Physics

Chapter Summary

Electricity-Electric Fields

Test Charge (q,) - An object with a very small
magnitude of charge so as to not disturb the system.
[t is used to determine the extent to which
surrounding charges generate a force.

Electric Fields

The electric field (E) is the force per Coulomb, F/qs,
experienced by a test charge in the presence of other
charged object(s). Through this definition it should
be clear that the electric field is a vector quantity that
points in the same direction as the electric force for
positive point charges. The force and field point
opposite for a negative point charge. Itis the
surrounding charges that create an electric field at a
given point. All surrounding charges contribute to
the net electric field. To determine the net electric
field it is necessary to determine all of the individual
electric fields and then find the vector sum.

Point Charges

Point charges are used to determine the electric field
around electrically charged objects because the
equations simplify. If Coulomb’s law is considered
using q, for the point charge and q for the charge in
question the equation becomes

_ kqqo
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In the above equation divide both sides by qo to get

F k k
——ZthenE=—Z
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This shows how the charge of the point charge is not
needed to determine the field experienced by a
charge. Often symmetry in problems will prove to
simplify the solution and provide useful information.
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Electric Field Lines

Since electric charges create electric fields in the
space surrounding them it is useful to have a map
that gives the directions and magnitudes of all of the
electric fields present at different locations. Michael
Faraday set up an experiment that determined
electric field lines point radially outward from a
positive charge. The electric field lines were found to
point radially inward toward negative charges. This
makes sense in the opposites attract and opposites
repel. The field lines are found 360 degrees around
the charge, however only some are drawn to
eliminate confusion. The amount of field lines
indicates the strength, so a point with 5 times the
number of lines than a point with charge +q would
indicate a charge of +5q. The pattern of electric field
lines also indicates the magnitude or the strength of
the field. When field lines are close together that
would indicate a stronger field strength. When the
field lines are further spaced apart, further from the
center of charge, the field strength is weaker.

Electric Dipoles

Often electric field lines are curved, as in the case of
electric dipoles. A dipole consists of two electric
charges of equal magnitude but opposite sign. The
electric field of a dipole is proportional to the product
of the magnitude of one of the charges and the
distance between the charges (called the dipole
moment). The pattern of the lines for the dipole
indicates that the electric field is greatest in the
region between and immediately surrounding the
two charges, since the lines are closest together
there. For any given field line, it originates at the
positive charge and ends on the negative charge. In
general, electric field lines always begin on a positive
charge and end on a negative charge and do not start
or stop in midspace. Furthermore, the number of
field lines leaving a positive charge or entering a



negative charge is proportional to the magnitude of
the charge. So if 100 field lines were drawn out of a
+4q charge, then 75 would be drawn for a +3q charge
and 25 for +qg. For two identical charges the electric
field lines are curved. For two positive charges, there
is an absence of field lines between the charges, this
indicates a weak field directly between the charges.
When drawing electric field lines be sure that they
never cross over one another, they can never be
crossed.

The Parallel Plate Capacitor

The equation for the electric field of a point charge
can be reevaluated using calculus to be derived for
point charges distributed over a surface. One
example of this is the charge and electric field on a
parallel plate capacitor. Each plate has an area, A,
with one plate having a charge of +q and the other a
charge of —q. The charges are spread uniformly
across the area of the plate. In the region between
the plates and away from the edges, the electric field
points from the positive plate toward the negative
plate and perpendicular to both. Gauss’ law can be
used to show the magnitude of the electric field, it
says

q o

E= €A €,

Sigma (o) denotes the charge per unit area (q/A) of
the plate, also called the charge density. The field has
the same value at all places between the plates,
except by the edges. Note the field does not depend
on the distance of the charges from the plates,
whereas the isolated point charge does depend on
distance.

Potential Energy

Electric potential energy is analogous to gravitational
potential energy. If a point charge, +qo., were placed
between two oppositely charged plates. The force
experienced by the point charge, F=q,E, would be
directed toward the negative plate. Therefore the
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work done by the electric force equals the difference
between the electric potential at A and that at B:

WAB = EPEA - EPEB
The Electric Potential Difference

Since the work done depends on the charge qo, the
work is usually expressed per unit charge. The
equation becomes:

Wyg _ EPE, EPEg
qo 90 qo

Electric potential is the electric potential energy of a
small test charge divided by the charge itself. The
equation for the electric potential, V, is defined as

_EPE

_QO

Where the electric potential (V) is in units of Joules
(EPE) per Coulomb (qo), or J/C which is called the
volt.

