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CHAPTER -1

STATEMENT OF GAUSS LAW
Srenv l&uiler FoHm)

Electric Flux (L1681 LImWwILD):
Definition (euemywemnm):

The electric flux is defined as the total number of electric lines of force, crossing
through the given area. The electric flux d¢ through the area dS is,

LOl6dT UMWILD eTedTUG Q&SMTHRSSULLL UpUUeTe] UG &L HG QFeLEILD Lol6o
alleme&CHETH&H6fl6r QLTSS 6Taua&Hms S @GLW. Wl umwib dé, ugluere] dS
QUAlWINS SL[HGI QFeLEIUSHTH QIHLILSTED,

d¢=§.d§ = E dS cos 6

The total flux through the closed surface S is obtained by integrating the above
equation over the surface.

cplgw Gomurly S eufllns QFeLeID QLTS LletT LmwLd GLoGev 2_6Ter
FLOGITUIML6DL 62 (Ih MM & 61 600TLILIG 60T cLp6vLd QUDLUILIB &M G).

d=¢dp=4§E.dS



Fig—1: Electric Flux

Unit (9160(S):

Its unit is Nm? C?
@ 861 3160 N m? C*

Gauss's Law (&méro adlg)):
Formulation (2-(H6UM&&LD):

The law was first formulated by Joseph-Louis Lagrange in 1773, followed by Carl
Friedrich Gauss in 1813.

Bh s allHlemiw (PG 6T (LHGH6e0IL 1773 @b CRmeL-guruilerv eom&GrEhd 2 (HeumSHSleui.
Sim 1813 @6b &MFeL NIFLHS &smev QAHTLIHE 2 (heursHEleurTi.

Statement (§a.mml):



https://en.wikipedia.org/wiki/Joseph-Louis_Lagrange
https://en.wikipedia.org/wiki/Carl_Friedrich_Gauss
https://en.wikipedia.org/wiki/Carl_Friedrich_Gauss

Gauss law states that the total flux of the electric field E over any closed surface is
equal to 1/eo times the net charge enclosed by the closed surface.

eTThSQeurm(p cpig i LFLLflepleTen W6 ev§Hleir QLOMSHHL LITWLLD, iHGHL LFLLIeY|6iTen
Qg WGT@ML L §S6T 1/g, L MRS D EGE FLOLMGL. QGHICal smev allf oy, GLb.

If g is inside the surface
g Cumurlys@ 2-e1Ger @ hHSHmeDL

- 5 q
E.dS=—
$ ‘.
If g is outside the surface
q Cumurly&@ QeueflGw @\(mibhHmeo
$E.dS=0

ELECTRIC FIELD DUE TO AN UNIFORMLY CHARGED SPHERE
FIns eTemIL L QUMM CHTTHSTEL 6fMU(RLD LAGT Lj6VLD
Applications of Gauss's Law (&mérv edlgluilesr LiwiesrLIm(h &61T):

Electric field due to an uniformly Charged Sphere (&gns
Ol L LIQUMHM CHETETEHHT6L ¢ MHU(HLD LHIGIT Lj6VLD):

Let us consider a thin Charged Sphere of surface charge density o and radius R. By
observation, we can see that the Sphere has spherical symmetry. Therefore, we can
evaluate the electric field due to the Sphere in three different positions:

Cumuruy WGT@ILL SILiSH o LOHMID U R ydHlweuhammsd Q&meL
Qevedlw G L UQUHD CaHTaTD Tmms &HHHHL QA&HTeTCaumDd. 2 MM
GIBITS (6 60T CLP6VLD, CHTENTLD FLOFEFT HETEHLOMWIS Cl&IT6UITLg. (THLILIEH && &ITETOT6VITLD.
LMBWITEL, Cp6rm| CeusuGaum Memeuseafly CaHTOTD &MEUILONS LOGTILLSHMS
HUSEG Q&uwevmLD:



Gaussian
Surface

Fig—-3: Field at a point outside the Sphere

(i) Electric field at a point outside the Sphere (Cameng et Qeuefliym LemeflulleL
2_eiTen LOI6OT Lj6VLD):

Consider a Charged Sphere of radius R. Let P be a point outside the Sphere, at
a distancer from the centre O. Let us construct a Gaussian surface with r as radius.
The electric field E is normal to the surface.

2T R @& QameuL Wa@ILLUAUDMD CHTaMHMmES &HSHH6L Q&HTeTCEUMLD.
CamearsHm©G QeuafiCw P sp@ Yemafluns emwwid O Qv @@mHg r QAgmemevaiew
&5 GW. STerdlwe GLMUILIEHL I &8 STIONSS QST (H 2 (heuTsH G CaumLD.
CumHuruys @ QFmIEGHHTS Wl Lyeod E Qh&Hmg).

The flux crossing the Gaussian Sphere normally in an outward direction is,
SIerOlWeT CHTTHMEHS SLG@GLW WletT umwbd Qurgeuns Qeueflluym Henguileo

S mULUGT6L,
¢ = $E.dS = $ EdS

According to Gauss’s Law

&merv edlgluiledr Lilg
- =3 q
E.dS=—
$ ‘.
q
$ EdS = e

56d§ is equal to area of Sphere 4nr?
$dS ereirug) CamengHei LyLiLeTey 4Tr? QYGLD.



4me,r?

It can be seen from the equation that, the electric field at a point outside the Sphere
will be the same as if the total charge on the Sphere is concentrated at its centre.
CoamensHm@ QeueflGw s LsTeflulled 2 eirem LBl6T Levd CamerHHler QLOTSHS
WOl L (LD 16T mwwdHHled Gallhgmal CumeuGel @Q@HEGLD 6TETUMS
Qs FLTUMLIq601(HHE &ITEUITELTLD.

(i) Electric field at a point on the surface of Sphere (Gasmengdleor GLomuIFLIL
yerefluleb 2_eirer LOIGH Lj6vLD):

Here r = R. Therefore, the electric field E for the points on the surface of charged
Sphere is,

@mCs r = R. gpemswmev, Wararl L LAudm CamargHmE Cumupliey 2 erer
Yeirerfl& em & meur L6 Ljsuld E @ (pLILISTEL,

. q
4me,R2
(iii) Electric field at a point inside the Sphere (Camengdler 2 eriym LemeaflulleL
2_eiTen LOI6OT Lj6VLD):

Consider a point P' inside the Sphere at a distance r1 from the centre of the Sphere.
Let us construct a Gaussian surface with radius rj.

