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PHYSICS Lecture - 02

ELECTROSTATIC POTENTIAL

AND CAPACITANCE

By — AKSIR




Recap . i

ELECTRIC POTENTIAL AND POTENTIAL
DIFFERENCE

ELECTRIC POTENTIAL DUE TO A POINT
CHARGE

ELECTRIC POTENTIAL DUE TO A SYSTEM
OF CHARGES

ELECTRIC POTENTIAL DUE TO A ELECTRIC
DIPOLE
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EQUIPOTENTIAL SURFACES

CAPACITANCE OF A CAPACITOR

PARALLEL PLATE CAPACITOR

COMBINATION OF CAPACITOR
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Equipotential Surfaces

potentiok
Any surface over which the electric potential 1s same everywhere is called an equipotential
surface. Mo Ay
W= :
Ex: Surface of charged conductor. T (N5 \0)
W=q (Vg=Vn)

V< Conctantz(avne

A\l :VI-V;= 0
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\ Equipotential Surfaces
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v EPS of point charge is spherical in shape.

v" EPS of line charge is cylindrical in shape.

v" EPS of large plane sheet is plane in shape.
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| (<% Properties of EPS

v"Work done in moving a charge from one point of EPS to other point of same EPS is
always zero.

st

v'Electric field intensity is always perpendicular to EPS.

W= F Scol9 COSQ:Q:CQQ-.-.‘O‘
W-9CX c8e =

¢ ‘G-“’IO:!!-
O =3CX<=5H A

v'Two EPS can never intersect each other.




The work done to move a charge on an lequipotential surface|is

o Infinity @




Which of the following statements 1s u'not true?}

o Equipotential surfaces for a uniform electric field are jparalleliand equ{distant from
each other.

o Electric field 1s always ‘perpendlculaﬂto an equipotential surface.

Y
\7\.,

e Work done to move a charge on an equipotential surface is not zero.

Q Equipotential surfaces are the surfaces where the potential is constant.




The angle between the electric lines of force and the kequipotential surface Eis:




Nature of equipotential surface for a.{}tpoint chargelis

° Ellipsoid with charge at foci\?fﬂ\

/
V

O Sphere with charge .{at the centre of the sphere

,{7
hh\':'\

e Sphere with charge on|the surface]of the sphere

Q Plane with charge on the surface I3



A thin spherical shell 1s charged by some source. The potential difference between the
— =9 x 10° SI units )

two points C and P (in V ) shown in the given is: (. Take
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Charge q, 1s at the centre of a circular path with radius r . Work done 1n carrying charge
g1, once around this|equipotential path, would be
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Six charges +q, —q, +q, —q, +q and —q are fixed at the corners of a hexagon of side d as
shown in the figure. The work done in bringing a charge q, to the centre of the hexagon
from infinity 1s: ( €g-permittivity of free space)
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The diagrams below show regions of
‘equipotential |
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OJ In all the four cases the ‘work done is the same

" question 20V 40V 20V 40V 10V 30V, 4

O Minimum work 1s required to move q in figure (a)
e Maximum work 1s required to move q in figure (b)

o Maximum Work 1s required to move q in figure (c)
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7 Relation between electrostatic field (E) and
l < potential (V)

1.e. Negative gradient of electric potential 1s equal to electric field. Since electric field 1s
negative gradient of potential, thus potential decreases in the direction of E
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Figure shows three points A, B and C 1n a region of uniform electric field E. The line AB 1s
perpendicular and BC 1s parallel to the field lines. Then, which of the following holds
good? (V,,Vg and V, represent the electric potential at points A, B and C, respectively

V\=Vy=V,
\IQ ‘:\Ig7 \lc

Va=Vpg>Vc

v, =Vy<V, g

V> Vy=V,
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. Finding VwhenEis given
[ eton e sl = { E e Iy
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IfV = x%y + y?xz + 5,find the electric field at (1,1,0)
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IfE = x—zl Then find the potenjttlal difference between the points x=2 m and x= 4m.
'V::—g e . Y -‘QDX( )
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In a certain region of space with volume 0.2 m?3, the electric potential is found to be
throughout. The magnitude of electric field in this region 1s :

< — —dv NS\ =< const

° 0.5 N/C e
da
o 1 N/C C=o

- O
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[f potential (in volts) in a region 1s expressed as V(Xx,y,z) = 6xy — y + 2yz, the electric
field (in N/C) at pond (1, 1, 0) 1s: [H.W]

o —(61 + 9} + &)
O —(3i + 5j + 3k)
e —(61 + 5] + 2k)
° —(2i + 3] + k)




f-qE— zxzﬁg

In a region, the potential is represented by V' (x,y,z) = 6x — 8xy 8y + 6yz where V_

1s 1n volts and x,y,z are in meters. The electric force experlenced by a charge of 7
coulomb situated at point (1,1,1) 1s: - - -@ BA(N=2 (N+ < }]
X ¥.2 0 bY,
E =— E- 2-3+6 .'t\)
e m‘guz-zau?} J
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The electric potential at any point x, y, z in metres 1s given by V' = 3x%. The electric field at

a point (2, 0, 1) is [H.W]

o 12 V!
o —6 Vm™!
e 6 Vm!

Q 12 V!




