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Say Bismillah & Good luck




(1) Solve the Dirichlet problem (#4/pg271)
Viu(x,y)=0 for x*+y*<9
u(x,y)=x? for x*+y?>=9
Hint: Convert the problem to polar coordinates.



(2) Find a bounded solution of the Dirichlet problem for the quarter-plane x<0, y<0. (#2/pg282)

Viu=0 for x<0,y<0
u,y)=0 for y<0
u(x,0)= f(x) for x<0



(3) Consider the Newman problem

AuU=0 in Q

*
a—u:f on 0Q
on

Drive necessary conditions for the existence of a solution of (*).

[Hint: Green's First identity fg Z—:ds = H(gAh +Vg-Vh)dA ].
oQ Q



(4) Solve (#1/pg290)
Vau(x,y)=0 for 0<x<10<y<1

u,(0,y)=u,Ly)=0 for 0<y<1
u, (x,0) = 4cos(mx),u, (x1) =0 for 0<x<1.



(5) Prove the Schwarz inequality for an inner product space: If x and y are vectors, then
<%,y > < |X|]y (#1/pg343)

Hint: Begin by expanding the right side of the inequality 0 << X —ay, X —ay > and then choose
a =< X,X>[/< X,y >,assuming that < X,y ># 0.



(6) Consider the following problem:
—u"+u="~f in Q=(02)
u=0 on oQ

Give varitational formulation and investigate existence and unigueness of solution of this problems.



(7) Derive a varitational formulation of the following problem:

—Au+b-Vu=1f in Q=(01)x(0,)

u=0 on oQ
where
2
3



BONUS QUESTION

—-u"(x)=f(x) in Q=(0,)
u(x)=0 on 0Q
Use Finite Element Method with h=1/3 and piecewise linear functions to compute the matrix A and the vector b

then solve the linear system and write the solution as a linear combination of the basis then approximate the
value at x=0.3, 0.7. where f(x)= x(x-1).
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NAME

FORMULA

The Fourier Series

f(x) :%a0 +i(an cos(nx) + b, sin(nx))
n=1
1 eL
a, :EL f (x)dx
a = % [0 cos(%) fgdx  for n=01,2, ..

1, . nax
bn:E[L5|n(T)f(x)dx for n=1,2, ..

The Fourier Sine Series

f(x)=3b, sin(”T”X)

2 L . nax
bn:[Io sin(-—=)f(x)dx for n=1,2,..

The Fourier Cosine Series

f(x) =%aO +ian cos(%)
R RIGLE

:—j cos(—)f(x)dx for n=01,2, ..

The Fourier Integral

f(x)= jo A, cos(wx) + B, sin(wx) Jdw
A ==[ f(&)coswe)de

T
B, = [ f(&)sin(we)de

VA

The Fourier Sine Integral

f(x) = j: [B,, sin(wx) Jdw
B, == [ (&)sinwe)de
T

The Fourier Cosine Integral

f(x)= J:O [A, cos(wx) Jdw
A =2 [ f(@oos(we)ds

Ends of the Bar Maintained at
Temperature Zero

2kt

u(x,t) = Zb sm(—)e iz
by =1y f(©)s n(%)df

Temperature in a Bar with Insulated Ends

2 Zk
u(x, t)_2a +Za cos(—)e e

n=1

%=—jf@mg

:—j f(&)co s(—)df for n=012,..




Ends of the Bar at Different Temperatures

u, ) =U@ D) +7 (T, —T)x + Ty

U(xt) = Zb sm(—)e e

(-D'T,-T,
nx

for

b, =2 [ F(©)sin(=)d+2

n=01, 2, ..

Diffusion of charges in a Transistor

2
h(x, )= e *Flu(x,t),a = - and B = —’%

Zkt

u(x,t) = Zb sm(—)e A

8KL nm (1 e %)
ka 4n?m2q?

b, =

The Heat Equation on the Real Line
(By Separation of Variable)

u(x t) = fooo [a, cosiwx) + b sin(wx)]e“"zktda)
=2 [7 F(&)cosiitiw §)dE

T[—OO

w=;Lmﬂame€m5

The Heat Equation on the Real Line
(By Fourier Transform)

1 o =8P
u(x,t) = ﬁf_m e e f(&)dE
J2 e d¢ =Vn

The Heat Equation on the Half Line
(By Separation of Variable)

u(x,t) = fooo b, sin(wx) e~ **tdw

o =215 F(©sin(w )dg

The Heat Equation on the Half Line
(By Fourier Transform)

1 e, =02 (x+ 52]
u(x, t) = ZWIO [e 4 —e 4k f(E)dE

The Nonhomogeneous Heat Equation

u(x,t)= ZT (t)sm( )

knznzt

T (t)f e kn—nzuB (r)dt+bye L2
0

B@%“kFﬁﬂmﬂ g
=2 [y F@© sinitydg

The Laplace Transform
The Fourier Transform
Inverse Fourier Transform

Operational Formula for Fourier Transform

[f () Jw) = jo e ™" f (x)dx
L[ (0Jw) = j: e~ f (x)dx
F-l[f (w)](x) = % f; " f (w)dw

FFOJw) = w)" f (w)

Dirichlet Problem for the Upper Half-Plane

u(x, y)—yj%df




Dirichlet Problem for the Right Quater

A 1 _ 1
”(X’y)‘nﬂy%(é—x)z V()

}f(i)dég

Dirichlet Problem for a Disk

u(r,6) :%a0 +Zanrn cos(nd)+b, r'sin(nd)
n=1

8= [ t()de
7Z' s

1 nzé& B
an—anchos(—L Yf(E)dE for n=01, 2, ..
b, =——["sin™=)f (£)de for n=12,..

T L

Green's First Identity in R?

§ga—hds :ﬂ(gV2h+Vg-Vh)dA

oQ Q

Neumann Problem for the Upper Half-Plane

uC,t) =5 7 In(y? + (§ — )2 f()dé + ¢




