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A great part of its [higher arithmetic] theories derives an additional charm from the peculiarity that
important propositions, with the impress of simplicity on them, are often easily discovered by induction,
and yet are of so profound a character that we cannot find the demonstrations till after many vain attempts;
and even then when we do succeed, it is often by some tedious and artificial process, while the simple methods

may long remain concealed.

— Carl Friedrich Gauss

HINCERT 4 F

by Mohamad Asif

Whenever the electric current flowing through a circuit
(or Ioop) changes, the magnetic flux linked with the circuit
(or loop) also changes soO as to produce an induced emf
current in the circuit (or Ioop). This phenomenon is called
the phenomenon of self-induction and the emf-induced is
called back-emf.

Circuit element that has a large self-inductance is called an
inductor. Its symbol is /000000

Definition

Self-induction is the property of a coil by virtue of which it

opposes the growth (or) decay of the current flowing

through it.

» Self-induction is also known as inertia of electricity as it
opposes the growth (or) decay of the current in circuit.

« Induction may be viewed as electrical inertia. It is
analogous to inertia in mechanics. It does not oppose the
current, but it opposes the change in current.

Coefficient of Self-Induction (or)
Self-Inductance [L]

The magnetic flux (¢) linked with the coil is found to be
proportional to the strength of the current (i)

ie, ooci = O=Li
where, L = coefficient of self-induction
If i=1A=>0=1

Definition of [L]

It is defined as the magnetic flux linked with the coil when
unit current flows in it.

According to Faraday's law of electromagnetic induction
induced emf in the coil is given by

e:—N(_iE
dt
= e=_ci(L1):_Lg
dt dt
If A
dt

ie., if rate of change is unity, we getL=-e

Hence, L can also be defined as 'coefficient of self-induction
of a coil is defined as negative induced emf in the coil when
the rate of change of current in the coil is unity’.

SI unit of L is Henry (H); other units are Weber/Ampere,
volt-second/ampere, J/ A%,

Whb?/J, V-s2 C*

Self-inductance of a circular coil is Bi= “_02-&.
r

. D
6=NBA=N (u———°NI) nrt = “————ORN L
2r 2

2
Now, comparing with Nog = Li, we get L= Eﬂzl—v—r

Self-Inductance of a Solenoid

Consider a long solenoid of length ], area of cross-section A
and number of turns per unit length n and length is very
large when compared with radius of cross-section.

For solenoid, B = L yni.

Total number of turns in the solenoid of length I, N = nl.
Now, the magnetic flux linked with each turn <[ —~
of the solenoid = B x A = L niA. (/TUBI
. Total magnetic flux linked with the whole t |
solenoid.

¢ = magnetic flux with each

turn x number of turns in the solenoid

0 =poniA x nl = pn*iAl

But, o= Li
g Li = pon*iAl
L =uon*Al
2
Since, N 54

n=— = L=p,—A
1 oy

1. An ideal inductor has inductance and no resistance.

One can have resistance without inductance.

3. More is the permeability of medium, more is the
self-inductance.

4. Aninductor will have large inductance and low resistance.

5. The direction of induced emf for different states of current
in a coil.

£

(a) Steady current



Subscribe to Il T Buzzword f or

CONCEPT OF SELF-INDUCTION M I

No opposition.
(b) Make of circuit (or) increasing current

iv Circuit is made ON o
’t (o) i-increasing | = —> + "
e=La

(¢) Breaking of circuit (or) decreasing of current
/ f =~
L e= Lg—,;

Energy Stored in an Inductor

The work done in maintaining the current
through the inductor is stored as the
potential energy in its magnetic field

e

u=1p
2
(a) When i = 1A
=3 L =20F
(b) Induced power P = e x i = Li (%).

(¢) In case of solenoid L = p ;n*Al
. Magnetic energy stored per unit volume

2

Hence, Ug=—

Question The network shown is a part of the closed circuit in
which the current is changing. At an instant, current in it is 5 A. Find
the potential difference between the points A and B when the current
is increasing at1 A/s.

