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Introduction

Understanding the behavior of electrical cells and their internal characteristics is fundamental in the
study of physics and electrical engineering. When a cell with a specified electromotive force (EMF)
and internal resistance is connected to an external resistor, it creates a circuit that demonstrates
key principles such as voltage drops, current flow, and power distribution. This article explores the
scenario where a cell has an EMF of 1.5 volts and an internal resistance of 0.65 ohms, and it is
connected to a resistor, analyzing the various parameters involved and their practical implications.

Basic Concepts and Definitions

Before delving into detailed calculations and analyses, it is essential to clarify some fundamental
concepts related to electrical cells and circuits.

Electromotive Force (EMF)

- Definition: EMF is the maximum potential difference across the terminals of a cell when no current
is flowing. It represents the energy supplied per unit charge by the source.

- Unit: Volts (V)

Internal Resistance

- Definition: Internal resistance is the inherent resistance within the cell that opposes the flow of
current.

- Effect: It causes a voltage drop within the cell itself, reducing the effective voltage delivered to the
external circuit.

- Unit: Ohms (Q)

External Resistance

- The resistor connected to the cell, which limits the current and dissipates electrical energy as heat
or other forms.

Circuit Configuration and Analysis



The typical circuit configuration involves connecting a cell with EMF \(E\) and internal resistance
\(r\) to an external resistor \(R\).

Basic Circuit Diagram

(EMF = 1.5V) Internal Resistance r = 0.65 Q
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Key Parameters
- EMF, \(E\): 1.5V

- Internal Resistance, \(r\): 0.65 Q
- External Resistance, \(R\): Variable (to be specified or analyzed)

Calculating the Current in the Circuit

When the cell is connected to a resistor \(R\), the current \(I\) flowing through the circuit can be
found using Ohm’s Law combined with the internal resistance:

\[
I =\frac{E}{R + r}
\]

This equation accounts for the total resistance in the circuit, which is the sum of the external
resistance \(R\) and the internal resistance \(r\).

Example Calculations

1. Without External Resistance (theoretical case):
-If\(R=0)), then:

\[

I =\frac{E}{r} = \frac{1.5}{0.65} \approx 2.31\, \text{A}
\]

- This represents the maximum current the cell can supply when connected directly across its
internal resistance.

2. With a Specific External Resistance:

- Suppose \( R = 10\, \Omega \):



\[
[ =\frac{1.5}{10 + 0.65} = \frac{1.5}{10.65} \approx 0.141\, \text{A}
\]

- As\( R\) increases, current decreases; as \( R \) decreases, current increases.

Voltage Across External Resistor and Internal Resistance

The voltage drop across the external resistor and internal resistance can be analyzed for various
values of \( R \).

Voltage Across External Resistor \(V_R\)

\[
V R =TI\times R
\]

Voltage Across Internal Resistance \(V r\)

\[
V r=I1\timesr

\]

Terminal Voltage \(V_{terminal}\)

The terminal voltage (the voltage across the external resistor) is given by:
\[

V {terminal} =E-V r=E-I\timesr

\]

This indicates that the voltage available to the external resistor is always less than the EMF due to
the internal resistance.

Power Dissipation in the Circuit

The power consumed in the external resistor and internally within the cell can be calculated.
Power in External Resistor \(P_R\)

\[

P R =172 \times R

\]

Power Dissipated as Heat in Internal Resistance \(P r\)

\[



Pr=172\timesr
\]

Total Power Supplied by the Cell

\[
P {total} = E \times I
\]

Note that the total power supplied is divided between the external resistor and internal resistance:

\[
P {total} =P R+ Pr
\]

Practical Implications and Applications

Understanding these calculations is crucial in designing electrical circuits, especially in applications
where efficiency and power management are critical.

Efficiency of the Cell
The efficiency \(\eta\) of power transfer can be expressed as:

\[

\eta = \frac{P R}{P {total}} = \frac{I"~2 R}{E \times I} = \frac{I R}{E}

\]

Maximizing efficiency involves selecting an optimal external resistance \( R \).

Maximum Power Transfer Theorem

- Statement: Maximum power is transferred to the external load when \( R =r).
- Application: For this cell, the maximum power transfer occurs when:

\[
R = 0.65\, \Omega

\]

- Resulting Current:

\[
I {max} = \frac{E}{R + r} = \frac{1.5}{0.65 + 0.65} = \frac{1.5}{1.3} \approx 1.15\, \text{A}

\]

- Power Delivered to the Resistor:

\[
P {max} =1 {max}”"2 \times R = (1.15)"2 \times 0.65 \approx 0.86\, \text{ W}



\]

Factors Affecting Circuit Performance

Numerous factors influence the efficiency and operation of a cell connected to a resistor:
Temperature

- Elevated temperatures can increase internal resistance and affect EMF.

