sphere moves in a straight line with constant speed. Given that the radius of
each sphere is 0.05 m, find the time taken, from the collision, until the centers of the spheres are 1.10 m
apart. ‘

(6 marks)

A particle Q of mass m falls under gravity in a medium whose resistanceito motion is of magnitude mkv?,
where v is the speed of Q and k is a positive constant. Given that thé maximum speced of Q is .

{a) Show that u =\,/-,£_ R : (3marks)
~$ \ .

Given that Q is projected vertically upward with speed v(>u).

() Show that the speed of Q is equal ton when thetheight of Q above the point of projection is

" 1 9 )
Z1n| — 4 — : 6marks
2g 2 EF] ¢ rks)

(¢ Find in terms of u,v and g the fime tz_lken,t for the speed of A to decrease from u to v.
(4marks)

(i)

Th

A uniform circular dis¢hasimass 20m and radius &

(a) Prove, bysintegration that the moment of inertial of the disc about an axis through its centre and
perpendicular to the plane of the disc is 10md’ (dmarks)

(b) Hence determine the moment of inertial of the disc about a diameter, starting clearly any theorems
that yon use. . (8 marks)

A shop sign censists of a uniform circular disc of mass 20 m and radius a, which is »igidly fixed to three
rods AB, CD and EF. Each rod is of mnass 20m and length2z. The rods are attached so that BD is a
diameter of the disc; EF is a tangent to the dise, with A vertically above E and C vertically above F,

The sign is suspended on a fixed horizontal pole GH by mmeans of two small light rings which are attached
to the sign at A and C, as shown in the diagram.

B D

¢ sign can sWing freely about the pole GH. Show in terms of m and a, that the moment of inertial of the sign

about GH is %Z ma*. (6 marks)

e



Forces F, and F, acts at points with position vectors r, and r, respcctively where

(a)

(b)

F =(i-3j+3Kk)N ,r, =(3i+j-2k)m
F,=(2i+2j-12k)N r,=(i+3j+K)m

Show that the lines of action of F, and F, intersect at the point with position vector (2i +4j - 5k)m

(1) Find the magnitude of the couple C.

. (5marks)
The forces F, =(i +3]j ~k)N and F, acts through the points with position vector (i+j —k)m so that

the system of four forces reduces to a couple, C.
(i) Find the force F,.

(2 marks)
(5 marks)

A particle P, of mass mkg moves in a straight line. At time t seconds the displacement of P from a fixed point

O on the line is x metres and P is moving with velocity x ms™. Throughoutithe motion, two horizontal forces

act on P; a force of magnitude 4mn? |xi newtons directed towards Ojand a resistance force of magnitude

2mk|5c| newtons, where »n and k are positive constants.

(a)
(®)

(©

Show that ¥+ 2kx +4n’x=0

(2 marks)

Inonecase k=n,when t=0,x=¢g and x=0.

(i) Show that

x=e'"'[acosﬁnt+[ﬁa]sinﬁnt] (6 marks)

3
%ii) Show that P passes through O whentan (x/?:nt) = —-\/?: (2 marks)
.In a different case k=2n
(i) Find a general solution for X at time t seconds. (2 marks)
(ii) Hence state the type®f damping which occurs (1 mark)

(i)

Given that y satisfies the differential equation (x + 1)—‘;—))-— =2x-y.
x

(@

(b)

The table below gives the speedv ms™!

Find a solution to the above differential equation as a Taylor series of ascending powers of (x—l) ‘

up to and including the terms in (x - 1)3 given that y=0.5 when x=1.
(4 marks)

Use the approximation y,,, =y, +2h(?] and a step length of 0.2 to find the value of y when
x .

x=1.4.
(5marks)

of a particle in a straight line between two points A and B. At

time ¢ =0.2s5 the particle is at A, and at time ¢ :==1s the particle is at B.

t(s) 0.2 0.4 0.6 0.8 1.0

6.03 4.04 2.7 1.82 1.22

Us

ing Simpson rule, estimate to two decimal places, the distance AB. (4marks)




. f(x)={

)] A particle P moves in a plane. At time t seconds, its polar coordinate (r,B) are given by r=at?*,0 = %t“
where a is a constant. Show that the speed of P at time = 2s is 4a«/1_7 . . (4marks)
(i1) A bead B, moves along a smooth wire in the form of a curve whose polar equation is r = A(1+cos 0),
where A > 0,in such a way that the transverse component of the acceleration is zero. Show that the radial
2
component of the acceleration in terms of » and 8 is (A-—Zr)(%g] (7marks)
’ .
6] Of all the torches produced by a certain factory, 10 %.are faulty. Ten torches are chosen at random. _
(a) Find the probability that at most two torches are faulty. (3marks)
(b) The probability that a box of n torches contains no torch that is faulty is less than 0.1. I'ind the
range of possible values of n. (4marks)
(i1)  The continuous random variable X has probability density. function given by

kx(1-x),0<x <1

0, elsewhere
Find:
(a) thevalue of %

(b) the mode of X . _ (5bmarks)
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