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ELECTROSTATICS

AIEEE Syllabus

Electric charge - its unit and conservation, Coulomb’s law, dielectric constant, electric field,
lines of force, field due to dipole and its behaviour in a uniform electric field, electric flux,
Gauss’s theorem and its applications. Electric potential, potential due to a point charge.
Conductors and insulators, distribution of charge on conductors.

Electric charge

Coulomb’s law

Electrostatics field

Electrostatics lines of

force; Properties

Electric field due to a point

charge

»  Superposition of Electric
field

»  Electric field intensity on
the axis of a uniformly
charged ring.

> Electric flux

»  Gauss’s Law.

»  Application of Gauss’s
law

»  Electric potential and
potential energy

»  Equipotential surface

YV V V VY

A\ 4

INTRODUCTION

When a glass rod is rubbed with silk, this acquires
power to attract light bodies such as small pieces of
paper. The bodies which acquire this power are said
to be charged. If these charges do not move they are
called static charges and the branch of physics which
deals with static charges is called electrostatics.
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ELECTRIC CHARGE

Charge is a scalar quantity which is categorised into two types.
a) Positive charge (anciently called Vitreous)
b) Negative charge (anciently called Resinous)

A body having no charge, is said to be neutral in nature i.e. on a neutral body the sum of positive charges is
equal to the sum of negative charges.

The positive charge means deficiency of electrons, whereas the negative charge on a body implies excess of
electrons.

The S.I. unit of charge is coulomb (C).

l. UNITS OF CHARGE

a) S.l. unit of charge is coulomb (C). One coulomb of charge is that charge which when placed at
rest in vacuum at a distance of one metre from an equal and similar stationary charge repels it

and is repelled by it with a force of gx10° N -
b) CGS unit of charge is stat coulomb

1
1 coulomb = 3x10° esy Of charge :E emu of charge.

1
i.e. 1 coulomb =3x10° stat coulomb 25 abcoulomb

c) Practical units of charge are amp x hr = 3600 coulomb and faraday (= 96500 C)
d) Smallest unit of charge is stat coulomb and largest is faraday.

.  METHODS OF CHARGING

a) By Friction : In friction when two bodies are rubbed together electrons are transferred from one
body to other. As a result one body becomes positively charged while the other negatively charged.

%_X Examples : When glass rod is rubbed with silk, the rod becomes positively charged
while the silk negatively charged.

Clouds also become charged by friction

b) By Induction : If a charged body of same sign is brought near a neutral body charged body will
attract charge of opposite sign and repel charge of same sign present in neutral body. The nature
as induced charge is always opposite to that of inducing charge. Charging of body by Induction is
shown as :

++ £ ++ £

+ +
e e
7 7

Charged body brought near Uncharged body connected Uncharged body disconnected
uncharged body to earth from earth
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c)

By Conduction : If a charged body is in direct contact with an uncharged body, charge flows from
former to latter till both are at same potential. This flow of charges is due to mutual repulsions
between same kind of charges on charged body.

Charging body
is removed

. PROPERTIES OF ELECTRIC CHARGE

a)
b)

c)

d)

e)

Like point charges repel each other and unlike charges attract each other.
Charge Conservation

The algebraic sum of all the charges in an isolated system is a constant. In crude language we
can say that charge can neither be created nor be destroyed, however it can simply be
transferred from one body to the other.

Relativistic Invariance

Charge on a body is relativistically invariant. i.e. charge on the body at rest equals the charge
on the body at relativistic speeds. However charge density is not relativistically invariant.
Mathematically

(q )at rest = (q )in motion

or (q )at rest = (q )at relativistic speeds

Charge Quantisation
Charge on a body g must always exist as an integral multiple of some fundamental unit of

charge (called electronic charge) e ,where ¢ =1.6x10™° C.

Mathematically, ¢ =+ne , n =1, 2, 3, .....

From here we conclude that a neutral body can have +1 C of charge when it falls deficient of
6.25x108 electrons.

A charged body can attract light uncharged body. (Due to charging by induction)

Charges are always added algebraically.

For example, if a neutral body is first given a charge of +5 C and subsequently a charge of
-7 C, then it will finally have a charge of +5C-7C =-2C.

EXAMPLES BASED ON ELECTRIC CHARGE

Example -
Solution :

1 Calculate protonic charge in 100 cc. of water.
1 cc = 1 gm for water as density = 1000 kg/m?

Now no of atoms in 18 gm (atm weight) = 6.023 x 10**and each molecule of H,O contains
10 proton (8 of oxygen + 2 of H,) so No. of proton in 100 gm water

23
_ -023;;10 xlOOExlO:3.3><1025

Hence protonic charge = 3.3 x 10%° x 1.6 x 10®* = 5.4 x 105 C
3
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Example - 2 A copper sphere of mass 2.0 g contains about 2 x 10?2 atoms. Atomic weight of copper is
64 and atomic number 29.
(i) How many electorns must be removed form the sphere to give it a charge of +2uC?

(i) Determine the fraction of electrons removed.
(iii) Is there any change in mass of sphere when it is given positive charge?

o . n=—=_2"""___=125x10"
Solution : (i)  Number of electrons to be removed e 16x10°%
(i) Total number of electrons in the sphere = 29 x 2 x 102 = 5.8 x 10%
1.25x10" _
Fraction of electrons removed = ——————=—=2.16 x10 7
5.8x10
Thus 2.16 x 10°% of electrons are to be removed to give the sphere a charge of

2uC.
(i) Yes mass decreases, when body is given a positive charge. Decrease of mass

Am=9x10"3'x1.25x10"® =1.125x10 " kg .
COULOMB’S LAW

The magnitude of the force (F) of attraction or repulsion between two point charges ¢, and ¢, placedin

vacuum at separation ris
a) directly proportional to the product of the magnitude of the two charges.

F UqQ, ..(i)
b) inversely proportional to the square of the distance of separation between them.

1
F U = (i)
COULOMB’S LAW IN VECTOR FORM

Consider two point charges ¢, and ¢, separated by a distancer. If g,q, >0 i.e. if both ¢, and q, are +ve
or bothq, and g, are negative then the charges repel each other otherwire they attract each other.

If If12 is the force exerted on charge ¢, by charge g, .

__1 a0 1 oag
12 4_,_[80 rz 21 - 47-[80 r3 21
If lf21 is the force exerted on (, due to q,
E = 1 a4, _ 1 49 -
then 21 4Te, 2 12 are, 3R

Both fZl and flz have same magnitude i.e. unity and are oppositely directed

o= 3%y

21 4]_[50 r2 21 12
F.=-Fy,
So the forces exerted by charges on each other are equal in magnitude opposite in direction

;
12

P~ ~F

F.= >

“ O PR “

M1
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PROBLEM SOLVING TRICKS

1. While calculating the force between the two charges from Coulomb’s Law, never take
into account, the sign of the two charges. The sign just indicates the nature of the force.

2. E,, isthe force on charge 1 due to 2. E,, is the force on charge 2 due to 1. Ifij is the

force on charge i due toj.
3. When we are to calculate the force on charge 1 due to charge 2, then we assume charge
2 to be fixed and vice versa, unless and otherwise stated.

Fio| =mpga,
Farl=m,a,
i.e. mga =m,a, (by Newton's Third Law)
where m, and m, are the masses of charges q, and q, respectively.

4. Ifwe are to calculate the force on charge q,, due to assembly of charges q,, g, .... q,, ,
then we have
Eo = Em + Eoz +E03 +..... +E0n

where F,, is calculated as if only g, and g, are present and all others are absent and so on
for other combinations. This principle is called the Principle of Superposition.

E\ Note : When two identical bodies having charges g, and q, respectively are broughtin

+
contact and separated, then the charge on each body is % .

EXAMPLES BASED ON ELECTROSTATICS FORCE

Example - 3 Atomic number of copper is 29, its atomic weight is 63.5 gm/mole. If two pieces of
copper having weight 10 gm are taken and on one of the pieces 1 electron per 1000
atom is transferred to the other piece and there after this these pieces are placed 10
cm apart, then what will be the coulomb force between them.

Solution : In 1 mole copper (63.5 gm) there are 6 x 102 atoms (N, = Avogadro number = 6 x 10%®
atoms) 5
6x10% x10
Number of atoms = ~— 835 - 9.45 x 10%
For every 1000 atoms, 1 electron is transferred therefore total number of transferred electron
is
22
- 945x10% _ g 15 %10t
1000

Therefore charge on one piece is 9.45 x 10 e and on the other will be (9.45 x 10%%)
Force when they are kept 10 cm apart

1 a9
4ml, r2
1 (9.45x10'%)%e? 9x10° x(9.45x10'%)? x (1.6 x10729)2 y
4nl, (10x1072)2 - (10x1072)2 =2 x 109N
5
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Example - 4 On an insulated rod having length L, Q charge is evenly distributed and a point charge
g is placed at a distance d from one of its ends as shown. What will be the total electric
force on q.

Solution : Considering a small element dx of the rod at a distance x from g, force on q due to
this small element

P A B
g = 99Q et -
2 dx

4T[|:|O X —d—>ie—/ >

where dQ is charge in small element dx and dQ = E%de
oL O

quX _ 1 C|Q d+L%
DF=dF = nn, @ and, L ) x?
_ 1 gqQ pid™
4ant, L HxH
_ 1 gQm_ 10
anb, L B d+L{

_ @
4, d(d+L)

Example - 5 Three equal charges (Q, each) are placed on the vertices of an equilateral triangle of
side a. What is the resultant force on any one charge due to the other two?

Solution : The charges are shown in fig. The resultant force

F = F? +F2 + 2F/F, oS 60°
with F, = F, = kQ¥/a?

\3kQ?
F="=
a
From symmetry the direction is as shown along y-axis. Q & Q

Example - 6 Five point charges, each of value +q are palced on five vertices of a regular hexagon
of side L m. What is the magnitude of the force on a point charge of value -q coloumb
placed at the centre of the hexagon?

D
Solution : If there had been a sixth charge +q at the remaining vertex NA
of hexagon, force due to all the six charges on -q at O 0 d\C
will be zero (as the forces due to individual charges will F
balance each other), i.e., Fy= 0.

Now If f is the force due to sixth charge and g due to remaining five charges, F+f=0

i.e.F=—-f or,

Fofo 1 axq_ 1 Equ
ame, 12 4mg HH
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Example - 7 Two charged spheres of radius ‘R’ are kept at ¥ =
a distance ‘d’ (d > 2R). One has a charge +q N -
and the other -g. The force between them will be- + -
+ -_—
1 g 1 q + -
2 -« d >
[3] < arte, dF [4] None of these
Solution : [2] Redistribution of charge will take place due to mutual attraction and hence effective

distance will be less than d.

ELECTROSTATIC FIELD (E)
The region of space around a source charge (q) in which it can exert a force on a test charge (q, ) .

Mathematically, electric field is the force experienced per unit test charge q, placed in the electrostatic

influence of source charge Q.

E=F

o
Electric field strength is a vector quantity directed away from a positive charge and towards the negative
charge. Sl unit of electric field is newton/coulomb (NC™) or volt/metre (vm™).

The dimensional formulafor Eis pLT 3A7-

= 1 qq, -
; F= —r
Since 41‘[20 r2
O E ZE = q > r
q, A4mgr

is the electric field due to a source point charge ( at a distance r from it.

ELECTROSTATIC LINES OF FORCE : PROPERTIES

Aline of force is an imaginary path straight or curved such that the tangent to it at any point gives the direction
of electrostatic field at that point. A field line is an imaginary line along which a unit positive charge would move
when set free. The lines of force are drawn such that the number of lines per unit area of cross-section, (area

held normally to the field lines) is proportional to magnitude of E .
L PROPERTIES OF FIELD LINES
a) Field lines always come out of positive charge
and enter the negative charge. \ m
b) Field lines never cross each other. +2q @4’
c) Fieldlines never form closed loops. S
d) Field lines are always directed from higher /
potential to lower potential.
e) Fieldlines never exist inside a conductor.
) If N, is the number of field lines coming out of a

The electric field lines for a point charge +2q
and a second point charge —g. Note that two
. lines leave the charge +2q for every one that
entering d,, |q1| N, terminates on —q.

then |q2| N2

charge g, and N, is the number of field lines

7
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g) If N, isthe number of field lines coming out of a charge ¢, and N, is the number of field lines

coming out of charge q,,

G N,

q2 2
This relation also exists if field lines are entering both the charges

h)  Tangentto field line at a point gives the direction of field at that point.

i)  Field lines exhibit longitudinal (length wise) contraction, thus indicating that unlike charges
attract each other. (See Figure 1)

j)  Field lines exhibit lateral (sideways) expansion, thus indicating that like charges repel each
other. (See Figure 2)

then

pd

\\g//'
@
o=

;
S

WY

Figure 1 : The electric field lines for two equal

and opposite point charges of an electric dipole. Figure 2 :.ljhe electric field lines for two
Note that the number of lines that leave the equal positive point charge.

positive charge equals the number that

terminate at the negative charge.

k) Field lines always enter or leave a conducting surface at right angles.
[)  Since electric field inside a conductor in electrostatics is zero, electric field lines do not exist
inside the conductor.

