King Fahd University of Petroleum & Minerals
Department of Mathematics

Semester (252) Math 333 Final Exam May 17, 2026 8:00-10:30 am

Name: ID. #

Points (Q1=6 .02=4 ,03=5.04=5.05=5.06=4 .07= 6)

1. Consider the vector field F (x,y,z) = 2zi— 3x j + 4y k and the upward oriented surface which is
the portion of the paraboloid z = 16 — x2 — y? for z > 0. Verify Stokes' theorem.

2. Find the half-range sine expansion of f(x) =cosx, 0 < x < g . Simplify your answer.

3. The steady-state temperature in the circular cylinder shown is modeled by
# 222 *
0’u 1 du 0%*u

—_—t - — =0, 0<r<i, 0<z<?2
6r2+r6r+622 r d

u(l,z) =0, u(r,0) =100, u(r,2)=0

n *“ M Er:d
Solve for u(r, z) . (With u(r,z) = Z(z)R(r), consider only eigenvalues: 27 =+1%,1>0)

4. a) Use Laplace transform to solve the boundary value problem

d d
EroaxZ=2x, x>0,t>0
o0x ot

u(x,0) =1, u(0,t) =1
b) Sketch the solution u(x, 1) on the interval xe[0,2].

0, x<0

: . _k
eX x>0 [Hint L{sin kt} = 2oz and

5. a) Find the Fourier integral representation of f(x) = { =

L{coskt} = m]

b) Based on your answer in (a), evaluate the integral | go

N

dw
1+w2 ’

6. The temperature, u(x,t), in a semi-infinite rod is governed by the following BVP. Use an
appropriate Fourier Transform to obtain u(x, t). Leaving the solution as an integral is ok.

0%u _ou O0<x< t>0
[ — o0
ax2_ ot s
u(x,0) =0, u,(0,t) = -1
7. Tt can be shown that v(x,y) = W is a solution to the problem

Ve Ty =0, 0<x<1 0<y<1
v(0,y) =v(x,0) =v(x,1) =0, v(1,y) = sinmy

Use separation of variables to solve the following problem.
Uy T Uy, =0, 0<x<1 0<y<l1

u(0,y) =0, u(l,y)=sinny, u(x0)=0, u(x1)=x



Formulas
§ = ‘\ [F®O)F + [e' ) + [h)])* dt = Jerr'u.H dt.
f Pdx + Qdy = “ (ZE) N Zi)) dA. ?I -dr = -T)dS = ( (curl F)- n dS, ” (F-m)dS = “[ div FdV.

[ xcos(ax)dx = Coz(fx) 4 xsin(ed) , [xsin(ax)dx = Singx) — xcoi(ax) +c,

. _ cos((B- a)x) _ cos((ﬁ+a)x)
[ sin(ax) cos(Bx)dx = - gt
L{f(D)} = fwf(t)e‘“dt L{t"} = 7, L{sinkt} = m, L{cos kt} = m,
L{sinh kt} = o k2’ L{coshkt} = o k2’ L{e*t} = — L{e*tf()} = F(s — a),
G- UC—a) = e tFE. LI} = DL F(s), feg= [ FD)g(t—Ddr
e} = FO 6. LOE—t)=e=t,  LFD) = — [y e S f() dt,
LFP @)} = s" F(s) = s"7Hf(0) = s™2f(0) = - fTV(0)
f(x)=%+2n 1[ancos Z+ b, m—]

1 .
n= 20 f@) cos ™ dx , by =[P f(x)sin ™ dx

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

d
dx

d
dx [-tl ,.(X)] = :n u-l(x)

[x™"7.6)] =

—x " n+ l(x)-

) f) = Dedax)
i=1
= 2]:+ (@ b)JoxJ (a;x) f(x) dx,
where the o; are defined by J,(ab) =
(i) fo) = Zedfax) —_—
207 -
: xJ, (%) f(x) dx,

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

f@ = Sepin,
2n +

Cy ™ - II JxX)P(xpdx.
2 1

7 (@? — n* + W) Xab)
where the o; are defined by hJ,(ab) + abl,(ab) =

f@) = ¢ + D cidolax)

(i)
i=2
2 rb 2 rb
= Jo xf)dx, =3 o) Jo xJo(@x)f (%) dx,
where the o; are defined by Jy(ab) = 0.
f&x) = fex) = = JO A(a)cos ax da,

oo roo

Ala) = ‘ f(x)cos ax dx Aa) =J f(x)cos ax dx.
J=oc o

B(a) = J_xf(x)sinaxdx. fix) = % I Bla)sin ax da,
‘o

Ba) = l fx)sin ax dx.

F{f(x)} = J_ f(x)e' dx = F(a)
l o

FYFa)} = e L F(a)e™™ da = f(x)
F{f(x)} = f f@)sinaxdx = Fa)

o

i 24 .

F, {F(a)} = ~ L Fla)sin ax da = f(x)
F{fx)} = I f(x)cos ax dx = F(a)

o
F Y F()} = 72,_[) F(a)cos axda = f(x)
F(fP(x)} = (—ia)" F{f(x)} = (—ia)"Fa),

F "0} = —a’F(a) + of (0).
FAf'®)} = —a®F(a) — £'(0).




