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Physics - 12 Advanced - Term 3

Manasra Academy

Electromagnetic induction
- The phenomenon of electromagnetic induction:
"It is the process of producing an induced electromotive force and an induced electric current in
a conductor in a closed circuit by changing the magnetic flux through it."

- Induced Electromotive Force: emf..
"The electric potential difference generated in a conductor or in a circuit because of a change in

the magnetic flux due to the relative movement in a magnetic field."

- Induced current: I...
"It is the electrical current generated in a conductor or in a closed circuit because of a change in

the magnetic flux due to the relative movement in a magnetic field."

Note: "Induced current continues to be produced in a closed circuit as long as there is a relative
motion between the magnet and the circuit."

Faraday’s experiment:
Move a piece of the wire in a closed circuit connected to a galvanometer between the two poles

of a magnet as shown in the figure and Notice:
- No current flows if the wire is stationary or moving parallel to its length or parallel to the

field lines.

- Acurrent generated in a certain direction when the wire moved
upward, cutting the field lines.

- Acurrent generated in the opposite direction when the wire
moved downward, cutting the field lines.

- The current itself is generated if the wire stays constant and the Galvanometer
magnet is moved downward and upward.

e Move a magnet's pole relatively to a conducting loop connected to the ammeter, as shown in
the figure:

i

;

N S N } S
While a south pole is While a north pole is While a south pole is While a north pole is
removed away from removed away from rounded off the loop, rounded off the loop,
the loop, a current the loop, a current a current flows a current flows
flows counter- flows clockwise. clockwise. counterclockwise.
clockwise.
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Faraday’s law of induction

- Faraday's law states that: "A potential difference is induced in a loop when the number of

magnetic field lines passing through the loop changes over time."
Example : The four figures show a bar magnet and a low-voltage light bulb connected to the ends of
a conducting loop. The plane of the loop is perpendicular to the dotted line. In case 1, the loop is
stationary, and the magnet is moving away from the loop. In case 2, the magnet is stationary, and
the loop is moving toward the magnet. In case 3, both the magnet and loop are stationary, but the
area of the loop is increasing. In case 4, the magnet is stationary, and the loop is rotating about its
center. In which of these situations will the light bulb be burning?

a) case 1 b) cases 1 and 2 -« ; _— 6_
c) cases 1, 2, and 3 d) cases 1, 2, and 4 :
e) all four cases

Case 1 Case 1

Magnetic flux @, : "represents the total number of magnetic field lines that pass vertically across
the area of the loop."

Mathematically, it is "the surface integrity of the magnetic field passing through a differential
element of area."

- magnetic flux ®p = B-dA

- The magnetic flux is measured in a unit called Weber Wb where: 1Wb = 1Tm?
And if the surface is flat and the field is uniform the relationship becomes:

¢B = E . A)
&p = BAcos 0
Where 0 is the angle between Aand B
Q Contact us at: +971
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e Gauss's law of magnetic fields:
"The total magnetic flux through a closed surface is zero."
fB-dA=0
This is because there are no free magnetic poles, as magnetic poles are always present in
northern and southern pairs.

Q1: Calculate the magnetic flux across a surface of (0.2 m2) immersed in a magnetic field of (0.4)
T if the area vector A is:

a- Perpendicular to B b- Same direction with B ¢- Make angle 60 with B d- Make
angle of 135 with B.

Q2 : A magnetic field of (5) T affects a surface of (6m2) parallel to the area vector, if the magnetic
field strength becomes (10) T, calculate the change in magnetic flux.

(% Contact us at: +971
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e Example:
In the adjacent figure, a coil has 12 turns in a uniform magnetic field of 0.5 T, so if the coil is removed from
the field within 0.2 s
1- How much induced potential difference during the expulsion of the coil?
@; = ABCosf = &;=25Xx10"*x 0.5 X C0s30°=1.1 x 1073T.m?
=0 =24P=0-11X 1073 = -1.1 x 1073T.m?