Carenggleit oW HHOIBHG r1 AFmemevailey CamansHmGsT @ Yertafl P’ 056
&(HSH 6L QASHTETCOUMLD. YLD r1 QSTEBITL SHTerdlesr CLoMUITLIENL 2 (h6UIT & (G GeuLD.

Gaussian
Surface

Fig—4: Field at a point inside the Sphere

The total flux crossing the Gaussian sphere normally in an outward direction is



STerOlWeT CHTTHMHSH SHLEHGD CMss e umub Qurgeurs Ceuefliym
Slenguilev @ (HLILGTEL

¢ = $E.dS = § EdS = E 4mr?

Since there is no charge enclosed by the Gaussian surface, according to Gauss's

Law
&menv allglulleruig., STerdlwies GLoMULILIGL 6TThS LHIGTSTL L (LOLD @)6L6MEV 6T6ITLISHTED

E4-1Il'12=£i=
(0]

E=0

So the field due to a uniformly charged thin Sphere is zero at all points inside the

Sphere.
eTrGeu Gy Fyms W@ LD QFwiuL L QeLedll GHITETD SITJeuTons Lol

Heold CamenSHlet 2 6TLILMLD 2 6iT6N 6T6L6VN LeTef&efguiid sLflwiom@Ld.

PRINCIPLE OF A CAPACITOR
LOI6o1 G & & &l Uil6oT_& G §l6ULD

Capacitance of a capacitor (sp(m LOl6oT1G& & SHlulleir LOl6iTCH& (& Hme6or):
The charge given to a capacitor is directly proportional to its potential.

@@ WTCHHHSHG QASTHSHSULGL LOGTE@TLLLD 3ig6tr Ll6ren(ps555HDG GHYy
& gLomGLb.

QuxV
Q=CV
C=Q/V

This constant is known as the capacitance of the capacitor.
@h g Lrmledl WleTCH&HHlulle WITTCHSHGHSH HMT 616 MP&SSHLILGHMGI.

The capacitance of a capacitor is defined as the amount of charge that has to be
given to it to raise its potential by unity.



OTCHHH U AT SHSHHMS @IVE AHSRAUUSHEG CBTHRSHSUILL
Geuevarig .l LOI6OTEQITL_L_LD L1601 G 5 & SHlu 6ot O6TCHSHGSH  Hmeor 6T 60T
QUMIWMISSULGSIMG).

We can also find charge Q and voltage V by rearranging the above formula as:

GCGev 2. 6en FHS5HATH®S LMIFTMOLILGEH PV LTI LD Q LMHMID
LO16OT6OT (LD SGHLD V SUILD &630TL MILIGOITLD:

Q=CV
v=Q/C
Unit (3160(S):

Unit of capacitance is Farad.
LO161C 55 (G S Fmerfletr 60 ~LTTL

Principle of a Capacitor (LOleorCa&&luileir &8 GleuLd):

A capacitor consists of two conductors, one charged and the other usually earth
connected. L1 (L)
ITCHSHH Querr(h HLSHH&HmeNs Cameunt(heTargl, c6Tm| OGTE@ITL L LU (B6Teng)
LHAMTEETM| QUTGHeuTs Hamgull LUl B eTeng).

The principle of a capacitor is to increase the capacitance of a conductor.
% LaCasHlullar sHGeUud @ sSLHHular  HaCHHGSH  Hmene
SFHsAULGTGLD.

Let A be the charged conductor and B be the earth connected conductor.
A DGTE@TL L UUL L SLSHWTSHD, B mpuiliul L sLSSWnsHe L @& B L.

In the absence of B, let the charge on A be +q and the potential be V.
B @6veong Mlemevulled, A @60 2 6iten OGTE@IL LD +7 &, LlsTem(pSSHLD V
356D Q(HS&L_(HLD.

The capacitance of A

A @6t LO165TG & 5 (&S Hm 6ot

)
Il
<l



Suppose we place a similar conductor B near A.

MG AMPBL RCH CumeTm HL G B 660101601601 6MEULILIGTSHE QSHTETCoUTLD.

Suppose there is a dielectric medium between these.

Aeummim@ @enL G LOIGTHL G&ITLI QLIT(H6T HMLOHEH(HLLSHTEHS QSTeTGeuUTLD.

Due to the induction the negative charge appears on the side of B which is close

to A and the positive charge on the next side.

GIEILEL &SMJEUIONsG: A MG I lmwbhgleter B @6t LsEHHSH6L eTH

LOlGTETL L (LD, ABEHS LUSHSSHH60 Chij LT T L (LpLD CHMeT IS M.

>
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Fig-5 Fig—6

The negative charge located inside B reduces the potential of A.

B @6 2 6TUESSHH6L SenLobGleTen THJ WOTEILLID A @\6ir Ll6T6N (LSS HDSHS

GODEHME).

But the positive charge on the next side raises the potential of A.



L GEHS USHSHHQIeTer GBI WT@ILLID A Q6T OGN 5S5HMS
2 WIS GIHMG)I.

These two are opposed to each other.

Qmeu Qran(BLd sTmMAWTETM] THTSHME).

The effect is greater because the induced negative charge is close to A.
GreorL UL L. eTHJ WeT@ILLID A DG MBI 2 eTanemowmed Q&6 allenerey
3 FSLOMGLD.

So the potential of A decreases overall.
eTeTGeu A @6t LOIGTTET(LpSHSLD QOGS S6L GOMEHM ).

Therefore more charge must be applied to bring the A to the previous or former
potential.

qeiGel A emw usmpw LT (pS555HDGS CQsTEIGE HUGDEG GLOEYID
WleiTeTLL LD Sief&HsULL Caueuor(BLD.

Now let us assume that the charge in A is Qs.
@uCurg) A ullgpieirer LHIGITEITLL LD Q1 6T60I&H Q&HMETCOULD.

The capacitance of A
A @61 LO165TG & & (S & S 60T
Q1

C1=7

Q1>Q so Ci>C. Thus by setting the conductor B near A the capacitance of A
increases.

