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Pealy, L3I

331 The way the potential varies in the space between two charged
cylinders has its exact counterpan in a different physical phenomenon, the
shape assumed by an clastic membrane. [magine the lattee of points illus-
trated in Prob. 3.29, including the boundary points, 10 be connected by rubber
bands all streiched 1o the same tension.  Now imagine the innerboundary
clevated, as in the illesiration for thas probiem, to a height repressnting the
potensial difference o, Assuming all slopes are small enough so that angles =
tangents, etc., the equilibrium height of each junction paint, or node, will be
just the average of the heighes of s four meizhbors. Why?

If we kave a continuous elastic sheet instead of n net, the height ol the surface
obeys Laplace's equntion and raising the inner frame causes the surface to
assume the shape illustrated in pare (F).  This i exacily the solution g{=.i}
for the clecirasatie potential befwesn
two square eylinders, and it is also the
shape of & soap film besween (wo square ———
frames, iketched by piLft {e]. I'I-r:i!-1l.'l||.i1irI-E.

the spap film ar netwark of rebbar bands
sOmetmes h:]p:. one 20 ul:l!il:'.ipa.l.-t the
pafure of 3 solutton Lo s b|JI.1I:|IJ:I.r':'r'-'.]J1J':'
prf;.l;ll.-:m in some other part ol pl:';'si.ﬂ'i-
That 5 how we Eur_uad. Lhe 41 I.'in';', val-
lEes $UEEE_'I.|.EI! for the relsxation cxlenln-

T
.

tion. Comparizon of prts (&) and (a) L R

of the figure, shows why we canppot ex-

peet 4 Lastics solution to give s all the

details. The stezp fall of the potenual o the immedints nzighborhood of
ap inner corner—whers in fact the electrie feld becomes infinite—could not
be revealed.

With the variational principle in mind, ws recopnize that the clastie systems,
sheets or bands, have adjusied themselves o minimize the elasic emergy. In
the case of the sheet or sonp film, this meaos that the asea of the surface is a
minimum. The shaps is simply that of the surface of least area joining the
given boundaries.

What quantity is the counterpart, in the electrostate svsiem, of the total
downward force on the inner frame, in the elagie 5:-'51:11&? ”

Think abowt the mezning of our relaxadeon caleulation in mechanical lerms,
Imagings peles erected at each of the lactice poinis, with each node of the pet
clamped 1o its pale at some arbivrary heighe at the beginning.  What process
arz we carrying out in the relaxadon caloulation?
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Querbons for dircimian: The phes
ical significence of the melazation
meifiod
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Figure 3,17 (From Electromagneric Fields and Waves, Second Edition, Dae
Lorrain and Paul R, Corson, W. H. Freeman and Company @ 1970.)
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Figure 3.18 (From Eleciromagnetic Fields and Waves, Second Editian, Dals
Lorrain and Paul R. Corson, W, H. Freeman and Company € 1970,)

In this form it is easy to check that Laplace's equation is obeyed and the four
boundary conditions (1.30) are satisfied.



boundary conditions (1) and (1) require, as before, that £ = 0 and & be a posi-
tive integer, leaving us with the separable solution

V(x,¥) = Ccosh kx sin &y. (3.36)

Because V(x, ¥) is even in x, it will automatically meet condition (iv) if it fits
(iii). It remains, therefore, to construct the general linear combination,

Vix,y =k§ C; cosh kx sin kv,
=1
and use it to satisfy condition (iii):
il y) = %lc,, cosh k sin ky = V.
k=

This is the same problem in Fourier analysis that we faced before: I quote the
solution from equation (3.31):

0, if n is even
. cashn =

¥ irg i odd.
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This function is shown in Fig, 3.20.

Conclusion: The potential in this case is given by

Filx, ) =

Fvem Gviffifay
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Figure 3.20 (From Electromagnetic Fields and Waves, Second Edition, Dale
Lorrain and Paul R. Corson, W, H. Freeman and Company @ 1970.)



