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Introduction

Understanding how to determine the resistance seen by an ideal voltage source
in a circuit is fundamental for electrical engineering analysis and design.
The equivalent resistance directly influences the behavior of the circuit,
including its current distribution, voltage drops, and power dissipation.
When dealing with complex networks, especially those involving multiple
resistors and sources, systematic methods such as source transformation,
series-parallel simplification, and the use of Thevenin’s theorem become
invaluable.

In this comprehensive guide, we will explore the process of finding the
resistance seen by an ideal voltage source in a specific circuit depicted in
Fig. P3.60 B. Additionally, we will analyze the effects when the voltage
between points a and b (Vab) is specified, such as Vab equals a certain
value. This step-by-step approach will help clarify the underlying principles
and provide a structured methodology for similar circuit analysis problems.

---

Understanding the Circuit in Fig. P3.60 B

While the figure itself is not displayed here, typical circuits of this
nature involve:

- An ideal voltage source connected to a network of resistors.
- Resistors arranged in various configurations, including series, parallel,
and possibly more complex combinations.
- Additional voltage or current sources that may be present in the circuit.

The primary goal is to find the equivalent resistance seen by the voltage
source, which involves "looking back into" the circuit from its terminals (a
and b), with all independent sources turned off (replacing voltage sources
with shorts and current sources with opens).

---

Step 1: Turn Off Independent Sources



Turning off sources simplifies the process of finding equivalent resistance:

- Replace all independent voltage sources with short circuits.
- Replace all independent current sources with open circuits.

This process isolates the resistive network from sources, leaving a passive
network that can be analyzed for its resistance.

---

Step 2: Redraw and Simplify the Circuit

With sources turned off, redraw the circuit to clearly identify:

- Series and parallel resistor combinations.
- Any symmetries or simplifications that may be exploited.
- Potential for resistor transformations, such as star-to-delta (Y-Δ)
conversions, if the network is complex.

Key techniques include:

- Combining resistors in series: R_eq = R₁ + R₂ + ...
- Combining resistors in parallel: 1/R_eq = 1/R₁ + 1/R₂ + ...
- Recognizing resistor configurations suitable for transformations.

---

Step 3: Apply Series-Parallel Reduction

Identify all simple series and parallel resistor groups and replace them with
their equivalent resistances. Repeat this process iteratively until the
network is reduced to a single equivalent resistance between points a and b.

Example:

Suppose resistors R₁ and R₂ are in series; their combined resistance R_s = R₁
+ R₂.

If R₃ and R₄ are in parallel, their combined resistance R_p = (R₃ R₄) / (R₃ +
R₄).

---

Step 4: Use Source Transformation If Needed

In some cases, converting voltage sources to current sources (or vice versa)
can simplify the analysis:

- Voltage to current source: V / R, connected in parallel with R.
- Current to voltage source: I × R, connected in series with R.



This technique can help reveal series or parallel relationships more clearly.

---

Step 5: Apply Thevenin’s Theorem

Once the network is simplified, Thevenin’s theorem allows us to find the
Thevenin equivalent resistance seen from terminals a and b:

- Turn off all sources.
- Calculate the resistance between a and b as seen from the terminals.

This resistance is what the ideal voltage source "sees" when connected to the
circuit.

---

Step 6: Calculate Resistance Seen by the Voltage Source

The final equivalent resistance R_th (Thevenin resistance) is obtained by the
systematic reduction of the resistive network. The steps include:

- Replacing sources with their internal resistances (shorts or opens).
- Combining resistors in series and parallel.
- Using transformations for complex resistor configurations.

---

Effect of Vab on the Circuit

The voltage Vab (voltage between points a and b) plays a crucial role in
circuit behavior:

- When Vab is specified, it can influence the current distribution within the
circuit.
- The circuit may be part of a voltage divider, or involve dependent sources
that depend on Vab or other circuit variables.
- Knowing Vab allows for the calculation of currents through various
branches, power dissipation, and other parameters.

---

Example: Calculating Resistance in a Typical Circuit

Suppose in Fig. P3.60 B, the resistors are arranged as follows:

- R1 and R2 are in series.
- R3 and R4 are in parallel.
- The network is connected to an ideal voltage source at points a and b.