AD
Vg =—N52 =
_ -3
AVing = =12 X =22 = 0.066 V

2- If the coil is entered into the field through 0.2 s so that the plane of the coil is perpendicular to the field as
it is inserted, then how much induced potential difference?
;=0 = &r=25X% 10™* x 0.5 X Cos0° = 1.25 x 1073 T.m?
AP (1.25x 1073 - 0)

ez—NE =>e=—-12X 02 =—0.075V

e Mathematical form of Faraday's Law:

Faraday's law of induction is expressed by: AV,,,4 = —‘%B And in the case of a of N loop
do
AVipa = — d_tB

The flux can be changed by changing the magnetic field, changing the area, or changing the
angle between

A and B. Then the induced potential difference given by the flux derivative is:

dcos@

= +NABwSin®
dt

AVipng = —NACOSBZ—I: AVipg = —NBCOSB% AV;,; = —NAB

Example:
In the adjacent figure there is a coil of 20 turns and a radius of 4 cm in a magnetic field whose
magnitude changes with time according to the equation: B (t) = 0.5 (T) +0.004 (T /s2) 27§

1- What is the amount of induced potential difference in the coil in terms of time?

2
WVing = —NAZ = AV = —20(m0.042) L0 AV, | = 0.008 ¢

2- How much induced potential difference in the coil att = 8 s?
|Av;pgl = 0.008t = |Av,y| =0.008 X8 = |Av,y| = 0.064 v

e Contact us at: +971
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Q3: A loop with an area of 0.4m? and a resistance of 19 Q is placed in such a way that its level is
perpendicular to a magnetic field whose amount varies according to the equation( B = 0.2t> -0.5t+2),
calculate :

1- The induced current when t=2s?

2- The magnetic flux at t=07?

Q4 : A coil in the form of a square with a side length of 20 cm, consisting of (50) turns, and its
resistance is (4 Q), placed in a magnetic field corresponding to its area vector. If the magnetic field
changes regularly from (0) to (2) Tesla within (two seconds), calculate:

1- The induced electromotive force generated in a coil.
2- The inductive current in the circuit.

Q5: A coil with a number of turns (100) turns. Calculate the induced potential difference if the
magnetic flux increases at a rate of (5wb/s).

Q6: According to the adjacent drawing that shows the change of the magnetic field that penetrates
a circularly coil. If you know that the number of turns in the coil is (2000) turns, and the cross-
sectional area of the coil is (80 cm2) and the direction of the field is parallel to the area vector,
calculate:

1- The change in magnetic flux in cases (a, b, c).

2- The average induced potential difference in (a, b, c).

3- Represent graphically the relationship between (AVing) and (t) in the periods (a, b, c).

B(T) ,
0.8
0.6
1S c
0.4 b
0.2
| L t(s)
0.1 0.2 03 04
Contact us at: +971
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Q7: A coil whose number of turns is 5000 turns is immersed in a uniform magnetic field, so the
magnetic flux is 0.6 Tesla Calculate:
1- The induced potential difference in the coil when the direction of the magnetic field reverses
within 0.2 seconds
2- The induced potential difference in the coil when the magnetic field vanished in 0.1 second
(B=0)
Adg
3- The Ve when AV jn,g=100V

Q8: A circular coil of wire with 20 turns and a radius of 40.0 cm is laying flat on a horizontal table as
shown in the figure. There is a uniform magnetic field extending over the entire table with a
magnitude of 5.00 T and directed to the north and downward, making an angle of 25.8° with the
horizontal. What is the magnitude of the magnetic flux through the coil.?.

Q9: When a magnet in an MRI is abruptly shut down, the magnet is said to be quenched. Quenching
can occur in as little as 20.0 s. Suppose a magnet with an initial field of 1.20 T is quenched in 20.0 s,
and the final field is approximately zero. Under these conditions, what is the average induced
potential difference around a conducting loop of radius 1.00 cm (about the size of a wedding ring)
oriented perpendicular to the field?

(% Contact us at: +971
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Q10: A metal loop has an area of 0.100 m2 and is placed flat on the ground. There is a uniform
magnetic field pointing due west, as shown in the figure. This magnetic field initially has a
magnitude of 0.123 T, which decreases steadily to 0.075 T during a period of 0.579 s. Find the
potential difference induced in the loop during this time.

-«
-«
-«

oo

Q11: Choose the correct answer:

1- Along wire carries a current, i, as shown in the figure. A square loop moves in the same plane as
the wire as indicated. In which cases will the loop have an induced current?

a) cases 1 and 2
b) cases 1 and 3 1
c) cases 2 and 3 :
d) None of the loops will have an induced

current.

