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Introduction to LR Circuits

An LR circuit is a fundamental electrical circuit consisting of an inductor (L) and a resistor (R)

connected in series with a voltage source, typically an electromotive force (emf). Such circuits serve as

essential models for understanding transient electrical phenomena, including the growth and decay of

currents when the circuit is energized or de-energized. The behavior of LR circuits under various

conditions is instrumental in designing electrical systems, from simple filters to complex communication

devices.

In the context of our discussion, the circuit in question has an inductor with an inductance of 20

Henries (H) and a resistor with resistance R. When an emf is suddenly applied, the current does not

immediately reach its maximum value but instead evolves over time, governed by the circuit's

parameters.

Fundamentals of Inductance and Resistance in LR Circuits



Inductance (L)

Inductance is a property of an electrical conductor by which a change in current induces an

electromotive force (emf) in the conductor itself and in nearby conductors due to electromagnetic

induction. It is measured in Henries (H). In our case, the inductor has an inductance of 20 H, which

indicates a relatively strong opposition to changes in current.

The physical interpretation of inductance involves the magnetic field generated by current flow, storing

energy in the magnetic field. The larger the inductance, the more significant the opposition to rapid

changes in current.

Resistance (R)

Resistance is a measure of how much a component opposes the flow of current, converting electrical

energy into heat. It is measured in Ohms (Ω). Resistance affects the rate at which current builds up or

decays in the circuit and determines the steady-state current once the transient effects diminish.

Applying the Electromotive Force: Transient Response of the

LR Circuit

Initial Conditions and Circuit Behavior

When the emf source is first applied at time t = 0, the current in the circuit is zero because the

inductor opposes any sudden change in current. Over time, the current begins to increase,

approaching a steady-state value determined by Ohm’s law.

The key parameters influencing this behavior are:

- The emf of the voltage source (denoted as E).

- The inductance (L = 20 H).



- The resistance (R).

Mathematical Description of Current Evolution

The governing differential equation for the LR circuit when a voltage E is applied at t = 0 is:

\[

E = L \frac{dI}{dt} + R I

\]

This first-order linear differential equation describes how the current I(t) varies with time.

The solution for I(t), assuming the initial current I(0) = 0, is:

\[

I(t) = \frac{E}{R} \left(1 - e^{-\frac{R}{L} t}\right)

\]

where:

- \(\frac{E}{R}\) is the steady-state current (final current as t → ∞).

- \(e^{-\frac{R}{L} t}\) describes the exponential nature of current growth.

Time Constant (τ)

The transient response is characterized by the time constant \(\tau\), given by:

\[

\tau = \frac{L}{R}

\]

This parameter indicates the time taken for the current to reach approximately 63.2% of its final value.



It also describes how quickly the circuit responds to changes.

Analyzing the Effect of Applying emf to the LR Circuit

Current Growth Over Time

Upon application of the emf, the current begins at zero and asymptotically approaches the steady-state

value:

\[

I_{ss} = \frac{E}{R}

\]

The exponential growth follows the formula:

\[

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

\]

This indicates that after a duration of approximately 5τ, the current effectively reaches its maximum

value, considering the exponential nature.

Energy Stored in the Inductor

As the current increases, energy is stored in the magnetic field of the inductor, calculated as:

\[

U = \frac{1}{2} L I^2

\]



This stored energy can be released back into the circuit if the emf is removed or if the circuit is

broken.

Decaying Current When the EMF Is Removed

If the emf source is suddenly disconnected, the current does not drop instantly. Instead, it decays

exponentially:

\[

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

\]

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

Specific Considerations for the 20 Henry Inductor and

Resistance R

Calculating the Time Constant

Given the inductance \(L = 20\, \text{H}\), the time constant depends on the resistance R:

\[

\tau = \frac{20}{R}

\]

- For example, if R = 10 Ω, then \(\tau = 2\, \text{s}\).

- If R = 20 Ω, then \(\tau = 1\, \text{s}\).

The larger the resistance, the faster the current approaches its steady-state value, but the lower the



steady-state current.

Steady-State Current

The steady-state current is:

\[

I_{ss} = \frac{E}{R}

\]

- For a given emf E, increasing R reduces the maximum current flowing through the circuit.

- Conversely, reducing R increases the steady-state current.

Practical Implications and Applications

Design Considerations

Understanding the transient response of LR circuits is crucial in various applications:

- Pulse circuits: Controlling how quickly a current rises or falls.

- Filters: Designing circuits that block or pass certain frequencies based on the inductance and

resistance.

- Inductive loads: Managing inrush currents in transformers and motors.

- Energy storage: Utilizing inductors to store energy temporarily.

Impact of Inductance and Resistance Choices

Choosing appropriate values of L and R allows engineers to tailor the circuit’s response:



- High inductance (large L) results in slow current changes but higher energy storage.

- High resistance (large R) leads to faster current stabilization but lower steady-state current.

