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<br>

[1] Electric Charge :

<br>

3.

<br>

Fg = G

<br>

Electric Current

<br>

or molecules. Each atom is made up of clectrons moving in

<br>

fixed orbits around its nucleus. There are positively charged

<br>

protons and neutral neutrons inside the nucleus. Thus,

<br>

every substance is made up of electrons, protons and

<br>

neutrons, called Fundamental Particles. Here, the mass of|

<br>

an electron is M,=9.1 x 10-31 kg, the mass of aproton and

<br>

a neutron are considered to be nearly the same, i.e. M, =

<br>

M, =1.6 x 10-27 kg.

<br>

As you know about Newton's law of gravitation

<br>

(Every particle/body in the universe attracts every

<br>

other

<br>

particle/body with a force whose magnitude is directly

<br>

proportional to the product of their masses and inversely

<br>

proportional to the square of the distance between them

<br>

R²

<br>

You knowthat every substance is mnde up of atoms whichreccives clectrons becomes ncgatively chargcdang

<br>

.According to this, when two electrons are

<br>

From the above discussion, it is clear that the

<br>

magnitude of the charge on an electron ana a prOtos

<br>

G

<br>

Only clcctrons arc transferred during any chemical

<br>

process or when a charge istransferred. Thus, thc substance

<br>

charge of an electron is considered negative and that of a

<br>

proton is positive. However, if the sign convention ofl

<br>

electronic charge (on proton and electron) is changed, it

<br>

makes no difference whatsoever to the field of scienceand

<br>

technology! And, the value of this charge is

<br>

= L6 x 10-19 C. The SI unit of clectric charge is

<br>

coulomb, abbreviated as C.

<br>

the substance which loscs clcctrons becomes positively

<br>

charged. In gencral, cvery object is neutral.

<br>

[2]

<br>

Since the chargc on an elcctron is c =
|1.6 x10-19 c.

<br>

the value of I Coulomb charge or number of

<br>

Icoulomb (1C) electric charge,

<br>

Baslc of Sclonco and Englneerlng

<br>

n=

<br>

1.6x 10-19
6.25 x 1ol8

<br>

Coulomb's Law :

<br>

1

<br>

Icm apart, they exert a gravitational force of 5.5 x 1057

<br>

N on each other. However, atthe same distance, a

<br>

repulsive force called electric force of Fe = 2.24 x 10-24

<br>

N exists between two electrons. Electric force is 1043

<br>

times greater than the gravitational force. Thus, electric

<br>

force is very strong. Even when two protons are placed at

<br>

a distance of (apart from each other) 1 cm, an electric

<br>

repulsive force of an equal value exists. However, the

<br>

electric force of attraction between a proton and an

<br>

electron at a distance of 1 cm seems to be of equal value.

<br>

Thus, just as mass is the main cause of gravitational force,

<br>

the property of particles due to which an electric force

<br>

When there is vacuum or air medium between he

<br>

eviste hetween them is called the 'electric charge or Une charges, the electric force constant or coulomb's constant

<br>

particle. The force acting between two like Cnarges Sk= 8.9875 x 109x 10 Nm2C-2 in SI svstem. In CGS

<br>

repulsive and it is attractive between two, unike charges. system, k= 1 dyne cm c2

<br>

Foc

<br>

g192

<br>

French scientist Charles Coulomb conducted many

<br>

experiments to find the force between two electric charges

<br>

and deduced that "The electric force (Couloumbian force)

<br>

between two stationary point charges is directly proportional

<br>

to the product of their charges and inversely proportional

<br>

to the square of the distance between them." This is

<br>

Coulomb's law. This force is along the line of joining the

<br>

two charges.

<br>

:. F=k92

<br>

2

<br>

Let two stationary point charges 41 and are

<br>

separated by a distance r. The coulombian electric force

<br>

between them,

<br>

electrons

<br>

electronsin

<br>

. (1)

<br>

between them is much larger than their size.

<br>

Coulomb's law is a basic law of nature. This is rue

<br>

only for static point (electric) charges. However, this rule

<br>

same but they are of the opposite type. Conventionally can alsobe applied to largecharged objects, if the distance

<br>

Here, Coulomb's constant, k=

<br>

1

<br>

4nEO.

<br>

Where, Permittivity of Free Space,

<br>

... (2)

<br>

..(3)

<br>
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<br>

Here. Permittivity is the resistance of the medium

<br>

that impedes the electric field of the charge. If the

<br>

Columbian force between two charges in a given medium

<br>

is F then,

<br>

=8.854 x 10-12 C2INm2.

<br>

In a vacuum, F=

<br>

In the medium, Fm =

<br>

Number of electrons, n =20,

<br>

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

<br>

I=

<br>

q= ne = (10) (1.6 x 10-19) = 1.6 x 10-10 Cls

<br>

Example-1 : Calculate the total electric charge on an object that has 20 extra electrons.

<br>

Solution :

<br>

Electric charge produced per second = 1.6 x 10-10 C

<br>

Time required to produce 1C charge

<br>

1.6 x 10-10

<br>

6.25 x 10s

<br>

3.154 x 10

<br>

Solution:

<br>

= 6.25 x 10s

<br>

Example-2 : An object emits 10 electrons per second. So how long will it take to emit 1 C charge ?

<br>

Solution:

<br>

Let gi = 42 =Q

<br>

198.16 years

<br>

Q= (S x 10-10)

<br>

. (4)

<br>

Electric force. F=k 12

<br>

...
(5)

<br>

3.7 x 10-9

<br>

Q?