Case 1 Case 2 Case 3

2- A solenoid with 200 turns and a cross-sectional area of 60 cm? has a magnetic field of 0.60 T along
its axis. If the

field is confined within the solenoid and changes at a rate of 0.20 T/s, the magnitude of the induced
potential difference in the solenoid will be

a) 0.0020 V. b) 0.02 V. c) 0.001 V. d) 0.24 V.

3- Which of the following will induce a current in a loop of wire in a uniform magnetic field?

a) decreasing the strength of the field

b) rotating the loop about an axis parallel to the field

c) moving the loop within the field

d) all of the above

4- Faradays Law of Induction states

a) that a potential difference is induced in a loop when there is a change in the magnetic flux
through the loop.

b) that the current induced in a loop by a changing magnetic field produces a magnetic field that
opposes this change in magnetic field.

c) that a changing magnetic field induces an electric field.

d) that the inductance of a device is a measure of its opposition to changes in current flowing
through it.

% Contact us at: +971
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5- A conducting ring is moving from left to right through a uniform magnetic field, as shown in the
figure. In which

regions is there an induced current in the ring?
a) regions Band D

b) regions B, C, and D

c) region C

d) regions A through E

BEREPRDE
O S @ 2 @ e

6- A circular loop of wire moving in the xy-plane with a constant velocity
in the negative x-direction enters a uniform magnetic field, which covers the region in which x <0,
as shown in the figure. The surface normal vector of the loop points in the direction of the magnetic
field. Which of the following statements is correct?
a) The induced potential difference in the loop is at a
maximum .
as the edge of the loop just enters the region with the :
magnetic field. 5
b) The induced potential difference in the loop is at a
maximum
when one fourth of the loop is in the region with the
magnetic field.
c) The induced potential difference in the loop is at a maximum
when the loop is halfway into the region with 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.
7- Awire loop is placed in a uniform magnetic field ( 0.5T) , the magnetic field decrease to be zero
with a constant rate during a period of ( 0.25s ), if the average potential difference induced in the
loop is ( 1.24V ) what is the radius of the loop ?
a- 0.18m b-0.22m c- 0.44m d- 0.92m

@
-

X

g 8 @ @ @)% @ €@ @8 @

g 8 @ @ @ @ @ @ @ @
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e Lenz’s law: Used to determine the direction of the induced current in a loop or coil.
"An induced current will have a direction such that the magnetic field due to the induced
current opposes the change in the magnetic flux that induces the current."

> Move
towards
—

Move
towards
A

Notes:

*The induced current creates in the coil a like magnetic pole if the source magnet increases the
flux @.

*The induced current creates in the coil an opposite magnetic pole if the source magnet
decreases the flux ©.

il \ Bind
— |~
—"
I
B \
increasing

(a)

|

ind

— =
i
B \
increasing

(b)

,'T Eind
- —— -
—
i
B
decreasih

(c)

An increasing magnetic
field pointing to the right
induces a current that
creates a magnetic field
pointing to the left.

An increasing magnetic
field pointing to the left
induces a current that
creates a magnetic field
pointing to the right.

A decreasing magnetic
field pointing to the right
induces a current that
creates a magnetic field
pointing to the right.

il B
—
— =
1

a
decreasing

(d)

A decreasing magnetic
field pointing to the left
induces a current that
creates a magnetic field
pointing to the left.

Q12: A square conducting loop with very small resistance is moved
at constant speed from a region with no magnetic field

through a region of constant magnetic field and then into a

region with no magnetic field, as shown in the figure. As the

loop enters the magnetic field, what is the direction of the
induced current? As the loop leaves the magnetic field, what is
the direction of the induced current?

%@s
G‘wx
=1
® ® ® @ ® ® ® ®

®@ © === 0 o

® ® ® ® ® ® ® @
® ® ©® ® @ @ ® @
® ® gma—g—R 0
® ® B @ @
® ® B © ®
® ® ® ® ® ® ©® ®
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Q13: Determine the direction of the induced current through loop a b during the entry and exit of

the magnet:
@ lh,h

b

Q14:
Which of the following diagrams is not correct according to Lenz’s Law?

