Electro Magnetisnt "

Ampere's Law or Ampere's Circuital law :
Gtatement :

It states that the line integral of the magnedic field for any
closed curve is equal 10 Y times the net current 1 through the area
pounded by the curve.

. =+
ie. [Budl = Rl
This law plays the same role in magnetostatics as Gauss's law
does in electrostatics.

Proof :

Consider a long straight conductor carrying a current I kept
perpendicular to the plane of the paper so that the current flows
inwards.

The magnetic ficld intensity at a distance ¢ is given by

P
- -

Fig. 2.9

Hol
R 2nr |
*and its direction is tangent to the circle of radius . _ ,

The field is constant at every point on the-circle and parallel ‘

to the current element d.

—

|
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The line integral 18 given 0y

| |
- § U dt = G @ =
““i‘ﬁ = Myl \[1 di = 2nr
which is independent of the radius . |
Ampere's W s true for any assembly of current and f, .
closed curve.
g’l%d)l is M, times the current through the area boundeq i

- \' N -.‘ apge - ¥ . ;
sicele. 1t is known as Ampere's circuital law.
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correspondi i e ToHowing [our linws e

pepardion electie ity

(he u’a‘,{'h*rw;a‘nn’ forin ol M”-\‘“‘

Ve

[| COrrespoii
Cthe elovtrv s

Cpoordiv 2 P
lo fo the Gicas faw Jor the electric field
Jplacement and 0 s the Tree charge

where 1) 1

density. |
TR or div 3= 0

i’ 1 ' “-.l ""-In "‘r/‘/‘
It correspondds | law for magnetic /

O Crausy

where 13 is the magnetic induction,
oD B

49 )d g gz " 2 " .‘ : '

iy v Y Ol curl H | =

[t corresponds (o (he Ampere's law In circuital form for
r
ul:l.i.'llt,”lit: field and accumpanging current. whore [ 18 the “'lill,’,l'\&.‘,i.l(:

field intensity and ) is the current density.

iv) VXE =~ ol or curl I "{..H’
: il (o |
It vepresents Faraday’s law in circuital form for the induced
eml produced by the rate of change of magoetic fux linked with
cireuit. where 1 is the electric intensity.

Derivations of Maxwells Equations :
[ Gauss' Law for Flectrie Fields :

_(“"’”‘"‘m”“ a surface S bounding a volume V within a dielectric
medium. Initially the volume does not contain any charge but I
ilfsili‘l“w the dielectric to be polarised by keeping it in :m electric
field. Now let us also place some charge on the dielectric body
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' . wave two tYpe of charges -

G Ve F

-

4] charge of density o
g :
& v und charge density p”.
& g ._1; - . N
o |aw then can be writlen as
{ﬁb:;.d'
- - | o
iﬁdf’s = “J(ﬁ‘ﬂ jdv
i3 £

efEds = fpavevfoay (1)

ot as the bound charge density o' is defined a5 o' = —div P.
here P is the induced dipole moment per umil volume

jusisation of the medium.
et

F22,14
S5 equation (1) becomes

’ -
e, |, divEdY = Iy

I
e
= Y
<
\
<
~
.
R
.y

ie. [, div(z,E+Pydv = JvpdV
o {,divDdV = {,pdVasD=¢,E+P

or . (divD-pydvy = 9
Since this equation is true for all volu
Yanish, Thus we have

divﬁ = "/.f)=p

Hence the result

mes, the integand must

vered 2}
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@) Guuss' Law for afagnetic Fi
Expersnents chow that the numb&:a o)
Jsed surface is exact

agnetic induction B

{ maghelic lines of force
fy the same feaving i,
Ty

geross any closed

entering any arbitrany cle
Therefore the flux of ™

qurface is always 2670}

" ’
j;‘,f;i.xﬁ'“v = U

i
i
o

Fig 215
Converting this surface integral into velume integral by
Ciauss’ theorem, we BEl
[, divBdv = 0.

Byt as the surface bounding the volume is quite arbitrary the
above equation will be true only when the integrand vanishes 1.¢.

divB = V.R > 0(Hence the law) ....(3)
iify Ampere's Circuital Law ;

From this law the work done in carrying unit magnetic pole once
round a closed arbirary path linked with the current | is given by

i

LENI Nt

fi‘&ﬂ | o (HS ¥ Ia‘({:q
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@

1’“.} .IHL ﬂ".. !”‘“. H‘u "’d! “d:' Ef(g ’h\d BCC I} f..: 'a gn v ';":-'lk(:.:“

m‘m we grt
(ﬁ‘ ' ‘ " ) -
: foeud HAS = 5 45
" curl 11« -A4)
ot waxwell found it 10 be incomplete for changing elecine fiekds

uint Ily
qmed that 4.9
‘ ;,‘d A%

. ('rl’)
a - f‘l
alled displacement current must
el included in it so that it may
2isfy the continuity equation i.¢ . §
m; he replaced In equation(4) by
L 1 so that the Jaw becomes