Q1>Q eteorGeu Ci1>C. @eueunrm| A M@ SIBH6L LG B lemwolugmev A @eor
L1651 C5 &GS H T 4SS H&H M.

Now suppose the conductor B is grounded.
@uCurg sL54 B sampulluuGeugnss Q& merGeuin.

So the positive charge induced in B reaches the ground.
eTeorGeu B @6v GrevorL_ L L GhIJ OIGHTEOITLL LD SHmJeml DL S G).

In the absence of a positive charge to counteract the effect of the negative charge,
the potential of A is greatly reduced. T Hy
T L gdlermed HuBL ellsmenailemer erHIULSDHTERT CHY LOGTETLL LD
@evevmemLowimev, A @6 OIGHT 6T (LS HLD LAIS AHSLOTES GODEDG).



Therefore A must be supplied with very high charge to bring it back to its previous
potential value.

TerGel A Wilemedt, SiG6ir LsmLpw TS5 S5S LHUNDGS CQaneau® eup, OIS
G smer WL Lb Slefl&suuL. Ceauevor(RLb.

Let us assume that the charge given to A is Q.
A ME QaTE&&sULELD WOIGTEITLL LD Q2 6T6ord Q&MeTCaurLD.

The capacitance of A
A @6t LO165TG & & (8 & Hm 60T
Q2
C=—
Ty
Q2>Q1>Q so C2>C:>C. Therefore, when a grounded conductor is placed near a
conductor, its capacitance increases.
Q2>Q1>Q ereorGeu C2> C1>C. eTa01G6U 6 &L §H &G N ([HHI6L HOTWILLULL SLGE)
AMLOSGLOCUITEI, 21560 LOI6HT CH & &S S M6t AH&HHHME).

A capacitor is a system in which a conductor is grounded next to an charged
conductor.

Qeueumrm WleT@ILLOULL.  SLHHSHG SIBGHO FopulourL sSLGdH
AMSHSHULLL. iemLoLiL i) LHl6TCH S H WM GLD.

CAPACITANCE OF A SPHERICAL CAPACITOR

(OUTER & INNER SPHERE EARTHED)

Camers LHeTCs s & uller L6t C & 5 (8 & Hm 6ot

(Qeuef&HCaHmend WMMID 2 6TCHTETLD

SoquilL UL (Reten GUTG))

(i) When the outer sphere is earthed (Qeuefl&GaHmard Hemyull_ UL (Beter GuUmg)):



Fig—7: When the outer sphere is earthed

The Spherical Capacitor is made up of two spheres A, B with a, b radii.
CoHmens IHTCHSHH A, B 94 MhiI&6T Q&ML a, b 6r6iTm @@ CHTATRIGETITEL 34,60T8).

The space between these two spheres is filled with air.
Aeuail(p CaHTaTMHISEDHS G RemLGW 2 eTem GenLQeauefl HTHMTeL
ByuuiuLBerengy.

The inner sphere A is charged by giving +g charge and the outer sphere B is
earthed.

2 6TGHMETD A & +( OGTE@ILL LD Q&TH S, Qeuafl&GCaHmend B
SeonguiliuL ReTerg).

At the inner surface of the outer sphere —q magnitude of charge is induced.
Qeuef&CamensHent 2L LFLLIEL —( SiaT6 WIGTEITL L LD GT6uorL LG HME).

Positive charge induced on the outer surface reaches the earth.
Qeuefliugutlev GresorL LUGWL GCHI OIGTEILL LD HMFml DL SMmG).

Let us consider the point P located at a distance r from the center O.
soLowid O afleb Q@HG! r AFmTemevailsy JlemLohgleTear P eT6irm LeTaflenuwis
& ([5G GeumLd.

Electric intensity at P
P @60 2 eiter LBITAFMI6Y



|
4me,r?

Work done when the unit positive charge is moved to a distance dr

®r6v(G G OIGHTEMITLL MG dr AGTemevey H&HTSHGILLCUTGI, QgL L Galsmnev

Edr=4

g, r?

The amount of work done while moving unit positive charge from B to A is equal
to the potential difference between the two spheres.

UL CHI T L HmG B @6 Qb A ellh@ o717 HGIFQAFe0eID GUTF)
QUL L Geausmevullesr sieney @ GCHMONMISEHSH G PenL G 2 eTerm
LO6oT6uT (105G CeumIUML I D (&GF FLOLOM(GLD.

VaBlVs =B Edr

a (q
=
.fb 4me,r? dr

q adr
= —
4me, fb r2

_1a
_pg-9 -]

4me, Lr

1
A= -
4mg, La

IWIHI

q [1

=
4me, La

S| =

q (b-a)

=
4me, ab

Ve = 0, because the outer sphere is grounded
Qeuefl&Camend emyuil Ul ig@muugreo Ve = 0



q(b-a)
v=0-12
4mteyab

Therefore capacitance is\
LS WITEL L6 CH & (5 H M 6ot

q
C= =
Vv
_ 4mgqab
~ (b-a)
So it seems that capacitance is not dependent on charge.
eTrGeu OTCHEGS M6, LOIHT@ITL L HMGEF FMGIHSHSH6L6V 6TaTLIG QAFHFHME).

When the air between the two spheres is removed and filled with media
B CaHMMMISEHSH G QLG 2 6Tear STHH 6D 6T AHSHMHM, 2a1L_5 & GHIT6L
ByUYbGUTg)

4me eab
~ (b-a)
(if) When the inner sphere is earthed (2-eTGamend GemyullLuL Geren GuUTG)):

Let us consider two spheres with radii A and B.
LTHIGET A, B Q&mesrL. @ (h CHTEHISMETS & ([5G GeurLd.

Let us assume the outer sphere B is charged by giving +g charge.
Qeuef&Camearid B & +q W@ LD Q&THSSULL(RETaTSHTS Q& TeTGeurLDd.

Assume if the potential is zero in the region around B, the charge +q will be
distributed on the inner and outer region of the sphere.

B @meur& &mmlujeer LG Hullev Wieer(LpssLd &Ll 6Tevllev, Ll L LD +q,
CamergHleir 2_6TLGSUNILD, QeuafliL@GHuiley|d L& Fey Q&Tevurig. (bS5 GLD.



