King Fahd University of Petroleum & Minerals
Department of Mathematics & Statistics
Math 513 Final Exam
The Second Semester of 2014-2015 (142)
Time Allowed: 180 Minutes

Name: ID+#:

Section/Instructor: Serial #:

e Mobiles and calculators are not allowed in this exam.

e Write all steps clear.

Question # Marks Maximum Marks
1 10
2 12
3 10
4 12
) 12
6 12
7 12
Total 80




MATH 513 FINAL EXAM (Term 142)

Q:1 (10 points) Solve by separation of variables

*u  *u
2 —
Cw—ﬁ, 0<._'['<L,t>0,

subject to the boundary conditions
u(0,t) = u(L,t) =0, t >0,

and initial conditions for 0 < z < L,

J =z O0<z<L)/2
“<‘”’0>—{L—x L)2<z<L,

u(z,0) = 0.
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Q:2 (12 points) Solve the heat equation

0*u  Ou
—=—, O<ax<l, t>0
o2 ot SN

subject to the following initial and non-homogeneous boundary conditions

uw(z,0) =0, u(0,t) =2, u(l,t) =3, 0 <z <1,t>0.
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Q:3 (10 points) Use Laplace transform method to solve the wave equation

*u  0*u
—=—, O<ax<l, t>0
o2 o2’ SN

with the boundary and initial conditions

u(0,t) =0, u(l,t) =0,t >0

9,
u(z,0) =0, a—?hzo = sin(rz), 0 <z < 1.



MATH 513 FINAL EXAM (Term 142)

Q:4 (12 points) Solve the Laplace equation by separation of variables
0?u N 0%u
0x? 0y?

u(z,0) = u(0,y) =0,

=0,0<z<a0<y<b,

u(a,y) = 0,u(x,b) =z — a.
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Q:5 (12 points) Solve

0%u N 10u N 0u
or? ror 022
subject to the boundary conditions

=0, 0<r<l,0<z<?2

u(l,2) =0,0< 2 <2
u(r,0) =0,0<r<1
u(r,2) =up,0 <r <1

solution wu(r, z) is bounded at r = 0.
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Q:6 (12 points) Find the steady-state temperature in the sphere of radious C' by solving

?u  20u 1 0%u  cothOu

N o I —_— _— = 9

87"2+7’87"+7’2802+r2 o0 0,0<r<C0<f<m
u(C,0) = cos(20), 0<6 <.

(Hint Py(z) =1, Pi(z) = z, Py(z) = 1(32% — 1)).
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Q:7a (6 points) Find L~ {In(1+ %)}.

Q:7b (6 points) Use D’Alembert’s formula to solve

s O*u  O%u
==, —oo<zr<oo, t>0,

ox? O’

u(z,0) = sin 3x

uy(x,0) = sin 2x — sin x.
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Formula Sheet
The Fourier-Bessel series of a function f defined on the interval (0, L) is given by

(i fla) = i eidn(0i)

9 L
CG=—F5— xJ,(a;x) f(x)dx

where the «; are defined by J,(aL) = 0.

(i) f@) = f: eidn(ci)

202 L
Ci = ()a?[ﬂ —n2 4+ h2)J721(OéZL) /0 iL‘Jn(algp)f(x)dx

where the «; are defined by hJ,(aL) + aLJ/ (aL) = 0.

(iif) Fla) =1+ > edu(cun)
1=2
2 2 L
¢ = ), xf(x)dx,cl- = W/o xJo(oyz) f(x)dx

where the a; are defined by J{(aL) = 0.
(a) Lz"Ju(z)] = 2" Jpo1(z) and Lz J,(2)] = —2 " Jyu1(2)

(b) Ifﬁ{f( )} = F(s) and a > 0, then )
(1) L{ e %) = 7” (2) e} =Vt
(3) L{erfeo(s%)} = ==
(4) L{ee = er’fc(b\/_—l— 2\[>} = \[(\[4_1))
(5)L
(6)

5 {2\[6 S —aeTfC(Q\/)}_ o
6) L{—eotth? e,,,fc(b\/'+2\[)+e7’fc(\—[)} - \/f:;)



