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1. MAGNETIC FLUX

(1)  The total number of magnetic lines of force passing
normally through an area placed 1n a magnetic field 1s equal
to the magnetic flux linked with that area.

(2)  Net flux through the surface ¢ = 4 B.dA = BAcost

(0 is the angle between area vector and magnetic field
vector) IT0 = 0° then ¢ = BA, If 0 = 90° then ¢p = 0

(3)  Unit and Dimension : Magnetic flux is a scalar quantity. It’s
S.I. unit is weber (wh), CGS unit is Maxwell or Gauss x cm’;
(Iwb = 10* Maxwell).

@) Other units : Tesla x m? = Nxm  Joule ~ Voltx Coulomb

Amp - Amp
= Volt % sec = Ohm * Coulomb = Henry * Amp. It’s
dimensional formula [@]=[ML?T 2A ]

2. FARADAY'S LAWS OF EMI

Amp

(1) First law : Whenever the number of magnetic lines of
force (magnetic flux) passing through a circuit changes an
emf is produced in the circuit called induced emf. The
induced emf persisis only as long as there 1s change or
cutting of [lux.

(2) Second law : The induced emf is given by rate of change

of magnetic flux linked with the circuiti.e. e=— iiﬂ JFor
i

N C e :
Ntums e =~ d_'::¢ ; Negative sign indicates that induced

emf (e) opposes the change of flux.

Induced current (i)| Induced charge(q) | Induced power (P)
e N d¢ N e? N2 [dd: T
= e— _—— — [ = —— . i F == =
CRTR W | TR TR TR (@

Induced charge It depends on
is time indepen- time and resistance
dent.

Various Methods of Producing induced E.VLF.

We have learnt that e.m.f. 1s induced m a circuit, whenever
the amount of magnetic flux linked with the circuit is
changed. As ¢ = BA cos 0, the magnetic flux ¢ can be
changed by changing B, A or 0. Hence there are three
methods of producing induced e.m.f.

1. By changing the magnitude ol magnetic field B,

2. By changing the area A, i.e., by shrinking or stretching or
changing the shape of the coil.

3. By changing angle 0 between the direction of B and normal
to the surface area A, i.e., changing the relative orientation
of the surface area and the magnetic field.

3. LENZ’S LAW

This law @ves the direction of mduced emf'induced current.

According to this law, the direction of induced emf or current in a

circult 1 such as to oppose the cause that produces it. This law 1s

based upon law of conservation of energy.

(1) When N-pole of a bar magnet moves towards the coil, the
flux associated wath loop increases and an emf 1s induced
1n it. Since the circuit of loop 1s closed, induced current
also flows i it.

(2) Cause of this mduced current, 18 approach of north pole
and therefore to oppose the cause, i.e.. to repel the
approaching north pole, the induced current in loop is in
such a direction so that the fronl [ace of loop behaves as
north pole. Therefore induced current as seen by observer
() is in anticlockwise direction. (figure)
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(3)  Ifthe loop 1s free to move the cause of induced emf in the
coil can also be termed as relative motion. Therefore to
oppose the cause, the relative motion between the
approaching magnet and the loop should be opposed.
For this, the loop will itself start moving in the direction of
motion of the magnet.

(4) It is important to remember that whenever cause of induced
emf is relative mofion, the new motion is always in the
direction of motion of the cause.
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Table : The various positions of relative motion between the magnet and the coil

— I."fﬂ:';‘ f"‘»\ ,-':,-f?‘;} \
) - jr,ll {-,:' _ 'll ':,__}(j\ £ -- ll[ I':Ti-’l‘l*-. -;\. | ﬁTI¢I1
Position of magnet 1 —=— YV ]] 3 \EY ,T y § > k,g, ] ) — |\ VY
\ ) . \ L ) A\
A4 e \.J ' N/ N/
Direction of Anfticlockwise direction | Clockwise direction Clockwise direction Anticlockwise direciion
induced current
Behaviour of face As a north pole As a south pole As a south pole As a north pole