The electric potential can be related to the work
equation
EPEp EPE, —Wyp

AV =V -V, =
5 4 do qo qo

Neither the electric potential nor the potential
difference can be determined for one value, but
rather only the differences can be determined.

As a positive point charge, qo, accelerates from an
area of higher electric potential to an area of lower
electric potential in the direction of the oppositely
charged plate. If a point charge of -q0 were to be in
the same electric field it would accelerate in the
opposite direction, toward the other plate. Therefore
a negative charge accelerates from an area of lower
electric potential energy to an area of higher electric
potential.



SXAMPLE 7 e An Electric Field Leads to a Force

In Figure 18.18a the charges on the two metal spheres and the ebonite rod create an
clectric field E at the spot indicated. This field has a magnitude of 2.0 N/C and is di-
rected as in the drawing. Determine the force on a charge placed at that spot, if the
charge has a value of (a) g, = +18 X 10-8 C and (b) g, = —24 X 107° C.

Reasoning The electric field at a given spot can exert a variety of forces, depending
on the magnitude and sign of the charge placed there. The charge is assumed to be
small enough that it does not alter the locations of the surrounding charges that cre-

ate the field.

Solution
(a) The magnitude of the force is the product of the magnitudes of ¢, and E:

F=q,E= (138X 1078 C)(2.0 N/C) =| 36 X 108N (18.2)

Since g, is positive, the force points in the same direction as the electric field, as part
b of the drawing indicates.

(b) In this case, the magnitude of the force is

F=gqg,E=(@4X 10-8 C)(2.0 N/C) =|48 X 10 ®N (18.2)

The force on the negative charge points in the direction opposite to the force on the
positive charge, that is, opposite to the electric field (see part ¢ of the drawing).

EXAMPLE 8 e FElectric Fields Add as Vectors Do

Figure 15.19 jshuw.a o ch.urged objects, A and B. Each contributes as follows to
the net f,:]f:c_trlc field at point P. E, = 3.00N/C directed to the right, and Ey =
2.00 I'jdr’L directed downward. Thus, E, and E; are perpendicular. What is the net
electric field at P?

eriisoni:rg T?"u: net electric field E is the vector sumof E, and E;: E = E, + Eg.
hhs illustrated in Figure 18.19, E, and E; are perpendicular, so E is the diagonal of
the rectangle _ﬁ:nﬁnc:l_ by E, and E,. Thus, we can usz the Pythagorean theorem to
find the magnitude of E and trigonometry to find the directional angle @,

Solution The magnitude of the net electiic field is
E=4E} + E* = VB.00N/C)® + (200 N/C)* = [3.61 N/C
The direction of E i1s given by the angle #1in the drawing:

Ey' 2.00N/C
ﬂ'—tml'( E‘]_ml-l(— s, e
E " \ooN/C [33.7°

4
Aoy
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Figure 18.21 The two point charges

g, and g, create electric fields E, and
E, that cancel at a location P on the
line between the charges.

EXAMPLE 10 e The Electric Fields From Separate Charges
AMay Cancel

Two positive point charges, ¢, = +16 pC and g, = +4.0 uC, are separated in a
vacuum by a distance of 3.0 m, as Figure 18.21 illustrates. Find the spot on the line
between the charges where the net electric field is zero.

Reasoning Between the charges the two field contributions have opposite direc-
tions, and the net electric field is zero at the place where the magnitude of E, equals
that of E,. However, since ¢, is smaller than g, , this location must be closer to g,. in
order that the field of the smaller charge can balance the field of the larger charge. In
the drawing, the cancellation spot is labeled P, and its distance from ¢, isd.

