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Problem 2.39
Say the charge on the inner cylinder is @, for a length L. The field is given by Gauss’s law:
JE-da=E 215 L= Qenc=Q@=>E= ~2 15 Potential difference between the cylinders is
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V(b)—V(a)——fa E-dl——zﬂeoL/n Sds=—ztrln (;)

As set up here, a is at the higher potential, so V = V(a) - V() = E}%_L In ().
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C =8 = 2500k g, capacitance per unit length is | ——x-.
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Problem 2.43
From Prob. 2.12, the field inside a uniforml} charged sphergds: E = Meo %r So the force per unit volume

isf=pE= (};Qig) (E%{y) = (ﬁﬁg)zr, and

- a2
Thus (since gt

Problem 2.42

the z direction on dr is:

dF; = f,dr = 23— cos 8(r? sin 8 dr df dg).
0 .

The total force on the “northern” hemisphere i§:

2
Fz = ffz dT - d¢’
a o
3( Q. 3"
= 64meg R?
Problem 2.44
_ g, 1 o _ 1 o 2y oR
Veenter = z da = 4meg R da = dreg RwﬂR )= 2ep
da = 2w R? ﬁdé e
o Yi§ Sln
Voole = —da , with
pole a,w { = R? + R"’ —~ 2R?%cosf = 2R2(1 — cos#). R

1 o(2rR?) _/o"ﬁ sind df (2\/—-——-———)]

- 4Tep R\/i v1—cos@ 2\/§Eo
oR [ g 4 oR
= —\/-Ef_o(l - 0) = '_\/-'“2-"; s ][pole"" I/;:enter - '2';;(\/5 - 1)'

Problem 2.45
First let’s determine the electric field inside and outside the sphere, using Gauss’s law:

| . "
€ }(E . da = €gdn2E = Qenc = /pd'r = /(kf)f2 sin 6 dr df do = 41rkf° FdF = {:k;{,‘ g_ : gj
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SoE=£r2i (r<R); E=2E¢(r>R).
Method I:

R 2y 2 co 4\ 2
€g 9 €p kr o €p kR 2
= - .2.45) = — —_ = -
w 5 f E‘dr (Eq. 2.45) WA ( 4€0) daredr + 2 /R ( degr? Anredr

2 R o0 2 (BT oo 2 /pT
—an2 () [t [ har) ST ()
_411-2 (4&0) {j; rdr+ R g rzd" =% | 7 + R Pl f = e \F + R
_ | =k*R7 |
- 760
Method IT:

W= % j pVdr (Eq. 2.43).
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Problem 2.46

8 fe Y | r(—A)e=Ar —e=Ar) o o
E-—-VV——Aa( - )r———A{ g }r— Ae (1+Ar);§.

p=eV-E=cd{e1+A) V.- (5)+&-V({e M+ Ar))}. But V- (%) = 4n6%(r) (Eq. 1.99), and
e (1+ Mr)é%(r) = §%(r) (Eq. 1.88). Meanwhile,
V(e MA+ar) =& (e (L4 Ar)) = £ {2 (1 + Ar) + e "> A} = F(-A2re="),

2
So & -V{e M1+ Ar)) = —’:,ie_*", and|p = epA [411'63(1') - /\Te_‘\"] .

—~Ar oG .
Q= [p dr = ¢ A {41r [63(1') dr — Azfs;u4wr2dr} =¢od (41r - )\247r/ re'“'\”dr) .
: 0

But j;” re Mdpr = xl:r, 50 @ = 4meg A (1 - %:') =

Prob. 2.22).

(a) Potential of +Xis V| = ance from Ay (

Potential of -\ is V__==




Chapter 3

Special Techniques

ent is exactly the same as in Sect. 3.1.4, except that since z < R, v/z2 —2z:R=(R-2),

1
instead of (z — R). Heit = ﬁ If there is more than one charge
0
1
inside the sphere, the average potential du€ted ior charges is HQ;"’, and the average due to exterior
0

Problem 3.2
A stable &

But we
1 fact be a saddle point, and the box “leaks” through the center of each face.
Problem 3.3 '
Laplace’s equation in spherical coordinates, for V dependent only on r, reads:
1d dv dV dv ¢ c
2 = . — ) = 22 = —_—— T - .
vV er(r dr) 0=>r = ¢ (constant) F o= = v T_+k
Ezample: potential of a uniformly charged sphere.
: dV dv
In cylindrical coordinates: V?V = ~— =0= s-d—V- —em =S =
s ds s ds s 8
Ezample: potential of a long wire. :
lem 3.4
Sa proof of second uniqueness theorem up to the equation fSV3E3 -da = But on
each surface, el V3 = 0 (if V is specified on the surface}, or else Fy,_= o = —ELis specnﬁed) So
fv(E3)2 ={, and hend | 1 qed

Problem 3.5 )
Putting U = T = V; into Green’

f[vsvzvaarvva-v —Vh=-L1L =0 and Vs =~
v €o €p ' -

3 dT = — }( VB3 - da, and the rest is the same as before.
S
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Problem 3.6
Place image charges +2¢ at z = ~d and —q at z = —3d. Total force on +qis

g [-2q 2 ~-¢1. & 10 1Y, | 1 [29g
= Treg [(2d)2 + e +(6d)2]z‘4weodﬂ( +3 36)z Z"“”(zrde)

Problem 3.7
(a) From Fig. 3.13: 2=+ +a? — 2racosf; +' =12+ b5 — Irbcosd. Therefore:
qf R q ) e
= = e - 3.15), while b = — (Eq. 3.18).
2! @ r2 + 52 — 2rbcosf (Eq ), while a (Eq )
q _ q

