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The four fundamental forces act upon us every day,
whether we realize it or not. From playing basketball.
to launching a rocket into space, to sticking a magnet on
your refrigerator - all the forces that all of us experience
every day can be whittled down to a eritical quartet:
Gravity, the weak lorce, electromagnetism, and the strong
force. These forces govern everything that happens in the
UNIVETSE,

Fig: 16.1 Fundamentil farces of nature

Gravity is the force that attracts matter across long
distances (tens of millions of light vears). The
electromagnetic force s extremely powerful. but i
operates at very small scales, forcing positively charged
atomic nuclel to attract negatively charged electrons,
resulting in the formation of atoms and molecules.

It's the fundamental reason that clectrons arc hold by
nucléus and are accountable for the nucleus entire
strueture,

Elcetromagnetism serves as a basic principle ol working
for many of the home appliances in  houschold
applications, These applications include lighting, air
conditioning systems., Generators, transformers etc.
Students will be able to understand all the above facts
after completing this unit,
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Fig: 16.2
Electromagnetic foree
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Electromagnetic force

The electromagnetic force, as its name suggests, is consist
of two forces, electric and magnetic forces, Ph;_.zsi'qi_gié
once thought of these forces as independent entitics, but
eventually discovered that they are parts ﬂf‘lhe same
force.

The electric charge interacts with charged particles,
whether they're moving or stationary, to create a field in
which the charges can influence one another. When those
charged particles are set in motion, however, they begin
to exhibit the second component, magnetic force. As the
charged particle start to, move, they prnduce a magnetic
field surrounding them as illustrated in figure 16.3. As a
result, when electrons flow across a wire to charge your
computer or phone, or switch ON your TV, the weak
magnetic field produced around the wire.
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Fiz: 16.3 Connection between eleciricity and magnetism

16.1 Magnetic effect of a steady current

You can demonstrate the magnetic field around the
current-carrying conductor by doing an experiment. Pass
a current-carrying conductor through a cardboard sheet.
Small compasses should be placed near the conductor.
Figure 16.4 shows how the compasses will point in the
direction of the magnetic lines of force.

The magnetic field direction around a current-carrying

conductor can be determined using the Flemings right
hand rule for conductors.
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Fig: 16.5 Demonstration of the right-hand rale lor conductors.

Consider the dot in the middle of the conductor on the [eft
as the point of an arrow in Figure 16.6, This indicates that

an clectric current is traveling in your direction. The
magnetlc field's direction is indicated I:}' mmular aArrows,
When electrical wires carry alternating.. curlents. this
principle is important. This is due to the fact that the
positioning of wires, known as lead dress, has an impact
on the operation of a circuit. t
When possible, conductors-are grouped in pairs to reduce
heating and radio interférenee caused by the magnetic
field created by electric current flow. To help reduce this
healmg effect. the hlahnnﬂl Electric Code requires that
wires be run in pairs.
These conventions are used to show the link between
clectric._current flow and the magnetic ficld. The dot
n.pr:.e.entsa current arrow heading toward you. The cross
on the right represents the 1ail end of the current arrow
heading away from you.
_Magnetic  field produced by current carrying
conductor

When electric charges are at rest, they exert

electrostatic forces of attraction or repulsion on each
other. As we know that isolated moving charges produce
both electric and magnetic ficlds, but an electric current
through a conductor produces only a magnetic field

®

Fig: 16.6
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Tesla is a unit of
magnetic flux density
memwm itis
equivalent to one weber
per square meter,
1Tesla=10* Gauss.

because the electric field of moving electrons is
neutralized by the held of the fixed protons in the
conductor. The magnetic field around a magnetic mmsmg
charge is a vector quantity symbolized by B.