Solution At P, E, = E,, and using the expression E = kq/r?, we have
k(16 X 107°5C) k(4.0 X 107°C)
d? B O d)

Rearranging this expression shows that 4.0(3.0 m — d)’ = d*. Taking the square
root of each side of this equation reveals that

2.0B3.0m — d) = =d

The plus and minus signs on the right occur because either the positive or negative
root can be taken. Therefore, there are two possible values for d: +2.0 m and
+6.0 m. The value +6.0 m corresponds to a location off to the right of both charges,
where the magnitudes of E, and E, are equal, but where the directions are the same.

Thus, E; and E, do not cancel at this spot. The other value
location shown in the drawing and is the zero-field location:

for d corresponds to the

d— +2.0m‘.
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Figure 18.22 Charges of identical
magnitude, but different signs, are
placed at the corners of a rectangle.
The charges give rise to different
clectric fields at the center C of the
rectangle, depending on the signs of
the charges.
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Figure 18.27  The electric field lines of an electric dipole are curved and  Figure 18.28  The electric field lines for two identical
extend from the positive to the negative charge. Atany point, suchas 1.2, positive point charges. If the charges were both negative.

or 3, the field created by the dipole is tangent to the line through the point.  the directions of the lines would be reversed.
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Figure 18.29 (a) Incorrectly and
(b) correctly drawn electric field lines.
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1. Which diagram best represents the electric field around
anegatively charged conducting sphere?

2. Inthe diagram below, A isapoint near a positively

charged sphere.
Ol
[ ]

Which vector best represents the direction of the
electric field at point A?

A)_) B) T C)(__ D) l

3. Which diagram best represents the electric field
surrounding a positive point charge?

2N RN

‘/1\ 7™
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4. Which graph best represents the relationship between the magnitude of the electric field strength, E, around

apoint charge and the distance, r, from the point charge?

A) B) 0)

D)

5. The diagram below shows the arrangement of three
charged hollow metal spheres, A, B, and C. The arrows
indicate the direction of the electric forces acting
between the spheres. At least two of the spheres are

positively charged.
“ »\@

Which sphere, if any, could be negatively charged?
A) sphere A
C) sphere C

B) sphere B
D) no sphere

Base your answer to the following question on the
information and diagram below.

Two small metallic spheres, A and B, are separated
by adistance of 4.0 x 10 meter, as shown. The charge
on each sphereis+1.0 x 10° coulomb. Point Pis
located near the spheres.

°
P
+1.0x106C +1.0x106C

®

|e——— 4.0x10" M ———|

6. Which arrow best represents the direction of the
resultant electric field at point P due to the charges on

spheres A and B?

A) B)

) D)
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7. Inthe diagram below, P isapoint near a negatively
charged sphere.
C).P

Which vector best represents the direction of the
electric field at point P?

A) B)

1 T

8. Two positively charged masses are separated by a
distance, r. Which statement best describes the
gravitational and electrostatic forces between the two
masses?

C) D)

A) Both forces are attractive.
B) Both forces are repulsive.

C) The gravitational forceis repulsive and the
electrostatic force is attractive.

D) The gravitational forceis attractive and the
electrostatic forceis repulsive.

9. Two equal positive point charges, Aand B are
positioned as shown below.
5 . O
[ ]
@ X

)
Y

At which location isthe electric field intensity due to
these two charges equal to zero?

A) A B) B C) X D)Y

Base your answer to questions 10 and 11 on the
diagram below which represents two small charged
spheres, A and B, 3 meters apart. Each sphere has a
charge of +2.0 x 10°C,

e

A y B
10. If apositive chargeis placed at point x, the direction

of the net force on the charge will be

A) into the page
C) toward the left

B) out of the page
D) toward the right

11. Which diagram best illustrates the electric field
between charges A and B?

A) g B)
—@F——=B) \
S——r B
)
(B)

s
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12. In the diagram below, two positively charged spheres,
A and B, of masses ma and mg are located a distance d

apart.

®

Which diagram best represents the directions of the
gravitational force, F4, and the electrostatic force, Fe,
acting on sphere A due to the mass and charge of
sphere B? [Vectors are not drawn to scale.]