: B. -
'T /m\ iT L;lnd
—
>
I -

a8l " lf

B L e
decreasing B

decreasing

AVIAY

— ll l;lnd
—
—
NER l —
incro:;ls‘in 3 2 i Ti
asing i

increasing

AV/AY,

e Eddy currents:
"Currents are induced in a piece of metal due to the circulation of their free electrons by the
influence of a magnetic field causing change in magnetic flux."

Induced eddy currents are generated when metal pieces move within
a variable magnetic field,  and according to Linz's law, variable
magnetic flux induces currents that tend to resist the change in
magnetic flux. These induced currents produce induced magnetic
fields that resist the external magnetic field that produced the
currents, slowing the movement of metal pieces.

* One of the disadvantages of eddy currents is the high temperature inside the metal piece, and to
reduce that, the piece is divided into segments isolated from each other.

*Positive practical applications of eddy currents include induction furnaces used in metal melting as
well as train brakes.

e Contact us at: +971
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e Metal detector: " J— N® s=iaDa D et
- It consists of a transmitter coil that sends an '
alternating current and the receiver coil measures
the current sent. B e e
- When a piece of metal passes between the l 2
transmitter and receiver, Induced eddy currents are
generated and according to Linz's law it will resist the change in the current that causes it.
- Eddy currents result in a decrease in the current value measured by the receiving coil.

# Eddy currents can be used to convert the kinetic energy of the train wheels to thermal
energy, which slows down the speed of the train.

Pt vy 14
>}

Mogrran (=sh grmes wond by 5o wmrne
Megpane (M et Wy fa

* Traffic lights:

A rectangular wire loop hidden in the asphalt acts as a transmitter coil and a receiver coil at the
same time. The metal body of the car creates the eddy currents that cause the lack of current
which the transmitter measures, this automatically turns the signal to green after some delay
time interval.

Induced potential difference in a straight wire moving in a magnetic x X X X X x
field:(AVing) LB X-§+“+x L
Interpretation of the generation of inductive potential difference in a conductor: Fg T
When the wire is moved, the free electrons move with it, affected by a o X—X>V )
magnetic force and moving to the end of the wire b, which arises S ?—E'l A
Electric field so the Electrons are affected by an electric force in the SR .
opposite direction, and the transfer of electrons continues until the x x o xboxooxoox
two forces are balanced, So a difference in the voltage occurs.
AVind

Fr=F, = gqE=qu,B = =Bv, = AV,,;= Bfv,

e
o Calculate amount (AVing):
The amount of inductive potential difference (inductive momentum) depends on both the
magnetic field B and the length of the wire portion that is exposed to the field € and the
vertical speed vehicle on the field v, = v sin fand is given by the equation: AV,,,; = Bév,

@ Contact us at: +971
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Q15: A metal bar is moving with constant velocity v through
a uniform magnetic field pointing into the page, as shown in the figure.

Which of the following most accurately represents the R ¢ % B8
charge distribution on ® & © o
the surface of the metal bar? 8 o @ 5 © ®
a) distribution 1 . u B s e s

e S

Dristribution Distribution Distribution Distribution Diistribution
1 2 = 4 5

f

PETT T T
HEREEEN
T

b) distribution 2
c) distribution 3
d) distribution 4 i L}

e) distribution 5

Q16: A wire loop is placed in a uniform magnetic
field. Over a period of ( 2s ), the loop is shrunk .
Which statement about the induced potential
difference is correct?
a- There will be some induced potential
difference.
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 induced potential difference because the loop is shrinking.

________

®
®
©
0]
®
) @
@

(
®

)

)
e
@
®

Q17:In 1996, the Space Shuttle Columbia deployed a tethered satellite on a wire out to a distance
of 20 km. The wire was oriented perpendicular to the Earth’ s magnetic field at that point, and the
magnitude of the field was B = 5.1 - 10 ®> T. Columbia was traveling at a speed of 7.6 km/s.

