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E.dl = 2ky>dz = 2kypz dz.
Jr1r B dl=2yok [° 2 dz = kyp2d.

(30-3011,20)

Vizo, %0, %) = — f E-dl= —k(zoy? + wzl), or |V(z,y,z) = ~k(zy® + ¥2°).
0

Check: —VV=k[ £ (23> +33%) %+ f 2y +32) 9+ o (537 +ye) 8]=bly? Ko (22345%) 94292 2]=E. v/
Problem 2.21

Vir)=-[_E-dl. {

Outside the sphere (r > R}: E= ;— Eo =28

Inside the sphere (r < R): E= 4:en

So forr > R: V(r) = - I (4—;70--‘3,) dF = -

and for r < R: V{r) "'—f (.;,,,o'q! T dfzifé[i’_ﬁ’(ﬁ;_}?)]
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%N{%wmr- V= (=~ Lf 00 E= -V =L Liy

TR VV=gLhl (3-f)i=lk (-%)i= -z hhoE= VY = e ety
Problem 2.22
E= 4:5 £3§ (Prob. 2.13). In this case we cannot set the reference point at oo, since the charge itself

extends to oo. Let’s set it at s = a. Then

Visy=~[; (4::1«; 3 )ds = —E%I (a)

(In this form it is clear why a = 0o would be no good—likewise the other “natural” point, a = 0.)

VvV = —4ﬂ602A30; ( ( ))S - 41r£n Al" =-E.v

Problem 2.23
V() = - [LE-dl = — [} (2852)dr - LN ~ [2(0)dr = £850 — & (In(2) +a(L-1))

o

k(b
=£{1-¢-m(})-1+%} = —e;ln(a).

Problem 2.24
Using Eq. 2.22 and the fields from Prob. 2.16:

]
V@) -V(0)=- [{E-dl=~[fE-dl- [[E-dl=—2£ [*sds — 8 [* Ldg
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Problem 2.25
@|v= -
e 2+ (9
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(b) V = g2 5 A = 2 In(z + VEZ T )|,

dmeg siyxe  dmeg

oA In L++22+ 12
Tldmeg | —L+V224 L2

= i In (AR/ZEEY

e

@V = gk [Reme = dore (VAT A, =| o (VI +2 - z).

rétz 260
8V .. 8V _ C . BV
In each case, by symmetry 7> = 55 = 0. ~E=-%2
(a) B = —z2-2¢(—%) 2z 7= ! 2z % | (agrees with Prob. 2.2a)
dmeq 2 (z2+(%)2)312 4Teg (22 + (g)2)3/2 7 .
= A 1 1__1 - 1 1_ 1 =
L) E=—5g {(sz=+L2) IVETIE: T TV E VALt 22} 2

2L\ 1
A =z f-L 3L 23 P . .
= _Tﬁ\/&"ﬂi_zrf { T £ }z ety o s 5 1 % | (agrees with Ex. 2.1).

a

N z a .
(c) E=—5 {%W?z - 1} 2= 50 [1 - _RE\/”__——::—Z?] % | (agrees with Prob. 2.6).

If the right-hand charge in (a) is —g, then , which, naively, suggests E = —VV = 0, in contradiction
with the answer to Prob. 2.2b. The point is that we only know V on the z awis, and from this we cannot

hope to compute Ey = —%—‘; or By = —%1. That was OK in part (a), because we knew from symmetry that

u
E, = E, = 0. But now E points in the z direction, so knowing V on the z axis is insufficient to determine E. _»

Problem 2.26

VZh
1 g2nT _ 2w 1 _oh
V(a)—mfﬂ ( 2 ) d/{’_47l'60 \/i(ﬁh)_zeo._

(where r = 2/V2)
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V(b = —— 92N g, wherp#Z \ B2 +22 — Vs
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VA2 422~ V2h + %111(2\/112 +22 — V2l + 2 - ﬁh)]
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_ G h _ . i n _ __9 h a o _
= sy [+ /g AN ke e VR = 577 [in@hrvah) — e —van)
_ ok ~ oh (2 +v2)? _oh

2N ie ‘“( 2 ) = 5 M1+ VD)
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/ V(a) - V(b) = o [1—m(1+»/§)].
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Problem 2.27 | /
L

Cut the cylinder into slabs, as shown in the figure, and
use result of Prob. 2.25¢, with z -+ x and o — pdx: =% { \ /‘
L2 *
Vet VR gy VY
z—Ljf2
L Tdz
= £} VB T2 + BPin(e + VETF 20) ~ o712 Z .

