In Fig. 27-48, The Resistances Are R1 = 2.00
, R2 = 5.00 , And The Battery Is Ideal. What
Value Of R3

Introduction to the Circuit Analysis Problem

In Fig. 27-48, The Resistances Are R1 = 2.00 Q, R2 = 5.00 Q, And The Battery Is Ideal.
What Value Of R3

This problem involves analyzing a circuit with three resistors and an ideal voltage source, aiming to
determine the unknown resistor R3's value given certain conditions. Understanding such problems is
fundamental in electrical engineering, as they help in designing circuits with desired current or
voltage characteristics. To tackle this problem comprehensively, we need to examine the circuit
configuration, identify the relevant principles, and systematically derive the value of R3.

Theoretical Foundations of Circuit Analysis

Ohm's Law and Circuit Principles

- Ohm's Law states that V = IR, relating voltage (V), current (I), and resistance (R).

- Kirchhoff's Voltage Law (KVL) asserts that the sum of voltages around any closed loop is zero.
- Kirchhoff's Current Law (KCL) states that the total current entering a junction equals the total
current leaving.

Types of Circuit Configurations

- Series Circuits: Resistors connected end-to-end; the same current flows through each.

- Parallel Circuits: Resistors connected across the same two nodes; voltage across each resistor is
the same.

- Combination Circuits: Mix of series and parallel sections, requiring more detailed analysis.

Understanding the Circuit in Fig. 27-48



Assumptions about the Circuit Layout

While the actual figure isn't provided, typical problems of this nature involve:
- A voltage source (ideal battery).

- Resistors R1, R2, and R3 connected in some arrangement (series, parallel, or series-parallel).
- The objective is to find R3 based on certain conditions such as specified current, voltage, or power.

Possible Circuit Configurations

- Series configuration: R1, R2, and R3 are in series with the battery.
- Parallel configuration: R2 and R3 are in parallel, with R1 in series or vice versa.
- Bridge or more complex arrangements: Involving multiple nodes and branches.

Given typical problem statements, the most common scenario involves R1 and R2 in series or
parallel, with R3 connected in a way that influences the total current or voltage distribution.

Analyzing the Circuit for R3 Calculation

Step 1: Identify the Known Parameters and What Is Asked

-R1=2.00Q

-R2=5.00Q

- Battery is ideal (no internal resistance)

- Unknown R3

- Determine R3 based on given circuit conditions (e.g., a specific current or voltage).

Note: Since specific conditions (like total current, voltage across a resistor, or power) are not
provided, we will consider common scenarios.

Step 2: Establish the Circuit Configuration

Suppose the typical scenario is:

- The battery supplies a certain total voltage, V.

- R1 and R2 are connected in series.

- R3 is connected in parallel with R2, or in series with R2, depending on the figure.
- The goal is to find R3 such that a certain current or voltage condition holds.

Without explicit details, we analyze two common configurations:

- Case A: R1 and R2 are in series, R3 is in parallel with R2.



- Case B: R1, R2, and R3 are in series.

We will analyze each case.

Case A: R1 and R2 in Series, R3 in Parallel with R2

Analyzing the Circuit

- Total resistance R total = R1 + (parallel resistance of R2 and R3).
- The voltage across R2 and R3 combined equals the voltage drop across R2 and R3 in parallel.

Step-by-step approach:
1. Calculate the equivalent resistance of R2 and R3 in parallel:

\[
R {23} = \frac{R 2R 3}{R 2 + R 3}
\]

2. Total resistance in the circuit:

\[

R {total} =R 1 + R {23}
\]

3. Applying Ohm's Law:

- If the total voltage V is known, total current:

\[
I {total} = \frac{V}{R {total}}
\]

- Voltage across R2 and R3:

\[
V {R {23}} =1 {total} \times R {23}
\]

4. Determine R3 based on the specified condition (for example, a desired current or voltage).

Without specific values, the general expression for R3 can be derived once the condition is specified.



Case B: All Resistors in Series

Analyzing the Circuit

- Total resistance:

\[

R {total} =R 1+R2+R 3
\]

- Using Ohm's law:

\[

V {total} =I\times R {total}
\]

- If the current I (or total voltage V) is specified, R3 can be calculated as:

\[

R 3 =\frac{V {total}}{I}-R1-R 2

\]

Example:

Suppose the battery provides 12 V, and the total current in the circuit is known to be 1 A:
\[

R 3 = 12\\Omega - 2\,\Omega - 5\,\Omega = 5\,\Omega

\]

In this example, R3 would be 5 Q to satisfy the condition.

General Approach to Finding R3

Step 1: Clarify the Circuit Conditions

- Is a specific current or voltage specified?
- Is R3's value to produce a particular power dissipation?
- Is the goal to balance the circuit such that certain voltages or currents are achieved?

