Meera
de:(’.r

ﬁl.l‘d' ordler linear
1. ChSS'lﬁ{Cakion

2. Sepanoble

3. first arder linear
4. Berfoulli

5- Homogeneous

6- Exack ond  Intejioling factors

Seeond, order DE

1. Wronskiam

2. second. ordec homogeneous DE
3. Ca.udlﬁ - Euler

A. Aon-Homegeneons DE

DE /0DE ¢ differential equakion
/ s an earu.a}.ion Mok conkains

derivolive
[‘!"' by 5 9y sicda @]



e

S PE
) 9”—?13’:9" —> Db _zidw o

. 241 2! e
D (<40 dx = 29 dy > (e

M ClassiFrcation

—> order ¢ He k(gked dervakive

in the DE
(iiin aui)

“n

Yoo % 2\2 P
N Y _21(3’) =e order = 3

) (5(“—2)l(3 =0 order = 4
NANAL-(ys) dy=0 ol =1

s gt e 35 kst
v 9

7 e

2



L:ﬁ i

— lineadity E;Q' 2\
lineos form B TINPLTIF 2 SR /3/3

sin g In ot
Oyl £ 9009
Jineos X )\(\3‘0&(‘
fon-ineol e 0¥
&30 u-‘—X\J.S
3/ ﬁm3/635/"‘21/ / /94
3.;’ g9 o'y
Ny Sax%7 = s 3 opder finear

) Y2 -2y’ =(snz) Y % order lineor

5 i 2xy < an(xy) Frofas

4) 3’/ ~21Y tj’:-. et 2"‘1-or~o¢er-
= non -linear



€ xamp)e
iS 3(’0 = 63"' -2
a Solwhion ot y? -3y =02

DE i < Spad

0DE i > PDE
M‘&inafj Pﬂf;'ially
Yy =t 0 = PCOY)
~NgU OBLd) Xk
b sl R ke
) s 2%\
ool vsT 9 # ST
o 3D b S350 bl asTy x
by b Opdad 3 0 S
» X NS0
Y- -1y =C 013‘202 _—

(i o 1:9)



W)Ll * e
Q/. /,VM.. . /
3! N \ ‘MJ D S
cm— . > /I ;
? _n - » S % 5 as3
: : < <D
. 5 < ) R D ARCESTirs
/ﬁ_ B ™N .W ) noV — i
= . 7 -~ . ~\ \ﬂ\~
. q . mw % H‘_.. ¥ ) LN — ] ..M_ _w‘ W
. 1 g \ - \
- nf " \.\rs iUJ ~ .Wn. W __
L)) M\I .m.u N N— + + .NI Y xo 1) b4 S)
VDOH TS R A % 9
3 TV FIDS 0 o<
il ﬂ T sSS N R _..L S W L2 .8
L ._ o . x J—l + |_.. 2 d M m Mlv
R “ M S Ua R -_ e LUT
I% x. e ) ¢ = l—.-
n& ~ o) D) x ™~ 1
S - l—l i—- — “ﬂ. __ w
o .M . % 4+ T ...J o S ..m
Q O ~ | f S N , R o pi\
N r» R N ) : .,.%
= o 2 c AATRY,




M _m 29
L R ..Mﬂ,.u_
Mqv = M.. e 1 .\J.lAW.Qd
+ e BETL s 2 il O\ EL
ou}. a 26 . 1 uﬁ.b_
\ . . C o
. 1] - Jﬂ, D JMV A
\ N < 5
\ ¢
a ~. \ R ~ & S
(e n - 2t '
.._.. 1 h (B | ] _n ’M “ .P.._.WQ '/v
+ y - 2 + <+
! E\ . ﬂd “ulv - z -
= RRE - i W ~ h —_
= > N » 12T
-+ w 4 % N ™ . L A
> (o) ¢ .G + ‘ . H
SPRE RIS 1T T
N 4 = 3+ 2 mu gy N 3D —
~/ N A > <3 DO D
) Q. ¥ o> 4 7
@,_T | N~ KO & = =
JRENE S —
NM o), ) J > S
O 3 L




<3’
S .
.0% N~ . Au- ‘ u
¢ 3 I S
Ll . = O 9 L n
= _ N ”
= I = B LM. L
2 S | ~ e
b v om T AT 9%
> I’ - x % o 1w ) x .
X = BN B D
A ) \ - d
. N 3 j
= \ porn aliP L —_— g
= <) 5 ; ' = | ! N
) :.w T nw.» ¥ X TR Cwﬁ%.ﬁ
-} ’w - A e 4 ' | T A& il
) S ( - e N " h
a M - : o R
s 1L _ > ‘- N + + 2 .ﬂe w
) ) w W+ SO o~ oo
b RASNLL —_ = | . X =
00 x> Z.T ) ﬂ../ u. o .
i . = X Q D
\ S
™ /t .. \Qﬂw < ~




Sepaulic) “uolS;
3] Fist-ordler linear LT
YrP)y= P [—-- »
‘ { o) dx o S\,d N
N M= e’
. = Wolgo sl W51\
‘ ] le Y
’”ilggﬁw 3 - ."JJ\?'V“-
JJ *
2) Mulfipl Ly
T J,J& leqrake
3) simplify and ,ategr
5»0“’ e 4
1. pA + Z(JT:%_S_IQZ
RS
XY + 24 = SINXy
g e 29 = SWL/, ——— %
’ p, & ") |
p(x Pl
2, 2inlz nx*
). _('E‘J | = 'ﬂ = X = M
2) $ by M = XY 4 2xY = Sin
[ J . b
DI(x*.v4)Y =(snx = 2}} = (oS
. L)
23 et . A )
it A2z 2\d s\ 13\
IOy .
_J) Mo




%2 N It .4 en.ma : N
L ¢ V2 L Yk o)
3.\..!/ ~ v) 9 | I
et o N % ] =2 M. - =
x; 2.1 . = .@ ! - .
= N \ .M. MY S AY
v B B M’ Q M 'S
T -1 = © IMJ = V=
|l =" 1 Fo X 19 5
+ ra I -
AR MERBINE SO Rtk B I B
— R ) l qg”-)' rl\J I x ; —hl (] - 9 q'
"o = ~ | [ =2 WV -3 > mwm
o v ~N ™
e | s 2 .L X ¢ s
x | .fM“ N p— )
- 1) \0 H <
+ .ﬂ = ) =D : I_.ua. . a
9 I \- c
.# M - N -I s J Iras : .4 M _ ~
A e) \ T mln.\\u ~ .ln” = ?a L ' . =
B 2 2R I8 9 =33
f|q | BN ¢ x R @ J PY— u/ S iy
‘> O = > SR
Pv 3 =N IlJn < N~
: - ~ ™ - . =
~N - »




! ~ ~—
*- o n“ —- MMQ
o) Qu Somo.
i ﬁ _ )
X v &
) S &
X s - S|
_ X ~ 2 N :
= | p > \i Q — ~
o ’/ S i < Vv .( x
- ' .- QL - tAH 2) Iﬁ. ) =1
N . Tz 33 Lo ¥
. ) = R
o-’. uJ m-’ ) JU
ZL" ' N T \ =
—_ o = 1} N \ |I—|2 ‘—A
= x
{ m (N ) . 4+ o .
W % . LU BT B A
RN + LPIM. + a5 . u...w oM
< . I\ . l nw.. 1 i < LEE LI |
S x /x » = ‘ 3 T A
) ..41 \ ' ?AP
D N\ A S Jiand
J
P -~ ~ ? . . % M
SRRRGRNG <




|
- N D= >
PN f P o) d
¢ 3T oo Y e -
™ \\\ w. M Q ¢ o
= 2 ) < el
) M — % - —\H i ~ ﬁ
o ¢ _ (S . n n W
[ < | L = . =
. g 0 TN ! i
. A%Jﬂ\) W ‘ \W
fu# - S 3 - T ) SRS ._,
- 7 V) NG N/ J
— ,M\ - h N/
= - MY S | >N = Il
,/-L. % -_L > ~N AN ' \.xll
: wd SN ,m. T N/
I noz o ,H = K ! < —
|y =2 (2 | 1"
i ~ ~~ S il -'a S - Q.
L) — LS = ) N
x lxr Q p t . ) l-l. ! ev ) ﬂ D
\_ > T~ P 3 "~ 4+ - =
= e xR ) < X
3 4 & 3 Ju Y "y > hE N
= s 3 > = T
-\ .LWT - s>
. Q s R ~ <
v Y - A .e N 1 i
= 23 83 =
23 33 I




& #\ . 3 a 1.
P 4 < “m .\uv\f W‘- . \M M-
= w m.. Mv_. )y N 94
-l.’u ev ﬁ. | - \ rl_ m
~/ .% <3 MrLu.._v
) \ ...4
Lg s {
— =
- v e
> N ejlm [ R N\
L = —E N O/ *\
g R = = 3 J S —~ |
¢ N\ Q et 1, |
6 ) M : ' ~m £ ™~ _
v " . ¢ “\JIJ - " 1 |
s7 = D 1R o .
= R i_.. ’ ' H B. s 3 ~ls
d M.‘w p,l\ Mb mm IJI - x-. -, m
m" T .._¢ i snn uJ._ \).M. + a _Ta i}
- - . v ~
s DRbs LA SR~
J o \ ¢ ) e o K
7 o PN = u,(\./...\A.
45% 18R D 3 Z o+ o+
d iy QD M — \ \ /u




