_ _ esistance of 15 ohms when th:: current in it is
i B is current?
electric hea:f;ge is required to produce this
tvo
res. Wha

Vis maintained across a im _length of the
rence of WCE of 3.10, whatisthe current in the wire?
jstan R
ng resist

415 mAcurrent if connected across the terminals
e

x onld hav

at resistor

=150.00Q, R,=350.00
. =250.0Q, R, 150.00, R, ?
: resistors Ry ) nt suppli
Cﬂnsideradfc'-ﬁt\‘l:t:‘:ﬁi;r:ea 24,0- baitery, Find the total cufTent aippliss
in parall€
,;onnec’ied ne ing on 120 volts,
bythebattew-. ris rated at 1 ,875 W?:tifw::: Ezs-ra;;yzr is used for
@ Anetectichel 0 owing through ¥ el
cur it consume?
What is the muchenergy doesitcon 545 Q resistor. How much
3 minutes, oW fof 12Vis connected t0 @
h an em v in 655!
@ avattery - edin the resistorin , ing two 160W
: t of runming
energy is disswa'imdw cost8.11RS ;kwh,‘wha‘: ;s;) f‘?s
@ 1fthe “‘:;:i:ﬁgwughtbulm for 6 hours in 5?_ ol
fans an o

=

=F X PMmMmr

Homing pigeons
are famous for-
being able to
find routes
home from
thousands of
kilometers
away. But how
do they do it?

After studying this chapter you should be able to

« explain by describing an experiment that an electric current in a conductor
produces a magnetic field around it.

4 =Zzmoc —uw

¥ describe that a force acts on a current carrying conductor p.lﬂCEd in a magnetic
field as long as the conductor is not parallel to the magnetic field.

¥ state that a current carrying coil in a magnetic field experiences a torque.

¥ relate the turning effect on a coil to the action of aD.C. motor.
¥ describe an ex

x periment to show that a changing magnetic field caninducee.m.f._
inacircuit, :

* list factors affecting the magnitude of an induced e.m.f.

¥ explain that the direction of an induced e.m.f opposes the change causing itand
relate this phenomenon to conservation of energy .

¥ describe a simple form of A.C generator.
¥ describe mutual induction and state its units.

¥ describe the purpose of transformers inA.C. circuits.
¥ identify that a ¢
two coils,

ransformer works on the principle of mutual induction between
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DD ccchomosnetiv:

Just like electric field, the region gr

15.1 Magnetic effect of a steady space around a magnet wher,
current magnetic effects can be observeq is
15.2 Force on a current carrying called the magnetic field ang g
conductor in a magnetic field represented by magnetic field vecto,

or magnetic induction vector B apg
can be represented by magnetic figlg
lines. When charges move (such asin 4
current carrying wire), they generate
a magnetic field as well as an electric

15.3 Turning effect on a current
carrying coil in a magnetic field
15.4 D.C motor

15.5 Electromagnetic induction

15.6 A.C generator field. Thus, when charges move they
15.7 Mutual Induction also exhibit magnetic behavior, when
15.8 Transformer they are at rest no such effect is seen,
Key Points and Projects Magnetic effects created due to the
Exercise presence of currents is the focus of

study in this chapter.

This magnetic field can be detected, by bringing a compass needle close to the
steady direct current carrying wire such as produced by the cell or Power Supply as

shown in the figure 15.1.

Figure 15.1 - Magnetic effect of current

Compass
: Jiy ian
Using an apparatus similar to the one shown, we can demonstrate d connect

between magnetism and electricity by applying currenlw___.a

Electromagnedism

15.

1.1. Magnetic Field due to a straj

8ht steady cyrre,

current is passed through a long wire with compass neeg

circle, the compass needles line up with the magnetic fi

similar observations can be
made by using a cardboard on
which iron  filings have been
placed. These iron fillings form
concentric circles around the
wire as shown in figure 15.2.
These experiments show the
orientation of a magnetic field
around a current carrying wire is
circular. Without any current in
the wire all the compass needle
will align with earth’s magnetic
field, pointing towards the
north,

b

———

Current carrying
wire, with compass
needles lining up
with the magnetic
field in form of
circular pattern,

itina
ttern.

straight wire

-E'-:f. = ._"'.
Current carrying
wire through a
cardboard shows
cf:ncentric circles of
iron filings around
the wire.

As soon as the current is passes through the wire, the compass needles will
redistribute to align with magnetic field of the wire.

=0

Figure 15.3 =Magnetic field of straight wire

- LAB WORK

nt carrying wire: When 7 ‘-
les placed around
- eldina dircular pa
Figure 15.2 - Magnetic fied of

15.1 MAGNETICEFFECT OF ASTEADY CURRENT
The magnetic field produced by steady current can be mapped by

experiments. N( # F OR S ALE ke

I

Trace the magnetic field of a bar magnet.

the fﬂ“ﬂ\"ring
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The compass needle deflects in opposite direction when the current is reversed 5 = o 3 sae o
- =

chown in the figure 15.3, the direction of such field is determined by right apq A\ ke a field having resemblance with the ield of abar magnet ot 5
rulel. \ a5 spiral (helix) called solenoid as shown in figure 15.4. When c:mem ]is shaped
ULE | through 2 solenoid, a reasonably uniform magnetic field can be Dl'oclua:idpassed
RIGHT-HAND R Fingers curl in lhe—dm field is strong along the axis of solenoid and weaker outside. For 3 i wo:t:;

