Section 3.1 — Lqp/ e s é‘?aaz‘/on

X overview: we leared the math (Ch D and Zhe PAYSICS (Ch2) of electrostatics
basically concepts of Phy 232 described in a neco 50/9/7/51‘/caz‘ea’ langeiage
~ Ch 3¢ Boundary Value Problems ( BVD) with laPlace's eguation (NEWTD
@ method of zmage\s 3 Separation of variab/es ) meltipole expansion
~ Ch 4: Dielectric Materials: free and bownd c/mrﬁe (rore in—~depth 2han Phy 232)

¢ > ( vV, A) >(C %3 _} 0 Eouations of electrodyarics:

(D) Brute Forcel 8\“}1 \ (Tj: (E*‘VX@ Lorentz force
(5, /) 3
= ( doli = (e, Mg 0 V-3 + &p=0 Continuit
E: 84%—8_— o ontinuity
(7D s . ¢ ) o y y V"D =P VKE +QR=0 Maxeoel! electric,
JI§ {Mge ry T7T. Ve%an cumbersome Y ‘B =0 \\7}(H-«&t5=j Mdgheffc Lrelds
D L= = = = = —
€E= O YxE= {j d\% D=ek B:/UH J=0E Constitution
(v /?'e/‘nea brete (V) the WORKYORSE 11 E:~V \/—&]3\ ’TSZV?\/& Potent/als
V= ‘hréo . *Vz\/: P/g Ch3 V%\/-&Jﬁ\ ]:% ﬁ’rV% éaage Cranstorm

* Classical £ield e?aczi/onS = many e?é(af/onS , Same Solution:
Laplace/Poisson: P\[=0 -Y-eVV = R~ potentials (\/;&) dielectric g, permeaé///z‘y M
Maxeoel! coave: 49@ \/]1 \/]1 = %(PJ) ~ speed of light c= [87, charge/current density ({){_’)‘)

Yeat e?aai/‘on-' CST kV(LT ~Zemp T, cond. k , Aead q -kyu, Aeat cap. C
Diffusion e’ %%. =D V A ~ concertralion N, diffusion D , Flow DY
Drumhead ave: é_— %%;_& ‘“VM - 5‘ ~ displacement (\, Speed of sound C, force f
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X \—dimensiona/ Laplace e?aaifon Y2V = %%/ =0

dv_ - - -
ax 5 Odv=a v fa&x Ax+b betroeen teoo re3/on6 :

~ Q, &O 5625/5/;/ Aoanc/ary conditions (\/0 )\/a[) or (Vo )\/ ) Vx)
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~ no local maxima or runima (Stredches 5/5/71‘> ’ strd

K 2-dimensiona/ Lqp/ac’,e e?aaiion VQ\/ = %Zg“' %% =0

~ no Sz‘ra/‘g/wporward soletion (method of solution depends on the éoana/ary conditions)
~ Partial Differential £§aczz‘/on Celli 1ptic 2nd order) . ‘ .
~ chicken & eqq’ can ¢ solve %;Z wunti/ yoa knoeo %—,dy - C/’wﬂe 5'”3”/ aricy
~ Solution of a rubber sheet
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betioeen teoo region\s :

X 3-dimensional Laplace eguation ™\ - 3“‘/4- ,l/ + §g\z/ -0

~ 3enera//zaz‘/on of 2-d case

~ Same mean Field theorenr: \/ (FS = #ﬁz §s>h/ 3{:0\,




Boé(no/czry Conditions

K 2nd order PDE's classified in analogy with comc sections: replacing %( with X, etc
@ Elliptic - ‘ SPQCe//.ée "’ Aoana’ary everyiohere (one condition on each Aoana’ary po[nf)

eg. Laplace s eQ, Poisson s eg. YV=0 ~Y-eVV =P
3) >//y/9eréo//c = “Yimelike” (2 intial conditions) and” 5/9dae//(e " parts of the éoana’ary
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C> Paraéo//c - ISZ order in Zime (l /n/f/cz/ COhcf/fth)
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eg. Heat eguation, Diffusion eguation Ca kveT ot DV

* é/n/?aeneés of a BVP( 5oanclary va/ue /Oroé/e,/y» with Poisson s e?aaz‘/on:
e \/\ and \/Q\ are both solutions of Vz \/: —(Q/ﬁo Zhen /et (/(:\/(~\/2 \Vgu’;—o
/nz‘egrczz‘/on éyparzﬂs-‘ V* Ckk VU\\ = u V'VU\ + WU\W = UVQK/L + WM\Q

in region of interest: §&a (UU) ~§\\7 (UVujdT = S\w‘zu VU de

note that: G = Q " VUW‘ >0 deoays
2hus if Sota UYWA= SdA u =0 then SVU&\Q&L =0 = U=0 everyehere
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@ Dirichlet 501,070/&/}/ condition: u =0 - 5pec/¥’y poz‘enz‘/‘a/ \/ \/2 on éoana/ary
&) Newman boundary condition: c‘g% =0 - specity Flex ‘87\ gl/z on boundary

» Coni/naiiy éoana/ary conditions — on the interface betioeen teoo materials
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