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1. Forces FI and F2 acts at points with position vectors ~ and T
2 

respcctively where 

FI =(i-3j+3k)N ,Ij =(3i+j-2k)m 

F2 =(2i+2j-12k)N T2 =(i+3j+k)m 

(a)	 Show that the lines of action of FI and F2 intersect at the point with position vector (2i + 4j - 5k)m 

(5marks) 

(b)	 The forces FJ = (i + 3j -le) N and F4 acts through the points with position vector (i + j - k) m 50 that 

the system of four forces reduces to a couple, C. 
(i) Find the force F4 •	 (2 marks) 

(li) Find the magnitude ofthe couple C.	 (5 marks) 

2. A particle P, of mass m kg moves in a straight line. At time t seconds the displacement of P from a fixed point 
I °on the line is x metres and P is moving with velocity x ms- ., Throughout the motion, two horizontal forces 

act on P; a force of magnitude 4mn21xl newtons directed towards 0, and a resistance force of magnitude 

2mklxl newtons, where n and k are positive constants. 

(a) Show that x+ 2kx + 4n2x = 0	 (2 marks) 
(b) In one case k = n , when t = 0 , x = a and x= 0 . 

(i)	 Show that 

(6 marks)x= e-.'[acos$nt+(~a }in-J3nt] 
'Oi)	 Show that P passes through 0 when tan (Jin t) =-.J3 (2 marks) 

(c) . In a different case k = 2n 

(i) Find a general solution for X at time t seconds.	 (2 marks) 

(ii) Renee state the type of damping which occurs	 (1 mark) 

3.. 

(i)	 Given that y satisfies the differential equation (x + l) dy = 2x - y .
 
dx
 

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

uptoandincludingthetermsin (x-lt giventhat y=O.5 when x=l. 

(4 marks) 

(b)	 Use the approximation Yn+l = Yn-I + 2h(dY ) and a step length of 0.2 to find the value of y when 
dx n 

x=lA. 
(5marks) 

(ii)	 The table below gives the speed v ms-lof a particle in a straight line between two points A and B. At 

time t = O. 2s the particle is at A, and at time t == ls the particle is at B. 

t(s) 0.2 0.4 0.6 0.8 1.0 

v(ms- I 
) 

6.03 4.04 2.71 1.82 1.22 

Using Simpson rule, estimate to two decimal places, the distance AB.	 (4marks) 
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4,.	 Two smooth spheres A and B have equal radiiand masses 2m kg and m kg respectively. The spheres are 

moving on a smooth horizontal plane. The sphere A has velocity (3i + j)ms-1when it collides with the sphere 

B, which has velocity (2i -5j)ms-1
• Immediately after the collision, the velocity ofthe sphere Bis (2i + j)ms-t 

(a)	 Find the velocity of A immediately after the collision. (2 marks) 

(b)	 Show"that the impulse exerted on B in the collision is (6mj) Ns (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) 

5.	 A partic1e Q of mass m falls under gravity in a medium who;~ resistance ta motion is of magnitude mkv2 , 

where v is the speed of Qand k is a positive constant. Given that the maximum speed of Q is Il. 

(a)	 Show that 11. = fi. (3marks)'. 'Jk 

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

(b) Show that the flpeed of Q is equal ta Il when the height of Q above the point of projection is 
2 

u (1 ,} '1-ln	 -+-:--:; (6marks)
2g 2 2u-, 

(c} Find in terms of li, li and g the time taken, t for the speed of A ta decrease from Il ta v. 

(4marks) 

6. 
'Ci) A unifon~ ci:cculur dise has mass 20m and radius li 

(a)	 Prove, by integration that the moment ofinertial of the disco about un axis through its centre and 

perpelldiculal' ta the plane of the dise is IOma' (4marks) ._. 
(b)	 H,mce detormine the moment of inertial of the disc about a diametel', starting dearly any theorems 

that yon use. (3 marks) 

(ii)	 A 8hop sign ccnsi.sto of a uniform circulaI' disc of mass 20 m and radius a, which is J'igidJy tixed ta tllI'ee
 

rads AB, CD and EF. Each rad is of maS3 ~Om und length 2a . The rads are attached sa that BD is a
 

diameter of the disc; EF i.9 a tangent tothe dis\:, with A vertic:ally above E and C vertically above F.
 
