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CLASS XIl :NOT ESs : CHAPTER-1: ELECTRIC CHAR4ES AND FIELDS : PHysics 
ELECTRO0 <TATIC sTATIC ELECTRICITY :- The Branch of Phyics. 
deals sith the study f elec hie charges at vest. 

Tyhes of Eleckie chargei 

ELECTRIC CHARCE FLechie charge is a fndamental phyieal 
quantily due to wbich lechioal aid olher iebted «feti are pdred 
ir mate. It is a form of energy and it can meither be created 
nor be deshoyed. 
Uit of Eechric charge:-Charge of an obiet is a meacuable 
quantt. The charge poscesred y objet is meacreod in Colot 

C. C.a.s. Unit ok charge u ctatcolomb. 

||C = 3x (ostateoulot 
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fostue chare Postiely charged object postess mot 
than elechons. Loss et elelhory Dccuss , thenfoe 

Charge Inderactions 

C 

Negati changei- Negately chargd objec pocess moe edechone 
than prtons. khain ot elechohs occus, 
2(Botan)- th6xo9 

an 

mort 

2(elec hon)= -l6x (oc 

pesent in he ouct oGpenas pon he mwnber of exess 

() Like charges vebel cah other. 2 

negatie 

(ui) Ualike charges aract each odher. 

(iw) Ik >>, hen 

mase yeduces. 

(ui) charged objects atrad muhal objeet. f) 

wlica 

mass nceases. 

Force 

Charyd vncharged 
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Apparats body i- lold- leal Glechosef 
Prinißle- Tt worke on the prinuple -that Eke charges 
othes 

uced to deteet chavge on a 

Wos kong:- Tt consiss of a meta ool. At one end of the ool, 

two yd leaes ase fix ed. At the other encl, -hee u a metal 
wken the metal dise s touheo with a charged body . 

die. each othes. Bec ause, chárges gold leaes will move auday fam 
to the leaves by conduction. Anol, mathe o ave tansferd 

charges on both the leaes a sinilan. Hence, they wowol vebef ec 

othel. 
faoßerties f Electric charge : 

(i) Quantieaton ot Charsei- Elechrie charge on a bady 
integrod multiple of charge 

Tt 

Ie, 4 tne, wbere n l,2,3, -- -
(u) Conservaton charge i- fr an icolated , nor be deshayed 
alat be traus ferd forn one 

conseved. Tt can neither e chare is 

to anothe. 

(in Additi chaei- for an 
the alzebiaie 

iü) Invariauce ot charye:- charge invauauce rfes to the 

fred valuce of charge hegardles % t sfeed. Tt': indepedent 
ot speed. 

Norei 

Charge iE Sca 

isolated. sstem, the net charge i 
f all the charges present in the syitem. 

.No 9 tsides in side a 

outer suface of a condutor 
onductor, t? alay, 

.adi- iwbinle Source of Etechor. 
OR 

e 

The 

is an 

ink for Etecton 
hecee e 

Lurther eckaLlihel by 
M:llka. 

t) 

sa, no q charg 

on the 
Cau be 

selid 

an eechit suestedy farndy 
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when tuo obiects are ubbed against each other, then the one 

with gieates afinit fr elechni pust elechrons fon the objeet oth 
lower elechon aftintty 
> This method follows the law ot conservatom f chages. 

" Belort Rubbing : both the object: 
One acquirs trt 2 other acquits equa -2 

(2) Charging by Tncucion : 

+ttt> 

’ t's a method used to charge 
’ charged object induce polari zation oithin the meuhal objbet. 

(ü) Charging by condactoni 
object to a neuha objeet. 

No 

CONDUC TORS AND 

+tt t 

Conducton 

an 

Tt 

COVLOMB'S LAW i 

at neuhal. 

obiect woithad actaally toking it. 

INSULATORS: 

No 
charg 

No 

Chargy 

Chonged 

No 
Charg 

Conductors i- Condutors are those substances, wieh allos the 

taem eaily They, hae fee elechons in them, 
electiei to 
which &e ston sible for the conduction f cuet. eg Mtale Hnan 

Animal body, Earth ete. 
Tnslators: Trslatbrs ase those sustauces, wlil tes esistane 

to the passage of elechig. They do not hare fee e in them. e3, 

glas, þorcelain, plastie, nylon, wood. 

* poit charges: inear size of charged bodies < < distance bfo the charged 

Ace. to this law, the force of attracion (epul cion) bs two pt- covge 

a dircetly profartonal to -the product of thein magtides and 

imversely propationa to the quare of the distance bld them. 

bodrer. 