Summary of Key Concepts

The application of emf to an LR circuit causes the current to increase exponentially from zero to

a maximum of \(E/R\).

The time constant \(\tau = L/R\) determines how quickly the circuit responds.

The energy stored in the magnetic field of the inductor is \(\frac{1}{2} L I^2\).

Removing the emf causes the current to decay exponentially, releasing stored magnetic energy.

Designing circuits involves balancing inductance and resistance to achieve desired transient

responses.

Conclusion

Applying an electromotive force to an LR circuit with an inductance of 20 Henries involves

understanding the dynamic process of current growth and decay. The circuit's behavior is governed by

the interplay between inductance and resistance, encapsulated in the exponential functions and the

time constant \(\tau = L/R\). Engineers and physicists leverage this understanding to design circuits

with specific transient responses, energy storage capabilities, and filtering properties. Whether in

power systems, communication technology, or electronic devices, the principles governing LR circuits

remain foundational to modern electrical engineering.



Frequently Asked Questions

What is the role of electromotive force (EMF) in an LR circuit?

The EMF provides the driving voltage that causes current to flow through the inductor and resistor,

initiating the magnetic field build-up and influencing the transient response of the circuit.

How does the inductance of 20 henries affect the current in the LR

circuit when an EMF is applied?

A higher inductance like 20 H opposes rapid changes in current, causing the current to increase

gradually over time according to the exponential growth described by the circuit's time constant.

What is the significance of the resistance in an LR circuit with a 20 H

inductor when EMF is applied?

The resistance determines how quickly the current reaches its maximum value and affects the rate of

energy dissipation in the circuit, influencing the transient behavior.

How do you calculate the time constant of an LR circuit with a 20 H

inductor and a known resistance?

The time constant τ is calculated using τ = L / R, where L is inductance in henries and R is

resistance in ohms. It indicates the time for current to reach approximately 63.2% of its maximum

value.

What happens to the current in an LR circuit immediately after the

EMF is applied?

Initially, the current is zero because the inductor opposes sudden changes in current, but it gradually

increases as the magnetic field builds up, following an exponential curve.



How does the EMF influence the energy stored in the inductor of an

LR circuit?

The EMF causes current to flow, storing energy in the magnetic field of the inductor, which is released

when the circuit is turned off or the EMF is removed.

What is the effect of increasing resistance in an LR circuit with a 20

H inductor on the transient response?

Increasing resistance increases the time constant, causing the current to rise more slowly and

decreasing the rate at which the magnetic energy is stored and dissipated.

Additional Resources

An Electromotive Force Is Applied To An LR Circuit In Which The Inductance Is 20 Henries And The

Resistance

---

Introduction

In the realm of electrical engineering and circuit analysis, the behavior of circuits subjected to sudden

changes in voltage is fundamental to understanding how modern electronic systems operate. One

such basic yet profoundly instructive system is the LR circuit, comprising an inductor (L) and a resistor

(R). When an electromotive force (EMF) — essentially a voltage source — is applied to this

configuration, the circuit exhibits characteristic transient behaviors that reveal the interplay between

inductance, resistance, and current flow. This article delves into the detailed analysis of an LR circuit

where the inductance is specified as 20 henries, exploring the underlying physics, mathematical

modeling, and practical implications of such a system.



---

Understanding the LR Circuit: Components and Fundamentals

The Components of an LR Circuit

An LR circuit consists of two primary components:

- Inductor (L): A passive device that opposes changes in current flowing through it. Its inductance,

measured in henries (H), quantifies this opposition. An inductance of 20 H indicates a relatively strong

tendency to oppose sudden changes in current.

- Resistor (R): A passive component that opposes current flow with resistance, measured in ohms (Ω).

Resistance determines how much the circuit dissipates energy as heat.

The Role of Electromotive Force (EMF)

Applying an EMF, such as a battery or a voltage source, introduces energy into the circuit, prompting

current to flow. When the circuit is initially closed, the current does not instantly reach its maximum

value but instead gradually increases, owing to the inductor's opposition to rapid changes. This

transient behavior is central to understanding how the circuit responds over time.

---

Mathematical Modeling of the LR Circuit

Governing Differential Equation

The behavior of the LR circuit under an applied EMF \( \mathcal{E} \) is described by Kirchhoff's

voltage law, leading to the fundamental differential equation:



\[

\mathcal{E} = L \frac{dI}{dt} + R I

\]

where:

- \( I(t) \) is the current as a function of time,

- \( L \) is the inductance (20 H),

- \( R \) is the resistance (value to be specified),

- \( \frac{dI}{dt} \) is the rate of change of current.

This equation encapsulates the balance between the applied voltage, the voltage across the inductor,

and the voltage across the resistor.

Solution to the Differential Equation

Assuming the circuit is initially uncharged (current \( I(0) = 0 \)) and a constant EMF \( \mathcal{E} \) is

suddenly applied at \( t = 0 \), the solution for \( I(t) \) is:

\[

I(t) = \frac{\mathcal{E}}{R} \left(1 - e^{-\frac{R}{L} t}\right)

\]

This expression reveals that the current exponentially approaches a steady-state value \(

\frac{\mathcal{E}}{R} \), with a characteristic time constant \( \tau = \frac{L}{R} \).

