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Explain the characteristics of a series circuit. As mentioned in texthook

Equivalent resistance of a series circuit From the river model,

you know that the height from sea level to the top of the mountain

equals the height that the water drops from the top of the mountain to

sea level. In an electric circuit, the potential difference across the generator

or other energy source (AV ) €equals the sum of the potential differences

across lamps 1 and 2 and is represented by the following equation:
AVource = AV + AV,

To find the potential difference across a resistor, multiply the current
in the circuit by the resistance of the individual resistor. Because the
current through the lamps is the same, AV, = IR, and AV, = IR,. There
fore, AV yce = IRy, + IR, or AV, ce = I(R; + R,). The current through
the circuit is represented by the following equation:

— AViource

(R + Ry’

The same idea can be extended to any number of resistances in series,
not just two. If you replaced all the resistors in a circuit with a single
resistor that resulted in the same current, that resistor’'s value would be
the equivalent resistance of the circuit. For resistors in series, the same
current would exist in the circuit with a single resistor (R) that has a
resistance equal to the sum of the individual resistances.

I

EQUIVALENT RESISTANCE FOR RESISTORS IN SERIES
The equivalent resistance of resistors in series equals the sum
of the individual resistances of the resistors.

R=R1+R2+...

Notice that the equivalent resistance is greater than that of any
individual resistor. Therefore, if the battery voltage does not change,
adding more devices in series always decreases the current. To find the
current through a series circuir, first calculare the equivalent resistance
and then use the following equation.

CURRENT
The current through a series circuit is equal to the potential difference
across the power source divided by the equivalent resistance.

, I A VSOUI'CQ
Va R

(1) In a series circuit, the current in
each of the devices is the same, and the
sum of the device voltage drops equals
the source voltage.

(2) In a parallel circuit, the voltage drop
across each device is the same and the
sum of the currents through each loop

equals the source current.

1
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Salve problems to ind the current, voltages and resstances in a series circuit Unit 4 Assessment- 45,49,50

POTENTIAL DIFFERENCE IN A SERIES CIRCUIT Two resistors, 47 Q and 82 Q,
are connected in series across a 45 V battery.

a. What is the current in the circuit?
b. What is the potential difference across each resistor?

c. If you replace the 47 Q resistor with a 39 Q resistor, will the current increase,
decrease, or remain the same?

d. What is the new potential difference across the 82 Q resistor?

45. A series circuit has two voltage drops: 5.50 V and
690 V. What is the supply voltage?

V=550V +690V =124V
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49. Ammeter 1 in Figure 18 reads 0.20 A.
a. What is the total resistance of the circuit?
b. What is the potential difference across the battery?
¢. How much power is delivered to the 22 (2 resistor?

d. How much power is supplied by the battery?

®
:

a. What is the total resistance of the circuit? 22 0
R=R, +R,=15Q+220 =370 (R
b. What is the battery voltage? -
V=IR=(0.20 A)(37 ) =74V .

c. How much power is delivered to the
22-() resistor?

(As)
P = I12R = (0.20 A)%(22 ) = 0.88 W . &
Figure 18

|||+

150

d. How much power is supplied by the
battery?

P=1IV=(0.20 A)(7.4V) = 1.5W

50. Ammeter 2 in Figure 18 reads 0.50 A.
a. Find the potential difference across the 22 {2 resistor.
b. Find the potential difference across the 15 (2 resistor.
¢. Find the potential difference across the battery.

a. Find the voltage across the 22-() resistor.
V=IR=(050A)(22 Q) =11V

b. Find the voltage across the 15-() resistor.
V=IR= (050 A)(15 Q) =75V

c. What is the battery voltage?
V=V, +V,=(11V) + (71.5V) =19V
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Calculate the equivalent resistance and the total current passing through a series circuit
Calculate the equivalent resistance of a parallel circuit

D s pash ¢

A3544(4) s gl mgis
Unit 4 Assessment- 43,44

98

43. Calculate the equivalent resistance of these series-

connected resistors: 680 €2, 1.1 k€2, and 11 kS

44, Calculate the equivalent resistance of these parallel

connected resistors: 680 €2, 1.1 k€2, and 10.2 k(2.
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Use the voltage divider circuit as a series circuit to calculate resistances and voltage drop across the components. les 2
tage age drop mpo
EXAMPLE 2

VOLTAGE DIVIDER A 9.0 V battery and two resistors, 390 Q and 470 Q, are connected as
a voltage divider. What is the potential difference across the 470 Q resistor?

