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Magnitude and Direction of v ¢. Let us

consider two level surfaces L, and L, through two Pl a ;
close points Pand @ distance dr apart (Fig. 1.), with
the values of the scalar function ¢ and (¢ + d¢) P ¥ an R f

respectivley. Let PR = dn be the normal to the
surface L, at P. ' -

L [
As L, is a level surface, the value of the scalar function is the same at R as

at Q.

The rate of change of ¢ along the normal PR is equal to % :
n

Now dn =drcos®=n .dr, : i
where 7 is the unit vector normal to the surface L, at P so that
_% . _ 9 .
dp = = dn—an n .dr U)
As we know,
V. dr' = (E%ﬁ-+}%§l+ f:g—t—} : ({.dx + }dy + k dz)
= — T o
™ dx By dy = dz
a = db

or : doé =v¢.dr C&)
Combining equations (§) and (@), we may write :
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Now take gradient of above expression, we have
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The divergence of vector field E (div E) is defined as the limiting value of the
ratio of the closed surface integral to the volume enclosed by the surface over
which integration is carried out, when the volume tends to zero, i.e.,

! S.E=divE = Lt —ﬁf dsJ — M

=207

- where v is the volume enclosed by the source S over which integration
is carried out. In vector form div E is represented by V-.E.
If a vector function E spreads out, i.e., diverges from a point, then it has
@ positive divergence at that point and point acts as a source of the field E.
Indeed V-E can be taken to be a measure of the spreading out of the field. On
 the other hand, if the field converges to a point then VﬂE will be negative at
"l that point because the point acts as a sink for the field E. Finally, if the vector
| field E meither converges nor diverges then V-E = 0.
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Divergence in Terms of Cartesian Co-ordinates

Suppose a parallelopiped abcefgh is placed in an electric field E as
shown in Fig 3. We have considered the sides of the parallelopiped
paz: ‘lel to the coordinate axes system. Let Ax, Ay and Az respectively
be the sides of the parallelopiped along x, y and z axes. Therefore, the
volume of parallelopiped is AxAyAz.

Let P(x, y, z) be at the mid point of the parallelopiped and the

'

: oE, OE, BE
strength of the vector field at P be (x, y, z). Let —=* ,— be-the

X
rates of change of the components along the x, y and Z axes.
Since the surface area of cbfg is very small, we have assumed gon-
oE
stant value of the x-component of E and its value is E + a—x %x_ as the
x
Ax :
distance between point P and surface cbfg is > Similarly, the strength

_ OE
of x = e S
ox 2

E‘+a_ELéZ
YTy 2
0 el

h g . E + aEt &x

aE, Ax|
=[Ex + = T]AyAz .- 2)

wa  JfEd - [ [T

=[_E OE, Ax .

..(3)

Negative sign is appearing with HEds bemuse the directions of
x-omptmuad}uofﬁandhmaem:tds are antiparallel.
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<o div E

In a same way, we can calculate the value of Hﬁ'd_; for other

surfaces then the sum of all the components will give the value of the
surface integral over the closed surface of the parallelopiped; i.e

ffE-ds = ijE-E§+ij-E§+ [[Eds+ [[Eds+ [f-E-ds+ HE-E;]
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But divE = Lt—ﬁﬁds
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: a£x+aEy 3
> oy | Y

T MxAyaz
- oE, ©E, @E
o E = X e Y . Z o X .
— div { i ay t o } “

which is the expression for div E in terms of Cartesian co-ordinates.
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. I we consider the curl B across the loop abed, then the above equa-
tion can be written as - 3

i’ (curl B), ‘_;S,ll-t-hﬂtgL[‘;E:Bdl*-'[B f +de1] __,——é&)

cd
Let the value of y component of B be By Then on the side ab
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On the side cd, the value of y component is By +——é1Az, where

OB
E"—'— is the rate of change of B, along z-axis.

