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QUESTION ONE (30 MARKS)

Show that u(x,7) =e”sin(x) is a solution to Laplace’s equation (3 marks)

ou, o

_2 + 3 = 0

ox Oy
Using Cauchy’s integral formula, evaluate I= § o with C on a unit circle

C z(z + 2))
(3 marks)
Using the inner product of a tensor and applying the contraction principle, obtain the
length L of a tensor A' where A' is a vector. (3 marks)
1

Compute Laurent expansion about Z,=0at f(z)= (3 marks)

z(z-1)

Use Laplace transforms to evaluate, f(¢) = cosh(kr) = %(e’“ + e_h) (3 marks)

Find the Fourier transform of f(¢) = e_aﬂ' where >0, (3 marks)
Use the Fourier integral to prove that (3 marks)
fcosaxdx Il -
'{[ 1+ a2 L
Prove that the Legendre polynomials satisfy the following: (3 marks)

(2n +1)pa(X) = p'a1(x) — p're1(x)

Determine the residues of the following functions at the poles z=1 and z=-2

(3 marks)
1
(-1)(z+2)
Find the Laurent series about the singularity for the function: (3 marks)

z
e

(z-2)




QUESTION TWO (20 MARKS)
a) Consider the chain decay in radioactivity 4 i yp_ Ay where A ,and A are the

disintegration constants. The equations of for the radioactive decays are:
dNA() dNp(1)
!

= —&aNa (1), and = =M Ng(t) + A4 Na ()

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

Ng(t), the number of atoms of A and B as a function of time t, in terms of \/ Z s A and
A (10 marks)

b) Consider the radioactive decay:

A—4isptasc (stable)

The equations for the chains are:
de‘

—— = —iu4N |
ar AaiVy ()
dN

___.dtg = —AgNp + A N, (2)
dN¢

—— = +igN (3)
dr BIYE

with initial conditions N  (0)= N Z : N3@=0: N.(0)=( , where various symbols
have usually meaning. Apply Laplace transforms to find the growth of C. (10 marks)

QUESTION THREE (20 MARKS)
Find the solution of the one dimensional wave equation describing the motion of a string and

Ou_ 20

given as =— = az > subject to boundary conditions u(0,f) = 0 and u(/,f) =0 (20 marks)

X

QUESTION FOUR (20 MARKS)
a) Show that the Legendre polynomials have the property (10 marks)
! 2
n\. Pm - [ B r— if =
/;P(r) (x) dx ey ifm=n
=0, fm#n

b) Show that for large n and small 0, p (cosO) ~ J (n0) (10 marks)




QUESTION FIVE (20 MARKS)
a) What are contravarient, co-varient and mixed tensors? Show that velocity and

acceleration are contravarient and the gradient of a field is a covariant tensor.

(10 marks)
b) Give a short account of metric tensors and its applications (10 marks)




