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A V = 82-V Source Is Connected In Series With An R = 1.9-k Resistor And An L
= 34-H Inductor And The circuit configuration described involves a series
connection of a voltage source, a resistor, and an inductor, which is a
fundamental setup in electrical engineering. This setup is commonly analyzed
in the context of direct current (DC) and alternating current (AC) circuits,
each of which exhibits distinct behaviors and characteristics. Understanding
the operation, analysis techniques, and applications of such circuits is
essential for designing and troubleshooting electrical systems.

Introduction to Series RL Circuits
A series RL circuit consists of a resistor (R) and an inductor (L) connected
in a single path to a voltage source. The combination exhibits unique
transient and steady-state behaviors, especially when subjected to a step
voltage or sinusoidal AC signals. Such circuits are fundamental in filters,
inductive loads, and various electronic devices.

Basic Components in the Circuit

Voltage Source: Provides the electrical energy, specified here as 82
volts.

Resistor (R): Opposes current flow, with a resistance of 1.9 kilo-ohms
(kΩ).

Inductor (L): Stores energy in a magnetic field, with an inductance of
34 henrys (H).

Understanding the Circuit Behavior
The behavior of the series RL circuit depends on whether the source is DC or
AC. Each scenario involves different analysis methods and leads to different
insights into circuit operation.



DC Circuit Analysis
When the voltage source is a DC supply (constant voltage), the circuit's
transient response is characterized by the inductor's opposition to sudden
changes in current.

Initial State: At the moment of connection, the inductor acts like an
open circuit because it opposes any sudden change in current.

Steady State: After a long period, the inductor behaves like a short
circuit (assuming ideal components), and the current reaches a maximum
value given by Ohm's law: \(I_{steady} = \frac{V}{R}\).

Calculations for DC Steady-State:
\[
I_{max} = \frac{82\,V}{1.9\,k\Omega} = \frac{82}{1900} \approx 0.0432\,A =
43.2\,mA
\]
In this steady state, the inductor's impedance is zero in DC conditions, and
the current is determined solely by the resistor.

AC Circuit Analysis
When the source is sinusoidal AC, the circuit behaves differently, with
impedance playing a central role.

Impedance in RL Circuits
The total opposition to current flow is given by the impedance (Z), which
combines resistance and inductive reactance:
\[
Z = \sqrt{R^2 + X_L^2}
\]
where \(X_L\) is the inductive reactance:
\[
X_L = 2\pi f L
\]

Frequency-Dependent Behavior
The circuit's response varies with frequency:
- At low frequencies: The inductive reactance \(X_L\) is small, and the
circuit behaves almost like a resistor.
- At high frequencies: \(X_L\) becomes large, impeding current flow
significantly.

Example Calculation:
Suppose the circuit is powered by a sinusoidal voltage source with a
frequency \(f\). The impedance becomes:
\[



Z = \sqrt{(1900\,\Omega)^2 + (2\pi f \times 34\,H)^2}
\]

Phase Shift and Current
The current lags the voltage by an angle \(\theta\):
\[
\theta = \arctan \left( \frac{X_L}{R} \right)
\]
The amplitude of the current is:
\[
I = \frac{V_{rms}}{Z}
\]

Applications of Series RL Circuits
Series RL circuits are ubiquitous in various electrical and electronic
applications, including filters, transformers, and motor control systems.

Filters and Signal Processing
- Low-Pass Filters: RL circuits can serve as low-pass filters, allowing low-
frequency signals to pass while attenuating high-frequency components.
- High-Pass Filters: By modifying the circuit configuration, RL circuits can
also be used as high-pass filters.

Inductive Loads in Power Systems
- Motors and Transformers: Many electrical motors and transformers involve
inductive components, which are modeled using RL circuits for analysis.
- Chokes and Reactors: Used in power transmission to limit current and manage
power flow.

Calculating Key Parameters in the Circuit
Understanding how to evaluate circuit parameters is fundamental for design
and analysis.

Transient Response in DC Circuits
When the circuit is initially energized, the current does not instantaneously
reach its maximum value but instead follows an exponential growth:
\[
I(t) = I_{max} \left(1 - e^{-\frac{t}{\tau}}\right)
\]
where \(\tau\) is the time constant:
\[



\tau = \frac{L}{R} = \frac{34\,H}{1900\,\Omega} \approx 0.0179\,s
\]
This indicates that the current reaches approximately 63.2% of its maximum
value after one time constant.