Now suppose a particle carrymg ch,ufge q is
projected with speed v into a magnetic field ﬂf magnetic
induction B such that the angle between B and Vois 6. The
magnetic field of the charged p:lmclr.:_mxﬂ_gcts with the
magnetic field of the magnet in which it i5 sent, due to
which a force is produced which acts upon the particle. It
is found that: )

» The force F acting on the patticle is directly
proportional to the charge q.
# The force F acting on the particle s directly
proportional to the velocity V.
» The force F is-directed perpendicular to the plane
containing Vvand B.
Combining the above three observations, we found that:
F=q¥#B
So the magnitude of B is given by:
B=- F — Newton - _ Newton - Tesla
qV Sin0  Coulmb * m/sec

Ampere x meter

It is called | Tesla.

Fig: 16.7 Current carrving conductor produce magnetic field



SELF ASSESSMENT QUESTIONS:

Q1: Why the workdone on a charge is zero by
magnetic force?

Q2: If two wire placed parallel, when current

following in same direction, what will be happen?

— —

Q3: What is the angle between Eand B in a
electromagnetic wave?

Define Magnetic field

The magnetic field is the region in which the influence of

magnetism may be felt in the region of a magnet, and it is

defined as follows: When we talk about magnetic fields in

nature, we're talking about how the magnetic force is

diffused throughout the space surrounding and . inside

magnetic objects in the physical world.

Sketeh the lines of magnetic foree.

In general, the magnetic field is the strongest near the

poles, and the weakest at the centre.

Magnet field lines

Magnetic ficld lines are imaginary lincs coming outward

from the north pole and going inward in a south pole and

inside a bar magnet magnetic field will be zero. The

mdgnlztll: ficld is stronger at the end of pole because

magnetic field lines are very closer at end of poles.

To understand magnetic field lets preform an activity,

Take a bar magnet and hundreds of iron filings; place the

bar magnet on a table and sprinkle the iron filings on it;

the iron filings will self-organize into curving lines called

magnetie field lines, as seen in the figure

Fig: 16.8. Magnetic feld Imu
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O Do You Konow!

Beautiful coloured
lightening happened in
north and south pole
_because the shape of
‘Earth's magnetic field
creates two aurora aboye
the North and South
‘Magnetic Poles,

Fig: 16.9
Curcentgarrying
condiglor in magnetic
field

SELF ASSESSMENT QUESTIONS:
Q1: Are magunetic lines of force real?
Q2: What is the source of the magnetic field? C
Q3: What are the magnetic lines of force? @{Qb
ar

Q4: What is the direction of magnetic field insi

magnet? \-(:\
Q5: Can menopole of magnet exist? G

16.2 Force on current carrying conductordn dmagnetic field
When a conductor of length L carrying current, I and
placed in a magnetic field B at an angle § as shown in
figure16.9, it experiences aforce:

F=I(I%B)

F=BIL Sinf

B=_F ¢
1/Sin #

We know that curtent in a conductor is due to the
directional drifi of free electrons along the conductor so
when a eonductor is placed in a uniform magnetic field B
and if'the eurrent, 1 is passed, the conductor experiences a
force as‘mentioned above,

a conductor carries an electric current, a magnetic

2ld is produced around it.

T OR |
It exhibits magnetic properties and generates a force when
another magnet is brought into its magnetic field. In the
same way, | |
The magnetic field has an equal and opposite effect on the
conductor carrying the current. This is because two
magnetic fields (from the current-carrying conductor and
the nearby magnet) can attract or repel each other. The
direction of the external magnetic field and the direction
of the current in the conductor are responsible for this
attractive and repulsive forces. The direction of the force
acting on the conductor will be pempendicular to the
direction of the magnetic field and the electric current 1f
they are perpendicular to each other.




Calculate the force on the wire shown in Figure (a)
Solution
Step 1: Write down the known quantities and quantities
to be found.
B=1.50T
[=5.00 ¢cm
I=20A
B=290>
F=2
Step 2: Write down the formula and reamange if
necessary.

