EMF and the Internal Resistance

of a battery = @) %
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If there is no current flow through a
battery, the voltage across the battery
is called the Electro Motive Force (EMF)
of the battery.
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Any battery is having a resistance internally. It 1s call the
Internal Resistance of the battery. This internal resistance cannot be

measure by using an Ohmmeter or any other instrument directly.
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In the diagram, EMF of the battery 1s “E” and the internal
resistance is “r”. V is the reading of the voltmeter connected across
the Dbattery, R 1s the resistance of the resistor connected with the
battery and the current in the circuit is I. The current through the
battery and resistor are same Dbecause the current taken by the
voltmeter is negligible.
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We can apply the Ohm’s law to this circuit and get the following
equation as the result.
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E = I(R+r)
IR + Ir
When we apply the Ohm’s law to the resistor, we can get the following

equation,
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V = IR
Therefore, axnd, E =V + Ir
Obviously V is smaller then E and Ir product is the voltage drop of the
battery.
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Example:- While starting the engine of a car having a 12V battery,

voltage drops
internal resistance of the battery and the
motor?
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Apply Ohm’s law for the system,
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E =I(R+tr), E =12, I = 40
Therefore, & amd,
12 = 40 (R+r)
R+r = 12/40
= 0.3Q

Apply V = IR for the motor,
@®J00w wewo V = IR ©idn ®0E,

v=10, I=40
Therefore, & amd

10 = 40R

R 10/40
0.25 Q = 250 mO
resistance of the motoris 250 mQ
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Therefore,@® ¢xnd, r = 0.3 - 0.25

= 0.05 Q = 50 mQ

internal resistance of the battery is 50 mQ
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Questions
With reference of the circuit
shown here answer for following
questions.
1. If S; and S, open what is the
reading of the voltmeter.

(a) V = E (b) V<E (c) V>E
2. If S; closed what is the

reading of voltmeter?

to 10 V and current consumption is

the

40A. What 1s the

resistance of the starter
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(a) V = E (b) V < E (c) V>E

3. When S; closed V = 1.4 Now S; and S, both close. What is the reading
of the voltmeter?
(a) V = 1.4 (b) Vv = 1.3 (c) V> 1.4

4 .When S; and S, closed V = V,
(i) When S; close and S, open, V = V;
(a) Vo < E (b) Vo < V3 (c) Vo >V, (d) V; < E

(ii) When S; open and S, close, V =V,
(a) Vl = V2 (b) Vl < Vz (C) Vl > V2 (d)V2 < E (e) Vl < E

(iii) If R, > R,
(a) Vl = V2 (b) Vl < V2 (C) Vl > V2 (d)V2 < E (e) Vl < E

5. In this diagram E; and E, are two
identical cells. 1L, and L, are small
bulbs D; and D, are two diodes. S;, S,
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(i) When S;, S, and Ss; all are open
(a) L; bright and L, . dark _®L [ @_
(b) L, dark and L, bright D, L,

(c) L; and L, both are dark

(ii) When S; closed, S, and S;3 are open
(a) L; bright and L, dark
(b) L; dark and L, bright
(c) L; and L, both dark

(iii) When S, closed, S; and S; are open
(a) L; bright and L, dark
(b) L, dark and L, bright
(c) L; and L, both bright

(iv) When S; closed, S; and S, are open
(a) L; bright and L, dark
(b) L; dark and L, bright
(c) L; and L, both bright

(v) When S;, S, and Sz all are closed



(a) L; bright and L, dark
(b) L; dark and L, bright
(c) L; and L, both are bright

Answers Hi lighted
1. If S; and S, open what is the
reading of the voltmeter.

(a) V = E (b) V<E (c) V>E

2. If S; closed what i1is the
reading of voltmeter?
(a) V = E (b) V < E (c) V>E

3. When S; closed V = 1.4 Now S; and S, both close. What
of the voltmeter?

is the reading



4 .When S; and S, closed V =

(1)
(a)

(11)

(a)

(iii)

(a)

5. In this
L
two

cells.

D, are

switches.

When
(a)
(b)
(c)

(1)

(i1)
(a)
(b)
(c)

(iii)
(a)
(b)
(c)
(iv)
(a)
(b)
(c)

When
(a)
(b)
(c)

(v)

When S; close and S, open,

When S; open and S, close, V =

When S; closed,

When S, closed,

When S; closed,

(b) V. =1.3 (c)

Vo

V=V1

Vo < E (b) Vo < V3 (c)

Vo

Vi =V, (b) Vi <V, (c) V;

If R, > R,

Vi =V, (b) Vi <V, (c) V;

diagram E; are two

and L,

and E,
are small bulbs D;
diodes. S;, S, and S;

and
are

S1, S, and S3; all are open
L; bright and L, dark

I, dark and L, bright

I; and L; both dark

S, and S; are open
L; bright and L, dark

L; dark and L, bright

I, and L, both dark

S; and S; are open
L; bright and L, dark

L, dark and L, bright

L; and L, both bright

S; and S, are open
L; bright and L, dark

L, dark and L, bright

L; and L, both bright

Sl,
L
L,
Ly

S, and Ss; all are closed
bright and L, dark

dark and L, bright

and L, both are bright

(d)V, < E

(d)v, < E






