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Chapter-4, Current Electricity Dr. Nur Hussain

Current Electricity

• Electrostatics: The physics of charge at rest is called electrostatics or static elec-
tricity.

• Current electricity: The study of electric charges in motion is called current elec-
tricity.

• Electric current: The flow of electric charges through a conductor constitutes an
electric current. Quantitatively, electric current in a conductor across an area held
perpendicular to the direction of flow of charge is defined as the the amount of charge
flow across that area per unit time.

If a charge ∆Q passes through an area at a time t and t +∆t, then the current I at time
t is given by,

I = lim
∆t→0

∆Q
∆t

=
dQ
dt

(1)

If the current is steady, i.e. the rate of flow of charge does not change with time, then,

I =
Q
t

(2)

• SI unit of current = Ampere (coulomb/second)

• Definition of 1 ampere: If one coulomb of charge crosses an area in one second, then
the current through that area is 1 ampere (A).
therefore, 1A = 1Cs−1
– 1 milliampre (1mA) = 10−3 A
– 1 microampre (1µA) = 10−6A

• Conventional and electronic current: By convention, the direction of motion of posi-
tive charge is taken as the direction of the electric current. However, a negative charge
moving in one direction is equivalent to an equal positive charge moving in opposite
direction. As electrons are negatively charged particles, so direction of electric current
is opposite to that of conventional current.

Figure 1: Flow of positive and negative charges and direction of current.

4.2
• 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.
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Figure 2: Electrolytic cell

Let us take a solution of silver nitrate (AgNO3) in an electrolytic cell and emerged
two silver rods in it (Fig. 2). Electric current is passed through the solution by con-
necting 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.

• Voltaic cell: A voltaic cell is an electrochemical cell that uses a chemical reaction to
produce electrical energy. The voltaic cell contains two electrodes: the anode where
the oxidation (loss of electrons) occurs and the cathode where reduction (gain of elec-
trons) occurs.

A voltaic cell consists of two different metal plates dipped in an electrolyte as shown
in Fig. 3. The negative or positive ions tend to go from the electrolyte to the elec-
trode. Thus, an emf is produced between the electrolyte and the electrode. The two
electrodes are made of two different metals and thus, the emf’s produced at the two
electrodes are different and a net emf is developed between them.

• Defects of simple voltaic cell: Current cannot be drawn for long time from a simple
voltaic cell as this cell has some defects. There are two types of defects present in a
simple voltaic cell. These are given by: 1. Local action and 2. Polarisation.
– 1. Local action: The zinc material used ion the cell contains certain impurities like
carbon, iron, etc. Because of this, a small amount of local current is produced between
the zinc and these impurities in addition to the main current. These local currents can-
not be utilized and thus constitute wastage of energy. Local action reduces the life of
the cell. To overcome this difficulty amalgamation is done by coating of zinc plate
with mercury. Mercury covers these impurities present in the zinc plate.
–2. Polarisation: It is caused by the deposition of hydrogen gas on the surface of
the copper plate in the form of small bubbles. They prevent the hydrogen ions from
reaching the copper plate thus the current given by the cell, decreases gradually. Po-
larisation stops the functioning of the cell. Polarisation can be avoided by brushing off
the hydrogen bubbles or by putting a chemical called potassium dichromate in acid.
Potassium dichromate oxide changes hydrogen to water.

• Different types of cell (2015) 2 marks:
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Figure 3: Construction of simple voltaic cell.

– In general, there are two types of voltaic cells: (a) Primary cell and (b) Secondary
cell.
– (a) Primary voltaic cell: A voltaic cell is said to be primary if it is used for discharge.
The current leaves the cell at the positive terminal, goes through the external circuit
and enters the negative terminal.
–(b) Secondary cell: The secondary cell can be used for discharge as well as charged.
The current can go both ways in the cell.