EXAMPLES BASED ON ELECTRIC LINES OF FORCE

Example - 8 A Solid metallic sphere is placed in a uniform electric field. Which of the lines A, B,
C and D shows the correct path and why ?

Solution : Path (A) is wrong as lines of force do not start or end normally —

on the surface of a conductor. Path (B) and (C) are wrong as A
lines of force should not exist inside a conductor. Also lines B
of froce are not normal to the surface of conductor. Path (D) c

represents the correct situation as here line of force does not
exist inside the conductor and starts and ends normally on
its surface.

Example - 9 A metallic slab is introduced between the two plates of a
charged parallel plate capacitor. Sketch the electric lines of

+
force between the plates. +Eo
Solution : Keeping in mind the following properties : >

Y VY YEYRYTY

1. Lines of force start from positive charge and end on negative 1B =015 7
charge. K- ]

2. Lines of force start and end normally on the surface of a + - .
conductor. i - i

3. Lines of force do not exist inside a conductor (as field inside a - Metal -~

conductor is zero)
The field lines between the plates are as shown in the figure.
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ELECTRIC FIELD DUE TO A POINT CHARGE

E=———17 -__ 1 q-
amert Bt i Y

o - .

If the position vector of the charge is r, , then - r—r,
T,’/,ﬁjh\’_’
- - P E
electric field at position 7 is g =_ 1+ Ar=fo) et x Ol X

4Te, | iy E (A) (B)
~lo

SUPERPOSITION OF ELECTRIC FIELDS

The resultant electric field at any point is equal to the vector sum of electric fields at that point due
to various charges.

E=E+Ep+Eg+......

The magnitude of the resultant of two electric fields is given by

E =/EZ +E2 + 2E,E, cos0

E,sin@

The direction is given by tana = —————
E, +E,cos®

Let dE be the electric field at a point P on the axis, due to charge dg, while total charge on the ring is g.

1 dq

dE =
Then 4T[D0 2 + a2

As only axial components of electric field due to all elements remain, while perpendicular components are
cancelled.

Therefore ‘E’ at Point P = gpdE cos0

1 dq ro_ 1 r _ 1 qr dq =
R ETER N v ey ey L RN R gof da=ag
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SPECIAL CASES

0]

(if)

Atr=0 (i.e. at centre of the ring) E=0

At r >>a (i.e. at for off points on the axis) E = 2 1D ﬂz It shows that the ring behaves like a point
T, r

charge for far off points.

The magnitude of E increases from zero as we move on the axis starting from centre of the ring. It attains
a maximum value at some point on the axis and thereafter again decreases. At the point, whose E is

) dE
maximum, — =0
dr
O g
S EﬁlnlEb = I

0 |
3 + + 1
0 (r2+a2)3’2—r.§(r2 +a?)t2 2r =0 . :
|
I

a

r= —
D 2

EXAMPLES BASED ON ELECTRIC FIELD

Example - 10 Charges with magnitude q are placed at 4 corners of a regular pentagon. These charges

are at distance ‘a’ from the centre of the pentagon. Find electric field intensity at the
centre of the pentagon.

Solution : Charges are placed at corners A, B, C and D of the pentagon. If charge q is placed

Example - 11 Three charges +q, +q, +2q are arranged as shown in

Solution : The sum of fields at P due to charges at A and C add up

-

at the fifth corner also then by symmetry the intensity g at centre O is zero.

Let El be the resultant electric field due to charge at A, B C and D and let E2 be the
elecric field due to the fifth charge.
Now, E,+E, =0

O E,=-E,
00 Electric field due to charges at A, B, C and D.

= _ Q
E. =
2 4meqP

along EQ

figure. What is the field at point P (center of side AC)

to zero (because of equal magnitude and opposite
direction) . Thus the net field at P is that due to +2q
charge. Its direction is along the line BP and its magnitude
is

-1
ane, (BP)°

10
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BP =+/BC2 -PC2 = va?-a2/2 = a/2

q
Tig,a

Thus E=

2

Example - 12 An infinite plane of positive charge has a surface charge density o. A metal ball B of
mass m and charge q is attached to a thread and tied to a point A on the sheet PQ.
Find the angle 8 which AB makes with the plane PQ.

Solution : Due to positive charge the ball will experience electrical force F, = qE horizontally away
from the sheet while the weight of the ball will act vertically downwards and hence if
T is the tension in the string, for equilibrium of ball :

Along horizontal, Tsin® = gE

And along vertical, Tcos® = mg

So, tan® :E
mg

and T = [(mg)? + (qE)’]**
The field E produced by the sheet of charge PQ

o
having charge density ¢ is E=——
2g,

qo
2g,mg

. O 0
l.e., e:tan_l ﬁm
€My

ELECTRIC FLUX

The mathematical quantity related to number of lines passing through a surface is called the electric flux ¢.
The electric flux through a surface which is perpendicular to a uniform electric field E is defined as the product

So, tan@ =

of electric field E and surface area A: 9 = EA
Since the electric field is proportional to density of lines of force, the electric flux is proportional to number of

lines of force passing through the surface area: @a N .
If the surface area is not perpendicular to the electric field, then the electric flux is given by A A
@ =E.AA = EcosBA = E,A M

\

where 7 is a unit vector perpendicular to the surface and E,, is the component \ \
/

vVVvVY Y
m

of electric field perpendicular to the surface (hormal component). \\/

The electric flux over a curved surface over which electric field may vary in direction and magnitude can be

computed by dividing the surface into large number of very small area elements. Let ﬁi be the unit vector

perpendicular to such an area elementand AA; be its area. The flux of the electric field through such an area
elementis Ap; = Ei Nj DA

11
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The total flux through the surface area is found by adding flux through each area element. In the limit ,when
number of area elements approaches infinity and area of each element approaches zero, the sum becomes an
integral.

Q= lim zéi'ﬁiAA :IéﬁdA
i .

n—- o

Quite often we are interested in finding out the flux through a closed surface. The unit vector fj in such a case
is defined to be directed outward from each point. Note that when an electric line comes out of the closed

surface, then E.fj is positive and if it enters the surface E .fj is negative.

The net flux through a closed surface is written as
[0 :?E A dA =]E, dA..

Please note that @, is proportional to the net lines of force going out of the surface, ie, number of lines going
out of the surface minus the number of lines going into the surface.

GAUSS LAW
l. STATEMENT
— E A _ 5 A% —Yenciosed
et —? n dA =¢E dA =—r==C
surface 80
where g, ... IS the total charge enclosed inside the surface. This important result is called Gauss’s Law

and can be stated as follows:

For a system of charges, the net flux through any closed surface ‘S’ is equal to 1/ €y times the net
charge inside the surface.

% Example If a dipole is enclosed by a closed surface S, then total flux due to this charge
distribution is zero.

0=fE A ="(a +() =

0

APPLICATION OF GAUSS'S LAW

ELECTRIC FIELD DUE SOME CHARGE DISTRIBUTION DERIVED BY USING GAUSS
LAW.

(i)  Electric field due to line charge (infinite length) : E
A+
The electric field at a distance r from a line charge (density  [& =
S
= }\ — k E |+ r
2TiEyr oy ! (@  Fig.1 (b)

The direction is outward perpendicular to the line charge. The E [0 (1/r) dependence is shown
in fig. 1(b)
12
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(i)  Electric field due to cylinder

If the line charge is a cylinder of radius R, then
(@) Electric field outside

- 2Tigyr

(r>R)

(b) Electric field on the surface (a) Fig . 1 Fig . 2 (b)

A
2mgR

(c) Electric field inside (at a distance r from the axis)

_ AT
E“;ﬁﬁ?(ﬁrsR)

The direction of the field is outwards (normal to the axis). The dependence of the field onr is
shown in figure.2 (b). Inside the charged cylinder,
EOr

1
outside EU T

(i) ELECTRIC FIELD DUE TO A PLANE SHEET (INFINITE DIMENSIONS)

(a) Single sheet of charge

For the surface charge density o (coulomb/metre?) the field < +/+ —
-+ S
. . g . ar
at a distance r from the sheet is E :Z directed towards + F >
o + <
outward normal (from a positively charged sheet) <t >
The electric field does not depend on distance. + +
+
(b) Charged metal plate
Inside charged metal plate
E - 0 P (e} O
+H o+
Outside charged metal plate H + E
o E
=— H o+
80 : ¥ E—0+ re
The field is normally outwards for positively charged plate H +
and inwards for negatively charged plates. +H +

(iv) Electric field due to a charged spherical shell
The charge Q resides on the surface of the spherical shell (radius R)
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FNS House, 63, Kalu Sarai Market, Sarvapriya Vihar, New Delhi-110016 e Ph.: (011) 32001131/32 Fax : (011) 41828320



| N A R A Y A N A Physics : Electrostatics

I INSTITUTE OF CORRESPONDENCE COURSES

(a) Field at outside point A

E-_1 Q¢
4A1e, 2
-1 Q
4me, r?

(b) Field at surface point B

E-_1 Q-
4T[ R AE
1
4mg, R?
(c) Field at inside point C

E=0

The variation of field with distance r from the centre O of the shell in shown in fig. The field at
the surface is maximum. And outside the shell field varies as E O 1/r2.

(v) ELECTRIC FIELD DUE TO CHARGED CONDUCTING SPHERE

The entire charge Q resides on the surface of a charged conductor.
Any charge given to the interior, flows to the surface in less than
a nanosecond.

So a charged conducting sphere behaves like spherical shell. Thus,

(a) Field outside E=_*_ 22
ame, r
1
(b) Field on surface E=— %
4mg;, R

(c) Field inside E=0

E\Special note : The surface charge density in the above case is 0 = Q/4TR2. In terms
of o the fields are

2
o
. E=—
outside £ rzE

onsurface E=—

inside E =

14
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(vi) ELECTRIC FIELD DUE TO A CHARGED SPHERE (NON CONDUCTING)

In case of a charged non conducting (plastic etc.) sphere, charges
do not flow. As a result, charges exist inside the sphere as well
as on the surface. Assuming uniform charge distribution, the electric
field, outside (point A),

on the surface (point B) and inside (point C) are as follows.

(a) Field outside

_ 1 Q : L
= mr—z directed radially outwards (for positive Q)

(b) Field on surface

1 Q

= = E
4mg, R? 4
. o kQ
(c) Field inside / g
SN A
4mg, R | . r
directed radially outwards for positive Q. 0 R r

The variation of the electric field with distance r from the centre of the charged nonconducting
sphere is as shown in fig. The field outside varies inversely as square of the distance. The field
at the surface is maximum. The field inside is directly proportional to the distance.

. L . 4 3
Special note : The volume charge density in above case, is P =Q/(§TlR ). In terms of p, the

field are

outside E:% ;E
on surface E :%
inside E:%r

EXAMPLE BASED ON ELECTRIC FLUX
Example - 13 If a point charge Q is located at the centre of a cube then find (i) flux through the total
surface, of the cube (ii) flux through one surface.

Solution : (i)  According to Gauss’s law for closed surface ¢= Q/g , (ii) Since cube is a symmetrical
figure thus by symmetry the flux through each surface is ¢' = Q/60],

Example - 14 A point charge +q is located L/2 above the centre of a
square having side L. Find the flux through this square.

15
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Solution : The charge g can be supposed to be situated at the centre q T
of a cube having side L with outward flux @. In this case T L/
the square is one of its face having flux @/6 f l

/N

O

O flux through the square

) /

Example - 15 What is the value of electric flux in Sl unit in Y-Z plane of area 2m?, if intensity of

electric field is g =(5j+2j) N/C.

Solution : ¢=E.dA

= (5] +2)).2i
= 10 V-m

Example - 16 2uC charge is in some Gaussion surface, given outward flux ¢, what additional charge
is needed if we want that 6¢ flux enters into the Gaussian surface.

