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A Series LR Circuit Consists Of A 2.0-H Inductor With Negligible Internal Resistance, A
100-ohmresistor, forming a fundamental component in electrical engineering that exemplifies the
principles of inductance and resistance in series. Understanding the behavior, characteristics, and
applications of this circuit is essential for students, engineers, and enthusiasts interested in
electrical circuits and their transient responses.

Introduction to Series LR Circuits
A series LR circuit includes an inductor (L) and a resistor (R) connected in a single loop with a
source of electrical energy, typically a voltage supply. In this specific case, the inductor has a
inductance of 2.0 Henrys (H), and the resistor has a resistance of 100 ohms (Ω). The circuit's
behavior is characterized by the interaction between the inductive and resistive elements, especially
during transient phenomena such as switching on or off the power supply.

Components of the Circuit

Inductor (L) – 2.0 Henrys
An inductor stores energy in a magnetic field when current flows through it. The inductance value of
2.0 H indicates a relatively significant ability to oppose changes in current, resulting in notable
transient effects when the circuit is energized or de-energized.

Resistor (R) – 100 Ohms
The resistor provides resistance to current flow, dissipating electrical energy as heat. Its value
influences the rate at which current increases or decreases in the circuit and affects the time
constant of transient responses.

Negligible Internal Resistance
The assumption of negligible internal resistance in the inductor simplifies analysis, focusing
primarily on the external resistor and inductance effects.

Behavior of a Series LR Circuit
When a voltage source is connected, the circuit exhibits transient behavior characterized by the
exponential growth or decay of current. Understanding these dynamics involves analyzing the



circuit's response during switching events.

Switching On the Circuit
Initially, when the circuit is closed, the current does not immediately reach its maximum value
because the inductor opposes sudden changes in current. Instead, the current gradually increases
following an exponential pattern defined by the time constant.

Switching Off the Circuit
When the power supply is disconnected, the current decreases exponentially, as the inductor
opposes the sudden drop in current, releasing stored magnetic energy.

Mathematical Analysis
The behavior of the circuit is governed by differential equations derived from Kirchhoff's Voltage
Law (KVL):

V = L(dI/dt) + IR

Where:
- V is the applied voltage
- I is the current
- L is the inductance
- R is the resistance
- t is time

Time Constant (τ)
The time constant τ determines how quickly the current reaches its steady-state value or decays to
zero:

τ = L / R

For our circuit:

τ = 2.0 H / 100 Ω = 0.02 seconds (20 milliseconds)

This indicates that the current reaches approximately 63.2% of its final value in 20 milliseconds
during the transient phase.

Transient Response Equations
- When the circuit is switched on:

I(t) = Imax (1 - e-t/τ)



where:
- Imax = V / R (steady-state current)
- e is Euler's number (~2.718)

- When the circuit is switched off:

I(t) = Iinitial e-t/τ

Example Calculation
Suppose the voltage source V is 10 V:
- Steady-state current:

Imax = 10 V / 100 Ω = 0.1 A

- Current after 20 ms (one time constant):

I(0.02) ≈ 0.1 A (1 - e-1) ≈ 0.1 A (1 - 0.368) ≈ 0.0632 A

This demonstrates that after one time constant, the current reaches about 63.2% of its maximum.

Applications of Series LR Circuits
Understanding the dynamics of LR circuits is crucial in various practical applications, including:

Filter Design: LR circuits serve as basic filters to block or pass signals based on frequency.

Timing Circuits: Their transient response characteristics are used in timing applications and
oscillators.

Switching Power Supplies: Managing surge currents and transient behaviors during power
switching.

Inductive Load Control: Controlling motors and transformers where inductance plays a
significant role.

Factors Affecting the Behavior of the Circuit
Several factors influence the transient response and steady-state behavior:



Inductance (L)
- Higher inductance results in longer time constants, meaning the current takes more time to reach
its maximum value.

Resistance (R)
- Increasing resistance decreases the time constant, leading to faster current changes but also
higher energy dissipation as heat.

Voltage Supply (V)
- The magnitude of the applied voltage directly affects the maximum steady-state current.

Practical Considerations and Limitations
While analyzing ideal LR circuits provides valuable insights, real-world circuits often include
additional factors:

Internal Resistance: Actual inductors have parasitic resistance, which slightly alters the
response.

Core Material: Non-ideal core materials can lead to hysteresis and core losses.

Switching Transients: Rapid switching can induce voltage spikes and electromagnetic
interference.

