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3. Electric Current
[1] Electric Charge : Only ¢lectrons

You know that every substance is made up of atoms
or molecules. Each atom is made up of clectrons moving in
fixed orbits around its nucleus. There are positively charged
protons and neutral neutrons inside the nucleus. Thus,
every substance is made up of electrons, protons and
neutrons, called Fundamental Particles. Here, the mass of
an electron is M, =9.1 x 103! kg, the mass of a proton and
4 neutron are considered to be nearly the same, i.e. Mp =
M, =1.6 x 1027 kg,

+As you know about Newton’s law of gravitation
(Every particle/body in the universe attracts every other
particle/body with a force whose magnitude is directly
proportional to the product of their masses and inversely
proportional to the square of the distance between them,
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Fg . According to this, when two electrons are

1 cm apart, they exert a gravitational force of 5.5 x 10=67
N on each other. However, at the same distance, a
repulsive force called electric force of Fe =2.24 x 10-24
N exists between two electrons. Electric force is 1043
times greater than the gravitational force. Thus, electric
force is very strong. Even when two protons are placed at
a distance of (apart from each other) 1 cm, an electric
repulsive force of an equal value exists. However, the
electric force of attraction between a proton and an
electron at a distance of 1 cm seems to be of equal value.
Thus, just as mass is the main cause of gravitational force,
the property of particles due to which an electric force
exists between them is called the ‘electric charge’ of the
particle. The force acting between two like charges is
repulsive and it is attractive between two, unlike charges.
From the above discussion, it is clear that the
magnitude of the charge on an electron and a proton is the
same but they are of the opposite type. Conventionally
charge of an electron is considt?red negative and thf':t of a
proton is positive. However, if the sign c.onventnon qf
electronic charge (on proton and electron) is ch'angcd, it
makes no difference whatsoever to the ﬁcld. of science an.d
technology! And, the value. of this : chz}:rge ..s
e = 1.6 10-19 C. The SI unit of electric charge is

mb, abbreviated as C.

coulo

are transferred during any chemig,
transferred. Thus, the supg,
Jectrons becomces negatively chargeq ing
loses clectrons becomes POSitiye
bject is neutral.

process or when a chargc 18

which receives €
the substancc which
charged. In general, every 0

Since the charge on an electro col6 '
e .
the value of 1 Coulomb charge or num €ctrong i,

| coulomb (1C) electric charge,

ly

nise=1.6x 1019,

1 _625x10" electrons .. (1)

" 16x107"°
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[2] Coulomb’s Law :
French scientist Charles Coulomb conducted many |
experiments to find the force between two electric charges |
and deduced that “The electric force (Couloumbian force) -
between two stationary point charges is directly proportional
to the product of their charges and inversely proportiona|
to the square of the distance between them.” This is
Coulomb’s law. This force is along the line of joining the

two charges.

Let two stationary point charges g¢; and g, are
separated by a distance r. The coulombian electric force

between them,

9192
Foc 222
r2
P 992
. F kTZ (2

When there is vacuum or air medium between the
charges, the electric force constant or coulomb’s constant
k=8.9875x 10°~9 x 109 Nm2C-2 in §] system. In CGS
system, k=1 dyne cm C2.

Coulomb’s law s g basic law of nature. This is tru¢
only for static point (electric) charges. However, this rule
can also be applied to large charged objects, if the distanc®
between them is much larger than their siz’e.

Here, Coulomb’s constant, k = 1 . (3)
41{80 ‘-

Where, Permittivity of Free Space
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N 8.854 -12
€0 = (gmk ) = 5829 % 10712 C/Nm2, ( l J(lej
eige o . . F 41'[80 r2 €
Here, Permittivity is the resistance of the medium s = : v = g =g, =K .. (6)
that impedes the electric field of the charge. If the 'm (4_1“:) (TZ—J
Columbian force between two charges in a given medium
is F, then, Where, €, = Relative Permittivity of medium or
dielectric constant (K).
1 5
In a vacuum, F= (4ne ) (qlgz) () Permittivity of medium (g) _
0 g CET Permittivity of Free Space or Vacuum (g)
In the medium, F. — [ _L 014, Since the relative permeability of the medium (8,.‘), is
m T e ) T2 - 5) always greater than one, the Columbian force (F,,) in a
r given medium is less than the force exerted in a vacuum
(F). Thus,e,>1 = F_ <F.