F=1/Bsinf

Step 3: Put the values and calculate { -
F=1/Bsind \
F =1/B sin 8= (20A)(0.0500 m)(1.50 T)(1)." = =
The units for teslaare | =T >N~ =

F=150N 4
Result: The force on a wire is F = 1.50 N@
16.3 Turning eifect om a current=carrving coeil in a
magnetic field
When a current passes through the coil, equal and
opposite parallel forces act respectively on the sides of the
coil beside the poles of the permanent magnet. This pair
of forces produces aJnjmi_hg_efTe;:l to rotate the coil until
it is stopped by the'eontrol springs.
A current-carrying - coil kept in a magnetic field
experiences a torque, which is the cross-product of the
magnetic moment and the field vector. Hence, the torque
is maximum when the dipole moment is perpendicular to
the field, and zero when it's parallel or antiparallel to the
field.
_ When an electric current is passed through a coil. placed
in a magnetic field with its plane parallel to the field, it
experiences a torque. Thus, this rectangular coil tends to
rotate in the magnetic field and it suffers torque. This
torque is:
= BIAN Cos

Consider a rectangular coil placed in the magnetic field of

Fig: 16.10
Forgue on coil corrent
carrving conductor



Invention of D.C motor
William Sturgeon
invented the first D.C
motor, that could provide
enough power to drive
machinery but it wasn't
until | 856 that the first
practical D.C motor that
pnuld run at mtmt

Fmi: Julian Sprague m
ite inventor and it wwarthm
motor that provided the
catalyst for the wider
“adoption of electric
motors in industrial

Fig: 1612 Torgue an
D.C motor

strength B and the plane of the coil is parallel to the field
and is free to rotate about an axis.

When current 1 passed through the coil, a force is
experienced on the perpendicularly placed conductor, The
magnitude of the force is F = BIL. Hence a pair of two
equal but opposite forces (couple) acts on the cml That
causes the coil to rotate.

So. Torque = = BIA

If the plane of the coil makes an angle o with the field B
then the perpendicular distance Cos o ean be added:

T=BIACos o
If the coil has N turns, then:
1= BIANCosa

16.4 D.C motor

D.C Motor is an Eleetromechanical device thatconverts
electrical engrgy into mechanical energy. D.C Motor is
similar to D.C 'Generatnr in construction butthe output
device act as input and input as output,

Fig: 16.11. Turning ¢ffect on D.C motor
Turning effect on D.C motor coil
A current-carrying coil in a magnetic field experiencesa
turning effect. In Figure 16.12, a rectangular coil ABCD
carries a current in the magnetic field between two
magnets.



(a) The sides BC and DA carry currents with directions
parallel to the magnetic field. No force is exerted on
thesetwo sides.

{b) The side AB next to the South pole experiences a
force. The direction of the force can be determined
using Flemings left -hand rule or the right-hand slap
rule.

{c) The side CD experiences a force that acts in the
opposite direction.

The two forces acting in opposite directions on the two
sides of the coil form a couple and produce a turning
effect on the coil. The forces are produced when
the magnetic field due to the current in the coil combines
with the external magnetic field to produce two
resultant catapult fields around the coil; Figure 16:13.
Two important applications of the tuming-effect of a
current-carrying coil in a magnetic field are the direct
current motor and the moving-coil galvanometer.

SELF ASSESSMENT QUESTIONS:...
Q1: How can the turning effect 6f @ coil be increased?
Q2: How do DC motor coils rotate?

16.5 Electromagnetic induaction

A voltage 1s created = or induced. For this reason, we call
this  electromagnetic  induction.  Electromagnetic  or
magnetic induction s the production of an clectromotive
force across an eclectrical conductor in a changing
magnetic field. Michael Faraday is gencrally credited with
the diseovery of induction in 1831, and James Clerk
Maxwell described mathematically it as Faraday's law of
induction.