Step 1: Turn off the source (replace with a short).



Step 2: Simplify R3 and R4 in parallel:

\[ R_{34} = \frac{R_3 \times R_4}{R_3 + R_4} \]

Step 3: Sum R1 and R2 in series:

\[ R_{12} = R_1 + R_2 \]

Step 4: Combine R_{12} and R_{34} in parallel if they are connected across
the same nodes, or series if connected sequentially.

Step 5: Final equivalent resistance:

- If R_{12} and R_{34} are in series:

\[ R_{total} = R_{12} + R_{34} \]

- If in parallel:

\[ R_{total} = \frac{R_{12} \times R_{34}}{R_{12} + R_{34}} \]

This R_total is the resistance seen by the voltage source.

---

Handling the Condition Vab Equals a Specific Value

When the problem states that Vab equals a certain value (say, Vab = V0), the
circuit analysis extends to:

- Calculating the current flowing through the network based on Vab.
- Determining how the resistive network responds to maintain that voltage.
- Using circuit laws like Ohm’s law, KVL, and KCL to find voltages and
currents in the circuit.

Techniques:

- Voltage division: To find the voltage across specific resistors.
- Current division: To determine how current splits through parallel
branches.
- Dependent sources: If any are present, their values depend on Vab or other
circuit variables, adding complexity to the analysis.

---

Practical Applications and Significance

Understanding how to find the resistance seen by a voltage source has
numerous applications:

- Designing circuits for optimal power transfer.



- Analyzing load effects on power supplies.
- Determining stability and response of electronic systems.
- Calculating Thevenin equivalents for complex networks in troubleshooting.

---

Summary

To find the resistance seen by an ideal voltage source in a given circuit:

1. Turn off all independent sources.
2. Simplify the resistive network using series-parallel combinations.
3. Use source transformations and resistor conversions if needed.
4. Apply Thevenin’s theorem to find the equivalent resistance.
5. Consider the influence of specified voltages like Vab on circuit behavior.

When Vab equals a specific value, incorporate this into the analysis to
determine the current and voltage distribution, which can influence the
overall resistance seen by the source.

---

Conclusion

Mastering the process of calculating equivalent resistance in complex
circuits is essential for electrical engineers and technicians. It enables
accurate analysis, efficient circuit design, and troubleshooting. By
following a systematic approach—turning off sources, simplifying the network,
and applying key circuit theorems—one can confidently determine the
resistance seen by an ideal voltage source, regardless of circuit complexity
or additional conditions such as specified voltages. Regular practice with
various circuit configurations will reinforce these principles, making
circuit analysis more intuitive and precise.

Frequently Asked Questions

What is the method to find the resistance seen by an
ideal voltage source in a complex circuit?
To find the resistance seen by an ideal voltage source, replace all
independent voltage sources with short circuits and all independent current
sources with open circuits. Then, calculate the equivalent resistance looking
back into the circuit from the terminals where the source connects.

How does the presence of dependent sources affect



the calculation of the resistance seen by the
voltage source?
Dependent sources remain active during the resistance calculation, so they
must be kept in the circuit. When determining the resistance, you treat
dependent sources as normal, using test sources or applying circuit analysis
techniques to account for their influence.

In the context of Fig. P3.60, if Vab equals a
specific voltage, how does that influence the
calculation of the equivalent resistance?
Knowing the value of Vab allows you to determine the current flowing through
the circuit, which can be used with Ohm's law to find the equivalent
resistance. Essentially, it helps to validate or refine the resistance
calculation by providing additional circuit parameters.

What is the significance of finding the resistance
seen by an ideal voltage source in circuit analysis?
Finding the resistance seen by an ideal voltage source helps determine the
source's behavior, such as how much current it supplies or absorbs, and is
essential for analyzing power transfer, stability, and designing circuits
with desired impedance characteristics.