<br>

V8.8975 x 10

<br>

2

<br>

F

<br>

4nE)

<br>

Where, , = Relative Permittivity of medium or

<br>

dielectric constant (K).

<br>

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

<br>

is 3.7 x 10-9 N. How many electrons would have been removed from each atom ?

<br>

Q=r F/k

<br>

= &, =K ...
(6)

<br>

Permittivity of medium (e)

<br>

Permittivity of Free Space or Vacuum (Eo)

<br>

Q=(5 x 10-10) (0.6449 x 10)
= 3.22 x 10-19C

<br>

Since the relative permeability of the medium (E,), is

<br>

always greater than one, the Columbian force (F) in a

<br>

given medium is less than the force exerted in a vacuum

<br>

(F). Thus, , > 1 F, <F.

<br>

The total electrical charge of 20 electrons

<br>

q=ne = (20)(-1.6 x 10-19) =-3.2 x 10-18C

<br>

=K

<br>

Number of electrons, n = 10 electron/second

<br>

Charge of an electron

<br>

e=-1.6 x 10-19 C

<br>

Force, F=3.7 x 10-9 N

<br>

19 i

<br>

Distance, r = 5 A0 = 5 x 10-10 m

<br>

No. of electrons,n=?

<br>

Coulombian constant,

<br>

k= 8.8975 × 10 Nm²C-2

<br>

Charge of an electron,

<br>

e=-1.6 x 10-19 C

<br>
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<br>

No, of electrons,

<br>

Q_3.22x10-1c

<br>

1.6 x 10-l9

<br>

Example- 5: Find the ratio of grvitutionalforce to

<br>

Solution:

<br>

-2.01 2 clectrons

<br>

atom and the clcctrons revolving around it in an orbit of nverage: r radius. Mass ofa proton and an clectronan

<br>

m, = 1.67 x 10-kT kg and m,=9.11 x 10- kg respectively. The fundamental charge of proton and clectron

<br>

1.6 x 10-19 C. Gravitational constant G =6.67 x 10-1lNm²/

<br>

C.

<br>

Their ratio is

<br>

Between protonand electron, the Gravitationalforce is FG =G2

<br>

22.7776

<br>

101.4754

<br>

Gm m, /r

<br>

kqep

<br>

(8.8975 x 10) (1.6 x 10-19,2

<br>

Gm,np

<br>

[3] Electric Field :

<br>

electrostntic force betwccn thc protons in the

<br>

kq4p

<br>

Gmmp

<br>

(6.67 x 10-) (9.11× 10-3l) (1.67 x 10-27) 6.67 x 9.11x 1.67

<br>

x 10%0 = 0.2245 x 1040 = 2.245 x 109

<br>

8.8975 x 1.6 x 1.6

<br>

Baslc of Sclonco and Enginoeh-

<br>

/kg- and Coulombian constant k=8.9875

<br>

Coulomb's law determines the electric force acting

<br>

between (two electrically) charged objects. However, if

<br>

the number ofcharged objects (or electric charges) is large

<br>

and the charge on each is different then this calculation

<br>

becomes very complex and tedious.

<br>

This shows that electrostatic forces are ~ 2,.25 x 1039 times higher than gravitational forces.

<br>

nucleus
ofan

<br>

x 109-38+1 1+31+27

<br>

0

<br>

and Electrostatic force is F, kep

<br>

calculation of the force between electric charges has

<br>

become quite easy due to electric field concept.

<br>

(4] Electric Field (Intensity) of a Point Charge:

<br>

10N!

<br>

P

<br>

Suppose a charge (or set of charges) Q is at a certain

<br>

point in space. The test charge go placed at r distance, will

<br>

experience electric force according to coulomb's law.

<br>

What remains there around Q if go is removed ? One can

<br>

smell the blooming flowers when a garden is nearby. One

<br>

fecls heat up to a certain distance around the fire. So,

<br>

everything shows their effect in the nearest area. Similarly,

<br>

Electric charge also produces its own effect in its immediate

<br>

vicinity inspace. This effect is felt more near the charge

<br>

and gradually reduced with distance. Thus the electric

<br>

field depends only on the distance from a given charge.

<br>

This efect of an electric charge felt in the vicinity of spac| Puced at the origin O of the axes, Now a nositive test

<br>

is called the (intensity of) electric field. The SI unit of|age Yo 1s placed at the point P at a distance r in the

<br>

(intensity oñ electric field is newton/coulomb (N/C). The| Vclniy of it, Charge Q will cxert a repulsive force on it in

<br>

F

<br>

As shown in Figure let a point electric charge

<br>
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<br>

the direction ofO to P. Position ofQ should not be chanped |

<br>

due to go Test charge experiences an clectric force thnt

<br>

depends only upon the electric ficld (intensity) of O at the

<br>

P distance away from it. T he test charge qo is very small

<br>

(an-> 0), the otherwise electric ficld of go may react wvith

<br>

that of Q. Therefore we cannot find clcctric ficld ofcharoe

<br>

Q.Also note that go cannot be less than the elementary

<br>

charge of an electron (or proton) (= 1.6 x

<br>

10-19 C). Thus, by placing a positive charge go at point P

<br>

at a distance r from Q, it experiences an electric force in

<br>

the electric field of Q. This is simply called the electric

<br>

field of Q.

