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When Connected Across The a load resistor? This question is fundamental in
understanding how batteries operate within electrical circuits and how their
internal characteristics influence the overall performance. In this article,
we will explore the concepts of electromotive force (emf), internal
resistance, and how to determine the appropriate external resistance to
optimize battery performance. We will also delve into practical applications
and considerations for designing circuits involving batteries.

Understanding Emf and Internal Resistance

What is Electromotive Force (Emf)?
Electromotive force, commonly denoted as V in equations, is the maximum
potential difference generated by a battery or power source when no current
is flowing. It is measured in volts (V) and represents the energy provided
per unit charge by the battery's chemical reactions.

Internal Resistance of a Battery
Every real battery exhibits some internal resistance, R, which is due to the
materials and processes within the battery. Internal resistance causes
voltage drops within the battery itself when current flows and results in
energy losses as heat.

Key points about internal resistance:
- It reduces the effective voltage delivered to the external circuit.
- It causes the terminal voltage to be less than emf when current is drawn.
- It impacts battery efficiency and lifespan.

Modeling a Battery: The Equivalent Circuit

To analyze how a battery behaves when connected to an external resistor,
engineers use an equivalent circuit model:



Emf Source (V): Represents the ideal voltage of the battery.

Internal Resistance (R): Models the internal losses within the battery.

External Resistance (Rload): The resistor connected across the battery
terminals.

The circuit resembles a voltage source V in series with an internal resistor
R, connected across the load resistor Rload.

Determining the Resistance R When Connected
Across the Battery

Suppose you want to choose an external resistance R for a load connected to a
battery with emf V and internal resistance R. The goal may be to maximize
power transfer, ensure safe operation, or optimize efficiency.

Maximum Power Transfer Theorem
A fundamental principle in circuit theory states:

> To transfer maximum power from a source to a load, the load resistance
Rload should be equal to the internal resistance R of the source.

Mathematically:

R = Rload

Implication:

- When R = R, the power delivered to the load is maximized.
- The terminal voltage Vterminal under this condition is:

Vterminal = V × (R / (R + R)) = V / 2

- The current through the circuit is:

I = V / (R + R) = V / (2R)

- The power dissipated in Rload is:



P = I2 × R = (V2) / (4R)

Note: While maximum power transfer is useful in certain contexts, it is often
not the most efficient method, especially in power supply applications where
efficiency is critical.

Calculating Resistance R for a Given Current or
Voltage
If the goal is to ensure a specific current I or terminal voltage Vt, you can
derive R as follows:

- From Ohm's Law:

Vt = V - I × R

- Rearranged to find R:

R = (V - Vt) / I

Example:
Suppose the battery has a V of 12 V, an internal resistance R of 0.5 Ω, and
you want a load current of 2 A:

Rload = (V - I × R) / I = (12 - 2×0.5) / 2 = (12 - 1) / 2 = 11 / 2 = 5.5 Ω

Thus, connecting a 5.5 Ω resistor across the battery will provide a 2 A
current, considering the internal resistance.

Practical Applications and Considerations

Battery Selection in Circuits
Choosing the correct external resistance R is essential in designing circuits
for:

- Power delivery: Ensuring the load receives adequate power without
overloading the battery.
- Battery longevity: Avoiding excessive current that can lead to overheating
or damage.
- Efficiency optimization: Balancing power transfer with energy conservation.



Impact of Internal Resistance on Battery Performance
As internal resistance increases (which can happen with aging or high current
draw), the voltage available to the load decreases, impacting device
operation.

Strategies to mitigate internal resistance effects:
- Use batteries with lower internal resistance.
- Limit current draw to prevent excessive voltage drops.
- Avoid overly low load resistances that cause high current flow.

Designing for Safety and Reliability
When selecting R, consider the following:

Ensure the resistor can handle the power dissipation, calculated as P =
I2 R.

Use resistors with appropriate voltage and temperature ratings.

Account for temperature effects, as resistance can vary with
temperature.

Summary and Key Takeaways
- The internal resistance of a battery impacts how it behaves under load.
- To maximize power transfer, set the load resistance equal to the internal
resistance.
- The terminal voltage decreases as current increases, following Ohm's law.
- Practical circuit design requires balancing power needs, efficiency,
safety, and battery health.
- Proper selection and calculation of resistance R ensure optimal performance
and longevity of the battery.

Conclusion
Understanding the relationship between emf, internal resistance, and external
load resistance is fundamental in electrical engineering and circuit design.
Whether aiming for maximum power transfer or efficiency, calculating and
choosing the appropriate resistance R when connecting a battery across a load
is crucial. By considering the internal characteristics of the battery and
the application's requirements, engineers and technicians can optimize
circuit performance, extend battery life, and ensure safe operation.