Solution : According to question
(+QuC _ ¢,
D0
(2+Q) _ ¢ %E
or =
D0 0
Q =-14puC

Example - 17 A cylinder of length L and radius b has its axis coincident with the x axis. The electric

field in this region E =200i - Find the flux through (a) the left end of cylinder (b) the

right end of cylinder (c) the cylinder curved surface, (d) the closed surface area of the

cylinder.
Solution : from fig. then
(@ @, =E.A =EAcos® - schA
= T dA
= 200 x mh? x cos T dAEE:,IO,{:_ ''''''''''''''''''''''''' ( @E’
= 200 mp? Sa S
(b) @, = EA cos 0°
= 200 1b?
() @ = EA cos 90°
=0

d o=9 +09 + 0
— 200 T2+ 200 T2 + 0

16 =0
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ELECTRIC POTENTIAL AND POTENTIAL ENERGY

LINE INTEGRAL OF E __//

The line integral of electric fields is defined as the integral A-- -

B - - B
LE.d( \\

The value of line integral depends only on the position of points A and B, and is independent of the
path between A and B

B - - A -
IA E.dzz:—J‘B E.d¢

Line integral for a closed path is zero § E.d/=0

(such electric fields are called conservative fields).

Note : There exists one more type of electric field, called induced electric field. It is non-conservative
for which § E.d¢=0

ELECTRIC POTENTIAL
Electric potential and potential energy are defined only for conservative fields.
Definition in terms of work done :

Potential at any point A is equal to the amount of work done (by external agent against electric field)
in bringing a unit positive charge from infinity to that point.

Unit of potential (V) = J/C or volt

Potential at a point is said to be one volt if the amount of work done in bringing one coulomb of positive
charge from infinity to that point is one joule.

Since work and charge, both are scalars, the electric potential is a scalar quantity.

ML2T
TA

The dimensions of electric potential are =

or [V] = ML*T3A1

17
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POTENTIAL DIFFERENCE

Potential difference between two points f (final) and i (initial) is defined to be equal to the amount of

work done (by external agent) in moving a unit positive charge from point i (initial) to f (final)

If work done in carrying a unit positive charge from point 1 to point 2 is one joule then the potential

difference V, — V, is said to be one volt.
Potential difference may be positive or negative.

The work done against electrical forces in transporting a charge g from point i (potential V) to point

f (potential V) is W = qV where V =V, - V..

RELATION BETWEEN E AND ELECTRIC POTENTIAL V

AV =V -V =- E.AC
In one dimensions

dv
E = -
v e (l)

V:—IEdr ...... 2)

[If electric potential is known, electric field can be determined from eq. (1) and if E is known, V can
be determined from (2)]

In general E = -[IV

g I . . . q A B
Electric field at any point is equal to negative of potential gradient at @ >
that point. Vi >\
The electric field always points from higher potential to lower potential (see (@)

fig.) %‘3 A B

A positive charge always moves from higher potential to lower potential.

i <M
A negative charge always moves from lower potential to higher potential. (b)
@x Note : In an extended region of space where electric field is zero, electrical potential

is constant.

ELECTRIC POTENTIAL DUE TO POINT CHARGES

One point charge s
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Many point charges

Potential is a scalar quantity and adds like scalars. Thus potential at point P (see fig.) due to
charges q,, q,, —q, is equal to (algebraic) sum of potentials due to individual charges.

POTENTIAL DUE TO A CHARGED SPHERICAL SHELL

The charge resides on the shell surface. The potential at P, outside point, is

-1 4a
ameg, v
The potential at P,, surface point is 5
+R
:_1 i ﬂ + 2 3 +
4mg, R
ER
The potential at P, (inside point) is +f
+
V= Vsurface * i Q
la
4mg, R

It is constant inside the shell (same at all points inside the shell)

POTENTIAL DUE TO A CHARGED CONDUCTING SPHERE

Outside the sphere

V = ig
aTgy r
v=_1 Q
At the surface of sphere 4me, R
1Q
Inside the sphere V=V = D

surface 4T[£0 R

The potential at the points inside a conducting sphere is constant. (The electric field inside is zero)

POTENTIAL DUE TO A CHARGED NON-CONDUCTING SPHERE

For a non-conducting sphere carrying uniform charge distribution, the electrical potential is given
as :

19
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Outside (e.g. point P.) S

At the surface (e.g. point P.)
1 Q

4mng, R
Inside the sphere (e.g. point P,)

1 Q(3R?-r?)

V =
4T, 2R3

3k
The potential at the centre of the sphereisV__ = EFQ' This is 1.5 times the potential at the surface

of the sphere V = kQ/R

surface

POTENTIAL DUE TO A RING AT A POINT LYING ON ITS AXIS

Consider aring of charge Q , radius a, linear charge density ) . Let an element dq
of length d¢ be taken on the ring. Then, S~y
d T~
dv = 4 g "7_::_3_'
TIE "
% Q
Ad/

av =

H 4me,Na® +x°
2

A |
V=oe—— [d(
H Amg,Na® +x? 'o[
_ A2m)
0 \%

4mg,Na? +x?
V :L
H amg,Na® +x>

EQUIPOTENTIAL SURFACE

A surface on which the potential is constant is called an equipotential surface. (A curve on which the
potential is constant is called equipotential curve)

N S S
[ ~ -
\l/l \./2 \./3
(c)
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B\ Note : The electric field lines are perpendicular to equipotential surface (every where)
Since E = 0 inside a conductor, the entire conductor is at a constant potential.

For a point charge q and spherical charge distributions, the equipotential surfaces are spherical
fig.a & b dotted lines)

For a uniform field equipotential surface is plane (see fig. ¢ dotted lines)

For a dipole, V = 0 surface is the equatorial plane. Other equipotential surfaces are curved.
Thus, in general equipotential surface can be of any shape.

When a charge is moved on an equipotential surfaces, work done is zero

ELECTRIC STRENGTH (DIELECTRIC STRENGTH)

The electric strength of air is about 3 x 10° V/m or 3000 V/mm. This means that if the electric field
exceeds this value sparking will occur in air. This sets a limit on maximum charge that can be given
to a conducting sphere in air.

The electric strength sets a limit on the maximum charge that can be placed on a conductor.

ELECTRIC POTENTIAL ENERGY

The electric potential energy of a system of fixed point charges is equal to the work that must be done
by an external agent to assemble the system, bringing each charge in from an infinite distance.

U is a scalar quantity.
Dimension of [U] = ML?T?

Unit of [U] = joule

q1 r q
For two charges — " (a)
d P %
U= Kag, o
=—= S
r 2 2o R
(b)
U=q,V,
U = K99,
r‘12
For three charges
U= U12 + U23 + U13 q TS q
N eemeeee e A2
k k
_ ka1, , kdo0s | kdi95 RN
M2 M3 M3 o
q
For n-charge 3
U= T K99
all pairs rij
(number of pairs = "C,)
21
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ELECTRON VOLT

Itis equal to the amount of energy gained by an electron when accelerated through a potential difference
of one volt. It is unit of energy.

1 eV =16 x 10 joule
When a charged particle moves under the influence of an electric field, then,
Kinetic energy gained = Potential energy lost

ENERGY DENSITY

In electric field, energy stored per unit volume is called energy density. It is equal to

u= %SOEZ

EXAMPLES BASED ON ELECTRIC POTENTI AL

Example - 18 A uniform electric field of magnitude E; and directed along positive x-axis exist in a
certain region of space. If at x = 0, then potential V is zero, then what is the potential
at x = +x; ?

Solution : For a uniform field AV = —EAr. In this case AV =V -0, Ar = x, — 0, and E = E,.
Thus V-0=-E(,-0)

or V = —Ex0

B\ Note : The negative sign. As one moves along the direction of electric field, the
potential falls

Example - 19 Electric field intensity is given by the relation E = 100/x?> where x is in meters. Find
potential difference between the points x = 10 m and x = 20 m.

X2 20
Solution : v=—I dez—J 100x 2dx =100 [x &
X, 0

01 10
=100 5— - —=5volt.
Ho 200 °Y°

Example - 20 In the above question if alternate charges are positive and negative then find potential

x = 0.
. .o@m 1.1 1 0_,01 0.2
Solution : V =kq 322 88 =kq WE‘?‘“

Example - 21 A metallic charged sphere of radius r. V is the potential difference between point A on
the surface and point P distant 4r from the centre of the sphere. Then the electric field
at a point which is at a distance 4r from the centre of the sphere will be -
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Solution : V =V, -V
_ka_ka _3kg A
r

p
®
4r 4r ar

Therefore for point P

kg _ V.
(4r)?  12r

Example - 22 Aring of radius R has a charge +q. A charge q, is freed from the distance 43R on its

axis, when it reaches to the centre of the ring, what is it's kinetic energy ?

1 q
Ao NREr

Solution : V=

k
Atr= 3R, v1=—q

Atr =0, V, =—
KE = (V, - V) q,

_kaq
2R

Example - 23 A solid spherical conductor carries a charge Q. It is surrounded by a concentric uncharged
spherical shell. The potential difference between the surface of solid sphere and the
shell is V. If a charge of —=3Q is given to the shell. Then the new potential difference
between the above two points will be -

Solution : Initial potential difference before charge is given to the shell

Q M 10O
V,y = Vg = —-———=V
A TB T ang, B oH

(i) Final potential difference after the charge —-3Q is
supplied to the shell

vyl [R.39f
and, pa b O y

O '— ‘=< - /=
Va Ve 4nd, A bH v

Example - 24 In the following diagram the variation of potential with distance r is represented. What
is the intensity of electric field in V/m at r = 3m ?
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5
Solution : Because at r = 3m potential V = 5 volt = const. 2%
o 3k
>3

dav
0 E=-5-=0 vim T8
01 23456 7 8
r

Example - 25 In the above example the value of E in V/m at r = 6m will be.

Solution : Atr,=7m, V, = — 2 volt

atr, =5m, V, = 4 volt

_ (Vo -Vvy) [2-4] 2
E—_ - ==
(,-n) =~ T[7-5 2 LVm

Example - 26 Electric potential for a point (X, y, z) is given by V = 4x? volt. Electric field at point

(14, 0, 2) is -
. av
Solution : E=- i = -8x = -8x1=-8V/m

0 Magnitude of E = 8 V/m and direction is along.

Example - 27 Fig. shows lines of constant potential in a region in

1oV
20\,
which an electric field is present. The value of potentials 10V 30\;
are written. At which the points A, B and C is the 5% = :
magnitude of the electric field greatest?
S
Solution : In an electric field, electric intensity E and potential y

V are related as

E:—d_va' |e E:—d_v
dr ’ dr

For a given line, V = constant and the potential difference between any two consecutive
linesdV =V, -V,=10V = const.. So E will be maximum where the distance dr between
the lines is minimum, i.e., at B (where the lines are the closest)

Example - 28 A charge Q is distributed over two concentric hollow spheres of radii r and R (> r) such
that the surface densities are equal. Find the potential at the common centre.

Solution : If g, and g, are the charges on spheres of radii r and R respectively,
then g, + q, = Q ,
According to given problem o, = 0, or - S or G T
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__or __OrR?
So ql (r2+R2) and q2 (r2+R2)

Now as potential inside a conducting sphere is equal to its surface, so potential at the
common centre

M , 90
V=V +V,= B_ RE

1 D Qr QR D 1 QR +1)
= ane, HR?+12) TR YT ame, (R4

EXAMPLES BASED ON ELECTRIC POTENTIAL ENERGY

Example - 29 Three charges, —q, Q, q are placed at equal distances on a straight line. If the total
potential energy of the system of the three charges is zero, then Q :q = .....

Solution : Let d be the equal distance. The total potential energy of the system is,
U = U12 + U23 + U31

_ 1 EQ1Q2+Q2Q3+Q3Q1D
“an0,Hd  d  2d H

1 O 20
- FI_Q4, 95 - q o+ 90
dndy 5 d d 2dg 4, dg 20
Since U =0
Q

—2Q+g=0 or, -4Q + g =0or, 4Q = q or, =1:4

q

Example - 30 Three charges are arranged as shown in fig. Find the potential energy of the system.

Solution : The potential energy of the systemis U=U_,+ U, + U,
1 Do(- Q2) (-g)*ds + 939 0 +q,=-4x10'C
4T[DO a a a
1 Cax10™ 8x107 2x10740 A= a=i0em
4n, 5 0.1 0.1 01 §
q =+ 1077C d3 +q, =+ 1077 C
14
-1 Ei[-)—o (-4- 8+2)D
4T[D0 §0.1 8
or U=9 x 10° x 107*%(-10)
= -9 x 10° x 102 [0 -9 x 107 joules
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Example - 31 An electron (charge, —e) is placed at each of the eight corners of a cube of side a and a-
particle (charge, +2e) at the centre of the cube. Compute the P.E of the system.

