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PHYSICS Lecture - 01

ELECTROSTATIC POTENTIAL

AND CAPACITANCE

By - AK SIR




TOPICS - woonef

ELECTRIC POTENTIAL AND POTENTIAL
DIFFERENCE

ELECTRIC POTENTIAL DUE TO A POINT
CHARGE

ELECTRIC POTENTIAL DUE TO A SYSTEM OF
CHARGES CHARGES

ELECTRIC POTENTIAL DUE TO A ELECTRIC
DIPOLE
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Electric field due to infinite, straight uniformly charged wire varies with distance ‘r’ as
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guestion 4 o

( B
An infinitely long thin straight wire has uniform charge density of ix 10-2 C/m. What is

the magnitude of an electric field at a distance 20 cm from the axis of the wire
A
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Two parallel infinite line charges with linear charge densities +A. and -A are placed at

a distance of 2r in free space. What is the electricity field intensity mid-way between
the two-line charges
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Find the force exerted by a positively charged infinitely long, thin rod having linear
charge density A on charge +q in its vicinity.
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R. €2
A uniformly charged spherical shell of radius 10 cm has surface cl@ density of
16 4 C — m ~2, Find the electric field due to shell at a distance of 20 cm from the centre

of the shell.® c .2 A
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Intensity of electric field at a perpendicular distance of 0.5 m from an infinitely long line
charge having linear charge density(A) 3.6 X 10> V /m. Find the value of A.
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A charge of 17.7 x 107*C is distributed uniformly over a large'_sheet Eof area 200 m?.

Calculate the electric field intensity at a distance 20 cm from it in air. Given €5 = 8.85 X
1072C4N~tm==.
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A spherical conductor of radius 2 cm is uniformly charged with 3 nC. What is the electric
field at a distance of 3 cm from the centre of the sphere?
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Two identical rectangular plane sheet A and B each of surface charge density ¢,
Cm~ are placed parallel to each other as shown in figure. The electric field at the
mid point P will be: e —
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guestion ®

Two parallel infinite line charges with linear charge densities +4 C/m and +4 C/m

are placed at a distance R. The electric field mid-way between the two line charges
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Match List - I with List - II: ._ g e = e B
‘ List-I (Application of Gauss Law) List-II (Value of |E]
A. The field inside a thin shell #<{f ,c=2 || _* 4
| 2TE T
B. The field outside a thin shellps¢ £ =64 | 1], —L— ¢
/4 4me,R*
C. The field of thin shell at the surface | [IL. - L
7'[897‘
'D. The field due to a long charged wire | IV. Zero

(Here symbols have their usual meaning and Ris the radius of the thin shell)
Choose the correct answer from the options given below:

° A-IV. B-IIL, C-I, D-II a A-L B-IL C-IIL, D-IV
a A-IV. B-IIL, C-II, D-I @ A-L B-III C-IL D-1V




A spherical conductor of radius 10 cm has a charge of 3.2 x 10-7 C distributed
uniformly. What is the magnitude of the electric field at a point 15 cm from the

centre of the sphere? (4715 =9 10"N —m=/L 2) [Home work]‘

o 1.28 x 105 N/C ‘
o 1.28 x 106 N/C
e 1.28 x 107 N/C
Q 1.28 x 10* N/C
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| | 34K, E=6
Afhollow metal !sphere of radius R is uniformly charged. The electric field due to
the sphere at a distance r from the centre:

N

Decreases as rincreases forr<Rand forr>R

|
Increases as rincreases forr<Rand forr> R

e \ [s zero as rincreases for r < R, decreases as r increases for r > R }‘/

° [s zero as rincreases for r < R, increases as r increases forr > R
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The electric field at a distance —~ from the centre of a charged conducting spherical

shell of radius@is E. The electric field at a distance g from the centre of the sphere
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Match List - I with List - II.
List - I ' List - II

Electric field inside (distance r > 0 from center)

(A) A uniformly charged spherical shell with /4 =) 1y
surface charge density o, and radius R. Electric (1) g ST
field at distance h‘ > R. %
(B) charged infinite plane sheet with surface C S MW
charge density o. Electric field outside (dlstance (1) 2_6; :
r> 0 from center) € = E P =
(C) A uniformly charged spherlcal shell with (I111) 0

surface charge density o, and radius R. Electric
field inside the shell.

