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ﬁ%f Electric Charge

An electric charge is one of the fundamental properties of matter that determines
its electric and magnetic properties

The smallest and the most elementary charge is the charge of 1 electron
The SI unit of charge is coulomb

An electron has a charge of 1.6 x 10 "coulomb (C).

No object can have a charge less than the charge of 1 electron.

Thus, a charge of 05 x 10 °C or 1.6 10 2°C is not possible.

The charge on a body will always be a multiple of the charge of an electron.
Hence, the charge of an electron s also called the fundamental charge.

Exercise |

Q.1 Electric charge determines the and ___ properties of a
matter

Q.2 S.1. unit of charge is

Q.3 An electron has a charge of C.

0.4 The charge on a body always exists as a of the charge of an
electron.

Q.5 Fundamental charge is the charge of
Electric Current

An ordered motion of charged particles in a definite direction wed as

electric cusre nitude is determined by the amount of net ¢ owing

through a pe to the direction of the flow in unititime.
If we abs ti a current
carrying

20C/4s =

Ampereisa-fu lomb'is derived from a . S0 1C/s=1A

Hence, in the above case; W8 FHYRY (W3fh Innoyation......

From the definition of electric current, the formula for calculating electric
current can be derived as

I=Q/t

Where | stand for current, Q for charge and ‘t’ for time taken

Exercise Il

Q.1 Which quantity determines the magnitude of electric current?

Q.2 Sl unit of electric current is

Q.3 10 C of net charge flows across a cross section of a current carrying wire in 5
seconds What will be the magnitude of the current through the wire?

Q4 Which of the following is a fundamental unit?

(a) Coulomb (b) Ampere

Q.5 4 A of current passes through a wire in 0.5 seconds. Calculate the amount of
charge flowing through the wire

Potential

Consider a 1 kg mass lying on the ground floor. It is not capable of doing any
work. But if it is taken to the first floor it now has the capability to do work. It
has gained the ability to do work because of its position. Hence it has some
potential to do work. This capability comes from the fact that we have done some
work on the mass against the force of gravity which gets stored in it in the form

[
Page 1 of 6 LEARNING WITH INNOVATION.... IL. Al3ATS
) deademy

earning With Innova tion......

ABHYAS Academy, Behind Pragat Shiv Mandir, Near Govt. College, Nishat Cinema Road, Ambala Cantt.
Ph No. +91-171-2631595, 9416541198, e-Mail: anusethi1968 @yahoo.com Website: www. abhyasonline.in




10" — Physics Electricity |

‘4
éﬁf of energy. Also, we know that anybody possessing energy has the ability to do
J some work.

So, by this, we understand that the ability (potential) of 1 kg mass to do any
work is zero at the ground level and it increases with the increase in the height.

Electric potential is also similar. Let us assume a large

positive charge Q kept at point 0 as shown below:
Now Q can influence other charges that come in its vicinity.
Let us hold a ball of charge +1 C near the charge Q at point A, x .O
units from 0.

Electric potential is a scalar
quantity and it refers to the '
potential energy per unit charge @

A

associated with a position under @
o®
‘ ——— e

the influence of a charged body.

Its S | unit is volt. Suppose a

charge of 3C is placed at a point

A having 10 V potential, then the charge is capable of doing 30 J of work. Thus,

we can define the work done by a charge in moving from one point to another in

an electric field, as the product of charge and potential at that point
W=vVQ

We know tha 0, the above equation can also be written as .

W- @
Potential Dif
Let us consid ged i fluence is
created inth ings
We have two an i pt at point 0.
If we plac a i hen at/By in whichcase u think the

capability to do work will' bethe'maximum? .
The capability will be grehteP Whéh ghd\Chafgénnovation......

is placed at point A because the force of A

A . 2 x x B
repulsion is greater at point A, Now if we allow :
the charge kept at A to move freely. it will 0
move towards B which is at a lower potential?
Where do you think will the charge stop?
Hence, we can conclude that:
A charge, free to move will always move from a higher potential to a lower
potential.
Exercise Il
Q.1 Potential is a quantity.
Q.2 What is the SI unit of electric potential?
Q.3 The potential at a point A is 5 V and a charged body of 2 C is kept at that
place. What does it mean?
Q.4 A charge, free to move will always move from a potential to a

potential.

