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At .P, £1 =E2 e; � l ql 1 q2 or 4ne0 r/ = 4ne0 r{ q1CD----•----E0"'q1 p •I• 
i =  [i = {16 = 2  
r2 v� 'J4 Also, r1 + r2 = 3.0 m :. r1 = 2 m, r2 = 1 m Hence, the point P is at a distance of 2 m from q I and 1 m from qi-

Two points masses, m each carrying charge -q and +q are attached to the ends of a massless rigid non-conducting rod of length /. The arrangement is placed in a uniform electric field E such that the rod makes a small angle e = 5° with the field direction, show that the minimum time needed by the rod to align itself along the field (after it is set free) is 
AB = !  

t=i�l:� 
:fCq B qE 

Soln.: The torque on rod AB is given by o 't = qE(/sin0) A 
= qE/0 -q ..c.q The moment of inertia of the rod AB about e is given by 
l = m(½Y +m(±r = mt We known that, 
1: = Ia or a. = .::_  

I a. = qE/0 = 2qE0 = ro20 where 002 = 2qE 
(ml2 

/2) ml ml As acceleration is directly proportional to 0, hence the motion of rod is SHM. The time period T is given by 
T =  21t = 21t� ml 

w 2qE The rod will become parallel to E in a time 
t - : - 2; �( 2:�) -� �L:�) 

ELECTRIC FLUX • If the lines of force pass through a surface then the surface is said to have flux linked wl.th it. Mathematically it can be formulated as follows 

• 

The flux linked with small area element on the surface of the body d<J> = E -ds where as is the area vector of the small area element. The area vector of a closed surface is always in the direction of outward drawn normal. The total flux linked with whole of the body <!> = fE·ds 
Gauss's Theorem : The total flux linked with a closed 
surface is J_ times the charge enclosed by the closed eo surface (Gaussian surface) i.e., J. - q -yE · ds = -

eo 

• 

This law is suitable for symmetrical charge distribution and valid for all vector fields obeying inverse square law. 
Gaussian Surface : (a) It is imaginary surface. (b) It i s  spherical for infinite sheet of charge, conducting and non conducting spheres. (c) It is cylindrical for infinite sheet of charge, conducting charge surfaces, infinite line of charges charged cylindrical conductors etc. 

APPLICATIONS OF GAUSS'S LAW • Electric field due to an infinitely long tbin uniformly 
charged straight wire Electric field due to thin infinitely long straight wire of uniform linear charge density A is 

E = _l_ 2nc:0r where r is the perpendicular distance of the observation point from the wire. • Electric field due to a uniformly charged thin spherical 
shell 

• 

Electric field due to uniformly charged thin spherical shell of uniform surface charge density cr and radius R at a point distant r from the centre of the shell is given as follows o At a point outside the shell i.e., r > R E = -1_!1_ 4ne0 r2 o At a point on the surface of the shell i.e., r = R E =-l _ _!J_ 
4neo R2 o At a point inside the shell i.e., r < R 

E=O Here, q == 4nR2cr The variation of E with r for a uniformly charged thin spherical shell is as shown in the figure. 

0 r = R r--+ 
Electric field due to a uniformly charged non­
conducting solid sphere Electric field due to a uniformly charged non conducting solid sphere of uniform volume charge density p and radius R at a point distant ,- from the centre of the sphere is given as follows : o At a point outside the sphere i.e., r > R 1 q E= --41tEo ,.
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• 

o At a point on the surface of the sphere i.e., r =R l q 4:i:c.o R1 
o At a point inside the sphere i.e., r < R 

Here, 
pr l qr E = - = - -3, for r < R  3&o 4rrs0 R 

The variation of E with r fur a ar!form charged non conducting sphere is as shown in the figure. 
i 

t I i / '"' 
E 1 /  � 

O r ""- R r--,,. Electric field due to a rurlform.ly charged Anf'mite thin pla11e sheet Electric field due to a infinite thin plane sheet of uniformly charge surface density a is  
� cr i:!, = ·-

220 E is independent of r, distance of the point from sheet. Electric field due to two thlll illflllite paroBel •b.eelti of equal and opposite charges Electric field due to two thin infinite parallel sheets of unifonn surface density +t:J and -cr, is given as fol!ov,rs- : o At a point anywhere- in the space ben.veen the two sheets. F-5!__ "o o At point outside the sheets, E = 0. 
IO@®!M,ii J\n electric dipole is placed at the centre of a sphere, Find the electric flux passing through the sphere. Soln.: Net charge inside the sphere qm = 0. Therefore, according to Gauss's 12.w .net flux passing through the sphere is zero. ELECTRIC l'OTErU!AL e Electric potential at a point can be physicaHy interpreted as the wo:k done by the :field in displacing a unit positive charge from some reference point to the given point w V =-

qo Potential at a point is analytically defined as a scalar function of position whose negative gradient at a point gives electric intensity - - av "· av " av i\ E = - grad V = - V V  = - - i - - i - -k · Bx ay - oz Potential at earth is assumed to be zero as it is a large conductor and its potential is approximately constant \Vith. respect to given charge to it, 

