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A Circuit Consisting Of A 20 Ohm Resistor, 20 MH Inductor And A 100 Microfarad Capacitor In

Series Is a fundamental example often studied in electrical engineering and physics to understand the

behavior of RLC circuits. These circuits are widely used in various applications, including radio

frequency tuning, signal filtering, and impedance matching. By analyzing such a series RLC circuit,

engineers and students can grasp how resistive, inductive, and capacitive elements interact with

alternating current (AC) signals to produce phenomena like resonance, phase shifts, and impedance

variation.

This article delves into the detailed analysis of this specific series RLC circuit, exploring its

characteristics, resonance behavior, impedance, phase relationships, and practical applications.

Understanding these concepts not only enhances one's grasp of circuit theory but also provides

insights into designing efficient electronic devices and systems.

---

Understanding the Components: Resistor, Inductor, and

Capacitor

The Resistor (20 Ohms)

The resistor in this circuit offers resistance to the flow of current, dissipating electrical energy as heat.

Its primary role in the series RLC circuit is to limit current, influence the damping of oscillations, and



affect the circuit's bandwidth. A 20-ohm resistor is a moderate value, providing a balance between

current flow and energy dissipation.

The Inductor (20 Millihenry or 20 MH)

The inductor's role is to oppose changes in current due to its stored magnetic energy. The specified

inductance here is 20 millihenry (mH) or 20 millihenry, but note that "20 MH" might be a typo or a

different unit; typically, inductors are specified in millihenries (mH) or henries (H). For clarity, we

assume it's 20 millihenries (0.02 H).

The inductance value influences the circuit's reactance, especially at higher frequencies, contributing to

phase shifts and resonance phenomena.

The Capacitor (100 Microfarads)

The capacitor stores and releases electrical energy in the electric field between its plates. Its

capacitance value of 100 microfarads (μF) affects how the circuit responds to AC signals, particularly

at different frequencies, by providing capacitive reactance.

---

Series RLC Circuit: Basic Concepts and Theoretical

Foundations

What Is a Series RLC Circuit?

A series RLC circuit consists of a resistor, inductor, and capacitor connected in a single loop. When

subjected to AC voltage, the circuit exhibits frequency-dependent behavior due to the reactive



components (inductor and capacitor). The total impedance (Z) combines resistive and reactive effects,

influencing current amplitude and phase.

Impedance of a Series RLC Circuit

The total impedance Z in a series RLC circuit is given by:

\[

Z = \sqrt{R^2 + (X_L - X_C)^2}

\]

where:

- \( R \) is the resistance (20 Ω),

- \( X_L \) is the inductive reactance,

- \( X_C \) is the capacitive reactance.

The reactances are frequency-dependent:

\[

X_L = 2\pi f L

\]

\[

X_C = \frac{1}{2\pi f C}

\]

with:

- \( f \) being the frequency in Hz,

- \( L \) in henries,

- \( C \) in farads.

---



Analyzing the Circuit at Different Frequencies

Resonance Frequency

Resonance occurs when the inductive and capacitive reactances are equal:

\[

X_L = X_C

\]

At resonance:

\[

2 \pi f_0 L = \frac{1}{2 \pi f_0 C}

\]

\[

f_0 = \frac{1}{2 \pi \sqrt{L C}}

\]

Plugging in the values:

- \( L = 0.02 \text{ H} \),

- \( C = 100 \times 10^{-6} \text{ F} \),

we get:

\[

f_0 = \frac{1}{2 \pi \sqrt{0.02 \times 100 \times 10^{-6}}}

\]

\[

f_0 = \frac{1}{2 \pi \sqrt{2 \times 10^{-6}}}

\]

\[

f_0 \approx \frac{1}{2 \pi \times 0.001414}



\]

\[

f_0 \approx \frac{1}{0.008885} \approx 112.6 \text{ Hz}

\]

Thus, the circuit resonates at approximately 113 Hz.

Behavior Below and Above Resonance

- Below \( f_0 \): Capacitive reactance dominates, the circuit behaves more like a capacitor, and the

current lags the voltage.

- At \( f_0 \): Impedance is minimized (equal contributions of reactance cancel), resulting in maximum

current.

- Above \( f_0 \): Inductive reactance dominates, the circuit behaves more like an inductor, and the

current leads the voltage.

---

Calculating Impedance and Phase Angle

Impedance at a Given Frequency

Suppose we analyze the circuit at a frequency of 100 Hz:

- \( X_L = 2 \pi \times 100 \times 0.02 = 12.57 \text{ Ω} \),

- \( X_C = \frac{1}{2 \pi \times 100 \times 100 \times 10^{-6}} \approx 15.92 \text{ Ω} \).

