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1. Heating Effect of Current, Joule’s Law, Experimental verification of Joule’s law, Elec-
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0.1 Heating effects of current .............
• (2013) Heating effect of current: The phenomenon of production of heat in a resistor

by the flow of an electric current through it is called heating effect of current or Joule
heating.

• Joule’s law: According to this law, heat produced in a resistor is,

1. Directly proportional to the square of current for a given R.

2. Directly proportional to the resistance R for a given I.

3. Inversely proportional to the resistance R for a given V, and

4. Directly proportional to the time for which current flows through the resistor.
Therefore,

H ∝ I2

H ∝ R
H ∝ t

⇒ H = I2RtJoule

or H =
I2Rt
4.18

cal

(1)

• Proof of Joules law of heating We know that electric potential,

V =
W
q

(2)

where W is the work done. From Ohm’s law,

V = IR (3)

And from the definition of current we have,

I =
q
t

(4)

From all the equations we get,

W = qV = (It) · (IR)

⇒W = I2Rt
(5)

This amount of work done results the heat production and therefore,

H = I2RtJoule (6)

Hence proved.

• Experimental verification: Fig. 1 shows the apparatus and the connections. K-oil is
taken in the copper calorimeter provided with non-conducting lid and a stirrer. A resis-
tor is dipped in the oil. It is joined to the external circuit through the leads coming out
of the lid of the calorimeter. A thermometer is provided to measure the temperature
of the oil. The calorimeter is known as Joule’s calorimeter.
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Figure 1: Experimental verification of Joule’s law.

The external circuit consists of a battery, a rheostat and a plug key in series with the
resistor. An ammeter is also connected in the circuit to measure the current. The
temperature θ1 of the circuit is noted. The plug key is closed to pass constant current
through the circuit for a known time t. The value of the current i1 is measured by
the ammeter. The liquid is stirred continuously and the final temperature θ2 is noted.
Thus the rise in temperature ∆θ1 = θ2−θ1 is calculated.

The system is allowed to cool down to room temperature. The resistant of the rheostat
is changed and the key is closed. The current i2 is measured by the ammeter and is
passed for a time t. The rise in temperature ∆θ2 is calculated as above.

The heat produced in the resistor is used to increase the temperature of the K-oil.
Thus, the heat is proportional to the rise in temperature. It is found that,

∆θ1

∆θ2
=

i21
i22

(7)

This shows that,

∆θ ∝ i2

⇒ H = i2
(8)

2: H ∝ t
The arrangement described above can also be used to verify the second law, H ∝ t.
A current i passed through the resistor and the temperature is noted at regular time
intervals. It is found that the temperature rise uniformly, i.e., it increases by equal
amounts in equal times. This shows that equal amount of heat are produced in equal
time intervals. Thus, the heat produced is proportional to the time.
3: H ∝ R: To verify this law, two Joule’s calorimeters are taken (Fig. 2). Equal
amounts of K-oil are taken in the two calorimeters. Different resistances R1 and R2
are dipped in the K-oil and the two are joined in series. The system is connected to a
battery, a rheostat and a plug key. The initial temperature of the two calorimeters are
noted and a current is passed for some time. The temperatures of the two calorimeters
are noted at the end. Let ∆θ1 be the rise in temperature of the first calorimeter and
∆θ2 be the rise in temperature of the second calorimeter. The heat produced in each
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Figure 2: Experimental verification of Joule’s law-second part.

resistor is proportional to the rise in the temperature of the corresponding temperature.
It is found that,

∆θ1

∆θ2
=

R1

R2

⇒ ∆θ ∝ R
⇒ H ∝ R.

(9)

• Q. An electric iron of resistance of 20Ω takes a current of 5A. Calculate the heat
develop in 30 sec.
Solution: Given, R=20Ω, I=5A, t=30 sec, H=?
We know that,

H = I2Rt

⇒ H = 52×20×30 Joule
⇒ H = 15000 Joule

(10)

• Q. 100 J heat is produced in each second in a 4Ω resistance. Find the potential differ-
ence across the resistor.
Solution: Given, H=100J, t=1 sec, R= 4Ω

we have,

H = I2Rt

⇒ H = I2×4×1
⇒ I = 5A

(11)

Again,

V = IR
⇒V = 5×4 = 20V

(12)

• Electric power:
The rate at which work is done by a source of emf in maintaining an electric current
through a circuit is called the electric power of the circuit. If a current I flows through
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a circuit for time t at a constant potential difference V, then the work done or energy
consumed is given by,

W =V It (13)

Therefore, electric power,

P =
W
t
=V I = I2R =

V 2

R
(14)

SI unit of power: The SI unit of power is watt. The power of an appliance is one watt
if it consumes energy at a rate of 1 joule per second. Or, the power of a circuit is one
watt if 1 ampere of current flows through it on applying a potential difference of 1 volt
across it.