• (2017) Examples of Primary cell (Daniell, Leclanche and Dry cell)
–Daniell Cell
In the simplest form, Daniell cell consists of a zinc electrode in a dilute H2SO4 solu-
tion and a copper electrode in CuSO4 solution. The two solutions are separated by a
porous cup which allows any gas to pass through, but generally prevents the liquids to
mix (Fig. 4). The zinc surface is amalgamated to avoid the local effects of impurities.
The H2SO4 solution consists of H+ ions and SO2−

4 ions. The SO2−
4 ions move to the

zinc electrode to form ZnSO4. Negative charge is given up to the zinc electrode in the
process. The H+ ions move out through the porous cup. These H+ ions combine with
the SO2−

4 in the CuSO4 solution to form H2SO4. The Cu2+ ions in the outer vessel
move towards the copper electrodes. Copper is deposited on the copper electrode and
the positive charge is given up to this electrode in the process. This arrangements
prevents hydrogen from collecting near the anode.
Because of the chemical actions described, positive charge is accumulated on the cop-
per electrode and negative charge on the zinc electrode. Thus an emf is produced.
Zinc electrode works as a negative electrode and the copper electrode works as a pos-
itive electrode.
Daniell cell is used when continuous current is needed. The emf of a Daniell cell is
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Figure 4: Daniell cell.

1.09 V and its internal resistance is around 1Ω.

–Leclanche cell: (2020: Q: Describe the construction of Lechlanche cell. 3 marks)
A Leclanche cell has a carbon and a zinc electrode in a solution of NH4Cl. The carbon
electrode is packed in a porous cup containing MnO2 (Fig. 5). The zinc electrode

Figure 5: Leclanche cell.

forms the negative terminal and the carbons forms the positive terminal. When a
current passes through the cell, the Cl− ions combine with zinc and the NH+

4 move
towards the carbon electrode. The NH+

4 separates into ammonia (NH3) and hydrogen
(H+). The H+ ion enters the porous cup. The positive charge is given to the carbon
electrode. The emf of the cell is 1.5V.
–Dry cell:
This is special kind of Leclanche cell in which both NH4Cl and MnO2 are prepared
in the form of a paste. The paste is contained in a zinc container which itself works as
the negative electrode. The whole system is sealed so that the paste does not dry up.
The internal resistance of a dry cell is very small, of the order of 0.1Ω.

• secondary cell
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In a secondary cell, one can pass current in both directions. When current leaves the
cell at the positive terminal and enters the cell at the negative terminal, the cell is
discharged. This is the normal working of the cell. Chemical energy is converted into
electrical energy in this case. If the cell is connected to some other source of larger
emf, current may enter the cell at the positive terminal and leave it at the negative
terminal. The electric energy is then converted into mechanical energy and the cell
gets charged. The most commonly used secondary cell is a lead accumulator.
–Lead Accumulator: In principle, a lead accumulator consists of electrodes made of
PbO2 and of Pb immersed in a dilute sulphuric acid (H2SO4). PbO2 acts as positive
electrode and Pb as the negative electrode.
–Storage cell: It is a cell or connected group of cells that converts chemical energy
into electrical energy by reversible chemical reactions and that may be recharged by
passing a current through it in the direction opposite to that of its discharge.

– Electromotive force (emf):
The electromotive force (emf) of a source may be defined as the work done by
the source in taking a unit positive charge from lower to the higher potential.
mathematically,

ε =
W
q

(3)

Also, emf is the maximum potential difference between its terminals when it is
open circuited, i.e., when it is not sending any current in the circuit.
SI unit of emf: The SI unit of emf is volt. If an electrochemical cell supplies an
energy of 1 joule for the flow of 1 coulomb of charge through the whole circuit
(including the cell), then it is said to be one volt.

The electromotive force (emf) is the total voltage induce by the source. In other words,
it is the amount of energy supplied by the source to each coulomb of charge. It is
measured in volts and represented by the symbol ε (epsilon). On the other hand, the
potential difference is defined as the amount of energy used by one coulomb of charge
in moving from one point to the other. It is measured in volts and represented by the
symbol V. The potential difference is measured by the Voltmeter.

(Important concept ONLY–NOT NECESSARY FOR EXAM
Battery and emf: A battery is a device which maintains a potential difference be-
tween its two terminals A and B as shown in Fig. 6. Some internal mechanism exerts
forces on the charges of the battery material. This force drives the positive charges of
the battery material towards A and the negative charges towards B. We show the force
on the positive charge q as ~Fb. As positive charge accumulates on A and negative
charge on B, a potential difference develops and grows between A and B. An electric
field ~E is developed in the battery material from A to B and exerts a force ~Fe = q~E on
a charge q. The direction of force is opposite to that of ~Fb. In steady state, the charge
accumulation on A and B is such that Fb = Fe. No further accumulation takes place.