Fig—8: When the inner sphere is earthed

Let us assume that the charge at the inner region is +qi1 and the charge at the outer
region is +qa.
2_eTLGSlullgyeiTer LOGTE@TLL LD +0:1 Qeuefllu@Sluliguieiten WOIGTE@ITL L LD +(2 6T6T6LD
QameTGeumd.

The charge +qzat the inner surface of B induce —q> magnitude of charge at the outer
surface of A.

B @e6tr 2 _uguiigyieiten leTenTLLLd +g2, A @61 Qeuefluuguiigyieitenr —q. iemey
LOIGTTEITL_L§60F GIT6vor (G H M.

As the inner region Sphere A is earthed, the induced charge in this region reaches
the earth.

CamerLd A @eor 2 6TL(GH) SOFUILLUUL I (HLUST6V, Auu@dluilev
e LLUGLD LOGTE@ITLL LD MYl SimLSHMmE).

The charge +q2 at the inner surface of B along with —q: at the outer surface of A
acts as a capacitor.

B @6t 2 Luguiflgpieiten BTG L LD +02 2.1b, A @61 Qeuefluuguflepisiter —q2 2 Lb
@ emeuth gl NGTCHSH NS QFweoLI(HHIMGI.

The capacitance of this capacitor,
b LO6TCH & Huleir L 6T CH & (S S Hmedr,
_ 4mg,ab
" (b-a)




The Capacitance of outer sphere having charge +q1 and radius b is
LOlGOTEMITL_L_LD +q1 21D, SpLD b 2_1d Q&meverL. Qeuafl&Camen s Sleir LOl6i G & &S SH meor

C2 = 4mteob

Total capacitance
QoS8 L16tTC 5 & (G S S m 6o

C=Ci1+C;

4meyab
(b-a)

+ 4meob

C = 41teo -;1_121 + b]

C =4mep b-a

[ab + b%-ab ]

B 4me,b?
~ (b-a)

When there is a conductive material instead of air
STHMMHEGLU LSleons LOGT &L SSHTLI CILIT (56T 2_6TeT CUITS)

4me,g.b?

(b-a)

ENERGY STORED IN A CHARGED CAPACITOR
WleremmL L UL L 061G & S &S Sluilett 21MMeL

Suppose a capacitor is continuously charged.
P OGTCHEHH &G QAHTLIHE)! LOGTEHITL L LD afUUGTSHE Q&TeTGeumLD.

We assume that the voltage of the capacitor is V and the charge is g.
LO1651C & & &l ull6vr LOI6HTEOT (LD SHHLD V 6T6uT LD, LOIGHTEHTLL LD g 6TET6YLD Q& TeTCoumLD.

When more charge is applied to the capacitor, it must work against the charge in
the capacitor.

LOl6TTCH & &G GLOgVILD Ll6iTaITL L LD i6ef&&uuEGLD CUT ), O6TCH S S ulley|emen
Ol L S0 TS G Cauemev Q&L Geuewor(HLD.



The amount of work done to supply dq charge to the capacitor is V.dg Joule.
WleTCH&H &G dg WML L LD efllugn G & Ceauevriguwl Calsmeouller slemey
V.dq grev.

If the total charge to be given to the capacitor is Q, then the total work to be done
OITCH&H &GS Q&M[H SHSHLILL Ceuevstriqul QDTS LOI6TEBTL L LD Q 6T 6vfl6dr,
QEwwtiuL. Geuevarig W QLOM &S Geuemnev

w=[lV.dg

If the capacitance of the capacitor is C,
L1661 C 5 & SHlulletr LO16TTC & & (5H& Hmedr C 6T 6vfl6or,

2
Q— Joule
C

The work done to charge the capacitor becomes stable energy. Hence the energy
in the capacitor

Ol6TC & & SHlemwl OlTTETL (Feus M@ QewwiuLL Geuemev, HlemevIMMHMEOT S
ADOHMG). 6Te1Cel LOI6HTCH & Hulleuieiar 94,MMmev

1 Q2
E= 2 C Joule
But,
S}, 6OTT6V,
Q=CV
1V 1,
E= 2 C 2 cv
1% 1
E=3 /V_ZQV

. Energy of the capacitor is



o IRGTCHSH U6 34 HMED

2
g 12
C

N =

—1cv2—1 \'
2 _zQ

Energy of the parallel plate capacitor (@ emewr$ 58 [ LO6TCHSHHUN6HT 4MHMEL):

The energy of the capacitor is
LO16oTC & & Hlullesr 4, MHMeL

In the parallel plate capacitor
B en 61§ 58 ([ LBI6tTC G & Hluilev

Q=0A

Here A is the area of the plate and o is the charge density.
QI A T6TLIG) &5 19.60T LFLILIETE LOMHMID O WOIGTITL L SILTSHH 34 (SLD.
Capacitance of the parallel plate capacitor is
Q558 (H LTCHEHuile LOGTCSH &GS Hm et
A
d

C=

~ Energy of the parallel plate capacitor is
~ @665 58 (b L6TCHSHUN6T 34 MHMEL

Joule



LOSS OF ENERGY ON SHARING OF CHARGES
BETWEEN 2 CAPACITORS

A\(m LNTTCHE S EOh5 G @enL_ulleL LOlGTHITL L LI
Lgljailermed eMmL(RLD LMMEL @IPLIL]

e Ogly D

B

Let us consider two capacitors A, B with capacities Cy, Co.

6TCHEGH Hmeisen C1, Co Qamesor A, B eT6tTm @b OTCHEHHmeNTS & (1h S &H6L
Q&merTGeurLd.

Let us assume that the charges supplied to them are Qi, Q2 and their voltages are
V1, Vo respectively.

BeummM @ S1ef& UL BerTer W6T@ITL L hiseT (PemmGw Q1, Q2 éTaayLd, @ eumlesr
LOVGOT6UT (LSS MIGET V1, V2 6T60IQYLD QSBTETGeUMLD.

Energy of the capacitor A before connect

OTCHHE A @61 9LMMEL @em6seT&HS&LILIEBLD (LD 6T

1
=2 CiVf

Energy of the capacitor B before connect
OTCHE&EH B @61 QDML QenreonT&H&LILIHLD (L 6T
— 1 C VZ
=5 L2V2
Total energy before connect
Qe &HSLLMLD (6T QILTEHS 4MM6L
Ey== CVE+= C,V2
1=5 V175 L2V

When two capacitors are connected by a wire, the current flows from the high
voltage capacitor to the low voltage capacitor.



