COULOMB’S LAW The size or magnitude of the
electrostatic force between two point charges is
directly proportional to the preduct of the charges
and inversely proportional to the square of the
distance between them. This relationship, called
Coulomb’s law, is given by this equation.

kg.q,

F =
r2

e
F is the electrostatic force in newtons ,q, and q,
are the charges in coulombs, and r is the distance
of separation in meters. The electrostatic constant,
k,is equal to 8.99 X 10° N-m?C2 The electrostatic
force is directed along the line joining the charges.
The force that g, exerts on g, is equal in magnitude
but opposite in direction to the force that g. , exerts
on q,. The Coulomb’s law equation is valid for
charged objects whose dimensions are small com-
pared with the distance separating the objects.

~ SAMPLE PROBLEM

- What is the electrostatic force between two small

- spheres possessing net charges of +2.0 micro-
_coulombs and — 3.0 microcoulombs, respectively, if
_ the distance between them is 10.0 meters?

- Solution: Identify the known and unknown values.

Unknown
F,=1N

 Known

k=899 X 10°N - m%/C?
g, =+20X10°°C
g, ==30X%X10"5C
rr= 100 m

Subsmute the known values into the Coulomb’s law
equatlon and solve.

G *q 9
, ;:, -

s N-m? 6 %
8.99 X 107~ J(+20 X 107°C)(=3.0 X 107°C)
F"_ (1.00 X 10' m)? L

(399 X 10’%'31—){*6.0 X 1077 ¢

1.00 X 10°m?

 The negative sign mdlcatesa force of attraction. -

*'1Reﬁew Questions

1. What is the charge of a proton? (1)9.11 X 10 3'C
(2)167 x 10 ‘27C@l.60 X 10 17C (4)6.25 x 10'8C

2. Acharge of 100 ele
(1)1.60 x 10 2 C
(4)6.25 X 10%°C

ntary charges is equivalent to
160 X 1077 C (3)6.25 X 10'°C

3. Compare the sign and magnitude of the charge on a
proton to the sugnznd magnitude of the charge on

an electron, & /gy/g'@/ 5SS DA A

4. Which particle has no charge!
(2) proton (3) electron (4)ion

eutron

5. A small, uncharged metal sphere is placed near a
large, negatively charged sphere.Which diagram
best represents the charge dlStI’IbUtIOh of the smaller
sphere?

) @ () ®
D& 06

6. Which net charge could be found on an object?
)8.00 X 1072°C (2)2.40 X 107'°C

@20x1o 19C (4)6.25 X 10718 C

7. One of two identical metal spheres has a charge of
+qg and the other sphere has a charge of —q.The
spheres are brought together and then separated.
Compared to the total charge on the two spheres
before contact, the total charge aq the spheres after
contactis (1) less (2) greater @e same

8. After two neutral solids, A and B, were rubbed
together, Solid A acquired a net negative charge.
Solid B, therefore, experienced a net | of elec-
trons (2) increase of electrons (3) loss of protons
(4) increase of protons

9. Arod and a piece of cloth are rubbed together. If the
rod acquires a charge of +1 X 107 coulomb, the
cloth acquires acharge of (1)0C (2) +1 X 1076C
@ 51 X1075C @) +1x10%°C

10. Two identical spheres, A and B, carry charges of
+6 microcoulombs and —2 microcoulombs, respec-
tively. If these spheres touch, what will be the result-

ing charge on sphere A? ZM '
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11. The diagram below shows the initial charges and
positions of three identical metal spheres, X,Y,and Z,
which have been placed on insulating stands.

+2uC +6 uC

+4 uC

All three spheres are simultaneously brought into
contact with each other and then returned to their
original positions. Which statement best describes
the charge of the spheres after this procedure is
completed? (1) All the spheres are neutral. ach
sphere has a net charge of +4 uC. (3) Each sphere
retains the same charge that it had originally.

(4) Sphere Y has a greater charge than sphere X or
sphere Z.

12. Two oppositely charged metal spheres are brought

toward each other.Which graph best represents the
relationship between the magnitude of the electri

force between the spheres and the distance \
between them?