Example-1 : Calculate the total electric charge on an object that has 26 extra electrons.
Solution :

Number of electrons, n = 20, The total electrical charge of 20 electrons

g = ne = (20)(-1.6 x 10719) = 3.2 x 10-18C

Example-2 : An object emits 102 electrons per second. So how long will it take to emit 1 C charge ?
Solution :

Charge of an electrone e = 1.6 x 10-19C

g =ne=(10% (1.6 x 10-19) = 1.6 x 10-10 C/s Number of electrons, n = 109 electron/second
Electric charge produced per second = 1.6 x 10-10 C Charge of an electron
Time required to produce 1C charge e=-1.6x10"19C
(= ;m=6.25x 10%s
1.6 x10™
9
_ 6.25x10 : ~198.16 years
3.154 x 10

Example-3 : The electric force between two positive ions of equal magnitude at a distance of 5A from each other

is 3.7 x 10~ N. How many electrons would have been removed from each atom ?

Solution : | Force, F=3.7x 109N
Let 1=¢,=Q ‘ Distance, r =5A°=5x 10-10 m
2 =9
Electric force, F=k _4:‘_;1; =k ‘(3—2' = . Q=rFlk I;:;](; ::i::(::)is?ant,.
k= 8.8975 x 109 Nm2C-2
Q= (5 x 10-10) i’ﬁ‘_‘[g_g Charge of an electron,
8.8975x 10 e=-1.6x10"19C

Q = (5 x 10-10) (0.6449 x 1079 =3.22 x 1071°C

-
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No. of electrons,

5 ~19
n=_32x10"%c .
e T 201 ~ 2 clectrong

1.6 x 1079
ctween the protons in the nucleuy ofy

Mass of n proton and an clecqr, a

ton and elecy
tal charge of pro ron
" ant k=8.9875 x ]()')N":

Example- § : Fj > rati

atom :nd the e]:cdn:u "m.o ()‘.‘u'.u"“"‘"”lllll force to electrostatic foree b

m, =1.67 27 ns revolving around it in an orbit of average r radius.
p = 107X 10" kg and m_, =911 » 103

1.6 x 10-1° C. Gravitafi ; e = 20 x 1031 respectively. The fundamentit onst

Y 1onal constant G = 6,67 10-"" Nm2/ kg2 and Coulombian ¢

Solution :

. . F = q(qp
MeMp 4 Electrostatic force is Fe kr\z‘

B
etween proton and electron, the Gravitational force is Fg =
,.

- 2
Fe e M —_ kqeqp - kqeqp

Their ratio is F 2 A
G Gm,m » /r Gmemp y Gmemp

9y B
(8.8975x 107) (1.6 x 10719)2 _ 8.8975x1.6x1.6 | 19-38+11431+27

- 11 = =
(6.67x107" 9.11x10 1) (1.67x10727)  6.67x9.11x1.67

_ 227776
101.4754

This shows that electrostatic forces are ~

x10%0 = 0.2245 x 10%0 = 5 245 5 103

2.25 x 103 times higher than gravitational forces.

calculation of the force between electric charges has

[3] Electric Field :

Coulomb’s law determines the electric force acting become quite easy due to electric field concept.
between (two electrically) charged objects. However, if | [4] Electric Field (Intensity) of a Point Charge:
the number of charged objects (or electric charges) is large
and the charge on each is different then this calculation
becomes very complex and tedious.

Suppose a charge (or set of charges) Q is at a certain
point in space. The test charge g, placed at r distance, will +q,
experience electric force according to coulomb’s law.
What remains there around Q if g, is removed ? One can
smell the blooming flowers when a garden is nearby. One ;
feels heat up to a certain distance around the fire. So, . |
everything shows their effect in the nearest area. Similarly, 0 R
Electric charge also produces its own effect in its immediate Q M
vicinity in space. This effect is felt more near the charge

and gradually reduced with distance. Thus the electric :
field depends only on the distance from a given charge. As shown .ln'Figure let a point electric charge Q¥
This effect of an electric charge felt in the vicinity of space placed at the' origin O of the axes. Now a positive test |
is called the (intensity of) electric field. The SI uni’l of cf"{rgz’: +fq'0 1s placed at .thc point P at a distance r in‘tl_w E,
(intensity of) electric field is newton/coulomb (N/C). The | Vicinity of it. Charge Q will exert 5 repulsive force on it |

"1

Z
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the direction of O to P. Position of Q should not be changed
due to go. Test charge experiences an electric force thy
depends only upon the electric field (intensity) of Q at the
r distance away from it. The test charge qp is very small
(4o~ 0), the otherwise electric field of g, may react with
that of Q. Therefore we cannot find clectric ficld of charge
Q. Also note that g cannot be less than the clementary
charge of an electron (or proton) = 1.6 x
10-19 C). Thus, by placing a positive charge do at point P
at a distance r from Q, it experiences an electric force in
the electric field of Q. This is simply called the electric
field of Q.