e aB e
Hence jB-di =~ By*ﬁy“ dl =—|By+—=-482| py

Negatwe sign appears because dl is directed in the direction op-
bosite to the Y-component.
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of charge distribution,
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(iii) At an internal poini (r <R). Let P, be the point at a distance r < R from

the axis of the cylinder, the electric field intensity is Escmaxderscoamal cylindrical

surface of length [ and radius r through Ps

The electric flux throu;h the Gaussian surface is :
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The charge contained within the

Gaussian surface is (nr?]) p

where p is surface charge density
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Let AB be an clectric dipole of length 2a and let i
P be any point where OP =
be the angle between r and the dipole axis. Pdar co ..atda'nilre = Pr-:("tJ e) dorigh

In A OAC, 080 e/ 2 o B g
OA a \
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If V be the potential at P due to electric dipole then
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2 << 1, so neglect @ cos? © as compared to 1,
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O] When the point P lies on the
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So from eq. (1)

axial line of the dipole on the side of positive charge,
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An electric quadrupole consists of two electric dipoles placed end to end along the same

line.

OA and OB are two dipoles each o E >
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sity are not zero. Let us consider a point
P along the axis of the quadrupole.
It is clear from the Fig. the potential at the point P is given by,
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Now Q = 2ga*, the quadrupole moment of charge distribution _ ;
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A non-polar molecule is one in which the centre of gravity of the positive
charges coincides with the centre of gravity of the negative charges. Symmetrical
molecules (e.g., H,, N, and O,) are non-polar. A non-polar molecule has obviously
a zero electric dipole moment.

If the dielectric (with non-polar molecules) is placed in an electric field, the
charge centres of a non-polar molecule become displaced. The molecules are
then said to be polarized by the field and are called induced dipoles.

The molecules thus acquire an mduced electric dipole moment in the
direction of the field. )
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A polar molecule is one in which the centre of gravity of the positive charges
1s separated from the centre of gravity of the negative charges by a finite distance.
The polar molecule is thus an electric dipole and has an intrinsic permanent
electric-dipole moment. £x, — Hct , H, O

In the absence of any external electric field, the individual dipoles are
oriented at random and no net dipole moment is observed in the dielectric.
When an electric field is applied, the forces on a dipole give rise to a torque,
whose effect is to orient the dipole along the direction of electric field.

Howeve. e alligment L miot coomplo ba due 4o Mmﬁ“%’%l’“

SG::D.._-L
D T«

Randomly aligned - (b) Aligned in the direction of field

Mﬂﬂ; u,ﬂ.lb(} isuladers 1 wihuch alls He




o e appliad eackic field E-

o e AR ki G sedbasasty e —

it Can Mo, acknt(potan. b sume potats) SRS
blaced in extesmal elochic dield , Hhayy aguas-am ““‘“‘L
eloctic dipste mermenrd i Hae disg edion 6f a}obﬂ-'éi dreld
“Thus peowass 213 hnsumas dielecdsic }Du@-ﬂ:‘:;_‘:u}"m
le&baéiwi—gm | = j
a meocule. Js clirectely ho#crt‘HML P e e

£

> Fag a[F--2| i

Hmd&mﬁfmamﬂﬂdw
Ebsckic Pubanisadion Vet > B
ﬁgoLQdfineﬁiMM

ioliscadl alipele memad

@t o liclechic slab s placed *
m an exiermal elochic dield Eo - x
= —f:l _-a»x.‘e_lqmj%w-’" e
_.w.wwﬁ"—k‘”‘?“a"awm“w

awmﬂm&ﬂu% slab. _ I
WM@A mmm i) \e—'t-/%\
canged o boumd & darnges.] o Ve

w.—‘ ﬁ_&-‘k_ﬁ) f—E-:a : S e
413- 'ni:- jfg‘h,c dgLMJ-L—fMdJ.elu_hc.JJ E,
[E-2-% 5




—— —

Faon 2qm. (2) amd (3)

'DE}:Jo{a.mm-no_vd‘aa -—J—Qab-;o;zﬁf"ﬁf —Aw
e volumae g Aok 45 egual o Axt,
. The olipsbe rrsrmand jpon wrif wolume. o) $lab 4

_ Dpdomoaud g4d _ oz et
1 —5 v ¢ 53 $Lak A xt
— —>
FP = 9,

‘e E—QQL@LPW‘}‘IM wectst., 4 M —l—D —de l
o~ punjace boumd change demdrty §f ety

E:“‘: o imolincadl drefel olus
E —> wet elackic greld.

o polarisadion.