Designing circuits with these considerations ensures better performance and reliability.

Conclusion
A series LR circuit comprising a 2.0-H inductor and a 100-ohm resistor exemplifies fundamental
electromagnetic principles. Its transient response, characterized by exponential growth and decay
governed by the time constant τ = L / R = 0.02 seconds, is essential in understanding how inductive
and resistive elements interact in electrical circuits. Such circuits find widespread applications in
filtering, timing, and power management systems. Recognizing the impact of component values and
real-world factors enables engineers to design efficient and effective electrical systems tailored to
specific needs.

Additional Resources for Further Learning
- Textbooks on Circuit Analysis and Electromagnetism
- Online simulation tools like SPICE for modeling LR circuits



- Practical experiments using breadboards to observe transient behaviors
- Research papers on advanced inductive circuit applications

Understanding the principles behind a series LR circuit with a 2.0-H inductor and 100-ohm resistor
provides a foundation for more complex circuit analysis and design, emphasizing the importance of
transient phenomena in electrical engineering.

Frequently Asked Questions

What is the time constant of an LR circuit with a 2.0 H
inductor and a 100-ohm resistor?
The time constant τ is given by τ = L/R = 2.0 H / 100 Ω = 0.02 seconds.

How does the current in the LR circuit evolve when the switch
is closed?
The current increases exponentially from zero to its maximum value I = V/R with a time constant of
0.02 seconds, following I(t) = (V/R)(1 - e^{-t/τ}).

What is the significance of the negligible internal resistance
of the inductor in this circuit?
Having negligible internal resistance means the inductor's resistance is considered zero, so the
circuit's resistance is primarily due to the 100-ohm resistor, simplifying calculations of the circuit's
transient response.

If the supply voltage is 12 V, what is the steady-state current
in the circuit?
The steady-state current is I = V/R = 12 V / 100 Ω = 0.12 A.

How does the inductor affect the rate at which current reaches
its maximum value?
The inductor opposes sudden changes in current, causing the current to increase gradually over a
time scale determined by the time constant τ = 0.02 seconds, rather than instantaneously.

What happens to the inductor's magnetic field during the
circuit's transient response?
As current increases, the inductor's magnetic field builds up gradually, storing energy, and reaches
a maximum proportional to the steady-state current once the current stabilizes.



Additional Resources
A Series LR Circuit Consists Of A 2.0-H Inductor With Negligible Internal Resistance, A 100-ohm
Resistor

---

Introduction

In the realm of electrical engineering, the study and application of series RL circuits are
fundamental to understanding transient phenomena, energy storage, and signal processing. The
particular configuration under examination—a series circuit comprising a 2.0-H inductor with
negligible internal resistance and a 100-ohm resistor—serves as an exemplary model for both
theoretical analysis and practical applications. This article offers an in-depth exploration of this
series LR circuit, dissecting its components, behavior, and significance through an expert lens, akin
to a detailed product review.

---

Understanding the Components

The Inductor: 2.0 Henrys with Negligible Resistance

At the heart of this circuit lies the inductor, rated at 2.0 H. The Henry (H) is the SI unit of
inductance, representing the ability of the component to store magnetic energy when current flows
through it.

- Design and Construction: The inductor is typically composed of a coil of wire wound around a
core—often air or ferromagnetic material. In this case, the specified negligible internal resistance
indicates an idealized component designed primarily for theoretical clarity, minimizing resistive
losses and focusing on inductive properties.

- Role in the Circuit: The inductor opposes changes in current thanks to electromagnetic induction,
which manifests as a back emf proportional to the rate of change of current (\( V_L = L
\frac{dI}{dt} \)). The large inductance value (2.0 H) suggests a significant opposition to rapid
current changes, making it suitable for studying slow transient phenomena or energy storage.

The Resistor: 100 Ohms

The resistor introduces a controlled damping effect within the circuit.

- Specifications: With a resistance of 100 Ω, it limits the current flow and influences the circuit’s
transient response.

- Functionality: Resistors convert electrical energy into heat, providing a damping mechanism that
prevents oscillations from becoming unstable and helps in studying exponential decay or growth
processes.

---

Circuit Configuration and Theoretical Foundations



Series Connection: The Path of Current

In this configuration, the inductor and resistor are connected in series with a voltage source (though
the source is not explicitly specified, it is typically assumed for analysis). The series arrangement
ensures that the same current flows through both components at any instant, making the analysis
straightforward yet rich with transient behavior.

