31. Capacitors

Short Answer

Answer.1
Given:
Charge on positive plate=Qq

Charge on negative plate=Q,
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Assume a rectangular gaussian surface ABCD as shown in fig.

Let the charge on the capacitor plates be “q” and the area of plates be A. Then,
Charge appearing on face 1=Q4-q.

Charge appearing on face 2=q.

Similarly,

Charge appearing on face 3= -q.

Since, the total charge enclosed by a closed surface =0)

Charge appearing on face 4=Q, +q.

Formula used:

We know that,



I) Electric field inside any conductor=0.

-~ Electric field at point Pinside plate)=0.

E{+E,+E3+E4=0 ...i)

This Electric field is the net effect of fields at point P due to faces I, II, III and IV.

Q

T 24e,

IT) Electric field due a thin sheet, E

Where

E is the electric filed due to thin plate

Q is the total charge enclosed in the gaussian surface
A is the area of the plate

€, 1s the permittivity of the vacuum

_@,—a

Thus, Electric field at point P due to face I E{= i
=

Electric field at point P due to face Il E,= i
<

Electric field at point P due to face Il E3= — %
(=

Gn+q

Electric field at point P due to face [V E4= — ”
=

negative sign because electric field due to face IV is in leftwards direction).

Putting the values in equation (i) we get,

Q—q q _‘?_I__Qz_q
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On solving the above equation, we get
Q1-9+9-9-Q2-q=0
Q1-Q2-29=0

_ 0t

9 2

Thus, the charge on the capacitor is —Q*;QZ



Answer.2
We know that,

Potential difference V is the work done per unit positive charge in taking a small
test charge from conductor 2 to 1 against the field. Consequently, V is also
proportional to Q and the ratio Q/V is a constant C known as capacitance of the
capacitor.

Conductor 1 Conductor 2

The value of this capacitance depends only on the size, shape and position of
conductor and its plates and not on the potential difference applied by the
battery or th charge on the plates.

For example: the capacitance in case of an isolated spherical capacitor is given by
C =4ne,R

Where,

R=radius of the spherical conductor.

= Capacitance cannot be said to be dependent on charge Q.

Thus, capacitance of the capacitor is independent of the charge on the capacitor.

Answer3
We know that,
Charge given to any conductor appears entirely on its outer surface evenly.

Therefore, if equal amount of charge Q are given to a hollow and solid spheres, the
entire charge Q will appear on their spherical surfaces and since they both have
equal radius, capacitance of both spheres are given by

C=4meg R

Where
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R=radius of the spherical capacitor.
Now, using Q = CV

Q
4meR

We get V' =

- Potential of both the spheres hollow and solid) will be same.

Answer.4
Given:
Two plates of a parallel plate capacitor with equal charge.

Here, both the plates are given same charge +Q.
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Consider q charge on face Il so that induced charge on face Il is -q

Assume a rectangular Gaussian surface ABCD having area, A as shown in the above
fig.

Q-q

Thus, Electric field at point P due to face | E1=M
€o

Electric field at point P due to face Il E»= i
£

Electric field at point P due to face III E3= — %
=

Q+gq

Electric field at point P due to face [V E4= — >
€o

negative sign because electric field due to face IV is in leftwards direction).
Since , point P lies inside the conductor thee total electric field at P must be zero

~ Eq+Ep+E3+E4=0
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Therefore zero charge appears on face Il and III and Q charge appears on face I and
IV

Potential difference b/w the plates is given by

=~ V=0 both the plates are at same potential since both are given equal charges)
1)Potential difference between the plates=0.
2)Charges on outer faces of plates=+Q.

3)Charges on inner faces of plates=0.

Answer.5

Charge on the capacitor is given by product of capacitance and potential
difference across capacitor plates

Charge on the capacitor, Q = € x V

Where,
C is the capacitance of the capacitor
V is the potential on the capacitor

Therefore, without knowing the potential difference and only capacitance we
cannot find out the maximum charge capacitor can contain.

- The following information is insufficient.

Answer.6

When a polar or non polar material is placed in an external electric field, the
electron charge distribution inside the material is slightly shifted opposite to the
electric field and this induces a dipole moment in any volume of the material.



The polarization vector P” is defined as this dipole moment per unit volume.

When a dielectric rectangular slab is placed in an external electric field the dipoles
get aligned along the field and the right and left surfaces of slab gets positive and
negative charges as shown in fig. known as induced charge.
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The more the dipoles are aligned with the external field , the more the dipole
moment and thus more is the polarization.

Because of these induced charges an extra electric field is produced inside the
material opposite to the direction of external field and the net electric field is given
by

Eq
E=—
K
Where,

K is the constant for a given dielectric known as dielectric constant of the
dielectric >1)

E( is the field in vacuum.

On increasing temperature, the random motion of molecules or dipoles increases

due to thermal agitation and the dipoles get less aligned with the electric field and
thus dipole moment decreases.

Since polarization is given by dipole moment per unit volume, it also decreases
And since ,dielectric constant is described by the polarization of the material

Thus, on increasing temperature, dielectric constant decreases.