F
Electric field, E= — e (D

q0
The SI unit of an electric field is newton/coulomb
(N/C). At a given point, if the test charge does not
experience electric force, then the electric field of the
charge somewhere near that point can be said to be zero.

In equation (9), F is the electrical force acting
between Q and ¢,

gk (1)Q
r2 41.“_:0 r2 oo (2)

Where r distance is the distance between charge Q
and point P where the electric field is to be measured.

It was Faraday who first conceptualized the electric
field. The charge (or a set of charges) that produces an
electric field is called the source charge and the charge
used to measure the electric field is called the test charge.
Taking g =1 C in equation (10), E = F occurs. From this,
the electric field can be defined as follows.

The force experienced by a unit positive charge ata
distance r from a charge Q (or a system of charges) is
called electric field (or electric field intensity) E at that
point.

. Characteristics of Electric Field Lines :

1. Electric field lines start from positive charges

and end at negative charges.

2 The tangent drawn at any point on the electric
field lines indicates the direction of the electric
field at that point.

3. Two electric field lines never cross (intcrsec.t)
each other. As shown in Figure, if two electric

int
ficld lines intersect cach other at any POI;'l )
then +q charge at that point experiences the

» e

force in both E; and E, directions, which is

not possible. i.c. at the intersection point of two
clectric ficld lines, two tangents can be drawn
which indicate two directions of clectric ficld
and this is impossible.

E;

The distance between the electric field lines
indicates the intensity of the electric field in
that area. The closely (Densely) arranged electric
field lines indicates a strong (high) electric
field (intensity) and vice versa. Spaciously
arranged (scattered) electric field lines indicates
weak (poor) electric field (intensity) and vice
versa. As per Figure, the number of electric
field lines passing through a plane A, is higher
than those through a plane A,. Therefore, (the
intensity of) the electric field is higher in A,
than that in A,.

Intensity of electric tield

Electric field lines of the uniform electric field
are mutually parallel and equidistant.

Electric field lines are imaginary, but electric
field is reality.

Electric Field lines are always perpendicular to
the conducting surface— in both cases, leaving
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the electric charge or entering the clectric
charge. This is the reason why the electric ficld
in the direction parallel to the conducting surface
is zero. That is, electric force does not exist
parallel to the conducting surface.

8. Electric field lines do not form closed paths.
[5] Electric Flux :

Flux is the amount of matter passing through
(perpendicular to) the surface. When a rectangular frame
of wire is kept perpendicular to the flow of water, the
amount of water passing through it is called the ‘flux’ of
water associated with that rectangular frame. When a
simple paper—fan (flickering) rotates in the air, the amount
of air passing perpendicular to its plane is called the air
flux.

A's we have discussed earlier, the number of electric
field lines passing through a given area determines whether
the intensity of the electric field in that area is high or low.
The concept of electric flux is based on the same principle.

ic ficld lines and the diffe;,
L is A). The clcc'tnc flu |

[ electric field lines pagy,
ccarca.An clecyy,

shows the cleetr ,

cpeuare v
Figk ¢ surface ared

surfaces (whos * hro
quantity cqual to the nu

; urfa

sular to) a glVCﬂ S : . :

through (perp cng::uo'} ficld lines passing perpendicular,
field is the numbe So the number of field ling

the surface of a 1.mit area. e
having an arca A IS equal to : ilar 50
| Thus, electric flux passing perpen X
of area A
- = 0
o= E-A
.. @ =EA cos 6 . (4

Let a surface S, is kept slanting to electric field o
shown in Figure. The electric flux passing perpendicular
toS,is@=EA cos 0 where 9 is the angle formed between

- -
the electric field E and the surface S . Actually, angle§
is formed between the normal to the surface and the
electric field E.

