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WORK- DoNE IN BRINGING A TEST CHARGE () FROM oNE 

Po(N T TO ANOTH ER TN THE ELECT RIC FIELDE) OF A GIVeN 

CHARG ELe): let a>o, >0 

Wext = 

physicsinduction@gmail.com 

pes", P; we Cu external fore, Fext jut: 

9 so smal tat it doesnt" 
distab the original 
Consiguation, 

R’p: uiitesi mally slad const sfd, az0.In his slabi'an, 
WE 

Note: As Up-Vg defhends oy 
We debands ny 

tonsewatie force. 

At evcy point n elechie field, a partle with charge, o pods esses 
Certan elechostale PE. ) this w.D. incrtases ts P.E. by 

equal to PE di4f bla pts R P. 

orm P.E. ot te char, o. 

We U,-Va We - Wext - UR-Up 

on i& pos, Tws s the 

) W.D. = sU, Aetal value q P E. snt phy sically signif'cant. 
sigiticant. 

an amont 

. we cah add ab const, to P.E: (Ut <) - (Uet) = Vp-Ue 

we can choose a pt , where P.E. =0 

E.. E o (at a) Cfor tha sake q ous Comeuiene () 

euaugh to couite the hehulsit Elech'e force, fe 
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Elechosalie PE. - P.E. ob chage, g at a point cin the electu'e feld 

qien chavge, Q iu the wD. in bingig he chor fromn infeit, to 
Hhat poit. 

4() 

baingig 
w.p. (Pa): dw= F. l = -9¬ (al) Cos & = -q Edr 

the chege fom A to B: Tofal w.p. in 

= 

A 

ELECTROSTATIC POTENTIALi 

Gae charge 

Elechostatc Potental,Vat any pojnt (P) 

in the elechstabc feld ot a guen charge 
(Q) s dehned as the W.D. n 

nit postit charge (withant aceleratomy 

fom info to that point. 

teat chavge from A to B 
the tuo point. 

bringing Elecfosale Pot af a 

point in the field s deßined as 
elechie fel 

the negatie 4 line- itegral 
inteniity fn oo to that point 

(.a = WaP 

ELECTROSTATIC PoTEN TAL DIFFERENCE : 

Electric Potential differeuce bho two þoint A 
an eleehostabe feld is defined as he 

Qmount ef Wio. un Carnying a lnit positie 

along any pala blas 

Vit otLd.i- Volt, Jc NmeA 
| Volt i- when lT ot Work is done i moving 

a tve charge o lC fom ne pt to 
the otther, agaiet the Elechros tatc force 

(Higher Pet. 

-ka 

=Vs- V  

Coer Put 
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ELECTROSTATIC FORCES ARE CONSERVATIVE : 
F.: Consevati ne ’W.p. in moving a wut posire test chare 

closed path i an Elecie Feld is zero.L 
A 

Wga 

hom to fhe pt P) 

WElecti'c Potential due to a 

let R>0 Tofuid- Potental at point, R, oP= 
a unit tre test charge 

At some intermedaate pos", A on the 

W.p. 

point chaei 

Tola w.D. (w) by extevna fore: 

fom O: 
WasA (Ve- Va)+ V,- e) 

Elechostale Force on a eut postine chage = x! 

gainst tis foree fom x to x'+ ar' is, 

(u) Potertal due to a system f char: i 

to some ong 

Nolei- o Q<0, v<0 Wa e Welehaslale 
for aco, P’Att raclie , FR dis. bae tae sama diel 

onder a sysle 

4nEo sp 

The Potential, V, at P due to the ehavge, 9, -

+ Vy 

BA 

np 

Dwe) 

s 

The Potetal at P due to the total charge onfiguraan, V u: 

telatie with pos ton vectrs o, 
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= 