Answer.7

When a dielectric slab is gradually inserted between the plates of an isolated
parallel-plate capacitor, the energy of the system come out to be a linear function
of xdisplacement of the slab inside capacitor measured from the center of the
plate).

since x decreases, the energy of the system decreases.
We know that

au
dx

Where

? is the rate of change of potential energy function with x
X

-ve sign indicates that force is in negative direction when energy increases with
respect to x)

Therefore, Force on the slab exerted by the electric field is constant and
positive.

Objective I

Answer.1
Given: a capacitor of capacitance C charged to a potential V
Gauss’s law:

Electric flux ¢) through a closed surface S is given by



50

€o
Where,
Q is the charge enclosed by S

€, Is the permittivity of the free space

According to the gauss law

Electric flux, ¢ = 2

gg
Where
Q is the total charge enclosed in the gaussian surface
€, 1s the absolute permittivity of the vacuum
Since, the two plates of capacitor contains equal and opposite charges
= Total charge enclosed by the surface = Q-Q=0

Putting the values of total charge in gauss law, we get

=—=—=U
¢] EG EG

= the electric flux through the closed surface enclosing the
capacitor=0.

Answer.2

Two capacitance each having capacitance C and breakdown voltage V joined in
series.



The general formula for effective capacitance of a series combination of n
capacitors is given by

Lt 1, 1. 1 .1
Cq C C € 7C

n

The equivalent capacitance of two capacitors in series is given by

1 1 N 1
c ¢, G
Where

C1 is the capacitance of the first capacitor
C, is the capacitance of the second capacitor

On Solving for C, we get

Cy % C5)
S C+ G,

Since, C1=C»=C

Putting the values of C; and C,, we get

O =

CxC C* ¢
20 2C 2

Also, Capacitors in series have same amount of charge

~Q1=Q2=Q

Therefore, potential difference across both the capacitors are also equal to V

So, the voltage across the system is the sum of voltage across each capacitor.

Therefore, the breakdown voltage of the combination =V+V= 2V

Thus, the capacitance and breakdown voltage of the combination is C/2 and

2V respectively



Answer.3
Given:

Two capacitors of capacitance C each and breakdown voltage V connected in
parallel

Explanation:

The general formula for effective capacitance of a series combination of n
capacitors is given by

The equivalent capacitance of two capacitors connected in parallel are given by
Ceqg = C1+ Gy

Where

C1 is the capacitance of the capacitor Cq

C, is the capacitance of the capacitor C,

Here C1=C,=C

Putting the values in the above formula, we get

%+ Ceq=C+C=2C

Since, potential difference across capacitors in parallel are equal

Therefore voltage across the system is equal to the voltage across a single
capacitor.



Therefore, breakdown voltage of the combination =V

Answer.4

-t L L.
T

Since the both ends of the capacitor on the right is connected at same point.

0=

0

f

Both the plates of the capacitor are at same potential and potential difference
across capacitor becomes 0

- V=0
And the capacitor C on the right now becomes useless and
Thus, capacitor is replaced by a short circuit.

The circuit now becomes

e

g

e
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Which involve two equal capacitors of capacitance C connected in parallel.
The general formula for effective capadtance Ceq for parallel combination of n
capacitors is given by
L."_:.._-‘, = C'; + EE + C:.; o AL C:i
Thus, the equivalent capacitance of the two capacitor in parallel combination is

Ceq=C1+C2



Since C1=C»=C

Putting the value in the above formula, we get

Ceq=C+C=2C

Therefore, equivalent capacitance of the combination is C+C=2C.

Thus, the equivalent capacitance of the combination is 2C

Answer.5
We know that,

Force between the plates of the capacitor is given by

2

F= Q
24¢g,

Where,

Q=charge on the capacitor

A=area of plates

Derivation:

Suppose charge Q and -Q are provided on plates of capacitor of area A.
Since, F=QE

Where

Q is the test charge on the point charge

E is the electric field intensity.

Field due to charge Q on one plate is

Q

E =
24¢€,




Force on the plate with charge -Q will be

F_Q(—Q)__ Q?
© 24,  2Ae,

QZ

24eg,

Considering magnitude, each plate applies a force of

Each.

On increasing a dielectric slab between the plates of the capacitor, the
charge on the plates remains constant as the plates are isolated) .

Since, area of plates does not change, force between the plates remain constant.

Answer.6
We know that,

The energy stored per unit volumeenergy density) in an electric field E is given by

1 2
U - E EDE
Where,

E=magnitude of electric field intensity

€p=absolute permittivity of vacuum

As we know that,

And the electric field due to a point charge Q at a distance r is given by

¢

= =
4meyt

Therefore, energy density [ o« E2by formula)

And Eoc —

¥



1
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Thus, the energy density in the electric field created by a point charge falls of with

. : 1
distance from a point charge as —
-

Answer.7
Given:

A parallel plate capacitor with plates of unequal area and charges on larger and
smaller plates are Q, and Q. respectively

Larger plate of the capacitor

Smaller plate of the capacitor

Explanation:

When you have two plates of unequal areas facing each other , the electric field is
present only in their common area ignoring fringe effects.)