=
Y , P
-.& < - - ﬁ
) 9 =7 “
ﬂ P. ’ e (ﬁ ) !
= - |
. S e \ﬁ tbv _“ ~—
1D LS
< Pu \J o
N \ - 'V
T v n%
il o
\ C -~ < Q)
M |\~ =} = o .
qna - :.&_ i ~ n
- | : I o ©
|
] J ~ N
. T4 X
" l_l ../L. (o)
1
i : o + + +
L'xx A : ..“ x .”I-\I. “ nA
.\\W . Hl
=
Q) — o
- — -




A

Jol

4

. +
] | < 4 ~
™ = -
=% > 2N > 3
N ). «~ D - J-
o AN e . = S
TR e H | J
| ~ .zf
, =1
- R o,
) “ \
Q) g » 2

)

) JIs
2(uw)

\

J

prm ‘W |

(-

£\t

Uk ]S (.Ad-‘:@&

A"

-
-
N

-

L= sSnhy

e(v)U

2)




.‘) - lv
SN 2%
2 5. -
I 0. %
N <
' Q —
-
> nng
\B, - P
s . & A =
X : .wﬂw _
\u oy R . . W ~
XD \J Mu M X -—
Nk ) F S
~ ~ .ulv N ‘ - —- _
. RN Bl 1
Y
A\ - * <]’ B
J° 7 ) " !
N —— al N u o b - r
+ LR R S R o p
o > %3 oo
5 Ty 43 % 9 —
a, R 2 N
C VO [ A 3
ai P M
. T ¥




5) Homogeneous DE
.

W= P kbu-Y

w+u = Bl Y=xU
5’: )((A./'l" L




>IN < .
NEEY J
S .
wo t
, 2 O R
~3 *
9 H Al
¢ S . I I P
fb \ - | ] ]
. E .
. = s AR R
S U N~ 1 / “ a0
() O = <  uw Do . SIS x|, >N
N\ g - 3 ! 4 % . S|S = ._-& SN
0 ﬂ...,u R | | |.W _q -~ =5
Iﬂ ﬂ ﬂ la. | _ m ~)
iR YR -~ [ < (0 ! o~ ¢n
~ | \
LB ._ R 5o = —
Ia@ . R H . u ﬁd R f ~ Mh
D 52 & SRR 4 1 I~
® W = *F,
s A — !
r | |




v

') .

240 [

o9 L0

\..iLs_Lﬁu

Moke

N home

.9_$'

Q)
T s
~ g )
P4 - | 9 q' >
4 : B
?W. T\ : 1
~) | ! m J P = L
™ +. yﬂ M g U <
-~ T =S A ~ S m o
2R g5, AN N FY 3 ,
N SRIES | vﬁTJ
ﬁ > . —_ w S \
° T 2HV\V o — N nw > N
= . -4 R x A
R n X TSR 3 Y
N S = 31 |~ u_m
LN N > ]
i\ . Ik 2) ©
o ) x ../ WV
i ¥

past papers

QY

9

lek \:

ten L _ 2

: ) (9!1!\ 2

W

)y

J



Y I
— I3 . =
5 S R
9 3 Mt v_m A
w 1) N
NN < >
I "
S s %.
3 “ |
3 ~ BT
i ) ' !
X1 = + > ™~
> m -
X< 327 22y, O 3
¥ " . F 4+ »
i T T < X
2 ) . .lm X s * /u‘ (N
2 ) l = ) | .
RO G T R PR SO
M._. u_\ x _I o %
) /.% o =) - 2 L
@ R




>R maJ E|
+ q I
v 8.3 3 Ba )
W\ 0 / m . u S
b . u\ 1 pas
273 g
T \ | mlJ U N
a’ﬂm X .._—.. m —x uﬂl\- .aA.
\ N ) ~—
Ay % R %.d >¢ /
~ by 5 .u .
O N> ’4/ a ) A ) Q<
" A 3 | ﬂ
l-.‘ \
A + 93 2 A
) | \\-l » 0 N. : \U
Fa R & N - w ~ o )
+ N \ . 1 b =4
— - ) a, [.W
WX .n_. x = x _)
( N \) m.N | JII
1 " 0\ " < ~ —
N 5 J] > /NA.
< © <
o™




o
+ N\
> 3D 7 Q
Fo4 -
X
o M S
nA \ <> @u
J ~
U
— +
h 5 <
~ A . %) W
A= ~\ \...” H‘ li\ -~
._J.,.. M = = .M )
w P aF [Eaw
T S8 N
oy < ! - | -+
'Y | ‘(— [ | 'y .-l .-
1 & L | ' < -
¥ ,; 3 S lm =
[\BY - { o
> ! -
Lﬂw LHWH SO\
)




> ]
x Y mJ.
~ <
i x -
3 o H
™ +
ﬁt- ...sMi.. i 3
N
' 3
| @ . ?
1
& L oL
O guutb 7- .E‘ -—
3 A e HS <
J Confy
S X ==
3 + - R o7 |3 >
— 0J - ~n Q <P i Sy
-~ T ..ﬂ ATy NS < G
, i )
. x - o™ (V)
.1 Sl 8
L o0 R TR i
: - .
X S i e i > X
L il z E .W.v o
N = X IS ~ > -
QL o x - - — i
| -~ ¥ ke °
K




0

‘L

P
 —
| ~
mw D
yam WL | ks —
— a) x _\.} -u.J -1
'o WE Sph QY ,Nw
LN 83 v “.H._ NN
>3 33 2 AR
M RV | y._a.. .Mz T
.\l" [
= 3 3D R - s LA R
’x id. ~| q’lblvﬁ 3 P/.W
i [ S5 o~
. mm \IU.IU | f Pt b~
. .49 R
T ] + S22 T
N ...w... 1] ~ =
| -.. 2
| S M,h—.f. —nl&b& "
dw -] _—— — QL a \
XS 3 I = T ..MNTMW
) S|




21 dy=0
y Jox +[ 23+’ 392
T T8 [axyraxd 19

At = 2y4?
2.,
VWJ IEEREEEEEEE
| AN EEEE
T j— CEUEEEEEE

dx + NOod) 4y
M()u‘j)xﬂ by




(Y)

\ O )
O — I 0
— < ) N \ A(‘
) Q
Jm:.v | > -
-+
J.m/ i PNEEFA
Rk >R, *0~
— A
\L..ml " x X ..-.‘ -
~ N J 3 X «c C y
X =R O 2 o o y
- ) N «T . x O | C
: !l + md . 1 - .6 ( ” ’.w Dt
p o o Mﬂ A - =12 N v 3D + »
= ool B0l a _ oy ¥
= - o+ R . 7w! 3>
X N T~ H g\ . PR r +
4+ + ) MR 3 A‘ o IR o+ ¥ asu.f
[ HIV V & ? L A — .W lb- C a‘ .‘r‘
S n A.(w N —» °
M ~ W&. 2 _M, N — X y _...u..v .H,J AN
R N N R ERTIRE e . T Qo
x = g0 = 7 2+ X
| -3 \Vp @ - “ulhu .l\ o ¢
Q) M. D - Q) 'Mkv L S ’rxp I
= |0 - £ - R
3@ S I @




)

J§-s9d . 9 4 o¥ala
O . .W LauJﬁ.M“ .14 ) < e l_w . M 3 T
V) 3 - .w_\ihw u. % fb ~- ) bw.» -u )
A —_J e MJ ) - Mﬁ 9 I&L—
s M\ )
t T ™M e N
e \ ) : ( . <) ‘ U
.‘.\ C : 2# , 3 Wmv _ P.\u
N a 1
L > o > | ...z..r_..mz ¥, |l
- 37 : 5
Q ~ a sv %J. SR JEE _ Mﬁ
A N L 5> = X s o
= x = D 5 N ™ . ™~
:\.. L— e + ZVN ™ xR )
AR Cay bl w1 P
. x- ! (\Y,] i U‘u % 3= Mﬂv ~ x
1 [ REPAR 8 2 RN | R
_ o~ . N = N ) -~ 0 | z“u.v
R x x y D \ N
q - by p)
T T o3 < F » 3P
..x [ M [ ?A/V... HM ﬂM C - M. .M
L =S AN = - .
SENAE Lo

X2



-
L p

l.m __. Jwa
\.Wn o2 3 G
q W_nv < .M 5=
- Wﬁ . ﬂ : Uy | QU
| % — mr— ~° i)
=l nLrWM IWU _ L) A
~) o \
e 3 ) d
/ \ v o
>> I W
Q I i N
> R ~3 ~
2§ T = &
U = L . e S
\ w T v : W
d hhd) o =
&%. B | ﬂ. 2 h ve
3 > ' =2
o .MM M X "
b




y Y \ T C

~J | ' \J
2 5 L 4 oo
._. " ] N ﬂa yﬁ A
/.Mmulv IM x : \ﬂz
T 2. 0 ~N 2% . R
* 5 BRI T N ¢

_ e ~— Bt ™%
Mw,. = % M M/ I n

| N | .7 IM | lﬂl. "

