
Partial Differential Equations:

Basic Concepts:

An equation involving one or more partial

derivatives of an (unknown) function of two or more

independent variables is called a partial differential

equation. The order of the highest derivative is called

the order of the equation.
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Just as in the case of an ordinary differential equation,

we say that a partial differential equation is linear if it is

of the first degree in the dependent variable (the

unknown function) and its partial derivatives. If each

term of such term of such an equation contains either

the dependent variable or one of its derivatives, the

equation is said to be homogeneous; otherwise it is said

to be nonhomogeneous.

Tikrit University-Civil Engineering 
Department Third Stage Eng.Anal.& Num. 

Meth. Dr.Adnan Jayed Zedan



.dim0)6(

.dim)()5(

.dim),()4(

.dim0)3(

.dim)2(

.dim)1(

:sec

tanIm

:

2

2

2

2

2

2

2

2

2

2
2

2

2

2

2

2

2

2

2

2

2

2

2
2

2

2
2

2

2

EqLaplaceensionalThree
z

u

y

u

x

u

EqwaveensionalTwo
y

u

x

u
c

t

u

EqPoissonensionalTwoyxf
y

u

x

u

EqLaplaceensionalTwo
y

u

x

u

EqheatensionalOne
x

u
c

t

u

EqwaveensionalOne
x

u
c

t

u

orderondtheof

equationaldifferentipartiallineartpor

Example

−=



+




+





−



+




=





−=



+





−=



+





−



=





−



=





Tikrit University-Civil Engineering 
Department Third Stage Eng.Anal.& Num. 

Meth. Dr.Adnan Jayed Zedan



Here (c) is a constant; (t) is a time; x, y, z are the

Cartesian coordinates and the dimension is the

number of these coordinates in the equation.

Equation (4) [with f(x,y)≠0] is nonhomogeneous,

while the other equations are homogeneous.
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MODELING:

(1)Vibration of elastic string (wave equation):

Assumptions;

❖ Vibration takes place in x-y plane.

❖ No elongation.

❖ The string can transmit force only in the

direction of its length.

❖ Constant tension force.
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(2)𝑂𝑛𝑒 − dim𝑒 𝑛𝑠𝑖𝑜𝑛𝑎𝑙𝑐𝑜𝑛𝑠𝑜𝑙𝑖𝑑𝑎𝑡𝑖𝑜𝑛:

𝜕2𝑢

𝜕𝑧2
= 𝑎2

𝜕 𝑢

𝜕𝑡
𝑢(𝑧, 𝑡) = 𝑍𝑧𝑇𝑡
𝜕2𝑢

𝜕𝑧2
= 𝑍"𝑇

𝜕𝑢

𝜕𝑡
= 𝑍𝑇′

𝑍"𝑇 = 𝑎2𝑍𝑇′

𝑍″

𝑎2𝑍
=
𝑇′

𝑇
= 𝐶𝑜𝑛𝑠 tan 𝑡 = ቐ

−𝑘2

0
𝑘2

Tikrit University-Civil Engineering 
Department Third Stage Eng.Anal.& Num. 

Meth. Dr.Adnan Jayed Zedan



tk

tk

eczakczakc

TZtzu

ecT

Tk
dt

dT
TkT

k
T

T

zakczakcZ

Zka
dx

Zd
ZkaZ

k
Za

Z

2

2

321

3

22

2

21

22

2

2
22

2

2

)sincos(

.),(

00

sincos

00"

"

−

−

+=

=

=

=+=+

−=


+=

=+=+

−=

Tikrit University-Civil Engineering 
Department Third Stage Eng.Anal.& Num. 

Meth. Dr.Adnan Jayed Zedan



givenzfzu

ConditionInitial

tLu

tu

ConditionsBoundary

SolgeneralzakBzakAetzu

ccBccALet

zakczakcectzu

tk

tk

)()0,(

:

0),(

0),0(

:

.)sincos(),(

*&*

)sincos(),(

2

2

3121

213

=

=

=

+=

==

+=

−

−

Tikrit University-Civil Engineering 
Department Third Stage Eng.Anal.& Num. 

Meth. Dr.Adnan Jayed Zedan



La

n
knLakLak

B

LakBe

tLu

AAe

BAe

tou

zakBzakAetzu

zLzzu

layerclayA

tk

tk

tk

tk


 ===



=

=

==

+=

=

+=

−=

−

−

−

−

0sin

0

sin0

0),()1(

00

)0sin0cos(0

0),()1(

)sincos(),(

)()0,(

:

2

2

2

2

Tikrit University-Civil Engineering 
Department Third Stage Eng.Anal.& Num. 

Meth. Dr.Adnan Jayed Zedan



..

sin)(
2

sin)(

sin)(

)()0,(

sin

sin),(

0

1

1

0

1

1

2

2

WH

dz
L

zn
zLz

L
Bn

z
L

n
BzLz

ez
L

n
BzLz

zLzzu

ez
L

n
B

ezakBtzu

L

n

n

n

n

n

tk

n

n

tk















−=

=−

=−

−=

=

=



=



=



=

−



=

−









Tikrit University-Civil Engineering 
Department Third Stage Eng.Anal.& Num. 

Meth. Dr.Adnan Jayed Zedan



Solution of Partial Differential Equations:

Here under we consider the simple

examples, the solution of which depends

up to the meaning of partial

differentiation.
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