Solution The coil can be imagined as a cell of emf

- Equivalent circuit is 5A
Va=500-15-5=y, A

Hence, Va-Vp=5+15+5=25V

If current is decreasing at1A/s ._5A
Va-50-154 5=V,
Vi-Vp=5+15-5=15V

s

I
12 15v 5v B

—{——epB
1Q 15y 5y

You don’t have to be good at everything. But you have got to be the
best in something. :

Mutual-Induction

The phenomenon of production of emf in

a coil when the current in neighbouring K

coil changes is called ‘mutual induction’. l P G
The circuit in which the current changes

is called the primary circuit, while the

neighbouring circuit in which emf is

induced, is called the secondary circuit.

The direction is given by Lenz’s law,
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Coefficient of mutual-induction
¢s o ip
oy = Mip
where M = coefficient of mutual induction

According to Faraday's law of electromagnetic induction
d¢ do,
e=—— - e =-

8

dt dt
d(Mi di
we get, e’=_%=_MEIf

_d‘
BB Yihandr— o
dt

® One cannot have mutual-inductance  without
self-inductance.,

¢ Mutual-inductance depends on orientation of the coils
(i.e.) angle between the axis of the coils.

¢ If the axes are parallel, then M is maximum.

¢ If axes are perpendicular then M is minimum,.

Inductors in series and parallel

Li=L; + L, + Ly ot Ly
e bgrat v it

Bind
gl Lo i, I

Relation between L,,L, and M

The flux linked with coil 1 is Lk T v
Ny¢y = Lyi,
i N, ¢, NS E N>
i
. )
The flux linked with coil 2 is N, ¢, = Lyi, Ly Lo
1, = 2t
)
Mon 1 because of 2, M, = N}‘pl
L
M on 2 because of 1, M= N?%

L

If the flux in linkage is maximum, then

My, =M,, =M

My XMy, = L.Z% X —N.lq’l
4 L)

M=L L,
! M=JL T,
This is the maximum mutual-inductance when all the flux
linked with one coil is also completely linked with the other.,

In general, only a fraction of the total flux will be linked with
the coil due to flux leakage.

M=k/LL,
where, k = coefficient of coupling (k< 1)
For tight coupling (or) if the coils are closely wound then
k=1
Mmax = -\j L1L2
Let two coils of inductances L; and L, are connected in
series and M is their mutual-inductance.

(a) If the two coils support each other, then
L=(L, +M) + (L, + M) Ly Lo
=L +L,+2M
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(b) If the two coils oppose each other, then ” [.. I"’ r2gr =11
L=(L = M)+ (L, - M) ! L8 R
=L +L,-2M Le

If two coils of self-inductances L, and L, having
mutual-inductance M are connected in parallel and placed
close to each other, then the net inductances is given by

; L LyL,-M?
Aot T AR

Examfple 1 A small coil of radiusr is placed at the centre of a large
coil of radius R, where R>>r. The coils are coplanar. The mutual

inductance between the co:ls is
2
(a) HoTtr (b) 07" (©) o ong (d) K 07;’

2R R 2R

Solution. (b)B = 272" ¢ = (Area of smaller coil) B

0=mnr’xB

o= mr? x Kol

M_g=u0nr
i 2R

Example 2 A self-induced emf in a solenoid of inductance L
changes in time as € = gye” . Find the total charge that passes
through the solenoid assuming the charge is finite.

