
Problem 4.16 

(a) PI> = -V.p = - ~ ~ (r2~) = _~; ql> = p.il. = { +p. f = klb (at r = b), } 
r Or r r2 -P . i = -kla (at r = a). 

Gauss's law => E = 4':'0 ~ f. For r < a, Qenc = 0, so IE =0.1 For r > b, Qenc =0 (Prob. 4.14), so IE == 0.1 
For a < r < b, Qenc = (~k) (41ra2) +J: (ji) 41rr2dr = -41rka - 41rk(r - a) = -41rkr; 80 IE = -(kleor) i.1 

(b) jD.da = Qlene == 0 => D =0 everywhere. D =eoE + P = 0 => E = (-l/eo)P, so 

IE = 0 (for r < a and r > 6); I IE = -(k/for)i (for a < r < 6)./ 

Problem 4.19 

With no dielectric, Co == Afo/d (Eq. 2.54). 
In configuration (a), with +q on upper plate, -(1 on lower, D == (1 between the plates. 

E = (1/fO (in air) and E = (1/e (in dielectric). So V == 1!.4 + ~4 ==QtL (1 + ~)
fO 2 E 2 2EOA f' 

CnC - g - fll.!l ( 2) _ 2fr 
a - V - d 1+1/,. => C;; - ~. 

In configuration (b), with potential difference V: E= Vld, so (1 = eoE = eoVld (in air). 

P == eO'XeE = eO'XeVjd (in dielectric), so (1/) = -eoXeV/d (at top surface of dielectric). 

(1tot == foV/d =ql + (1b == (11 - eoXeVld, so (1/ = foV(l + X(!)/d == fOfrV/d (on top plate above dielectric). 


r=? C/) == Q = ~ ((1~ + (11 A) == ~ (EO V + eo V Er) = Aeo (1 + e ) C" = 1 + fr 
V V 2 2 2V d d d 2 . Co 2' 

[Which is greater? .ili - ~ = l±!c.. - ~ = HE,. 11-4,,. - H2f,.+4£!-4f,. - (l-f,.») > 0 So C > C ]
Co <':0 2 1+,,. 2 1+,. - 2(1+f,.) - 2 1+(,. . /) o' 

If the x axis points down: 

,E D P (1" (top surface) q, (top plate) 

(a) air :olE X. ~ 

(E.+l) If x ~!lL!:.. ~ ...+1 d X 0 0 ~~f,. d 

(a) dielectric 2 v­
(f,.+1) If x ~W::x ...+1 d 'Pti~x(,.+1 -Tffffi~,,.+1 -

(b) air 7X ~x 0 0 ~ (left) 

(b) dielectric tx Er~X (er -l)¥ X -(fr -1)¥ Er¥ (right) 

Problem 4.28 


First find the capacitance, as a function of h: 


Air part: E = 4;;06 =* V = 4!~0 In(bla), 


Oil part: D = :!: =* E = :t::. ==> V = :!: In(bla), 


Q = >..'h + A(l- h} = frAh - Ah + Al = A[(fr - l)h + l] = A(Xeh + i), where l is the total height. 

c - Q - A(Xe h + t) 4 _ 2 (XII h + i) 
- V - 2Aln(bla) 1rf.O - 1reo In(b/a) . 

. . b Eq 464' F 1 v2 dC - 1 V2~ } h _ eoXeV2 

- p(b2 - a2 )gln(bla) 
The net upwar d ~ ,orce 1S glVen y .. . = 2" 'l1i - 2' In(II/o) • 

The gravitational force down is F = mg = p1r(t} - a2 )gh. 

Problem 4.31 

P =kr =k(:rx + 'IIY + zi) ==> PII =-V·p =-k(l + 1 +1) = 1-3k·1 

Total volume bound charge: IQvoJ = -3ka3
./ 

q" =p.il.. At top surface, n=i, z =a/2; so qll = ka/2. Clearly, It1" = ka/21 on all six surfaces. 

Total surface bound charge: IQ.urf = 6(ka/2}a2 = 3ka3
.' Total bound charge is zero. ./ 


