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The Batteries Shown In The Circuit In (Figure 1) Have Negligibly Small Internal
Resistances. Assume That is a foundational assumption often made in electrical circuit
analysis to simplify calculations and understand fundamental behaviors of electrical
systems. This assumption allows engineers and students to focus on the core aspects of
circuit design without the added complexity of internal resistances, which, in real-world
scenarios, are usually very small but not zero. Understanding the implications of this
assumption is crucial for accurate circuit analysis, troubleshooting, and designing efficient
electrical systems.

In this article, we will explore the significance of assuming negligibly small internal
resistances in batteries shown in circuits like in Figure 1. We will examine the theoretical
foundations, practical implications, and limitations of this assumption, providing a
comprehensive understanding tailored for students, professionals, and enthusiasts in
electrical engineering.

Understanding Internal Resistance in Batteries

What Is Internal Resistance?
Internal resistance refers to the inherent opposition within a battery to the flow of current.
It arises due to various factors, including:

Electrochemical processes within the battery

Material resistances of the electrodes and electrolyte

Design and construction of the battery cells

This resistance causes a voltage drop inside the battery itself when current flows, leading
to a reduction in the terminal voltage compared to the emf (electromotive force).

Effects of Internal Resistance
The internal resistance has several practical effects:

Voltage drop during high current loads, resulting in lower output voltage

Heat generation within the battery, potentially affecting battery life and safety



Reduced efficiency of power transfer from the battery to the external circuit

Despite these effects, in many cases, the internal resistance is very small, which justifies
simplifying assumptions in circuit analysis.

Why Assume Negligibly Small Internal
Resistance?

Simplification of Circuit Analysis
Assuming that the batteries have negligibly small internal resistances simplifies the
analysis significantly:

The voltage of the battery can be considered equal to its emf

The internal voltage drops are ignored, making calculations straightforward

Focus shifts to external circuit elements, such as resistors, capacitors, and inductors

This assumption allows for easier application of fundamental laws like Ohm’s Law and
Kirchhoff’s Voltage Law without the need to account for internal voltage drops.

Ideal Voltage Source Model
In theoretical and educational contexts, batteries are often modeled as ideal voltage
sources:

Constant emf regardless of the current drawn

No internal voltage drops or resistance

Provides a clear understanding of circuit behavior under ideal conditions

This idealization helps in developing intuition before considering real-world imperfections.

Implications of the Assumption in Circuit
Behavior



Voltage and Current Calculations
When internal resistance is neglected:

The terminal voltage of the battery remains constant at emf, regardless of load
current

The current in the circuit can be calculated directly using Ohm’s Law: \( I =
\frac{V}{R} \), where V is emf and R is the external resistance

This simplification makes it easier to predict circuit responses accurately in idealized
scenarios.

Power Delivery and Efficiency
Assuming negligibly small internal resistance implies:

Maximum power transfer efficiency

No internal heat losses within the battery

Optimized energy transfer to external loads

In real applications, internal resistance leads to losses, but ignoring it provides an upper-
bound estimate of performance.

Limitations and Real-World Considerations

When Does the Assumption Break Down?
While assuming negligible internal resistance is useful theoretically, real batteries always
have some internal resistance:

High current applications cause significant voltage drops

Battery aging and temperature variations increase internal resistance

Design constraints may lead to non-negligible internal resistances

Thus, the assumption is valid primarily in low-current or idealized scenarios.

Impact on Circuit Design and Safety
Ignoring internal resistance can lead to:



Overestimated battery performance

Underestimating heat generation within the battery

Potential safety hazards in high-current applications

Engineers must incorporate internal resistance considerations in detailed designs to
ensure reliability and safety.

Analyzing Circuits with Negligible Internal
Resistance

Step-by-Step Approach
To analyze such circuits:

Model the battery as an ideal emf source1.

Identify external circuit elements (resistors, capacitors, etc.)2.

Apply Kirchhoff’s Laws or Ohm’s Law to determine currents and voltages3.

Verify that the assumptions remain valid within the operational parameters4.

Example Calculation
Suppose in Figure 1, a battery with emf \( E \) is connected across a resistor \( R \):

Assuming negligible internal resistance, the current \( I \) is given by \( I =
\frac{E}{R} \)

The terminal voltage is approximately \( E \), unaffected by internal voltage drops

This simple model provides quick and accurate insights into circuit behavior.

Conclusion: The Utility and Caution of the
Assumption

Assuming that the batteries shown in the circuit in (Figure 1) have negligibly small
internal resistances is a powerful simplification that facilitates understanding and



analyzing complex electrical circuits. It is especially useful in educational contexts, initial
design phases, and low-current applications where internal resistance effects are minimal.