If a charge q is taken from terminal B to the terminal A, the work done by the battery
force Fb is W = Fbd where d is the distance between A and B. The work done by the
battery force per unit charge is,

ε =
W
q

=
Fbd
q

(4)
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Figure 6: Battery and emf.

This quantity is called the emf of the battery. The full form of emf is electromotive
force. The name misleading in the sense that emf if not a force, it is work done/charge.
If nothing is connected externally between A and B,

Fb = Fe = qE
⇒ Fbd = qEd = qV

(5)

Where V=Ed is the potential difference between the terminals. Thus,

ε =
Fbd
q

=V (6)

This the emf of a battery equals the potential difference between its terminals when
the terminals are not connected externally. Potential difference and emf are to differ-
ent quantities whose magnitudes may be equal in certain conditions. The emf is the
work done per unit charge by the battery force Fb which is nonelectrostatic in nature.
The potential difference originates from the electrostatic field created by the charges
accumulated on the terminals on the battery. )

• Difference between emf and potential difference

Table 1: Difference between emf and potential difference
emf Potential difference
1. It is the work done by a source in taking a
unit charge once round the complete circuit.

1. It is the amount of work done in taking
a unit charge from one point of a circuit to
another.

2. It is equal to the maximum potential dif-
ference between two terminals of a source
when the source is not closed.

2. Potential difference may exist between
any two points of a closed circuit.

3. It exists even when the circuit is not
closed.

3. It exists only when the circuit is closed.

4. It is always larger than the potential dif-
ference across any circuit element.

4. It is always less than the emf.
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• Internal resistance of a battery
Fig. 12 (a) is a ideal battery. A nonideal battery develops thermal energy as a current
passes through it and the potential difference between the terminals is smaller than
the emf. Such a battery may be represented by the symbol shown in Fig.12 (b) and
(c). This is a combination of an ideal battery of emf is ε and a resistance r. If there
is a current i through the battery in the direction indicated in the figure, the potential
difference between the terminals are,

VA−VB = (VA−VC)− (VB−VC) = ε− ir (7)

The resistance felt by the current is known as internal resistance of the battery.

Figure 7: Internal resistance of a cell.

• (2017, 3 marks) Groupings of cell
–Cell in series: When all the negative terminal of one cell is connected to the positive
terminal of the other cell and so on (Fig. 8), the cells are said to be connected in series.
As shown in Fig. 8, suppose two cells of emfs ε1 and ε2 and internal resistances r1

Figure 8: A series combination of two cell.

and r2 are connected in series between points A and C. Let I be the current flowing
through the series combination. Let VA,VB and VC be the potentials at points A,B and
C respectively. The potential difference across the terminals of the two cells will be,
VAB =VA−VB = ε1− Ir1, and,
VBC =VB−VC = ε2− Ir2
Thus the potential difference between the terminals A and C of the series combination
will is,
VAC =VA−VC = (VA−VB)+(VB−VC) = (ε1− Ir1)+(ε2− Ir2)
⇒VAC = (ε1 + ε2)− I(r1 + r2)
If we wish to replace the series combination by a single cell of emf εeq and the internal
resistance req, then,
VAC = εeq− Ireq
Comparing the last two equations we get,
εeq = ε1 + ε2 and req = r1 + r2
Therefore, by generalisation, the equivalent emf of a series combination of n cells is
equal to the sum of their individual emfs.
εeq = ε1 + ε2 + ε3 + ............+ εn
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• Cells in parallel:
When the positive terminals of all the cells are connected to one point and all their
negative terminals to other point, the cells are said to be connected in parallel. As

Figure 9: A parallel combination of two cell.

shown in Fig. 9, suppose two cells of emfs ε1 and ε2 and internal resistances r1 and
r2 are connected in parallel between two points. Suppose the currents I1 and I2 from
the two positive terminals of the two cells flow towards the junction B1, and current I
flows out. Since as much charge flows in as flows out, we have,

I = I1 + I2

As the two cells are connected in parallel between the same two points B1 and B2, the
potential difference V across both cell must be same. The potential difference between
the terminals of first cell is,