Step 2: Write Down the Equations



- Use Ohm's Law to relate voltage, current, and resistance.
- Apply Kirchhoff’s laws to set up equations based on the circuit configuration.
- Express the total resistance in terms of R3 and known resistances.

Step 3: Solve for R3

- Rearrange the equations to isolate R3.
- Substitute known values and solve algebraically.
- Confirm the physical validity (resistance must be positive).

Practical Considerations and Common Pitfalls

Ensuring Correct Circuit Configuration

- Confirm the connection types (series or parallel).
- Verify the figure before writing equations.

Handling Multiple Unknowns

- If more than one unknown exists, additional conditions are required.
- Use simultaneous equations to solve for R3.

Considering Real-World Limitations

- Resistances are positive and finite.
- The ideal battery assumption simplifies calculations but consider internal resistance if real-world
accuracy is needed.

Conclusion and Summary

Understanding how to determine the value of an unknown resistor like R3 in a circuit with known
resistors and an ideal battery involves a systematic approach:

- Recognize the circuit configuration.

- Apply fundamental principles such as Ohm’s Law and Kirchhoff’s laws.
- Set up equations based on the known and unknown quantities.

- Solve algebraically for R3.

In practice, the specific value of R3 depends heavily on the particular circuit conditions and the



given parameters, such as voltage, current, or power requirements. By following structured analysis
steps, engineers and students can accurately determine unknown resistances, enabling precise
circuit design and troubleshooting.

Note: For a definitive R3 value, the exact circuit diagram and conditions are necessary. The above
analysis provides a comprehensive framework applicable to typical circuit analysis problems similar
to the one posed in Fig. 27-48.

Frequently Asked Questions

What is the purpose of R3 in the circuit shown in Fig. 27-48?

R3 is used to adjust the overall resistance or voltage distribution in the circuit to achieve a desired
current or voltage level, depending on the specific circuit configuration.

Given R1 = 2.00 Q, R2 = 5.00 Q, and an ideal battery, how do
you determine the value of R3?

You apply circuit analysis techniques such as Ohm's law and series/parallel resistor combinations or
Kirchhoff's laws to set up equations and solve for R3 based on the desired current or voltage
conditions.

If the circuit in Fig. 27-48 is a voltage divider, how would R3
affect the output voltage?

R3 would influence the voltage division ratio, and adjusting R3 allows control over the output
voltage across its terminals in the voltage divider configuration.

What assumptions are made when calculating R3 in an ideal
circuit with R1 and R2?

The assumptions include that the battery is ideal (no internal resistance), and all resistors are linear,
with no temperature effects or parasitic resistances affecting the calculations.

How does the ideal battery condition simplify the calculation
of R3?

An ideal battery provides a constant voltage with no internal resistance, allowing straightforward
application of Ohm's law without accounting for voltage drops within the battery itself.

Can R3 be negative in the calculations, and what would that
imply?

In physical resistor components, R3 cannot be negative; a negative resistance would imply active
components or special circuit elements, which are not typical in standard resistor calculations and



are not applicable here.

Additional Resources

In Fig. 27-48, The Resistances Are R1 = 2.00, R2 = 5.00, And The Battery Is Ideal. What Value Of
R3?

Understanding the determination of R3 in a circuit with known resistances and an ideal battery is a
fundamental exercise in circuit analysis, particularly in the study of series and parallel
configurations. This problem not only tests one's grasp of Ohm's Law and Kirchhoff's Laws but also
emphasizes the importance of systematic problem-solving approaches in electrical engineering. In
this comprehensive review, we will explore the principles involved, dissect the problem step by step,
and discuss the various methods to find the unknown resistance R3, along with the practical
implications and considerations.

Understanding the Circuit Configuration and Problem
Statement

Before delving into calculations, it is essential to understand the typical circuit configuration
represented in Fig. 27-48. Usually, such figures depict a circuit with resistors R1, R2, and R3
connected in a specific arrangement—often in series, parallel, or a combination of both—with an
ideal battery providing a voltage source.

Key points:

- The resistors R1 and R2 have known values (2.00 Q and 5.00 Q respectively).

- The battery is ideal, implying zero internal resistance and a constant emf (electromotive force).

- The objective is to find the unknown resistor R3, given certain conditions (e.g., total current,
voltage across certain elements, or equivalent resistance).

The problem often specifies a particular circuit condition, such as the total current supplied by the

battery, the voltage across R2, or the total equivalent resistance, which guides the calculation
process.

Analyzing the Circuit: Step-by-Step Approach

The key to solving for R3 lies in methodical analysis, leveraging fundamental laws:



1. Applying Kirchhoff’s Laws

- Kirchhoff's Voltage Law (KVL): The sum of voltage drops around any closed loop equals zero.
- Kirchhoff's Current Law (KCL): The total current entering a junction equals the current leaving.