Changing magnetic field can induce e.m.fin a circuit.
Faraday demonstrates that magnetic fields can create
currents as illustrated in figure 16.14. When the magnet
shown below s moved "lowards" the coil, the
Galvanometer's pointer or needle will deflect away from
its centre position in one direction only. When the magnet
stops moving and is held stationary with respect to the

Figt16.13
Flectromagnetic
induction

 Conceptof
electromagnetic induction

givettby “Joseph henry”

in 1830, from USA

“Michael Faraday™
from England also gave
the concept of
electromagnetic
induction and in 1831




coil, the needle of the galvanometer returns (o zero as
there is no physical movement of the magnetic field.
Similarly, when the magnet is moved "away" from the
coil, the galvanometer needle deflects in the opposite
direction, indicating a change in polarity. By moying the
magnel back and forth towards the coil, the needle of the
galvanometer will deflect left or right, positive or
negative, relative to the magnet's motion.

Cotl or loop

VWV

(imlvanometer

AR
SRS
SER TN
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Fig: 16.14 changing magnetic produced induced e.m.f
Electromagaetic Induction by a Moving Magnet
if you keep the magnet stationary and move only the coil
toward or away from the magnet, the needle on the
galvanometer will also move in either direction, A voltage
is induced in a coil when the coil is moved through a
magnetic field, and the magnitude of this voltage is
proportional to the speed at which the coil is moved.
For Faraday's law to be valid. either the coil or the
magnetic field (or both) must be in "relative motion” with
one another for the induced emf or voltage to be increased
with increasing field speed.
Faraday's Law of Induction
From the above description we can say that a relationship
exists between an clectrical voltage and a changing
magnetic field to which Michael Faraday’s famous law of
electromagnetic induction states:
A voltage is induced in a circuit whenever relative motion
exists between a conductor and a imgneuc field and that
the magnitude of this voltage is proportional to the rate of
change of the flux™.

@




Factors affecting the magnitude of an induced e.m.f.
The factors involved in the induced emf of a coil are:
# The induced em.f is dJrectly proportional to N,
the total number of turns in the coil.
= The mduced em.f. is directly proportional lo A,
the area of cross-section of the coil.

# The imduced e.m.f. is directly proportional to B, the
strength of the magnetic field in which the coil is
rotating.

+ The induced e.m.f. is directly proportional to '@,
the angular velocity of the coil.

# The induced em.f. also wvaries with time and
depends on instant 't'.

# The induced e.m.f. is maximum when the plane. of
the coil is parallel to magnetic field B and eanf. is
zero when the plane of the coil is perpéndicular 1o
magnetic field B.

Lenz’s law of electromagnetic ind uction

According to Faraday's law of electromagnetic induction,
a changing magnetic field induces a current in a
conductor. Lenz's law of electromagnetic induction states
that the magnetic field produced by the induced current
opposes the original magnetic field that produced the
current. The right hand rule, developed by Fleming,
specifies the direction of this current's How.

Keep in mind [imt the magnetic field produced by an
induced current. generates an additional magnetic field.
which a Always opposing the magnetic field that formed
il. Below illustration showing that, if magnetic field "B" is
increasing, the induced magnetic field will oppose it in
figure 16.15(a).

- As illustrated in 16.15(b), the induced magnetic field wi]l
once again oppose th: magnetlc field "B" when "B" 1
decreasing. This time, "in opposition" suggests it's actlng
to increase the field by opposing the decreasing rate of
change.

Lenz's law derives from Faraday's law of induction,
According to Faraday's law, a conductor will experience
an electric current when subjecied to a changing magnetic

¢ ¥

Fig: 16.15 Magnetic field
induced hy magnetic
current



field.
When a magnetic field changes, an induced current will
flow in the opposite direction, as described by Lenz's law.
That's why the minus sign (') appears in the formula for
Farada}' s law to emphasize this point.

It is possible to alter the magnetic field intensity by
muﬂng a magnet closer to or farther from the coil, or by
moving the coil itself into or out of the magnetic field.