V =VB1−VB2 = ε1− I1r1⇒ I1 =
ε1−V

r1

The potential difference between the terminals of ε2 is,

V =VB1−VB2 = ε2− I2r2⇒ I2 =
ε2−V

r2

Hence,

I = I1 + I2 =
ε1−V

r1
+ ε2−V

r2
⇒ I =

(
ε1
r1
+ ε2

r2

)
−V

( 1
r1
+ 1

r2

)
⇒V

( r1+r2
r1r2

)
= ε1r2+ε2r2

r1r2
− I

⇒V = ε1r2+ε2r1
r1+r2

− I r1r2
r1+r2

If we wish to replace the parallel combination by a single cell of emf εeq and internal
resistance req, then,

V = εeq− Ireq

Comparing the last two equations, we get,

εeq =
ε1r2+ε2r1

r1+r2
and req =

r1r2
r1+r2
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Figure 10: Mixed grouping of cells.

• Mixed grouping of cells:
In this combination, a certain number of identical cells are joined in series, and all such
rows are then connected in parallel with each other. As shown in Fig. 10, suppose, n
cells, each of emf ε and internal resistance r, are connected in series in each row and
m such rows are connected in parallel across the external resistance R. Total number
of cells=mn. Net emf of each row of n cells in series =nε . The net emf of the whole
circuit is,

total em f = εtotal =
nε×nr+nε×nr+nε×nr+ ...........m terms

nr+nr+nr+ ..........m terms

⇒ εtotal =
mnrnε

mnr
⇒ εtotal = nε

(8)

As m such rows are connected in parallel, so the total internal resistance r
′

of the
combination is given by,

1
r′
=

1
nr

+
1
nr

+
1
nr

+ ........m terms =
m
nr
⇒ r

′
=

nr
m

(9)

Total resistance in the circuit,

R
′
= R+ r

′
= R+

nr
m

(10)

Now the current through the external resistance R,

I =
total emf

total resistance
=

nε

R+ nr
m

=
mnε

mR+nr
(11)

Clearly, the current I will be maximum if the denominator, i.e. (mR+nr) is minimum.

Now,

mR+nr = (
√

mR)2 +(
√

nr)2

⇒ mR+nr = (
√

mR)2 +(
√

nr)2−2
√

mR
√

nr+2
√

mR
√

nr

⇒ mR+nr = (
√

mR−
√

nr)2 +2
√

mR
√

nr

(12)
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As the perfect square cannot be negative, so mR+nr will be minimum if,
√

mR−
√

nr) = 0
⇒ mR = nr

⇒ R =
nr
m

(13)

Therefore, the external resistance= total internal resistance of the cells.
Thus in a mixed grouping of cells, the current through the external resistance will be maxi-
mum if the external resistance is equal to the total internal resistance of the cells.

• Basic circuit: The closed path in which the direct current flows is called the dc circuit.
The current flows only in direction. [20214] Q. State Ohm’s law. Define resistance,

Figure 11: Basic DC circuit.

conductance and conductivity. Write their SI units. 1+3 =4
Ohm’s law: The current flowing through a conductor is directly proportional to the po-
tential difference applied across its ends, provided the temperature and other physical
conditions remain unchanged. Thus,

I ∝ V

I =
V
R

V = IR

(14)

The proportional constant R is called the resistance of the conductor.

• Resistance: The resistance of a conductor is the property by virtue of which it opposes
the flow of charges through it. It is equal to the ratio of the potential difference applied
across the conductor to the current flowing through it. Thus,

R =
V
I

(15)

• SI unit of resistance is Ohm (Ω): If the potential difference (V) is 1V and current (I)
is 1 ampere, then the resistance is 1 ohm.

1ohm =
1volt

1ampere
1Ω = 1VA−1

(16)
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Figure 12: Current I vs. voltance V.

Thus, the resistance of a conductor is said to be 1 ohm if a current of 1 ampere flows
through it on applying a potential difference of 1 volt across it ends.

• Factors affecting resistance:
At constant temperature, the resistance of a conductor depends on
(1) Length: Resistance R of a conductor is directly proportional to its length, i.e.

R ∝ l (17)

(2) Area of cross-section: The resistance R of a uniform conductor is inversely pro-
portional to its area of cross-section A.

R ∝
1
A

(18)

(3) The resistance of a conductor also depends on the nature of its material.
Combining the above factors:

R ∝
l
A

R = ρ
l
A

(19)

where, ρ is the constant of proportionality, called resistivity or specific resistance of
the material of the conductor. ρ depends on the nature of the material of the conductor
and on the physical conditions like temperature and pressure but is independent of size
and shape.

