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Instruction: Answer Question Number One (1) and any Other Four (4) Questions
1. (@) Give any four classical examples of partial Differential equations (1 marks each)

(b).

(©).

2. (a).

In the following decide whether the given partial differential equations and boundary or
initial conditions are linear or nonlinear, and, if linear, whether they are homogeneous or
nonhomogeneous. Determine the order of the partial differential equation.

i. Uy + Uy = 2U, U(0,y) =0

ii. Uy + XUyy = 2, u(x,0) =0, u(x,1) =0

iii. Uy — U = f(x,8), u(x,0) =2 (3 marks each)
Verify that the given functions are solutions of two dimensional Laplace equation
i u=x+y

ii. u=x?—y?

X

iii. U= (3marks each)

Derive the general solution of the following equations by using an appropriate change of
variables

. ou Jdu

l. Ea— a —a 0 (2 marks)
.. u u

Il. 254‘ 35— 0 (2 marks)

(b).Suppose that u =u(x,t) and v = v(x,t) have partial derivatives related in the

(c). Solve the boundary value problem E:TZ =c

3. a

following way:
du _ du ov du

ot ox a  ox
Show that u and v are solution of the wave equation 2—1: + ‘;—Z =0 withc =1 (3 marks)

2 0%u
dx2
length, subject to the given  conditions. f(x) = .05sinmx , g(x) =0, c =% (5 marks)

0 <x<L,t>0,forastring of unit

. . du Ju ov du ..
Consider the equations = o and == " ax supplemented by the initial data

u(x,0) = f(x), v(x,0) = h(x)
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u(x, 0 , X,

(i) Find the approprlate |n|t|al data for the wave equation for v. (2 marks)
b. Use the change of variables @ = x + ct, f = x — ct to transform the wave

e uationa—u+a— 0 into u 0. (you should assume that u_
g at dadp Y da aﬁ

c. Integrate the equation with respect to « to obtain Z—u = g(f), where g isan
B
arbitrary function. (4 marks)

4.a. Using the solution u(x,t) = F(x + ct) + G(x — ct) of the wave equation 2—1; + Z—Z =

where F and G are arbitrary differentiable functions of one variable, solve the wave
equation with initial data u(x,0) = ﬁ ‘;—’:(x, 0) =0, —oo < x < oo, (6 marks)
b.  Solve the wave equation with initial data

u(x,0) = — Z—’:(x, 0) = —2xe~*" (6 marks)

5. Consider the electrical cable running along the x — axis that is not well insulated from
ground, so that leakage occurs along its entire length. Let V(x,t) and I(x,t) denote
the voltage and current at point x in the wire at time t. These functions are related
to each other by the system.

ov ol av
== —L——RI and —=—C— — GV,
Where L is the inductance, R is the resistance, C is the capacitance, and G is the

leakage to ground. Show that IV and I each satisfy

9%u
= LC—+ (RC +LG)—+RG
which is called the telegraph equation (12 marks)
6. Solve the wave equation ﬁ 2 %u > subject to the following boundary conditions:

u(0,t) =0,fort 2 0and u(L,t) = O fort=0
and the initial conditions:

0
(x,0) = f(x),for0<x <L and a—IZ(x,O) =gx),for0<x<L
for the following data
(a). fx) = sinzﬂ : g(x) = 0. (6 marks)

(b). flx) = —51n—+ 2 sin +§sin7n—x, gx)=0 (6 marks)
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