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Apply the right-hand rule to determine the direction of the induced current in a wire

. . . . . As mentioned in the textbook 153
(that is part of a clost circuit) moved in a magnetic field.
Define electromotive force emf and speciify its unit as volts (V). As mentioned in the textbook 153
Describe the primary characteristics of electromagnetic waves. As mentioned in the textbook 177
Draw a sk_etch of emf (or current) \fersus time for an AC generator, relating the position As mentioned in the textbook 153
of the coil to the emf (or current) induced.
Determlne the tyjpe of pole induced i:m the face of ? coil and the direction of induced current in As mentioned in the textbook 161
a coil when a coil and a magnet are in relative motion.
Explain how bright and dark interference fringes are created in a double-slit interference investigation with As mentioned in the textbook 104.195

monochromatic light.




Magnitude of current Recall thar resistance is equal o porendal difference
divided by current. Thus, if an EMF generates a current in a wire thar is
part of a circuit with an effective resistance R, and you know the EMF,
you can determine the current’s magnirude by the following equadon:

_ EMF

'= "%

Direction of current How do you determine the direcdon of an induced
current in a wire! As a wire moves through a magneric field, a force is

exerted on the charges in the wire, and they move in the direction of thar
force, as shown in the top image of Figure 2. To find this direcrion, use the

righr-hand rule illustrated in the bowrom of Figure 2. Point your thumb in
the direction the wire moves and your fingers in the direction of the
magnetic field. Your palm peints in the direcrion of the force on the
positive charges and, thus, in the direcrion of currenc.

Flgure 2 The direction of current in a wire
moving thiough a magnetic field can be
found using a right-hand rule. Note that the
direction of current is the same as the direc-
tion of the force on the charges in the wire.

Direction of Current

Motion of
the wire

y:

Right-Hand Rule




Electromotive force How is current produced by electromagnetic
induction? You know that a current requires a source of electrical energy,
such as a battery. A battery maintains an electric potential difference in a
circuit; charges flow from higher to lower potential. The potential

difference across the battery’s terminals is the electromotive force, or
EMF. An EMF is a difference in potential, not actually a force. Like many
historical terms, it was coined before related principles were well
understood.




Induced EMF You don’t need a chemical reaction in a battery to create an
EMF. When a wire moves perpendicular to a magnetic field, there is a
force on the charges in the wire. The force causes negative charges to
move to one end of the wire, leaving positive charges at the other end.
This separation of charge produces an electric field and therefore a poten-
tial difference across the length of the wire. This potential difference is
called the induced electromortive force, or induced EMF.

The magnitude of an induced EMF in a wire in a magnetic field
depends on the strength of the magnetic field (B), the length of the wire
within the field (L), and the component of the velocity of the length of
wire that is perpendicular to the field (v(sin &)).

INDUCED ELECTROMOTIVE FORCE IN A WIRE
EMF is equal to the strength of the magnetic field times the length of the wire tirnies the
component of the velocity of the wire in the field that is perpendicular to the fleid

EMF = BLv(sin 6)

If a wire moves perpendicular to a magnetic field, the above equation
reduces to EMF = BLv, because sin 90° = 1. Note that no EMF 1s induced
in a length of wire that moves parallel to a maguetic field because
sin 0° = 0.

As in a battery, induced EMF iz measured in volts (V). Why? Recall that
magnetic fields (B) are measured in teslas (T). You can write B = I—i, so the
units for B are also N/(As-m) Velocity is measured in meters per second.




Describe the primary characteristics of electromagnetic
waves




Describe an AC generator,
specifying its components

Figure 8 This AC generator is similar in
construction to an electric motor except it
connects to a circuit using a brush-slip-ring
device instead of a commutator. As the
armature rotates, the direction of the current
alternates in time (top right). The power
delivered by the generator is always positive
[bottom right).

.Flr!'na}ure }
wire loop
o

-

ldentify Inwhat position is the armature
when current is zero?