of the coil

Type of magnetic Repulsive force Attractive [orce Repulsive [orce Attractive force
force opposed
Magnetic fieldlinked | Cross (%), Increases Cross (%), Decreases Dots (-) Increases Dots (-) Decreases
with the coil and it’s
progress as viewed
from left
4. EDDY CURRENT
. : | _ _ (1) Dead-beat galvanometer : A dead beat galvanometer
When a n::hangmg magnl::i:,lc ﬂu:j: is applied to a bulk piece of means one whose pointer comes to rest in the final
m}n:::Luclmg nllatenal then ‘?‘“C'”lal‘mg currents G_El]lf.‘d eddy currents equilibrium position immediately without any oscillation
are mdu*:ed.ln the material. Because the resistance of the bulk about the equilibrium position when a current is passed
conductor is usually low, eddy currents often have large Hits coil
magnitudes and heat up the conductor. | L o _ _
: . . L This is achieved by winding the coil on a metallic
(1)  These are circulating currents like eddies in water. . w _
o _ frame the large eddy currents induced in the frame provide
(2) E;Pﬂnmmtal L:t}nct:pt g1ven by Focault hence also named electromagnetic damping.
as “Focault current”. ) - brakes : When el
. : . . ectric-brakes : W train is running its 18
(3)  The production ol eddy currents 1n a metallic block leads @) eI and ; ! t]: ;:.L 15.11 ; b.g, L. " E;;
to the loss of electric energy in the form of heat. mo _g mn EHI_‘m w Eﬂ ¢ fram 18 ﬂ_ ¢ stopped by
o ] , electne breaks the wheel 15 made to move m a field created
(4) By Lamination, slotting processes the resistance path for _ . : .
. : . o by electromagnet. Eddy currents induced in the wheels
circulation of eddy current increases, resulting in to _
. . due to the changing flux oppose the cause and stop
weakening them and also reducing losses causes by them .
the train.
§ L (1)  Induction furnace : Joule’s heat causes the melting of a
X I / 8 ) metal piece placed m a rapidly changing magnetic field.
’:r* - ( (iv)  Speedometer : In the speedometer of an automobile, a
W' ‘ X magnet 15 geared to the main shaft of the vehicle and 1t
‘ oy & A h-\-\' [ 1
_ — * rotates according to the speed of the vehicle. The magnet
- , | - is mounted in an aluminium cylinder with the help of
hair springs. When the magnet rotates, it produces eddy
currents in the drum and drags it through an angle, which
indicates the speed of the vehicle on a calibrated scale.
I 1
o (v)  Energy meter : Inenergy meters, the armature coil carries
- - a metallic alominium disc which rotates between the poles
. g , of a pair of permanent horse shoe magnets. As the
armature rotates, the current induced in the disc tends
(3)  Application of eddy currents : Though most of the times to oppose the motion of the armature coil. Due to this
eddy currents are undesirable but they find some useful braking effect, deflection is proportional to the encrgy
applications as enumerated below consumed.




EMI & AC

5. INDUCED CHARGE FLOW

When a current 18 induced 1n the circuit due to the [lux change,
charge flows through the circuit and the net amount of charge
which flows along the c¢ircuit 1s given as :

6. INDUCED ELECTRIC FIELD

It 18 non-conservative and non-electrostatic in nature. Its field
Imes are concentric circular closed curves.

dB
A time varying magnetic field a always produced induced

electric field m all space surrounding 1t.

Induced electric field (E, ) 1s directly proportional to

induced emfso e = ijin.d:‘f weo(1)
s e S .

From Faraday’s second laws €= at wee(IL)

From (1) and (11) e= f{ﬁm df=— % This 1s known as

integral form of Faraday’s laws of EMI.

s, dB/dt in eyhindncal space

Concentric circular Held

lines of induced electric

field existing everywhere

inside and outside of (B)
cylindrical space

A uniform but time varving magnetic field B(t) exisis in a
circular region of radius ‘a’ and 18 directed into the plane
ol the paper as shown, the magnitude of the induced
electric field (Em} at point P lies at a distance r from the
centre of the circular region 1s calculated as follows.

y d dB dB

So JEndi=c-L-AT ie. Bom)-ma? T
a’ dB 1
where r=a or E="—— —; E;, « —
2r dt I

r dB
whenr<a; E= EE’ E 1

7. DYNAMIC (MOTIONAL) EMI DUE

TO TRANSLATORY MOTION

(1)

(2)

3)

Consider a conducting rod of length [/ moving with a

uniform velocity v perpendicular to a uniform magnetic

field B , directed into the plane of the paper. Let the rod be
moving to the right as shown in figure. The conducting
electrons also move to the right as they are trapped within
the rod.