@ GCHEEHGHMmTULLD @ ST Q&G CUITEI, LOIGTE@ITL L OGS
2 Wy Wener(pSGHpener LOTTCHEEUND QWb GHOMBHG LOI6T6T (LSS (P66
LOI6TTC & & &G QFLHME).

Total charge

Qr$s LHlETETL L LD
Q=Q:+Q;
Total capacitance
Qs W6TCH& GG $Hmedr
C=C;+C,

When the two capacitors are connected, the Total potential V is
B®m WTTCHHHHEHL QemasSSLULEGLD GCUT, CMGHS LOIGTEI(NSSLD V SL6H)

+
Ve Q1+Q2
C1+C2
But,
S 60TIT6V,
Qi =0CV;
Q= C;V;
C1 V1+C2V2
- C1+C2

Once the two capacitors are connected, the total energy
A SLHHGEHLD @ enevnr&HSLILLL L6, QLOTSHS S4MHMEL

1 2
EZ - E (C1+C2) Vv

1 Cy V1+CyV,7°
=E (C1+C2) [ C1+C2 ]

2
(C; V1+C,V,)
(C1+Cy)*

1
=3 (C1+Cy)

1 (¢4 V1+c2v2)2
2 (C4+Cy)

Loss of energy due to contact is
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Whatever the value of V1, V2 the value of (V1-V>) is always positive. Therefore, the
value of E: is greater than Eox.
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So when the two capacitors are connected by a wire, a spark is produced and
energy loss occurs.
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This loss is converted into heat energy.
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MAGNETIC FIELD

A Magnetic Field is a vector field that describes the magnetic influence on moving
electric charges, electric currents, and magnetic materials. The space or region around
a magnet within which its influence can be felt by another magnet is called Magnetic
Field.

A Magnetic Field is represented by a series of lines around a magnet.

The path along which North Pole moves in a Magnetic Field is called magnetic lines of
force or magnetic field line.

The Sl unit for Magnetic Field is the Tesla
MAGNETIC FLUX

Magnetic Flux is defined as the number of magnetic field lines passing through a given
closed surface. It provides the measurement of the total magnetic field that passes
through a given surface area. Here, the area under consideration can be of any size and
under any orientation with respect to the direction of the magnetic field.

It is denoted by ® or Os.
The Sl unit of Magnetic Flux is the Weber (Wb).
Magnetic flux formula is given by:

®s =B.A=BA cos 6
Where,

o s is the magnetic flux.

o B is the magnetic field

e Aisthe area

« 0O the angle at which the field lines pass through the given surface area



MAGNETIC INDUCTION
(ALSO CALLED MAGNETIC FLUX DENSITY)

Magnetic Induction (also called Magnetic Flux Density) B describes a magnetic force
(a vector) on a test object (for instance a small piece of iron) at every point in space.

Magnetic Flux Density B is a measure of the actual magnetic field within a material
considered as a concentration of magnetic field lines, or flux, per unit cross-sectional
area.

The Sl unit for Magnetic Flux Density is the Tesla (T)

MAGNETIZATION (INTENSITY OF MAGNETIZATION)
Intensity of Magnetization | is the magnetic moment per unit volume of the specimen.

MAGNETIZING FIELD INTENSITY

Magnetizing Field Intensity (Magnetic Field Strength) His a measure of the
magnetizing field produced by electric current flow in a coil of wire.

MAGNETIC PERMEABILITY

Magnetic Permeability is defined as the ratio of the Magnetic Induction (Magnetic
Flux Density) B to the Magnetizing Field Intensity (Magnetic Field Strength) H.
Magnetic Permeability p is thus defined as p = B/H.

The Sl unit for Magnetic Permeability is the henries per meter (H/m), or equivalently
in newtons per ampere squared (N/A?).

MAGNETIC SUSCEPTIBILITY

Magnetic Susceptibility is defined as the ratio of Magnetization M to the applied
Magnetizing Field Intensity (Magnetic Field Strength) H.

Magnetic Susceptibility Xm is thus defined as xm = M/H.

This is a dimensionless quantity.

PROPERTIES OF DIA, PARA. FERROMAGNETIC MATERIALS

Based on their behavior in a magnetizing field, materials are classified as diamagnetic,
paramagnetic, ferromagnetic, ferromagnetic, and antiferromagnetic substances.


https://www.britannica.com/science/electric-current
https://en.wikipedia.org/wiki/Henry_(unit)
https://en.wikipedia.org/wiki/Newton_(unit)
https://en.wikipedia.org/wiki/Ampere

Properties Ferromagnetic Paramagnetic Diamagnetic
Materials Materials Materials
State They are solid They can be solid, | They can be solid,
liquid or gas. liquid or gas.
Effect of Magnet Strongly attracted | Weakly attracted | Weakly repelled
by a magnet. by a magnet by a magnet.

Behavior under
non-uniform field

tend to move from
low to high field
region.

tend to move from
low to high field
region.

tend to move from
high to low region

Behavior  under | They preserve the | They do not | They do not
external field magnetic preserve the preserve the
properties after magnetic magnetic
the external field | properties once properties once
is removed. the external field the external field
is removed. is
removed.
Effect of | Above curie point, | With the rise of | No effect.
Temperature it becomes a temperature, it
paramagnetic. becomes a
diamagnetic.
Permeability Very high Little greater than | Little less than
unity unity
Susceptibility Very high and | Little greater than | Little less than
positive unity and positive | unity and negative
Examples Iron, Nickel, | Lithium, Tantalum, | Copper, Silver,
Cobalt Magnesium Gold

PROPERTIES OF FERRI AND ANTIFERROMAGNETIC MATERIALS




Properties

Ferrimagnetic Materials

Antiferromagnetic Materials

Spins

Below Tc, spins are
aligned antiparallel but do
not cancel

ERERER

Below Tn, spins are aligned
antiparallel in ma gnetic
domains

Pititit

Magnetic moments

Atoms have anti parallel
aligned Magnetic
Moments.

