SOLUTION TO PROBLEM SET 8; PHYSICS 321

Problem 4.15

=18 (kY __k . [ 4P.E=k/b (atr=b),
(a)p»=—V-P—-rz§(' ?)“r‘z' "*‘P'“‘{—p.e=~k/a (at 7 = a).

Gauss's law = E = 4,,‘“) 9;‘9* f. Forr < a, Qenc =0, so For r > b, Qenc = 0 (Prob. 4.14), so

For a <r < b, Qenc = (3E) (4ma?) + Ji (3#) 4n7%dF = —dnka — dnk(r — a) = ~4mkr; so|E = —(k/eor) 7.

(b) § D-da=Qy,,. =0= D =0 everywhere. D = ©E+P=0=E = (-1/¢)P, so
E=0(forr<aandr>b);| |E= ~(k/egr) ¥ (fora < r < b).

Problem 4.18

(a) Apply f[D-da=Q e O the gaussian surface shown. DA = o4 = (Note: D = 0 inside the
metal plate.) This is true in both slabs; D points down.

L= I
\JTV

(b) D=¢E=E=0/¢ inslabl, E = o/ez in slab 2. But € = ¢ge,, 50 ¢; = 2¢g; €3 = %eo. E, =0 /2¢,

Ey = 20/3¢.

(c) P = eox.E, s0 P = eoxed/(€aer) = (Xe/er)0; Xe =€, ~1 = P = (1-et)o. [P =a/2,|[P =0/

(d) V = Eja + Eza = (0a/6eo)(3 + 4) = |70a/6¢,.

(e) py = O; oy = +P; at bottom of slab (1) = a/2, oy = +P; at bottom of slab (2) = o/3,
e /=0 oy = ~ P at top of slab (1) = -¢/2; oy = —P; at top of slab (2) = -a/3.
. | total surface charge above: o - (0/2) = ¢/2, _ o
(£) In slab 1: { total surface charge below: (0/2) - (0/3) +(0/3) ~ 0 = —a/2, = B = 2¢0 v

. J total surface charge above: o — (0/2) + (0/2) - (0/3) = 20/3, _ 2
In slab 2: { total surface charge below: (0/3) -0 = -20/3, =By = 3e0” v
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3. a) In this orientation, the slabs are in series so for two such slabs
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There are d/2a such capictors in series so

2A¢p KiKa Aeg  Kike

d ki+ky d (k1 +k)/2

Cseries =

where A = L. L.

b) With two plates in parallel and the normal to the slabs parallel to the z axis

C= fogya (Ii] + K,z).

There are L,/2a such capacitors in parallel so

L.eLya
Cparallel = 2_2 Ody (k1 + Ka)

_ﬂf_q('f1+'€2)
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To see that Cparallel > Cleries
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4.a) Let the dielectric of dielectric constant « fill the plates from z to L. The system can
be treated as two capacitors in parallel. One has area Az/L and is filled with material of

dielectric constant unity. Its capacitance is
Cl = GQAIL’/Ld = C(L)I/L

The other has plates of area A(1 — z/L) and is filled with material of dielectric constant &,

so that its capacitance is

Cy = C(L)x (1 - %) .

Therefore

Cequiv=C1 + C2 = C(L) [£+K(1_%)] — ) (1+(n_1) [1_%])

L
b)
2 dC
Folz) = C?(Dx )d d:(ca:)’
_ Q2 (k —1)/L
2C2(L)[1 + (x — 1)(1 - =/L)]’
= — Q8 Al . In contrast
2C2(L)[1+ (k- 1)(1 — z/L))?
2 dC
Frlz) = 2063&) d:(rm)’
= _R'%%L—)%_l' a constant.
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