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I. A force F, ofmagmtude 2\/_- N acts along the lme I= [ —l— k) "‘3 0(31 '2.1 $a 4k)]m

a1y

i) Find the work done by F, in displacing a parllcle from the point where « = 0 0 the pomt

where o = 2. LAV ARS '} (6 ' marks)

The forces F, and F, act at points with position vectors r, and r, respectively, where
Bis (4N, | m=0tkm . Sr
F, = (—i + 4k)N, —(1+J+k)1n ETLLK e T R g

The system of forces F,, F,and Fj s equivalent to a single force h b actmg through the

origin O togethel with a couple G
. SI]O\V tl]at R T e L W LR LR U A AT T SR VI ST L o e SRALTT RS RN SO, £ AT

AR R A AP S A o e e 1 il A

i) R = (4i — 3j — 4k)N - (2 marks)
iii) the magnitude of the couple G is 3\/— Nm (6 marks)
2. (a) The coordinates of points on the curve y = f(z) are (z,y) where z and y are given by
the table below:
g oL ) 5 1031 15,0020, ). .28 [.230
/S 0 Qs olidd bl Bl 2201 23, ol LS
Use Simpson's rule with 6 strlps to estimate the area enclosed by the curve y s f(m) the z —
axis and the ordinatesat z = 0 and 2z = 30. : i “ marks)
(b) Given that :
'%’iﬂ—z —y? =0 and that y—-Owhen z'=1,
z
find the first-three-non ~ zero-termsin the Taylor series-expansion-of ¥ at-& =-1. - - .(6 marks)
3. A particle P, of mass 2 kg, moves in straight horizontal line with simple harmonic motion with
centre O. When P is at a point distant 1.5 metres from O, its speed is 4 metres per second and
its acceleration is —6ms 2 (
Find
i)  the period of motion. - . : - (4 marks)
ii)  the amplitude of the motion. (3 marks)
iii) the maximum speed of P. : (2 marks)
iv) the maximum force acting on P. ot (3 marks)
4. A car of mass 1500kg starts from rest and moves along a straight level road surface with its
engine working at the rate of 6000 v , where v is the velocity of the car at time ¢ . Given that
the total resistance to the motion of this car when traveling at speed v ms™! is
6000 where u is a constant,
u :
show that
i) u is the maximum speed of the car along this road, (3 marks)
i) the equation of motion of this car is
: 4 1 dv : : ‘
sy, T e e : arks
: W u-—vdl AN ' : ' ‘ (2m_n )
Hence, find U Fvay
iii) the time taken for the speed of the car to be raised from0to lu . (4 marks)
iv) the distance travelled by the car in this time, (3 marks)
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. Two smooth spheres P and Q of equal radii and equal masses lie at rest on a smooth horizontal

table. Sphere P is given a speed u and it impinges obliquely on O . The direction of motion of
P before impact makes an angle of —{‘1-7:' with the line of centres of the spheres.

i) Find the speeds of P and Q i:nmediatcly after the collision, leaving your answers in
terms of u and e, where e is the coefficient of restitution between the two spheres. (10 marks)

Given that sphere P is deflected by the collision through an angle of %w,

i) show that e = 5 — 2v/3. . (4 marks)

. A particle P moves on the curve with polar equation r = e, where (r,0) are the polar
coordinates referred to a fixed pole, in such a way that the transverse component of its
acceleration is always zero.

Show that

i) r? -3% = k, where k is a constant. (2 marks)
i) g K (3 marks)
at
Hence, when 7 = a,
find
iii) the speed of P. ; (4 marks) -
iv) the radial component of the acceleration of P . . (4 marks)

. A uniform thin rod O4, of mass m and length 6a can rotate freely in a fixed vemcal plane
about a fixed horizontal axis through O. A uniform circular disc of mass 12m and radius a is
clamped to the rod so that its centre C lies on the rod and its plane coincides with the plane in

which the rod can rotate.
When OC = z,
i) Find in terms of m, a and z the moment of inertia of the system about the horizontal

_axis through 0. ‘ (3 marks)

Show that
ii) the distance of the centre of mass of the composite body from the peoint O is

%(w +122). ' f (2 marks)

iii) the period, 7, of small oscillations of the systeni is given by

T%g(a + 4z) = 87%(3a® + 212%), : (5 marks)

. ‘A high-tension electric line passes through a forest. The probability that a tree when cut at
random near the line will fall on the line is T16

Five such trees are cut.
Find, to 4 decimal places, the probability that

i) no trees will fall on the line, (3 marks)
ii) at least one tree will fall on the line, ‘ (2 marks)
iii) fewer than three trees will fall on the line. ' ' (3 marks)

One hundred of such trees are cut near the line.
Use the Normal approximation, to find to 2 significant figures, the probability that between 6

and 14 trees inclusive will fall on the line. . (7 marks)
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