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Electrostatic Potential

The electrostatic potential at a point in an
electric Held is the TRTIT work ‘done in bn’nﬁinﬂ
a vnit positive test char:ge from fnpf'nh‘y to
that point, aﬂ'm'nsf' the ledi without any

acceleration of the Chaf?e'

vV = W /420 <-work dore per unit

<-positive cha ge

ST L Ty e e = ] UslE V)
Dimensional formula I ¢ 7 A
V. . fs m scalar Zuanﬁ'fy (has no direction).

Potential DifFerence

Work done per unit posi'w"tl/e test char:ge n
»
carryiny it e Do te A aﬂainsf‘ i

i fi < -path-independent
vV . =0 g P P

A 5 <-in electrostatics

Mote - V is defined only upto an additive

constant on!y the difference of V between
two points has a physical meaning.
Convention . \/(fnﬁm?’y) =0 o iben Vi gt

any point ‘s um’Zuer defined.

Scanned with CamScanner

/



\ Date : Page: _ 2 3
\

Potential due to a Point Charge

|
| +Q -
o .u
i ZO
= SO0 Fnig. Test charﬂe ZO .brou‘ghf‘ from r'nﬁ'm'fy
|
Setvp

| Isolated point charye w=al gt 0.
Feinto B ar ST distance  r from 0.
Bﬂbﬂ test charﬁe ZO Hrom fn-ﬁ]nffy f'c; E

Derivation .

2 Force on ZO at distance x  From O

o= w A 90 / x’ (rac/fqlly ovtward)

2. Work dore &F against E ouver dix towdrds 0
sz—Fdxz—KQ_zodx/xz

; 5 Total work From r'n-ﬁ'nify te b E
e = J/.-np « & 2o dx [ e5teZn k@ Zo. / -
: * 1

& vV =/ ZO yfves

) Q/r = « a/’. <-V scalar ;
| Pt e =V~ 4
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| Sy stem of Charges & E - V [elation

Superposition of Potentials

Potential (s scalar. So total V at point P

due to Z/, ZZ' e gn s a(gebra:t Sum
V. = / [ /r + o j <-signs of ¢
‘iﬂ-go i B i i D
ri is distance of Zi from observation point.
Mo vector resolution needed - Just add.
Uniformly Charged Shell  (radivs R)
OQuiside C.r 7 R :
V2w @/ r
0, ha it =R
Vo= w Q) R
Tnside Gim <o)
Vo= ik 4 7K (cor:;fdnf inSl"{c{e’:} e

<-but V FHinite

Relation between E and V

For displacement & N = B
E = oo / T <-E poipts aldng
; <- steepest decrease

(_)m'f'. of E : V./m = nJ/c (same f'hfnﬂ).
O

fl

If V is constant in a region , then E
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Potential due to an Electric Dipole

Setvp

Dipole +Z at A g at B , Separation 2a:
P at distance r from centre 0 ; af@an‘::gien axis.

Dipole moment p = ¢ (2a/ along (—Z -7 +Z7.

Greneral [Result v 77 a /

B cos a) / el c-p ws= p . r-hat

Special positions

Axial ( theta = O

/
< ]
T |
Ezuaforfal ( Sthefa 72790 )
¥ o= 0 (cos IO =)

Mote :  V of dipole falls as / lir

whereas of a point charge as / Lor

Faster #all : +¢ | -g nearly cancel far away.
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Eguipotential Surfaces °

Surface on which V has the same value at
every point. ©.9. conwentric spheres around

a point charge ; parallel planes for uniform E.

P roperties

*

@ Work done to move a charye a/onﬂ an
| eguipotential surface is zero (dV = O).

@ E is always perpendt’cu!dr to

the ezu:pof’enﬁal surface.
GF  not A f'an\genh'al E wovuld do wor

@ E points from hghér V. to

f:(g. Vo= Sconet

lower V (alonj steepest decreas/e).-
around a point
l @ T wo ezu:pof’enﬁbl “surfaces charge
cannot intersect (else V would have two

values at the same pofnf').
| @ Closer  the surfaces |

Sf‘ronﬂer the fFeld ( E = dv / dr ).

Uniform E ez.swﬁ‘aces = parallel plares.
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Potential Enerq?f of a S:/.sf'em

Two Point Charges

Work done to assemble Z/’ ZZ Hrom t'rnqm'fy .
Fhis worKk s stored as PE of the SYSf‘em.

/
b = o - 1 / )

'I;O

7 0O HiKe S{gn
U <« O unliKe “'3"

<-U
2

(L itiizealor . S0 unit s T (or eV in atomidl.

Three Point Charges

Take pairs one at a time

/

T 1

[ 287 > ZzZz/rzz L Z@z/rxs ]

o

n charyes -7 sum owver all distinct pairs ;

nCrn-11/2 terms in total.