) v I ) = —

| ~ | .
JN_M. I =2 Sl .Hl.v N
L o IIW »
Ty Mﬁ
|

D . : - .
= - = ERE RESY 3

W
2 - A D




37 N
|
0 9 -.J
:-v a(xw %
l& ) i \ | n
R - I
= + " s ww 2 N
; 3 " - ™ - |
wu_ m x ._; MW I .»qw v ] | lea >>
¢ VR ,ﬂ UESSRCR LEEE
a— L
- — .” —-ﬂ 7w i *; ) . %J
Py M w __ ) _, o n x
AR IR SEENND \M/ 3 32
I - 1] .MJ =
,MT = 2 .m.. =
a o~ ~I[™ =/ ~
[ dEY
..nwu " uM_ -+ M — .f.mwm\ MMW
> ~ cat
IR A A REPSRRY-
~ <} e







JM =0

y

)_xz.n

-2 X

N

L

J

JV

\ Vv

-ﬁ)ﬂ =0
LS 1Y)
-2xY

N
Jdx

]

4

-1’

J

=2\

-+ (Y
=9

"N dx 4 (gt

[ ¥
w

JM

(n

4" da 4

y"

J ]
J
\:

p 4

2%Y dx

seond  golukion :

osh Slakion -

— N

= -\
Te)

L]
L __J

J

Jy
+n

L:l




Second order DE
Yz + p(A) Y+ $69Y = )

12 (f60=0) Hen the DE is homogeneous
otherwise it is colled non- homo geneous

7,

2 T X
Y~ -2xy + e Yy=o —> homegeneous
U// —23/ =22 — nof\—kOMOgeneau

Y= - 2%y’ —32=0 —= qon -hemegeneous
=

Lglicw o) D
P() = 3 6
Yy? -2y _2x% = | —> fon-homegeneous

4y~ —2x29’ = I+3x*
PCx)



Ul Lag-
Gnsider homogeneous
47+ POUY + 900y = 0 —--&
let Yo » Y2 be lwe solukions

;, = QY 4+ C2Y, N9V Ay
hemo a)s\at)

Wi Y
<(52 = C 3\) —{ (_\5_]. — C> \amz
, dependent
BL =3B 7oy 199l aB)is
othefwise v *C = Y, ,Y, ore CJYrCy
I NV
ndependent "

ex
Y = %A Q= x.gx
Y = 2%A Y2 = €

' —2>5(C
_‘éi_ :é—- 3\ -‘3___ =@
32’ jz e.?xo

dependent ndependent



=N

Weensia
lek Y119, be two solukions of &
The Wroskian o€ Yh Y2 J.Cﬂolecl LJ

(A)(‘jl 1‘jt) -7-] Y Y = (‘jljf - Y, ‘jf)
‘ Yy Yy s
oY amae § FCN 023L SO awme @ I¥

WYY = =W (YY)
T8 W(Y,%) =0 then v,,Y, e dependent

ex:

wt, )= x(2x®) — () (4x) =0
depenclent-

w(e, e™) = e*(2e%) — () (¢

28 in dependenkt

-—
-

olcpeno(wf Sae A Jsld cb}ls Sn 131 po=lls I3
(N.mﬁ-)/ W o t\L:
y T W(42,9)) = o
St =C
Ju S



?3,,3;? Pundamental sk -
()

of  solation

independent :
| Basis of solukion

‘5 = C‘&‘ + Czﬂz_ — Yuth "
3ww«l dibinn cfedcd | [ depondsek ke



=14 Cl.

N
7 n.UIJ g
N\ X X \+ 1)
N : MJ A —_
t) D\v . o m
~ | HuEn
VS mm \I—l \ /\n"-—/ N E \”’a
~ = X0 2 > >O
S ENSREOEE N ~ R ~
5 TS - -U (4
NS > o\ a 8 I S
HD \ M-.v uJ - { — .J b /.. ==
L - S . + DA, O (o
> NI W N ] MR
7 |\ .
— + /m\w (l ~N 3 *.M \ - L u
N — J Y B
N = _ M N\+ AN . Q A
qv .(\ MIJ U\I. //\\. 2 ,L - dl. ~— ul. J
- A R) = -~
>3 u T AN S S F
S A < " il —
S5 u .
-+

J

IP

W( y,

l‘

49,

Y, \ /”5
203(4! )

S JV ) =J\V)

RN LT

w(

\ V) //\|[€ U\)



VR
- L
’/\‘ . ﬁ!
™ 3 ~ pyd

- Yy b L o C

, o\, v 0

o Q C ¢ W
< 1 o\ Qr 0 =
~ T | <L

—~ Q) ) L -
~ ¢ N4 ) (3} D
~ Q) — s 0N Q ./-PV
O
A f/AZ . m G, -\fMla»w LD ], q/l\d ﬂl\— ﬂ \
o ~ ARESSRAA oY +
J
i | L In F ) Nq
-~ o -~ > (& -

\ ~— L.../ ?,. M > I.._.d b k N - | D
- | N> =€ N Yo M [ n, ™
S L i i J
D...l — d r“..... N (J l N\ — __ l\u :

N M /O ~ < v ! \\NJ —
J <V o= S < /
L..we NY ) M /m = L.vm Jl.\ Nt
- Lw\ alwﬂu X & 'q ._L o
: ~ JL\D RN D, /!
» .M/ L ~
[ L g \
R Puv - \9 ‘r\\ll
ro /( mw -, .\7 IQI\
~ S%. )\ oF




) L "\D-
.$- N .ﬂ“al //\a N ~ > N
S 1
% o & M A
I < _c )
'3 5 .W D -3 M’q 243
dz = 2 4734
\nw 3 U . [ 0
1 S <
L /\n& w ) o
o — =7 N
|
~
& N T g I
.0 Q) = 9 =3 ad N
-k <) I
S ) —— I (o] (N5
"o (& |
) ”l—l\.“." \ (Ot 37 \N . 'rv .C s\l.)” \\blr
A= [l NRA AR y N Lo
S = AN Ny ~
= + o N o H—H { H
X - .~  + .
Q) I.UJ. u. s \ll =~
= Q = ~ N D oy hu.v\\ ﬂu ) “a
L /UI ) <D il / N hv\‘
= =173 = T e e SRR
~ s N » = > EES
:IS — 1 U/ N = : i
= | < v > 5
) O < o N 1,
2 F > = 3 /w\ d
= A =2




e

/ \
" 7 = ( p. 4 ) q‘ \ ‘,..4).,)\
\ "4 \J /

NoN-Ji;

®

()
~N
+
~
eC\
—

z X _
97 = el + (y)t+ 10
9% = F(x)y 7= dn
=Y~ y
= 3"
e/ > 'E"‘s- nAgﬁ
= F(x,0) " AnEe
. ODE
a7+ 2 g7 =" |l
- 20 ¥ L
- d
W,
W7 Lirct ovrden DE
W = 5\{5 linea.~

i)
Q
h
X

™

t)

g

X+C /J < 30




\ R —
: ~ d Q [T 73
O v X wooR
. V= ~ L S Y
5 ) \ +
> U
=i > 20
Iad
3 ~ 3R,
4 a g
a5 J O
nw < 1 R
s - T ¢ =
S N l\ T
oSty =
N n =
AL TN 7 o
x l—.. I.’. “Im .M. WI Uv\.-
-\_ N\ - &r N ,FUI
1 ] L W O sl I

o
=]

</
da
Y

) 7/
v

¥

Lsse

n
du

G 15D

VR Jo W




sepeno\e

\

A\« w =0

-
&

W)

dy

du

+ (Urne = o0

Un dw = - W*

né
U\

gl y=

A4
]

I

-,W!\:RSPCQo

o0lU€

-

o)
=

4
2

c dxr
Cx+C

nly

= Inlyl +C

NIY| +1n

-

N 3..\1)[::L'/

Lyt

-1N
—In 9"\
\u

7

wW=9yz
ay_




+
-1

N

C

)

u+)
CX + (L

InJyt)) +C

In(

P4

Y (o) =

Y1(0)

(n|y4\)
JILe
(U

EI‘L
= ((A,)

v UL\
Arl
g
::\\-—d.

N

= (

19+ 1]

o

do = [y

n

Y,

nlwl
~ O+\

In]«|

]
A 4

In)wl =
ke

J
/

J

+1) W

J

(4+) Yy~
v U
(
\

P

A\
A J

) S

1

A

rLL.

SolU€

A-Mmissedl

—m\ ssc.ol

(&

ol
+ G

2

2 yv
(=1
) PR a‘l.