Atoms have mixed parallel and
anti parallel aligned Magnetic
moments.

Occur

Insulators also.

Insulators also.

Susceptibility

Large and positive

Small and positive

Examples
in Susceptibility

Ba, Ferrites

Cr

HYSTERISIS

Hysteresis is characterized as a lag of Magnetic
Magnetization (1) behind the Magnetizing Field Intensity (H).

Induction (B) and Intensity of



MAGNETIC PROPERTIES OF SOFT IRON AND STEEL

A )
(or B) Soft iron

Steei

A
B

Retentivity of soft iron is more than the retentivity of Steel.

Soft iron can easily magnetize and demagnetize compared to Steel.

The coercivity of steel is more than the coercivity of soft iron.

Area of the loop in case of soft iron is less than the area of the loop in steel.
Due to small area energy loss in soft iron is less than energy loss in steel.

I and x both are high in soft iron whereas in steel both are low.

Magnetic permeability is high in soft iron compared to steel.

Softirons are used in transformers, electromagnetic tapes and tape recorders, etc..

The steel used to make permanent magnets.



	ALLIED PHYSICS II
	Statement of Gauss Law ‒ Electric Field due to Uniformly Charged Sphere ‒ Principle of a Capacitor ‒ Capacitance of a Spherical Capacitor (outer & inner Sphere earthed) ‒ Energy stored in a Charged Capacitor ‒ Loss of energy on sharing of charges betw...
	Magnetic Induction ‒ Magnetization ‒ Magnetic Susceptibility ‒ Magnetic Permeability ‒ Properties of Dia, Para, Ferro, Ferri & Antiferromagnetic materials ‒ Definition of Hysteresis ‒ Experiment to draw M‒H curve ‒ Magnetic Properties of Soft iron & S...
	STATEMENT OF GAUSS LAW
	Electric Flux (மின் பாயம்):
	Definition (வரையறை):
	Gauss's Law (காஸ் விதி):
	ELECTRIC FIELD DUE TO AN UNIFORMLY CHARGED SPHERE
	Applications of Gauss's Law (காஸ் விதியின் பயன்பாடுகள்):
	Electric field due to an uniformly Charged Sphere (சீராக மின்னூட்டப்பெற்ற கோளத்தால் ஏற்படும் மின் புலம்):
	Electric field due to an uniformly Charged Sphere (சீராக மின்னூட்டப்பெற்ற கோளத்தால் ஏற்படும் மின் புலம்):
	மின்தேக்கியின் தத்துவம்
	Capacitance of a capacitor (ஒரு மின்தேக்கியின் மின்தேக்குத் திறன்):
	The charge given to a capacitor is directly proportional to its potential.
	ஒரு மின்தேக்கிக்கு கொடுக்கப்படும் மின்னூட்டம் அதன் மின்னழுத்தத்திற்கு நேர் விகிதமாகும்.
	Q ∝ V
	Q = CV
	C = Q/V
	This constant is known as the capacitance of the capacitor.
	இந்த மாறிலி மின்தேக்கியின் மின்தேக்குத் திறன் என அழைக்கப்படுகிறது.
	The capacitance of a capacitor is defined as the amount of charge that has to be given to it to raise its potential by unity.
	மின்தேக்கியின் மின்னழுத்தத்தை ஓரலகு அதிகரிப்பதற்கு கொடுக்கப்பட வேண்டிய மின்னூட்டம் மின்தேக்கியின் மின்தேக்குத் திறன் என வரையறுக்கப்படுகிறது.
	We can also find charge Q and voltage V by rearranging the above formula as:
	மேலே உள்ள சூத்திரத்தை மறுசீரமைப்பதன் மூலம் மின்னூட்டம் Q மற்றும் மின்னழுத்தம் V ஐயும் கண்டறியலாம்:
	மேலே உள்ள சூத்திரத்தை மறுசீரமைப்பதன் மூலம் மின்னூட்டம் Q மற்றும் மின்னழுத்தம் V ஐயும் கண்டறியலாம்:
	Q = CV
	V = Q/C
	Unit (அலகு):
	Unit of capacitance is Farad.
	மின்தேக்குத் திறனின் அலகு ஃபராட்
	Principle of a Capacitor (மின்தேக்கியின் தத்துவம்):
	A capacitor consists of two conductors, one charged and the other usually earth connected.                                                                                                                                 ஒரு மின்தேக்கி இரண்டு கடத்திகளைக...
	The principle of a capacitor is to increase the capacitance of a conductor.                       ஒரு மின்தேக்கியின் தத்துவம் ஒரு கடத்தியின் மின்தேக்குத் திறனை அதிகரிப்பதாகும்.
	Let A be the charged conductor and B be the earth connected conductor.                         A மின்னூட்டப்பட்ட கடத்தியாகவும், B தரையிடப்பட்ட கடத்தியாகவும் இருக்கட்டும்.
	In the absence of B, let the charge on A be +q and the potential be V.                                             B இல்லாத நிலையில், A இல் உள்ள மின்னூட்டம் +q ஆகவும், மின்னழுத்தம் V ஆகவும் இருக்கட்டும்.
	The capacitance of A
	A இன் மின்தேக்குத்திறன்
	C = ,𝐐-𝐕.
	Suppose we place a similar conductor B near A.                                                                    A ற்கு அருகில் இதே போன்ற கடத்தி B ஒன்றினை வைப்பதாகக் கொள்வோம்.
	Suppose we place a similar conductor B near A.                                                                    A ற்கு அருகில் இதே போன்ற கடத்தி B ஒன்றினை வைப்பதாகக் கொள்வோம்.