Battery Age and Condition

- Over time, internal resistance may increase, reducing efficiency.

External Resistance Choice

- Properly choosing \( R ) influences the current, voltage, and power output.

Internal Resistance Management

- Using cells with lower internal resistance improves performance.

Conclusion

The scenario where a cell with an EMF of 1.5 V and an internal resistance of 0.65 Q is connected to
a resistor serves as a fundamental example in understanding electrical circuit principles. By
analyzing the circuit parameters—current, voltage drops, power distribution, and
efficiency—engineers and physicists can optimize circuit design for maximum performance and
energy efficiency.

This analysis illustrates the critical balance between internal resistance and external load resistance
in determining the overall effectiveness of electrical energy transfer. Whether in designing batteries,
electronic devices, or power systems, these principles underpin the reliable and efficient operation
of electrical circuits.
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Frequently Asked Questions

What is the emf of the cell in the given problem?
The emf of the cell is 1.5 V.

What is the internal resistance of the cell described?

The internal resistance of the cell is 0.65 ohms.

How does internal resistance affect the current when the cell
is connected to a resistor?

Internal resistance causes a voltage drop within the cell, reducing the current flow compared to the
emf when connected to an external resistor.

How can you calculate the current flowing through the
resistor in this setup?

Using Ohm's law, the current can be calculated by I = emf/ (R + internal resistance), where R is the
resistance of the external resistor.

If the external resistor is 10 ohms, what is the current flowing
through the circuit?

Using the formulaI=1.5V/(10Q + 0.65Q) =1.5/10.65 = 0.141 A.

How does increasing the external resistance affect the current
in the circuit?

Increasing the external resistance decreases the current flowing through the circuit, according to
Ohm's law.

Additional Resources

A Cell Has An Emf Of 1.5 V And An Internal Resistance Of 0.65 Q. The Cell Is Connected To A
Resistor

Introduction

In the world of electronics and electrical engineering, understanding the behavior of simple
components such as cells and resistors is fundamental. Whether powering a small device or a
complex circuit, the principles governing how these components interact dictate the efficiency and



functionality of the entire system. This article delves into a specific scenario: a cell characterized by
an electromotive force (emf) of 1.5 volts and an internal resistance of 0.65 ohms (Q), connected to an
external resistor. Through this case study, we will explore the underlying physics, analyze the circuit
behavior, and examine the practical implications of internal resistance on circuit performance.

The Basics of EMF and Internal Resistance

What Is EMF?

Electromotive force (emf) is the voltage generated by a source such as a cell or battery when no
current is flowing. It represents the maximum potential difference the source can provide. In our
case, the cell's emfis 1.5V, a typical value for standard AA batteries or similar power sources.
Internal Resistance: An Inevitable Reality

Internal resistance refers to the inherent opposition within the cell to the flow of current. Unlike an
ideal source, real-world cells cannot deliver their emf without some voltage drop caused by this
internal opposition. The internal resistance (0.65 Q in our scenario) results from various factors such
as the electrolyte resistance, electrode resistance, and other internal processes.

Significance in Circuit Analysis

Knowing both emf and internal resistance is crucial for accurately predicting how a cell will perform
under load, how much current it can supply, and how much energy is lost within the source itself.

Connecting the Cell to an External Resistor: Analyzing the Circuit

The Basic Circuit Setup

Imagine a simple circuit where the cell with emf \( \mathcal{E} = 1.5\, \text{V} \) and internal
resistance \( r = 0.65\, \Omega \) is connected across an external resistor \( R \). The circuit can be
represented as:

- A voltage source with emf \( \mathcal{E} \)

- Internal resistance \(r\)

- External resistor \( R \)

The current \( I\) flows through both \( r\) and \( R\), forming a series circuit.

Circuit Equation

Applying Kirchhoff’s Voltage Law (KVL):

\[

\mathcal{E} = I(R + r)
\]



which leads to:

\[
I = \frac{\mathcal{E}}{R + r}
\]

This fundamental relation allows us to analyze how different resistor values influence current,
voltage drops, and power dissipation.

