power series and differential equahions
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A differenha) equahon , oNce solved for its highest denvohve , is essentially a “recurrence
relahon " that can be used by successwve diffeverhahon and backsupsHihon fo
derermine thatr highest denvohive and all \mg\ner‘ denvahves 1h tems of the values oF
the unkenown funchon ond its \ower dervatives (i.€., the'initial d et van'a‘o\es) at any
value of the independent variable. '

This means thot given infhal daba ab X =Ko , one can evaluate Y (xs) and all of its
denvahves there and hence dbtaws 0 power senes representahion of the unlznown
funchon Y(x) 16 which the inittal data Numbers are freely specifiable , i.e., an
n—Parame‘-er family o-(- soluhion funchons ,valid within some radius of convergence.
This s why Query nth order DE musY have qrbi-\-mnﬂ constonts 1h s geneml
soluton.
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text ook \ras a chapleron power seres methods forselving DEs.
e above cal culethon could be done atremahi . .

: : ely bg assuming \J(x) has a power senes
sdution and using the DE tocblan a recumence relahon among tts coeficents.

see example 4 ,p. ©L8 Edwards and Bney DE R LinAla Second Edition
Which redoes the@ above ample using this technique.




Bour\darg conditions nstead o§ wihal condions (Voﬂersen'cs md—‘wqhén)

Suppose we Consider imposing 2 condrhins Which are not 1nihal condihons
4o detemme the Zarbr enstants in the genel soluhion of- a second order DE,

We could fix the value of the unknoun at the endpoints of-an 1hienel for example.
Trese are Called boundary condrhions s1nce they are Imposed o4 the \)ouvsola‘yof‘ﬂ’\e
intewsal where we want-to sdve the DE.

vibrahion profiles for a unit length guitar shring

ll_{_ Sty = 0O (0)=0 = (J_) PO Ol‘:SP\c‘tcener\'l" oF S\’hhg E'DM s\—n\gk‘c‘
y 9 ) 9 9 ")05\‘\’10"7 \S 9&) , but- f\xea\ on ehdpmn\‘_s

J :
general solution Y h .
> " This requires

=, (08 WX X Cy Sir \

9= 6 2EnwX B 4 on\y the sine

ylo)y= C =0 tem B forzes

- ; = 0 e Ny O
y)= (s +GSnw o
% \——) Sy w= 0O LO"-‘h’h’, RZ A, 250 “D‘Otaﬂ \'\\'Cjcr

=0 and =0 yY=D V"“‘\HF\LU""\"") \cadmg +o

P\fe“y bonng,ek? the socalled"Vrarmonics

and also Mm're.
The vibrahon

:P:: :>¥_. l\@| ’C)‘a Gequena ofthe
nN=1 ’bvl-‘) et .. OSC\.[({aﬁ'\:; PIOF«le

h=2 n=3 in hﬂ\'t. be |n|e,3e(‘
An arbirany vibration Froﬁle canbe Construcled from q rultiples of v
Wnear combnahion OF al of"‘ﬂcse individual  hammonics

w .
Yx) = = Ay Sin DITX TP Ux4) = & An Sin nitx geBoME
he oscllale, in n=i ,

.h' . .
" k/‘\’—-—\s-—————————*” re"\:ts\::en Solhan of Pa\"hn\ Afferevinal €]quation
Founer anahjﬂs Since Now Ztrﬂe(zem\m-l' Vanddes
" Wave equation'  (standingwaves here)

Tf one comsidersthe 2-dimersional. ggneralization 40 Vibrahons of 4 drum head,,

> the radial behawior of the comesponding
4 I v\bﬂ\es {_n me\\e &“C‘\"O'\S 2(7"\\5> requwe \aqer
7% Zdiechon valves n the center to (ompensate for-

B0 the Smaller costrbuhon o the total areq
Q;?’don creeular of the drumbhead (ecqual tension on qsmdier
z A undang awea leads boborgge~ displacment | coctof... )
cosine e So one ﬁnds decaying  Stovsoldd Wee
profile funchons |
r TNSis wheve the amous Bessel funchans
4_ f
arse ﬂ"W\OgO\AS o the swe (and CO.Sme)

o funchans inthe 1-dmensiond) pProblem.
swe like

z A |
| pover Senes methods Jare vecessary +o
% r 3nd a repreeniaiion of these rews-functiohs,
1