Total impedance:

\[

Z = \sqrt{20^2 + (12.57 - 15.92)^2} = \sqrt{400 + (-3.35)^2} \approx \sqrt{400 + 11.2} \approx



\sqrt{411.2} \approx 20.28 \text{ Ω}

\]

Phase angle \( \phi \):

\[

\phi = \arctan \left( \frac{X_L - X_C}{R} \right) = \arctan \left( \frac{12.57 - 15.92}{20} \right) \approx

\arctan (-0.173) \approx -9.9^\circ

\]

Negative phase indicates the current leads voltage slightly, characteristic of a net capacitive behavior

at 100 Hz.

---

Practical Applications and Significance

Resonance in Communications

Resonant circuits are key components in radio tuners, allowing selective amplification of specific

frequencies. The calculated resonance frequency (~113 Hz) illustrates how adjusting the inductance or

capacitance tunes the circuit to desired signals.

Filtering and Signal Processing

Series RLC circuits serve as bandpass filters, blocking frequencies outside the resonance range. This

property is vital in applications like audio equalizers, radio receivers, and wireless communication

systems.



Impedance Matching

In power transfer systems, matching the impedance of source and load maximizes efficiency.

Understanding how the impedance varies with frequency helps optimize such systems.

Oscillators and Timing Devices

Resonant RLC circuits form the basis of oscillators used in clocks, timers, and signal generators.

---

Impact of Component Values on Circuit Behavior

Adjusting Resistance

- Increasing resistance reduces the circuit's Q factor (quality factor), broadening the resonance peak

and damping oscillations.

- Decreasing resistance enhances selectivity and sharpness of resonance.

Changing Inductance and Capacitance

- Increasing inductance or capacitance lowers the resonance frequency.

- Decreasing these values raises the resonance frequency, enabling tuning to specific applications.

Design Considerations

When designing RLC circuits, engineers consider:

- Desired resonance frequency.

- Quality factor (Q), which influences selectivity and damping.



- Power dissipation, especially in the resistor.

- Component tolerances affecting frequency stability.

---

Conclusion

A series RLC circuit composed of a 20-ohm resistor, 20 millihenry inductor, and 100 microfarad

capacitor exhibits rich and complex behavior governed by the interplay of resistance, inductance, and

capacitance. Its resonance at approximately 113 Hz makes it suitable for applications requiring

frequency selectivity, such as tuning circuits and filters.

Understanding the impedance variation and phase relationships across different frequencies enables

engineers to design and optimize circuits for specific purposes. Whether in radio communications,

signal processing, or electronic instrumentation, the principles demonstrated by this simple yet

powerful circuit underpin numerous modern technologies.

By mastering the analysis of such RLC circuits, students and professionals can develop a deeper

appreciation of electromagnetic phenomena and enhance their ability to innovate in the field of

electronics and electrical engineering.

---
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Frequently Asked Questions



What is the primary purpose of analyzing a circuit consisting of a

resistor, inductor, and capacitor in series?

The primary purpose is to study the circuit's overall impedance, resonance behavior, and frequency

response, which are essential in designing and understanding AC circuits such as filters and tuning

systems.

How do you calculate the total impedance of the series R-L-C circuit

at a given frequency?

The total impedance Z is calculated using Z = sqrt(R^2 + (X_L - X_C)^2), where R is resistance, X_L

= 2πfL is the inductive reactance, and X_C = 1/(2πfC) is the capacitive reactance, with f being the

frequency.

What is the resonant frequency of this series R-L-C circuit?

The resonant frequency f₀ is given by f₀ = 1 / (2π√(LC)). For L = 20 mH and C = 100 μF, f₀ ≈ 1 /

(2π√(20×10⁻³ H × 100×10⁻⁶ F)) ≈ 11.2 Hz.

At the resonant frequency, what is the behavior of the circuit's

impedance?

At resonance, the inductive and capacitive reactances cancel out (X_L = X_C), so the impedance

reduces to the resistance R, resulting in maximum current flow in the circuit.

How does the frequency affect the impedance of this series R-L-C

circuit?

As frequency increases, X_L increases linearly, and X_C decreases inversely, causing the total

impedance to vary, which can lead to resonance at a specific frequency where the circuit behaves

either as a purely resistive or reactive system.



What practical applications can this R-L-C series circuit be used for?

Such circuits are commonly used in tuning and filtering applications, including radio receivers,

oscillators, and impedance matching networks, due to their frequency-dependent impedance

characteristics.

Additional Resources

A circuit consisting of a 20-ohm resistor, a 20 mH inductor, and a 100 μF capacitor in series

exemplifies a fundamental RLC series circuit, a cornerstone in the study of electrical and electronic

systems. Such a configuration offers rich insights into the dynamic behavior of circuits when subjected

to alternating currents (AC) and is pivotal in applications ranging from filtering and tuning to signal

processing. This article delves into the detailed analysis of this specific RLC series circuit, exploring its

components, impedance characteristics, resonance behavior, and practical implications.

Introduction to RLC Series Circuits

Fundamental Components and Their Roles

An RLC circuit combines three primary elements:

- Resistor (R): Provides resistance, dissipating energy as heat and controlling current flow.