Governing Equations

The fundamental differential equation governing this series LR circuit during transient conditions
(such as switching on or off) is:

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

where:

- \( V(t) \) is the applied voltage,
- \( L \) is the inductance (2.0 H),
- \( R \) is the resistance (100 Ω),
- \( I(t) \) is the current as a function of time.

In the absence of an applied voltage (e.g., after switching off the source), the equation simplifies to:

\[
L \frac{dI(t)}{dt} + R I(t) = 0
\]

which describes an exponential decay of current.

---

Transient Response: A Closer Look

When the Circuit Is Energized

Suppose a step voltage \( V_0 \) is suddenly applied at \( t=0 \). The current response is
characterized by:

\[
I(t) = I_{max} \left(1 - e^{-\frac{R}{L}t}\right)
\]

where:

- \( I_{max} = \frac{V_0}{R} \) is the steady-state current,
- \( \tau = \frac{L}{R} \) is the time constant.

Calculating the Time Constant:



\[
\tau = \frac{L}{R} = \frac{2.0\, \text{H}}{100\, \Omega} = 0.02\, \text{s}
\]

This indicates that the current reaches approximately 63.2% of its final value after 20
milliseconds—a relatively slow response, characteristic of high inductance and moderate resistance.

Implications:

- The circuit exhibits a gradual increase in current, illustrating the energy stored in the magnetic
field of the inductor.
- The exponential nature underscores the importance of the resistor in controlling the transient
speed.

When the Circuit Is Discharged

If the voltage source is suddenly removed, the current decays exponentially:

\[
I(t) = I_0 e^{-\frac{R}{L}t}
\]

where \( I_0 \) is the current at the moment of disconnection.

This decay behavior demonstrates how the inductor's stored magnetic energy is released back into
the circuit, with the resistor dissipating it as heat.

---

Practical Significance and Applications

Energy Storage and Release

This LR circuit exemplifies how inductors can temporarily store energy in magnetic fields, which can
be later released or manipulated for various functions, such as in pulsed power systems, filters, or
oscillators.

Transient Analysis in Signal Processing

Understanding the transient behavior is crucial for designing circuits that need to respond
predictably over time, including radio frequency applications, switches, and digital logic circuits.

Damping in Oscillatory Systems

While this particular circuit does not include a capacitor to form an LC circuit, the resistor's
damping effect is analogous to that in RLC circuits, influencing how quickly signals stabilize or
decay.

---

Expert Insights and Considerations



The Idealized Nature of the Inductor

The assumption of negligible internal resistance simplifies analysis but is an idealization. In practical
scenarios, all inductors possess some resistive component, which affects transient response and
energy efficiency. However, the high inductance value still makes this circuit an excellent model for
theoretical exploration.

Tuning Response Times

Adjusting the resistance or inductance allows engineers to tailor the circuit's response to specific
needs:

- Increasing \( R \) results in a faster damping and slower current buildup.
- Decreasing \( R \) prolongs the transient period, which could be advantageous in energy transfer
applications.

Limitations and Real-World Considerations

- Parasitic Resistance: Actual inductors have internal resistance that can significantly influence
transient behavior.
- Core Material Effects: If a ferromagnetic core is used, non-linearities like saturation can alter
inductance.
- Temperature Dependence: Both resistance and inductance can vary with temperature, affecting
circuit performance.

---

Comparative Analysis and Optimization

| Parameter | Effect on Transient Response | Practical Implication |
|------------|------------------------------|------------------------|
| Increasing \( R \) | Shorter time constant, faster decay/growth | Quicker stabilization, less energy
storage |
| Decreasing \( R \) | Longer transient period | Greater energy storage, slower response |
| Increasing \( L \) | Longer time constant | More magnetic energy storage, slower current change |

In designing such circuits, a balance must be struck to optimize responsiveness, energy efficiency,
and stability based on application requirements.

---

Conclusion

This series LR circuit featuring a 2.0-H inductor with negligible internal resistance and a 100-ohm
resistor embodies a fundamental yet versatile electrical configuration. Its transient response
characteristics serve as a cornerstone for understanding energy storage, damping, and signal
behavior in electrical systems. Whether applied in theoretical analyses, educational settings, or
practical designs, this configuration offers rich insights into the dynamic interplay of inductance and
resistance.



By meticulously examining its components, governing equations, and transient phenomena,
engineers and enthusiasts alike can appreciate the nuanced behavior of such circuits and leverage
this understanding to innovate and optimize a broad spectrum of electrical and electronic
applications.
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