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Instructions to Candidates:

You should have the following for this examination

- Answer Booklet
- Scientific Calculator

This paper consists of FIVE questions and TWO sections A and B.
Answer question ONE (COMPULSORY) and any other TWO questions
Maximum marks for each part of a question are as shown

This paper consists of THREE printed pages.

SECTION A (COMPULSORY)

Question ONE (30 marks)

a. Obtain the solution of the following initial value problem U, =4xy +e*
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with the initial condition u(0,y) =y, u,(0,y)=1 (5 marks)

1
b. Show that the Laplace’s equation V2u =0 is satisfied by the function U =—
r
1
where u= T (6 marks)
[ (=% +(y=Yo)* +(2—2,)* |
c. Consider the following second order partial differential equation:-
X°u, —2xy u, +y’u,, =e*
XX Xy W
(i) Classify it. (2 marks)
(ii) Reduce to canonical form. (7 marks)
(iii) Find the general solution in terms of arbitrary functions. (2 marks)
ou ou
d. Use the method of separation of variables to solve — =2—+U
OX ot
given u(x,0) =8e™*. (8 marks)

SECTION B

Question TWO (20 marks)

a. Show that if Laplace’s equation V2u = 0in Cartesian coordinate is transformed by

introducing plane polar coordinates (r, &), defined by the relation X=rcos@,

. u lou 1 d4
y=rsin@ ittakesthe form —+ + =0 (10 marks)

ot ror r? oo

b. Solve the boundary value problem for a rectangle defined by Laplace’s equation
PDE: V?u=0, 0<x<a, 0< y <b with the following boundary conditions
BC's: u(x,0)=u(a,y)=0, u(0,y)=0, u(x,b)=0,u(x,0)="f(x) (10 marks)

Question THREE (20 marks)

a. Arod of length | with insulated side is initially at a uniform temperature U, . Its ends are

suddenly cooled to 0° and are kept at that temperature.
i. Find the temperature function of this problem (2 marks)

ii. Set up the initial and boundary conditions of the temperature function given
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in (i) above. (3 marks)
iii. Solve the temperature function subject to the initial and boundary conditions in (i)
and (ii) above (15 marks)

Question FOUR (20 marks)

a. Show that U(x,t) =27 sin2x is a solution to the boundary value problem

2
6—u:26—l;, u(0,t) =u(x,t) =0, u(x,0) =sin 2x (7 marks)
ot OX

b. Aninfinitely long string having one end at initially at rest on the X-axis.At t =0 theend Xx=0
begins to move along the U -axis in a manner described by u(0,t) =acosot.
(a) State the PDE for the one dimensional wave equation of this problem. Show this with an
illustration of a sketch diagram. (2 marks)
(b) Using Laplace transform method, find the displacement u(X,t) of the string at any
point at any time subject to the boundary conditions and initial conditions given as

B.C u(0,t)=acosat, (i)
u(x,t) boundedas t—oo. (ii)
I.C u(x,0)=0 (iii)
u,(x,0)=0 (iv) (11 marks)

Question FIVE (20 marks)

Using the method of separation of variables, Solve the Neumann problem for a rectangle defined with
the following initial and boundary conditions as follows :- (20 marks)

PDE: VU =0, 0<x<a, 0<y<bh

BCs: u,(0,y)=u.(a,y)=0, u,(x,0)=0, u, (x,b) = f(x)
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