A) Fe B g

Fg
© Fe (A o
&)
D) Fg /A\ Fe
N\,

13. Two protons are located one meter apart. Compared to
the gravitational force of attraction between the two
protons, the electrostatic force between the protonsis

A) stronger and repulsive
B) weaker and repulsive
C) stronger and attractive
D) weaker and attractive

Base your answer to the following question on the
diagram below which represents two small, charged
conducting spheres, identical in size, located 2.00
meters apart.

+5.00 x 10 coulomb -4.00x 10 Scouiomb

14. Which diagram best represents the electric field
between the two spheres?

A) e—— B) S
+) Q-@ ) (+)(-)
—0)

0) D)
”@‘% H (+)% (—)

Base your answer to questions 15 and 16 on the
diagram below which represents two charged spheres,
Xand .

{ 30m————————————

® 8 ¢ P ©
+1.0 x 1078 coulomb +1.0 % 1078 coulomb
A
»

15. Moving the two spheres toward each other would
cause their electrical potential energy to

A) decrease B) increase
C) remain the same

16. Which arrow best represents the direction of the
electric field at point A?

A) »~~ B)™ C)1 D)x
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17. Which diagram best illustrates the electric field around
two unlike charges?

RE e

C) % D) }@(

18. An€dlectronislocated in the electric field between two
parallel metal plates as shown in the diagram below.

A I
@ Electron
. T

110-V
source

If the electron is attracted to plate A, then plate A is
charged

A) positively, and the electric field is directed from
plate A toward plate B

B) positively, and the electric field is directed from
plate B toward plate A

C) negatively, and the electric field is directed from
plate A toward plate B

D) negatively, and the electric field is directed from
plate B toward plate A

Base your answer to questions 19 through 21 on the

diagram below which represents a voltage source

connected to two large, parallel metal plates. The

electric field intensity between the platesis 3.75 x 10*
Newtons per coulomb.

l !

+

@@ B é 4.00x10"3m
] f

19. If the source is replaced with one having twice the
potential difference and the distance between the
platesis halved, the electric field intensity between the

plates will
A) decrease B) increase

C) remain the same

20. What is the potential difference of the source?
B) 4.00 x 10V
D) 1.50 x 102V

A)9.38x 10°V

C)3.75x 10°V
21. Asaproton movesfrom Ato B to C, the electric force
on the proton
A) decreases B) increases

C) remains the same

22. An electron is placed between two oppositely charged
parallel plates as shown in the diagram below.

L+ + + + + ]

é Electron

Asthe electron mover toward the positive plate, the

magnitude of the electric force acting on the electron
A) decreases B) increases

C) remains the same
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Base your answer to questions 23 and 24 on the
diagram below which shows two parallel metal plates
A and B connected to a voltage source.

A (=)

1 500VOLT
0.800m source

¥

B(+)|

23. If an object carrying a charge of 2 elementary charges
starts from rest at plate A and is accelerated to plate B
by the electric field, the total work done by the
electric field on the object is

B) 250. eV
D) 1,000 eV

A) 200. eV
C) 500. eV

24. As acharged object moves from plate A to plate B, the

electric force on the charged object
A) decreases B) increases

C) remains the same

25. The diagram below shows a point, P, located midway
between two oppositely charged parallel plates.

+ + + + o+

op

If an electron isintroduced at point P, the electron will

A) travel at constant speed toward the positively
charged plate

B) travel at constant speed toward the negatively
charged plate

C) accelerate toward the positively charged plate
D) accelerate toward the negatively charged plate

Base your answer to the following question on the
information and diagram below.

Two parale plates separated by a distance of
1.0 x 10~ meter are charged to a potential difference of
12 volts. An apha particle with a charge of +2
elementary chargesislocated at point P in the region
between the plates

Plate A

[+ + + + + + + + 4]

1.0 >?10‘3m Pe

— 12V
(=)

C——————— ]
Plate B

26. The electric field between the plates will cause the
alpha particle, starting from rest at point P, to

A) accelerate toward the positive plate
B) accelerate toward the negative plate
C) move at constant speed toward the positive plate
D) move at constant speed toward the negative plate

Base your answer to questions 27 and 28 on the
diagram below which represents two large parallel
conducting plates charged to a potential of 10. volts.
The plates are separated by a distance of 0.050 meter.

