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Faraday’s Experiments (lesson 9.1)
It is a set of experiments by which Faraday,proved that : kasabre
A changing magnetic field through afloop induces a potential difference and electric current in
the loop . asaors Kasabrs
* The potential difference generated'by this way is called an induced potential difference

(AV,,) oramotional emf (V). kasabrs

kasabrz

* The electric current geherated by this way is called an induced current (i,,,) .

kasabrs

* The following figutes shew some ways of changing thekasrﬁrégnetic field through a loop:

Increasing
current

Decreasing
current

Loop 2

Faraday’s Law of Induction (lesson 9:2)
Faraday’s Law of Induction in its qualitative form states :
A potential difference is induced in a loop when the magnetic flux through the loop changes
with time . >
OR : A potential difference is induced in a loop when the number
of magnetic field lines passing through the loop changes with*time .

Magnetic flux ¢,

It is a quantity that expresses the number of magnetic field
lines that pass through a surface area .
In the case of a uniform magnetic field : >

¢, = ABcosO

A

\J

o]
Y
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A : The surface area . kesabrs Casabre
6 the angle between (B) and the area ndrmal vector to the plane of the loop (4). )

The unit of flux is : (7.m>) and it isfcalled Weber (Wb) .

25
kasabrs -
If the magnetic field is perpindeculario the plane of the loop (6=0): ( — 4
kasabrz kasabrs ¢max — AB 1-4»
If the magnetic field B is paralle to the plane of the loop (6=90°) : 1 e
kasahrz ¢m1n — O = // é E

kasabrs

In the case ofia nenuniform magnetic field ,
the magnetic fluxyis the surface integral of the magnetic field passing through a differential
element’of aread

4, = [[ 5.4

Gauss’s law for magnetic field

kasabrz

‘Fhrough any closed surface :
kasabrs @ B .d[q - O

The reson : because no magnet monopole , no separatémorth™pole or separate south pole)

kasahrs

kasahrs

Q1) A circular conductor loop with an area(0.2m%) is placed in a uniform magnetic field of
magnitude (0.47). Calculate the flux through the loop in the followiﬁagbzases ?

kasabre

kasabre

‘ 3
A
v/

kasabrz

1 2

L ]
r U:I F

kasabrs

kaszabrs kaszabrs

Q2) A circular coil with (20) turns and a radius of (40cm)is

laying flat on Mhorizontdl tabletop as shown in the figure . o sl
There is a uniform, magnetic field extending over the entire with

a magnitude of (5.07) and makes an angle of (25.8°) below =
the horizontal surface as in the figure .

Calculate the magnitude flux through the coil? kasabrs
Q3) In the figure shown if the area of loop (}/) is double P M
the area of loop (P) . Calculate the ratio of flux through" -0 FI\ ﬂ B
loop (M) to the flux through loop (P) ? - A
p(M) gh loop (P) — ] ' '*//Q"ff‘“ :
kasabrs (A 4t 5 |
kasakrs
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Faraday’s law in its quantitatively form states : kasabre
The magnitude of the potential difference induced in a loop is equal
to the time rate of change of magnetic flix through the loop.

d
FOI' one 100p . kasabrs AI/l'nd Vo d¢tB kasabrs e

kasahrs

kasabrs
. d
For a coil of (N) loops : _mAV,.,.=—N jf
d kasahbrs
7? : the time rate of'¢hange/of magnetic flux -
kasahrs asanre
The negative sigh means: the induced potential difference establishes an induced current whose
magnetic fieldstendsyte‘oppose the flux change . kassbre

Q4) A circular'loop of area (0.4m°) is placed so that its plane is perpendicular to a variable
makgasﬁbgtic field*¢hanged by the equation (B =0.2¢ —0.5¢ +2.0)

Caleculate the [;a(s)aﬁzntial difference induced in the loop at (r=3.0s) . kasabrs

QS) A coil consisting of (8) square turns have a side length of (0.20m) and resistance (3.0Q) are
placed in a magnetic field that makes ﬁeﬁabﬁngle (40°) with the plane of the coil . The magnetic field
asabre

varies according to the equation (B=1.5¢"), where (t) is measuréd.in seconds and (B) in Tesla .
kasahbrs
Calculate the current induced in the coil at (r=2.0s) . asabrs

Q6) An elastic circular conducting loop expands at
a constant rate over time such that its radius is given
by (r=0.1+0.015¢) , The loop has a constant resistance

of (12Q) and is placed in a uniforklalslahrfnagnetic fieldof
magnitude (0.757) perpendicular to the plane‘ofithe

kaszabrs

B

kasahrg asabrs

loop, as shown in the figure .
Find the magnitude of the current induced
in the loop at (r=5.0s). kasabrs

Q7) A square conducting loop with sides of length (L) is
rotating at a constant angular ksasﬁjéed(a)) in a uniform magnetic
field (B) . Find an expressiofi for the potential difference

kasabirs

induced in thejloop as‘a function of time . “*" casbrs

Q8) A (40) turns coil with area of (0.03%) is placed in the magnetic field perpendicularto its
plane , if the magnetic field decreases by a rate of (0.057 /s) , what is the potential difference
induced in the coil ? kasabrz kasabrz kasabre

Q9) A (150) turns coil with area of (0.04m?)is B(x1072E) 4

placed where its plane is pkeasla'bﬁendicular to a magnetic 1152
field varies with time as shown in the figure . 3 \

o
o

kasahrs

What is the average potential difference induced / \\
in the coil each stage ? 3 4 x10%)

kasabrz

2 4 6 8 1012 14

Q10) A circular loop with radius (4.0cm) consistof (80) turns , its plane is perpendicular to a
kasabrz

uniform magnetic field (0.187). Calculate is the indtced potential difference in following cases :
a) If the magnetic field varies from (0.187") to (0.127) in (0.15)?

kasabrs kasabrs

b) If the magnetic field decreases to zero in (0.155)
¢) If the direction of the maéalslabeﬁtic field is revered during a period of (0.4s) .
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Q11) The figure shows an elastic circular x x x x x x x X X X ox ox x x
. . * =
coil of (10) turns and (0.5»°) area is placed B x « * R e B ox x x ox x x
kasabrs 7 =
in a uniform magnetic field of (0.67) .+ s 4 x X oxox x o ox ox X

If the coil is pulled from its sidessin‘order
to decrease its area to quarter during
a period of (0.4s5), what is the induced

. . kasabrs o .
potential difference in the ¢coil ? kasabrs

kasabrs
kasabrz

Q12) A (500) turns=Coil with area of (0.01»°) rotates in a uniform magnetic field (B)) with

kazabrs

a constant speed’, the coil rotates from a perpendicular positi(;aﬁahrtso a parallel position to
the field lines in (0.25). Calculate the magnetic field (B) if the average potential difference

ind@iced insthe coil equals (2.0V) ? e

kasabrz

kasabrs,

Q13) Choose the correct answer : s 0000000 e 000000
1) A wire loop is placed in a uniform magnetic (© 2™ °®©® (-5 ©°@0 0000
o N O OO0 0 O\ O ——ocE0EEE
field . Over a period of (2s), the loop 1kassabsrshrunk + 'fooooo)o oo cbBesooo
Which statement about the induced potential = Lo o o o gy
. . 9 oot ACEEECEFE (IO C o o BN C RN O]
dlfference.ls correct 2 e 4 N o 0 0 o o 566060606066
a) There will be some induced potential differenCe o owwamer® o © ©0 000000
(oo C IO I O B OO JO) ® e eeeeeoe

b) There will be no induced potential/difference
because the magnetic flux does not change .
c¢) There will be no induced potential difference because the loop is not closed .
d) There will be no inducedpotefitial difference because the loop is shrinking .

kasahrs

2) A conducting ringgs moving from left to right

Kasabre kasabrz

kazabrs

kasabrz

through a uniform maghétic field, as shown in Pooo e
the figure. In which region (s) there is an induced P el i@ ) :
current in the ring,? G P % @ ;
a) Regionsbandd =~ . : z z
b) Regions c and e : ¥ i ® : :
¢) Regions e and a a b P od ¢ i

kasahrs

d) Regions c and a

kasabrzs kasabrs
3) A long wire carries a current, as shown in
kasalirs . n
the figure. A square loop moves in the same v 4
. . . . A
plane as the wire, as indicated. In which cases ,-T ,-I i
kasahrs

will the loop have an induced current ?

a) Cases 1 and 2

b) Cases 1 and 3 kasabrs

c) Cases 2 and 3

d) All the loops will have an induced current .

I alldd 2 a4 3 alLl

kasahrs
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4) In which of the following , a current will be induced in the loop shown below .

a) When it moves to the right «r-

b) When it rotates around the axis (ab)

c) When it rotates around the axis.(cd) Kacabre T d

d) When the magnetic field incseases
kasabrs b

5) Which of the following'will induce a current in a loop its plane perpendicular to a

uniform magnetic field 24 i=:x-

a) Decreasing the magnetic*field .

b) Rotating thelgopabout an axis parallel to the field

¢) Moving the loop within the field

d) All of the aboye ‘-

6) Faraday’s law of induction states that :

a) A potential difference is induced in a loop when the magnetic flux changes through the loop.

b)¢Theycurfent induced in a loop by a changing magnetic field produces a magnetic field that

opposes this change in magnetic field . e

e):A changing magnetic field induces an electric field

d) Magnetic flux is the product of the averaagg magnetic field andsthe area perpendicular to it

that it penetrates

7) A rectangular wire loop of (4.0cm) length and (2.0em)*Width is placed in a magnetic field

varies by the Eascafﬁation B(t)=7.0¢ and perpendicular to plane of the loop , What is the

a

VVVYV
oy

kasabrs

kasabrz

induced potential difference in the loop at«(#=5.05)? Kesabrs vasatre
a) 0.60V s b) 0.06V
c) 0.14V c) 1.4V o

8) A circular loop with radius ofy(1.0cm) 1s placed perpendicular to a uniform magnetic
field of (1.27). If the field disappeared<in (20s) . What is the avkzalerége potential difference

induced in the loop ? fasabre .
a) 536x107°V b)821x107°V
c) 1.88x107°V d) 3.95x10°V

9) A respiration monitor has a flexible loop of copper wire, which
wraps around the chest”As the wearer breathes the radius of the
loop of wire increases and decreases when a person in the earth’s
magnetic field of magnitude (4.26x107° 7). What is the average

current in the loop, assuming it has a resistance of (30 Q) and
increases in radius fr(;aﬁa;”(zo cm) to (25cm) over (1.0s)? ke
Assume that the magnetic field is perpendicular to the plane
of the loop . ke kasabrs

a) 1.0x10° 4 b) 1.0x107 4

c) 1.0x107° 4 d) 1.0x10° 4

10) A wire loop is placed in a uniform magnetic field (0:57) ,the magnetic field decreased
to be zero with a constant rate duringka;bﬁeriod of (0'25¢) , if the average potential
difference induced in the loop is (1.247) what is‘the radius of the loop ?

a) 0.19m o b) 0.28m

c) 0.88m d) 0.44m kasar

Lol O

&)
(o]
)
3

(CRNC) S C oo o o]
@G Fopaoegl
e poee

QO 00 e gfo o
EO00eIEe €086

20 o

kasalbrs
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11) A metal loop has an area of (0.17°) and is placed flat on the ground . There is a uniform

kazahbre

magnetic field pointing due west, as showniin the figure . This magnetic field initially has a
magnitude of (0.1237), which decreased steadily to (0.0757) during a period of (0.58s) .