Therefore, charges acquire only on the facing common areas of the plates of
the capacitor. So, if the plates have unequal area it doesn’t matter as only the
common facing area of both the plates acquire charges



Therefore, we are left with a capacitor with plates area A where A is the common
area

charges appear only
O COTTITIEN &I

%

Answer.8

Given: a parallel plate capacitor with a thin metal plate P inserted in between such
that it touches the two plates.

Explanation:

When two plates of a capacitor are connected by a conductor) redistribution
of charge takes place and both plates acquire same potential.

Thin metal plate P is a conductor and when connecting it to both plates of
capacitor, charges gets neutralized and both the plates acquire same potential.

- potential difference =0

We know that,



V is the potential difference across capacitor

Q=charge on the capacitor

-~ Capacitance of the capacitor becomes infinite and it can hold any amount of
charge.

Thus, a thin metal plate p is inserted between the plates of a parallel plate
capacitor of capacitance C in such a way that its edge touch the two plates. The
capacitance now becomes oo.

Answer.9
We know that,

Voltage dropor potential difference) across capacitor is given by

Q
V==

C
Where,

Q=charge on the capacitor
C=capacitance of the capacitor

By looking at the graph,



‘-_f

We can see that first increment in voltage is greater than the second increment.
Therefore,

we can conclude that voltage drop across capacitor Cq is greater than the voltage
drop across capacitor C,

on moving left to right C; comes first)

Since charges on the capacitors in series are same,

~Q1=Q2

The potential drop across the capacitor Cq is more than Capacitor C.
V>V,

Putting the values of V, we get

Q_Q
oG

On solving, we get

1:}1
€ G

Or
C2>C1

Thus, the capacitance of the capacitor C; is less than C,



Answer.10

Dielectric constant of a substance is the factor>1) by which the capacitance
increases from its vacuum value, when the dielectric is inserted fully between the
plates of the capacitor

K==

CD
Where,
C=capacitance in presence of dielectric

Cp=capacitance in presence of vacuumK=1)

The electric field between the plates of a capacitor when the space between
the plates is filled with a dielectric of dielectric constant K is given by

-9
AggK

Where,

Q=charge on the capacitor

A=area of metal plates

K=dielectric constant

€p=permittivity of vacuum

When dipped in oil tank value of K>1

When oil is removed there is air between the plates with K~1
-~ the value of K decreases when oil is pumped out

By the formula,

£ 1
o —
K

So as K decrease from greater than 1 to 1, the electric field increases.

Therefore, after pumping out oil, the electric field between the plates increases.



Answer.11

Given: two metal spheres of capacitances C; and C, carrying some charges.

Explanation:

Two metal spheres carrying different charges have different electric fields on their
surfaces and have different potential. When they are put in contact, due to
potential difference, charge transfer takes place between them such that they
acquire same potential .

~ When two conductors are placed in contact with each other they acquire
same potential.

Potential difference V across capacitor is given by the formula

Q
V==
C
Where

Q=charge on the capacitor
C=capacitance of the capacitor

Therefore, after putting them in contact and separating them, if the final charges
are given by Qq and Q, then

Q: @
= — =—
¢, G



Answer.12
Given:
Three capacitors of capacitances 6uF each

i)The minimum capacitance can be obtained by connecting all three capacitors in
series.

In series combination, charges on the two plates are same on each capacitor.

The general formula for effective capacitance of a series combination of n
capacitors is given by

1 1 N 1 N 1 N |
Ceq l‘Sl CE CE .”Cn

The equivalent capacitance in this case is given by

L _1, 1.1

Cq C C C
c

= Coq =7

6
Ceq =3 = 2uF

ii) The maximum capacitance can be obtained by connecting all three capacitors in
parallel.

In this case, the same potential difference is applied across all capacitors.

The general formula for effective capacitance Ceq for parallel combination of n
capacitors is given by

Coq=0C; + G+ G+ .. C,

The equivalent capacitance in this case is given by
Coqq=C+CH+C

= Ceq=3C

Ceq=3% 6=18pF

Therefore, the maximum and minimum capacitance that can be obtained is
18pF and 2pF respectively.

Objective 11



Answer.1

We know that,

Capacitance of a capacitor only depends on shape, size and geometrical placing.
For example:

Capacitance of a parallel plate capacitor is given by

_ k;"'lf:_n
T d

Where,

A=area of cross-section of plates
K=dielectric constant

€p=absolute permittivity of medium
d=distance between the plates

-~ [t does not depend on charges on the plates

So, The capacitor does depends on the shape and size of the plates and separation
between the plates.

Answer.2



Since, the capacitor is isolated, it has no connections to any battery. Therefore, it is
not possible to exchange charge due to absence of any external voltage source.

On inserting a dielectric slab of dielectric constant K, capacitance will change to
KC.

Since, Charge remains constant and capacitance changes, voltage will also change

according to the formula ¥V = e

c

Energy stored in the capacitor is given by

QE
E=—

20
Where

Q is the charge on the capacitor
C is the capacitance of the capacitor
Derivation:

Initially consider two uncharged conductors 1 and 2 . We are transferring charge
from conductor 2 to 1 such that at the end 1 gets charge Q and 2 gets charge -Q

Im
e

- fr-ag

+ #+ + 4 %+ + ++

Consider an intermediate stage where conductors 1 and 2 have charges Q' and -Q’
respectively. At this stage potential difference V' between conductors is given by
Q’/C where C is the capacitance of the system.