Kl ANALYZE AND SKETCH THE PROBLEM

Draw the battery and resistors in a series circuit.

KNOWN UNKNOWN

AVSOUTCE - 9.0 V AVz — ?
Ry=390V

Ry =470V — NN

El SOLVE FOR THE UNKNOWN
R= R1 + R, I (74
o,
= BVsouce hiji
=T R
_ Avsource 4 Subdlitule R = R; & RZ
T R+R;
AVz — le
AVeprco Ry <« Subeitlg [ = Voo
= R+R fiv Ry
1 2
(9.0 V){470 Q) o Supslitule AV,,,,., = 9.0V, R, = 390 €2, R, = 470 )
~3900+4700

=49V
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State Kirchhoff’s loop rule and relate it to the conservation of energy. As mentioned in textbook 9

State Kirchhoff’s junction rule and relate it to the conservation of charge.

The loop rule The loop rule is based on the law of conservation of
energy. Imagine you are standing on the side of a hill. You walk around
on the side of this hill in a loop, as shown in the top of Figure 8. How
does your height up the hill before your walk compare to your height up
the hill after your walk? Because you begin and end your walk at the
same place, your height up the hill after your walk equals your height up
the hill before vour walk. The sum of increases in height equals the sum
of decreases in height during your walk.

A similar situation occurs as an electric charge moves around any The Loop Rule
loop in an electric circuit. Instead of increases and decreases in height,
however, electric charges move through increases and decreases in
electric potential. The sum of increases in electric potential around a
loop in an electric circuit equals the sum of decreases in electric poten-
tial around that loop.

READING CHECK Explain how Kirchhoff's loop rule and the conservation of
energy are related.

For an application of the loop rule, look at the bottom of Figure 8.
Picture an electric charge traveling clockwise around the red loop. Elec-
tric potential increases by 9 V as this charge travels through the battery,
and electric potential drops by 5 V as this charge travels through resistor

1. What will be the change in potential as the charge travels through — A4
resistor 2? Because the increases in electric potential around a loop must v T Rs
equal rhe decreases in electric porential around that loop, the drop in Ry

electric potential across resistor 2 must be 9 V — 5V = 4 V.
Notice that resistor 3 does not affect our answer. Why is this? Resistor
3 is not a part of the loop that includes the battery. resistor 1. and resistor 2.

Figure 8 Walking around the side of a hill

g READING CHECK State the loop rule in your own words. Is similar to electric charges moving around
aloop in a circuit.

Key ideas are: parallel circuit, there is a closed

(1) Kirchhoff’s Voltage Law (KVL) is oo foreach branch, and Kyl
% 3 implies that the voltage drop in
conservation of energy applied to 2
2 : each branch is the same.
electric circuits.

(2) Kirchhoff’s Current Law (KCL) is (4) KCL states that the algebraic sum

= : of currents at a node is zero. In a
conservation of charge applied to : . . .
S g series circuit, at every point the
electric circuits.

current in equals current out; there-

(3) KVL states that the algebraic sum fore, the current is the same every-
of voltage drops around a closed where. In a parallel circuit, there is
loop is zero. In a series circuit there a common node at each end of the
is one closed loop, and the sum of branches. KCL implies that the sum
voltage drops in the resistances of the branch currents equals the

equals the source voltage. In a source current
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Figure 9 An application of Kirchhoff's junc-
tion rule is shown. At junction A the total cur-
rent entering (/;) equals the total current
leaving (/; + /5). At junction B, the total cur-
rent entering is /; + /5, and the total current
leaving is /,.

Key ideas are:

(1) Kirchhoff’s Voltage Law (KVL) is
conservation of energy applied to

electric circuits.

(2) Kirchhoff's Current Law (KCL) is
conservation of charge applied to

electric circuits.