Find the potential difference induced ifl the

a~ll

loop during this time ? -
a) 0.002V

b) 0.008V Kasabr: <
c) 0.02V -
d) zero

12) The figure;shows a'bar magnet and a light bulb connected to the ends of a conducting

loop . The plane‘of the loop is perpendicular to the dashed line .

In case 1, thedoop is stationary, and the magnet is

movingaway from the loop. In case 2, the magnet <

is stationary, and the loop is movmg towards the w-—-""*

magnet . In case 3, both the magnet and the loop

are(stationary, but the area of the loop is increasing .

In.case 4, the magnet is stationary, and the loop is )
M“"g_

rotating about its center. In which of these

1 &

kasahrs

situations will the bulb light up .
a) Case 1
b) Cases 1,2 and 3

c) Cases 1 and 2

d) All 4 case

13) The figure shows how the magneti¢ flux,in a loop
varies with time, which figure explains the changes.
of the induced potential differenceiin the loop?

kasabirs

A I/ind
b)

kasahrs

A Vfﬂd

a)

T T T T t
0 1.0 2.0 3.0 4.0 5‘0 6.0 7.0 8.0 ( )

t(s)

kasahrs

kasabrs

00 1.0 2.0 3J0 4.0 5.0 6.0 7.0 8.0

kasahrs

T A I/[lwl |

d)

Al/ind I\
C) T T — t(s) :
Og0 1.0 2.0 3.0 4.0 5/0 6.0#70 8.0 ogo Twe. 2.0 3]0 4.0 5.0 6.0 7.0 8.0

14) A circular loop of wire moves in the xy-plane with
a constant velocity in the negative x-direction enters

a uniforn‘iasabnriagnetic field, as shown in the figure .
Which of the following statements is correct ?

t(s)

kasabirs

00 10 20 30 40 50 60 7.0 8.0

time(8)

kasabrs

Y

@

a) The induced potential difference in the loop is at a maximum as
the edge of the loop just enters the region with the magnetiesfield,
b) The induced potential difference in the loop is at a maximam
when one fourth of the loop is in the region with the magneticfield
c¢) The induced potential difference in the loop is‘at "

® @ @8 @ @ @ @ @ @ @
@ & @ @ @, 8@ @ @ @ @
® @ @ @ @@ @ @ @ @

kasabrs

@ & @ ® @@ ® @ @ @
@ @ @ @ @ | ® & @ @

a maximum when the loop is halfway into the regionwith the magnetic field
d) The induced potential difference in the loop is constant from the instant the loop starts to

enter the region with the magnetic field .
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kasabrzs

Lenz’s law (lesson 9.3)

kasahrs

* The current induced in a loop tends to‘Oppose the change in magnetic flux .

kasahrs

* When the magnetic flux increases by any way :
B,, will be opposite to the directiomof the original field . (see the figure a and b)

kasahrs

* When the flux decreasés by, any way :
B,, will be in the sande difection of the original field . (see the figure a and b)

kasahrs

kazalbrs

kasahrs

* When the fluxidoesn’t change : no current is induced .
* After detefminingthe direction of B,, , we use the right hand rule 3 . (Thumbs are directed

toward the induced magnetic field and the fingers are rotated with the current)

—

B
increasing

T~
A

@)

kazalbrs

I

//

increasnh

(b)

Aind l'T
—
-
li
B
decreasing

()

-
o~

kasahrs

Bind
-
li

>

B
decreasing

kasabrs

kasahrs

I

&

}

ind

|

|

—

(d)

Q14) Determine the direction of thesinduced current in the coil and in the resistor (R) in
the following situations ?

1) NnAAADN V€—
NN -
R
VW —] kasahrs
—>
T T T W Y
3) UddddJ 0 S NI
R
— AN, kasabrs
A Y
\ <— < \
5) (: s NO| [(s— D (:
4.‘ ,I
kasahrs

[R®)

4)

kasahrs

6)

kasabrs

AANAN —>V
Q 0 N__SD
NN
R | kasabrz
)
T T W ALY
U 0 (s__nN)
NN
R
e A AAAAA ] kasabrz
J/ D T E kasabrs

Q15) The figure shows three loops (v, w2, £)

kasabrs

move to the right in a uniform magnetic D e . . . . .

field . What is the direction of the induced —y —V —_)
current in each case ? - - F .

1) In loop = st o d

2) Inloop v@ e - )} - - —

3) In loop & . . . . . .
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Q16) What is the direction of the induced current in
the elastic loop in the figure in the following cases ?
a) When the magnetic field cross thedloop in€reases .

b) When the diameter of the loop.decteases . ‘-

¢) When the loop moves to the rlght inside the field

d) When the loop rotates around ofie of its diameters

kasahbrz kasahbrs

Q17) What is the directionof the induced current in

the loop shown insthe'figure in the following Cases .

a) When the loop moves to right

b) When thefoop moves to the left e N
c) When the l6op moves upward parallel to the wire

kasahrs

kasabirs

kasabrz

Q18) The figure shows an elastic copper loop . Write in the first column what you should
do.to get the needed . kasabre

First column Needed i s
No current induced in the
loop when it is moving

Current inducedsin

V¥
a counterclockwisedirection !
Current inducedin
a clockwise direction kasabr: i
Q19) what happens to the bulb lighting in the following ?
1) When the magnet movesstowards the coil . = Q IS <N

kasahrs

2) When the magnet moves away from the coil

I -

Q20) an elastic circular loop is connected to a lamp kasabrs
as shown in the figure, what happéiis to the lighting
when the loop shrinks?

kasahrs

kasabrs

Q21) A loop of wire with an area of (5.0m°) is located'in <.

kasahbrs

the plane of the page, as shown in the figure. A timesvarying ="
magnetic field in the region of the loop is directed.into the page,
and its magnitude is given by [ B =3.0+2.0¢] . what is

kasahrs

the potential difference induced in the loop at ¢t =4.0s),
and the determine the direction of the induced current ?
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Q22) A rectangular conducting loop with area(4) and resistance(R) is placed in the(xy)
plane. A magnetic ﬁeld of magnitude (B) passes through the loop. The magnetlc field is in
the positive (z) direction and varie§ in'timé accordlng to B=B,(1+ct) ,where ¢ and B,

are positive constantsk b kasare
1) Calculate the magnetic flux through the loop at (:=0). kasabre

kaszabrs

2) Derive an equation forfhe induced current in the loop as a function of time .

kasabrs kasalrs

3) What is the direction of the current induced in the loop at any time . s

kasahrs

Q23) In thefigure shown , the magnetic field through the loop X « « B
decreases at@a rate of (1507 /5) « o - . M2em
Calculatethe electric current passing through the resistor . Xp [ WWW—x— X
! 10Q
kasahrs EXE X X X X
o |
kasahrs = X1 X X X X
kasabrs v N
1]
XX gov X X

Q24) The conducting loop in the shape of a quarter-circle shown
in the figure has a radius of (10 cm) and the resistance of (0.2Q) .

The magnetic field strekﬁsagbrih within the dotted circle of radius (3 cm)

kasabrs

is initially (2 7) . The magnetic field strength,then decreases
from(2.07) to (1.07) in (2 s) . Calcitlate the magnltude and the

kasabr

direction of the induced current in‘theloop .

kasahrs

kasabrs

Q25) Choose the correct answer in the followmg

1) According to the Lenzjaw the induced current in the loop
a) Increases the external field

b) Oppose the flux’ =i.....

c) Oppose the external magnetic field kasabrs 4

d) Oppose the change in the magnetic flux RPN 7 4 L
2) Which of the following induce a current in a clockwise . o o
direction in the loop shown in the figure : . o .

kasahbrs

a) Decreasing the magnetic field

b) Moving the loop to the right ‘==

c¢) Increasing the magnetic field

d) Moving the loop to the left

3) What will happen when the magnet moves towards
the solenoid coil in the figure shown .

a) Right side of the loop becomes north pole

b) Right side of the loop becomes south pole

c) Potential of point (a) is greater than potential of (b)

d) A cufrent passes from (a) to (b) through a galvanometer

kasabrz
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Eddy current kesabre kasabre

It is a current induced in any piece of metal when the magnetic flux varies through it .

* Eddy currents cause a slowdown in the, movement of any metal in which the magnetic flux
changes, and this was explained by, theé pendulum experiment shown in the figure . kasabrs

Two pendulums, one consisting of an arm and a solid metal plate and a second consisting of an arm and a slotted metal plate. The five frames
are in time sequence from left to right, with the two pendulums starting their motion together in the second frame from the left. The pendulum with the solid plate
stops in the gap, while the pendulum with the slotted plate passes through the gap. kasabrs

* Eddy currents generate a heat in the devices and equipment, so they are often undesirable ,
forcing equipment designers to minimize them by segment 0t laminating electrical devises that
must operate in an environment of changing magnetic fields,, s

kasabrs

* Eddy current can also be useful and are employed in cértdin practical applications , such as
the brakes of train cars . (asabre

Q26) A cylindrical permanent magnet is droppedidown along

an aluminum tube as shown in the figure .. ...... ﬁ
1) Does the magnet fall with the same, less, or greater rasabre s
than free-fall acceleration (g) ? -

2) Does it matter if the North Pele 0¥'South Pole of the
magnet is on the lower side ? o

kasabrs

kasahrs

* When a metal‘passes between the two coils, eddy currents are
generated in the metal, and these currents work to reduce the
induced current in the receiver coil . kasabrs

Metal Detector  resatr:
sk . : L I . . Transmitter
It consists of a transmittér ceil it which an alternating current coll
passes, and a receiver goil m which an induced current is | Recener
generated due to the changeof flux through it . kasabre 0
Metal

kasahrs

Induced potential difference in a straight wire T

@ ® ® @ |® @ ® ®
F,=F. = FE  =vB A7
B E ind e © o o[l ¢ o e
E _ Ade ) © © © |¢gffle @ © ®
kasabrs lnd - kasaars £ - )-
/6 ® ® ® @ @ ® @ le
AVind =v/B kel e © o offfle e e @
WEs
V : speed of the wire war: £ : length ofithe wire R A
Explanation why AV, , is generated in the wire : ® © © ® ® € © 9

asabirs, . kasabrs . . . .
When the wire moves its free electrons will be affected by a magnetic force making it group at
the bottom while the positive charges groups at the top , because of this an induced potential
difference is generated .
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Q27) A straight wire of (10cm)length is placed in a uniform magnetic field (1.07) . When

kasabrz kasahrs

the wire moves with a constant speed asin the figure , a (2.07) potential difference is

induced ill it . kasabrs
1) Determine the direction of the,current =X X X X
. . . B &
induced in the wire .
X % X X
e . kasahrzs D \
2) Calculate thespeediof wire . 9

Q28) Arcondueting rod (ab) of length (50cm) slides over 2 parallel metal bars placed in a
magnetic field with a kf'ffkh“gnitude of (0.17)as shown in the figure . The énds of the rods are
connected by two resistors (R =100Q , R, =200Q), the conducting rod (ab) moves with

constant Speed Of (80m/S) . kasahbrz kasahbrs a
1) Calculate the currents flowing through the rod (ab).2

kazabrs

kasahrs

2) Calculate the force is needed to keep the rod

moving with constant velocity ? kesabre
kasabrs
Q29) A rectangular (60 cm long by:ylS em wide) circuit kasabre
loop with resistance (35Q)is heldparallel to the N |
R=3501 s 9000000
xy-plane and moves at conStant,speed of (10cm/s) VWAA
. . kasahrs . . 1 lﬂ@@@@@@@
to the left in a uniform,magnefic field given by ¢0c :
(2.0 7) is directed along/the positive z-axis to 15.0 cm |§ z 2 z 2 z z 2
kasabre
the right of the, dashed line , as shown in the figure : 1| 500 06lo6 00
1) What is the currentflowing through the loop ? e——60.0 cm——>
kasabrs kasabrz o= 1{]{] Cm!s kasabrs

2) What is the power dissipated in the resistance(Rr)?