| |

A
v . SOURCE
@ —_— De P 8 0050m —

°C

27. If an electron were projected into the electric field
with avelocity v, it would experience a deflection

A) into the page

B) out of the page

C) toward the top of the page

D) toward the bottom of the page

28. Thedirection of the electric field at point P istoward
point

A)A B) B Cc)C D)D
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29. A moving electron is deflected by two oppositely
charged parallél plates, as shown in the diagram

below.
_/:/
@ > A. ] B

The electric field between the platesis directed from

A)AtoB B)Bto A C)CtoD

D)Dto C

30. A positive test chargeis placed between an electron, e,
and a proton, p, as shown in the diagram below.

A

Test charge
g 8@

C

(eD

When the test charge isreleased, it will move toward

A)A B) B C)C D)D
31. A beam of electronsisfired from point A toward plate

B asshown in the diagram.

After the beam passes through a hole in positively
charged plate B, the electronswill

A) speed up

B) slow down

C) be pushed up

D) be pushed toward the right

32. A proton and an electron traveling with the same
velocity enter auniform electric field. Compared to
the acceleration of the proton, the acceleration of the
electronis

A) less, and in the same direction
B) less, but in the opposite direction
C) greater, and in the same direction
D) greater, but in the opposite direction
33. Two plastic rods, A and B. each possess a net negative
charge of 1.0 x 10= coulomb. Therods and a

positively charged sphere are positioned as shown
below.

A——-——>D@

Which vector best represents the resultant electrostatic
force on the sphere?
B) l

oy
o 0"
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34. The diagram below represents oppositely charged
plates in an evacuated glass tube.

freve+]
3
[+
+

Which diagram below represents the path of free
el ectrons between the charged plates?

A o B)

RO
"~ ooooo

Base your answer to the following question on the
diagram below which represents an electron being
projected between two oppositely charged parallel
plates.

-

«~®
]

+ + + + + +]
|

35. In which direction will the electric field deflect the

electron?
A) into the page B) out of the page
C) to theright D) to the left

36. An electron islocated between a pair of oppositely

charged parallel plates. As the electron approaches the

positive plate, the kinetic energy of the electron
A) decreases B) increases

C) remains the same

37.

38.

39.

40.

Gravitational field strength is to Newtons per kilogram
as electric field strength isto

A) coulombs per joule
B) coulombs per newton
C) joules per coulomb

D) newtons per coulomb

What force will a proton experience in auniform
electric field whose strength is 2.00 x 10° Newtons per
coulomb?

A) 8.35 x 10% N
C) 3.20 x 10 N

B) 1.67 x 105N
D) 1.67 x 104 N

The diagram below, which illustrates the Millikan oil
drop experiment, shows a 3.2 x 107 -kilogram oil
drop with a charge of-1.6 x 10728 coulomb. The oil
drop was in equilibrium when the upward electric
force on the drop was equal in magnitude to the
gravitational force on the drop.

Electric
force

q=-1.6x10"18C

m=3.2x10"kg

Gravitational
force

What was the magnitude of the electric field intensity
when this oil drop was in equilibrium?

B) 2.0 x 105 N/C
D) 5.0 x 105 N/C

A) 2.0 x 10 N/C
C) 5.0 x 105 N/C

A charged particleis placed in an electric field E. If
the charge on the particle is doubled, the force exerted
on the particle by thefield E is

B) doubled
D) quadrupled

A) unchanged
C) halved
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41.

42.

43.

45,

What is the magnitude of the electric field intensity at
apoint in the field where an electron experiences a
1.0-newton force?

A)10N/C
C) 6.3 x 10 N/C

B) 1.6 x 10"° N/C
D) 9.1 x 10 N/C

Base your answer to the following question on the
diagram below which shows two large parallel metal
plates connected to a source of electric potential. The
plates are 4.0 x 103 meter apart and the potential
difference across the platesis 100 volts.

Atl b
Joo N 40x10%m  [source]
T

As an electron moves from plate B toward plate A, the
electric force on the electron

A) decreases B) increases

C) remains the same

What is the charge on an object that experiences a
force of 5 Newtonsin an electric field of 50 Newtons
per coulomb?