Cuirent reversals As the loop in Figure 5 rotates to the vertical position,
ir 1oves throrgl the magnetic field lines at an ever-decreasing angle.
Thus, it cuts through fewer magnetic field lines per unit of time, and the
current decreases. When the loop is in the vertical position, as it is in the
middle image of Figure 5, current is zero because the wire moves parallel

to the magietic field.

Electric Generators

Microphones are just one of many technologies that rely on electro-
magnetic induction. Electromagnetic induction is also the principle
governing the operation of electric generators.

An electric generator converts mechanical energy to electrical
energy. It consists of a number of wire loops in a magnetic field. The
wire is wound around an iron core, which concentrates the magnetic
flux through the wire. The iron and wire make up the generator’s arma-
ture, also called a rotor.

Current from a generator Like an armature in a motor, the armature
in a generator can rotate freely in a magnetic field. As the armature is
turned, its wire loops cut through magnetic field lines. This induces an
EMF in each loop. Recall that EMF depends on wire length, magnetic
field strength, and speed. Therefore, increasing the number of loops
increases wire length and thus increases the total induced EMF. The
larger the EMF, the stronger the resulting current.
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Lenz’s law explains the direction of the current in the coil of wire in
Figure 10. The approaching magnet causes an increase in the magnetic
field inside the coil. The current produced by the induced EMF must be
in the direction shown in Figure 10 to produce a magnetic field that
opposes the increase in field. The induced field exerts a repelling force
on the approaching magnet. By Newton’s third law, there must be an
equal and opposite force on the coil. This force pushes the coil away

from the magnet. If you moved the magnet away from the coil, the field
within the coil would decrease. By Lenz’s law the induced field would
oppose this change by being in the same direction as the field of the
magnet and adding to the field. In this case, the current producing the
induced field in the coil would be in the clockwise direction.

Figure 10 The magnet approaching the coll
Induces a current in the coil. The right-hand
rule shows that the current Is In the counter-
clockwise direction. The current produces a
magnetic field in the direction opposite the
change in the field that produced it.



Light from a monochromatic source produces incoherent light.

monochromatic light produces coherent light. Because the

width of the slit is very small, only light from a tiny region of the

source passes through the slit. Diffraction by the slit produces
nearly cylindrical wavefronts, as shown in Figure 4.
The second barrier has two very small slits. Because a cylinder |

Placing a light barrier with a narrow slit in front of the ’

is symmetrical, the two portions of the wavefront arriving at the
second barrier are in phase. The two slits at the second barrier
produce nearly cylindrical wavefronts. These two wavefronts

can then interfere, as shown in Figure 4. Depending on their
phase relationship, the two waves undergo constructive or
destructive interference, as shown in Figure 5. If the
interference is constructive when the light hits a screen, you will

: o : : Figure 4 Nearly cylindrical wavefronts are generated
see a bright band. If it is destructive, you will see a dark band. - i :

as light passes through the slits.




Constructive Interference Destructive Interference

At the points where the waves experience constructive At the points where the waves experience destructive
! f

interference, bright bands are seen. interference, dark bands are seen.




A top view of the double-siit investigation is shown on the left in Figure 6. The wavefronts interfere constructively and
destructively to form a pattern of light and dark bands. The right side shows that light that reaches point Py travels the same
distance from each slit. Because the waves are in phase, they interfere constructively on the screen to create the central bright
band at Py. There is also constructive interference at the first bright band (P ) on either side of the central band because line
segment P, S, is one wavelength (4) longer than the line segment P S,. Thus, the waves arrive at Py in phase.

Double-Slit Interference Top View Bright-Band Analysis

Destructive
interference

Constructive
interference

Source

Figure 6 Double-slit interference can be used to determine the wavelength of light. Because L is much larger
than d and the angle & is small, the equation for the wavelength is simplified.




Double slit experiment




I | Define a diffraction pattern

As mentioned in the textbook

Define a reflection grating and give examples.