Q30) A rectangular wire loop of width (w=3.1cm)
and depth(d, =4.8cm) is pulled out of the gap between

kazahrs

two permanent magnets . A magnetic field of magnitude
(B=0.073T) is present throughout the gap . s

If the loop is removed at a constant speed ofy(1.6 cm/s) 4
calculate the induced potential difference in the loop-.

kasahrs

kasahrs

kasahrs | kasabrz



Unit 9 /Electromagnetic  page (12) (2023/2024) YAHYA ALKASABRAH

Q31) Choose the correct answer in the following : ‘== asabrs
1) A metal bar is moving with constantwelocity (v) through ® ® ® ®
a uniform magnetic field pointing into’the page, as shown in
the figure. Which of the following most'accurately represents ® S
the charge distribution on the surface of the bar ? ®T5 ® 8 &
. = o ® ® ® ®
N | M | ‘M- ® ® @ ®
2) -\ b) o M @
T +++ kasabre +-— - ® § ® ° ® -

2) What is the dixection of the wire velocity to make x-potential is

greater than y-potential ? ¢ ¢ H» O
a) Upward ’ Y« R Y
b) Downward kasabre e . B ¢ 8 o
c)/To theFight kasabre 2.4 LR
d) To the left

3)«dn the figure shown a conductor wire (ab) is a part of a closed asabrs

¢ircuit . What is the direction of the induced current in“the wire ?
a) From (a) to (b) .o
b) Cannot be determined
c) From (b) to (a)  kesbre
d) No current induced

kasabirs

4) In the figure shown a conductor wire (ab) is a part of a closed circuit .
What is the direction of the induced,cu¥réent in the wire ? -

a) From (a) to (b)

b) From (b) to (a) ‘e~
c¢) Cannot be determined
d) No current induced

kasahrs

Q32) A conducting vod withlength (/=8.2cm) rotates around

kasabrz

one of its endsyin 4 uniform magnetic field that has e

a magnitude of (1.53%),. The rod makes (6) revolutions

per second . A resistor (R =1.63mQ), is connected ... .

between the rgstagsting rod and the conducting ring .

1) Calculate the potential difference induced in the rod .

2) Calculate the dissipated power in the resister .

3) By what factor does the power dissipated in the
resistor change in these cases . .

a) If the rod’s length increases by factor of 2

b) If the resistance increases by a factor of 2 =

@ ® @ @ @|® ® ® ® B
® @ @ @ @ ® ® @ ® @

e (Generators and Motors (Jessen 9.4) ke
The Generator : is a device produces an electfic currentffom mechanical motion .
The Motor : is a device produces mechanical motion frfom electric current . rasr
How does the Generator work :
when the loop rotates in the fixed magnetic field the angle changes, so the flux changes and a
potential difference is induced .
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Alternating-Current generator (AC) Direct-Current generator (DC)
r— kasahrs | T — _"":
— 5
P kazalbrs
\\ Slip rings .Comnlutator ring

Its direction and magfiitude varies with time Its direction constant with time o
- e [ =

B "

kazahrs
Avmd
Avind

AN
VUV

The potential difference Induces in the generator”A¥,  is“calculated by :
AV, , =NABdasin0

kasahrs

V {(=INABw
@ : angular velocity , its unit is (rad / s9 N : number of turns A :loop area
* When the loop parallels the fieldylines(@ =90") : AV, =V ..«
* When the loogsageerpendiculars the field linesk(azbz 0°) : AV, =0 kasebre

Q33) A generator consist of a coil with (200) turns , each turn has an(7.96x107° m*) areay

kasahrs

the coil rotates with an angular velocity (31.47ad /s)in a uniform magnetic field of (04T :
1) What is the maximumyvalue of induced potential difference ?

kasahrs

2) What is thegnaxim@m/Current that flows in a (5.0Q) resistor connected with'the

generator’s coil ? kassbrs
— Induced electric field (£,,) (lesson 9.5)
A changing magnetic flux induces an electric field .
- do
AV, =QE,  .ds=——2
ind ¢ ind dt- kasabre

The direction of (£,,)1s in the same direction of (7,,,) .

Q34) A single loop of wire with a radius of (0.2m) is located, s .

in the plane of page as shown in the figure. A time yarying =1

magnet field in the region of the loop is directed out of the * B *

page and its magnitude is given by the equation (5 =390¢") :

1) Calculate the induced electric field in the loop o . @
wire at (1 =1.25). resebre ° e

2) Determine the direction of the induced electric field lines? ®* ® @ .
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kasabrs Inductance of a Solenoid (lesson 9.6) ’
The magnetic flux through one winding ‘Onthrough the cross-

sectional area of the solenoid is @, Where.: kasabrs (( ( { ( ( { { { { ( { @

(asatrs Pp=AB cos0=A4B
The flux linkage is the flux throtigh all the windings of the solenoid and is equal to : N ¢,
kasabrs N ¢B Ju— L l kasabrs
L : inductance whete theinductance is the flux linkage divided by the current OR it is the flux
linkage per unit of cucrent . kasatrs
The unit of Lais (henty H) where (1H = Wb/ A =T.m* | A)
kasabrs N 2A o
L :,uonzAfz—’u"
kasahrs f
N kasahrs
kasahre n=—
/
AmNumber of turns per unit length N : Number‘of turns
A : cross-sectional area (4 = 7r?) wessor ¢ : The length of'Solenoid

kasahrs

The Solenoid is called inductor .

Q35) A solenoid with a length of (0.2 2) and (10:turns/cm) and
a radius of (3.0cm) . An electric current of (4.2 A)Nis passing 4

through it as shown in the figure. “*" - ( ( ( ‘ ( ( ( ( ( ( ( ‘ ( a
1) Calculate the inductance of the coil .?

2) Calculate the magnetic field inside the coil , and determine its direction?

kasahrs

3) Calculate the mk;egiletic flux through the cross-sectional area of the coil ?
4) Calculate the total flux.in the coil ? -

kasabrs

Q36) Choose the correet answer :
1) A solenoid of (L) inductance is divided into (2) equal parts in length . Whatsis\the

kasabrs

inductance of‘éach parts?

kasahrs

a) L b) 2L
L kasabrz L
e d) =
0 = )%
2) What happens to the inductance of a solenoid if the solenoid is’pressed to its half length
a) Halved b) Doubled
¢) Stays the same o d) Quadruple

3) Which of the following increase the inductance of a solenoid?
a) Put an iron rod in the coil
b) Press the coil  kasr

c¢) Increase the cross-sectional area of the coil kasabre
d) All Of the abOVe kasahrs
4) If a solenoid is reformed to have a double diameter than the original . The inductance
changed by : ‘=~ Kasabre
1 1 kasahrz kasabrs
a) — b) — c)2 d) 4
)1 )5 ) )
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Self-Induction and Mutual Induction (lesson 9.7)
Self-induction
It is a producing of potential differen€e in a coil by changing the current in the same coil .

* The direction of the induced self-cufrent determine by using the right hand rule .
i (increasing) i (decreasing)

l kazabrs
AV,

Q37) In thefigureshown :

What is the direetion of the induced current in the coil in

the followingeases ? ... kasabre
1) When the switch is closed . = R

kasabrz

2)"'When the resistance (R) is increased . kesabre

kasabirs |

3)=When the resistance (R) is decreased . !

Self — induced potential difference AV, , keggre

. dt dt

L : inductance of the solenoid .

dl‘ . kasabrs
s The time rate of change of the current . Kasabre

kasahrs

The Self — induced potential difference deépends on :
1) the time rate of change of the/Current 2) the inductance of the solenoid .

Q38) A (200) turns solenoid with/a'length of (0.1m) ,a (4x107 m’) cross sectional areat

kasabirs

The core of the solenoid isdfon where (1=2x10"T.m/ A) , the solenoid is connected t6"a

kasahrs

closed circuit and a yariablé"current (i =8.0-3*)4 is passing through it .
1) Calculate the inducedpotential difference in the coil at (1 =0.55)?

2) Calculate the timerate of change of the n{aziaémnetic flux through the cross sectional area
of the solenoid at (#=0.5s) ? kasabre

Q39) A direct current flows through an inductor and its magnitude changes according to
the equation (i =5+7-2 %) , attime (z=3.0s), thekﬁagiential difference was induced in
the inductor equals (0.0367) . Calculate the magnitude of coil inductance ? ==~

Q40) A solenoid has (600) turns , a (0.576m)length , a (4x10™’) eross-sectional area and

kasabrs kasabrz

has an iron core of (11=2x10"T.m/ A) . A current of (0.44) flowsin the solenoid, calculate

induced potential difference in the coil in the following cases :
1) when the current reverse its direction in (0.35s).

