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Understanding the behavior of electrical circuits is fundamental to electrical engineering
and electronics. When analyzing a circuit comprising a DC voltage source, resistors, and an
inductor, it becomes essential to understand how each component interacts over time,
especially during transient and steady-state conditions. This article provides a
comprehensive examination of such a circuit, exploring its components, configurations, and
the principles governing its operation. Whether you're a student, an engineer, or an
enthusiast, this guide aims to deepen your understanding of RL circuits with DC sources.

Introduction to RL Circuits with DC Sources

An RL circuit is a fundamental electrical circuit consisting of a resistor (R) and an inductor
(L). When a DC voltage source (V) is connected to such a circuit, it exhibits unique
behaviors, especially during switching events or initial power-up. The addition of a second
resistor, R2, introduces further complexity, enabling various configurations and analysis
methods.

Understanding the transient response of these circuits is crucial for designing filters, power
supplies, and other electronic systems. The inductor's property of opposing changes in
current, combined with resistors that dissipate energy, results in characteristic time-
dependent behaviors that can be modeled mathematically and observed practically.

Components of the Circuit

DC Voltage Source (V)
The voltage source provides a steady potential difference that drives current through the
circuit. In DC circuits, this voltage remains constant over time, setting the initial conditions
for current flow and energy storage in inductors.

Resistors R1 and R2
Resistors limit current flow and dissipate electrical energy as heat. Their values determine
the time constants and steady-state currents in the circuit. When two resistors are present,
they may be configured in series or parallel, impacting the overall resistance and circuit



behavior.

Inductor (L)
The inductor stores energy in a magnetic field when current flows through it. It resists
changes in current, leading to transient phenomena when the circuit configuration is
altered or when the circuit is first energized.

Typical Configurations and Analysis

Depending on how R1 and R2 are connected, the circuit can take different forms. The most
common configurations include series and parallel arrangements.

Series RL Circuit with Two Resistors
In this configuration, R1, R2, and L are connected in series with the voltage source V. The
total resistance is R_total = R1 + R2. The circuit equation becomes:

\[ V = (R_1 + R_2) \times I(t) + L \frac{dI(t)}{dt} \]

The analysis focuses on solving this differential equation to find the current over time,
especially during the initial switching and steady-state phases.

Parallel RL Circuit with Two Resistors
Alternatively, R1 and R2 can be connected in parallel across the inductor and voltage
source, affecting the equivalent resistance seen by the inductor and the overall current
distribution.

Transient Response Analysis

Understanding the transient response involves analyzing how current and voltage evolve
immediately after the circuit is energized or reconfigured. The key steps include:

1. Initial Conditions: Determine current and voltage at t=0- (just before switching).
2. Applying Kirchhoff's Laws: Set up differential equations based on the circuit
configuration.
3. Solving the Differential Equation: Find expressions for current and voltage as functions of
time.

Step-by-Step Analysis for a Series RL Circuit with R1,



R2, and L

Suppose the resistors R1 and R2 are in series with the inductor L and the voltage source V.
The steps are as follows:

1. Initial Current (t=0-): Prior to switching, current is zero if the circuit was unenergized.
2. At t=0+: When the circuit is closed, the inductor opposes any instantaneous change in
current, so current remains at its initial value.
3. Differential Equation:

\[ V = (R_1 + R_2) \times I(t) + L \frac{dI(t)}{dt} \]

4. Solution:

\[ I(t) = I_{ss} \left(1 - e^{-\frac{t}{\tau}}\right) \]

where:

- \( I_{ss} = \frac{V}{R_1 + R_2} \) is the steady-state current.
- \( \tau = \frac{L}{R_1 + R_2} \) is the time constant of the circuit.

5. Interpretation:
- The current exponentially approaches the steady-state value.
- The time constant indicates how quickly the circuit reaches near steady state (about
63%).