— kt dl . d — kt

Solution. Since,e=¢e *ande=- Ld— L-j = goe

Since, we are to find the current as a function of time (t), so let the
current be i at timet, Then ast — o0,/ — 0 [+ € — 0]

= Lodi=—£—°re"’“dt

—i=f0e

kL —ktlt e _[e b, e— kl]

As Q=

"‘idt—J‘ Lok gt = 5o e-k'.dt=&
kL kL k%L

Example 3 Assume that the magnituge of the magnetic field
outside a sphere of radius R is B = BO(E) . Where B, is a constant.
r

Determine the total energy stored in the magnetic field outside the

sphere.
2 2 4
Since, U, = B = (i (E]
2ug \2up)\r

The magnetic energy is a spherical shell of
radius r thickness dr is given by

dU =U-dV
WheredV = 4nr?-dr

dU = BZR* \( 4nr?.dr
u, JU 4
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Solution.

2 p4 2 p3
U=IdU=2nB°R J‘R r_zdr=21tBoR
Ko Ko

Example 4 A large coil of radius R, and having N; turns is coaxial
with a small coil radius R, and having N, turns. The centres of the coils
are separated by a distance x that is much larger than R, and R,. What
is the mutual-inductance of the coils?
Solution. B, = L"R‘y

2 (x* + RH?
This field B, is normal to area of coil 2 and is nearly uniform over this
area. So, it produces a flux.

012=NBiA, = M

2 (X + R12)3/2
When i, varies, then
A doy; _ _ RomNNY) (RR)? iy _ _ . di
dt 20+ RH¥2 gt dt
= M _HomNsN,) (RR)*

2(x*+ RH2

Example 5 Figure shows a long wire and a triangular coil.
Calculate the mutual-inductance of the combination.

Solution. Considera differential strip
of area dA then from property of similar

triangles length of the strip is %

dA=(ér)dr
h
Let i; be the current in wire, then its magnetic field on the strip is
B=_ Mol
2n(a+r)
i,br-dr
If dog =BdA=Ho2" 9"
081, =B 2mh(a+r)
_HKoib h(a+r)—avd=poib M2 g4
% = S Jo @+n 2th° atr)
_p.olbrh e a+ h)l
¢B11 nhl Be 2 J
Mn_%J:uJBrh_aloge a+th ]
/ 2n I_

Growth and Decay of Current in L-R
Circuit
(a) Growth of current in L-R circuit

‘—_R;t
i=1'0{1—e£]
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b e i Sl S S - :

R
s B e i

when t =L i
R : |
Amating: 0.632 j m@
=1 (1-1) b ot
0 P, /
1 | t
i=igf1- ——|=0632i t=L :
°( 2.718) & R
and L x100 =63.2%
1y

The time in which the current grows from zero to
0.632 times (or) 63.2% of its maximum value, is called
inductive-time constant.

¢ Att =0, inductor offers infinite resistance.

* Att = oo, inductor offers zero resistance.

* The rate of growth of current is given by

di_ R,y

dt L
Potential difference across the resistor is
— Rt

Vp=iR=iR(l-e L)
R
Vp=E(l-e L)

VR]
|

Potential difference across the inductor
V., =E-V,

t

- R
V,=E-E[l-e L]
R

-—t
V,=Ee L
(b) Decay of current in L-R circuit
_Rt
i=je L
when t = £,
R

il CONCEPT OF SELF-INDUCTION

~RL

Rate of decay of current is given by
L Ko
.d_1= -_— Me L
dt L
(i) Potential difference across resistor is
Ve

_ R
Vg =iR=iRe L

_ Ry
Vp=Ese E
(ii) Potential difference across inductor is
it
Vi
R,
Vp==Vp=Ese L

"You're like a Aladdin and universe is like a Genie. When you
really want something wish for it. Sincerely from your heart
and start trying for it. The entire universe will re-arrange itself
and every element of the universe will help you realizing your
dream..."

Strategy without tactics is the slowest route to victory. Tactics
without strategy is just the noise before defeat.

‘Smart’ Practice

1. In the given circuit, find the current through 5 mH
inductor in steady state.

5mH

20V

10 mH
) e

5Q

2. In the circuit shown, A and B are two cells of same emf
E but different internal resistances r, and r, (5 > 1),
respectively. Find the value of R such that the potential

difference across the terminals of cell A is zero a long
time after the key K is closed.

