
 

 
 

 
 
 
 
 

 

 

 

 

 

 ثامنالالفصل 

 

 

 المعادلات التفاضلية 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



  المقذمة  (8-1)

 
هً إي ِؼادٌت )ٌٍسج ِخطابمت ( ِىىٔت ِٓ دواي جبشٌت أو دواي ِخساٍِت أو ِؼا  -اٌخفاظٍٍت: اٌّؼادٌت 

  -وححخىي ػٍى ِشخماث ِثً:

 

 

 

 

 

 حمسُ اٌّؼادلاث اٌخفاظٍٍت إٌى ٔىػٍٍٓ -أٔىاع اٌّؼادلاث اٌخفاظٍٍت :

 اٌّؼادٌت اٌخفاظٍٍت الاػخٍادٌت 

  اٌّؼادٌت اٌخفاظٍٍت اٌجضئٍت 
 

  

 

 

 

 ٌّىٓ حؼشٌفها با أٔها أػٍى ِشخمت حظهش فً اٌّؼادٌت  -:سحبت اٌّؼادٌت اٌخفاظٍٍت 

 

 

 

 

 

 

 

 

 ٌّىٓ حؼشٌفها بىىٔها أػٍى أط ٌلأػٍى ِشخمت فً اٌّؼادٌت  -دسجت اٌّؼادٌت اٌخفاظٍٍت:

 

  ِٓ اٌشحبت اٌثأٍت واٌذسجت اٌثاٌثت

 

 ِٓ اٌشحبت اٌثأٍت واٌذسجت الأوٌى 

 

 

  المعادلات التفاضلية الخطية  (8-2)
 

إرا حىىْ اٌّخغٍش اٌّؼخّذ فٍها وجٍّغ اٌّشخماث اٌخً حظهش فٍها ِٓ ِؼادٌت حفاظٍٍت ِهّا وأج سحبخها حىىْ خطٍت  أٌت

 -اٌذسجت الأوٌى وغٍش ِعشوبت ببؼعها وحىىْ صٍغخها اٌؼاِت هً:

 

 

إرا وأج دواي حسّى اٌّؼادلاث اٌخفاظٍٍت باٌّؼادلاث اٌخطٍت اٌّخجأست أِا  a0,a1,a2,……anحٍث إْ اٌّؼاِلاث 

ثىابخا حسّى اٌّؼاِلاث اٌخفاظٍٍت اٌخطٍت باٌّؼادلاث اٌخطٍت راث اٌّؼاِلاث  a0,a1,a2,……anإرا وأج اٌّؼاِلاث 

 اٌثابخت 

  -حً اٌّؼادلاث اٌخفاظٍٍت هى أي ػلالت بٍٓ ِخغٍشاث اٌّؼادٌت اٌخفاظٍٍت بحٍث إْ هزٖ اٌؼلالت حىىْ:

 .خاٌٍت ِٓ اٌّشخماث 

 .ِؼشفت ػٍى فخشة ِؼٍٕت 

 .ححمك اٌّؼادٌت اٌخفاظٍٍت 

 ِثاي ٌٍخحمٍك اٌششوغ أػلاٖ 

 

  y= xln(x)-xحٍث إْ احذ حٍىٌها هً 
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 -اٌحً:

وّا أٔها ححمك اٌّؼادٌت  x ˃0هزٖ اٌّؼادٌت خاٌٍت ِٓ اٌّشخماث وِؼشفت ظّٓ فخشة حىاجذ باٌّؼادٌت اٌخفاظٍٍت أي إْ  

  أػلاٖ ٌّىٓ إثباث رٌه باٌخؼىٌط اٌّباشش

 

 

 

 

 

 

 

 

 

 .الأوٌىواٌذسجت  الأوٌىاٌّؼادلاث اٌخفاظٍٍت ِٓ اٌشحبت  أٔىاع

 .اٌّؼادٌت اٌخفاظٍٍت اٌخً حٕفصً ِخغٍشاحها 

 .اٌّؼادٌت اٌخفاظٍٍت اٌّخجأست 

 . اٌّؼادٌت اٌخفاظٍٍت راث اٌّؼاِلاث اٌخطٍت 

 .اٌّؼادلاث اٌخفاظٍٍت اٌخاِت 

 .اٌّؼادٌت اٌخفاظٍٍت اٌخطٍت 

 .ًٌِؼادٌت بشٔى 

 

 غشق حً اٌّؼادٌت اٌخفاظٍٍت ِٓ اٌشحبت الأوٌى واٌذسجت الأوٌى.