• Resistivity or specific resistance: If l=1 unit, A= square unit, then R = ρ . Thus, the
resistivity or specific resistance of a material is defined as the resistance of a conductor
of the material, having unit length and unit area of cross-section.
–SI unit of resistivity,

ρ =
RA
l

=
ohm×metre2

metre
= ohm×metre = Ωm (20)
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• Current density: The current density at any point inside a conductor is defined as the
amount of charge flowing per second through a unit area held normal to the direction
of flow of charge at that point.

J =
I
A

(21)

SI unit: Ampere/m2

• Conductance: The conductance of a conductor is the case with which electric charge
flow through it. It is equivalent to the reciprocal of its resistance and is denoted by G.
Thus,

Conductance =
1

Resitance
(22)

–SI unit: Ω−1 or Siemen (S)

• Conductivity: The reciprocal of the resistivity of a material is called its conductivity
and denoted by σ .

σ =
1

Resistivity
=

1
ρ

(23)

–SI unit: Ω−1m−1

• Vector form of Ohm’s law: The current density ~J is directly proportional to the applied
electric field ~E, i.e.,

~J ∝ ~E

⇒ ~J = σ~E
(24)

where σ is the conductivity of the conductor.

• Resistance in series:
If a number of resistances are connected end to end so that same current flows through
each of them succession then they are said to be connected in series (Fig. 13). By

Figure 13: Resistance connected in series.

Ohm’s law, the potential drops across three resistances are,
V1 = IR1, V2 = IR2 and V3 = IR3

If Rs is the equivalent resistance of the series combination, then we must have, V =
IRs.
But V= sum of the potential drops across the individual resistances. i.e.,

V =V1 +V2 +V3

⇒ IRs = IR1 + IR2 + IR3

⇒ Rs = R1 +R2 +R3

(25)
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The equivalent resistances of n resistances connected in series is given by,

Rs = R1 +R2 +R3 + ..........+Rn (26)

• Parallel combination: If a number of resistances are connected in between two com-
mon points so that each of them provides a separate path for current, then they are
said to be connected in parallel.
As shown in Fig. 14 resistances R1, R2 and R3 are connected in parallel between two

Figure 14: Resistance connected in parallel.

points A and B. Let V be the potential difference applied between the combination.
Let I1, I2 and I3 be the currents through the resistances R1, R2 and R3 respectively.
Then the current in the main circuit must be I = I1 + I2 + I3. Since the resistances
are connected between the same two points A and B, therefore potential drop V is
same across each of them. According to Ohm’s law, currents through the individual
resistances will be,

I1 =
V
R1

I2 =
V
R2

I3 =
V
R3

(27)

If Rp is the equivalent resistance of the parallel combination, then we must have,

I =
V
Rp

(28)

But,

I = I1 + I2 + I3

⇒ V
Rp

=
V
R1

+
V
R2

+
V
R3

⇒ 1
Rp

=
1

R1
+

1
R2

+
1

R3

(29)

The equivalent resistance Rp of n resistances connected in parallel is given by,

1
Rp

=
1

R1
+

1
R2

+
1

R3
+ ........+

1
Rn

(30)

Chirang Polytechnic, Bijni 14



Chapter-4, Current Electricity Dr. Nur Hussain

• Kirchhoff’s law: Kirchhoff’s first law or junction rule: In an electric circuit, the
algebraic sum of currents at any junction is zero. Or, sum of currents entering a
junction is equal to the sum of currents leaving that junction. Mathematically, this law
may be expressed as,

∑ I = 0 (31)

• Sign convention for applying junction rule

1. Current flowing towards the junction are taken as positive.

2. The currents flowing away from the junction are taken as negative.

Figure 15: Kirchhoff’s first law (current law).

Mathematically,

∑ I = 0

⇒ I1 + I2 = I3 + I4

⇒ I1 + I2− I3− I4 = 0
(32)

The first law is also called Kirchhoff’s current law.

• Kirchhoff’s second law or loop law or voltage law
2020: State Kirchhoff’s voltage law. 2 marks
Around any closed loop of a network, the algebraic sum of changes in potential must
be zero. Or, the algebraic sum of the emfs of any loop is equal to the sum of the
products of currents and resistances in it. Mathematically,

∑∆V = 0,or∑ε = ∑ IR (33)

• Sign convention:

1. we take any direction as a direction (clockwise or anti-clockwise) as the direction
of traversal.