E
; ( 5, o A Ecos 8 =0 :
R —1 L E . Ecos 6 /:Jl:_ E
i A L X o —_2S; 1
> = \i 4 —» E

Electric Flux Passing Through Different Surfaces

Consider the third single surface S; placed in the direction parallel to the electric field E in Figure. Here

—)
angle between the direction perpendicular to S;and E is=9Q°

¢ =EA cos 0 = EA cos 90° = EA(0) =0

Similarly, the angle between the direction perpendicular to S, and E is =

SI iS,

the

so the electric flux associated with the surface is,

Qo

¢ =EA cos 8 = EA cos 0° = EA (1) = EA

This is denoted by Equation (13). Thus, placing any surface in an clect
to the surface and the electric field is 6, then the flux (i.e. the number of s
associated with that surface, can be equated to ¢ = EA cos 0. Electrical flu

or Nm?/C.

ric field, if the ap
uspended elecyric

. lines from that surface)
X 1S a scalar quantj

ty and its S| unit is Vn

of Sclenco and Engln“"n, |

SO the electric flux associated with

gle between the normal |
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- If the flux associated with a surface is zero means
the number of electric field lines passing through that
surface is zero, i.e. the electric field line does not pass
through that surface.

When a rectangular wire—frame is kept slanting in
the water flow, the water flowing through it is less than the
same frame is kept perpendicular in the water flow.
Because when the frame is kept parallel to the water flow,
no water passes through it. Similarly, when a paper—fan is
kept perpendicular to (in front of flowing) wind/air flow, it
rotates fast. When it is tilted it slowed down, and when it
is in the direction of the wind, it almost stops rotating.
Thus, the concept of flux is very useful for understanding
many laws and their applications in electronics.

[6] Electric Potential :

As discussed above, the work done by and in the
electric field in moving a unit positive charge (+ 1C) from
one point to other, depends only on the location (position)
of these two points, but not on the path connecting them.
Now suppose if we displace (move) a unit positive charge
first from point A to B, then from point A to C, then from
AtoD ...etc. in the electric field, then the work done by the
electric field will be obtained as...

Wap=Erqyg  Wyc=Eryc

Wi =Eryp ..etc.

Here if point A is taken as a reference point then the
above-mentioned work depends on the location (position)
of that point (B, C, D, ...) only. For the sake of simplicity,
taking such a reference point at infinite distances from the
source of the electric field, is the work required to bring
the unit positive electric charge from that point to a point
in the field is given by,

W.p=Erg

If the electric charge is shifted in the opposite
direction to the electric force, the work done upon it is,

W'op = Erg

Such a position-based work is called “electric
potential” at that point. “Work required to be done
against the electric field in bringing a unit positive
charge from infinity to the given point in the electric
field of a charge (or of a group of charges) is called
clectric potential at that point.”

Electric potential is denoted by V. Thus, the electric
potential at a point A

23

Vg ==E.r
Q

=—k—-r
VA r2
Q
= —k—
V, p

The work done on charge

Electric potential = Electric charge

VA -'—'—"\K

90

The unit of Electric potential :

Joule (J)

= _ = Volt (V)
A ™ Coulomb () ity

One thing to keep in mind is that the potential at
point A is not important. But only the potential difference"

(PD) between the given points A and B matters, which are
as follows.

WaB -

s Q

TAB

When two charged objects are brought into contact

with each other, the charge will be transmitted from one
object at higher potential to another object at lower

potential. This conduction will take place until the potentials
of the two objects are equal. :

As stated earlier, a point is taken as a reference. The
potentials of the rest of the points are calculated by taking
the potential of the earth’s surface to be zero.

[7]1 Capacitance :

As the positive charge (+Q) on the surface of an
isolated conductive sphere is gradually increased, the
electric potential (V) on the surface of the sphere and the
electric field (E) around the sphere also go on increasing
accordingly. In this process, at one stage, the sphere
becomes electrically saturated, means the sphere can no
longer store more clectricity than its capacity. So, the
electric field due to the sphere becomes sufficiently strong
that it can ionize the surrounding air particles that the
insulating property of the air gets destroyed. Because, at
this point, an electric charge in addition to its capacity
leaks from the sphere and causes ionization (separation of
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atomic positive and negative
Surrounding ajr. Throughout thj
of the electric charge (Q) on th
(V) remains constant. This rat
(C). Here, conducto
spheres.

electric charges) of the
§ process, the ratio (Q/V)
¢ sphere and its magnitude
10 is called its capacitance

rs of any shape can be taken instead of

Capacitance ©) = Electric charge (Q)
Electroc Potential %)

S C=Qv

Potential Difference (pd) arises between two
conductors when they are placed at a short distance apart
from each other and same magnitude (Q coulomb) of
opposite charge (one js positively charged and another is
negatively charged) is stored upon them. Here, the ratio of
electric charge (Q coulomb) and potential difference (V
volt) between the two identical but oppositely charged
conductive plates kept at a very small distance apart is
called capacitance of the system made up of these
conductors. The magnitude of capacitance depends on the
dimensions of the two conductors, their relative
arrangement, the dielectric medium between them and the
distance between the two.

