Differential Equatiens

Introduction

o A differential equadtion (D.E.) is an equation
in\/o|v'm3 one or more derivotives (c.allec‘

differential coe fficients) of a function.

o A solution of o D.E. is o velation between
+he dePenAEﬂ*‘ qnd '\(\cle'PenAen"l‘ eriables
that 1is %re,e O? any di'FFeren"\-"\a\ c:oeﬂ-‘iden-\-s
and satiglies the D.E.
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, Y is called “o\ependen+ vav?aUe”J while
X (s called ™ independerrf variable’.
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Genexa)l form of o D.E.
The Seﬂera\ form of o D.E. can be writtenag

follows:

n n-|
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da” do"! dx
n n-|
where 37 d vy .. Y ave +he differentkial
n n—1 7 /
dx dx dx

coefficients -
Ao (X)) , Oy (X), uee 5, &n_ | (X) are coeffLicierts of the
D.E.
If these COC#?cien’/'S are Cons-’-an‘l's)
then +he D.E. is called ~ constant COC-P-F-iC‘efTP.
But if these coefficients are functions of
X, Hen the D.E- is called * variable coe‘F.chien'V-

6.3.
O,
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D-E. with a, = s a=—%6 )ancl ag =9
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2 Y Ol_\/__ = 1S ariabl icient
@ 1« d?(2-|—7¢d% Y=0 !5 a Vv aecoeﬁﬂcen

D.E. with ao(oc)=Ll?<'§ Q,(?C):?C) and @q (xX)= -~




N, N—=1 ,N_2 , ... repreSem"’-S +the order of -H»e
di jC,)C' erential coeffi cients .

fex) iS an arb?'l'mr\/ LuncHon .

IL Fex) =0 , +hen the D.E. is said +o be
“homogeneous” But if fx)F o0 (either
o constant or a ﬁunc-l-ion)} then the D.E.

1S said +o be © nonhomoqencou\s,/'

6'3. C;271 d\/
D e - € Xt 9y=0 ise homoseneous D .E.
2
@ d "y +H4yY =s8in2x isa nonhomo@ene,ous D.E.
d x?

Order and deqree of o. D.E.
e The order of a D.E. re,presen"'s +he order o,C
He highes-l- diffevential coefficient in +he equa-h‘on.

6.3. N
LJ%+RAC" T = Esinwt s asecond

0 e
2 dt C 2
dtd order D (j_:;_}
5 ¥ : dy _ .
@ coS¥x 5 +5n%<dx>:.8\/ tan % s
a Second order D.E- (Cj Y >

d x?%

dy ¢ -3 c137l 2 X
©) [. H(Q) ] - <d7(3> is o third order D.E-(j_%)



e The degree of o D.E. represents +he Aeﬁre,e of
the \nighes-\~ di-‘lferen"\%a\ c.oe-FFic.'\en‘\' in the D.E.
af+ter remeving the radical sign and fractional
Powers.

e-g- Regarding the previous example
Eqs. () and @ are both First clegreﬁ
Eq. @ i of « Second degree

EXQmP1€,
Find +he order and deﬁree oF -Pne 'Fol\ououng D.Es;
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Solution :

M Soluar‘mj both sides to get rid of he Lractional
powexr, +hen:

L+ (Sh 3l (‘“

. The hiahes+ derivotive is of order 2, and the
degree (power) of that h‘ughes-l- derivative is 2
. I+ is a Secoend orcler) secaend dejree D.E.



@ Squar'mj bo'”\ S?cles to aeJr rd oF the -g:rac-\-?onal

power, +hen:

L«Jj’lich 1S a f?rs—l- ordef/ second c’eﬂree D.E.

Classification of D.E.s

D.E.s can be, c.’aS.s?FieA accorc(?nj 4—0 c“.PPe_re,n"‘
a spects , such as
o Ov‘cl(ﬂary VS. parJ—fa| D.E. : An ordu’nary D.E.

contains only Single independent variable , while
a pavtial D.E. has at least +wo fndepenclen+
varia bles a.’on3 with +heir diffevential coefficients.

6.3. )
@ A_Y - € d_;/t + 9 Y=0 iS5 an ofdfﬂary D.E.

Si)’]C& -H’)C 'FU.V\C'I—"O” \/ has onl\/ one inchPen&en‘l'

Variable (%) [ written as F(x)__}

@ va'z-u_ + ’a?_u - u_(rx]y) IS a paw’-fq‘ D.E .
ox*  9Y*

since +he funchion u has two independent

Variables (x and y) and their partial derivive

2

(2 and 3
2 x* 2Y*

) are presen4 in the DE.



e Lineéar vs. nonlinear D.E.: Any D.E. satisfies

+he Followma ‘Ywe conditions is Said to be ™ linear?
(1) AUl +he differential C,oe—P{-'iCien‘l'S are o{-\
powevr 1.
(2) All the coefficients are either constants
or funckions of +he independent variable only.
If ony one of +hese conditions is net satistied |
Hhen +he D.E. ig Said ‘o be nenlinear?,

J- all coefficients are constants

v v v v
D 2
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y\‘\_\_ 5y _3y\+7/-\/:7< iS o linear D.E.
SRR S S

all diffevential coefficients are of power 1

all coefficients are functions of +he inde pendent variable (x)

@ (le)zjiz_)'Z _3(t+l)_§_7_+ g\/zB 'sa linear D.E.
X X

t S

all diffevential coefficients are off power 1

@ jzyz - 3(3,—\/5 + 2‘/2 LI 1S a nonlinear D.E.
X X

T— this AiQFeren+fa| cOe{lFic,:en4~ is no‘l‘ of Powerj_

@ 37’ j?;(); +5 j_;/c +':[-')<.‘7' =0 iSa nonlinear D.E.

t

+his Coe,#ic,:en—l- dePencls dired—ly on Yy net on X



e Constant coefficient vs. variable coefficient

e Homogeneous vs. nonhomojeneous



