HO 29 Solutions

A
1) a) ®=E-A=EAcos6=(5x10 N/C)(0.08 m) cos(53.1°) 419.2 N'm
b.) The total flux through the cube must be zero, any flux entering the cube must also leave it.
2) a) @,,=E A=((25N/C)i-(42N/C)])-(0.04m*)k=0
@, = E-A=((2.5 N/C)i - (42 N/C)])-(0.04 m*)(~k) = 0
2
@, =E-A=((25N/C)i -(42N/C)])-(0.04 m*)(~]) = 0.168 N'm
2\~ N * 1’1’12
@, =E- A=( (25 N/C)i - (42 N/C)j)-(0.04 m?) j = -0.168
2\% N * 1’1’12
@, =E-A=((25N/C)i -(42N/C)j)-(004 m?)i = 0.1 c
2 2 N * 1’1’12
o, =E- A=( (25 N/C)i - (42N/C)j)-(0.04 m?)(-i} =-0.1
b) (I)wrul = O
-6 —
3) Using Gauss’s Law @ = E-dA = denctoea ___ 48X10 82 _[s42x10° N0
P B85xI01 ——
‘m
-9 L2
4) Total fluxis @ = §E-dA = Jentoes __ 36x10 C2 _ 4078 M
P 885x10P——
N-'m
Since charge is at the center of the cube, equal amounts of flux will pass through each side
L2
qo78 N N
(Dride = total  _ =67.8
‘ 6 6
q q 5x107°C N-m’
5) a-) P = enclosed  _ A1 _ =565
o 80 80
-9 -9 -
bandc) @ = Denciosed _ D+ % _ 5x107C-3x107C _ 226N m
£, £, £, C
-9
6) a) E= q - - 0.15x10 C2 _ 2.76E
4me r 47[50(0.7 m) C
b.) Inside the sphere no charge is enclosed E = 0. All of the charge is uniformly distributed on the surface of the
sphere since it is a conductor.
7.) b))

the total charge on the
spherical shell is +7 nC.
This is the sum of the
charge on its inside and
outside surfaces.

qmtal= qin.vide + qoutside

+7 nC = -5nC + q5iae
Therefore q,,5i5 = +12 nC

charge +5 nC on outer surface spherical
e
‘ the charge attracts electrons to the inner surface of the
conductive sphere. Its magnitude is the same as the
inner charge. g, = -5nC

Ignoring the inside charge, there would be +7 nC on the outside surface of the
spherical shell and none on its outside surface. The inner charge attracts —5 nC

of electrons to the inner surface. On the outer surface is the combination of the
original charge (+7 nC) and the charge “left behind” when —5nC moved to the inner
surface: ¢ =7nC+5nC=12nC.



HO 29 Solutions

8) a) +44 total charge i.) when r < a there is no enclosed charge and E =0
(+6¢ on the outer surface) 6 E-dA = Yenclosed _ 0
(-2q on the inner surface) £,
Edmr’ =0
E=0

ii.) when a < r < b there is no enclosed charge and E = 0.
Also, the electric field is zero inside a conductor.

¢E . dA - qencloxfd = 0
£

Ed4m?=0
E=0

iii.) when b < r < ¢ the charge (+2¢) of the smaller
conductor is enclosed. Using Gauss’s Law:

¢Edg=w
£

o

PE-dA = ﬁ (E and dA point in same direction.)

+2¢g uniformly distributed on its 2q . . .
outside surface. EfdA = . (E is constant on this Gaussian surface)
224
E4nr®=—  (Surface area of a sphere)
80
E 2q 4 (b<r<a)

dmr’e, 2me,r’

iv.) when ¢ <r<d, E =0 because you are inside a conductor
and the electric field is zero inside a conductor. (Also the
enclosed charge is +2g + (-2¢) =0.)

¢E . dA - qencloxfd = 0
So

E4mr® =0

E=0

when d < r the total charge enclosed is +6g (+2¢ on the
inner sphere and +4¢ on the outer sphere).

¢Edg=w

80
E4m? _ 64
80
E-= 3q2
2nr’e,

b.) i.) no charge (itis all forced to the outer surface.) ii.) the +2q is all on the outer surface of the small shell

iii.) a charge of —2¢ is induced on the inner surface iv.) the +2g “left behind” by the negative charge moving to the
of the large shell. This results because electrons inner surface plus the original charge +4¢ placed there for a
are attracted to the positive charge on the small total charge of +64.
shell.



HO 29 Solutions

9) a) 24 total charge i.) when r < a there is no enclosed charge and E =0
(none on the outer surface) 6 E-dA = Yenclosed
(-2q on the inner surface) €,
Edmr® =0
E=0

ii.) when a < r < b there is no enclosed charge and E = 0.
Also, the electric field is zero inside a conductor.

¢Edg=w
£

Ed4m?=0
E=0

iii.) when b < r < ¢ the charge (+2¢) of the smaller
conductor is enclosed. Using Gauss’s Law:

¢ E . dA = qem‘losed
&

o

PE-dA = ﬁ (E and dA point in same direction.)

80
+2¢g uniformly distributed on its 2q
outside surface. EfdA == (Eis constant on this Gaussian surface)
80
E4mr® = 24 (Surface area of a sphere)
80
E 2q 4 (b<r<a)

dmr’e, 2me,r’

iv.) when ¢ <r<d, E =0 because you are inside a conductor
and the electric field is zero inside a conductor. (Also the
enclosed charge is +2g + (-2¢) =0.)

¢Edg=w

80
E4m?=0
E=0

v.) when d < r the total charge enclosed is still O (there is no
charge on the outside surface of the large shell).

¢Edg=w
£

Ed4m? =0
E=0

b.) i.) no charge (itis all forced to the outer surface.) ii.) the +2q is all on the outer surface of the small shell

iii.) a charge of —2¢ is induced on the inner surface iv.) there are no charges on the outer surface of the large shell.
Of the large Shell' ThlS reSUItS because eleCtrOnS G 1ota= YQinside + ourside SO —2‘] = _zq + Y ourside SO Y ourside = 0
are attracted to the positive charge on the small
shell.



HO 29 Solutions

10.) a.) -44 total charge i.) when r < a there is no enclosed charge and E =0

(-2q on the outer surface)
(-2q on the inner surface)

+2¢g uniformly distributed on its
outside surface.

\

-

¢E . dA - qencloxfd = 0
So

Edmr® =0

E=0

ii.) when a < r < b there is no enclosed charge and E = 0.

Also, the electric field is zero inside a conductor.

¢E . dA - qencloxfd = 0
£

Ed4m?=0
E=0

iii.) when b < r < ¢ the charge (+2¢) of the smaller

conductor is enclosed. Using Gauss’s Law:

¢Edg=w

PE-dA = ﬁ (E and dA point in same direction.)
80
E¢dA = ﬂ (E is constant on this Gaussian surface)
80
E4mr® = 24 (Surface area of a sphere)
80
E 24 | (b<r<a)

dmr’e, 2me,r’

iv.) when ¢ <r<d, E =0 because you are inside a conductor

and the electric field is zero inside a conductor. (Also the
enclosed charge is +2g + (-2¢) =0.)

gﬁE-dA=M=O
SO

Ed4m?=0

E=0

v.) when d < r the total charge enclosed is -2g (+2q on the

inner sphere and -4q on the outer sphere).

¢Edg=w

80
Eam? =24
80
E = _q
2mr’e,

b.) i.) no charge (itis all forced to the outer surface.) ii.) the +2q is all on the outer surface of the small shell

iii.) a charge of —2¢ is induced on the inner surface iv.) since the total charge on the large shell is —4¢q and there is

of the large shell. This results because electrons
are attracted to the positive charge on the small
shell.

—2¢q on the inner surface there must be an additional —2g
on the outer surface of the large shell.

G ota= Qinside + 4 outside SO _4q = _zq + Qousside SO Gousside = _zq



1) a) pV=-0

4 28

_T 3 p3 _ 4% 3
V—3n((2R) R) ~ R
"2 _| 3¢
R P

b.) for0<r<R,q..cpma=0

¢E . dA — Yenciosed
£

o

$EdA =E§dA = E4dmr* =0

=0

E=0
forR<r<2R
¢EdA =M and qenclosed = Q+pV

£

o

HO 30 Solutions

4 3 4 3 4 3 3
=Q+p|—mwr’—-—aR" |=Q+p—=n|(r -R
qenc[osed Q p(3 3 ) Q P 3 ( )

_3Q 4 3 3 _Q 3
=0+ —mlr' =R’ )=0+ R
9 enclosed Q 28”R3 3 ( ) Q 7R?
-0(r 1(r
et =0+ = | —1|=0|1-=| -1
qem losed Q 7 R 3 Q 7 R 3

3
r

R3

1({r
2 Q(lv(w‘l))
Edm?=———~ "/

for2R <r

qenclosed = Q + _Q = O
¢E . dA — Yenciosed =0

o

$EdA =E§dA = E4dmr* =0

E=0

0<r<R

R 2R

v



HO 30 Solutions

The values for E at r = R and r = 2R make sense.

1 (R} . (2R)3_1 1 (3R |
-5l A3l e ) gl ) di-36-)
E(R) = 2 = 2 and E(ZR) = 2 = 2 = 2
47R’%, 47R’, 47(2R)’e, 47(2R) e 47(2R) e
2)

a.) forO0<r<R,q..ea=0

¢E . dA - qmcloxed
&

o

$EdA = E§dA = E4mr* =0

-0

E=0

for R<r< 2R’ 4 enclosed = Q

¢ E “dA = Denciosed Q

80 80

$EdA=E$dA = E4mr® = 0

£

o

@

= 2
4nre,

fOr r> 2R’ 4 enclosed = Q + Q = 2Q

R<r<2R

SﬁE -dA = Denclosed 2_Q

80 80

=— and [E= 0
£

E4m? 20

2
o

b.)




HO 30 Solutions

3)
a.) r<R

Do LT T.fif

T +\ + +
T \'tf T M

‘H'F'IIT'J, e

>
>

A

Gaussian surface is a cylinder radius r and length L. Its volume is V = 7’L and it encloses a charge pV = p;r’L. The
electric field on the surface is constant and perpendicular to the surface and has radial symmetry. No electric flux
passes through the ends of the cylinder. Looking head-on along the axis of the cylinder:

2
— = L
ﬁEdA - qenclosed - pm
80 80
2
— = _—_— L
2E-dA+ [E-dA=P"~
ends cylinder &,
2
L
0+Efda=P"
EltoA Eis€6nstant
and Il to A
pmr’L
E(ZJ‘LTL) = (The surface area of the cylinder is 2zrL.)
SO
g=Pr
2¢,
titrtrtt
Lririatt
\ \
/ \
+ 1+ o+ o+ +Y 4
¥ o+ o+ 4 ‘| +
I S . N T
+1 + L
' l
+ + o
r ,+ + o+ o+ o+
T
I

ﬁ’l’l’ PRV

Gaussian surface is a cylinder radius 7 and length L. Tt encloses a charge pV = paR’L (only the solid cylinder with
radius R contains charges). The electric field on the surface is again constant and perpendicular to the surface with
radial symmetry. No electric flux passes through the ends of the cylinder. Looking head-on along the axis of the

|

cylinder:
ﬁE dA - 9 enciosed - pHRzL
SO 80
2
2 E-dA+[E-di=PL
ends cylinder €,
2
0+Ef dA = PRL
2 2
E(2m) = PR g PR
£, 2¢e,r




b.)

HO 30 Solutions

r A . . .
forr<R, E= L and is a linear increasing function of r.

£

o

forr>R, E= PR

2
. 1
and decreases with a — dependence.

er r

E

A

PR

Note that the electric field E has piece-wise continuity at ¥ = R and E(r < R) = E(r > R).

2
E(r<R)=§—R and E(r>R)=§RR=§—R
80 80 So

c.) toexpress in terms of linear density A one must relate A to volume charge density p.

volume charge density x cross-sectional area = linear charge density

R> = A or p=
p. 1Y R’
for r <R, E=—)Lr 5
2me R
A e
forr>R, E= (same as for an infinite line of charge)
2me,r

v



HO 30 Solutions

4) long conducting tube +A

TN At

T

The positive line charge will induce a negative charge per length -2 on the inner surface of the conducting tube. In
order to have a total charge per unit length of +A, a charge of +2A must exist on its outer surface

a.)

i) r<a

The Gaussian surface is cylindrical with length L and radius r as in the previous example. The electric field on
the surface is again constant and perpendicular to the surface with radial symmetry. No electric flux passes
through the ends of the cylinder. Looking head-on along the axis of the cylinder:

$E-dA = Gencisea _ Mo (only line charge +A is enclosed)

80 SO
AL
22 2fEdA+fEdA=g—
ends cylinder
0+EfdA=2L
E2mrL = }L—L S0 E= A
g, 2me,r

ii.) a<r<b

Inside the conductive cylinder no electric field can exist. The enclosed charge per unit length is the sum of the
positive charge on the line-charge +A and the negative induced charge on the inner surface of the cylinder -A.

ﬁEdA - D enciosed - ()\' - }\')L - O_L
+2A 80 So So

$EdA = EdA = E27rL = 0

E=0

i) b<r

The enclosed charge per unit length is the sum of the positive charge on the line-charge +A and the negative
induced charge on the inner surface of the cylinder -A and the positive charge +2A on the outer surface of the
cylinder.

