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Instructions

1. This paper consists of SIX (6) questions in TWO sections.

2. Section A is COMPULSORY and 1s worth 40%. Answer ALL questions
in this section.

3. Section B consists of FIVE questions, each worth 20%. Answer ANY THREE

(3) questions in this section.
4. Show all your working,.

5. Start each new major question (Al, B2 — BG) on a new page and clearly
indicate the question number at the top of the page.

6. You can answer questions in any order.

7. Indicate your program next to your student ID.
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UNESWA MAY EXAMINATIONS ACADEMIC YEAR 2018/2019
COURSE NAME AND CODE: MATA416/M415 Partial Differential Equations PAGE 1

SECTION A [40 Marks]: ANSWER ALL QUESTIONS

QUESTION Al [{0 Marks}

a) Classify each of the following PDEs according to order, linearity and homogeneity

) G (58) =0 3
i) 21 2 ((22) (22)) - 20 =0 i)
b) Find the solution of 7]

Ty — 4u =23, u{l,y) = 9%

¢) Consider the partial differential equation (k and r are real constants) [7]
Py — KTy, — 2K (uy + uy) + € = 1.
Determine the characteristic curves &(z,y) and n{z,y) of the partial differential equation.
d) Solve the initial value problem [7i
w—u=c¢, u(z0)=e* x>0 (>0
by using Laplace transforms.
¢) By eliminating the arbitrary functions ¢ and £, find the PDE satisfied by (5]
v(r, s) = ©(2r + 5s) + Q(2r — 5s).
f} Consider the heat equation

q{)i = 24):1::1:, 0 < T < f, t 2 0!
$(z,0) =e7%, 0<z<E,
gb;,,(U,t) = qb(f,t) = 0.

Write down the ordinary boundary value problem for X (z) that must be solved in order
to obtain the solution of the lieat equation using the method of separation of variables.

Assume that we seek a solution of the form ¢(z,t) = X (z)T(2). (3]
g) The ODE
1d [ ,dR
2222 = pn+ 1),
i (p dp) n(n + 1),

where 7 is an arbitrary real constant, arises in the solution of PDEs in spherical domains.
Find the general solution of the ODE. 5]
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SECTION B: ANSWER ANY THREFE QUESTIONS

QUESTION B2 [20 Marks]

a) Find the general solution of 8]
(y +w)uy +yu, =2 —y,
using the method of characteristics.

b) Counsider the PDE
uy — du, = 8xu.

Solve the problem using

i} the method of characteristics [4]

ii} the method of separation of variables 8]

QUESTION B3 [20 Marks]

a) Consider the partial differential equation
gy 4 Dty + by + g + 1y = 0

(i} Determine whether the given partial differential equation is hyperbolic, parabolic or

elliptic. 2]

(ii) Express the given partial differential equation in canonical form. 8]
(ili) Find the general solution of the given partial differential equation. [6]

1) Cownsider the Cauchy problem for the wave equation with —oo <@ < oo and { > O 4]

gy — 10u, =0,  n(z,0) —sin(z) =0, u{z,0)=4

Determine u {(w, £).

QUESTION B4 {20 Marks]

Solve the Dirichlet problem of a circle [20]
Pu  10u 1 Pu &
— R P 0} < < 1, 1, _—
& v or | 12 ogR srsloulé) =5

QUESTION B5 [20 Marks]

Cousider the radioactive decay problem given by {20]

U = Uge + 47, D<o <w, 1310

u(z,0) =sin(z), O0<uz <,
u(0,t) =0, wu(m,1) =0,

Determine u(x, t) using the method of separation of variables.
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QUESTION B6 (20 Marks)

a) Find the corresponding ordinary differential equation after taking the Laplace transform of
the given partial differential equation with respect to ¢ 4]
e —ue =0, O0<x<d, >0
w(z, 0} =2z, 0<x <4,
w(0,8) =, wu.(4,t) =%

b) Use Laplace transforms to find a solution of [16]
Uz~ Upy = —Cos(gx) o 1<y, t20,
w(z,0) =0, 1<x<3,
(2, 0) = 0,

w(l, ) =0, u(3,t)=0.

END OF EXAMINATION PAPER
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