Q.5 Calculate the work done in moving a charge of 5 C through a 10 V battery
Q.6 30 J of work is done on a charge while it moves through a region of 1 5V
potential difference. Calculate the magnitude of the charge.
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Q.7 50 mA of current is generated through a circuit switched on for 5 minutes. If
the potential difference within the circuit is 6 V, calculate the work done in
moving the charge
Q.8 30 J of work is done in moving a charge through an electric circuit having a 10
V battery If 5 A of current is passing through the circuit, calculate the duration
for which current will flow.
Electrons As Charge Carriers

Metals are good conductors of electricity because they have a sea of
valence electrons. If we study the electronic configuration of a copper atom.
Electronic configuration of Cu atom is 2, 8, 18, 1
From the structure of copper atom, it is clear that there is one electron in its
outer most shell. This valence electron is loosely bound to the nucleus. This
electron becomes free to move around in the
intra-atomic spaces when it gains some energy.
In the interatomic space, there is a sea of free
electrons which move randomly. The situation is
similar to a room full of people where everybody
is trying to move in a different direction.
Similarly, there is only a chaos but no net
movement of electrons.

The lectrons is due to the

internal e
o) rg e more will be
ents do not

increased
Interatomlc space ;

its tempe
So,inam
happen b
orientedsi

they are moving in diff rﬁ-gég]{f"ﬂlﬁnw' Q;/Q.\O 3@: Q IO@

To get them moving, we

them a definite direction. O\ O O*»O.\ QOI O OIO

To give a direction to the randomly

moving electrons, we need to apply a Q;\QV OQQ*O.QQ,} O\O

potential difference across the

conductor
Applying a potential difference across [T ]
points A and B on the conductor A B

means we are keeping point A at

potential V1 and point B at potential

V2. For example, we keep point A at 10 V and point B at 12 V The potential
difference across two points will be 2 V. We know that charged particles move
from a higher potential to a lower potential. So, all the current start flowing from
point B to point A.

Now, a question arises as to what happens to the charge carriers that reach point
A? If we need a continuous flow of charge carriers through the wire, point B
should be able to supply unlimited number of charge carriers, and this again
seems to be an impossible situation.
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The solution is provided by a simple device called a cell which serves as a charge
pump. A cell not only provides the potential difference but also recycles the
charge carriers. Let us see how.

The ends of the cell are at different
potentials. The end that has a higher
potential (H) is connected to B and the end
that has a lower potential (L) is connected +
to A. As the charge carriers reach A, they H
are directed towards the low potential Cell
terminal of the cell. Once they reach the , |
low potential terminal after dissipating
energy. Chemical energy of the cell pumps them up to the terminal at the higher
potential from which they reach B and the cycle continues.

Exercise Il

Q.1 Which energy is responsible for the motion of electrons inside a conductor?
Q.2 What should be done to give a particular direction to the randomly moving
electrons inside a conductor?

Q.3 Which of the following statements is true, when an external source of
electrical energy is provided with, in a circuit?

(i) Charged particles move from lower to higher potential .
(ii) Charged p move from a higher to a lower potential.
Q,4 What sho to.maintai ontinuous flow of electrons from . end

to theloth
Q.5 Inime
Circuit:
When the
circuit

(o)
a continuous >th is called a
The main components of a‘circuit ar

(A) A Source Of Potential-Bifferdrit@: \NeVifed SUtR ¥9dd®Ngenerators, etc. act

as sources of potential difference. A source can increase potential difference if

connected in a right manner.

(B) Load : A load is a device that consumes electrical energy and liberates other
forms of useful energy. Bulbs, heaters, ]
toaster etc. are all loads. A load usually ]
decreases the potential. Drecton Connecting wire
(C) Connecting Wires :To maintain «
continuity in a circuit we need to connect

the different components together through a 1

path of zero resistance This path is provided Source
by the connecting wires i
In a circuit, the direction of the flow .
of current is taken to be from the positive Direction of current in a circuit Electron flow
terminal towards the negative terminal. . )
This is called the direction of conventional Comentona! - pm—
current but the actual flow of electrons is current
from the negative terminal to the positive
terminal.
[ toas |
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Resistance In A Wire: As we have discussed earlier, the free electrons are in
random motion within a metallic wire The electrons collide with the kernels in
the crystal and increase the internal energy of the wire, thus, increasing the
temperature.