(3) KVL states that the algebraic sum
of voltage drops around a closed
loop is zero. In a series circuit there
is one closed loop, and the sum of
voltage drops in the resistances
equals the source voltage. In a

PES [ Py (PSR solved EoT Physics 12 General

0507410607 JLS Sty Tearm 2
I1 A I2
|’
R4
v, = R,
Vs -
/
—— Il :
R, B

The junction rule The loop rule describes electric potential differences
and is based on the law of conservation of energy. The junction rule
describes currents and is based on the law of conservation of charge.
Recall that the law of conservation of charge states that charge can
neither be created nor destroyed. This means that, in an electric circuit,
the total current into a section of that circuit must equal the total current
out of that same section.

A junction is a location where three or more wires are connected
together. The circuit shown in Figure 9 has two such junctions—one
at point A and another at point B. How does the total current into a
junction relate to the total current out of that junction? According to the
law of conservation of charge, the sum of currents entering a junction is
equal to the sum of currents leaving that junction. Otherwise, charge
would build up at the junction. This is Kirchhoff’s junction rule. In
Figure9, I, = b + 5 at junction A, and I, + I; = I; at junction B. For
example, if , = 0.3 Aand 5 = 0.7 A, then I, = 1.0 A.

parallel circuit, there is a closed
loop for each branch, and KVL
implies that the voltage drop in
each branch is the same.

(4) KCL states that the algebraic sum
of currents at a node is zero. In a
series circuit, at every point the
current in equals current out; there-
fore, the current is the same every-
where. In a parallel circuit, there is
a common node at each end of the
branches. KCL implies that the sum
of the branch currents equals the
source current.
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Apply Kirchhoff’s junction rule to electric circuits. Section 2 review - 2awdll 4sal 4 95
30

Refer to Figure 17 for questions 29-33 and 35.

{A) o -
4 B
s @
¢ A
() 1
+
i
Figure 17

30. Current If 5is1.7 Aand /is 1.1 A, what is the current
through bulb 2?

=1 +1,
L=L—-lL=1TA-11A=06A
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Define a short circuit and describe its effects. As mentioned in textbook | 91
What is a short circuit? Why is a short cir-
cuit dangerous? (23.2)
A short circuit is a circuit that has
extremely low resistance. A short cir-
cuit is dangerous because any potential
difference will produce a large current.
The heating effect of the current can
cause a fire.
A ) iy 1§ 0 gy ) L 0l
Describe a combined series-parallel circuit. As mentioned in textbook

A combined series-parallel circuit is a circuit configuration that contains both
series and parallel connections of electrical components. In such a circuit, some
components are connected in series, meaning the current flows sequentially
through each component, while others are connected in parallel, allowing the
current to split and flow through multiple paths.
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State the properties of voltmeters and ammeters, in terms of their resistance.
Identify the correct placements of ammeters and voltmeters in electric circuits

As mentioned in texthook

95

An ammeter is connected in series; a
voltmeter is connected in parallel.

An ammeter must have low resistance
because it is placed in series in the cir-
cuit. If its resistance were high, it would
significantly change the total resistance
of the circuit and thus serve to reduce
the current in the circuit, thereby chang-
ing the current it is meant to measure.

10

A voltmeter is placed in parallel with the
portion of the circuit whose difference
in potential is to be measured. A volt-
meter must have very high resistance
for the same reason that an ammeter
has low resistance. If the voltmeter had
low resistance, it would lower the resis-
tance of the portion of the circuit it is
across and increase the current in the
circuit. This would produce a higher
voltage drop across the part of the cir-
cuit where the voltmeter is located,
changing the voltage it is measuring.
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Describe the properties of magnets. As mentioned in texthook

Opposite poles What's inside a magnet that makes it polarized? You know .SdPoIarlzed

; : ence usage
that when you bring a metal rod near an electric charge, one end of the IR
rod becomes negatively charged and the other end becomes positively Al magnets are polarized.
charged, polarizing the rod. You might think a magnet is similar, with + Common usage
one half of the magnet positive and the other half negative, but this is broken into opposing factions or groups
not the case. No matter how you cut or break a magnet, a magnet always Members of Congress were polarized on
has two poles. There have been many searches for objects, called mono- s of Sodol Scany B )

poles, with only a north pole or only a south pole, but no monopole has
ever been found.