[8] Types of Capacitors [Only for Information] :
There are different types of capacitors depending on
the material used in their fabrication, Such as : Electrolytic
Capacitor, Mica Capacitor, Paper Capacitor, Film Capacitor,
Non-Polarized Capacitor and Ceramic Capacitor. An
Electrolytic capacitor uses a thin metallic film as anode
and a paste of electrolyte chemical as a cathode, where the
thin layer of oxide is dielectric. A mica capacitor is made
by sandwiching a thin mica sheet between the conductor
plates. A Paper capacitor is made by placing a waxpaper
between tin plates. A film capacitor is made by placing a
plastic film between a thin films of conductive metal. A
non—polarized capacitor is made by placing plastic foil in
it or two electrolytic capacitors are arranged in series
connection. Ceramic capacitors contain ceramic dielectric
material.

The types of capacitors depending on the shape of
the conductive plate used in it are : In a Parallel-Plate
Capacitor, the flat conductor plates are kc;?t parallel to
cach other. A capacitor in which the conductive pl_ates.are
spherical is called a spherical capacitor. In the cylindrical
capacitor, the cylindrical conductor plates are used.

—
parallel Plate Capacitor and Its Capa"“anc.,

apacitors are the most wu_icly Useq |
a araliizln;)lll:tlcpcl::azitf)r, two parallel con:ucu:'g p|auw
’ (A) are separated at very s oIt IStance (¢
;hc sa::; ;’Zz:hcr where a dielectric medium (msula,i:
nl;(:z?::rial) is placed bctwc«.:n the tWC‘s h(’;ﬁti;s;on,b‘
distance between two plates is kept verg- ) ofthatm[p
to the dimensions (length, width or radius plate @

<<A).

(9]

+o
+ +
+ +
+ +
.4 +
+Rl +
+i +
+B +
+ +
+ +
+ + -
+Ve Plate -Ve Plate
A Parallel Plate Capacitor

Let us derive the formula for the capacitance of 2
parallel plate capacitor with vacuum or as a dielectric
medium, as shown in Figure. The charge of one plate is +
Q and that of the other is — Q. The distance between two
plates (d) is too short for their linear length so that @2 <<A.

Area of capacitor = A M2

Distance between two plates of the capacitor = d
metre

Capacitor plate charge = Q coulomb
Charge density = g = Q/A
The uniform electric fielq in the region between two

plates due to positive plate in the direction from positive
plate to the negative plate is E = o/2¢g,,.

The uniform electric fi
plates due to negtive
plate to the negative

coulomb/metre?

eld in the region between two
plate in the direction from posititt
plate is E,=a/2 €g.

Since both the electric fi
the resultant uniform electric

E=El+52

elds are in the same direction
field

Sy L P
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E= s R Vv Qd
2¢p 280 g = 7\‘”.
f_ @A, Q "
T g Agg Now, the capacaitance of the capacitor is € = v
In the regions on the other side of (he capacitor 9
plates, electric fields E; and E, being cqual and in C= —Q‘-l—_
opposite direction, the resultant electric field becomes (K()
Zero. 0
g c Ag
= B = i = C=

The capacitance of a parallel plate capacitor depends
on the plate area dielectric meduim and the distance
between two plates.

The potential difference between the two plates is,
V=Ed

k Combinations of Capacitors :

There are two types of connections of different capacitors having capacitances. Two or more capacitors can be
connected in series combination or parallel combination. Equivalent, effective or resultant capacitance (C) of a system
formed by series combination or parallel combination of two or more capacitors can be found.

[10] Series Combination of Capacitors :
As shown in Figure, capacitors having capacitances C,, Cy, Cs, Cy, ... C,, are connected in series by conducting

wires and potential difference V is given to the system. We intend to obtain the resultant capacitance C, in the series
combination of capacitors.

Cl
A +I Q
v,

[ N
Q
D

Resultant Capacitance of the Capacitors Connected in Series

Let the left side plate of capacitor C, is given a + Q charge. Electrostatic induction gives a — Q charge on the

inside and + Q charge on the outside of the right side plate of capacitor C,. This + Q electric charge is transmitted to

: the plate on the left. And this process continues. (In the same way a negatively charged electron—current flows in the

. Opposite direction.) Thus,

each capacitor will receive an equal charge of + Q magnitude. Since the capacitance of cach

capacitor is different, the potential difference with respect to each capacitor is different. If potential difference across

' i = = Q/C,, V3 = Q/Cy.....
Cy, C,, Cy, ..., C,are Vy, Vy, Ng; s Vi respectively. Then V| = Q/C|, V, = Q/C,, V3 = Q/Cy

I ies combination of capacitors, the net (effective) potential difference (V) is the sum total of individual
n series )

~ potential difference across each capacitor.

.V=V|+V2+V3+---+Vn

. DDCET / 4/ 2024-25
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The resultant capacitance in the serics combination of capacitors IS & =y

|
g= —Q—+R+-9.+ et _Q_mQ _l_+ _]_+—]—+..."' —‘"J
CS Cl C) C3 Cn Cl C2 3 Cll
L=L+L+L+ +-l—
G G G, G C,
l n 1
—_— Z_
G a¢G

| | . ion of capacitors is obtaineq
The value of the effective (net or equivalent) capacitance C, of the series connectio o p’]‘he i ofechct'b}

summing the multiplicative inverse of the capacitance values of each of thf = the combination i

capacitance in series connection is even smaller than the smallest value of capacitance in .

[11] Parallel Combination of Capacitors : ]
As shown in Figure capacitors having capacitances C,Cy,Cy, +1C -
Cy; ..., C, are connected parallel to eachother by conducting wires and |
Potential difference V is given to the two common joining points of - Q ;
all capacitors. We intend to obtain the resultant capacitance C,, in the + Cy |- B
parallel combination of capacitors. In parallel combination of [ A | Q
capacitors, the potential difference (V) between the plates of every 2
capacitor is the same and it is equal to the potential difference +) C3 i
between their common points, however the electric charge on each Qs
capacitor is different.
Here, Q; =CV,Q,=C,V, Q;=CV,..Q,= cv |
The total electric charge Q=Q+Qy+Qz+....+ Q, - l ll:
Q, =CV+CV+CV+ .. +CV B
=[C; +Cy+Cy+...+ C,IV Resu.ltant Capacitanc_e of th.e
capacitors Connected in Series
V =V +V,+Vi+ . +V, :

The effective capacitance of the parallelly connected capacitors

n ]
C.=2C

The value of the effective (net or equivalent) capacitance Cp of the paralle] ¢
by summing the capacitance each of these capacitors. The alue of effective ¢
value of capacitance in the combination.

onnection of capacitors is obtained
apacitance is eyen higher than the larges

In a series or parallel connection capacitor, the electric current is generated only where the battery is connectd |
to the capacitor plate. In the rest of the plates, only the shifting of the charge occurs,
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Example-1: Calculate the capacitance of a parallel plate capacitor if 1 mm distance is kept between the plates

of 1 mm sides.
Solution :
Capacitance of a parallel plate capacitor,

EoA
c=22=
d

_ 8.85x10712x 107
167

=8.85x 109 F = 8.85 nF

Example-2 :
capacitor to obtain 1 F capacitance ?

Solution :

Side = Length = Width =1 mm = 103 m

Area of each plate, A = 1mm?2 = 106 m?2
Distance between two plates,d =1 mm= 103 m
Absolute permittivity, €, = 8.85 x 10712 F/m

What should be the length and width of two parallel plates separated by a distance of 1 mm in a

Area of each plate in the parallel plate capacitor, | Distance between two plates, d = 1 mm = 103 m

Cy_ 1x107

A= e 00
gg 8.85x107!2

=1.13 x 108 m?

Length = Width = Side of the capacitor

1= JA = 1.13x 108 ~ 1.06x 10*m

Each plate should have atleast 10 km sides.

Absolute Permittivity, €; = 8.85 x 1012 F/m
Length = Width = Side of the plate = ?

Example-3 : Calculate the capacitance of two plates of 100 cm x 100 cm of a parallel plate capacitor separated
by a 2 mm thick glass plate of diclectric constant, K = 4,

Solution :

Area of each capacitor plate

. . . —1 — 4 2 — 2
Capacitance due to medium of dielectric consant K is given by, | A =100 x 100 =10* cm? =1 m

_ KE()A
d

c

_ 4x885x10712x1

5 C
2x1073

=1.77x 107 frad

Distance btween two plates,
d=2mm=2x103m
Dielectric constant, K =¢, = 4
Absolute permittivity,

gy = 8.85 x 10712 F/m

Example-4 : Obtain equivalent capacitance for series and parallel combination of 3 capacitors having
capacitances 5 pF, 10 uF and 15 pF respectively, where a potential difference of 4 V is given by the battery.