Conducting electrons experiences a magnetic force
F_=evB. So they move from P to Q within the rod. The
end P of the rod becomes positively charged while end Q
becomes negatively charged, hence an electric ficld is set
up within the rod which opposes the further downward
movement of electrons 1.e. an equilibrium is reached and

inequilibriumF =F ie.eE=cvB or E=vB

"i*.f
Induced emf ¢ =E/=Bv/ [E- = T}

Ifrod is moving by making an angle O with the direction of
magnetic ficld or length. Induced emf e = Bv/ sin0

Motion of conducting rod on an inclined plane : When
conductor start sliding from the top of an inclined plane
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as shown, 1t moves perpendicular to 1t's length but at an

angle (90 — @) with the direction of magnetic field.

{A) (B)

Hence induced em[ across the ends of conductor
e=Bvsm(90-0)/=Bv/cosb

Bvf cosB

So mduced current 1 = (Directed rom Q to P).

The forces acting on the bar are shown in following figure.
The rod will move down with constant velocity only 1if
F, cos®=mgcos (90 -0)=mgsin0

— Bilcos=mgsm0o

By fcosh ' . mgR sin 0
B I cosO mesin = vy = -
[ R Jf ¢ T B2 cos e

8. MOTIONAL EMI IN LOOP BY GENERATED AREA

(h

If conducting rod moves on two parallel conducting rails
as shown in following figure then phenomenon of induced
emf can also be understand by the concept of generated
areca (The area swept of conductor in magnetic field, during
it’s motion)

o i
' |_|a'H'-- '

As shown In figure in time t distance travelled by conductor = vt
Area generated A= Ivt. Flux linked with this area(p = BA=

d
Bivt. Hence induced emf |e| = 99 _ Bv/¢

dt
Induced current :
=& _BvE
R R

2)

&)

4

(3)

Magnetic force : Conductor PQ experiences a magnetic
force in opposite direction of it’s motion and

. E,FE
F_=Bif=B E"P}EB v
R R

Power dissipated in moving the conductor : For uniform
motion of rod PQ, the rate of doing mechanical work by
external agent or mech. Power delivered by external source
is given as

dwW
Pme::'h = Pe:'n:t = ? =

_Bve? BNV

F..v
ext R R

Electrical power : Also electrical power dissipated n
resistance or rate of heat dissipation across resistance 1s
alven as

Byis?
R

: "'I\.E
H . Bvi
thermal = T =i"R = [TJ R Phemal =

(It is clear that P__
principle of conservation of energy.)

= F'I ] which 1s consistent with the

Motion of conductor rod in a vertical plane : If conducting
rod released from rest (at t = 0) as shown in figure then
withrise init’s speed (v), induces emf'(e), induced current
(1), magnetic force (F ) increases but it’s weight remains
consiant.

Rod will achieve a constant maximum (terminal) velocity
v il F_=mg

B v i” mgR
So TR e - TR
A = = = b
R
w w . W fx . WM

I I — H{E-.;:l, 1

SPECIAL CASES

Motion of train and aeroplane in earth’s magnetic field

T R
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Induced emf across the axle of the wheels of the train and it is
across the tips of the wing of the aeroplane 1s givenby e =B /v
where / = length of the axle or distance between the tips ol the
wings of plane, B_= vertical component of earth’s magnetic field
and v = speed of train or plane.

9. MOTIONAL EMI DUE TO ROTATIONAL MOTION

(1) Conducting rod : A conducting rod of length / whose one
end 1s fixed, is rotated about the axis passing through it’s

fixed end and perpendicular to it’s length with constant
angular velocity (0. Magnetic field (B) is perpendicular to
the plane of the paper.

emf induces across the ends of the rod

where v = frequency (revolution per sec) and T = Time
period.