2) when the switch is oﬁgtﬁged, and the current gradually ‘becomes zero in (0.25s) .

kasabrs

Q41) A solenoid has a current varies with a time rate of (20 4/ s) and so its magnetic flux

kasabrs

through each turn varies with a rate of (0.16 Wb/ s) , if the turns of the solenoid is (100) :

1) Calculate the self-inductance of the solenoid .
2) Calculate the induced potential difference in the coil ?

kasabirs
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Q42) The figure shows the current through i(4)
a(10mH ) inductor over a time intervaly: kasabre

1) Calculate the induced potential difference in the
inductor during the first period.ef the current change ?

kasabirs

kasahrs
2) Calculate the induced potential difference
in the inductor at (s = 5/0ms) 2 _40+

kasahrz kasahrs

3) Calculate the maximum potential difference
induced in thelinductor over the period shown? kasabrs

4) Draw a graphic showing the self-induced potential 20 a0 60 8o H(ms)

difference for.the inductor over the same interval ?

kasahrs

Q43) Choose the correct answer : Kasabrs

1) which of the following statements regarding self-induetion is correct :

a) Self-induction occurs only when a direct current is flowing through a circuit .

b) Self-induction occurs only when an alternating current is flowing through a circuit .
¢) Self-induction occurs only when either a direct current or amalt€rnating current is flowing through a circuit .
d) Self-induction occurs only when either a direct current oran alternating current is flowing through a
circuit as long as the current is varying . ...

kasahrs

2) The figure shows the current through a(10 m /) inductor . i("_‘) kasabrs
What is the maximum potential difference induced in the 40 T
coil over interval shown . 20 4 /\
a) 20V 0.0 ——+ A+ 3> F(x1033)
2.0 4.0 \6.0f 8.0

b) 30 V kasabrs -0
c) 40V

-4.0 4
d) 60V
Mutual induction kasabrs \ \ / B s
It is a producing of potential difference in a coil when (™ N
the current chafges in anether coil . \\

di dé,.,, ——
AV, ,=—M =12 N, T
ind ;2 dt 2 dl‘ kasabrs /7#
kasabrs
AV gy =—M 12:_N1 oo / "
’ dt dt
M : Mutual inductance (and its unit is henry)
N
The mutual inductance of coil 2 duetocoil 1 M, = : _¢H2 Ny N\ 2o
ll
. . . Nl ¢2—>1
The mutual inductance of coil 1 dueto coil2 M, =¢— ] ]
& U U / 7 —‘\\
= = AAA, /

M_,=M,, =M YA %}:,
M :ﬂoNlnzA:ﬂoNznlA /::1/1/ [ Coil 2
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Q44) Determine the direction of the induced current in the coil (b) in the following cases .

1) When the switch (S) is opened kasabre 2) When the switch (S) is closed
~Coll (a) Coil (b)

Coil (a) Coil (b) ™"

UUUUU Avavavavivavaveviy)
EE——C_% kasahbrs
S © ©

Q45) what will happen to the bulb’s lighting in the following cases :

1) whensthe switch is closed | 2) when the resistance (R)is increased | 3) when open the switch

R AW W A ) W W Y Y

(Il\ il ] ] ] il
5 5] 5]
LA (5 Ly L&D Ay I -

kazabrz

kasabrs
kasahrzs

Q46) Two adjacent loops as shown in the figure .“The current in
loop (A) decreases according to theaZ(iuation (i =4.0e™) .
At (¢ = 0.65) a potential difference of (.12%) induced in loop (B) :

kasahrs

1) Determine the direction of thejinduced’current in loop (B)

kasahrs

kaszabrs

2) Calculate the mutual inductance between the loops ? kasabre

kasabrs

Q47) In the figure shown,"when the switch (S) is opened ,
the current in the coil () decreases by a constant

rate from (1.04) t0 zero during (0.25) , if the

mutual inductahé@between the two coils

is (0.3H) : o

1) Calculate the potential difference induced in the coil (y) through the décreasing of
current in coil ( x) kasabr:

kasahrs

kasabrzs
kasabrs

2) Calculate the self-induced potential difference in coil (x) which has an inductance of
(04H) .
Colil (x) Coil{(y)

FaVaVaVaVWaVa

\vavaAvAvAvAvAvAvAV)
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Q48) A long solenoid with a circular eross section of radius (2.8cm) and (290 turns/cm) is
inside and coaxial with a short ¢oil that'has a circular cross -section of radius (4.9cm) and
(31) turns . The current in the solenoidsis increased at a constant rate from zero to

(2.8 4) over a time interval of (1.8 ms) . Kesabrs Kasabrs

Calculate the Si;r;)tential difference induced in the short coil while the current is changing ?

kasabrs T
And iy . AR .., r
|| I.
‘ ‘ “HI H H.’__ — kasabrz
il

I
(il n‘ i

Ii Mqﬁ

Iu

Q49) A solenoid with a circular cross-section of radius (5.0cm) and (33150 turn/m), is
surrounded by a circular coil of radius (3.4cm) and (200) turns . If the current changed

kasahrs kasabirs kasahrs

in the solenoid according to equation (i =0.6+1.44 ¢*) . Calculate the induced potential
difference in the circular coil at (r =2.05)?

kasahrs

kasahrs kasahrs

Q50) A magnetic field inside the solenoid insthe figure changes
at the rateof (1.507/s5).A conducting coil of.(200) turns

kasahbrz

surround the solenoid as shown , the radius.ef solenoid is (4.00 cm)
and the radius of conducting coil is" (7:00¢m) . Calculate the potential

kasahrs

difference induced in the conducting coil . e

kasahrs

kasahrs
kasabrs

Q51) the current inga very long , tightly solenoid with radius (o) and (») turns per, unitlength

kasabre kasabrs

varies in time according to the equation (i = Ct’), where C is a constant with appropriate units .
Concentric with the'solenoid is a conducting ring of radius (7)), as shown in the figure :

kasahrs
1) Write an expression for the potential difference induced in the ring . ==

kasalbirs
kaszahrs kasalrs

2) Write an expression for the magnitude of the electric field induced,at'an arbitrary point on the
ring . kasabrs

,t’l e 000
JLLLL L Radiusa

kasahrs
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kesabrs Rl circuits (Iesson 9.8)

kasahrs

When the switch is closed, the increasing eurrent flowing through the inductor creates a self-
induced potential difference that tends to’oppose the increase in current . As time passes the
change in current decreases and the opposing self-induced potential difference also decreases .

After a long time, the current reachesyits final constant value.

do
V,, =iRa L5
kasahrs dl‘
kasabrs
_t
i =4 (e %)

kasahrs
kasahrs

Ve
Maximum final‘eurrent : 2.« = Rf
. kasabrs L
Time constant : 7=—
kasabrg . . R
whef the switch is closed (r=0) : i=0
Aftera long time (t=o0): i=i_, rasere

When the battery suddenly removed as

in the circuit shown in the figure : -
The current decreases gradually until it reaches
zero because the decreasing current in the
inductor creates a self- induced potential

difference that tends to oppose the decrease in/Cursent .

R

A

kasahrs

L l & Viﬂd

kasahrs

R
WV_ kaszabrs
kasahrzs
L T.&de
—
1
—_ || + kasahrs
vemt"
: di
kasabrs lR + L_ — 0
dt
. . _y kasahrs kasahrs
J— T
1, =1,¢€
RL circuits can be used as a timers turn on devices at particular intervals .
Q52) An (RL) circuit with resistance (1.0 M Q) and indactance™(1.0/ R ‘ff
kasabrs v

which is powered by a(107) battery : ‘-

1) What is the current immediately after the switch i§ closed ?
2) What is the current at (2.0 zs) after the switch is ¢losed ?
3) What is the current a long time after the switeh is closed ?
4) How long will the current in the circuit take to reach (8.0 4) ? l

kasahbres

kasahrs
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Q53) An (RL) circuit with resistance (200 (2) and inductance (0.4/) which is powered by
a(507) battery : o=

1) What is the potential difference(across the inductor at (1 =4.0ms) .

2) What is the rate of current chgﬁge atithe moment when the current in the circuit is (0.14) .

kasalbrs

kasahrs

Q54) Choose the correct answer'in the following : s
1) For an (RL) circuit withy(R=21.8 Q) and (L =559mH), how long does it take the

kasahrs

current to reach (75%) of its maximum value ?

a) 1.87ms - b)5.34ms c) 2.15ms d) 3.55ms

2) What is the resistance in an (RL) with (L =33mH) if the time required for the current
to reach (75%)of its maximum value is (3.35ms)?

a) 7.13 @ b) 13.7Q c) 17.3Q kasabre d) 137 Q

3) Consider the (RL) circuit shown in the figure . when the switch is closed, the current in
the circuit increases exponentially to the maximum value (i, ) .

kasabrs kasabrs A A

If thednductor is replaced with an inductor having three times
themmumber of turns per unit length, what is the time required
to reach a current of magnitude (09i_ ) ?

\ kasabrs L

kasabrz

a) Increases b ]
b) decreases i+
c) stays the same

d) cannot be determined
4) An (RL) circuit with (R =3.25 Q) and (L&~=440mH), when the current in the circuit is

(3.04) the current is increasing at a rate of (3.6 4/s) , what is emf of the battery ?

a) 36.7V b) 25.6V kasabrs
o113y d) 123
QS55) In the circuit shown_in the figure, (V,,, =18V, R =10Q, R, =6.0Q ,L=50H) :
1) Calculate éach of the following immediately after -

the switch is closed : kasabre R
a) the currentthrough the battery + L, !
b) the current through () T Vens 34‘32
¢) the current through (R)) o o L
d) the rate of current change across (R))
2) Calculate the previ(;aﬁagrsquantities a long time after the switch isselosed .
3) Calculate the current in(R,) and (R,)at (0.12s) after the switch is ¢losed ?
Q56) In the circuit shown in the figure, (V,,, =9.0V, R =60Q, R, =30Q ,L=18H).
Suppose the switch is reopened a long time after it has been.¢closed : .
1) Calculate the current in (R )and(R,) immediately aftef S
the switch is k(a)sa[b)mened . kasabre N | R,
2) Calculate the current in (R )and(R,) at (0.03.5)=after Vg 2 R,

kazalbrs

the switch is opened .
3) How long will the current through the resistors take to
l'eaCh (005 A) ? kasabrs

kasabrs <

kasabirz
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kasabrs Energy and Energy Density of a Magnetic Field (lesson 9.9)
The inductor is considered as a device thatcan store energy in a magnetic field .
The energy stored in the magnetic figld of th€ inductor is :

1 .2 1 2 .2
kasabrz U = _Ll = — On A g l
3875 2(,” )

0)))))))))))

S

kasahbres

The instantaneous power of the inductor is :

di
kasabrs P = L_ l
( dt)

kasahrs

Q57) Choose thescorrect answer in the following : ks
1) Along solenoid has a circular cross section of radius (8.1cm) , a length (0.54m) , and

kasahrs

(n =2x10" urmsWmYy . The solenoid is carrying a current of magnitude (4.04x1074). How
much energy is/stored in the magnetic field of the solenoid ? =~

a) 2.11%407 ) s b) 4.57x107°J C) 6.66x107°J d) 8.91x10°J
2)Af the current in a solenoid is doubled , then the energy stored in the solenoid :
a)'décreases by a factor 4 b) increases by a factor of 2

¢).increases by a factor of 4 d) remains the same

3) A long solenoid with length (3m)and (n =290turns / m9ycaxries a current of (34). It
stores (2.8J) of enel?gif . What is the cross-sectional atea of the solenoid ?

a) 1.96m’ b) 2.3m’ kasabre C).0.19m° d) 0.96m

4) A long solenoid with inductance (1.2 4 ) carries‘a current (i ). It stores (375/) of energy .
What is current (i) in the solenoid?

