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2. Apply the right-hand rule to determine the direction of the induced emf and thus the direction of induced current in a wire
moved in a magnetic field.

1. Explain how the relative motion between a conductor such as a wire and a magnetic field causes an induced emf. ‘
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Q1 A straight wire that is (75 cm) long (rubliie Jae S Jei N(0.75 M) Adsh alion dlu & ad
moves upward through a horizontal (0.30T) | .(16 m/s). e «JSall i mage sa s <(0.30T) &
magnetic field, as shown in Figure, at a CsSa (11 Q) oo A8 s glia 335313 o g S Sl 1S 13)
speed of (16 m/s).If the wire is part of a S e L8 s

circuit with a total resistance of (11 ). The
magnitude of the current through the
circuit will be:
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.Define electromotive force emf and specify its unit as volts (V) \

EMF = BLv(sin 6)

N my_ Nm)  J
(m)(m)(T) T (As)  C T ¥

1. Which dimensional analysis is correct for the
calculation of EMF?

A. (N-A-m)(J)

D. (N-m-A/s)(1/m)(m/s)
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Identify devices and machines that operate primarily on the
principle of electromagnetic induction

9. MAINIDEA Use the concept of electromagnetic induc-
tion to explain how an electric generator works.

i) nlaliseg 4S)) Gl aggaoe pusaw) aws,J) 3,50 .9
Pb4gS wae Joe dny




B - 0543245101 f":‘j,—.\-“‘ inspire ‘:Mll el Chual

0 0 0 P L

2024/2023 &l Juadll JLIA) Jsa Glalan gl jBr iy

Sladalise S5 @ e Moo Joeo S Jo Sdoed!) .10
ilila) e Siald) oild o le dslasdly Hlga Bgee le asls
10. Generator Could you make a generator by mounting

permanent magnets on a rotating shaft and keeping the
coil stationary? Explain.
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11. Bike Generator A small generator on your bike lights the
bike’s headlight. What is the source of the energy for
the bulb when you ride along a flat road?
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12. Microphone Consider the microphone shown in
Figure 3. What happens when the diaphragm is
pushed in?
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Identify the phenomena associated with electromagnetic induction, which
physical quantity fulfills Lenz's law and confirms that there is no ideal
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Eddy currents are currents generated in any piece of metal moving
through a magnetic field; the magnetic field they produce opposes
the motion that caused the currents. The force on the metal opposes the
motion of the metal in either direction, but it does not act when the
metal is still. Thus, it does not change measurements of the mass of an
object on the pan.
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When eddy currents have a braking effect on metal, the effect is called
eddy-current damping. Eddy-current damping is commonly used to slow
the movement of metal parts. The brakes of some trains and roller coasters
are designed to take advantage of eddy-current damping. Often, the
damping effect is unwelcome. To reduce eddy-current circulation in the

metal parts in motors, the motor cores are constructed from thin metal
layers that have insulation added between the layers.
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. Trains The train in Figure 20 makes no contact with 0 20 &0 3 Ll ot ¥ a!,u&di 56
the rails. There are electromagnets in the train but o3 ol o8l 3 sl clabise Ja ghsal

not in the rails. Explain how this train is able to levi- [ caall 533 glaall s lasll i oSt S e A
tate above the rails as long as it is moving.
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Figure 20
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Describe that Lenz's Law is a consequence of the law of
conservation of energy
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Lenz’s law states that : the induced current in aloop is in a direction that produces a magnetic field that

opposes the change in the magnetic flux through the closed loop
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Relate the effective current and effective potential difference to .1
.their maximum values in an AC circuit

Calculate the maximum and effective values of current, voltage, .2
.and power for an AC generator
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5. A generator develops a maximum potential Y _,.-:31 s aall 5
difference of 170 V. )

170V iy sl

a. What is the effective potential difference?
b, A 60 W lamp is placed across the generator with Sl syl 5, Le 2

an Imax of 0.70. What is the effective current ) !
i) colSy wadl 60 W 3 ,0n rluas Juog 131 b
through the lamp? : § AR e 35N

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

Srbaadly ;L1 Jla) Lol Jlaia Lo 0.70A jLal) olaall

working? dew Losie rluad) dsglas Lo €
8. CHALLENGE An AC generatordelivers a peek s o 3, adl a0 )i Wge g g 8
potential difference of 425 V. ) 475 \/

8. Whatis the V¢in a circuit connected to the

generator? Sl dhasa 8 0ls 3 Vesr Lo .a
b.The resstance is 5010 €. What i the ffective L) Ll Lo 5.0%10°2 Q) ol st
current? ' '
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I14. 0utput?oteptiaIDifference Explai'nwhytheou.tput sy b ol 0l gl g i 14
potential difference of an electric generator increases i

when the magnetic field is made stronger. What s bl Jladl gt a0l e gl iyl o

another way to increase the output potential Vsl a8 by 3l b S
difference?