(4y)* =

(w du

| az

(7

n



+C

o+ O

4

C =0

0 +c

1N

(9

(4y> = L

JJ

> ]

400 = -}

\*

2
JN T

[(1 =2

Ej p -
(4

[A




| n
cHon o% order
9" + 'PO‘) gl/-)- (X.)g =0 0.0
Joloo
~  =[povy dx '
qz - Y \ e de 3
J Jl \ - A:‘lq ~
v L |c_ 7 =
e Y= i< solwhion of
(W-2)9? = 2y +y=0
Pind a 2""Q ﬁ)wﬁfn (; Independent)
q'// - 7 + ‘S =0 1
N 2T R '3 i !
(PO el 2
“jz = QJ %xrfr = 2(-./ € 21
v IJ'Z. % | ‘ | # | %L .
=(x) (2" dx = 3 (o) + L
= xInpy + |
e ?C(j’/ + 24 +X4= o e puais G0
Y, = CLosk ) 2= é-l-"- 3/-1- Y=
3 , ra
U, = P f —L-r. |
[V LY \ 7,98
p B J 6s"'7‘¢
"=
= C0oSX . fand = SN
2®x y 4




3\
T " < o
Wy en o 3 J
€3 % & | R = X .
Mrm 23 0 (" w .M A ) ?__obn 7a_2
§ 3=« i ] _a_\ AR
Iy \Y ﬁ ._.t.M mu _\, ) J
J < \J A W 35 39 {]
/ - RS , =N
ﬁL - b = ﬂ[//
\ O N N
o Y | + )
(@) 0 i 7 ULX N ) ( w o 2_7g
S Rt ( | Q-&: N/ mnx o~ d~ \ /Ul : n \
S i 5 o ' uﬁ» YWY M A~
oL .o &m 4= 3 O X 4+ T
+~ 4+ < _M_ ol BN YR + |
¥ v -
= ‘> L WA YRR
1 < < U\U ~ N C ;/\ @]
e “ .I—l I—l % — -\ 2 r. ——
e.’\ W\ S r\ll”v T wu N
o S > ¢ ( o ! ..5 u.z L ||
S O 3 4 “M..”u 2, X V)
B S ¢ 3 0% \w
N w.v <




<
b 2
e 3 3
H Vi A 8 q
! o A q w <3
, v b SN
nox 2 . (%)
s 3 L BE PR
oo L2 4 9, $4 B
o IR BRRE= X 3
g M BRI\ s 93 N
o o o 5 Q
I 1 . NS A =l :
) | N g = O ] S : 5
~N N C A C o =
..m.. — + M. Y - o .e 2.
\ . 1 . s 3 -
> MEUEESE DR RS -9 23
g o ) ™ 9 [ \a W o & = ™~ 2 Y
D R P S 2 e e [N e
+ 4+ < 4|93V Sl NS O g ST
. | N /.\I o) O N ~ ,.Mu N\l 2
\ ~ - = m
s o ! SR o S L ! |
J - II\A.f < - 7
Ww o » @ A\
> = o D
a ~
$




r=J,7
So[ngQ

S\

-
4

3
)
J

S

Ca KE

-2
Crl 'IL_(',z'M-)

ler DE  whose

N O = G

5|

Y’ -4y + ay=o0
re_¢fv +¥9 =0

—

r=<SJ4

S

[
—0(

¢, e  —+

.(

ineln Q'

Sslue =

2
3

3¢ +3C,

CC)) =-1?
C>

7
- e
-—

Ca

C
=)

2,
2 +Cr =
2Cr = —§

-12

ydo) =

L A

x‘\

S )=

{WA10Y)

bdl L g UN

C=1

o

3

—2

=0

) + (, /?.‘5,
fiedar

X

-2,
+2)(C+2)

U= —-qu
-0

(=
C, (-le

(
(\1__ q

U

solu
u =

\V

1

s is alled




=

‘vx
=™

o

Wn

1+ |1+

1l

G

o
2l 75:""‘

(2 )




(A -Ai)x

>
S0

(2 +

O
L
S I el R .mm
0 + 5 9
T o X
O NET ly 'V
N Dr. q}— \ _ »W.
R S N R ESh
Hnu < N+ 0T .
% D A B
- o < M

/\a

ol

R

Complex  gslwkions

r o= At M

C ""Héﬁ( RoouS

Y,=e sindx

C2€ SIN2x

F-




6ol
19 92 S —
lm ?. 47|J =\ _K. &- .|w ~
V4 -
® = v — S Qg
5 R < ¥h &
dc n‘ .\J _
uM. : X ~ —
" XY -~ ) N .Q
< Uﬂ s o .m - + H—ﬁ. +
Sw WL v S- | = aﬂ\ /nH\
™M N A | = o |
o o f | S
\Ve _ho N | \ Tl ﬁll
o o™ Q 4 - w “ 3_
u ¥ (S - |
3 ~ =
T ! T Al 1A
. 1 Q | R L[
s L~ S/ o~ 1] \
y N &~ " < o !
O . ‘o Q YR S o 4
"o o3 & N— ﬂ‘ S
> Gt Y S < U o =
- Q o ) o~ |
+ 4 S "~ :
/ r »« \ ﬂrr PI
o> T ». . L . N s
< e\ ) (| C ~J”
3 NS ( + +
= - e 3
To < ¢ O
\V) QT C <D




Euler —Cmcké Equakions

Y7 4 ey + by =0
(MN(r-\) + ar+b= 0

A+/ J/ =T

complex o=

Npl)x:\ | MLM Ji= % Cosﬂlnx
) :)L;i I S‘T 4,= xls.nﬂlnx
S = :?2— MX. S
so\oe 2@@ 213 -y = ol |

zcr)(rL) +0(r) — ) L \

20t —‘\ =0 | \ | \

(e =130 +V)

A5 =
Y = !
Y = )C\z’ n



soWe X'y’ Gxu”+ 94 =0
(W-VN)—%r +9=0
r*dr 9=
=3,3
m = )C? \\j-._ = nx
'y -5y 4+ 18y — 0o
v - o
)(r=1) —6c 412 =0
~t —4r 13 =
= -4
JA = AQ
= £XA - 2%,
NS NS
, & p.iy CO‘S:Z?. Inx)
Y, = 33 sin (2 nx
q = C, K 635/2,’!})‘-) + Ca2 x ‘Siﬂ(jg \
Y, \ /




[ 3 'n‘

’xl
~
J
+
) M m
o ﬂ n_w \,.a mM o9 )
1N o i d J THNE A.—..u
O ¢ ¢ J 1 7.4 o
< = <~ -~ + R\ | T ™ uva
< ¥ (v An L C M | o
T + + A NN Q nL.. V.\ | = I
\ ) N_\} ,.F‘ o IR~ O S <R M_ M.ﬂ. ._' N\
SR .zu.J.,P\ ~" 0 o.V» < oL & z.“.
N S I IR o «
H 5 5D




? 2 Cos ML , " 3w mfx.g
fin E
=2 M =1
r=2%i CT(0+R)C + 66
*—4r +4”
r(r-\) =3r+s =o
w07 LY HGy =B




©),
% .
& L BRS
WJ | "
s | Lo "
5 S ° ) o
|W %- > K. H \”._: Il s ,.Wﬂ.u
m&ﬂ < % o r/ﬁU a I
- 5r YV 4.WJ ==
w, M e
a5 3
¢ ,L,,, g x
: ; % 5
32 i 3 >
2 i X ! < R ® +
T = RIS
3 . . =7 + S V) v
|m. 7 < > /+ + o 1 @.
< \v.&l UL > nu /M.J :/)) 21_ . " ! )
2 (S 1 i > 3
oL,
XL > H > 3
J




~
I—l
: .
. o
1 )
; H
s 5 ’
X w -
(o2
| LT EE Sl
o T - i
e ALJ.“ " m .A. K
aoRY . By g
N ~ ..W .. .e. pi
N ~ ¥ S5 T .
| I ]|sSD
L. X ' J .
52 ‘ s
4
s P
P AR :
o " :
A Y B 2 :
J < 5 ? : ._
_Vk OV \ = )
, a T f y . ek
- o2 B AR o Q PRl =
+ ...vm. ~) + (Mv“ . . M \ U.\L f...w
=T 1) = Y u 3 ‘ 7
o Ji 9 . N 57 & § %
u r : : NN 9 +
1] \ | | S .
.%_ \ ~ ' ’ U..w
N s> 7 555
5 I\
T 5D




oS

. T
Ny m ?_o
oz P . T~
+ o« L
2 4 3 'N. Y
. \
< I .%._
i ] 7.\ - 1] U
® &S =Y >
=)
|
_
Y
< ~ -
\a o~ ; _OUv Q. ~
N Ty mﬂ \ o — ) c_uT Q
o N o ~
o 1 ¢ + 55 v
l -
“U f.: p \ ) P P +
N > N — YV N 2~ _
l_l 1 I—I. mv " | (1 ] | o il C
T o~ ' - ' ' - "
“./. N\ (. S5 c \ o I - Hy
572 > = 2 s> L0 o




~

-

) We are iNg  with & homogeneo
consfant
hiaher a
vision 3 -2¢2 —6¢ 4§ &)
&J‘DU;;AJJ;S (C=1) . uguz,ir&m
i 'Z "‘.5 6
i
1 -1 -¢
1 4 -6 o0 7
(r--n(r’—-r-{) =0

e,

C3 —2c2—6r 46/=0 \ &

s

\
an
J
<
‘ﬁl
[]
@
Uy
1
(
’bw

w

o
I
O
C
[\
I
“
e
w

O\

(€.
=
o
.,

N

QL

AT

-\




5) Q) )7/ v - ) 2 -
- 3 3 + (j --3 =0 ;b;,&j\ LS
| WA
_ 3(‘4 ..,.gr? —-r2 =0 consk  home
Coeff
( , - 2
N3+ 2r? +3r~-1) =Q
) Auwo\31 33 )N e W\ae
1| -2 |3 b= 5 13
i
1 -2 |1
1, =21 |0 _.\;&:u&;,z;s
850 )3l 2 ol opas
(r =) (r2=l2r +1) = 30 JC 22 R
33 &
D (‘_—,o (‘ﬁi r\:_.i (\:1
Yy, =X Yze 34-): = x2g°
=
. X X 2 ¢
G+ C, (o W + C 4 xe .\.Cﬁ, e
'1”) +29% 4+ y =o
+ 202+ | =0
+20%4]) =0 Assu u=r? L gl gaas
+2ul+1=0
V)W ) ) =o
-1 W =l
<) f"z:-] -J\".x -
*i r=%} y=e | HMr | b
= el"m |./f:1.
Co%$ % Yz = X Cas
Y, = [Sinx Y4q= A SiNX
J = Cidosx +| CasiNX + C3%Cosk L4 2LSin2C




const CocPf ) homs  zahu slg 43 by w

("AQ"> .;\ 22500 aabus L3 ¢58 AV RSV

J.= e (a9 =1 /r=—% . aad G4 Jsld) 15 #

3.=€1xCos HMx |89 (=2t M complex (S Yol (51 »
Yzl sin A x . ]

p AR 9,.%\ Jdl ,,i 13\ ¥ Aoy

Y= ay e Gy + gy o .