Electric force
Electric force

0 Distance apart

(3)

0 Dis@prt

Electric force
Electric force

0 Distance apart
(4)

0 Distance apart
(2)

13. The electrostatic force of attraction between two
small spheres that are 1.0 meter apart is F.If the dis-
tance between the spheres is decreased to 0.5 meter,
the electrostatic force willbe (1)5 (2) 2F (3) §

106 Topic4

14. The diagram below shows two metal spheres sus-
pended by strings and separated by a distance of
3.0 meters.The charge on sphere Ais +5.0 X 1074
coulomb, and the charge on sphere Bis +3.0 X 10™°
coulomb.

s LLLL

= 3,0 ) e

® ®

Which statement best describes the electrical force
between the sphere@ has a magnitude of 15 N
and is repulsive. (2) It has a magnitude of 45 N and is
repulsive. (3) It has a magnitude of 15 N and is
attractive. (4) It has a magnitude of 45 N and is

attractive.

15. Two identical small spheres possessing charges g,
and g, are separated by distance r.Which change
would produce the greatest increase in the electrical
force between the two spheres? YJdoubling charge
q, (2)doublingr (3)doubling rand charge q, (4)
doubling r and charges g, and g,

16. If the char e on each of two small spheres a fixed
distance apart is doubled, the electrostatic force

een the Ibe (1) halved (2) doubled
re
177 A point charg

adrupled
+3.0 X 1077 coulomb is placed
2.0 X 10~ 2 meter from a second point charge of
+4.0 X 1077 coulomb.What is the magnitude of the
electrostatlc fOij between the charges?

Electrlc Fields

An electric field is the region around a charged par-
ticle through which a force is exerted on another
charged particle. An electric field line is the imagi-
nary line along which a positive test charge would
move in an electric field. The direction of an elec-
tric field is the direction of the force on a stationary
positive test charge located at any point on a field
line. On a curved field line, the direction of the field
at any point is the tangent drawn to the field line
at that point. Electric field lines begin on positive
charges (or at infinity) and end on negative
charges (or infinity). Field lines never intersect.

tion
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W is the work in joules, g is the charge in coulombs,
and V is the potential difference in joules per
coulomb. If one joule of work is done to move one
coulomb of charge between two paints in an elec-
tric field, a potential difference of one volt

is said to exist between the two points. That is,

1 joule/coulomb = 1 volt. The volt, V, is the derived
SI unit for potential difference.

If an elementary charge is moved against an
electric field through a potential difference of one
volt, the work done on the charge is calculated as
shown below.

W= Vg = (1.00VX1.60 X 10 ¥ C) = 1.60 x 1012 J
This amount of work (1.60 X 10 .J), or gain

in potential energy, is called the electronvolt, eV.
That is, 1.00 eV = 1.60 x 1071.J.

SAMPLE PROBLEM
“Moving a point charge of 3.2 X 107 couiomb
_between points A and B in an electric field requires

4.8 % 107 % joule of energy.What is the potentla{ dlf -
- ference between these points? ,

- ‘Solution: Identify the known and unknown \?aluess :

Unknown
V=12V

~ Known
q=32X 10-1°C
"W=48x10"8)

 Substitute the known values into the equation for -
_ potential difference and solve.

W 48 x10'")

V=—=—— =15V
45 32%107°C ?

q

’a Review Questions

18. What is the magnitude of the electrostatic force
experienced by one elementary charge at a pointin
an electric field where the electric field strength is

3.0 X 10° newtons per coulomb? (1) 1.0 X 10*°N
(2)1.6 X 107N (3)3.0 X 10°N (448 X 106N

19. The diagram below shows some of the lines of
electric force around a positive point charge.

f/,
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P

The strength of the electric field is featest at

point A (2) greatest at point B (3) greatest at point(

(4) equal at points A,B,and C

20. A charged particle is placed in an electric field E.If the

charge on the particle is doubled, the magnitude of
the force exerted on the particle by the field £ is

(1) unchanged é;a,bubled (3) halved

(4) quadrupled

21. Which diagram best illustrates the electric field

around two unlike charges?
| @3

i iy o o
;@)

(1)
22. Which diagram best represents the electric field of a
point negative charge?

(3)

@)

(4)

23. How much energy is needed to move one electron
through a potential difference of 1.0 X 102 volts?
(1)1.0J (2)1.0 X 102J (3)3.6 X 1077 )

4)1.6 X 1079 U

- (24. pl0 joules of work are done to move 2.0 coulombs
[ f charge from point A to point B. Determine the
potential difference between points A and B.