However, engineers and practitioners must remain aware of the limitations of this
assumption. In high-current or precision applications, internal resistance plays a
significant role, affecting voltage regulation, heat generation, and overall system
efficiency. Incorporating internal resistance into circuit models leads to more accurate
predictions and safer, more reliable designs.

In summary, assuming negligibly small internal resistances in circuit analysis is a valuable
tool for simplifying calculations and building foundational understanding. Still, it must be
applied judiciously, with a clear awareness of its limitations and the conditions under
which real-world deviations become significant. This balanced approach ensures both
theoretical clarity and practical reliability in electrical engineering endeavors.

Frequently Asked Questions

What assumptions are made about the internal
resistances of the batteries in the circuit shown in
Figure 1?
The batteries are assumed to have negligibly small internal resistances, meaning their
internal resistances are considered insignificant and do not affect the circuit's behavior.

How does assuming negligible internal resistance of
batteries affect the analysis of the circuit?
Assuming negligible internal resistance simplifies the analysis by allowing us to ignore
voltage drops within the batteries, focusing only on the external circuit components for
calculations.

What impact does negligible internal resistance have on
the voltage supplied by the batteries?
With negligible internal resistance, the voltage across the terminals of each battery
remains essentially equal to its emf, ensuring maximum voltage delivery to the circuit
without internal voltage drops.

In practical scenarios, how valid is the assumption of
negligible internal resistance for batteries?
In real-world applications, batteries have some internal resistance, but for idealized circuit
analysis or when internal resistance is very small compared to other circuit resistances,
this assumption is considered valid.



Why is it important to specify that the internal
resistances are negligible when analyzing the circuit?
Specifying negligible internal resistance helps in simplifying the circuit analysis, making it
easier to calculate currents and voltages without accounting for internal voltage drops
within the batteries.

How would the circuit analysis change if the batteries
had significant internal resistances?
If the batteries had significant internal resistances, additional voltage drops would need to
be included in calculations, affecting the overall current and voltage distribution,
potentially reducing the circuit's efficiency.

Can the assumption of negligible internal resistance
affect the accuracy of the analysis in real-world
applications?
Yes, in real-world applications, ignoring internal resistance can lead to overestimating the
circuit's performance, as internal resistances cause voltage drops and power losses that
are not accounted for in idealized models.

Additional Resources
The Batteries Shown In The Circuit In (Figure 1) Have Negligibly Small Internal
Resistances. Assume That

In the realm of electrical engineering and circuit analysis, simplifying assumptions often
serve as vital tools to understand complex behaviors without getting bogged down by
minutiae. One such assumption frequently encountered in theoretical problems is that the
batteries in a circuit possess negligibly small internal resistances. While this may seem
like a minor detail, it profoundly influences how we analyze and interpret circuit behavior.
This article delves into the implications of this assumption, exploring how it shapes circuit
analysis, the underlying principles, and real-world considerations that bridge theory with
practice.

---

Understanding Internal Resistance in Batteries

What Is Internal Resistance?

At its core, internal resistance refers to the opposition within a battery to the flow of



current. Every real-world power source, whether a simple AA battery or a complex
industrial cell, exhibits some internal resistance due to its chemical composition, electrode
materials, and construction. This resistance causes a voltage drop within the battery itself
when current flows, impacting the overall voltage delivered to the external circuit.

Key aspects of internal resistance include:

- Chemical factors: The electrochemical reactions and ion movement generate resistance.
- Electrode and electrolyte properties: Material conductivity influences internal opposition.
- Temperature: Elevated temperatures typically decrease internal resistance, whereas
colder conditions increase it.
- Age and usage: As batteries age, internal resistance tends to increase due to
degradation.

In practical terms, internal resistance manifests as a reduction in terminal voltage under
load, heat generation, and reduced efficiency.

Why Do Some Circuit Analyses Assume Negligible
Internal Resistance?

In theoretical models, assuming negligible internal resistance simplifies calculations and
offers clearer insights into circuit behaviors. When the internal resistance is so small that
its voltage drop is insignificant compared to the total voltage, it can be ignored without
materially impacting the analysis.

Advantages of this assumption:

- Simplifies calculations: Eliminates the need to account for voltage drops within the
battery, making Ohm’s law and Kirchhoff's laws more straightforward to apply.
- Focuses on circuit components: Allows engineers and students to isolate the effects of
resistors, capacitors, and other elements without the added complexity of internal
resistance.
- Facilitates idealized theoretical models: Useful in deriving fundamental principles and
understanding ideal behavior.

Limitations and considerations:

- The assumption holds true primarily for low-current, short-duration scenarios.
- Not applicable in high-current or long-duration contexts where internal resistance
significantly impacts performance.
- Real-world batteries always have some internal resistance, though it may be negligible in
specific cases.