(D) infinite plane parallel sheets with uniform
surface charge density . Electric field between 2

oppositely charged sheets. ©=%+%¥C.- ) ¢
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A|metal cubé of side 5 cm 1s charged with 6uC. The surface charge density on the cube 1s

R
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guestion ¢ 1

A hollow sphere of radius 1 m 1s given a positive charge of 10uC. The electric field at the

centre of hollow sphere will be:
14 R

o 1 Zero |
e 90 X 103Vm™1
Q Infinite
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Charges are uniformly spread jon the surface of a conducting sphere. The electric
field from the center of the sphere @J: point outside the sphere varies with
distance r from the center as
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Which of the following is a|correct statement?

Gauss’s law does not hold good for a charge situated outside the Gaussian
surface.

O Gauss'’s law is true for any closed surface. -~

e Gauss’s law is true for any open surface.+}

Gauss’s law is not applicable when charges are not symmetrically distributed
over a closed surface.



Year Topic
2025 (2Q) Work done and Equipotential surface
2024(2Q) Electric susceptibility, Energy stored in a capacitor
2023(30Q) Parallel plate capacitor, The potential energy and Equivalent capacitance
2022(2Q) Electric potential due to dipole and Parallel plate capacitor
2021(5Q) Spherical capacitance, Parallel plate capacitor, Polar and non-polar

molecules, Equivalent capacitance and Energy stored in capacitor

2020(30Q)

Equivalent capacitance, Potential gradient and Potential




Year

Topie

2019(5Q) Potential gradient, Equivalent capacitance, Charging & discharging
capacitor, Potential gradient and potential energy
2018(4Q) Potential difference, Equivalent capacitance, Equipotential surface and
Equivalent capacitance
2017(2Q) Energy stored and Equivalent capacitance
2016(4Q) Equipotential surface, potential energy, charging of capacitor and parallel
plate capacitors
2015(20Q) Parallel plate capacitor and Potential due to spherical shell
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“. Electric potential

Electric potential at a point in electric field is defined as amount of work done by external

agent 1n bringing a unit test positive charge from infinity to that point against the electric
field.

= :\\): \ Jc!

v It is scalar quantity

v" Potential can be positive, negative and even zero. Hence charges must be taken with sign.

v" Electric potential always decreases in the direction of electric field
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A point charge of 20 uC 1s brought from infinity to a point in an electric field. If -40 u J of
work had to be done against the field then find potential at that point.

Np = bjﬂ'l-_—_ - 4oxiS
1 )DX[GC



The amount of work done 1n bringing a point charge of 3 mC from infinity to a point P 1s
0.06 J. Find the electric potential at the point P.

Np = Hex t
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What work must be done in carrying an a-particle across a potential difference of 1 volt?
[Given charge on electron 1.6 x 10~1° C ]
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If 100 J of work must be done to move an electric charge of magnitude of 4C from a place
A, where potential 1s -10 V to another place B where potential 1s V volt. Find the value of

V.

