King Fahd University of Petroleum and Minerals
College of Computing and Mathematics
Department of Mathematics
MATH 513 - Final Exam
AY 2024-2025 (Term 241)

Time Allowed: 120 Minutes

e Textbook, notes, mobiles and smart devices are not allowed in this exam.
e Write neatly and legibly. You may lose points for messy work.

e Show all your work. No points for answers without justification.
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Question 1

Use the separation of variables method to solve the Laplace equation:

*u  0*u
D — _— = L

8x2+8y2 0, O0<zx<L,0<y<H,
subject to:

where f(x) is a given function.



Question 2
Consider the initial boundary value problem (IBVP):

Up = Ty, for 0 < ax <5t >0
u(0,t) =1, u(b,t) =4, for t >0
u(z,0) =+ 1, for 0 <z <5.

Assume u(z,t) = v(z,t) + ¥(x), where

> nmwx
v(z, 1) =) cysin (%) e~/
n=1

satisfies the heat equation v, = Tv,, for 0 < z < 5,t > 0 and v(0,t) = v(5,t) = 0.

Solve the IBVP (1) by finding ¢(x), v(x,0) and ¢,.



Question 3

Consider the wave equation: Pu _ yPu oo << oo, t >0,
. R - . . ou 1
with the initial conditions: u(x,0) = H(z — 1), 5(2,0) = 25

Then, u(x,t) =

b

~ N ~—~ ~~ ~
~— ~— ~— ~— ~—

=

[H(z+ 2t — 1)+ H(z — 2t — 1)] + 1 [tan (z + 2t) — tan" (z — 2t)]

oy

[tan™ (z + 2t) + tan~! (z — 2t)]
[H(z+t—1)— H(z —t+1)]+ 5 [tan~' (z + t) — tan " (z — 1)]

N[ NI= = N

O

[H(x+ 4t — 1)+ H(z — 4t + 1)] + & [tan~" (@ + 4t) + tan™ ' (z — 4¢)]

None of the above.

Question 4

The function f(¢) is defined as:

The Fourier Transform F'(w) of f(t) is

3
(2—iw) (1+iw)

2
(24iw) (1—iw)

(A)
(B)
©)
(D)
(E)

(1+iw)?

1
(2—iw)?

None of the above.



Question 5

Using Parseval’s equality and the fact that F {ﬁ} = e~ Il ffooo (rgdfl)g =

(A) 3
(B) 1
(©) 3
(D) §
(E) None of the above.

Question 6

Find the Laplace Transform of f(t) = 2sin(t) — cos(2t) + cos(3).

(A) 523—1 - 3214 + Coss(g)
s s cos(3

(B) 522+1 T 2xa + s( ) — siQ
s cos(3
(C) 523—1 T s244 + sg )
(D) 523—1 - 523—4 + 8219
(E) None of the above.



Question 7

The inverse Laplace Transform of F(s) = i;ig

(A) 2cos(3t) + sin(3t)
(B) 2sin(3t) 4 cos(3t)
(C) 2cos(3t) + 3sin(3t)
(D) 2sin(3t) — cos(3t)
(E)

E) None of the above.

Question 8

What is the Laplace transform Y'(s) of the solution to the initial value problem y” + y = ¢, with initial
conditions y(0) = 1 and ¢/'(0) = 07

(A) #55
(B) ¥
(©) 55
(D) 5t
(E) None of the above.