What was the potential difference induced between the ends of the wire?

e Contact us at: +971
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Q18: The conducting loop in the shape of a quarter circle shown in the figure has a radius of 10.0 cm
and resistance of 0.200 Q. The magnetic field strength within the dotted circle of radius 3.00 cm is
initially 2.00 T. The magnetic

field strength then decreases from 2.00 T to 1.00 T in 2.00 s. Find

(a) the magnitude and (b) the direction of the induced current in the lo

Q19: A supersonic aircraft with a wingspan of 10.0 m is flying over the north magnetic pole (in a
magnetic field of

magnitude 0.500 G perpendicular to the ground) at a speed of three times the speed of sound.
What is the potential difference between the tips of the wings? Assume that the wings are made of

aluminum.

Q20: An elastic circular conducting loop expands at a constant rate over time such that its radius is
given by

r(t) = r0 + vt, where r0 = 0.100 m and v = 0.0150 m/s. The loop has a constant resistance of R = 12.0
Q and is placed in a uniform magnetic field of magnitude Bo = 0.750 T, perpendicular to the plane of
the loop, as shown in the

figure. Calculate the direction and the magnitude of the induced i
current, i, att =5.00s. y

(% Contact us at: +971 50 821 0248
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Q21: A straight conductor of length (40 cm) perpendicular to a uniform magnetic field (2) Tesla, if it
moves at a constant speed (80 cm/s) perpendicular to its length and to the magnetic field, calculate:
1- The average induced potential difference.

2- The induced current generated through the conductor.

3- The power consumed by the external resistance.

4- If the conductor is parallel to the magnetic field, what happens to (iind andAving).

L ] e @ L ] o L ] Q (o]
— B
L ] e} [=} L ] el €] [§ L J
[ J [ ] @ [ J o ® @
! <_ﬁ - 080
v v
® o © @ ® (&) @
L ] L ] e L ] O 2] [} L J
L ] @ ® 1) el o ® @

Q22: When moving the conductor (a b) at a constant speed (50 m/s) as in the figure, and if the
resistance of the rail and the conductor together is (20) ohmes, calculate: (note that B=2T)
1- AVind

2- iind
X X X X X > X X
X X X X X > X X
Fext‘— 80 cm
X X X X X > X X
X X X X X > X X
X X X X X xb x X
Q23: What happens to the bulb lighting in the AN NN

following cases : C J

a- When the magnet moves towards the coil.
Decrease instantaneously

b- When the magnet moves away from the coil.

Increasing instantaneously

(% Contact us at: +971 50 821 0248
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Q24: ® L J £ » K3 L J L J
The conducting rod shown in the figure, is pulled horizontally of o o o o el
through a uniform magnetic field of strength (B=0.65T) with a il # = = *8 = 4l0 sy

constant velocity. If the induced potential difference between

the ends of the rod equals to (0.32V). What is the velocity of the
rod?
a- 12.3m/s b- 0.08 m/s c- 2.08 m/s d-9.81 m/s

e Generators and electric motors:
Generator: "It is a device that converts kinetic energy into electrical energy."
Electric motor: "It is a device that converts electrical energy into kinetic energy.

AC generator (continuously variable driving force generator):
The coil rotates and cuts its field lines, and the magnetic flux that passes the coil continuously
changes by changing the angle 6, so we get a continuously Variable induced driving force, given

by: AV;nqa = NwAB sin 6 (where w = 2xf)
) o Vo o )
/ 1 / >

p z 2 / V.
b v g 4_ ad

:/:i-é = 4 7 g K‘T"-f—b‘g N ’/_7_—;‘ -£
e a— i 4 2

(24 (4 l
8=360" 8=270" 68=1280 8=90° @ 8=0
emf=0 emf=emf.. emf=0 emf=emfa. emf=0

DC generator

The ends of the coil are connected to the outer circuit by two halves of a metal ring between
them, a dielectric called the reflector, this causes the Unidirectional pocket potential difference
(V =Vmax Sin 6 )to pass between the ends of the generator

The circuit is a Unidirectional pocket current | = Ima Sin 0 illustrated by a curve as shown in the

figure.
_ X . EE
Bl gy T .

y ol & (04 lnd
0=360° 0=270° 0=180 0=90° 0=0 ks
emf=0 emf=-emf .. emf=0 emf=emf .. emf=0 0 e

e Contact us at: +971 50 821 0248
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Slip rings

One of the advantages of hybrid cars is that they are using regenerative
braking, as they take benefit of the reverse motion while breaking at
running an electric generator, that generates electrical energy used to
recharge the battery, partially recovering energy, which increases fuel

efficiency.
Q25:
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(a) A simple direct-current (DC) generator/motor.
(b) A simple alternating-current (AC) generator/motor.

