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Differential Notes
final revision

By Jibreel Bornat
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.3
|- verify Lhat Yy isa %Sltion => Supstitvle )

L2~ Gec i§ it’s lincer or not / -F)'V\O/ Lhe orgler~

l.1| yenerste the iflomvatiod equod ion

— Eindd the behavior o-
O 223\ Eeintl csys
@ Y=o Lisic 25
® s
@D Y ciopssio sl oy 3o Mas? 2L
® if 470 TR orow soes OP 1
\-C j‘(o °, The ovrow goes clownr. |

@ a1 Y (&) (IKC% toka it from Lie p'b'é)

toen
@ C_4 B\ (e PNy 3(£0)= ‘joa—_d;\s{i c_}s&o\yxs\
L2 O a— 2N 84232 6eru Yo\

Pehavior & limaw) = |22, 3, > X

X ; Do =X

- How to genencte Ltha D.g rnthese guestions 1

I3 _ Date in — Pote ouk
/¥
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L2

Q@ seporable
Mo lce ('/_3 'n one %ide ondd Jé in Lre obler Side dhen i"‘éejf'%f&

Some times Yov M.ca/ to aseume U o vse Perticd -fracén'ov\ Jor inécjrouéiov\

@ Howmogenous
Senercl Sorm o o :F(_Z) or o _ \:'(_X_)
| Ar X oy 3
how Lo Solve 1
D let 4= vx ® 3/2 =V +Xelv @ Substitvie then sove
oAy ofx

_ 9 .. -
V=50 Qore VL oha 28a8 L 2 e 0-2LD) 48 © 500
Y Zf_)"-‘ Q“—g_\ s - ‘SCPQTQ-b\Q S\ Lineor cC G \S,é\ d_ﬂ go_,_,

@ L_toaen ( Mels)\o(',l 0[: fnfejnqﬂng IQCLOP)
Senered for-m o o v D)y = o(¢)

how Lo solve (

Ped)olt
Gl = 1L jc/dg g(t) ot + C |, ey = ef
ed L

D Yov howe to check if it's linear firct
@ then Yov howe to moake it as the general form
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23 —IZZK -+ Cooh’ng

|- Ton K
CD Roaﬁe in = ﬂde ovék

= ({ior in x J;S-_}J\) - (-(/o‘vow& ¥ J.:.\:‘J\)

A Sometimes Yov heve 40 bvii on eQuelion -fow \':;TJ'-
Ce\ 3 , &\ 5 ab\ val e & S\

PraTol © ooses b ¢ M aL= JAX
el

O . I3 =
calZ

2- M ewton’s Low O‘ C.c:ol;‘:g

v - _klu-T)
At

(/ ® The +emperature 0f the Object

T s Tie temperobure of the oo m

|4 % Positive Constent

Q) divicke by (u-1) dhen irtegnde
(R we vsvally vse Seferable methodd 4o Solve

@ Ve erguer Wit be In| omih| grve it e
@ then ouplpse €= A ond Continve
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2‘4 See if lhere is o Unigve Solvtion Wi Hovl Solvit_\g + Bernoulli

®i9 there a ynigue solution for Lhis TuP 7@#1\&’ the interyal

\- Lineer D.E
(D) make it ke tte dorm 4 2 P = i)
@ o) , Pt) e ot ynant 1o 5
@ Frdd the interved Laut Contoins b inidiod Velve dg dor 9(Ho)=9,
@il we oo/ ol of {his =y There 15 & Solvbion ond it's Unique

2- Mon _ Liner 0O.E
@ Silderediod e y' to get y &2 - IS
@ See tlg inte~ved 0f Y ool Check i it Contains Lo
@See tle inte~ved 04 Y ovef Check i€ it Contains (Yo
BO{J\ true =S it hos o Um’que. Solvlion
One ot least faloce => we have to saive te origirad T v

3 Befnoullf
Yencrod form 3 y' v Pu) Yy = 9&)3" , NER

If n=0 :-
5‘ 4-P(£]3 =3(‘£) =) Lincor

£ A=1 -
Y o9t -Ph)y =0 =5 Separable

fnz0,1 :-
@ let y= 9'"
@ find 4" a5 " U-n)ﬂ-n Y=y
@ clivicte by Yy Lo Nemowe the ather 5ite
STUD@TSHUB.m Lineor ina VvV Uploaded By: Malak Dar Obaid



2.6| Cxact e9uontions

Finot =+ Lo equakion ic exact

Ax+y* - 1)(33\ =0 , Ay =1

D Fnd M v v

N=axy C a5 N, 3ed\sB M
M=AX +Y °

(@) Dilfecentate A/ By respect to X , ond M [y respect to 4

A/x: 23
MY = A Y >\ -ITQ,J orveeguo/ =) exact

@CA"Obe N or M Co integ(‘c«ée "oocs not mattenh
-(:Ifx:I/V\ OR -f:nyzj/\/ cdinae X

f:=]ax+y*oly 5 [=x*+9’% . g (9)