<br>

Electric field, E =

<br>

E=

<br>

The SI unit of an electric field is newton/coulomb

<br>

(N/C). At a given point, if the test charge does not

<br>

experience electric force, then the electric field of the

<br>

charge somewhere near that point can be said to be zero.

<br>

In equation (9), F is the electrical force acting

<br>

between Q and qo

<br>

-

<br>

F

<br>

4E0

<br>

1.

<br>

40

<br>

2

<br>

3.

<br>

... (1)

<br>

Q

<br>

Where r distance is the distance between charge Q

<br>

and point P where the electric field is to be measured.

<br>

It was Faraday who first conceptualized the electric

<br>

field. The charge (or a set of charges) that produces an

<br>

electric field is called the source charge and the charge

<br>

used to measure the electric field is called the test charge.

<br>

Taking go =1Cin equation (10), E = F occurs. From this,

<br>

the electric field can be defined as follows.

<br>

.. (2)

<br>

The force experienced by a unit positive charge at a

<br>

distance r from a charge Q (or a system of charges) is

<br>

called electric field (or electric field intensity) E at that

<br>

point.

<br>

Characteristics of Electric Field Lines :

<br>

Electric field lines start from positive charges

<br>

and end at negative charges.

<br>

The tangent drawn at any point on the electric

<br>

field lines indicates the direction of the electric

<br>

field at that point.

<br>

Two electric field lines never cross (intersect)

<br>

each other. As shown in Figure, if two electric

<br>

4.

<br>

5

<br>

6.

<br>

ficld lincs interscct cach other at any point,

<br>

then tq charge at that point cxperiences the

<br>

-

<br>

forcc in both E, and E, dircctions, which is

<br>

notpossiblc. i.c. at the interscction point of two

<br>

clectric ficld lines, two tangents can be drawn

<br>

which indicate two dircctions of clcctric ficld

<br>

and this is impossible.

<br>

P

<br>

A

<br>

21

<br>

E

<br>

The distance between the electric field lines

<br>

indicates the intensity of the electric field in

<br>

that area. The closely (Densely) arranged electric

<br>

field lines indicates a strong (high) electric

<br>

field (intensity) and vice versa. Spaciously

<br>

arranged (scattered) electric field lines indicates

<br>

weak (poor) electric field (intensity) and vice

<br>

versa. As per Figure, the number of electric

<br>

field lines passing through a plane A, is higher

<br>

than those through a plane A. Therefore, (the

<br>

intensity of) the electric field is higher in A

<br>

than that in A.

<br>

Intenslty of electric field

<br>

Electric field lines of the uniform clectric field

<br>

are mutually parallel and equidistant.

<br>

Electric field lines are imaginary, but electric

<br>

field is reality.

<br>

7. Electric Field lines are always perpendicular to

<br>

the conducting surface- in both cases, leaving

<br>
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<br>

Electric field lines do not form closed paths.

<br>

[5] Electric Flux :

<br>

flux.

<br>

Baslc of Sclonco and Englneorlny)
<br>

the electric charge or entering the clectric Figure shows thec clectric ficld lincs and the diferera

<br>

charge. This isthe reason whythe clcctric ficld| surfaccs (wlhose surfucc arca is A). Thc clectric luxiy

<br>

in the direction parallel tothe conducting surface quantity cqual tothe number ofclectric ficld lines pasing

<br>

is zero. That is, clectric force does not exist |through
(perpendicular to) a given surfacc arca.. Anclectuik

<br>

8

<br>

parallel to the conducting surface.

<br>

S, is,

<br>

Flux is the amount of matter passing through

<br>

(perpendicular to) the surface. When a rectangular frame

<br>

of wire kept perpendicular to the flow of water, the

<br>

amount of water passing through it is called the flux' of

<br>

water associated with that rectangular frame. When a

<br>

simple paper-fan (flickering) rotates in the air, the amount

<br>

of airpassing perpendicular to its plane is called the airin Eimure. The electric flux passing perpendicular

<br>

Let a surface S, is kept slanting to electric field ae

<br>

S

<br>

field is the number of field lines passing perpendicula..

<br>

the surface of a unit arca. So the number of ficld :

<br>

having an arca A is equal to EA.

<br>

E

<br>

Thus, electric flux passing perpendicular to surfar

<br>

of arcaA

<br>

o= EA cos = EA cos 00 = EA (1)= EA

<br>

..

<br><br>

As we have discussed earlier, the number ofelectric

<br>

field lines passing through a given area determines whether the electric field E and the surface S
.
Actually, angle

<br>

the intensity of theelectric field in that area is high or low.ie ormed between, the normal to the surface and the

<br>

The concept of electricflux is based on the same principle. electric field E.

<br>

Ecos

<br>

9= E. A

<br>

=EA cos

<br>

associated with that surface, can be equated to o = EA cos 0.

<br>

or NmIC.

<br>

to S, is o = EA cos 0 where 0 is the angle formed between

<br>

Electric Flux Passing Through Different Surfaces

<br>

Ecos =0

<br>

... (3)

<br>

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

<br>

angle between the direction perpendicular to S3 and E 1s = y0 so the electric flux associated with the surface is.

<br>

(= EA cos = EA cos 900 = EA(0) = 0

<br>

..
(4)

<br>

E

<br>

Similarlv. the angle between the direction perpendicular to Si and E is = 0° so the electric fuy nssocinted with

<br>

Electrical flux is a scalar

<br>

This is denoted by Equation (13). Thus, placing any surface in an clectricfield, ifthe angle bctwccn the normal

<br>

to the surface and the electric field is 0, then the flux (i.e. the number of suspended clectric lines from that surface)

<br>

quantity and its SI unit is V

<br>
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<br>

Jf the flux associated with a surlace is zero means

<br>

the number of clectric field lines passing through that

<br>

surface is zero, i.e. the electric ficld line does not pass

<br>

through that surface.