F'_FJ--

(2) Cycle wheel : A conducting wheel each spoke of length /
15 rotating with angular velocity (0 In a given magnetic
field as shown below in fig.

Due to [lux cutiing each meial spoke becomes ideniical

cell of eml e (say), all such identical cells connected in
parallel fashion e = e (emf of single cell). Let N be the

1
number of spokes hence ¢, = EHmE’E ;00 =21V

Here € et O NY i.e. total emfdoes not depends on number
of spokes "N".

(3)  Faraday copper disc generator : A metal disc can be
assumed to made of uncountable radial conductors when
metal disc rotates in transverse magnetic field these
radial conductors cuts away magnetic field lines and
because of this flux cuiting all becomes identical cells each

1
of emf ‘e’ where € = Eer3

(4) Semicircular conducting loop : If a semi-circular
conducting loop (ACD) of radius *r’ with centre at O, the
plane of loop being in the plane of paper. The loop is now
made to rotate with a constant angular velocity , about
an axis passing through O and perpendicular to the plane
ol paper. The eflfective resistance ol the loop is R.

In time t the area swept by the loop 1n the field 1.e. region IT

2
ﬂ — lr{lﬂ}: lrzﬂ]t ; d_ﬂ — ﬂ

2 2 dt 2
Flux link with the rotating loop at time t ¢ = BA. Hence induced
dp _ o dA _ Bor?

f in the loop in magnitude e = and
1INl 11n e DUP 1n 1]14:15111 1l E|ﬂ| {j_t d_t 2 10
= B:z-::r2
induced current 1="— =
R R

10. PERIODIC EMI

Suppose a rectangular coil having N turns placed initially in a
magnetic field such that magnetic field is perpendicular to it's
plane as shown.

w-Angular speed
v—Frequency of rotation of coil

R—Resistance of coil

"-i"‘m =21V
i

=

R

well}

y¥YYyYYr¥YTYY
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For uniform rotational motion with @, the flux linked with coil at
any time t

-:I} =NBA cos 0 =NBA cos @t
d} = d}u cosint where d}u =NBA = maximum flux

(I)  Induced emfin coil : Induced emfalso changes in periodic
manner that’s why this phenomenon called periodic EMI

_9 _
dt

e= NBA w sinmt = e = €, st where e,= emf

amplitude or max. emf=NBA ©=¢ ©

. e e
(2) Induced current : At any time t, 1= R = Eﬂ sinot = 1,

sinot where 1, = current amplitude or max. current

NBA®w g

i =20
"7 R R R

11. INDUCTANCE

(I)  Inductance 1s that property of elecirical circuits which
opposes any change in the current in the circuit.

(2)  Inductance is inherent property of electrical circuits. It wall
always be found in an electrical circuit whether we want it

or not.

(3) A straight wire carrying cuwrrent with no iron part in the
circuit will have lesser value of inductance.

4 Inductance 1s analogous to inertia in mechanics, because

inductance of an electrical circuit opposes any change of
current in the circuit,

11.1 Self Induction

Whenever the electric current passing through a coil or circuit
changes, the magnetic flux linked with it will also change. As a
result of this, m accordance with Faraday’s laws of electromagnetic
induction, an emf is induced in the coil or the circuit which opposes
the change that causes it. This phenomenon is called ‘self
mduction® and the em[l induced 1s called back eml, current so
produced in the coil is called induced current.

Induced current Induced current
— —>
JULNTLE LULTLLLE
A Y A Y

Wﬂﬂ/

Eheostat koey

mﬂﬂ

Fheostat key

(A) Main current increasing  (B) Main curreni decreasing

(D

@)

3)

)

)

(©)

Y

Coefficient of self-induction : Number of flux Iinkages with
the coil is proportional to the current i, 1.e. N1 or
N¢ = Li (N is the number of turns in coil and N¢ - total

flux hinkage). Hence L = ﬂ = coefficient of self~induction,
i

[fi=lamp, N= 1 then, L = ¢ i.e. the coefficient of self
induction of a coil is equal to the flux linked with the coil
when the current i it 18 1 amp.