@ of; flerenticte | with respect Lo 4 then moka it eguel
1o the olrer Vowicble (M or M olePerdS on gl)org(y))
(‘ = 2AXY ~ 9'(Y) = 2xYy
(9=l => ary) =,

@ Put o9 in its Place then make the eq. egued to C
-(: Xz -\-ij'l’Cl:C-
.‘z X2 + X*ja'_‘- C

@ /)pp/y the Concdition Y(Xo) = Yo
|9\ +|¥|x=C = C=A

_’T-Q {m&l Cnower o—
x* +X4y* -2 =0
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Secondd 3 the eguation is not exack

[ 00 ofx
D My - My —fx) =N T-=c¢
N
or- _fﬁtj) 0/3
@ Mo -WNx =1ty =sI=e
/W

Hﬂm we mult{ﬂ"\j i‘le, eguaﬁz'or\ b_‘) T to mekke it Cxack
thon we Stert agoin £rom b beginning

(-
ExP., Mewnri le e_—g—ri
(- i
= € & e 1,) = e ECO'D&.—L‘;‘) + | 5;'4(-%__) j
= e L ch('ﬂ;’—) - | Sin ("%)

U

eLos - /=i )

O % ys bo A0

X“OV\/ ‘£D {\'no/ Sin
Coo Y L) oL, | O ondd Cos withowl

Sin 0 | 2 3 Y Ced o lod o~
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25 pa‘cwo/lﬁ Iﬁer‘a{,{or\

Seneral dorm 3- %—2_ = {9 = Y= ff(ﬁ,j)a/e

L
YY) = Jlt) = J fee , &see)) oL
© Tren | Lolco the Lim !of On

¢0 =0 oD

E “m gr\ = 2 @n
@. = f ‘("L)O) oL =0 n=z)
° S uawlb on a Shafe iy

t
@r = | Lk, 3t \
; ? Ehi g ﬂ or Someih,'«.j

t
D a :0( f(t, D) olt n

zq “/"5_53“03{. onol M/fﬁs;,,ﬂ 9 o

@—M—/;.sb:nj ) :—‘— _ @'0\—/(‘55;’\3 '& :—;
V=4 —, V=4 V=9 y'= y'V

W"\j Lo vse this method ?
s VPG e ca b o Y se o)
9oy &G 2 oes ) Y s ol Voash o

How 40 Solve ?

@ Use the assumplions above based on be Case
@aPPlj them to Lle equotion tlen Solve for v= f\/‘
@ ofter you get V=4 , Sowve for y= [4' = [V

; £ L
sTURESEhHEB=o® e SiiAchdkd By:&aJaEDS'_Obaid
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L0 +|D3

When 4o Use dhis way ' * + Plb)~ +qck) = g "
@ C,oe.,[‘,fici@nl-s ore Conttents
@ higher orcder lineor equation

Case_: ~ ¢r%
~
30-': e / jchdf

C_a\scj\:f"',:/"’ =
rt rL
'-j,:@ P) jLz'ke

Case b3 = o< + it (ComPlex roots)

/\'|:°¢+Mj‘. ‘ /vz.=°(-0‘/l.
Y, = € F Cosledt) m:“é* Sin (cudt)

I9/1 /2025
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2.2

|- how to _(ino/ Ehle lo-/‘gcs’l: interval  3—
—oh it as the form 4" LDy - Q)Y =0
- PlLall yLao\ 52843
— findl ti loraech intenvol Erot Contains Yle)= 4,

2- Principle of Guperbosition $-
— if Y, 0nddy, ore Yowbions for Y +P)Y +FE)y = O
cnd LI(Y, . Y,)(t) 0 , then Lhe linear Combinebon
CiY, + CprY, 5 also a Solviion

=Y, ond Y, e indePerclert 4 LI(Y,,9,)4) #O

33— Tre Wronskianm Soivtion Cu (y, ,'j,_)({,) Sy
E\-‘ i}\o‘\/c . a—\/jﬂ_;_

Wiy, ,4y,)t) = | D Y,
\

s W

R if i olont heve g, o~ ys (Abel's Theoren )

_.JPw St
wW(y,,4,)4) = Ce

U- Fondemented et 0f Solvtions -

1T Wo Condditions Shovie! OCcur Eo Say Ent Llg) V5 F.5.5
D Y, omd Yy, ove Sowtions to W 2Py ~qiyy =0

@ 4, o Y, ore Iacle Ponclent (‘“U(j\;‘jz)(é) +#0)