For conti'nuous charge distibuton i 

V= mes, 

V= 

k, 

* T! 4 s distri buct edl luniformly along the lengn, L i dq = Ade 
A: Linear charge dent, (cm 

then, Vo - kPdu 

-+n 

J,, 

’Net Poteta at any point due to 

dofole 

Elechslale Pot at 

Over an area, 

well as thrte tyfes o lorti no charge dstubuton can be witen 

(i Potentia due to an Elechie Dobte i 

ke 

-: Suaface charge denti, (e) 

ovtr a volume, V: dq, = Pdv 
P:Volme charge duntit(cn) 

disenate pt charges as 

Flechos tate Rt folo ds the superfosibon Pöncifle. Thus, fental 
s the sun polentals dae to charges 2 e-due to 

2ax +a2 

P= V= V, + V, 

d 

Cohee, k= 

(tt2ascos0 + a) 
ke 

foteutal 
at P() 

cue to dipole 

4 
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Thu, 

A>a, a is negliy;sle (retain tem mly uto the It od 

V= Kp Uose 

|V= 

Oy axial line o Elechc Daole! = 0 , 1 

; 

k Plos 

kP.A 

(i) Elechosale Poental duce to Unifoly charged <ßlerisal shel.: 

.For a Vinitormy charged sfhenical shell, he Elechie 
Fidd outude s as ib he entie charge 
t the Ceuhe. 
Thus, Pot outde the shell: V L 

Te Elechic Feld in sou He slell 

’ pot u onstat cide the shell. 

dWo 

At large distae, 2>>a, 

V falle st ad , not os 

V= 

) 

loncenbate 

EAUIPOTENTIAL SURFACES :- An eqifolettal 'saface 

ty point hi elechie botental 
(i) Pa di bls 2 pts A e B (Ve- Va) = Wp. in camjug 

a/a) 

V= constaut (as) 

s the same. 

chary 
R Radus 

ik VA = Ve ’ WAB =0 > No Work is dome in movng the teut 

charge fom one pt- ot equpoteitia sufae to the otaer. 

alsags d to the 

is that at 

test charge fam A-to B(was) 

5. 

(ü) As 
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Fueld. 

(ig In the sagin % chong eleztue n Eaiboteba sufaces qre close 

togethes augd n the segion eak elechie felda, Equipoatal sndeces 
ave fay afant. 

A&B one so close taat E bl Ae B 

nifom, 

RELATION BETWEEN FIELD AnlD PoTEN TI4L - AB= dr 

dV= Force an 

wElecie Field 

Eqibotental afaces. 

(Gor à point change) 

dV 

point, h. 
W. D. n 

Pd. (av) blw B&4 = W.D. in moving nit postie test cutrge fon 
wit chavge * A B 

P BA 

A to B. 

Edh Cos 8o = - Edlwk s done agains the EJ 

" Elech'c fielod s n the died u wliek tn poteutal deerases steefeut. 

" Ts Magide is gea by the change in tae magtide a ptenial 
quaftetal tafae at tat p. 

per nit eplacenment mmal to the 

ELECTROS TATIC. POTENTIAL EN ER4Y :- The Electue PE u the 

enegy possecsed by a syslen pount charges by valae o hein 

perntions. We may defie, Elece PE. a syalan of point charges 
the total anownt t W.D. n binging the Vanious chat ges to taei 

hebectie posiGans fom intinitaly Carge mulaal sefaratois . 
POTENT IAL ENERGY OF A SySTEM OF CHARGES;-= tn chars 
Let': consides a ne charges at ntiniy itally 

egteonal to bing the charges at the gieu locatians. 
& derermine e W. D. 

to the 

mo ext. 

Swlieh sevk needss 
Eleie Pot due to , V = s hyp dist. 4 pt, f dne 

Suppose, fst he charge, is bhought fom infinit 
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2 

Wa = (Pot euttal due to h). 
= 

{ z>0: p.E. -+re, f- Rebdsie, W.. - +re(fie 

I 9,<0:PE. --e, F atracte, W. D. - -re. 