By Faraday’s second law induced emf ¢ =—N % Which

di di
gives €= Ld_il: It E: amp/sec then | e [= L.

Hence coefficient of self induction is equal to the emf
induced in the coil when the rate of change of current in
the coil 18 unity.

Units and dimensional formula of ‘L’ : It’s 5.1, unit

weber _ Teslax m® _ Nxm B Joule _ Coulombx= volt

Amp Amp - .e"'g._[]lpz B j‘mq::r2 }"u:n[:n2
It ) -
= YOX 3O  ohmxsec . But practical unit is henry (H).
amp

It’s dimensional formula [L]=[ML*T *A ]

Dependence of self inductance (L) : 'L’ does not depend
upon current flowing or change in current flowing but it
depends upon number of turns (IN), Area of cross section

(A) and permeability of medium (LL).

‘L’ does not play any role till there is a constant current
[owing m the circuit. “L” comes in o the picture only when
there is a change in current.

Magnetic potential energy of inductor : In building a
steady current in the circuit, the source emf has o do
work against of self inductance of coil and whatever
energy consumed for this work stored 1 magnetic field
of coil this energy called as magnetic potential energy (1)
of coil

U=J;Lidi=%Liz;

Noi

1 ]
Al.' = ]-_‘r —
so U 2( i ;

The various formulae for L
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Condition Figure
Circular coil
K UI’ENE[
2
Solenoid
«—
2
L=H'}NI=punzﬂf m
‘ -.
2 \ g |
Toroid L = poN'T K I‘,,..AJ\KH \
(E 1}.{! ﬁj_.;f
AT 4 a4
'.v‘f;>‘--.{;___ Il.-a*"}
Square coil ‘
..._-"
2 Ny
L — Zﬁ“ﬂw a - ¥
T
Triangular coil
B u_ﬂ.lﬂﬂi
dn £
N[ Ho 18N ]xf/‘ﬁfz
4 £ | 4
L= _
1
2
[ — g\EJ.I.ﬂ.N ¢ — Lo N2
8n
Coaxial eylinders
Mg Iy
L= lo
e o I
2.303 Iy
pology =
2nr i

11.2 Mutual Induction

Whenever the current passing through a coil or circuit changes,
the magnetic [Tux linked with a neighbouring coil or circuit will
also change. Tence an emf will be mduced in the neighbouring

coll or circuit. This phenomenon is called *mutual induction’.

(1)

(2)

(3)

4

(3)

0
(i

(i)
(iv)

v)

(vi)

Coefficient of mutual induction : Total flux linked with the
secondary due to current in the primary is N ¢, and N,
i =N 2{1}; Mi, where N, - Number of turns in primary:
N, - Number of turns in secondary; d}z - Flux linked with
each turn of secondary; 1, - Current flowing through

primary; M-Coefficient of mutual induction or mutual
inductance.

According to Faraday’s second law emf immduces n

secondary ¢2=_N2d§;:l; - %

M. Hence coefficient of mutual

re 4t _ 1Amp then|c,| =
dt SeC

induction is equal to the emf induced in the secondary
coil when rate of change of current in primary coil is unity.

Units and dimensional formula of M : Similar to self-

inductance (L)
Dependence of mutual inductance
Number of turns (N, N,) of both coils
Cocfficient of self inductances (L, L,) of both the coils

Area of cross-section of coils

Magnetic permeability of medium between the coils (|1 )
or nature of material on which two coils are wound

Distance between two coils (As d mncreases so M
decreases)

Orientation between primary and secondary coil (for 90°
orientation no flux relation M =0)

(vii) Coupling factor ‘K’ between primary and secondary

coil
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(6)  Relation between M, L, and L, : For two magnetically Condition Figure
coupled coils M = K,/L,L, : where k — coefficient of :
Two concentric coplaner
coupling or coupling factor which is defined as cireular coils
K = Magnetic Hlux linked in sec ondary ; M EMGNINETE
Magnetic flux linked in primary R
N=K=1
Two Solenoids - I r
S - A 5 r N,N,A . .
> — QR f— . M = Ho IF] = ! Scmndarﬁ
‘ | | ' Primary h (N turns)
. o (N, turns)
# = R a
. [ { I
Two concentric
(7) The various formulae for M : coplaner squarc coils |
2
vt 022N N, ¢
‘.I'I:L L] I -