— —
—+lom —é,- — Ec, ‘"",E.P I U) &
g -&.u»._nlca_c_a, '

% o
E S
—-a1 e = g |
> E =5 T = = 2. E+"p
i . 6 ol = ‘
: = § ot B =3
5'1-\0—'-:5,,5—!—13’,1{
gL 2
wammm%w%d‘*m——*—




RelaH e PQNW\HH\J—-Hﬁ arnd SM-‘L}‘DHM"-"’& T

Rolalive W\Hi\:ﬂ-? Eq iy oledinao a8 +ha ,az_g:}.m i
Pevami vty 6] ke vaolium o pear vty 4 1ol
Space . g — pevrilbiuily ¢ rmedium

€po — }:-e)vwmm-l.-aca oo Space
& — Aelabvd pevemlindy.
6"5_ = £ = K —> dieloechic LM—S'*‘V"QL
P

te

-:)1 e = ig’@d

- FE it

New , e elachic polanisddim vecter P 45 P2
do e elochic diela inaide o dielacteics.
= Pax E #'\B:QO'}L&E! i)

e

Herg \‘ve. 23 ernosurn ay 2lecteic ffvu.zbd.a-}o—Hl:t'-ﬂ_H-‘a-‘d? |
e i Al i3 ittt et oo spimiinmtets ]

—> i }
we bnots Hat D :EDE+94 o ;
5 3 - S L Ge(e EaE ) |

. %o
L‘;: E,,E(H» __Q_)}’
But B it also propeifion




| 28

Mobeculan Fiold ém Dielactoies —>
o8 clouwupius — Motsotti Eguation 52 : 4
The vmoloculan deld wwhich 4 Assperble. ¢ei Fa—ﬁa-‘-w?‘%
a mmelocad e} Ao olielectbic naderial 43 bnewn @b e
A .,Lc-(_ﬂl old.. jold
mﬁ;‘f‘vb' :a j:,J_u., SR RS IR m%h
gmgmwu“% cad by extesmal geunias ard b9
cemnidonation. e evieir Al
Yl E.L s docal 2lochic a—td_ol T&xk’—w 2
oC . taﬂ.}\a\'lu“im rm_b-Lﬂ- :

T:? = E.éoc.. '
 and dielochic polanization

i o P R e L /i
bl,:: o ;:f:&iw o ot sl |

Free chorges

e @ @ @ T =
e B © 8 |- i
Ve e a 6 |- ol - e A
e g ) 1 1 ++@_—+-
+| B ‘_9'*" ++én__+_
+ 0 B O |- i [ el < i
O 6 60 O |- | / & B
+® 8 © O |- ol | gm
£, gt ;U\Bound /L-—

— MNews corvndas, 1, P;J_‘“*M_@ ai: ﬁmm A.
This Asferomes motacile at A Somumdad by gphesical
cavivy callod Logentz sphoe .
Piido Hhe. dislochic into Juwp parts— )
I Dielochre sudside i Sphere £ Loverdy)
2. Tha wroteculss insideten Afplure are. Hieated




| 2<

——

g ¢ A comrisls of doun comofpends.
E-LDL_: -€°+_E: - —E,"l..+ -t_-_; L"B)
whona |
LS E—:;LJ-S o> dermal appliea elochic Jelol.
& = & ! PN R (T
=) = le A'w(_q_dg’;,l:aux'd
W g, 43 He elecdic feld ol
O T N SRR
— => B —é:‘ Zo
B g, a5 Hhe ellechic field olug +o polanises arg™
: 22 o5 | ;
ng Lottaino e Legemtz Sphord- -
:ﬁ e howe astumeol oo cielecAore X e