The figure shows two graphs representing the induced

potential difference as a function of time for two

generators. Which of the following rows indicates the
correct type of generator under each graph?

Al

P
ind

AV,

ind

a simple alternating-current generator
23 yiall il daves 3 ga

a simple direct-current generator
aaaall LN dasiss A 5a

a simple alternating-current generator
23 i) ill Ly o 5

a simple alternating-current generator
22 i) ll Jass o 5

a simple direct-current generator
sl U dasss A 5

a simple direct-current generator
etasad) Ll das A 5

a simple direct-current generator
sl U dass A 5

a simple alternating-current generator
22 i) all s o e

Q26: When can we use the equation (AVind = wABsind) to find the induced potential

difference?

a- A and B are constant.
c- B and 8 are constant

e Contact us at: +971

AT
L) Learn more at: https://www.manasra.academy

Page | 16

b- A, B and @ are constant
d-A and 6 are constant.
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Q27: Which of the following is not correct about the generator and motors?
a- The motors transform kinetic energy into electric energy
b- Generators and motors contain loops in a magnetic field
c- Generators and motors are applications of electromagnetic induction

d- Generator that produces alternating voltages and the resulting alternating current is also
called an alternators

Q28: A simple generator consists of a loop rotating inside a constant magnetic field.
If the loop is rotating with frequency f, the magnetic flux is given by ®(t) = BA cos (2xft).

If B=1.00T and A = 1.00 m?, what must the value of “f” be for the maximum induced potential
difference to be 110. V?

Q29: A motor has a single loop inside a magnetic field of magnitude 0.87 T. If the area of the loop is

300. cm?, find the maximum angular speed possible for this motor when connected to a source of
emf providing 170 V.
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Q30: Your friend decides to produce electrical power by turning a coil of 1.00 x 10° circular loops of
wire around an axis parallel to a diameter in the Earth’s magnetic field, which has a local magnitude
of 0.300 G. The loops have a radius of 25.0 cm.

b) The average current flowing in the coil will be 0.7071 times the peak current. What will be the
average power obtained from this device

Induced electric field (Eind )
From our study to calculate the potential difference, we found that:
do

AV = $E - dS And from Faraday’s law: 4V = —=

dt
By combining the two equations, we obtain: FFE -dS = —Z—f

- Which means that the variable magnetic flux generates an electric field calculated from that
relationship and applied to any closed path in a variable magnetic field even if there is no
conductor in the path. ( The direction of( Eind ) is in the same direction of (iind ).

Q31:
For a positive charge moving in a circular path in an electric field, the induced potential difference
can be expressed as:( AVina = 2mxE) . What does x represent?

a- The magnitude of the charge.

b- Induced electric field.

c- The radius of the circular path.

d- Induced electric current.
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Inductance of a Solenoid:
The total magnetic flux through a solenoid formed of N turns and carrying a current 7through it
iS @ = Nbg Where @, = B-dA (¢5 = ABcosO = AB) and It is directly proportional to the intensity

of the current passing through the coil: (N®z = Li ).

Where L is a fixed amount per coil called the coil-induction coefficient of the coil and is

measured in a unit called Henry H where: 11 = =2 = wb/A

The coefficient of self-induction of any coil depends on its engineering specifications and the coil
in the circuit is called an inductor.
The self-induction coefficient of a solenoid is calculated from the relationship:

2 N p N2A
L=un“€A (n:z) or L= ; T~
n: Number of turns per unit length.
N: Number of turns
A : Cross — sectional area (A=mr?)

€: The length of solenoid

/\_/\/

BERBIRE A solenoid with a length of (0.15m ) and (20 turns /cm ) and a radius of ( 2cm ). An
electric current of ( 5A ) is passing through it. Calculate the inductance of the coil ?.

Q32:

A solenoid inductance is equal (3x103H) . Suppose that the length of the solenoid is increased to
be three times its original length , and the average cross — section area is reduced to be one fifth
of its original radius, while the number of turns not changed .

