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POWER QUESTIONS
Q. A capacitor of 4 4 is connected to 400V supply. It is then disconnected and connected to an uncharged capacitor of

2 yuF . Calculate the common potential after the capacitors are connected together.

C,=4uF =4x10°F ;V, =400V and C,=2uF =2x10°F
So, charge on capacitor C, is given by
Ans. Here, % =C\V; =4x10"°x400=1.6x10"C
Charge on capacitor C,, g, =0
If C be the capacitance of the combination, when C, being charged
is connected to C, in parallel.
~C=C+C,=4x10"+2x10° =6x10°C
Totalcharge of combination, q=g, +4,
1.6x10°+0=16x10"°C
If V is the common potential, then,

-3
L0 _ s66.67v
610

g
C

of 1IKV. A large
ot more than 400V.

Q. Anelectrical technician requires a capacitance of 2

number of capacitors are available to him, each of wi
Suggest a possible arrangement that requires a mi

Since the capacitors are in series, potentia
So, n number of capacitors connected inar

Therefore, no. of capacitors to be connected in
400n=1000

:n=@=2.5 or n=3
400

f such capacitors, each row containing six capacitors.

pacitance C is charged to a potential difference V and then the battery is disconnected.
ensions equal to the spacing between the plates is inserted between the plates. What are
pacitance, charge, potential difference, electric field and the energy stored ?

Now a dielectric slab o
the changes, if any, in the¢a

Ans. Let K be dielectric constant of the slab and g, E and U be charge on the plates of the capacitor, electric field between the

plates and energy stored in the capacitor before inserting the slab.
On inserting dielectric slab :
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C'=KC(increases)
Since battery has been disconnected, the charge on capacitor
will remain same.

pot. difference between the plates, V' -4_49 :!(decreases)
C' KC K
o , V'V E
Electric field between the plates, E :F:m:?(decreases)

2
The energy stored in capacitor, U’ :%C\/’2 :%KC(V?J

:i(lcsz :!(decreases)
K\ 2 K

Q. Why should circuits containing capacitor be handled cautiously, even when there is

Ans. A capacitor does not discharge itself. In case, the capacitor is connected in a circuit ini f high voltage, the
capacitor charges itself to a very high potential. If some person handles such a cap i ' irst, he may get a
severe shock.

Q. A man fixes outside his house one evening a two metre high insulatin
of area 1 m . Will he get an electric shock, if he touches the metal sheet

Ans. The aluminium sheet and the ground form a capacitor with i
atmosphere will charge the capacitor steadily and raise its vo
receive shock to the extent depending upon the capacitance

Q. Ifa parallel capacitor of capacitance C is kep
dielectric slab is inserted between the plates then ge in the capacitance, potential difference, the
charge, electric field and the energy store .

Ans. Let K be dielectric constant of the di acitor, electric field between plates and
energy stored in the capacitor before inserti
On inserting dielectric slab :
The capacitance of the capacitor will become,
Since the capacitor is kept / ial di ce will remain unchanged i.e. V.
The charge on capacitor wi

It may be pointed out that as or, it can draw more charge from the battery.
Since, potential difference betw .electric field will also remain unchanged.

The energy st tor 1 cve—ku (increases)

Construction an
columns as shown in
A belt runs on two pulle

potential of E.H.T. source.
The collector comb C, collects the charges through its pointed ends and transfer to the metallic sphere.

and P,. The spray comb C, isheld near the lower belt which is maintained at high positive

As the belt goes on revolving, the accumulation of positive charges on the sphere also goes on increasing. Thus it can generate a

very high potential of the order of 5 x 106 V.

The leakage of charge is minimised by enclosing the generator completely inside an earth - connected steel tank. The leakage
is due to the high potential on the sphere causing ionization.
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VAN DE GRAAFF GENERATOR

QL. Is it possible that like charges attrac
Ans. Yes. If one of the two charges is havi
Q2. a bird perches on a bare high power 1
and gets a fatal shock. Why?
Ans. For the bird, the circuit does not get con
circuit gets completed and he get a fatal shock.
Q3.Is it possible to use th
Ans. If we could store the &
lightning.

cannot have a charge of 1.1x107°C ?
and hence it is to be considered to be invalid.

