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Standard mathematical tables are provided by the invigilators. Under no circumstances
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are permitted. There will be a spot check of calculators during the exam.
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in particular any attempt at cheating) will result in disciplinary proceedings. For a first
offence this can result in a year’s suspension from the University.
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1 (a) Arocket has acceleratian(t) = 20 + 30/t metres/secortdat timet.
It starts from rest at time¢ = 0. How far does it travel in the first

4 seconds? 3%
. . 1
(b) Consider the plane region bounded by the curve 1 and thez-
Xz
axis for0 < z < 2. Find the volume of each of the two solidbtained
by rotating this plane regiofi) about ther-axis; (i) about they-axis. 5%
3

(c) Obtain an iterative reduction formula fé = [ (z 4+ 1)"e™*/3 da.

(Hint: integrate by parts.) Evaluatg. Then,ousing the reduction

formula obtained, evaluate and/,. 4%
(d) Find allfirst and second partial derivatives f(z,y) = In(z + ?). 4%
(e) Write down the iterative scheme of theproved Euler methodpplied

to the initial value problemy’ = /22 +y, y(0) = 3 with step size

h = 0.1. Evaluate the approximations ¢f0.1) andy(0.2) obtained

using this scheme. 5%
() Solve the differential equation ﬁ = 2y — 22", subject to the initial

. - 0
condition y(1) = 5. 03 -9 7 4%
3 =2 7 s 1
(g) Evaluate thedeterminants 4 0 -1 | and 1 0 —1 5%
6 1 =5
06 1 =5

(Hint: use the first determinant to evaluate the second.)

(h) To obtain an error estimate for the Rectangular Rule of numerical
integration for any differentiable functiofi(x), it is helpful to note
that [ f(z)de — yoh = — [ (x — x1) f'(x) dz, with the notation
yo = f(zo) andh = x; — xo. Prove this. (Hint: integrate by parts.) 4%
2 (a) Awineglass is designed by rotatigg= ¢* — 1, for 0 < x < 1, about
they-axis. Find the volume of the glasgHint: use cylindrical shells.) 6%

(b) A particle moving on the plane in an outward spiral has position vector
r(t) = e'cos(2t) i+ e’sin(2t) j. Find the arc-length along the curve
(distance travelled) between times- 0 andt = 7. 6%

(c) Find the mass and the centre of mass of a rod with mass density

=———— for 0< 2z <3. 6%
p() 2 +4x +4 O<zs 0
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3 (@) Find general solutions of the given differential equations: 3%+3%
(i) v+ 6y + 25y =0, (i) 4" +3y =0.

(b) Find a particular solution to the given differential equation: 6%+2%
y'+ 3y =10 sinx — 6.
Then find the general solution of this equation.

(c) Solve the equation in (b) whep(0) = 3, '(0) = 0. 4%

4 (a) Find the Taylor Series, up to and including quadratic terms, 8%
of z = f(z,y) = (2* + y)** about the point(1, 3).

(b) It is known that the quantitieg and = are related by the formula
y = kx®, for some unknown constanisand a. By writing this as
Iny = alnx + Ink, one can use the method lefast squareso find
the best-fit line relatindn y to In = and hence find an approximation
of the constants and«. For the given data points

(z, y) = (0.5, 1), (1, 2.6), (2, 11), (3, 30), (4, 50),

use this method to find an approximation of the constarasda. 10%
5 (a) Find all solutions of each system of linear equations: 3%+4%
2v — 6y + 42 = 16 2v — 6y + 42 = 16
@ z+7m—32 = =22 ; () z+T7y -3z = —-22
x + 9y — 2z = =24 S +y + 22 = =8
(b) Find the inverse of the matrix 11%
2 -3 0 0
4 =5 1 -1
-2 0 -2 0
o 0 -2 7