1 watt =
1 joule

1 second
=

1 joule
1 coulomb

1 coulomb
1 second

(15)

or,
1 watt = 1 volt×1 ampere (16)

1kW = 103 W and 1MW=106 W.
The commercial unit of power is horse power, 1hp = 746W.

• Q: Which has more resistance in 100W bulb or 60W bulb?
Solution: We have,

P =
V 2

R
(17)

The bulbs are connected to a common voltage, therefore, we can write,

P ∝
1
R

(18)

Therefore, we can write for the two resistance,

P1

P2
=

R2

R1

⇒ R2

R1
=

60
100

⇒ R2

R1
=

6
10

(19)

Therefore, 60W bulb has more resistance.

• Q. 60 W and 40 W bulbs are connected in parallel across a battery of 220 V. Find the
amount of current flowing in the circuit.
Solution: Let, I1 and I2 are the current flowing through the two bulbs respectively. The
voltage across the battery are same. Therefore, we can write

P1 = I1V

⇒ I1 =
P1

V

⇒ I1 =
60

220

(20)
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And,

P1 = I1V

⇒ I2 =
P2

V

⇒ I2 =
40

220

(21)

Therefore current flowing the circuit,

I1 + I2 =
60
220

+
40

220
⇒ I1 + I2 = 0.45A

(22)

• Electric energy:
The total work done (or the energy supplied) by the source of emf in maintaining an
electric current in a circuit for a given time is called electric energy consumed in that
circuit. It depends upon the power of the appliance used in the circuit and the time for
which this power is maintained. Electric energy,

W = P · t =V It joiule = I2Rt (23)

The SI unit of electric energy is joule (J).
1 joule= 1 volt x 1 ampere x 1 second=1 watt x 1 second.
(2017- 2marks) The commercial unit of electric energy is :kilowatt x hour or Board of
Trade. (B.O.T.). One kilowatt hour is defined as the electric energy consumed by an
appliance of 1 kilowatt in one hour.
1 kilowatt hour = 1 kilowatt x 1 hour= 1000 watt x 3600 s=3,600,000 joules
or, 1kWh = 3.6×106 J.
Another common unit of electric energy is watt hour. It is the electric energy con-
sumed by an appliance of one watt in one hour.
1 watt hour= 1 watt x 1 hour = 3.6×103J.

• Question-1:Find the heat developed in each of the three in each of the resistors shown
in the Fig. 3

Figure 3: First problem

Solution: The equivalent resistance of 6Ω and 3Ω resistors is,

(6Ω)×3Ω

6Ω+3Ω
= 2Ω (24)
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This is connected in series with 1Ω resistor. The equivalent resistance of the circuit is

R = (2+1)Ω = 3Ω (25)

The current through the battery is,

i =
9
3
= 3A (26)

The current through the 1Ω resistor is

H = i2Rt = (3A)2× (1Ω)× (60s) = 540J (27)

Let the current through the 6Ω resistor is i1 and therefore current through the 3Ω

resistor is (i− i1). Applying Kirchhoff’s voltage law in the lower loop:

9− (i− i1)×3− i×1 = 0
⇒ 9−4i+3i1 = 0

(28)

Applying Kirchhoff’s voltage law in the upper loop:

− i1×6+(i− I1)×3 = 0
⇒−9i1 +3i = 0

⇒ i1 =
i
3

(29)

From Eqs. 28 and 29, we get
i = 3A (30)

And,
i1 = 1A (31)

Therefore heat developed in 6Ω is

H = (1A)2× (6Ω)× (60s) = 360J. (32)

Current through the 3Ω resistor is 3A-2A=2A.
Heat developed in it,

H = (2A)2× (3Ω)× (60s) = 720J. (33)

• Seebeck effect: Figure 4 shows two metallic strips, made of different metals and
joined at the ends to form a loop. If the junctions are kept at different temperatures,
there is an electric current in the loop. This effect is called Seebeck effect and the
emf developed is called Seebeck emf or thermo emf. The magnitude and the direction
of the emf depends on the metals and the temperatures of the hot and cold junctions.
Such a combination of two metals is called a thermocouple.