(2x1.6x107"°)*

3.2x10%Y’ oon
(3:2x107)

Q8. Write down the value of absolute permittivity of free space.
Ans. €,=8.854 x10™C2N"'m™

. Q9. How are permittivity and dielectric constant (or relative permittivity) related?

Ans. e=e; K or e=¢,e, (e,=K =dielctric constant)
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Q10. What is meant by saying that dielectric constant for water is 80?
Ans. It means that the electrostatic force between the chages reduces to 1/80 th times when placed in water medium.

Q11. Why one ignore the quantization of charge when dealing with macroscopic (large charges) charges?

Ans. In practice, the charges on bodies are large whereas the charge on electrons are smaller. If electron (of charge €) is added or
removed from a charged body, there is not much change on the charge of the body. Hence while dealing with large amount of
charges, quantization of charge is ignored.

Q13. Define capacitance. Derive an expression for the capacitance of a parallel plate capacitor.

Q14. Derive an expression for the energy stored in a capacitor.

Q15. Explain how does the capacitance of a capacitor gets modified, when a dielectric introduced between the

plates.
Q16. Briefly discuss the principle, construction and working of a Van de Gra

Q17. What meaning would you give to the capacitance of a single conduc

Ans. A single capacitor also possesses capacitance. It is a capacitor whose o e is at infinity.

Q18. Is there an electric field inside a conductor?
Ans. No. The electric field inside a conductor is zero.
Q19. Two copper spheres of same radii, one hollow a her solid are ch
two sphere will have more charge?

Which, if any, of the

Ans: Same.

Q21. Why is the Van de Graff Generato
Ans. To prevent leakage of charge due to

Q22. What is Gaussian surface? What is its
Ans. Any closed surface around the charge s successfully to find the electric field intensity is
known as Gaussian surface
It is used to find surface in

Q25. Amani
Ans. Since the e
Q26. State Gauss’s th nd an expression for the electric field due to an infinitely long line charge.

Q27.State Gauss’s theorem in electrostatics. Apply this theorem to calculate the electric field due to an infinite plane
sheet of charge.

Q28. Applying Gauss’s theorem show that for a spherical shell, the electric field inside a shell vanishes, whereas outside
it, the electric field is as if all the charge has been concentrated at the centre.

Q29. How does a dielectric differ from an insulator ?

Ans. Both the dielectrics and insulators cannot conduct electricity. However, in case of a dielectric, when an external field is
applied ; induced charges appear on the faces of the dielectric. In other words, dielectrics have the property of transmitting
electric effects without conducting.
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Q30. Explain why presence of a dielectric increases capacitance of the capacitor ?

Ans. When a dielectric slab is introduced between the two plates of a capacitor, the electric field between the plates gets reduced
due to polarization of the dielectric. The reduced value of electric field is equivalent to a decreased value of potential difference
between the plates. In order to make the potential difference again same, more charge has to be given to the capacitor. i.e. the
capacitance of the capacitor increases.

Q31. Is, there any kind of material that when inserted between the plates of a capacitor reduces its
capacitance ? f instead of a dielectric slab, we put a slab of metal between the plates of a capacitor keeping it insulated
from them, what effect does it have on capacitance ?

Ans. The dielectric constant K of a material is always greater than 1 and is defined as the ratio of the capacitance (C) of the
capacitor with dielectric between its plates to its capacitance (C’) without the diele between the plates, Thus,

'

K:% AsK>1 C'>C

. ie. capacitance of a capacitor on placing the dielectric between the plates is always greater the capacitance without

dielectric.

Q32.What limits the maximum potential to which the hollow sphere in aised ?
Ans. When the rate of loss of charge because of leakage due to ionization
the charge is transferred to the sphere, the maximum potential of the sphere

Q33. If instead of a dielectric slab, we put a slab of metal betwege
what effect does it have on capacitance ?

Ans. When a slab of metal is put between the plates of a i i i 'slab does not touch the
plates of the capacitor. In case, the slab of metal touch potential and as a result,
the capacitance of the capacitor becomes zero.