12. COMBINATION OF INDUCTANCE

(1) Series : If two coils of self-inductances L, and L, having mutual inductance are in series and are far from each other, so that the
mutual induction between them is negligible, then net self inductance L =L + L,

When they are situated close to cach other, then net inductance LE = L1 + L2 + 2M

Mutual induction is absent (k=0) Mutual induction is present and Mutual induction is present and

favours self inductance of coils opposes self inductance of coils

4
-"'.I--. _--\.‘:-_'_ Ll "'t"

.1 Do

0

¥

Luq = Ll - Ll
Current in same direction Current in opposite direction
Winding nature same Opposite winding nature
Their flux assist each other Their flux opposes each other
L =L +L+IM L. =L +L,-IM
(2)  Parallel : If two coils of self-inductances L, and L., having When they are situated close to each other, then
mutual inductance are connected in parallel and are far |
from each other, then net inductance L is = l - ! L= LiL,-M
L, L, L, L,+L,+2M
L,+L,
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Mutual induction is absent (k=0)

Mutual induction is present and

favours self inductance of coils

Mutual induction is present and

opposes selfinductance of coil

/ H‘a : _ -
o } * -
l‘l""n f'llr g
2
L, - ki L LM
L, +L, YL +L,+2M

13. GROWTH AND DECAY OF CURRENT IN LR- CIRCUI

If'a circuit containing a pure inductor L and a resistor R in series

with a battery and a key then on closing the circuit current

through the circuit rises exponentially and reaches up to a certain

maximum value (steady state). If circuit is opened from 1t’s steady

state condition then current through the circuit decreases

exponentially.
L L
- — o —
Induccd ~ Induced HI
Main =" Main="

n / 1 _,_: : /

H K H ko

(A) Growih of current (B) Decay of current

(1)

(2)

(3)

The wvalue of current at any instant of time t after closing
the circuit (i.e. during the rising of current) is given by

R,

|

.. E
i=ig1—e L | ; where 1g =1y "R steady state

current.

The value of current at any instant of time t after opening
from the steady state condition (i.e. during the decaying

2
—i

of current) is given by i=ie L

| L L .
Time constant (T) : [tisgivenas 7= R ; It's unit 1s second.

In other words the time interval, during which the current
in an inductive circuitrises to 63% ofits maximum value at
make, is defined as time constant or it is the time interval,
during which the current after opening an inductive circuit

 falls to 37% of its maxinum value,

(4)

. >
II.I. i "“-
J = g S \
\
o \
¥ T P
\ .I.-"
h R —— !
'._:'__._ l-..].,_.
L.L,—M?
12

(A) (B)

Behaviour of inductor : The current in the circuit grows
exponentially with time from 0 to the maximum value

[ E : : : :
I[= R ] Just after closing the switch as 1= 0, inductor act
as open circuit i.e. broken wires and long afier the switch

has been closed as i = i, the inductor act as a short circuit
1.e. a simple connecting wire,

R L. R
WA TRy —

I o I N

E'" Initially E )

| | 5
B /;"

o
1
Long atter closing S

14. LC- OSCILLATION

When a charged capacitor C having an initial charge ¢, 1s
discharged through an inductance L, the charge and current in the
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circuit start oscillating simple harmonically. If the resistance of