Right-hand rule for the repgmetie: o~ of magnetic field solenoid, the field in the interior space is very uniform and strong, Th :
from a current carrying wire: Put your : AR ELA \ . The field lines
i irection of pandcurt  SUTEML ¢ have resemblance agnet, meaning that the solenoid effectivet
thumb in the direction of current an » has north and south poles. To determine the direction we use right hand ryle ulve Yy

fingers around the wire, the curled
fngesw \J RIGHT-HAND RULE Il

fingers will show the direction of magnetic RO —
R : direction of umb points in the ;
field. :hlsl :;:'Jlree;: .:::;lu\-: of positive direction of current Right-hand ""'t:e f“ for a
conventiona T . lenoid; Curl the fingers in
Right-hand rule - e
same rule is applied but with left hand. ’ the coil or solenoid and the N— RESILLITT T 3 ;*;r.i".i;:'
extended thumb will point in o ----5- i 314---4-—!' T 5
15.1.2. Magnetic Field due to a coil or suicnoid: When wire is shaped in to the the direction of north poleofa & =777 S |
loop or coil and steady current is applied through it. By applying the right hand :'fag“:_‘- Thfis rule is for
rule around a loop of wire carrying current, we see that the magnetic field around c;::ﬁ;o:r ﬂ;,l oinz:esz?t?: el
- - - ] . » . * -
a looP of wire carrying current iin same directlor} coming in am:! going out of cail, charges. For electronic current Electric current Electric current
forming a r:mrth and south pole like bar rnagr.:et: Since the field l.lnE,:S carjnot Cross, flow, the same rule is applied The right-hand rule (Il) for a solencid
the field lines are packed closer together inside therefore the field is stronger but with left hand.
inside and weaker outside the coil. ;
LAB WORK
Fioure 15.4 - Magnetic Field due to a Coil or Solenoid . .
g gne C C ey To trace the magnetic field due to a
_currentcarrying circular coil.
Magnetic current | |
Field | | —_—
Magnetic . LA 1T
Field | — i What i i i
I : | 2 | tis the direction of the magnetic field at point Pin the figure?
Electric Electric  Electric _| [ (Pison the axis of the coil.)
current current  current — T / ”lll \' / A7 B.2 P
/11N c . (]
5 .FEnt " D. ?
The magnetic field lines for a wire loop and solenoid with steady cur

® |
NOT FOR SALE NOT FORSALE
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DR cuctromosreton 1 -
The compass needle deflects in opposite difECtiGT_‘ when the current j FeVersaq.. " Eleotrorognatism
shown in the figure 15.3, the direction of such field is determined by rygn | = B ke  feld naving resemblance Vith the feld of abarmagnet, acot sshapeg "
ang \\ .. (helix) called solenoid as shown in figure 15.4 Wh : aped N
rulel. as spiral ( ; ; 4. When current is passeq
ULE | through 2 solenoid, a reasonably uniform magnetic field can be produced, Thi
= R ; i i : . This
RICHI A Fingers curl in the direcyjo, field is strong along the axis of solenoid and weaker outside, For 3 tightly wound

Right-hand rule for the magnetic field
from a current carrying wire: Put your

rs around the wire, the curled

Current

of magnetic figlq

thumb in the direction of current and curl

e

solenoid, the field in the interior space is very uniform and strong. The field lines
have resemblance to those of a bar magnet, meaning that the solenoig effectivel
has north and south poles. To determine the direction we use right hand rule || !

fin

:‘i:ig:ers uiﬁlshow the direction of magnetic o RIGHT-HAND RULE Il _

field. This rule is for direction of Td?rl::n;tt:oﬂj;;tzdrnntal;f —— ]

onventional current or flow of positive : B e Mok

Eharges. Foe elsctipslc custene Tohe ?’Eﬁ?ﬂ: ;L::l:rr;-;:{?!;:f i g :;al:directionof current around ::_" Treecrsies TrtrTae”

same rule is applied but with left hand. rying wire, the coil or solenoid and the N—c—-:'-:_" SRV "-."rr'I[ &%‘__,
extended thumb will point in JPRLE oA ::-;,EE.E,LH.?.,:S
the direction of north pole of a iy

15.1.2. Magnetic Field due to a coil or stlen ' When wire is shaped in to the
loop or coil and steady current is applied through it. By applying the right hand
rule around a loop of wire carrying current, we see that the magnetic field around
a loop of wire carrying current is in same direction coming in and going out of coil,
forming a north and south pole like bar magnet. Since the field lines cannot cross,
the field lines are packed closer together inside therefore the field is stronger
inside and weaker outside the coil.

magnet. This rule is for
direction of conventional
current .or flow of positive
charges. For electronic current
flow, the same rule is applied
but with left hand.

LAB WORK

To trace the magnetic field due to a
current carrying circular coil.

Electric current Electric current

The right-hand rule (ll) for a solencid

Figure 15.4 - Magnetic Field due to a Coil or Solenoid

= ! ,’ i ] Ir
) Electric =— ...
i current |

Magnetic
Field

Magnetic ’ ]
' Field o J What is the direction of the magnetic field at point P in the figure?
Electric Bl wene | O (Pison the axis of the coil.)
current current  current TT"" ,","lrl | 1\ . A7 B.?
/ *SE V) C.? D.?
o . grrent
The magnetic field lines for a wire loop and solenoid with steady € ®
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etic Field: The magnetic field of the earth is probably

ctromagnetism) at its core. The Earth's core
electricity and the spin of the Earth about jys
the current ina conducting loop,

Origin of Earth's Magn
y electric currents (ele
conducts
ulate much like

caused b :
contains a liquid, which

5 iquid tocirc
axis causes the liqul indi
h and space probes indicate that Jupiters
; ter than the Eart
Jupiter rotates fas

tic field is stronger than ours. Venus, on the other hand, rotates more
c i fiald