Q34. Is it correct to write the unit of electric dipole
Ans. Wrong. mC stands for milli coulomb

Q35. What is the net force experienced b i i c field? What about if the electric field is
non uniform?
Ans. If the electric field is uniform, the net for . on uniform, the net force is not equal to zero.

Q36. What is the ratio o i on the axial line at a point at the same distance on the
equitorial line of an elect
Ans. As we know that

Q1. Obtain an exp
Q2. Find the express
dipole.
Q3. What is electric potential energy due to a system of two charges? Find the expression for it.

Ans. The electrostatic potential energy of two point charges can be defined as the work done required to bring the charges
constituting the system to their respective positions from infinity.

Mathematically, U= 1 g0,

ric field due to a point charge.
electric field intensity at a point on the (i) axial line and (ii) equatorial line of an electric

dre, T,
Q4. An electrostatic field line cannot have sudden breaks. Why?
Ans. If the electrostatic field line have sudden breaks, it will indicate absence of electric field at that point in the electric field
which is not possible. Hence, the line cannot have sudden break.
ADDITIONAL EXAMINATION QUESTIONS
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Q1.Define relative permittivity of a medium.
Ans. Relative permittivity (dielectric constant) | ()= <
S
where e = permittivity and e,= absolute permittivity of free space

Q2. What is meant by quantization of charge and conservation of charge ?
Ans. Quantization of charge: The charge on a body is an integral multiple of * €.
ie.q=+ ne where e=charge onan electron =16 x 10°C

Conservation of charge The total charge on an isolated body is always conserved ie. total number of charge
before and after a chemical reaction are the same.

Q3. What does q4 +q, =0 signify ?
Ans. g1 +dp =0 meansthat q; =-qg, Such asystem is an electric dipole
equal and opposite.

Q4. What is the nature of symmetry of the dipole field ?
Ans. The dipole field has a cylindrical symmetry. The axis of the cylinder p

Q5. When is an electric dipole in unstable equilibrium in a

- — 0
Ans. When p isantiparallel to E ie. 6 =180
Q6. Is torque on an electric dipole a vector?
Ans. Torque is a vector quantity.
Q7. Give the Sl unit of electric dipole moment.
Ans. It is C-m ( coulomb- metre)

Q8. At what points, dipole field intensit
Ans. At any point on axial line or equ

Q9. Two point charges of

intensity be zero?
Ans. The electric intensit

+3uC each a . t on the line joining charges will the electric

1 4949
dne, r

1 1 q
2

q 4ne, r

Q11. If a point ch
Ans. The circle of radi

acircle of radius r around a charge g, what will be the work done ?
act as an equipotential surface and hence no work is done in moving the charge.

Q12. What is the amount of work done in moving a 220C  charge between two points 5cm apart on an equipotential
surface.
A. On an equipotential surface, work done in moving the charge is zero.

Q13. Do electrons tend to go regions of high potential or low potential ?
7 A. Since electrons are negatively charged, they have tendency to go to regions of higher potential.
Q14. If V equals a constant throughout a given region of space, what can you say about E in that region?

Ans. If V=constant, then E=- =- dg(oonstant) =0 = E=0. It means that when electric potential is constant, electric field in
I

dr

that region is zero.
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Q15. How many electrons volt make one joule ?
ADS. pere, 1ev=16x107"% - 1= — T ev= 0.625x10%v
16x 107
Q16. An electric dipole of dipole moment 20 X 108 cmis enclosed by a closed surface. What is the net flux coming out of
the surface ?
Ans. Since net charge on the electric dipole is zero, net flux coming out of the surface will be zero.

Q17. A technician has only two capacitors. By using them singly, in series or in parallel, he is able to obtain the
capacitance of 4, 5, 20, and 25 u F. What are the capacitance of the two capacitors ?

Ans. Maximum capacitance is obtained for parallel combination. Therefore Cp =25 u F. The minimum capacitance is
obtained for series combination ie.  Cg =4 u F. The remaining values5 4 Fand 20 u F represent individual values of

the two capacitors.

Q18. If two isolated conductors having definite capacity are separated by a fine wi
in series or parallel combination ?
A. On connecting, both the spheres acquire a common potential V. The total cl

q1 2
v‘l‘v: Cl+02

acitance. Are they

g1 +gp=CV (sinceq=CV) .. C= Hence,

parallel combination.