<br>

When a rectangular wire-frame is kept slanting in

<br>

the water flow, the water flowing through it is less than the

<br>

same frame is kept perpendicular in the water flow.

<br>

Because when the frame is kept parallel to the water flow,

<br>

no water passes through it. Similarly, when a paper-fan is

<br>

kept perpendicular to (in front of flowing) wind/air flow, it

<br>

rotates fast. When it is tilted it slowed down, and when it

<br>

is the direction of the wind, it almost stops rotating.

<br>

Thus, the concept of flux is very useful for understanding

<br>

many laws and their applications in electronics.

<br>

[6] Electric Potential
:

<br>

first from point A to B, then from point A to C, then from

<br>

A to D...etc. in the electric field, then thework done bythe

<br>

electric field will be obtained as...

<br>

WAB =ErAB

<br>

Wap

<br>

ErAD

<br>

WAC = ErAC

<br>

WoR Erg

<br>

... etc.

<br>

Here if point A is taken as a reference point then the

<br>

above-mentioned work depends on the location (position)

<br>

ofthat point (B, C, D, ...) only. For the sake of simplicity,

<br>

taking such a reference point at infinite distances from the

<br>

source of the electric field, is the work required to bring

<br>

the unit positive electric charge from that point to a point

<br>

in the field is given by,

<br>

VE =-E r

<br>

As discussed above, the work done by and in the

<br>

electric field in moving a unit positive charge (+ 1C) from

<br>

One thing to keep in mind is that the potential at

<br>

one point to other, depends only on the location (position)point A is not important. But only the potential difference

<br>

of thesetwo points, but not on the path connecting them.PD) between the given points A and B matters, which are

<br>

Now suppose if we displace (move) a unit positive chargeas followe

<br>

If the electric charge is shifted in the opposite

<br>

direction to the electric force, the work done upon it is,

<br>

WoR = Erg

<br>

=-k

<br>

Electric potential =

<br>

V =

<br>

W

<br>

The unit of Electric potential :

<br>

Joule (J)

<br>

= Volt (V)

<br>

Coulomb (c)

<br>

Q

<br>

The work done on charge

<br>

Electric charge

<br>

Vg-VA= -k
TAB

<br>

23

<br>

WAB

<br>

[7] Capacitance :

<br>

When two charged objects are brought into contact

<br>

with each other, the charge will be transmitted from one

<br>

object at higher potential to another object at lower

<br>

potential. This conduction will take place until the potentials

<br>

ofthe two objects are equal.

<br>

As stated earlier, a point is taken as a reference. The

<br>

potentials of the rest of thepoints are calculated by taking

<br>

the potential of the earth's surface to be zero.

<br>

As the positive charge (+Q) on the surface of an

<br>

isolated conductive sphere is gradually increased, the

<br>

electric potential (V) on the surface of the sphere and the

<br>

electric field (E) around the sphere also go on increasing

<br>

Such a position-based work is called "electric accordingly. In this process, at one stage, the sphere

<br>

Potential" at that point. Work required to be done becomes electrically saturated, means the sphere can no

<br>

against the elcctric field in bringing a unit positivelonger store more clectricity than its capacity. So, the

<br>

Charge from infinity to the given point in the electricelectric field due to the sphere becomes sufliciently strono

<br>

Ticld of a charge (or of a group of charges) is called| that it can ionize the surrounding air particlcs that the

<br>

insulating property of the air gets detroycd. Because, at

<br>

clectric potential at that point."

<br>

Electric potential is denoted by V. Thus, the electric| his point, an electric charge in addition to its ennnite

<br>

leaks from the sphere and causes ionization (separation of

<br>

potential at a point A

<br>
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<br>

surrounding air. Throughout this process, the ratio (Q/)

<br>

atomic positive and negative electric charges) of the| [9] Parallel Plate Capacitor andIts Capacitanc:

<br>

ofthe electric charge (O)onthe sphere and its magnitude parallel plate capacitor,two parallel conducting plates

<br>

Parallel plate capacitors arethe most widely used.le

<br>

() remains constant. This ratio is called its capacitance|the same area (A) are separated at very short distance
(

<br>

(C). Here, conductors of any shape can betakeninstead of| from each other where a dielectric medium (insulatitq

<br>

material) is placed between the two plates. Here ta

<br>

to the dimensions (length, width or radius) of that plate(4

<br>

distance between two plates is kept veryshort in comparisa

<br>

spheres.

<br>

Capacitance (C) =

<br>

.:. C= QN

<br>

Electric charge (Q)

<br>

Electroc Potential (V)

<br>

Potential Difference (pd) arises between two

<br>

conductors when they are placed at a short distance apart

<br>

from each other and same magnitude (Q coulomb) of

<br>

opposite charge (one is positively charged and another is

<br>

negatively charged) is stored upon them. Here, the ratio of

<br>

electric charge (Q coulomb) and potential difference (V

<br>

volt) between the two identical but oppositely charged

<br>

conductive plates kept at a very small distance apart is

<br>

called capacitance of the system made up of these

<br>

conductors.The magnitude ofcapacitance depends on the

<br>

dimensions of the two conductors, the ir relative

<br>

arrangement, the dielectric medium between them and the

<br>

distance between the two.