W.D. in bhingig chage, 2s fsom ntinity 
Wg= (Pot due to ,)g + (ot du to a) 

K23 

.:. Total W.D. = U= 0 + Kv t 

for N point charzes i- U- k 

3 

Ca2: dstance blw pts e 2] 

W= 

Wi= V 

E.p.E = V = 

all pains 

) Poteta Energy of a single charge s 
Let V be the potetal at a pout, P due to 

an external fied, 
w.D. in bhingig a chasge. fom infit, to 

to tine pout, : We 

Nolei- The P.E. is characei ste q 

he poetent state tonfgurabon, and not he way, the sak is achied. 

PoTENTIAL ENERSY IN AN EXTERN AL 

ev, 

.E.P.E. e chaye, lat), Ua)=- W.D. = 

FIELD -

e Av = (6xo)xI 

3 

P 

S: in he summatn, 

tuice 

dist 

|6x lo"J 

leV. lev = l6xo-19JJ 
I kev = lo ev, Mev = lo 

(i) Potenta Energ a syatem of too chars in an Ext: Fieldi 
Let V, V, be the potentals at poils y) ,4) 
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() Töta Potental at Q i due to 

.. W.D. in baingig the charge, fem o to Q, 
Tae ext feldl + w-D. azaist he fetd du to 2, wy= Ww.p. against 

Taus, E. P.E. ot the 

form Elecie Field : 

but, toAquu, Tto 
<= F(Ac) = 

= 

di fole by thes 
, to &, W= 

2 

The ant of w.D. in sotating the 
erternal toqne fom 

4.e-, 

¬(2a sio) - (4x2a) E Siab 
PESinO = p xÁ 

zdo 

> Extema Field. ( V) 

L the charge, a, at ?.() 

’ W= (PESin de = - pE(os 6) = -Pe(os6,- Cos 6,) 

E.P.E., U(e) 

At 9, = T/ n this case, t w.D. aganst the externlfeld, B 

bingigt4 e -a are equae tfone and cautel out 

V-y] = 0 

: U[e) = -qla)eoso 

aseusling the onbiguralE. 

k Aso, W= pEloso-cos qo)- - PEose = -F.� 

Exte rnal fel: 

This Work s stored as PE. the stem, .V= -p. E 

ernau V, -v,] -

-aCosoA 

Canductos- Mesile Charge Coosies 
ELECT ROSTA TICs OF ON DUCTORS: 

(un Ra 
fthee V: ele pt ont 

V,: Elet pt bg eot 

In Melaue onda clos - Mobile charge caiers are 

Tu Eledolie coudos - clhorge caies ae bola posite Negatie 
(atected by and caecal p 8. 
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Reslts hegdig Elechotales lonductos-N ELECTROSTAT1e FIeLps 
( Tnside a coMdutor, E =0: Th sl�tc cituatan 

so dis abuleo thes eles 

ini de, Lonoea a ciualan 

They padace an iaduced 

As ppled 2 inducea eletie feld n side e cond 

eq. 2 . #. Net Eleet elln 

static catalai 

As 

As, Nt Elecue frelo a üe teior a cond, E =0 

ne 

ExCess charqe edes on ter sulace a a condtyi- "* 

w) At e Surdaee a charged condutar, Edectroslaie ield mut be 

MoMa to the stace at evey pot - Tu ctatte siluaon, chens 

tanpeut 
E los = 0 

a conductor ca hare 

Cos =0 (* E#o) 

E has wo 

E =0( inside t ondudor) 

=0 

BEHAVioUR OF ONDUCTOR 

(V) Electhostalie Poteta u ontent aonhad the volLyne the 

ondtor e has the same value las inside)ou ts snkae : 

to ae Smfau a conduetor wet se zuo. 

