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- INSTRUCTIONS TO CANDIDATES:
- Answer ALL guesﬁons.
For your guidance, the approximate mark allocation for parts of each question- is indicated in brackets.

: You are reminded of the necessity for good English and orderly presentation in your answers.
Marhemat:cal formulae and tables pubhshed by the CGCE Board ana’ nozseless non-programmable

calculators are allowed.
In calculations, you are adv:’sed to show all the steps in your working, giving your answer at each stage

1. a) Aforce F, acting parallel to the vector (=5i + 2j + 5k), displaces a particle from the point with position
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s B é) A fo_r'cz_a F‘-.,_ahcting parallel to the vector (—5i + 2j + 5k), disblaces a particle from the point with position
: vect&f (3i -3 ) + 4k)m to the point wit}_\ position vector (i — 4} + Gk)m Given that the work done on
the pamcle is'36 joules, find F. g (3 marks)
b) Three forces Fl, Fz and F3 act respectlve!v at the points with position vectors 7y, and 73 such that '
'F1=(l_+2;+3k)N, A=0+km . _ : : -
) 'Fz='(-'—‘i+2k)N ; Fz=(4£+j~£)m-' ' ' | | :
R (pi +qj + k)N, 73 = (ai+ Bj + 5k)m. Given that Fy+ F%, + F; = 0 and that the sum of the

rnome"nt's' of the three forces about the origin O is (=7 + 9j — 6k)Nm,

(i) state the system of forces that the three forces form, 5 i : (1 mérk)
(i) hence find the values of p, q andr, = ; - (2 marks)
(iii) find the m'c:lrnents of Fyand F5, about the origin. ddie g o | (3 mérks)
(iv) Hence, detefmihe the valuesof a and f3.. Bt : : _ : ; {4 marks)

2.3) Evaluate f \/ =) dx, correct to two decimal p[aces, usmg Slmpson s rule with 7 ordinates. (4 marks)

b) ‘Find in ascendmg powers of X, up to and mcludrng the term in x“' the solutlon of the dlfferentlal equation

3:;' + ydy + x = 0, given thaty =1 and 2 = 1 whenx = 0 Usmg your solutlon find to four decimal
places the value of y whenx =01« > _ Sy o % o ! _' (4 marks)

: . |
c) The vanables x and y satlsfy the differential equatlon %x—— = xe“’sy Usmg the approx:matlon :
h2 (22 dxz Ry = Zyn + yn g and a step Iength ofh= 0 1, show thatwhen x=13y=~1 6456

gwenthaty 1whenx“1andy-—12whenxmll : (4'mark5)"

ik

3. An unstable compound Z decomposes into two substa‘hces X and Y such tha_;c a mass 2m gf Z breé_ks duWh ;
into a mass m of X and a mass m of Y. The substances X and Y also amalgamate in equal masses to form
the compound Z.
At any time, the mass Z is being reduced due to decomposition at a rate k multiplied by the mass of Z
present at that instant, where k is.a positiva constant. Atlthe same ttm_e, the mass of Z is being increased
at a rate 3k multiplied by the product of the masses of X and Y present at that time.
Initially, only Z is present. Given that at time t, the masses in kg, of X, Y and Z are respectively 10x, 10x aﬁd '

20(2 —x),
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a) show that -z—: = k(2= x —15x?). . : ' (4 marks)
: AN e : : 2+5x ' : Lt e 2,

b) By solving this differential equation, show that In (;-a) = 11kt. (4 marks)

Given that at a particular time t, the mass of Z present is % of the initial mass of Z,

c) show that In (-lf) =11kt : i (4 marks)

- 4, The radial and transverse components of the velocity of a partlcle at the pomt (r,6) are 2r? and 392 ;
respectwelv Inltlallyr =landf =1 ;

a) Show that the polar equatlon of the path of the partlcte attimetis r =32 ‘ (4 marks)

4-0
j L PR BRI T ; , 8r*-9p*
b) Show that the radial component of the acceleratlon of-the partn:le interms of r and @ is and
fi nd in terms of r and @, the transverse component of this acceleration ' SR o _ (8 marks)