Steady-State Behavior of the Circuit

After a sufficiently long time, the transient effects decay, and the circuit reaches steady
state. In a purely RL circuit with a DC source:

- The inductor behaves like a short circuit (assuming ideal inductor).
- The current is constant and given by:

\[ I_{steady} = \frac{V}{R_1 + R_2} \]

- The voltage across the inductor becomes zero (no change in current), and the resistor(s)
dissipate energy continuously.

If switches are involved, the circuit's steady-state depends on the configuration and
switching history.

Effects of Component Values on Circuit Behavior

The parameters R1, R2, and L significantly influence the circuit's transient and steady-state
responses.



Resistor Values:

- Larger resistance results in a longer time constant (\( \tau = L / R_{total} \)), meaning the
current takes longer to reach steady state.
- Smaller resistance yields a quicker response but reduces current capacity.

Inductor Value:

- Larger inductance increases the time constant, slowing the current change.
- Smaller inductance allows for faster transient response.

Voltage Source:

- Higher voltage increases the steady-state current and transient response amplitude.

Practical Applications of RL Circuits

RL circuits are fundamental in various electrical and electronic applications:

- Filters: RL circuits serve as low-pass or high-pass filters, allowing certain frequency signals
to pass while attenuating others.
- Switching Power Supplies: They help smooth out current changes and prevent voltage
spikes.
- Motor Drives: Inductive components are critical in motor operation and control.
- Transient Suppression: Inductors limit sudden changes, protecting sensitive components.

Advanced Analysis and Considerations

Beyond basic transient analysis, engineers consider additional factors:

- Non-ideal Inductors: Real-world inductors have parasitic resistances and core losses.
- Damping and Oscillations: R and L values influence oscillatory behavior, especially in LC or
RLC circuits.
- Frequency Response: While primarily DC, small AC signals and transient responses involve
frequency-dependent behaviors.
- Numerical Methods: For complex circuits, numerical techniques like SPICE simulations
provide detailed insights.

Conclusion

A circuit containing a DC voltage source, resistors R1 and R2, and an inductor L offers rich
insights into transient and steady-state electrical phenomena. By analyzing such circuits
through differential equations and understanding the roles of each component, engineers
can design effective systems for filtering, energy storage, and power management. The key



parameters—resistance, inductance, and supply voltage—must be carefully selected to
achieve desired behaviors, whether rapid switching, energy storage, or signal filtering.

Understanding the fundamental principles outlined in this article enables practitioners to
analyze complex circuits, optimize performance, and innovate in various technological
fields. As electrical systems become increasingly sophisticated, mastering the behavior of
RL circuits remains a cornerstone of electrical engineering education and practice.

Frequently Asked Questions

What is the primary function of an inductor in an RC
circuit with a DC voltage source?
In an RC or RL circuit, the inductor opposes changes in current, storing energy in its
magnetic field, which affects how the circuit responds to voltage changes over time.

How does the presence of R1 and R2 influence the total
resistance in the circuit?
R1 and R2 can be configured in series or parallel, affecting the total resistance; in series,
R_total = R1 + R2, while in parallel, R_total = (R1 R2) / (R1 + R2).

What is the significance of the inductor L in the
transient response of the circuit?
The inductor L determines the time constant for current change; it influences how quickly
the circuit reaches steady state when the voltage source is applied or removed.

How do you analyze the circuit's behavior when the DC
voltage source V is suddenly switched ON?
Use transient analysis, considering the initial inductor current (often zero) and solving
differential equations to find how current and voltage evolve over time until steady state is
reached.

What is the steady-state current in the circuit once all
transient effects have settled?
In steady state, the inductor acts as a short circuit for DC, so the current is determined by
the resistors: I = V / (R1 + R2) if they are in series.

How does the inductor L affect the circuit's response to



a sudden change in the voltage V?
The inductor opposes sudden changes in current, causing a gradual increase or decrease in
current, characterized by the circuit's time constant τ = L / R_total.

