
Electrostatics 

ELECTRIC POTENTIAL ENERGY 
®' Electric potential energy of a system of charges is the 

total amount of v,r:1rk done in bringing the various 
charges to their respective positions from infinitely large 
mutual separntio ns. 

ii' Tne SI unit of electrical potential energy is joule, 
® Electric potential energy of a system of two charges is 

1:,· �-1 q,qz 4rrs0 tj:2 
where r12 is the distance betvvecn q1 and q?: 

e Electiic potential energy of a system of n point charges 
u ... 1._ I 

4m.oo all pairs 1}k 
Note in this sum;nation, w e  should include only one 
ten__n for each pair of charges. 

CONDUCTORS AtU) INSULATORS 
Those substances which can easily aHov,, electr1c1t:v to 
pass through them are called conductors, they have a 
large number of free charge carriers that are :free to move 
insjde the materiaL Metals, human and animal bodies 
and earth are conductors. 
Those substances which not aHow electricity to pass 
through them one called insulators also called dielectrics. 

Bask Eledrnstatks Properties of a Conductor 
* Inside a conductor, electric :field is zero. 
©: At the surface of a charged cooduc1tor, electric field 

must be normal to the su.._.-face at e·,/ery point 
® The interior of a conductor ca;1 have no excess charge 

ir_ the static situation. 
® Electric potential is constant throughout fu.e volume of fue 

conductor and has the same value {as bside) on its surface. 
'* Electric field ar the surface of a charged conductor 

E '.C:;. a 
£0 

where er is the surface cb:arge density and n is a unit 
vector nonnal to the surface in the outward direction, 

w Electrostatic shielding ! It is the phenomenon of protecting 
a cerra:in region of space fru.,1 e-xten1al electric field. 

Dielectrks and P�larisation 
• 

• 

Dielect:rics : Dielectrics are non conducting 
substances, In contrast to cond1:ctors, have no 
(or negligible number of) carders. 
Polar molecule : A polar molecule is one in_ which the 
centres of positive and negative charges are separate-d 
( even when there is  no external field). A polar molecule 
has a permanent dipole moment e.g., water (H,O) and HCI. 
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CAPACITANCE 
® Capacitance (Cl of a capacitor is t1e ratio of charge(Q) 

given and the potential ( V) to ;.vhich it is raised. 
C= .Q. 

at The SI unit of capacitance is farad (F). 
l millifarad (mF) � 1 (r3 fusad 
1 microfarad (µF) = l 04' farad 
l picofarad (pf) = 10-12 farad. 

'* Capacitance is a scalar qu�tity. 
® The dimensional formula of capacitance is l)vf'·1L:--2:-4A2j. 

Capacitance of spherical conductor 
! a Capacitance of a spherical conductor of radius R is 

C =4msoR 
Taking earth to be a conducting sphere of radius 6400 
km, its capacitance wiH be 

6.4 X J06 

C = 4:w0R = 9 7!1  
9 x 10 

I. CAPACITOR 
, 0 A condenser o:-:- a capacitor is a device that stores e!ectric 

I 
charge. It consists af hvo conductors separated by an 
insulator or dielectric. The nx,o conductors carry equd 
and opposite charges ±Q. 

e In an electrical circuit, a capacitor of :fixed capacitance 
is represented by the symbol as shown in figure (a) 
whHa a capacitor of variable capacitance is represented 
by the symbol as shown in figure (b ). 

{a) 
TYPES OF CAPACITORS 

;cf vr 
(n) 

• Depending on their geometry, capacitOt-s are classified as 
o Parallel plate capacitor 
o Cylindrical capacitor 

I • 
o Spherical capaciwr 
Pm:al.le] plate capacitor : It consists of tw'o similar flat 
conducting plates, anauged parallel to one aoott,er, 
separated by a distance. Its capacitance is given 

,.. e0A 
L = d (when air is between the plates) 

(when dielectric is between the plates) 

where A is area of each piate and d is separation 
between the two plates. 

Non-pofar molecule : A non-polar molecule is one in e When a dielectric slab of thickness t and dielectric 
constant K is introduced betwet-'U the plates, then the 
capacitance of a parallel plate capacitor is gi-ven by 

• 

which tbe centres of positive and negative charges are 
coincide. A non polar molecule has no permanent dipole 
moment e.g., ox1gen (0

2
) and hy,iroiien (H2). 