3. 
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Conider two charges, e, and 4, Sefarateol by a distauce, a ; 
hen, acco rding to Coulomb's Laul, 

The Force, F(atractije (repuli) bls the charges, 

F= ke2, whese, K: 

where, Eo is 
a medaum Can esist the floð ob 4. 

For T< lom, Coulomb': law is mot voal. 

As, F= K22 ’ 

Relatie Elechical Permitivat 

As, F= kate where, k-L 

I Coulomb i- | Coulomb is that mueh charge, wlch when placeo 

in vacuum at a distance ot Im fen an egual and sinilas chause 

Öoulol vebel it oith a orce ot x1o'. epsplem 

Tn a dielechhe mudiun, k= 

Relatie Elechical ermittye,: 
. k= 

Like e : Rebuleien : Fet 
Uke qe: Atradton: Fs-e 

The magmilde k debende ufoni 

whet, E:ermitti vz f the medin. 

E, =E wlere, Eri Relatie permitiy 
o the medium 

tuwo charges, , aud 22 at pt A 2B 

(iä) Roberties ot the medium aound the charge A 

Coulom': law n Vector Notation ;- Concider 

to 

Er=((Vaur), Er= l: 00S4%i(ai 
Ers (for conducting mediunm) 

exussed and. 

B¢ = 

h 

F= 4xlo'x (xI = 4x10'N e ke4 35 
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The Force on charge, , due to charge, % : Fia 

The foYce on charge, t, due to charge,: 

= 

THE SUPERPOSITIbN PRINCI PLE;- Forces blw Multiple 
on a giren charge 

The phiniple of saterpositon sates that Total force 
o individuad ores exerted n, the gieut charge is the vectr sun 

by all the charges. 
Coneider, three charges , 4, 2 92. 

Frce on due to 2i Fin k 422s 

Force on , due to gi Fi3 

:. Total Force, F an : F- F + Fis 

Tn geneal, tolal force, fo on a tect chare 2o at Bo due to 
all the diseate charzes 

ELECTRIC FIELD;- The 

force is Electic 

Eletuc fietd. 

-(5-

The Superfosibon BineiBle 
forces, oith wtieh the too charges attrat ar sebel acta other 

an mot aftecked by the Besence a thisd (or moe) additiomal 
chargels). 

is baced an the 

harge 

experienced by a test charge à calle & 

) 

Elechie Rld stength i- The Electie fidd shength 
Fielol Itencty imbies the 
anowd a charge. 

around a charged body whee 

that the 

an 

ar Elechic 

shength of the elechse Field 

5. 

www.physicsinduction.com



The Electe feld inlensrly 
is defed as -Hhe 
postac tert charge at thoat point 

the 

+ve charge 
:Roda 
Nofe :-

) 
it i- N/c 

refseset a Veefo Quatil, wkose diezton iu Lome as 
force Hhat old be 

at ang point in 
pr wnit change exerted 

T 2- Unity : E due to a charge, a at 
be desined as the force that a mit 

exßerince, it placed at that pt. -|e ’ 

E: indefendent ot 

E due to a 

E: More where 

ka 

(k he) 

E due to a pont charge, 2: 

(, 

C: f the test charge u too big, it 

� : debeuds on and <ßace coordinte, 

E: exists at eveny pt en 3D sface 

any poit, P due to 

feld 

an 

ntace 

chargei 

eleekrie fel 
tig n a 

a point im sface 

X 

: Soce Chage 
2: Test charge 
motl, doen't 

charky cued. 

The 

icd 

takes 

fite 

tie 
to 

profaate. 

Taus, 
ib a 

charge 

disflaced 

forn 
its 

Bosne 

t 

idd 
at 
a 

distawee, a 

uwl 

cheuge 

afu 

time,t 

tr 

nle, 

ute, 
e 
is 

ts 

sheed 

light. 

System f charges;- The Electaic feld ineait at 

gtem of charge (2,.2,, -.en) is equ 
to tthe sum of the elecie feldg exated by the individual charges 

at pornt nt, p. 

exßeriencecd by a pocbie test charge. 
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Ex k 

ir 

¾ due to 
(atat) 

Rectangdar Comh onete of E duae to a p chage, 

+ 

1X-3, 

ko 

22-4) 

(e'*y+) 

B- = iti t (2-a)a 
B-= xit it (2+4)k 

+ E,() 

System of tuo point chares, and zi 

t 

+ 

E = 

4, (7-3) 

2,Cxi++(2+)a) 

k92 

y 

(x'+y*z)* 

oo) 

pos) 

7. 
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Curely a geomehical consteton) No ply co existente) 
ELECTRIC FIELD LINES : inulted by Mibael Fosadog 

Elechic feld lines are a a way ot pretoaaly mabing the eledie fel! 
oound a contgration of chargei. We may dfii 
of foee, as Cae poth, staight 
any point gies the dietion Elehie feld baleneil at that poit. 