.
find a 3”’-_0:-,(4 Iinla.r- himegeneous DE  whose
BolukioN | is = Gt X +C 3%
2‘} T | l

] lolae € | Juet
Y, = 4 Y, |= x yr = e RN damaLs
r=0 r=0 | (“=’L, | ) hamo
re(n-2) =j ‘ ‘
S prlt = | | j

Hz—23¢:0




2) We are oleang withs komogeneous
Vafialle coef ficiank

higher ordec DEs

/ Y _ h b

Selue 763:1/" -—3123’ I 62_3/_53 =0 Euler Ca::kc Y ,
'13!”// +X 9//-'_19 +Y =0

o(e=0(r=2) -3p(r-1) +4r -£=0
clea)(r=2) -Be(r-\) + € (a-1) =0

(e p2 - Er+é] =

B %

(o) (f=2)(r=3) =0 | Couchy eules @ey 25
4 =N | '
c=\_ =2 c=3 &:XP
L ij ?ECJ{ ) B Complex ~L Wi P
X | R e N Yi =t cos(Ainx)

Y = X sin ALinx)

L s o LS Al 2

(p.u.d\ﬁ B_QJCJIBJBI | hoemo ng%l =
vaciable. coePlicient ﬁndam c?fﬁﬁ:alml- f 5,0
Ly + axy” + by’ cy=o ’4*5(% +hyrey=0 (homa v s () 1l
rG)ED) tar(e-N+ bo+c=0 | riiar*+br4c¢ =o 33 35
Uohd) &l (2
Z
o= o yi=le (ot ) b
. AN T .
Yi= X (0s(AInx) Y= el cosMx Jok3) all- 2
Do = 7(,153(] (A4 ,nl) Yy = elx Sin A% COMP\C‘)(
|mc_9 u).,a_; X O s J\ P vepvars
Jshd




3) We are dealing withs I’)on--hamsen us
hig her rder DEs _
Je 4\ Shh U
R X (1] Y —= general
undelefmined Uafiakion —_— (
., of Ly 39_’- STV (e o
° 20— \8 pPoy.
"o’ Gex B 4= Y, + Jp
oS  poly Dty (¢ o
(o* Sin/ces
Solue
~
'-97 4 tj” = 2 +1 mﬁi Nop-homo
Z, P> ‘J."M_ x DE
1o, 97+ Y7=0 Al A
ar 3l I3, ,
r3+ 02=0 J39%)
ri(r+1)=0
=9 |~ =0 ==\
Yy 2| .‘);JZ 5335"
80 2
. 4
d = bt [ GX + GE B,
@ N A nlase
P 8 L o990 15
:’ DCZ<AJ(.+' 8) LAB.>) s9>90 A4 5]
4 7D O @&5 31
Yp = AxE +B a3 (i 3B |t &
’> ¥y LLMU‘O 0
this is He| suitoble korm A |awid 1990
{_hjs.\ ) J;!g;\.
7= ?Axl +2[8 x ey
v, dh ,
A;@ L2
Yz = §Ax |+ 2R Gipp 2 (T2l
! DEOY ub}—‘u}
‘,4’ = ébA




- .w
\w 3
( Lx
5 Rl %, = ~ ™
JA ~ T 3__1
. W - | |
- | & X |
o~ = = N N i n |
= .m. £ nl | (a8’ g
m X sl oo +
k . K X = X
. =P ] e N =
v v = % il
S . ) S+ 3
. o S T S SN |
RS R 7 <
— _ X ! & < u”
SR < . 2 I8 y o
aw__. + M N[ || ™= ~N LT - = 3
a0 v o = o
X NS T ~: R R <
N o N ™
1] ! I Fe s | ™ @ .
x. H A) ~ 0\ M - 1] NA.
o 2 Q - O 5
™~ ~ N + 1 b - :
T+ ;) ~ W 9 N] o “ T
LR~ M\V o/ = a + Dn . 3
\ Ix 9 D O my L M. % \ ) x. \_\ i
S TN . I ) |
._u.\ Tl A T palNE JEP- IR X, + N LB = S5
N - ! = p— o . . <
+ X TR T | S N M. c S = < ‘o " 8 5 b
W < v O (. ~4 o 0"
Mnm 3 U = T b AR TN B R
N 1 < ..m a. \ ;
Cl 3 = N \ u
s K EREEC N S A
\9)




Congk

e =+t)

N
IQ -“|
R N S ﬂ
Q) = Ry xe
™ N v
0 3 N ] ~—~
J ~L [N
o N 4 +
Q.
50 /..—- n%l ..x
D X
- ) .._A a \/
SRR ¥ P
|
'Y r__. = L - x M.
5 ) 3 % <ﬂ.m +
\ .
It S v + o ~
I v oo Q'Y NS T (R
EEE n o o X <C s NN X g | RN H
S S AL N : .
T v AN T N B e
= — + N ~N ~ + + +
= + C i + 4+ o
~
X 3 AN ..,/a. Q= QA S D RNy H Av...:..m
. — & || :... > 3O < .m.| _ J/
3 “ B s, ® > | 7 [
Q
>

-

\ ex]COSDL

L4

nJ)

b b

_z-l':?'

Gx+H

»

e = -btla




i
Mo
>
R
N
2
A

S) _9 ) %
J

s o
v:l
(V2

LOSDC

\
£
\

\u
3 =
CA
>
gr
~

(o <

)
1]
>

sina( 4+ Bcosx + (QxxD) 2*

N\

1IN +30s 2 +

]
(&)
R

2 (oS

TO

1
=
X
..i-
o)
N’
A
R
=
o

=+ D) cosix (

unditermined.

2%+3) SINX 4+ €1 cos2o Sink

onsk  CoePF 1oLl homoll 2 ak
exp o

209 Sin /(oS p3 ~ n)gﬁ_.; d.)l NoN —hONIO J‘- L>

0 poly prd

Yn *=329  homa )| Jxi =
o -homao )y 2 \—fi‘g( S G0 s Yp uso

AB.. jse) ool & Fal B0HELL M) UK 2
Lot ALS | 5)

SoluP 2 L2 MV a9 b 5 T




5 sl

4|1
e Gl B

N
13 ~ | - =S
P M ~ N ~ ._\-
‘o)
ﬂ -” N vs
m ! ¢ C
19 -+ .
) P )
< ls aPue ]
2
|

t

92
V3

4 (1) 171

;‘X

=\

L4
W

295/ oD 0

lameles

oo ole

)\:7:) rVJ-A

ae

6 +3-3 = §

(18 ~
Y/ S

\

1‘\

A

il

of

]

X\
)::

|z A

7

1

Vi
LA [4

AR
9!6

1

Ciation

1 4
/o D

e ui sioNn

2
9

241 = 2 [h 2]

A

W(e,

D

\

0 1%

[ 3 &

\

+




. o
A XN
Yy ¢ I
Y | I
= - z
G 7 LI R N
Q +H Aﬁ k R N
)
Sl N T. ® X
3 e ;
& . . ~\
" R < T =
T .LL x = __ /.\ T
x M O il
| ~
) ~ | o N
TR .v/.w ) N << =2 X ; .w.m .1w O
IV A
R A © Ia “ Rls = O R
N N ™ T R &8 & R & Q
=
- I = o ks Vo~ "~ LW S MR PN
\ﬁlu.uu : i I
— N 1) M n
- —\
= = ﬂ/ - ! o
X N
oF .Ww o o) >
Q ~ 2 v.u. ke
N/ = N /I\
N — y oM
Au.lm:. ~ < S
)
= ® ) <




W

-0

(% €%

3

\
Pd
w

<
N
+
o
L
L/
—
<C
\
[
oY
(.(.A\J’
o
4
<
1]
ﬁ

CiYy + G +C3Y;7

P

Je = Y| W) + Jo] W plx) + Y3
Jw Jw
' 'ZU\ 4 o)
Jht I

N(A-2D-2alr-N+6r -6 =0

“—
£~
1
o
|
|}
N
o~
S
]
o
()
<
&
)
(43)
'S

)(r-2)(r-2) =0

{olzo

1()(1)(.1/ x?)