(&) \/r3+-§}—2r%3c058 \/(%)2+R2—~21‘00059

Therefore;

1 /g q’) q 1 1
Vir,6) = =+ =] == - .
(r,6) drreq (4 5 4meo | vr? +a? — Zracosé VR + (ra/R)2 — ¥racosf

Clearly, when r = R, V — (.
b)o= —Gog: (Eq. 2.49). In this case, %"1 = -5‘—' at the point r = R. Therefore,
1
o(@) = —g (—i—) {——-(r2 +a® - 2racos8) 22 (2r - 20 cosf)

4meg

(R2 +(ra/R)* — 2racosg)” /2 (-}?21' 2a cosﬂ) }

= - { —(R? + o® - 2Racos8)~%(R - acosb) + (R? + a® — 2Racos ) 372 (—R— - acosﬂ)}

r=R

2
- 9p2, 2 =3/2 | _ L
= 41r(R +a“.— 2Racosf) [R acosd B +acost9]

= a‘%(nz - a?)(R? + a® — 2Ra cos§) /2.

Ginduced = [ada = ﬁ}—;‘:(R2 —a%) f(R2 + a® — 2Racos0) %2 R? sin 0 d6 d¢

. q 2 __ 2 2 __L 2 2 _ ~1/2 T
= _41rR(R )2=R [ Ra(R +a* — 2Racosf) ”o
= -2-(11,2 R?) [ ! ! ] .
2a VR +a®+2Ra VR’ +a -2Ra
But a > R (else q would be inside), 50 VR?+a?-2Ra=a—-R.

= ) gy ) e B Rl= Lo
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(c) The force on g, due to the sphere, is the same as the force of the image charge ¢', to wit:

_ ' e _ 1 (R, 1 __ 1  ¢Ra
T dmeg (a—b0)2  dmey ad (@ —R%*/a)®> ~  4mey (a — R2)Z’

To bring ¢ in from infinity to a, then, we do work

W_qu/a i - @R[ 1 1 1 [ 1 gr
Cdmeo J (@ -R22 T dmeg | 2 @ - R%) 1, | 4me2(a? — R
o0

oblem 3.8

lace a second image charge, ¢”, at the cenfer of the sphere;
this will not alter the fact that the sphere is an eqmpotent:al

but

1 e |
erely increase that potential from zero to ¥p = 4“0%; (;L
Lq" = 47r\e\%R at center of sphere.—,

For a neutral

here, ¢’ + ¢ = 0.

_ 1 (¢ g aq' 1 1)
dmey ( (a b)z) 4o (_0_2 + (a— b)2)
9¢' b2a—b) _ g(-Rg/e) (R?/a)(2a — R?/a)

dmep a?(a — b)2 47eg a?(e — R%/a)?

- N (RY (2*-R)
- e ()
(Drop the minus sign, because the proble
Problem 3.9

ks for the force of att

(a) Image problem: A above, —X below. Potential
PZ

in Prob. 2.47:

/Y Vins) = g i S = o (52 /5}) s
{:z: - A/{y +(z-|\<{) "{; {

Yoo 47+ (z— d) j{// oY
av 8V

av
(b) o = ~€o% Here B = 5 evalydted at z = Q.

oly) = -—e

1 1
mep {y2 +(z+d)22(z+d) N ¥+ (z - d)?

/22 a  -d } 1 Ad
dn ly*+d? P+ )| a@t+d7)
Check: Total charg€ induced on a strip of width { parallel to the y axis:

-5 e e Q-

—00

-3

= —AMl. Therefore A\jpg = —J, as it should be.
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Problem 3.10
The image configuration is as shown.

g 1 .
Ve = oo {\/(m—a)2+(y—b)2+z2 Y

1 1
 VEtaPt G-t \/(r—a)2+(y+b)2+z2}'

yr -

_q. ......... ‘R ....... !q
e

L RE N .‘_q

For this to work, [# must be and integer divisor of 180°.[ Thus 180°, 90°,
others. It works for 45°, say, with the charges as shown.

(Note the strategy: to make the z axis an equipotential (V = 0),

you place the image charge (1) in the reflection point. To make the

45° line an equipotential, you place charge (2) at the image point.

But that screws up the « axis, so you must now insert image (3) to
balance {2). Moreover, to make the 45° line V = 0 you also need (4),

to balance (1}). But now, to restore the z axis to V = 0 you need {5)

to balance (4), and so on.

The reason this doesn’t work for arbitrary angles is that you are even-
tually forced to place an image charge within the original region of
interest, and that’s not allowed—all images must go oulside the re-
gion, or you’re no longer dealing with the same probiem at all.)

135° line

60°, 45°, etc., are OK, but no

(4){(2) 45° line
A

i+
(5 }(3)

why it works for 8 = 45°

pNo good
?(3) (@)
N %

R
=1

s
why it doesn’t work for § = 135°

roblem 3.11
. o A (x +a) +y° .
om Prob. 2.47 (with o — d): by In [(:c e B where g
and
oth(2negVo/A) = d R R &' - 7
{ atth(2meoVo/N) = R = (dividing) 7= cosh — |

/_

=y’ - R = o V& ~ 2,

_ 2mepVy
" cosh™? (d/R)

Problem 3.12

oo
V(z,y) = Z Cre ™"/ sin(n

n=1

_ cos{nmy/a)

a/2 _cos(nwy/a)

sin(nwy/fa}dy — / sin{nry/a) dy

af2
%‘;rq — cos (%E) + cos(0) + cos(nr) - cos (T;—ﬂ)} = %

(nm/a)

0 (nw/a)

=1)" — 2cos (%)} .

a
3/2} '