R L
A B R
ry ro R
C
R
R
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3. In the circuit shown, switch S is closed at time t = 0.

Find the current through the inductor as a function of
time t.

4V 1Q

L=1mH
[

4. A coil of inductance 8.4 mH and resistance 6 Q are
connected to a 12 V battery. At what time the current
in the coil will be 1 A?

(@ 1x103s (b) 1x1072s
(c) 1x107%s (d) 1x10%s

5. A 4pF capacitor and a resistance 2.5 MQ are in series
with 12 V battery. Find the time after which the
potential difference across the capacitor is 3 times the
potential difference across the resistor? (In 2 = 0.693)
(@) 13.86s (b) 12.2s (c) 8.36s (d) 16.86 s

6. Att=0aninductor of zero resistance is joined to a cell E

through a resistance. The current increases with a time
constant 1. After what time will the potential difference
across the coil be equal to that across the resistance?

g
e

10.

11.

L [ L 5
=In%3 b) =In4 =In2 d) = In6
(a)R ()R (C)R ()R

. When a coil joined to a cell, the current through the

coil grows with a time constant 1. After what time the
current will reach 10% of its steady-state value?

10 9 6 3
(a) tln (?) (b) © ln(ﬁ) () tln (-15) (d) tln (E)

. The time constant of a certain inductive coil was found

to be 2.5 ms with a resistance of 80 Q added in series, a
new time constant of 0.5 ms was obtained. Find the
inductance and resistance of the coil.

(@ 50mH (b) 60mH (¢) 40mH (d) 20 mH

. Calculate the back emf of 10 H, 200 Q coil 100 ms after

a 100 V DC supply is connected to it.
(@ 113.5V (b) 122V (c) 2136V (d) 135V

A coil having resistance 15Q and inductance 10 H

connected across a 90 V DC supply. Determine the
value of current after 2 s. What is the energy stored in
the magnetic field at that instant?

(@) 162.45J (b) 121.65J (c) 24.2J (d) 36.2J

A cell of 1.5 Vis connected across an inductor of 2 mH

in series with a 2 Q resistor. What is the rate of growth
of current immediately after the coil is switched on

(@) 750 As™! (b) 620 As™! (c) 220 As™! (d) 320 As™*

Answers with Explanations

1,.30'=4; + By R <58 =yph
dt dt
At t=0i=i,=0
In steady state, we have
di, _di, !
—1=-""2_90 Ay B e
T (4 2)
11+12=—0—E=4A
5
pe i
I + L =4A
2
3i, =8
g8
%ing

2. After long time, resistance across on inductor be
comes zero while resistance across capacitor becomes
infinite.

R
—+R
Hence, net external resistance R, ., = 2

&8
2 4

Current through batteries, i = 2L

—+ L +L
L h
4

Given that potential across the terminals of cell A is
Z€ro, so

E-if =0

T 2E 5 =0

3R
4L +r
4 bt 5n

4
R==Ar —%
3(1 )
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3.

4.
9.

For loop abcfa a
-2+ 2(i—-4)—i +4=0

~3i +2i=-2 ..() fF—l— e

4V 1Q )

For loop fcdef, we get : L ;
S

{+ VW b
2V 2Q

N
: e ——————d
— 4+ 1'1+Lﬂ=0
dt
; di -
i+ L—=4 L. (i
AT )

Multiply Eq. (ii) by 3 and adding to Eq. (i), we get
24, +3L5 £ 10
dt
where, L=10"*H
di

=5 3L— =10 - 2i

dt
J.l di 5 tﬂ
0T10 21~ 20 3L

_1109 (10‘2i):L
2 " 10 3L

2t

(10—21')=e‘§_

10
2
10-2i=10e 3L
_ 2000t
i=5(1-e 3 )A
(a) 5. (a) 6. (¢ 7. (a) 8. (a)
(d) 10. (a) 11.(a)