Poles repel or attract You have likely noticed that forces between two
magnets differ depending on how you orient the magnets. When you
place the north pole of one magnet next to the north pole of another
magnet, the magnets repel each other, as they do in the top of Figure 2.
The same is true when you bring two south poles together. If, however,
you brought the north pole of one magnet next to the south pole of

another magnet, the poles would attract each other, as they do in the Figure 3 A common nail attached to a
bottom of Figure 2. Like poles repel; unlike poles artract. magnet becomes a temporary magnet by
induction.

Temporary magnets Magnets also attract nails, paper clips, tacks,
and other metal objects. These objects have no poles, and both the north
and south poles of a magnet attract them. When a magnet touches one
of these objects, such as the nail in Figure 3, the magnet polarizes the
object, making it a temporary magnet. This process is called magnetiza-
tion by induction.

Magnets only attract some metals. Brass, copper, and aluminum are
common metals that are not attracted to magnets. Iron, nickel, and
cobalt are strongly attracted. Materials containing these elements, called
ferromagnetic materials, can become temporary magnets. A steel nail /}
can become a temporary magnet because it is made of iron with tiny  //
amounts of carbon and other materials. When you remove a nail from a

magnet, the nail gradually loses most of its magnetism.

Identify the north and south poles of
the nail.

-/

Copyright @ McGraw-Hill Education Richard Hutchings/Digital Light Source

Section 1 * Understanding Magnetism 107
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Describe magnetic domains and relate them to the magnetic properties of ferromagnetic materials. As mentioned in textbook

Figure 5 Domains in a nonmagnetized fer-
romagnetic material point in random direc-
tions (top). When a strong magnet is placed
near a ferromagnetic material, the domains
in that ferromagnetic material align with
those of the external magnet (bottom).

Nonmagnetized Material

Magnetized Material

108 Chapter 5 » Magnetic Fields

Magnetic domains What gives a permanent or temporary magnet
its magnetic properties? Each atom in a ferromagnetic material acts like
a tiny magnet; each has two poles. Each is part of a domain, which is a
group of neighboring atoms whose poles are aligned. Look at the arrows
in Figure 5. Each arrow represents a domain. Although domains can
contain as many as 10%° individual atoms, they are tiny-usually from

10 to 1000 microns across. Even a small sample of a ferromagnetic
material contains a huge number of domains.

In a ferromagnetic material that is not magnetized, each domain
points in a random direction, as shown in the top panel of Figure 5. But
if the ferromagnetic material is next to a strong magnet, most of the
object’s domains preferentially align to point in the same direction as
the poles of the external magnet, as shown in the bottom panel of
Figure 5. When its domains are aligned in the same direction, the mate-
rial becomes a temporary magnet.

When an external magnet is removed from a temporary magnet, the
domains of the temporary magnet return to a random arrangement, and
the material loses its magnetization. How long it takes for a temporary
magnet to lose its magnetization depends on the interactions between
the atoms, which depend on the microscopic structure of the material.

Creating permanent magnets The only naturally occurring
magnet is the mineral magnetite. The lodestones that ancient sailors
used were nothing more than pieces of magnetite. If magnetite is the
only naturally occurring magnet, how, then, are commercial permanent
magnets made?

When an object containing certain ferromagnetic materials is heated in
the presence of a strong magnet, thermal energy frees the atoms in each of
the object’s domains. The domains can rotate and align with the magnet’s
poles. The object is then cooled while it is still in the presence of the strong
magnet. After cooling, the object’s atoms are less free to rotate. Therefore,
when the strong magnet is removed from the object, the object remains
magnetized. A permanent magnet has been created. If this permanent
magnet is later reheated or dropped, however, the atoms can jostle out of
alignment, reordering the domains and removing the magnetic properties.

Copyright @ McGraw-Hill Education Douq Martin

12
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Define magnetic flux.

As mentioned in texthook

110

Magnetic field lines Scientists visualize magnetic fields using magnetic

field lines, such as those shown in Figure 7. Like electric field lines,
magnetic field lines are not real. They are used to show the direction
as well as the strength of a magnetic field. The number of magnetic
field lines passing through a surface perpendicular to the lines is the
magnetic flux. The flux per unit area is proportional to the strength of
the magnetic field. Magnetic flux is most concentrated at magnetic poles,

where magnetic field strength is the highest.

field. Therefore, field lines emerge from a magnet’s north pole and enter
at its south pole, as in Figure 7. The field lines form closed loops, continu-

The direction of a magnetic field line is defined as the direction in
which the north pole of a compass points when placed in a magnetic

ing through a magnet from its south pole to its north pole.