ﬂ:a!":: tlhan the Earth and its magnetic field is found to beweales:

slow

f a magnet is attracted toward the north geographic pole of the
The north pole 0 s Gt magnetic pole is located near the north

nclude that the .
Earth. W'%Cu ole and the Earth’s north magnetic pole is Iucate(? n;_,a,- th? Soith
BWBTBP:':E ;I:ole in fact, the conf jguration of the Earth's magnetic field, pictured
geographi i ‘.
infigure, isvery much likethea magnet.
Magnetic Geographic

South Pole Morth Pole

L

agnetorec eption: Magqetarfacep?,ion is a_ sense which allows an organism to detect
. magnetic field to pen?ewe dnrechclnn, altitude or location, This sensory modality is
used by a range of animals for orientation and navigation, Magnetcrecepum is
resent in bacteria, arthropods, molluscs and members of 4| major taxonomic
‘T groupsof vertebrates. Hum_ans are not t?_mught to have magnetic sense, byt thereis
| 9 aprotein a cryptochrome) in the eye which could serve this function,

az-c9

The pigeons also navigate by using Magnetoreception, evidence indicates that they
sense this field at least partly by means of small magnetite crystals located in their
beaks. When the area of the beak containing he crystals is anaesthetized or the
nerves to it are cut, the birds lose their ability to sense the magnetic field. The
pigeon shown in the opening photo has a small magnet attached toiits beak; thisalsa
interferes with the bird’s ability to sense the earth's magnetic fields.

R
N
D
E
R

15.2 FORCE ON A CURRENT CARRYING CONDUCTOR IN A
MAGNETIC FIELD

When current carrying wire is placed in a magnetic field, charges flowing through
the wire interact with the external magnetic field and thus the wire experiences a
force.

‘Figure 15.5 - Force on a current carrying
conductor in magnetic field

Consider a wire connected to
abattery and passing through
a U-shaped magnet as shown .

in figure 15.5. It is observed MHER R
that the wire experiences a Force F ¥ Magnetic )|r

Wire is pushed up

force which is perpendicular
to both the direction of
current | and the direction of

Magnetic
y Field B

e

Field 8 Current

Geographic Magnetic
South Pole North Pole

“NOT FOR SALF

>

Magnetic fie|d B. If we
reverse the direction of
current, the direction of
force is alsoreversed.

Force F

g | J'
Current

We see that
Perpendicy|a
changed ang

this force is maximum when the current carrying wire is placed
F to the magnetic field and reduces in magnitude when the angle is
vanishes when the current carrying wire and magnetic field are
of angle 8variation.

NOT FOR SALE
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Electromagnetism ;-m

current flowing though the wire /, the magnetic field B, length L of the wire i, the
magnetic field and sine of angle 6 between current and magnetic field, Ty,

mathematically the force is
' F, o BlLsin®
or Fg — kBILsin0

For Sl units K = 1, therefore the equation that describes the force experienced bya
current-carrying conductor in a uniform external magnetic field then becomes

F, =BiLsind ——{RERI)

Where F is the magnetic force in newtons (N), B is the magnetic field strength in
tesla (T), | is the current in the conductor in amperes (A), L is the length of the
conductor in the magnetic field in metres (m), and © is the angle between the

conductor and the magnetic field.

15.2.1 Maximum Magnetic Force: The force will be maximum when the angle
between current direction and magnetic field is 8 = 90"

F, =BILsin90° Since sin90° =1

F, o1 — D

hence

TABLE 15.1 : SOME

a0 B=Tt APPROXIMATE MAGNETIC FIELDS
IL
urface of neutran star 10T
15:2.2 Unit of magnetic field B: The 51|_At* =
unit for magnetic field strength is tesla| MNear large electromagnet ______!___r
(T). If one ampere of current in a one- Mear small bar magnet 10°7
metre-long wire produces a maximum Atearth’s surface ___Ejﬂ
force of one newton then the magnetic : 0" T
field is defined as one tesla (T), where interstellar spac 2
N Magnetically sheilded room 10
“1Ax1m
’ ated
15.2.3 Direction of force: Since force is a vector quantity it must be 3.5535
with proper direction. Fleming’s Left hand rule or right hand rute Il Isld
: jeld.

determine the direction of force on a current carrying wire in magnetic f

. NOT FOR SALE

.
With this experiment we can find that this force is directly proportional to the |

-

b,

; ; —‘
Magnetic force js 1 |
the direction of thumb

R:‘ghl-h"—“d rule far the force ona current
carrying conductor: Outstretch the fingers
of right hand in the direction of current =
then bend the fingers in the direction of _Point fingers in the

magnetic field (through the shorter angle direction of current and

between them) then the extended thumb curl them tOWardsI E._{l.

will give the direction of force on the

current carrying wire.  This rule is for
direction of conventional current or flow of /
8

positive charges. For electronic current
flow, the same rule is applied but with left  Right-hand rule (Il}) for the force on a

hand. _ current carrying conductor

Fieming’s._Liéﬁ: handirule

Fleming’s left hand rule can also be used to represent the direction of force. The thumb
and the first two fingers of the left hand are set at right angles to each other, With the
first finger pointing in the direction of the field, the second finger pointing in the
direction of current, the thumb will give the direction of force.

Force F

Force F Magnstic
A Fields

Magnetic
Field B

Cur:'ent Curlrent
Since magnetism is inherentl
the?t are perpendicular to the
Pointing out of
symbol x (gr ®)
feathers of anar

J
y three-dimensional; we often need to draw vectors

Page. The symbol » (or © ) represents a vector arrow
the page; think of the tip of an arrow coming toward you. The

Fepresents a vector pointing into the page; it suggests the tail
row moving away from you.

*+ out of the page
x in to the page

NOT FOR SALE



Electromagnetism

ACTIVITY: IDENTIFY THE

In eac

force (red) direction as eit

h of the following different current | (blue) directions and magnetic fielg
(green) into the page and ou

hand rule and write in the box provided.