Can you explain the steps to compute the resistance
seen by the ideal voltage source in a circuit
similar to Fig. P3.60?
Yes. First, turn off all independent sources: replace voltage sources with
short circuits and current sources with open circuits. Next, look into the
circuit from the source’s terminals and simplify the network by combining
resistors in series and parallel. If dependent sources are present, keep them
active and use circuit analysis techniques, such as mesh or nodal analysis,
to find the equivalent resistance.

Additional Resources
Comprehensive Analysis of Resistance Seen by an Ideal Voltage Source in
Circuit P3.60 and Voltage Vab Calculation

---



Introduction

Understanding the behavior of electrical circuits, especially the interaction
between sources and resistive elements, is fundamental in electrical
engineering. When analyzing a circuit, one of the crucial steps involves
determining the equivalent resistance seen by a source—be it ideal or
real—when connected to a network of resistors and other components. This
equivalent resistance influences the current flow, power dissipation, and
overall circuit performance.

This review focuses on two main aspects:
1. Finding the resistance seen by an ideal voltage source in the specific
circuit depicted in Fig. P3.60
2. Calculating the voltage Vab when given certain parameters

Since the actual figure is not provided here, the discussion will be based on
typical circuit configurations similar to P3.60, and the principles involved
will be thoroughly explained to enable replication or adaptation to the
specific circuit in question.

---

Understanding the Circuit Context

Before delving into the resistance calculations, it’s essential to understand
the nature of the circuit components and their configuration.

Key assumptions and typical features:

- The circuit contains multiple resistors connected in various
configurations—series, parallel, or a combination thereof.
- An ideal voltage source (say, V_source) is connected across a network of
resistors.
- The circuit may include other elements, such as current sources or
dependent sources, but the focus remains on the resistance seen by the
voltage source.
- The circuit configuration can be complex, requiring equivalent
transformations, such as delta-wye conversions, to simplify the analysis.

Why is the resistance seen by a voltage source important?

- It determines the current supplied by the source.
- It influences the power dissipation and efficiency.
- It helps in designing and analyzing the circuit for stability and
performance.

---



Methodology for Finding the Resistance Seen by
an Ideal Voltage Source

The process involves a systematic approach:

Step 1: Remove the Voltage Source Temporarily

- To analyze the resistance seen by the source, temporarily turn off the
voltage source.
- Since the source is ideal, "turning off" means replacing the voltage source
with a short circuit.

Step 2: Identify the Terminals of Interest

- Determine the two terminals across which the source was connected; in this
case, the points where the voltage source was connected, labeled as 'a' and
'b' if following common notation.

Step 3: Analyze the Network with the Source Replaced by a Short

- With the voltage source shorted, analyze the resistive network to find the
equivalent resistance across the terminals 'a' and 'b'.

Step 4: Simplify the Circuit

- Use circuit reduction techniques:
- Combine series resistors.
- Combine parallel resistors.
- Apply delta-wye transformations if necessary.
- Use the star-delta transformations for complex resistor configurations.

Step 5: Compute the Equivalent Resistance

- After simplification, the resistance between 'a' and 'b' is the resistance
seen by the voltage source.

---

Detailed Techniques for Resistance Calculation

To execute the above methodology effectively, certain techniques are
employed:

Series and Parallel Combinations

- Series resistors: \( R_{eq} = R_1 + R_2 \)
- Parallel resistors: \( \frac{1}{R_{eq}} = \frac{1}{R_1} + \frac{1}{R_2} \)



Delta-Wye (Δ-Y) Transformations

- Useful for converting a triangle (delta) configuration into a star (wye)
configuration, simplifying complex resistor networks.
- Equations:

\[
R_{Y1} = \frac{R_{Δ12} R_{Δ13}}{R_{Δ12} + R_{Δ23} + R_{Δ31}}
\]

and similarly for other branches.

Application to the Circuit

- Identify parts of the network that resemble delta or wye configurations.
- Perform transformations to reduce the network to a simpler series-parallel
form.

---

Applying the Technique to a Typical Circuit
Similar to P3.60

Suppose the circuit in Fig. P3.60 consists of:

- A voltage source connected across a network of resistors.
- Resistors R1, R2, R3, R4, and R5 arranged such that R1 and R2 are in
series, R3 and R4 in parallel, and R5 connected in a more complex fashion.