1)
R
D

e e

CHATEZD)

N’

'.6'-)

i v
DN © .
Q i\"h
) ;n




0l = | w'f‘+jz"£pl-f"' \J(U‘)3f\
J' J W ) w)
= X A (74')..(.. xz”—-ZX.? (241 —+ '_2 1 514)(.)
v 123 J 220 v, 2
= 2x( xrde —24x* e dx | + (2% {1 dx
) y J
= Rx( 2K\ | = 4x N\ 3 11x3 (3
2 2 )
= A4 -2xf 4pnd [ = 4x4
U=\, + ‘j|
P ' h
= ONT XX+ 4
( WU &
3& exall o« l‘(CHJ.G("
W = w(Y;,92)
"."|.93
J'e;' W, = = (AJ(‘-M ) = [A)(‘.d 3‘.ﬂ;>
~ il Ve, NP i
O i I AN Y
~ R o S )
/// ijf,\ i.; _’_
// A" \ —
Ol No, | W (€)%t )
-, " X\ _ 7 %\ / X ?‘\ /xé\/’ex‘\
Wxie x€) = @) (xe4€)=(xc) (e
_ ;ZK
q.SLgla.;ll{ W
G yﬁ%@‘n"'




M

947+Y = seed
P+ =0
f‘( r+1) =0 ‘.J|"== Ci+ Cios + (o8N
~=pP Cl= LL
u=1 y=[Casx | Y = SiyP
v J2 ‘-’3
(A)(!,Cosx,sinx) =| 4 [Cost Sinx
= 119 ALY, (
G:—ODSX "S'ﬂ)(
= | -Sinx| CoS = |4
/Alx "N W\)(_
i, | = 00((9-_,53) = | Coslx |+ Sinbel=1
2= =W ,Yy3) = —OsX
Wz = WY, 92) =.—Sinx
Up = YRUAT oY (W2 Yy (W2 o
v J W J [ 3) w
= [ 1 (sec\da 4 cosx|l —iost dac| + sinx | —Siax [ga
N ’ J| Tlcosx (95
N seou+tanx| =2 cosx + sina oS
O




= .
Q
» 13 33
\ .
K . S Iﬂ ¢
“ t—n i
Ub amf x A ._ .l:v.
Nl i
¥ > H 4
vig X
2 _ o N dh 3 ¢ N
\ ] [ [ -] | )
y" ¥ 1 ] LB} W >
X o 0|4 3 &
] W« ™ ,3« _. | D.ﬁ
— s xw [ -lro |
9 | R
+ + 2 M v ™ /..m_ | | T 3
SJY 4+t oy ch i | ¥
~ 8N 8 < = | .
NN N Y |
" -, | - \
| | Lo -0 -2
= N
Al on N _ O o S . >
0 ) ,J a9 3 . VRS, .
Q) N — N v .I/ n..\—.” + + = AA
=i ! d i c = » ! I
ao "\ a = - —° @ S © !
— «— T [V - ? —
N P . v I u N \n T
|nL U g v 3 S & [ §] 5= " 1L = ) <




-! )
A @ ists

g

Lhen

SUustem

A I

ySrem

?Mume)ql'

b))

(Al F0

eIty

— N1 - ho

-2

4

A) = homo %

A~
Moxlie

o b

Y+F

= 1

y 2
7

Y
J

ﬁA-’—'

Al= 4-6=-2

A




U X
h =
VD) ~
SO R ~N)
' ° na sm-
“ k) Y Py
u “ .Tf ”\
’0 Mﬁw ¢I-W. =y - ]
AN q c <
o> : 5| _ 9 4
(=) L] s L ° 9 ) .
S ] , — _\_ 1) g R <
S N = _ ARy te
- - <
- > um o vN -
S 53 iy
mv wﬁ _ : . | ) ) Y ¢ )
3 d o v 2
QL V - o~ Q ~
=) oﬂ < | - c;. Ro 92
w‘ lD' .\\ __- _ H _ —
gy = 7! i - l
MM 4A .// | \ ) | D
| o § 5 i 2e% S
a Y w 7u m .|\.v| I”N— 1 b d L —.Il-l\-L
) S - ) 4 — XK' 9
= < <S> 33 ¥E wx=3 S AR
= ot I W s P M“o 23 N| =
D o 5 Y




’ )
- 04 o o, o o
JL (] 1]
< ~ — < o
0 S0 'y
il S .bL L o d _ \ — "
.M.Uu x T —— I.Mb_ nw ~ _ .&
~A D PR ‘g
R (9
9> — ~ T < =9 1l mL < 0"
WV < N g 2
[] J. ‘\l o
Il 7
< - —~ N ~
= i T Tea] -
I} n
] Q VW, M\ 2 < m
o WY W .v,w 1 n X
= ~
. 1) | . 3 3
. o -~
<< O g o —
J _— —— ) O (@ 3 —w n
~C - S < " b H -
— 3 (@) I < O A~ a < =R
- - AA I il on ﬂA
m. . i — | o
et L =¥ T a2 7 . w O
O S o i ~ < = 3 X
- —_— N \— N < w \D
N a. ) = — N ) ! =
f— = S << <C ' < ] ~ + " =
< - S <~ )|~ < - = s
.m‘.U ..mUluu u r ’“\ nIA ~J A-A ) o . m.lv
Q) Q al = QV




‘l
IJ:.LA N
-2 -
) " p
<y R
“ G
H = <
\ ——
‘.UIU . > \q) 0 — L
.mw p rIL
(% L
™M A
=gl ~
r QL —< S,
53 )
| “ — - 1
o un =0 ;! =52 DM _1_ 7 ) |
..UDJ =~ ~ = Y [ & \
I—. o .“.'
T = 3 > — N S ® .
) ) I .W. hd A ) -
d |V = oo S 1Q
N \N o QPR —
N I - S = < S
D ST . S i o = 2 T I |
> 53 > 1
: 1 _
- = IM < )
R T 3




I
)
-
L O Sl A ¢
o~ RERY ™ —/ )
! N o -1
i _ 9& % __ ™ ﬁ/w?u
H V)
) I 1
9O < ™~y eh 7a\u “m mw
R
o o - A EERE 5 3 Wt
. oY N : )
! | | N\O g | L
= e + 91 Y 0 g 0 N
0 4= B ERSTUED L A Y
) 1 | A.! T ) ...N . f.%
N S Ao s RE P R < 4+
LA LR KR~ — 9 < p
) YT MO T s | ! ~
on 1™ + 4+ ¢ )
: — — + n '
) - ) ﬂL/ “A M- < \ y o) -9 ) ) I—.bau
\ [ . _— \
| ﬂ% )R L\ e A 0\..0“ W ~ <
. A <~ _‘__ L.ba.v ®
RN v > T e o _ 1
- e -
1 — " o .x ~ _ 5O
R S on N {.\h.—_
S s = & )
] T
O




O .,
3 3 N
ALY J .o R
! -~ - —
h. o \0 ] Q) .@ n.u,
= > + =
+ - s Y
= .W .AWU (! \
s & e
M M. aa .laN AIA
> A7 i K
N~ P
T %
S MA o) ~
)
g 3
& O - ., .
L. S 1] 1.~8 hy R . 74 1._A ._\_
) " b S - 0l _
L 1)
. ! > 5 * 1
= =R X ) o et 2 s
~ ! M u.d— I\U.L. i ! 4 ) ~ < Iv
DY o =C 5
ﬂ < 0._\.. TN I o~ + | N
— - A Y + o~ N Hla
s | NPT e kR e
m > \N ~— | o
Q- 2 2 A N > " - _
e 1S LV .I'Pv ) | ——
3 Q) QU o Mul - K < 1
R W o 9 9 3 S 4 X
= ~> -3 <2 IA




gec rul
.S'c/(ﬂ(:'l'a n~

L

L
L4

[ W— ~ -
L _J
N T
. _ﬁ\ T I — _.l.l N _(\u rw
1 ' \ )
P p <G J
$ L _ O O \ — ) ) R I I
S D — .5 Sg O -
\ [l \N\| <
M : Aq lb Y 0 G o\'lVlv —'/lb A bl -L
y | e T -~ \
7 > R + ~—~ . 5
< r (g H ' r D v - +
\_A l Dlpa TR E Ju s = Mw 4
AIEER S _ I AT R e ! , )] .S
v | ] p— 7 i O
Ju _ i + 10 " 1 " a | + ._.. R L) = |x
o \ I i | B T ' o - | D .= —
V. () .
e D N
e L ~ S
4 | \ L..vDJ L S 1Q) 1Q Q
idlv | ) B < _8 I_m\ O
A . o
— |
3, W ) ) 1)
. X
_V - —
~—— 4
CN
|
<
|




o -
L
P IR
< < NN NIN

- +1 + () C =
) (@) 1 ~y r= . N o <
AP T 205G
= 4 T P SO Q D n._/‘, T~

- ) T+ l =3 ~ }

R RN R L U S A
—'\-J s\lllv ‘( —— 0# .Ib m_ ~ -Abo J ﬁ“
33 2 = s ST 3

\ / — ' | ) = \l ) = N
a— c , -ﬁIL. _ﬂb / )
o< O - x o VN — N
\ 1) S, o 1S )
L 4 = t I f_mp

— o = <« !

\) N N 50 )
\ < < !
I \—

of eX.




