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INSTRUCTIONS TO CANDIDATES:

Answer ALL questions.
For your guidance, the approximate mark allocation for parts of each question is indicated in
brackeaf Meet us at n

You are reminded of the necessity for good English and orderly presentation in your answers.
_ Mathematical formulae and tables pubhshed by the CGCE Board and noiseless, non-programmable
- .calculators are allowed,
In calculations, you are advised to show all the steps in your working, giving your answer at each
stage. ;
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1. Three forces fy, 7, and F, are such thn, T
Fy = (=14 3 4 k)N ncts through the point (3( ~ 3/ — 3k)m,

) = 6N and P acts through the point with position vector (31 4 2/ — ajyim, in the direction
of the vector (1 + 2/ — 2k),

|F3] = 7N and F, acts along the fine r = B+ 3) + a(6l + 3 + 2), T
(8) Find in vector form the forces Fy and F, (3 marks) ;|
If Fy acts on a particle, moving it from the poinl where it acts to the point where « = 3

(b) find the work done on the particle by 7

(3 marks)
This system of three forces is equivalent to a foree Fy acting through th
e TR "73( 2f = Zk)m, together witha couple G, ° ¥ h the point with position vector

- (c) Find F, and G.

(d) I(';n{d al;)? l!lzbkl;agmludc 0f the mu!ofﬁ , about the pointwith position vector

(5 marks)

(3 marks)

2. A new and wondlﬂ compuler has come on the market, The rate of incicasc in the pumber of

people, x, who own ong, is equal to the product of x at time t(In months), who have already
acquired the compulef and NMW,P of the population.

The purchasing power, P, is measured by the excess of the maximum number ofpeople; k, that -
can acquire the computer over the number of people, x, at time £, Whe bave already owned the

compuier, w; X as a conlinuous variable, s -
(a) obtain@differential equation relating the inctease in'x. M. V) (2 marks) ll
Hence, F /4 N\ / i
(b) showthallfx—xn when t = 0, then at any time t, thereafter, P (4 marks) :

k-xo(1-ek8)"
Given thafk,l' and x ate measured in'thousands, k.= 10.and x, = 2 '
() find, to 2 pythe time in days, when P = 4, (Assume that there are 30.days in anymomh)
(5 marks)

3(a) Thcfmﬂl'spon bomdedbyﬂ:cmyte"” thex — mﬂﬂthcmlatcsx Qandx=n
is rotated eompletely abowt the x — axls, Use Simpson’s rule with 5 ordinate to gstimate, in terms
of , corrccﬂbﬁ;ip, the volume of the solid generated. (4 marks) '

(b) Find, in asocnd‘i!lgfowers of x, up to and including the term in x*, the solgfion of the differential l
equation --+ydx+x=0,gwm that y = land - 1wheax= 0.
Using your solution, find, to 4 d. p., valigiofy wllﬂnx =0.1. (4 marks) .
(c) Using the approximation h? (—) =~ y,m - 2y,l +y,._, » with a step length h = 0.1, find the

us"at \
value of y, correct I.M d.p, when x = 1.3, gwcn that = xe" and that y = 1.2 when when

x=1landy=15whenx =11 (4 marks)

4.(2) The random variable X is such that X~Bin(n. p) |

(i) State, in terms of n, p and g, E(X) and Var(X) ; (2 marks)

Hence, ; s )

(ii) show that E(X*) = np(q + np) (1 mark) - ‘

(if) Given that 2220 = 0.8, and E(X?) = 5,6, find the value of n (2 marks) |
mu?ﬁm-s:ﬁ'mms? 0775/P3IMOCK 2028, v 274 ‘
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(iv) Hence, evaluate (X = A1), correct o 4 d 1 0 H-}‘r“"._,

(b) The lifetime, in months, of an electronic device §s a continmnms ranifipin wnntille 1, fhe
probability that such a device lastg longer Ilu_m_ i e Lmonths bs e Y ybere ks 4 pritive
real constant, o