MAGNETIC FORCES

t of the page are shown. Identify the direction of
her F, or F, using right hand rule Il or Fleming’s left

0 4d 0

O 0 0" & O]

EXAMPLE 15.1: MAGNETIC LEVITATION —_—

Can the magnetic force on a current-carrying wire be large enough to suspend
the wire against gravity? Consider a wire having mass of 6.24 = 10" kg and length
3.5 cm placed perpendicular to a 2.4 T magnetic field. How large a current must

the wire carry in order to be suspended against gravity?

GIVEN
Mass ‘m'=6.24%10"kg
Length ‘L'=3.5cm=0.035m
Magnetic field ‘8'=2.4T
Acceleration due togravity ‘g’ =9.8 m/s’
SOLUTION: In order to suspend a wire against gravity, the magnetic force on a
wire must balance its weight W, such that
Fo=W Here Fy=ILB and W -mg

mg
Therefo ILB=m = =
. 4 LT

REQUIRED

Current'/'=7

4 2
Putting values r=6'24"10 ke =9.8ms
0.035m=2.4T

_6.24x10 *kgx9.8pis”
0.035m x 2.4!‘95’:,-£

NOT FOR - ALE

or |

D o
Hence [=0.073A=73mA w

apter 14, you know that 73 mAis a modest

ch . M
E:?:;nt for an ordinary copper wire of this size, so, W
e ) lished. here is ths
spension is easily accomp % magnetic
the SUSP levitation is applied?

ASSIGNMENT 15.1; FORCE ON A WIRE

A wire carrying a steady (dc) 30 A current has a length of 0,12 m between th
pole faces of amagnet. The wire isat anangle ® = 0" tothe field. The magnetic
field is approximately uniform at 0.90 T. Determine the magnitude of the force

on the wire. _l

15.3 TURNING EFFECT ON A CURRENT CARRYING COIL IN A

MAGNETIC FIELD
When a current carrying coil or loop is placed in uniform magnetic field it
experiences a net force, this force can exert torque on the coil or loop of wire.

Consider a rectangular coil having four (1, 2, 3 and 4) sides of length a and b
carrying a current [ in the presence of a uniform magnetic field B directed parallel

tothe plane of the loop as shown in figure 15.6.

Figure 15.6 - Torque on current carrying coil

' —
g —+L

MNo magnetic force

; s act on sides 1 and 3 i 7
fleld 8=0" the feng and 3 because these wires are parallel to the
is

th of sides 1 and 3 is b, therefore magnetic force F, and F,

Fy = F, = Blbsin0® since sin0° =0
Therefore F,=F,=0 —@ -
NOT FOR SAL
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m Electromagnatison : . Creckromagnekisn

However, maximum magnetic forces act on sides 2 and 4, because these sides ar 3 1o make the coil continue to rotate,

perpendicular to the field 8 = 90°; the length of sides 2 and 4 is q, thef&forz he ends of the coil aré attac!led :-1 a

utator. The

magnetic force is _ ) plit ring called_ﬂ‘e cﬂmel:teﬂ o
F. =F, —BILsin90°  since sin90°? =1 ¢ supply 15 connes

=N ommutator using a pair of brushes

Therefore F, =F, =Bla ——2 c s the ring to rotate while

ich all .
it |ectrical contact. Again

If we view the loop from side 3 and sight along sides 2 and 4, we see the view shoyn maintaining € e

in figure 15.6 (b). The two magnetic forces F,and F, point in opposite directions consider the motor startmigl r:;_ates

such that they form a couple. If the loop is pivoted so that it can rotate about pojng position in fig. 15.7. The Flo s p=—

0, these two forces produce a torque that rotates the loop (in this case clockwise) clockwise. When the COT Brshe | SPlitring
' i ki vertical (green conductor on the top,

: ELECTROMAGNET =i= .= o . :
ACTIVITY: BUILD AN r on the bottom, coil perpen dicular

Wrap a copper wire al_’nund anail and h:?ld the end? of the _enetic field), the gaps in the
wire with both terminals of the cell. This system will form W themaer=r .
) . Ir B &l commutator align with the brushes
an elect.roma-gneth and. will be able to attract objects ( 2 - 5o the current stops flowing. The inerkia of the colt caries it forwand and new
(paper pins) just lrke a F\agnet..The elec.tromagnet that ' the green half is closer to the South pole. But the rotation of the commutator now
you.'tl construct in this experiment will become .hcft , g eans that the green half is connected to the positive terminal of the power supply
during use. Be prepared to drop the electromagnet if it ‘ a'r i<tead of theegative. This causes the direction of current in the coil to reverse
becomes uncomfortably hot. ) and so the force on the green half points down instead of up.
15.4 DCMOTOR The torque/couple created is still clockwise and the coil continues to rotate.
Electric motor is a device that converts electrical energy into mechanical energy. A Thus the commutator allows the direction of the current in the coil to reverse
DC Motor uses direct current (DC) for this purpose. It works on the principle that every half-cycle ensuring that the torque/coil continues to rotate in the same
current carrying wire in a magnetic field experiences a torque. The electric motor direction as long as DC power is supplied.

is found in devi C i i achines and
many devices, such as CD players, automobiles, washing m ACTIVITY: BUILD A SIMPLE DC MOTOR

air conditioners. Attach the magnet on the side of the battery using a long piece of adhesive tape. Shape
Simplest and cheapest form of a DC motor is shown in the figure 15.7, it consists of one end of each paper clip so as to make it lglgl-:]r“agnd lon:k?: small loop at ﬂ'etc-p Fix
a rectangular current carrying coil mounted on a spindle that can rotate between “19‘5& paper clips on the ends of the battery using adhesive tape. Make 10t0 15 coils of
the poles of a permanent magnet. Practically, it is a coil of many turns woundond Wire, scrap the insulation at the ends of the wire.