<br>

[8] Types of Capacitors [Only for Information] :

<br>

<<A).

<br>

The types of capacitors depending on the shape o

<br>

the conductive plate used in it are : In a Parallel-Plate

<br>

Capacitor, the flat conductor plates are kept parallel to

<br>

cach other. A capacitor in which the conductive plates are

<br>

spherical is called a sphericalcapacitor. In the cylindrical

<br>

capacitor, the cylindrical conductor plates are used.

<br>

+

<br>

+

<br>

metre

<br>

+Ve Plate

<br>

Baslc of Sclonco and Engineerleg

<br>

E = a2c0

<br>

E, o2e0..

<br>

E= sleg

<br>

A Parallel Plate Capacitor

<br>

There are different types ofcapacitors depending on

<br>

the materialused in their fabrication. Such as : Electrolytic

<br>

Capacitor, Mica Capacitor, Paper Capacitor, Film Capacitor,o and that of theother is - Q. The distance between two

<br>

Non-Polarized Capacitor and Ceramic Capacitor. An

<br>

Electrolytic capacitor uses a thin metallic film as anode

<br>

plates (d) is too short for their linear length so that d² <<A.

<br>

and apaste of electrolyte chemicalas a cathode, where the

<br>

Area of capacitor = A M

<br>

thin layer of oxide is dielectric. A mica capacitor is made

<br>

by sandwiching a thin mica sheet between the conductor

<br>

plates. A Paper capacitor is made by placing a waxpaper

<br>

between tin plates. A film capacitor is made by placing a

<br>

plastic film between a thin films of conductive metal. A

<br>

non-polarized capacitor is made by placing plastiG Tolln

<br>

it or two electrolytic capacitors are arrangea n series

<br>

connection. Ceramic capacitors containceramic dielectric

<br>

material.

<br>

Let us derive the formula for the capacitance of a

<br>

medium, as shown in Figure. The charge ofone plate is +

<br>

parallel plate capacitor with vacuum or as a dielectric

<br>

-Ve Plate

<br>

Distance between two plates of the capacitor = d

<br>

Capacitor plate charge = Q coulomb

<br>

Charge density = =Q/A

<br>

E- E +Ez

<br>

plates due to positive plate in the direction from positive

<br>

The uniform electric field in the region between twO

<br>

plate to the negative plate is E,= o/2En.

<br>

coulomb/metre

<br>

The uniform electric field in the region between to

<br>

plate to the negative plate is E, = s/2 En.

<br>

plates due to negtive plate in the direction from positih

<br>

the resultant uniform electric field

<br>

Since boththe clectric fields are inthe same direction

<br>
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<br>

A

<br>

E=

<br>

zero.

<br>

E=

<br>

280

<br>

(QA)

<br>

280

<br>

+

<br>

In the regions on the other side of the capacitor

<br>

lates electric fields E and E, being cqual and in

<br>

onnosite direction, the resultant elcctric ficld becomcs

<br>

E- E, - E, =

<br>

Q

<br>

A&0

<br>

280 280

<br>

Combinations of Capacitors :

<br>

=0

<br>

[10] Series Combination of Capacitors :

<br>

DDCETI4| 2024-25

<br>

A

<br>

+

<br>

V

<br>

C

<br>

V

<br>

Now, thc capacaitance of the capacitor is C=

<br>

C=

<br>

The potential difference between the two plates is,on the nlate area dielcctric meduim and the distance

<br>

The capacitance of a parallelplate capacitor depends

<br>

V= E.d

<br>

Qd

<br>

C

<br>

V=V, + V,+ V3 t... + V,n

<br>

Qd

<br>

There are two types of connections of different capacitors having capacitances. Two or more capacitors can be

<br>

connected in series combination or parallel combination. Equivalent, effective or resultant capacitance (C) of a system

<br>

formed by series combination or parallel combination of two or more capacitors can be found.

<br>

A co)

<br>

Asshown in Figure, capacitors having capacitances C,, C, Cz, C4,...C, are connected in series by conducting

<br>

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

<br>

f combination of capacitors.

<br>

A Eo

<br>

d

<br>

between two plates.

<br>

25

<br>

V

<br>

B

<br>

Resultant Capacitance of the Capacitors Connected in Series

<br>

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

<br>

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

<br>

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

<br>

opposite direction.) Thus, each capacitor will receive an equal charge of + Q magnitude. Since the capacitance of each

<br>

Capacitor is different, the potential difference with respect to cach capacitor is different. lf potential difference across

<br>

C, C, Cz, ., C, are Vj, V2, V3, .. V, respectively. Then V =QC, V = Q/C, V, = QUC....

<br>

In series combination of capacitors, the net (clfective) potential diflerence (V) is the sum total of individual

<br>

potential difference across each capacitor.

<br>
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<br>

The resultant capacitance in the serics combination of capacitors Is

<br>

C

<br>

+

<br>

C

<br>

C3

<br>

Ca

<br>

.. +

<br>

The value of the effective (net or equivalent) capacitance C, of the series connection of capacitors is obtainedby

<br>

summing the multiplicative inverse of the capacitance values

<br>

of each of the capacitors. The value of effecti,

<br>

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

<br>

[11] Parallel Combination of Capacitors:

<br>

As shown in Figure capacitors having capacitances C,Cz, C3

<br>

C4, ., C, are connected parallel to eachother by conducting wires and

<br>

potential difference V is given to the two common joining points of

<br>

all capacitors. We intend to obtain the resultant capacitance C, in the

<br>

parallel combination of capacitors. In parallel combination of A

<br>

capacitors, the potential difference (V) between the plates of every

<br>

capacitor is the same and it is equal to the potential difference

<br>

between their common points, however the electric charge on each

<br>

capacitor is different.