Solution : Fig., shows an electron placed at each to the eight corners of the cube and a particle
at the centre. The total energy of the system is the sum of energies of each pair of
charges. There are 12 pairs like A and B (separation a), 12 paris like A and C (separation,

J2a). 4 pairs like A and G (separation ﬁa) and 8 paris like A and 0

(separation g a).

Hence

(o)) .. (-e)(=e) ., (-e)(-e) . B(-e)(2e)]
_ 1 2 —€e)(-e 12 —e)(-¢e 4 —€e)-¢ —€)(<€ EQ'é """""" '_?;4
U_4T[D0 % a + ~a + ﬁa + ga ﬁ

O

9 eZ Ij_2+£+i_28
AR U - BRI

2 2
e
= (9 % 109 — (4.32) = 3.9 x 10 E%E J.

Example - 32 The value of g, and g, are 2 x 10-® coulomb and 0.4 x 10-® coulomb respectively as
shown in fig. A third charge g, = 0.2 x 10~® coulomb is moved from point C to point
D along the arc of a circle. The change in the potential energy of charge will be -

Solution : Potential energy of g, at point C

_, A3 | 939, 0
Ue =k As92
c=*Oog + 1B e (1)

Potential energy of q, at point D

_0has | 9,030
Uy =k —=—
D B_o.s + 0.2 H ..... (2

o1 10
0 U, - U, =kag,q, B2 1H

=9 x 10°x 0.4 x 108 x 0.2 x 108 x 4
2.88 x 1077 joule

B\ Note : Note Charge potential energy charge will ne same even if we had taken
any other path as electric field is conservative.)

ELECTRIC DIPOLE

An arrangement of two equal and opposite charges separated by a small @_ ————_ 9 ______ @
distance is called an electric dipole. q p -a
26

FNS House, 63, Kalu Sarai Market, Sarvapriya Vihar, New Delhi-110016 e Ph.: (011) 32001131/32 Fax : (011) 41828320



INARAYANA

Physics : Electrostatics
| INSTITUTE OF CORRESPONDENCE COURSES

The dipole moment p is a vector quantity whose magnitude is equal to the product of magnitude of

one charge and the distance between the two charges. It is directed from negative charge to positive
charge.

Unit of dipole moment (p) = coulomb x metre =C.m

Dimensions of p = M°LITA?

ELECTRIC FIELD AT AN AXIAL POINT

d
N o lg---S-- >l P
- k2pr q5 o E,
E= oo i—>
r-@21* koo 4
The direction is along the axis, parallel to P . The magnitude is
_ 1 2pr
amg, [r? -(d/2)*)?
For r >> d,
E :i @
4T, r3
ELECTRIC FIELD AT AN EQUATORIAL POINT
The electric field at an equatorial point P is
[
- _ kﬁ -~ \\\\\
E=- g/z d 7 - /:‘p
2y ng 7 E
®oOH e
o

The field is directed opposite to p and the magnitude is

=_1 P
Amey (1% +(d/2)%)*'*

Forr >>d

1p
3

E=——-
ane, r
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ELECTRIC FIELD AT (R, 6) POINT

For r >>d, the radial component E_and angular component E, of electric field due to a dipole, are

2pcoso &
E, =k 3 i E,
_ . psin® : E
Eq =k g i
I
The resultant field is T”Io _______________

E=E?+E}
:k—E\/1+300526
r
The angle a in figure is such that

Eq

tan a = =&
Er

=1tan6
2

FORCE AND TORQUE ON A DIPOLE PLACED IN AN ELECTRIC FIELD

(@ A positive charge +q experiences a force parallel to the electric

field F =qE _ R
4 " F=qE
(b) A negative charge —q experiences a force in a direction opposite D had
- - C/ >
to that of the electric field F =-qE E=-qgE >

(c) The total force on a dipole placed in an uniform electric field is zero ﬁ:qé+(—q|§) =0

(d) The torque on a dipole placed in uniform electric field is 1= 6><I§ 0 t=pEsin@

ELECTRIC POTENTIAL DUETO A DIPOLE

The potential at an axial point (P,) is

~0

'R
v=_1 P
Amg, r? - (d/2)? o
/\,'
If d << r then fq@«'
_1p N E
4me, 12 x40

where p = qd is the dipole moment
The potential at an equatorial point (P,)

V=0
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The potential at any arbitrary point (P,, located at r, 6 coordinates) is (for r >> d)

__1 pcosH
ameg, 1’

Potential at a point which is equidistant from +q and —q charge is zero. Thus potential at all points
lying on the equatorial plane is zero for a dipole.

POTENTIAL ENERGY OF A DIPOLE

The work done in rotating a dipole placed in a uniform electric field E, from initial angle 6, to final angle

9,
0, Iis W:J do

= pE (cos 6, — cos6,)
where U,, U, are the potential energy of the dipole in the two orientations.
Potential energy
U, - U, = - pE cos 6, — (—pE cos 6,)
= —pE (cos 6, — cos 6))
The zero of the potential is taken at 8 = 90° . Thus, potential energy of the dipole is

U=-p.E
= —pE cos 0
Umin = _pE’ Umax =+ pE
Work done in rotating a dipole from 6 = 0 (aligned parallel to E), to 8 = 180° (aligned antiparallel to
E) is W =2pE

EXAMPLES BASED ON DIPOLE SYSTEM

Example - 33 The work required to turn an electric dipole end for end in a uniform electric field when

the initial angle between [ and g is 8, is -

Solution : W = pE (cosB, — cosb,), in this case 6, = 6, and 6, = T+ 6,. Thus
W = pE {cos6, — cos (m + 8))}
= 2pE cos 6,

Example - 34 Calculate the electric intensity due to a dipole of length 10 cm and having a charge
of 500 pC at a point on the axis distance 20 cm from one of the charges in air .

Solution : The electric intensity on the axial line of the dipole

_ 1 2pd
4T[|:|O (d2 _EZ)Z

2l=10cm O /=5 x102m
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d=20+5=25cm =25 x 102 m

p=2q/=2x500x10°%x5x102% [ 5 x 102 x 102 =5 x 10 C-m
_9x10%%x2x5x107° x25x10 72

o E= 0 6.25 x 107 N.C.

1078[252 -5?)2

Example - 35 Calculate the electric intensity due to an electric dipole of length 10 cm having charges
of 100 uC at a point 20 cm from each charge.

Solution : The electric intensity on the equatorial line of an electric dipole is E = > p2 32
4nly (d° +¢9)
p=2/qC-m
= 10 x 102 x 100 x 10
= 10°5C-m

d? + 2= (20 x 1022 = 4 x 1072
9x10%x107°
E=—+ -
(4)(10_2)3/2

_9x10°x107°

9
—~ =—x10" = 1.125 x 107 N/C
10°%x8 8

Example - 36 Find out the torque on dipole in N-m given : Electric dipole moment = :10‘7(5i+]—2I2)

coulomb metre and electric field E =107(i+]+k) Vmis -

ik

. - - - 51 -2
Solution : - =

T=PxE 11 1

=i@1+2)+j(-2-5)+k(5-1) =3i-7]+4k

| T|=8.6 N-m

CHARGED LIQUID DROP

If n small drops each of radius r coalesce to form a big drop of radius R, then

(I) i'nRS = n4_T[r3
3 3
O R=rn'?

(i) If each small drop has a charge q, then the charge on the big drop

q=nq
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(iii)

)

If V is the potential of the small drop, then the potential of the big drop will be

If E is the electric field intensity at the surface of the small drop, then the electric field intensity
at the surface of the big drop will be

EXAMPLE BASED ON CHARGED LIQUID DROP

Example - 37 1000 equal drops of radius 1cm, and charge 1 x 10° C are fused to form one

Solution :

bigger drop. The ratio of potential of bigger drop to one smaller drop, and the
electric field intensity on the surface of bigger drop will be respectively -

Let the potential of one smaller drop be B then potential of bigger drop, is

V' = n? Vv
v
0 V:nm = (1000)2° = 100

O V:v=100:1
Also let the electric field on the surface of smaller drop be E then electric field on
bigger drop is

E' = ni8 E = 3 ﬂ = (1000)*3 M
r2 (1)(102)2

=9 x 10% V/Im

FORCE ON A CHARGED SURFACE

0] If we consider an element of the charged surface, then the charge on the element experiences
a repulsive force due to the charge on the remaining part. As a result, a resultant force acts on
it perpendicular to the surface in the outward direction.

(i) The charged surface behaves as a stretched membrane.

(i)  If ois the surface charge density, then the electric field intensity at external points close to the

c
surface is o and at internal points close to the surface the field is zero. Thus the average intensity
0

at the surface.

o
20,
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(iv) The repulsive force acting on a unit area of the surface will be.

2
F=Eg=-2
210

N/m?2
0

(v  The repulsive force acts in the outwards direction. The force acting on a unit area of the surface
is electrical pressure.
2
o
P, =
0 elec 20,

= 21Ko? N/m?

EQUILIBRIUM OF A CHARGED SOAP BUBBLE

0] In equilibrium the air pressure inside a soap bubble is greater
than the atmospheric pressure. This excess pressure is produced
due to surface tension of the soap solution. If r is the radius
of the bubble and T is its surface tension, then for the uncharged
bubble in equilibrium

Force due to excess pressure = force produced due to surface tension

P

Pex xmr? = T(2 x 21m)

AT
O Pex = T
(i)  If a bubble is charged, then electrical pressure due to charge acts in outwards direction on the
bubble.
O_2
Pelec _E

where o is the surface charge density.
(i) In equilibrium, the force produced due to surface tension is equal to the sum of forces due to
excess air pressure inside the bubble and the electrical pressure due to charge, i.e.
(Pey + PedTI? = T(2 x 21T)

o p, *p=
pex pelec_ r
o+ 00 AT
or ex 2 DO r
(v)  For charged bubble,
L
T 20,
(v)  If the air pressure inside the bubble is equal to the atmospheric pressure outside, i.e., p_, = 0
then
o° _4T
20, r
o= /8 O, T _ | 2T
or r TKr
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(vi)

(vii)

(viii)

(ix)

)

If charge given to the soap bubble is q, then

0 The charge on the bubble

q=4m’c

[80, T
= 4mr? r° =820, Tr® = 32mTrd /K

The intensity of electric field at the surface of the bubble

E =v32rTK/r = 8T/ r

The electric potential at the surface of bubble

V =+32nTK =,/8Tr/

On charging a bubble the air pressure inside it decreases because the radius of the bubble
increased due to charging.

A soap bubble always expands on giving any kind of charge (positive or negative)

MOTION OF A CHARGED PARTICLE IN ELECTRIC FIELD

(i)

(i)

A charged particle at rest or moving experiences a force |§ - qé in the presence of electric field.

The acceleration, velocity and displacement are given by v jvy
- 9 Vx
oo ==
a - q_ -~ A A A A A T
m L — Y
9—.‘/_fif__ L _e _____ o l
- - - u
v = u+at E
+ [ + + + |
- - 1 - —L—
s =ut+=at? Screen
2 Fig. (A) I D

For a charged particle with initial velocity perpendicular to the electric field

Note thatF =0, a =0, V_=u at all times

E E
F=qE,a=q—,V=q—t
y y m m

y

The displacement components are x = ut

y = Etz
m

N |

1 qgE
Eliminating t, ¥ ZErguz x* which is the equation of a parabola.
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(i)  The path of a charged particle entering a region of electric field with initial velocity perpendicular
to the field follows a parabolic trajectory.

L
The time spent in electric field is t = 0 (see fig. A) The y component of velocity when it emerges

gEL

out of the field region is Vy S

EL T
The resultant velocity v = vZ+vZ = u? + Bq_

The angle at which the particle emerges

Vy _
tan9=v— -

X

The height Y at which the particle hits the screen (see fig. A)

Y = D tan®
v = qEL2D
mu
ELD
Y :qT(Where K is initial kinetic energy)

EXAMPLES BASED ON MOTION OF A CHARGED PARTICLE IN ELECTRIC FIELD

Example - 38 A positively charged oil droplet remains stationary
in the electric field between two horizontal plates
separated by a distance of 1cm. If the charge

on the drop is 9.6 x 107%° esu and the mass of T ] E =—=——=]
dropletis 10~ g, what is the potential difference |':e= qE
between two plates ? Now if the polarity of the ! +34 1 f +1+ 1
plates is reversed what is the instantaneous qu l g F,="mg
acceleration of the droplet? [g = 9.8 m/s?] EEEEEEEE ) E .
Solution : As the droplet is at rest, its weight W = mg will be balanced by electric force F = qE
_ _mgd ., (107)(9.8)(1x107?)
ie, gE=mg or V= V= = 3062.5 volt

q (9.6x1071°/3x109)

Now if the polarity of the plates is reversed, both electrical and gravitational force will act
downward

so, F = mg + qgE = 2mg [as mg = gE]

2mg
m

3|7

And hence instantaneous acceleration of drop : a= = 2g = 19.6 m/s?
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ELECTROSTATIC BEHAVIOUR OF CONDUCTORS

Materials which allow flow of current through them are called conductors. They contain free electrons which
are donated by the atoms to the material as a whole and are able to move around freely inside the material.
These electrons come from the outermost orbit of atoms as they are very loosely bound to the atom.

