Problem 4.15
1 8 [,k k +P . f=k =
2 =-V.P=——o bodll BTty = PA = r /b (atr-b),
(a) po r2ar(f‘ ’,) 2’ op = P-ii {...P-f'=-k/a (at 7 = q).

Gauss’s law = E = z—é—;%’f*f'. For r < a, Qenc = 0, s0 For r > b, Qenc = 0 (Prob. 4.14), so

Fora <r <b, Qenc = () (4ma?) + [T (5£) 4072 dF = —4dmka — dnk(r — a) = —4wkr; so l E = —(k/eor) l»._l

(b) §D-da=Qy,,. =0=>D =0everywhere. D = gE +P =0 = E = (~1/¢,)P, s0
E =0 (for r <aand r > b);] LE = ~(k/er)# (fora <r <b).]

Problem 4.19

With no dielectric, Co = Aeo/d (Eq. 2.54).
In configuration (a), with 4+ on upper plate, —¢ on lewer D = ¢ between the plates.
E = 0/¢ (in air) and E = o/e (in dielectric). So V = Ldteds ‘?‘Z (1+=).
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In configuration (b), with potential difference V: E'=V/d, s0 0 = E = V/d (in air).

P = egxe E = €0x.V/d (in dielectric), so 0p = —egx.V/d (at top surface of dielectric).
Ot = €V/d =05+ 0y =05 —exeV/d, 50 07 = V(1 + x.)/d = g€, V/d (on top plate above dielectric).
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Problem 4.28

First find the capacitance, as a function of h:

Air part: E = {2 =V = 2 In(b/a),

Treos }9 A
— -e-; =
Oilpart: D=2 —= E= - =V =2 A In(b/a),

Q =Nh+ Ml —h)=eAh— A+ XM = (e, ~ 1)h + £] = A(xch + £), where £ is the total height.

=@ _Mxehtt) (xeh + €)
C'“if' xIn(b/a) T = 0 lay
The net upward force is given by Eq. 4.64: F = }V?9Z = "V”%. } b= €axeV? ‘
The gravitational force down is F = mg = pﬂ(b’ - a’)gh p(b? — a?)gln(b/a)

Problem 4.31
P=kr=k@zk+y§+28) =>pp=-V-P=—k(1+1+1)=[=3k]
Total volume bound charge: ‘
» = Pfi. At top surface, fi = £, z = af2; so 0y = ka/2. Clearly, | on all six surfaces.
Total surface bound charge Q;m»f 6(1:0/2)a = 3k03 {‘I‘ota.l bound charge is zero. v




