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QUESTION ONE (30 MARKS)

Define the following terms:

(1) A singular point of the function f(z) (2 marks)

(i) A Pole (2 marks)

(iii)  Residue (2 marks)

Using Cauchy’s integral formula, evaluate 1= § . with C on a unit

¢ z(z + 2))

circle (3 marks)

Compute Laurent expansion about Zo=0at f(z)= 3 marks
P P 2z—1)

Use Laplace transforms to evaluate, f(f) = cosh(kt) = %(gh + e_h) (3 marks)

Find the Fourier transform of f(¢) = efam where a>0, (3 marks)
Use the Fourier integral to prove that (4 marks)
Tcosaxdx T
'! 14 a2 ge
Determine the residues of the following functions at the poles z=1 and z=-2
(4 marks)
S e
(z-1)(z+2)
Find the Laurent series about the singularity for the function: (4 marks)
o
(-2)
QUESTION TWO (20 MARKS)

Consider the chain decay in radioactivity A—2Aa yp s 5C where A and A sare the

disintegration constants. The equations of for the radioactive decays are:

dN, dN
Id‘[“) = ":ﬂ.‘qNA(.l i and B(1)

Where Na(t) and Ng(t) are the number of atoms of A and B at time t, with initial
conditions }\ ,(4) = Ni; N.©O=0 - Apply Laplace transform to obtain Na(t) and

= = Ng(t) + 24 N(1)

Nig(t), the number of atoms of A and B as a function of time t, in terms of Ni . A and
As (10 marks)



b) Consider the radioactive decay:

A—2ayp A s (stable)

The equations for the chains are:

dN,

bale PRSI ") (N
dr

dN
e — '—)LBJVB +/..AJ’VA (2)
dr

df\? »

— = +ipNy (3)
dr

with initial conditions A/ (0)= Nz, N,®O=0: N.O=0 . where various symbols
have usually meaning. Apply Laplace transforms to find the growth of C. (10 marks)

QUESTION THREE (20 MARKS)
a) The Bessel function J (x) is given by the series expansion (7 marks)

-] k X 2 n-+2k
Jn {x) = WZ(MWL(#}L{W)WMW
kK'T(n+k+ 1)

Show thatdiLC" il i (x)]= x J, .
X

b) Given that F(%J = /7 , obtain the formulae:

(1) J%(x)= isinx o »
: marks

2
(i1) s (x) = ,/—cosx
J % 7o (6 marks)




2%

OQUESTION FOUR (20 MARKS)

a) Show that the Legendre polynomials have the property (10 marks)
J 2
j;! P(x)Pn(x)dx = Pk ifm=n
=0, ifm#n
(10 marks)

b) Show that for large n and small 6, p (cos@) = J,(n0)

QUESTION FIVE (20 MARKS)

wave f(x)=x/L,

a) Develop the Fourier series expansion for the saw-tooth (Ramp)
(10 marks)

I <x< L as in Figure 1 below

fix)

3L

b) Find the Fourier transform of : (10 marks)

1. lx] <4

flx) = g. el > @

L p—




