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Is Only 22.0 V When The a battery exhibits a discrepancy between its emf
(electromotive force) and terminal voltage under load conditions. This
situation is common in practical applications and is primarily caused by
internal resistance within the battery. Understanding why this difference
occurs, how it affects the performance of the battery, and ways to mitigate
it are essential for professionals and enthusiasts dealing with electrical
systems. This comprehensive guide explores the concepts related to emf,
terminal voltage, internal resistance, and their implications in real-world
scenarios.

Understanding emf and Terminal Voltage

What Is Electromotive Force (Emf)?

Electromotive force, or emf, is the maximum potential difference a battery
can provide when no current is flowing. It is an intrinsic property of the
battery, representing the energy supplied per unit charge as chemical energy
is converted into electrical energy inside the cell. Typically measured in
volts (V), emf indicates the ideal voltage of a fully charged battery under
no-load conditions.

Key points about emf:

- Emf is the open-circuit voltage of a battery.

- It is not affected by the internal resistance.

- Represents the maximum potential difference the battery can produce.

What Is Terminal Voltage?

Terminal voltage, on the other hand, is the voltage available across the
battery's terminals when a load is connected. Unlike emf, terminal voltage
varies depending on the current drawn and the internal resistance of the
battery. It is often less than emf under load conditions due to internal
voltage drops.

Key points about terminal voltage:
- It is the effective voltage supplied to an external circuit.
- Varies with load current.



- Usually less than emf when the battery is under load.

Internal Resistance and Its Role in Voltage
Drop

What Is Internal Resistance?

Internal resistance (denoted as \(r\)) is the inherent resistance to current
flow within the battery. It arises from the materials and chemical processes
inside the cell, as well as from electrode and electrolyte properties.

Sources of internal resistance include:

- Electrolyte resistance

- Electrode material resistance

- Contact resistance within the cell

- Impurities and manufacturing imperfections

Impact of Internal Resistance on Terminal Voltage

When current flows through a battery, internal resistance causes a voltage
drop within the cell, described by Ohm’s law:

\[ V_{drop} = I \times r \]

where:

- \(V _{drop}\) is the internal voltage loss,

- \(I\) is the current flowing through the battery,
- \(r\) is the internal resistance.

The terminal voltage (\(V_{terminal}\)) can be expressed as:
\[ V {terminal} = E {emf} - I \times r \]

This equation illustrates why the terminal voltage is less than emf under
load.

Implications:

- Higher internal resistance leads to a larger voltage drop at a given
current.

- As current increases, the terminal voltage decreases further from emf.



Analyzing the Specific Scenario: 24.0 V emf and
22.0 V Terminal Voltage

Given Data

- emf (\(E\)) = 24.0V
- terminal voltage (\(V {terminal}\)) = 22.0 V
- Unknown: Internal resistance (\(r\)), load current (\(I\))

Calculating the Internal Resistance

Assuming the load causes the terminal voltage to drop from emf, the
relationship is:

\[ V {terminal} = E - I \times r \]
Rearranged to find \(r\):
\[ r = \frac{E - V {terminal}}{I} \]

However, since the load current \(I\) is not directly given, we can consider
typical scenarios or measure the current to find \(r\).

Example:
Suppose the load draws a current of 2 A when the terminal voltage is 22.0 V:

\[ r =\frac{24.0 V - 22.0 V}{2\,A} = \frac{2.0 V}{2\,A} = 1.0\,\Omega \]

This calculation indicates the internal resistance of the battery is
approximately 1.0 ohm under the given load.

Effects of Internal Resistance on Battery
Performance

Voltage Drop and Power Loss

The internal resistance causes a voltage drop that reduces the usable voltage
supplied to the external circuit. This impacts device performance, especially
in high-current applications.

Consequences include:
- Reduced device efficiency



- Increased heat generation within the battery
- Shortened battery lifespan due to heat stress

Power Dissipation Inside the Battery

The power dissipated as heat inside the battery is given by:
\[ P {internal} = I™2 \times r \]

A higher internal resistance results in more heat, which can damage internal
components and lead to capacity fade over time.

Factors Influencing Internal Resistance

Battery Age and Usage

- As batteries age, internal resistance tends to increase due to chemical
degradation.
- Frequent cycles and deep discharges exacerbate resistance growth.

Temperature Effects

- Elevated temperatures can decrease internal resistance temporarily but
cause long-term damage.

- Low temperatures increase internal resistance, reducing terminal voltage
under load.

Battery Chemistry and Design

- Different chemistries (Li-ion, lead-acid, NiMH) have varying internal
resistance characteristics.

- Design improvements aim to minimize internal resistance for better
performance.

How to Mitigate Voltage Drop in Batteries



Choosing Batteries with Low Internal Resistance

- Select batteries designed for high current applications.
- Look for specifications that specify internal resistance or equivalent
series resistance (ESR).

Proper Maintenance and Usage

- Avoid deep discharges that can increase internal resistance.
- Store batteries in appropriate temperature conditions.
- Regularly test and replace aging batteries.