In other words, we can say that the magnitude of the EMF
induced in the circuit is proportional to the rate of change
of flux.

iy
& ::H
— __N_,_
dt
Where:
. E Indﬂﬁ:qﬂ :mf
. =change in magnetic flux

. N No of turns in coil
I mzﬁ‘l.am and Conservation of Energy
To.obey the law of energy conservation, the direction of
the current induced by Lenz's law must create a magnetic
field that is opposite to the magnetic field that created it.
1n fact, Lenz's law is a result of the law of conservation of
energy.
If the magnetic field created by the induced current is in
the same direction as the ficld that produced it, then the
two magnetic fields would combine to make a larger
magnetic field.
By combining their magnetic fields, they may create a
field that is twice as strong as the original one, inducing a
current twice as large in the conductor.
As a result, a new magnetic field would be produced.
which in turn would induce a new current. And so0 on.
Because of this, it is easy to understand that the
conservation of energy would be violated if Lenz's law
did not state that the induced current must produce a
magnetic field that opposes the field that originated it.
The third law of motion of Newton applies to Lenz's law




as well (i.e to every action there is always an equal and
opposite reaction),

If the induced current makes a magnetic field in the same
direction as the magnetic field that made it, then it is the
only thing that can stop the change in the magnetic field
in the area, This is consistent with Newton's third law of
motion.

16.6 A.C generator

An AC generator is an eleciric generator that converts
mechanical energy into electrical energy in the form of
alternative emf or alternating current. An AC gencrator
works on the prineiple of “Electromagnetic Induction”,

Magmetic flux
——lil
Carbon brushcs i {hgromducics)
NA
Mhu&'f;{ T Y
rotation o Wilt

Fig? 16,16 A.C generator

16.7 Mutual induction

When the electric current in the Primary Coil ¢hanges, the
magnetic field changes as well, linking the Secondary
Coil to the Primary Coil. In the secondary coil, this
- Ehtﬁ.l.l‘lg flux causes an e.m.f. Mutual Induction describes
this process. The secondary coil's e.m.f. is proportional 1o
the primary coil's rate of change of current. Thus:

8,:&:&1!
At
&,=—-M AL

At

' The S.1 unit of

while is equal to
Vaolt ~See

Primazy coil
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Fie: 16.17
Mutnal induction
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Fig: 16,18 (h)
Step down transformer

Where M 15 a constant. called Mutual Inductance
of the two coils.

Hence: 3
AL (AL
SELF ASSESSMENT QUESTIONS: ( }‘
Q1: Define mutual induction.
Q2: Enlist the factors affecting the induced e.m.f.

03: How A.C generator works? -
16.8 Transformer

Transformer is a static mac
power from one mrcmt 0 4no

perate on the prmmpla of
mutual Imluelinm It r,r ates on an AC supply.
It consists of two coil whlch are magnetically linked to
cach other but Glﬂ-:trlraﬂ}r isolated from one another
although wrapped around the same iron core, make up a
I:ram;furrncfl']_"'ﬁb:“primary coil i1s the first of two coils in
the system which is connected to A.C input power. The
secondary coil is the other coil which delivers the power
to the uulpul circuit, Np and Mg stand for the number of
turns on the ]':—nmar}r and secondary Lﬂl'h, respectively,

. When current passing through the primary coil generates

magnetic field, which is transmitted to the secondary coil
through the core. The change in the field causes an
alternating e.m.f. to be generated in the secondary coil.
The secondary voltage Vg is proportional to the primary
voltage Vp. The ratio of the number of turns on the
secondary coil to the number of turns on the main coil
also affects the secondary voltage, as illustrated by the
following expression:

Vi Ny

Vp Np

T‘he h‘ansfermer‘ is mferred 10 as astep—up uunsfomerif

Flg. IE 13 (a.)

A step-down transformer is one in which the secondary
voltage is lower than the primary vollage: Fig.16.18 (b).
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The clectric power transferred to the secondary circuit in
an ideal transformer is the same as the primary circuit's

POWET.