The electrostatic behaviour of an insulated charged conductor or a conductor placed in an electric field can be
summarized as follows.

a) The electric field in the interior of the conductor is zero everywhere.
b) The electric field immediately outside the surface of the conductor is perpendicular to the surface.
c) Any excess charge given to a conductor remains on the outer surface.

d) All points on and within the surface of the conductor are at the same potential.

It follows that there is no difference between the electrostatic behaviour of a solid conductor and a
hollow conductor of the same shape and size.

ELECTROSTATIC SHIELDING

If there is a cavity of any shape inside a conductor, the field there will be strictly zero. This property is called
electrostatic shielding because any thing placed inside the cavity will be completely shielded from external
fields.

% Examples : In a thunderstorm accompanied by lightning, it is safer to be inside a car, rather than near a tree
or on the open ground.

CONDUCTOR HAVING SHARP POINTS (ACTION OF POINTYS)

Another interesting result is that the charge density and the electric field tend to be relatively high on sharp
points and low on plane regions of a conducting surface. This can be attributed to the fact that charge density
is proportional to radius of curvature.

Glow discharges from sharp points during thunderstorms are due to this reason. The lightning rod, which has
sharp points, is thus able to neutralize charged clouds and prevent lightning strokes.

INSULATORS (DIELECTRICS)

Materials which do not allow current to flow through them are called insulators or dielectrics. While the
electrons in such materials remain bound within their individual molecules, thus preserving the overall neutrality
of each molecule, they are affected by external electric fields because the positive and negative charges tend
to shift in opposite directions.

Dielectric substances are of two types

1. Non-polar dielectrics : In such dielectrics the centre of mass of all the positive charges (protons) in a
molecule coincides with the centre of mass of all the negative charges (electrons). Therefore, they are
not only electrically neutral but also possess zero dipole moments.

In the presence of an external field, the two centres of charge get slightly separated and each molecule
becomes a dipole, having a small dipole moment. This is because the protons experience a force in the
direction of the applied field while the electrons experience a force in the opposite direction. Thus in the
presence of a field the dielectric gets polarized.

2. Polar Dielectrics : In polar dielectrics the centre of mass of the protons in a molecule do not coincide
with the centre of mass of the electrons. This is due to the asymmetric shape of the molecule. Thus
each molecule behaves as a dipole having a permanent dipole moment.
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In the presence of an external applied field, these dipoles tend to align themselves along the field and
their dipole moments may also increase.

a) Dielectric Constant : Suppose a dielectric slab is placed in a uniform electric field E,. The

electric field will polarize the slab, i.e., the positive charges of the molecules will be shifted slightly
towards the right and the negative charges towards the left. The right surface of the slab gets

positivelycharged and the left surface negatively charged. This sets up afield E; in the opposite

direction which is less than E, . The net field inside the slab becomes E =E; —E . The ratio

is called the dielectric constant of the material.

»
»

»
»

> | ’ g
D @] g E

DD | g
=X

b) Dielectric Strength : The dielectric strength of a dielectric is the maximum value of the electric

field that can be applied to the dielectric without its electric breakdown, i.e., without liberating
electrons from its atoms (or molecules).

ATMOSPHERIC ELECTRICITY

The atmosphere surrounds the earth like a blanket. The atmosphere is a system with lots of variations.
Therefore only its average properties may be described. The radius of earth is about 6400 km and the

1
atmosphere extends to about 300 km above the surface of earth which is about —— th radius of earth.

20

When we go up, the temperature and density vary. At about 300 km, its density falls to 1071 times its
ground level value.

ELECTRICAL PROPERTIES OF ATMOSPHERE

a)

b)

At low altitudes the atmosphere is a poor conductor. The conductivity is only due to presence of ions,
small nuclei of dirt, water vapour carrying static charge etc. The conductivity in low atmosphere varies
alot. It even varies from day to day.

At the top of stratosphere (i.e. about 50 km) the atmosphere is fairly conducting. The conductivity
increases from earth’s surface towards the top of stratosphere.

At ground level there is a vertical electric field of about 100 Vm™ all over the earth. The field weakens at
higher altitudes and becomes negligible a 50 km.

The potential drop from 50 km to earth’s surface is nearly 400 kV. Most of the potential drop occurs at
low altitudes.

The surface density of earthis —10° Cm™ the total charge being —0.5 x10° C.

The number of protons entering the earth’s surface per secis 2 x107 per m?2. This is equivalent to
positive charge of +1800 C.
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9)

h)

To maintain the constancy of negative charge of earth and potential difference between earth and
stratosphere, there are about 4 x10* thunder storms per day world-wise. This means a storm starts off
somewhere in every two second. The duration of each storm is about 1 hour.

Within each thunder cloud (or storm) positive charge is carried upward to a height of about
6 km while negative charges collect at about 2 km to 3 km above ground, the bottom of the cloud.

The total amount of negative charge may be —20 C to —30 C. At the end of storm, the negative charge
bursts along narrow path from cloud to earth to maintain earth at negative potential.

In the last stages of a storm, there are about 200 flashes or bolts, each lasting about 2 x 107 sec. The
peak currentin each boltis about —10* A inthe downward direction. The calculation shows that each

bolt deposits —20 C of charge on earth. After each bolt the thunder cloud gets charged again and gets
ready for next bolt.

ALTITUDE DENSITY TEMPERATURE

RANGE IN KM BEHAVIOUR BEHAVIOUR

Trophosphere | 0to 12 km falls 1 to 10™ Falls uniformly
from 290 K to 200 K

Stratosphere | 12 to 50 km falls from 1073 to rises uniformly
from 200 K to 280 K

Mesosphere 50 to 80 km falls from 1072 ot 10° | falls uniformly
from 280 K to 180 K

lonosphere 80 to 300 km falls from 10 to 10™ | to rises uniformly
from 180 K to 700 K

POINTS TO REMEMBER

Fundamental forces of nature :
(i) Gravitation, (ii) Electromagnetic, (iii) Nuclear, (iv) Weak
Relative strength 1 : 10%¢: 10%°: 103

Charge is quantised, the quantum of charge ise = 1.6 x 10*° C.
The charge on the electron or proton denoted by e is the smallest charge that exists in nature. All other
charges are integral multiple of this charge. (q =ne)

When two bodies are rubbed against each other there is generally a transfer of electrons from one body
to the other. A body which loses electrons is positively charged and the other negatively charged. If the
body is an insulator, electric charge remains confined to the rubbed portion but in case of conductor it
spreads out on the surface of the conductor.

Electric field inside a charged conductor is zero. However there is electric field on the surface of conduc-
tor which is normal to the surface. In case of irregularly shaped conductor, the electric field E and

(0)
surface charge density @ vary from point to point (E = —). At sharp points surface charge density and

€0
electric field have greater value. However potential at each point of the same conductor have equal value.
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Electric field lines which are tangent to electric field, originate from positive charges and end on a
negative charges. They are perpendicular to the surface of conductor (or any equipotential surface) but
do not pass through conductor.

Work done in a moving a point charge g from point A to point B independent of the path taken and is
equalto q(Vg —Va)-

A free stationary positive (negative) charge moves from higher (lower) to a lower (higher) potential.

The value of dielectric constant 'k’ is infinite for metals and one for vacuum.

Work done in rotating a dipole is given by W = Uz —U; = pE (cosB; —cosb; )

An electric dipole always tries to align itself with the electric field because its potential energy in this
configuration is minimum.

For a charge moving in an electric field, gain (less) in kinetic energy is always equal to loss (gain) in
potential energy.

1
Hence, %mvfz _Emviz @Z _Q(Vf _Vi)

Electric field intensity due to a monopole (point charge) varies inversely as a square of the distance
whereas in case of dipole it varies inversely as the cube of the distance.
Potential of an isolated conductor is inversely proportional the dielectric constant of the medium.

Potential energy of system having two point charges :

_ 1 g9
4mieg r
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SOLVED EXAMPLES

Example - 1 A polythene piece is rubbed with wool. It developes a (-) ve charge of 3.2 X 107 7c,
(i)  Calculate the no. of electrons transfered?
(i)  Whatis the charge on wool after rubbing?
(i)  Calculate transfer of mass from wool to polythene

e=-16x10"°C Mg = 9.1x103Lkg.

Solution : Here, q=-3.2x107"

(i)  Charge on wool after rubbing =+3.2 x107'C
(i)  Transfer of mass from wool to polythene =nxmg

=2x10M x9.1x10731 =18.2x107%° kg
Example - 2 Two small charged spheres repel each other with a force 2x1073N . The charge on one

sphere is twice that on the other. When taken 10 cm further apart, the force is 5x107*N .
What are the charges and what was their original distance ?

Solution Let g and 2q be the charges and x the distance between them.
5 1 297
2x103=——
Then ae x2
1 2q9°

i 5x1074=— 1 _
Again ATTS, (x +0. 1)2
20 _ (x+0.1 _x+0.1
—=——"-0or 2=
5 x2 X
oo  x=0.1m
Substituting the value of x so obtained

2
2x103=9x10929" 5. 1 —gx10°
0.12 4TS

or 2x=x+0.1

, 1074 107”7

or = =33.33x107°C
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and 2q=66.66x10"°C

So, the charges on the spheres are 33.33x10™°C and 66.66x10°°C

Examples - 3 Two free charges, each +Q, are placed at a distance r form each other. A third charge q is
placed on the line joining the above two charges such that all the charges arein  equilib-
rium. What is the magnitude, sign and position of the charge q ?

Solution Let the two free charges be placed at points A and B and the third charge g be placed at a
point C on AB such that AC =xand BC =r - Xx.

Consider the equilibrium of the charge Q at A. The forces acting on it due to the charges at
B and C must be equal and opposite. This is possible only if the charge q is negative, and

Fac =Fas
2
1 Q_ 1 Q@
O ane k2 4D (2
2
X
or q=r—2Q ............................. (1)

Now considering the equilibrium of charge g at C, we have
Fea =Fcs
1 Q_ 1 Qg
or 41l X2 4Tl (r —X)2
or  X=r-—X
o X=r/2
Substituting in Eq. (1)
g=Q/4
With proper sign: q=-Q/4

Example - 4 Three charges, each of value Q, are placed at the corners of an equilateral triangle. A
fourth charge q is placed at the centroid of the triangle.

a) If g=-Q willthe corner charges move towards the centroid or away from it?

b)  What should be the relation between Q the g so that the charges remain
stationary ?

Solution: Let a be the length of each side of the triangle. Q

Distance OA= %(a sin60°)

2,3

372 Q
a

13 E‘? )

N e
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a) The forces on the charge at A due to those at B and C have magnitude.