<br>

Here, Q = C{V, Q, = C,V, Q, = C,V, ..
Q, = C,V

<br>

n

<br>

The total electric charge Q, =Q, +Q+Q; + ... + Qn

<br>

, =CV+C,V+CqV+ ...+ChV

<br>

= [C,+C, + C, + ... + C,IV

<br>

- + ... +

<br>

V =V + V, + V, t ...
+Vn

<br>

The effective capacitance of the parallelly connected capacitors

<br>

C== C + C, + Cg t ...+ Ch

<br>

Baslc of Sclenco and Engineerg

<br>

Q

<br>

C3

<br>

JB

<br>

Resultant Capacitance of the

<br>

capacitors Connected in Series

<br>

B

<br>

The value of the effective (net or equivalent) capac "tance Cp of the parallel connection of capacitors is obtain

<br>

by summing the capacitance each of these capacitors. The ralue of effective capacitance is even biGher thon the langest

<br>

value of capacitance in the combination.

<br>

In a series or parallel connection capacitor, the electric currentis generated only where the battery is
connectev

<br>

to the capacitor plate. In the rest of the plates, only the shifting of the charge ocer

<br>



Electrlc Current

<br>

Example-1 : Calculate the capacitance of a parallcl plate capacitor if 1mm distance is kept between the plates

<br>

of 1 mm sides.

<br>

Solution
:

<br>

Capacitance of a parallel plate capacitor,

<br>

C=

<br>

=8.85 x 10- F =8.85 nF

<br>

Solution:

<br>

8.85 x 10l2x 10-6

<br>

Example-2 : What should be the length and width of two parallel plates separated by a distance of 1 mm in a

<br>

capacitor to obtain 1 F capacitance ?

<br>

Area of each plate in the parallel plate capacitor,

<br>

A =Cd lx10-3

<br>

Length = Width Side ofthe capacitor

<br>

10-3

<br>

I=WA=13x 10°

<br>

Solution:

<br>

Each plate should have atleast 10 km sides.

<br>

C=

<br>

8.85 x 10-12 =113 x 10,2

<br>

Key A

<br>

. C=

<br>

Example-3 : Caleulate the capacitance of two plates of 100 cm x 100 cm of a parallel plate capacitor separated

<br>

by a 2 mm thick glass plate of diclectric constant, K = 4.

<br>

Capacitance due to medium of dielectric consant K is given by,

<br>

4x 8.85 x 10-1x1

<br>

combination

<br>

+

<br>

2x 10-3

<br>

1.06x 10 m

<br>

Equivalent capcacitance for the series

<br>

C

<br>

+

<br>

10 15

<br>

Side = Length = Width =1 mm = 10-3 m

<br>

Area of each plate, A = Imm² = 10- m?

<br>

Distance between two plates, d= 1 mm= 10- m

<br>

Absolute permittivity, E =8.85 x 10-12 F/m

<br>

C, = 30/11 = 2.72 F

<br>

= 1.77 x 107° farad

<br>

Example-4 : Obtain equivalent capacitance for series and parallel combination of 3 capacitors having

<br>

capacitances 5 uF, 10 HF and 15 uF respectively, where a potential difference of 4 V is given by the battery.

<br>

Solution:

<br>

6+3+2 11

<br>

Distance between two plates, d=1mm= 10-3 m

<br>

Absolute Permittivity, & =8.85 x 10-12 F/m

<br>

Length = Width = Side of the plate =?

<br>

30

<br>

30

<br>

Area of each capacitor plate

<br>

A= 100 x 100 = 10 cm2 = lm²

<br>

Distance btween two plates,

<br>

C, =C,+C, +C;

<br>

d=2 mm =2 x 10-3 m

<br>

Dielectric constant, K=,=4

<br>

Absolute permittivity,

<br>

27

<br>

Eo = 8.8S x 10-12 F/m

<br>

Equivalent capcacitance for the parallel combination,

<br>

C =5+ 10 + 15= 30 uF

<br>



8.

<br>

28

<br>

2

<br>

Ans. : (A)

<br>

3.

<br>

7.

<br>

4.

<br>

5.

<br>

If thedistance between two charges is doubled then 9.

<br>

the force between them becomes...

<br>

(A) /4h

<br>

(C) Half

<br>

Ans. : (D)

<br>

6.

<br>

(C) Nm/C

<br>

The SI unit of electric permittivity is....

<br>

(A) Nm?/C2

<br>

Ans. : (D)

<br>

(A) C/m

<br>

(C) C/m²

<br>

Ans. : (A)

<br>

The SI unit of electric field is..

<br>

(A) 1500 N/C

<br>

(C) 200 N/C

<br>

Electric field lines are ...

<br>

(A) Imaginary

<br>

(B) omnipresent

<br>

If a force of 2.25 N is applied to a charge, the

<br>

intensity of the electric field at that point is

<br>

Ans. : (A)

<br>

Come closer.

<br>

work done on it is 10 J.

<br>

(A) 25 V

<br>

Ans. : (A)

<br>

Multiple Choise Questions (MCas)

<br>

(C) 2 V

<br>

(B) Double

<br>

(C) found near charge only

<br>

(D) Four times

<br>

(D) exist only when positive and negative charges

<br>

are placed on it.