L CricalThinking Astudentasks, “Why does AC ) e B Ml ol Ly 1 G201 15
dissipate any power? The energy going into l8amp 5, Ly e ] 1) @ilkal o] % d' |

when the current is positive is removed when the bl Bl Lok il 'y
currentis negative. The net current is zero." Explain bl oy Lo Ll g Lo gz Lo

why this reasoning is wrong. il Vi s o 1l e
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Apply the equation EMF= BLv(sin 8) to determine the magnitude of
.induced emf for a wire moving through a magnetic field

EMF = BLv(sin 6)

MMQQJ!gﬁMuJNZOm/s&uaHO.Smu,bgﬁu,z_uliud,x;gi A
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1. You move a straight wire that is 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?

13
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4. CHALLENGE A horseshoe magnet is mounted so that the magnetic field lines are vertical.
You pass a straight wire between the poles and pull it toward you. The current through
the wire is from right to left. Which is the magnet'’s north pole? Explain.

14
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A ) Aadial) 5 g8l jlaa aaatl EMF=BLv(sin 6) 4dlaal) (et a8 2
(obliie Jlaa e & an Gt diatiol)

o bp 5 JS dlla B dadeiad) Lal) Sad Glaad |ZEMF/R Halaad) 3akass a8 |3
Allia 5 ils
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' 80x102T

Selll) 3 &) EMF jluae Lo .2

Sl s L) Comaad) HLad) jlaze Lo b

Saasand) ot jLall asd L 2 0.78 ) & 51l daglio 8,5 Lo ccalisee gase (o s plasiul @ 13) .C
INDUCED EMF A straight wire is part of a circuit that has a resistance (R) of “ B s

0.50 €0. The wire is 0.20 m long and moves at a constant speed of 70m/s ®
perpendicular to a magnetic field of strength 80x1072 T,

a. What EMF is induced in the wire? H
L l @ ()AH

b. What is the current through the wire?

)]

¢. If a different metal were used for the wire, increasing the circuit’s \
resistance to 0.78 (2, what would the new current be? i G~ ®
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1. You move a straight wire that is 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?
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4. CHALLENGE A horseshoe magnet is mounted so that the magnetic field lines are vertical.
You pass a straight wire between the poles and pull it toward you. The current through
the wire is from right to left. Which is the magnet’s north pole? Explain.

16
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. Relate the turn’s ratio of a transformer to its corresponding 1.
voltage ratio and apply the corresponding egquation in problem

solving

Apply the ideal transformer equation to solve numerical problem .2

Differentiate between step-up and step-down transformers .3

Pp = Ps
Volp = Vsls

| et Jgomed

Joeed) Addlae

_aJ._qJFuj_\.tp-.J'r Jﬁd__.u_\g_‘_.;JJi._aJ_Q_llule_._JluJ'r 9_1L‘J'r\_gJ_.,JTUjJL._J]ML53L.u
cal,J) e Galall) sae A Lag Ls_gl_u.u Lo sa4 ng.!-l-a-” alo) o2 Agad] &N o) ,__,_.u.u‘,J'r
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Vb < Vs Vp > Vs
fp > s Ip < Is
Np < Ns Np > Ns

17
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STEP-UP TRANSFORMERS A step-up transformer has a primary coil consisting l B it
of 200 turns and a secondary coil consisting of 3000 turns. The primary e [
coil is supplied with an effective AC potential difference of 90.0 V.
a. What is the potential difference in the secondary circuit? v, Ny s Vs
b. The current in the secondary circuit is 2.0 A. What is the current )

in the primary circuit? L )

9OOV¢_LQAC)L..,UJULQA+>
gl s 51l B syl 5,2 L @
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16. A step-down transformer has 7500 turns on its primary coil and 125 turns on its
secondary coil. The potential difference across the primary circuit is 7.2 kV. What is the

potential difference across the secondary circuit? If the current in the secondary circuit
is 36 A, what is the current in the primary circuit?

uL¢J|U_995 Jisd)) 1S il 600VM,J| s 50401 & Lozl Aol 3 syl d,_el.l.,
35001 3 Lol Ld .0.50 A gl aglad) 830000 3 HLall Sagle) 88001 Lae agsl) 3, Lo
Taws J)

17. CHALLENGE A step-up transformer has 300 turns on its primary coil and 90,000 turns
on its secondary coil. The potential difference of the generator to which the primary
circuit is attached is 60.0 V. The transformer is 95 percent efficient. What is the
potential difference across the secondary circuit? The current in the secondary circuit
is 0.50 A. What current is in the primary circuit?