[s{eovmTm o EEETLA]

(Note: —(z+£)° + (2~ %) = =22 — 2L - & 4 22 2L+ £ " 22L)

. 2 Ly2 2 _Ly?
B=-vv=-320 = 20} g, (L (+3 Y PN (O O N Gk ).
Oz dep 2 2

/

Problem 2.28

Orient axes so P is on z axis.

Here p is constant, dr = r%sin 8 dr d9 d¢
. —l— 2 ) T
V= e J5dr { 2 =1+/22 472 ~ 2rz cosé.

rlsinfdrdfd
47\“0 ;z§+r§-—2rz cos @ ; d¢ 2m.
fo Tt df = o (VPP + 2 - 2z cosf)|, = L (VrE¥ 2% + 2rz — VrZ + 2% — 2rz)
2/z ,ifr <z, }

:i(r+z~»|r—z])={ 2fr ,ifr >z
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(a‘)v'—hreuz:r., 4“60{_31_}_792:4__1}._5%;;( 2+\/_)
Wa=qv=|-T (9. L (1) (4)
LWy =gV = Trcon ( 2*‘1“/5) ] . +¢
2 o e
(6) Wy = S (F2) s = o (- £)i W = (e (). @ @

31
z 3 2__2 2
V=g 2{{% “r + [} 2d«~} =s{is+ B2} - o (w2 2)
2
3 2 2 r
But p = 1—%, so V(z) = 2605—%—5 (R2 - %) = §;r-§°—R (3 - -f;;); Vir) = 81reoR (3— Ef) v
oblem 2.29
S 1oy Vo f(§)dr = 1225 JA('Y(V2L)ar (since p is a function of r’, not r)
= 4;50 N—478(r — ') dr = —ap(r)._/
Problem 2.30.
(2) Ex. 2.4: E pg0e = T 3¢5 1; Eps —%ﬁ (@ always pointing up); ve — Bpelow = f;ﬁ v
Ex. 2.5: At each surface, E = 0 one % side, s0 AF = % v
Prob. 2.11: Epy = 28 = 25, E;, = 0; N
.
(b) O s Iﬂ ide: TR E=28 = 235 (at surface).
i

= {‘T" (at surface); Vi, = f—: 50 Voue = Vig. v

Z (at surface); & =0 ; 50 Wous _ Win -z

Problem 2.31

2 , 1 2¢% 1
4§ _ 1 _1= 1 — = —
W = i {-1+ 25 -1 2+ %} = dreg a ( 2+\/§)-
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" Pproblem 2.34
. (@ W=%[Bdr. E=

4“0 - % (a < r < b), zero elsewhere.

w=%(4m.,) G mriir = o =L (1)

8meg \a b
2
(b) Wy = Svreo a ? W2 = 81"60%" E; = 4::eo_%_i‘ (T)G.) E2 = 41350:"?'? (1“>b). So
2
Er- E; = (4“0) . (r >b), and hence [E;-Epdr = ( ) q fb Ldnridr = G‘J%.
k3
.'tht=W1+W2+€ﬂfE1-E2dT_Srreoq (1+b b) EL— _E)"/
. Problem 2.35 '
~_ 4 . S |
(@) or= dnF? S dag? ' P
1
B VO)=— [ E-dl=— B = (92,9 _¢
(b) Jo ¢ &)dr — [p(0)dr (3+4-1
L (g 9
4meq )
ise Problem 2.36
Y PO | P |
e 4mwa?’ 4rh?’ AgR2
1
(b) | Bout = —— Zat g E, | where r = vector from center of large sphere
drey 12
( E 7..,. 1 Qo .. E, = 1 Qba h is th f .
c) | E; = y " fa, Ep= o, rf, f3,| where r, (ry) is the vector from center of cavity a {»

(d)

il (e) or changes (but not o, or 63); Eoutsige changes (but not E, or E;); force on ¢, and @ still zero
blem 2.37 ‘
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2 2 A2 | 2 A%
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Problem 2.38
Inside, E = 0; outside, E =

Eave =

1 A
41reof%r -
%413150%?; fz:U d 3