	Suppose there is a dielectric medium between these.
	இவற்றிற்கு இடையே மின்கடத்தாப் பொருள் அமைந்திருப்பதாகக் கொள்வோம்.
	Due to the induction the negative charge appears on the side of B which is close to A and the positive charge on the next side.
	தூண்டல் காரணமாக A ற்கு அருகில் அமைந்துள்ள B இன் பக்கத்தில் எதிர் மின்னூட்டமும், அடுத்த பக்கத்தில் நேர் மின்னூட்டமும் தோன்றுகிறது.
	தூண்டல் காரணமாக A ற்கு அருகில் அமைந்துள்ள B இன் பக்கத்தில் எதிர் மின்னூட்டமும், அடுத்த பக்கத்தில் நேர் மின்னூட்டமும் தோன்றுகிறது.
	Fig‒5                                                      Fig‒6
	The negative charge located inside B reduces the potential of A.
	B இன் உள்பக்கத்தில் அமைந்துள்ள எதிர் மின்னூட்டம் A இன் மின்னழுத்தத்தைக் குறைக்கிறது.
	B இன் உள்பக்கத்தில் அமைந்துள்ள எதிர் மின்னூட்டம் A இன் மின்னழுத்தத்தைக் குறைக்கிறது.
	But the positive charge on the next side raises the potential of A.
	ஆனால் அடுத்த பக்கத்திலுள்ள நேர் மின்னூட்டம்  A இன்  மின்னழுத்தத்தை உயர்த்துகிறது.
	ஆனால் அடுத்த பக்கத்திலுள்ள நேர் மின்னூட்டம்  A இன்  மின்னழுத்தத்தை உயர்த்துகிறது.
	These two are opposed to each other.
	இவை  இரண்டும்  ஒன்றையொன்று எதிர்க்கிறது.
	The effect is greater because the induced negative charge is close to A. தூண்டப்பட்ட எதிர் மின்னூட்டம் A ற்கு அருகில் உள்ளமையால் இதன் விளைவு அதிகமாகும்.                                                                                                   ...
	So the potential of A decreases overall.
	எனவே A இன் மின்னழுத்தம் மொத்தத்தில் குறைக்கிறது.
	Therefore more charge must be applied to bring the A to the previous or former potential.
	எனவே A யை பழைய மின்னழுத்தத்திற்குக் கொண்டு வருவதற்கு மேலும் மின்னூட்டம் அளிக்கப்பட வேண்டும்.
	எனவே A யை பழைய மின்னழுத்தத்திற்குக் கொண்டு வருவதற்கு மேலும் மின்னூட்டம் அளிக்கப்பட வேண்டும்.
	Now let us assume that the charge in A is Q1.
	இப்போது A யிலுள்ள மின்னூட்டம் Q1 எனக் கொள்வோம்.
	The capacitance of A
	A இன் மின்தேக்குத்திறன்
	C1 = ,,𝐐-𝟏.-𝐕.
	Q1 > Q  so C1 > C. Thus by setting the conductor B near A the capacitance of A increases.
	Q1 > Q  எனவே C1 > C.  இவ்வாறு A ற்கு அருகில்  கடத்தி  B அமைப்பதால் A இன் மின்தேக்குத்திறன் அதிகரிக்கிறது.
	Q1 > Q  எனவே C1 > C.  இவ்வாறு A ற்கு அருகில்  கடத்தி  B அமைப்பதால் A இன் மின்தேக்குத்திறன் அதிகரிக்கிறது.
	Now suppose the conductor B is grounded.
	இப்போது கடத்தி  B தரையிடப்படுவதாகக் கொள்வோம்.
	So the positive charge induced in B reaches the ground.
	எனவே  B இல் தூண்டப்பட்ட நேர் மின்னூட்டம் தரையை அடைகிறது.
	In the absence of a positive charge to counteract the effect of the negative charge, the potential of A is greatly reduced.                                                                       எதிர் மின்னூட்டத்தினால் ஏற்படும் விளைவினை எதிர்ப்பதற்கான ...
	Therefore A must be supplied with very high charge to bring it back to its previous potential value.
	எனவே A யினை, அதன் பழைய மின்னழுத்தத்த மதிப்பிற்குக் கொண்டு வர, மிக அதிகமான மின்னூட்டம் அளிக்கப்பட வேண்டும்.
	எனவே A யினை, அதன் பழைய மின்னழுத்தத்த மதிப்பிற்குக் கொண்டு வர, மிக அதிகமான மின்னூட்டம் அளிக்கப்பட வேண்டும்.
	Let us assume that the charge given to A is Q2.
	A ற்கு கொடுக்கப்படும் மின்னூட்டம் Q2 எனக் கொள்வோம்.
	The capacitance of A
	A இன் மின்தேக்குத்திறன்
	C2 = ,,𝐐-𝟐.-𝐕.
	Q2 > Q1 > Q  so C2 > C1 > C.  Therefore, when a grounded conductor is placed near a conductor, its capacitance increases.
	Q2 > Q1 > Q  எனவே C2 > C1 > C. எனவே ஓர் கடத்திக்கு அருகில் தரையிடப்பட்ட கடத்தி அமைக்கும்போது, அதன் மின்தேக்குத்திறன்அதிகரிக்கிறது.
	Q2 > Q1 > Q  எனவே C2 > C1 > C. எனவே ஓர் கடத்திக்கு அருகில் தரையிடப்பட்ட கடத்தி அமைக்கும்போது, அதன் மின்தேக்குத்திறன்அதிகரிக்கிறது.
	A capacitor is a system in which a conductor is grounded next to an charged conductor.                                                                                                                                                               இவ்வாற...
	CAPACITANCE OF A SPHERICAL CAPACITOR
	(OUTER & INNER SPHERE EARTHED)
	கோளக மின்தேக்கியின் மின்தேக்குத்திறன்
	(வெளிக்கோளம் மற்றும் உள்கோளம்                      தரையிடப்பட்டுள்ள போது)
	(வெளிக்கோளம் மற்றும் உள்கோளம்                      தரையிடப்பட்டுள்ள போது)
	(i) When the outer sphere is earthed (வெளிக்கோளம் தரையிடப்பட்டுள்ள போது):
	Fig‒7: When the outer sphere is earthed
	The Spherical Capacitor is made up of two spheres A, B with a, b radii.