soft iron cylinder (or core) which rotates with the coil to make it moré powerful- Using a permanent marker, color one side at each end in

The coil and core together are called the armature. Consider the motor to bﬂ ;'rr:er to i_nsulaae that side. This will prevent current

initially in the position shown in fig. 15.7.(b). A clockwise torque acts on the coil hasmuf]l:mng through the loops for half of every cycle. It

causing it to turn. If the current in the coil were to continue to flow in the same mount tl:zr:ziliﬁm o el of ar comingtatu: Finatls

direction when the green half of the coil rotates in front of the South pole, it would Mﬁe two paper clips and allow the

still experience an upward force causing the direction of the torque/ couple t© :

reverse. The cail would simply oscillate (wobble) back and forth.

NOT FOR SALE
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| of wire connected to a galvanometer as shown infi —m\ .
s stationary (even inside the coil), the e Bure 15.8. When
current. But when we move tﬁe magf:et either toward or it fzﬂer shows ng
ga{uanometer shows :.:urrent in the circuit. If we keep the mﬁgnetr:tthe coil, the
move the coil, we again detef:t acurrent during the motion, We call th?tm"‘m and
current and the corresponding emf required to create this cu 'Tentlsia“ induced
induced emf. Whenever we have a changing magnetic field, an emf i i
the circuit is completed, the induced emf will cause an indyceq cu:emdumd. =
fisinduced regardless of whether a current can flow or not. i

{;ansidef a coi
the magﬂet i

A common application of the

[) magnetic forcesona current-carrying
wire is found in loudspeakers. The
radial magnetic field created by the
permanent magnet exerts a force on

. the voice coil that is proportional to
the current in the coil; the direction
of the force is either to the left or to
the right, depending on the direction
of the current. The signal from the
amplifier causes the current to
oscillate in direction and magnitude.
The coil and the speaker cone to
which it is attached, responds by
oscillating with an amplitude
proportional to the amplitude of the
current in the coil. Turning up the
volume knob on the amplifier
increases the current amplitude and
hence the amplitudes of the cone's
oscillation and of the sound wave
produced by the moving cone.

Theem
|t should be noted that when magnet and coil are moved towards each oth
galvanometer shows deflection in one direction. e

Figure 15.8 - Electromagnetic induction

15.5 ELECTROMAGNETIC INDUCTION

When the ma "
gnet and the coil are moved away from each other, the galvanometer |

:':'hen magnetic field through a wire is changed, current is found to flow in ﬁ’_“-’ shows deflection i
f‘_’"[i:"me phenomena is called Electromagnetic Induction. A changing magnetic b €ction in the other direction. When both are fixed, no such deflection
IEtl'ﬁ.:‘;r"'3|l,n:$.":‘. an emf. The current in a circuit due to a changing magnetic field Simil, .
éb . X i a
mmple‘:zl:.:eu:vei:urrent. An induced current is not caused by a battery: ;:::r: batter;if;Tlcz R Vit e coltl Wik e oo 5 oot
y to generat i i Lo A 1 i
e a current. So there is a current in a €© Magnetic fielq g i ey i n the colf proccat 2 55070

focrd
orming an electromagnet). While the other connected to a
called as secondary coil,

NOT FOR SALE Y NOT FOR SALE
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onlyif the magnetic field passi ili i
passing through the coil is changing. Salvanometer i
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[T electromognetises

When the primary coil is moved t
shows a deflection. This indicates t
coil. When the primary coil is mom‘ed
again, but this time in the opposite

primary coil is in motion.
When the primary coil is held fixed and the secondary coil is moved, the e

effects are observed. Again, it is the relative motion between the coils that

induces the electric current.

If both coils are held fixed but the current in the primary coil is changed the
magnetic field it produces changes and an emf is induced in the secondary cgj|

This is the basis of the working principle of a transformer.

15.5.1 Factors affecting magnitude of induced emf:

© When a double loop of wire is used, the deflection on the galvanometer js
twice as large as before. A tripple loop induces three times the e.m.f. and so
on. This shows that "the e.m.f. is proportional to the number of tumns in a coil.”

o The faster the wire is moved, the larger the deflection on the galvanometer,
This indicates that the speed at which the conductor moves through the
magnetic field also determines the magnitude of induced e.m.f.

o Thelonger the length of the canductor in the magnetic field, the greater isthe
inducede.m.f.

o Thelarger the magnetic field, the greater the e.m.fi nduced.

hat electric current is induced in seconda

away, the galvanometer shows a deflecti,

direction. The deflection lasts as long an
5

15.5.2 Direction of induced emf and conservation of energy:

Whenever there is a change of magnetic flux, there will be induced emf and
current will flow in such a direction so as to oppose the cause producing it.

The induced current around a loop produces its own magnetic field. This field may
be weak compared with the external magnetic field. It cannot prevent the

magnetic flux through the loop from changing, but its direction is always such that

it “ tries " to prevent the flux from changing.