(ochorg) 
I:ohoe 
line 

DIPOLE 

avea subended by 

Conhat 
Longibdnay 

n acoun 

No. lines (n) ctting these area 

(euhal 
Pt) 

Proßs fcdd ines 

dentiy feld lines. Near the charge, dentity q the fed lines u moe 

:. chong. Ausay fem the charge, fd gets weakesy shown as 

well-sefavaad field lines. 

has 

oP, = 

:. No. ield laes, cuthng t nea at h 

an eleche lne 

At P 
(neualt) 

s def edence 

exert ate ral 

(secton t an 
fitey lage 

elemets ae the same. 

Litd at 
R.is 
shonger 

Nofe i-E at apt is equ to the mumber 9 feld lines crosring 
anond that pt. nermally a unit CYoss -setanl Aee 

Eleetie fld ines a lr to tye 

Sfau ie charged body 

'at s. 

or end at infini. Far tuwo f7 gi, 
L end at -(Q) For single , Fild linesa tart 

+2e -2, feld ines ctart foy + 

() ln a charge fee gion, Eeeie fld ines can be taken to be 
byeaks. continwns aures, witht any 

oy cuntd , such hat tangat to it at 
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a feed line at an pt, give the diseetion n E at 
Can mer hat pt. Too held ines hoss eah ota el. 

can draw tauguti 

(ä) Tangut to 

because ot the pt 
This w0ulo mean, tro divel" a 
is ot porsi ble 

(w) #elo ines don4 form ay closeel lafs. 
ELECTRIC FLUX : 

Avea Vector ; 

interseetan 

ds - sMall ahee eleet 
d= ds n 

The Vetor assouaed oith ey 
element of a cloced sudoce is taken 
to be n the ditt the oudano Mona 

(a) For a 

G= 0°, 

(b) For a 

Electic Hux i- Eleetie Flux s th� measwe 
of field ines pascang thsough the surfo 

Flechic Fuxl over bun arca 

ines Qver that orea. 

(i) Tt e scala quatiy 
(ü) Uit: Nt c. 

element 

= E.s 
fat suface : �n, t constant ot 

suface baralel to the felod i 

Non-Uniom Field: 

7-Not Uwiform 
Goncider Small area elemt, ds 

Eletie Flut, d hrough 

T- Not flat 

p at he same pt, wla 

An area rector is a 
Nvetr, wtore magmilad 
|i egual to fhe ae a 

a plae utose dredn 
nomal to the plane a the 

Jaa 

S the mumbe 

biets the electie feld 

c losed suface i- Lines going out - tre 
lines gou 

an avee element, de 

1411 

4. 
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ELECTRIC DPolE: An Eechie pipole is a 

otfose point chavgec, q and -9, sefarated by 
Pont Dißale: 2a0e 

Ideal i fole: a->0 

Uait: (c- m) 

eleekie 
Dibofe Mometi- (P) Tt's a measne q the steng 4 

difole. Tt is a vetor quautt, wbose magnilude is eqa to produt 

t the magnide charge and distanee blw them. 
OR 1P|= (2a) 

alecteti- Permanent d pole, pi idepecit 
Moleular Difoles - Net 4 on a moleule =0 

overlap 
polarization 

effectt 

Pemanent 

in mOst molecules t. fom difole. 

Eext 
Keason;- En, Helern-yulear band, excess +ve an ane & -e n 

types Dafotes Instatanco us i chauee, Teanporay 
-Tnoluced 

DI POLE FIELD:- TE's the sface 
can be exßerjenced. 

P= 62 X oC-m 

Elechic tdd ialens at P: 

"due to charge, -9 :1E|= Ke 

"due to chorge, ti : | = k 9 

: Net Eleaue ield 'nt 

= k 4x 2a x 2Y 
(a-a) 

(hta* A 

t electic 

(o) The Elechm'e fild Tnl�neig on Axia ine d an Elecboe pibte 

je2a 

at P: 

a dictauce, 2a. 

arouno the 

K FI. 2 
(a-a) 

for n>a, j = 2k |FI 

20 

(u) The Electie Field Inensiy an 
Dabole: 

The Eleie fidd Taleusil at foint, P? 

another. 

k2. 4ar 

Equtoia Line q au Elechne 

(10. 
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Af = BP= J+ a' 
Eleche Field Intensi at Pdue to -2: 

Elechie ield Tnlasily at P due to te: 
(W+a) 

an 

(N+a) 

:. Resultat TItenat at P, 

= 2/ke 

-

As, 

See that 1E| Sino e E) Sine point n oßoik dietions Cancel out eac 

otheh 

(Ntae 

Force om t at A= 

Vniform External Flolt 
Concider an Elechie Dißele, in a 

ange, witth the diieton of E. 

