Capacitor and Capacitance

1. Capacitor and its Classification: Concept of Capacitance of a Capacitor and its
Unit:

Capacitor is that electrical equipment which can store certain amount of charge at a certain
potential drop across it. It is normally constructed by two conducting foils of certain geometric
shape when separated by air or any other dielectric medium. Thus capacitor has two types which
are dielectric capacitor and air capacitor. Again on the basis of
geometric shape of the metallic foils used the capacitor has also

Dielectric

three types which are parallel plate capacitor, spherical capacitor

and cylindrical capacitor.
Terminal

The basic principle by which the charge will be stored in a capacitor
is a fact that, when a plate of the capacitor is charged by ‘some
amounts of positive charge then the other plate aWill become
charged by equal amount of induced negative chargem€itherdby
electrostatic induction or by dielectric polarization.\'So finally a
potential drop will appear across the two)plates, of that capacitor
due to the storage of charge in that capacitor.
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So if Q be the amount, of charge which is stored within the capacitor and for such
| storage, the potential drop appeared across it for corresponding work done of
T charging is V. In that case Q“e¢V and Q = CV. Here C is proportionality constant and

it is called Capacitanceyof the capacitor.

Capacitor
Symbol  Since inthisicasefor V = 1, Q = C, the capacitance of a capacitor is defined by that

amoungt, of%charge“which is required to store within the capacitor to appear unit
potential drop acress‘it. Since C = % , s0 Sl unit of capacitor is Coulomb/ Volt = Farad where its

cgs unit is Stat Coulomb '/ esu of potential = Stat Farad or esu of capacitance and the conversion is

1 Coulomb 3 x 10° esu of charge

1 Paghd =
M " T Tvont

= 9 x 10! esu of Capacitance

ﬁ esu of potential

2. Energy Stored for Charging of a Capacitor:

The electrostatic potential energy stored in a capacitor will be equal to the total work done
required for charging. So if during intermediate process of charging, for the storage of g amount
charge in a capacitor, dV amount of potential drop will appear across it then the total energy
stored for complete charging will be
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3. Energy Loss for the Connection of two Charged Capacitors by a Conducting Wire:

We now consider two capacitors in which respectively Q;and Q, amount of charge are stored.
Thus the potential appeared in this two capacitors are V; and V, respectively. Hence initially the

energy stored in this two capacitor together is U; = % [C1V12 + CZVZZ]

Now if this two charged capacitors be connected by a conducting wire the ch
between that two capacitors will occur up till the potential drop of both the ca
same. If this same potential drop be V then for their finally stored charge Q% _an

the total final energy stored will be

1 1
U, == [QJV+Q3V] = =[C;.V.V+ C,.V.V] = [C +%]
2 2
®
Where by charge conservation, we have Q; + Q, \+hQ‘2’
And C1V1 + C2V2 = C1V + C2V Or, V= +Q2 us we see that
1

1
U — Uy = 2. [{C V] + C2VF} — (€L + C;

C1V1+Cy V-
2+ CVE - (€ + C) (2 2 |

C1+Cy
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will be AU = 2

(Vq — Vz)2 > and energy loss will occur. This energy loss

The cause of such energy
through that connectin

AU 1 : C,C,
J J 2] C1+C;

]. (Vi — Vp)?

4. Dete ion of Capacitance of Several Capacitors:

a) ParallelPlate Capacitor: T Mew! /
o 6060#‘004-&0/

Vacuum

For such capacitor two parallel metallic plates, each having cross section A |

are separated either by air or by dielectric with comparatively separation d.
. . . . +

Thus for parallel plate air capacitor, if one plate be charged by positive e /
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charge +Q then by electrostatic induction the equal but opposite charge —Q Dielectric

will be induced in the other plate. s—
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Here as shown in figure if that other plate be made earthed at zero potential then the effective

o

electric field at any intermediate point P between that two plates will be E = % + % = -
o 0 o

Since 6 = surface density of charge :% andE = — & , we should have [dV = — [ E.dx by

dx
which we get

0qv = — (& ax= Lo _
Jy av = feo.dX— eoAfo dx Or,V = 7= 7_6
Then we get the capacitance of parallel plate air capacitor in SI system 4 +(/
Aey . . . . .
C= % = % similarly the capacitance of a parallel plate air capacitor Ly *’__E,
. . Q_ A TR P
in cgs system will be C = Vo PR

o o
Again for parallel plate dielectric capacitor, its capacitance will similarly 7 / |

— Q_ Ak - Q_ kA " i =
become C = v a [Sl]and C = v amd [cgs]
X
b) Spherical Capacitor: X=0 x=d