Q19. Sketch a graph to show how charge Q give
A. The graph is a straight line.

acity C varies with the potential difference V.

rad capacity in your house ?

This is a very big size odate in a room!

Q21. Can there be a potential difference between two conductors of same volume carrying equal positive charges?

A. Yes, because two conductors of same volume may have different shapes and hence different capacitances.

Q22. A parallel capacitor has a capacity of 6 £ C inair and 60 t C when dielctric medium is introduced. What is the

dielectric constant of the medium ?

A. Dielectric constant K = Cm = w = %0 =10
Co capacitance in air 6

Q23. Where does the energy of a capacitor reside ?

A. The energy resides in the di-electric medium separating the two plates.

Q24. Why does the electric field inside a dielectric decrease when it is placed in an external electric field ?
A. ltis because the dielectric gets polarised.
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Q25. How much work must be done to charge a 24 F capacitor, when the potential difference between the plates is 500
V?

Ans of QNo.25.
Here, C=24uF = 24x10° F and V=500 Volts.
. Work done = %CV2 = %( 24 x107%) 500? = 3 joules
Q26. By what factor does the capacity of a metal sphere increase if its volume is tripled ?
1 1 1
R 3 3 3
AS2-Re [V =C,=C; Vo =C,(3) =144C,
Vi Vi
Q27. What are dielectric substances ?

A. Dielectric substances are basically insulators on which electrical effects can
conduction(charges will develop on the dielectric when electric field is applied).

em without actual

Q28. An uncharged insulated conductor A is brought near a charged ins
potential ?

A. Charge on B remains same, but the potential of B gets lowered beca
A.(when a body induces charge on other body, its potential will be lowered)

conductor B. What happeil te charge and

induces charge of conductor

Q29. State Coulombs law of forces between two ¢
kept 1m apart in vacuum?
Ans.

According to Coulomb's law, force between t

between two charges of 1C

9 and a5 is given by

1
Fogqa, and F ocrfz

where r = distance betwee

~F legz SF=_ 1
r 4meQ

where
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Vacuum Dielectric

Observe the above following figure.

» Onintroduction of the dielectric,
capacitance increases and hence
the potential V decreases.

Electrometer Electrometer

(a)

Copyright © Addison Wesley Longman, Inc.

a simpla parallel plate capacitor
connected to a battery

39. Can you place a parallel plate capacit
A. No.
This is a very big size to accomodate in a rol
Q 30. Two insulated charged spheres of ré
then they are separated. Which of the two
A. Bigger sphere will carry more charge as its
with a wire.

Q 31. Can there be a potentiz
Ans. Yes. because two conduc

Q 32. What

Q 34. On which fax icitance of a capacitor depend ?
Ans. It depends @ tes, distance between them and nature of dielectric medium separating
the plates.

Q 35. What is the basic use of a capacitor ?
Ans. To store charge and energy.

Q 36 . What meaning would you give to capacity of a single conductor ?
Ans. A single conductor can be visualized as a capacitor whose second plate is far away at infinity.

Q37. Why does the electric field inside a dielectric decrease when it is placed in an external electric field?
Ans. It is because the dielectric gets polarized.

Q 38. Where does the energy of a capacitor reside ?
Ans. The energy resides in the dielectric medium separating the two plates.
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FACT FILE FOR MAXIMUM SCORE IN EXAMINATIONS

Coulombs Law

»  The charges developed on the bodies during the process of rubbing are due to the transfer of electrons only from one
body to the other.

»  Coulomb’s law in electrostatics holds only for stationary charges and the charges, points in size.

»  When the same two charges located in air are placed in a dielectric medium without altering the distance between them,
electrostatic force always decreases.

»  Asystem of charge is said to be in equilibrium, if the net force experienced by each charge of the system is zero.

»  Electrostatic force between two charges is not affected by the presence of a third charge in their vicinity.

