King Fahd University of Petroleum & Minerals
Department of Mathematics & Statistics
SOLUTION Math 301 Major Exam 2

The First Semester of 2010-2011 (101)

Q:1(14 points) Use Laplace transform to solve the initial value problem

y" —y = cos(t), y(0) =0, y'(0) = —1.

Sol:Taking Laplace transform, we get
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e! — 5 cos(t) — 5 sin(t)

Q:2 (a) (6 points) Find Laplace transform £ {t cos(2t)}.

(b) (6 points) Find Laplace transform £ {e’sin(2t) cos(2t)}.

1
(c) (8 points) Find inverse Laplace transform £~! {—2} .
(s2+9)
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ds \ s+ 4 -

Sol: (a) L {tcos(2t)} = — (24 4)2  (s2+4)2
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= & sin(3t) *sin(3t) = 5 [,
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Q:3 (a) (8 points) Use Laplace transform to solve the Volterra integral equation

ft) =3t — /o f(r)et"dr.

(b) (8 points) Use Laplace transform to solve the initial value problem
'+ 4y +5y =6 (t—2m), y(0) =0, y'(0) = 0.

Sol: (a) Taking Laplace transform, we get

R e L
= F(S)—6(8811)—§—§ = f(t)=3t*-1t*

(b) Taking Laplace transform, we get

s2Y (s) — sy(0) — 4/ (0) + 4sY (s) — 4y(0) + 5Y (s) = e~ 27

e—ﬂ'S 6—7'('8

2+4s+5 (s+2)2+1

(2 +4s+5)Y(s) =e 2™ = Y(s) =
= y(t) = e 22 gin(t — 27)u(t — 27) = e~ 27 sin(t)u(t — 2r)

Q:4 (14 points) Show that the set of functions { cos(2n + 1)z} is an orthogonal set on [0, g]

forn =0,1,2,3,---. Also find norm of each function. (Justify your answer with reason).

Sol:Let ¢, (x) = cos(2n + 1)x. Then for n # m

(Pns Om) = fog cos(2n + 1)x. cos(2m + 1)xdx

1 .=
=3 o2 leos(2n + 2m + 2)x + cos(2n — 2m)z] dx
. ! in(2n + 2m + 2)x + in(2n — 2m) : 0
=3 sin(2n + 2m r+ ————sin(2n — 2m)x| =0.
2|1 (2n+2m+2) (2n — 2m) .
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|l nll? = fog cos?(2n + 1)xdr = %fog(l +cos(dn+2)xdr = 1 [z + ﬁ sin((4n + 2)z]
T
So [ = ¥
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Q:5 (14 points) Find Fourier series expansion of

0 if —3<x<0
3—x if 0<x<3

a, = % f03(3 — x) cos(F )xdr = % [%(3 — ) Sin(%)x]z + % f03 % sin(%)xdx
. s 31— (-1)r
= 27 [cos()z], = %

b, =1 f03(3 — ) sin(%)xdm = % [;—3(3 — ) cos(%)x}g — % 03 % cos(%)xdx

=30+ 2] -0=3

f(l‘) = Z + ZZO:1 {W cos(%)x + % Sin(%)$:|

Q:6 (10 points) Find half range cosine expansion of

flx)=z+1, 0<z<m.
Solian = 2 [(a+ Vda = 2[5 +a = 2[5 +7] =7 +2
0

a, = %foﬂ(x + 1) cos(™“F)zdr = % [%(m +1) sin(nm)}g — %foﬂ %sin(nm)dx

— & feos(nr)y = 22D
flx) = T ; 2 +> 7, W cos(nz)
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