IR w216
curl H = J 4T, vig
- abD 4 ‘ i
=]+ ¢ the low - |
e, curl H = ] 4 P Hence

oy Faraday's law :

U i G eireuil is
s that Ih: mduud e
h s ” ge of mugnetic flu fin

pm;wu« vmf t

it
fe @ = déy
g @® e
it
A
- Now if £ be the eleciric itensity al
b 11
i point thie m}rk done in moving

stance dl 15
&

- hﬂw through & small di

'l“'z?'m t-"‘
! m S0 the work done in mn\m“
] ufm charpe once cound the €3¢

o

i
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i[’[: &1 Now as €. m.f. 15 defined as the amount of work done
n moving a unit charge once round the olectric circuil
i
= E i A7)
e = pEdL
So comparing equation (6) and (7), we get
dfp "
= - R P )
pE-dL § ©
But as .
op = [, B.dS
- - d J.—) —»
= B.dS
So fEAL =~

Transformating the line integral by Stoke's theorem into surface

integral we get
N d -5 -
J  curl EdS T 5 B-dS
Assuming that surface Sis ﬁxed in space an

d only B changes
with time, above equation yields. :

curl E+ — [.dS = 0
. ot

| As the above integral is true for any arbitrary surface the
integrand must vanish.

—’6B“‘>
J

-

i.e. cul f = - %t]% (Hence the law) ... (9)

Note :

The-equation(9) sh.ows that a changing magnetic field produces
an electric field and vice versa. The magnatic field produced by
phangmg electric field is given by

fcBdL = dpy 1 dgp
€ 2 =
MR T at
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ﬂiﬂcuSSion :

I- These equa’;ons zl'esbased on experimental observations. The
equations (2) .an () correspond to electricity while (3) and

(9) to magnetism.

These equations are general and g

phenomena in media which are

system.

>

pply to all electromagnetic
at rest w.rt. the coordinate

, These equation are not independent of each other as from
equation (9) we can derive (3) and from (5), (2). This is why

equations (3) and (9) are called the “rst pair of Maxwell's

equations while (2) and (5) are called the second pair.

i, The equation (2) represents Coulomb's law while (5) the law
of conservation of charge i.e. continuity equation.

5. Comparing the equans (2) with (3) and (3) with (9) we find
that left hand sides are identical while right hand sides are not.
This in turn implies that electric and magnetic phenomena are

assymmetric and this asymmetry arises due to the non-
- existance of monopoles.
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I is nlways preater dhan |+, and ., are always greater thy |
and Poynting Vector :

plane electromagne! ic wave, the rate of fy,
a is proportional 1o the product 0/"’1’-‘}"11‘!';

Poynting T'heorem

)t states that, in d
of enersy throush unil 'm'a
and magnelic intensines.

Proof :

A travelling wave carries enerpy with it, [For example, a radi
wave carrics encrgy (rom the (ransmiller (o receiver, This energy
electromagnetic .. due to electric and magnetic ficlds. Al an,
instant, the total energy W per unit volume of the space (or dengiy
of clectromagnetic energy) of permeability 4 and permittivity ¢

given by

| a% =2 5 5o

= (H.B -+ E.D) ~ pH= Band =D

where B is the magnetic induction and 13 is the electric
displacement.

Let dv be the small volume enclosed b

electromagnetic field changes, the rate of

given by

y the surface. Since the
decrease of energy &

A 0 | = = =
= _—||=-(H.B+E.D
o I:J-z ( )] dv

£l
0 ¢l -y -
=-= 15 (LH? + s E#)dv
] 5 - |
= "812 3 (LH? + e EAdv
Lol 2 OF
= EE—"_‘
L (”H o T [
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wwotrapie dielecteic mei. .
n a0 1SOU0] e mediom, we have by Maxwell's equa-

oI -
! d , dl- -
B = = ol B y i il B
di and p? curl 11
(s A curl B - B eurl A = div (B x A) = ~div (A 7 B)
OW i J‘ (i o ~¥
el : < % DY ¢
P div (B % H) dv
By Gauss's theorem we know that if a surface encloses a volume
x M > A D L. . "
. then J div A.dv = J A n ds i the unit vector n has the
L]
girection of the inward, normal to the surface element ds
oW

—e ;: A } d’-
This gives the Poyting Theorem

The right hand side of the above equation is the integral over the
aurface S of the normal component of the vector.

oW .
= E % H) ds
= § (E B

e Pe (E % H)
~wher P is the Poynting vector.

Physical Significance : d
. Prepresents an amount of energy flowing per second across
: unit area wh1ch IS perpendwular to the direction of flow. )

2. The vector E x I is normal to the plane containing E and H

S
) that in an e[ectromagnctlc dlsturbance the energy travel

. Slmultaneously m thJs direction.
3 Though E and H bemg oscillatory,
R remams umdlrecuonal T

1mum w
ries. It 1s max
4 tude Of va are Zero.
| Iy magmlum an di zei’ when E and H
' are maxim

<

change in direction, P
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