An electric dipole of moment 'p' 1s placed 1n an electric field of intensity ' E . The dipole
acquires a position such that axis of the dipole makes an angle 9 with the direction of E .
Assuming that the potential energy of the dipole to zero when 6 = 90° , the torque and
the potential energy of B, dipole will respectively be: Qo

O pEsin 6, —pEcos 6 T
F e Ee:: — ! =

\\’I

o pEsin 8, —2pEcos 6 w e S

e pEsin 8, 2pEcos 6
° pE cos 8, —pEcos 6
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The capacitance of a capacitor 1s defined as the ratio of the charge given to a plate of the
capacitor to the potential difference produced between the plates.

R oy I~ F = H'):SF
Q<cv IMF = (6°F
L)c POl kawne =
apoLtane e
Q = Q -0
v IPF =t0o F—
Formula : )
= == IF= tey-)
Unit : N I

Dimensional formula :







Capacitance of capacitor ’» Gr =

i Note :

v The net charge on any capacitor 1s always zero. = Geowel 4 ‘7
4 The capacitance of a capacitor does not depends on charge (Q) and on the PD (V).

Each conductor 1s like a capacitor whose other plate lies at infinity. -

7 A capacitor in an electrical circuit is represented by the symbols —/f—
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| \ Type of capacitors

/

1. Spherical capacitor

. |Parallel plate capacitor ﬂ

3. Cylindrical capacitor



Find out the capacitance of the earth? (Radius of the earth = 6400 km)

G G, R N - B8
N K® R
R

C: —R—:LI"{’DR
5

3
C = S 4o Ao - F.u X\BC

A X!

Conumf
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| X Parallel plate capacitor

Parallel plate capacitor 1s a capacitor with two 1dentical plane parallel plates separated by a
small distance and the space between them 1s filled by an air or vacuum.

. f = \.) *Q —
v’ Electric field between plates & = & : = ';
] lgo )i’ # -
= 3 -
é:, E?+(1:E£?\ -8 p — 3+
v PDi o v Ae ~
P.D 1n terms E.F' e
& d—5
¥ FO&CQ_’ F =QE-Q y Q B —
v’ Capacitance |C< Ags S >Afe
d [P A Q)— =
f= 2 A%







(;: 4 At ke, o C_Q,q?\e\:exl Is ed

d
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The electrostatic force between the metal plates of an isolated parallel plate capacitor C
having a charge Q and area A is: . oL

LY

ow Independent of the distance between the plates. |

o Linearly proportional to the distance between the plates.
e Proportional to the square root of the distance between the plates.

Q Inversely proportional to the distance between the plates



The capacitance of a capacitor with charge g and a potential difference I/ depends on

both g and IV :
0 = A,
d

the geometry of the capacitor
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The distance between the two plates of a parallel plate capacitor 1s doubled, and the area of
each plate 1s halved. If C 1s 1ts 1nitial capacitance, its final capacitance is equal to




C=C @

The capacitance of a parallel plate capacitor with air as a medium 1s 6 uF With the
introduction of a dielectric medium, the capacitance becomes 30 puF. The permittivity of
the medium is (g, = 8.85 x 10~ C* N-! m~)  J Cen.

o L77x102 @ N'm? | Cu_ 2o

, . SR s
Q‘ 0.44 x10°19 C2N‘1m"2: Ko
P
e 5.00C?N—“2m™ Kog= _;."
L/ )
B viirocmms  Emnis e
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A parallel plate capacitor with cross-sectional area A and separation d has air between d the
plates. An insulating slab of the same area but the thickness of d/2 is inserted between the

plates as shown 1n the figure, having a dielectric constant, K = 4. The ratio of the new

——

o=
e

capacitance to its original capacitance will be

‘ & pr N”J_*_'_% J'—é—'l-f;q
8:5 >
ol Q")"'" A“ - Ao - 2he, —
O aiaes e 54
K—i
O Co. %K o 2 d

Cs =X x(

Q
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disstion,, f &
If a slab of insulating material (conceptual). 4x10~> m thick is introduced between the

plates of a parallel plate capacitor, the separation between the plates has to be increased by
w to restore the capacity to original value. The dielectric constant of the material

will be c_ At Con= C.

C}m: ;AEOQ 5
u dv£+‘£ d-o-§+ﬂ'g-_<i
Con = A€o = -M-«J—
d+3c-4+4 w® e
- A s, B S‘{:OS
TSR 52 2= %




__ Question _ b @

A dielectric slab of dielectric constant 3 having the same area of cross-section as that of a
parallel plate capacitor but of thickness 3%/4 of the separation of the plates is inserted into

the capacitor. The ratio of potential diffeltence across the plates without dielectric to that
with dielectric is: N, Cod 2
N = Eqd - (D V..  ©ed f
| >
Y = Eo(d- 34 + Toxid
A 7;) Gx ¥

e ——

C)

\/@h—_ G,,\(':%"I"EA

\lih: )"E_c} e E:'L_‘Q‘

q o0
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A parallel plate capacitor having area A and separated by distance d 1s filled by 1copper 1

plate of|thickness b! The new capacity is K
/
C- At A& L)
d-t+t d_HE
K @o Loaten Kgg(,,%)_
o= A% ’ Ah Kz

o-b |
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A parallel plate air capacitor has capacitance C, the distance of separation between plates 1s

d and potential difference V 1s applied between the plates. The force of attraction between
the plates of the parallel plate air capacitor 1s:

0
2d

X
d




A parallel plate capacitor has a capacitance 50 uF 1n air and 110 uF when immersed 1n an
oil. The dielectric constant 'K' of the o1l 1s

N 3 o
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