G- E’\O/"”fj F.%. 9 With no 4,07 Y, ,With just interved

O let "9 ()= 1" Y\ (ko) = 0" Y, ()= 0" "9} o)z \" (toget w#o0)
@ Findd Ere Chorastaretrec egquation , Ehen gencrele Y

@ Findd Ci ondf Cs in tre two Cases Lo gel s ond 4,
STIOENAS sk com on intervol i Con Chipicatiedoy Malak Dar Obaid



On poir\z': Y
@ Cl\QClC L/L 7, ’>)(/ \jL = SiaX /ﬁ\’J\H\
A ﬁv\wﬁaw\m\’m/? <ot vt Soledons A Haa die

(//KL@{-i)U[,fXJ/’FU':Q/OLXQTT'

@Vﬂ'@ if 9,00l 4, ore Sovdions dor the € Guobion -
$| = X J ‘j\a = | ' ’j\: =0
(\ - XCOtY)*O - x + X =0 =\ 5| (5 50“/{1'0}\

\ \
Y= GinX , Y, =CoSX , Y, 7 - Sinx
(I—-XCo{)*—SMK - XCo5X + SiaXx =0
=5"X + X SinX CotX = XCoSX 4+ _Smk =0
X((%* Cosx ) - Cosx) = o
SinY
CooX —Cosx =0 =) Y, endf Yy, ore Solviions #

@ Verify End wi(y,,4,) # o

WX , Siax) = [ X Sax| _—Xcoox - sinx #0 M Oo<x<av
| Cosx
W(X , 8iax)(W2) 2o =5 Ekeyore Leniorly indelendent

oo Sin ce éAe3 ore §olv£n‘a«\5 ond L.6
== iX ,smxg -Lo/‘m a fvacemented Set 0-{ 50“/?!.»'0'\9 #

STUDENTS-HUB.com Uploaded By: Malak Dar Obaid



On Pont S
_E/L F\“\,\A ,M/\Q WC\J\V\QQ CAW\QV\M S/J\ (S*F Sokv\:g\\s».z

g =
’vl_‘:o => fy = ) T = =
= — - -t

$~C|j¢ * C:L‘j)_ =S "3-— cC, ¢ g C.z.e @
p— .& -
=>4Y,=¢ ) Ha = QL

Cose 4 * YHlo) =\ , 3:(0) =0 PR Q‘ef‘ - Cle-'L

(o]
‘f’o"'\@ C\e + C.:.Qo-| => C,~Cp=I @C_'L‘L"_p S'OU-‘J-"—’

Cfa‘bc 2 ¢ Y,0)=0 / 3‘2.(0)3\ / 3\ =C, e{ = CA (-

C|e°+ Cz,eo-’-o =) Ci,+C.=0 }C.:_ﬂ‘:
QIGO—CLQ—'l =) C,-C.=1| C,= -

oo SCoaht , 9.'nht§ ore Funddemented St of SoWbieng

7
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GO n ,46&//5 +heorer-

Q:’Z‘i) Ig“ ‘3‘ Q\WJ ‘S,L NN O\’guv\e&o\w\Q\,\\w\Q e
csfrso\&fms of {U“Am/j/ A Lt

j - i O\N\Q’g\
l\ \W (\7 12 ‘ — ¥
b ) Q) ol Ao W (y,9.) (s) .
v + 2 '\ . t — = t)y=_2
-fptt)r/{- -f%
Wiy, y:)t) = C e =Ce =C

C’U(ﬂu‘ﬁz)“) =L 2 =y C=2
\

Loy, 4,) (L) =

— = 2
%L => 3, daylsy = 2y
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3.Y| i hove Y, ond wont to{me Y,

When 4o voe ik ?
(D wren he give me 4, ont/ 05K for {le 0dherOne

|- p\CD/VC/Lf('ﬂ\ 0-[ orcler cledhodd -

Mlet 4y = vy, @ Fnd gt ondd 4 @ S miane
14\ Sty have V of order 2 - ]

M@ let wo = v © Fd W B Yeoiusse

@ Golve it Using lineor fule as in ChaPler L 4o get W
Eren $indl W from (W', Lhe bond y Lrom[ "

2- RCO/VC'éfOf\ C)-‘ OI‘MC/ ﬁofm./lo» . —

Ya=9, [ W,92)(H)

47
Solve bhe Crompies below USiney £his method 1
Wiy, 9. )= C e,—( P =) wWi(y,y, )= Ct 6
By = fzJ et = Ctix €°
el 3
Yp= E° ¥ clon't talke the Constonls

”‘. Moy Confuse Yov n LLQ,
mullifle Choices.
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gﬁ/ st pom Pavst jl ~t" s SN TVE SN 6#