Calculate the new inductance ?
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Q33: What does the unit of inductance Henry (H) equal?
a- A’m?/T

b- Am?/T

c- Tm?/A

d- T2m/A

Self-induction and mutual induction:
Self induction:

"It creates an electric driving force in a coil due to the change in the intensity of the passing
current in the coil itself."

Note: —
—_— el

e As the current intensity increases, the flow that passes the file coils increases e
and a reverse inductive driving force and reverse inductive current is created. adad -

e While decreasing the current intensity, the flow that passes the file coils
decreases and a direct inductive drive and a direct inductive current is created.

e Calculates the induced potential difference from the relationship:

dNog  di

e~ dt

» The negative signal indicates that the inductive current always resists the

changes in the original current.

e The self-induction coefficient can be calculated from the relationship:
Nag = Li
e In the case of the solenoid from the relationship:

AVipa = —

u N?A

N
L=pn®A (n=3) = L=—;

50 gl 50l ed
d N =

Note: The self-induction coefficient works to control the growth rate of the current in the coil, b
so if Lis large, the current growth rate is small, i.e. the current grows slowly and takes longer time

to reach its maximum value.

When drawing the relationship between current and time for two inductors, we find that

L1 <L2 because in the first inductor, reaching the maximum value of the current was faster.

0 > t(s
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Example: a solenoid with a section area of 2.5 cm? and an axis length of 10 cm consisting of 200
folds and inside the core of its magnetic transmittance coefficient 0.004 Tm / A, If the coil has a
current of 8 A, then answer the following:

1) Find the self-induction coefficient of the coil.

N2A 0.004x200%x2.5x10™*%
L=~ =5 L= = = L=04H
14 10%x10~2

2) Calculate the magnetic flux that passes one coil of the file coils.

| _No 5L 5 04x8 & — 0016488
= —_— = = — = = = = V. .
I N 200 b

3) How much induced electric driving force in the coil if the current reflected in 0.02 s?

LA 04898 320
= -/, — = —0. = =
€ ac - ¢ 0.02 € v

4) If the coil itself is divided into two identical sections, how much is the self-induction
coefficient for each section?
The coefficient of induction for each section is reduced to half of the coil coefficient of the
original, making L = 0.2 H for each section.

5) What happens in the original file itself if we multiply the number of folds to double by
wrapping another layer of coils over the first and with the same length? How much does it
become?

The self-inductance factor increases to four times its original value, soL=1.6 H

Q34: A solenoid whose number of turns is (200) turns, its length is (20 cm), and its cross-sectional
area is (5 cm?), calculate:

1- self-induction coefficient of the coil.

2- The induced electric driving force if the passing current is decreasing at a rate of (50 A/s).
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Q35: A coil whose self-inductance coefficient (2) Henry is carrying a current of (0.5) ampere,
calculate the induced electric driving force if:

1- The circuit was opened and the current disappeared within (0.01 s).

2- If the inductor current reversed within (0.2 s).

The phenomenon of mutual induction:
"It creates an induced impulsive force in one of the two circuits due to the change in the
intensity of the current in the next circle".
AVingq = —M& &  AVipgo = —M&
' dt : dt

Where M is the coefficient of mutual induction between the two coils and is measured in
Henry. It can be calculated from any of the two equations:

M = N, %(The mutual inductance of coil 2 due coil 1) N @)
2

M = NZ% ( The mutual inductance of coil 1 due coil 2) B
| |
M = u Ny, A, M = u NynyA, 7 / -
s N IR

Q36: A short coil with radius R = 10.0 cm contains N = 30.0 turns and surrounds a long solenoid with
radius r = 8.00 cm containing n = 60 turns per centimeter. The current in the short coil is increased
at a constant rate from zero to i =2.00 A in a time of t = 12.0 s. Calculate the induced potential
difference in the long solenoid while the current is increasing in the short coil.

Zi
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Q37: The figure shows two identical coils. A current is flowing in coil 1 in the direction shown. When
the switch is opened in the circuit of coil 1, what happens in coil 2? SOt Cop 2

a- A current is induced in coil 2 that flows in direction 1.
b- A current is induced in coil 2 that flows in direction 2.
c-No current is induced in coil 2.