25. A heliumion with a charge of +2e is accelerated by a
potential difference of 5.0 X 10% volts.What is the
kinetic energy acquired by theion? (1)3.2 X 1079 ey
(2)2.0eV (3)5.0 x 10° eV(@J 0 X 10%eV
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26. If 4 joules of work are required to move 2 coulombs
of charge through a 6-ohm resisior, what is the <
potential difference across the resistor? @%

7. An electron is accelerated from rest through a poten-
tial difference of 200. volts. What is the work done on
the electron in electron volts?

Ly (“1"", el
18. The graph below shows the relatiGnship between
the work done on a charged body in an electric field

and the net charge on the body.

i
BRES

Work

/= ‘,J,/(

{L

Charge

What does the slope of the graph represent?

Electric Current

klectric current is the rate at which charge passes
agiven point in a circuit. An electric circuit is a
closed path along which charged particles move. A
switch is a device for making, breaking, or chang-
ing the connections in an electric circuit. Figure 4-3
shows the symbol for a switch.

.___/

Figure 4-3. The symbol for a switch

Switch

UNIT OF CURRENT The SI unit of electric current,
I, is the ampere, A. It is a fundamental unit. The
coulomb, C, the unit of charge, is a derived unit de-
fined to be the amount of charge that passes a point
when a current of one ampere flows for one second.
This relationship can be expressed as follows:

_ g
Tt

/

! is current in amperes, ¢ is charge in coulombs,
and ¢ 1s time in seconds. An ammeter is a device
used to measure current. The symbol for an
ammeter is shown in Figure 4-4.

. _*{,D,_# Ammeter

[ PR

Figure 4-4. The symbol for an ammeter

CONDITIONS NECESSARY FOR AN ELECTRIC
CURRENT In addition to a complete circuit, a dif-
ference in potential between two points in the cir-
cuit must exist for there to be an electric current.
The potential difference may be supplied by a cell,
a device that converts chemical energy to electrical
energy, or a battery, a combination of two or more
electrochemical cells. The potential difference can
be measured with a device called a voltmeter.
These devices are represented in an electric circuit
diagram by the symbols shown in Figure 4-5.

—— ——— Cell

-
i
] ————{ 1} —— Battery
i
|
|
1

——@‘—— Voltmeter

Figure 4-5. Symbols for sources of potential difference (volt-
age) and a voltmeter for measuring potential difference

Positive charges tend to move from points of
higher potential to points of lower potential, or
from positive potential to negative potential.
Negative charges tend to move in the opposite
direction. The direction of a current in an electric
circuit can be defined as either of these directions.
In some mathematical treatments it is convenient
to treat the current as flowing from positive to neg-
ative, that is, as conventional current. However, it
is more natural to choose the electron flow as the
direction of current, because most currents consist
of electrons in motion. This is the definition used in
this book.

CONDUCTIVITY IN SOLIDS For a current to
exist in an electric circuit, the circuit must consist
of materials through which charge can move. The
ability of a material to conduct electricity depends
on the number of free charges per unit volume and
on their mobility. Conductivity is a property of a
material that depends on the availability of
charges that are relatively free to move under the
influence of an electric field. Pure metals have
many electrons, and these electrons are not bound,
or are only loosely bound, to any particular

atom. Consequently, metals are good conductors,
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Review Questions

29. 20.0 coulombs of charge pass a given pointin a

<

\,,.:\ ‘ i\

conductor in 4.0 seconds. Determine the current in
the conductor. ‘*“,j .20¢ | SI/:;
“"’c{ ,

30. A wire carries a current of 2.0 amperes. How many

electrons pass a given point in this wire in 1.0 second7

(1)1.3 < 101 (2) 2.0 X 10" (@213 X 107 Ay ™Y
, i
@20x10% 1= L o 90 amb

31. Which condition must exist between two pointsin a

conductor in order to maintain a flow of charge?
potential difference (2) a magnetic field
(3) alow resistance (4) a high resistance

32. In the diagram below, which of the switches must be

closed in order for the lamp to light?

I

A \ /B

(2.00)

N
famp

(1)Aonly (2)Bonly @)oth AandB

33. Which graph best represents the relationship

between potential difference applied to a conductor
and the resulting current through the conductor?
(Assume constant temperature.)

Potential
difference

Potential

difference

C . Current
)

Potential
difference

Potential

difference

Current Current
(2) (4)
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34. The graph below shows the relationship between

potential difference and current in a simple circuit.