(i) Find the probability density function of such a deyice, (2 ates)
Of 2500 such devices, 648 last within the first 3 months of use,
(ii) Caleulate the value of k, to the nearest integer, (% marks)
Hence,
(iii) find to 4 d.p, the probability that one of such devices lasts longer than 5 months of use,
fJ! ﬂr”'fkl)
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5. Two smooth spheres A and B of diffefénl masses, moving on 4 #oeth horizontal plane collide,
Before impact, the velocities of A'and B are (6VZ( + 6/) ms™! and 3/ es? respectively.
.lmmcldmtc‘ly afler impaet, A moves in a diseetion perpendicuiar io the line of Gentres, and B moves
in a direction making an angle of 45* with the line of centres. '

(a) Find the speeds of A andB afler impact e (4 marks)
(b) Show that the coefficient of restitution between Avand B is > : \ (2 marks)
Given that the mass of B is 2 kg, find .,

(c) thq mass of A _ . ./ (2 marks)
(d) the magnitude of the impulse experienced by A, ‘ (2 marks)

(¢) the loss in kinetic energy during the impact, | (2 marks)

the equations 7 & 24sin@land 6 = (3cosd +5)%, 0 <0 <. o

(8) Given thatr'=1when8 = 0, showthat the polar cqualiml'of'thé curve is r=

6. A particle P moves ona polar curve stch that af time 1, its polar coordinates (#, 6) sal_iﬁfy

3cgs8+45

: : - 4marks
(b) Hence, show that the valuc of r at the point on thecurve where the pasticle is moving ;Ea:a]lel )
to the line 6 = 0isiE R et e " (Smarks)
(¢) Find the velocity of P atthis instant, and show that this velocity makes anéingle a with OP,
where tana = g = g (3 marks)
(d) Show that the radial acceleration at this time 18 iz—?—"'-. (3 marks)

NVeetosatwww.a COTT

7. A particle of mass 1 kg is attached to one end of a light elastic string of natura_l length 1 m and
modulus of elasticity 5 N. The other end of the string is attached to a fixed point O, on t}:e surface
- of a smooth horizontal table, The particle is held at a point on the table 2m from O and is released.
Its motion is resisted by a force of magnitude 2v N, where v is the speed of the particle.
(2) Show that so long as the string remains taut, the motion of the particle is governed by the
< %ﬁ + 5x = 0, where x is the displacement of the particle from the equilibrium
4

equation —= (2 marks)

position at time t,
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Hence, : ;
(b) show that this dispiacsrent X at time ¢ is given by x = if-e"ﬂ'os(Zt ~0.4636) (4 marks)
(¢) Find to 3 d.p, the time that elapses beic:e the string becomes slack. 2 marg)
(d) Find to 3 d.p, the speed of the particle at the instant wiicn the string goes slack, (2 marks)

(¢) Show that the distance from O at which the particle comes to rest is approximately 0.556m

8. A plane composite body in the form of a hand fan is formed by attaching a thin uniformn rod of

mass 3m and length 2a to a uniform circular disc of mass 2m and radius a. Tl?e cumpqsib: body

is frec to rotate in its own plane, about a fixed smooth horizontal axis perpendicular to its plane,

and passing through the midpoint of the soda _

(a) Show that the moment of inétia of the composite body about this axi®is.10ma’ (‘; maf:z;
(b) Find the radius of gyration ofihc body about this axis. (2 mar

While in its position ofslaﬁ!e.cqu'ilibﬂm'_tﬂq];odyﬁ\ givma small horizontal push onthe disc,

so that it oscillates through small angles in a vertical planc. gt \

(c) Show that its cqualionofmnﬁﬁi can be expressed in the forin 5:1 (E_:) =4g(ecosp —1),
where @ is the angle through which the body tumns in time t secorids: ¢\ (5 marks)

(d) Find the period of small oscillations and the length of the equivalent simple pc_ndnﬂiﬂé.{t% marks)- .
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