18.035 Solutions +o  Quiz 3
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ODE : x}"‘j"}zo O

@ We  wewrite His  ODE v +he ﬁorw,

\2_ (A - % \3_ =0 , {.e.) ?"‘I’ a‘Cx}‘g/-!- azO()H:O)

where

a=-1 | e, = - % .

1 parch.Qar, 0.(2) s NOT anaﬂghg ol 220 =%,.
Hewce, YorO s a SINGULAR PoimL.

Dince tra,(x) = -2 :avsqg,«j{‘fr, , %0 is & REGQULAR 9iw3ugar poiwt-.

oy Lo N S -
@) opE: Y - 5 609+ Xz(x? y=0.

So,
R = 1 , PHY=-x Q) = ~x.

@ Tndicial eq uodion:

'S:(SW = 0 & ‘5(5—\)"' POSfQO:O wherﬁ PD:O, QO:O.

& sG-N=0 » s=0, ;  |s,51, 5,0

(’m\t'\m() the earaeslr of 9 rwﬁ roots Yo be s )
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@)  Frobenius  method.: %(x)=XSZ_Akxk ; s=s,21 or s=syzo 5 |A#O
k=0
Recursive  hundion o * Guls)® Ralsm) G- )+ Pls=n)+Qn | mal.
= { Anls1=0 for Mgl | ond g,cs)=?. (s-)+Q, = -s+\-1= -5 }
K
Recurence 'Formu,ea : f(&k)AK = - Zgn(wk) Ak_v| , k=1,2, .,
ne |
Toke  ses,2 4 - fOk) Ay = - g, (drk) A,
= kyh) A, =+ (i) A, @ R
v A
Y=2 Ay = A/Z M“gHPe‘} A A,
N = T 2k K
At-
ok Aes =
%\ =4 1a | = Ao 'a = Xt Y4
3(”:%()&: A ZAzX = X L ‘ o= A-ox 2—_—"‘- = AOXE :—‘Aom(x)
! k:D \‘:—O k‘ k:o k.

Where Ulx)= xer.

@ Take s=s5,:0:

 Rewrence  Formula Flspe) Ay = =9, (sp4k) Aro e=1.2,73,...
= K(k-1) A, = KA, =0 e-1) Ay = Aoy

Check the formula  for k=11 0= 0-A = A, #£0 =D }W!Poss}l:{e bo fad 4 So&)‘img

Hene, we camot  Fnd  any independent  solution by Hus method  if s=s,-0.
A Sewno(\‘ina’epenclemL slubion s of the form:

0 40
X)-L(X) 5 C. xex ()MY + Z_’kak@ N C#0: ar)op'}rar“a_
e k=0
u, (x)
C‘_{enem.Q rogMH(m-_ : %CX)‘» 5»6‘)""'92(7‘), Ao) C: arbi“‘runa,
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ngn_‘_ Xial"P (xz_Pv_)g 0.

ng) = C Jﬂ,?_(x) + Gy J:"'z.&)

- Nnx ” X .
i 2 nx

@) (cont.)

o)
2 7 2"
0= g(n) = G hry Siy/ﬂ' +Cz\);‘;‘n‘ sn = G, %—-C—i) =D C,=0
Thewn (é(x): c.J_—gj Sinx =0 ?'Cx): C,)/ja—-—'cosx- 2 SN
Hx X x Yy
' i » Q
= \35"3‘— leé-msn*&_ 3— s —-'C.-\Fi— = |
al 2T n+ - w
=P C| ~ _TL
V2
Hevce,
T,
160(): - \j; Sx
@ EP:ZI . \J(x)t ¢ J,0x)+ o Yaln)
\
@ Limi)ﬁna behayiors : jp(x) ~ ;;F; xF e X0
Y
\/p(x) « £ (1:,) x" X0
For  pe2 J,x) = -—‘-8-"“ X" as x40
Yo.(x) = - -?,—r' X" ag X0,
W blows thd  Tylo) =0 wh be \gz(x) blows wp' sy yao

\Jrevxce) in orJer to  hape Qjm 5(x)¢00 e muy }'a)te

¥=0

Then \j(x): C, Lﬁx) =p Qim \}(K)ZC, SNV

LT

—_3

Cz:D .

OD=D ﬁbr any G

vau(” J Vx) = ¢, T.lx) l ) (\ggj‘ Unigae).