<br>

(B) A/m

<br>

(A) -1.6 x 10-11

<br>

(C) 1.6 x 10-11

<br>

Ans. : (A)

<br>

(D) CNm2

<br>

The potentialdifference between two point is

<br>

when a 5C charge is displaced by 0.5 m, and the

<br>

(B) A/m

<br>

(A) double

<br>

(C) qudruple

<br>

(D) N/C

<br>

Ans. : (C)

<br>

(B) 15000 NIC

<br>

(D) 150 N/C

<br>

(B) 0.25V

<br>

(D) 1 V

<br>

When the electric charges of two point charges are

<br>

doubled, the electric force between them will be

<br>

(B) -1.6x 10-19

<br>

(D) 1.6 x 10-19

<br>

An object receives ......C charge when 108 electrons 14,.

<br>

(B) half

<br>

(D) zero

<br>

Ans. : (C)

<br>

11.

<br>

10. The fundamental clcctric

<br>

The Sl unit ofclcctric flux is

<br>

(A) Vm

<br>

12.

<br>

(C) (A) and (B) both

<br>

Ans. : (D)

<br>

Ans.

<br>

(A) 1.6x 1019

<br>

(C) 1.6 x 10-9

<br>

Ans. : (C)

<br>

(A) 6.25x 1028

<br>

(C) 6.25 x 1018

<br>

Ans. : (B)

<br>

13.

<br>

Baslc of Sclonco and Englneerlng

<br>

One coulomb charge = ......

<br>

distance between them.

<br>

(A) addition, difference

<br>

(C) difference, square

<br>

Coulomb constant, k=

<br>

:(A)

<br>

(C) 1.6 x 1019C

<br>

Ans. : (A)

<br>

(B) Nm/C

<br>

(D) None

<br>

The electric force acting between two point charges

<br>

is directly proportional to the

<br>

of their charges

<br>

and the inversely proportional to the.. of the

<br>

(A) 6.52 x 108s

<br>

chargc, e

<br>

(C) 0.625 x 108s

<br>

Ans. :(B)

<br>

(B) 1.6 x 10-31

<br>

(A) 1/4TE0h (B)

<br>

(D) 1.6 x 10-19

<br>

..C

<br>

electrons.

<br>

(B) 0.625 x 1018

<br>

(D) 62.5 x 1018

<br>

If an object has an extra 100 electrons. what is the

<br>

total number ofcoulomb charges on it ?

<br>

(A) -1.6 x 10-19c

<br>

(B) product, square

<br>

(D) ratio, sqare

<br>

1

<br>

(D) 47E0

<br>

how long will an objecttake to emit 1 C charee ifit

<br>

emits 100 electrons per second ?

<br>

(B)-1.6 x 10-9C

<br>

(D) 1.6 x 10-9C

<br>

(B) 6.25 x 108g

<br>

(D) 62.5 x 108s

<br>
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<br>

16.

<br>

17.

<br>

18.

<br>

Ans. : (D)

<br>

19.

<br>

A tangent drawn at any point on an electric field| 23.

<br>

line, indicates the direction of.

<br>

(A) magnetic field

<br>

20.

<br>

(B) electromagnetic forces

<br>

(C) electric current

<br>

21.

<br>

(D) electric field

<br>

Ans. : (C)

<br>

22.

<br>

Electric flux, () =

<br>

(A) E A

<br>

Ans. : (C)

<br>

(C) (A)and (B) both

<br>

(C) (A)and (B) both

<br><br>

The SI unit of electric potential is ..........

<br>

(A) J/C

<br>

Ans. : (D)

<br>

(A) 8.854; C2/Nm2

<br>

(C) 8.854; Nm²/C2

<br>

Ans. : (B)

<br>

Ep =...... X 10l and its unit is...

<br>

(A) 50 cm

<br>

Ans. : (C)

<br>

....... at that point.

<br>

(B) EA cos

<br>

(C) 4 m

<br>

(D) None

<br>

lost

<br>

(B) Volt

<br>

A glass rod when rubbed with silk cloth, caries an

<br>

electric chargc of 8 x 10-12 C. In this process,

<br>

clectrons have been
...

.by the glass rod.

<br>

(A) Sx 10-7, received (B) 5 x 10", lost

<br>

(C) 2 x 10-8,

<br>

Ans. : (C)

<br>

(D) None

<br>

(B) 8.854; F/m

<br>

The clectric field (intensity) of a point at a distance

<br>

of 2 m from a point charge is 400 V/m. At what

<br>

distance will this intensity becomes 100 V/m ?

<br>

(D) (A) and (B) both

<br>

(D) - 8 >x 10-12, 1lost

<br>

(C) 15 cm from charge Q

<br>

(D) 5 cm from charge Q

<br>

(B) 4 cm

<br>

(D) 1.5 m

<br>

Two point charges + 4Q and + Q are kept 30 cm

<br>

apart. At what point does the electric field intensity,

<br>

on the straight line joining them, becomes zero ?

<br>

(A) 25 cm from charge Q

<br>

(B) 7.5 cm from charge Q

<br>

24.

<br>

The number of electric field lines passing

<br>

Absolute permittivity or permitivity of free space is, through a given surface is known as electrie

<br>

Ans. : (A)

<br>

25.

<br>

26.

<br>

The charge density of two oppositely charged and

<br>

parallel plane conductor plates is . The electric

<br>

field intensity outside them will be...