As mentioned in the textbook

Derive the relation of the wavelength from double-slit investigation A=xd/L where(x) s the distance on the screen from the
central bright fringe to the first bright band, 'd'is the distance between the slits, and 'L'is the distance from the slits to the screen,

As mentioned in the textbook

19




Single-Slit Diffraction

When studying light, you learned that wavefronts of light diffract when the around an edge. Diffraction can be explained by
using Huygens’ prin u_|;_1| e that a wavefront is made up of many small pnmt source wavelets. When light passes through a slit that
has two closely s C screen. This pattern, called a diffraction pattern, results from
constructive an ::i destructive interference of HL|'_-,-'u;_1n:%r":f wa

Green Light Red Light White Light




Figure 16 A CD is a reflection grating, producing a light spectrum.
A magnified view of the surface of a CD shows the arrangement of
pits and lands.

Reflection gratings

You might have seen that light that reflects off CDs, DVDs, or
Blu-ray Discs (or optical discs) creates a spectrum diffraction
pattern, as in Figure 16. A type of diffraction grating made by
inscribing fine lines on metallic or reflective glass surfaces is
called a reflection grating. Optical discs are examples of
reflection gratings. If you were to shine monochromatic light on
an optical disc, the reflected light would produce a reflection
pattern on a screen. Transmission and reflection gratings
produce similar patterns, which can be analyzed in the same
manner.

The surfaces of optical discs are covered with lines of
microscopic indentations called pits separated by flat areas
called lands, as shown in Figure 16, arranged in a spiral. The
turns of the spiral act as a diffraction grating, separating colors
by interference. The fact that optical discs are diffraction
gratings is not important to their function, but the way they
interact with different wavelengths of light i1s important.




Interference of Coherent Light

The pOSitiOn Of the bands Double-Slit Interference Top View

depends on the wavelength  FEGEEEEEEEEEEns
of the light.
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10" | Differentiate between AM and FM signals, As mentioned inthe textbook 185
11| Calculate the speed of electromagnetic waves in different mediums of different dielectric constants. Practice problems 181
12 | Explain how transformers are used in the National Grid System to transmit power through long distances with minimal power losses. As mentioned in the textbook 167
P Define self-inductance and describe the effect produced by self induction in a circuit containing a coil when the current is switched on or off s mentioned nhe tethak "

suuddenly.




FM

AM

Amplitude of FM wave 1s constant. It 1s
independent of the modulation index.

Amplitude of AM wave will change with the
modulating voltage.

Hence, transmitted power remains constant. It
18 independent of m,.

Transmitted power 1s dependent on the
modulation index.

All the transmitted power 1s useful.

Carrier power and one sideband power are

useless.

FM receivers are immune to noise.

AM receivers are not immune to noise.

[t 1s possible to decrease noise further by
increasing deviation.

This feature 1s absent in AM.

Bandwidth = 2[Af + f_]. The bandwidth depends

on modulation index.

BW=2{ .Itis not dependent on the
modulation index.

BW is large. Hence, wide channel is required.

BW 1s much less than FM.




- Practice-Problems-9]
P -59099

g2 - Wwihatis-the-speed-of-an-electromagnetic-
wvwave-traveling-through-airs-Use-
Co=—"299 V92 _ 458-m/s-in-your-calculatiormn 91

— =299, FO2. 458 mi/fs
~F < 100054 T
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Everyday uses of transformers

Long-distance transmission of electrical energy 1s economical only if very high potential differences are used. High potential
differences reduce the current required in the transmission lines, keeping the wasteful energy transformations low. As shown in
Figure 16, step-up transformers are used at power sources, where they can develop potential differences up to 480,000 V. When
the energy reaches homes, step-down transformers reduce the potential difference to 120 V. Game systems, printers, laptop

computers, and rechargeable toys have transformers inside their casings or in blocks attached to their cords. These small

transformers further reduce potential differences from wall outlets to the 3 V=26 V range.

“1 Generator

Kimnetic energy from wind spins turbinmnes, which
turm armatures in a magnetic field anmnd induce
amn EAdF The EAMMF is converted to amn electric
currenmnt amnd sent to a substation.

= Substation

S step-upp tramnsformer im the substation
imncreases the wvoltage for cost-effective
tramnsmissicon.

= Step-Dowwmn Tranmnsformer
Imnduced EAE Tm a step -dowwn tranmnsformenrnr
decreases voltage for consumnmear use.

