
The 5.00 A Current Through A 1.50 H
Inductor Is Dissipated By A 2.00
Resistor In A Circuit Like That
The 5.00 A Current Through A 1.50 H Inductor Is Dissipated By A 2.00 Resistor
In A Circuit Like That is a fundamental concept in electrical engineering
that illustrates how energy stored in magnetic fields is converted into heat
through resistive elements. Understanding this process involves exploring
inductors, resistors, and the dynamics of current decay in RL circuits. This
article provides an in-depth analysis of the circuit behavior, the physics
behind energy dissipation, and practical implications for designing
electrical systems.

Understanding the Basic Components and Circuit
Configuration

Inductors and Their Role in Circuits
An inductor is a passive electrical component that stores energy in a
magnetic field when current flows through it. Its primary characteristics
include inductance (measured in henrys, H), which indicates how much
opposition it offers to changes in current. In this case, the inductor has a
value of 1.50 H, signifying a substantial ability to oppose sudden changes in
current.

Inductors obey Faraday's law of electromagnetic induction, which states that
a change in current through the inductor induces an electromotive force (EMF)
opposing that change. This property makes inductors essential in filtering,
energy storage, and in the transient response of circuits.

Resistor and Power Dissipation
A resistor is a component that opposes the flow of current, converting
electrical energy into heat. The resistor in this setup has a resistance of
2.00 ohms, which determines how quickly the energy stored in the inductor's
magnetic field is dissipated as heat when the circuit is interrupted or
changed.

Typical Circuit Arrangement
The circuit considered here is a simple series RL circuit, where:
- A current of 5.00 A flows through the inductor.



- The inductor (1.50 H) and resistor (2.00 Ω) are connected in series.
- The circuit is either energized initially or is in the process of
discharging the stored magnetic energy.

The initial condition assumes that the current has been established at 5.00
A, perhaps after a period of steady operation before switching off or opening
the circuit.

Analyzing the Energy Stored in the Inductor

Magnetic Energy Storage
The energy stored in an inductor's magnetic field at any instant is given by
the formula:

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

Where:
- \( U \) is the stored energy in joules (J),
- \( L \) is the inductance (H),
- \( I \) is the current (A).

Substituting the given values:
\[
U = \frac{1}{2} \times 1.50\, \text{H} \times (5.00\, \text{A})^2 = 0.75
\times 25 = 18.75\, \text{J}
\]

This energy represents the magnetic energy stored in the inductor just before
the circuit is opened or the current begins to decay.

Implication of Stored Energy
When the circuit is interrupted, this stored energy will dissipate over time
through the resistor, converting into heat. The rate and manner of this
dissipation depend on the circuit parameters and the nature of the circuit's
response.

The Transient Response of the RL Circuit



Discharging the Inductor
When the circuit is suddenly opened (e.g., switch opened), the inductor
opposes any rapid change in current. As a result, the current decays
exponentially, following the RL circuit transient response:

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

Where:
- \( I_0 \) is the initial current (5.00 A),
- \( R \) is the resistance (2.00 Ω),
- \( L \) is the inductance (1.50 H),
- \( t \) is time (s).

The time constant \( \tau \) for the RL circuit is given by:

\[
\tau = \frac{L}{R} = \frac{1.50\, \text{H}}{2.00\, \Omega} = 0.75\, \text{s}
\]

This indicates that the current will decrease to approximately 37% of its
initial value after 0.75 seconds.

Power Dissipation Over Time
The instantaneous power dissipated in the resistor during the discharge
process is:

\[
P(t) = I^2(t) R = (I_0 e^{-\frac{R}{L} t})^2 R
\]

Initially, when \( t = 0 \):

\[
P(0) = I_0^2 R = (5.00)^2 \times 2.00 = 25 \times 2 = 50\, \text{W}
\]

This is the maximum power dissipated at the instant of switching.

As the current decays, the power dissipated drops exponentially, approaching
zero as \( t \to \infty \).

