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Fall 2002 1o (p1ofF2)

(rok: M 35 Jacksen poblm 2.2} )

In this case, we ¢an fix an image charge somewhere outside the conducting shell.
This image charge will function to hold the potential everywhere on the spherical
surface at zevo potential; thai is, the image charge takes the place of the charge
density that'’s present on the spherical shell.

Note that this problemn is entirely equivalent to the one exhibited in Jackson section
2.2 except that the image charge needs to be at a distance greafer than a. Let d
dennte eharge ¢’s radial distance from the center of the sphere; then you should find
that the image charge’s magnitude and distance are:

2

. . _ 90 P

Note that (a®/d) > a since d < a. So the image charge is indeed ountside the
conducting sphere. The potential inside the sphere then is given by the following

g ga
Din (D) = = — —
“O = Fd T g |2 - %4,

where 14 is the direction vector from the origin (center of sphere) to charge g¢’s
location.
(part b) Find the induced surface-charge density.

Just use the relation ¢ = —(1/4x)}(08/0x)z-s- ARer differentiation, alpebra, and
evaluation of the result at = = a, you should find

_ q d\2 1- (ﬂfd}z
9= tna? (a") (1+ (d/a)* - 2(d/a) cos 7)*/2

wheze -y is the angle between £, and the position vector to some arbitrary field point
2.
(part ¢} Pind the magnitude and direction of the force acting on q.

Since we're dealing with a point charge, we can use Coulomb’s law:

P90 -2 (-2
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(pa.rtd)Isthereanychangeinthesolutionifthesphereiskeptataﬁxedpot&nﬁal
v? Ifthespherehasatotalcharge@onitsinmrandoutersurfam?

If there’s a fixed potential V on the surface, then we'de need to accomnt for this
potenﬁalhsidethewhembyusingapoiﬁcbmgeofmagnitudeValowtedaxthe
center of the sphere. This will produce an extra piece in the potential given by

_Ya
Bewtra = 11

The total potential inside the sphere now will have a singularity at the origin. On
the other hand, if there’s a total charge @ on the surface of the condcuting sphere,
there’ll be no change in the potential expression for the interior of the sphere. This
extra charge  will be distributed uniformly on the sphere’s surface; the isotropic
nature of this surface charge density ensures that the interior E-field inside the
sphere due to Q is zero (as you can readily verify using Gauss’ law) and so the
potential due to Q everywhere inside the sphere is an arbitrary constant which can
be set to zero.