Resistance is that property which limits the amount of current that flows through
a metallic conductor Mathematically, t is defined as the ratio of potential
difference applied across a conductor and the current through the conductor.

Resistance (R) = __potential difference applied (V)
current due to movement of electrons(!)

Exercise IV

Q.1 What is an electric circuit?

Q.2 Categorize the following as sources and loads:

Cell, bulb, heater, generator, television

Q.3 A load usually the potential difference

Q.4 What is the need of connecting wire within a circuit?

Q.5 Conventional current always flows from terminal to terminal
of a cell.

Q.6 Direction of flow of electric current is to direction of th' of

conventiopal
Q.7 Resistanc pe terial which opposes the flow of ‘
through a
Q.8 Matchith .
Physical quan U]
(a) Charg (i
(b) Curren (
(iii

Resi
fg))pﬁf::figfe I(,e,)l:\gning With Innovation......

Resistors
Resistors are two terminal devices which provide resistance to the flow of
current. A resistor typically decreases the potential in a circuit. The decrease in
potential (potential drop) is calculated as the product of the current flowing
through the resistor and its resistance.
AV 1 =1IR
The SI unit of resistance is ohm (Q). One ohm is defined as the resistance of a
conductor across which a potential difference of one volt generates 1 ampere of
electric current.
Let the potential at one end (A) of the resistor, as shown in the following
diagram, be 10 V. oV

The potential drop across the resistor = A A A.__B
2Ax3Q=6V A 30
Hence, the potentialat B=10V -6V =4V
Potential drop across a connecting wire is zero as connecting wires are supposed
to have a negligible resistance. All the points
A, B, C and D are at the same potential. 10V

8
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éﬁt Specific Resistance or Resistivity: When the potential is applied at the end

J points of a conductor, the resistance of that conductor is directly proportional to
the length of the conductor.

Ral (i)

it has been observed that resistance is inversely proportional to the area of cross
section of the conductor

Ra1/a (i1)

By combining (i) and (ii), we get
Ral/a

R=p l/a

Here p is the constant of proportionality and is called the electrical resistivity of
the material of the conductor. It is the characteristic property of the material.
S| Unit Of Specific Resistance

We know that R =p l/a

Or p=Ra/l or p= ohm X m*/m or p= ohm m

The specific resistance is measured in Qm. Electrical resistivity is the measure of
the strength of a material’s opposition to the flow of electric current. A low
resistivity indicates that the material readily allows the movement of electric
charge. The metals and alloys have very low resistivity having range 10 QOm to
10® Om Cm, Electric resistivity of metals increases with temperatur o, at a

high tempera e resistance of a metal increases linearly with

temperature. ‘

Exercise

Q.1 Resistanc allic n i h eter of the

wire is 1 he r;

0.2 How S nc llic'Wwire get affected whe area of cross
ou

section b . u ging/ the original/length

Q.3 The resistance of a‘wire‘of unif diameter d’ and length U’s ‘R’. Calculate

the resistance of another Wird/df tﬁ@s%bﬂﬁa‘t@r‘?&? With!@dmeter2 d and length

41

0.4 The resistance of a 20 cm long wire is 50 ohm. The wire is stretched to a

uniform wire of 40 cm length Calculate the new resistance in ohm.

Ohm’s Law: This law states that in an electric circuit, the current flowing

through the conductor is directly proportional to the potential difference across

its two ends -

Val i

Here. | is the current and V is the potential difference

The graph of the current and voltage of an ohmic conductor ‘

is a straight line through the origin Slope of the graph s

given by A I/A V which indicates 1/R. Resistance (R) of a

conductor is a material property N
Note that ohm’s law applies (i.e resistance is constant)

only when the physical conditions remain constant These conditions are.

e temperature

« strong magnetic field strain

« light

+
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