A)1I0C B)20C C)02C D)0.1C

. A distance of 1.0 x 10° meters separates the charge at

the bottom of a cloud and the ground. The electric
field intensity between the bottom of the cloud and the
ground is 2.0 x 10* Newtons per coulomb. What is the
potential difference between the bottom of the cloud
and the ground?

A)13x 102V B) 2.0 x 10*V
C)2.0x 10"V D)5.0x 102V
What is the magnitude of the electric field intensity at

apoint where a proton experiences an electrostatic
force of magnitude 2.30 x 10-%° newton?

A) 3.68 x 10 N/C
C) 3.68 x 10° N/C

B) 1.44 x 10 N/C
D) 1.44 x 10% N/C

46.

47.

48.

49.

50.

The diagram below represents an electron within an
electric field between two paralel plates that are
charged with a potential difference of 40.0 volts.

— 400V

©

If the magnitude of the electric force on the electron is
2.00 x107 newton, the magnitude of the electric field
strength between the charged platesis

A)3.20 x 10 N/C
C) 1.25 x 10* N/C

B) 2.00 x 10% N/C
D) 2.00 x 10% N/C

If 20 joules of work is used to transfer 20 coulombs of
charge through a 20-ohm resistor, the potential
difference across the resistor is

A1V B) 20V

C) 0.05V D) 400 V

The work required to move a charge of 3.0 coulombs
through a potential difference of equal to 12 voltsis

A)0.25joule
C) 36 joules

B) 9joules
D) 4.0 joules

If 15 joules of work is required to move 3.0 coulombs
of charge between two points, the potential difference
between these two pointsis

A)45V  B)15V C)30V D)50V

Moving a point charge of 3.2 x 107 coulomb between
points A and B in an electric field requires 4.8 x 107°
joule of energy. What is the potential difference
between these two points?

A)0.67 V
C) 3.0V

B) 2.0V
D)15V
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ol

52.

53.

55.

Moving 2.5 x 10~ coulombs of charge from point A to
point B in an electric field requires 6.3 x 10 joules of
work. The potential difference between points A and B
IS approximately

A)16x10°V B) 4.0 x 103V
C) 25x 102V D) 1.0 x 10™ V
If 6.0 joules of work is done to move 2.0 coulombs of

charge from point A to point B. what isthe electric
potential difference between points A and B?

B) 0.33V
D) 12V

A)6.0V
C) 30V

How much work is required to move asingle electron
through a potential difference of 100. volts?

A)16x10%] B) 1.6 x107%°J
C)16x10*J D) 1.0 x 10%J
The graph below shows the relationship between the

work done on a charged body in an electric field and
the net charge on the body.

Work

Charge

What does the slope of this graph represent?

A) power

B) potential difference
C) force

D) electric field intensity
If 1.0 joule of work is required to move acharge of 1.0

coulomb between two pointsin an electric field, the
potential difference between these two pointsis

B) 1.6 x 109V
D) 6.3 x 10 V

A)1.0V
C) 9.0x 10°V

56.

S7.

58.

59.

If 1.0 joule of work isrequired to move 1.0 coulomb
of charge between two pointsin an electric field, the
potential difference between the two pointsis

B) 9.0 x 10° V
D) 1.6 x 109V

A) 1.0 x 10° V
C) 6.3 x 1018V

If 20.0 joules of work is needed to move 5.0 coulombs
of electrical charge through a circuit, the voltageis

A) 100 volts
C) 0.25 volt

B) 25 volts
D) 4.0 volts

Moving 2.0 coulombs of charge a distance of 6.0
meters from point A to point B within an electric field
requires a 5.0-newton force. What is the electric
potential difference between points A and B?

A)60.V B)30.V C)15V D)25V

In an electric field, 0.90 joule of work isrequired to
bring 0.45 coulomb of charge from point A to point B.
What is the electric potential difference between
points A and B?

A)5.0V B) 20V
C) 050V D)0.41V
60. The diagram below shows proton P located at point A
near a positively charged sphere.
-

Sphere

If 6.4 x107*° joule of work is required to move the
proton from point A to point B, the potential
difference between Aand B is

A)6.4x 109V
C) 6.4V

B) 4.0 x 100V
D) 4.0V
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