For transferring a small charge dQ’ from 2 to 1 work done is given by

Q."
dw' = —dQ’
c
The total energy stored in the capacitor is summation of all these works done in
transferring charge from 0 to Q.
QE

QQI
W=J;,Ed‘? =2c

Therefore total energy stored in capacitor is given by

QE

E =
2C



Where,

Q=charge on the capacitor

C=capacitance of the capacitor

Which also changes due to change in capacitance.

Therefore on inserting dielectric slab between the plates of an isolated charge
capacitor the charge on the capacitor does not change.

Answer.3

When a dielectric slab of dielectric constant K is introduced between the plates of
the capacitor, the net electric field in the dielectric becomes

E
E=—

K
Where,

E( is the electric field when there is vacuum between the plates.

K is the dielectric constant of the dielectric

The net electric field is due to charges +Q, -Q and due to induced charges +Q’,-Q’in
opposite direction).

So, the net electric field becomes

Qe o 9

Ae, As  KAe,

~0-ai-3
Where,

Q’=induced charge due to dielectric

Q=charge on the capacitor in vacuum



K=dielectric constant
Since dielectric constant K>1
Q'<Q

Therefore, on inserting a dielectric slab between plates of capacitor the induced
charge Q' is less than Q.

Answer.4

When battery is not connected, the outer surfaces will have charge +q and inner
faces of the plates will have zero charge each.

? 20 g

:.-. Sy ——

When a battery is connected to the plates of the capacitor the charges on the
plate redistribute in such a way that the potential difference between the
plates becomes equal to the emf of the battery.

So, the inner surfaces will have equal and opposite charges according to Q=CV

Where C is the capacitance and V is the emf of the battery. Thus we can say that the
battery supplies equal and opposite charges CV) to two plates.

And the charges on the outer surfaces remain same as on connecting the battery
only charges are transferred and total charge remains constant so to have zero field
inside plate the outer face charges have to be same.

Therefore when a parallel plate capacitor with each plate having charge q is
connected to a battery then the facing surfaces have equal and opposite charge and
the outer surface will have equal charge.



Answer.5

When we increase the separation between the plates of a charged parallel
capacitor the value of Capacitance decreases by the formula

Agg
d

Where,
d=separation between the plates
A=area of plates

€p=absolute permittivity of vacuum

Charge on the capacitor remains unchanged because no charge transfer takes place.

-~ Potential difference across the capacitor changes by the formula

Q
V==

C
Where,

Q= charge on the capacitor
C=capacitance

Similarly Energy across the capacitor given by

E L CV?
2
Where,

C=capacitance
V=potential difference across capacitor
So, as V changes energy stored also changes

Therefore, on increasing separation between the plates of capacitor, potential
difference and energy of capacitor changes whereas charge and energy density

remains the same.



Answer.6

Let Ep=V(/d be the electric field between the plates when there is no electric and
the potential difference is V). If the dielectric of dielectric constant K is now

inserted , the electric field in the dielectric will be F = %

The potential difference will then be

E,
v =EH E,(d—t)
Where,

t=thickness of dielectric slab

d=separation between the plates of capacitor

Here, since metal plate is of negligible thickness, t=0
And V=Eyd=V|,

Thus the potential remains same c) is incorrect) and the charge Qg on plates
also remains same.

Therefore
C = % =C,

- capacitance remains same.b) is incorrect)

Since charge on the capacitor remains same, no extra charge is supplied by the
batterya) is incorrect)

We know that when dielectric is introduced between the plates of capacitor this
polarized dielectric is equivalent to two charged surfaces with induced surface
charges Q' and -Q’



Here, the dielectric is the metal plate and therefore equal and opposite charges
appear on the two faces of metal plate.

Answer.7

Option b) is correct because when a dielectric slab W is inserted in the capacitor in
the presence of a battery the capacitance increases by a factor of Kdielectric
constant)

ke, A
- D

Where
K is the dielectric constant

€, 1s the permittivity of the free space

A is the area of the plate,
d is the distance between the plates of the capacitor,

As the capacitance increases with the insertion of the dielectric, the charge
appearing on the capacitor increases

Since,
Q=CV

Where,



Q is the charge on the capacitor
C is the capacitance of the capacitor
V is the potential difference supplied by the battery

Whereas capacitance does not change in case of inserting slab after removing the
battery.

Optionc) is correct as

In process WXY after inserting a dielectric slab in the capacitor, the capacitance
becomes

c'=KC,

Where C is the capacitance in a vacuum and K is the dielectric constant. Now if

the capacitor is connected to the battery of emf €, then potential difference across
the capacitor is given by €, and the stored electrical energy is given by

1 2 1 2
E =£CV = EHEDE

Whereas in process XYW the energy is given by

1
E ==-Ce?
2 £

Therefore, The electric energy stored in the capacitor is greater after the
action WXY than after the action XYW.