the circuit is zero, no energy is dissipated as heat. We also assume L
an 1dealized situation in which energy 1s not radiated away from ‘0000000
the circuit. The total energy associated with the circuil 1s constant, \
[ ]
L
s s 1 rad | ,lci_
Frequency of osdlldtionisgivenby w=— — | |
S LO sec 'S
or _ 1 Hz The oscillation of the LC circunt are an electromagnetic analog to
2nyLC the mechanical oscillation of a block-spring system.
1=1{
%_FL_ -|-/ Hq : v=10
E At t =10, capacitor 15 ready 1 Att=0. block is
=0 *]lf L q to discharge k : ready to move
Yyyy J % —UTTTTTUITy )
- A
o L '
g x=0
At t= ; . capacitor 1s fully " :‘_ Att= 4 block comes in 11's
discharged i.¢. charge g =0 and ULl m' mean position 1.¢. x =0 and
current through the cireuit is : velocity of block hecomes
maxImum M= A = " maximum
x =0
i .
T |
L VP v=0 T
»T- T T 1'\ K Att=—— block reaches it's
e | Tey Sl =
; ' UL i extreme position other side and
= I v=0
l o= :‘_'dl' _'I
~ x=0
3'[" : ) i r|||:.'~\.
AL 1= "4, capacilor again : l At L= 'ZT, block again reaches
k LA
discharges completely i =1, JOOR000OIIN im ’ i"s mean position and it's velocity
' becomes maximum
= A
x=10
I = .Illl..l. h
- El / + 3T Y 3T
a7 © q=0 -} At t= 4 capacitor again ) E Al L= -4 . block again reaches
P== | S
4 1 - ;
/ ; & discharges completely i =1, W it's mean position and it's velocity
I'i B becomes maximum

A
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15. DC MOTOR

It 15 an electrical machine which converts electrical energy into

mechanical energy.

(1)

(2)

(3)

4)

Principle : It is based on the fact that a current carrying
coll placed in the magnetic field experiences a torque. This
torque rotates the coil.

Construction : [t consists of the following components
fgure.

e — |

F Y 4 J ‘i r .h.:

¥ 7 "u- PPl
rerr—tr*| 8 N Pr—— "_,#3-:‘
.-”..-' | | .-- .i' e |

A\ R \‘i | D Fi\;‘lf 3

| B B, | | B B, |

H | I'—|

i i i
1 W]

ABCD = Armature coil, S , 8, = split ring comutators
B, B, = Carbon brushes, N. S = Strong magnetic poles

Working : Force on any arm of the coil is given by

—

F= i(:éx ﬁ) in fig., force on AB will be perpendicular to

plane of the paper and pointing inwards. Force on CD wall
be equal and opposite. So coil rotates in clockwise sense
when viewed from top in fig. The current in AB reverses
due to commutation keeping the force on AB and CD in
such a direction that the coil confinues to rotate in the
same direction.

Back emfin motor : Due to the rotation of armature coil in
magnetic field a back emf 1s induced in the circuit. Which
is given by e=E —iR.

Back emf directly depends upon the angular velocity  of

armature and magnetic ficld B. But for constant magnetic
field B, value of back emfe is given by eoC @ or e = k@

(e=NBA® sint)

(6)

(7)

(8)

E-e = E—kn : When motor
R R

Current in the motor: | =

E_

1s just switched on 1.e. @ = 0 so e = 0 hence 1=

maximum and at full speed, 18 maximum so back emf e is
maximum and 118 mininmum. Thus, maximuom current is drawn
when the motor is just switched on which decreases when
motor attains the speed.

Motor starter : At the time of start a large current flows
through the motor which may burn out it. Hence a starter
15 used for starting a dc motor salely. Its function 15 to
mntroduce a suitable resistance in the circuit at the time of
starting of the motor. This resistance decreases gradually
and reduces to zero when the motor runs at full speed.

de mains

The value of starting resistance 15 maximum at time t = ()
and 1ts value 1s controlled by spring and electromagnetic
system and 1s made to zero when the motor attains its safe
speed.

Mechanical power and Efficiency of dc motor :

P..

mechanical —

Ps-lrp plied

P Back eam.f,

e
P, E Supply voltage

Efficiency M=

Uses of de motors : They are used in electric locomotives,
electric ears, rolling mills, electric cranes, electric lifts, de
drills, fans and blowers, centrifugal pumps and air
Compressors, cic.

16. DC GENERATOR

I[ihe current produced by the generator is direct current, then the
generator 18 called dc generator.

dc generator consists of (1) Armature (coil) (1) Magnet

(1t}

Commutator (iv) Brushes

In dc generator commutator is used in place of slip rings. The
comrmutator rotates along with the coil so that m every cyele
when direction of &’ reverses, the commwtator also reverses or
makes contact with the other brush so that in the external load the
current remains in the some direction giving de
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Armature

AHh

5

Commutator

TIPS AND TRICKS

1.