An ideal transformer dissipates no puwm and we may
write the following mathematical expression for such a
transformer - B=R

Vol = Vels
Raole of Transformer in Power Transmission
Gieneration of electrical power in low voltage level is very
much cost effective. Theoretically, this low voltage level
power can be transmitted to the receiving end. This low
voltage power if transmitted results in greater line current
which indeed causes more line losses. '

But if the w:-Ita;,e level of a power is increased, the current
of the power is reduced which causes reduction in ohmic
or P=1R losses in the system, reduction in eross-sectional
area of the conductor i.e. reduction in’ ﬂapltal cost of the
system and it also improves the voltage regulation of the
system. Because of these, low level power must be
stepped up for efficient electrical power transmission.

This is done by step up transformer at the sending side of
the power system network. As this high voltage power
may not be distributed to the consumers directly, this must
be stepped down to the desired level at the receiving end
with the help of step down transformer. Electrical power
transformer thus plays a vital role in power transmission,

clectrici
[ mdmmcc?

Tranafc Mei mtuﬁx'zilmln':
ErARSMISSIN down volizpe
Fig: 16.19

Power transmission from power house to residential area




Fig: 16,240
Translformer in
siabillizar

Fig: 16.21
Transformer hattery
charger

Fig: 16,22
Transformer in high
voltage circuit breaker

Daily life applications of transformers

Transtormers are widely used because of their ability to

regulate the strength of alternating cwrrent, which

improves efficiency and, in turn, reduces monthly

electricity costs. By the use of transformers, we_h_avé

observed and seen its importance in our everyday life and

without it, electricity would have caused great

destruction in our homes and industries.

There are several ways a transformer can be used in

homes.

In stabilizer:

A stabilizer is made up of transformers that help to give

out a voltage or manage voltage in such a way that it is

ok with the voltage circuits. It helps to step down and

step up the level of ¢urrent in a building.

In Battery Charger:

Batteries Eﬂl_r also be charged with the help of

transformers. The voltage needs to be controlled properly

s0 that it doesn’t damage the parts inside the battery. This

can anly be done with the help of a stapwob  transformer.

In ciréuit breaker:

Cireuit breakers with integrated transformers can prevent

damage from high voltage current by allowing users to

manually switch on and off power,

In air conditioner (AC):

This is another modern use of a transformer in our

homes. Because of its high inductance and low resistance

levels, it aids in the proper functioning of the AC.

Without this, there would be no long-lasting AC (Air

condition) in our home.

SELF ASSESSMENT QUESTIONS:

Q1: What is transformer and how its works?

Q2: What i1s the difference between step up and step
down transformer?

Q3: For what purpose step up and step down

transformers are used in power transmission?




B/ SUMMARY

Electromagntic force acts between charged particles.

The direction of magnetic field around a current carrying wire can be
determined by using the Flemings right hand rule for conductors. :

The region in which the influence of magnetism may be felt iy known as
magnetic field. .

Magnetic field 1s strongest near the poles and weakest in the centre,

A current carrying wire has a magnetic field around it. When this field interacts
with external magnetic field there is a force on it, which'is given by F =1 LxB.
DC motor is a device which converts the elecirical energy into mechanical
Cnergy.

Faraday noticed that when he moved a permanent magnet in and out of a coil
or a single loop of wire it induced an Electro Motive Force or emf, in other
words a Voltage, and therefore a current was produced.

Torque on a current carrying coil in magnetic field is T= NIABsin#.

The change of magnetic flux. due to a variation in the current flowing in
another circuit. -

Dynamically induced &.mf\ “When the conductor is moved in a stationary
magnetic field in such a way that the flux linking it changes in magnitude.
Statically induced e.m.f: When the conductor is stationary and the magnetic
field is moving of changing,

Eddy currents; The currents induced in conductor moving in a magnetic field
or metals that are exposed to a changing magnetic field.

