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[10.7] AMPERE’S CIRCUITAL LAW

Statement. The line integral §B-dl for a closed curve is
equal to l, times the net current i through the area bounded by
the curve. That is,

§B-dl = o

where L, is the permeability constant.

Proof. Consider a long straight conductor carrying a current i
perpendicular to the page directed outward (Fig. 10.15). According
to Biot-Savart law, the magnitude of the magnetic induction at a

distance r from it is given by n e
S=ilo? (FIG. 10.15 |
Sy = 50 (1)
At each point on this circle, B has a constant magnitude B
and dl which is always tangential to the path of integration, points in the same direction as B. Thus,

gSB-dt = fﬁde =39§dz = (B) (27r)
Here, 2nr = éd[ is the circumference of the circle.

Substituting the value of B from Eq. (1), we get

Kol ‘
$B-di = 7 (2nr) = ol

Thus the integral $ B-dl is i, times the current through the area bounded by the circle. This
is Ampere’s law.

Differential Form of Ampere’s Law
Let j be the current density in an element dS of the surface bounded by the closed path. Then,

total current | = fs j-ds

$B-dl = po [ j-ds

Using Stokes theorem, 9S B-dl = J-s curl B-dS
fs curl B-dS = po_[sj-ds
ok curl B = pyj
This is the differential form of Ampere’s law. j{
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APPLICATIONS OF AMPERE’'S LAW

(i) Magnetic induction due to long straight current carrying wire:
Consider a long straight wire carrying a current I (Fig. 10.16).
The magnetic lines of force are concentric circles centred on the L
wire. Let P be a point at distance r from the wire. The magnetic B

field at P is required. R
Consider a circular path of radius r passing through P. By ,»~ ‘\\

symmetry, the value of magnetic field B is same at each point y r J
on the circular path. Consider a small element dl of a line of | 0 P
magnetic field at P, ‘x_q‘_ __.—"’/
o B and dl are always directed along the same direction. SNES
The angle between B and dl is 0°. Straight wire

carrying current

e Line integral of B along the boundary of circular path,
f:B-a’l=delcosO =B-9§c dl = B2nr.

From Ampere’s theorem,

_(}g B - dl = p, x current enclosed by path

_ Mol
= 2nr

(i) Magnetic Field inside a long solenoid

Consider a long straight solenoid having n turns per unit length. Let i be the current flowing
in the solenoid. It is experimentally noted that magnetic field outside the solenoid is very small in
comparison with the field inside. The lines of induction inside the solenoid are straight and parallel
(Fig. 10.17).

Consider a closed path pqrs. The line integral of magnetic field B along path pqrs is

PqﬂB*dl:quB-dHLrB.dHLB.dH Bl ()

Let pq = . For path pq, B and dl are along same direction. |— [ —
s
| B-di=[Bd=BI
P4

For paths qr and sp, B and dl are mutually perpendicular.
f Bl = B-dl=defms90°=0
qr sp

For path rs, B =0 (since field is zero outside a solenoid)

[,B-ar=0
E . 1 b ] = = g = '
g. (1) becomes ggpm B-dl J; B-dl=BI 2)
By Ampere’s law, ?B ~dl = W, X net current enclosed by path
Bl = py(nl) i

B=pyni . wal(3)
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" _Electromagnetic Tnduction

Faﬁadag s lawsof Induction _

| Faxada# _gav; two laws | .
Whenever the magneﬁc flux thxough o conductor

is change ,an _emf is induced "in the conductor.

This fhenamenon is called elecbzownetfc
induction.

The rmgnitude of the Induced emf is eclual 1o S
the rate of change of maﬂnetfc flux thxou.gk
the circuit. If ¢ is the magnetic flux linked |
with the circuit at any instant ‘t’ and € is the

induced emf, then =~ B, ~
_ EEmfladP e @
5 it _M@—;& ﬁg» (MFD)
ull B ~ flux linked -Flagneﬁc
. Ry - q; ~ .B_A [ux

The direction of the induced emf or curvent i, S
such as to oppose the change that produced it.
This is also lPPLenz ’s hr:t,w.‘wn8 | P _

known as

Combining. both laws, [E Tz -i—f-
I_Véf:_e_ =1) The production of induced emf or cunrent
in the coil is in accordance with the

law of consexvation of enexgy.