/ ,N — \4\
) 9
J IM “ —
.WM _M M% hu w/
=9 Y S = Y
N R fw N = ¥ C S r
S ab\ U <2
Q ) .MH N .mw
nw I& N\ s D'-/ O . lw — J
.I“ - ~ (I A'b
v k) — =
70 /\ T G’a . . N
- ) )
7 b W R
C— ’0 ’/w \ —
b} w ,A ) .0 %NU ﬁ S A
ﬂw ] .w S ﬁ %m / Y ~S -
_ g 7,\.u U ¢ -
ey | | C 7. = —
. \ [l

)ki.zz/LZ{

YR

At

I

%

/

d

|

O

-t/

C

=
RN
YLy _

11 &

Whak 1% e Gob  equa



ml.-(_.vO-\ \\ )u
= 2 =
l4_h \.al — = 9 oru
1 b . ° ”-. —
D O —
| ~C \
T ol '
7 8
o Syl 2 =l 3
]| O x 9 J ) .m —
{ “ 7—\— Mv | 4!
- oy | — [ a 1
> O+ o = 2 ~ e} —
1]l | ~en [H) \ ) N
= — TN A3 ﬂA (¢ D
H_ 4+ G._w 3 ¢ pul.v M Q)
+ < e __ & g__ = I - -
- . [ g =
. < = jy < | v L
| NS = d ~
KX V3 . ) _ )
| > . s h— (e
) /14 ~ o S o lnvu R I |
N -
=R RSN o ST
\ 2 i’ ' — ; < F ”
SR \a 2 .9 Y ] —
_.I.._ > ) _. (S = “ ! L=
~ = A <3 0 \
N ) .2 n.v. —
Q) _ _ _ ) n% l\qll/\ o M v |-l. l_\ nl \V
= < <, R .. 9 .
S T —D ) |




2

\2
-1

AL

-

0N

q
/

y 2
-
—

- -l
=

1\

~

o

gash =0
AT

n .

]

3N\/
—_0-b

—

\*

A=A\ H =0

/

[ A

.l

LG

=, e’

W
+0) | EE

o

—

b

—A-b =\

L




e

D — =
x m. m¢w .p\.l-nulf-:“-
2 LS~ g = —
*Ml o \ o — | .'—-.v.lu * -
m —— nlm IT.— - =i § ~
&= o < SE 32
L Ny 0 <
L rﬂ\u Q) N S5
2 , x N g ) r’L
(X}
— e -l b
== S N Q ~ i
Q

AL

=

L0
(AL

Ay X

n

0_ @

-
-
f =
L4

LU

228 0> )

k F
R ) = =] 4 —
< Yl X
ll\u- T wW -
\9
o
2 “QV
\ ~ Q)
S5 °© 0w~ = =~ &
S 0 X (x., )
._A .\Ac —-— V L —
| q& - \I._ m.\
H IS




= <T r
= o~ 9o I
e - —
e +- 0 Mn., L
2 N —~ L + "
N <t S =
> =S x|
1) /ll_\
|
=D o~ _M o
\A L A
— o) I
pY-) ./u i) <5 —
al N _ Q| s -0
i + THEE S TS
SR AR Bl gk et -
S s S + - -
RIS [ [ e BN =i Ln PNl
>3 - n.u nlA < M/\uu Iy ~\ (] . ) L 4+ ! — _
\ lﬂ S 0 Yo sl 2 s el 205 )
o =3 hou.e ~ o T, < i
< 2 | < IR ] x|
IM S 3 qﬁ I — S~
’H D ~ “MJ < —d N\
: | = X
) 3D ~ . < _
= T = Y = < !
~ p = —
NN ...M./,T -/’aa —~




(Ay=-4) T4 LTJaq. ]
\ 1 4 ||k L
1 1 _
a+b=0 o=
T
u(1) N © 74
JT =17 J = e
L 1)
W (W) Sgstk o pi7 -4k
J = Wfile +Caf-[€
| J (P N
ro)
Yoo = o= | a APRVS TR AWM A
) | Qv =2 ¥ )
Y o] C.9iN alue §
Y - -3 1 r-mi 1 _\__ 1—:'6/
P21 _ | —?qu—a"“ L €
-7A) + Az —& =
0] - 342 ~+7 =0
—-qQ\ --\-‘ ﬂ{,'l. __[8:!)
oy —Rgar +2=°
— KA i6/—- Q
A= —C
az2=40
T - ) B N - -4k B
=G lile +Colgl e + ]2
7— 7 — | O j




L .
N \
10) =
o 7 C
) )
| O J
L 5 R 1
| 3
.3 | QU
“ | 7 N 1,
~ “AI. p o — .I \”&
_—— < .. 0. R 9 I—\ \l/
< J 9 | <
D e A = ILUv —
C N 2 A 0, =3
“ N /(\ PR N
o 2 ™~ =) 'y
1 4 \*" om—— 4
£ ~9d o Ho o oA
[ ) - D > < Py B
= ~ Sras ] 103
. |~ MERACIIS L0 ;
o YR 4 a _ ! N e +
t ] Q) ~ o~ + / l ) R LN
. |} =
> = (0 4~ > ~ = + . \S . 3.2 O
'S — > & < - T ., ~U/)~ <~ | - 7| ! | La ~
> T ) ST O IR .
n " Bm N— - | P p— 2 I—-l-
Q) < ! o) ) | ! | Tl
- ~MaQ H SEmA' u ) ) H
L _J. | o N 1 L DD ~ -~
—— WU. .a.., & " l _._ m/ o
= < = H . ~ b
| e o S 5
N
o



[

0 Tt +

—ZﬂﬁbT

— St+7

1 —2e" 1 |

8
A

%

6Y; + 3

/

"'lfh-\- Wy + e

A -G AT

/
2=

%
q

v

> Nnon "L\arn.ca Pm('{'

A= -
y.~

\.

/

s

:uﬂwnwdn v

t
)

-

ol metens

N
=1

1 bG +0C

&wﬂoq

V)

=
—

| I I -

Jofl
y
U

A~

Q)

§(P)




™/
_mU O
= V) —
S
o - ™
\ H — O
—) N ) \ )
\ > TN . | 2
\ 1#. N \
h + 0 o~ (l
i N — .w n\ UIJ L \
< A ] |~
\D) N \ -
| i —
=7 \
—_
! B
+ 9 O = W E
— e T
~
ORI \ I
+ ﬂ:/u ‘oo = 3
Q i |_I 5 _ :L D S Zns 0% 3
= N S— 1| oD . oy TV
) I ] ¢ o —A ﬂ
( —-— i T 4'# _a\ ) _— } —r N > 1D 3 8 \
= JENR Ty S kN YD VY | T2
o> RS X ) ]
o — & — \ ~ 11 ll‘ff ’—
1 | ) - = 1) )
° P I = II.M.V )
/D \ - Iﬁl! N
J




_—6'
2e J\U°

L A
R

L
Q) N
)

C

+ X
TR |
e U et
ﬁ. \D

y




CLILP er A (power Series Mebhed )
the salobon of te DE  will be @ sefies

Analgﬁ CT—> Polj_p_’\om,ia,\

> exp /Sinx/Csx T
L+ rabionel Bandrions _o (L)
(W\ ;3—-0-50\) qu:J g\)]
po\g (U—U
s -
%A
| anolylic ok all R exept
LT =311t ok 2=l x=2

MNow iﬁ A(z,) v" o B(Z)j/-r- Clx)y =0
how do we find 5ow»e!'hiv\é_ calledl

orcb’na@ Paifks? m
o
we Bind Siﬂgﬂﬂm Poinks T ’M_.f' \)ﬁ\)@

Aee) ) 1ya0 s A
then the ordinady pinks  will be

£ — z sing ubac p.{m.bsj
aelubic Qs ABC D E



ex Y” + xﬁ/-p (x*+2)Y = o

Alxy = | Nbo singular  poinks

B =x We  ordinay poink are
COe) = (2* +2) Al X € R

ex (D97 4%y + £ 9 =0

AR =5 x-=o  [x=]

B() = Singular fbia}cs jQLé_;L
09 = & =0]  oRbinoy poiaks

IR ‘{Oﬂg

ex xllj// + 3%3’4- Y=o

AR = x* 2*=0 =0
BOY) = 5 =0 [ 7] singular pinks (x=°)
. amme‘éfJ poiaks  [R —{OF
ardmw'rg | paink s
Al / B(>x) / () :5,',19 o po ks

are. anal Y ke



it X was an orlimly poink

atd.  A®y7 + BGIY + Ceyy = o

Lhen there  will be two  independenk
Jolukions  ds & Powe/r Sefies ( é’ﬂ/o/ Se/,'e_;>

- ‘ﬂlzc}

N Gn (x-x,)ﬂ—\

3=
n-2
97 = = -0y Oc-xe)
N
i l J_)AJB cL_L;\

an (- %) "

e

Remark

]

ex 2 nln-1) (-0 7 pEmra |

=  (rt2)(nr2-1)(x -2

N+ =2

N+2-2

3L Lanp Vsl
i (+)(n+2) (Z.—Xo)(l' index J z.h's
=0

3944|



P = anx" = S bax" Hen a0z bn
N=0
Eor au N=o0

ig i_anx" =0 Hen 4L4n=o0 \/hzo
N=0

ex
n
20 + éaz?t + né-_- ) Enﬂ)(mz) a,()-rz - Q,\_Z‘Sx =0

20| =9
6o, =0 forall N2 2

(n+) () Qavz - Qne =0

© Pind o Power 3€Mie S Solubton. of
y= +x25 =6 abok  x. =0
oratimpa poinks £ He DE are xelR
So X is on owmg_roeak
lek 5_: %o an " be & sdlukion

y= = W A

n=I

yz = = (00"
n=2



N-z
S p(n-1)an X +xzé a,x" =o
n =0

=2

n-2
,\2:» n(n-(\ 0, X + S an x"? -o
1=0
5@l 259 Lip &7l daf
< (NF)(4) 0py X"+ = o, 2T =0
N zo nNn=1

index )l xo9 by 2t o6

20, +£05X + 2 (n+1)(N+2)Q " ga 7(

N oy 42
20, + (05X +n? [((Hl\((lfl)a +&ﬂ-7,—k)((l =0
= 4L
20, =0 02 =0
403 =0 A 3=0

‘ (n 'H\((H'?) an.(.z + On -Zj@ I

e cufremce  celakion

afl42 = -An-2 =2
(n+\\(n+2)
A =R3=0



(n=L> a.A = - O

C——

[2
(n=3) Qs = =%
20
60[,0\1‘.%(\, J P)*_.“ \)\A
y - ni an X"
=Q

j‘-: Qo + AL + szz+azxg+a4x4+0\5x—s"
=0 +0X +0+0 —-6(0 '}CA _0\\7CS_|.