Solution :
Equivalent capcacitance for the series

combination

o

5710 15 30 30

CS
Cy=30/11 =2.72 pF

Equivalent capcacitance for the parallel combination,

Cp=C|+C2+C3
C,=5+10+15=30uF
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Multiple Choise Questions (MCQs)
. Ifthe distance between two charges is doubled then |9, The SI unit of clectric flux is 2/
the force between them becomes. .. (A) Vm (B) Nm“/C
(A) 1/4th (B) Double (©) (A) and (B) both (D) None
(C) Half (D) Four times A . C)
Ans. : (A) fisole £ . o=
: 10. The fundamental electric charge, € = ..., C
2. The SI unit of electric permittivity is.... ' (A) 1.6 x 1019 (B) 1.6 x 10731
2,2 .
(A) Nm%/C* (B) A/m 65 (D) 1.6 x 10-19
(C) Nm?/C (D) C2/Nm?2 (€) 1.6 x
Ans. : (D) Ans. : (D)
3. The SI unit of electric field s...... 11.  One coulomb charge = ...ccccceeneeeee electrons.
(C) C/m?2 (D) N/C (C) 6.25 x 1018 (D) 62.5 x 1018
Ans. : (D) ,
4. If a force of 2.25 N is appli e A
) . ?me s N is applied to a .c harge, the 12. The electric force acting between two point charges
Intensity of the electric field at that point is ..... . . i
(A) 1500 N/C 1 is directly proportional to the ...... of their charges
(B) 5000 N/C and the jnverse]y proportional to the... ..., of the
(©) 200 N/C (D) 150 N/C .
Ans. : (A) distance between them.
5. Electric field lines are .............. (A) addition, difference (B) product, square
(A) Imaginary (C) difference, square (D) ratio, sqare
(B) omnipresent Ans. : (B)
(C) found near charge only 13. Coulomb constant, k= ..........
(D) exist only when positive and negative charges
come closer.
Ans. : (A) i g 1
6.  The potential difference between two point s ......... G ®) 4re)
when a 5 C charge is displaced by 0.5 m, and the
work done on it is 10 J. 1 )?
(A) 25V (B) 0.25 V , © 4“€0J (D) 4ne,
©) 2v D)1V
Ans. : (A) Ans. : (A)
7.  Anobjectreceives........ C charge when 108 electrons [ 14.  If an object has an extra 1010 electrons, what is the
are placed on it. total number of coulomb charges on it ?
(A) -1.6 x 10~ (B) -1.6 x 101-;9 (A) -1.6 x 10-19C (B) —1.6 x 10-9C
-1 1.6 x 10~ ‘
(©)1.6x 10 (D) 1.6 x (C) 1.6 x 1019C (D) 1.6 x 10-9C
Ans. : (A) _ Ans. : (A)
8.  When the electric charges of two point charges are 15. Howl . ) .
doubled, the electric force between them will be| > T°W 0"%0““" an object take to emit | C charge if it
emits 10°° electrons per second ?
......... "
(A) double (B) half (A) 6.52.% 10% (B) 6.25 x 108s
(C) qudruple (D) zero (C) 0.625 x 108s (D) 62.5 x 108s
Ans. : (C) Ans. : (B)
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16. A tangefn drawn a.t any point on an electric field
line, indicates the directionof ..., at that point.
(A) magnetic field
(B) electromagnetic forces
(C) electric current
(D) electric field

Ans. : (D)

17. Electric flux, (¢) = ......... .

- >
(A) EA (B) EA cos 0
(C) (A)and (B) both (D) None

Ans. : (C)

18. The SI unit of electric potential is .
(A) JIC (B) Volt
(©) (A)and B)both (D) None

Ans. : (C)

19. Absolute permittivity or permittivity of free space is,
EQ = wrereene x 10712 and its unit is.............

(A) 8.854; C2/Nm? (B) 8.854; F/m
(C) 8.854; Nm2/C? (D) (A) and (B) both

Ans. : (D)

20. A glass rod when rubbed with silk cloth, caries an
electric charge of 8 x 107'2 C. In this process,
............. electrons have been ........... by the glass rod.
(A) 5x 1077, received (B) 5x 107, lost
(C) 2 x 1078, Jost (D) — 8 x 10712, lost

Ans. : (B)

21.  The electric field (intensity) of a point at a distance
of 2 m from a point charge is 400 V/m. At what
distance will this intensity becomes 100 V/m ?
(A) 50 cm (B) 4 cm
(C) 4m (D) 1.5m

Ans. : (C)

22. Two point charges + 4Q and + Q are kept S0
apart. At what point does the electric field intensity,
on the straight line joining them, becomes zero ?
(A) 25 cm from charge Q
(B) 7.5 cm from charge Q
(C) 15 cm from charge Q
(D) 5 cm from charge Q

Ans. : (C)

29

23.  The charge density of two oppositely charged and
parallel plane conductor plates is a. The electric
field intcnsityv outside them will be ....cccceeeeueene
(A) 0 (B) + o/ 2¢
(C) - o/2¢, (D) o/g,

Ans. : (A)

24. The electric field intensity E at the distance d from
an electric charge will be....................

(A) k2q%/r? (B) kq/r?
(C) K2¢2/r? (D) Kg/r?