1 Q2

F=
4nDo a2

The resultant of these forces is
F, = 2F cos30°

=
Q
N

—=— dong OA
anle g2 J

The force on the charge Q at A due to charge g=-Q atO s

1 3Q2
41l az

F = along AO

Since F, > F;, the charge at A will move towards O. By symmetry, the charges at B

and C will also move towards O.
(b)  Forequilibrium of the charges

FL=F
a a
o q=Q/\3
with proper sign ¢ = - Q/+/3
Example - 5 Four charges +Q, +0,—Q and —( are placed respectively at the corners A,B,C and D of a

square of side a, arranged in the given order. Calculate the electric potential and intensity at
O, the centre of the square. If E and F are the midpoints of sides BC and CD respectively,
what will be the work done in carrying a charge e from O to E and from O to F.
Solution Potential at O
q 1 + 1 1 1
4. 1OA OB OC 0D

=0(as OA=OB=0C=0D)

0 —

*q
Intensity at O : ,’|B
Let Ep Eg Ec and Ep be the intensities at O due to the ~
charges at A,B,C, and D respectively, Their directions are E+E. E

as shown. We have
1 q _ 1 2q
a0, (al2)? 4m0, &2

Epn=Eg=Ec=Ep =

L 49

E =E, +E, =
O =78 ™ ann, a2
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1 4q

E;,=Ep+tEc=—+ —

and BEx=EATEC 4100 22

_ ez, p2-_ 1 4NZq
OE= E1+E2—

and, a2

Work done in carrying charge e from O to E
Potential at E,

g o1, 1 1 1@

4n0, EAE BE DE CEA
But AE = DE and BE = CE

DVEZO

W(0 - E) =eVg -Vg| =0

Work done in carrying charge e from O to F

g g1, 1 _1_1g
ard, OAF BF DF CF[O
2q 1 1

Am0,OAF DF [
_ 2

1 _q
~ 4m0o /572 a/zg
__1 4q{1 _1%
4ty a 5

1 4 1
W(O - F)=elv¢ —V0)=47T—D%.q : ‘1E
(0]

VE:

Potential at F, Vg =

Example - 6 A charge of 60nC(nanocoulomb) is placed at the corner A of a square ABCD of side 10cm.
Another charge of -40nC is located at the centre of the square. Find the work done in
carrying a charge of +5nC from the corner C to the cornerr B of square.

Solution Work done per unit charge is always equal to potential difference. Hence we will calculate
the potential at C, and the potential at B and take the potential difference between them.
This will give the work done per unit charge C

X D
From geometry of the figure
OA=0B=0C =0D =5J2cm-5/2x107%m o
Potential at C (~40n
_ +60x107° .\ -40x107°
Ame, 102 %1072 4716,54/2 x1072 A
(+60nC)
_ 9x10°x60x10°  9x10° x40x10° E 1 =9><109E
10/2x107° 5J2x1072 4,
= 2700+/2 - 3600+/2 = 90042 = -1272.6V
_ 60x107° -40x107°
Potential at B = =+ =
4me, x10x1072 4718, X5:/2 %10
= 5400 — 3600~/2 = 5400 — 5090.4 = 309.6V
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Example - 7

Solution

Example - 8

Solution

Potential difference between B and C =Vg -V
0  Work done on unit charge from C to B = 1582.2J

0 Work done in taking 5nC from C to B =1582.2x5x107 =7.91x107°J

Three point charges, each of 0.1C, are placed at the corners of an equilateral triangle  of
side 1m. If this system is supplied energy at the rate of 1kW, how much time will be required
to move one of the charges on to the midpoint of the line joining the other two ?

Initially the three charges are placed at the three corners A,B,C of the triangle. Initial poten-
tial energy

2 42 420 q
U= L L9 a A
4, gl I I 8 :

_ 3
4, |

Suppose the charge at A is moved to the midpoint M of
BC. The final potential energy of the system
2 2 27

U f = 1 q +q_ + q—|:|

arrt, 5/2 172 1 g7

_ 59°

4, |

Increase in energy

AU =U; -U, =4an -6-3)
(0]
1

292
4o, |
_9x10° x 2x(0.1)?
- 1
=18x10"J
Energy supplied per second = 1000 J

18 x10"
Time taken = u =50 hrs.
1000

Three point charges 1C, 2C and 3C are placed at the corners of an equilateral triangle of side
1m. Calculate the work required to move these charges to the corners of a smaller equilat-
eral triangle of side 0.5m, as shown in the figure.

1C

Work required = (P.E of the charges on the inner
triangle) — (P.E of the charges on the outer triangle)

1 [@Ax2 1x3 2x3 1x2 1x3 2x3[]
= + + - - -
4n0,Ho5 05 05 1 1 1H

=9x10°[4+6+12-2-3-6]

=0.9x10%°J
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Example - 9 A particle having a charge of 1.6x10719C enters between the plates of a parallel plate
capacitor. The initial velocity of the particle is parallel to the plates. A potential difference
of 300V is applied to the capacitor plates. If the length of the capacitor plates is 10cm and
they are separated by 2cm, calculate the greatest initial velocity for which the particle will

not be able to come out of the plates. The mass of the particle is 12x10‘24kg,

Solution Here, V=300V, d=2cm + 4+ +
0e=Y=_3%0__15000 \%A
d 2x1072 u,
2cm lcm=y
1[E B2 \ =
Now, y=—Bq—HH>—(
20m QU - - - ]
- ) _inXZ X =10cm
2 my
X=10cm=0.1Im
y =1cm=0.01m

2 = 1:6x107° x15000 (0.1)°
2x12x10"% x(0.01)

0 u=10*m/s
Example - 10 Two similar small balls having mass m and charge g are suspended by silk strings having
length ¢, according to the figure. If in the figure 6 is an acute angle then for equilibrium
what will the distance between the centre of the two balls.
Solution : The force & acting on the system are as follows.
T is tension in string, F is coulomb force and mg is weight.
For equilibrium,
Tcos®=mgand TsinB=F

0

2
0 taneziz%q_
mg 4ml, x* Mg
If 6 is small
) X
O tan® = sin 8 = 2_5
x__ 1 g
52 4m0, x> mg
/3
B q%¢

X =
%nﬂo mgg
Example - 11 Two similar negative charges —q are situated at point (0, a) & (0, —a) along Y-axis. A

positive charge Q is left from point (2a, 0). Analyse the motion of Q.

Solution : Due to symmetry the y components of forces acting on Q due to charges —q at A and
B will balance each other and the x components will add t'n alana diractinn O

If at any instant Q is at a distance x from O
F=F cos®+F,cos 6 =2F cosb [. F =F]
1 O - ad X 0
DZqQZ DDZ 21/2|:|
4nl, Ha®+x“)HHa" +x°)"° 0
1 2qQx

F:_4T[DO (a2+X2)3/2 i,e. FO-x
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Example - 12

Solution :

Example-13

Solution :

-+ F O —x, the motion is oscillatory having amplitude 2a but it will not be S.H.M.
If x << a

and the motion is S.H.M. with time period T, where

3
T=2 /m ) 4, ma
k 2Qq

Consider four equal charges (g, each) placed on the corners of a square with side a.
Determine the magnitude and direction of the resultant force on the charge on lower
right corner.

The forces on the charge on lower right corner due to charges 1, 2, 3 are F, = kg%/a?, F,
= kg*a?, F, = kg’/2a®

The resultant of F, and F, is

Fio =F2 +FZ + 2FF, CoS 90°

= \J2kq? /a2

This is in the direction parallel to F,. Therefore the total
force on the said charge is F = F, + F,

2

F :%%(1+2ﬁ) The direction of F is 45° below the horizontal line

Three identical spheres each having a charge q and radius R, are kept in such a way
that each touches the other two. Find the magnitude of the electric force on any sphere
due to other two.

For external points a charged sphere behaves as if the whole of its charge was concentrated
at its centre.

Force on A due to B is

1 gxq_ 1 ¢

= along BA

Force on A due to C.

2 -
F = ! axg_ 1 g alongCA

ac T Amg (RY ATig 4R

Now, angle between BA and CA is 60° and F,, = F,_ =F.

AC

== o 1 (B)md
FA—\/F +F +2FFcosGO—\/3_—41180 4 %H
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Example - 14

Solution :

Example - 15

Solution :

Example - 16

46

Along x-axis at positions x = 1, x = 2, x = 4 and x = 8 charges ¢ is placed. What
will be electric field at x = 0 due to these charges. What will be the value of electric
field if the charges are alternately positive and negative.

1
Terms in the braket are G.P. with first term a = 1 and common ratio r = n Its sum

.9 010 010
and, B-v4H7 Bno, B8

If the charges are alternately positive and negative

E=_J %_EJ,i_i O
anb, B 4 16 64 H

wherea =1,r=-1/4

g O 1 O

an0, H- (U 4H)H

0 g D4q
D‘“TDODS

Fig. shows field lines of an electric field, the line spacing ﬂ_

perpendicular to the page is same every where. If the B.
magnitude of the field at A is 40 N/C, then what is the > “— A

magnitude of the field at B ? /

From the diagram we notice that density of lines at B is approximately half of that at A. Since

the density of field lines is proportional to the strength of field, we expect B = 20 N/C.

A point charge q is placed at a corner of a cube with side L. Find flux through entire
surface and flux through each face.
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Solution :

Example - 17

Solution :

Example - 18

Solution :

Example - 19

Solution :

A corner of a cube can be supposed to be the centre
of a big cube made up of 8 such cubes, therefore flux
through it is q/80],. The direction of E is parallel to the

three faces that pass through this face, thus flux through
these is zero. A

Flux through each of the other three faces

:l q — q
3 BO,H 240,

According to the figure, a hemi-spherical object is located
in an electric field. Find the outward flux through its curved

>E

surface. \\ >E
P L—180° _

Total outward flux @= Q.5 + @, A ), >E

\ »E

where @qg = flux through curved surface and

@, = flux through circular base

- No charge is associated with this surface

U @cs =@,

-+ curved surface perpendicular electric field

@, = ExTR? cos180°
= —E TR?

0 @cs =—@, =ETR?

Infinite charges of magnitude g are placed at coordinates x = 1m, 2m, 8m respectively
along the x-axis. Find the value of potential at x = 0 due to these charges.

Resultant potential at x = 0

1,1,1,1, O 01 /

O
V =kqr+= +—+—+ - qg g a., 9.5 x
H 2 BT H-v2h oo wo) 2oy @y  ©0)

a
= 2kq [0 Sum of above G.P.,, S. = E]

Two circular loops of radius 0.05 m and 0.09 m respectively
are put such that their axes coincide and their centres
are 0.12 m apart. Charge of 10 coulomb is spread
uniformly on each loop. Find the potential difference

between the centre of loops.

The potential at the centre of a ring will be due to charge on both the rings and as
every element of a ring is at a constant distance from the centre,

1 Eg_ Ho™ =~ 10" ¢
So, V1= t=——5=19x 10° + O=240x10°V
4 Ry JRZ H5 o2+122{
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0 O

1 2 “W O M 10 108 , &
Similarly, V2 = + g orV,=9x10° [pta0= ——x10
ang, Ry RZ+x2 2 B 1307 117

=1.69 x 10°V
So, V, -V, =(240 - 1.69) x 10° = 71 kV

Example - 20 Anoildrop ‘B’ has charge 1.6 x 107°C and mass 1.6 x 10-*kg. If the drop is in equilibrium

position, then what will be potential diff. between the plates. [The distance between the
plates is 100mm]

Solution : For equilibrium, electric force = weight of drop
+ + + + + + + + +A
V A B
0O 9gE =mg orq=E:m9
10cm
=]
_mgd 1.6x107*x9.8x10x107
o V= = 5 = 10 volt
a 1.6x10
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10

EXERCISES

LEVEL - |
An electric field can deflect :
(1) X-rays (2) Neutrons
(3) a-particles (4) y-rays
Relative permittivity of mica is :
(1) one (2) less than one
(3) more then one (4) infinite

Two identical metallic sphere are charged with 10 and -20 units of charge. If both the spheres are
first brought into contact with each other and then are placed to their previous positions, then the ratio
of the force in the two situations will be :-

1) -8:1 2)1:8

3)-2:1 41:2

Two equal and like charges when placed 5 cm apart experience a repulsive force of 0.144 newton.
The magnitude of the charge in microcoloumb will be :

(1) 0.2 (22

(3) 20 (4) 12

For an electrostatic system which of the statement is always true :

[i] electric lines are parallel to metallic surface.

[ii] electric field inside a metallic surface is zero.

[iii] electric lines of force are perpendicular to equi-potential surface.

(1) (i) and (ii) only (2) (i) and (iii) only

(3) (i) and (iii) only (4) (i), (ii) and (iii)

A negative charge is placed at some point on the line joining the two +Q charges at rest. The direction
of motion of negative charge will depend upon the :

(1) position of negative charge alone

(2) magnitude of negative charge alone

(3) both on the magnitude and position of negative charge

(4) magnitude of positive charge.

If Q = 2 coloumb and force on it is F = 100 newton, then the value of field intensity will be :

(1) 100 N/C (2) 50 N/C

(3) 200 N/C (4) 10 N/C

A force of 3000 N is acting on a charge of 3 coloumb moving in a uniform electric field. The potential
difference between two point at a distance of 1 cm in this field is :

(1) 10V (2) 0V

(3) 1000V (4) 9000V

If we move in a direction opposite to the electric lines of force :

(1) electrical potential decreases. (2) electrical potential increases.
(3) electrical potential remains uncharged (4) nothing can be said.