a) 504 b) 254 c) 184 d) 1.84

5) A 100-turn solenoid of length (8cz)and radius (6mm ) carries a current of (0.44)from

right to left . The current is then'reversed so that it flows from left to right . By how much
does the energy stored in the magnetic'field inside the solenoid change ?
a) 1.42x10°J b)2.84x10°J

kasabrs kasahrs

C) 1.42x107°J d),zero
6) An emf of (20/)is applied_ to a coil with an inductance of (40mH ) and resistance of

kasabrs kasabrz kasahrzs
(0.5€02). What is the energy stored in the magnetic field when the current reaches (—) of its

kaszahrs
kasabrz

maximum value .
a)2J b) 20J c)4J d)de6 J

Questions from the exams of ministry

Q58) Choose the correct answer in the following :

1) A power supply is connected to loop (1) and an
ammeter as shown in the figure . Loop (2) is close

to loop (1) and is connected to a voltmeter . A graph of
the current (/) through loop (1) as a function of time t,

kaszabrs

is also shown in the figure . Which graph best describes N
the induced potential difference in loop (2) as a function

kasabrs

of time . — H l{_ﬁ\

a) graph 1 ‘ ‘ ‘
b) graph 3 | ‘ L/
C) graph 2 asabre 1t Gttt 2 el Jeaill 3 el it 4 el ot

d) graph 4
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2) Depending on the figure What does symbol (z)

kazabrz

di
represent in the equation {A Viar = 27;}
kazahrs

a) Mutual inductance between the two,coils (A7) /#
b) The inductance for coil (1) (£,)

c) The inductance for coil Q@) (L,) kasebrs
d) The turns for coil (LHUH)

3) Two coils are shown in“the figure .
Coil 2 has a carrenty(:)*flowing in the

direction shown % When the switch in the m
circuit containing coil 2 is opened , what

happens'in coil'(1) ? iasare

a) A _currént i$ induced in it that flows in (R) from (a) to (b) esebre - Coil 2
b)AA currént 1s induced in it that flows in (R) from (b) to (a)

c) No current is induced in coil (1)  kasabre

d). A current is induced in it that flows in two directions (b) to (2)fand (a) to (b)

4) Which of the following is equivalent to henry (H) unit,? . -

a) Tm’ A kasabre b) T m’ 4° c) Tm A~ d) Tm* 4™

5) A (7.2mH) inductor is connected to a circuit withycurrent passing through the
inductor . What is the magnitude of the induced pokatsaebﬁtial difference in the inductor at
(z = 3.05), if the current varies with time@8,(i =5+7:-2):  iur

e

o faffaelafe aaleeleroe

SRR b

kasabrs

i

a) 22mV b) 36mV C) 58mV d) 90 mV

6) The graph shows the current through a (12 »,/) inductor .

What is maximum potential diffefencejinduced in LA

the inductor over the period shewn® 6.0~ fomeenes Promsesduenasen:

a) 36V 3.0 -

b) T2V 0 1 >
kasabrz . 2.0

c) 108V o iy B

d) 1441 kasabrs £ (x10-3s)

7) A (5) turns square loop whose side length (0.2 2) is placed in a magnetic field that
makes an angle of (30°)with the normal to the plane of the loop . The magrklaiafflde of this

kasahrs

field varies with time as (B = -2.0¢%), where (t) is measured in (s)'and (B) in (T) .
What is the magnitude of the induced potential difference in"the lo6p at (+ =2.05)?
a) 4.2V b) 2.8V c) 0.84V d) 241

kasahrs

8) A conducting ring is moving from left to right ; :
through a'region that contains a constant PoX ® X X X X X
magnetic field as shown in the figure. s Pox x x x x|
In which region there is an induced current in ¢ i X * . X
the ring ? : A X x X
a) D o b) E s D ¥ x x xe X X X G

)F d) G
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9) In the figure, the straight wire cargies current (i) , and the wire moves at constant
kasahrzs
velocity (7). In which case the loop will'have the largest induced current ?

a) case 4

kasalbrs Tl_/’ L.
b) case 3 ) ] 4 ) ]

i i i I_“) i
14

c) case 2 l;

kasabrz
d) case 1 Case 1 4.l Case 2 Al Case 3 4. Case 4 4l

kasahbrs

10) What issthe unit'for measuring inductance ?
a) Henry b) Volt casbrs c) Ohm d) Ampere

11) Which,of'the following statements is a law in physics that provides a rule for
deteemining the direction of an induced current in a loop ?

a) Lenz's Law b) Newton's Third Law of Motion  ¢) Ohm's Law  d) Law of reflection
12) Earaday's law of induction states that a changing magnetic flux induces a potential
difference . Which of the following e(kfiibgtions best describes this law ? .

kasahrs

W =pF.ds b) ¢, =[[B.d4
kazabrs
¢) AV, =-2% d)g=qe’ i
dt ) ’ Directionof motion of the magnet
13) In the shown figure , moving the magnet B/
toward the wire loop induces current in the loop < R ; A
What is the direction of the current in the dpper [ . i

segment of the loop ?

a) Normal to the plane of the loop
b) Can be in any direction

c¢) From point (A) to (B)

d) From point (B) to (A)

14) A generator is operated when a coil of (N) turns is rotated inside a constant_magnetic
field (B) at a frequency (/). Which of the following curves shows the inducedqpotential

kasahrs

. kasahrs . “ kasabrs o R
difference as a function of time for a simple alternating — current generator ?

kasahrzs

a) case 3 AV, AV, AV,
kasabrs
b) case 1
0 t
¢) case 1 and case 3 t t
case 1w Case 2 4l Case 3 Al
d) casc 2 kasabrs

kasahrs kaszabrz

15) Consider a current of (2004 ) passing in a solenoid‘of length (30cm) , cross-sectional

area (2x10*m?), and a number of turns (3000). kssabr:

What is the self-inductance of the solenoid ?

a) 7.5mH b) 6.0mH ) |3.5mH d) 20mH

16) The magnetic flux through a wire loop is varying with time according to the equation
(¢, =—2¢t*). what is the induced potential difference in the loop at (+ =3s) kasabrs

a) 12V b) —18¥ c) —12V d) 187



Unit 9 /Electromagnetic  page (24) (2023/2024) YAHYA ALKASABRAH

17) In the figure shown , a conducting wire
is pulled along a conducting rail with avelocity| © ® ® ® ®
of (5m /s), if the magnitude of the niagnetie | e
field is(27) and the resistance to,thé passing
current is (20Q). What is the‘éurrent that

®

the Ammeter reads knowing that the width B
of the rail (20cm)? kesabra ® ® ® ®

a) 14 B) 0:54
) 014 L d) 1.24
18) In the ﬁg:ﬁl:;? , the current(i,) ilkl cboil (2) has N, B) N,
increased fromzero to (24)in a time rf)eriod N, 2
of (50 ms". Theself-inductance for coil (1) H
is (0.02H% ", for coil (2) is (0.087) and the mutual
inductance betvtfagggn the two coils is (ko.g)le ). B @
Whats the induced potential difference Wﬁ/’ -
in ¢oil (1) ? kesabre

a) —0.04/ b) —0.08V c) 1.ov d) -1.6v
19) A battery , inductor and the resistor are conneeted.in | o I
series as shown in the figure . When the switch is closed , R L
the currellkssagows in the circuit . Which one of the fellowing
curves represents the current flowing in the ¢ircuit as |—e
a function of time when the switch is closed ? kasabre Vemt

Z\

Current Current Current Current

_/ -

A Time B Time c Time

a) A b) B (asars c)C d)D
20) Faraday's'law of induction states that a changing magnetic flux induces eleetric field .
Which of the following equations best describes this law ? Kesabre

a)F:ma b)E:kq kasahrz C) @E_v’ds_":—% d) F:qE

kasabrs ]/‘_2
21) Consider the flat loop of area (4) placed in a constant magnetie field (B) as shown in
the figure . Thekafﬁrégnetic field makes an angle (9 =30°) with thearea normal vector.
What can we do to increase the magnetic flux through the loop?2

Time

kasabrz

a) Rotate the loop such that area normal vector (4)becomes

perpendicular to (B) kasatrs 3 ol
b) Rotate the loop such that area normal vector (4) makes

angle (0 =45")with(B) kasabre cosabre 0
¢) Reduce the magnitude of the magnetic field (B —
d) Rotate the loop such that a;aseagcnormal vector (4)becomes B »>

parallel to(B)

daagl) gl
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LC circuits (Lesson 10.1)

kasahrs

C L kasahbrs

Ly

N}
Y
!
s
ek

Ug Uy
—_— —_—
kasabrs ]—l (c} ]_l
Up Uy Ug Uy
(b) (d)
—_1—— kasahrs L
f11fc L (a) © yiic
+H++ ===
Ug Ug Ug Us
=0 ® ® =0
kasabrs
I I (g} I I kasabrs
Uy U Ug Ug
== I +| +
t1c L é = Jlc L3
+ + r‘|_-' JE — —
-— -— ]

kasahrs kasabirs

Imax

* The current , voltage , charge , electric field, and magnetic field in (LC) cireuits all vary
sinusoidally with time . kasabr:

* The variations of voltage and current in LC circuit are called electromagnetic Oscillations

kasabrs
kasabrz

Qmax

“Gmax ——————_____X__//

kasahrs

max

-1

max Fm———r——
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* The energy stored in the electric field of a capacitor (or the electric energy) is :

l 2 kasabrs
kasabrs UE - _q_
) 2C
C : the capacitance of the capagitor q : the capacitor’s charge
* The energy stored in the magnetic field of an inductor (or the magnetic energy) is :
1
U,=—=Li’

kasabrs B ~ kasahbrz

L : the inductance
* The electrieyenergy (07, ) and the magnetic energy (U, ) vary between zero and their respective

maximum yaluesyas‘a function of time due to the changes in the charge and current .

kasabrs

A
UE, max
kasabrz
Ug
0
UB. max
Up
kasahrs
0 | | | | 1 | 1 1 ,_ I.-
e @ ® o @ @ O 6 ®O O
* The maximum value of the energy stored methe electric field of a capacitor is :
1 G
kasahrs E ,max :ET kasabrz
* The maximum value of the energyrstored in the magnetic field of an inductor is :
1, .,
kasabrs UB ,max = _L lmax
2 kasahrs
* The total energy; stored im the (LC) circuit is :
kasabrs UT = UE ,max = UB ,max
* By neglecting the'resistance of the circuit , the total energy stored in the £ircuit rémains
constant and the circuit continues to oscillate indefinitely . K gl
* The real (LC) circuits does not oscillate indefinitely , instead the oscillations die away with
time because of small resistance in the circuit or electromagnetic tadiation . kasabr:
Q1) Choose the correct answer in the following : s Kasabrs

1) When the switch of the circuit in the figure is closed , the current and the voltage in

the circuit oscillate over time . What is the
physical quantity represented by the y-axis

in the graph ? e e A
a) the charge - kasabr: EII;E_C/ L

b) the current N VA ——y
c) the energy stored in the electric field time

4*4‘*)‘&“ o‘).ﬂ-m y‘\ L;,l:u]\ (,u)_“ kasabrs

d) the energy stored in the magnetic field
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2) In the previous circuit which of the following are true with respect to the capacitor
voltage ?

a) Maximum when the current is maximum . ks

b) Maximum when the magnetic.enetgy/1s maximum .