Densita_

3) Lenz law 8Eves$ dixection of induced emf ox cuwrent.




¢ = BA

coil.

1 2f 1=1 Amp, then [EREN

Whene L is a constant, called the coefficient of

Thenefore, the self inductance of a c;E_l (s the

_total magnetic Flux linked with it _when a

unit cwwvient pa&s&s ﬂuwa%qh L.

When the f&cx—_c_h_an_?ed, the back emf induced. in

the coil s gwezb_J% (Fa)mda?(’.s law).

e sdE oy I
g

Unit qf self inductance is hemr#_

V.s Volt -second )

—

A | Ampme,

Dimension of L: (L =-‘§,)

= weben _ ML*T2A™"| = weber _ Tesla-m?

Ampe'ze, A Ampere Ampere

[D=mL2T-2472
Self inductance ef‘ a Zong soleneid :-




11.2 | FARADAY'S LAW OF ELECTROMAGNETIC INDUCTION IN
" VECTOR FORM
. C is a closed circuit and S any surface with C as its
| boundarg Let B be the magnetic flux density in the

. neighbourhood of the circuit.” The magnetic flux through a small
|\ area dS is B-dS.

The total magnetic flux linked with the circuit
4o [ B-ds (1)
S

| As the magnetic flux is changed, an electric field is induced
_around the circuit. The line integral of the electric field round
_ the circuit gives the induced em;.

| _or £ = 95- E.di e ()

| where E is the electric field at an element dl of the circuit.
I According to Faraday’s law, the emf induced in an electric circuit

. is equal to the negative of the time rate of change of the magnetic
| flux linked with the circuit.

| _or E=—ié=—%f3-d5. anl3)
S

From Egns. (2) and (3), iy >
£5ﬂ=—ELBdS e

| This is the integral form of the Faraday’s law. [t states that the line
| integral of the electric field around any closed circuit is equal to the
| neqative time-rate of change of the magnetic flux linked with the circuit.

. When B changes and circuit remains fixed, the time derivative can be taken
| inside the integral, where it becomes a partial time derivative.

¢ E-Jf=—[§ %?-d?. o (5)

—

From Stokes’ theorem e g
ﬁ: E-dl = fs curl E-dS

Using this in equation(5),

EndS = o[ BB g
LcurlE dS 5 dS.
Th‘er'efmﬂ'e, curl E = — %‘ or V x E: — ,.@.;BT
o,

This is faradag’s law of electr‘omagnefl'c
. induction in differential form.

e Self-Inductance
The phenomenon of the production of an induced

_emf in a circuit itself due to the change in current through

it is called self-induction and the Enducej emf is called back emf.
| The magnetic flux ¢ produced in a coil is directly
._proportional to the current I following in the coil ie.,
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| section is 5 sq. cm. Find the co-efficient of self-inductance of the solenoid.

| area of cross-section is 7cm® and the relative permeability of the core is 1000.

| permeability 500), is 22 cm long. If the number of turns on it is 1000, what will be its self-inductance? ||

'11.4) SELF-INDUCTANCE OF A LONG SOLENOID

Consider a long air-cored solenoid of length I, total number — _______ ] === &
of turns N, and area of cross-section A.  The number of
turns per unit length is N/I. Let a current I flow through it.
Then the magnetic field inside the solenoid is

N
B=P°(T)f

Flux through each turn = ¢p = BA =
Total flux through N turns
UoNIA  p,N*IA

¢ = Npy = Nx Tk i

self-inductance ¢ U,N’A
of the solenoid = o= /

'FIG. 11.6

UoNIA
/

-

If the solenoid is wound on a core of constant permeability p, then

2
L= 44
where Bo= Holy

In general, if there is a core consisting of a number of media of relative permeabilities,
Kris Bry ... etc., and areas of cross-section, A;, Ay, As... elc, then,