Can the circuit be used as a filter? If so, what kind?
Yes, with the inductor L and resistors, the circuit can function as a low-pass filter, allowing
DC and low-frequency signals to pass while attenuating high-frequency signals.

What are the energy storage properties of the inductor
in this circuit?
The inductor stores energy in its magnetic field, given by E = (1/2) L I^2, which is released
when the current decreases.

How does changing the values of R1, R2, or L affect the
circuit's transient response?
Increasing R1 or R2 increases the overall resistance, lengthening the time constant and
slowing the response; increasing L also increases the time constant, leading to a slower
current change.

What considerations are important when designing this
circuit for real-world applications?
Considerations include the inductor's saturation current, resistors' power ratings, parasitic
effects, and ensuring the circuit's time constants match the desired response for the
specific application.

Additional Resources
Understanding an ER A Circuit Contains A DC Voltage Source, V, Two Resistors, R1 And R2,
And An Inductor L: A Comprehensive Analysis

When analyzing electrical circuits, especially those involving a mix of resistors, inductors,
and voltage sources, it’s essential to understand the fundamental principles that govern
their behavior. In particular, a circuit that contains a DC voltage source, R1, R2, and an
inductor L can exhibit dynamic responses over time, making their analysis both intriguing
and essential for designing effective electronic systems. This article aims to provide a
detailed, step-by-step guide to understanding such circuits, covering the core concepts,
mathematical modeling, and practical considerations.

---

Introduction to the Circuit Components



Before diving into the analysis, it is crucial to familiarize ourselves with the individual
components involved:

DC Voltage Source (V)
- Provides a constant voltage supply.
- Ideal sources maintain a fixed voltage regardless of the current drawn.
- In real applications, sources may have internal resistance, but for analysis, ideal sources
are often assumed.

Resistors (R1 and R2)
- Resistive components oppose the flow of current, characterized by Ohm’s Law: V = IR.
- They help control current levels and voltage drops within the circuit.
- R1 and R2 can be arranged in various configurations, affecting the circuit’s response.

Inductor (L)
- An inductor opposes changes in current, storing energy in a magnetic field.
- The voltage across an inductor is proportional to the rate of change of current: V_L = L
(dI/dt).
- Inductors exhibit a time-dependent behavior, especially in transient states when switching
or initial conditions are involved.

---

Circuit Configuration and Basic Assumptions

Let’s consider a common configuration to analyze:

- The DC voltage source V is connected to a series network comprising resistor R1, the
inductor L, and resistor R2.
- The inductor L is either in series with R1 and R2 or connected in a different arrangement;
for simplicity, assume a series connection.
- The circuit is initially unenergized or at steady state, depending on the scenario.

Assumption for analysis:
- Ideal components (no parasitic resistances or inductances).
- The circuit is analyzed in the time domain, especially focusing on transient behavior after
a switch is closed or opened.

---

Step-by-Step Analysis Approach

1. Identifying the Initial Conditions

Understanding the initial current through the inductor is critical because inductors oppose
sudden changes in current:

- Initially unenergized inductor: I_L(0) = 0 A.
- Steady state before switching: In DC steady state, the inductor acts as a short circuit
(since V across an inductor in steady DC is zero).



2. Applying Kirchhoff’s Voltage Law (KVL)

For the series circuit, the sum of voltage drops equals the supply voltage:

V = V_R1 + V_L + V_R2

Expressed in terms of current I(t):

V = R1 I(t) + L (dI/dt) + R2 I(t)

or simplified:

V = (R1 + R2) I(t) + L (dI/dt)

This differential equation governs the circuit’s behavior over time.

3. Formulating the Differential Equation

Rearranged:

L (dI/dt) + (R1 + R2) I(t) = V

This is a first-order linear differential equation, standard for RL circuits.