Figure 7 Magnetic field lines can be visual-
ized as lines leaving the north pole of a mag-

net, entering the south pole, and passing
through the magnet, forming closed loops.
Magnetic fields are traditionally represented
by the letter B.

LOR CONVENTION
Magnetic field lines<«—» green

13
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Draw the magnetic field lines inside and around a solenoid carrying current and identify its poles. As mentioned in texthook

112

Magnetic Field in a Solenoid

The magnetic fields of the loops inside
a solenoid are all in the same direction.

, I

—al——

O D
i al—
R —

—— —=—
—=

Figure 12 Imagine you are holding the
solenoid with your right hand. Your thumb
will point toward the solenoid’s north pole
when you curl your fingers in the direction of
the conventional current.

Right-Hand Rule

14
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= Describe an electromagned, the factors affecting is strength, and its advantages over a permanent magnet As mentioned in texthook

112

Electromagnets You just read that a current in a wire produces a magnetic

field encircling that wire. What do you think happens to the magnetic
field around a wire formed into a loop? An electric current in a single
loop of wire forms a magnetic field all around the loop, as shown in the
left panel of Figure 11. By applying a right-hand rule to any part of the
loop in Figure 11, you can see that the direction of the magnetic field
inside the loop is always the same.

Now think about a wire with many loops. A wire connected to a
circuit and coiled into many spiral loops is a solenoid. When current is
turned on in a solenoid, each loop produces its own magnetic field. The
fields are all in the same direction, as shown in the right panel of
Figure 11, so the fields add together.

When there is an electric current in a solenoid, the solenoid has a
magnetic field similar to the field of a permanent magnet. This kind of
magnet is an electromagnet. An electromagnet is a magnet whose
magnetic field is produced by electric current.

Loops and field strength Solenoids can be exceptionally strong electro-
magnets, producing magnetic fields much stronger than those around
permanent magnets. The strength of the magnetic field in a solenoid is
proportional to the current in the solenoid’s loops. It is also proportional
to the number and spacing of loops. The more loops there are in a sole-
noid and the closer they are spaced, the greater the solenoid’s magnetic
field strength.

The magnetic field strength of a solenoid also can be increased by
placing an iron-containing rod inside it. An iron rod strengthens the
solenoid’s magnetism because the solenoid’s field produces a temporary
magnetic field in the iron, just as a permanent magnet produces a
temporary magnet in a ferromagnetic object.

15
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Figure 11 You can model the direction of
the magnetic field around a loop of current-
carrying wire and around a solenoid.

Assess Is the magnetic field greater inside
or outside the solenoid?

0507410607 JLS 3ty

solved EoT Physics 12 General
Tearm 2

Magnetic Field Around a Loop
Inside the loop, the field is toward you.
Outside the loop, it is away from you.

Magnetic Field in a Solenoid

The magnetic fields of the loops inside
a solenoid are all in the same direction.

16
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EQUIVALENT RESISTANCE AND CURRENT IN A PARALLEL CIRCUIT Three resistors,
60.0 O, 30.0 Q, and 20.0 Q, are connected in parallel across a 90.0 V battery

a. Find the current through each branch of the circuit.

b. Find the equivalent resistance of the circuit.
¢. Find the current through the battery.

900V —

——

0.0 f1 3001 20.0 1

17
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59. For Figure 22, the battery develops 110 V. a.
a. Which resistor is the hottest?
b. Which resistor is the coolest?
¢. What will ammeter 1 read?
d. What will ammeter 2 read?
e. What will ammeter 3 read?
f. What will ammeter 4 read? b.
A¥
._; v
T 20.0 02 50.0 10.0
C.
{A1)
Figure 22
d.
e.
f.

18

solved EoT Physics 12 General
Tearm 2

Which resistor is the hottest?

10.0 Q. Since P = V?/Rand Vis
constant in a parallel circuit, the
smallest resistor will dissipate the
most power.

Which resistor is the coolest?

