Problem 4.1 A cube 2 m on a side is located in the first octant in a Cartesian
coordinate system, with one of its corners at the origin. Find the total charge
contained in the cube if the charge density is giveppy: xy?e~ % (mC/nt).

Solution: For the cube shown in Fig. P4.1, application of Eq. (4.5) gives
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Figure P4.1: Cube of Problem 4.1.




Problem 4.5 Find the total charge on a circular disk definedrby a andz = 0 if:
(@) ps= psocosy (C/n¥)
(b) ps= psosir? @ (C/nP)
(©) ps= psoe" (C/nP)

(d) ps= psoe™" sir? @ (C/nP)
wherepgg is a constant.

Solution:
(a)
a 21 r2 a 21
Q:/psds:/ Psocos@ rdrdep = pso —| sing, =0.
r=0.Jp=0 2o 0
(b)
a gam r2|* r2m /1 cos
Q=/ / Psosi? @ rdrdg=pso / <2p> do
r=0J¢=0 2\Jo 2
s sin2p\ | ma?
(c)
a 2 a
QZ/ / Psoe_rrdrdq0:2npso/ re " dr
r=0.J¢=0 0
= 2mpso[—re " —e™']]
— 2mpg1— e (L +a)].
(d)

a 2
QZ/ / psoe "sirf @ rdrde
r=0.J¢=0

a 2
=Pso/ re”’ dr/ sif pdg
r=0 0

= psol1—e *(1+a)] = mpso[1— e %(1+a)].




Problem 4.6 If J = y4xz (A/m?), find the current flowing through a square with
corners at0,0,0), (2,0,0), (2,0,2), and(0,0,2).

Solution: Using Eq. (4.12), the net current flowing through the square showigin F
P4.6is
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Figure P4.6: Square surface.




Problem 4.10 A line of charge of uniform density, occupies a semicircle of
radiusb as shown in Fig. P4.10. Use the material presented in Example 4-4 to
determine the electric field at the origin.

Figure P4.10: Problem 4.10.

Solution: Since we have only half of a circle, we need to integrate the expression for
dE; given in Example 4-4 ovep from O to 7. Before we do that, however, we need
to seth = O (the problem asks fd£ at the origin). Hence,
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Problem 4.11 A square with sides of 2 m has a charge oft40 at each of its four
corners. Determine the electric field at a point 5 m above the center ofulaeesq

Solution: The distancéR| between any of the charges and pdtris

IR = V12412452 = /27,
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Figure P4.11: Square with charges at the corners.
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Problem 4.22  Given the electric flux density
D =X2(x+Yy) +9(3x—2y) (C/nP)

determine

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

(b) The total charg® enclosed in 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 the cube, obtained by applying Eq. (4.29).

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

d d
pu=0:D= 3 (2x+2y) + 5 (3x=2) =0,

(b) Integrate the charge density over the volume as in EqQ. (4.27):

2 2 2
Q:/D-dez/ / / 0dx dy dz— 0.
v x=0/y=0Jz=0

(c) Apply Gauss’ law to calculate the total charge from Eqg. (4.29)

Q= 74 D - ds = Fyont + Foack+ Fright + Feft + Frop + Foottom,

-(xdz dy

X=2

2 2
Fron = [ | (R20c+y) +9(3x-2))

. 1 2 2
:/ / 2(x+y) dz dy= 22<2y+ y2> =24,
y=0.Jz=0 5 2 —0 -0
X Z: Y:
2 2
Foack= || <22<x+y>+9<3x—2y>>‘ (~kdzdy
y=0Jz=0 =0
S 2 2
:_/ /’za+w dzdy=— [ 2y =-8,
y=0/2=0 x=0 z=0 y=0
2 2
Figne= || 0<22<x+y>+9<3x—2y>>‘ (g dzdy
— 7= y:2
2 2
:/2 /2 (3x—2y)| dzdx= (z<3x24x> ) =4,
x=0.z=0 2
y=2 z=0/ Ix=0




o= [ (a0cky) +9(3c-2)

[

2 2
Fon= [ [ (R20c+y) +9(3¢-2y))
dy dx= 0,

2 2
A
x=0.2z=0 72

Footam= [ [ (R20x+y) +9(3¢-2))

2 2
A
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Problem 4.25 The electric flux density inside a dielectric sphere of radius
centered at the origin is given by

D=RpR  (C/nP)
wherepy is a constant. Find the total charge inside the sphere.

Solution:

T 21
Q= %Dds:/ / RooR- RRZsin6 d6 do
S 0=0.J¢p=0

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

R=a




Problem 4.28 If the charge density increases linearly with distance from the origin
such thatp, = 0 at the origin angp, = 4 C/n?® at R= 2 m, find the corresponding
variation ofD.

Solution:
ov(R)=a+bR
ov(0)=a=0,
pv(2) = 2b = 40.
Henceb = 20.

pv(R) =20R (C/m?).

Applying Gauss'’s law to a spherical surface of radi)s

%D-ds:/p\,d%,
s v

R
Dg- 47TR2 :/ 20R- ATIR dR:8On|j4,
0

Dr=5R? (CI/mP),
D=RDr=R5R? (C/n?).




Problem 4.30 A square in thex-y plane in free space has a point charge-@J at
corner(a/2,a/2), the same at cornén/2, —a/2), and a point charge ofQ at each
of the other two corners.

(a) Find the electric potential at any poiRtalong thex-axis.
(b) EvaluateV atx=a/2.

Solution: Ry = Ry andR; = Ry.
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Figure P4.30: Potential due to four point charges.
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Problem 4.33 Show that the electric potential differen¢g between two points in
air at radial distancelg andr, from an infinite line of charge with densigy, along

thez-axis isVi2 = (py/21p) IN(r2/r1).
Solution: From Eq. (4.33), the electric field due to an infinite line of charge is

P
21eor

E:fEr:f

Hence, the potential difference is
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Problem 4.35 For the electric dipole shown in Fig. 4-18,=1 cm and|E| = 4
(mV/m) atR=1mandf = 0°. FindE atR=2 m andf = 90°.

Solution: ForR=1mandf =0°, |E| =4 mV/m, we can solve foqusing Eq. (4.56):

. oqd - A .
= 74HSOR3(R20039 +0sing).

Hence,

E| = <qd> 2—4mVim atf— 0",

47118,
103 x 811en 103 x 81189
= d = 102 =0.8mg (C).

Again using Eqg. (4.56) to fing atR= 2 m andf = 90°, we have

0.8y x 1072 |
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