¢) Maximum when the current/is zero . (osobr:

d) All of above ...

3) When the switch of/the circuit in the figure is closed , the current and the voltage in
the circuit oscillate over time . What is the
physical quantity represented by the y-axis

y
in the graph'2 How "/"‘\
a) the charge . o TIIT, La 0 )
9

kasabrs

b) the current ron / t
c) the energy stored in the electric field Yorex -
dyth tored in th tic field '

)the energy stored in the magnetic fie —mt/cbi

kasahrs

4) Which statement about the phase relation between the electric field and the magnetic
field in an (LC) circuit is correct ? i

a) When one field is at maximum , the other is also at maximum value . .-

b) When one field is at maximum , the other is at minimumsvalue (zero) strength .

¢) The Phase relation in general depends on the values'of L and C

d) None of the above  kaswr Kasatre

5) In the figure , the charged capacitor and the inductor are connected through a

kasabrz

switch as shown . Initially the charge on the capacitor is (¢, =2C) .

kasahrs

As the switch is closed, current flows in.the circuit and
the charge on the capacitor changes with time . Which
of the following equations represents‘charge on the

kasabrs —— C L

capacitor as a function of.time 9, ?

a) 9y =9 max wa: D) q9:) = 59 max
C) q(t) :qmax Xt d) q(t) :qmax cos (31) .\

6) In the circuit shown"in the previous question . As the switch is closed, current flows
in the circuit . Which of the following statement is correct about the current in the
circuit ? kasabre

a) Current is maximum when the capacitor is fully charged

b) Current is maximkgarblg when the magnetic energy is minimum

¢) Current is minimum when the magnetic energy is maximum

d) Current is maximum when the capacitor is empty of charge

7) A circuit contains a capacitor with (C =1.5F)and an inductor with (L =3.5mH ) as

kasabrz kasab

shown in the figure . the capacitor is fully charged using a (12 V) battery and then
connected to the circuit. kasabrs

What is the total energy stored in the circuit ?
a) 1.08x107*J 1
b) 2.1x10° . —— L
c) 1.1x107J

d) 8.1x10™*J AN

kasabrs

kasahrzs




Unit 10 / AC Circuits page (4) (2023/2024) YAHYA ALKASABRAH

Q2) The LC circuit shown in the figure has a (4.0 4F) capacitance , a (7.0mH) inductance
kasabrs

and a (3.04) maximum current : Kasabrs

kasahrs

1) What is the maximum charge on.the capacitor ?
2) What is the total energy stored in.the circuit ? —

3) What is the energy stored'in theelectric field of the —— L
capacitor when the current in the circuit equals (1.04)

4) What is the current'in the &ircuit when the charge

on the capacitor is,(3x10°C) b kasabrs

r

Q3) The total amount,of energy stored in an (LC) series circuit is (8.0J) .
kasabrs

1) How much energy is stored in the magnetic field when' the current through the

kasabrs kasabrs
inductor is equal to half its maximum value (%’") ? kasabr:
kasabrs
2) How'much energy is stored in the magnetic field when the charge on the capacitor is

kasahbrs

equal to half its maximum value (q“‘T“X) ? casabrs

kasabrz

3)»How much energy is stored in the electric field*when the current through the

kasabrzs

inductor is equal to one fourth its maximum value (IT’”) %

Sligina 10.3 a5 10.2 Gy

(asabre Driven AC Cireuits (Iesson 10.4)
Alternating Driven emf (asabr: Vs
It is an emf varies with time as a smusoidal function . ‘

kasahrs

1 Vmax__
o Vg =V o SiD O /\
v The maximum value of emfiy(Peak or Amplitude) -
o : angular frequkésf;éy orangulacvelocity (The unit is rad /s ) U

2
W =2227f =—
4 T

f: The frequency(The unit is Hz) T : the period

kasahrzs
Alternating current (AC) : ke kasats -
It is a current varies with time as a sinusoidal function . /\

ot i =1_, sin(wt —¢@) Fasatr r \/

I ... : The maximum current (Amplitude) ¢ : phase constant,.

kasahrs

Q4) If the equation for alternating current in an electric circuitis given by the equation

. . T
kasabrs I = 5 Sln(l Oﬂ:t + _) )
2 kasahrs e

1) What is maximum value of the current passing through the circuit ?

2) What is the current’s frequency ? kasabr:

3) What is the period ?

4) What is the phase constant between the voltage and the current ? asabre
5) What is the value of the current at the moment (+ =0.145s) ?
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Circuit with a Resistor — A

* The current and the voltage in the circuit vary R
sinusoidally with time . ke

* The current and the voltage aeress thetesistor kasabre
are in phase . ¢ =0 (st

* The phase difference between the current and the voltage i"_’:‘r
across the resistor is zero Kasabr: )

[ po= 1 psin ot

I, : The curtent valuerat any instant of time kasabrs

kasahrs

I, : The maximum<Current in the resistor . Vit

Ur

kasahrs VR :VR Sin Ct)t ®

v .. The voltage drop across the resistor at any instant of time .
kasahrzs

V .4 The maximum voltage drop across the resistor .

v
IR — —R kasahrs
R
R : does not depend on the current’s frequency .

The phaser Casaore

It is a counterclockwise — rotating vector (with itstail fiXed at the origin)
whose projection on vertical axis represents.the sinusoidal
variation of the particular quantity in time/(. w

kasabrs —
* The phaser of the time - varying current istd,

. kasabrs

* The phaser of the time - varyifig,foltage'is : V, DRl —————— Vi
* The shown figure represents the phasers of the current ir B,
and the voltage across the resistor . wr
Kasabre kasahrs
Q5) A(20Q) resistoris connécted with a time-varying emf has ﬁ.nEfL

a maximum yoltage of (507) and frequency of (30Hz) :

kaszabrz

1) Calculate the maximum value of the current in the circuit .

kasahrs

2) Write the equation of current as a function of time . Vemt
kasabrs kasabrs @

ddgdaa gl 10.6 (upe + 10.5 Gup + (‘;5.\ Caa 8y3) Eguagay (uSSA 8731) goage 10.4 ‘"g

kasabrs Transformers (Lesson 10.7)
It is a device used to raise or lower the alternating voltage .
Its components ... asabrs
1) Iron core (make both the primary and secondary coils v, —EN,
experience the same changing magnetic flux ) ... B
2) * Primary coil (P) . It is connected to the source of ‘emf .

iron core

ANNN
\'42
nnnnnnnnaqa
UUUUUUUUU

* Secondary coil (S) . It is connected to the resistor . Primary coil ,
Secondary coil

V; = —Ng kasabrz

kasahrs V N e

p p
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The transformer only works on AC current and doesn’t work on direct current . Why ?
The alternating current in the primary ¢oil creates a change 11 magnetic flux in the secondary
and s0 it generates an induced voltage, but the direct current creates a constant magnetic flux
in the secondary, so that no indueed ¥oltage is generated .
Types of Transformer

1) Step-up Transformer :

It changes the voltage fromylower to higher values . (V, >V, , N, > N,)

q

kasahrs Vp C_;Np NY
94—
C—D

2) Stepsdown Transformer : kasabrs kasars
It changes the voltage from higher to lower values . (V, <V, ,N,<N,)

kazabrs

kazabrs

V, kasabrs

VUUUUUUUU
©

nnannnann

kasalbrs

N,

p s kasahrs

kasabrz

‘vvvv
SN

~
AANNNANNNNN
HERNENEN
nnnan
LLL]

VAA'AY U%UUU

kasabrs

Q6) The figure shows a schematic diagramnof a transformer .
1) If you want to use this transformer to operate o kasabre °C
a (20/)AC electrical appliance by using a“@07) AC voltage Ao

kasabrzs

source , which two terminals ofithe transformer connect

the device to ? ..o

2) If a (10V) battery is connected,between terminals (C) and (D)
then a voltmeter is conneéted _between the two terminals (A) and (B) ,
how much will be the voltmeter reading ? .-

=
(‘ynnnn
L1
‘iUUU\:

J turns
10 turns
nannAnnnn
HERNEREN
voUU U UUUUvY

;

The power in the primatycoil : P, =1,V

kasabrz

The power in the secondary coil : P, = IV (asabre
By neglecting the'lgss of energy : P, =P,

K - NS‘ ]p kasahrs

fasaere V N 1

p p N kasabrs
* The step-up transformer raises the voltage and lowers the curzent
e (Ng=N, , Vo=V, I <))

* The step-down transformer lowers the voltage and raisg¢s the cufrent
(NS—<Np s VS‘—<VP s ]s >‘1p) kasahrs

The reasons of the dissipated power in the transformers

1) Loss of magnetic flux . kasabrs

Part of magnetic flux produced by the primary coil,does not reach to the secondary coil .
2) Currents induced in an iron core (eddy currents) asabre

To counter this effect transformer Cores are constructed by laminating layers of metal .
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Q7) Transformers are used to obtain the appropriate voltage to operate the devices

1) What type of transformer is shown in the figure .
Explain your answer kesabre

2) Which of the two coils has the lowest number of

kasahrs
turns 2 e 23OV

3) Which of the two coils has the lowest current ?

kasabrs

4) A student replaced the AC power supply with a powerful battery .
Describe what'happens to the brightness of the lamp . -

Q8) A transformer'has (800) turns in the primary coil and (40) turns in the secondary
coil , if the AC voltage across the primary coil is (100/") and the current in the primary
coil is"(5.0.4)+% then answer the following e kasabr:

1).€alculate thekagb{itput voltage . (voltage across the secondary coil) .

2) Calculate the output current . (current through the secondary coil) .

3) Calculate the power of the primary coil. .....