Potential difference

Current

For any point on the line, what does the ratio of
potential difference to current represent? (1) workin
joules (2) power in watts GZresistance in ohms

(4) charge in coulombs

35. A 20.-ohm resistor has 40.coulombs of charge pass-

ing through it in 5.0 seconds.What is the potential
difference across the resistor? (1)8.0V (2) 1.0 X 10°V
3076 X 102V (4)2.0 X 10°V

36. The graph below represents the relationship

between the potential difference across a metal con-
ductor and the current through the conductor at
constant temperature.

Potential Difference

vs. Current
8.0
_ g 6.0
S ow
L~
g5 40
¢
B 20
0
0 02 04 06 08
Current (A)

What is the resistance.of the conductor? (1)1}
(20010 301 Q441200

37. A potential difference of 12 volts is applied across a

circuit having a 4.0-ohm re5|sta lj .What is the cur-
rent in the circuit? | i ,/}’

13

7.

38. In the diagrams below ¢ represents a unit length of

copper wire and A represents a unit cross-sectional
area.Which copper wire has the smallest resistance
at room temperature?

| 2.A

45, A

9.4
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19, If the temperature of a metal conductor is reduced,
its resistance will usually@ decrease (2)increase
{3) remain the same

. The resistance of a wire at constant temperature
depends on the wire’s (1) length only (2) type of
metal only (3) length and cross-sectional area only

@ngth, type of metal, and cross-sectional area

#1, On the axes below, sketch the general shape of the
graph that shows the relationship between the
resistance of a copper wire of uniform cross-sectional
area and the wire’s length at constant temperature.

A

Resistance

48. An aluminum wire and a tungsten wire have the
same cross-sectional area and the same resistance at
20°C.If the aluminum wire is 4.0 X 1072 meter long,
what is the length of the tungsten wire?

(M1.0X 10 2m @0 X 10 2m
(3)40X107?m 4)80X 10" 2m

Electric Circuits

The simplest electric circuit consists of a source of
electrical energy, such as a battery; connecting
wires; and a circuit element, such as a lamp or a
resistor, that converts electrical energy to light or

heat. The current in the circuit is dependent on the

potential difference V provided by the battery at
the ends of the circuit element, and the resistance
R of the circuit element. These quantities are
related to each other by

v
Ohm’s Law, I = % Figure 4-7 shows a simple
electric circuit.

2.0-ohm resistor

)}
Length
12. A piece of wire has a resistance of 8 ohms.What is the
resistance of a second piece of wire of the same com- Current: /= = 1_(2)_\{ ~60A
200

position, same diameter,and at the same tempera-
ture, but with one h ijk;e length of the first wire?

43. An aluminum wire has a resistance of 48 ohms. A sec-
ond aluminum wire of the same length and at the
same temperature, but with twice the cross-sectional
area, would have a resistance of (1) 12 () @4 Q
(3)48 () (4)96 (2 R.p

M. What is the resistance of a 10.0-meter long copper
wire having a cross-sectional area of 1.50 X 1076 m?
at 20°C? @.15 X 1071 (2)1.15 X 10720 (3)
115X 107830 (4)1.15 X 107%()

5. A 5.00-meter long tin wire has a cross-sectional area

12-volt battery

Figure 4-7. A simple circuit

When two or more resistors are present in a
circuit, there are two basic methods of connecting
them—in series or in parallel.

SERIES CIRCUITS A series circuit is a circuit in
which all parts are connected end to end to provide
a single path for the current. Figure 4-8 shows
three resistors connected in series with a battery.
The resistors are differentiated by the use of sub-

of 2.00 X 10~° m? and a resistance of 0.35 ohm. “ 9 scripts B\, R,, and R.,.
71 = “

Det’gr[nin%'e resi iyit/ycg,ﬁtin.( M

6. At 20°C carbon has a resigtivity of 3.5 x YSQ’ Q-m.=- /‘///‘,0'3/2. ekl Ry Ry

What is the ratio of the resistivity of carbon to the
resistivity of copper? (1) 1:2 (2) 2:1 (3) 200:1

((4)2000:1

7. Unlike most metals, the resistivity of carbon
decreases with increasing temperature. As the
temperature of carbon increases, its resistance
@}decreases (2) increases (3) remains the same

gl MV A%%

1Yy

,}'L/\

—1 |

Figure 4-8. Rasistors in a series circuit

RN
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