King Fahd University of Petroleum & Minerals
Department of Mathematics

Semester (252) Math 333 Second Major Exam April 13, 2026 7:00-9:00 pm
Name: LD.#
1. Find

a) L{te 'cost}.
-1 S+1
b) £ {(5—1)(52+1)}'

2. Solve the integral equation y(t) — fot (t—1t)y(t)dr =1
0 if 0<t<m
3. Consider f(t) =41 if m<t<2m.UseLaplace transform to solve the initial value problem
0 if t=2m
y" = f(t), y(0) =y'(0) = 0. (Write f(t) in terms of Heaviside functions.)
4. Solve y" =6(t—-1), y(0)=y(2) =0.
5. Suppose the differential equation y" — 2x y' + 2n y = 0 has the solutions H, (x). Find the weight
w(x) such that f_iow(x) Hy(x) Hp(x)dx =0 if n+ m.
6. Expand f(x) =x?% 0<x <1 in terms of J,(a x) where J,(a) = 0. Your solution must not
contain any integrals.
. : 0 if -1<x<0
7. Consider the function f(x) = {x if 0<x<1°
a) Find a Fourier series for f(x).
b) What value does the series converge to when x = —1 and when x =0 ?
w 1
c) Evaluate ).;;— @n-1?
Q1 Q2 Q3 Q4 Q5 Qo6 Q7 Total
Full Marks 8 7 8 7 3 7 10 50
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x sin(ax)

sin(ax)

You may need [ x cos(ax)dx = —

+c, [xsin(ax)dx =

x cos(ax)

a a?

LUF(D) = j f®estde

L{t"} =

n+1

L{Sil’l kt} = Sz+—kz
S

L{COS kt} = SZ-I——kZ

L{sinh kt} = m

L{cosh kt} = m
1
L{e*} =——

S—a
LM ()} = s" F(s) = s"7£(0) —
L{e*f()} = F(s — a)
L@ U - @) =" °F ()

LU f (O} = (= 1)" = F(s)

f*g=ff(r)g(t—r)dr
0
Lf * g} = F(s) G(s)

S"2f7(0) —

AL (1)

a

+c

L{f (D)} = 1—isT fOT e~ St f(t) dt, when f(t) is piecewise continuous on [0, ] periodic with period T.

L{5(t —ty)}=e Sto

nmx

f(x) ——+Z [ancos—+b

onmx
sin——
n
p

= 5f_pf(x) cosde
—lfpf(x)sinﬁdx
pl, p

The Fourier-Bessel series of a function f defined on the interval (0, b) is given by

0] ®= Ec J{a;x)
i=]1
2 ~b
—_ |
‘= b2, (ab)h RO
where the @, are defined by J,(ab) =
(ii) fx) = Ec.-f,.( a;x)
20:,-z

“7 (@? — n? + h)IXab) L0

where the o; are defined by hJ,(ab) + abJ,(ab) = 0.
&) =¢ + EC.'JO(Q.'X)

i=2
3 .
G = szxf(x) dx, ¢ =

(@)

where the o; are defined by Jy(ab) =

i[xu u(x)] = I" u—l(x)

d
dx

[I_“ u(x)] = —x™ nt+ l(x)'

2 .
2 7%ab) L) xJo(ax) f(x) dx,

The Fourier-Legendre series of a function fdefined on the interval (— 1, 1)is given by

J(x) EC,P.(I).
a0
where C R fxX)P(xndx.
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