Q9) A transformer contains a primary coil with (200) turns and a secondary coil with
(120) turns . The secondary is connected with a (@0 KQ)sresistor . If an input voltage

kasabrz

(75V) is applied across the primary coil :
kazalbrs
1) What is the power dissipated in the resistor ? >
2) What is the effective resistance of the/primary circuit ?

kasabirs

Q10) Choose the correct answer insthe following : o

1) The number of turns of the transformer coils is (240,60) , if used as a step-up
transformer , then thgsagﬁtput voltage will be .........

a) 4-times the input voltage b) quarter the input voltage kasabr:

kazabra

c) 2-times the input voltage d) half the input voltage
2) A transformer opérates,on an AC voltage of (2207), the number of turns of one of it§

coils is (1800) turns and the other is (450) turns . If the transformer is used as a step-

down transformer., then what is the output voltage .

a) 450V b) 880¥

C) 55V ks e d) 110V

3) A transformer has (20) turns in primary coil and (30) turns in secondary coil , what
is the voltage across the secondary coil if the primary coil coninéct to a battery of (12V)
voltage ? ...

a) 18V b) 12V
c) 8V d)oovr

4) The figure shown a step — down transformer , where (N4 =8) , (V, =4)and the

kasabre kasabrz

kazabrz

primary coil is connected to a source such that (7", £2207 ).

kasabrs kasabrz

What is the output voltage of the secondary ¢oil=?
2) 220 V b) 110 V Nep

kasahrs

) 2.0V d) 440 V

kasabirs
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5) A transformer has (800) turns in the primary coil and (40) turns in the secondary

kazabrs

coil . If the primary DC current is (54'), what is the output current ?
a) IOOA kasabrs b) 025A kasabrs
C) 2OA d) Z€ro kasahrs

6) A transformer has (800) turns in the primary coil and (40) turns in the secondary
coil . If the primary AC currentis (54 ), what is the output current ?

a) 1004 b).0.254
c) 204 Kesabre d) zero

7) A transformeriwith (50) turns in its primary coil and (10) turns in its secondary coil
is designed to deliver a power of (120077 ) with a voltage of (60} ) . What is the current
in the primkaasa;'ﬁy coil ?

a) 44 b) 1004
c) 204 kasabre d) 54

kasahrs
kasabrz

kasabrs

kasabrz

Some uses of the transformers kesabrs

1) Impedance matching to transmit power more efficiently as it does in a loudspeakers and
Amplifiers . kasabrs kasabre

The amplifier has high impedance and consider the power sourée, but the speakers have low
impedance and consider the resistor . kesabre

2) Raise the voltage in the generating stations in order to reduce the lost power in the
transmission lines . (Raising the voltage reduiees the current in the transmission lines)

The transmitted power from the station P, 4, =7V kasabre

kasahrs
.2
=i"R

The dissipated power in the transmissionilines : 2,

Q11) Choose the correct answer in the following : s

1) A high-volage current transmission lines transmit (5007 ) of power at a potential
difference of (350KV) . Ifithe tesistance of the power lines is (50Q), what is the power
dissipated in the transmission lines ?

a) 102MW - by 72MW

c) 201MW d) 36emw

2) The transmission.of electric power occur at the highest possible voltage to reduce

kasahrs

losses . By how much could the power loss be reduced by raising the voltage by a factor

kasabrz

Of (10) kasabre
a) 10 b) 100
1 1 kasabrs
_ d - kasabrz
©) 10 ) 100

3) To reduce the dissipated power in the transmission lines, the transmitted electrical
power should have : s

a) high Voltakgébrénd high current
b) high voltage and low current
c) low voltage and high current

d) low voltage and low current

kasahrs kasabre

Agdaa 10.8 e

Bas gl gl
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Maxwell’s Law of Inductionyfor Induced Magnetic Fields (Lesson 11.1)
Faraday’s Law of Induction :

PE.ds = 4o o

kasabrs d t

kasabrs

kasahrs

* The time-varying magnetic flux induces an electric field in
a loops around the maghnetic field lines . s~

* OR : The time-varyingsnagnetic field induces an electric “\
field in a loops around thie magnetic field lines . B ~N

* The constant magnetie flux does not induce any electric field . NNy

* The direction‘of (&,,) is the same direction of (i,,) that \ ™~

determineby/Lenz’s Law . ke passbre ™~

Q1) The€urrent flowing in a solenoid that is long (20.0cm)and a radius of(2.0cm) and

kasabrs

300 turns decreases from (3.0 4) to (1.0 4) in (0.1s) . kasabre
1) Calculate the induced electric field inside the solenoid (1.0cm) from its center .

kasahrs

2).Calculate the induced electric field inside the solenoid(3.0cm) from its center .

Maxwell’s Law of Induction

kasabrs _ ~ d
CI)B.d S =ME, b
dt

* The time-varying electric flux induces a magnetic field
in a loops around the electric field lines'.

kasahrs

v>])

kasabirs

* OR : The time-varying electrigfigldinduces a magnetic , i
field in a loops around the electric field lines . s E’}f’pj_ | }\;’ 55;\,
kasahrs + =
* The constant electric flux does not'induce any magnetic field . - K“'f. 3\: 5

kazahrs

Q2) An electric fieldsdis,directed perpendicular to a circular planer surface with radias
(6.0cm) . If the electri¢ field increases at a rate of 10V /m.s), .- & &=

1) Calculate the induced fﬁaﬁrénetic field at a radial distance @t 6 e @

[ ]
4
//
o

(4.0cm) away from the center of the circular area . / .E . o o .“.
kasahrzs kasahrs I‘ l'I
2) Calculate the induced magnetic field at a radial distance ol 0 o o o
(10 cm) away from the center of the circular area . kasabrs o ® ,/’
kasahrs

Displacement current i, is a current produced by the time-varying electric field .

. d¢E _ A dE L kasahrs
kasahrs ld - go - go
dt dt kasahrs

The direction of the displacement current i,

§ :
. -

—> . kasahré . . . . . . . —>
* If (E)increases, the direction of i, is in the"same direetion of (£) .
kasabrs kasahrs

* If (E) decreases, the direction of i, is in the oppesite direction of (£) .

kasabrs kasahrs

Displacement current is not caused by the movement of actual charges like conventional (or
conduction) current (i). wse- In the figure: [i =i, | kasair:
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Q3) A parallel plate capacitor has circular plates of radius (10cm) as shown in the
figure . What is the displaceﬁafaebﬁt current between the plates in the following cases :
1) When the electric field is increased at

a constant rate of (6.0x10°V g .5),.. -

D e—
E
2) When the electric field is ‘decreased DI
<—
4—

kasabrs

kasahrs

at a constant rate of (3.0x10'%/m .s) .

3) When the electric field is décreased according
to the equation (£ =10" £10°¢) kasabre

kasahrs

Calculating theymagnetic field between the two circular plates of the capacitor

l' lasahrs L4 Baur kasabrs
"IN Kty ; r>R
2Tr A N ——
kasabrs kasabrs ° B -
r : distance between the point and the center . - |-
lLl i }/' kazalbrs ﬁ' -—
S Lfod 2 . ryr <R E
27T R —_—
R": the radius of the capacitor plates . kassore kasabre

Q4) In the figure shown , a wire with a variable current is connected to a parallel plate
kaszabrs

capacitor with circular plates of radius (4.0cm)./Whensthe current in the wire is (204)

kasahrs

,What is the induced magnetic field due to the i
changing electric field in the following cases :
1) at a point that is a radial distance of (1.0¢m)from i i

the center of the parallel plates . ¢ e

2) at a point that is a radial distance,0f (5.0cm ) from
the center of the parallel plates.. '
Q5) A parallel plate capac1t0r has circular plates of radius (10cm) that are separated, by
a distance of (5mm) as shown in.the figure . the potential i
across the capac1t0r is in€reased at a constant rate of (1.2KV /s).

1) Calculate the magnetlc field between the kasabrs i i

kasabrs

—_— —_—
plates at adistance (4.0cm) from the center .
kasabrs,
2) Calculate the:magnetic field between the
plates at a distance (12¢m) from the center . —

kasahrs

kasabrz

Ampere’s Law

kasabrs @B.d § —_ ﬂoienc

B : the magnetic field due to the
conventional (or conduction) current 7,

kasabrs

The Maxwell-Ampere Law

L d ¢
Bds=ueg L
Cﬁ Ho%o dt

OR <JSJ§ dS=u (i, +i, )

kasabrs

+lLlOZenC




Unit 11/ Electromagnetic Waves  page (3) (2023/2024)  YAHYA ALKASABRAH

The Maxwell-Ampere Law describes, two different sources of magnetic field :
. kasabrs .

1) The conventional current (or the conduction current) asabre

2) The time-varying electric flux (of the displacement current)

Q6) Choose the correct answersin thedfollowing :

1) In the figure shown, the dlsplaceﬁalrent current for the
charging capacitor is equal to the conduction current in
the wires . The pointsd , 2., and 3 are located at the same
perpendicular distance/(r) from the center of the capacitor , I\\‘\

kazahrzs

such that (r > R).. Rank the magnetic fields at the three

points from the largest magnitude to the smallest .
a) B, =B,&B, b) B, =B, > B, e
kasabrs i

C)B:B :B d)B>B >B kasahrs \
2) In the figure shown, the displacement current for the

kasahrs

1
charging capacitor is equal to the conduction current in :

the wires . The points 1,2, and 3 are located at the same . {A\
perpendlcular distance (r) from the center of the capacitor , :

such that (r < R). Rank the magnetlc fields at the three 3
points from the largest magnitude to the smallests '/R.\L
a) B=B,<B, we: b)) B =B, > B, s .
¢c) B,=B,=5B, d) B, > B, > B, kasabr:

3) A parallel plate capacitor with a circular plates of radius (4.0mm) and (1.0mm) apart.

Charge is being accumulated on the platesiof the capacitor . What is the displacement
current between the plates at an instant'when the rate of charge accumulation on the

kasabrs

_——— e i

.,

s

———— i

plateS iS (IO/IC /S) ? kasabirs kasahrs
a) 10 uA b) 404 c) 2.5uAd d) 18u4
kaesabis Maxwell’s Equations

Maxwell’s Equations describe how electrical charges, currents, electric fields, and magnetic
fields affect each othery forming a unified theory of electromagnetism . kasabre

Name kasars Equation Description

, The net electric flux through a closed
Gauss’s Law for = = Genc . .
- E.dA= XX surface is proportional to the net enclosed
Electric Fields _
20 electric charge.
Gauss’s Law for L o The net magnetic flux thrc_;ugh a closed
I B- dA= 0 surface is zero (no magnetic monopoles
Magnetic Fields .
exist).
Faraday’s Law of Brdi—= — d &g An electric field is induced by a changing
Induction N dr magnetic flux.
kazahrs kasabrz
Maxwell-Ampere = o d®r . A magnetic field is induced by a changing
Law ‘ﬁB ds = poo — + K0enc electric flux or by a current.

kasabrs ‘-iJSM 1 1 .2 u.HJJ
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The Electromagnetic Spectrum (Lesson 11.3)
The electromagnetic wave consists of two,electric and magnetic fields and transmits energy

in the direction of its propagatlon y

- The two fields are perpendicular to,each other,

and both are perpendicular to theédirection of the
wave propagation . asebg /
- The two fields are altemating, which means

aaaaa

kasghrs

\£ropagation

direction

the positioniin space . kasor:
- The two fields‘areselated together by the relationship :
kasahrs E =C B

c : light's speed where ¢ =3.0x10°m/s

- Adl electromagnetic waves travel in the vacuum at the same speed, which is the light's
speede
1 kasabrz

JH, &,

- Electromagnetic waves differ in its wavelength (1) and‘its frequency () .

cé
kasahrs —
kasabrs

C =

Q7) The wavelength range for visible light is (400 nm) 10 (700 nm) in air . What is the

aaaaa

frequency range of visible light ? kaga

kasabrs

kasahrs

Q8) The antenna of a cell phone'is a straight rod (8.0cm) long . Calculate the operatlng

aaaaa kasabrs kasabrz

frequency of the signal from this phone , assuming that the antenna length is (—) of the

kasabrz
wavelength of the signal. kasabre

kasabrd

kasahrs

Q9) Choose the correct answer in the following :

kasabirs

1) What is the unitof the physical quantity expressed by the formula ( ) ?
&L,

a) m.s ) b) m 'S71 kaszahrs

) A.m o d) 4.m™

2) What is the electric field amplitude of an electromagnetic wave whose magnetic field
amplitude is (5 X 1073T) kasabre

kazabrs

a) 6.7x10°V / m b) 1.5x10°V /m

c) 6.7x10° ¥ /m d) 1.5x10° V /'m (oo

3) Which is incorrect statement about an electromagnetic wave traveling in vacuum ?

a) The energy is transported with speed C in the diréetionof propagation . asbre

b) Both the electric field and the magnetic field exist invd plane perpendicular to direction
of propagation . kasars kassrs

c) The electrlc and magnetlc field change in time but do not change W1th position in space .

aaaaaa

kasahrs
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4) Which of the following statementiconcerning electromagnetic waves are incorrect ?

a) Electromagnetic waves in vacuum travel at speed of light .

b) The magnitudes of the electric fiéld.and the magnetic field are equal .