Electric Field

»  The test charge used to measure electric field at a point has to be vanishingly small If the ¢
small, then the test charge may bring about a change in electric field at th

For this, one is advised to understand the difference between the statement “the
and ‘the force experienced per unit positive test charge.” The former stateme
charge will cause a change in the value of electric field at the observation po

rge is not vanishingly
ive test charge’
e used as test

The unit of electric dipole moment is C m and not m C. It is becau
The direction of electric field at a point on the axial line
The direction of electric field at a point on equatorial
For very large distance of observation point from
point charge.

No torque acts on a dipole, when it is aligne
The electrostatic potential energy of the
electric field.

YV VVVY

A\

The electric lines of force do not e
It gives the path along which po:
> In a uniform electric field, the li . ric line of force crowd near each other in

regions of strong electric field.
»  The relative closeness of the lines o i electric field gives an estimate of the strength of
the electric field i

Electric Potential

As a result of it, the electric'field inside a charged spherical conductor is zero.

»  For apoint outside the charged spherical conductor, the whole charge appears to be concentrated at its centre.

»  The electrostatic potential increases steadily as one moves against the direction of electric field and it decreases in the
direction of electric field.

The above result is a consequence of negative sign in the relation g _ _av
dr
»  The electric field is always at right angle to the equipotential surface.

» No work is done in moving a test charge between two points on an equipotential surface,
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» .If work has to be done in moving one of the charges of a system from one point to some other, then electrostatic
potential energy of the system increases by an amount equal to the work done in moving the charge.

2.7. Gauss’s Theorem
>> The electric flux through a small portion of the closed surface is affected by the charges present outside the surface.

»  The total electrical flux through a closed surface is not affected by the charge present outside the surface. It depends
only upon the charges enclosed by the close surface.

»  The electric flux through a small portion of the closed surface may change, if the charges inside the closed surface are
moved to the new positions.

>  The total electric flux through a closed surface is not affected, if the charges inside the urface are moved to new

positions.

»  For both the spherical shell and the sphere, electric field at a point o concentrated at

their centre.

» Inside a spherical shell, electric potential is zero. It is zero inside a e also, provided sphe

» A sphere of charge is not a conducting sphere.
2.8. Capacitors
»  The capacitors are connected in parallel to incr capacitance.

»  The capacitors are connected in series to d

>  When a dielectric slab of dielectri

air-capacitor (battery disconnected after ch
(a) capacitance increases by a factor K,
(b) potential difference dec
(c) charge of the capacito
(d) electrostatic potential

> When a dielectric slab of die ced between the plates of an air capacitor (battery remains connected
across the capacito

be looked upon as the combination of two capacitors.

» The capacitor behaves as a parallel combination of the two sub capacitors, if each slab is of thickness equal to
separation d. On the other hand, it behaves as a series combination of the two sub capacitors, if the slabs together make
thickness equal to d.
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WHAT IF IT COMES INEXAM?222  ( © ©

A\ ~—
Q. 1. Define electric potential at a point in an electric fieh.\_—/ 2. Plot electric field lines around two charges +3 unit and -1
Derive an expression for the electric potential at a point due to unit.
an electric dipole.(1+4=5) Solution.

Solution. Electric potential at a point in the electric field is
defined as the work done per unit charge in moving a unit - ~
positive test charge from infinity to that point against the { (( el

electrostatic force independent of the path followed. - Gg T T

N

Potential at a point due to electric dipole. O 2
Consider an electric dipole consisting of two charges ST 7
-g and +q at A and B separated by a small distance Y/ <\ T
distance 2a. .
3. A small metallic ball is suspended through an insulating
thread in uniform electric field. If high energy X-ray beam
falls on the ball, what will happen to the ball?
Solution. Electrons will be emitted from the ball and acquire
+ve charge. Thus ball is deflected by the uniform electric field.
4. Define electric flux. Give its SI unit.
Solution. Electric flux is defined as the surface integral of
electric field. Its SI unit is Nm2C™L
Figure _ | 5. What is the total charge on an electric dipole?
Suppose AP =r, and BP =r,. Draw BD L OP and | If the dipole is enclosed in a closed surface, what will be the
AC L PO produced. electric flux through the surface?
- OC = OACOSO = acosd Solution. Total charge +q - g = 0. Since the total charge is
and OD = OB coso — acosd equal to zero, the electric flux is also equal to zero as
Potential at P due to dipole is L4 0 1
. S
v, = - 20 rax ZO C 4:60 E—ﬂ | 6. Electric field lines can never appear as closed loops. Why?
1