Option—d) is correct because in both cases Electric field in the capacitor reduces
tof =20
K

Where
Eg=electric field in c=vacuum

K=dielectric constant

note that it does not matter whether the battery is connected afterwards or before
in 4t part)

The electric field in the capacitor after the action XW is the same as that
after WX.

Exercises



Answer.1

Given:

n=1.0 x 1012

V=10V

Formula used:

1. Charge can be given by the formula

Q= ne

Where Q— Charge on the capacitor

n — number of the electrons

e - electric charge of an electron=1.6 x 107%° ¢

2. The capacitance of a parallel plate Capacitor is given by

Q
=3

Where Q — charge on the capacitor

V — Voltage or potential difference

Putting the values in the formula 1, we get

=> Q= (1x10"%)x (1.6x1071N=16x10"77C
Substitute Q and C in Formula 2), we get

(1.6x1077)

C=16x10"%F
10

=

Thus, the capacitance of the parallel plate capacitoris¢ = 1.6 x 1072 F

So, if 1.0 x 1012 electrons are transferred between two conductors the capacitance
of the parallel plate capacitor is 1.6 x 102 F when a potential difference is 10V

Answer.2

Parallel plate capacitor: When two conducting plates are connected in parallel and
separated by some distance then parallel plate capacitor will be formed.

Given:



Fig.Circular disc parallel plate
capacitor

Radius r= 5cm
Separation between the platesisd = 1mm =1 x 10*m

Formula used:

Capacitance is given by the formula

- £,4
d
Where,

C is the capacitance of the capacitor

g, is the permittivity of free space =8.85 x 10~ 12F/m

A is the area of the circle = [7r? = 3.14 x (5 x 1[]—2)2m2

Because capacitor plates are made of circular discs)
d is the separation between the plates
Putting the values in the above relation, we get

; 8.85 x 10712 x 3.15 x (5 x 1072)2
N 1x10-3

= 6.95x 1075 uF

Capacitance is of a circular disc parallel plate capacitor

C= 695x107>uF

Answer.3
Given:

C=1Fd=1 mm



Formula used :
Capacitance is given by

gA
d

Where

C is the capacitance of the capacitor

D is the separation between the capacitor plates

A is the area of a circular plate capacitor

£, is the permittivity of the free space=8.85x10"12 F/m

A = area of the circle = rr2.Because capacitor plates are circular discs.

e,
d

Fig. Circular disc parallel
plate capacitor

Cxd
TE,

r=

1x(1x10-3)
3.14 x 8.85x 1012

—_—
=4/35.98 x 10m

— /36 x 106=6x103 m=6000 m=6 km

For the construction of 1F capacitor with 1mm separation, we need to take the
radius r=6 Km.

Answer.4

Given



Area, A=25 cm? =25x10"* m?
Voltage, V=6V

The separation between the plates is d= Imm=1x1073

Fig. parallel plate capacitor

Formula used:

When a capacitor is connected to a capacitor, the charge can be calculated
Q=CxV

Where

Q is the charge of the capacitor

C is the capacitance of the capacitor

V is the Voltage or potential difference across the plates of the capacitor.

Capacitance C can be calculated by the formula

Where

C is the capacitance of the capacitor

D is the separation between the capacitor plates
A is the area of a circular plate capacitor

€o is the permittivity of the free space, g, = 8.85 x 107 *2F/m

; 8.85 X107 12x 25 x 107*
N 1x 103

C=221x10"1F

When the capacitor is connected to a 6V battery, Charge flow through the battery
is the same as the charge that can be withstand with the capacitor.

Substitute the value of C in 1)

Q=221x10""x6




=133 x 1071°C

Work is done by the battery

W = QV

Where

W is the work done by the battery

Q is the charge on the plates of the capacitor

V is the voltage across the plates of the capacitor
W=133x10"""x6

=7.98 x 10719

=8x 10719

Charge flows through the battery is 1.33 x 10~1°¢ and work done by the battery

is =8x10710

Answer.5

a) Given Area 4 = 25¢m? = 25 x 10~*

Voltage V=12V

Separation between the plates d=2mm

Formula used :

Charge of the capacitor can be calculated as

@Q=CxV

The capacitance of the parallel plate capacitor is given by

£,4
T od
Where,




C is the capacitance of the parallel plate capacitor

D is the separation between the capacitor plates

A is the area of a circular plate capacitor

£ is the permittivity of the free space, £,=8.85x10"12 F/m

8.85x107 12 x 25 x 10~*
N 2x 10-2

€ =11.06 X 10712 F
Q,=CxV
=11.06 x 10712 x 12

=1.33 x 1071°C

b) d is decreased to 1.0mm. We have to calculate the extra charge given by the
battery to the positive plate.

g,A  8.85x10712 x 25 x 107*
d 1% 103

=22.12 x 107**F

Q, = 2212 x 1071 x 12

=2.652 x 1071°C

Extra chargeis=Q2 — Q1 = 2.652 —1.33) x 107 =1.33 x 107 C
Charge on the capacitor whend = 2mm is =133 x 10~ 1%

When d is decreased to 1.00 mm the extra charge given by the battery is =
1.33x107°C

Answer.6

Redraw the circuit given



1=
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Given

Capacitance of Cq capacitor =2pF
Capacitance of C, Capacitor =4puf
Capacitance of C3 capacitor =6puF
Voltage V=12V

Formula used

All three capacitors are in parallel. When capacitors are in parallel, we will add
them.

