Recitation 8



*l ssm The square surtace shown
in Fig. 23-30 measures 3.2 mm on
ecach side. It 1s immersed in a uni-
form electric field with magnitude
E = 1800 N/C and with field lines at
an angle of # = 35° with a normal to
the surface, as shown. Take that
normal to be directed “outward,” as
though the surface were one face of /9/ //// //

a box. Calculate the electric flux

through the surface. Figure 23-30 Problem 1.

Normal




— -

b =F-A=EAcos¢

= (1800 N/C)(3.2 X 1073 m)? cos 145°

N - m?

C

= —0.015




*«10 Figure 23-30 shows a closed Gaussian surface in the shape of a
cube of edge length 2.00 m. It lies in a region ;
where the nonuniform electric field 1s given by
E = (3.00x + 4.00)i + 6.00; + 7.00k N/C,
with x in meters. What 1s the net charge con-
tained by the cube?

X
Hint: We can divide the electric field into two parts, uniform and non-
uniform:

—

E =E,+E, = (4.001+6.00)+ 7.00 k) + (3.00x 1)

The net flux due to the uniform part is zero!
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The non-uniform field can result in non-zero flux through the front
and back faces of the cube only.

c1>=f§-dﬁ=ch+c1>B

®p = E,, - Ap = (3.00x 1) - (4.001) = (3.00)(0)(4.00) = 0
®p = E,, - Ag = (3.00x 1) - (—4.007)

N-m
= (3.00)(—2.00)(—4.00) = 24 -
O =24.0N- mz/C.

Genc = €o® = (8.85 x 10712N - C2/m?2)(24.0 N - m2/C)
=212 x 1071° ¢ = 21.1 nC.



29 SSM WWW Figure 23-38 is
a section of a conducting rod of ra-
dius R; = 1.30 mm and length L =
11.00 m 1nside a thin-walled coaxial
conducting cylindrical shell of ra-
dius R, = 10.0R; and the (same)
length L. The net charge on the rod
is O, = +3.40 X 10" C; that on
the shell1s O, = —2.000Q,. What are
the (a) magnitude E and (b) direc-
tion (radially inward or outward) of
the electric field at radial distance
r = 2.00R,? What are (c) £ and (d)
the direction at »r = 5.00R,? What 1s
the charge on the (e) interior and
(f) exterior surface of the shell?




a) We draw a cylindrical Gaussians surface of radius r and
length h. Assuming E is outward,

®=F-A=EA=EQnrh

B _(Q1 Q:
Qenc—(Al+/12)h—(L +L>h

1/Q1 Q
E(2nrh) = g (T + T) h
_ Q1+ Q> _ 01 —2.000, _ -1
2nmegrl  2mey(2.00R,)L  40.0mey R4 L
—3.40 x 1071%C
~ 40.0me,(1.30 x 10~3m)(11.0 m)

The magnitude of the electric field must be 0.214 N/C.
b) E must be radially inward, since we got the wrong sign for E.

7

E

= —0.214 N/C.



c) We draw a cylindrical Gaussians surface of radius r and
length h. Assuming E is outward,

®=F-A=EA=EQnrh
Qenc = Aih = Q1h/L

1
E(2nrh) = e (Q1h/L)

R S
2megrl  2mey(5.00R)L  10.0meyR,L
3.40 x 10712C
= 0.885 N/C.

~ 10.0m0(1.30 X 10~3m)(11.0 m)
d) E is radially outward.



e) We draw a cylindrical Gaussians surface of radius r inside
the shell, where the electric field is zero.

Genc = Q1 + Qi = 5P = 0.
Qi = —0Q1 =—-3.40 X 10712 ¢,

f)
Qout — QZ - Qin — _Z-OOQl — (_Ql) — _Ql
= —-3.40x 10712 C




*49 In Fig. 23-50, a solid sphere of
radius a =12.00cm 1s concentric
with a spherical conducting shell of
inner radius b = 2.00a and outer ra-
dius ¢ = 2.40a. The sphere has a net
uniform charge ¢, = +5.00 {C; the
shell has a net charge ¢, = —q;.
What is the magnitude of the elec-
tric field at radial distances (a) r = 0,
(b) r=a/2.00, (c) r=a, (d) r=
1.50a, (e) r =2.30a, and (f) r=
3.50a”? What is the net charge on the

(¢) inner and (h) outer surface of the
shell?
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qG1 T qgp O

b= Airey a3 N Airey a3 =0
b)
p_ BT & a/2 @ 5.00 x 107°C
Amegad  4mey a® 8Bmegat  8mey(2.00 X 1072 m)?
= 0.0562 N/C.

‘) g1 d q

1 1

E= e ai = Gmeaz = C112N/C
d)
E i i L _ 0.0500N/C.

N ATrEyT? N Amey(3a/2)? N Omeya?
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e) Atr = 2.3a, E = 0 because this radius is inside the conducting shell.
f)

Q1 +q2 91— 91 _
Ame,r? 4meg(7a/2)?

g) To have zero electric field inside the shell, we must have the charge
on the inner surface of the shell to be

Jin = —q; = —5.00 x 1077 C.

E = 0.

h)
Qout =92 — Qin = —q1 — (—q1) =0
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Optional

15 A particle of charge +¢ 1s placed at one corner of a Gaussian
cube. What multiple of ¢g/g, gives the flux through (a) each cube face
forming that corner and (b) each of the other cube faces?
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Optional

*o43 Figure 23-47 shows a cross sec-
tion through a very large nonconduct-

ing slab of thickness d = 9.40 mm and == d/2
uniform volume charge density p= |
5.80 fC/m°. The origin of an x axis is at 0

the slab’s center. What is the magnitude
of the slab’s electric field at an x coordi-
nate of (a) 0, (b) 2.00 mm, (c) 4.70 mm,
and (d) 26.0 mm?
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Optional

51 ssMm WwWww In Fg 23-52, a
nonconducting spherical shell of inner
radius a = 2.00cm and outer radius
b = 2.40 cm has (within its thickness)
a positive volume charge density p =
Alr, where A 1S a constant and r 1s the
distance from the center of the shell.
In addition, a small ball of charge g =
45.0 1C 1s located at that center. What
value should A have if the electric field
in the shell (¢ =r=D0) is to be uni-
form?
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