To construct such capacitor we take two concentric §pherical,conducting shells separated either

by air or dielectric. So if the outer shell be made greunded with inner shell charged by the charge
Q then for their inner. andyouter radius r; and r, , the electrostatic
field at any intermediate, point\P within two shells of that spherical
air capacitor at%a distance r from the common center of that
capacitor willbe

\ / wd W 1 o0, 04 1 o
’ E=S dr_41teo'r20r' fV dv_4n€0'fl‘1 r2 dr

onv -2 (A1)
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And finally the capacitance of a spherical air capacitor in Sl system will be C = v oo
2— 11
Similarly, this,capaeitance of spherical air capacitor in cgs system will be C = % = %
2— 1

Again forspherical dielectric capacitor, its capacitance will similarly become

4megKkriry [Sl] and C= g = m [CgS]

rp—ri \% rp—rip

c=23=
\%

c¢) Cylindrical Capacitor:

To construct such capacitor we take two concentric cylindrical conducting shells separated either
by air or dielectric. So if the outer shell be made grounded with inner shell charged by the charge
Q then for their inner and outer radius r; and r,, the electrostatic field at any intermediate point P



within two shells of that cylindrical air capacitor at a distance r from the common axis of that
capacitor will be

—_
__&_o_1 Q h 2
E - dr - €g o €g ) 2mrl \h-‘-—_k-?’/ +
+Qa
Or, fV dv = 2me,l’ frl r dr Or, V= Zneol'ln ry i +E- L
i iP
and finally the capacitance of a cylindrical air capacitor in SI sys i:i:: L
C= 2 = Zﬂ_iol . ;\\_E
Voom(3)

Similarly, this capacitance of cylindrical air capacitor in cgs system will be

i and ¢~ & l(‘)‘
g O\ S]
5. Capacitance of Earth or any Single Spherical'Body:

Here we consider a sphere of radius r. Thi

for cylindrical dielectric capacitor, its capacitance will be

c_ Q_ 2mekl

ated as a spherical air capacitor with

r, =randr; he acitance of a spherical body in Sl system
will bec
€, Iy R Y | (5 o
= lim 7 = 4TE Iy = 4TE T
ra Iy Iy rz s q _ b
I

thl.Q this capacitance of a single sphere in cgs system will
r = the radius of that sphere. Hence by taking earth to be a
sphere of radius R = 6400 km, the capacitance of earth should be

C =Mgre,r = 4me,R = — R=9X109x(6400x10)Farad

( 41‘[60)

x (6400 x 10%) x 10® pF

1
" 9x10°

Finally the capacitance of spherical earthis Clc,rn = 711.11 pF

Solved Problems
1. In a parallel plate capacitor with air between its plates, each plate has an area of 6 X 10~3m?
and distance between the plates is 3 mm. (i) calculate the capacitance of the capacitor. (ii) If this
capacitor is connected to a 100 V supply, what is the charge on each plate of the capacitor? (ii)



What will the charge on the capacitor if a 3 mm thick mica sheet (of dielectric constant K = 6) is
inserted between the plates?

Ans: Given: A =6 X 103m?,d =3 x10"3m, V = 100 Volt

-3 -12
(i) Capacitance C = ‘? = &x10 33‘35:10 =17.7 x 10"12 F = 18 pF

(ii) Charge on the capacitorq = CV = 18 x 10712 x 100 = 1.8 x 10~°C. The charges on the
plates are respectively +1.8 x 10"°Cand — 1.8 x 107°C

(iii) Capacitance of the capacitor with the dielectric sheetC' = % = KCy = 108 pF.

Charge on the capacitor,q' = C'V =108 x 10712 x 100 = 10.8 x 10~°

2. What is the area of the plate of a 2F parallel plate capacitor with platetse ion of 0.5 cm?
Why do ordinary capacitors have capacitance of the order of microf@fads?

®
Ans: Given: C = 2F,d = 0.5 X 102 mC = % ® X‘l‘

d _ 2x0.5x1072 2

_a — 6.2
Thuswe get A= o0 8851012 1130 x 10
Since, this is a very large and impracticalisi e ry capacitors of reasonable size have
capacitance of the order of microfarads.

3. How and by what % will the
plates is increased by 50% and

ew area of the plates A, = A+ 50% of A = ;A. New

_Q_ . _ Argg _ 3Aggx4 _ Agg _
= 4d, New capacitance C, = 4 - zx3d 2.—d = 2C
. 2¢—C
pacitance = —— X 100 = 100%
.. . d . A 3A 3
(ii) = —, New separation d, = - Hence capacitance C, = D2f0 _ 220 _Z¢
2 3 d, 2d 2

. . C . AC
Increase in capacitance AC = C, — C = 2 Thus percentage increase = v 50%

4. Find the ratio of the potential difference that must be applied across the parallel and series
combination of two capacitors C; and C, with their capacitance in the ratio of 1:2 so that the
energy stored in the two cases becomes the same.