Ans. : (B)

25. Ancelectric field is a......... quantity, and its SI unit
I8 v haneevaes
(A) Vector, N/C (B) Scalar, N/C
(C) Scalara, C/N (D). Vector, N/C2

Ans. : (A) '

26. The number of electric field lines passing .........
through a given surface is known as electric ..........
(A) parallel, flux _

(B) perpendicular, density
(C) perpendicular, flux
" (D) perpendicular, density

Ans. : (C) :

27. Ancelectricfluxisa........... quantity having SI unit
........... OF vevirernennns
(A) scalar , V/m, Nm2C-!

(B) vector, Vm, Nm2C2
(C) vector, V/m, Nm=2C"!
(D) scalar, Vm, Nm2C-!
Ans. : (D)
28. Electric flux, ¢ = ......... o .
- - - >
(A) EA,EAsin® (B) EA,EAcos9
-
(C) EB,EBcos® (D) None

Ans. : (B)

29. If two capacitor plates of length [, width b and
thickness ¢ and area A are separated by distance d,
then ..civeess |
(A) d>landd>b (B)d=1landd=1b
©) d?>> A (D) A>> &

Ans. : (D)

A v Y P
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a0 = 3 diclectric constant s p|,
30.  The unit of capacitance is ............. it is also|36. When uslab with K = acitor, its capacitap,
called ' T pl(llLS of a cap ey
.................. bchu, ls ﬂlr bctwbcn thc Pldtcs Or[h
(A) Q/ 15 uF. If there ;
Q/C, F (B) C/V, oF H hat will be its capacity
©)Q/V, F (D) C, F capacitor, W (B) 5 nF
Ans. : (O) (A) 5pF (D)5 F
3 1 :I’he law, governing the force between electric charges © 5 pF
Is known as ... .. Ans. : (C) e enanoiess
)
(A) Ampere’s law (B) Ohm’s law 37. The force exerted by on¢ p av:n 7 Plate in,
(C) Faraday’s ; arallel platc capacitor is gl
y’s law (D) Coulomb’s law P )
Ans. :
32 o 2CV2 B) = cv
- The cdpacitance of a capacitor............... if an (A)
lr;sulatmg dielectric materia] 1s placed between two |
plates of it. 24,2 Cv
C V D) —
(A) decreases (B) increases © 2 2d
An (C) does not change (D) becomes zero Ans. : (B)
S.: " .
> : 38. Calculate the electric flux passing through a square
33. The effective capacitance C, of the parallel of 100 cm? area that is kept perpendicular to a
combination of capacitors is obtained by summing electric field of 100 N/C at some point in space,
the capacitance each of these capacitors. (A) 1Nm-=2C-! (B) 0.1 Nm2C-!
A) summi Itiplicative i )
(A) .ng multiplicative inverse " (C) 10 Nm2C-1 D) 1 Nm2C2
(B) summing squares of g A
(C) taking product 5.1 (4) .
©) s i 39. ';":1; (f:llr;:amental electric charge on an electron ora
i) : . (A) 1.6 x 1019 B) 6.1 x 10-19
34. The effective capacitance of the series connection ©)9.11 x 10-31 ,
of capacitors is obtained by ....... of each individual ©9.11x 10 (D) 1.6 x 1019
capacitor. Ans. : (D) -
(A) summing multiplicative inverse . 40. The relatlon between joule and volt TR
(B) summing squares of ’ b
(C) taking product 4 (A) 1 volt = .
1 coulomb
(D) summing
Ans. : (A) ®B) 1 volt = lcilloib
35.  The capacitance of a parallel plate capacitor is 5 uF. 1 joule
Its capacitance is 60 pF if a dielectric object is
placed between its two plates. Obtain the dielectric ©) 1 joule = 1 volt
constant (K) of the material. “coulomb
120
o 0 ((g; 1.2 D) 1 joule = ~Soulomb
©) 120 . | L vot
Ans. : (A) ‘| Ans. : (A)

* kK