Example procedure:

1. Replace the voltage source with a short circuit.
2. Identify the resistors directly connected across the terminals 'a' and
'b'.
3. Combine R1 and R2 in series: \( R_{12} = R1 + R2 \).
4. Combine R3 and R4 in parallel: \( R_{34} = \frac{R3 R4}{R3 + R4} \).
5. Analyze how R5 connects with the combined resistors:
- If R5 connects in series or parallel with the combined R12 or R34, combine
accordingly.
6. Repeat until the network is simplified to a single equivalent resistor
across 'a' and 'b'.

This process, while straightforward in simple cases, can get complex when
multiple configurations are involved, necessitating the use of delta-wye
transformations or other advanced methods.

---



Calculating Vab When Given Parameters

Once the resistance is known, the next step involves calculating the voltage
Vab under specific conditions.

Scenario 1: Given a Known Source Voltage

- If the ideal voltage source's voltage V_source is specified, and the
resistance R_eq is known, then:

\[
I_{source} = \frac{V_{source}}{R_{eq}}
\]

- The voltage Vab can be directly computed by analyzing the voltage division
or applying Kirchhoff's Voltage Law (KVL) across the network.

Scenario 2: Known Current or Load Conditions

- If a load or other circuit conditions are specified, use Ohm's Law and
voltage division principles:

\[
V_{ab} = I_{ab} \times R_{ab}
\]

where \( I_{ab} \) is the current through the branch, and \( R_{ab} \) is the
equivalent resistance of that branch.

Scenario 3: Vab Calculation with Additional Components

- If Vab is part of a more complex network, apply superposition or mesh/nodal
analysis:

Nodal Analysis Approach:

- Assign node voltages.
- Write nodal equations considering all connected resistors and sources.
- Solve for node voltages; then Vab = V_a - V_b.

Mesh Analysis Approach:

- Define mesh currents.
- Write KVL equations.
- Solve for currents; then find Vab.

---



Practical Examples and Applications

To ground these concepts, consider practical examples:

Example 1: Simple Voltage Source and Series Resistors

- Voltage source V = 10 V connected across resistors R1 = 1kΩ and R2 = 2kΩ in
series.
- Resistance seen by the source:

\[
R_{eq} = R_1 + R_2 = 3\,k\Omega
\]

- Current:

\[
I = \frac{V}{R_{eq}} = \frac{10\,V}{3\,k\Omega} \approx 3.33\,mA
\]

- Voltage across R2 (which could be Vab if R2 is connected across 'a' and
'b'):

\[
V_{ab} = I \times R_2 = 3.33\,mA \times 2\,k\Omega = 6.67\,V
\]

Example 2: Complex Network with Delta-Wye Transformation

Suppose a delta-connected resistor network:

- RΔ12 = RΔ23 = RΔ31 = 1kΩ.

Transformation to wye:

\[
R_{Y} = \frac{R_{Δ} \times R_{Δ}}{R_{Δ} + R_{Δ} + R_{Δ}} = \frac{1\,kΩ \times
1\,kΩ}{3\,kΩ} = \frac{1\,MΩ}{3\,kΩ} \approx 333.33\,Ω
\]

This helps simplify the network for easier resistance calculation.

---

Implications of Resistance Calculation in



Circuit Design

Accurate determination of the resistance seen by sources influences many
aspects of circuit design:

- Power dissipation: Knowing the equivalent resistance allows engineers to
compute power using \( P = V^2 / R \).
- Current limiting: Prevents excessive current flow that could damage
components.
- Circuit stability: Proper resistance values ensure stable operation,
avoiding oscillations or unintended behavior.
- Efficiency optimization: Minimizing power loss by appropriate resistor
selection.

---

Additional Considerations and Advanced
Techniques

Non-ideal sources:
When sources are non-ideal or have internal resistance, the analysis becomes
more complex, requiring inclusion of source internal resistances.

Frequency-dependent components:
Reactance in AC circuits introduces impedance, requiring complex impedance
calculations rather than simple resistances.

Numerical methods:
For complex circuits, computational tools like SPICE or circuit simulators
can provide precise resistance and voltage calculations
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