
thevenin equivalent practice problems

Thevenin equivalent practice problems are essential for students and professionals in electrical

engineering to master circuit analysis. Thevenin's theorem simplifies complex circuits into a simple

equivalent circuit composed of a single voltage source and a single resistor. This transformation not

only makes calculations easier but also helps in understanding the behavior of electrical networks. In

this article, we will explore various practice problems related to Thevenin's theorem, along with detailed

solutions and explanations.

Understanding Thevenin’s Theorem

Before diving into practice problems, it is crucial to grasp the fundamentals of Thevenin’s theorem.

Thevenin’s theorem states that any linear electrical network with voltage sources and resistances can

be replaced by an equivalent circuit consisting of a single voltage source (Vth) in series with a single

resistor (Rth).

Steps to Find Thevenin Equivalent

To find the Thevenin equivalent of a given circuit, follow these steps:

1. Remove the load resistor from the circuit (if present).

2. Calculate the open-circuit voltage (Vth) across the terminals where the load was connected.

3. Calculate the Thevenin resistance (Rth) by:

- Deactivating all independent sources (replace voltage sources with short circuits and current sources

with open circuits).

- Finding the equivalent resistance across the terminals.

4. Construct the Thevenin equivalent circuit using Vth and Rth.



Practice Problem 1: Basic Thevenin Equivalent

Consider a simple circuit with a 12V battery connected in series with a 4Ω resistor (R1) and an 8Ω

resistor (R2). Find the Thevenin equivalent circuit across the terminals of R2.

Solution Steps

1. Remove R2 from the circuit.

2. Calculate Vth: The voltage drop across R1 can be found using the voltage divider rule:

\[

V_{R1} = V_{s} \times \frac{R1}{R1 + R2} = 12V \times \frac{4Ω}{4Ω + 8Ω} = 12V \times \frac{4}{12} =

4V

\]

Thus, Vth = 4V.

3. Calculate Rth: To find Rth, deactivate the 12V source:

\[

Rth = R1 \parallel R2 = \frac{R1 \cdot R2}{R1 + R2} = \frac{4Ω \cdot 8Ω}{4Ω + 8Ω} = \frac{32}{12} =

\frac{8}{3}Ω \approx 2.67Ω

\]

4. Thevenin Equivalent Circuit: The equivalent circuit consists of a 4V voltage source in series with a

2.67Ω resistor.

Practice Problem 2: Thevenin Equivalent with Dependent



Source

Consider a circuit with a 10V independent voltage source, a 5Ω resistor (R1), a dependent current

source (3I, where I is the current through R1), and an 8Ω resistor (R2) connected in parallel with the

dependent source. Find the Thevenin equivalent across the terminals of R2.

Solution Steps

1. Remove R2 from the circuit.

2. Calculate Vth: Using mesh analysis:

- Loop equation gives us Vth = 10V - 5I.

- The current through R1 can be expressed as \(I = \frac{Vth}{R1}\).

- Substituting \(I\) back gives us \(Vth = 10V - 5 \cdot \frac{Vth}{5}\) → \(Vth = 10V - Vth\) → \(2Vth =

10V\) → \(Vth = 5V\).

3. Calculate Rth: Deactivate the independent source:

- The dependent current source remains, and we need to find the equivalent resistance looking back

into the circuit.

- Using test voltage method, apply 1V across terminals (R2 removed), the current through R1 becomes

\(I = \frac{1V}{5Ω}\), leading to the dependent source producing a current of 3I = 3(0.2) = 0.6A.

- Thus, \(Rth = \frac{1V}{0.6A} \approx 1.67Ω\).

4. Thevenin Equivalent Circuit: The equivalent circuit consists of a 5V voltage source in series with a

1.67Ω resistor.

Practice Problem 3: Complex Circuit Analysis

Given a circuit with two voltage sources and three resistors: a 15V source (V1), a 10V source (V2),



with resistors R1 = 3Ω, R2 = 6Ω, and R3 = 4Ω arranged in a combination of series and parallel

configurations. Find the Thevenin equivalent across R3.

Solution Steps

1. Remove R3 from the circuit.

2. Calculate Vth: Use superposition to find the voltage contribution from both sources.

- Calculate the contribution from V1 alone, shorting V2.

- Then, calculate the contribution from V2 alone, shorting V1.

- Add the contributions to find total Vth.

3. Calculate Rth: Deactivate both sources:

- Replace V1 and V2 with short circuits and find the equivalent resistance by combining resistors in

series and parallel.

4. Thevenin Equivalent Circuit: After finding Vth and Rth, draw the Thevenin equivalent circuit.

Conclusion

Thevenin equivalent practice problems provide invaluable experience in simplifying and analyzing

circuits, making them a vital part of electrical engineering education. By understanding the steps

involved and practicing a variety of problems, students can enhance their problem-solving skills and

become proficient in circuit analysis. Whether dealing with independent or dependent sources,

mastering Thevenin's theorem is essential for tackling real-world electrical challenges. Keep practicing,

and soon you'll find these problems becoming second nature!



Frequently Asked Questions

What is the Thevenin equivalent of a circuit?

The Thevenin equivalent of a circuit is a simplified two-terminal circuit that consists of a single voltage

source in series with a single resistor, making analysis easier.

How do you find the Thevenin equivalent voltage (Vth)?

To find Vth, you remove the load resistor from the circuit and calculate the open-circuit voltage across

the terminals where the load was connected.

What is the method to calculate the Thevenin equivalent resistance

(Rth)?

To find Rth, you turn off all independent sources in the circuit (replace voltage sources with short

circuits and current sources with open circuits) and then calculate the resistance seen from the open

terminals.

Can you use Thevenin's theorem for AC circuits?

Yes, Thevenin's theorem can be applied to AC circuits as long as you use phasor analysis for voltages

and currents.

What is the importance of Thevenin's theorem in circuit analysis?

Thevenin's theorem simplifies complex circuits into simple equivalents, making it easier to analyze the

behavior of circuits, especially when connecting and disconnecting loads.

How do you apply Thevenin's theorem to a circuit with dependent



sources?

For circuits with dependent sources, you still find Vth using the open-circuit voltage method, but for

Rth, you must keep the dependent sources active and use test sources to find the equivalent

resistance.

What is the significance of the load resistor in a Thevenin equivalent

circuit?

The load resistor is the component that connects to the Thevenin equivalent circuit. Its value can affect

the current and voltage across it, allowing for the analysis of how it interacts with the rest of the circuit.

Can you find the Thevenin equivalent of a circuit with multiple

sources?

Yes, you can find the Thevenin equivalent in circuits with multiple sources by using superposition to

analyze the effect of each source independently before combining results.

What happens to the Thevenin equivalent if you change the load

resistor?

Changing the load resistor affects the current flowing through it and the voltage across it, but the

Thevenin equivalent circuit itself remains unchanged.

Are there any limitations to using Thevenin's theorem?

Thevenin's theorem is not applicable to circuits with non-linear elements or where the circuit behavior

changes with different conditions, such as switching circuits.
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