¢) Both the electric field vector.and the magnetic field vector are perpendicular to the
direction ot propagation . (asabrs

d) An electromagnetic wave carties energy in its direction of propagation .

5) The Sharjah Radiostationds transmitting on the (49m) wavelength . Which

kasabrz

frequency is the station/transmitting on ? asabre asabrz
a) 820KHz b) 6.12 MHz ¢) 91.7MHz d) 15.8 MHz

6) If two communication signals were sent at the same time to the Moon , one via radio
and one viawvisibledight , which one would arrive at the Moon first ?
a) radio signal b) visible light

kasabrz

c) arrive together d) cannot be determined kasabrs
The electromagnetic spectrum

Visible light
Wavelength, A (in meters)

10° 102 10' 10! 102 107 0%  10° 0% 109 10 101! 1012
1 1 1 1 1 1 1 1 1

hnger Shon.
Size i i I !
House People Baseball Cell HIV virus ‘Water molecule
Name Radio waves Infrared Visible Ultraviolet Hard X-rays
- E =
Microwaves Soft X-rays Gamima rays
AM radio FM radio Microwave Radar Light bulb K-rays Radioactive eca},
- Lt
Source
hwer Hish#
K 106 107 10® 10% 101 10t 102 10" 10 10" 10 107 10 10% 10%

Frequency, f (in Hz)

The electromagnetic spectrum is arranged from the
largest wavelength to the least wavelength .

1) Radio waves . kasahr
* They have the largest wavelength and the least frequency and energy-.
* They are used in AM and FM radio . Kasabre

* They are used in astronomy because they can pass easily through
clouds of dust and gas .

kasabrz

* They are used in the telescope that utilize radio waves,.

kasahrs

2) Mlcrowaves asabre

* They are used in the microwave ovens .
* They are used in transmit phone messages through relay towers and satellites| image for the surface of
* They are used in radars because they can travel easily through Venus by the microwaves

the atmosphere and can reflect off from objects and a storm cloud .
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3) Infrared waves .

* They cause a feeling of heat .
* They are used in automatic faucets and.in remote controls units for TV .

* Detectors of infrared waves can,befused to measure heat leaks and determine the location

kasabrs kasabrs

of the brewing volcanoes . kasabiz
* Many animals have the ability'to see infrared waves , so they can see in the dark .
4) Visible light . s

kasabrs

* It is the only part of spgctruim that we can see with our eyes .
* Its wavelengths range from to 400nm (blue) to 700nm (red) .
* The response/of the human eye peaks at (550nm) green .
5) Ultraviolet rays« s
* The have highwenergy so it can damage the skin and cause sunburn .
* Earth’s atmosphere particularly its ozone layer , prevents most of Sun’s ultraviolet rays
fiom reaching Earth’s surface . kasabr:
* They,are used : - in hospital to sterilize equipment .
- to produce optical properties such as fluorescence .
6)X-rays . asabre
* They are used to produce medical images .
* They are used to determine the detailed molecular structure of any crystalline
materials because their wavelength equals the distances between the atoms .
7) Gamma rays . kasatre
* They have the least wavelength and the largest frequency and energy .
* They are emitted in the decay of radioactive nuelei .
* They are used in medicine to destroy‘the cancer cells

kasabrs

kasabrs

. ke & (Traveling Electromagnetic Waves) s (Communication Frequency Bands) gsase 11.3 (uj b
Aglha e WS 11.7 G + 115 Gupd + 114 (e

kazalbrs

kasabre Polarization (lesson 11.6)

The Polarization is a pre€ess by which we obtain on an electromagnetic
wave whose electric/field,os€illates in one direction .

kasabirz

kasahrs

* The unpolarized light is a light whose electric field oscillates in
different directions'such as the sunlight and the incandescent light bulb . -

kasahrs

A
Y

- Unpolarized light has equal components in the y- and z-directions ..

kasahrs

kasahrs y
* The light in the shown figure is partially polarized in thez-digection . _ _ 1\

A 4

kasabrz
* The polarized light is a light whose electric field gScillates’in one direction . T
vertical polarized light (or in y-direction) *_ hotizofital polarized light (or in z-direction)
Y Y

kasabrs

N - kasahrs
z E |E

kasabrz kasabrs
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* Unpolarized light can be transformed to polarized light by passing the unpolarized light
through a polarizer .
* Every polarizer has a polarizing aXis.0t, a polarizing direction .

kasabrz

* The polarizer allows only oneicomponent of the electric field vectors of the incident light
waves passes through itgmy s kasasrs

* The comﬁsf)bﬁents of.the ancident light on the polarizer that have the same direction as the
polarizer are transmitted , but'the components that are perpendicular to the polarizer are absorbed .
* The light passifigithrough a polarizer kea?hmerges polarized in the polarizing direction .

* The purpose of the polarization : reducing the intensity of the light . kasabrs

First : When an unpolarized light incident on a polarizer . ,)
Unpolarized light

kaszabra

The 1ntensity of the passing polarized light (1) reduce to
the half‘f the unpolarized light intensity :

__ Polarizer

kasabrz

kasabrz

o kazahrs
2 Polarized light

kasahrs (1)

Second : When a polarized light incident on a pelarizer
The intensity of the passing light from the polarizer 18 reduced and We use the malus’s law
tO ﬁnd it . kasabrz

kazahrs
Polarized light

{,)

kasahrs

kasabrs ] = IO COSz 0

I, : the intensity of the incident pelarized light .

7. Polarizer

kasabrz

I : the intensity of the passing/Polarized light . e
0: the angle between the polarized light and the polarizer axes .

kasabrs

* If the incident polarized light is parallel to the polarizer axes .

Polarized light

()

Polarized light

kasabrz

_ Polarizer

kasabirs

kasahrs

Polarized light

0=0 =1=1,

* If the incident polarized light is perpendicular to the polarizer axes .

kasahrs

Polarized light

kasabre Polarizer

kasahbrs

No light
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Q10) A vertically polarized laser beam with intensity of (10 /m*) passes through a
polarized whose polarizing angle is (30%) from the horizontal . What is the power of the
laser beam when it emerges from the polarizer ?

kasabrzs

kasahrs

Q11) A vertically polarized 1aser beam with intensity of (1.0 /m’) passes through two

kasabirs

polarizers . The first polarizer has a polarizing angle of (15°) with respect to the vertical
kasahrs

and the second polariZer has a polarizing angle of (45°) with respect to the vertical .

kasabrzs

What is the intensity of the laser beam when it emerges from the two polarizers ?

kasabrs kasabrs

Q12) A laser produces light that is polarized in the vertical direction . The laser beam
passes through two polarizers, which have polarizing angles of (35°)and (55°) from the

kasabrz

verticalas shown in the figure . The laser beam has intensity of (1. 92><104W /m?*) at point

(A) . Whatis the 1ntens1ty of the laser
light\atepeint (C) ? kasabre

kasahrs

Q13) To visually examine sunspots through a telescope, astronomers have to reduce the
intensity of the sunlight to avmd harming their retinas . They accompllsh this intensity
reduction by two polarlzers on the telescopes. The first polarizer has a polarizing angle
of (28%) relative to the horizontal, and the second has a polarizing angle of (88°) . kasalre

By what fraction is the intensity of the incident gaﬁbﬁlight reduced by the polarizers ?

Q14) Unpolarized light with intensity of (1.88W /m?*) passes through tow polarizers .
The emerging polarized light hasasaifltensity of (0.38W /m?*). What is the angle betweén
the two polarizers 2 ksabr:

Q15) Unpolarizedslight with intensity (7)) is initially incident on the first of three

kasabrz kasabrs

polarizers in a line . The first polarizer has a polarizing direction thatds vertical . The
second polarizer has a polarizing angle of (40°) with respect to the vertical . The third

kasabrz

polarizer has a polarizing angle of (90°) with respect to the vertical . kesabre

What is the intensity of the light after kf)saabrésing through all three polarizers, in terms of
the initial intensity (/) ? Unpolarized light

kasabrz

Polarizer 1
6] =0°
Il

kasahrs

Polarizer 2
p 0, = 40°

Polarizer 3
>, 0, =90°

kasabrs
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Q16) Unpolarized light of intensity ¢/ )is incident on a serles of five polarizes , with the

kasabrz

kasahbrs

polarization direction of each rotated (10°) from that of the precedlng one as shown in

kazabre

the figure .

What fraction of the incidentdight will pass

through the series ?

kasahrs

kazahrs

1 2 3 4 5

‘ILI_’

A 4
6 20 360 460

kasabrzs

Q17) Choose the correct answer in the following : kasebres kasabrs
1) The figure.shows unpolarized light incident on polarizer 1 with angle (6, =0°) relative

kasalbrs

to the yertiéal and then on polarlzer 2 with angle (9, =90") relative to the vertical ,

kaszahrs

which,ef the following statement is true ?

a) No, light passes through the two polarizers .

kasabrs

b) Less than half of the light passes through
the three polarizers .

kasahrs

c) Exactly half of the light passes through
the three polarizers .

kasahrs

d) More than half of the light passes throughsthe

three polarizers .

kasabirs

Unpolarized light kasabrz

Polarizer 1
m 6, =0°

Polarizer 2
_ 6, =90°

kazabrs

2) In the preceding branch , if polarizexr 3 with angle is placed between polarizer 1 and
polarizer 2 , which of the following statement is true ?

a) No light passes through the tWe polatizers .

kazahrs

b) Less than half of the light passes through
the three polarizers .

kasahrs

c¢) Exactly half of the light'passes through
the three polarizers .

kasahrs

d) More than half of the light passes through the

three polarizers . e

kasabrs

Unpolarized light

Polarizer 1 kasabrz

8, =0o°
Polarizer 3
Polarizer 2

>, 0, = 90"

kasabrs

H

3) A polarized light is incident on a series of ten polarizes as shown in the figure , if the

kazahrzs

polarization direction of each rotated (9°) from that of the precedmg one . What

kasabrzs

fraction of the intensity of the incident light is transmitted through the ten polarizes ?

a) 0.10 Incident

b) 0.98 polarization 9° 18°
: kasahrs

c) 0.78

d) 0.50

36° 45° 81° a0 kasahrs

Tf///////ﬁﬁ

kasabrs

djﬁ“ 11.7 e

11 sasgl) c.gsl
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