V= (onstathside tne 

tangatal ons. 

fee charge have 

= 

mo pd blw any turo ous incde 
a Suael teut eharse, oithiu the eonductor l on its kuface. e., 3 

+ESSe o70 7 
foroco 

snfoe) 

Mo wark s do n movi 

ae 

(Vi) Eiecae Eele at the Suface a chaged condut E 
Cheose a pill bo% (a shont ylindey, pauty iioe ad 
Pauty Outide he Srfau condkar. bas 
a small alea o as-seca, ss & negl'gibe heght 
T=o (jt uidu), ed is nomal liuot outida) 

The cotibl to te total fuyo 

6$ 
Sufaee chan 

desit, 

4. 
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higlier & vice - versa. 

lolss 

(Vi) Electosale slieldiny-Eletos tale 

sllding /sening u the plenomtnou 

sCharge and eld contigatiow outsroe, 
electie #ld, whateren be the 

(�X) Action ot poi 
D|ELECT RICS AND POLAR|SATION 

ma 

any cay an a vondato emans clieloed fom atrds elecue tuen 

eld wside ine casty alsays z, 
:. to proteet deliate insta fom eotemal elet'c fitde, 

we enclose hem in holo conduetss, sul oa conductas au calle 
A lsh to sit nide eatuad, 

- 2e:higl on slal 

Maxiun E Tat a 

Dieleotie 

T 0, Fild u norma autusad. 
r<0, Field u moma inare! 

pieleetcs - Those suls tances wlh tasnit elet hets ithout 
ae called bieleeti .atteelel by E). Tusulatas at 

actaally aleo Bifeiny 

ditant caus 
i dace Elecac 

when 

e etema Elelic 
ild. Tt aul heduces t, 

The eotent 

Tn case of diletiu (V kv Per eaint thicknea) 

Maleule 

datg phet s). oR Maximy Voltage that can b afßdto a gien 
to bheelcdowm. 

cON DUCTOR 

Eo 
(0,VVo 

puse mateia ca 

then Aaid to 

a non- polan malele, is ploced in 

V=Vo 

been 

70 

Chae dstibte f dielectie athe molelar leel: 
Non Polas Dieeetics - Ta a Nan- Polas olenle, the centes o +e e 

Charges oinudle. Te molecnle hac no 

moMti Pz0, samneieal in shape. 

otstand nde 

DIELECTRIC 

Polar Moleules 

disßlaceo e 
polaied. TA dnced dibole wonent is 

imchced itle is Banatel to -ine eletut eld 'gt at e tine ot ds ata 

-Na Polay Molead. 

permanent la ntinue) dilde 

SLd Lheaking dom. (ey dead Uonditois 
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Polas Diclecls:-Tin a polas olenle, tas cayts ot tre e e clage 
ahe sebaaate d. suek molele hae permant dißale onet, argmnta'eal 

in shape. pto. For Ex : HCl, H40, N,o, NHs, Hys, C, M, OH, So, t. 

tuough, loclh olkde thas a dißle monmat, he.AA 

e dißole uonet of ese holeules alin 

s inomleti due to the thenal vi'bvatan moleas. Alignat 9 

Nofe:- The ds p lacemeut of eharges ctips, shen the cot frce a the 
ton sti üet charges 4 the molenle u balented ay the hectorig flde 
to tem mal felds àn ae mo lele) 

charges takes place oithin he dieleetie sulting 

Charge et the dielectie 

Conede a nar-Balan dieleötie 
slab placed i an eleetice feld E 
maintaintd blo the tuo Blats 

<: Aone (moleua polaieabidity m), Most Alonms ’ o: (69ta (o 

wnifomiNo- deui N= n0.9 aa 

Plaused the divet" E, R Dle Momet Deutii, 
i's the dießlacemed bho' . 

. Eflctie Electie Field 
in a polaized diele
e 

to 

-0 

Dißte Moment Deiti leletie telasizalan 
E E -¬p 

E Eo 

e(+) 

(fr va cun) 

"Elechic usceßtibi lthy ;- ERechie Polaizaba, P a Reduced Value d Eleclue 

o rde 

Eo - E.E 

At-volne 

The elechrie Succetislity deceisu ye elechieal bebhaviou f tae dieletc. 

Tt has fleet vabu fr dfleset dielechic. 