Generator is an electrical machine which converts mechanical energy into
eleetrical energy,

Eigg_ﬁ"ical transformer plays vital role in power transformation. In addition,
~ transformers can be used to scale up or down an alternating voltage's intensity.
It works on the idea of mutual induction.
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Electromagnetism
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The branch of Physics which deals with magnetic effects of electsic ‘ewifrent
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(PPN LY) Multiple Choice Questions (MCQs)

1. Which statement is true about the magnetic poles?
(a) unlike poles repel
(b) like poles attract
(c) magnetic poles do not effect each other
(d) a single magnetic pole does not exist
2. What is the direction of the magnetic field lines inside a bar magnet?
(a) from north pole to south pole  (b) from south pole to north pole
(c) from side to side (d) there are no magneti€ field lines

3. The presence of a magnetic field can be detected by a. _
(a) small mass (b) stationary positive charge
(c) stationary negative charge (d) magneljﬁ“’nggmpass
4. If the current in a wire which is placed perpendicular to a magnetic field
increases, the force on the wire A
(a) Increases (b decreases
(c) remains the same __d) Will be zero
5. A D.C motor converts _ "
(a) mechanical energy into uiﬁeﬁiﬁal encrgy
(b) mechanical energy ij;:t__:[‘ﬂ._t;_:__}:lpnicﬂl energy
(c) electrical energy intp mechanical energy
(d) electrical energy into chemical energy
6. Which part of a D.C motor reverses the direction of current through the coil

every half-cycle?
(a) the armature {b) the commutator
(c) the brisshes (d) the slip rings
7. The direction of induced e.m.f. in a circuit is in accordance with conservation of
(a) Mass (b) charge (¢) momentum (d) energy

. The step-up transformer

. {a) increases the input current
(b) increases the input voltage
(c) has more turns in the primary
(d) has less turns in the secondary coil

9, The turn ratios of a transformer is10. It means

(a) lg=10Ip (b) Np=10Ng
(c) Ng=10N, {d) Vg=10¥p



ﬂlruclurn-d Questions

A wire ina magnetic field generates voltage. To generate maximum valtage, move the
wire in what direction relative to the field?

2. Can a transformer operate on direct current?

3. Demonstrate through an experiment how an electric current in a cunduclm,gmmm il
magnetic field in its vicinity,

4. Explain how a force works on & current-carrving conductor that is pcrpmdft‘:ula.r to the
magnetic feld.

5. State that, a current carrying coil in a magnetic field will experience a torque.

6. Describe an experiment that demonstrates the induction of e, f in a circuit by a
varying magnetic field,

7. Give some examples of what could mcrease or decrease the strength of an induced
e.m.f.

4. Explain that the direction of an induced e.m.f opposes the change causing it
and relate this phenomenon to conservation of energy.

9. Explain how an A.C. generator works in its most simple form,

10. Explain the units of mutual induction ﬂld ‘provide an example,

11, Recognize that a transformer is based on the concept of mutual induction between two
coils,

12. Explain what role transformers play in alternating current (AC) circuits.

3. Determine the function of transformers in the process of moving electrical current from
the power plant to your home.

14. Compile a list of the nunerous applications of transformers (step-up and step-down)
lhal. can be foundin vour home.

W) Vo

A wire carrying 4A current and has length of 15 cm between the poles of a magnet is
kf:pt at an angle of 30° to the uniform field of 0.8 T. Find the force acting on the wire?
(0.24N)
hsqﬁnre loop of wire of side 2.0 cm carries 2.0 A of current. A uniform magnetic field
'ﬁf magnitude 0.7 T makes an angle of 30° with the plane of the loop. What is the
_ magnitude of torque on the loop? (4.8x10" Nm)
3. A wransformer is needed to convert a mains 220 V supply into a 12 'V supply. If there are
2200 turns on the primary coil, then find the number of turns on the secondary coil.
(12
4. A coil surrounding a long solenoid, the current in the solenoid is changing at a rate of
150A/s and the mutual induction of the two coils is 5.5%107H. Determine the emf
induced in the surrounding coil? (~8.25x107'V).
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