/ ~ o
N e e =N T = 3 VS

/Mrk v M d 0{» cedwtdron bWL salae By £
A QEQQ\/\J) S,é\\&(}gv\ crjt A~ gfg\u\ OQ*Q ;

A -6 9 .o -0 . let y=Vt"
4 ~10 4 4
3\: 24V + £ ) 5“: 2V YEV & £iy W

(2v sty «e2vY) - b (2kv « ') + 0 (V")
e £*
E*VY e _bEV 2 2T oV
'Vt - 2ev' =0 => (VM -20\)=0 let w= Y
PNERVA

\

é:w'—lw=o =y LV - W =0

2
2 *
el (L) = e— 52 =) L) = é’z
wit) = £ [ Jost e o0 I = we- et =y
V= JC{L =y V= _%_»‘.3% —\ V:=Atd~C 4=%
Y =Vy, =y g = (Atdc) (47

5: /‘)65 ,.@ ) Enig 16 g, Ehen

C.x_ﬁ‘ :,C,.:j; Ey‘——&)\ a),\_AS\c_gLiﬂ'j —e 5&4_7_}-4
- ‘ “- - i
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3.5 +u -3 MNon - homogeAcOVS 0/-3
-rc:)f'w\ 2, \j\‘ + p({)j‘ -\—E’{,(‘L)*j = 9“;)

- Pt) , qt) , 9(4) ore Constonts

Z- g(t) iS5 3 Constant o~ Poly o~ exPonmtied or Sia or Cos
Oor ‘(Mi‘éc Sum /p/b/voé O.{ -Lhc»\

How to Soive 7
@ finol Ia by S&H’iry the eq.uaeé"on to Zero (“é 9(’6)“"0)

Uen Solve it normed ay 3. Y (!"14- Py~ »Qtuso)

@ gf\o/ Yp , ﬁépenol"ng on 3(£) form as -rollowﬁ o

® o) = Ce”* e

@ get)= Cot" + Car ' xl®

@ 9tt)=C 5 rk CrCosrt Ciointt +C,Co5 rt
xb”

® I(¢) = C,e'\‘: % Ca(Sin , cos) x L

® git)y= C ¢« (ia ,Cos)
@ 9(£) = 90me£hu’(\3 -+ So MCJ‘LL\"f\g | haJc ‘LO 9p“'£ ’L;"Q—M
W xl”

When Lo mulliply by t° 7
| look to Yy , 'f there (s overlapPing belween 9, onel yp
| mull:"mj by Ls to avoid it , S=0, 1 , % - -

@ (ino/ 90,49 , Yp ond substitule in the eq to gel A,6 _
@DEST&&&BiMr{wﬁ ¢ Y= Yp +Upmwaded By: Malak Dar Obaid



EK@ : S:)\\NQ b”r-z’a{'—(*\\'\ - Q\S\"v\’t/'

D Eind Y o=

3“ ’35\ = ‘45:0 =) (“z-jbh -y=0 =\ ==l /,-__L,
4¢

-1
3}\20,,3' LCz‘jl =5 ‘j)\: C,e + Cauc

@ Fd yp s .
3\\ _ 3j| —yy = 28,at = Yp = = [A Sint @QOS'LJ

E°=0 becouse Chey ore indelontlek =% Yy = ASit v st
B, A ;L adMananni o8
Yp = ACost — B sint 9p= -Asirt - B Cost
(-4 sint - beost )= 3(Acost - Bsint ) — H(Asint +beost ) = 25int
SAsiit - SBCost ~2ACost +BBsit = 29044
Sint (-SA +30) + Cost(-SB -24) = 2 gint

('5/4 +3[3 32)*5 =) -25 /4 +sp =10 ==\ A= =S /I

Csp -34-0)%3 ~q4 - isp= 6 B=2/1%
NP =—-S Sint 4 SCost
I Z |32
_ -4 4t |
A=Y, +Y4p =) *j:C:C +Cre - Ssiat + Bcest
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L@ 'Y = £ 1r5iet).

AN ryzbrtomt Pz rrrizo = reeil o]
Hh = Cnewé Cos(t) =« C;,ems/n/u =)y, = CCost +CaSint
)=t =)y =At+p

3y(t) =t oint =5 g,=L(CL+D) cost « (FLoF)simnt Jxt

W)'i:j ¥‘l: ’l.
(btcc«\/)Q D cost erd Foimt exist on ':j}\ ; S0 Ihewe 40
multiPy by L Lo moke them indepontlent

=S Yp =Y sy, =5 Yp= At + (CL*+Dt) + cost + (EL*FE)tsin

Y= 9Yp + yh
Sﬁ = Iqé"’B + (C'Lz‘*'Dé){COS'E "(E‘Ll"[:é)&sfr\ -+ C| CQS‘: + CLS”’\‘L
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L’*l Semme &y .5 b"‘L -(Of‘ ;\r"glv-f‘ order