------

If a bar magnet moves towards a fixed conducting coil,
then due to the [lux changes an emf, current and charge
induces in the coil. If speed of magnet increases then
induced emf and induced current increases but induced
charge remains same

Induced parameter: ¢ .1, q,

e,(=e)i(>1),q,(=q,
Can ever electric lines of force be closed curve 7 Yes,
when produced by a changing magnetic field.

No flux cutting > No EMI

Vector form of motional emf : e= ({r x E':] I;

T S ——

In motional emf B,v and E‘ are three vectors. If any two

vector are parallel — No flux cutting.

L
i

. = > . B >
—_ ' |
r L _.-I'.
il T — —» 1 1] J

A piece of metal and a piece of non-metal are dropped from

the same height near the surface of the earth. The non-
metallic piece will reach the ground {irst because there will
be no mduced current m 1it.

10.
11.

12.

14.

15.

If an aeroplane is landing down or taking off and its wings
are in the east-west direction, then the potential difference
or emfwill be induced across the wings. If an aeroplane is
landing down or taking off and its wings are in the north-
south direction, then no potential difference or emfwill be
induced.

When a conducting rod moving horizontally on equator
of earth no emf induces because there is no vertical

component of earth’s magnetic field. But at poles B,, is
maximum so maximum flux cutting hence emf induces.

When a conducting rod falling freely in earth’s magnetic
field such that it’s length lies along East - West direction

then mduced emf continuously mereases w.rt. time and
induced current flows from West - East,

1 henry = 107 emu of inductance or 10 ab-henry.

Inductance at the ends of a solenoid is half of it’s the

1
inductance at the centre. (Lmd = ELEEHM J

A thin long wire made up of material of high resistivity
behaves predominantly as a resistance. But it has some
amount of inductance as well as capacitance i it. It is
thus difficult to obtain pure resistor. Strmilarly it 1s dilficuli
to obtain pure capacitor as well as pure inductor.

Due io inherent presence of sell inductance mn all elecirical
circults, a resistive circuit with no capacitive or inductive
element in if, also has some inductance associated with
it

The effect of self-inductance can be eliminated as in the
colls of a resistance box by doubling back the coil on itself.

It is not possible to have mutual inductance without self
inductance but it may or may not be possible self
inductance without mutual inductance.

1
If main current through a coil increases ( iT) SO ¢ will be

positive (+ve), hence induced emt ¢ will be negative (1.e.
opposite emf) — E _=E-¢
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Sometimes at sudden opening of key, because of high
inductance of circuit a high momentarily induced emf
produced and a sparking occurs at key position. To
avoid sparking a capacitor is connected across the
key.

Sometimes at sudden opening of key, because of high
inductance of circuit a high momentarily induced emf
produced and a sparking occurs at key position. To
avold sparking a capacitor 1s connected across the
key.

One can have resistance with or without inductance but
one can’t have inductance without having resistance.

The circwit behaviour of an inductor 1s quite different from
that of a resistor. while a resistor opposes the current i, an

di
mductor opposes the change dt in the circuit.
ae AN obh  ae——IIIJ——eb
R L
vV, =iR V,=L g—;

20.

21.

22,

23.

24,

In RL-circuit with de source the time taken by the current
to reach half of the maximum value 1s called half life time

L.
and 1t1s given by T = 0.693 R
demotor 15 a highly versatile energy conversion device. It

can meet the demand of loads requiring high starting
torque, high accelerating and decelerating torque.

When a source of emf is connected across the two ends of
the primary winding alone or across the two ends of
secondary winding alone, ohm’s law can be applied. But
in the transformer as a whole, ohm’s law should not be
applied because primary winding and secondary winding
are not connected electrically.

Even when secondary circuit of the translormer 18 open 1t
also draws some current called no load primary current for
supplying no load Cu and 1ron loses.

Transformer has highest possible efliciency out of all the
electrical machines.