Figure 16 Step-up transformers increase potential differences (voltages) in overhead power lines. Step-down

transformers decrcasce potential diffcrences for consumor usc.




Self-inductance

An EMF can be induced in a wire when the magnetic field in the region of the wire changes. The field can be exteral, or it can be
g

generated by the current in the wire itself, as in Figure 13,

Low Current
| /i Y

Medium Current

High Current

Figure 13 As the current in the coil increases, the magnetic field generated by the current also increases. The
increase in the magnetic field induces an EMF that opposes the direction of current, and more energy is needed

to increase the current further,




Relatethe effecivecurrent and effecive potential iference to thelr maimum values in an AC circuit

Practic problems

1)

Describe some applcations o the dfferent tys oflectromagnedic waves

As mentioned i the texthook 1

1f

Applythe wave equation to calculatethe wavelength requency,or speed ofelectromagnetic waves,

Practic problems 1]

U |



Alternating currents and generators There are two main types Average power The power produced by an AC generator is the product of
of generators. In direct current (DC) generators charge s move in a Siﬂg] e the curient and the potential difference. Because both current and poten-
- X

di ) hev do in b . o di ion b h tial difference vary, the power in the circuit varies. The graph at the
Irectrion, as t ey do In atteries. Current is in one direction because the how e l'ight of Figure 8 shows the power versus time produced b}' an AC

wires of the armature connect to a circuit by means of a commurator. generator. Note that power is always positive because I and V are either

In contrast, alternating current (AC) generators use a slipring device  both positive or botlll negative. Average power, Py, is half the maximum
to connect wires to a circuit. In this device, one ring is connected to one POWer; thus, Pac = 35 Pac max.
end of the armarture, and the other ring is connected to the other end of  Effective current It is common to describe alternating current and potential
the armarure, as shown in the left of Figure 8. As the armature rotates difference in terms of effective current and effective potential difference,
through 1809, the induced EMF reverses direction. This means the current mher_ than referring to their mammum_values' Recall that P = I°R. Thus,

) ) o R effective current (I.g) can be expressed in terms of the average AC power,

also reverses direction. The current alternites from positive to negative. In 4 p. . — | 2R To determine I; in terms of maximum current (Imsx), start
a consistently tunied generator, the current alternates at a fixed rate and  with the power relationship, Pac = % Pac max, and substitute in I2R. Then
varies sinusoidallv, as shown in the top graph of Figure 8. solve for L.

The frequency of alternating current is different in different EFFECTIVE CURRENT
countiies. Electricity in United Arab Emirates is 220 Volts, alternating Effective current is equaltothlmes the maximum current.
at 50 cyrles per second. it you travel to United Arab Emirates with 2
a device that dees not accept 220 Volts at 50 Hertz, vou will need a e = 2 Imax = 0.707 | max
voltage converter. 2

Effective potential difference Similarly, because P = T

the effective poten-

tial difference is given by the following equation.

EFFECTIVE POTENTIAL DIFFERENCE

2
Effective potential difference Is equal to % times the maximum potential difference.

Veff = g Vimax = 0.707Vmax

Effective potential difference is commonly referred to as RMS (root
mean square) potential difference. In the United States, the RMS potential
difference generally available at wall outlets is described as 120 V, where
120 V is the magnitude of the effective potential difference, not the
maximum potential difference. In many other countries, the RMS poten-
tial difference is 240 V.




Calculate the maximum and effective
alues of current, voltage, and

for an AC generator
5. A generator develops a maximum potential
difference of 170 V.
a. What is the effective potential difference’

b. A 60 W lamp Is placed across the generator with
an Imax of 0.70. What Is the effective current
through the lamp?

c. What is the resistance of the lamp when it is

working?

SOLUTION:
a.

Verr = (0.707)V,pax = (0.707)(170 V)

=120V

b.
lets = (0.707) lnax = (0.707)(0.70 A)

=049A

6. The RMS potential difference of an AC household
outlet is 117 V. What is the maximum potential
difference across a lamp connecied to th2 outlet? If
the RMS current through the lamp is 5.2 A, what Is
the lamp’s maximum current?

