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D : Short Notes

1.

6.

7.

Electric Potential : The amount of work done to bring unit positive charge from infinity to that point
against the electric field of a given charge without changing its kinetic energy or velocity.

Q

ATEQr

r
V = [ -Edx=
O

, . . - 13 : : :
It is a scalar quantity and its unit is volt, 1 volt%. Its dimensional formula igML°TA™].
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Potential Energy : Y =aV =
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Equipotential Surface is the surface, where potential is equal at every point. For a point charge, a
sphere will be equipotential surface with point charge at the centre at the centre of the sphere. Equipc
tential surface for a long line charge is a cylinder with line charge along its axis.

The work done in carrying a charge from one point to another along an equipotential surface is
zero.

The electric field lines are always perpendicular to the equipotential surface.

Every conductor (metal) is an equipotential surface and hence electric field lines will emerge per-
pendicular to it.

Electric field and surface charge density are maximum at pointed ends of a conductor.
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Note T Ed =0 and J'a Ed =V, -V,

Electric potential due to a spherical shell (radius R, charge Q)
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Electric potential along axial line
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V_.. = V. . = .
aial 4 (x2-12) adal =2 due to a short dipole.

Electric potential at any point along equatorial line : Vequatorial = °©
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8.

9.
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11.

12.

Electric potential due to a dipole at any point

v B pcosé y _ pcosé ]
any point = 2 12 0526) any point = .2 due to a short dipole.

x = distance between mid point of the dipole and the point of observation.
| = Half length of the diapole.

Torque experienced by a dipole when placed in a uniform electric field E

*F =0, i.e., no linear motion is possible 1

i=PxE= pE sing is lllustrated in the following figure. g
H/ —

If 6=0, 1 =0, equilibrium is stable. 6

if  6=90° /=pE and is maximum. » /

[ — 2 sing ——

If  @=180° /=0 equilibrium is unstable.  qe=F,

6,
Work done W = J’H1 1.d6 = pE(cosb, -cosb,) Fig. Torque due to a dipole
If =0, 6,=180° (i.e., dipole is reversed) whah' = 2pE

If =0, 6, =90
W = pE
Potential energy due to a dipoleJ = —pE cos@

Potential Energy (PE) _It is the amount of work done to bring a charg&om infinity to that point
against the electric field of a given chai@ewithout changing itKE.

PEU = aQ =dvV  Since the electrostatic force is conservative, therefore work dbre APE

ArEQr
5 Qg1 o o1og ) 0
WU = 40 Bfina  nnital I et i 5
Charged patrticle in motion : ForceF = qE ma = qE ora= %

Velocity v after travelling a distance of using = 2ad is v:,/$

Et
Velocity after timet if it starts from resv = at = q?

Potential due to a uniformly charged sphere

out = 4zgx for x >R
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Vinside = t——= forx<R

inside R477£0R3 4rEQR
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v, J—=— forx=R

surface R“EOR o «



E. Exercise Problems :

1.

Two concentric shells carry charggsand Q. Their radius are andR. The potential difference

between the two is —

O

_ 1 . _qO _ 1 m QO
Ans. : VR—T%%“LEE andvr_4_rE0B,_+EE

_y .y =_a & 10
AV =V, VR_4non A=

Two concentric spherical shells of radiRs and R(R>R,) are having uniformly distributed charges
Q, and Q, respectively. Find out potentialC
(A) at point A

(B) at surface of smaller shell (i.e. at poiBj
(C) at surface of larger shell (i.e. at point C)
(D) atr < R,

(E) atR, <r <R,

(F) at atr > R
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Solution : Using the results of hollow sphere as

— KQ , KQ _KQ , KQ
Y ® % R TR
K K
©) Ve =R—21+R—32 (D) Forr < R
—KQ , KQ
(E) ForR, <r <R, —? R_2
K K
=TQ1+F%2 (F) Forr > R,

V :@+_KQ2
r r

Two hollow concentric non-conducting spheres of raciuand b (a > b) contains charge®,
and Q, respectively. Prove that potential difference between two spheres is independent of charge
on outer sphere. If outer sphere is given an extra charge, is there any change in potential difference

Solution : o
V = KQO + KQa. 2
inner sphere b a
— KQ |, KQ,
Vouter sphere — T+Ta ‘
— K& K
Vinner sphere _Vouter shere Ty T g
o 10
AV = KQb g_—g
a

which is independent of charge on outer sphere.
If outer sphere in given any extra charge, then there will be no change in potential difference.
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4. The two conducting spherical shells are joined by a conducting wire and cut after some time wher
charge stops flowing. Find out the charge on each sphere after that.

_3Q

\/

Solution : After cutting the wire, the potential of both the shells is equal.
Thus, potential of inner shell

_Kx, K(-20-%) _k(x-2Q)

V, =
2R 2R
Kx K( 2Q-x) -

i = = —ZQ-X
and potential of outer shelVy, = 2R SR R
AS VOut :\/in

—KQ _ K(x-2Q)

. R 2R
O -2Q=x-2Q
O x = 0. So charge on inner spherical shell = 0 and outer spherical shep= -2

5. Two conducting hollow spherical shells of raRiiand 2R carry charges @ and 3Q respectively. How
much charge will flow into the earth if inner shell is grounded?

3Q
—Q

2R

Solution : When inner shell is grounded to the earth then the potential of inner shell will become zero,
because potential of the earth is taken to be zero

Q+ K3Q =0
R 2R
x=_R
2
the charge that has increased '
-3
=% =7

2

Hence charge flows into the earth%
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