Equivalent Capacitance

Cogon=C1 + 0+ (5

Charge of a capacitor can be calculated by the for formula
Q=CoqXV

Where

Q is the charge of the capacitor

Ceq is the equivalent Capacitance of the capacitor

V is the voltage or potential difference across the plates of the capacitor
Charge on capacitor Cq is

Q, =C,xV =2x 12 = 24 Coulombs

Charge on capacitor C is

Q= Co XV = 4x12 = 48C

Charge on capacitor C3 is

Q;=C3xV =6x12=72C

Charge on capacitors 2puF, 4puF and 6uF are 24C, 48C, 72C respectively.



Answer.7
Given

Capacitance of the Cq capacitor = 20puF
Capacitance of the C2 capacitor = 30puF
Capacitance of the C3 capacitor = 40uF
All the Capacitors are connected in series.

20uF 30uF A0uF

12v

Formula used :

Equalent capacitance is

1 1 N 1_+ 1
aq Cl CE CE
1 CyC+CyCy+ €3G
Coo C,C,C,

aq

- C1C2C3
e 0102+ C2C3 + C3C1

; 20 x 30 X 40
°d " (20 % 30) + (30 x 40) + (40 x 20)

Coq = 9.23uF

Capacitors are connected in series, so the charge on each of them is the same .
Formula used:

Charge can be calculated as

Q=Cog XV

Where

Q is the charge on the capacitor



Ceq is the equivalent Capacitance

V is the voltage
Q@ =9.23 x 12
@ =110.76uC

Work done by the battery is

W =@QxV

Where

W is the work done by the battery

Q is the charge on the capacitor

V is the voltage across the end of the capacitor

W =110.76 x 12 x 107°

=1.33x 1073
Charge on capacitors 20puF, 30uF and 40uF are 110.76puC.

Work is done by the battery W = 1.33 x 1073]

Answer.8

In the given fig. Capacitors B and C are in parallel.
The formula for parallel combination of capacitor is
Ceq=C1+Cy=Cp +Cp=4+4 =8 uF

The formula for series combination of capacitors is

1 1 N 1
Eeq Gl EE

From the figure, the 8 uF is connected in series with Ceqy.

1 1 1
Thus, we get — = — +
Ceq’ Ca  Cequ




Putting the values in the above equation, we get

1 1+1 2 1
C.qwv 8 8 8 4
Cog =4 4C

Capacitors B and C are in parallel. C.

System of B,C and A has the same capacitor values. So they exhibit the same
potential difference between them.

Hence Voltage across A is =6V

The voltage across B and C is = 6V

The charge can be calculated as

Q=CV

Where

Q is the charge of the capacitor

C is the Capacitance of the capacitor

V is the voltage across the circuit

Charge flows through A is Q4 = 8x6=48uC
Charge flows through B is Q= 4x6 =24uC
Charge flows through C is Q¢= 4x6 = 24uC

Charge appearing on the capacitors A, B and C is 48uC, 24uC and 24uC respectively.

Answer.9

Let's name the points indicated in fig as A and B.



Ina) C; and C are in parallel. If we redraw the diagram that will look like

— 7 —

C+0 G+
A B = ;—4!—4 P———-H
—] | { |
Ls L=
1 1 1
= +
C,q C1+C, Ci+C,
1 2
Coq Ci1+C,
C,+C,
Coqg = >

4+6 10

Ceq 2 2
= buF

In b) also C; and C5 are in parallel. Redraw the diagram.

L {
I ]
1

Ly # L Ci L
A— { i B = Ar— o= & e 08
— 7 — ] ] —
( (
[—“'——“—‘

1 ( 1 . 1 )
c, \C,+C, Ci+0C,

a

(1 +1) 2 1
“\44+6 4+6/ 10 5

1 1

C, 5
C,=5uF
Also €, = 5uF

Ceq=Ca*Cp=5+5=104F



’ Ca
T —F ]
g !
—

Ch

Equalent capacitance in figa) is S5pF

Equalent capacitance in figb) is 10uF.

Answer.10

Given V=10V

C1=5pF

C2=6pF

Formula used :

Charge supplied by the battery is
Q=CV

Where

C is the capacitance of the capacitor
V is the voltage across the potential difference
Q is the Charge on the capacitor

First, we have to calculate the capacitance C .To do this short circuit the voltage
source and open circuit the current source. We don’t have any current sources over
here. So short circuit the Voltage source. Then two capacitors will come to parallel.
In parallel connection of the capacitor we add the capacitor values.



£ —_“5 puF
iy

(.; =6 HI'
i B

I
| L

10V B

Equalent Capacitance is

Coq = C1+ G,
=5+6
Ceq = 11uF

Charge Q can be calculated as
Q@ =11x10=110uC

Charge supplied by the battery is 110pC.