	கோளக மின்தேக்கி A, B ஆரங்கள் கொண்ட a, b என்ற இரு கோளங்களால் ஆனது.
	The space between these two spheres is filled with air.
	இவ்விரு  கோளங்களுக்கு இடையே உள்ள இடைவெளி காற்றால் நிரப்பப்பட்டுள்ளது.
	இவ்விரு  கோளங்களுக்கு இடையே உள்ள இடைவெளி காற்றால் நிரப்பப்பட்டுள்ளது.
	The inner sphere A is charged by giving +q charge and the outer sphere B is earthed.
	உள்கோளம் A க்கு +q மின்னூட்டம் கொடுத்து, வெளிக்கோளம் B தரையிடப்பட்டுள்ளது.
	At the inner surface of the outer sphere ‒q magnitude of charge is induced.
	வெளிக்கோளத்தின் உட்பரப்பில் ‒q அளவு மின்னூட்டம் தூண்டப்படுகிறது.
	Positive charge induced on the outer surface reaches the earth.
	வெளிப்பரப்பில் தூண்டப்படும் நேர் மின்னூட்டம் தரையை அடைகிறது.
	Let us consider the point P located at a distance r from the center O.
	மையம் O வில் இருந்து r தொலைவில் அமைந்துள்ள P என்ற புள்ளியைக் கருதுவோம்.
	மையம் O வில் இருந்து r தொலைவில் அமைந்துள்ள P என்ற புள்ளியைக் கருதுவோம்.
	Electric intensity at P                                                                                                                                       P இல் உள்ள மின்செறிவு
	E = ,𝐪-,𝟒𝛑,𝛆-𝐨.𝐫-𝟐..
	Work done when the unit positive charge is moved to a distance dr
	ஓரலகு நேர் மின்னூட்டத்தை dr தொலைவு நகர்த்தும்போது, செய்யப்பட்ட வேலை
	‒ E dr = ‒ , 𝐪-,𝟒𝛑,𝛆-𝐨.𝐫-𝟐..
	The amount of work done while moving unit positive charge from B to A is equal to the potential difference between the two spheres.
	ஓரலகு நேர் மின்னூட்டத்தை B இல் இருந்து A விற்கு எடுத்துச்செல்லும் போது செய்யப்பட்ட வேலையின் அளவு இரு  கோளங்களுக்கு இடையே உள்ள மின்னழுத்த வேறுபாட்டிற்குச் சமமாகும்.
	ஓரலகு நேர் மின்னூட்டத்தை B இல் இருந்து A விற்கு எடுத்துச்செல்லும் போது செய்யப்பட்ட வேலையின் அளவு இரு  கோளங்களுக்கு இடையே உள்ள மின்னழுத்த வேறுபாட்டிற்குச் சமமாகும்.
	VA‒ VB = ‒ E dr
	= ‒ ,𝒃-𝒂-,𝐪-,𝟒𝛑,𝛆-𝐨.𝐫-𝟐...  . dr
	= ‒ ,𝐪-𝟒𝛑,𝛆-𝐨.. ,𝒃-𝒂-,𝐝𝐫-,𝐫-𝟐...
	= ‒ ,𝐪-𝟒𝛑,𝛆-𝐨.. ,,,𝟏-𝒓..-𝒃-𝒂.
	= ‒ ,𝐪-𝟒𝛑,𝛆-𝐨.. ,,𝟏-𝒂. ‒ ,𝟏-𝒃..
	= ‒ ,𝐪-𝟒𝛑,𝛆-𝐨.. ,,𝟏-𝒂. ‒ ,𝟏-𝒃..
	= ‒ ,𝐪-𝟒𝛑,𝛆-𝐨.. ,,𝐛‒𝐚.-𝐚𝐛.
	VB = 0, because the outer sphere is grounded
	வெளிக்கோளம் தரையிடப்பட்டிருப்பதால் VB = 0
	V = ‒ ,𝐪(𝐛‒𝐚)-𝟒𝛑,𝛆-𝐨.𝐚𝐛.
	Therefore capacitance is\
	ஆகையால் மின்தேக்குத்திறன்
	C =  ,𝐪-𝐕.
	C =  ,𝟒𝛑,𝛆-𝐨.𝐚𝐛-(𝐛‒𝐚).
	So it seems that capacitance is not dependent on charge.
	எனவே மின்தேக்குத் திறன், மின்னூட்டத்தைச் சார்ந்ததல்ல என்பது தெரிகிறது.
	When the air between the two spheres is removed and filled with media
	இரு கோளங்களுக்கு இடையே உள்ள காற்றினை அகற்றி, ஊடகத்தால் நிரப்பும்போது
	இரு கோளங்களுக்கு இடையே உள்ள காற்றினை அகற்றி, ஊடகத்தால் நிரப்பும்போது
	C =  ,𝟒𝛑,𝛆-𝐨.,𝛆-𝐫.𝐚𝐛-(𝐛‒𝐚).
	(ii) When the inner sphere is earthed (உள்கோளம் தரையிடப்பட்டுள்ள போது):
	Let us consider two spheres with radii A and B.
	ஆரங்கள் A, B கொண்ட இரு கோளங்களைக் கருதுவோம்.
	Let us assume the outer sphere B is charged by giving +q charge.
	வெளிக்கோளம் B க்கு +q மின்னூட்டம் கொடுக்கப்பட்டுள்ளதாக கொள்வோம்.
	Assume if the potential is zero in the region around B, the charge +q will be distributed on the inner and outer region of the sphere.                                                                                       B இனைச் சுற்றியுள்ள பகுதியில் ...
	Fig‒8: When the inner sphere is earthed
	Energy of the capacitor A before connect
	Energy of the capacitor B before connect
	Total energy before connect
	When the two capacitors are connected, the Total potential V is
	Loss of energy due to contact is
	So when the two capacitors are connected by a wire, a spark is produced and energy loss occurs.
	MAGNETIC INDUCTION
	(ALSO CALLED MAGNETIC FLUX DENSITY)

	HYSTERISIS
	Hysteresis is characterized as a lag of Magnetic Induction (B) and Intensity of Magnetization (I) behind the Magnetizing Field Intensity (H).
	MAGNETIC PROPERTIES OF SOFT IRON AND STEEL
	Retentivity of soft iron is more than the retentivity of Steel.
	Soft iron can easily magnetize and demagnetize compared to Steel.
	The coercivity of steel is more than the coercivity of soft iron.
	Area of the loop in case of soft iron is less than the area of the loop in steel.
	Due to small area energy loss in soft iron is less than energy loss in steel.
	I and χ both are high in soft iron whereas in steel both are low.
	Magnetic permeability is high in soft iron compared to steel.
	Soft irons are used in transformers, electromagnetic tapes and tape recorders, etc..
	The steel used to make permanent magnets.