2. The emf of a cell is taken as positive if the direction of traversal from negative
to positive terminal (through the electrolyte)
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Figure 16: positive or negative symbol.

3. The emf of a cell is taken as negative if the direction of traversal is from positive
to negative terminal.

4. The current-resistance product is taken as positive if the resistor is traversed in
the same direction of the assumed current (Fig 17).

Figure 17: V=IR

5. The IR product is taken as negative if the resistor is traversed in the opposite
direction of assumed current (Fig 18).

Figure 18: V=-IR

• Wheatstone bridge principal: Wheatstone bridge principal is an arrangement of four
resistances used to determine one of these resistances quickly and accurately in terms
of remaining three resistances.

A Wheatstone bridge is consists of four resistances P, Q, R and S, connected to form
of a quadrilateral ABCD. A battery of emf ε is connected between two points A and
C and a sensitive galvanometer between B and D, as shown in Fig. 19. Let S be the
resistance to be measured.

The resistance R is so adjusted that there is no deflection in the galvanometer. The
bridge is said to be balanced when the potential difference across the galvanometer is
zero, so that there is no current through the galvanometer. In the balanced condition
of the bridge,

P
Q

=
R
S

⇒ S =
Q
P
×R

(34)
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Figure 19: V=-IR

• Derivation of balanced condition of Wheatstone bridge using Kirchhoff’s law: In
accordance with the Kirchhoff’s first law, the current through the various branches are
shown in Fig. 19. Applying Kirchhoff’s second law to the load ABDA,

I1P+ IgG− I2R = 0 (35)

where G is the resistance of the galvanometer. Again applying the Kirchhoff’s second
law to the second loop BCDB, we get,

(I1− Ig)Q− (I2 + Ig)S− IgG = 0 (36)

In the balanced condition, Ig = 0, from Eq. 35, we get,

I1P− I2R = 0
⇒ I1P = I2R

⇒ I1

I2
=

R
P

(37)

From Eq. 36, we get,

I1Q− I2S = 0
⇒ I1Q = I2S

⇒ I1

I2
=

S
Q

(38)

Now from Eqs. 37 and 38, we get,

R
P
=

S
Q

⇒ P
Q

=
R
S

(39)

Equation 39 is the required condition for Wheatstone bridge principal.
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Figure 20: Question:2014

• Question Bank with full solution
2014. Q1: Find the equivalent resistance of the circuit shown in the figure below, 4
Solution: The equivalent circuit can be drawn in FIg. 21. If the equivalent resistance
of the series combination of two resistances is R1, then,

R1 = (10+10)Ω = 20Ω (40)

The equivalent resistance of the two parallel resistances R2 is

Figure 21: Equivalent circuit

1
R2

=
1
20

+
1

10

⇒ 1
R2

=
3

20

⇒ R2 =
20
30

(41)

Therefore the resultant equivalent resistance is,

R = 10+
20
3
+10

⇒ R =
80
3

⇒ R = 26.66Ω

(42)

• 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

(43)
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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 os 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 (44)

From Eqs. 43 and 44, we get,

m ∝ EQ

⇒ m =
EQ
K

(45)

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

• 2020: Q3: The specific resistance of a copper wire is 49× 10−6 ohm cm. The
length is 110 m and diameter is 0.2 mm. Find its resistance. 3
Solution: Given, resistivity or specific resistance, ρ = 49× 10−6 ohm cm = 49×
10−6×10−2 ohm m. = 49×10−8 ohm m.
l= 110 m
d= 0.2 mm= 0.2×10−3 m
Therefore, r = d

2 = 0.1×10−3 m= 10−4m.
Area, A= πr2 = 3.14×10−8m2

Therefore,

R =
ρl
A

⇒ R =
49×10−8×110

3.14×10−8

⇒ R = 1716.56Ω

⇒ R = 1.72kΩ

(46)

• 2020: Q4: What is the dimension of resistivity? 1
Ans:

ρ =
RA
l

⇒ [ρ] =
Ωm2

m
= Ωm = [ΩL]

(47)

• 2015, 2017, Q5: What do you understand the term internal resistance of a cell? 2
Ans: The resistance offered by the electrolyte of a cell to the flow of current between
its electrodes is called internal resistance of a cell. The internal resistance of a cell
depends upon,
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1. Nature of the elctrolyte.