19
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1. Determine the type of pole induced on the face of a coil and the direction of induced current in

a coil when a coil and a magnet are in relative mation

"'F EMF = BLy
il ° i\ e @ Bucii) s

X ’\ll ®

@ °
x/l - @

L o 2 6]

X

@ . ®
X ®

F=BIL
o o °*

mine the foll

owing.

45. Refer to Example Problem 1 and Figure 19 to deter-

a. induced potential difference in the conductor

b. current (I)

B adaz) J) acuwdl A ddazi) auda’ .C

c. polarity of point A relative to point B

R=11Q A
e e i"{ o]l e o @
v=36m/s
—_——————
® © o o |e e o | e
®e © © o o e e EFyF e
L=050m
e © o o |e e o | e
®e © o—o o e e 70%1072 T
O
B
Figure 19

b Lo wasal 19 JSZIy 1 JLod) o51,.45
doged] G2 Sl aygl) 3,2 .2

() ;L)) aze.b
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Calculate the speed of electromagnetic waves in different mediums
of different dielectric constants

‘ : cpalil) ) gl

k

(k) oad] 3L gS Jial) ol

100000, oo ¢l o2
C b dzgaell de g
.3.00%x108 m/s (c)

1.00054, ;L ..)g4]! 29

Nk=ih

Sl

Q11 If the speed of light traveling through water is

B
2.25x10 mf's. What is the dielectric constant of water?

Al 177

B

a8 - -
38 s ofa 2.25x10 slall DA JEGLLI & geiall A5 e LS 130
folall ]l culh

C

1.00

| 0.77 D

1.25

()12 Electromagnetic waves have specific
characteristics. Which among the following
characteristics does not correspond to electromagnetic

unihﬂihdnéﬁ_;uuhyﬂi.ﬂikiﬁwjdiinﬁkayh
Apeadal e 5 g8l il pall aua (B8 T Y AN

waves.
A | wavelength speed
B | mass frequency

| A

| B |1500 HZ - 20 m

()13 an electromagnetic wave makes 3000 vibrations in
one 0.2 s. The frequency and wavelength .........

paibaidl S sl Eadans Geailead L Al 5 Sl il gall
Asashlie 5 Sl Zila pall aus (38 9T Y Aa0AN

| 15000 HZ — 20000 m

20000 HZ - 15 m

1IS5HZ-2m

21
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19. What is the speed of an electromagnetic wave traveling through air?
Use c = 299,792,458 m/s in your calculation.

Selod) o epnl) de oo L 177 Ll b8 S5l o 3Ly .20

20. Water has a dielectric constant of 1.77. What is the speed of light in water?

22
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Apply the wave equation to calculate the wavelength, frequency, or
speed of electromagnetic waves

el J) gl

A

v B
f e

A
f

95.70X10™ Hz goluy 033 o cuele 13) syl cpall srsell Jobll L .15

15. What is the wavelength of green light that has a frequency of 5.70x10" Hz?

Yizgall odg) prgall Jshall 5o L 8.2X10™ HZ auuboliing 45 arge 335 015 13) .16

16. An electromagnetic wave has a frequency of 8.2x10' Hz. What is the wavelength of

the wave?

23




0 0 0 P L

\ //aa . | ire adkiall dlal du.ail
|‘g 0543245101 N f'l:‘.J.-.‘ﬂ‘ inspire a lj:u .'u p
2024/2023 &4l Juadl) Lba) J<aa Glasbar Gl 8 MY

Al da gal Juia Juab] o Jguaanll ) ogdl S5 slasl gl Jglal) uaas =l dr [
Determine the optimal length or orientation of an antenna for the
.best reception of a given wave

-9:*-“;—” H')Lw) 2 asb g5 -—’3’|->.~—o—” ~—-’Lb|:.-” | I
26. Radio Signals Radio antennas normally have metal rod
elements that are oriented horizontally. From this
information, what can you deduce about the directions
of the electric fields in radio signals?

