9.8

contains hal

_ he flux from

~==7T _,7 the charge Q
close -up view

Using Eqs. 8 and 9, p.100, we determine R so that half

of -Q, +he induced charge on the plane, is contained
within the circle of raduus R :

R
Q =[g.2mrdr,
[/]

or 3 —j(h'ﬂz‘)’/’- [W] ﬁ

Thenv%?‘ :_!2‘ , O h? +R? = J'H"Iz or R"‘ﬁh

3.4

Calling upward force positive, the
force on this charge due to the upper
Charge Q and the two image charges
below the plane is

2 | | |
Q [(lo-v)2 T (2y)? & (lOfv)z]

setting this equal to zero we get
1 _ 200+ 2y? . ;
4\’7_ = “(I'—b—o—__;;-i)—z' y Which is

a quadratic equation iny?*: 7y* +1000y? - 10000 = 0

with a positive root y2 = 9.28, giving y = 3.06

/ Force reqmred o move this
T @ charge upward = Q*/(2x)*
%

The second student

i calculates as follows :
I
1 o0 2 2
Q
‘ work =j|=dx :J' (-—-—Zx)zdx = %1
h

This is the correct answer .
Note that if two real charges Q and -Q were being
pulled apart symmetrically, the total work done

would be G°/2h, but the agency moving G would
supply only half of it.
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3.1

Consider a path that runs from conductor B
across 1o conductor D, then through the interior of
+he wire that connects D to C, then across the gap
to A, thence via the other wire, down to B. The
line integral of E around any closed path must be
zero, if E is a static electric field. But if the
fields are as shown in (C) the line integral over the
closed path just described is not zero. Each gap
makes a positive contribution, while in the con-
ductors, including the connecting wires, E is zero.
So (€) cannot represent a static field or charge
distribution. If it did, by the way, we could contrive
to violate the Uniqueness Theorem too!

3.8

Given : +0, =10 esu/cm®

Ef go  Jsem
E, =4m0;, E,=4n0, E.| Lo T8 cm

Since top and bottom plates are at the same potertial,
E,"5cm = E,8cem, or 50, = 80,

0,+0, = IO} Solving for 0, and O :

]
50, - 80, =0 O =615 O0,=385 v



31} @=¢,v = 10" farad x 100volt = 107 coulomb.
When the same charge Q is shared between C, and C,
connected in parallel, Q =(C,+C,) V,

(CI+C2)/CI :\/n/\fz =IOO/30 = 3.33
C,+C, = 333PF~ Cz:" 233PF

Energy stored was éQV = 05 » 10 *Joules

For same charge at 30 volts, energy is 0.15 % 10 .
0.35 x 10 °J of energy has been lost. That much
energy has to go somewhere before the system can
Settle down v static equilibrium. If it is not
Stored anywhere else (for instance, in a weight lifted
by a motor driven by +he current from C, +o C,) it
will eventually be dissipated in circuit resistance,
no matter how small that resistance may be.

___I Assume the capacitance is that of a conduchng
Sphere | meter in diameter,

Then C = 50cm. 2 kilovolts = 7 statvolts
U:=3CV?= 20 x7* = 1200 erg. So 10%> ergs would be

a reasonable estimate.

3.14

Energy stored = % ' If capacitance of

A
conducting disK is 2o/, =L" 2

For uniformly charged non- conducting disk we found,
2

in Problem 2.27, U=35 o

(8/3m)/ (%) = 32/3n* = 1.081. The field of the
uniform charge distribution has 8 percent more
energy. On the conductor the charge has distributed
itself so as to minimize the energy.



3.15

If A is the charge per unit length on the inner
cylinder the field between the cylinders (except close
to the ends, a correction we shall ignore) is 2A[r.
The potential difference between the cylinders

M2
s CPZ—CP"-.-.'I _Zrldr = 2 A .&u(rzfr,)
rl
If L is the length of the cylinders the total charge

Qis LA. The capacitance C is
Q L 30

or = = 2
-0 > O Zan(niry T 2In(ap = o2lem
45 yolts = .15 statvol+s -y "
Energy Stored = TCV? =25-x(0.15)" = 0.59 erg.
3.16 20 CT 20 em 4 E=o0
3 ¢m IO I T s
T JE =10/3
pressasmssNsasamsasmas
10
O =%4r "3

I =
Force on unit area = O‘--‘?‘_— = ﬁEz = 0.442 dyne cm™
Force on entire plate = 400 x 0.442 =177 dynes

Fx 3cm = 530 erg = energy Stored in field.

3.23] (a) Neglecting end effects,we assume charge Q is
uniformly distributed along cylinder. Then field E isthat
of an axial line charge of density A = @/L. That is,

=22 . 28  The potential difference Pap is:

n-%
o
n
p\._ﬂcr -3
r—|}3

& B d . Since @=Cd,, , the

L
capacitance C is given by C = 22 (%) - If b-a «a,

(D)= (14 ba) » b;“ Then C = alL/2(b-a)
But 2mal is the area of the inner cylinder and b-a
is the plate separation, so this is just what we would
get L}Sih?_e the formula for the parallel plate capacitor:

C = a
= 4w Separation



(b) Consider the energy changes
involved in a downward displacement,
by AL, of the inner cylinder. The

. . 2a
capacitance increases from

C:7gmg o C"‘AC=-21':J%%L-. T ’f.-_g
With constant potential o __‘='-:_u§,
difference Jab, the stored mf“" Vel ’
electrical energy %C%zb increases T%?
bY 'A}EE (Pat: .

At the same time, an amount of charge AQ = JabAC
Flows into the capacitor. The battery thereby does work,
in amount $AQ = 4LAC. This is twice the increase
in stored energy in the field. The difference is the work
done against the external force F which balances the
electrical attraction of the cylinders. That is :

cp:b AC — 'é‘P:bAC[ increase in Field energy |

-
i I T

2 1 o2 AC
Hence FaL=2%bAC from which we get F=2%baL. This

is a quite general formula. In the case at hand

AC ! .
ac . mg . With b/& = 3/2 and q'ab:-. 5000 volts = 16.7 égﬁ!;

I
we get F =12 (16.7) .§+7_

I7l dynes

Note : End effects do not spoil the accuracy of this simple result, for the
downward displacement of the inner cylinder leaves the end fields
themselves unaltered ; it simply lengthens the region
where the field Is nicely cylindrical. That is, we can Safely
ignore. the end fields in calculating dC/dL , even when
they would seriously affect C itself, Nevertheless,
the origin of the force just calculated lies in the very

end fields that our method permits us to ignore , for it is g
only at the ends that we find vertical components of the o

electric field.

v
]
<

. “Force down on
inner cylinder here



3.2%

Imagine charge Q smeared out in
a uniform sheet of dens;fr_y

I

Q -5 —3i
0 =4 . This cannot affect o
.\ / the total amount of induced ‘E. 'E‘:
NV charge on each plate, e go,
% ::"Q\‘ ® Q, and Q,. In fact G is
ﬂ\‘ just Q, smeared out and
bl G, is Q. smeared out. s-b1
Q, o
Thus: — == > b 9
§=0 @=o0 QR O
‘Area A Q smeared out

as a sheet
But from Gauss's law, O, = E, /4™

and O; = E, /4n. Also, because the two plates are at
. the same potential, E,b = E,(s-b). Hence:

Q@ -9 . E _ 5:b Therefore with
& "o S E - b ,TereFoe)m due

- b
regard to sign, we have : Q= "Q(S—sb') Q, = Q3 .