SOLUTION:
v o Ve _MTV
mx 0707~ 0.707
| - la _55A
mx = 0.707  0.707

=165V

=78A

7. 'fthe average power used over time by an electric
light 1= 75 W, what Is the peak power?

SOLUTION:
1
P=_P
2 max

P.=02P=(2)(75W)=1.5x10" W




18.Describe some applications of the different types of

electromagnetic waves

Jam camplls




Describe some applications of the different
types of electromagnetic waves.

Uses of lower-frequency waves

Microwaves Cellular phones and the Global Posttioning

Radio waves The lowest-frequency waves, radio waves, are

used mainly o broadcast information. Radio waves with long
wavelengths can be transmitted long distances because they
reflect off ions in the atmosphere. Shorter radio waves used
for FM radio and television travel in straight paths and so must
be relayed from station to station across Earth's curved
surface.

System transmit information using very-short-wavelength radio

waves called microwaves. You also use microwaves to cook
food. The water and fat in food absorb microwaves, and the
Waves' energy turns to thermal energy to cook the food.

S S S S IS

-




Infrared waves Cameras with infrared sensors can produce
images, and infrared night-vision goggles and cameras allow
people to see inthe dark. Because hot objects emit far
infrared waves (with long wavelengths), infrared detectors can
measure the temperature of buildings and other objects. Near
infrared radiation (with shorter wavelengths and higher
frequencies) can carry signals on optical fiber systems or
through the air, programmed from remote-control devices.

B UV radiaton Wit higher requencies than nfared waves,
| Ulaviolt (UV) raciaton canfonze molecules and atoms and
& Calise chemicalreactions, esulting n hamful efects such as

& & sunbum, UV radaton also i used in ndusty to cure polymers

sl stz nstuments. I hesemiconducor industry, UV

radiation s used to etch pattems on silicon wafers n
Integrated circuits. UV radiation can also be used to reveal
forensic evidence.




Uses of higher-frequency waves

Xerays X-rays are produced when high-energy electrons rip

tightly bound electrons off atoms. When the electrons in the

atoms rearrange themselves, they emit X-rays. German

“ ! Gamma rays High-frequency gamma rays come from the

ohyscst Wilam Roenigen discovered Xrays i 1895 using | 'I ﬁ QR P4 e 1, ST s e
vacuum glass tube. You are familiar with X-ray pictures of ’ . ! k | A Ctectdangerous substances i fippng containers.

bones and teeth. X-rays are also widely used to kill cancerous medicine, they are used to treat cancer by destioying cells

cells.




Apply the wave equation to calculate the wavelength, frequency, or
speed of electromagnetic waves PRBLS 38-41

39. - An-electromagnetic:'waverhas-a-frequency:

38.- Whatisthe-wavelength-ofgreentightthat 0f 8.2x0"Hz Whatis the wavelengthof
has-afrequency-of-5.70x10MHz | the wave?]
; ¢ 3.00x10°mis 4
12523.00x10 m/s 526107 mA A= 0 o =3.7x10" m{
f 5.70x10" Hz ——

(ﬁj



40. - What is-the-frequency-of-an-
electromagnetic-wave-that-has-a-
wavelength-of-2.2x10=2-m™?9|

C
A —

1

rf = =1.4%x10"° Hz

f
c _ 3.00<x10°% m/s
A

2.2x107° m

CHALLENGE?® [fr-an-electromagnetic-wave-
Is-propagating-to-the-right-and-the-electric-
field-is-infand-out-of-the-page, - in-what-
direction-is-the-magnetic-field?-9]|

up-and-downfq|




17 Apply the equation F=BILSin(8)to calculate the magnitude of the force on a straight segment EXAMPLE 1 154-155
of a current-carrying wire placed in a uniform magnetic field. Practice problems

18 | Calculate the maximum and effective values of current, voltage, and power for an AC generator. Practice problems 159

EXAMPLE 2

19 i i i . 166
Apply the ideal transformer equation to solve numerical problems Practice problems

20 Apply the relation (A=Xd/L) to calculate the wavelength or to find an unknown distance in a double-slit investigation given the EXAMPLE 1 196
other values. Practice problems

21 Ol Ohae ps lae o

22




1. You move a straight wire thatis 0.5 m long at a speed of 20 m/s vertically through a
0.4 T magnetic field pointed in the horizontal direction.

a. What EMF is induced in the wire?
b. The wire Is part of a circuit with a total resistance of 6.0 £2. What is the current?