Parallel and Series Configurations

- Using multiple batteries in parallel can reduce overall internal
resistance.
- Proper configuration ensures balanced load distribution.

Conclusion: Key Takeaways

The case of a battery with an emf of 24.0 V and a terminal voltage of only
22.0 V demonstrates the fundamental impact of internal resistance on battery
performance. Internal resistance causes voltage drops under load, limiting
the effective voltage delivered to external circuits. Recognizing and
managing internal resistance through proper battery selection, maintenance,
and system design is crucial for optimizing performance and longevity.

FAQs About emf, Terminal Voltage, and Internal
Resistance

1. What causes internal resistance in a battery? Internal resistance arises
from the materials and chemical processes within the battery, including
electrolyte resistance and electrode properties.

2. Why is terminal voltage less than emf under load? Because of voltage
drops caused by internal resistance when current flows, reducing the
voltage available at the terminals.

3. How can internal resistance be measured? Internal resistance can be
measured by applying a known load and measuring the voltage drop, then
calculating resistance using Ohm’s law.



4. Does internal resistance increase with battery age? Yes, internal
resistance typically increases as a battery ages and undergoes repeated
charge-discharge cycles.

5. What are practical ways to reduce internal resistance? Using high-
quality batteries, maintaining proper temperature, and avoiding deep
discharges can help minimize internal resistance.

In summary, understanding the relationship between emf, terminal voltage, and
internal resistance is essential for maximizing battery efficiency and
lifespan. Recognizing why a battery’s terminal voltage might be lower than
its emf under load conditions helps in troubleshooting, designing better
systems, and selecting appropriate power sources for specific applications.

Frequently Asked Questions

What causes the terminal voltage of a battery to be
lower than its emf during use?

The terminal voltage drops below the emf due to internal resistance within
the battery, which causes a voltage drop when current flows, especially under
load conditions.

How does internal resistance affect the terminal
voltage of a battery with an emf of 24.0 V?

Internal resistance causes a voltage drop inside the battery, reducing the
terminal voltage from the emf. For example, with an emf of 24.0 V, internal
resistance might cause the terminal voltage to drop to 22.0 V when current is
drawn.

What is the significance of measuring the difference
between emf and terminal voltage in batteries?

Measuring the difference helps determine the internal resistance of the
battery and assess its health and performance under load conditions.

If a battery's emf is 24.0 V but its terminal
voltage drops to 22.0 V under load, what can be
inferred about the internal resistance?

A voltage drop of 2.0 V indicates the internal resistance causes a voltage



loss when current flows. The internal resistance can be estimated if the
current drawn is known, using Ohm's law.

How can the internal resistance of a battery be
calculated from emf and terminal voltage
measurements?

Internal resistance (r) can be calculated using the formula r = (EMF -
terminal voltage) / current. For example, if the current is known, dividing
the voltage difference by the current gives the internal resistance.

Additional Resources
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In the realm of electrical engineering and practical electronics,
understanding the fundamental differences between a battery's electromotive
force (emf) and its terminal voltage is crucial. This distinction becomes
especially significant when a battery, designed to deliver a specific
voltage, exhibits a lower terminal voltage during operation. In this article,
we delve into the causes, implications, and practical considerations
surrounding this phenomenon, with a focus on a battery manufactured with an
emf of 24.0 V but displaying only 22.0 V at the terminals under load. Through
detailed analysis, we aim to provide a comprehensive understanding suitable
for students, engineers, and enthusiasts alike.

Understanding Electromotive Force (emf) and Terminal Voltage
What is Electromotive Force (emf)?

Electromotive force, commonly abbreviated as emf, is the maximum potential
difference a battery or power source can produce when no current is
flowing—i.e., under open-circuit conditions. It represents the energy per
unit charge supplied by the battery's chemical reactions and is measured in
volts (V). The emf is an idealized quantity, assuming no internal resistance
or energy losses within the device.

Defining Terminal Voltage

Terminal voltage is the actual potential difference across the battery's
terminals when a load is connected, and current is flowing. Unlike emf,
terminal voltage accounts for internal factors such as resistance and energy
losses within the battery. It is generally less than emf during operation due
to these internal effects, especially under high current loads.

The Relationship Between emf and Terminal Voltage



Mathematically, the terminal voltage (V) can be expressed as:

\[ V = \text{emf} - \text{Internal Voltage Drop} \I
or

\[ V = \text{emf} - I \times r \]

where:

- \( I\) is the current flowing through the battery,
- \( r\) is the internal resistance of the battery.

This relationship highlights that internal resistance causes a voltage drop
proportional to the current, reducing the voltage available at the terminals
under load.

The Phenomenon: emf of 24.0 V, Terminal Voltage of 22.0 V
Initial Observations

In the scenario where a battery is manufactured to have an emf of 24.0 V but
exhibits only 22.0 V at the terminals during use, there is a clear
discrepancy attributable primarily to internal factors within the battery.
Understanding why this occurs involves examining internal resistance, load
conditions, and the chemical processes within the battery.

Why Does the Terminal Voltage Drop?