Consider pushing the bar magnet's North pole into the loop, it causes the e
field to increase in the upward direction. To oppose the change, the [00P o
needs to generate the downward-pointing magnetic field (acting as a magnet ~
its North Pole at the bottom which repels the North pole of the bar magnet moVi"s
towards it) as shown in figure 15,9(a).

owards the secondary coil, the galvanomete,
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Tre 15.9- pirection of induced current

induced B

Magnet pushed Magnet pushed Magnet pushed Ma
in to the loop out of the loop in to the loop wsgfﬂthp:i::g

| (a) (b) {c) (d
The induced magnetic field at the center of the loop will point downward (using
right hand rule 1) only if the current is clockwise (cw) as seen from above. Now
suppose the north pole of bar magnet is pulled away from the loop, as shown in
figure 15.9(b). There is a upward magnetic field through the loop, but the
magnetic field is decreasing as the magnet is moving away: Thus, the induced
magnetic field of the loop opposes this decrease, therefore, the induced field

needs to point in the upward direction, the ind i
. uced current is counter clockwi
(ccw) as seen from above. e

Similar effects can also be observed with the south pole of a magnet pushed in and
fﬂ:tg::ztti:ii:gz:;f:m 15.9(c,d). It is seen that the induced current sets up a
i own. From the above discussion, it is clear that the motion of

Y¥s opposed by the magnetic field generated from induced current.

The mechanical
energy spen = s i ’
ElECtl‘icalenergy_ Y spent in overcoming this opposition is converted into

If the induced current

h were in the opposite direction, the magnetic force would

ave a o

would ;:f;z:ddlits:n “ n°_"=‘xtern.at energy source, even though electric energy
the law of cn:nnss.-rv.ren;;‘Ipatﬁd in the circuit. This would have been a clear violation of
15.6 on of energy, which doesn’t happen in nature.

-6 ACGENERATOR
Electrici ty generator
energy, The princi
electricity for prac

; is a device that converts mechanical energy into electrical
Ple of electromagnetic induction can be used to generate
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XE____ —



e s— |

DT cuectromagnetisn

In essence, electric generator is an electric motor operated in reverse, If the
armature of DC motor is rotated we would get the DC output at the brushes which
can be used. However, to produce AC (the current which changes polarity 54

reverses the flow of charge) some modifications needs to be made to the system.

The basic elements of an AC generator are shown in Figure 15.10. It consists qf a
coil mounted on a rotor shaft and placed between poles of a permarlent magnet.
The coil is mechanically rotated by some external means. T.he‘ rotation of the cojj
causes the magnetic field to change through it, so an.emf is induced in the coil.
The ends of the coil are connected to an external circuit I?y means of circular rings
called stip rings and brushes (usually graphite). As the coil rnte.:tes, the magnityde
and direction of the induced emf changes. Therefore, this current is calleq
alternating current and the generator is called alternating current generator,

Figure 15.10 - AC Generator
Coil Coil
N . d° N S
il ." ’
current s ¥
Slip z z .
y rings e Brushes B
g T 9
79 l 1Y
== B aa
Rotation 1gtation
Coil 7 ¢ cn“_i
current
4

Elecfrovagnetisny

Figure 15.11 shows a coil r-othdd in a magnetic field of permanent Magnet tomlight

3 bulb. A bicycle dynan'!o 1snalso_ epicted. Ths:- AC generator and pc generator are

the same, only the stip ring is replaced with commutator (spit ringy for pc
erator. The DC Generator prodeces current whose magnitude ch

29 ~uously but whose direction remains the same, Changes

conti
Figure 15.11

- Generators

(a) Coil rotation in magnetic field

15.7 MUTUAL INDUCTION

The phenomena in which the emf induced in
one circuit or coil due to the change in | T2PPing key

current in another circuit or coil is called "'—'—_/
mutual induction. =

Galvanometer

Iron ring

We have seen that an emf can be induced jn | Primary coil Secondary coit

a coil by keeping the coil stationary and (a) Closing the switch causes the
momentary current

moving a magnet nearby or by moving the
coil near a'stationary magnet. With another
experiment, we can show that this relative
Motion is not an absolute requirement.

Consider two fixed coils placed side by side

as shown in the figure 15.12, the coil that is {b) No current while the switch
Connected tg 5 batte stays closed

Wwhile the coj|
called seconda
'ron ring core
ron core is

ryis called primary coil,
that has no source of emf is
ry coil. Both are wound on an
well insulated from coils. The

. used only to incre
Magnetic field Produced = e {c) Opening the switch causes a

current in the opposite direction
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o a battery through a tapping key, while the

The primary coil is connected t .
secondary coil is connected to galvanometer. It is observed that the galvanomete,

shows a momentary deflection when the tapping key i‘s pressed. The pointer i, the
galvanometer returns tozero immediately. If the key1s h?ld pressed continuously,
there is no deflection in the galvanometer. When .the k‘ey isreleased, a momentary
deflectionis observed again but in the opposite direction.

From this experiment, we can conclude that it is not the relative motion byt the

change in magnetic field that is responsible for electromagnetic induction. Whep

the tapping key was pressed the magnetic field developed by primary coil was
changed due to change il current per unit time which induced an emf in secondary
cail.

Such that for a constantly changing current such as AC the time rate of change of
current in the primary Al /At s proport'iunal. to the emf induced in the secondary

E. Mathematically,

Al, v

%A -l* |
e
- .:. _

Figure 15.13 - Mutual Induction

Where negative sign tells us that
the induced current is always in
opposite direction to the _
original current flow. R Prirary Coil ndary CQL_]

To change the sign of proportionality into equality, equation 1 can be writtenas
A Al
ss=—Cnnstantx-‘ﬁ—: or es=-MxI‘t’-——‘®

Where M is the constant of proportionality and is called as coefficient of Mutu;i
induction. The Coefficient of mutual induction from equation 2 can therefare

written as
__Es
ne-5 — G5

At |
The units of mutual induction is Henry (H). Mutual inductance of two coils will I:.-e

i in
one henry (H), if the current is changing at the rate of one ampere Per second
the primary and causes an induced emf of one volt in the secondary.