Polarisation : The dipole moi..r1ent per unit vo1ume is 
called polarisation and i s  denoted by For lir:ear 
isotropic dielectrics x)'; 
where Xe is a constant characteristic of the dielectric 
and is called the electric susceptibility of the dielectric 
mediurr:., 

• 

C � -· -!"·- · ·,· 
d 

\\<'hen a metallic conductor of thickness t is introduced 
between the plates, t_;.en capacitance of a parallel plate 
capacitor is given by 

r _  ZoA 

.., -;;-::; 
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• Cylindrical capacitor : It consists of two co-axial cylinders of same length. • Capacitance of an air filled cylindrical capacitor is C - 21t£0L 

- 1n(!) where a and b are the inner and outer radii and L is the length. • Spherical capacitor : It consists of two concentric spherical shells . • Capacitance of an air filled spherical capacitor is 
ab 

C = 41te
0

--
b - a  where a and b are the inner and outer radii. 

' �11!,lstrati�n 1 0 

A parallel plate capacitor with air between the plates has a capacitance of 8 pF. What will be the capacitance if the distance between the plates is reduced by half, and the space between them is filled with a substance of dielectric constant 6? 
e0A 

Soln. : C0
"" d = 8 pF 

K e0A 2K E0 A C = d/2 = d = 2 KCO = 2 x 6 x 8 pF 
or C = 96 pf 

· Ulust'ration 1 1, 
ti, A cylindrical capacitor has two co-axial cylinders of length 1 5  cm and radii 1 .5 cm and 1 .4 cm. The outer cylinder is earthed and the inner cylinder is given a charge of 3 .5 µC. Detennine the capacitance of the system and the potential of the inner cylinder. Neglect end effects (i .e. bending of the field lines at the ends). 

Sol.: Capacitance of cylindrical capacitor is 
2rce0L 2 x 1 5  x 1 0-2 C =  2.303 log10 !!_ 

a 9 X 109 
X 2.303 X iogJO � 1.4 or C = 1 .21 X 10-1° F Electric potential of the inner cylinder is  

0 3.5 x I0-6 C V = C = 1 .21 x 10-1° F  or V= 2.89 x 104V. 
GROUPING OF CAPACITORS • Capacitors in series : For n capacitors connected in series, the equivalent capacitance Cs is given by I 1 1 1 -= -+ -+ + Cs C1 C2 .... C,; • Capacitors in parallel : For n capacitors connected in parallel, the equivalent capacitance CP is given by cp

= c1 + c2 + .... + c11 • When capacitors are connected in series, the charge through each capacitor is same. • When capacitors are connected in parallel, the potential difference across each capacitor is same. 

llfustrcation 12, Obtain the equivalent capacitors l 00 pF of the network in figure. For �00 F I � a 300 V supply, determine the -
I
P c�·JH charge and voltage across c

2 
100 pFc

3 J�300 V each capacitor. 1 1---� 
Soln.: ·: C1 and C3 are in series, so, • C' = 100 pF C1 and C' are parallel , s o C' = C1 + C' = 100 + 100 or C" = 200 pF 

or 
c1 and C' are in series, so net capacitance of the networl<: is I l 1 1 1 + 2  - = - + - = --+ - = --
c C" C4 200 100 200 200 
C,

=

3�!�:: l 
. q 1100 pf ?�300 V 

C4 Net charge stored on the combination is  200 o-P .  8 Q = CV= -�- x 1 - x 300 = 2 x 1 0- C � As C' and C4 are in series, so 
C 

1�?0 

pF 1 � = � = Q � or Q" = 0 = 2 x 10 - ac ,1oo pF '.i' _.,oo v -4 c, 
Q" and hence V" = 
C" 

and TT 
__ Q4 2 x 1 o-s c ,, ------ = 200 V 4 C4 100 X 10-1

"" F c
l 

and C' are in parallel, so vi = V' = V'' or V1
= V' = l OOV and hence O = C V = I 00 x 10-12 x 100 = 1 x 1 o-8 C -I I I and Q' = C'V' = 100 x 10-12 x 100 = 1 ·x 1 0--8 C C2 and C3 are in parallel, so Q2 = Q3 

= Q' 
or O = 0. = 1 x 10-8 C -2 -., Q, 1 X 10-8 C and hence 

v2 = c; = 200 X 10-L2F = 50 V 
0 l x l0-8 C and V. = d = ----- = 50 V. 3 C3 200 X 1 0-12 F 

ENERGY STORED IN A CAPACITOR • Work done in charging a capacitor gets stored in the capacitor in the form of its electric potential energy and it is given by 
u = .!cv2 =.!Qv = !.. Q 2 2 2 C 