- ————

N s——

s} en— polat maslecudos
= ? =) —--——*-'*“’@
= i i
—3 : __’ i il P é
=) B = Z____q‘é;_#%%n — 5‘4‘3% U

Badivasy viva egu-()

S
F = me(E"ag) 1)

—
+ P

f
!
1
o)
|
)
O |
6"
m}

£t % 3¢ (e-%2)
- _____'55.9 &lﬁ& 9—-5‘, -— N
s
o { £+r35, 35




I e A e LG Pt . =l . = n i L e e R R RN

, B e, 1g Laud 7
* Mascweld '8 fnoahd""-“i‘ﬂ“ m Aﬂl I

o Lauy = @
ogp. (D)

E??x-é po "'Llc)—‘r. sy Ame-

Takimy obivergemce. om beth 4iole 4

T 5)
=t JE = -*—é;
Sy e
Syl TLoiea TS
S >t
pid 37 e et il g 29 B,
— 2 "".g—g’
g:j’-,.}_:?% — e 4 4. B S
Sk
- 29 e ©)
??+%:_J[3+9—%€J
Fv-m.eg,n-s@azwd’ Loe. have.
-
#[P+5 8] =o —
&

Yz




S—odﬂ"ﬁ-\)‘ﬂ)\“m crmvemts %
<. (5‘-’4—203_—_5-3 = O
Wﬁ_rﬂq u:e,urat :
X 3 AP —
Al by Agped """{3 Hoat T o Aenfpera’s Lass

mab(}—u_al Ambere’s Laus 43

r'-"'"-—._'E

55 gx‘é*:%{:?—r@_i
. . ?t]
obicd s valid gon verging cuppienh alsd:
Fan ogt @ , 44 - '
® , A MWW&?




g
: J 28 .als
i IxE = '"%% e(w‘&a’f?”o)a[g‘ﬂ ot j;f ot
: — —F ,
v FxE = A (e ) sy [BE=[(rre25 )
s Law ooyt {)'lgw_v-&ﬂ'J
CAM}DULQ ‘

o e .
1 v:E =0 nh <2-B=° -

J
1



Eb-ﬂ-f’mrm.aqw_-l-ic, Waue. W:b-ﬂ‘r\——-—) =5
j"n ahu—:»fua.ua) '

—e a~~d T =0
S Marswells Eguation dor frae space ahL

i Tr =il _I_f_ 7.8 =0

— —
1 el B ~p —9 i 2
_l! VXE:_——E‘ _\__lf_ I xR = oic'.a_.t’

SXCQ?):—VX% i CV .
S Fx (IxE) = ’-5% 7 x® ) ST
But Sx (Fx€) = ST "'E")-VLFE* e




Wé.
An a Adeiles wasg o Haleiny Sl e e of
LgMation fv | we gat
V¥ x(Rx8) = Z x (Hote 28 ) S
But Ix(Ix@) = B(IE)- <8
N :gx(.gxg):_v"é’ g:'%.é*:} — @
Fakow M@Jw&w

y i

— -3
— B = J"OEOC“VK'%E._E')

5> -8 =Ahe 2 (FxF)

Using 2guq. (L e §oH

L"‘f

S Ty Y- <, ?‘5%)
vy VL-é-’ = "L'ogo %'2;%:_} /@

3+ 4 2.m. wave M‘ym 1 -’-éh/‘r\-\ﬁ} E g J-\-M.'s/ndc'_a,

R e R I e . .



e spaca
e == doo- a0 Sl ey
____l______ Jer n—V\.O.GLl‘W
e ;:J/Lb""'—i il

oA oy called c.La.ua.o_-le)-H-h'—J 'MW*

gC; ./Lt %HT.’(ID7

P = 5
JFbe
ord [he . o377 ohm