- Inductor (L): Stores energy in a magnetic field, opposing changes in current.

- Capacitor (C): Stores energy in an electric field, opposing changes in voltage.

In a series configuration, these components are connected end-to-end, sharing a common current

path. When driven by an AC source, the circuit exhibits complex impedance behavior influenced by the

frequency of the applied voltage.



Significance in Electronics

Series RLC circuits are fundamental in tuning and filtering applications, such as in radio receivers,

where they select specific frequencies. Understanding their behavior enables engineers to design

circuits with desired frequency responses, bandwidths, and damping characteristics.

Component Specifications and Their Implications

Resistor: 20 Ohms

- Role: Sets the damping factor and influences bandwidth.

- Implication: A moderate resistance that introduces energy dissipation, affecting the quality factor (Q)

and resonance sharpness.

Inductor: 20 mH

- Definition: 20 millihenry (mH) = 20 × 10-3 Henry.

- Role: Opposes rapid changes in current, contributing inductive reactance.

- Implication: The inductance value determines the circuit's inductive reactance at various frequencies.

Capacitor: 100 μF

- Definition: 100 microfarad (μF) = 100 × 10-6 Farad.

- Role: Opposes changes in voltage, contributing capacitive reactance.

- Implication: The capacitor affects the circuit's ability to resonate at specific frequencies.



Impedance Analysis of the Series RLC Circuit

Understanding Impedance

In AC circuits, impedance (Z) generalizes resistance to include reactive effects, expressed as a

complex quantity:

\[ Z = R + jX \]

where:

- \( R \) is the resistance,

- \( X \) is the net reactance,

- \( j \) is the imaginary unit.

The total impedance combines resistive and reactive components:

\[ Z = R + j(X_L - X_C) \]

with:

- \( X_L = 2\pi f L \) (Inductive reactance),

- \( X_C = \frac{1}{2\pi f C} \) (Capacitive reactance).

Calculating Reactances:

- \( X_L = 2\pi f L \)

- \( X_C = \frac{1}{2\pi f C} \)



Frequency Dependence of Impedance

The behavior of the circuit is highly dependent on the frequency of the AC source, \( f \). As frequency

varies:

- At low frequencies: \( X_C \) dominates, leading to capacitive behavior.

- At high frequencies: \( X_L \) dominates, leading to inductive behavior.

- At a specific frequency (resonant frequency): \( X_L = X_C \), leading to a purely resistive

impedance.

Resonance in the Circuit: Conditions and Characteristics

Resonant Frequency Calculation

The resonance condition occurs when:

\[ X_L = X_C \]

which translates to:

\[ 2\pi f_0 L = \frac{1}{2\pi f_0 C} \]

Solving for \( f_0 \):

\[ f_0 = \frac{1}{2\pi \sqrt{LC}} \]

Plugging in the component values:

- \( L = 20 \text{ mH} = 20 \times 10^{-3} \text{ H} \)

- \( C = 100 \text{ μF} = 100 \times 10^{-6} \text{ F} \)



\[ f_0 = \frac{1}{2\pi \sqrt{20 \times 10^{-3} \times 100 \times 10^{-6}}} \]

Calculate the product inside the square root:

\[ 20 \times 10^{-3} \times 100 \times 10^{-6} = 20 \times 100 \times 10^{-3} \times 10^{-6} = 2000

\times 10^{-9} = 2 \times 10^{-6} \]

Take the square root:

\[ \sqrt{2 \times 10^{-6}} \approx 1.4142 \times 10^{-3} \]

Now compute \( f_0 \):

\[ f_0 \approx \frac{1}{2\pi \times 1.4142 \times 10^{-3}} \approx \frac{1}{8.885 \times 10^{-3}} \approx

112.5 \text{ Hz} \]

Result: The circuit resonates at approximately 112.5 Hz.

Resonance Characteristics and Implications

At resonance:

- The inductive and capacitive reactances cancel out.

- The impedance reduces to the resistance, i.e., \( Z \approx R = 20 \Omega \).

- The circuit exhibits maximum current for a given applied voltage.

- The quality factor \( Q \), which measures selectivity, is given by:

\[ Q = \frac{f_0}{\Delta f} \]

where \( \Delta f \) is the bandwidth. High \( Q \) indicates sharp resonance; low \( Q \) indicates broad

resonance.



Calculating Q:

\[ Q = \frac{1}{R} \sqrt{\frac{L}{C}} \]

\[ Q = \frac{1}{20} \times \sqrt{\frac{20 \times 10^{-3}}{100 \times 10^{-6}}} \]

\[ Q = 0.05 \times \sqrt{200} \approx 0.05 \times 14.142 \approx 0.707 \]

This relatively low \( Q \) suggests a broad resonance peak, indicating the circuit is moderately

damped.

Transient and Frequency Response Analysis

Transient Response

When the circuit is subjected to a sudden change, such as a step voltage, the transient response

involves oscillations that decay over time due to resistance:

- