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Practice Questions: Toplc 2- El(trlc Flelds 9L
and Gauss’slaw -

1. Which is a possible unit for electric field?

S o w >

Volt-meter E =
Joule-coulomb 9
Aesk
Joule per coulomb

Newton per coulomb

2. Electric field lines always point from

D.

positive charges to positive charges
negative charges to negative charges
positive charges to negative charges

negative charges to positive charges

3. A positive charge of 3.0 X 1077 C is located
in an electric field of magnitude 27 N/C directed
towards the south. What is the force acting on the

charge?

A
B.
C

D

—
F=N

(1__,C,

£ L
A \b—\esir

Agiybil Luglgxs.dl Aiagili
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SN

5. The direction of the electric field is the
N direction of the

chocg

B.
C.

D.

A. work done moving the test charge

potential difference
force on the positive test charge

force on the negative test charge

6. Why is an electric field measured only by a
small test charge?

A.

B.

so the charge doesn’t disturb the
field

because small charges have small
momentum

so its size doesn’t nudge the charge
to be measured aside

because an electron always is used
as the test charge and electrons are
small

7. Which of the following statements is/are true
regarding the electric field lines?

9 = 3%x16 °C
- = 23 N/c
30x107 N ©
‘F‘
-6 = -
81x10°N E q
1.2 x 106 N F=£+Q
,:;>
9.0 x 107 N = (20
= FAv0"5

4. A negative charge of 1.5 X 107 C experiences a
force of 0.030 N to the right in an electric field.

I

IL.
1L

What is the magnitude and direction of the field? A
-3 B.
=1.Sx10 'C
A. 4.5x 1077 N/C to the right 4
£=0.03N C.
B. 2.0 X 10° N/C to the right 7
E="1 D.
C. 4.5x1077 N/C to the left =
D. 2.0 x 106 N/C to the left T o
' Lne bed in oo™
clechic fihd ) e
Wry 5 amt m O— = 800,98,
M rehion o) w =2 x10°\W]C

gy 0SeD

They originate on positive charges and Kl
terminate on negative charges

Field lines never cross each other &—+

The direction of electric field is tangent to
the field line at any point in space

I C 25:)
[ only > 2

Il only
N HIA
\2
[1I only - e
I, I and 111 ) /
N
‘(d.)" 0}(
:{- ?"¢\b \\\\C \_j
4o R

Yot
U
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8. Which diagram represents the electric field 10. Which of the charges in the figure is/are

lines between two small electrically charged positive?
spheres?
Taen)
wol\d
A. (‘6@6\ 2
B. A 1
B. 2
C. 3
mus¥ QP
W oy @(:\in D. 1land3
C. oW
2 11. The spatial distribution of the electric field
o) due to charges (A, B) is shown in the figure below.
Which of the parameters regarding the charges
oot “2’(5& Yl are correct?
wf” A B
N\

9. Which of the following represents the electric
field lines for a single positive charge?

Charge Charge Magnitude of

A —p{ + Mg onA onB charges
A. + - A<B
B. + = A>B
B. C. + + A=B
D. - - A>B
T
—_—
c. —O—»
e
D. +
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12. What are the signs of the charges in the
configuration shown in the figure?

A. Charges 1, 2,and 3 are negative
Charges 1, 2, and 3 are positive

Charges 1 and 3 are positive, and 2 is
negative

Charges 1 and 3 are negative, and 2 is

positive

13. The electric field lines for a system of two
charges is shown below. Which of the following
could be the correct charges 1 and 2?

g1 = +32uC,q, = —16 uC
g1 = —32uC,q, = +16 uC
q1 = —16 nC,q, = +32 uC

S o w >

g1 =—16 pC,q, = =32 uC

14. Assuming that there are no charges in the four
regions shown in the figure, which of the patterns

could represent an electric field? AT PN
0 o e ¥
I o

B

—/__._\

QJ ——
onse | z

“\0&—/’/”% //

\‘_/\\«’0\\()‘
3 -{\ 4 Ca nn

A.  1lonly r

B. Z2only diSCOmeC,\-QA
C. 2and3

D. 1land4

15. The figure shows a two-dimensional view of
electric field lines due to two opposite charges. At
which of the five points is the magnitude of the
electric field the largest?

A A
B. B
C. C
D. D
E. E
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16. Four charges are located on the corners of a
square as shown in the drawing. What is the
direction of the net electric field at the point

labeled P?
The elecnc

kel is dvech

pepotiono 4o

X S drostyd

+2q

o

19. A point charge g = 4.00 x 107° C is placed on

the x-axis at the origin. What is the electric field
produce at x = 40.0 cm?® =\ \L\O'q ¢ ak =0

A.

O—q

O

*tq

Toward the upper left corner of the

square

Toward the middle of the right side

of the square

Toward the middle of the bottom side

of the square

Toward the lower right corner

of the square

ISTN/C £ %2 g0
201 N/C re
225 N/C

20. A point charge is placed on the x-axis at the
origin. The electric field produce at x = 40.0 cm is
157 N/C. What s the point charge?

A.
B.
C.
D.

120 x107° C
280 x107°C
340x107°C
4.00x107°C

©=7

Y= 0-um

Ec\SOrNIC N

£. 44 0= 25
= Z'%X\Q—q

21.A 4.00 x 1077 C point charge is placed at the
origin. Where on the x-axis is the electric field

produced by the point charge 157 N/C?

17. Three charged particles are arranged on Q=MUx\0""C
corners of a square as shown in the figure below. A, 22cm £ =183 N/C
What is the direction of the electric field at the B 28 0
upper right corner, which is a point in empty ' cm =" ne
space? C 40em g-= X8 —C-\J g
rﬂ—
A D. 48cm 0D wm
B. b 22. Two point charges are placed on two of the
C. C corners of a triangle as shown. Find the
magnitude of the electric field at the third corner
e . of the triangle. W@O&Mm ot
+2Q -Q \
E. e MUANC gm d A
6.0 nC
18. At a distance d from a charge, the magnitude T
of the electric field is E. What would be the 10 cm
magnitude of the electric field a distance d/2 from s _L 2.0uC
the same charge? @ dishne =4 , & disane = = oy “LmC
Coe 20 cm
elecnc hield= £ ] acs
. ) 9 €=
A E/4 P vy ML 0] E- _(/z ® 2
B. E/2 ( A. 3.9 x10°N/C
[
C. 2E E=— B. 4.5x10°N/C
) C
= ('z> C. 54x10°N/C
' \
E= e D. 6.7x10°N/C @E=W
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23.A + 5.0 C charge is located at the origin. A
—13.0 C charge is placed at x = 1.0 m. At what
finite location(s) on the x axis will the electric
field be equal to zero?

in between the particles, closer to the

A. i .
positive particle
B in between the particles, closer to the
" negative particle
C not in between, but closer to the
" positive particle
D not in between, but closer to the

negative particle

24. A small positively charged object is placed at
rest in a uniform electric field as shown in the
figure. When the object is released, it will

|

o
\

(|

4
+ o—>
4
4

YYYYYY

A. Not move

Begin to move with a constant

B. speed
C. Begin to move with constant

acceleration Pfforwy tiele
D. Begin to move with an = uwiYe e\ Soi@

increasing acceleration _ Qo acALenc)

25. The diagram below represents a positively
charged particle about to enter the electric field
between two oppositely charged parallel plates.
The electric field will deflect the particle ____

I EEEEEEEE XX

into the page
out of the page

toward the top of the page

S 0o w »

toward the bottom of the page

w¥oom | st

26. A small positively charged object could be
placed in a uniform electric field at position A or
position B in the figure. How do the electric forces
on the object at the two positions compare?

>
>
>
>
>
>
>
>
>
>
»

k—b
E

> e
e

The magnitude of the electric force on

A the object is greater at position A
B The magnitude of the electric force on
" the object is greater at position B
C There is no electric force on the object at

either position A or position B

The electric force on the object at
D. position A is the same nonzero electric
force as that on the object at position B

27. A negative charge —q is placed in a
nonuniform electric field as shown in the figure.
What is the direction of the electric force on this
negative charge?

—

@)

A -
B. T
C
D. |
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28. The diagram shows the electric field lines due
to two charged parallel metal plates. We conclude
that

Y Z
°

A T A).( \/:Metal Plates

A

the upper plate is positive and the
lower plate is negative

a proton at X would experience the
same force if it were placed at Y

a proton at X experiences a greater
force than if it were placed at Z

a proton at X experiences less force
than if it were placed at Z

29. The diagram below shows the electric field
lines due to two charged metal plates. X, Y and Z
are locations where charges may be placed. Which
of the following is true?

Yo

oZ Xe

The left plate is positive and the right
plate is negative

A negative charge at X experiences a
greater force than if it were placed ay Y

A positive charge at X experiences less
force than if it were placed ay Y

30. In the diagram below, point P is located in the
electric field between two oppositely charged
parallel plates.

|@——~+

11

Compared to the magnitude and direction of the
electrostatic force on an electron placed at point
P, the electrostatic force on a proton placed at

point Phas ____

A.

the same magnitude and the same

direction

the same magnitude, but the
opposite direction

a greater magnitude, but the same

direction

a greater magnitude and the
opposite direction

31. A proton moving along the positive x-axis
enters an electric field that is directed along the
positive y-axis. What is the direction of the
electric force acting on the proton after it enters
the electric field?

oS o w =

p——

'.F

Along the negative z-axis

Along the positive z-axis

Along the negative y-axis

Along the positive y-axis Ty +

32. A charge is placed at the center of a cube.
What is the flux of the electric field through one

A positive charge at X would experience face of the cube? q
the same force if it were placed ay Z ' Cb = —i"‘
A0 3 )
. — B. q/6¢g ¢ = Yy
f D, tleric e Foc o ¢ q/e 7.6 = o<k
+ — -  Peiiul c,wwa/t - /% NG
' _E suml en D. 624 Qetd
—
eleckc meld
N n ~
Zeanord
fa’b’ Page 6 of 22 —oded /]lux o oo Swage =0
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Questions 33 and 34
A flat surface of area 3.20 m? is rotated in aN&
uniform electric field of magnitude

E = 6.20 x 10% N/C. a&z\@g

33. Determine the electric flux through this area
when the electric field is perpendicular to the

surface.
D=CA - w30
A 0NmZ/C = (9O*D .‘J\stCGD
5 2
B. 6.19x10°Nm?/C l&‘{\)NMZ/Q
C. 1.40x10° Nm?/C

1984 % |6

D. 198 x 10° Nm?/C

34. Determine the electric flux through this area
when the electric field is parallel to the surface.

A. 0Nm?/C
B. 6.19 x 10> Nm?/C
C. 1.40x10° Nm?/C

D. 198 x 10° Nm?/C

35. A cylinder made of an insulating material is
placed in an electric field as shown in the figure.
The net electric flux passing through the surface
of the cylinderis

\\

I
= S

el

7

A. Positive
B. Negative

C. zero

e

Ay vy - weo e Yy x
Awy exbvgy (le\ Costiivg -

36. The lines in the figure are electric field lines,
and the circle is a Gaussian surface.

I

=
==

For which case(s) is (are) the total electric flux
nonzero?

A. 1lonly

B. land2
C. 2Zand3
D. 4,5and6

37. A cubical closed surface has N inward electric
flux lines passing through one face and N outward
electric flux lines passing through the opposite
face as shown in the figure below. The flux lines
exhibit convergence and there are no flux lines
passing through any other face. If the magnitude
of the electric field at the center of the cube is E,
the total charge inside the cube is __

A. zero ZE?

B. &N

o
o /]

38. A charge Q is enclosed by a Gaussian spherical
surface of radius R. If the radius is doubled, the
outward electric flux will ____

01:/«0(.'- G’.
Qodiwy: & v

remain the same Q\\)ff‘

reduce to half

A

B. be doubled
C. increase four times
D
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39. A cubical Gaussian surface is placed in a 41. In order to use Gauss’s Law to calculate the

uniform electric field as shown in the figure. The electric field created by a known distribution of
length of each edge of the cube is 1.0 m. The charge, which of the following must be true?
uniform electric field has a magnitude of 5.0x108
N/C and passes through the left and right sides of The charge distribution must be in a
the cube perpendicular to the surface. What is the - A. nonconducting medium
total electric flux that passes through the cubical g,,{\('\“a)
Gaussian sulj%ce? (v Q,\ (‘\/3 ww”‘\') B The charge distribution must be in a
_ %‘i’; l —— 4 » " conducting medium
4 “‘*"“x\ 1> (\/ ::: + () U\;"\S\“\ND ¢ The charge distribution must be
,‘\; WO | WV " uniform
o b \:W ’ / /é( The charge distribution must have a
N 0 a\ D high degree of symmetry that allows
A. 3.0 x10° Nm?/C 6\6 d‘o " assumptions about the symmetry of its
) wl\ electric field to be made
B. 2.5x10° Nm?/C A .
W) 0 %r\\f\wﬁ
C. 15x107 Nm?/C Questions 42 and 43
W . The figure below shows five Gaussian surfaces
D. zero % e L (a to e) surrounding a distribution of charges.
w
40. A small sphere has a charge +q. Spherical +3q ~a
Gaussian Surfaces A and B are concentric with 0 “b
the sphere, as shown in the figure below. The _2q —q
radii of surfaces A and B are r and 2, o ‘e
respectively. +2q
~d

(o Xt

42. Which of the Gaussian surfaces have an
electric flux of +q/¢, through them?

A a
B. b
The magnitude of the electric flux through A is ¢ . C. ¢
The magnitude of the electric flux through surface
B is ¢g. The ratio ¢4 /g is __. D. d
E. e
A 4/1
B 2/1 43. Which Gaussian surface has no electric flux
- 2/ through it?
C. 1/1
A a
D. 1/2
B. b
C. c
D. d
E. e
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44. The figure below shows a distribution of
charges. The flux of the electric field due to these
charges through the surface S is

48. The diagram below shows three charges g4, g, @‘i{@
and g3, all lying in the plane of the page. The oS’ &
diagram also shows the circle that represents % ~ Q@‘/\
cross-section of a spherical Gaussian surface.

2 Which of the charges contributes to the electric \
A. zero field at a point on the Gaussian surface? O\\W
q o
B. — A, +giand +q3 Xt O{\\d‘\\)\)
0 .
B. +g;and-— £\CM
. 2q / a1 p) X0 \A
& — e
0 C g, and + g5
3 A X
D. g—q b g D.  +qi,—qzand + g3
0

45. Four charges are placed in three-dimensional
space. The charges have magnitudes

+3q, —q, +2q, and —7q. If a Gaussian surface
encloses all the charges, what will be the electric
flux through that surface?

A. —13q/¢

B. —3q/¢

C. 3q/¢
1361/50

oned BN Elpr

46. The electrlc flux through a spherical Gaussian
we of radius R centered about an amount of
charge Q is 1200 N m2/C. What is the electric flux
through a cubic Gaussian surface of side R
centered about the same charge Q? (=

lcoNm [C

A. Lessthan 1200 Nm?/C M) ; ,
B. More than 1200 Nm?/C
C. Equalto 1200 Nm?/C

g@b\’

%\%

It cannot be determined with the given
parameters

47. A 3.5 C point charge sits in the center of a 1 m
cube. What is the electric flux through one side of

the cube? 0\ n
A, 5.0 x 10 Nm2/C P= gﬂ

B. 3.3x10Y Nm?/C /32 )
= —~ —_— 1\

C. 4.5x10° Nm?/C L (%.%Sx\ﬁ

D

6.6 x 101° Nm2/C

ok 10 o [U

49. Inside a spherical surface isa 5.3 X 1076 C
and a —2.2 X 107° C charge. What is the total
electric flux through the surface of the sphere in
units of Nm?/C? L e

A 34x1071° (b s

7o

B. 28x10* (5331 “6\x/q. 11\0 )

C. 3.5x105 = Q il

D. 31x10° = gE02%2;" A
3.5%10°

50. Which of the following could be true for a
Gaussian surface through which the net flux is
zero?

I.  There are no charges inside the surface.

II.  The net charge enclosed by the surface is
Zero. \/

The electric field is zero everywhere on
the surface.

1L

[ only
llonly & CgQ’CLN\

III only

oS o w »

[, [l and III

@4 point charge sits in the center of a 1 m cube.
e

electric flux through one side of the cube is
7.2 X 101° Nm?2/C. What is the charge at the
center of the cube?

Gn_
A 38C = 2,
B. 4.6C an
. szD D Sammm—'
¢ eoc X0 TN
D. 89C

13 .9
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52. A conducting spherical shell S has a charge Q
distributed over its surface. The total electric flux
through any imaginary concentric spherical shell
of radius r that encloses Sis ____.

: Q ‘}
. 0 2 |
inversely proportional tor= |

directly proportional to r s

directly proportional to r? y voval”
RBIINGY R

53. Two concentric spherical surfaces are drawn
around an isolated positive charge +q located at
their center, as shown below. The inner surface
has a radius that is 1/2 that of the outer surface. If
the total electric flux passing through the inner
surface is ¢, what is the total electric flux passing
through the outer surface?

S o w @

Independent of r

- -~

A ¢/4
// P it \\
/ ’ N \
B ¢/2 ,', II, *q \| “l
\ H I
C. \ \ / !
¢ \\\Q( ) \‘_(_-a/, /II
D. 2¢ Y

~~ -

oneosd 54. A uniform electric field with a magnitude of

125 000 N/C passes through a rectangle with
sides of 2.50 m and 5.00 m. The angle between
the electric field vector and the vector normal to
the rectangular plane is 65.0°. What is the electric

flux through the rectangle?  =_ 195 poon) /C

1.56 x 106 Nm?/c B =2.5%5

%\cx\r A

7,\;@& B. 6.60 x 10° Nm?/C £
/(V\:\t( C. 1.42x 105 Nm?/C (¢
\-?\(;\(\M D. 549x10*Nm?/c V!

1-5wW
55. A point charge, +Q, is located on the x-axig at
x = a, and a second point charge, —0, is located
on the x-axis at x = —a. A Gaussian surface with
radius r = 2a is centered at the origin. The flux
through this Gaussian surfaceis ___.

—_—

q

in
2 A0

z

dopr S 6‘00(\ C

¢ M 00
56. A hollow, conducting sphere is initially given
an evenly distributed negative charge. A positive
charge +q is brought near the sphere and placed
at rest as shown in the figure. What is the
direction of the electric field inside the hollow
sphere?

o o
| !
d
A. -
B. T
C. «—
D. The field is zero

SV‘)J\
57. A hollow, conducting sphere is initially
uncharged. A positive charge, +q3, is placed inside
the sphere, as shown in the figure. Then, a second
positive charge, +qy, is placed near the sphere but

outside it. Which of the following statements
describes the net electric force on each charge?

& =Lhkcog B
= (s28)(1 zs,ooo)(fosé‘&\
Q Q
T4, Rl
A There is a net electric force on +q; but
" noton +q;
5 W B There is a net electric force on +q; but
" noton +q:
Both charges are acted on by a net
C. electric force with the same
magnitude and in the same direction
Both charges are acted on by a net
D. electric force with the same

- - magnitude but in opposite directions
A. zero / ~
B. greater than zeror — a +d \
C. lessthan zero ,‘ 6>(/ﬂ0\ : <=0 > /J’LO\
D. Exactly2Q/gy \ (
70
~ e
S o —~ ~ Page10of22
B — <k @+
T — = =
S . S6



58. A charge of +2q is placed at the center of an
uncharged conducting shell. What will be the
charges on the inner and outer surfaces of the
shell, respectively?

Inner surface Outer surface

A —2q +2q
B. —2q +4q @
C —2q —2q
D —q tq

59. Which of the equations below represents the
total charge distributed over a surface?

Cc
A. Qt=fq(r)dr 6 = A
B. Q,= f/l(r) dl }
g\%vm
C. Q,= f o(r) dA D\\\s\(\W\"A
C)Wﬂfts@

D. Q= fp(r) av o

T

60. In order to use Gauss’s Law to calculate the
electric field created by a known distribution of
charge, which of the following must be true?

The charge distribution must be in a

62. Which of the following Gaussian surfaces
would be the simplest to use to determine the
electric field intensity near a long, straight,
charged wire?

scw-*
Ce S

e « %

A cylinder whose axis coincides with

A the wire
B A cylinder whose axis is perpendicular
" to the wire and passes through the wire
C A sphere with the wire through its
" center
D A cube with the wire passing through

the centers of opposite faces

63. An insulating solid sphere of radius a has a
uniform volume charge density p and total
positive charge q. The strength of the electric field
inside the sphere at a distance r from the center (r

< a) is proportional to __. jmulah'ng solid s5p)

A r E= LA
>
B. 1/r? R 3
C. 1/r3 consdant
2 md\'\)& °¢ &Phe(z
b 1/a et Soeond changR

A nonconducting medium 64 T_he electric field ata .distance r from an
infinite, flat non-conducting sheet with a charge
B The charge distribution must be in a a density o is __.
" conducting medium 60,55‘69'9, s
N & ) 59
C The charge distribution must be /7 ® N o/2rgg 7
" uniform S RO
W W B. a/re
. . I
The charge distribution must have a N
D high degree of symmetry that allows C. d/2&
" assumptions about the symmetry of
its electric field to be made D. o/
Tkutle

61. The electric field for a long wire with charge
per unit length A surrounded by a Gaussian
surface in the form of a cylinder with radius r and
length Lis__.

2

B. 2kA/L
C. 2kAr
D. 2kAL

65. The diagram below shows two charged plates
placed close to each other. Rank the points 1, 2
and 3 from greatest to the least electric field.

A 1>2>3 +
B. 3>1>2 + g=°
C. 3=2>1 Q At ?
. 3=2> 20
e
D. 1=2=3 G
Baal® T Wt
%v \,JI"“LP
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66. Two infinite sheets of uniform charge density
+0 and —o are parallel to each other as shown in
the figure. The electric field at the

IL

V.

L?'V‘/\/L o Xl SV(}/::\:.(/

midpoint between the sheets is zero
points to the left or to the right of the
sheets is zero

midpoint of the sheets is o/ ¢y and is
directed towards right

midpoint of the sheet is 20/ ¢, and is
directed towards right

Questions 69 and 70.

A charge +Q is uniformly distributed throughout
a nonconducting spherical shell of inner radius R
and outer radius R, as shown below. The electric
field is determined at a distance r from the center
of the spherical s

A. Tonly + =
i
B. Ilonly 1o i _|,—©C
+ e
C. Ilonly + 69. The electric 71s __
+ —>
D. Iland Il only +
A. zero
67. A charge -Q is placed at the center of a B 1 i
conducting sphere. Which of the following " 4meg R,
statements concerning the electric field at A, B 1 0
and C is true? il C men?
. b 0
% O.AOI‘?F wside '\m‘é& eV 6 2
v} 718(0 = 1 Q
conduchul £=° D.
M;OBP 4me (RZ - Rl)z
VS iwpﬂ« "l:ﬁ Y 'EA— #0
we S« spal” 70. The electric field for r >
4 co™ P
w¥ " A Itis outward at A and C and zero at B 1 9
B. Itisinward atA and C and zero at B 4me, R_12
/D’/.Itisinward atA, B,and C 5 1 Q
. \Nﬂ D. ItiszeroatBand CandinwardatA " 4mey Ry’
[} 1 Q
M 68. Which of the following statements is false G Ame, r2
regarding a conducting sphere? 1 0
D. _—
Inside the charged or neutral conducting 4mey 12 — R,?
A. sphere, the electric field is zero </
There is no net charge at any point
B. inside the conducting sphere ~<¢u%
The potential is constant throughout the
C. volume of the conducting sphere
The electric field at the surface of the
D. charged conductor must be tangent1a1 to
the surface at any point @ (/\l
,«_ \(,-‘e/‘é’  C ‘i SW(E:Q [CNA(
N Long

comot L" ro aubae NOT

/)'f/’?"lf‘/\.; W /4;/10.(

ANGENTIAL

Page 12 of 22

+* @lwaw PUPM\(MW



Free Response:

1. Which of the following statements is/are true?

omall vadiud

0F cuvahe. @&
= Bhorp

porlion

a.
b.

j-

Electric field lines may cross.

Electric field lines point outward from positive charges.
Positive point charge released from rest will initially accelerate along a tangent to the electric field

line at that point. e S-HOnge,r

The closer together the electric field lines are, the weaker the electric field.

The direction of an electric field is the direction of the force on a positive charge placed in the

field.

If the number of field lines entering are equal to those leaving the area, the net electric flux is zero.

The electric flux has a minimum value through a surface when the area vector is perpendicular to

the electric field.

The electric flux through a closed surface with a given enclosed charge is independent of the size

or shape of the surface.

The electric field is zero everywhere inside the conductor, whether the conductor is solid or

hollow. Foold be

If the conductor is isolated and carries a charge, the charge resides on its surface. Grealeal |
On an irregularly shaped conductor, the surface charge density is least at locations where the l
radius of curvature of the surface is smallest. UI\MSQ dU\ﬁug is il pregorional 4o odivs of cwatuee.
Any cavity inside a conductor is totally shielded from any external electric field.

On an irregularly shaped conductor, the surface charge density is least at locations where the
radius of curvature of the surface is smallest.—> VV\UDX— \o2 %CQC\VOE (50"\*“ C\,\’%\".w\ 3

The electric field just outside of a conductor must be completely perpendicular to the surface and

OMOML)

have no components tangential to the surface.
A state of electrostatic equilibrium on the conductor is created by mutual attraction of all charges

on the surface of the conductor

2. Complete table below on electric fields.

T
E_OL

Test Charge(C) Force on Test Charge (N) Electric Field Intensity (N/C)
1.0 x 107° 0.30 5
2x[0
2.0x107° O LL 3.3 x 10°
=5 5
2 X IO 0.45 1.5x 10
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3
£ = 1soNC
3. The electric field in the atmosphere is about 150 N/C downward.

a. What s the direction of the force on a negatively charged particle?

?0( s vwﬁa)w% d/\a/((a&{, PM\(\()Q WA u@\»(}f&} )\"30( deckons Hae
e
b. Find the electric force on an electron with charge 1.6 x 10719 C. d\z{crd;:;)é )({)“LM\—

= - 1
E-g —b FoEq = 1s0(1exI6™) = 24up Tl W M
varA %‘ '

4. A point charge, ¢ = 4.00 x 10 ~9C, is placed on the x-axis at the origin. What is the electric field

produced at x = 25.0 cm? -
co (30" ) (1o )
@ l’7’ 2
. ; 0.25
X =c X =25um _
T=Y klo—qc = S?S%g '\3/C..

5. What is the electric field strength 20.0 cm from a point charge of 8.0 x 1077 C?

= g _®.a9ap ) (e o)

= — = = |

6. Two point charges are placed at two of the corners of a triangle as shown in the figure. Find the
magnitude and the direction of the electric field at the third corner of the triangle.

-10.0 pC

_ (quaat)(10069) (354210 )(15x167) N

2
0 _lz 6-L

+15.0 pC

B 4 B Aefte—
= 309 x [0 N/CWP = 3331250 N/ C bo-\—\S/.AC/ l 20.0 cm >

E =77
=\ (wa10" )+ (3371250 ot [0
O = tan -331\23@}
= qL0\32Y 209 /) o
¢ © = —L(9 4
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7. A +1.60-nC point charge is placed at one corner of a square (1.00 m on a side), and a -2.40-nC charge is
placed on the corner diagonally opposite. What is the magnitude of the electric field at either of the other
two corners? Ll

I T
+y bgﬂ\z @9.=-24nC
‘ * Somt
S 1 ok
_ (8gxS) (2 u o) = Gauxoh) (. 6x\0 ") X Im n - irechian
- 2 = 4&3’11 E & 3own
| Mmdwi\vd—dj
= 21.9576 /C = \1, 3gqun/C ° ,
Nghk “P q,=16nC e,

0 k' (350N 1 21 0 e prsion

21.93C
20 — GRS -
8. A +5.00 C charge is located at the origin. A - 3.00 C charge is placed at x = 1.00 m. At what finite
distance(s) along the x-axis will the electric field be equal to zero? ) )
8mc\m3 poinl.

)/{@ - UX =2 : @ 2opilipdom (asompHon )

r 's @SMCQ_ UA&ASJA el
+5 C
[ 5 \}z
() | 2®
VS

= (2153032, vzt = 250 N/ C

I

3C o oppsie aiopd sk
TN X e @ Gher s
@ U oJso MMk B

- - - -

> Z‘E— 2t =gAm xﬂw W Kag Smedlas
% £ (memeskodd Lo ook 5y ot

VS 2 = N3 (oc4t) diston g‘t’m aign -—‘r\j\’f&“v&, WL 0A3UWMR
S =Vzaens Sahshe) ovf @ o

2=UYYm &

(VS \2) =2 &J)S\)W\ph'o(\) X= 4w .