2. It is directly proportional to the distance between the two electrodes.

3. It varies inversely as the common area of the electrode emerged in the lectrolyte.

4. It increases with the increase of temperature of the electrolyte.
For a cell having the internal resistance r, the emf of the cell can be written as,

ε =V + Ir (48)

• 2015. Q6: A current of 1.5 amp passes through a wire. Find the total charge that
will pass in 20 sec. 3
Solution: Given, I=1.5 A, t= 20 sec. Therefore,

Q = It
⇒ Q = 1.5×20C
⇒ Q = 30C

(49)

• 2013, Q7: Three resistances 2, 3 and 4 ohms are connected in parallel and a
potential difference of 12 volts is applied across the extreme ends. Calculate the
current passing through each resistances. 3
Solution:

Figure 22: Equivalent circuit

We know that V=IR
For R=2,

12 = I1×2

⇒ I1 =
12
2

= 6A
(50)

For R=3,

12 = I2×3

⇒ I2 =
12
3

= 4A
(51)

For R=4,

12 = I3×4

⇒ I3 =
12
4

= 3A
(52)
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• 2018: Q8: How local action and polarisation are avoided in a Lachlanche cell? 4.

• 2017: Q9: What is the effect of temperature on resistance? 2.
Ans: The resistance of a conductor increases with the increase of temperature. As the
temperature increases, the ions inside the metal acquire energy and starts oscillating
about their mean position. These vibrating ions collides with electrons, and hence
increases with increase in temperature.

• 2017: Q10: The difference of potential between two terminals of a cell in open
circuit is 2.2 volt. This difference reduces to 2 volts when the terminals are con-
nected by a resistance of 4 ohms. What is the internal resistance of the cell? 3.
Solution: Let the potential difference between AB= V= 2V.
emf of the cell ε = 2.2V
Using Kirchhoff’s voltage law,

V = ε− Ir
⇒ Ir = ε−V
⇒ Ir = 2.2−2 = 0.2V

(53)

Again current in the loop,

I =
totalem f

totalresistance
=

2.2
4+ r

(54)

Therefore, from Eq. 53 and 54 we get,

2.2
4+ r

× r = 0.2

⇒ r = 0.4Ω

(55)

• 2018: Q11: The specific resistance of copper is 1.76×10−6 ohm.cm, the radius of
the wire is 1mm. Calculate the length of the wire needed for having the resistance
of 10.5 ohm. 4
Solution: Given, ρ = 1.76×10−8 ohm m
r = 10−3 m
A = πr2 = 3.14×10−6m2

Let, the length of the wire is l. We know that,

R =
ρl
A

⇒ l =
RA
ρ

m
(56)

• Q. A piece of wire of resistance R is cut into five equal parts. These parts are connected
in parallel. If the equivalent resistance of the combination is R

′
, then R/R

′
is-

(A) 1/25 (B) 1/5 (C) 5 (d) 25
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Solution: Each of the resistance will be, R/5. Therefore, value of R
′
will be,

1
R′

=
5
R
+

5
R
+

5
R
+

5
R
+

5
R

⇒ 1
R′

=
25
R

⇒ R
′
=

R
25

⇒ R
R′

= 25

(57)

• Q. Define 1 volt. Express it in terms of SI unit of work and charge. Calculate the
amount of energy consumed in carrying a charge of 1 coulomb through a battery of
3V. (CBSE-2014)
Solution: V=3V, Q=1 C
We have,

V =
W
Q

⇒W =V Q
⇒W = 3×1 = 3J

(58)

• Q How much current will an electric bulb drawn from 220V source if the resistance
of the bulb is 1200Ω? If in place of a bulb, a heater of resistance 100Ω is connected
to the source, calculate the current drawn by it?
Solution: Given, V=220V, R1 = 1200Ω, R2 = 100Ω

We have,

V = I1R1

⇒ 220 = I1×1200

⇒ I1 =
220
1200

=
11
60

A

(59)

Again,

V = I2R2

⇒ 220 = I2×100

⇒ I2 =
220
100

= 2.2A

(60)

• Q. When a 12V battery is connected across an unknown resistor, there is a current of
2.5 mA in the circuit. Find the value of the resistance of the resistor.
Solution: Given, V=12 V, I=2.5 mA=2.5×10−3A
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