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1. % Theforces By = (4i —§j - 6k)Nand F, = (—7i + 2j + 3K)N act through the points with -
position vectors (—10i — 55 — 54k)m and (-30i — 24k)m , respectively. The forces
F, = (2i+ j+ k)N and Fp=(G{-2j+ 2k)N act through the point with position vector
(—10j + 6k)m | |
Show that the system'of the four forces is in equilibrium, (8 marks)
b)  The force F of magnitude 42 N acts in the direction of the vector(5i — 4j + 20k)m . A particle P

of mass 5 kg moyes under the action of F from the point A(2,1. — 4) to the point B(—3,=7,10)-
Find the work done by F (5 marks)

3. Consider a population P atti i
2. Considera PO}?U ahlon' attimet with net relative growth rate & and constant emigration ratem .
2) Showt att e time rate of change of P is modeled by the differential equation

dP
— =kP —
cde ™ -
~where k and mare positive constants. (2 marks)

b)  Find the general solution of this differential equation, given that P.= Py when {=0. (5 marks)
¢)  Show that

(i) if m = kF,, then the population P(t) is'constant (2 marks)
(ii) for m > kF,, the population P(t) is declining. (3 marks)

3, (a) Anaircraft starts from rest and taxis along the runway beforetaking off. The table belzc;w shows
how the acceleration a ms™? of the aircraft varies with time ¢ seconds.

t 0.00 5.0 10.0 15.0 20.0 25.0 30.0
a 0.05 0.25 .0.40 060 0.80 1.05 1.35
Use Simpson’s rule to find:
(i)  the speed, inms™!, of the aircraft after 1.5 seconds. (5 marks)
(i) the distance, in metres, travelled by the aircraft in 1.5 seconds. (6 marks)
(b)" A function v satisfiés the differential equation > : C
ay 2 2
— F Yy =z°.
dz v
Given that y = l'when z = 0 and that y = 0.91 when z = 0.1, use the approximation
d
2}l’[i] =Yg ~ Yn-y,
dz ),
and.a step length of 0.1 to find the value of ywhen z = 0.4, giving your final answer correct to 3

decimal places. (4 marks)

— -

4 (a) Tnacertain competitive examination,  car
questions answered. Use the Poisson distrib
that in 100 questions answered, there are
(i)  no errors committed,

(ii)  at most 4 errors committed.
(b)  The masses of grapes from a particu
% . Given that 5% of the grapes have masses greater than 80g and 10% have masses less than  20g,

find the values of uand o giving your answers correct to 1 decimal place. (6 marks)

—~——— !

a candidate commits an average of | error in every 25
ution to find, to 3 significant figures, the probability

(4 marks)
(3 marks)
lar orchard are normally distributed with mean x and variance
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i i here T of equal radiyg
7w collides with a smooth sp
dhe direction of motion of each sphere makes an acyte

5. Asmooth sphere S of mass Am , moving with spee
but of massm moving with speed . . At impact, t
sangle @ with the line of centres as shown below.

S T
5 C )6

Given that the coefficient of restitution between the spheres is 1/2, and that after impact, the direction

of motion of S makes an angle 26 with the line of centres, show that

(i)  the speed of S along the line of centres is %u(% — 3)cosé (6 marks)
(i) 1+tan’@= % (4 marks)
(i) 0<k<3. - (4 marks)

A thin uniform rod AB of mass 3m and length 5a is fre to rotate in a vertical plane about a smooth
horizontal axis through the end 4 . The rod is released from rest when AB is horizontal. When the rod

makes an angle @ with the downward vertical through A, its angular speed is,/ﬁ.
5a

. 2
— =1 &
(i) Show that § = cos [3] (7 marks)
(ii) Find the angular velogity of the system as the rod first passes through the vertical position,
(3 marks)

A particle P of mass /n moves ima straight line under the actior:ofa force ofmaénitudéleI Id. red
) i ) z| directe
towards a fixed point O, where z metres is the distance of P from O. The resistance to motion of P is of
norPiso

magnitude ﬁmlvf, where v is the speed of P,

2 ,
Show that the equation of motion of P s de + 6-@ +13z =0,
dt? dt (2 marks)

Initially, P is 3 metres away from O and moving towards O with speed 3 m/s. Express 7 in the f,
e
z = Ae™sin(2t + 1), giving the values of 4 andA. S
Find the period of oscillation. ((29 marks)
marks_)
A bead B, moves along a smooth wire in the form of a curve whose polar equation W
c0s6),

“where 1 > 0, in such a way that the transverse component of the acceleration is zero,

Show that:
aé
) r?—= tant. ' :
(i) r " constan Gmarks)

dt
O magy,

e ———

(ii) Show also that the radial component of the acceleration in terms of » and & is(1 — 2,.)[_@}2




