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The electric potential @, if taken as zero at (0,0), is just
the negative of this, since we define @ by “fﬁE,_-ng or
E= =md. - That is = y*>- 3ty
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M This is the potential of a spherical charge
distribution, more briefly described by
o=t For ria 9= =g +2a/r e e e
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For r z(x"‘+\,f1+z")l/2 Lo, W= axz

=2+2+2=6. Using Vch = ~47L, we find Pz *B/Z'n- for
=54, [In spherical polar coordinates

v = r dr _d_gl when d is a function of r only. This

gives The same answer] Qutside the sphere of
uniform charge density fis zero, as we find by
computing v*(1/r), or just by recognizing 2a’r as the
potential of point charge 2a® at the origin. The electric
tield E; at radius r< a is that of a charge
(4m/3) r2p divided by r*: Er= (4n/3)pr = -2r, r<a.’
This tells us There is a surface charge o on the
Sphere : 4m0 = 2a-(-2a). OT=ad/m. The total
surface charge is UrTra ., or “4a2. = This Is posﬁ-we_

and twice as large as -rhe_ negative charge -2a?
disfributed +hrough the interior of +he sphere. Thus
charge on the external
slipeness e field of the
Sphere as a whole
is that of a positive
charge 2a2.

charge inside
sphere = -Za




L 25| Assume the diameter is about | foot, 30cm.
1000 volts is 3.3 statvolts. This is Q/r, where
r=15cm. The charge Q is therefore 15 x 3.3 or

-50 esu. The number of extra electrons per cm? is
50
41 % 152 x 4.8 x 107
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(a) Consider a cylinder of unit length,
of radius r < a. Charge contained
is wr*f. Area of surface is 2nr;
flux through surface is 2nrE.
Gauss's law says:

2nrE = 4mw(nrzp) , from which E=2nfr,
—— —
Flux Charge

Considering a cylinder of radius r>a, which :«contains an
amount of charge ma*p, we find

2 L2 R s
2mrE = 4m(ma2f), or E = 5L

(b) Take @ =0 at r=0:
r
for mda), @=f—2ﬂpr'dr' = =mPe*
o

.
21w PLotdr’
for r>a, 9= -MpPa* -I ~——r — = -TPaF ana“‘-lm%
a
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This must vanish for an extremum in U. But q /R, is
just the potential ¢, of that sphere and (@-q)/R, is
the potential @, of the other sphere, So the
condition can be expressed as equality of potential.
- Lris easy 1o see FhHat fhe extremum s a
minimum In U, nota maximum: If R =R, ,
equal division of charge involves half as much
energy as piling all of Q on one sphere.
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total charge Q uniformly distributed.
% 2
charge inside rqdius r = Q;%
E.-Qrlg? r4q FE.=2
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28.5 megavolts
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Given thot § E+ds =0
: B = e B
K 'FOI' an f @

y
@ poth, consider
Q’ the pa'rh@ @: ©
A '

@fE ds +®jE ds =0 A

A
I+ follows that @fﬁ'dg = jg_ ds = @JE ds QED
A B

2.28)

= -4 esu/cm?

dq = 0 x 2mrdr
@) f——i ZH‘O‘jdr = -16T statvolt

il

Electron’s final K.E. = e @
Electron rest energy mc?*

1

4.8 x 10 x 16T = 241 x (0" erg
gl % 1078 erg. Since

KE./mc* = 0.03 q non-relativistic calculation should
be good enough :

I -8
2 KE\”2 2. %24 %10
U 3( ) =

5 9
— e .o = [22xi0’ cni/see
[A relativistic calculation using +he same constants :
% BE 2l SI0F
y= 1+ KE oy BHEO_ o 0293

' g=(1-Yr2)2 = 0.238% Y=BC = 716 %107 cm/SecJ
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Ou?side; both shells t+he electric Field is that of
Two point charges. Inside each shell +he field is that
of a point charge at the center of the other shell.

/

charge -Q
on this shell

7 :
The external field of A alone is that of point chage Q.
To move shell B +o infinity takes the same amount of
Work as moving the point charge Q o infinity with B
quﬁonar\;. But that takes just QZ/ZC\ for that point

;22{‘;9% Q is initially a distance of 2a from the center of

LJZ'BI (?:-' d, cos kxe k* —g%
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t = —k*g,coskx e * %g = ~-k@, cos kxe ™= = “Es
CRl¢) =k
=K, o8 kn e ‘

= -k, sinkxe ™% = -Ex,
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