Peltier effect Suppose the two junctions of a thermocouple are initially at the same
temperature and an electric current is passed through the circuit by using an external
battery. It is observed that heat is produced at one junction and is absorbed at the
other. Thus one junction is warmed up and the other is cooled down due to currents
through the junctions. This effect is called Peltier effect.
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Figure 4: Seebeck effect

If the direction of the current is reversed, the cooling and warming are also reversed.
This means that the junction which was originally warmed up, now cools down and
vice versa. The heat absorbed or liberated at the junction is proportional to the charge
passed through the junction. If an amount ∆H of heat is produced or absorbed when a
charge ∆Q is passed through the junction, we define Peltier emf as,

ΠAB =
∆H
∆Q

=
Peltier heat

charge trans f erred
(34)

• Important point related to Peltier effect:

1. The Peltier emf ΠAB across a junction of two metals A and B is taken as positive
if heat is absorbed by the junction when there is an electric current from A to B
through the junction.

2. Peltier heat in a given time is proportional to the current through the junction
whereas the Joule heat is proportional to the square of the current,

HPeltier ∝ i,HJoule ∝ i2 (35)

3. Peltier heating or cooling is observed only at the junction, whereas Joule heating
is throughout the resistor.

• Thomson effect: If a metallic wire has a nonuniform temperature and a current is
passed through it, heat may be absorbed or produced in different sections of the wire.
This heat is over and above the Joule heat i2Rt and is called the Thomson heat. The
effect itself is called The Thomson effect.
Thomson heat, produced or absorbed in a small section of a given wire, is proportional
to the charge passed through the section and temperature difference between the ends
of the section.
If a charge ∆Q is passed through a small section of the wire having a temperature
difference ∆T between the ends, the Thomson heat,

∆H = σ(∆Q)(∆T ) (36)

where σ is a constant for a given metal at a given temperature. The quantity,

σ(∆T ) =
∆H
∆Q

=
Thomson heat

charge transferred
(37)

is called the Thomsom emf.
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• Chemical effect of current: The passage of an electric current through a conducting
solution causes chemical reactions. As a result, bubbles of a gas may be formed on
the electrodes. Deposits of metal may be seen on electrodes. Changes of colour of
solutions may occur. The reaction would depend on what solution and electrodes are
used. These are some of the chemical effects of the electric current

• Electrolysis:Several liquids are found to be good conductors of electricity. Solutions
of inorganic salts in water, dilute acids and bases are examples of conducting liquids.
Such a liquid is called an electrolyte and the vessel of the electrolyte is called an
electrolytic cell.

Figure 5: Electrolytic cell

• Theory of electrolytic dissociation: Let us take a solution of silver nitrate (AgNO3)
in an electrolytic cell and emerged two silver rods in it (Fig. 5). Electric current is
passed through the solution by connecting the rods to an external battery. The current
enters the solution through the rod A (connected +ve terminal of the battery), called
the anode and leaves the solution through the rod C (connected -ve terminal of the
battery), called the cathode. These rods are collectively called as electrodes. We can
be found that as time passes, silver gets deposited on the cathode C and an equal
amount of silver is removed from the anode A.

A fraction of the molecules of the dissolved AgNO3 are separated into two parts, Ag+

and NO−3 , each of which have electric charge. These are called ions. An ion with
positive charge is called cation and an ion with negative charge is called anion. here
Ag+ is the cation and NO−3 is the anion. These ions moves freely in the solution. When
the battery is connected to the electrodes, electric field is produced in the solution from
the anode towards the cathode. Thus, cations move towards the cathode and anion
moves towards the anode. The ions give up their charges at the electrodes and the
substance making up the ions is liberated. The liberated substance may get deposited
on the electrodes or may take part in some secondary chemical reaction. In case of
AgNO3, The Ag+ ions (cation) move to the cathode, charge is given up their and the
silver atoms are deposited on the cathode. In fact Ag+ ion receives an electron from
the cathode to become neutral Ag atom,

Ag++ e = Ag (38)

The NO−3 ion (anion) moves to the anode and gives its extra electron to it. The NO−3
ion is converted into NO3
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NO−3 = NO3 + e− (39)

The NO3 so formed reacts with a silver atom of the anode to form AgNO3 which gets
dissolved in the solution. This way, silver is continuously removed from the anode
and deposited on the cathode with the concentration of the electrolyte remaining un-
changed. The movement of cations (positive charge) towards the cathode and anions
(negative charge) towards the anode make the current in the electrolyte.

The electron given by an anion to the anode is passed through the battery back to
the cathode which has supplied one electron to the cation. This way, the potential
difference between the electrode is maintained. Also, the number of electrons passed
through the battery is equal to the number of electrons absorbed or released at each
electrode. In other words, charge passed through the circuit is equal to the charge
released at each electrode.