. A straight wire that is 25 m long Is mounted on an airplane flying at 125 m/s. The wire
moves in a perpendicular direction through Earth’s magnetic field (B = 5.0x107>T).
What EMF Is induced In the wire?

. A stralght wire segment in a circuit is 30.0 m long and moves at 2.0 m/s perpendicular
to a magnetic field.

a. A 6.0V EMF is induced. What is the magnetic field?
b. The total resistance of the circuit is 5.0 £2. What is the current?

-
SOLUTION: 2
SOLUTION: | a. EMF = BLv(sin & )

a. EMF = BLv(sin 0 ) SOLUTION: 2 6.0 V= B(30.0 m)(2.0 m/s)(1)

= (0. : . E=010T
_ Q3 DOImAImHM EMF = BLyv(sin 6)

= (5.\|]':=-=21l2|'_5 TH25 m)(125 m/s)(1) -
_EMF _ 4V =0.16 V ',=EMF_6.UU'

b.
=1.2A

I= =0.7A

R 600 R 500




Calculate the maximum and effective
alues of current, voltage, and

for an AC generator
5. A generator develops a maximum potential
difference of 170 V.
a. What is the effective potential difference’

b. A 60 W lamp Is placed across the generator with
an Imax of 0.70. What Is the effective current
through the lamp?

c. What is the resistance of the lamp when it is

working?

SOLUTION:
a.

Verr = (0.707)V,pax = (0.707)(170 V)

=120V

b.
lets = (0.707) lnax = (0.707)(0.70 A)

=049A

6. The RMS potential difference of an AC household
outlet is 117 V. What is the maximum potential
difference across a lamp connecied to th2 outlet? If
the RMS current through the lamp is 5.2 A, what Is
the lamp’s maximum current?

SOLUTION:
v o Ve _MTV
mx 0707~ 0.707
| - la _55A
mx = 0.707  0.707

=165V

=78A

7. 'fthe average power used over time by an electric
light 1= 75 W, what Is the peak power?

SOLUTION:
1
P=_P
2 max

P.=02P=(2)(75W)=1.5x10" W




The ideal transformer In an ideal transformer, the electrical power delivered

to the secondary circuit equals the power supplied to the primary circuit. DN [\ ViCH\'
An ideal transformer dissipates no power itself. Because it is 100 percent

efficient, it can be represented by the following equations:

Inequalities Study the follow-

Pp = Ps ing expressions to help you
Vplp = Vils understand the relationships
. : : . Vp among potential difference (V),
Rearranging the equation to find the ratio A shows that the current current (1), and the number of
in the primary circuit depends on how much current is required by coils in transformers (N) in pri-
the secondary circuit. This relationship can be combined with the rela- mary and secondary circuits.
tionship shown earlier (between potential difference and the number of
turns) to result in the following equation. Step-Up S
Transformer Transformer
TRANSFORMER EQUATION Vp < Vs Vo> Vs
The ratio of the current in the secondary coil to the current in the primary coil is equal to the
ratio of the potential difference in the primary coil to the potential difference in the secondary Ipn > s Ip< Is
coil, which is also equal to the ratio of the number of turns on the primary coil to the number of
turns on the secondary coll. Np < Ns Np > Ns
Is Vo Np

In — Vs Ns




STEP-UP TRANSFORMERS A step-up transformer has a primary coll consisting
of 200 turns and a secondary coll consisting of 2000 turns. The primary

coil is supplied with an effective AC potential difference of 90.0 V.

a. What is the potential difference in the secondary circult?

b. The current in the secondary circult is 2.0 A. What Is the current
In the primary circuit?

El ANALYZE AND SKETCH THE PROBLEM
* Draw an iron core that has turns of wire on either side.
¢ Label the variables [, V, and .