9. Electric fields of varying magnitudes are directed either inward or outward at right angles on the faces
of a cube, as shown in the figure. What is the strength and direction of the field on the face F?

_ &“_ _° . SNC2 Wwe Mouwl N0 cheme Mside
=E A= s, ?_,,—0 " 25.0 N/CIB
= E-A=0 / ‘
1S A ces'¥0 +25Rcos OF16Acos O +20Aces ) +20A casO —_— /0@(’
EEAO D
_> |
t*EcDcssD =0 e Al 200 N/C
noemo\ E= ?
A (154254 5420320+ Eg) =0 ©=1o? J
~ ~ 200 N/ClE

CO0+E¢ =0
Ee=-60 N/C & the direcyion is inoy indo Hre Sscace -
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10. The six faces of a cubical box each measure 20.0 cm by 20.0 cm, and the faces are numbered such that
faces 1 and 6 are opposite to each other, as are faces 2 and 5, and faces 3 and 4. The flux through each face

is given in the table. Find the net charge inside the cube. +350

—s0
"R L Face |Flux (N m?/C)

: 1 —70.
ZEA=EC}L—”‘ -‘:5_?0—91. 1 L/&:" 5 3228

. _ o / —‘100 B .
Soin=s£.a <« ¢, // R 3 —300.0
20in=(3.85x16™ )¢ (130718040 50 '[ 4 +300.0

-300

B 5 —400.
=qgin= - . 12x10 3¢ —
6 ~500.0

11. Find the net electric flux through the spherical closed surface shown below. The two charges on the

right are inside the spherical surface.

_ =Gie
Tl | To
C'XJOJ[)—#C‘BHO_L‘) +gOOnC

&.%Sx\g“l

= —22C0 9% {\) mz/c

- <
.
o \
+1.00 nC |
[
—3.00 nC /
J
~

12. Four closed surfaces, S; through S,, together with the charges —2Q, @, and —Q are sketched in the
figure below. (The colored lines are the intersections of the surfaces with the page.) Find the electric flux

through each surface.

], = sain - -2&*@ = & Nw™/c
! Z Co @~
_ )
. B @ % e

So 2z - - Qe

5o B2 -Zwa-a 2% e
Z o 2 o ¢ .
S“\ = aMm o

%o s :ON“"L/C

-~
/7 \ S
PTG e O
TS
/I { 71 S )
r [ I@-20K
y N
‘S'l' 1 I : 1 \
: [ S vSs
1 \ AN
o M@ +Q 1
“ \ 7 S ’;/
\ ‘\ // -
Nk =Q 7
~ /,
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13. A spherical gaussian surface surrounds a point charge q. Describe what happens to the total flux
through the surface if: N
galn - ~ .

a. the charge is tripled. - i / .
o \
Tripled , sre Juepe drechy propotional: /T
\ /
b. the radius of the sphere is doubled. \ /

Sums, sVe Hyre independent:
c. the surface is changed to a cube.
Sume, Since )Mu&o'e indeperdent -

d. the charge is moved to another location inside the surface.
dont ,sinee My independell

14. The figures below show the electric field lines through a sphere and a cylinder.

, e ©=90 , EAcsq0=0
_— —_— F
— —p— 2 >
# +a_ 25 * —  — G =0, éACQS@
e -~ > Nomimd|
O =0, €0cesQ

a. Find the net electric flux through the closed spherical surface in a uniform electric field shown in

figure a.
N ks ¢ Livn i = Mawdoes aP Liws sut
. Pl
B =0, ne el in o
enee \8

b. Find the net electric flux through the closed cylindrical surface shown in figure b.

=qi 2
¢ =01 _ S EfesQ < DhcosD+ EAcos() = 2EA=2x Ex(7?)
c. What can you conclude about the charges, if any, inside the cylindrical surface?

The nel CUnauopt Thalde L %I/mam‘ca_]\ surface'ts Posive
swce Hag ehecic Jild fiary ovt geiney o
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15. A uniform electric field exists in a region of space containing no charges. What can you conclude about
the net electric flux through a gaussian surface placed in this region of space?

Cbz 29 «—— ¥ Munn MY\«O(/{/W'@/\J)/M\MjWV\MAM nal\
Z o cedd Yo O & Mot Oy =6

16. Explain why Gauss’s law cannot be used to calculate the electric field near an electric dipole, a charged
disk, or a triangle with a point charge at each corner.

BCCM.Q o cony Liskd MS\)‘Q:¥ \nar_ WCJ
et ishibkon.

17. Find the electric field a distance r from a line of positive charge of infinite length and constant charge
per unit length 4 > 0.

“"'g*jo Ueep in mind
FFdF FIFIFEF :—\—HM \ ([ ’é\
o] / ‘ o=qp ot Qenghh
©=a0® \ % J’ v N »L N N Mlkﬁ
q)xo\m:SE'OLA + E-AA+S € da - An
l 7 3 %—O
= CALST + EAcss 04 EASAS = o
£A= Qin
E.O

E - q\r\ — O“ﬂ
Ae.  2rncds.