Torque 

These farces being equal, 
Unlike e poralle>, fm a 

kP 

(tos 

Force on - at B = � (of to E) 

PESin & = 

avds �) 

A 
k-2a 

Ba) 

. k dist- byo he forces 2 Arm � conple = 4c 

Moment o the ouple 
Farce x Avm coufle 

C 

OP= 

uniform Elechne Field, at 

A(+92, 

lin clockuwise dieet 

AB 2 

B 

+ 

=9.EX 24 Sino = PESine 
(: PqY2a) 

Couple, whil otates the 
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Sp. Cases : 
when P is al'gned to E, -0' ’c= PE Cin0'= o'’ slalle Eqwltic 
when dßole ie beld in diet op. E, -12o' 

’t= PESin9o = PE 

(w) PE. 

when E is not wniform : Fnet + o to 

Dißole 
Fnet ’ tosavds 

Euery possesr ed bhe 
Sall ant w.D. tia hotaCng the dißole t a shalu angl ds 
agast he torque: dw = zdo = Pe sjne do 

the dipole fon O, to B = W= (ede 

a 

U (PE) - - PE Cos 

W PE Cinedo = - PE (os 

U= W= -F. 

’ Mar" terque 

= KM 

Supþese, difole i at st 4 to E, ci tial, 
-PE(Cs &- cos qo') = - PECos G 

KL 

2Plos 

Uiform ¼:- pE 

P 

axial line 

alang kN 

(v) Elecic Field dueto slot Elechie Ditole:- Nealesk 

= -PE (Lo O, - cos o) 

Scalas 

-F. E (waD- stoed as PE.) 

P 

decvea ig feld. 

dipote 

2Ploo 

P Sun & 

Ie/2 Ploso 

(alang ke) 

(alng km) 

late. 
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vù Electhic Field Intencity at any oint n the axis a wniferonz 
charged Ring 

charge on the elemet, AB = de 

dE Can be eselued into 

P 

desino 
To fid: E at P due to ehavgd loo 

Concioler a small element, AB 6 the 
AB= de 

when 

= Ko 

dEcos 
dE 

(a+a 

Consider a cirlar loot 
we negligibe thickee, 
Yadiut, al cee, O, et the 

oot cay a tila charge, 2 
distibtea uniformh over ia 

lonf crenfocae. 

As, Usot can be consiolered to be made uf a a lase no. & Pains 

diameli colly o elenent i. desin0 = o 
Hence, Resultat l¿| = 

(A+a) a+at 

P lies at the Cenhe, =0 

(a+a)" 2T1a 

dl 

kda 
+o) 

. wben h>a, meglet a |¾) ki k 

2: Linear Charge Denaty 
Concder a wre q lengl, l; having 

belaru au a pt 

DISTRIBUTION OF CHAR4ES :- Charge disthibu ton is q turo 

ypes i (a) dis te Distibiton charges ih considesasle sfre 
in bld the chages. 

2Aa 

(b) Coninuousi- Disibutian 4 chages ith negbgise sfoce 
u blw the charges. 

CONTINUDUS CHARGE DISTRIBUTION:- A sydem a closey sBaceo 

charges u said to fom Contions charge Distuidtian. 

(i) LineaY Charge Distnibuton : 

a charge, a 

www.physicsinduction.com
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Let Da i's the charge contaaned ia the line elemet, sl 
The linear charge densiy,A a wie u de7ined by : 

= DO 

(u) Suface Charge Drtibutoni- ai Suface charge densty 
let the charge, a is d'stibited 
Suface, S. Consider an area ele 

& speuit the charqge, Da on that snface. 

the 
+ tds + 

We, then define Sufae charge densig o at he avea element y. 

(w) Volume Charge Dithibabont- : Volume Charge Deneitg 
Con sider a conti'nwos Charge distbuton in sBace. Let te 

chars, be dtnbuted over vo lwme, V. A smale volume elent 

+ AV Decubies the charge, be. a 
CAVSs's LAW;- Total Electuc Flux Over a closed 

Vacuum is Y, times the totl charge coitaned iaside,'s. 