5.a) Asmooth sphere mowng alonga smooth horizontal plane with velocity (4i — 5j) ms™ collides with a smooth
vertlcal wall which is parallel to j. Given that the coeﬁ" c:ent of restitution between the sphere and the wall

Isie f‘ nd the velocity of the sphere after impact . : ; . - (3 marks)

b). Two smooth spheres A and B of different masses, movmg on a smooth horizongal plane collide as shown
~ in fig.1 below. Before impact, A is moving with speed 21ms™
at an angle of 60° to the line of centres, and B is moving
~ with speed 7m_s'1 perpendicular'to'the'li_r_\e of centres.
Immediately after impact, the directions of motion of A and B
* make angles of 90° and 45° respectively with the llne of centres.
(i) Find the speeds of Aand B after impact_ ;

(4 marks)

(ii) Show that the coefficient of restitution between A and B is E : (2 marks)
Given that the mass of B is 3ke, : ' Fig. 1
" (ili) find the mass of A, : : X - (2 marks)
(iv) find the magnitude of the |mpufse experienced by A, ! % ~ (2 marks)
~{v) find the loss in kinetic energy during the impact. ) t % (2 marks)
6. a) The random varrab[e X is such that X ~Po(A) ee
(i) Express E(X?)in terms of A. =i FL a0 . (2 marks)
Hence, given also that X*) =6,find : Rases _ :
(i) thevalueofA = : - | s (_2 marko) -
(iii) P(X > E(X)), correct to four decimal places. ke (2 marks)
b) Given that ~N (g, 6) , Y~N(8,02) and (2X — 3Y)~N(~12, 42), find | :
(i) the values of p and o _ ; _ Tl : (4 marks)
(i) P(X> Y_), correct to four d_ecnmal places. - : (3 marks)

- OTRU/RPI/SWAMT/F.MATHS 0775/P3/MOCK 2022.



Figure 2 shows a s'p.ring‘.of netu'rall_length .0-.5m a-nd modulus of elasticity IZON rying in equilibrium on

a'smoot‘h'__horizo'ntal table, with one end fixed to a point A on the t_able and the other end attached to
Il a particle P of mass 0.4 kg, lying at the point B on the table. |

The partrcle is dlsplaced a distance of 0.1m from B in the sense AB, and then re!eased from rest. In the

ensumg motlon, P is subject to a variable resistance of magnitude 4.8v N, where visits speed

~ Given that x m is the displacement of P from B in the sense AB, at time t seconds after P is released,

a) show that the equation of motion of P is -&—E o 12 + 100x =0 e i (3mar ks)

b) By solving this differential equation, show that the displa:ement, x, of P from B at time t seconds
can be expressed as X = Re ™% cos(ft + 1), stating the values of R, &, 8 and 4, and expressing
- Rand A each correct to three decimal places. : shi e R T ' (5 marks)

c) Hence, rnd correct to four dec:maf places, the drstance of P from A, 0 4 seconds afterPi 1s released

from rest _ : ; ; : ' s (3 marks)

8. Given that the moment of inertia of a uniform disc of mass m and radius a, about an axis which is a
tangent to the disc is Zmaz, show that the moment of inertia of the disc about an axis through the
centre of the disc and perpendicular to the plane of the disciis %maz o e (3 marks)

This uniform disc is made to rotate in a vertical plane about a horizontal axis through its centre and
perpendicular to its plane. A light inextensible string is wound round the rim of the disc and two particles
of massesm and 2m are hangirig at the ends of the string. Given that the particles are released from rest

when the string is taut and the hanging parts of the string are vertical, find

a) the acceleration of each particle, (4 marks)
b) the tension in each of the vertical parts of the string, AT (3 marks)
c) the force exerted on the disc by the string. ; (2 marks)
d) the kinetic energy of the system, at the instant when the velocity of the particles is (E‘}!Q) WA (3 marks)
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