= X 2
ZW(éo Z*K MWéo
E: 2“)‘ QU = ‘
0, 2r <,
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18. Andnsulating solid sphere of radius a has a uniform volume charge density p and carries a total

&
}0:—\7 -——LQ:/DV

positive charge Q.

a. Calculate the magnitude of the electric field at a point outside the sphere.

- N E:? d\q‘: Q\ﬂ
/ \ SE <o
\ -
| CaA= AN
) ZO
/]
\ , c- @&
\0’01/\)1’6@ ">K / A%c’
~ P
T e PV
‘41('2'£°
£= M e \LQL
% (=

b. Find the magnitude of the electric field at a point inside the sphere.

/ & l A
’ —
) V O
\ ) V&pl/u\/\zl_ 2‘
\ ) .
N Tnade ro R ~ CQ Aiv
- _ _— = 3

T et T
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19. An infinite plane of positive charge has a uniform surface charge density o.

a.

6 =Sedar Ldrs SCoan-

= + €Aesi04c = &in
L0ceosd /aes@/‘ A cod -

Find the electric field due to the infinite plane.

A
Co

(o]

f.e
A A
%u— 2£°

X \
X & |
e X e
X o x |
N~~3)( :\/ A‘\
X 1
X 2l g
X \
X . iy )( @B |
| -
X X = E
5 X ‘\, 7
SN
e
,// Gaussian

surface

b. Suppose two infinite planes of charge are parallel to each other, one positively charged and the

L _ s
Tojal T
.

other negatively charged. The surface charge densities of both planes are of the same magnitude.
What does the electric field look like in this situation?

20. The charge per unit length on a long, straight filament is —90.0 uC/m. Find the electric field 10.0 cm
from the filament, perpendicular to the length of the filament.

Norma |

6 =90°

No Q —6
6=0 Y = —=-90x%10°C
T r T TN Q [
2 3 q 0 -C
B e 4—\4— ‘ T4 E = 2U ™ _ 2(%.94¢(0 )(q *10 )
| P — o
\J/ X N \ 7 i 0’ q
.|0CVV‘ = I'g%lo M/C
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21. Alarge, flat, horizontal sheet of charge has a charge per unit area of 9.00 uC/m?. Find the electric field
just above the middle of the sheet.

= =

5 o=Scdnsfedas Sean- I
S = qu/m - Eawsd+ M*Ea“ﬂ: %
_I) EA+EA =T | ora. A
— <. €.
E- — — axio” 50%474.5963 N /C

2¢, = 2(38s01672 )
22. A thin Lmetallic spherical shel{ of radius a has a charge +Q evenly distributed over its surface.

o.méuc\\'Vx3 S\A.e.\\
+Q. dismbuted
oW € ucface

a. Determine the electric filed at each of the following regions:

i.  Inside the shell (r < a).
Dince M) o (/V\-b\fta& hwsde & U/j)
hechricellyy iselettd Mo electc fe\dis ZERQD

ii.  Outside the shell (r > a).

raes

; e > 1“‘“\9"{" ex\PlanM/\'of\ &o( Hrede whe  vour (b
a
N .= _a _«a
T OAE.,  umarg, ax

23. Consider a hollow spherical conductor with total charge +5e. The outer and inner radii are a and b,
respectively.

a. Calculate the charge on the sphere’s inner and outer surfaces if a charge of —3e is placed at the
center of the sphere.

Swer= 4+ 3p ’

+5e

Oudeo-= -2 45 = 2@

b. What is the total net charge of the sphere?
CSW

TS5 13 — 3¢ = Cp A
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24. A —6.00 nC point charge is located at the center of a conducting spherical shell. The shell has an inner
radius of 2.00 m, an outer radius of 4.00 m, and a charge of +7.00 nC.

a. What s the electric field atr; = 1.00 m?

wa (2.9ax\0" M—ulo"‘}
E: (2 — \Z

= -B3.94 N/C

b. What is the electric field at r, = 3.00 m?
The eleenc «g&ld S zers o Mae 4ehic g\{\&

wmian o conduckn B zern-
c. Whatis the electric field at r; = 5.00 m?

w(9+ G (844x10")= ((?x\o“)% cx16"))

rz "

E -
~ 0.20 N/

d. What is the surface charge distribution, o, on the outside surface of the shell?

0\

(a+ B) ((%xm )Jr(exto D) _ ko
T prea R r L“W(VOL

= .97 x| O_Qc/wf'

25. Consider a thin, spherical shell of radius 14.0 cm with a total charge of 32.0 pC distributed uniformly

on its surface.
ouliy urback S

a. Find the electric field 10.0 cm from the eenter-efthe-charge-distribution.
This weewd v

QWCAIV\MSO >
oubside M Shadd (

b. Find the electric field 10.0 cm from the center of the charge distribution.

Olnce wn inside Ma SWl Mar Uedhic
}\'Q\& & 2o

—_— -
P

c na

Page 22 of 22



