EE331: Homewrok 9 solutions

Problem 1:
Problem 4.20 Given the electric flux density

D = 22(x+y) +¥(3x—2y) (C/m?),
determine
(a) P« by applying Eq. (4.26).
(b) the total charge O enclosed in a cube 2 m on a side, located 1n the first octant
with three of its sides coincident with the x- »-. and z-axes and one of its

cormers at the ongn, and
(c) the total charge & in the cube, obtained by applying Eq. (4.29).

Solution:
(a) By applving Eq. (4.26)

— 7 _— a ] oy a = L, T
Pe=V-D= Elit_r-k,_})—kﬁ{}l—Z}] =0.
(b) Integrate the charge density over the volume as in Eq. (4.27):
2 s E
o= f V.Ddv = f f f Odxdydz = 0.
3 x=0J3p=0JS==0

() Apply Gauss™ law to calculate the total charge from Eq. (4.29)
O = D ds = Faont + Fhack + Fright + Flast + Fiop + Flottom.
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Problem 2:

Problem 4.30 Show that the electric potential difference 77 between two points m
atr at radial distances 7] and 7> from an infimte line of charge with density p; along
the z-axis 1s F2 = (pg/2nep) In(ra /r1).

Solution: From Eq. (4.33), the electric field due to an infinite line of charge 1=

Hence, the potential difference 1s
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Problem 3:
Problem 4.34 Given the electric field

E=R ; {(V/m),
find the electric potential of point .4 with respect to point B where 4 15 at +2 m and
B at —4 m, both on the z-ass.
Solution: .
Vig=Vy V= [3]5.-:::”.

Along z-direction, ﬁ:iandfzil_js- forz>0 andR= zandE= il_z_g- for

z = 0. Hence,
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Figure P4.34: Potential between B and 4.



Problem 4:

Problem 4.44 An infinitely long conducting cvlinder of radius o has a surface
charge density p.. The cyvlinder 1s sumrounded by a dielectric medium with £, = 4
and contains no free charges. If the tangential component of the electric field in the
region 7 = a is grven by E: = —¢cos? ¢,/r2, find p..

Solution: Let the conducting cylinder be medinm 1 and the swrrounding dielectric
medium be medinum 2. In medmm 2.

= - 1
E, = 1'E1.—¢; coszq},_

with E;. the normal component of Ez. unknown. The surface charge density is related
to E,. To find E,. we imvoke Gauss’s law 1n medimm 2:

V-D2 — 0,
ot < -
% % (rEr) + ?i % (—Tl: ccszqﬁ) =0,
which leads to _ )
%[}'E,) - % ?—:1-_5-120514}) = ffsi_uq:lcosrp.

Integrating both sides with respect to »,

jrir{rEr} dr = Z'smcpcoslj]f}—_l!- ar

rE, = %smct:cos .

2
B = r—zsmct:-ms[b.
Hence,
.2 . -~ 1 2
]':;_=1‘;rsu1¢cos¢: 11:{:03‘:?.

According to Eq. (4.93),
ny- (D Dy) =p,,

where n; 1s the normal to the boundary and pomnts away from medimum 1. Hence,
n: = r. Also. Dy = 0 because the cylinder 1s a conductor Consequently,

p. = —r- D2|r=a

= ©-22E3|r_a

"

. - . = 1

I'-£,8p [1‘ 11 sinfcosd  $— cos’ ¢=J
e e

r=a

Beg .
= — F:E sincosdp  (C/m?).

Problem 5:

Problem 4.46 If E = R150 (V/m) at the surface of a 5-cm conducting sphere
centered at the onign, what 1s the total charge O on the sphere’s surface?

Solution: From Table 4-3. n- (D; — Dy} = p.. E7 inside the sphere is zero, since we
assume it 1s a perfect conductor. Hence. for a sphere with surface area § = 4na?,

0
Dig =p.; 511=S—;=§Tﬂ.~
Imeg

O = EgSeg = (150)41(0.05)%ep = (C).
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