50.0 Q. Since P = V?/Rand Vis

constant in a parallel circuit, the
largest resistor will dissipate the
least power.

What will ammeter 1 read?

11 .1 .1
R™R TR TR

1

= S e I
(R1+R2+R3)

R =

1

1 1 1
(20.0 Q * 50.0 P 10.0 Q)

= 5.88 ()
2
| = 4 1.1X10°V _ 19A

R 5.88 Q)
What will ammeter 2 read?

2
Ju V . 1..I1X10%V T

What will ammeter 3 read?

2
j=V = 1IX10°V _ 55 a

What will ammeter 4 read?

2
J vV _ 1.1X10°V =11A



2024 &1 Jsad) PR [ [ A solved EoT Physics 12 General

ple 12 cLpall dSun Jgl> 0507410607 JLS Sl Tearm 2
RS G Uiy | Exampled 0o 5
17 A8 A S il g8 g IS Bl Ay 005 Yl g g ) g gl f ey
Calculate the equivalent resistance of combined series-parallel circuits. Chd Assessment -73 ,78
Calculate the voltage, current, and power dissipation for any resistor in a combined series-parallel circuit. 78573 - 4 baa gl aisl 100

SERIES-PARALLEL CIRCUIT A hair dryer with a resistance of 12.0 Q and a lamp with a
resistance of 125 Q are connected in parallel to a 125 V source through a 1.50 Q resistor
in series. Find the current through the lamp when the hair dryer is on.

19
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73. Refer to Figure 23 and assume that all the resistors are

30.0 2. Find the equivalent resistance.

L
Fl— /2 I3
Figure 23

78. Ranking Task Consider the resistors in the circuit in
Figure 24. Rank them from least to greatest specifically
indicating any ties, using the following criteria:

a. the current through each
b. the potential difference across each
25.0 2
30.0 ©2 10.0 ©2

20.0 2 40.0 2

Figure 24

20

The parallel combination of the two
30.0-2 resistors has an equivalent
resistance of 15.0 (1.

So R=30.0Q + 15.0 (1 = 45.0
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Apply the right-hand rule to find the direction of the force on a current-carrying wire placed in an external magnetic Applications 21,23 <k
field. TLy 70-5 50 )l
Apply the equation F = [LBsin(d) to calculate the magnitude of the force on a straight segment of a current-carrying wire Ch5 Assessment 70, 71
placed in a uniform magnetic field.

18

116

126

CALCULATE THE STRENGTH OF A MAGNETIC FIELD A straight wire carrying a

5.0 A current is in a uniform magnetic field oriented at right angles to the
wire. When 0.10 m of the wire is in the field, the force on the wire is 0.20 N.
What is the strength of the magnetic field (B)?

21
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21. Awire thatis 75 cm long and carrying a current of 6.0 A is at right angles to
a uniform magnetic field. The magnitude of the force acting on the wire is
0.60 N. What is the strength of the magnetic field?

F =BIL

F_ 060N

B == Gon0Tsm

=0.13T

23, How much current would be required to produce a force of 0.38 N on a
10.0 cm length of wire at right angles to a 0.49 T field?

F = BIL

_F _ 0.38 N _
I= BL  (0.49T)(0.100 m) 18A
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70. A current-carrying wire is placed between the poles
of a magnet, as shown in Figure 31. What is the direc-
tion of the force on the wire

v*

Figure 31
.

M. The force on a 0.80 m wire that is perpendicular to
Earth’s magnetic field is 0.12 N. What is the current
in the wire? Use 5.0x10~° T for Earth’s magnetic field.

F=ILB
= F _ 0.12N
BL  (5.0X1075T)(0.80 m)
= 3.0X103 A
= 3.0kA

23
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Explain how fuses, circuit breakers and ground-fault interrupters protect electric circuits and make them safe to operate. As mex.l fioned in textbock
Explain the importance of a voltage-divider circuit to achieve a desired potential difference.
Describe the principle and working of a simple electric motor and the energy conversions that occur.

