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CURRENT 
Strength of current in a conductor is defined as, 

“Number of coulombs of charge which pass any section of the conductor in one second.” 
Mathematically, 

I =
∆q

∆t
 

Unit, 
Its S.I. unit is Ampere (A)  = Coulomb/second. 

Direction of Current 
The direction of current is taken from positive to negative terminal of a battery. Since the 
amount of negative charges that flows in one direction is the same as one can think the 
positive charges that flows in opposite direction. Therefore, the direction of electric current 
is taken from positive to negative terminal and called as conventional current. 

OHM’S LAW 
Statement, 
“If physical state and temperature of the conductor remains constant then current passing 

through the conductor is directly proportional to the potential difference applied across the 
conductor” 

Mathematical Form, 
Consider a conductor in which current “I” is passes due to some potential difference “V” 
applied across the conductor then according to the law, 

I ∝ V 
I = KV 

where ‘K’ is called conductance of a conductor which is inversely proportional to the 
resistance of the conductor, therefore, we may write 

K =
1

R
 

Hence, above equation can be written as, 

I =
1

R
V 

Or, 
V = IR 

Limitation of the Law: 
Ohm’s law valid if the resistance of the conductor doesn’t 
change. Since resistance depends upon temperature i.e. with 
the increase in temperature resistance increases and vice versa. 
From the graph Ohm’s law is verified up to a certain range of voltage but after that the 
temperature of conductor no more remains constant and thus Ohm’s law is not verified, 
and curve is obtained instead of straight line. 



RESISTANCE 
“The opposition in the flow of current is called resistance” 

 
Resistance in a conductor is due to collisions of electron with the vibrating atoms of the 
conductor. If the temperature of the conductor increases, then the amplitude of vibration of 
atoms increases which results in increment of resistance. 
 
The S.I. unit of resistance is Ohm (Ω) 

RESISTIVITY 
“The resistance of a conductor in unit area of cross section per unit length is called 

resistivity.” 
Mathematical form, 
Consider a conductor of length ‘L’ cross sectional area ‘A’ and resistance ‘R’ then it is 
experimentally proved that resistance of the material depends on the following factors. 
• Resistance of a material is directly proportional to the length of conductor. 

R ∝ L 
• Resistance of a material is inversely proportional to the area of conductor. 

R ∝
1

A
 

• It also depends upon the nature of conductor, 
Combining both we get, 

R ∝
L

A
 

R =
ρL

A
 

where ′ρ′ represents the resistivity of the conductor. 
Unit, 
The S.I. unit of resistivity is ‘Ωm’ 

EFFECT OF TEMPERATURE ON RESISTANCE 
As resistance also depends upon temperature such that the resistance of a conductor 
increases as temperature increases. Due to which resistivity also changes with the 
temperature. 
 
Consider a conductor whose resistance is R0 at 0oC, if the temperature rises to 𝑇𝑜𝐶 then 
resistance changes to RT. 
It is experimentally proved that change in resistance is directly proportional to the change 
in temperature, 

∆R ∝ ∆T 
Also, it also depends upon the initial resistance, 

∆R ∝ Ro 
Combining both, we get 

∆R ∝ Ro∆T 



∆R = (constant)Ro∆T 
∆R = αRO∆T 

where α is called is temperature coefficient of resistivity. 
RT − Ro = αRo∆T 
RT = Ro + αRo∆T 
RT = Ro(1 + α∆T) 

But as we know that 

R =
ρL

A
 

therefore, we may substitute it accordingly 

ρT

L

A
= ρ

L

A
(1 + α∆T) 

ρT = ρ(1 + α∆T) 
where, ρT and ρ are resistivity of the material at 𝑇𝑜𝐶 and at 0oC respectively. 

Temperature Co-efficient of Resistivity: 
“The fractional change in resistivity per degree rise in temperature is called temperature 

coefficient of resistivity” 

α =
∆ρ

ρo∆T
 

Its S.I. unit is K−1. 
 

COMBINATION OF RESISTORS 

PARALLEL COMBINATON: 
“The combination of resistors in which they have multiple paths for the flow of current is 

called parallel combination.” 

Equivalent Resistance: 
Consider “n” Resistors having resistance R1, R2 -------- Rn are connected to a battery of 
potential difference “V” in parallel combination.   
Since all resistors are directly joint to the 
battery, therefore their voltage will be equal to 
the voltage of the battery.     