Calculating Total Energy Dissipated as Heat



Energy Dissipation in the Resistor
The total energy initially stored in the magnetic field of the inductor is
eventually converted into heat in the resistor. The total energy dissipated,
\( E_{\text{dissipated}} \), equals the initial energy stored:

\[
E_{\text{dissipated}} = U = 18.75\, \text{J}
\]

This confirms that all the magnetic energy is converted into thermal energy,
assuming an ideal circuit with no other losses.

Verification via Integral of Power Over Time
Alternatively, the total energy dissipated can be calculated by integrating
the power over the entire discharging process:

\[
E = \int_0^\infty P(t) dt = R I_0^2 \int_0^\infty e^{-\frac{2 R}{L} t} dt
\]

Calculating the integral:

\[
E = R I_0^2 \times \left[ \frac{L}{2 R} \right] = \frac{L I_0^2}{2}
\]

Plugging in the known values:

\[
E = \frac{1.50\, \text{H} \times (5.00)^2}{2} = \frac{1.50 \times 25}{2} =
\frac{37.5}{2} = 18.75\, \text{J}
\]

This matches the initial energy stored, confirming the consistency of the
analysis.

Practical Applications and Considerations

Designing Safe Discharge Paths
In real-world applications, engineers must ensure safe dissipation of stored
magnetic energy. Rapid discharges can generate high voltages across the
inductor, potentially damaging components or causing arcing. To mitigate
this:



- Use snubber circuits or flyback diodes to provide a controlled path for the
current.
- Incorporate resistors with appropriate ratings to handle power dissipation.
- Design circuits with sufficient insulation and safety margins.

Energy Efficiency and Heat Management
The heat generated during the energy dissipation process must be managed:

- Select resistors with adequate power ratings (e.g., at least 50 W for the
initial dissipation).
- Use heat sinks or cooling methods to prevent overheating.
- Optimize circuit parameters to minimize unnecessary energy loss.

Applications in Inductive Load Control
Understanding how current and energy dissipate in RL circuits is essential in
various industries:

- Switching Power Supplies: Managing inductive loads safely during switching
operations.
- Motor Drives: Controlling energy in inductive motor windings.
- Pulse Power Systems: Designing circuits that handle rapid energy transfer.

Summary and Key Takeaways

The initial magnetic energy stored in a 1.50 H inductor with 5.00 A
current is 18.75 J.

When the circuit is opened, this energy is dissipated as heat in the
2.00 Ω resistor, following an exponential decay with a time constant of
0.75 seconds.

The maximum instantaneous power during discharge is 50 W, decreasing
exponentially over time.

Proper circuit design ensures safe energy dissipation, preventing
voltage spikes and managing thermal loads.

Understanding these principles is vital for designing reliable,
efficient electrical systems involving inductors and resistors.



Conclusion
The dissipation of the 5.00 A current through a 1.50 H inductor by a 2.00 Ω
resistor exemplifies core concepts of energy storage and transfer in
electrical circuits. By analyzing the initial energy stored, the transient
response, and the total heat generated, engineers can design safer, more
efficient systems. Whether in power supplies, motor control, or pulse
circuits, mastering these principles is fundamental to successful electrical
engineering practices.

---
For further reading, consider exploring topics such as RL circuit transient
analysis, snubber circuit design, and energy management in inductive loads.

Frequently Asked Questions

What is the power dissipated by the resistor in the
circuit?
The power dissipated by the resistor can be calculated using P = I²R.
Substituting I=5.00 A and R=2.00 Ω, P = (5.00)² × 2.00 = 25 × 2 = 50 W.

How does the inductor's inductance influence the
current in the circuit over time?
The inductance (1.50 H) opposes changes in current, meaning that when the
circuit is first energized or de-energized, the current will change
gradually. The inductance determines the time constant for how quickly the
current reaches its steady-state value.