Solution. As the electric field starts from positive charge and
end at negative charge, they do not appear as closed loops.
7. What is the equivalent capacitance between A and B? All

Now r, = AP~CP =0P +OC =r +acosé
r,=BP~DP=0P-0OD=r-acosé

q 1 1 | capacitance arein F.
V=1 - 0 -
7€, | (r—acos@) (r+acosd) L |1 |1
q {(r+acos€)—(r—acos€) I L !
= &
Ar e, r’ —a’cos’ 0
AH H -,
q 2acos6 . )
Vv, = [ﬁ} 1= 10
4z e, r*—a’cos’ 0 I I
pcosé [
=———— [ qx2a=p] +
4z e, (r’-a’cos’ .
o ) Solution.
In practice,OD(= OC =acos#) is very small as compared 8 and 4 are in series.
to OP(=r). 1 1 1 3 8
A 2 L —==4+-=2 80,C'==F
Therefore, a“cos® 6 can be neglected as compared to r-. C' 8 4 8 3
_ pcos@ Now C'and 4F are in parallel.
P Az e, 1
0 ncrecia=8,4-20p
3 3
Special Cases. (i) If point P lies on the axial line of Now 12F, C"and 16F are in series.
the dipole, then8 =0 S 1.3 1_ 47
' pcos0° P C 12 20 16 240
P ; 240
e " Admeyr . C=—F
47

. . . . o
(ii) If point P lies on the equatorial line of the dipole , 8. What is the equivalent capacity in the given fig.?

Then 6 =90. >
_ pcos90” o

P odrer? 4

Hence potential due to an electric dipole is zero at 7

every point on the equatorial line of the dipole.
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Solution of QNo.8

PENNLSEE

9. Six capacitors each of capacitance 2 are connected as
shown in the given figure. What is the effective capacitance
between A & B.

c

ey

c 0 \c
—h
=y

Solution. The given figure can be modified as follows.

Equivalent capacitance C'=C, +C, =

2C
2C
|
C
9 ]
—1 C Cc -
e
A B 4 B
N
| ] L
2C

C,=2C+C+C+2C=6C=6x2uF =12uF

10. Capacitor 2, 3 and 6 are given. How do you connect
them to get the minimum capacitance?

Solution.
1=3+3+3=3+2+1=1uF
C 2 3 6 6
~C=1uF

11. What is the work done in placing a charge of

8x10**C on a condenser of capacity 100?
Solution.

2

Wzlizl(&dom)

2C 2100x10°
12. Where is the electric field due to uniformly charged
sphere maximum?
Solution. Since E oc r , the electric field is maximum at the
surface.
13. What is the net charge on a current carrying
conductor?
Solution. Zero.
14. When dielectric substance is put between two plates of
condenser, what is the change is capacity, potential and
PE?

=32x10)

Solution.
Capacity increases, potential and PE decreases.
2
C=ﬂ and c=3 and PE-L
\Y 2C

15. What are the units of 1 ?
4r e,

Solution. Nm*C~?

15. What is the dielectric constant of a metal?

Solution. Infinity.

16. Does the electric flux depends on the shape and size of the
Gaussian surface?

Solution. No. Gaussian surface is independent of the shape and
size of the Gaussian surface. However, the flux depends on the

net charge enclosed.

17. Calculate equivalent capacitance between

AandBif C, =1uF, C, =3uF, C, =3uF

Solution. All the capacitors are in parallel.
So, C=C, +C, +C,=1uF +2uF +3uF =6uF

18. Calculate equivalent capacitance between A & B.

18pF 9pF
A
A

— 3pF
? B

e
9pF 4.5pF

Solution.

Since %:% =2pF, capacitance of 3pF is neglected.

As 18pF and 9pF are in series giving 6 pF. Similarly
9pf & 4.5pF are in series giving 3pF. Since 6 pF &3pF
are in parallel, C=6pF +3pF =9pF
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