Ps:1te11tial Differe11ee : 
b 

vab = - JE ·dP 
a Its value does not depend on frame of reference, hence it is 

w, 

W] 

an absolute quantity. a W3 

5 

( 
I 

As electric field is conservative1 work done and hence potential difference bet\veen two points is path i:cdependent and depends only on the position of poI1.ts. w1 = w1
= W3 

lhtMM1MiA 
! The electric potential at point A is 20 V and at B is 40 V Find the. work done by an external force and electrostatic force in mavi.ng an electron slm.v1y from B to A. Soln : Here, t.1-te test charge is an electron., i.e., q0 

L6 x 10�19 C V� = 20 V  and F3
= --40V Work done by external force (Ws)exte:=I fo:C-f. = %( i'� i'�) (-- ! .6 x [0-19)[(20) - ( - 40)] - 9.6 x 10-" J  V/ork done by electric force 

(WE _)electric force = - (WB �A)external force =- ( - 9.6 x 1Q-1') J = 9.6 x 10-" J 
6l Electric potential due to a p1i11t cAara:e : Electric Dotenti.al at a point distant r from a point charge q is - V= _ll_ -411:s.ril'' 
® Electric potentb'd due to system of charges : The ele:;tric potential at a point due to a system of charges is equal to the algebraic sum of the electric potentials due to individual charges at that point. 

v - I ( q, q, - q, - ... q" I - l f q, 4n:Eo '-s lj rz i:J rn ) 4n:Eo i=l ".i Electric potential at 011.y peint """ to an electric dipole 
Ip 

-qe,----'-/4--'�"----<le+i7 
la Tue electric potential at pointP due to an electric dipole is I pcos9 V - --·-, -

4;i-e0 r-Spedal cases : o When the poinr Plies on the axial line of dipole le., 8 .� O". V = -·_P_ 4-n:e0r2 o \Vnen the point P lies on the equatorial li::i.e of ::le dipole, i.e., 0 =  90° :. V= 0. Eleetrk potential due to uniformly charged thfo spherical shell Electric potential due to a unifonnly charged spherical shell of uniform surf-aee charge density a and radius R at a point distant r from the centre of the shell is given as fo1iows 
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• 

o At a point outside the shell i.e., r > R V = -1_!!_ 
4ni::0 r o At a point on the surface of the shell i.e., r = R 

V = -l_J_ 
4ni::0 R o At a point inside the shell i.e., r > R 

V = -1_2._ 4ne0 R Here, q = 4rtR2cr The variation of V with r for a uniformly charged thin spherical shell is shown in the figw-e. 
t 
V 

0 r = R  ,.__. 
Electric potential due to a uniformly charged non 
conducting solid sphere Electric potential due to a uniformly ·charged non­conducting solid sphere of uniform volume charge density p and radius R at a point distant r from the centre of sphere is given as follows : o At a point outside the sphere i.e., r > R V = -1_!{ 4ne0 ,-o At a point on the surface of the sphere i.e., r = R V = -l_!f_ 4ne0 R o At a point inside the sphere i.e., r < R 

V = l q(3R2 -r2) 4m::0 2R3 4 Here q = -nR
3p 

3 
Illustration 8 A spherical conducing shell of inner radius r1 and outer radius r 

2 
has a charge Q. (a) A charge q is placed at the centre of the shell. What is the surface charge density on the inner and outer ·surfaces of the shell? (b) Is the electric field inside a cavity (with no charge) zero, even if the shall is not spherical, but has any irregular shape? Explain. Soln.: (a) Surface charge density on the inner surface of shell is 

-q cr = --in 4m/ and on the outer surface of shell is 
Q + q 0out = , 4m2 Q + q  (b) The electric flux linked with any closed surface S inside the conductor is zero as electric field inside conductor is zero. 

So, by Gauss's theorem net charge enclosed by closed surface S is also zero i.e., qnot = O 

So, if there is no charge inside the cavity, then there cannot be any charge on the inner surface of the shell and hence electric field inside the cavity will be zero, even though the shall may not be spherical. 
Illustration ·9:' ' 

ci!' A charge Q is distributed over two concentric hollow spheres ofradii r and R (> r) such that the surface densities are the same. Find the potential at the -centre of the two spheres. Soln. : If q1 and q2 are the charges on two spheres of radii r and 
R respectively; then the surface charge density is given by 

cr = _!Jj_ = _JJ__  ·or !ll = .C 4m·2 41tR2 q2 R2 . @ 
, , , q1 ,-- qi + q2 ,.- + R- R - + 1 = - + l  => --- = --- IA q2 R1 q2 R2 0 ,. 

But q1 + q2 = total charge Q. QR ,.
2 + R2 or - = --- or q2 R 

Similarly, q1 = QR 
,. ,.2 + R2 l q1 1 qz Potential at the common centre = -4 ,, - + -4- -R n.,o ,. neo I (q1 q2) l ( Qr QR l 

= 4neo -;:
+

R = 47t6o ,.2 + R2 + ,.2 + R2) 
EQUIPOTENTIAL SURFACE • An equipotential surface is a surface with a constant value of potential at all points on the surface. 

Properties of an equipotential surface • Electric field lines are always perpendicular to an equipotential surface. • Work done in moving an electric charge from one point to another on an equipotential surface is zero. • Two equipotential surfaces can never intersect one another. 
Relationship between E and V 

E = -VV 

where V = (i.£._+J�.£._+k�] . ox oy oz -ve sign shows that the direction of E is the direction of decreasing potential. 