Calculating Current and Voltage Drops
Current Through the Circuit
Given the emf and internal resistance, the current \( I\) for any value of \( R) is:

\[
[ =\frac{1.5\, \text{V}}{R + 0.65\, \Omega}
\]

For example:

-If\( R = 10\, \Omega \):

\[

I =\frac{1.5}{10 + 0.65} = \frac{1.5}{10.65} \approx 0.141\, \text{A}

\]

-If\( R = 100\, \Omega \):

\[

I =\frac{1.5}{100 + 0.65} = \frac{1.5}{100.65} \approx 0.015\, \text{A}
\]

This demonstrates how increasing the load resistance reduces the current.
Voltage Drop Across the External Resistor

The voltage across \( R)) is:

\[
VR=IR
\]

Similarly, the voltage drop across the internal resistance \( r) is:

\[
Vr=Ir
\]



The terminal voltage \( V_{terminal} \), which is the voltage across the external resistor, is:

\[
V_{terminal} = \mathcal{E} -V r = \mathcal{E} - Ir
\]

This value indicates how much voltage is actually available to power the external load.

Power Dissipation and Efficiency
Power Delivered to the External Resistor
The power delivered to \( R ) is:

\[

PR=1"2R

\]

Using the earlier current calculations:

- For \( R = 10\, \Omega \):

\[
P R =(0.141)"2 \times 10 \approx 0.199\, \text{W}
\]

- For \( R = 100\, \Omega \):

\[

P R =(0.015)"2 \times 100 \approx 0.0225\, \text{W}
\]

Power Loss within the Cell

The internal resistance causes power loss within the cell:

\[
P {loss} =1"2r
\]

This energy is dissipated as heat and is an unavoidable inefficiency:
- For \( R = 10\, \Omega \):

\[

P {loss} = (0.141)"2 \times 0.65 \approx 0.013\, \text{W}

\]

- For \( R = 100\, \Omega \):



\[
P {loss} = (0.015)"2 \times 0.65 \approx 0.00015\, \text{W}
\]

Understanding these power losses is vital for designing efficient circuits, especially in applications
where energy conservation is critical.

Optimizing Load Resistance

Balancing Current and Efficiency

Choosing the right external resistor involves trade-offs:

- High Resistance:

- Results in lower current.

- Minimizes internal power loss.

- But may produce insufficient current for the application.
- Low Resistance:

- Delivers higher current.

- Increases power loss within the cell, reducing efficiency.
- Risks overloading the cell or damaging it.

Maximum Power Transfer Theorem

This principle states that maximum power is transferred to the load when the load resistance \( R )
equals the internal resistance \(r\).

Applying this:

\[

R {opt} =r = 0.65\, \Omega
\]

At this point:

\[

[ {max} = \frac{\mathcal{E}}{R + r} = \frac{1.5}{0.65 + 0.65} = \frac{1.5}{1.3} \approx 1.154)\,
\text{A}
\]

and the power delivered is:



\[
P {max} = \frac{\mathcal{E}"~2}{4r} = \frac{(1.5)"2}{4 \times 0.65} \approx 0.865\, \text{W}

\]

This insight helps designers optimize circuit parameters for specific performance goals.

Practical Implications and Real-World Applications
Battery Life and Efficiency

In portable electronics, internal resistance significantly impacts battery life. Higher internal
resistance leads to more heat generation and shorter operational durations. Understanding this
helps in selecting appropriate power sources and designing circuits that minimize internal losses.

Device Design and Power Management

Engineers often aim to operate devices at or near the point of maximum power transfer, especially in
wireless communication and sensor applications, where maximizing energy efficiency is crucial.

Limitations of Real-World Scenario

While the calculations provide valuable insights, actual conditions may vary due to factors like
temperature, aging of the cell, and non-idealities in components. Continuous monitoring and testing
are essential for ensuring optimal circuit performance.

Conclusion

The simple scenario of a cell with an emf of 1.5 V and an internal resistance of 0.65 Q connected to
an external resistor encapsulates many fundamental principles of circuit analysis and electrical
engineering. By understanding how internal resistance affects current flow, voltage distribution, and
power dissipation, engineers can design more efficient, reliable, and effective electrical systems.
Whether optimizing battery-powered devices, designing energy-efficient circuits, or exploring
theoretical principles like maximum power transfer, these concepts remain central. As technology
advances, the importance of understanding internal resistance and its implications continues to
grow, underpinning innovations across electronics, energy storage, and beyond.
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