Two infinite linear charges are placed parallel at 0.1 m apart. If each has charge density of 5m C/
m, then the force per unit length of one of linear charges in N/m is :

(1) 25 (2) 3.25

(3)4.5 4)7.5

The electric field intensity due to a uniformly charged sphere is zero :
(1) at the centre (2) at infinity
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(3) at the centre and at infinite distance (4) on the surface
12 Two spheres of radii 2 cm and 4 cm are charged equally, then the ratio of charge density on the surfaces
of the spheres will be -
@y1:2 2)4:1
3)8:1 4 1:4
13  Total charge on a sphere of radii 10 cm is 1 pC. The maximum electric field due to the sphere in
N/C will be -
(1) 9 x 10 (2) 9 x 108
(3) 9 x 10° (4) 9 x 10
14 Acharged water drop of radius 0.1 pm is under equilibrium in some electric field. The charge on the
drop is equivalent to electronic charge. The intensity of electric field is (g = 10 m/s?)-
(1) 1.61NC? (2) 26.2 NC
(3) 262 NC (4) 1610 NC
15  Two large sized charged plates have a charge density of +0 and -o. The resultant force on the proton
located midway between them will be -
(1) oel/ 0, (2) ce/2,
(3) 20e/0, (4) zero
16  The distance between two plates is 2 cm, when an electric potential of 10 volt is applied to both the
plates, then the value of electric field will be -
(1) 20 N/C (2) 500 N/C
(3) 5 N/C (4) 250 N/C
17  The charge density of an insulating infinite surface is (e/r) C/m? then the field intensity at a nearby
point in volt/meter will be -
(1) 2.88 x 102 (2) 2.88 x 10
(3) 2.88 x 10°° (4) 2.88 x 10
18 Two objects A and B are charged with equal charge The potential of A relative to B will be -
(1) more (2) equal
(3) less (4) indefinite
19 The potential due to a point charge at distance r is -
(1) proportional to r. (2) inversely proportional to r.
(3) proportional to r2. (4) inversely proportional to r?
20  The dimensions of potential difference are -
(1) ML2T2Q (2) MLT2Q?
B)YMT2Q2 (4) ML2T-2Q
21 An object is charged with positive charge. The potential at that object will be -
(1) positive only (2) negative only
(3) zero always (4) may be positive, negative or zero.
22 In H atom, an electron is rotating around the proton in an orbit of radius r. Work done by an electron
in moving once around the proton along the orbit will be -
(1) kelr (2) ke?/r?
(3) 2rre (4) zero
23 The potential at 0.5 A from a proton is -
(1) 0.5 volt (2) 8u volt
(3) 28.8 volt (4) 2 volt
24 Two metallic spheres which have equal charges, but their radii are different, are made to touch each
other and then separated apart. The potential the spheres will be -
(1) same as before (2) more for bigger
(3) more for smaller (4) equal
25 A conducting shell of radius 10 cm is charged with 3.2 x 10 C. The electric potential at a distance
4cm from its centre in volt be -
(1) 9 x 10°®° (2) 288
(3) 2.88 x 10 (4) zero
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1 Two charges of +1 uC & + 5 pC are placed 4 cm apart, the ratio of the force exerted by both charges
on each other will be -

11:1 21:5
3)5:1 (4)25:1
2 If an electron is placed in a uniform electric field, then the electron will :

(1) experience no force.
(2) moving with constant velocity in the direction of the field.
(3) move with constant velocity in the direction opposite to the field.
(4) accelerate in direction opposite to field.
3 A body has 80 microcoulomb of charge. Number of additional electrons on it will be :
(1) 8 x 10° (2) 80 x 10%
(3) 5 x 10* (4) 1.28 x 10°%7

4 Two identical metallic balls carry charges of + 20uC and —10uC . They are put in contact and again

separated to the same distance as before. What will be the ratio of initial to final force between them
? Ignore the nature of force.

@ 2:1 2 4:1
@) 8:1 4 16:1

5 Three charges q, =1 x10°,q,=2x10°,q,=-3 x 10° C have
been placed, as shown in figure, in four surfaces S,, S,, S,and S,

electrical flux emitted from the surface S, in N-m?#/C will be -
(1) 361 % 10° (2) —361Tx 10°
(3) 36p x 10° (4) -36p x 10°

6 The intensity of an electric field at some point distant r from the axis of infinite long pipe having charges
per unit length as q wil be :

(1) proportional to r? (2) proportional to r®

(3) inversely proportional to r. (4) inversely proportional to r2.

7 Which of the following represents the correct graph for electric field intensity and the distance r from
the centre of a hollow charged metal sphere or solid metallic conductor of radius R :

(1) L ---------- k (@)

r—» r—»

m—>

| |

3)

8 The electric field near the conducting surface of a uniform charge density o will be -

(1) o/, and parallel to surface. (2) 20/0, and parallel to surface.
(3) o/, and perpendicular to surface. (4) 20/, and perpendicular to surface.
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10

12

13

14

15

16

17

18

19

Two parallel charged plates have a charge density +o and -a. The resultant force on the proton located
outside the plates at some distance will be -

(1) 20e/0, (2) oel 0,

(3) oe/20, (4) zero

In electrostatics the potential is equivalent to -

(1) temperature in heat (2) height of levels in liquids
(3) pressure in gases (4) all of the above

Two parallel plates have charges + Q and - Q, with potential difference V between them. If the distance
between the plates is increased then the potential difference will -

(1) decrease (2) increase

(3) be same as before. (4) depend upon the metal of plates

An uncharged conductor A is brought close to another charged conductor B, then the charge on B
(1) will increase but potential will be constant. (2) will be constant but potential will increase
(3) will be constant but potential decreases. (4) and the potential both are constant.

Two points (0, a) and (0, -a) have charges q and -q respectively then the electrical potential at origin
will be-

(1) zero (2) ka/a
(3) kg/2a (4) kg/4a?

The charges of same magnitude g are placed at four corners of a square of side a. The value of potential
at the centre of square will be -

(1) 4kgla (2) 4/2kq/a
(3) 4kav2a (4) kq/av2

Three equal charges are placid at the three corners of an isosceles triangle
as shown in the figure. The statement which is true fro electric potential V
and the field intensity E at the centre of the triangle -

(1)V=0E=0 (2)V=0E# 0
)V ZO0E=0 4V #£0,E=%D0

A wire of 5 m length carries a steady current. If it has an electric field of 0.2 V/m, the potential difference
across the wire in volt will be -

(1) 25 (2)0.04
3) 1.0 (4) none of the above

A nucleus has a charge of + 50e. A proton is located at a distance of 10*>m. The potential at this
point in volt will be -

(1) 14.4 x 10° (2) 7.2 x 10*
(3) 7.2 x 10*2 (4) 14.4 x 108 - D .o
For the arrangement of charges shown in the figure, potential is zero at - B

A (]
(1) A, B and C (2) D, B and E ]
(3) B only 4) A, B, C, D, and E P

A spherical charged conductor has ¢ as the surface density of charge. The electric field on its surface
is E. If the radius of the sphere is doubled keeping the surface density of charge unchanged, what
will be the electric field on the surface of the new sphere ?

@) E/4 () E2
© E d) 2E
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20

21

22

23

24

25

The electric potential inside a uniformly charged sphere has the value which -

(1) increase with distance from the centre. (2) decreases with distance from the centre.
(3) is equal at all the points. (4) is zero at all the points.

Two spheres of radii R and 2R are charged and then connected by a conducting wire, then the charge
will
(2) flow from smaller sphere to the bigger sphere. (2) flow from bigger sphere to the smaller

sphere (3) not flow.
(4) oscillate between the spheres.

The potential difference between two spheres of radii r, and r, is zero. The ratio of their charges Q./
Q, will be-

(L)rir, (2)r,r,

(@) r2r? (4)r2h?

The potential on the conducting spheres of radii r, and r, is same, the ratio of their charge densities
will be-

(L)rir, (2)r,r,

(@) r2r? (4)r2r?

64 charged drops coalesce to from a bigger charged drop. The potential of bigger drop will be times
that of smaller drop -

(1) 4 (2) 16

(3) 64 (4) 8

The electric potential outside a uniformly charged sphere at a distance ‘r’ is (‘a’ being the radius of
the sphere)-

(1) directly proportional to a® (2) directily proportional to r.
(3) inversely proportional to r. (4) inversely proportional to a®.
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In the following figure an isolated charged conductor is
shown. The correct statement will be -

(1) E,>E,>E_>E_ (@ E,<E,<E.<E,

) E,=E,=E_=E, (4) E,=E_.andE,>E_

If the above question, the potential has correct relations as given -

DV, >V, >V >V, (2 V, >V,=2V, >V,
B)V,=V. =V, =V, @)V, <V, >V, >V,
In the above question, the surface charge densities have the correct relation is -
(1)o,>0,>0.>0, (2)o,=0,=0.=0,
(3)o,>0.>0,>0, 4)o.<0,>0,>0,

Van-dee Graph generator is used in -

(2) nuclear power establishments

(2) in accelerating charged particles to very high potential
(3) lighting and heating

(4) lighting only

Two identical pith-balls of mass m and having charge g are suspended from a point by weight-less strings
of length ‘7" If both the strings make an angle of ‘6’ with the vertical, then the distance between the balls
will be (tanking 6 to be small) -

(1) (q2¢2nd, mg)t'3 (2) (q2e/4T0, mg)t'®

(3) (qr2/4nd, mg)t'3 (4) (qr?2md, mg)Y®

For the isolated charged conductor shown in fig. the potential at points A, B, C N =+t

andDareV,, V., V. and Vrespectively. Then - D
ar ax w

L)V, =V, >V >V, (2 V,>V.>V, =V, -

B)V,>V. >V, >V, @ V,=V.=V, =V,

A non conducting sheet S is given a uniform charge density s. Two uncharged
thin and small metal rods X and Y are placed near the sheet as shown.
Then, the correct statement is -

(1) S attracts both X and Y S E—| L —
(2) X attracts both S and Y

(3) Y attracts both S and X

(4) all of the above

The variation of potential with distance R from fixed point is shown in fig. T i_
The electric field at R =5mis - =4
(1) 2.5V/m (2)—2.5V/m g2
(3) 2/5 Vim (4) —2/5 VIm g

1 2 3 4 5 6
Distance RinM —»

A charged spherical conductor of radius R carries a charge A point test charge g, is placed at a
distance x from the surface of the conductor . The force experienced by the test charge will be proportional

to 1
@ (R+x)° ® (Rt x)?
5(;:) (R-x)? @ (R-x?
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10. Two charges 9e and 3e are placed at a distance r. The distance of the point where the electric field
intensity will be zero is -

(1) r/(1++/3) from 3e charge (2) r/(1++/3) from 9e charge
(3) r/(1-+/3) from 3e charge (4) r/(1+1/+/3) from 3e charge

11. The electric field in a region surrounding the origin is uniform and alongthe 7777 >
x-axis. A small circle is drawn with the centre at the origin cutting the axes at
points A, B, C, D having coordinates (a, 0); (0, a); (—a, 0); (0, —a) respectively as
shown in fig. Then the potential is minimum at -

DA (2)B
®C (4D

12.  If an electron has an initial velocity in a direction different from that of an electric field the path of the
electron is-

(1) a straight line (2) acircle
(3) anellipse (4) aparabola

13. Consider equal and oppositely charged oppositely charge large parallel +o —o
plates, with charge density +g. A small charge g, is moved along the : D e o _
rectangular path ABCDA where side AB = x and side BC =y. Then correct + >
statement(s) is (are) - + -

+ >
(1) work done by electric field along path AB is positive and equal to q,0x/g,. + ¥ 4 =
+ > —
(2) work done by electric field along path BC is zero + A—B
(3) work done by electric field along the path ABCDA is zero L =
(4) all of the above )

14. Charge on an originally uncharged conductor is separated by holding a L e - o
positively charged rod very closely nearby, as in Fig. Assume that the - 3 Ci=" 1
induced negative charge on the conductor is equal to the positive chargeq ' =
on the rod then, flux through surface S, is - TN g
(1) zero (2) o /€9 SRS
(3) —qq /&g (4) none of the above

15. Some equipotential surfaces are shown in the figure. The magnitude and
direction of the electric field is-

(1) 100 V/m making angle 120° with the x-axis ng S0V 4ov
(2) 100 V/m making angle 60° with the x-axis S Z N > ) . T
(3) 200 V/m making angle 120° with the x-axis 0 = 30°

(4) none of the above

16. The metal plate on the left in fig. carries a surface charge of o —2G
+s per unit area. The metal plate on the right has a surface charge of -2s : =
per unit area. It is assumed that the plates are large and the central plate is . 7
connected to zero. Then the charge densities on the left and right surface . |
of the central plate are, respectively - . B
1)-o0,+t0 (2)-20,+20 " -
(3)-0,+20 (4) none of the above L
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17

18

19

20

21

22

23

Point charge g moves from point P to point S along the path PQRS (as
shown in Fig.) in a uniform electric field E pointing co-parallel to the
positive direction of X-axis. The coordinates of the points P, Q, R, and
Sare (a, b, 0), (2a, 0, 0), (a, -b. 0) and (0, 0, 0) respectively. The work
done by the field in the above process is given by the expression-

(1) gEa (2)—qEa

(3) gEav2 (4) qE4/(2a)* +b?