Steady-State AC Analysis
- Impedance Calculation: Determine \(Z\) for the given frequency.
- Current Magnitude: Calculate using Ohm’s law for AC:
\[
I_{rms} = \frac{V_{rms}}{Z}
\]
- Power Dissipation: Power in the resistor:
\[
P = I_{rms}^2 R
\]

Practical Considerations and Real-World Impacts
While theoretical calculations assume ideal components, real-world
applications must consider parasitic effects, non-ideal behaviors, and safety
considerations.

Component Limitations
- Resistor: Power rating affects its capability to dissipate heat.
- Inductor: Resistance of the wire, core saturation, and parasitic
capacitance influence performance.

Safety and Design Tips
- Always ensure components are rated for the expected voltage and current.
- Incorporate protective devices such as fuses or circuit breakers.
- Use appropriate insulation and grounding practices.

Summary and Conclusion
The series circuit comprising an 82V source, a 1.9-kΩ resistor, and a 34-H
inductor illustrates fundamental principles in electrical engineering,
including transient response, impedance, and phase relationships. Whether
analyzing DC or AC behaviors, understanding the interplay of resistance and
inductance enables engineers to design efficient and effective electrical
systems. Such circuits underpin many industrial and consumer electronics,
making proficiency in their analysis and application essential for electrical
professionals.



Further Learning Resources
- "Electrical Circuit Analysis" by David A. Bell
- "Fundamentals of Electric Circuits" by Charles K. Alexander and Matthew N.
O. Sadiku
- Online simulators such as Multisim or LTspice for practical circuit
analysis
- IEEE tutorials on AC circuit analysis and power systems

By mastering the concepts outlined in this article, readers can deepen their
understanding of series RL circuits and their vital role in modern electrical
engineering.

Frequently Asked Questions

What is the total impedance of the circuit with a 82
V source, 1.9 kΩ resistor, and 34 H inductor?
The total impedance Z is calculated as Z = √(R² + (XL)²), where XL = 2πfL.
Without the frequency, the impedance depends on the operating frequency. Once
frequency is known, XL can be calculated and combined with R to find Z.

How do you determine the current flowing through the
series R-L circuit with an 82 V source?
The current I can be found using Ohm's law for AC circuits: I = V / Z, where
Z is the total impedance. You need to know the frequency to compute XL and Z
properly.

What is the phase difference between the voltage and
current in this series R-L circuit?
The phase difference φ is given by φ = arctangent(XL / R). Since XL depends
on the frequency, the phase angle varies accordingly, indicating whether the
current leads or lags the voltage.

How does increasing the frequency affect the
impedance and current in the circuit?
Increasing the frequency increases XL = 2πfL, which raises the total
impedance Z, thereby decreasing the current I = V / Z in the circuit.

What is the effect of the inductor on the circuit's



behavior at different frequencies?
At low frequencies, the inductor's reactance XL is small, so the circuit
behaves more resistively, allowing higher current. At high frequencies, XL
increases, lowering current and causing a greater phase lag of the current
behind the voltage.

Additional Resources
A V = 82-V Source Is Connected In Series With An R = 1.9-k Resistor And An L
= 34-H Inductor: An In-Depth Analysis

In electrical engineering, understanding the behavior of series R-L circuits
powered by voltage sources is fundamental. The configuration involving an 82-
volt source connected in series with a 1.9-kilo-ohm resistor and a 34-Henry
inductor provides a rich example to explore various circuit phenomena,
including transient responses, impedance characteristics, and power
considerations. This article aims to provide a comprehensive review of this
specific circuit configuration, delving into its theoretical foundations,
practical implications, and potential applications.

Understanding the Circuit Components and
Configuration

The Voltage Source (82 V)
The circuit is powered by a constant DC voltage source of 82 volts. This
voltage level is typical in many electronic applications and serves as the
driving force for current flow through the series components. In analyzing
such a circuit, the source's characteristics—such as whether it is ideal or
has internal resistance—play a crucial role. For simplicity, we assume an
ideal source with no internal resistance, focusing solely on the series
components.

The Resistor (R = 1.9 kΩ)
A resistor with a resistance of 1.9 kilo-ohms introduces resistive impedance
into the circuit. Its primary roles include limiting current, dissipating
energy as heat, and influencing the transient and steady-state behavior. The
high resistance value indicates a significant voltage drop and a potential
for low current flow, which impacts the overall power consumption and
response time.