Answer.11

Lets take inner cylinders as A and B. and outer cylinders as Al and BL. Inner
cylinders A and B are connected through a wire. Outer cylinders kept in contact. If
we draw the diagram, it will be look like as fig.

Given

capacitance C= 2.2uF



Voltage=10V

Capacitors are kept in parallel. So the potential difference across them is the same.
Formula used:

The magnitude of the charge on each capacitor is

@ =CV

Where

Q is the charge of the capacitor

C is the Capacitance of the capacitor

V is the voltage across the capacitor

@ =22x10=22uC

Inner cylinders of the capacitor are connected to the positive terminal of the
battery. So the charge on each of them is +22nC

Net charge on the inner cylinders is = 22uC+22uC= +44uC

Note: If it is asked for a charge on outer cylinders of the capacitor. A net charge
will be equal to -44uC because they are connected to the negative terminal of the
battery).

Answer.12

The radius of conducting sphere 1 =R;

Radius conducting sphere 2 =R,

First, we need to calculate the capacitance of isolated charged sphere.
Formula used :

The capacitance of a sphere is given by the formula

4me,

11

a b
Where

C is the capacitance of the capacitor



1071%F

m

€9 is the permittivity of the free space is €9=8.85 x

Taking limits as aR and boo, Capacitance of charged sphere is found by imagining
the concentric sphere with an infinite radius having some -Q charge).

dme,
C = I = 4meR
7 0

The capacitance of isolated charge sphere is

C =4me,R

The capacitance of isolated charge sphere 1is €, = 4ms, R,
The capacitance of isolated charge sphere 2is ¢, = 47, R,

If the two spheres are connected by a metal wire, then the charge will flow one
sphere to another up to their potential becomes the same.

The potential will be the same only when they are connected in parallel. So two
spheres are connected by a metal wire in parallel.

= 4HEUR1+ 4HEUR2
= 4HEUR1+ Rz)

The capacitance of individual spheres of radius R; and Ry is C;{=4megoR{ and
Cy=4meoR, respectively.

Combinational capacitance when charged spheres are connected by a wire is
41T€0R1+R2).

Answer.13
Given

Capacitance C= 2puF



The equalent capacitance of the first row is calculated as

The capacitance of each row is the same, and it is equal to 24F.

All the three rows are arranged in parallel. So, Voltage or potential difference
across each row is the same and is equal to 60V.

So, Voltage across each capacitor is =20V.

+ZﬂU- + 20V - "EW'

) 1l \
/H /

+20V - + 20V - +20V -

: i \ \
+20V - +z{wv +2JW~ a
-

+ 60V -

The equalent capacitance between A and B is 24F.

Potential difference across each capacitor is 20V.

Answer.14

Requirement : We have to construct a 10uF capacitor, and it has to connect across
a 200V battery.

Capacitors of 10uF are available, but the voltage rating is 50V only. By using these
capacitors with this voltage rating, we have to meet our requirement.



Let's assume some X capacitors are placed in series. 200V battery connected across
the.

SoX x 50 =200

200

=%0 = 4 Capacitors

Cl=10uF C2=10uF C3=10uF CAa=10 pF

+ 50V - + 30V - +50V - +50W-

V200V

We have to construct 4 capacitors in a series so that we get the potential difference
of 200V

If we calculate the capacitance of the parallel combination of four 10uF capacitors

1 1+1+1+1
c ¢, C, C3 C,

Putting the value of the capacitor in the above formula, we get

1 1+1+1+1 4
C 10 10 10 10 10

Thus, the capacitance of the combination is C=2.5uF

With this arrangement, we get the required potential difference value, but we are
not getting the capacitor value 10pF instead of this we get only 2.5pF. So we have to
add some columns. Let us take Y as columns,

= 2.5 XY = 104F

10

Y = —= 4 columns
2.5

So we have to add 4 columns as the same row.

That circuit will look like



Each capacitor value is 10uF
Total Capacitance of each row
is 2.5F

Ceq=25+25+25+25= 10uF

Finally, the above fig will be the design for our requirements; each capacitor value
is 10pF with voltage rating 50V.

Answer.15

From the fig. the capacitors 4pF and 8pF are in series.

4x8 8

G=gys=3H

Capacitors 3pF and 6pF are in series

Cq and C5 are in parallel combination

Two rows are in parallel. So the voltage across each row is the same, and that is
equal to 50V.

The charge on the branch ACB is
Charge on the branch ADB is
Qapp=C, XV =2 x 50 = 100uC

Voltage, 7V = Q
c



Where
Q is the charge on the capacitor

C is the capacitance of the capacitor

The voltage at 4pF is =300 _19%
3x4 3

The voltage at 8uF is=— = —V

400 50
axg 3

Voltage at node C is =%' — ? = E‘?ﬂv

The voltage at 3puF is = %‘ V

The voltage at 6pF is = %‘ = ? V

The voltage at node D = < TS ?V

3uF ¥

Dl ! .

2 — i

8SuF
BUF g

b) if a capacitor is connected between node C and D. if we redraw the circuit, it will
look like. Here bridge is balanced at the condition

Cap _ Cac
Csp  Cac
3 4
6 8
1 1
5=3

the charge on the capacitor will be zero.