The primary reason for the terminal voltage being lower than emf is the
internal resistance, which causes voltage drops when current flows. This
internal resistance comes from:

- Electrochemical resistance within the battery's active materials.

- Electrode and electrolyte interfaces which impede charge flow.

- Physical constraints such as the thickness of separators and conductive
pathways.

- Temperature effects, as higher temperatures can influence internal
resistance.

Calculating Internal Resistance

Given the emf and terminal voltage, the internal resistance can be estimated
if the current during operation is known. For simplicity, assuming the load
current is known or can be measured, the internal resistance can be
approximated:

\[ r = \frac{\text{emf} - V}{I} \]

For example, if the current \( I \) during operation is 1 A:

\[ r = \frac{24.0\,V - 22.0\,V}{1\,A} = 2.0\,\Omega \]



This simple calculation demonstrates how internal resistance diminishes the
effective voltage delivered to the load.

Factors Contributing to Voltage Drop in Batteries
Internal Resistance and Its Origins

Internal resistance is the dominant factor influencing the difference between
emf and terminal voltage. It arises from:

- Material resistivity: The inherent resistance of the active and conductive
materials.

- Electrolyte resistance: The ionic resistance within the electrolyte
solution.

- Contact resistance: Resistance at the interfaces between different
components within the battery.

- Degradation over time: Aging and usage increase internal resistance.

Load Conditions and Current Draw

The magnitude of the voltage drop depends on the current drawn from the
battery:

- Low current loads produce minimal voltage drops, with terminal voltage
approaching emf.

- High current loads exacerbate voltage drops due to increased internal
resistance effects, leading to significantly lower terminal voltage.

Temperature Effects

Temperature influences internal resistance:

- Higher temperatures typically reduce internal resistance, slightly
increasing terminal voltage under load.

- Lower temperatures increase resistance, further decreasing terminal
voltage.

Battery State of Charge and Aging

As batteries age or deplete their charge, internal resistance tends to
increase, causing greater voltage drops under load, and reducing the
available terminal voltage.

Practical Implications of Voltage Discrepancies

Impact on Device Performance

Devices relying on precise voltage levels may malfunction or operate

inefficiently if the terminal voltage drops below the required operating
threshold. For example:



- Sensitive electronics may shut down or malfunction if voltage dips too low.
- Motors may experience reduced torque or speed.

- Charging systems may incorrectly interpret voltage levels, affecting
battery longevity.

Battery Selection and System Design

Engineers and designers must account for internal resistance and potential
voltage drops when selecting batteries for specific applications.
Overestimating the available voltage can lead to system failures or
inefficiencies.

Monitoring and Maintenance

Regular monitoring of terminal voltage under load provides insights into
battery health. An increasing difference between emf and terminal voltage
over time indicates rising internal resistance and potential degradation.
Strategies to Mitigate Voltage Drop Issues

Improving Battery Quality

- Using higher purity materials and advanced manufacturing techniques to
reduce internal resistance.

- Incorporating better electrolyte formulations.

Proper Battery Management

- Avoiding excessive current draws that lead to significant voltage drops.
- Ensuring batteries are operated within optimal temperature ranges.

System Design Considerations

- Designing circuits with voltage regulation to compensate for voltage drops.
- Incorporating multiple batteries in series or parallel configurations for
higher capacity and reduced resistance effects.

Regular Maintenance and Replacement

- Replacing aging batteries with higher quality units.
- Performing capacity tests to assess internal resistance and overall health.

Broader Context: The Significance in Modern Technologies

Electric Vehicles (EVs)

In EVs, battery internal resistance and voltage drops directly influence
driving range and performance. Manufacturers continually strive to minimize

internal resistance to deliver higher terminal voltages under load, enhancing
efficiency.



Renewable Energy Storage

Battery banks used in solar or wind energy systems must be carefully managed
to maintain voltage stability, especially during periods of high demand or
low generation.

Consumer Electronics

Smartphones, laptops, and portable devices depend on batteries with low
internal resistance to ensure consistent voltage supply, prolonging device
lifespan and performance.

Future Trends and Research Directions
Advanced Battery Materials

Research into novel electrode and electrolyte materials aims to reduce
internal resistance, thereby narrowing the gap between emf and terminal
voltage during operation.

Smart Battery Management Systems (BMS)

Developing intelligent BMS that monitor internal resistance, temperature, and
voltage in real-time can optimize performance and extend battery life.

Emerging Technologies

Solid-state batteries and other next-generation energy storage solutions
promise lower internal resistance and higher efficiency, mitigating issues
related to voltage drops.

Conclusion

The observation that a battery manufactured with an emf of 24.0 V exhibits
only 22.0 V at its terminals during use underscores the importance of
internal resistance and load conditions in real-world applications.
Recognizing the difference between emf and terminal voltage is fundamental to
understanding battery performance, designing reliable electrical systems, and
ensuring device longevity. As technology advances, ongoing research and
innovation aim to minimize internal resistance, enhancing the efficiency and
reliability of energy storage solutions across various industries. Whether in
portable electronics, electric vehicles, or renewable energy systems,
managing and optimizing terminal voltage remains a critical aspect of modern
electrical engineering.
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