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Syllabus

❖Numerical Solutions of Ordinary D.E

❖Matrices and their applications

❖Interpolation and Curve Fitting

❖Numerical Integration

❖Boundary Value Problems and Finite Differences

❖Numerical Solution for Partial D.E

Tikrit University  -Civil Engineering  
Department-Third Stage      Eng. Anal.& 
Num.  Meth.      Dr. Adnan Jayed Zedan



..

.,.

var.

.int

'),(

..

EDorderfirstgeneraltheconsiderwe

EDordinaryofsolutiontheformethods

numericaliousdescribeTousedare

techiquessolutionnumericalTheegration

directbysolvedbetcanyxf
dx

dy
If

EDOrdinaryofSolutionsNumerical

=

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

Meth  Dr.Adnan Jayed Zedan



;

,

,.

)(),,(

formstwotheofinsolutiontheyield

willandequationorderfirstofsystems

ofsolutionthetoappliedbegeneralin

candevelopedsomethodsTheequation

thistorespectwiththeorytheillustrateand

yxyconditioninitialwithyxf
dx

dy
oo ==

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

Meth  Dr.Adnan Jayed Zedan



.2

.

,1

yandxofvaluestabulatedofsetA

onsubstitutidircect

byobtainedcanyofvaluethewhichfrom

xofpowersoftermsinyforseriesA

−

−

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

Meth  Dr.Adnan Jayed Zedan



),(

),(*

),(

),(),(

:'

1

1

1

1

1

nnnn

nnnn

nn

nn

nn
nn

nn

yxfhyy

yxfhyy

h

yy

xx

yy
yxf

yxfyxf
dx

dy

x

y
to

dx

dy
Convert

MethodsEuler

+=

=−

−
=

−

−
=

==





+

+

+

+

+

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

Meth  Dr.Adnan Jayed Zedan



h

x
n+1

xn

y
n

y
n+1

y n
+

1
-y

n

x
n+1

-x
n

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

Meth  Dr.Adnan Jayed Zedan



125.7)2(

125.7)25.45.1(5.025.4

25.4)5.20.1(5.05.2

5.2)5.15.0(5.05.1

),(

5.1)10(5.01

),(

),(

)5.0(2.1)0(

..:

4

3

2

1112

1

1

1

=

=++=

=++=

=++=

+=

=++=

+=

+=

===

+=

+

y

y

y

y

yxfhyy

y

yxfhyy

yxfhyy

Solution

hletxwhenyFindy

conditionwithyx
dx

dy
EDConsiderEx

ooo

nnnn

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

Meth  Dr.Adnan Jayed Zedan



9606.0)04.0(

9606.0)9703.0(01.09703.0)04.0(

9703.0)9801.0(01.09801.0)03.0(

9801.0)99.0(01.099.0)02.0(

99.0)1(01.01)01.0(

),(

)01.0(04.0

.1)0(,..:

4

3

2

1

1

=

=−+==

=−+==

=−+==

=−+==

+=

==

=−=

+

y

yy

yy

yy

yy

yxfhyy

Solution

hletxwhenyFind

ywithy
dx

dy
EDEx

nnnn

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

Meth  Dr.Adnan Jayed Zedan



)],(),([
2

1

;),(

),(

int

),(,

'.....),(

:Pr1

.

Pr

:'

11

11

1

1

++

++

+

+

+

+=

−

nnnn

nn

nn

nnn

nnnn

yxfyxf

derivativeaveragethefindtoyxfderivative

previousthewithaverageandyx

ponewtheatderivativetheiswhich

yxfcalculatenowweyobtainedhaving

methodsEulerfromyxfxyy

stepedictor

methodscorrectorpredictorcalledmethod

ofseriesentireanofsimplesttheisThis

MethodCorrectoredictor

orMethodsEulerModified

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

Meth  Dr.Adnan Jayed Zedan



)],(),([
2

;),(

int,2

111 +++ ++=

−

nnnnnn

nn

yxfyxf
h

yy

gettoyxf

ofinsteadequationiterationoriginalthe

ovalueaveragethissubstituteweNow

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

Meth  Dr.Adnan Jayed Zedan



5.2]21[
2

1
1

)](),([
2

2)1(11),(

1,11

1.1)0(,,..:

111

1

=++=

+++=

=+=+=

==−

===

yxfyxf
h

yy

yxfhyy

nhUse

Solution

xatyFindyy
dx

dy
EDEx

ooo

ooo

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

Meth  Dr.Adnan Jayed Zedan



6406.2]4375.2625.1[
2

5.0
625.1

)](),([
2

4375.2)625.1(5.0625.1),(

625.1]5.11[
2

5.0
1

)](),([
2

5.1)1(5.01),(

2,5.02

221112

1112

111

1

=++=

+++=

=+=+=

=++=

+++=

=+=+=

==−

yxfyxf
h

yy

yxfhyy

yxfyxf
h

yy

yxfhyy

nhUse

ooo

ooo

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

Meth  Dr.Adnan Jayed Zedan



)(
2

1

),(

),(

),(

)],(),([
2

:'

211

112

1

1

111

kkyy

kyxfhk

yxfhk

yxfhyy

yxfyxf
h

yy

MethodsEulerModified

nn

nn

nn

nnnn

nnnnnn

++=

+=

=

+=

++=

+

+

+

+++

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

Meth  Dr.Adnan Jayed Zedan



𝐸𝑥:𝐷. 𝐸. ,
𝑑𝑦

𝑑𝑥
= 𝑦, 𝑦 0 = 1. 𝐹𝑖𝑛𝑑 𝑦 𝑎𝑡 𝑥 = 1

𝑢𝑠𝑒 ℎ = 0.5
𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛
𝑥𝑜 = 0, 𝑦𝑜 = 1, ℎ = 0.5
𝑘1 = 0.5(1) = 0.5
𝑘2 = 0.5(1.5) = 0.75

𝑦1 = 1 +
1

2
(0.5 + 0.75) = 1.625

𝑥1 = 0.5, 𝑦1 = 1.625, ℎ = 0.5
𝑘1 = 0.5(1.625) = 0.8125
𝑘2 = 0.5(1.625 + 0.8125) = 1.21875

𝑦2 = 1.625 +
1

2
(0.8125 + 1.21875) = 2.640625
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𝑅𝑢𝑛𝑔𝑒 − 𝐾𝑢𝑡𝑡𝑎 𝑀𝑒𝑡ℎ𝑜𝑑:

𝑇ℎ𝑒 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑓𝑜𝑟 4𝑡ℎ 𝑜𝑟𝑑𝑒𝑟 𝑅𝑢𝑛𝑔𝑒 𝐾𝑢𝑡𝑡𝑎

𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑎𝑠 𝑓𝑜𝑙𝑙𝑜𝑤𝑠:

𝑦𝑖+1 = 𝑦𝑖 +
1

6
(𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4)

𝑘1 = ℎ𝑓(𝑥𝑖 , 𝑦𝑖)

𝑘2 = ℎ𝑓(𝑥𝑖 +
ℎ

2
, 𝑦𝑖 +

𝑘1
2
)

𝑘3 = ℎ𝑓(𝑥𝑖 +
ℎ

2
, 𝑦𝑖 +

𝑘2
2
)

𝑘4 = ℎ𝑓(𝑥𝑖 + ℎ, 𝑦𝑖 + 𝑘3)
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𝐸𝑥. 2 𝐹𝑖𝑛𝑑 sin( 28)

𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑓 𝑥 = sin 𝑥 , 𝑥 =
𝜋

6
; Δ𝑥 = −2 ∗

𝜋

180

𝑓′(𝑥) = cos 𝑥

𝑓″(𝑥) = − sin 𝑥

sin( 28) = sin(
𝜋

6
) + (cos(

𝜋

6
))(

−2𝜋

180
) + (− sin(

𝜋

6
))(

(
−2𝜋
180)

2

2!
)

= 0.46946 ≈ 0.47
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