KNOWN UNKNOWN
Np = 200 V=900V V=7
N: = 3000 le=20A Ip="7

E1 SOLVE FOR THE UNKNOWN _ NsVvp

Np

a. Solve for Ve.

E_ & = S500 9 Substitute N= = 3000, Ve =900V N, = 200
Ve~ Np

= 1350 V
_ NsVp

Np The power in the primary and secondary circuiis Is equai assuming
100 percent efficiency.
Pp = Ps
Vplp = VsIs 4 Substitute P = Vplp, Pa—"%:<

Vs

Solve for /.
fo — VsIs
P — Ve
(12350 V)(2.0 A)

== SO0 V A Substitate Vie= I1350V. [-.= 20 A. . = 900V.

= 3.0x<x10" A




~ (7-2x10° V)(125)
N 7500 !

=1.2x10% V
VoI, =V I,
. VL, (1.2x10° V)(36 A)
"V, 7.2x10° V

P

= 0.60 A




—

CHALLENGE® A step-up-transforrmer-that-
iIs-95percent-efficient-has-300-turnNns-onN-its-
prirmary-coil-armnd-90 _,000-turms-on-its-
secondary-coil .- T he-potential-differeance-of-
the-generator-to-which-the-primary-circuit-is-
attached-is-c0_0-VWV_ -VWhat-is-the-potential-
difference-across-the-secondary-circuit™7-
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~— Transformers -
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20 turns
1000W

Figure 15 The ratio of primary potential difference to secondary potential difference in a transformer
depends on the ratio of the number of turns on the primary coil to the number of turs on the secondary
coil. Secondary potential difference can be greater than the primary (left) or less than the primary (right).

Step-Up Transformer Step-Down Transformer
Primary Secondary Primary Secondary
10.0A
& Sturns
00V |

primary potential difference number of turns in primary coil
secondary potential difference ~ number of turns in secondary coil
T
Y%
Vi N

([ the secondary potential difference is larger than the primary poten-
tia! ditterence, as it is in the left part of Figure 15, the transformer is called
1 srep-up transfoimer. If the secondary potential difference is smaller
than the primary potential difference, as in the right part of Figure 15, the
transformer is called a step-down transformer.

READING CHECK Compare How do step-up transformers differ from
" step-down transformers?

\/




Relate the turn’s ratio of a transformer to its corresponding voltage ratio and apply
the coresponding equationin problem solving.

Transformers

You have probably seen metal cylinders attached to utility poles, such
as the cylinder on the pole in Figure 14. Inside each of these cylinders is a
transformer. Transformers are devices that increase or decrease potential
differences with relatively little waste of energy. Only alternating current
(AC) can be sent through a transformer. Direct current (DC) cannot pass

primary potential difference number of turns in primary coil

secondary potential cifference ~  number of turns in secondary coil

Vp N
through a transformer. ?F' _ NP
5 5
How transformers work You read that self-inductance produces an
EMF when current changes in a single coil. A transformer has two coils, If the secondary potentidl difference is 1 arger than the primary poten-
electrically insulated from each other but wound around the same iron a S ,
, . . o rial ditierence, as it is in the left part of Figure 15, the transformer is called
core, as you can see in Figure 15. When one coil-the primary coil-is o .
connected to an AC source, the changing current creates a changing 1 step-up transiormer. If the secondary potential difference is smaller
magnetic field that is carried through the core to the other coil-the than the primary potential difference, as in the right part of Figure 15, the

secondary coil. In the secondary coil, the changing magnetic field induces
a varying EMF and current. An EMF and current in one coil due to
changing current in another coil is calied mutual inductance.

The EMF induced in the secondary coil, called the secondary potential
difference, is proportional to the potential difference provided to the
primary coil. The secondary potential difference also depends on what is
called the turns ratio. The turns ratio is the number of turns of wire in
the secondary coil divided by the numbei of tins in the primary coil, as
shown on the right in tie 1ollowing expiessions.

transformer is called a step-down transformer.

READING CHECK Compare How do step-up transformers differ from
~ step-down transformers?