ﬁEdA= 9 enciosed — ()"_)\'+2)")L - 2AL

80 SO 80
of E-dA+[E-di=2M
ends cylinder €,
0+E[dA= E
80
E2narL = —2M‘ so |E= 2
&, we,r




HO 30 Solutions

4)
E 4
E= 2 4
ey b
Ee A4 L
2me,a
a b r
b.)
i.)  The charge per unit length is -A on the inner surface of the tube.
ii.) The charge per unit length is +24 on the outer surface of the tube.
5.)

The positive line charge will induce a negative charge per length -A on the inner surface of the conducting tube. In
order to have a total charge per unit length of -A, no charge is present on its outer surface. Looking head-on along the
axis of the cylinder:

a.) r<a

A
i.) (r<a) Same as problem 4 only the line +A charge is enclosed and |E = .
2me 1 r>a

ii.) (@a<r<b) Same as problem 4 and the cylinder encloses the line charge +A and the
induced charge -A on the inner surface of the cylinder and there is no net

charge enclosed and .
iii.) (b <r) Since there are no charges on the outer surface of the cylinder the net charge
remains zero and .
E 4
= 2 .
N 2mea
a b r

b.)
i.)  The charge per unit length is -A on the inner surface of the tube.

ii.) There is no charge on the outer surface of the tube.



6.)

7)

8.)

HO 30 Solutions

For an infinite sheet charge E = 9 andis directed away from positively charged sheets and towards negatively

o

charged sheets. The field is constant for all points. 4 -

+ -
+ -

Direction of E_ > + e «—
+ -
+ -

Direction of E, «— H —s | —
+
+
+

So between the sheets both fields point in the same direction (in this case the +x-direction).

E<E +E =2+ 49 _ L(q +0. )= 1 f020x10° £ 1060x10° & |-4s N
2e, 2, 2, 2¢e, m m C
E-= (45 E)i
C

+] Assuming we are on the right side of the positive sheet:
H E=Eji-Ej=2:i{-2]

Direction of E, [*|  Direction of E, 2e, 2,
+ -12 -12

-«— — - A A R B
+ g 01075 80x10 j=(3.39i-4.52j)E
" 2¢, 2¢, C
+
Direction of E Direction of E ~
irection of E. + irection of E. Fo565 EL—53.1°

+ Direction of E. C
+

0 0 e A A

N
) / &r \ A \
X-axi1s 4
\

1 1
\ /

\
N
~

&
<

,/l //

7 >

The electric field has radial symmetry and the appropriate Gaussian surface is a cylinder of radius r and length L.
The electric field on cylindrical surface is constant and perpendicular to the surface. No electric flux passes

through the ends of the cylinder.

- AL P 2.0 nC _ nC

$E-dA = Denctosea _ 2= 020 10 —  and r = 2.0 m on the y-axis
£, g, 20 m m
2fE-dA+fE-dA=}‘—L C
ends cyli ° (IOXI()() )
ylinder - m A N ~
E= 2 Jj= 9061
Al 2n(8.854><1012 2)2.0 m
E2mrL = — ‘m
80
A
E =

2me r
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9.) Looking at a cross-sectional view of the charged cylinder:

0

The charge density is: p=—=——""——
4 Jr(r = riz)L

o

Since the point is located on the y-axis the field
points in the positivé@xdﬁ}'écﬁc)n.,

7((0.04 m)* - (0.02 m)")4 m

=4.0x10" %
m

Using Gauss’s Law the flux through the 3 cm cylinder (length 2 m) is related to the enclosed charge .

3

q)E = Denclosed pV ( m
€ €

o o

(8.854){10"2 <
N

= 1.4X105E-m2
C

10.) - ~<
s  r=005m
I/ \\
A=4nC/m ! \
“““ \ ] B
\ 1 X
\ /
\\ //
The sphere encloses 0.1 m of the line charge the electric flux using Gauss’s Law is:
(4.0x109 C)(O.l m) N
D, = Lentoned L 22 m ~a52X w2
80 Eo -12 C2 C
8.854x10"" ———
N-m
11.) Nonconducting sphere radius R = 0.12 m and uniform charge density p = 5 nC/m’.
a) r=005m<R a) r=024m>R
v pi o’ v P 4R
¢E dA = Denciosed - p_ - 3 ¢E dA = Denciosed = p_ - 3
SO 80 80 80 80 SO
3 3
EfdA =P Ef da < PAR
3 3
Eam? = PAT E4m? = PR
3e, 3e,
3
=P E= PR
3e, 3er
(5x109 Ca)(o.os m) N (5x10" (:3)(0.12 m)’ N
m m
E= T = 9.46 E= T ) = 56 C
3/8.854x10" —— 3/8.854x10"% ———(0.24 m)
N-m N-m