: = Np . Ny — V
: \ av< Wt _ 1o o g s & .
N - - -
] L 9 4 \N - \,R‘VA
A\l‘:lg Avz VT IDU_}S'
- ? -
VD‘VA :)S
Nl— (-IQ\‘;lg

\lq“-l-co =3 ;
\'G = '15"0':[8\,



vV



(Y

When a point charge of 20 u C i1s brought from infinity to a point in an electric field, -20

1 J of work is done by the electric field. Then what amount of work would have to be done
by the external agent, 1f a 40 u C charge brought from infinity to the same point ?
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A charge particle of 2C is released from a point where electric potential 1s 10V. Find kinetic
energy of the particle when charge particle reaches to infinity.
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Calculate potential due to a charge 5 x 10~7C at a point P located 9 cm away. Also find
work done in bringing an another charge of 3 x 1078C from infinity to the point.
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Find potential at the centre of the charge systems shown-

 @— @1
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What 1s the electric potential at a distance of 9 cm from 3 nC?
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Electric potential at a point P due to a point charge of 5 X 107°C is 50 V . The distance of

P from the point charge 1s: (Assume, 4”18 =9 x 10° Nm*C~?)
0
A
o 3 cm Y= b1 - ‘lxlj()(sx-ax
P —Y
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A potential at a point A 1s -3 V and that at another point B 1s 5 V. What 1s the work done
in carrying a charge of 5 mC from B to A?

N\ = SV \,*-.'—3\’




The electrostatic potential due to an lelectric dipole %at a distance 7 varies as :
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@3@%1 Electrostatic Potential due to a Charged

« Conducting Sphere or Spherical Shell
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The variation of electrostatic potential with radial distance from the centre of a positively
charged metallic thin shell|of radius R is given by the graph:

s 1




The given graph shows variation (with distance r from centre) of

o Electric field of a uniformly charged sphere

O Potential of a uniformly charged spherical shell '

e Potential of a uniformly charged sphere

o Electric field of a uniformly charged spherical shell



V¥ Electric Potential due to Uniformly Charged
«© Non-conducting
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Graphical variation of |electric field due to a uniformly charged insulating solid sphere of
radius R, with distance r from the centre O 1s represented by:
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The value of electric potential at a distance of 9: cm from thé point charge 4 x 107G
— =9 x 10°Nm?C2|:
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A conducting sphere of radius R 1s given a charge Q. The electric potential and the
electric field at the center|of the spheres respectively are:
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Both are zero



A hollow metallic sphere of radius |10 crfp 1s charged such that potential of its surface 1s %‘
V . The potential at the centre of be sphere would be
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Given below are two statements: one 1s labelled as Assertion A and the other 1s labelled
as Reason R/ g6 \9° \ =D %03
Assertion A; The potential (V') at any axial point, at 2 m distance () from The centre of

the dipole of dipole moment vector P of magnitude, 4 X 107°Cm, is
+9 x 10% V. ( Take — = 9 x 10° SI Units )

7TEO

Reason R: ?/\ + ®P where 7 1s the distance of any axial point, situated at 2 m from

4TEGT?’
the centre of the dipole. In the light of the above statements, ghoose the correct answer
from the options given bel w.

o A 1s true but R 1s false. ° A 1s false but R 1s true.

Both A and R are true and R 1s NOT the

e Both A and R are true and R 1s the
correct explanation of A .

correct explanation of A.
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[f a conducting sphere of radius R 1s charged. Then the electric field at a distance r(r >
R) from the centre of the sphere would be, ( V = potential on the surface of the sphere)
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Two hollow conducting sphere of radii R; and R,(R; > R,) have equal charges. The

V:"j_?; \/OL-}'

potential would be:

O Dependent on the material propert

o More on bigger sphere

e More on smaller Sphereh‘l

° Equal on both the sphere

'y of the sphere

4

% - Q“‘*{Z.ﬂ ['%/) <
AN LA Dy R

9».(1 34, i {i é)?l \%/’

i




guestion ®

A short electric dipole has a dipole moment of 16 X 10~°Cm The electric potential due to
the dipole at a point at a distance of 0.6 m from the centre of the dipole, situated on a line

— =9 x 10° N m?/C?)