& 20
gt 1 o[-z
dv |
® find a Power Sefies Solutton, of
H7ty =0 abok Xo=2 about
oflinacy  ponks  x & /R :‘;”
. are e Samc

Xo=2 s af orlinag eainks

J:= = (e-2)"*
Y - = ol

n=|

Y% = 2 atn-Nan )"

n=1%



‘é‘\(n-l\dn )" - 25 an(x-2)" =
T N=0

/

(x-2) +2 ni an(t-2)"

2 Ga (e-)™ + g 200 CX.-z)
£ 0(0-000 )" 2o ™ 220, G=0

i[nu )(N+2) 0. (x 2) é a (z-?/) é 2.0, (- 2,3 C o
2&1'2“°+§1 [(ﬂﬂ)(nfz) AN = 2,@,,] C%-l) =0

2&-2 — Zao =0

O = o
(n+1) (N+2)
((\:l\ a3 = Qo + 200\ = o+ 24 _ Qo +Qi
(2)(3) & & /4 3

\)

(nN=2) 04 = Qi+282

(3) (A 2 TZ W2 €



j T né_ a,n(%-zy\’

3
= 06 + 0 (x-D)+ az(x—z)2+ O3(x-2) - -
= Gy +a(2-2) +dy (12)'+ Q;_C%-L)?’-F %L(Z-Z)g--'

= aoE+(Z—Z)%r(7§‘_%)g..] + &y [(1'23* (x—_;zf}

At 97 + B) Y + (o) Y=o
if Ato)=0  Lhen 2. i< a singular Poink

Vo=l ~N N
@gmkar L | irreSuLar
lim P’C Y 7 | 2 lone
| x 1 )
X—xe  AXX) (x Z.) <o (R | <-—£ ,:-L,t;,el.:f
i Cex) )" N hesrik
xﬁ\'xo () (DL ) <00 (OLB | exisk
H\ewik
)ndicial ecww@fon, 5 i(fef)b\l‘”

(‘(F-\S-& fCr9 =o



find. ol regwlor Smsukam poinks
O G- 4x3)Y” + 4y '+ 2xY = 0

A(X°\ =0 au_),:@ﬂ.é

X —4A42 =0 > 2=| x=3 Singulo—
AL o = 1)
im Ax(-) = |im Ax(e=] = 2 p

Xl x2 _4oes? =) (-z)x<A]

m 200D = fm 2 Ge)T — g
ot ot a3 =l 6 (A

AlZ (lo =3)

lim 41 (7(—2) = lim 41 (% =< P
A2 X2 -dary A2 (g x—|)

fim 2% (-3 - lim 2% (-3 = %o
A2 32 - dx+3 -3 (—=Xn—1)

AoU’L o= 1,3 afe f@j(a.LOF Si/\,juLa./* Po[ﬂl'f

7



ﬁﬂ(ﬁ H\f mJl.Cld eiuwé\'ow QL (. =)
r(e-N + R+ 9..=0
(L o fn
r(r-1) —2¢ =o “LR“{S —
rt-3r =0
@ x (oc+2)1 yZ + (x+)) y +2x0y = 0
A (%o) =0

(x4 =0

X=0 xX=-2

A[: (760 :63

Il (X"'\)k =" ﬁ Ay =0
A—0 (A +2)2 3 is o
[i (2¢) 2% = 4 4, n?gw{o\r*
A—0 2 (A +2y2 5:03{&”
AE (Xo = -ZB

ive Ot ey — Jpe

ANy (A +2)F \Weyhr
e (2%) (e =,
2T (XA

reﬂular Singulor poi«\ks { o§



Ml 'tAf MC[ICJ&L ’a;’ arov Q,Q-; = 6\
(r-1) TP +9,=0
‘f‘h‘)' (=0
) 7]
(-3 =0
7!
""POLC'HILS. Mi@(ﬂl =>qgo
| 3,8
weou,s er'\ fejgiar in‘jwlou“ oinL-S N
ere 3 = S| aalx o) o/, E;
A =0 (‘%’A ‘_ i\
gy = = [(ae) B (X=2N T ot leas @
n=0 Cplw
Sl
— _t P NtYT-2
47 = Z (ner-N(ntr) Ua (XX index |t
Nro Sen
N
SolU€
27y 4 (et-%)5 +Y=0 neoc (Zo =
A 0): Mmeom & Ao=0 1S @ 4’"\,3%1.@/‘ 'pdiﬂul'
a Cé o~ betwse W e onnk  £O
let Y= 2 an x" RECILY:
v “::0 Solu [




’ NEC—|

(nman y 4

>
|

J =
87 = (n+ 1) (n+r‘) A n xn+ =

L 4\

ni- 2 ((HP—)(/HP\CL«\ -4 2 (n‘l‘r) An X

~S (g + 2 an X =0
n=o n=0

n,a-(\

i 2(ﬂ+r‘-)(t’l+l"\Ck«\X + 2 (n30-1) Qqoy
—; () an X + = an =0

2(e D))" = ra X"+ apx” =0
(20000 - C4l]de =0

s F°© YL 9 = +] =0
20t =3+l =0

{Zm‘fr‘l\(ﬂff) an+ (-0, — (000 + qn] —0



NzLl

e ()4 an + (are-) A =0

|- (n+r—))(n+|f) —({l+{‘— ja,,+ ({\+r_|> Ang =0

g/&!’)/(z(mr ) —1) dp = -(05¢T) 2ns

— |G Nzl
2(n+0) =

vecyunce felwéfor\,

1 ;| r=1
LL=3r+| =0 (20-\) (r -1) oL
(r‘ ='.L\ on = — An-\ A=l

2. + |
ﬂ:\ a\ = —ao
3
N=2 a.'L = —a-\ - ai_
5 IS
2 Qq 2"

— 0

J=doX +Q,% +dz)(?+q x4 .



S
>
)

(ecfu\l(€ \%
Sslwkion Cio_<f

B )



Ao

—an -

an

) ¢
3.3 :
4 L « 9
N S i
33 =
1. - &=
N N ¢ ¢
M2 3 R .
m...\— .W ! N ,U 3 .a. IM . “
\ ~ | _ ,M N e NE S s < P
n.;.W | A ¢ NJ MA + ) mn - A
o= | SR ,r__ﬂ..b_q = o 3
S0l =<1 |G T | >0
ol = . >1 R _ 3 | = n N
Sa Sla S|« =N | U s TR
S ~p)
(1 1
o ! I ]
- x| o~
I S ]

Oa

™me den

30

o’

-
A+
a, X

N
n (&

\sl\ e, ) \' ,.\

n=

TS An X

7= Y tax

Qo =170 ]

L J
N+
N+

P anx

P
=Y
n=0

Wy Al
r\
Wi

r™

9



0 A =0
2L =0 £ 0s singulan

Jim —X
‘xtao Y4 (X) =0 Fa

mn AN
e s P R

L0

Bl e-1) + p(+q, =0
() =o Lk
:l.’) -
(=0 F:i (i-_r(/.néli

—gl 3‘ - i a.(\ %n'('l w=o
n=o

3\1 T 2 (V\-l'l) On %“
n=o

9/ = &l a, X

n=1

iin(nm an " =& () anx 25 4l =0
N=0o n =o

n

N



. MmN o, 4 s a0 +|_SOU\7CM\ o
Nn<=o

(=0

Z <"+‘\ (f\+2) Ant) —(n)an} X,"H =0

O+ (02 Opy = N An =9 nzo
Ko+l = (N dn N>
(NHYCnt2)
=0
Ay = a4, = 0
(2(3)
An =0 N>0



o is 0N orcﬁ\‘na(J EEBEM (X—XoSL
N=o

point
[ >0 "
| i &j(—‘—éan(x—xo)ﬂ\‘
(-hgz| ™ =
4= Zan(exS
Ao 1
s | n=n ez T
N=o N+

q —(Z é Z (jzr CL}‘ \ﬂx + gaﬂ(l-%&

n+(

Pow\k L=06=0 l\j(-—-éan[x—xo)
f =2 Aty
Y, = Y Inx + _ldn(X'I-')

N




	Diff Chapter 1-1
	Diff chapter 2
	Ch 3
	Ch 4
	Ch 5

