Capacitance & its Energy density :5)3’}"

Capacitance and Capacitors

We have already stated that a conductor in an electrostatic field is an Equipotential body and any charge
given to such conductor will distribute themselves in such a manner that electric field inside the
conductor vanishes. If an additional amount of charge is supplied to an isolated conductor at a given
potential, this additional charge will increase the
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surface charge density . Since the potential of the conductor is given by Wgs T , the
potential of the conductor  will also increase
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maintaining the ratio ¥ same. Thus we can write ¥ where the constant of proportionality

C is called the capacitance of the isolated conductor. Sl unit of capacitance is Coulomb/ Volt also called
Farad denoted by F. It can It can be seen that if V=1, C = Q.

Thus capacity of an isolated conductor can also be defined as the amount of charge in Coulomb
required to raise the potential of the conductor by 1 Volt. Of considerable interest in practice is a
capacitor that consists of two (or more) conductors carrying equal and opposite charges and separated by
some dielectric media or free space. The conductors may have arbitrary shapes. A two-conductor
capacitor is shown in figure

Capacitance and Capacitors

When a d-c voltage source is connected between the conductors, a charge transfer occurs whichresults
into a positive charge on one conductor and negative charge on the other conductor. The conductors are
equipotential surfaces and the field lines are perpendicular to the conductor surface. If V is the mean
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potential difference between the conductors, the capacitance is given by . Capacitance of a
capacitor depends on the geometry of the conductor and the permittivity of the medium between them and
does not depend on the charge or potential difference between conductors. The capacitance can be

computed by assuming Q(at the same time -Q on the other conductor), first determining & using Gauss*s
theorem and then
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determining = —.[E‘dj . We illustrate this procedure by taking the example of a parallel plate capacitor.

Series and parallel Connection of capacitors

Capacitors are connected in various manners in electrical circuits; series and parallel connections are the
two basic ways of connecting capacitors. We compute the equivalent capacitance for such connections.
Series Case: Series connection of two capacitors is shown in the figure 2.21. For this case we can write,
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Fig 2.22: Parallel Connection of Capacitors

The same approach may be extended to more than two capacitors connected in series.Parallel Case: For
the parallel case, the voltages across the capacitors are the same. The total charge
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Energy Density

We have stated that the electric potential at a point in an electric field is the amount of workrequired
to bring a unit positive charge from infinity (reference of zero potential) to that point. To determine the
energy that is present in an assembly of charges, let us first determine the amount of work required to
assemble them. Let us consider a number of discrete charges Qi, Q2, , Qn are brought from infinity to
their present position one by one. Since initially there
is no field present, the amount of work done in bring Qi is zero. Q; is brought in the presenceof the
field of Q;, the work done Wi= Q,V,1 where Vy; is the potential at the location of Q; due to Q.
Proceeding in this manner, we can write, the total work done
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Had the charges been brought in the reverse order,
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Therefore,
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Here V,; represent voltage at the I™ charge location due to J" charge. Therefore,

P
oW = V1Q1 Foiiis * V:?-IQN T ZI"}QI
Tl

1 N
W==2 Vs
Or, 7l

If instead of discrete charges, we now have a distribution of charges over a volume v then wecan write,

W= %JV,o,dv

where £ is the volume charge density and V represents the potential function.Since, © ~ v D, we can

write
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Using the vector identity,

(v - E)Vdv

V@D =DVI+ W'B, We can write
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, for point charges, since V varies as #and D varies as #~ , theterm V
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varies as D while thé area varies as r’ Hence the integral term varies at least as #andthe as surface

becomes large (i.e.
) the integral term tends to zero.

Thus the equation for W reduces to

—

_%J(ﬁvV)dv=%J‘(DE}x‘v= IeEz)dv=Jwedv

v

W, i £

2 , Is called the energy density in the electrostatic field.
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