Because the bridge is balanced so the potential difference between C and D will be
zero. So no charge flow will occur.



The voltage at node C and node D is same and is equal to ?V,

If a capacitor is connected between node C and D, the charge flow will be zero.

Answer.16
. : . : 1 1 1
Cq and C5 are in series Equivalent capacitance, — = — + —
Ca € G
Cy X Cy
T+ G
CixXC
ch=——"_2
Cy + 0G5

The capacitance C,, Cy and C3 are connected in parallel combination across each
other

Ceq= C,+C3+C
Putting the values in the above equation, we get

CyxC C,XC
it Sl B L+ 17 Lo
Cy +0C5 C,+0Cs

C 2C1xc2+c
“a-Tc,+c,

—

—
——

e

€, %Gy

Equalent capacitance betweenaand b is C,, = 2 + C;



Answer.17

It looks like this capacitor is made up of 3 capacitors with different d separation
between the plates) and arranged in parallel. Redraw the fig. it looks like

Ci
| |
11

c
| 1
[

)

i " a o
Area of the flat plate is= A
Width of the second plate is the same for all the three capacitors is =a
For C{ areais A1 =A/3
CypareaisAy=A/3
CzareaisA3=A/3
Height of the second plate of three capacitors is same and is =a
di=d
dy=d+b)
dz=d +b +b)=d+2b)
Formula used:

Capacitance can be calculated by the

_ £.4
d
. — £.44 _ £,4
" dl 3d
£od, B £,4

7 d2  3d+Db)



Eofz &4
d;  3d+2b)

Cy; =

Capacitors are in parallel.

£,4 £,4 g4

Cea = Lt Gt G =574 5070 T3(a+2D)

.o 3d? + 6bd + 2b?
e~ d(d+ b)(d + 2b)

The capacitance of the assembly of the capacitors is

.o 3d? + 6bd + 2b?
eq di{d+ b)(d+ 2b)

Answer.18
Given

Length,1 = 10cm
Radius, R{ = 2mm

Radius, Ry = 4mm

Fig. Cylindrical capacitor

Formula used :

a) The capacitance of the cylindrical capacitor is given by




- length of the cylinder

R,— radius of outer cylinder
R1— radius of inner cylinder permittivity of the free space
€o— permittivity of the free space = €0=8.85 % 10~ 121:;111
Putting the value in the above formula, we get
_ 2x3.14x885x10
In G)

b) Another cylindrical capacitor of same but different radius R{=4mm and R,=
8mm

= 8 pF

If we compare the radii in a) with b), they give the same ratio

R, 4 8
— =" — = —
R, 2 4
2=2

So capacitance is also same as a) is

2me,l _ 2%x3.14%x885x1072x 10
In (g—i) n (g)

Capacitance of cylindrical capacitor for both a) and b) is same and is =8pF

= 8pF

Answer.19

Given

for charged capacitor C; =100pF
V=24V

Formula used :

Charge is given by the formula
Q=CVv

Where



Q is the charge of the capacitor
C is the capacitance of the capacitor
V is the voltage across the capacitor

Putting the values in the above formula, we get

Q =100x 107° x 24 = 2.4mC

This capacitor is connected to an uncharged capacitor of C,=20uF

When a charged capacitor is connected to an uncharged capacitor, then the total
charge will be equal to

Q,+0Q,= 24+ 0=24mC

The potential difference across both capacitors will be the same.

Q
V==
C
u_2
G G
o _Q
100 20
Q; = 5,
Substitute in eq1)
¢1

Q.+ T - 2.4mcC

6X Q= 5x24=12mC

12 e
=—=2m
Q4 6
New potential difference is =& _ 2 _ sop
€, 100uF

If 100 pF capacitor which is charged to 24V is connected to an uncharged capacitor
of 20 pF then potential difference across it is 20V.



Answer.20

Given:

Capacitance C= 5.0 puF
Voltage V=50V
Formula used :

1) If switch S is closed, it will be a short circuit. Current flow always chooses a low
resistance path. No current will flow through capacitor at switch S., So we don’t
need to consider it. Finally, we will left with two capacitor which are in parallel.
We add the capacitance when the capacitors are in parallel.

Ceqv=C1+C2

Where

C1, C, are the capacitance of the capacitors
2) Charge supplied by the battery
@=CxV

Where

C is the capacitance of the capacitor

V is the voltage across the capacitance

Q is the charge on the capacitor

Putting the values in the formula 1, we get
Cequ= 5+5=10pF

Putting the values in the formula 1, we get
@ = 10 x 50 = 500uC

Charge supplied by the battery Q=500uC.
But when the switch has not connected the charge Q=CeqxV

The capacitors are connected in series connection, we get

10x5 50 10

c 2 _uF
«a~70+5 15 3 H




. 10 500
= Q =?XEG=THE

After switch S is closed the initial charge () stored in the capacitor will discharge.

Note: Q1 will be negative because the capacitor is discharging.)

So the net charge flows from A to B is —ype

Total 3.3 % 10~*C Charge will flow through A and B when switch S is closed.

Answer.21
43 mV
Given,

Mass of the particle, m=10 mg
The cha