---



Theoretical Implications of Negligible Internal
Resistance

Voltage Behavior and Circuit Analysis

When internal resistance is considered negligible, the voltage across the battery terminals
during operation effectively equals the emf (electromotive force) of the battery. The circuit
simplifies to a source of emf with negligible internal opposition, allowing straightforward
application of Ohm's law and Kirchhoff's laws.

Implications include:

- Constant terminal voltage: Regardless of load, as long as the current remains within the
battery's capacity.
- No internal voltage drop: The entire emf is available across external components.
- Simplified power calculations: Power delivered to the load can be easily calculated using
\( P = V \times I \), with V approximating emf.

Impact on Power Distribution and Efficiency

Neglecting internal resistance implies maximum possible efficiency, as no energy is lost
within the source itself. This idealization leads to:

- Maximum power transfer: The external circuit receives the full emf, enabling optimal
design considerations.
- Idealized efficiency calculations: The ratio of output power to input power approaches
100% under this assumption.
- Simplified thermal considerations: No heat is generated within the battery due to
internal losses, which is unrealistic but useful for initial calculations.

Examples in Circuit Analysis

In many educational contexts, neglecting internal resistance helps students grasp
fundamental concepts:

- Series and parallel circuit behaviors
- Voltage division principles
- Basic power calculations

For instance, in a simple series circuit with a battery and resistors, assuming zero internal
resistance allows focusing solely on the resistors' voltage drops and current flow,
streamlining the learning process.

---



Practical Considerations and Real-World
Deviations

Limitations of the Assumption in Engineering Practice

While the assumption of negligible internal resistance is valuable for theoretical
understanding, it diverges from practical realities:

- Actual internal resistance is non-zero: Even high-quality batteries exhibit some internal
opposition.
- Impact at high currents: As current increases, internal voltage drops become significant,
leading to reduced terminal voltage and efficiency.
- Temperature effects: Batteries may heat up under load, altering internal resistance
dynamically.
- Age and degradation: Over time, internal resistance tends to increase, affecting
performance.

Consequences of Ignoring Internal Resistance in Real-
World Design

Neglecting internal resistance can lead to overly optimistic assessments of battery
performance, potentially causing:

- Underestimations of voltage drops: Leading to circuit components not functioning as
intended.
- Overestimations of runtime and power delivery: Resulting in design failures or
inadequate power margins.
- Thermal management issues: Overlooking heat generation within the battery, which can
impact safety and longevity.

Design recommendations:

- Always include internal resistance in detailed, high-current, or safety-critical analyses.
- Use empirical data and manufacturer specifications to account for internal resistance.
- Consider temperature and aging effects in long-term performance evaluations.

Measuring Internal Resistance

In laboratory settings, internal resistance is measured using techniques such as:

- AC impedance spectroscopy: Applying an AC signal and measuring voltage and current
to determine resistance across frequencies.
- DC load method: Applying a known load and measuring voltage drop to calculate internal



resistance.
- Open-circuit and loaded voltage comparisons: Using voltage measurements before and
during load to estimate internal losses.

These measurements aid engineers in designing circuits that account for real battery
behaviors, ensuring robustness and reliability.

---

Bridging Theory and Practice

From Simplified Models to Real-World Applications

The assumption that batteries have negligibly small internal resistances serves as a
foundational concept, especially in introductory physics and circuit analysis. It allows
students and engineers to build intuition about circuit behavior without the confounding
effects of internal losses.

However, transitioning from this idealized model to practical engineering involves:

- Incorporating internal resistance into circuit simulations.
- Considering temperature-dependent variations.
- Accounting for aging and manufacturing tolerances.
- Designing for safety margins to accommodate unexpected internal resistance increases.

Educational and Engineering Significance

Educators leverage this assumption to:

- Introduce core principles without overwhelming students.
- Develop problem-solving skills in idealized contexts before tackling complex, real-world
scenarios.

Engineers, on the other hand, use detailed models that include internal resistance for:

- Battery selection and system design.
- Safety analysis.
- Predictive maintenance.

---



Conclusion: The Balance Between Idealization
and Reality

Assuming that the batteries in a circuit have negligibly small internal resistances is a
powerful simplification that facilitates fundamental understanding and initial design
efforts. It highlights the pure effects of circuit components on current and voltage without
the complication of internal losses. Nonetheless, appreciating the limitations of this
assumption is crucial for translating theory into practice.

In real-world applications, internal resistance is an unavoidable factor influencing
efficiency, heat generation, and overall performance. Engineers must measure, model, and
account for these internal properties to ensure safety, reliability, and optimal functioning
of electrical systems. As technology advances, battery designs continually aim to minimize
internal resistance, pushing closer to the idealized models that serve as the backbone of
circuit analysis.

Ultimately, the interplay between theoretical assumptions and practical realities
underscores the importance of a nuanced approach—using idealized models as guiding
tools while rigorously considering real-world deviations to inform engineering decisions.
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