#Nz

= [,“r;Ar + Py Ay + ey Az + z

Example 1. A solenoid having an air core and 10 cm long has 100 turns and area of cross-|

Solution. Here, |=10em = 0.1m, N =100, A=5sq.cm = 5x10~*m*
N°A
L = P‘-OI
_ (47 x1077) (100 x 100) (5 x 107*)
0.1 |
Example 2. Calculate the self-inductance of a solenoid having 1000 turns and length 1 m. The ||

= 62.8x107° henry

Solution. Here, |=1m, N = 1000, A=7x10"*m? u, = 1000
= HrpoN?A 1000 x (47 x 1077) (1000)* (7 x 107*)
oy ol 1

= 0.88 henry |
Example 3. A solenoid having a core of cross-section 4 cm’, half air and half iron ( relaf.we |

Solution. Here, N =1000, [ =0.22m, A, = A, = 2x10"* m* and p, = 500

_ HoN°AL | HrHoN"Ay:

. !

(47 x1077) (1000)* (2x107*) | 500 (47 x 1077) (1000)* (2x107~%)
0.22 0.22

L

=205/ hem:y




| Ene'cgg stored in Magnetéc field :

| Considen an electnic circuit comfaéning inductance.
| When the cincuit is closed, a back emf (s
induced in the cincuit which opposes the 9zzowth
| of cuwwent in it. Therefore a centain amount of
| wotk has to be done by the curtnent in
increasing the cuwwient from zerno to a
maximum value agazimst the induced back
emf. The work done by the cuwwent is

| stored in the magnetic field of the coil as
| po%e/ntia,f energy .
: let T be the cuwvent in the inductor L at

| any instant t. Let the nate of 3fwwth of
| cuvent be dI .

_ dt
The back emf induced in the inductor,
. e=r i al
dt

| The work done in movin,g, cha/zge, d‘l ag.ainst this

| emf s dw=-£d
dw=i_d_1'dri
dt
dw = L dIl
%
dw .= [ IdT

| Total wonk done in MCWEng the cuwent from
zeno to maximum value I, s

W=£h
L

LT dI
Wi 121"

F1,

W=%LI02|

| Thus, the enengy stored in the inductorn is
b= t1;




Dt.
Pg.

| Considerr a very ﬂong avt coed  solendid of length
L, cross -sectional area A, and total woe. :(3
twwms N. Let T be the cwwvent in solenoid.

Magnetic induction aﬁang axis inside the solensid,

.. AN
B= Jio(ﬂ)I
| G}L) I e Bﬁ
.1 MoN
| The self - inductance of a solensid.,
L = ..UO NzA

L
Therefore, energly stoed in the mgneﬁ'c field is

| W = 1 MoN’A B24*
2 L M2N*
| W=_1 B*Al
! 2 v.u-O
; “Then, l )= B%AY
2 Mo

| ol of solencid = Al

| Therefore, enengy stoed per unit velume 6t
the enengy Fzz,sit?. ‘W in the

mﬂuzﬁc field, is _

M U = B

AL 2 Mo




Pg.

A ca:’[cfmo&ws v has 600 turns and a self-
inductance of 108 M&/tenfzg (mH). The self-
inductance of similax coil of 500 twrns will
be -
¢ L >
givm: A”ﬁaﬁﬁﬁ
L=108mH , N=600
NL=500. iy =1
The self - inductance of a coil |
L = Mo N”A
A
108 mH = Mo (600)° A ==
€L
Again
3 ? Lf ‘< ﬂO (500)2A @
L
| From eq (1) and @
el . [t (0005 a5
s 108 mH (600)* 36
L= 25 x 108 mH
36
L' = 25 x 3 mH
[ = 75 mH

_____..-—-—'——__