An electron is projected as in fig. with kinetic energy K, at an angle q = 45°
between two charged plates. The magnitude of the electric field so that the = o o o o o
electron just fails to strike the upper plate, should be greater than -

(1) Kiad (2) 2K Ve e

(3)K/2qd (4) infinite L R R
Two plastic rods of equal lengths (L = TiR) one of charge q and other of charge -q, form a circle of radius
R in an xy plane. The charge is distributed uniformly on both rods. Then the electric field at the centre of
circle is-

<

v Vv

mé

vVVvyy

(1) zero (2) g/ 4mg,R?

(3) q/2m?gR? (4) q/PgR?

Two identical thin rings, each of radius R metre are coaxially placed at distance R metre apart. If Q, and
Q, coulomb are respectively the charges uniformly spread on the two rings, the work done in moving a
charge g from the centre of one ring to that of the other is-

(1) zero @ 4, -Q,) V2 -1)42(aneR)
(3) a2(Q, - Q,)/4meR @) o(Q, + Q) V2 +1)V24neR

A and B are concentric conducting spherical shells. A is given a positive charge while B is earthed. Then-
(1) A and B both will have the same charge densities B
(2) the potential inside A and outside B will zero

(3) the electric field between A and B is hone zero

(4) the electric field inside A and outside B is non zero.

A semicircular ring of radius R is given a uniform charge Then the electric field and electric potential at
its centre will be -

Q Q Q Q
1) “4nm, RZ 400, R @ 20, R? "ang,R

Q Q
(3) Any R "2, R (@) zero, zero

Mark the wrong statement -

(1) Equipotential surface never cross and other

(2) For auniformly charged nonconducting sphere, the electric potential at the centre of the sphere is
1.5 times that at the surface

(3) If potential in a certain region in non zero constant, then the electric field in that region will also be non
zero constant

(4) Inside a spherical charged shell, the electric field is zero but the electric potential is the same as that
at the surface.
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25

A charge +q is fixed at each of the points x =X,, X =3X,, X =5X,... ad inf. of the x-axis and a charge -
q is fixed at each of the points x= 2x_, Xx=4x, , x=6X,..... an inf. Here X is a positive constant. Take the
electric potential at a point due to a charge Q at a distance r from it be Q/4 1t [, r. Then, the potential at
te origin due to the above system of charge is

q

(1o @ 81g,x, log2
glog2
(3) 4) 4T1E, X,

In the follwoing fig. where the change g must be kept so that the potential energy of the system will be
minimum?

~ 9cm R
q
2q 8¢
— > %) >
(1) 3cm (2 2cm
(3) 4cm (4) none ofthese
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PROBLEMS ASKED INVARIOUS EXAMS

Two identical conductors of copper and aluminum are placed in an identical electric field. The magnitude

of induced charge in the aluminum will be - [AIIMS 1999]
(1) zero (2) greater than in copper
(3) less than in copper (4) equal to that in copper
The study of the effects associated with electric charge at rest is known as -

[AIIMS 1999]
(1) electrostatics (2) magnetostatic
(3) electromagnetism (4) none of these

Two electric charges 12uC and —6uC are placed 20 cm apart in air. There will be a point P at which
electric potential is zero on the line joining these two charges and outside, excluding the region between

them. The distance of P from —6pC charge is - [EAMCET ENGG. 2000]
(1)0.10m (2)0.15m
(3)0.20m (4) 0.25m

The displacement 1 of a charge Q in an electric field E = eji +e,j+esk is r=al+ bj - The work done
is - [EAMCET ENGG. 2000]

1) Q(ae, +be,) @ Qy(aey)? +(bey)?
() Qe +ey)Wa? +b? @ (Je?+ed) (@+h)

An electron of mass m and charge e is accelerated from rest through a potential difference V in

vacuum . The final speed of the electron will be - [MP PMT 2000]
D) vie/m (2 +evim

(3 V2eV/m (4) 2eVim

An insulated charge conducting sphere of radius 5 cms has potential of 10 V at the surface. What is the
potential at centre - [AIIMS 2000]
(Hiov (2) zero

(3) same as that at 5 cms from the surface (4) same as that at 25 cms from the surface
Let E, be the electric field due to a dipole in its axial plane distant 1 and let E, be the field in the equatorial
plane distant /. The relation between E_ and E, is - [AIIMS 2000]
(1) E,=E, ) E,=2E,

) E,=2E, 4 E,=3E,

A point positive charge of ‘Q’ unit is moved round another positive charge of Q unit on a circular path. If the
radius of the circle is r, the work done on the charge Q’ in making one complete revolution is -

[HARAYANA PMT 2000, BHU MED. 2000]

@) Grer @ Ameyr

) 4rreyr (4) zero

Three point charges Q, , Q, and Q, in that order are placed equally spaced along k straight line. Q, and
Q, are equal in magnitude but opposite in sign. If the net force on Q, is zero, the value of Q, is -

[UPSEAT 2000]
(1) Q,=1Q,| (2)Q,= 2 1Q,l
() Q,=21Q, (4)Q,=41Q,
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13

14

15

16

As shown in the figure, charge +q and —q are placed at the
vertices B and C of an isosceles triangle. The potential at
the vertex Ais - [MP PET 2000]

1 29
1) —4]_[80 /—a2+b2 (2) zero

1 q 1 (-a)
©) e, a2 +n2 @ ane, Jaz+p?

Three charges Q, +q and +q are placed at the vertices of a right-angled isosceles triangle as shown. The

net electrostatic energy of the configuration is zero if Q is equal to - [IT SCREENING 2000]
—q -2q Q
D112 @552 IRE
(3)—2q (4)+q
Two point charges (+Q) and (—2Q) are fixed on the X-axis at positions a and 2a wal o
from origin respectively. At what positions on the axis, the resultant electric a4
field is zero - [MP PET 2001]
(Lonlyx=,2a (2)onlyx=-2a
3a
(3) bothx=% [ a (4)x=7 only
Three positive charges of equal value g are placed at the vertices of an equilateral triangle. The resulting
lines of force should be sketched as in - [IT SCREENING 2001]
(1) ﬂ'.%, I;::
UJ
bt
=
() =
.F-'__ll']':l “ {;:-_

A uniform electric field pointing in positive x-direction exists in a region. Let A be the origin, B be the point
on the x-axis at x = +1 cm and C be the point on the y-axis at y = +1 cm. Then the potentials at the

points A, B and C satisfy - [T SCREENING 2001]
(D) V,<V, () V,>V,
(3)V,<V, (@ Va>Ve
Charge density on upper half is A and in lower half charge density is — A
A. Direction of electric field at O is
[UPSEAT 2001] 0
(1) along OA (2) along OB c B
(3) alongOC (4) alongOD
The work done in placing four charges at the corners of a square as D
shown in the figure, will be -
[RPET 2002] . »
Kq? Ka? 1 2
ORCEBES @ (4+2)=-
Kq2 Kq2
@ (4-v2)— @ (4+42)=- 3 4
a a -q +q
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17 Two spherical conductors B and C having equal radii and carrying equal charges on them repel each
other with a force F when kept apart at some distance. A third spherical conductor having same radius as
that of B but uncharged is brought in contact with B, then brought in contact with C and finally removed
away from both. The new force of repulsion between B and Cis - [AIEEE 2004]
(1) 3F/8 (2) 3F/4
(3) F/8 4 F/4

18 A charged particle ‘q’ is shot towards another charged particle ‘Q’, which is fixed, with a speed ‘v'. It
approaches ‘Q’ upto a closest distance r and then returns. If g were given a speed of ‘2v’, the closest
distances of approach would be - [AIEEE 2004]
@) 14 @ 2r e
3) 12 @

19  Four charged equal to —Q are placed at the four corners of a square and a charge q is at its centre. If the
system is in equilibrium the value of g is - [AIEEE 2004]
0 Sar22) (@) Fa+2/2)

@®) —%(1+2«/§) “ -%(“2\/5)

20  Anelectric-dipole is placed at an angle of 30° to a non-uniform electric field. The dipole will experience
(1) atorque only [AIEEE 2006]
(2) atranslational force only in the direction of the field
(3) atranslational force only in a direction normal to the direction of the field
(4) atorque as well as a translational force

21 Two insulating plates are both uniformly charged in such a way that the potential difference between
themis V, -V, =20 V. (i.e. plate 2 is at a higher potential). The plates are separated by d = 0.1 m and
can be treated as infinitely large. An electron is released from rest on the inner surface of plate 1. What
is its speed when it hits plate 2 ? (e=1.6x10"C, m =9.11 x 10** kg)

[AIEEE 2006]
Y
0.1m ‘
X
1 2
@1 32x10™° m/s @ 2.65x10° m/s
(3 7.02x10%” m/s @ 1.87x10° m/s

22 Two spherical conductors A and B of radii 1 mm and 2 mm are separated by a distance of 5 cm and are
uniformly charged. If the spheres are connected by a conducting wire then in equilibrium condition, the
ratio of the magnitude of the electric fields at the surfaces of spheres A and B is

[AIEEE 2006]
() 1:4 @ 4:1
B 1:2 4 2:1

23 Anelectric charge 10 uC is placed at the origin (0,0) of X-Y co-ordinate system. Two points A and B
are situated at (\/5\/5) and (2,0) respectively. The potential difference between the points and A and
B will be

[AIEEE 2007]
1 9V (2) zero
@ 2V (4) 45V
60

FNS House, 63, Kalu Sarai Market, Sarvapriya Vihar, New Delhi-110016 e Ph.: (011) 32001131/32 Fax : (011) 41828320



INARAYANA

Physics : Electrostatics
| INSTITUTE OF CORRESPONDENCE COURSES

24 Charge are placed on the vertices of a square as shown in Fig. Let E is along (2). Potential at centre
remains same

[AIEEE 2007]
(1) E remains unchanged, V changes (2) Both E and V change
(3) g andV remain unchanged (4) E changes, V remain changed
25 The potential at a poit x (measured in pm) due to some chargfes situated on the x-axis is given by
V(x) = 20/(x2 —4)volts. The electric field E at x = 4 pm is given by
[AIEEE 2007]

5 5
(@) 3 volt/ um and in the -ve x direction 2 3 volt/ pm and in the +ve x direction
10 ) o 10 . N
(3) 9 volt/ um and in the -ve x direction 4) 9 volt/ um and in the +ve x direction
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ANSWERS

EXERCISE

LEVEL - |
1. @3 2. (3) 3. () 4. (1) 5. (2
L@ 7. (3 8. (1) 9. (2 10. (3)
1. @3) 12. (2) 13. (3) 14. (3) 15. (1)
16. (2) 17. (3) 18. (4) 19. (2) 20. (1)
21. (4) 22. (4) 23.(3) 24. (4) 25. (3)

LEVEL - 1l
1. (1) 2. (@) 3. (3 4. (3 5. (2
) 7. @) 8. (3 9. (@) 10. (4)
1. (2 12. 3) 13. (1) 14. () 15. (3)
16. (3) 17. (2) 18. (1) 19. (3) 20. (2)
21. (1) 22. (1) 23.(2) 24. (2) 25. (3)

LEVEL - Il
1. (1) 2. (3 3. ) 4. () 5. (1)
L@ 7. @) 8. (1) 9. 10. (1)
1. (1) 12. (4) 13. (4) 14. () 15. (3)
16. (3) 17. (2) 18. (3) 19. (4) 20. (2)
21. (3) 22. (2) 23.(3) 24. (4) 25. (1)

PROBLEMS ASKED INVARIOUS EXAMS

1. (@) 2. () 3. (3 4. (1) 5. (3
@ 7. @ 8. (4 9. (@) 10. (2)
1. (2 12. (2) 13. (3) 14. () 15. (4)
16. (1) 17. (1) 18. (3) 19. (4) 20. (4)
21. (2 22. (2) 23.(2) 24. (4) 25. (4)
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