 -ابسػ اٌحالاث وِّىٓ وظؼها باٌشىً الأحً: اٌّؼادلاث اٌخفاظٍٍت اٌخً حٕفصً ِخغٍشاحها إْ هزا إٌىع ِٓ 

 

g(x)dx+h(y)dy=0 

 

 x dx+y dy=0  -حً اٌّؼادٌت اٌخفاظٍٍت اَحٍت: -:1ِثاي

 

  

 

 

 

x  -حً اٌّؼادٌت اٌخفاظٍٍت اَحٍت: -:2ِثاي
2
dx +(y+1)

3
 dy =0 

 

 

 

 

 

 

 

 حىىْ اٌّؼادٌت اٌخفاظٍٍت الاػخٍادٌت ِٓ ِجّىع اٌحً اٌؼاَ

ٌّىٓ إٌجاد اٌّؼادٌت اٌخفاظٍٍت إرا ػٍّج ِجّىع اٌحً اٌؼاَ اٌخابغ ٌها ورٌه ِلاحظت ػذد اٌثىابج الاخخٍاسٌت فً 

 ِجّىػت اٌحً اٌؼاَ اٌخابغ ٌها وسحبت اٌّؼادٌت اٌخفاظٍٍت 

 جذ حً اٌّؼادٌت اٌخفاظٍٍت اٌخً حٍها اٌؼاَ هى   -ِثاي:

 1 …..y=c1x+c2x
3

       

 

 

 

 

 

)ln()ln(

)ln()ln(

)ln()1)1ln(
1

.(

)ln()ln(.

xxxx

xxxxxx

xxxx
x

xx

xxxxxxx
dx

d
x









c
yx

dxydyxdx



  

22

0

22

c
yx

dxdxydxx






 

4

)1(

4

0)1(

44

33

4........
6

,
6

6

6

3......................6

2..............3

2
2

2

2

21

x

y
c

x

xc

x

y

xcy

xccy












 

 

 

 

 

 

 

 

 

 

 

 Fourier seviesسلاسل فورير  (8-3)
 

 Periodic functionsالذوال الذورية 

 

A function f(x) is said to have a period (p) or to be periodic with period (p) if for f(x) = 

f(x+p)  ….1where (p)is a positive constant .the least value of (p˃0) is called the least 

period or simply the period of f(x) 

 

EX1:- The function (sin(x))has periods (2Π,4Π,6Π,……)since 

 

 

 

 

 

However 2Π, is the least period or the period of (sin(x)) 

 

EX2:- The period of (tan(x)) is (Π) 

 

EX3:- The period of (sin nx) or (cos nx) where (n) is positive integer (2Π/n) 

 

EX4:- A constant has any positive number as period, meaning the function f(x)=c is 

constant f(x) is also periodic function because it from eq(1) for positive (p) 

 

EX5:- The function that are not periodic are { x,x
2
,x

3
,e

x
, ln(x),……} 

 

 دائّا داٌت ِسخّشة ودوسٌت  اٌذاٌت اٌثابخت -ِلاحظت:

 

Fourier series  

 
From eq(1) we have f(x+2p)=p(x+p+p) =f(x+p)=f(x) and for any integer (n)  f(x+np) = 

f(x) for all x……2 have 2p, 3p, 4p, ….are also period of f(x). 

 

Note1 

    If f(x) and g(x) has a period (p) ,then the  

h(x) = af(x)+bg(x), a,b are constant also has aperiod (p) 

Note2 

Cos(x), sin(x), cos2(x), sin2(x)……,cosn(x),sinn(x), which have the period 2Π 
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Note3 

The series that will arise in the will be of the from a0+a1cos(x)+b1sin(x)+a2cos2(x)+b2sin2 

(x) +a3cos3(x)+b3sin3(x)+………+ ancosn(x)+bnsinn(x)…….3 

Where a0,a1,a2,…..an, b1,b2,…….bn are real constants. 

Such a series is called a Trigonometric series and (an) and (bn)  are called coefficients of 

T.S we may write the series by:- 

  

 

 

 

 

 

 

 

 

EX1:- Find the Fourier series of the periodic function:- 
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ثُ ٔؼىض اٌحذود  b = 4k/nΠ( ػذد فشدي فاْ nوػٕذِا )  b =0( ػذد صوجً حىىْ nحسب اٌّثاي أػلاٖ ػٕذِا )

a0, an, bn   بسٍسٍتFourier  

 

 

 

 

 

 

 

 

 

 

 

 

 

In general if P=2L period of periodic from then  

 

 

 

 

 

 

 

 

 

 

 

 

 

EX:- Find the Fourier series of the function  
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(8-4) even and odd functions  seriesFourier   سلاسل فورير للذوال

 الفردية والزوجية 
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Even and odd functions:- a function y =g(x) is said to be even if g(-x)=g(x) the graph of  

such function is symmetric with respect to the y-axis  

 

  f(x) 

 even function 

 

 

 

 

 

     Cos(x)     

 

