Imperial College
London

[E1.11 (Maths) ISE 2008]

B.ENG. AND M.ENG. EXAMINATIONS 2008

MATHEMATICS (INFORMATION SYSTEMS ENGINEERING E1.11)
Date Wednesday 4th June 2008 10.00 am - 1.00 pm

Answer ANY SEVEN questions.

Answers to questions from Section A and Section B should be written in
different answer books.

A mathematical formulae sheet is provided.

(Before starting, please make sure that the paper is complete; there should be 7 pages, with
a total of 9 questions. Ask the invigilator for a replacement if your copy is faulty.]

© 2008 Imperial College London



SECTION A [E1.11 (Maths) ISE 2008]

1. Show that 5
™
/ exp(inf)dé = 0,
0

if n is any non-zero integer.

Hence, by expressing cos(f) in terms of complex exponentials, evaluate

2
/ cos®™f de.
0

2. (i) State whether the following series converge or diverge, explaining your reasons:

n+3
(2) ;(n-l-‘z)(n—k 1)’
- " n+1
(b) E(’” mi2(ntd)

(ii) Explain what is meant by the radius of convergence of a power series. Calculate
the radii of convergence of the following two power series:

o~ m+1 .
(a) 7; sl
e (2n)!”

PLEASE TURN OVER



3. (i) Evaluate the limits
(a) lim %5%)1
SR =
€ gl
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{2 +3)2 — (n® + )2 ],

(if) Write down the Maclaurin series for the two functions exp(z?) and cosz.

Hence calculate the first three non-zero terms of the Maclaurin series for the

product

4. Evaluate the definite integrals

(i)

(i)

(iii)

r

exp(z?) cosz.

vl

T cos T dz,

J
1

/ ?Inzdz,
0

1
z(z +1)(z +2) de.

PLEASE TURN OVER



5. Solve the ordinary differential equations

(i)
dy x+2y
de 2z +y’

(i)

d
—z + 3%y = exp(—xa), with
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d
(iii)
d?y _dy ;
122 + 38-:1; + 2y = exp(—z),with y(0) =1,and %'(0) = 1.

In each case, find the most general solution possible.

PLEASE TURN OVER
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SECTION B
d
6. (i) Find ﬁ if 2y?— 92 siny = 5.

(i) f z=22+y®> where z=r’cosf and y=r sin 26,

0z 0z .
find o and 75 o terms of r and 6.

(iii) Find the stationary points of the function

and determine their nature.

7. Find the Fourier cosine series for the function

Use this to evaluate the sum

1 1 1
1+3—2+§+7—2+

PLEASE TURN OVER



8.
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(i) Use the method of Laplace transforms to solve the differential equation

dy

— 4+ 2y = Hcosz

dz
with y(0)=1.

No credit will be given if you use a different method.

(ii) Use Laplace transforms to find functions y = y(z), z = z(z) satisfying the

simultaneous differential equations

S s 2y
dx dx y =
dy dz

sk 8 iy - —
dz * dz J

where y(0) =0, z(0)=0.

The Laplace transform of f(z) 1is defined as
L(f(z)) = F@i) = - g
() = Fy = [

You may assume that

L(f(z)) = —f(0) + tL(f

Fie)dz .

(z)) .

PLEASE TURN OVER



9.
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(i) Consider the three planes

P LD = 1,
P2 18) = =1,
refl,y=L 1) = B,

where T = (z, y, z). For which values of a and b do the three planes

(a) meet in exactly one point ,
(b) meet in a line ,

(c) not meet at all?
(ii) Let
1 -7
- (17T).
Find a 2 x 2 matrix P such that P! A P is a diagonal matrix.
Find a 2 x 2 matrix B such that B® = A4,

END OF PAPER
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