98 maunglly a5 50 Jaadd) SNeall Ja ‘_,..v,.‘.n N .28
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Slasod) Jlaiw¥ peadd) Slagd) Ge Jolo) e‘ Bl oS
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28. Antenna Design Would an FM antenna designed to
be most sensitive to stations near 88 MHz be
shorter or longer than one designed to receive
stations near 108 MHz? Explain your reasoning.
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Explain how transformers are used in the National Grid System to

transmit power through long distances with minimal power losses

D) (A Aacilial) ABUal) i g L) (addd agall dad) ) Y gana aladiad) Al sl )l g il ic
) (B Aalial) ABLal) (SR 8] Ao glia I3 )65 (5 g (D) JA)) Ja glad
3l padidl Y g axdiad (Jjkall) ighiay) ol dis

1 Generator

Kinetic energy from wind spins turbines, which
turn armatures in a magnetic field and induce
an EMF. The EMF is converted to an electric
current and sent to a substation.

2 Substation
A step-up transformer in the substation

a ‘ increases the voltage for cost-effective
‘AM. E J transmission.

3 Step-Down Transformer

46.5-“ U.Aé& Induced EMF in a step-down transformer
-

decreases voltage for consumer use.
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Interference and
_Diffraction
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Derive the relation of the wavelength from double-slit investigation
(A=xd/L) where 'x' is 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
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s Al

, S 1 _ 4| dark
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- 414
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dark

(0) = tan! %
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Interference Interference
mhk x 1
—_— - (m i 2‘ ) }L ¥
d 1L =
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Yellow-orange light from a sodium lamp of ~ J sk p 03 saadl 316 Theas o S e g Sy

wavelength 596 nm is aimed attwo slitsthat ~ § gpy 1074 Lo ) J__ﬂ e Ly 5596nm > 4
are separated by 1.90 x 10~ m. What is the | " e ) TR

distance from the central band to the 0 Nl o plall (55 ol odg] g Blenadl e
first-order yellow band if the screen is 0600 m 0600 m &lows dnd £3L2N <3S 13 JsY1 45 3

from tpﬁ slits?

L
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-_L!:? L_AJ:‘ e LA | a_‘J':}Lml I:t_.-.&_g '-.‘:'_L__i! 632.8 nm J::—JM.;'I
3.:.:-"__;.'-! \s k_;}.,..a.rlll -.__J.LEJ'I .,_}TI | s d== 3 g a;,._z.g_ﬁ'?...l-l e 1.00 m
Al ol Lad ¢ 535S ol) Jasull -1s 65.5 mm Amy ‘_5__'-;";.'5
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Violet light falls on two slits separated by

) m. Afirst-order bright band ol ) ol g 1904070 Ly ol ) g ot s g b 1‘

appears 3.2 from the centralbight 320 e OB00M g il Le a8, g B2MM 5 Le 025
band on a screen 0.600 m from the slits. 0 el el i
Whatis 0 o) el
Xa
A=—
L

1] gy A = 632.8 nm osell lglybs )5 andl el ¥ pasial gg05a 3 &, A3
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Explain how bright and dark interference fringes (bands) are created in a -ﬁ l—'l.“-l.“ ‘JL}HIJ'I

.double-slit interference investigation with monochromatic light
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Explain the phenomenon of thin-film interference
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.Define the phenomenon of thin-film interference
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.Define coherent and incoherent light .2

Explain how bright and dark interference fringes are created in a double- .3
-slit interference investigation with monochromatic light

Recall the concepts of constructive and destructive interference and .4
define interference fringes of light
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WAVELENGTH OF LIGHT A double-slit investigation is performed to measure the wavelength of
red light, The slits are 0.0 apart, A screen is placed 0.600 m away, and the first-order bright
band is 2. from the central bright band, What is the wavelength of the red light?
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1. Violet light falls on two slits separated by
1.90 x 10 m. A first-order bright band
appears 13.2 mm from the central bright
band on a screen 0.600 m from the slits.
What is A?
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2. Yellow-orange light from a sodium lamp of
wavelength 596 nim is aimed at two slits that
are separated by 1.90 x 10 m. What is the
distance from the central band to the
first-order yellow band if the screen is O.G00 m
from the slits?
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3. In a double-slit |nvest|gat|on physncs
students use a laser with A 632.8 Nnm. A

student places the screen 1.O000 m from the
slits and finds the first-order bright band &65.5
mim from the central line. What is the slit
separatjion?
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4. CHALLENGE Yellow-orange light with a
wavelength of 596 nm passes through two
slits that are separated by 2.25 x 10~ m and
makes an interference pattern on a screen. If
the distance from the central line to the
first-order yellow band is 2.00 x 10 “ m , how
far is the screen from the slits?
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OIL AND WATER You observe colored rings on a puddle and conclude that there must
be an oil slick on the water. You look directly down at the puddle and see a yellow-green
(A =555 nm) region. If the refractive index of oil is 1.45 and that of water is 1.33, what is
the minimum thickness of oil that could cause this color?
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