What is the energy stored in the magnetic field of
the inductor when the current is 5.00 A?
The energy stored in the inductor is given by E = (1/2) L I². Substituting
L=1.50 H and I=5.00 A, E = 0.5 × 1.50 × 25 = 0.75 × 25 = 18.75 Joules.

If the current through the inductor drops suddenly
to zero, how much voltage is induced across the
inductor?
The voltage induced across the inductor during a sudden change in current is
V = L (dI/dt). Since the change is abrupt, dI/dt is very large, resulting in
a very high voltage spike, theoretically approaching infinity in an ideal
circuit.



What is the significance of the resistor's value in
relation to the inductor's behavior in this circuit?
The resistor's value (2.00 Ω) determines how quickly the current reaches its
steady state and how rapidly the energy stored in the inductor is dissipated
as heat. A higher resistance would slow down the current change and reduce
the current flow, affecting the circuit's transient response.

Additional Resources
Inductor Power Dissipation: An Expert Examination of the 5.00 A Current
Through a 1.50 H Inductor Dissipated by a 2.00 Ω Resistor

---

Understanding the intricacies of energy dissipation in electrical circuits is
fundamental for engineers, students, and electronics enthusiasts alike. One
particularly interesting scenario involves a significant current passing
through an inductor and the resulting power loss due to a resistor. In this
article, we delve into the specifics of a circuit where a 5.00 A current
flows through a 1.50 H inductor, with the energy dissipated across a 2.00 Ω
resistor.

This examination not only clarifies the fundamental principles underlying
inductive energy dissipation but also provides a comprehensive analysis of
the key calculations involved, practical implications, and real-world
applications.

---

Understanding the Circuit Components and Setup

Before diving into calculations, it’s crucial to understand the core
components involved and their roles within the circuit.

The Inductor: 1.50 H

An inductor is a passive electronic component that opposes changes in current
by storing energy in its magnetic field. The inductance value, measured in
henrys (H), indicates how much magnetic flux is generated per unit current.
In this case:

- Inductance (L): 1.50 H

This relatively large inductance suggests the device is capable of storing a



significant amount of magnetic energy when current flows through it.

The Resistor: 2.00 Ω

The resistor acts as an energy dissipator in the circuit. Its resistance
value determines how much electrical energy is converted into heat:

- Resistance (R): 2.00 Ω

The resistor's role is critical in defining the power dissipated from the
system, especially when the current is steady or changing.

The Steady-State Current: 5.00 A

The specified current of 5.00 A suggests the circuit has reached a steady
state where the current remains constant over time, or we're analyzing a
snapshot where transient effects are negligible.

---

Theoretical Foundations: Power Dissipation in
Inductive Circuits

The core concept here revolves around how energy stored in an inductor is
dissipated through a resistor, and the principles governing this process.

Magnetic Energy Stored in the Inductor

The energy (U) stored in an inductor with current \( I \) is given by:

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

Where:

- \( L \) is the inductance (H)
- \( I \) is the current (A)

This energy can be released as heat in the resistor once the circuit is
configured to allow current decay, or it can be considered in the context of
energy transfer and dissipation.



Power Dissipation in the Resistor

When a current flows through a resistor, the power \( P \) dissipated as heat
is:

\[
P = I^2 R
\]

This is the instantaneous power at any given moment, assuming the current
remains constant.

---

Calculating Power Dissipation: Step-by-Step
Analysis

The main objective is to determine the power dissipated by the resistor,
given the current and resistance values. We will also examine the energy
stored in the inductor and consider dynamic effects.

Steady-State Power Dissipation

Given the steady current:

\[
I = 5.00\, \text{A}
\]
\[
R = 2.00\, \Omega
\]

The power dissipated in the resistor is:

\[
P = I^2 R = (5.00)^2 \times 2.00 = 25 \times 2 = 50\, \text{W}
\]

Result: The resistor dissipates 50 Watts of power at this current level.

This calculation assumes the circuit is in a steady state where the current
is constant. In such a case, the inductor's energy storage doesn't directly
contribute to the instantaneous power dissipation but plays a role during
transient conditions.