® Frnd Ar (o"ovvmg these cotefs o-
@ Find Lhe Characteriskic CC{ua\f(or\
@ Findd e factors of tre omaliest derivotive
@ Sl‘mpl.‘{y the eguwén'on Vsing Lons OPS3n+mbicdivision
@ fmal the Velves of r , Lren ger\e,r\a«ée. Yh

The ngnw\abic. division for Ajﬂ a—Bj"—' * C_j""" N

Gince Z i tre facton ~" T et
i Used 0S5 a =er o Oof
(2: I‘:f‘o) */@ D) C - -
&
% (£~ in @ Z _Axz
€Qqels -3 =y 2=-3% A b +Az)
endd So on

Tre Loms divisien for AY By rCYy' TE oo =

The onouv e
(-l ar e "' c ™™

@ = Yp ke 3.5

@U=£ﬁh+3p
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(3) —ab AL —
e, Y «+ j\\-j\* 2Y = ez+ e’ C_os,:,l;, Findd Y
@ Find Llhe Chorocteristic €quetion
F?> + e 20

@Iookwﬁ the omeoliest clerityebive 2Y° ond find Ls Faclors
how Con I get 2 1 => -1x%-2 or I1¥2
then 2| ond + 2 ove the factors
Svbost tvle in Y o~ S5ee which oOne of bem i9 a Solviion

~=-2ji9 a 99ivition =) (r+ 2) =0
P

@ Fradd the fonl equetion Using one of these melhod/s

SgnH«abic ivision o lors ivision
A3, s § AP NP A
~> " ~ 0O \ ~ o
l | -1 2 re2l 0, AR~ A _
- A -2 2 -2 93, ~2 . 2r*
' a0 atw \:Y O -r*-r .2
- = ’Fl-’\,‘ -
r~* _r sl Q O + M +2
2 ~ 2 —
~
r (®)

@—IITQ,- Lincd GQUJI'OIA ) (f\+9~)(f""—/"-rl) ’ findd 1~

:l-t_-_\/|—'—f :_;:—‘!’_
A

(“:-9\,—'&-+E{ /—":—-_,_———‘/?'.
R

»l?‘

\

»

_at
SThEGESHUB. e x €2 & i (L) Uploé.’dgdsé—‘y:@alaliageb)id



-2t £ -2t
9(t) = e’ + & Cos Va2 L = Yp, talkes e’
2 vz L

4p, tales & Cos =

59.-;/48'%*& => Yp, = Aée—“

Jp, = EDe—%Lcos vz .+ D =t oin gl-_ 1 %t
z
A |
ISP, = EBée’"LCos V3L . Dte=t .90\@4; :I
z

9P = Yp « Y

9= Ate* + (Bt cosvaL . DLert sin/ZL ]
A

U= 9P + Yk
9= Ate® + LBt cos31 o Dee™ sindaL ]
A

-at L L
+ C,e + Core? oA (gé) + Cye? Cos(g*)
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exs ~:-@.2.@,% ,2:y4i 2=y , 2z4]

9"" C—z'llel{ g Cb'LL C.LL * C.u' C3L

2L 4
+ Cse Costut) + C4 Q£ Sin(Yt)

r Cq &LLJ;C,os(%) + C4 ef{: L sin(4d)
+(Cq €.2£ L Cos(4t) « Cup é% t* Costad)
S\ G N em s T2 0\l §2 oEsb e g e
Boies 3ot 53l a2Vl Cesas b Fovling O
"

rvbrzeo "o ol s AL 2 @

O340 (bb & a5 (B)
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56 Non - homo_g&m‘a S

denerd Jorm1 Y' + Pty ~ FE1 Yy = gk)
Wherw Lo vse (L 7

O© if 9(t) is ovny funchion in tre worldl
@ \f Plt) ond q(t) ore Conctonts or funclions

1- Py on/ Ut) ore Conghonts -
i find/ Yn ondd Doive Norm ol

2- PH) ond/ 4(t) ore MO T Constents 2
he Shoutd/ Yiveme Y on 5.%#3
6'1-84\ l(mO/ k/-Q, 50'11{;»0”\5 O/If“e(’{:/_\j bj V, snt/ \/,{

or | moy vse Evier to Solve it

® Findd Yn

as in 3.5 by the Chor.eguation

@ find w i

Yot Viy, + Va4, , where

v.=_cht> 9k)  , V- Jb.({:)g(&)
WY, 92) “O(,.,9,)

¥ | howe Lo make supre thet Lhe wronskion =0

@ 9= 9n - yp
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>(2 tl
ey, 3
Euvler o, m1+(,3,|)m + Y =5 m*_Ym +Y=o
LM‘l )(m—-l) =S m= 2

