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Chapter 12

EIECTROSTATIC ANALOGS

12-1 The same equations have the same solutlons.

12-2 The flow of heat; & point source near an infinite
Pplane boundary.
12-3 The stretched membrane.

12-4  The diffusion of meutrons; & wmiform spherical source

in & homogeneous medium.

12-5 Irrotatiomal fluid flow; the flow pest & sphere.

12-6 Illumination; the upiform lighting of a plane.
12-7 'The "underiving unity" of pature.

12-1 The same equations have the same solubioms.-

The total emount of Informstion which hes been sequired
sbout the physical world since the beginning of sclentific
progress 1g enormous, and 1t seems almost Impossible that any
one person could know a reasomable frectiom of 1t. But it is
ectually quite possible for a physiclet to retain a broad
knowledge of the vhysicel world rather than to becoame a
specialist in some nerrow area. The remscns for this are
threefold: First, there are great princiyles which epply to
all the different kipnde of rvhenomens -- such as the principles
of the conservation of energy and of angulsr momentum. A
ti:orcmgh undexrotanding of such principles gives an under-
standing of a great deal all et omee. Second, there is the
fact that many complicated phencmens, such ss the bebavior of
solids wnder compression, really depend at thelr base on the
electrical and quentum-mechanical forces, so that if one
understands sbout the fundamental laws of electricity and
quantum mechenics, there is at least some possibility of
understanding many of the phenomen= that occur in ecmplex
situstions. Fioslly, there 1s a most remerkable colncidence:
The equaticous for meny diffeprent physiczl situstions have
exgctly the came sppearance. Of course, the symbols mey be
different -- onme letter is substituted for emnother -- but the
methemstieal form of the equations is the same. This meens
that, having stodied one subject, we immediately have & grest
deal of direct and precise knowledge about the sclutioms of
snother.

We are now finished with the subject of electrostetices,
snd shall soon go on to stuly magnetism and electrodymemics.
But before doing so, we would like to show that while learning
electrostatics, we have simultanecusly learned about & lerge
number of other subjeets. We shall fipd that the equetions of
electrostaties appear in several other places in physics.

By a direct translation of the solutions (of course, the sanme
mathematical equations must heve the same solutiona), it is
possible to solve problems in other fields with the seme ease --
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or with the same difficulty -- as in electrostatices.

The equations of electrostatice, we now, are

Vo (nF) - Lree (12.1)
=]

TxE=0 (12.2)
(We take the cese with dielectrics to heve the most general
situation.) The same physics can bhe expressed in another
mathemetical form:

E=-9¢ (12.3)

T.(x T e (12.8)
<

Now the point is, that there are many physics problema whose
mathemnticalequations have the ssme form. There is a
potentiel (f) whose gradient muitiplied with a scalar functiom
(r) bas = divergence equal to ancther scelmr functiom

{ - of<,).

Whatever we know about electrostatics can immediately
be carried over into that other subjeat, and vice versa.
(It works both weys, of ecourse -- if the other subjlect has some
particular charscteristiecs that are knovm, then we can apply
thet knowiedge to the corresponding electrostatic problem.)
We want to consider & series of examples from different
subjeets that produce such am equatiom.

12-2 The flow of heat; & point source near an infinlte plane
‘boun -

We have discussed earlier (Sectlion 3-4) cne example --
the flor of heat. Imagine a block of material, which need not
be homogeneous but may comsist of different materisls at
different pleces, in which the temperature varies from point
to point. As s consequence of these temperature variatioms,
there 15 8 flow of heat, which can be represented by the
vector 1?. It represents the amoumt of heat energy which
flows per unit time through s wnlt prea. The divergence of
E represents the rate per unit volwme st which heat is
leaving & region

7« B = (rate of heat owt per unit volwme)
{We could of course write the equation 1n Integral form --

Just g3 we 414 In electrostatics with Ceuss's law -- which
would say that the Flux through s surface is equal to the rate
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