1 C1C2 _ C1x2Cq _ 2Cq

. 1 . & —_ - = = = = =
Ans: Given: ., =2 and C; = 2C1Cp = C; + C; = C; +2C; =3C4Cp = C1+C;  C1+2¢, 3




Let Vpand Vg be the p.d. applied across the parallel and the series combination.

1 2 1 2 VG 2Cy 2 Vp V2
Here -CpVy =-CsVS Thus - =—=——=- and — =—
2 PYP T 5 ™STS vZ7T Cp  3x3C; 9 Vs 3

5. Two capacitors of unknown capacitances are connected (i) in series and (ii) in parallel. If the
net capacitance in the two combinations is6 uF and 25 uF respectively, find their capacitances.

Ans: Given: C; = 6 pF and Cp = 25 pF

C1+C2

) inseries £ = L 4 L orl GG
(|)Inser|esc—s—cl+c2 o=, orC; +C, = g (1).
AlsoCp =C; +CyorCy +Cy, = 25.......... (2). Using Eq. (1) and Eq. (2), we get 2

NOW(Cl - Cz)z = (Cl + Cz)z - 4'C1C2 = (25)2 —4 X150 = 625 - 60
ThusC; —C, =5..... (3). Solving Egs. (2) and (3),we get, C; = 15 wPand CZ uF

6. Three capacitors of capacitance 2 pF, 3 pF and 4 pF e cofinected in araIIeI (i) What is the
total capacitance of the combination? (ii) Determine t rgedon each capacitor if the
combination is connected to 100 V supply.

Ans: Given: C; = 2 X 1071%F,C, = 3 x 10" '?F a %0-121:
(a) In parallel, Cp, =C; + C; + C3 =9 x 10~

Thus q; = C;V =2 x 10712
1071°C and q3 = C3V = 4 x 10512 x 100 = 4 x 10~1°C

7. Three capacitors o itan@ 9 mF each are connected in series. (a) What is the total
capacitance of the i (b) What is the potential difference across each capacitor if the
combination is 120 V supply?
Ans: (a) Let | capacitance be Cg.
1 1 1 1 1 1 1 1
Thus C—S—c—1+c—2+a—;+;+;—§ Or, Cg = 3 pF

(b) Charge on each capacitor, = CV = 3 X 107°% x 120 = 3.6 X 1074C
g q S

3.6x107%

= owr0e OV

Potential difference across each capacitor V =

[N E-]

8. An electrical technician requires a capacitance of 2 puF
in a circuit across a potential difference of 1 kV. A large
number of 1 uF capacitors are available to him; each can
withstand a potential difference of not more than 400 V.

— i
A —{—]
i
——i——]
[ [

i
O



Suggest a possible combination that requires a minimum number of capacitors.

Ans: Let n capacitors each of 1 uF be connected to withstand a potential difference of 1000 V.

- . 1000
Thus potential difference across one capacitor V = —

Hence liﬁ =400 and thenn = 2.5. As the number of capacitors cannot be in fraction the

number of capacitoris n = 3.
Thus net capacitance of three 1 puF capacitors connected in series

11,1 1, 1 . . . . . .
=1 +1t7 Le Ci = 3 UF . Since the net capacitance required is 2 uF, cian will
1

have to connect a number (m) of each series combinations in parallel.

1 . . . .
Hence m X 3= 2i.e.m = 6 And minimum number of capacitors used =

18
9. The charge ‘q’ versus potential difference ‘V’ graphs f(gthe %ﬁ/‘parallel combination
of two capacitors are shown ig,th@figur hat does the slope of
ify§th

a line represent? (ii) | es representing the two

combinations and (iii) F acitances of the two capacitors.

Ans: (i) We (2—3) of the line represents the net

capacitanc of line (1) is greater than that of line
(2).
~H (1) represents the parallel combination and line (2)
represent series combination. (iii) Using line (1), Cp =%=
V (Volts) — 9,19

=9 x 107°F = 9 uF. Let C; and C, be the capacitances of

the two capacitors

C4C 20x10~6
1“2 — 2 p.F

Similarly, from line (2), C5 = i - 10
1 2

Or C1C2 = Z(Cl + Cz) =18.. ... (2)
Solving 1) and (2), we get, C; = 3 pF and C; = 6 puF

10. Three identical capacitors each of capacitance 3 puF are connected, in turn, in series and in
parallel combination to the common source of V volts. Find the ratio of the energies stored in the
two combinations.