---
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Frequently Asked Questions

A battery has an emf of V and an internal resistance
R. What should be the external resistance R_ext to
ensure maximum power transfer when connected across
the battery?
To achieve maximum power transfer, the external resistance R_ext should be
equal to the internal resistance R of the battery.

How does the internal resistance R of a battery
affect the current when connected across a resistor
R_ext?
The internal resistance R reduces the net current flowing through the
external resistor R_ext, according to Ohm's law: I = V / (R_ext + R).

If a battery has emf V and internal resistance R,
what is the terminal voltage when connected to a
load resistance R_load?
The terminal voltage V_terminal = V - I R, where I = V / (R_load + R).

When connected across a resistor R_ext, what is the
power dissipated in the internal resistance R of the
battery?
The power dissipated in the internal resistance is P_R = I^2 R, where I = V /
(R_ext + R).

What is the effect of increasing the external
resistance R_ext on the current and power output of
the battery?
Increasing R_ext decreases the current I but can increase the power delivered
to the load up to a point, especially when R_ext equals R for maximum power
transfer.



How can we determine the internal resistance R of a
battery experimentally?
By measuring the terminal voltage and current for different load resistances
and using V = emf - I R to calculate R from the slope of V versus I graph.

What is the significance of the internal resistance
R in the overall performance of a battery?
Internal resistance R causes voltage drops within the battery, reducing the
terminal voltage under load and leading to energy losses as heat, thereby
affecting efficiency and performance.

If the emf of the battery is V and internal
resistance R, what is the maximum power that can be
delivered to a load?
Maximum power is delivered when the load resistance R_load equals R, and the
maximum power is P_max = V^2 / (4 R).

Why does the terminal voltage of a battery decrease
when a load is connected, assuming internal
resistance R?
Because the current I flowing through the internal resistance causes a
voltage drop (I R), reducing the terminal voltage below the emf V.

When connecting a resistor R across a battery with
emf V and internal resistance R, how do you
calculate the current flowing through the circuit?
The current I = V / (R + R), where R is the internal resistance and the
external resistor; effectively, I = V / (R_external + R_internal).

Additional Resources
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When Connected Across The

---

Introduction

In the realm of electrical circuits and energy transfer, understanding the
behavior of batteries under various load conditions is crucial. A common



question faced by students, engineers, and hobbyists alike is: Given a
battery with an electromotive force (emf) V and an internal resistance R,
what external resistance R₀ should be connected across the battery to achieve
a specific operational goal? This inquiry touches upon fundamental concepts
in circuit theory, power transfer, and real-world applications, making it a
rich subject for detailed exploration.

This article aims to dissect this problem thoroughly, examining the
underlying principles, mathematical relationships, practical considerations,
and implications. We will analyze the scenario from multiple angles,
including theoretical foundations, practical constraints, and optimization
strategies, providing a comprehensive understanding suitable for review and
scholarly analysis.

---

Understanding the Basic Concepts

Electromotive Force (emf) and Internal Resistance

A battery can be modeled as an ideal emf source V in series with an internal
resistance R. The emf V represents the maximum potential difference the
battery could deliver if no current flows. The internal resistance R accounts
for the internal energy losses due to chemical and physical processes within
the battery.

When the battery supplies current, I, the actual terminal voltage Vₜ drops
below emf V due to the internal resistance:

\[
V_{t} = V - IR
\]

The power delivered to an external resistor R₀ (denoted R in the problem
statement) is then:

\[
P_{out} = I^{2} R_{0}
\]

The current I in the circuit, considering the internal resistance, is:

\[
I = \frac{V}{R + R_{0}}
\]

---

The Fundamental Question

The key question posed is: "What resistance R₀ should be connected across the



battery?"

While the initial statement suggests R is known, it often implies that R₀
(the external resistance) is the variable to be determined, or vice versa.
For clarity, we interpret the question as:

> Given a battery with emf V and internal resistance R, what external
resistance R₀ should be connected across it to optimize a specific
performance criterion?

Common objectives include:

- Maximizing power transfer to R₀
- Achieving a particular terminal voltage
- Minimizing energy loss
- Ensuring safe operation

In this discussion, we will focus on the classic problem of maximizing power
transfer, which is fundamental in circuit analysis and design.

---

The Maximum Power Transfer Theorem

Statement of the Theorem

The Maximum Power Transfer Theorem states that:

> To transfer the maximum possible power from a source with emf V and
internal resistance R to a load R₀, the load resistance must be equal to the
internal resistance of the source:

\[
R_{0} = R
\]

This condition ensures that the power delivered to R₀ is maximized, though it
also implies that half of the power is dissipated internally, which is
inefficient from an energy perspective but optimal for power transfer
purposes.