ODE : xg”«i’)ué’waézo =p xlg"+xC~?l)\3’+ X"“g‘—o
We hﬂ Yo 3O\GWH€~3 Huis equal‘imq wth the form
szé" +x [ 0-24) «2rBx" ] «3’ + [ A-ptst+ s"szac’—-rB(?R—r I+ T2 Bzxz"] a <0

which — han  the  sollubion 30(): XA & B ZP(C"S )

= %+ [ (-2a)+ 2eBx™ ]

Coep. of _‘1’2 X -9
CQEquA,)) -2A= "'"3 4 )A = 5! 5 X'B: O
- - O Y
7
x* = A prs?es X orﬁ/?Z#r)xr-rrl,Bixzr

GDE’F. of % P
It Rllows Hhat =2 = 557 C>= | = @
=5 (pr0)

. LA
Az—pLsz——o & A% psen pt= ?—1— =25 & [p=

SQQUHGV): 3()4): x> ('30 25(x) = FS [ﬂ:, Js(x)+ CZYS(X) :{ \

@ ODE - ‘/‘;j“ + (.H-le)j’ + X(?_fﬂxl)tz} =0 =D )("ta"-q- x(l+6xl)3l+ x1(2+ﬂxl)‘3 ]

Coet. oF y': e (1 6x™) = x- [G-2n )+ 2B x" ]

1=\-24 & JA=0) - [f=2) , 2rB:=6 & 4B:=( & |B=H

2 2 2
A pis®+5™C x P = rB (24-r) X"+ r2RIxET

Gef. of 4 o [xi(2e3x):2049 )=

R = 4-% x4 = gy , as it sheuld be
rB(2a-r)x" = 9.3 (2.0-2 )x' = ~6x2 , whereas  the term m LHS s 2xM

we munt  take 25 =0 @& Ls_f\l

hence.
& (CPH6)x*=2x" @ (-4 [C= 20

g% ye_ rB(28-¢)x" = 2x*
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Ny =0 ® AL 0 & [P0

~ 2% _ 2,2
go@u’bm . é(x) = 40 € X ZO(Qix> e 3 % [Clj‘o(z"x )+ CEYDCQ{KJ
AQ)remaiw‘veQM),

,?;xz ~ -
4o = €3 L& T2+ & Ko(2xd 1
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‘ ¢ e af T
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@ hix)= A, + Z_ An: oslax )

oy

-
A, = ;\T"de hx) = ""(de +§dx > ~0.
o Tl g,
AV\ - :T?-I- gdx k(ﬂ-cos(h‘x) = %r [ gdx 009(nx> + jéx CosCV\x) ]
0 2
Ml n :
= % {—%\ Sin(nx) 4 ~\‘:}- s"v\(\r\x))ma ] R sm (nr) = 0.
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s O, n:evey
- 2 b oe.m b L oy ) . - ooy

2 2 ar
N 4 C_,l) 2) "n’rodd
™
A
o 4
) - B
= A $
-1 -'Tl[l nlz ™ X
-1
@ OPE ")+ Pla = ‘fl(x)) DL X <.
Be's 3(9)7— é(rﬂ =0

Becamse of the given bds  we Jmé \;él(x)t i&,-s}m(nx) and

Find By bub subsktuben b the ODE; His series for y sakhshes both BC's.
k(j(x\ < Z+v\waS(nx) \a(x) = Z_vx By sinlnx )

ODE © - Lw Busin(wx) +p? Z_’Bn Swz(\qO = hG) &= Z(P M) Bysivi) s hx) ®

Ch
I‘\’ fo(&m; 'H'm} Cv, ore H’IQ CDG‘R:}UQVT)’S ‘rouwd \V} por} @ -Fov h(x):
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o} l’l T k2 teqer. =
Duppose  fhat  p= positive :M qer. =m. SRR YA S
Frow obE (Eq.® ) + 2_(pm*) Bysnbw) = ) Cysmlnx)
he =)

& EwIBu: G for all m=1o, . hix)
= W) B, = ¢,
For  nEm: By = %{—;\; , as  before,
For n=m: 0-Bm=Cm . This equabion canNOT be *rue

TANLESS Cm=0 & (’m':odd or m:mw“ipge of 4 )

50) the  sive  series expansiov (ﬁichlS a So@%‘m ov:étj WI‘le\q
p# POSHWQ '\Mecjer or P:odd '\\n)re%er or p= mu&HP?e of 4 =4k (k:l,?).,.>

Iv\ (XM other C(ases 1Eor P the sine series ngs, 7Lo 9{\}8 a Sogu{;(m

™

T the case where Prin+ejer£ 5{\/@5 a 50&147[03’[, Bw

iv the sme series -;or )/(x) is NoT unique ; TR arbi?krara.

So, then y(ﬂ Sivev\ )03 e sine series is then nol q Unique m@uﬁ‘m

of +he OpE.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