A function y =h(x) is said to be odd if h(-x)= -h(x)   y= sin(x) is odd function  

 

 

 

  

 Odd function                                                

 

 

 

 

 

 

Note:- the product k = g h   k(-x)=g(-x) h(-x) 

g(x) h(-x) =-  

k(-x)=negative is odd 

 

Theorem:- Fourier series even and odd functions 

 

Fourier series of an even function f(x) of (2L) is a(Fourier cosine series)  

 

 

 

 

F(x) is even with coefficients    
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The Fourier cosines series  

 

 اٌجٍب حّاَ  تفاْ اٌشىً إٌهائً ٌّخسٍسٍ

F(x) = a0+a1cos(x) +a2cos2(x) +………+ancosn(x) 

  

اٌّخٕاظشة ٌذاٌت اٌضوجٍت فلا حظهش إلا حذود جٍب حّاَ فمػ )ِغ احخّاي وجىد حذ ثابج واٌزي  دائّا ِخسٍسٍت فىسٌش

 ٌّىٓ اػخباسٖ ِٓ حذود اٌجٍب حّاَ(

Similarly the Fourier series of an odd function f(x) of 2Π is Fourier sine series   

 

  

 

 

 

 

 

 

 

 

The Fourier sines series  

 اٌجٍب  تفاْ اٌشىً إٌهائً ٌّخسٍسٍ 

F(x)= b1sin(x)+b2sin2(x)+ b3sin3(x)+…….bnsinn(x) 

 

a0=0,  an=0 

 

  sin(x)فىسٌش إٌّاظشة ٌذاٌت اٌفشدٌت لا حظهش الا حذود اٌجٍب فمػ  تفً ِخسٍسٍ

 

Theorem:-sum function 

  

The Fourier coefficient of sum f1+f2 are the sums of the corers pounding Fourier 

coefficients of f1and f2 

The Fourier coefficients of the (cf) are © time the corresponding Fourier coeff icint  

 

EX1:- find the Fourier series of the function f(x) = x +Π  if   -Π˂ x ˂ Π of f(x+2Π) = f(x) 
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(8-5) Range expansions–Helf  

 

1/ Full- Range   -L˂ x ˂ L 

2/Half- Range   0 ≤ x ≤ L 

 

Half –range cosine  series for (even f(x))  

 

Half-range sine series for (odd f(x)) 

The cosine half –range expansion is:- 

 

 

 

 

 

 

 

 

 

 

  

 

......3sin
3

2
2sinsin2)(

)()()(

.......3sin
3

2
2sinsin2

.......3sin2sin1sin)(sin)(

2

1
4cos

4

2
,

3

2
3cos

3

2
,1,2

cos
2

)(cos
1)(cos2

)(cos
1

,

)(sin,

)(sin
2

sin)(
2

,0,0

))(sin0)(cos0()(

)(sin)(cos)(

21

321

1

1

4321

00

0

0

10

1

1

2

1

02






















































































xxxxf

xfxfxf

xxx

xbxbxbxnbxf

bbbb

n
n

dxxn
nn

xnx
b

vduuv

xn
n

vdxdu

dxxndvxu

dxxnxb

xdx
L

n
xf

L
baa

xf

xnxnxf

xnbxnaaxf

n

n

n

n

L

nn

n

n

n

n


















,.....3,2,1,cos)(
2

)(
1

cos)(

0

0

0

1

0
















nxdx
L

n
xf

L
a

dxxf
L

a

x
L

n
aaxf

L

n

L

n

n







 

The sine half –range expansion is:- 

 

 

 

 

 

 

Ex:- find the two half- range expansion of the function  
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(8-6) Gamma function 

The Gamma function dented by is defined by  

 

 

 

Which is convergent for n ˃0  and recursion or recurrence formula for the Gamma 

function  is  

 

 

 

 

  n can be determined for all n ˃ 0Γ 

when the values for  1≤ n ≤ 2 in particular if (n) is positive integer 

 

 

for  this reason Γn is sometimes called the  factorial function  

  

 

 

 -( الً ِٓ اٌصفش فاْ لأىْ واِا ٌىخب باٌشىً الأحً:nحىىْ لٍّت ) ػٕذِا -ِلاحظت:

 

 

 

 

 

 ( باسخخذاَ ػذدٖ غشق2سىف ٌخُ إٌجاد لٍّت اٌىاِا ٌٍؼذد )
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 واِا وً ِٓ اٌمٍُ حبمى وّا هً بىً اٌطشق  -ِلاحظت:

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(8-7) Beta  function 

 

The Beta function ,denoted by B(m,n) defined by:- 

 

 

 

 

 

 

 

 

 -هٕان ػلالت ِشخشوت ِابٍٓ داٌت واِا وداٌت بٍخا ٌّىٓ حؼشٌفها باٌشىً الأحً:
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