8
91

(0 D ) G s i e Gl 55 5 st iy | gy
' 4 » 7 ) 1] . JJ
Describe the forces that occur when like or unlike poles of two permanent magnets are brought close together (in terms :

of the interaction between the magnetic fields and the orientation of the magnetic field lines). Axmestiooed 8 frthok

110

1. Fuses and Circuit Breakers:

A fuse is a short piece of metal that acts as a safety device by melting
and stopping the current when too large a current passes through it.
Engineers design fuses to melt before other elements in a circuit are
damaged. A circuit breaker, shown in Figure 11, is an automatic switch
that acts as a safety device by stopping the current if the current gets too
large and exceeds a threshold value.

Circuit Breaker

On/off reset
switch handle

Bimetallic strip

Switch
contacts

Current in from
central switch

Current out
to loads

Figure 11 When there is too much current through the bimetallic strip in a circuit breaker,

the heat that is generated causes the strip to bend and release the latch. The handle moves

to the off position, causing the switch to open and the current to stop.

24
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2. Ground-Fault Interrupters (GFCls):

Usually, current follows a single path trom the power source through
an electrical appliance and back to the source. An appliance malfunction
or an accidental drop of the appliance into water can result in additional
current pathways. A ground-fault interrupter (GF) is a device that
contains an electronic circuit that detects small current differences
between the two wires in the cord connected to an appliance. An extra
current path, such as one through water, could cause this difference.
The GFI stops the current when it detects such differences. This often
protects a person from electrocution.

25
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voltage divider produces a source of potential difference that is less
than the potential difference across the battery.

Consider the circuit shown in Figure 4. Two resistors (R, and R,) are
connected in series across a battery with potential difference V. The
equivalent resistance of the circuit is

R = Rl + Rz.
The current is represented by the following equation:
; ABH
R
_ AV

The desired voltage (5 V) is the voltage drop (AV>) across resistor R:
AV> = IR,. Substitute the earlier equation into this equation as shown:

AVZ = IRZ

<4 AV
! (R, + RZ)RZ

AVR,
R, + R,

By choosing the right resistors, you can produce a potential difference of
S V across a portion of an electric circuit even if you only have a 9 V
battery available.

Figure 4 This voltage-divider circuit dem-
onstrates how a voltage of desired magni-
tude can be achieved by choosing the right
combination of resistors.

Explain why the current direction arrow in
the diagram is pointing in that direction.
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Electric motors

* An electric motor is an apparatus that converts electrical energy into
mechanical energy.

* Electric motors rely on a multilooped wire coil called an armature,
which is mounted on an axle that rotates in a magnetic field.

* Current enters the armature through a split-ring commutator, which
reverses the direction of current as the armature turns, as shown in
the simple electric motor in the Figure .

Electric motors

» Although only one loop is shown in the Figure, the armature in most electric motors has
many loops.

* The total force acting on the armature is proportional to nILB, where n is the total
number of turns on the armature (each completing 360°), | is the current, L is the length
of wire in each turn that moves perpendicular to the magnetic field, and B is the
strength of the magnetic field.

* The magnetic field is produced either by a permanent magnet or by an electromagnet
(called a field coil).

* The torque on the armature is controlled by varying the current through the motor.

* The larger the torque, the faster the armature turns.
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Forces on magnetic fields *

Forces on permanent magnets
1. Magnetic fields exert forces on magnets

1. When like poles of two magnets are close together,
the fie produced by the north pole of one magnet
pushes the north pole of the second magnet away in
the direction of the field lines

|j< >El Like poles repel.

Forces on magnetic fields

Forces on permanent magnets

1. The field from the north pole of one magnet now
acts on the south pole of the second magnet,
attracting it in a direction opposite the field lines.

1. The magnetic field is continuous, forming arcs from
one magnet to the other

| NE——s |

Unlike poles attract.

28
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20 | Apply the equation F = quBsin(f) to calculate the magnitude of the force acting on a charged particle moving in a S 120
magneticfild Example2, Exercise 26

Apply the right-hand rule to determine the direction of the force acting on a charged particle moving in a magnetic field.

FORCE ON A CHARGED PARTICLE IN A MAGNETIC FIELD A beam of electrons trav-

els at 3.0x108 m/s through a uniform magnetic field of 4.0x1072 T at right
angles to the field. How strong is the force acting on each electron?

26. What are the magnitude and direction of the force acting on the proton

shown in Figure 207

X X

X X

Proton v =4.0x10" m/s

X X
B=05T
X X

X X

Figure 20
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