---

The Significance of the Inductance Value: 20 Henries

What Does 20 H Mean?



An inductance of 20 H is considered fairly substantial in typical electrical circuits. For context:

- Small inductors in electronic circuits often have values in the microhenry (μH) to millihenry (mH)

range.

- Larger inductors, such as those in power systems, can reach hundreds or thousands of henries.

Thus, a 20 H inductor indicates a component designed to strongly oppose rapid changes in current.

This high inductance results in a longer time constant, meaning the current takes more time to reach

its maximum value after the circuit is energized.

Physical Realizations of 20 H Inductors

Creating an inductor with 20 H involves:

- Using coils with many turns of wire,

- Employing ferromagnetic cores to increase inductance,

- Ensuring minimal parasitic resistances to observe pure transient effects.

In practical applications, such inductors are common in filter circuits, energy storage systems, and

large-scale power supplies.

---

Analyzing the Transient Response

Time Constant and Its Implications

The time constant \( \tau = \frac{L}{R} \) dictates how quickly the current reaches near its steady-state

value. For example:

- If \( R \) is small, \( \tau \) is large, leading to a slow rise in current.



- Conversely, a large \( R \) results in a quick transition.

Suppose the resistance \( R \) is known; then, the time constant can be explicitly calculated. For

instance, if \( R = 10\, \Omega \):

\[

\tau = \frac{20\, \text{H}}{10\, \Omega} = 2\, \text{s}

\]

This indicates the current reaches approximately 63.2% of its maximum value after 2 seconds.

Current Evolution Over Time

The current growth can be visualized as:

\[

I(t) = \frac{\mathcal{E}}{R} \left(1 - e^{-\frac{t}{\tau}}\right)

\]

which asymptotically approaches \( \frac{\mathcal{E}}{R} \) as \( t \to \infty \).

Key points:

- At \( t=0 \), \( I(0) = 0 \),

- At \( t = \tau \), \( I(t) \approx 0.632 \times \frac{\mathcal{E}}{R} \),

- The current stabilizes after several time constants (generally about 5 τ).

---

Practical Applications of High-Inductance LR Circuits



High-inductance LR circuits are foundational in various technological fields:

- Inductive Loads: Electric motors, transformers, and inductive components in power systems.

- Filtering Circuits: To block or smooth fluctuations in signals.

- Energy Storage: Inductors store magnetic energy, which can be released later.

- Transient Suppression: To prevent sudden voltage spikes that can damage electronic components.

Understanding the transient response in such circuits allows engineers to design systems that account

for delays, energy dissipation, and stability considerations.

---

Effects of Resistance on Transient Behavior

Resistance's Dual Role

While resistance dissipates energy as heat, it also influences how quickly the current reaches its

steady state:

- Higher Resistance: Shorter time constants, faster current stabilization, but more energy loss.

- Lower Resistance: Longer transient periods, less energy dissipation, but potential issues with

inductive kickback.

Resistance and Power Dissipation

The power dissipated in the resistor during the transient is given by:

\[

P(t) = I^2(t) R

\]



Initially, power dissipation is zero (since current is zero), but as current increases, so does the power,

peaking at steady state.

---

Challenges and Considerations in Real-World Implementation

Implementing an LR circuit with a 20 H inductor involves addressing practical factors:

- Core Material: To sustain high inductance, cores are often made of ferromagnetic materials, which

can introduce non-idealities such as hysteresis.

- Heat Dissipation: High currents and resistances generate heat, necessitating proper thermal

management.

- Switching Devices: Rapid switching of voltage sources requires components that can handle the

transient voltages and currents.

- Parasitic Capacitances: Real components have parasitic capacitances affecting high-frequency

behavior.

---

Summary and Future Perspectives

Applying an electromotive force to an LR circuit with a 20 H inductor and specified resistance reveals a

complex interplay of physics and engineering principles. The exponential rise of current, dictated by

the time constant \( \tau = L/R \), underscores the importance of carefully selecting component values

for desired transient response characteristics. Such insights are vital in designing efficient power

systems, filters, and many other electronic applications.

Looking ahead, advancements in materials science and circuit design continue to enhance the

capabilities of inductors, enabling more precise control over transient phenomena. As electronic

systems become increasingly sophisticated, understanding the fundamental behavior of high-



inductance circuits remains a cornerstone of electrical engineering education and innovation.

---

Conclusion

The application of an electromotive force to an LR circuit with a 20 H inductor exemplifies fundamental

electrical principles. By analyzing the transient response through differential equations and

understanding the influence of resistance, engineers can optimize circuit performance for a wide array

of applications. Whether in power transmission, electronic filtering, or energy storage, mastering the

dynamics of such circuits is essential for advancing technological progress in the 21st century.
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