E: Redueed valu 4he eleclwe 
feld. 

the ateu', 

-less 

o1+( k= I+X e Rel" bl dieletie onstet & eletica 
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CArACITAN CE : A 

far stohing a lange amout of 
tuo condncdos Aeparated by 

sigle on ductar can be used as 

y ascaning the othea at nfinty. Ertn 

Uad ok copautance i Fansd, F (s.1) 

Abo, IF = Je 

P.d: a alo pf. to &. Becanee, t wt go ay qiing chare to a eondu 

1V 

DiM. Fomle 

= CV 

As, 

('ao) 
C = UATI 

| Farad i- Capaitace of a ondutor is seid to be 

ises though V wheu a 
C= 

<tatrolt 

C = 64x (o 

called a 

= 4n o R 

|V 

condener, s artangema 

an uilator. 

cafautor 

PRINCIPLE OF CAPACITOR : 
let same postai chars be 

C: 

P.d. 

conducor 

era of capouilau Hasforad lg) 

laoitance of an solated apherical Conducter i 

let a: Charge guitn to tine cpherical Loncdtor. 

V Potetal n the sntace the sfleiea, condu 
over tae outer sntace ofthe <fhe, 

Tha choge cfrads nifoay 

V=Q 

gure to it. <YMBOL 

:. Poteta at ererg pt n the surtace o the 
te shhee behoes aL if the Cntie chavge we 
Cotu ot the cfhe, thete, potetal at any pont 

HE 
9x 10' statfaras Vaate C 

sfle same. As, 
coy centhaled at the 

=64 x oM 

Con side aa inslated mtal lat, A 
guen to this plat,il ito pot |2. 

=y -2 
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beomes Maximum. No Farther chor 
this feate 

A (Indcton) 

Ma. 

Heie VAlforte) Metad plata B beld mea plete, A. R Todtia, 
-Ô b pvoduced an the nearer foe B & au equa 

Can be gu+e deiels m the ruer face of B. 
to A. Inducecl -& ang terds to dec ne pot ot A & wnducel 

+Q tads to int me pot- of A. tdced a is s :. M ettie 

t oo leak ot. 

connet e plae B to eavth. due tothis Va u 

seatly edced. Thws, a lovye ant ot chore can 

be gutn to A to Aaie te pd to mam, 

* Casautor loin karge 'eafauteue 
at a helatiy Small V. 

* The capaiue of an insulaled chorged ondutr 'u inceacedl 
aun eorth- onnected melod cardut 

can halA lorge amot haye & 

THE VALUE DF C DEPENDs UPoN: 

THE PA RA LE L PLATE 
Let A be the anee 

Thee i a lna to the ent ft charge hat can be staed an a 

guien capautr aithou sigif caut lealkiug. 

B, V= Ed . V= d 

C = E A 

2Eo 

d 

onider Qrother incuhatd 

&o A 

fer C= IF, de Imm: 

Effet ot Dielectue 

d 

Can be qien to 

when aa 
plta q a capaubr, ia 

Can be gien to Ato raise it Bt to 

CAPACITOR: 
each plate (d'se A) 

A = cd x6 
Eo 

e not 'be 
Houertw far dce 4, this 

Copautanee: 
8-8Sx lo-l2 

, Co = kCo 

cafoutance 

chicty wifon. 

’k= Cm 

iaereaes 

Ce 

:. Orrall VA reduces & Mae charge 
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SPHERICAL CAPACITOR 4 sfhonical cafata boniss 

by anothed lomcentie conducting efloia lB 4 

Potenta ot iner sflee A u, Va =& 

P.d. bld he tuo lees A &s = Va -Va = 

E =0 

tuo 

(yLINDRICAL CAPAC I TOR i-

Eltie 4ild Datenst 

te, be case 

uneha 

The putenti ditt bl the taro 

2T1 Eo ha 

C 

(h-ha 

Cg 

= 

in the hegion bld the 

COMBINAT ION 0F CA PACITORS: 
(a) Capacitors n seies i- A no 

Cabau los ave said to be onected 
ia seies, each cafaulor acqines 

the Same charge l sun the voltage 

to the voltase (Pd.) acnss wt teinals, 
+ 

+6 
C 

(r-ha) 

(rs-ha) 

( 

a single caseital cant tei d 

(4. 
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AcAeKs neh cafacit iu the same (= V9 ae bate 

the chags A, = 6,+ 6,+ Qz 
n the tindinda cabais. 