---

Deriving the Optimal External Resistance R₀

Power as a Function of R₀

The power delivered to R₀ is:

\[
P_{out} = I^{2} R_{0}



\]

Substituting I:

\[
I = \frac{V}{R + R_{0}}
\]

Thus,

\[
P_{out} = \left(\frac{V}{R + R_{0}}\right)^{2} R_{0}
\]

Maximizing Power

To find the R₀ that maximizes P_out, differentiate with respect to R₀ and set
the derivative to zero:

\[
\frac{d}{d R_{0}} P_{out} = 0
\]

Calculating the derivative:

\[
\frac{d}{d R_{0}} \left[\frac{V^{2} R_{0}}{(R + R_{0})^{2}}\right] = 0
\]

Applying the quotient rule:

\[
V^{2} \frac{(R + R_{0})^{2} - R_{0} \cdot 2(R + R_{0})}{(R + R_{0})^{4}} = 0
\]

Simplify numerator:

\[
(R + R_{0})^{2} - 2 R_{0} (R + R_{0}) = 0
\]

Factor out (R + R_{0}):

\[
(R + R_{0}) \left[(R + R_{0}) - 2 R_{0}\right] = 0
\]

Since (R + R₀) ≠ 0:

\[
(R + R_{0}) - 2 R_{0} = 0



\]

\[
R + R_{0} = 2 R_{0}
\]

\[
R = R_{0}
\]

Result: The power delivered to R₀ is maximized when:

\[
\boxed{
R_{0} = R
}
\]

This confirms the classic maximum power transfer condition.

---

Practical Implications and Limitations

Power Transfer vs. Efficiency

While matching R₀ to R maximizes power transfer, this does not mean the most
efficient energy use. The efficiency η, defined as:

\[
\eta = \frac{\text{Power delivered to R}_0}{\text{Total power supplied by the
battery}} = \frac{I^{2} R_{0}}{V I}
\]

simplifies to:

\[
\eta = \frac{R_{0}}{R + R_{0}}
\]

At R₀ = R, efficiency is:

\[
\eta = \frac{R}{2 R} = 0.5
\]

meaning only 50% of the power supplied by the battery reaches the external
load, with the rest dissipated internally.

Real-World Constraints



In practical applications, the ideal R₀ matching R may not be desirable due
to:

- Battery lifespan considerations: Excessive internal dissipation can degrade
the battery.
- Voltage regulation needs: Sometimes, a specific terminal voltage is
necessary, requiring R₀ to be chosen differently.
- Safety and reliability: Excessive current or heat dissipation poses
hazards.
- Efficiency priorities: Often, optimizing for maximum efficiency (minimizing
internal losses) is more critical than maximum power transfer.

---

Extending the Analysis to Different Objectives

Achieving a Specific Terminal Voltage

Suppose the goal is to maintain a particular terminal voltage Vₜ across R₀:

\[
V_{t} = V - IR
\]

And

\[
I = \frac{V}{R + R_{0}}
\]

then,

\[
V_{t} = V - R \frac{V}{R + R_{0}} = V \left(1 - \frac{R}{R + R_{0}}\right) =
V \frac{R_{0}}{R + R_{0}}
\]

To maintain a desired V_t:

\[
V_{t} = V \frac{R_{0}}{R + R_{0}}
\]

which leads to:

\[
R_{0} = \frac{V_{t}}{V - V_{t}} R
\]

This formula allows selecting R₀ to achieve a specified terminal voltage,
considering the internal resistance R.



---

Practical Design Considerations

Selecting R₀ for Optimal Performance

In designing circuits and devices powered by batteries, engineers often
consider:

- Maximum power transfer for testing or signal purposes
- Efficiency for energy conservation
- Voltage regulation for consistent operation

Depending on the application, R₀ is chosen accordingly:

| Objective | R₀ relative to R | Rationale |
| --- | --- | --- |
| Maximize power transfer | R₀ = R | Balances internal and external power
dissipation |
| Maximize efficiency | R₀ >> R | Minimize internal losses, but reduces power
delivered |
| Achieve specific voltage | R₀ = (V_t / (V - V_t)) R | For voltage
regulation |

---

Case Study: Practical Example

Suppose a battery has:

- emf \( V = 12\,\text{V} \)
- internal resistance \( R = 1\,\Omega \)

Question: To transfer maximum power, what external resistance R₀ should be
connected?

Solution:

\[
R_{0} = R = 1\,\Omega
\]

Power calculation at R₀ = 1Ω:

\[
I = \frac{V}{R + R_{0}} = \frac{12}{1 + 1} = 6\,\text{A}
\]
\[
P_{out} = I^{2} R_{0} = 36 \times 1 = 36\,\text{W}
\]



Efficiency:

\[
\eta = \frac{R_{0}}{R + R_{0}} = \frac{1}{2} = 50\%
\]

This setup maximizes power transfer but results in significant internal
energy loss.

---

Conclusion

The question "A Battery Has An emf of V and an Internal Resistance of R, What
Resistance R, When Connected Across The" encapsulates a fundamental aspect of
electrical circuit design and analysis. The classic solution, rooted
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