V1 = V2 = V3 = − − −=  Vn =  V 
Different magnitude of current pass through 
each resistor according to its resistance and 
their sum gives the total current, If I1, I2, I3 ------
------ In are the currents flowing through 
different resistors then we can write, 

I = I1 + I2 + − − − + In 
But according to Ohm’s law I = V/R hence, 

V

R
=

V

R1
+

V

R2
+ − − − +

V

Rn
 



V

R
= V (

1

R1
+

1

R2
± − ∓

1

Rn
)  

1

R
=

1

R1
+

1

R2
± − ∓

1

Rn
 

Result: This equation shows that the equivalent resistance would decrease. 

Series Combination 
“The combination of resistors in which they have one path for the flow of current is called 

parallel combination.” 

Equivalent Resistance: 
Consider ‘n resistors having 
resistances R1, R2, --- Rn are 
connected to a battery of 
potential difference V in series 
combination. 
Since all the resistors are joint in 
a row to the battery, therefore 
their current will be same. 

I1 = I2 = I3 = − − −= In = I 
Different potential differences appear across each resistor according to its resistance and 
their sum gives the total potential difference of the battery then we can write, 

V = V1 + V2 ± − ∓ Vn 
But V = IR, therefore, 

IR = IR1 + IR2 + − − − + IRn 
IR = I(R1 + R2 + − − − + Rn) 

𝑅 = 𝑅1 + 𝑅2 + − − − + 𝑅𝑛 
Result: The equation shows that the equivalent resistance would increase. 

INTERNAL RESISTANCE 
“When current passes through a source of potential difference such as battery then it 

experiences some opposition within the source and this opposition in the flow of current is 
called internal resistance.” 

ELECTROMOTIVE FORCE (E.M.F.) 
“Electromotive force is the potential difference appears across the two terminals of a 
source when there is no current passing through it or its internal resistance is zero.” 

When current passes through a circuit of any resistance, electron losses their energy in the 
resistance and for continuous flow of the current there requires a source of energy which 
supplies energy to the electrons and this source is called electromotive force. 
  



 
Mathematical Form: 
Let a resistor ‘R’ is connected to a source of 
E.M.F. ‘𝜉’ like a battery. When the circuit is 
switched on then current ‘I’ passes through 
the resistor due to potential difference across 
the resistor. When this current pass through 
the battery then due to internal resistance ‘r’ 
of the source some potential drops across it 
and remaining potential appears at the two 
terminals of the load, hence E.M.F. of the 
source divided into two parts which can be 
written as, 

𝜉 = 𝑉 + 𝑉𝑟 
where, 𝑉 is the potential appeared at the load and 𝑉𝑟 is the potential drop due to internal 
resistance of the source. 
Or we may write, 

𝜉 = 𝐼𝑅 + 𝐼𝑟 
Terminal Voltage 
“The potential difference appears at the tow terminals of a source in the presence of 
internal resistance and a current passing through it, is called terminal voltage. To find an 
equation for terminal voltage we may consider above equation, 

𝜉 = 𝑉 + 𝑉𝑟 
𝑉 = 𝜉 − 𝑉𝑟 
𝑉 = 𝜉 − 𝐼𝑟 

Charging a Battery: 
While charging a battery, the potential applied across the battery must compensate the loss 
due to internal resistance of the battery, therefore the above equation for charging a 
battery can be written as, 

𝑉 = 𝜉 + 𝐼𝑟 

POWER DISSIPATION IN RESISTORS 
When a resistor ‘R’ is connected to battery then a potential difference appears at the two 
ends or the resistor causing a current ‘I’ in the circuit. As the moving electrons pass through 
the resistor they collide with the atoms and heat is produced due to the loss of kinetic 
energy of the moving electron. Battery does work on the electrons to overcome this loss by 
its potential difference, thus the energy dissipated by the moving electron can be written 
as, 

𝑊 = 𝑞𝑉 
and power dissipated as heat is, 

𝑃 =
𝑊

𝑡
 

𝑃 =
𝑞𝑉

𝑡
 



𝑃 = 𝐼𝑉 
Using Ohm’s law 𝑉 = 𝐼𝑅, we can substitute V with IR, we get, 

𝑃 = 𝐼(𝐼𝑅) 
𝑃 = 𝐼2𝑅 

Also, again using Ohm’s law we can substitute I with V/R, we get 

𝑃 = (
𝑉

𝑅
) 𝑉 

𝑃 =
𝑉2

𝑅
 

ELECTRICAL ENERGY IN A CIRCUIT 
As we know that, 

P =
W

t
 

Or, 
W = Pt 

we may write P = VI, 
W = VIt 

The work is done as due to electrical energy therefore, 
Electrical Energy = VIt 