Depending on the circuit's configuration:

- If R1, R2, and R3 are in series, the total resistance R total = R1 + R2 + R3.
- If they are in parallel, the reciprocal of the total resistance R total = 1/R1 + 1/R2 + 1/R3.

The problem's context will specify the arrangement, which is crucial for correct analysis.

2. Identifying Known and Unknown Quantities

- Known: R1 = 2.00 Q, R2 = 5.00 Q, battery emf (say, V), or total current (I).
- Unknown: R3.

Suppose the problem states the total current or voltage across certain resistors; these serve as the
basis for calculations.

3. Formulating Equations

Based on the configuration:

- For series: V=1R total
- For parallel: V across each resistor is the same; total current is sum of individual branch currents.

By writing these equations, R3 can be isolated algebraically once the other quantities are known.

Example Scenario and Solution Method

Let's consider a typical example similar to the problem:

> "In Fig. 27-48, the resistors R1 = 2.00 Q, R2 = 5.00 Q are connected in series with an ideal
battery supplying a total voltage of V = 12.00 V. Find R3 such that the total current in the circuit is
1.00A."

Step 1: Determine total resistance for the given current

Using Ohm’s Law:

\[ V=1R {total} \]



\[ R {total} = \frac{V}{I} = \frac{12.00\,V}{1.00\,A} = 12.00\,Q\]
Step 2: Express R3 in terms of known resistances

Since R1, R2, and R3 are connected in series:

\[R {total} =R 1+ R 2+ R 3]

\[ 12.00\,Q = 2.00\,Q + 5.00,,Q + R 3]

\[ R 3 =12.00\,Q-7.00\,Q = 5.00\,Q\]

Result:

-R3=5.00Q

This simple example demonstrates how known quantities lead to R3. Similar approaches apply if the
resistors are in parallel or more complex configurations, with equations adjusted accordingly.

Complex Configurations and Advanced Analysis

In more intricate problems—such as when resistors are in a bridge or network—the analysis
involves:

- Equivalent resistance calculations
- Using node-voltage or mesh-current methods

- Applying superposition if multiple sources are involved

These methods extend the basic principles to handle complex circuits, ensuring accurate
determination of R3.

Example: Parallel and Series Combinations

Suppose R1 and R2 are in parallel, and R3 is in series with this parallel network, connected to the
battery.

- Calculate the equivalent resistance of R1 and R2 in parallel:

\[ R {parallel} =\frac{R 1 R 2}{R 1 + R 2} =\frac{2.00 \times 5.00}{2.00 + 5.00} =
\frac{10}{7} \approx 1.43\,Q\]

- Total resistance:
\[ R {total} = R {parallel} + R 3]

- Given the total voltage (V) and the current (I), R3 can be found similarly.



Features and Practical Considerations

When working with resistor circuits and calculating unknown resistances, several features and
considerations are noteworthy:

Pros:

- Fundamental principles: Relies on Ohm's Law and Kirchhoff's Laws, which are straightforward and
universal.

- Versatility: Applicable to various circuit configurations.

- Educational value: Enhances understanding of circuit behavior and analysis techniques.

Cons:

- Complex networks: Can become mathematically intensive, especially with multiple loops and nodes.
- Ideal assumptions: Real-world resistors have tolerance and temperature coefficients, which can
affect precise calculations.

- Limited by available data: Accurate calculation depends on known voltages, currents, or other
measurable quantities.

Features of the Problem and Its Broader Significance

This problem exemplifies the critical role of systematic analysis in electrical circuit theory.
Determining an unknown resistance like R3 is fundamental in designing circuits with desired
properties, such as specific current flows or voltage drops.

Features:

- Emphasizes the importance of circuit simplification and equivalent resistance calculations.
- Demonstrates how ideal components simplify theoretical analysis.

- Provides a foundation for understanding real-world resistor networks.

Broader Significance:

- Designing electronic devices often requires precise resistance values.

- Understanding these principles aids in troubleshooting and optimizing circuits.
- Serves as a stepping stone toward more advanced topics like network theory and circuit simulation.



Conclusion

The problem posed by Fig. 27-48, involving resistances R1, R2, and the unknown R3 with an ideal
battery, encapsulates core concepts of circuit analysis. Whether the resistors are in series, parallel,
or a combination thereof, the key is to identify the configuration, apply fundamental laws accurately,
and use the given data to solve for the unknown. Such exercises reinforce essential skills in
electrical engineering, fostering a deeper understanding of how circuit components interact to
produce desired electrical behaviors. As with all analytical challenges in circuits, systematic
approaches, careful calculation, and consideration of real-world factors ensure effective and
accurate solutions.
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