The e 

FORCE BETWEEN THE PLATES oF A CAPACITOR: 

Concde a pahellel- plate cabautor with plate asea A. 
Suppose, a posiie eharge, +@ u giea to ane plare k a 

Megatie charge, - 0 to tue o ter Blate. The Electic feld +ê 
due to ny 

-Qs, therete, F=- 9¬4 -(-6)2= -0 

Magitude 4 force, F -

Sw= v'se' = ' sa' 

C 

ENERGY stoRED |N A CAPACITORi 
Iu treneing tre chanye fen cmdutoa 
to tondtoy I, work w be done 

. Tofa wD. = W= 

20 

C 

(Ao).d 

2AE, 

tanseig a small charge, 8Q om cand. n to cand I, 

s, fe ’ Concervaie :. W’ Pe. 

)V= EEx Ad 

2�Eo 

eoternaly. 

foralled plate cafpasta i 
2 

+Q 

Eo A 

-A 

ott+t+tH 

Cand. T2n: Unelssed itall, 

2c 
U= W a-Lev av 

(: ) 

2�E 

0. 

u holds 

ter elelic felol 

deue to 
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CoMMON PoT ENTIAL:- Wheu turo Cabauas 

cCharged to ditetd potental: 

Let V be the ConMMn 

a conducting , cage,flo fom the n at highu pof. to al othen ad 
Beones egual. 

As, mo chare u last iu the pacess shaning,thoefe 
(G+ 2)v= 

2(C+G) 

a conmeeteol by 

C+ Cz 
LOSs OF ENERGY ON SHARING CHAR4 ES i 
Tota! Ent bfe slaing change, E 

PARACLEL PLATE 

2(4+2) 

2(C,+ <2) 

om 

londacting Win 

Tee cafautayçe a panalel plate 
Capautor a aca, A L plate sefaation,d 
with vacuun lain n blw is : Co = E, A 
when a conducting slab a Aca ,A d 
& thickness t < d s utio duced bls he 
phates, the fee chars 

CAPACITO R WITH A CONDUCTING SUAB: 

n the ondut 

d 

H 

CoNDUC TING S LAB 
tt 

reduces ae É in tne nteier a e clas to zeo. The Ohigin 

=ou 
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wnitorm eletie feld, E, nos coisti oven a distaue (d-t). 
blo the platis , V = E. (d- t)= (at) >(a-t) Eo 

C= Co 
(-tld 

PARALLEL PLATE 
Co (Vacuum) = A 

d 

ald-t) 

hen a d'eletuc slas s into ducad bls 
plates, ne moleules n tae clas et polaneedl 

cdeany, c>Co 

E, in duces an electie feld E, ote to Eo. 

Co = = 

CAPACITOR LOTH A D|ELECTRIC SAB: 

Odcide ce dieleeti, feld emains Eo any 
:. p.d bls e two plales, V= E.(d- t) + 

: V= E. (d-t) + E t 

Coqautance, C-g 

for a 

k 

d-t 

AEo 

Eo A 

Magnitude Q the Tuduc ed Chavgei 
d-ttt 

The Resteut Field is E= ,-E, = - -) 

E,A E, 

ACTION OF SHARP POINTS i 

k 

t 

foo a pointe d erd i R-small ory lange. 

Dilecki slaz 

wthieh take asa the charge ontinoualy fom ie Pounlil 
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cORONA DISCH ARGE. That s y, on ductos wsed fo 
alags sfheres 9 large hadii. 

Conidev tuo onduebing 

Comected y a condueting 

i. Tae pot sfhee A, V, - & 

V, = V, 

the charge iu caled 

A 

A charg, Q ondudiag wue 

No, ancide a 
-sfherica shase.ae charge denst we be 

Larger, there ne suface u mae 
Cuned o tadius curva une is small 

Viuble glows Sunsudig 
caled CORONA DICCHARGE. 

ae conefed b; crdue 
Whe 

4T 
Spleve usth Smalea ratins has 
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