= 3%3'%@ - xl)?mx/ s o

2InY

In X
gr=Ci e " Cylax & =5 Yh=C, X* +C X" laX

2

Y, = X* , Yy = X'lax

x> X* Iax
AX X +AX '/\)(

w(j,,j,,)(t) = =, X9 =+ O

¥ reorronge khe equekion o general form 3 4" - %j‘ ..—_'é_j:\nx

V’ = _ :3;(":-) 3(‘&.) —> Vi :_sz'nt( = - f |1\1X

Wiy, ,92) X X
V= _J Urdhd = U ol =X Tlebu=iax
o X ...
Vg‘z b|(£)3(£) => \Va= J Xz lf\\( - ‘I\x
Cu(Y,,9,) x> X

Vaz Juoh = U _yiva= In'X letu=lny
A 2 D (VI A C/X

: X

________________

YP=Vi4d + Vays => 9p = x*(Inx)”
6

3
9=Yp + 9n =5 Y= ng"’" + C,X* +C X" lax
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S-4[ Sowing D.E Using Series

WAen to vee 1L 7
— When Yo coefliciets ore Poljnomiw( funclions

- onel cdso ik Shovidd be homo_g.
P 9 QY Ry =o

|(: pb() F0O => Mg orda'norj Point
£ Py=0 =S X o Singuler Poink

whot Con he ask me 1
@ 13 m% asKk {o fmC/ tre Om[m’/_j el S'agquler Posrl o

X1+L+ U — o |

(X +4)y ¥

pU):)(ﬁ*q =5 x%*--U = X = \/:_‘1— => X= £ 21
Singuier Points & X = b

Orodimry foints 8 oll abber foirks

@ to v U2 Solvbion using Seces ( ys—ci %l00)

Y = o:é;oan(X—Xa)A QA elall g\t
tC=-s\Bbs 51,
v o By LBy s\ B
(I, 022 beds cds amy V) X 3 i o500 0528 (D
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(149
g’:)(;_‘__ C/U\“‘S‘((_bf_ Wk C}\"‘L
PO PR I e

,f:—\’\/\t& "\7b\"b W\RQ—S Sékw O SN \j\ C)\/vxt)\ ts 2
o\"u\/{- X o ’—“—@ g PRI -M/w\f\

o C}«\B"\“{D f

A= 2 n(ln-\)oa X
n=2

@ svbskitvte 9.9 4" an b equation

2 o0 -2
\ n (=2 -
CX*)H% N(n-)on X _ szno»nxn’-régo«\x"
O n=| n=o0
) we enter tro X'c v "nG,
2 ala-yonx"E S o mb:" =
=1) Cen - "
P + nzl’)(" ’)OWIX - iqﬂ&n Xn-\— 2 6&,an
Nn=) n=o
@ meJLe X f all odiKe. i od) equwé.iaw\s
Xﬂ-l-:) X,\ ) N-2—>
N 250, add 2 obove | ¢ p g u‘nUg;na/a
i, (n 4-2.)(!\4—])&!; A X
= * + g 2
n-o 2,)C"‘-l)c""x— Zqﬂ&r\x +

2 6&-:1)("

N=) n=o
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(B)cdodie ol bhe inolices, oldiihe
S nCe, {%bﬂg@%M&(@;& ' 2= Send trem odl ko e

—

Aoy + ba 2 f °
+bay X « %&(f\'fl)(n*l)amzx + 2 nlnayenX”
Nz,

L{XQ. + e Y n X" >
l %1 NoanX" 4+ 6 (a, +,X) + S ban X
N=2

@ med4e thom tonebie, <<'mt1\ XO © omtr X' )

(2a9.+6a°)x° . (6%*7\“'))( N

oD
2@01»2.)0\“)&%7\ + (Y\z— Sn+6)0tn] Xn
Nz=2,

@(’/\M‘g &/ijh,‘?ﬁ QQ,lvc‘/ {;O Zerpy

Za’\\'" 60.@ =0 3&0 -\-CLA =6

Cz= _12q
6 o
%% 20 =0 G+ 2ay-0
Q$:__L_q‘
2
_ (a2
CL(H-Q\ = Cn =k "’6)&;!\ ﬂf2,3/ Y- - —
(ﬂ+9~)(n+l)
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f\=9~ aq = -‘((n-:b)x—o-w O.A) —> 0“4 =0

e — — —

—(O *LI\-z-)xO.'b) =\ G =0

s

"((n°?7)(’\-2)¥0) —\ a6 =0

—_— ™ —

—_—

n=5% Oleg =

n=Y ag =

/
\

|
. Q=0 A=Y, 5,

A
ﬂ: (0 W} +OL|X ¥+ Qg X -\—O(.bX}_,_/— —

UY=CQp + 0K -—-3;0.0)(2‘ —_"_OL.)(3 -
3
3-‘C‘ol\:\’3xz——3 +Q.EX—L$-—-]
” 4 L 3 g
‘ By

() Check Lhe wiomskian 1o see i¢ its LT

W(y,,4,) = |9) 9,(0)
'.'3:(0) Y1 (o)

\ O

h

0

O |
if’s l'neor!y [ 1 0le Pendlui #
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S.3| Arother wer Lo Sotve D.C , Mac/ios of Conv.