. . . 1 1 1 1 L.
Ans: Net capacitance in series c_=§+§+§= 1+~ Cg=1pF . In parallel combination
S

1cgv2
Cp=3+3+3=9F SinceW =2CV? . 5 = 2% 5 _ 2qpss the ratio of energy stored.
2 Wp ECPVZ Cp 9



11. Calculate the equivalent capacitance between points A and B in the circuit shown. If a
battery of 10 V is connected across A and B, calculate the charge drawn from the battery.

(o > CIZ C1=]I.[I]P~F D C2=I.-I'!0P-F
= I
A = B A 3, B
o 0 ——o o— — % o
.9 o
1 | R |
o oG C,=5uF  G=10pF )

P and Q are at the same potential. 'S

Ans: In the circuit APBRA the condition of balance of wheat stor{ bridge 'gsatisfied. So points

Hence, 50 puF capacitor is practically of no consequenc \ s reduced as shown in the

figure.
. ciC 10%20
Net capacitance of armAPB, C’' = —2- a &
C1+Cy

Net capacitance of arm ARB i ?uF . Hence equivalent capacitance

betweenAandBis C=C' +C"

So the charge drawn, q = CV = X =100pnC

12. (i) Find the equivalent aci‘nce between A and B in the combination given below. Each
capacitor is of 2 pE a (ii) If a dc source of 7 V is connected across AB, how much charge
is drawn from t % what is the energy stored in the network?
&
q C

2

A cl P cl cl B

C
—AHARHE AR

cl C1

Ans: (i) The equivalent circuit Net capacitance between P and R,

C=C,+C3+C,=2+2+2=6pF.



. 1 1,1, 1 . 6
For net capacitance between A and B - =;tgty;=gle Chet = 5 uF

net

(ii) Since q = CV, charge drawn from the source, = C,V = g X7 =6 nC. Energy stored

_1ly2_1_6 2 _
=2CVZ=_xox72=21y

13. The plates of a parallel plate capacitor have an area of 90 cm? each and are separated by 2.5
mm. (a) Find the capacitance of the capacitor. (b) If the capacitor is charged by connecting it to a
400 V supply, how much energy is stored by the capacitor? (c) Calculate the energy stored per
unit volume of the capacitor.

Ans: Given: A =90 X 10™*m?,d =2.5x 103 m

—4 -12
(a) € = 20 = 2200 O8I0 — 31.86 x 10~ 12F

(b) Energy stored in the capacitor U = %CV2 = % x 31.86 x 10742 10* =2.55x 1079

®

(c) Energy stored per unit volume u = U ___255x10.g
gy P T Ad~ 9x10-3x2.

14. Obtain the equivalent capacitance of the ne n the figure. For a 300 V supply,
determine the charge and the voltage acr

Ans: Net capacitance of C; and C; betw a ., C23 is given by

Qa o 1
» 100pF D Cas = ﬁ + ﬁ or, ng =100 pF .
| \'
11
200pF C, 200pF s capacitor C; in the arm BMDE and C;3 in arm BE are
B Il ” E connected in parallel, net capacitance of C; and Cy3 is

{ I
C; 100pF G ' 300V Ci23 = C; + C33 =100+ 100 = 200 pF

I T

Now for the net capacitance of the network across the

A

C, supply
D 1_1 . 1_1 1 . 200
C Cps C, 200 100°""""3 M

Thus charge supplied by the battery

q=CV= % X 300 pC =200 x 100 x 10712 =2 x 1078C and charge on C, = charge on

-8
Ciz3=2x1078Cie g, =2x107%C and Vs = — L =200V.

So the potential difference between points Band E = 300 — 200 = 100 V.

Thus V; (Potential difference across C,)



=100Vandq; = C,V; =100 x 10712 x 100 = 1078 C
Now V, + V3 = 100.Thus V, = V3 = 50 Volt and
Q3 =qz = C,V, =200x 10712 x50=10"8C

15. Two capacitors C; and C, of capacitances 6 puF and 3 pFare connected across battery of 20 V,
as shown in Fig.(i). The battery is disconnected and the charged capacitors are reconnected as in
Figs. (ii) and (iii). Find the final charge on each capacitor in the two cases (ii) and (iii). Here (1, 2)
and (3, 4) are the plates of C; and C, 2
respectively.

1,2 3.4 1,2 1,2
” ” I I
Ans: Initially in Fig. (i), capacitors were C I (I:I
connected in series. So they had equal G 2 Cl
charges. Initial charge on each capacitor, 2
= s s
_ _ GG, _ 6x3 _
‘l—CSV——c1+cZV‘ 5~ X 20 =40pC 20V

(i) When the charged capacitors are reconnected, as i
(ii) They lose their charges and become neu
(i) If the charged capacitors were connec

(iii) Plates with like charges ge ey share the charge till they attain a common

potential (V). Let q; and q; areffinal ch onithem.