U in terms of Potential

PE of char:ge 9 at a point where the exisﬂnj
potential (due to all other chafges) LV

U == V <-usetul for Sinﬂle
Z <-char3e in external V

Definition of  electron volt

2 oW = W IO 2190 T KE 9a:’ned by e ) V).
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Dipole in a Uniform Field

(18

D

Torgue on the dipole

Each chafge feels +ZE 'and 'ZE £ ’

-

Net force = O (vniform EJ) ; but couple acts.

T — E </ = forzve)

P iz @ < - vector form - P X E
Stable ezuﬂibnbm s theta = O (,o E)
Unstable equililorivm :  theta = /80  (p anti-E)

Potential Energy of the Dipole

Work done to rotate dipole from theta/ to theta2
WZpE(cos@/»co_f@Z)

Tace U( theta = =f7\0 )= 0 (perpendfcular)

u =i P F oS e — & P F(-mr‘n at theta=0O

<-max at theta=/¥0

HQles= -pE (stapble) 7 g 0) = +pE.

Dipole tends to al{gn alonj E to minimise U.

Scanned with CamScanner



Date : Page : ¥

Electrostatics of Conductors

Inside a conductor there are free electrons.
In static ezw'hbﬂ'urn : fhey redistribute so

that fhé net force on each becomes zero.

Properties (memorise)

@ E inside a conductor is zero.
@ Met char:ge inside is zero ;
all excess chacge resides on the surface.

.
@ E \jusf' outside is perpendfcular
to the sb_rf:ace * maynffude E = @ v Eo

@ Potential s constant fhrouyhouf'

the wvolume and on the surface.

@ Surface char:ge den_ﬂ'f'y s

h{gher where the curvature is sharper.

(.pofnf -7 Iarye 5(9ma -7 Iarje £

@ Caw'fy z £ there is nro charﬁe
inside a hollow conductor . ithe feld in the

caw'fy /s zero - electrostatic Shf'eldfnj.
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Dielectrics & Polarisation

Dielectric an insvlator that devélops
an fnduced dt}oole moment in an external E.

Mo Free chafges to move (unlike metal).

Two «inds of molecules ]

(a) Mon - polar . no permarent dipole
(izeve 42 = c02) | T4 E 0 the Fie anid
-ve centres shit -7 induced dipole.

(o) Polar e permanent dfpo/e a/reao(y
present (H20 ; Hcll - 5 F . d:pd/es
rotate to al{gn alony E. '

Polarisation P

Dipole moment per unit volume

) P..= Q E (linear dielectrics) el e L
< - susc eph'bf)'f'h/

Net  Feld inside dielectric reduces

‘ pegl <-K = dielectric
l = = UK c

s <-constant ( ey )

N\

Klvacoum)=/ y Mair) . 1 Kluater) o 50,
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Capacitor & Parallel Plate

%

Capactor :  two conductors of equal and

opposite charye , Separated by an insuvlator.

C = a / \/ - <-SIT umit : farad

1 <-/FZ/C/V

Parallel plate (vacvum)

Plates of area A , separation d, charge +- Q.
Surface densify '5{:9””2 = a1 A Areaa/-l.

Field between plates - d |
E - ¢ /& 4 /¢ A

Potential difference
\/zE.dzé?d/Eo/-:'

& EO A / d <-depends only on

<-geometry | not QA or V

fl

Common observations

Increase A -7 € incredses linearly.
Increase d -7 C decreases (inverse).

o s huye 2 opractiall oo pE o nE i ub
Edﬁe etfects {gnored when d << szrf'(/-l).
Battery sets V isolated capacitor sets Q.

Both can't be Hixed at the same time.
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Dielectric _in Capacitor & Combinations

With dielectric (Rl £ill)

Inse\rf' a slab of constant K between plates
E teduces B ) K
V' reduces v, 4ok

C increases K €

C = K EO A / d <-K7/a:’way$

Py iy grows

Series combination

Same cha::ge QA on each 7 vo/f'aﬂes add.

//CS = //C/ e //C‘2 + ... €-C_c 2 smallg:

<-in the grovp

Parallel combination

Same V across each 5 chafges add.

— -C lar
¢ o ge <Cp 7 largest

P <-in the group

Quick check's

Two equal Eil terps -7 C )

Two egual C in parallel -7 2 C

for == 3 caps of C in series : CJ/3.
Series -7 divides V like resistors in parallel

(dval circuit relations).
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Energy Stored in a Capacitor

Derivation

. L]
Charge a capacitor in tiny steps dg  against
the existing potential v = g4 J C

szude(Z/C)cfz

N

Total work to brf'nj charje from O to @
aQ
o G0 oo

This W is stored as electrostatic PE = U

|

Ume@ ) 2e = pliice N = o wid Qo

Enervqy den.sify in the Hield .

For parallel plate ( vol = A d )
= Uy a2 6 e

: 3

o ) eE Gelele e i
() <-wvolume of the Held

/7

Common guestions

When two charyed caps are connected ; charﬂe
redistributes -7 some  energy lost as heal /
radiation. Common V = (CINV/ + CZVZ)/(C/-}-C?.).

g ]
Enesyy o e V) T 1 - s Bmal - 2O
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