Vi



voltage ratio and apply the coresponding
equation in problem solving.
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Lenz's law says that the magnetic field produced by the
induced current is in the direction that is opposite the
original field

Figure © A vire pulled through a magnetic field generates an EMF. The EMF produces a
current in the circuit (/). Motlon of the charges in the wire produces a force (F). The current
alzo produces a magnetic fleld (blue dots and crosses) that, within the circuit, Is In the
Jirectlon opposite that of the fleld whose change caused It.




( Electromagnetic Waves

Axis of | A. Characteristics
polarization ,

1. Transverse wave that transfers electric and
magnetic energy

2. Created when charged particles move
3. Produces energy called electromagnetic

. .
Figure 22 The electric and magnetic fields that make up an electromagnetic wave oscillate at right angles to each other and to the direction of the wave’s rad Iatlon

vlocty (4 4. Travel at the speed of light - about 300,000 km/s

a. Would go around the earth about 7.5x in a
Definition: Electromagnetic waves or EM waves are waves that are created as a result of second

vibrations between an electric field and a magnetic field. In other words, EM waves are b. Sunlight to reach Earth - about 8 minutes
composed of oscillating magnetic and electric ields 5. Al TRAVEL at the SAME speed




Explain what factors affect an antenna's sensitivity to
electromagnetic waves of given wavelengths

Wire antennas

When an antenna is one-half the length of the wave it is designed to detect, the potential difference across its terminals is largest and the
antenna is most efficient. Therefore, an antenna designed to receive radio waves is longer than one designed to receive microwaves.

Though antennas that are one-half wavelength long are most efficient, antennas that are one-quarter wavelength long are often used when

the connection between the antenna and receiver is at the end rather than the middle of the antenna. Antennas can be made shorter by
constructing them from a helical coil or by adding a dielectric material, such as a ceramic, with a dielectric coefficient higher than air.

Cell phones have as many as seven antennas. These phones typically communicate at frequencies near 830, 1700, 1900, and 2100 MHz.
Further, they recerve GPS signals at 1.575 GHz. They send and receive remote earpiece and WiFi signals at 2.4 GHz. Cell phone antennas
built on ceramic dielectric blocks using printed conductors are typically only a few millumeters long. Laptop computers also have several

antennas to accommodate Wiki and remote devices.



Radio Siénals

¥ «——— To receiver

Figure 30 A received signal s reflected offthe surface of a dish and focused into the hom, which contains the antenna. The large surface area of the dish
collects mare electromagnetic wave energy than a wire antenna does, making it well suited for recenving weak radio signals,

Dish antennas

All electromagnetic waves, not just light waves, undergo reflection, refraction, and diffraction. Dish antennas, such as the one in Figure
30, reflect short-wavelength radio signals, just as parabolic mirrors reflect light waves. A parabolic dish antenna reflects and focuses
signals off 1ts surface and into a horn. The horn, supported by a tripod structure over the main dish, contains a short dipole antenna. Like

a telescope that shows only a narrow portion of sky, a dish antenna 1s sensitive only to signals coming from specific directions.




Antenna physical characteristics

m The antenna’s size and shape largely determines the
frequencies it can handle and how it radiates
electromagnetic waves.
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Antennas

= An antenna is a device that provides a transition
between guided electromagnetic waves in wires and
electromagnetic waves in free space.

Electric field lines
of radiated wave

Antenna

Transmission IiL_/

m)—»———-j)

Generator Guided EM wave
Transition
region

Wave launched
into free space



Explain how EM waves are received

Recelving Electromagnetic Waves

E Capacitor

Anteinas propagate electromagngtic waves nfo space. Anteiias also capturs electromagistic waves, converting he waves oscillating / 2

electrc felds back to potential diferences. As shown in Figure 29, a wave's electric feld acoelerates electrons in the metal of an antenmna \ g jD

Theacceeration s hrgst when th anfenna s postioned nthe same ircton as th wave polarizaton; that i, When s paral fothe Ame”"lmpm

diretion of the wave's eletric Al A potentaldifference acrossthe antennas terminals osillaesa he fequency of the wave -

U‘y
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