The sign is suspcnded on a fixed horizontal pole GH by ~neans oftwo smalllight rings whieh are att>ached
 
ta the sign at A and' C, as shawn in the ciiaG"ram.
 

G 4~---F 
1 l" 

Ep-"~r
 
B~JD
 

'l'he sign can swing fn;ely about the pole OH. Show in tOl'ms of 1Jl and Ci, that the moment of inertial of the si[n 

. 277 2
about GH ls--ma '	 (6 marks) 
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1.	 Forces FI and F2 acts at points with position vectors ~ and 1'2 respcctively where 

FI =(i-3j+31<)N ,TI =(3i+j-2k)m 

F2 =(2i+2j-12k)N 1'2 =(i+3j+k)m 

(a)	 Show that the lines of action of FI and F2 intersect at the point with position vector (2i + 4j - 5k) m 

(5marks) 

(b)	 The forces F3 =(i+3j-k)N and F4 actsthroughthepointswithpositionvector (i+j-k)m sothat 

the system of four forces reduces to a couple, C. 

(i) Find the force F4	 (2 marks)• 

. (ii)	 Find the magnitude of the couple C. (5 marks) 

2. A particle P, of mass m kg moves in a straight line. At time t seconds the displacement of P from a fixed point 
I °on the line is x metres and Pis moving with velocity x ms- •• Throughout the motion, two horizontal forces 

act on P; a force of magnitude 4mn21xJ newtons directed towards 0, and a resistance force of magnitude 

2mklxl newtons, where n and k are positive constants. 

(a)	 Show that x+2kX+4n2x=O (2 marks) 
(b) In one case k = n , when t = 0 , x = a and x= 0 . 

(i)	 Show that 

(6 marks)x = e-"' [ Il cos .j3nt + ( ~a )sin .j3nt] 

rH)	 Show that P passes through °when tan (.fint) =-.fi (2 marks) 

(c) . In a different case	 k = 2n 

(i) Find a general solution for X at time t seconds.	 (2 marks) 

(ii) Renee state the type of damping which occurs	 (1 mark) 

3. 

(i)	 Given that y satisfies the differential equation (x +1) dy = 2x - y . 
dx 

(a) Find a solution to the above differential equation as a Taylor series of ascending powers of (x -1) 

uptoandincludingthete;msin	 (x_l)3 giventhat y=O.S when x=l. 

(4 marks) 

(b) Use the approximation Yn+1 = Yn-I +2h(dY ) and a step length of 0.2 to find the value of y	 when 
dx n
 

x=1.4.
 
(5marks) 

(ii)	 The table below gives the speed v m S-l of a particle in a straight line between two points A and B. At 

time t = O. 2s the particle is at A, and at time t == ls the particle is at B. 

t(s) 0.2 0.4 0.6 0.8 1.0 

v(ms- I 
) 

6.03 4.04 2.71 1.82 1.22 

Using Simpson rule, estimate to two decimal places, the distance AB.	 (4marks) 
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7. 

Ci) A particle P moves in a plane. At time t seconds, its polar coordinate (r,8) 
. 1 

are given by r =at2 ,8 =_t4 

3 

where a is a constant. Show that the speed ofP at time t =2s is 4a.Jï7 . (4marks) 

Cii) A bead B, moves along a smooth wire in the form of a curve whose polar equation is r =À.(l + cos8), 

where À. > 0 ,in such a way that the transverse component of the acceleration is zero. Show that the radial 

component of the acceleration in terms of rand 8 (d8)2
iS(À.~2r) dt (7marks) 

8. 
Ci) Of aU the torches produced by a certain factory, 10 %·are faulty. Ten torches are chosen at random. 

Ca) 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. Find the 

range of possible values of n. (4marks) 

Cii) The continuous l'andom variable X has probability density function given by 

. . f ( )_{kx(l-X)'O~X~l x -
0, elsewhere 

Find: 
Ca) the value of k 
(b) the mode of X . (5marks) 

END 

su
jet

ex
a.c

om


		2022-08-08T18:53:37+0200
	sujetexa