The Inductor (L = 34 H)
The inductor with an inductance of 34 Henrys is notably large, signifying its
substantial ability to oppose changes in current. Inductors store energy in
magnetic fields and introduce reactive impedance, especially at AC or
transient conditions. The combination of a high inductance and a large series
resistor creates interesting dynamics, particularly in transient states where
current ramps up or down.

Electrical Behavior of the Series R-L Circuit

Steady-State Analysis
Given a DC voltage source, the steady-state current in a series R-L circuit
is determined by the resistance and the source voltage. Since the inductor
acts as a short circuit after a long period, the steady-state current (I_ss)
can be calculated using Ohm's law:

\[ I_{ss} = \frac{V}{R} = \frac{82\,V}{1.9\,k\Omega} \approx 0.043\,A \]

This low current (~43 mA) highlights the impact of the high resistance. The
voltage across the resistor is nearly the entire source voltage, while the
inductor's voltage drops to nearly zero at steady state.

Transient Response
When the circuit is initially energized, the inductor opposes sudden changes
in current, resulting in a transient period where the current ramps from zero
to its steady-state value. The governing differential equation is:

\[ V = R \cdot i(t) + L \frac{di(t)}{dt} \]

Given the initial current \( i(0) = 0 \), the solution for current over time
is:

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

where the time constant \( \tau = \frac{L}{R} \):

\[ \tau = \frac{34\,H}{1.9\,k\Omega} \approx 0.0179\,s \]

This indicates the current reaches approximately 63.2% of its final value in
about 17.9 milliseconds. The large inductance results in a slow current
increase, emphasizing the circuit's sluggish transient behavior.



Impedance and Power Considerations

Impedance at Steady State
While purely DC analysis suggests the inductor acts as a short circuit in the
steady state, the initial transient involves reactive impedance. The total
impedance in AC or during transients is:

\[ Z = R + j \omega L \]

However, in steady-state DC conditions (\( \omega = 0 \)), the impedance
reduces to just R, confirming the earlier calculations.

Power Dissipation
Power dissipated in the resistor is given by:

\[ P_R = I_{ss}^2 \times R \approx (0.043)^2 \times 1900 \approx 3.5\,W \]

This indicates that the resistor dissipates about 3.5 watts during steady
state, necessitating appropriate thermal management.

The inductor, ideally, does not dissipate power; it temporarily stores and
releases magnetic energy but does not convert electrical energy into heat.
Nevertheless, real-world inductors have parasitic resistance, which would
contribute to additional power loss.

Practical Implications and Applications

Transient Response in Power Systems
This type of circuit is relevant in power electronics where large inductors
are used to smooth out current variations or store energy temporarily.
Understanding the transient response helps in designing circuits that can
withstand sudden changes, such as switching events.

Filtering Applications
High inductance and resistance values are often used in low-pass filters to
eliminate high-frequency noise. While this circuit is primarily DC, its
transient characteristics can be exploited in filter design, especially where
slow response times are acceptable.



Energy Storage and Inductive Loads
Large inductors like the 34 H component are common in motor drives and energy
storage systems, where they help manage current flow and energy transfer.
Recognizing their transient behaviors enables better control strategies.

Pros and Cons of the Circuit Design

Pros:
- Simple to analyze, with clear steady-state and transient solutions.
- Useful as a teaching model for inductive transient phenomena.
- Capable of storing magnetic energy temporarily.
- High resistance limits current, reducing power consumption and stress on
components.

Cons:
- Large inductance leads to slow transient responses, which may not be
suitable for applications requiring rapid changes.
- High power dissipation in the resistor demands adequate thermal management.
- The circuit's low steady-state current limits its power output.
- Practical inductors have parasitic resistance, increasing losses and
complicating real-world applications.

Conclusion
The series connection of an 82 V source with a 1.9-kΩ resistor and a 34-H
inductor exemplifies fundamental principles of circuit analysis, transient
response, and impedance behavior. Its large inductance introduces notable
delays in current changes, making it a valuable model for studying transient
phenomena and energy storage in inductors. While its high resistance ensures
low power dissipation in steady state, the circuit's slow response and
thermal considerations highlight challenges in practical applications.
Understanding these dynamics equips engineers and students with insights into
designing and analyzing more complex systems involving inductive loads and
transient behaviors. Whether used in power electronics, filtering, or energy
storage, this configuration underscores the importance of component selection
and circuit timing in achieving desired performance characteristics.
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