1H = Wx1s Vs

14 A

NOT FOR SALE
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EXAMPLE 15.2: INDUCED EMF m-h

if the mutual inductance of two coils is 3.5 mH and the current i

i u
coil changes from 0Ato 10Ain0.03 s, how much emf is induced in th::;::nn;aw
coil. ary
GIVEN

iductance ‘M'=3.5mH=3.5x 10°H
M e REQUIRED

nitial current 1°=0A
Induced emf in secondary ‘e =7 ..

Final current ‘I’ = 10A
Time taken for change ‘At'=0.03s
SOLUTION: The emf induced in the secondary coil is given by the e quation

g, =—Mx—2  or Esﬁ_MK‘_’r‘ﬂ

At T
Putting values &g =~ 3.5x10°Hx [0A-04
0.03s
o oo 35100 VE, 10K
£ 0.03¢

Thus the emf induced in the secondary coil is 1.17 V.

ASSIGNMENT 15.2: MUTUAL INDUCTANCE

If the i
i I:::;ednt th rough the primary coil changes from 0Ato - 10Ain 0.02s, such
; uced emfis 4.3V, What is the mutual inductance?

15.8 TRANSFORMER

A transformer i i ich i

i le:-;r 1,; : s;:c.e lwhtch is used to increase or decrease an AC voltage or
{altemating et inclp e oflt‘ransformer is mutual induction. Changing current

The key ¢ one coil induces emf in another coil.
o omponents of the
ulated from each other bu

tnI: a ma.terial which support
. .;Tse field lines pass thro
UCtance of the two windi

transformer are two coils or windings, electrically
t wound on the same core. The core is typically made
s magnetism, such as iron. This makes almost all of
ugh to the other winding, maximizing the mutual

ngs.
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to which power is supplied is called the primary; the winding i
The winding to whi .
which power is drawn is called the secondary.

mers

Fig 4 own transfor
iaure 15.14 - Step-up and step-d t
=

Iron Core

(b) Step-down transformer

(a) Step-up transformer

14 shows a drawing of a transformer. The tfa_”Sfo’mer ccm':ts of a";m"
e 15'hi h two coils are wounded: a primary coil with N, turns and a secon _ar:
e on:f N :urns If the voltage in the secondary is V; and voltage in primary is y,
coil with N, :

L
(s he secondary
According to the equation 15.4, if N; is greater than N, (N; :-VN:) .vt] el S
Itage is greater than the primary [input;- vcul.l:age (Vi= V, .N i o
mu::ii:::tep-up transformer. On the other hand, if N, is less than Ny (N, < Ny),
we r

have a step-
secondary voltage is less than the primary voltage (V; < V), artldr\:: A
down transformer. The ratio N, / N, is referred to as the tu

then

transformer.

EXAMPLE 15.3: X-RAY UNIT

i f which is
A portable x-ray unit has a step-up transformer, the 220 V lnPU:ir:aw bias 50
transformed to the 100 kV output needed by the x-ray tube. The p
loops, what is the number of loops in the secondary?

GIVEN

SE‘CUI ll}a ﬂge % S

Number of turns in the primary ‘N,' =50

NOT FOR SALE

; Vi N V.
sQLUTION: By transformer equation ;,:— = ——Ni or Ng= pfo,
10°V
= ————x50turns
putting values N 320V b

pence Ny =2.27x10"turns —m

Therefore, a large number of loops in the
condary (compared with the primary) is
::quired to produce such a large voltage,

ASSIGNMENT 15.3 - STEP. UP TRANSFORMER

Astep-up transformer has a primary coil consisting of 200 turns andas

What is the turns ratio of
transformerin X-ray tube?

ecnnda_ry
coil consisting of 3000 turns. The primary coil s supplied with an effective AC

voltage of 90.0 V. What is the voltage in the secondary circuit? J

15.8.1 Purpose of Transformers: Transformers
allow electricity to be efficiently transmitted F
over long distances. Whenever electricity is
transmitted, there is always some loss of power
in the transmission lines themselves due to
resistive heating. To reduce the loss, power
companies use transformers that step up the
voltage tg high levels while reducing the
current. Asmaller current means less power loss,
since P = IR, where R is the resistance of the

transmission wires. figure 15.16 shows one
Possible way of transmitting power,

uces a voltage of 13,000V,
ised to 500,000y by a40: 1
The high~vultage power is
tance transmission line. L

The power Plant prod
This voltage is then ra
step-up transformer.
Sentover the long-dis

Upon arrival at the
Using a step.down, t
further reduced to
Onautitity pole,

ity, the voltage is reduced to about 11000 V at a substation

ransformer. However, before any domestic use, the voltage is
240V by another step

-down transformer that is often mounted

NO'T OR SALE




. f Power
. Transmission Of Power Step-down

transformer
High voltage (substation) 66 kv \
transmission lines =
power plant 500 kV $32 4V

. -
ol
il ’;1_ transformers =
peted P II 11KV
Transmission —

13 kV Genefation

transformer transformer Light
Step-down Industry |||
Color Key transformer  Distribution  [7—
Generation = red (substation) transformers %

Transmission = blue

Distribution = green
transformer

Magnetic effect of current: Electric current through a conductor produces
magnetic field around it. In case of straight wire, it is in the form of concentric
circles.

Force on a current carrying conductor in a magnetic field: When a current
carrying conductor is placed in a magnetic field, the interaction between‘ the
moving charges in the current and the external magnetic field causes it to
experiencea force. .
Torque on a current carrying coil in a magnetic field: When a current c_arryir[smll
is placed in a magnetic field, it experiences a couple due to which it begins t
rotate.

DC Motor: Converts electrical energy into mechanical energy
onacurrent carrying coil in a magnetic f ield.

lectr ot
Electromagnetic induction: When a magnetic field through a [oop of wire Il'
H induced e.m

by principle of torque

changed, current is found to flow in the loop. The direction of thi
opposes the change causing it.