4‘7'[60

an angle of 60° with the dipole axis 1s : (
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A, B and C are three points in a uniform electric field. The electric potential 1s:

= QN
E=O d
- —_—
o Same at all the three points A, B and C B oV ° Ay
——— > F
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Four point charges —Q, —q, 2q and 2 Q are placed on 4 each corner of the square. The
relation between Q and q for which the potential at the center of the square 1s zero 1s

i Vp + Vy J-\/C + Vo
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1R : (2 &)
s Kew, ke, 20D, K2
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O - ~—Q—g7+21 +2>0Q
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Four electric charges +q, +q, —q and —q are placed at the corner of a square of side 2 L
(see figure). The electric potential at point A , midway between the two charges +¢g and
1S
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R : : %
Some charge 1s being given to a conductor. Then 1ts potential: = \4/({

Nung
i otid @

° Is maximum at surface

o [s maximum at centre

e Is same throughout the conductor

° Is maximum somewhere between surface and centre
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”3@% Electric potential energy of a system of charges

Electrostatic potential energy of a point charge, is the amount of work done in bringing the
charge from infinity to the present position without changing its kinetic energy.

» EPE of a system of charges, 1s the minimum amount of work done 1n assembling the given
charge system.

> An object may have EPE by virtue of |

(6 Its own charge called self-energy and

() Its relative position in the system of charges, called interaction energy.
Therefore, total EPE = self-energy + interaction energy

» EPE is defined O?ﬁy for conservative field like gravitational field, electrostatic field etc.
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\ Properties of conservative field

-

v Work done is independent of path followed.

” Work done against conservative field/force, gets stored in the form of potential energy.

"

Sum of KE and PE at any instant remains constant [Conservation of Mechanical Energy
(COME)]. ‘

e H +\):Congto\~n'{

I:-J. O, Gf

K:+0L; = H;i‘\)
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Electrostatic Potential Energy
(EPE) of two point charge system

Note | Always put sign of the charge in this formula.

v" Potential energy under repulsive forces is positive.
v" Potential energy under attractive forces is negative.




Find potential energy of the system shown. Also find work done in decreasing the
distance by Im.
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For the given charge system, find — (1) PE of system (2) Work done 1n carrying a charge
to infinity
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A system of two charges separated by a certain distance apart stores electrical potential
energy. If the distance between them i1s increased, the potential energy of the system

Increases 1in any case VwliKe (hotye
g= )
O y U — \éq tah.
A O r(f:-‘g 12,7
decreases in any case 3
B y Uike choge L= B
() A \“?\. / I
. ’ 1 {
may increase or decrease KN VY R LY
AL Vb

° remains the same



Electrostatic Potential Energy of a System of

Charqges

It 1s defined as work done by external agent or work done against electric field in bringing
charges from infinity to their respective positions, in forming system of charges.

Example —

(1) For 3-point charge system
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(1) For 4-point charge system
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Consider the charge system shown, find (1) Potential energy of any one of the charges. (1)

Potential energy of the system. (iii) Work done in associating the system. B
(i) ] = §} ) < J 9, 1 K9:9~
Uz B9 Ky 2 4"
a G Q
r R
(i) U= LUh? \)\3+Ux T B2,k z+K21
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guestion ®

The charges Q, +¢g and + g are placed at the vertices of an equilateral triangle of side 1. If
the net electrostatic potential energy of the system i1s zero, then Q 1s equal to

—q/2 U= 0, +9,% 5, e
. U= bsz_z_, K_;Qg_ + ’%Z 2 )
O= @1+@7+¢" 2 9\
+q/2 S 4q +o
Zero 209 =- 7{
20 :-1
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For what value of Q, EPE of the given system is zero.
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For what value of Q, EPE of the system shown 1s zero.
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Find work done 1n transferring the charge +Q via semicircular path CRD centered at B.
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A hot filament liberates an electron with zero initial velocity. The anode potential 1s 1200
V. The speed of the electron when it strikes the anode 1s

¢:, 1.5 x 10° ms™! o
o 2.5 x 10° ms™
e 21 % 10" ms!




X Potential Gradient
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The rate of change of potential with distance in the electric field 1s called “The potential
gradient”
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