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Section I

a) The height of a right circular cone is increasing at 3 mm/s and its radius is decreasing
at 2 mm/s. Determine, correct to 3 significant figures, the rate at which the volume is
changing (in cm?/s) when the height is 3.2 cm and the radius is 1.5 cm. (4 marks)

. 2 . . ‘
b) Use the trapezoidal rule to evaluate foﬂ dx using 4 intervals. Give the answer

1+sinx
correct to 4 significant figures. (4 marks)

1+) Jj2
_i3 (1-j8) (3 marks)

d) Determine the rate of increase of diagonal AC of the rectangular solid, shown in
Figure 1, correct to 2 significant figures, if the sides x, ¥ and z increase at 6 mm/s, 5
mm/s and 4 mm/s when these three sides are 5 cm, 4 cm and 3 cm respectively. (4
marks)

¢) Pressure p and volume ¥ of a gas are connected by the equation -t =k
Determine the approximate percentage €rror in k when the pressure is increased by
4% and the volume is decreased by 1.5%. (4 marks)

¢) Evaluate

3
f) The second moment of area of a rectangle is given by I = I 1f b and I are measured
3

as 40mm and 90mm respectively and the measurement errors are —5mm in b and
+8mm in /, find the approximate error in the calculated value of 1. (4 marks)

g) If z=f(ab,c) and z = 2ab — 3b%c + abc, find the total differential, dz. (3
marks)

h) Describe importance sampling as a Monte Carlo method. (4 marks)

Section 1I

Question Two
a) The area A of a triangle is given by A = 0.5ac sin B, where B is the angle between
sides a and c. If a is increasing at 0.4 units/s, ¢ is decreasing at 0.8 units/s and B is
increasing at 0.2 units/s, find the rate of change of the area of the triangle, correct to 3

significant figures, when a is 3 units, ¢ is 4 units and B is /6 radians. (6 marks)
2
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b) Evaluate fo e 3 dx, correct to 4 significant figures, using the mid-ordinate rule

with 6 intervals. (7 marks)

L9
¢) Evaluate f03 ,(1 3 %sin2 9) df, correct to 3 decimal places, using Simpson’s rule

with 6 intervals. (7 marks) [pg. 439]

Question Three

4
a) Modulus of rigidity G = %, where R is the radius, 6 the angle of twist and L the

length. Determine the approximate percentage error in G when R is increased by 2%,
g is reduced by 5% and L is increased by 4%. (6 marks)
b) Use the Runge-Kutta method to solve the differential equation:

dy

dx



for y; and y, in the range 0(0.1)0.5, given the initial conditions thatat x = 0,y = 2.
(14 marks)

Question Four
a) Figure 1 shows a stretched string of length 50 cm which is set oscillating by
displacing its mid-point a distance of 2 cm from its rest position and releasing it with
zero velocity. Solve the wave equation:
’u 1 0%u
ox?  c2ar?
where ¢ = 1, to determine the resulting motion u(x, t). (10 marks)
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Figure 1

b) A metal bar, insulated along its sides, is Im long. It is initially at room temperature of
15°C and at time t = 0, the ends are placed into ice at 0°C. Find an expression for the
temperature at a point P at a distance x m from one end at any time t seconds after
t = 0. (10 marks)

Question Five

3 4 ~1
1. Determine the inverse of the matrix (2 0 7 ) (10 marks)
l —8 2

2. A d.c. circuit comprises three closed loops. Applying Kirchhoff’s laws to the closed
loops gives the following equations for current flow in milliamperes:
2l + 31, — 4i; = 26
Iy —5l; — 313 = —87
-7 + 21, + 613 = 12
Use the Gaussian elimination method to solve for Iy, I, and I3. (10 marks)