4. Solving the Differential Equation

The general solution:

I(t) = I(∞) + [I(0) - I(∞)] e^(-t/τ)

Where:
- I(∞) is the final steady-state current.
- I(0) is the initial current at t=0.
- τ (time constant) = L / (R1 + R2).

Given the initial conditions:

- If the circuit is just energized at t=0:
- I(0) = 0 (assuming unenergized inductor).
- Steady-state current:
- I(∞) = V / (R1 + R2).

Thus, the current over time is:

I(t) = [V / (R1 + R2)] [1 - e^(-t/τ)]

5. Voltage and Current Waveforms

From the current, the voltage across each component can be derived:

- Voltage across R1:



V_R1(t) = R1 I(t)

- Voltage across R2:

V_R2(t) = R2 I(t)

- Voltage across L:

V_L(t) = V - V_R1(t) - V_R2(t)

The inductor’s voltage initially opposes the sudden change, resulting in a high initial
voltage that decays exponentially as current reaches steady state.

---

Practical Insights and Considerations

Transient vs. Steady-State Behavior
- Transient phase: When the circuit is switched on, inductor currents change from zero to
their steady-state value, characterized by an exponential response.
- Steady state: The current stabilizes at V / (R1 + R2), with the inductor acting as a short
circuit in DC conditions.

Effect of Component Values
- Increasing L increases τ, leading to slower current rise.
- Larger R1 + R2 reduces steady-state current and influences how quickly the circuit
reaches equilibrium.

Energy Storage in the Inductor
- Energy stored at any moment: E = 0.5 L I(t)^2.
- During switching, this energy is released or absorbed, affecting circuit stability.

Practical Applications
- Such RL circuits are foundational in filters, choppers, and motor control systems.
- Understanding transient responses helps in designing circuits that mitigate voltage spikes
or oscillations.

---

Advanced Topics

Including Internal Resistance of the Voltage Source
- Real voltage sources have internal resistance, adding to R1 or R2, affecting the overall
time constant and steady-state current.

Multiple Inductors or Parallel Configurations
- More complex circuits can involve multiple inductors, requiring matrix methods or Laplace
transforms for analysis.

Switching and Non-Linear Effects
- When switches are involved, or non-linear components like diodes are added, the analysis



becomes more complex, often requiring simulation tools.

---

Practical Example: Numerical Calculation

Suppose:
- V = 12 V
- R1 = 100 Ω
- R2 = 200 Ω
- L = 0.5 H

Calculate:
- τ = L / (R1 + R2) = 0.5 / (100 + 200) = 0.5 / 300 ≈ 0.00167 seconds (~1.67 ms)
- Steady-state current:

I(∞) = V / (R1 + R2) = 12 / 300 = 0.04 A (40 mA)

- Current at t = 1 ms:

I(1ms) ≈ 0.04 (1 - e^(-1ms / 1.67ms)) ≈ 0.04 (1 - e^(-0.6)) ≈ 0.04 (1 - 0.549) ≈ 0.04 0.451
≈ 0.018 A (18 mA)

This illustrates how quickly the circuit approaches its steady state, with the majority of
current established within a few time constants.

---

Summary and Final Thoughts

Analyzing a circuit containing a DC voltage source, R1, R2, and an inductor L involves
understanding the time-dependent behavior introduced by the inductor’s opposition to
changes in current. By formulating the governing differential equation, applying initial
conditions, and solving for I(t), engineers can predict how the circuit responds over time,
which is critical for designing stable and efficient electronic systems.

Through strategic selection of resistor values and inductance, one can tailor the transient
response for specific applications—be it rapid switching in digital circuits or controlled
energy transfer in power systems. Mastery of these principles not only enhances circuit
analysis skills but also lays the foundation for more advanced topics like RLC circuits, filters,
and transient stability in power networks.

Understanding this fundamental circuit configuration is a stepping stone toward more
complex circuit analysis, emphasizing the importance of core concepts in practical
electronics design and analysis.
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