"Elecic Field, U the esutaut elechie fdol due to all the chargee 

existing in the sface. those charges, which 
" Renclosed inclndes ony ase inude te o 

’ To abpl luass's las, we constmt a "Auascian Suface' enclosing 

Charge. Select a auassian Sufae oith symnetry that mathes the charg 
distibulon. 

> Dras the luassian suface so that e Elechie Fild s either 

Zero or onstant at 'aU point an the Amascan suface 

the 

’ Use symmety to determine the dirtt" 4 E n tthe La seian, 
’ Evaluat the 
’ Defermn he charge inde the Cmassian suface. 

Nole:-Take cae, not to let uascian Suface pacs tno ag d'senete 
Chavge : due to dieute charges ad4 well defid at tha loca ba (l4.) any charge. 

Strateggor solin9 Luass's laus Raslers i 
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Luaste las s based on inerse square depedence an distane contained 

in the coulomb's lau. Ay Violatan luase's laus u indeate deßa-b 

in he forn a 

·.E. aa - Kf. ds.n 

+ As, E= k2_t 

’. d = 

As 

Total Ele ctie Flux 

= ke.ds (::.n-) 

K 

Consider a small ava 

Suface. 

’Eds 

a 

Coulomb's Las fon uass' s lauti 
spheical Luassian sufae. 

sflere at radins, r for 

Eo 

maya E - constards diit E = Yadialy 

d?= ds.1 

T! another charge, Co i 
oould be 

<gtün contisting eharges (3., ,-. )o 

lemet, ds 

luassian 

E= 

flaced 

(K-n 

+ 2) 

+ 

te, 

Consider a chavge, 4 imagune 

at th's ft. then, Fore on qo 

Conlomb' laus 

S. 

fem the imverse cquare laut. 

www.physicsinduction.com

www.physicsinduction.com



APPLICATloN S OF AUSc's LAW : 

() Electhe Reld Tnfensily due to a inet charge -

= E(27a)-0 

fom () e: E(21A) = AL 

() Eletuic field Tntonsit due to a 
iUaifom suface chage density 

(a) Field outsids the sheeli 

E 

(b) At apounk on the suface 4 the sheli 

As, E 9ds = 2 E (unR) = 

ds 

E 
sharicat stel E -0 (e) Tnside the 

(u) Elechie Edd Intensit due to a mon-conducting 
charged sud spherei- P: Volume charge deusiy 

i Sudau charge densig 

(a) Filod otide the shec 

b) AA a point an 
E(ung') 

wiformy charged sfkeiea 

E.d - 6Eñ ds = tfds = E(ur) 
E = 

the Gu 

ds 

(C) At a pt ncide ths sfhee RI T 

chage enelosed bhy tne sBhere, S, Hhen; 

laasian Sudce 

Emax 

<bhei =R 

|6 
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charge meeoe s, = Volume 9s x volumme 

(d) At the cete, r=o i- E=ol 

Conside a thin, nfinte plane 
shet a charge. 

At the edges: E I| 

(w) Electue Field Tntensi due to a thin ininle Distace fm 0’ 
plaue saet q charge 

oi suface charge denaty} 
we have to caleulate Elecdhie 
feld intensy at any pt:, P; destaut s 
on ne sheet. 

(edges) = &é. nds = 2Eds 

3E 

:. Net Electie Field 

X Elehic 

Om the cuned sufae the ylnder: E Im. No contibution to 
Electie Flux is made by the currd Sugace the ylnder. e, +=o 

:. Total Eleckie Flux or he entie sutace a the ylinles = 2 Eds 

Hin nile parallel 
Reion- T: 

(Enti sfaa) 

* T Hhe infite 

Elechie Eield at any pt'P due to each sface : 

Eo 

-(-s) 

E 

heo 

E 

plane sheet ha miforn ticknesP 

denat qae charge 

L charge i 
due to tao 

2 £o 

Lrhuat, at r, E- E,rE (suburbosilia Rinale) 

) () 
Let o,0 

(G) 

>E, 

L’R! +e 

Cby tomeuta) 
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(V) Electue field Inlenciy due to a 

Alse, e 

2=0 

<R: 

271 Eo R 

Eo 

E=0 

E= 0 

+ + + + 

2T E 

R 

Londucting yindes (Irisle) 

Vi) Electie field Iatensit due to a non 

E 

-Condudting cylinder 3 

E= TeP Ee 

(18. 
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