Energy Stored in the Inductor

Although the immediate power loss is 50 W, understanding the energy stored
provides insight into the circuit's dynamics:

\[
U = \frac{1}{2} L I^2 = \frac{1}{2} \times 1.50 \times (5.00)^2 = 0.75 \times
25 = 18.75\, \text{J}
\]

Interpretation: The inductor stores approximately 18.75 Joules of magnetic
energy when the current is 5.00 A.

---

Transient Response and Energy Dissipation
Dynamics

While the steady-state power calculation offers a snapshot, the true dynamics
involve how energy stored in the inductor dissipates over time, especially
during switching events or circuit interruptions.

Decay of Current and Power Dissipation Over Time

Suppose the circuit is suddenly disconnected or switched off. The inductor's
stored energy will cause the current to decay exponentially, governed by the
circuit's time constant.

The current decay in an RL circuit follows:

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

Where:

- \( I_0 = 5.00\, \text{A} \)
- \( R = 2.00\, \Omega \)
- \( L = 1.50\, \text{H} \)

The time constant \( \tau \):

\[
\tau = \frac{L}{R} = \frac{1.50}{2.00} = 0.75\, \text{s}
\]



This indicates the current drops to approximately 37% of its initial value
after 0.75 seconds.

The power dissipated during decay:

\[
P(t) = I(t)^2 R = \left( I_0 e^{-\frac{R}{L} t} \right)^2 R
\]

which decreases exponentially, converting the magnetic energy into heat over
time.

Implications for Circuit Design and Safety

Understanding the power dissipation and energy decay is vital for:

- Component Selection: Ensuring resistors can handle maximum power
dissipation.
- Thermal Management: Adequate heat sinks or cooling systems.
- Transient Protection: Incorporating snubbers or diodes to manage voltage
spikes during switching.

---

Practical Considerations and Real-World
Applications

While theoretical calculations provide clarity, real-world applications
demand consideration of additional factors:

Efficiency and Energy Losses

The dissipation of 50 W purely as heat illustrates the inevitable energy loss
in resistive elements. Engineers strive to minimize such losses in high-power
circuits through:

- Using superconducting materials (where feasible).
- Employing low-resistance conductors.
- Optimizing circuit topology.

Applications of Inductive Power Dissipation



Understanding how energy dissipates in inductive-resistive circuits is
critical in:

- Power Supplies: Managing transient responses and energy recovery.
- Motor Control: Handling inductance-related energy during switching.
- Electromagnetic Devices: Designing inductors and resistors for desired
energy storage and dissipation characteristics.
- Inductive Heating: Harnessing resistive losses in inductor coils for
heating applications.

Safety and Reliability

High power dissipation demands careful circuit design to prevent overheating,
component failure, and ensure long-term reliability. Proper insulation, heat
sinking, and safety margins are indispensable.

---

Summary and Final Thoughts

Analyzing the circuit where a 5.00 A current flows through a 1.50 H inductor
with energy dissipated by a 2.00 Ω resistor reveals several key insights:

- The resistor dissipates a significant 50 W of power at steady state.
- The inductor stores approximately 18.75 Joules of magnetic energy at this
current.
- Transient behaviors involve exponential decay of current and energy
release.
- Practical applications require careful thermal and safety considerations.

This comprehensive review underscores the importance of understanding both
the static and dynamic aspects of inductive circuits, especially in high-
current, high-energy scenarios. Whether designing power systems, motors, or
electromagnetic devices, mastering these principles ensures efficiency,
safety, and optimal performance.

---

In conclusion, the dissipation of current energy in inductive-resistive
circuits is a fundamental concept with wide-ranging implications in
electronics and electrical engineering. By grasping the calculations and
real-world considerations outlined here, engineers and enthusiasts can better
design, analyze, and troubleshoot systems that rely on the delicate interplay
of inductance and resistance.
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