When a current passes through an electrolyte, chemical changes occur in the elec-
trolyte, chemical changes occur in the electrolyte and substances are liberated at the
electrodes. This process is called electrolysis.

• Voltmeter: A voltmeter is a device for measuring potential difference across any two
points in a circuit. It is connected in parallel with the circuit element across which
the potential difference is intended to be measured. As a result a small part of the
total current pass through the voltmeter and so the current through the circuit element
decreases. This decreases the potential difference required to be measured. To avoid
this, the voltmeter is designed to have very high resistance In fact, an ideal voltmeter
should have infinite resistance.

• 2014: Q2: What is Faraday’s law of electrolysis? Define Faraday 3+1
Ans: Faraday’s discovered two laws of electrolysis:

1. The mass of a substance liberated at an electrode is proportional to the charge
passing through the electrolyte.

2. The mass of a substance liberated at an electrode by a given amount of charge is
proportional to the chemical equivalent to the substance.

If an electric current i is passed through an electrolyte for a time t, the amount of
charge passed is Q=it. According to the first law of electrolysis,

m ∝ Q ∝ it
⇒ m = Zit

(40)

where Z is a constant for the substance being liberated. Z is called electrochemical
equivalent (ECE) of the substance. The SI unit of Z is KgC−. (The chemical equiva-
lent of a substance is equal to its relative atomic mass divided by its vacancy.)

If E denotes the chemical equivalent of a substance being liberated at an electrode,
from second law,

m ∝ E (41)
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From Eqs. 40 and 41, we get,

m ∝ EQ

⇒ m =
EQ
K

(42)

where K is the universal constant having the value: 9.6485×107CKg−1

Faraday (the unit Faraday and Faraday constant
The charge of 1 mole of electrons is called 1 Faraday.
1Farday= (1.0022×10−19C)× (6.022×1023) = 96485C
The quantity charge per mole of electrons is called Faraday constant and is denoted
by F.
F = 96485mol−1 = 1Faradaymol−1

• Question 2: Calculate the electric current required to deposit 0.972 g of chromium in
three hours. ECE of chromium is 0.00018gC−1.
Solution: We have,

m = Zit

⇒ 0.972g = (0.00018gC−1)i(3×60×60s)

⇒ i =
0.972

0.00018×3×3600
A

⇒ i = 0.50A

(43)

• Voltameter or Coulombmeter: An electrolytic cell can be used to measure elec-
tric currents or amount of charge. The current to be measured is passed through the
electrolytic cell for a known time t. If the mass deposited in time t is m and the
electrochemical equivalent of the material is Z,

m = Zit

⇒ i =
m
Zt

(44)

The charge passed is it=m/Z.
When an electrolytic cell is used to measure electric current is it called a voltameter
or a coulombmeter.

• (2015- 2marks- What is electroplating) Electro-plating: Electroplating, process of
coating with metal by means of an electric current. The process works using four
primary components:

1. Anode: The anode, or positively charged electrode, in the circuit is the metal
that will form the plating.

2. Cathode: The cathode in the electroplating circuit is the part that needs to be
plated. It is also called the substrate. This part acts as the negatively charged
electrode in the circuit.

3. Solution: The electrodepositing reaction takes place in an electrolytic solution.
This solution contains one or more metal salts, usually including copper sulfate,
to facilitate the flow of electricity.
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4. Power source: Current is added to the circuit using a power source. This power
source applies a current to the anode, introducing electricity to the system.

• PYQ:
2020
1. What is Seebeck effect? Give one example of thermocouple material. 2+1=3
Ans: Seebeck effect: See the notes. The example of thermocouple material are: anti-
mony, nichrome, iron, zinc, copper, gold, silver, lead, aluminium, mercury, etc.

2019
1. What is electrolysis? State Faraday’s law of electrolysis. Define faraday’s constant.
1+2+1=4
Ans: See the notes above.
2017
1. Convert 1 kilowatt-hour into joules. 2
Ans: See the notes above.
2. A 3000 watt electric heater is connected to 240 volt main supply. Calculate the
current in the circuit and the resistance of the heater. 3
Ans: Given,
Power, P= 3000 watt
voltage, V= 240 volt
current, I=?
resistance, R=?
We know that,

P =V I

⇒ I =
P
V

⇒ I =
3000
240

⇒ I = 12.5A

(45)

Again,

P = I2R

⇒ R =
P
I2

⇒ R =
3000

12.5×15.5
⇒ R = 19.2Ω

(46)

3. What is Seebeck effect? Explain. 2
Ans: See the notes above.
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