Homework1l

1.4 Each of three charged spheres of radius a, one conducting, one having a uniform charge
density within its volume, and one having a spherically symmetric charge density that
varies radially as ™ (n > —3), has a total charge (). Use Gauss’ theorem to obtain the
electric fields both inside and outside each sphere. Sketch the behavior of the fields
as a function of radius for the first two spheres, and for the third with n = —2, +2.

i)

i)

Because of spherical symmetry, this may be solved by a straightforward appli-
cation of Gauss’ law. In all cases, the electric field (as a function of r) is given

by
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For the conducting sphere, the charge () resides on the surface of the sphere (the
electric field vanishes inside). Hence
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For the sphere with uniform charge density, we note that the charge enclosed
inside a radius r < a must be proportional to the volume %?W'S. Hence gope =

Q(r/a)? and we are left with

Note that the electric field is linearly proportional to 7 inside the sphere.

For the sphere with varying charge density p ~ r™ the charge enclosed is now
proportional to 73, Hence gene = Q(r/a)"** and the electric field becomes

This reduces to the previous case for n = 0. Note that the expression for genc
breaks down for n < —3. Furthermore, for n = —3, ¢.,,. = @ is constant indepen-
dent of radius r, signifying the charge is concentrated at » = 0. This accounts for
the point-charge like behavior when n = —3. Furthermore, note that in all three
cases, the field outside the sphere is identical.

The magnitude of the electric field looks roughly as follows
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1.5 The time-averaged potential of a neutral hydrogen atom is given by
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where ¢ is the magnitude of the electronic charge, and al=ag /2, ap being the Bohr
radius. Find the distribution of charge (both continuous and discrete) that will give
this potential and interpret your result physically.

We may obtain the charge distribution by computing p = —eyV2®. However,
since ® blows up as » — 0, we must be a bit careful. We first consider » > 0
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For r = 0, on the other hand, we may expand
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This is the potential of a point charge ¢ at the origin. Hence the complete charge
distribution can be written as
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The first term corresponds to the proton charge, and the second to the negatively
charged electron cloud in the 1s orbital around the proton.
We can additionally verify that the hydrogen atom is indeed neutral
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Problem 1.6
{(a) Applying Gauss

s law to the plate with a Gaussian pillbox. one gets the electric field due to a [at surlace charge
distribution to be g;
in between the two plates and cancel outside. The total electric field in between the two plates is

2eq, where 0 = )/ A is the surlace charge density. The contributions from the two plates add up
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V=&, -d_ = Hedl = —
Jo o

1The capacitance
L@ A
(= oA

1% d

(). applying Gauss’s law with a Gaussian sphere of

{(h) Assuming the inner sphere has charge () and the outer has

radius r (a < r < b):
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T'he capacitance is therefore
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() Again assuming the inner cylinder has charge () and the outer has —(), applying Gauss’s law with a eylindrical

surface as the Gaussian surface:
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Problem 1.9
(a) Parallel plate wpacitor
The negatively charged plate experiences a field of
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due to the positively charged plate, where () is the total charge on the plate. Therefore, the attractive force between

the two plates is
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Parallel cylinder capacitor
Again. one conductor experiences an electric field of
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from the other conductor. Here () is the charge per unit length.
between them is
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Therefore, the attractive lorce per unit length

{(h) L'he force should be the same except that () should he replaced by 'V,

Parallel plate capucitor
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