<br>

(A) 0

<br>

(C) - o/2eo

<br>

Ans. : (B)

<br>

27.

<br>

28.

<br>

(A) kg2

<br>

The electric field intensity E at the distance d from

<br>

an electric charge will be.

<br>

(C) K²qr2

<br>

29.

<br>

Ans. : (A)

<br>

is

<br>

(A) Vector
,

N/C

<br>

Anelectric field is a......... quantity, and its SIunit

<br>

(C) Scalara, C/N

<br>

(A) parallel, flux

<br>

Ans. : (C)

<br>

(B) perpendicular, density

<br>

(C) perpendicular, flux

<br>

(D) perpendicular, density

<br>

(A) scalar, V/m, Nm²C-1

<br>

(B) + o/ 2E0

<br>

(D) o/e

<br>

or

<br>

An electric flux is a ..........quantity having SI unit

<br>

(B) vector, Vm, Nm?C-2

<br>

(C) vector, V/m, Nm2C-1

<br>

(D) scalar, Vm, Nm²c-1

<br>

Ans. : (D)

<br>

(A) E A, EA sin 9

<br>

Ans. : (B)

<br>

(B) kqlr2

<br>

(D) Kglr2

<br>

(C) E B, EB cos 0

<br>

(B) Scalar, N/C

<br>

Electric flux, ..F..*e

<br>

(D) Vector, N/C2

<br>

(A) d>land d > b

<br>

(C)

<br>

Ans. : (D)

<br>

>>A

<br>

29

<br><br>

If two capacitor plates of length , width b and

<br>

thickness and area A are separated by distance d,

<br>

then

<br>

(B) E A, EA cos

<br>

(D) None

<br>

(B) d= 1and d = b

<br>

(D) A >> d

<br>
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<br>

30.

<br>

31.

<br>

The unit of capacitance is

<br>

called

<br>

Ans. : (C)

<br>

32.

<br>

35.

<br>

(A) Q/C, F

<br>

(C) QN, F

<br>

34.

<br>

is knovwn as

<br>

Ans. : (D)

<br>

The law, governing the force between electric charges

<br>

(A) Ampere's law

<br>

(C) Faraday's law

<br>

(C) does not change

<br>

Ans. :(B)

<br>

33.

<br>

(A) decreases

<br>

The cpacitance of a capacitor..........if an

<br>

insulating dielectric material is placed between two

<br>

plates of it.

<br>

(B) summing squares of

<br>

(C) taking product

<br>

Ans. : (D)

<br>

(D) summing

<br>

The effective capacitance C, of the parallel

<br>

combination of capacitors is obtained by summing

<br>

the capacitance each of these capacitors.

<br>

(A) summing multiplicative inverse

<br>

(B) C/V, oF

<br>

(D) C, F

<br>

(B) summing squares of

<br>

(C) taking product

<br>

(B) Ohm's law

<br>

(D) summing

<br>

Ans. : (A)

<br>

(D) Coulomb's law

<br>

The effective capacitance of the series connection

<br>

of capacitors is obtained by ....
of each individual

<br>

capacitor.

<br>

(A) summing multiplicative inverse

<br>

(B) increases

<br>

(A) 12

<br>

(C) 1200

<br>

Ans. : (A)

<br>

it is also 36., When a slab with K3 diclectric constantisplaced

<br>

betwcen two plates of a capacitor, its capacitance
i,

<br>

15 uF. If there is air betwccn the platcs of this

<br>

(D) becomes zero

<br>

The capacitance ofa parallel plate capacitor is 5 uE.

<br>

Its capacitance is 60 F if a dielectric object is

<br>

placed between its two plates. Obtain the dielectric

<br>

constant (K) of the material.

<br>

(B) 120

<br>

(D) 1.2

<br>

37.

<br>

Ans. : (C)

<br>

38.

<br>

capacitor, what will be its capacity ?

<br>

(A) 5 pF

<br>

(C) 5 uF

<br>

e

<br>

Ans. : (B)

<br>

40.

<br>

(A)

<br>

The force exerted by one plate on another plate i.

<br>

parallel plate capacitor is given by F =..

<br>

(C)
C'y2

<br>

Ans. : (A)

<br>

2Cy2

<br>

d

<br>

(A) 1Nm-2c-!

<br>

2d

<br>

(C) 10 Nm2c-!

<br>

Ans. : (D)

<br>

proton is

<br>

(A) 1.6 x 1019

<br>

Calculate the electric flux passing through a square

<br>

of 100 cm² area that kept perpendicular to an

<br>

electric field of 100 N/C at some point in space.

<br>

(C) 9.11 x 10-31

<br>

Boglc of Sclonco and Engincerlng

<br>

39. The fundamental electric charge on an electron or a

<br>

(A) 1 volt =

<br>

(B) 1 volt =

<br>

IAns. : (A)

<br>

(C) ljoule =

<br>

(D) 1 joule

<br>

1joule

<br>

I coulomb

<br>

(B) 5 nF

<br>

(D) 5 F

<br>

lcoulomb

<br>

ljoule

<br>

l volt

<br>

Icoulomb

<br>

(B)

<br>

The relation between joule and volt is

<br>

Icoulomb

<br>

(D)

<br>

1 volt

<br>

Cy2

<br>

2d

<br>

CV

<br>

2d

<br>

(B) 0.1 Nmc-1

<br>

(D) 1 Nm'c2

<br>

(B) 6.1 x 10-19

<br>

(D) 1.6 x 10-19

<br>


