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‘ Problem 3.2

A stable equilibrium is a point of local minimum in the potential energy. Here the potential energy isqV.

But we know that Laplace’s equation allows no local minima for V. What looks like a minimum, in the figure,
must in fact be a saddle point, and the box “leaks” through the center of each face.

Problem 3.9

(a) Image problem: A above, — below. Potential was found in Prob. 24T:

’ V(2) = o n(sfay) = 2 In(s? /o) :
/y \ Yr —47I‘€a A _411'50 8-/%+ + F] (y,z)
[ G A y

z = | are ¥ +(z-d)? _4/
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(b“:“fogg- Here%_a—z, evaluated at z = 0,
A 1 . 1
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Check: Total charge induced on a strip of width { parallel to the y axis:

x o0
B [ e e (0 -z

= =AMl Therefore A\iyg = ~A, as it should be.

Qind

Problem 3.10

The image configuration is as shown. y
' e T
q 1 1 : :
V(z, = - + : :
=) 4meq {\/(z—a)2+(y—b)2+22 V(e +a) + (y+b)2 + 22 ; T
_ 1 _ 1 . q.' .................. é_q
ViE+a) +(y-b)2+22 V(z =62+ (y+b)2 +22

others. It works for 45°, say, with the charges as shown,

For this to work, [0 must be ang integer divisor of 18@ Thus 180°, 90°, 60°, 45°, etc., are OK, but no

(Note the strategy: to make the z axis an equipotential (V = 0), (g (? 457 line
you place the image charge (1) in the reflection point. To make the N

45° line an equipotential, you place charge (2) at the image point. __:.,. ,_:.+ ..
But that screws up the z axis, S0 you must now insert image (3) to +o., o)
balance (2). Moreover, to make the 45° line V = 0 you also need (4), “ol-a

to balance (1). But now, to restore the z axis to V = 0 you need (5) 5 (*3')

to balance (4), and so on.

&No good
HOM®

The reason this doesn't work for arbitrary angles is that you are even-  135° line
tually forced to place an image charge within the original region of

interest, and that’s not allowed—all images must go outside the re- k) z
gion, or you're no longer dealing with the same problem at all.) i '-.&)
¥(2)
why it doesn’t work for § = 135°
) A ~ - ~
Force on g (Coulomb's Iaw):F=—-ﬁ— X >+ y - = 2ax+2by /'2'
4, 2a)(26)" ((2a)? +(20)? )

b)
@ g |11 1 -
Energy: W = IF dl = —-16— —+ ; - ﬁ » which is 1/4 of the electrostatic energy of four rea!
e, | a - <
() 0 a +b

charges. In this case the field fills only 1/4 of total space.



