Problem 4.20  Given the electric flux density
D = X2(x+y) +¥(3x—2y) (CIn?)

determine

(a) py by applying Eq. (4.26).

(b) The total charg& enclosedn a cube 2 m on a side, located in the first octant
with three of its sides coincident with the, y-, andz-axes and one of its
corners at the origin.

(c) The total charg®) in thecube, obtained by applying Eq. (4.29).

Solution:
(a) By applying Eq. (4.26)
=0-D= i(2x+2 )+i(3x—2 )=0
Pv= ~ X y oy y) =5

(b) Integrate the charge density over the volume as in Eq. (4.27):
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Q:/D-de/:/ / / 0dxdy dz=0.
v x=0Jy=0J2z=0

(¢) Apply Gauss’ law to calculate the total charge from Eq. (4.29)

Q= 741) -ds = Fyront + Foack+ Fright + Feft + Frop + Foottom,
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ThusQ = %Dds: 24-8-4-124+0+0=0.
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Problem 4.22 ChargeQ; is uniformly distributed over a thin spherical shell of
radiusa, and chargeQ, is uniformly distributed over a second spherical shell of
radiusb, with b > a. Apply Gauss’s law to find in the regiondR < a, a< R< Db,
andR > b.

Solution: Using symmetry considerations, we kndW= RDg. From Table 3.1,
ds = RRZsin@ d6 d¢ for an element of a spherical surface. Using Gauss’s law in
integral form (Eq. (4.29)),

%D‘dS:th,
S

whereQy is the total charge enclosed$ For a spherical surface of radiBs

/2” /" (RDR) - (RRZsin6 d dg) = Quer,
—=0.6=0

DrR?(21m)[— c0s8]T = Qo
_ Qo
C4AmR2

From Eq. (4.15), we know a linear, isotropic material has the constitutive relationship
D = ¢E. Thus, we findE from D.
(a) Inthe regionR < a,

Dr

- RQuot
Qut=0, E=REgr= AR 0 (V/Im)
(b) In the regioma < R< b,
B .. RQ
Qot=Q1,  E=REr=__~_ (Vim)
(¢) In the regiomR > b,
. R(Q1+
Qui=Qu+Q,  E=REg= SAE9) ()




Problem 4.23 The electric flux density inside a dielectric sphere of radaus
centeredat the origin is given by

D= ﬁpoR (C/ r‘r12)

wherepy is a constant. Find the total charge inside the sphere.

Solution:

T 21
Q= %D-ds:/ / RpoR- RR2sinG dO do
S 0=0.J¢p=0

R=a

s
= 2npoa3/ sinf d@ = —2mppa®cosh|T = 4mppa®  (C).
0




	4.20
	4.22
	4.23