When 4o Use ik 2
e When the Cocfficients ore Aot po’jnomio‘l foanckions

°* When ho asks me {:.O f.’nal 1303 ({(‘SL Non - Zerp Lterme

T}‘—‘Q. ‘RU'Q * CGm = 2("‘)on)
M|

Mote s oo = 4(Xo) ,0n= 40) ,givea inthe Qs
%___’{e‘ Cf\/ex\ H'IC_ \UP E

2 2 / /
(x+1)3 — In(exx)y —29 =0, Jlo)=] , ()=
0
Assom e a"t(x): anxn s  +he seres Soluhon o)C
Fhis WP, Lind the [fist foor ferms .

Qo= Y(o) = | , a,=Y'o =\

caz Y'o) , Find Y013 4'o) - Ine 4'lo) -2Yy(o) =6
A Yilo) =) -20 = 4Y'o) = 3

- 3
Q.&——{

ay= 4°0) , difl Ve eg. (Cx) Y™ + 9 (neatyy® v axy )

6 - a4y'=-0 Cx2
Ay= 1 Finef 4 o) 3 yWoy+ 3 -3 -0 - 2=0
> YNoy = 2
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he olso Moy GSK me Lo findd D rasling of ConVvergenCe

6= min ((61 ,69.'5 , 6, % raglios of P(x)
6, % Machos of 9(x)

E-Xo.mple— (X‘z+ BX)J/ +a\'l/ +}:O w[,w/ P
Pty = X2 ax P =QX) - _| o= Rew _ L
OIVIEN W) X(x+3) Px)  Wx+3)
Rx) =\

Fiadd {he Singulor Points ¢ X(¥+3):0 => X0 or X= -3
Since P(x) equals Y(x) we Can dfow once

2 we lolke the omallest 8 6,= 6=

-
=3 ¥o=-l O 6=minql , 11 = 6= I

EX&MP’C‘ Q-\' X-L);/: . Q‘I'X.Z)g: + M= 0 obout Wea=a0

Poy=1+x*  , P0=@w =| , qu= R — I

Qx) = | +x? ) Pox) X2
Q(x)z |
P(X) % 6 = oo becCovsetrere i N0 Singuice Poinls
Tyt X*i=0 =5 xl-l =px==:i
Compening to Z= Xz o | 4
' X=0 , =t E ' ¢
X=0. szl Ao Xseraadl

STopEMAIeeB tdm => 6= | Uploaded By: I\/|alaﬁ DAr Obaid



EX&mple— (I%Xz)}//-r ng/ +"/Xzér: o about Xo = O

Yo =
P = Uax® , Poy= Quy = AX y QLXPQ(_*O %
Q= ax Poo 1= Py Tyt
R = yx*
for Porsl@ s X= t]
X=0
they e the Some Pot | -
S0, when X=0 , 6= min&\, 1} v
Wwhen X=0 , 6= | - - !
6=
Y=L
z z " B
6;-’51:/'*("—1) =/_?
z bro ik
hence , wiea X =L , 6= min%6,6.) +
When X2 4, 6= V5 -\ -
A
Nole ¢

Whin X=6 T Xo Gy &AL\ 303 ¢ & O_lsae 343 , X0tk

Whony=1 T Xo Gy @\ L0 ¢ o | Jluzg 54y, X5t

Q3L BNl Alr,

—
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5.y | Euler ond ?egulou Siagular Points LRsP)

alaﬂ ‘ﬁ)r‘mula«. . sz.‘j\\ + bxy' « Cy =0
l—l-_\e_,- Solvkions am* + (b-a)m + C =0

Case_s'.-—
CD"'( M|imk
Y=Cix™ + Cax™

@i‘ M), — M2
Yy =C, " +-C1Xm"\)(

@) if mis ComPrex -
Y=CiX Cos(Pinx)y + Cax sin(Blax)

Exomple - Lt KLJH% |°f3 =0 , X0

4m* + (0-Y)m + |72=0 => Ym* - Um +1F=0

-6+ /Bl-qAQ — Y= /\b—lbxl? ____\_:\/\6(46)
8 g §

24 g

= 1 £ \W6/=x = L £ 2

A g >

\+

L L
Y= CX Cos (2lax) + CaX” inl2nx)