Q38:

A long solenoid with a circular cross section of radius (r1=0.05m) and (n=800turns /m) is inside and
coaxial with a short coil that has circular cross section of radius (r=0.10 m) and (N=7turns). While
the current in the long solenoid is increased steadily from (0.003A) to i over (0.6millisecond), the
potential difference induced in the short coil is (-0.4V)

- Calculate the current i

e RL Circuits:
If a source of emf is placed in a single-loop circuit containing a resistor with resistance
R and an inductor with inductance L, called an RL circuit.
When the switch is closed the increasing current 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 becomes steady at the value imax = Vemt/R. .
Wy
V.. =IR+Ldi/dt L lan-‘,m.
. Voor -t/(L/R) =i, L)) J
,(;):Tm[l-e ) it = Imax [1-¢ '“R"j . —

emf
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Note: Time constant (7) =L/R

When the switch is closed t = 0, the current is zero. For t =, the current is given by imax = Vemt/R, which is as expected.

When the battery suddenly removed the current decreases gradually until i)
It reach zero because the decreasing current in the inductor creates
A self-induced potential difference that tends to oppose the decreasing current. ; T*“'
A¥ind
di . . —tir =y
L—+iR=0. it)=1,e 7 |
dt ( ) 0 1| ;
-1+
Vam
2 5
O ' t(s)
Current as a function of time when a resistor, an inductor, Current as a function of time when the source of emf is
and a source of emf are connected in series. suddenly removed from an RL circuit that has been connected for a long

time.

Notes: 1- Immediately after the switch is closed, the inductor is like an open-circuit.
2- After a long time, the inductor acts like a short-circuit. The circuit is in steady state, so
the current is no longer changing.

Q39: Consider the RL circuit shown in the figure. R
When the switch is closed, the current in the circuit increases
exponentially to the value i = Vemf/R.

If the inductor in this circuit is replaced with an inductor having \ L
three times the number of turns per unit length,
the time required to reach a current of magnitude 0.9i . il

1

a) increases. b) decreases. c) stays the same. Vemf
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Q40: Consider an RL circuit with resistance R = 1.00 MQ and inductance L =1.00 H, which is
powered by a 10.0-V battery.

a) What is the time constant of the circuit?

b) If the switch is closed at time t = 0, what is the current just after that time?

c) what is the current After 2.00 ps?

d) what is the current When a long time has passed?

Q41: In the circuit in the figure, R=120. Q, L=3.00 H, and
Vemi=40.0 V. After the switch is closed, how long will it take the
current in the inductor to reach 300. mA? R

=¥

emf

|I|+

Q42: The current is increasing at a rate of 3.6 A/s in an RL circuit with R =3.25 Q and L = 440 mH.
What is the potential difference across the circuit at the moment when the current in the circuit is
3.0A?

Q43: In an RL circuit with a resistance of 21.8Q and an inductance coefficient of 55.9mH, how long
will it take for the current to reach 75 c/o of its maximum value?
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e Energy and energy density of a magnetic field:
"The energy stored in the magnetic field of the inductor can be calculated from the equation:

t 1 1
UBZJPdt:’[Li'di'z—Li2
0 0 2

Up = S un?eAi?

The instantaneous power of the inductor is :

di
P=V .i=|L—|i.
emf { thJ

Q44: Choose the most appropriate answer for each sentence of the following:

1- An emf of 20V is applied to a coil with an inductance of 40mH and a resistance of 0.5Q. What
is the energy stored in the magnetic field when the current reach quarter of its maximum
value?

a- 20J B-4) C-2) D- 16J

2- Along solenoid has a circular cross section of radius 8.1 cm, a length 0.54 m , and n=2x10*
(turns/m) . The solenoid is carrying a current of magnitude 4.04x103 A. How much energy is
stored in the magnetic field of the solenoid?

a- 2.11x107 b- 6.66x103 J C-4.57x107°) D- 8.91x10° J
3- If the current in a solenoid is doubled, then the energy stored in the solenoid:
a- Increase by a factor of 4 b- decrease by a factor of 4 c- Increase by a factor of 2

4- A long solenoid with inductance 1.2H carries a current i. It stores 375J) of energy. What is
current (i)?
a- 25A B-5A C-18A D-18 A
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