AC Generator: Simple form of AC generator consists of a coil which is mace
in external magnetic field and by principle of electro magnetic i
alternating voltage is induced.

Mutual fnduction: Emf induced in one circut due to changing current !
circuit which is magnetically attached/coupled with it.

Transformer: Adevice which converts low voltage to high vW

NOT FOR SALE
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GROUP A "ELECTROMAGNET": Build an electromagnet as an activity in this
chapter: See how MUCh e strength of electromagnet change by changing
the current flow by ““T‘g AHTErEie battenef‘ ar increasing the number of
turns in the coll of hewllng i c—:‘:nre mater_‘al"" (such as pencil, steel nail
etc.) instead of iron nail. Summerize your findings in an article for schoot
magazine.

GROUP B «MAGNETIC EFFECT OF CURRENT': Research the application of
the magnetic effecsuran EIEC.mC current in relay, door latch, loudspeaker,
and circuit breaker from the internet and school library, and present your
findings in classroom. _

cROUP C 'MAGNETISM AND TECHNOLOGY': |dentify ifferent technologies
related to ‘magnetism such as electric motors and generators, medical
equipment, loudspeakers, magnetic information storage devices. Write its
historical aver view relating when, how and where these devices were first
formed. Write an essay for school magazine.

GROUP D ‘ELECTRIC MOTOR AND GENERATOR': Read literature and search

| ow different motors and generators can be easily made. Build 2 simple DC

P
E

C
H
o)
1
C
3

Vi @ A current

Motor or AC Generator for your school laboratory.

GROUP E “TRANSFORMERS': Make a list of the use of transformers (step-up
and step-down) for yarious purposes in your home. Make a chart and display
it in your classroom.

carrying wire in which current flow in northward direction is
deflected towards the east by a magnetic force. The direction of the
magnetic field is

A.straightup B, straight down C.south D. west.
@ which derived unit is equivalent to teslaT?

TN B. NA/m C. N/Am D. Am/N
® The unit of inductance, the henry, is equivalent to:

A NSIA B.VA/m C.As/V D.V/IA

(4] Whe'rn the speed at which a magnet is moved through a coil is increased,
the induced voltage
A..mcreases B. remain the same
@ slip rings are part of
A. DC motor

C.decreases  D.goesto 0

B. AC generator C. transformer D. magnet
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@ Atransformer is used for
A. bothDCand ac B AC voltages

@ Astep-up transformer i
A. power B. energy C. voltage

© A certain transformer has 2 primary winding with 500 turns and g
secondary winding with 250 turns. The turns ratiois

B.2 €.250 D.750

C.DCvoltages  D. farming

ncreases
D. current

A.0.5 .
© If the turns ratio is 3, the secondary voltage is greater than the primary
- voltagebya factor of ,
A.0.2 B.0S C:25 D.5

‘
Give.a brief response to the following guestions
@ Differentiate petween electric and magnetic fields.
@ Cananelectronat rest be set into motion with a magnetic field?
Which is more likely to show deflection in compass needle, AC currentor DC
current? Explain.

© A constant magnetic field is applied to a current carrying conductor. What
angle should the wire make with the field for the force to be (a) maximum,

(b) minimum?
@ Why doesacompass needle points North?
© How canamagnetic field be used to generate electric current?
@ What would happen if we use aslip ring to drive a DC motor?

© The primary coil of a transformer is connected to a DC batte
emf induced in the secondary coil? Why?

COMPREHENSIVE QUESTIONS
" Give an extended response to the following questions
Describe an experiment to show that the steady current carry

produces a magnetic field around it. What is the direction
field?
@ How the magnetic field of wire increases and resembles more li

a permanent magnet, if the wire is formed in a circular coil? [Hin
the magnetic field of a single coil and then a series of coils.]

ry. Is there an

e ——

]

ing wire

ke that from
t: ansidE'I'

of this magnetic

@ ©xplain the force ona current carrying wire in a magnetic field-
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@ Explain the torque on current T ——— 3
ITying coil j ;

@ Explain the working of DC motor. gcoilinamagnetic f ield, %

@ Describe the phenomena of
X electro ic i
ffectingelertrumagnetic miocts magnetic induction, List the factors
@ Explain the direction of induced emf and
of energy. ’ i
9 Sketch and describe the construction and working of AC :
9 Describe the phenomena of mutual induction s

@ what are transformers? On what princi
purpose of transformers in AC circuits,

NIJMERICAL QUESTIONS
@ A 1.5 m long wire carries a current of 5 A, at ri
e ) ht
magnetic field of 0.04 T. Determine the force exertedg u:rt‘hg;em?: e

@ Awire carrying a direct current of 10.0 Ais suspended 5
: . .0 m east between
house_ancf a garage perpendicular to the Earth's magnetic field of 5.0 x &u‘:
What is the magnitude of the force that acts on the conductor? . .

A 10 cm wire at 30° to uniform magnetic field of 0.06 T i
1 isexerted byafo
of 0.024 M. What is the current flowing through the wire? HE

how its relation to conservation

ple it works? Also describe the

If the current through the primary coil changes from -5Ato +5Ain 0.05s,
such that the induced emf is 2.8 V. What is the mutual inductance?

A. transformer connected to a 120-V AC line is to supply 9600 V for a neon
sign. (a) What is the ratio of secondary to primary turns of the transformer?
(b) If the transformer consisted of 275 primary windings, how many
secondary windings would there be?

How many turns would you want in the secondary coil of a transformer
having 400 turns in the primary, if it were to reduce the voltage from 20V
ACto3.0VAC?

A transformer steps down a main supply of 220 V AC to operate 2 12VAC

® & @

@

lamp. Calculate the turns ratio of the windings.