Mote ¢ When it/s not )\omclg. => Y= Ih + Yp
STUDEMBS- B ELler rules, pisadgloBigdidala Dam0baikics



RoP ool TR P

if P,Q,R ore Porynomiod o N
£ Jim (X =X) Px) €20  omed lim (X=-Xo) F(¥) < =0

_)x x=x6

U\dv\ X=% |9 Re,gulm Qn’r\gulw Oo.’n{. (RSvp)

else if P, Q@ ,R ore nat Paﬁnomals-

(X = %) Px) €20 ol (X-¥o) F(¥) < &0
{‘L‘W\ X=X%o {5 Regulm Siaguler Point (RSP)

|f Nek , | honse 40 finel ra tlor Series 1o CheClk

E xomple -
Xo.m ple fo<)<'—V2/)L‘a”,53X:)/&Q(rL)J ~
Poy= ax(x-2)"  Pw- Q. >  gw=R _ _|
QW) = 3X P A(x-2) P 2X(x -2)
R(x) = Xx-A
X=0 ,2
X0
ien (X-0)3 3 = _3X < o
A(x-2)* 2 (x-2)*
lim (x-0)"%x 2 = 23X < oo hece X=0 is RSP
2()(-1)" 7\()(,2\)2‘
X= A
im 2(X-2)  _ 3 )im | _ eo
X>2 Alx-2)* A X2 X_g
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G.l| Laplace

9enevod form 3 LUfyl = J-1((£) 0/£

@ LIKY = @ LCosh Kt} =
5 e
@LiYY = 1 @ LG okl 2 K
5-= (6-a) + *
@L&'qu = nl @Lie Cosktl 2 &S_a
Ea (s-a)' + k"
DL sin ke = _k @@L = a
S Kkt (5-ay A+
© LiCos k] = ¢ D LI fty T =y o LS
S* s l"\& d£
© L 9§ oinh kiYL =
s?- KL

(n-t)

@ Li%‘?’u} }/ @ 3(0) Syl j ‘(o) —- -5 Y (o)

— Sin(nt + k) = Sinnt) Cos(Kk) + Cos(nt) Sin(K)
— Coslnt +K) = Coslnt) Cos(K) — Sin(nt) Sin(K)
- L ((e, % anﬁnjl = Lianﬁ‘ﬂjg with Shifliag S by 0

ex. Ligtty= 2L ex. L™ cinutkd - _y
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6.2| Laflace. inverse + Solving TUP

e, \ S }
(o+2)(s2y)

=_A  ,B5+D g A(s+4) + (BoeD)(5+2) =5
S+2 &%y

AS* . Yyh + B + 285 +Ds + 2D =5 wWhen the fower (& Gmali
| Colve by ComPorrag il

57 ctA+B =0 - @ Coefficients 0f &", "
S 28 4D =1 €))
50 *2A+PD=0O0 - @
@ -@ :(28+D) -(24+D) => B_A=)-—@®
2
@"'@ ° 28 =-\I —_— G:_J_’_-
Subetitvie n(D 2 A 4—-‘_[/— =0 = A-= —_b;_
<~ ~@:-L.D=0 => D= I
™ = ¥ = =
L =) —._—._LL?__,_ +L14:,-5+_',\-
C5+;)(5"_,.t1_) Y S5+2 &, 92
:—Q_1£ +-—l—-[.2$ 3+_\’L1‘
Y 4] ot 5?‘4—22§
-2¢
- + Cos 2.t e Sin 2L
4 Y Y

= Cosat &+ Sink - e
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edmo j\\ + 9\5‘ + j = L'C.L ) 3(0);-1 / ﬂ\(o) =-|

(D Toke Lablace for each one of Lhem
L9Y" + 2084'2 +L9y] = 4Lqe™]

LSY-cy) - go) ) + 2L oY - 3(0134—)’-‘-
=&Y -26 &\ s25y-Y + Y- =+

$+|

@ PUJ('- Y coefesiants together , then make Y edlone
(o*+25 +1)y —25-3 = Y4

e

S+
(s0)™Y = (oas)emy vy =y y= 25 .55+ 7
( o+1) (5+)%

@ finel B! USing owg\wony

25°+55+% __A ., B ..C

Con)? (S+1) (e4)* (64)?
A(&-‘-\)l + 9(5 ) +C = (\,l:gz-)n- Ss +F . when the Power
S=-1 ¢ C=Y VS high we il
, to fincd A,8,C
st ity 28(54) +0 = Ug + S N 2 Y alir oLy
S=-| & =| Qi 2b\ el a\ds -

2nd Al s 2A=Y => A=2

L4yl = zL"];Hg + L"L;U% . wLWg‘?I

-4 -4 -&£,2 -&
=2t ettt L2 = et Lt tea)
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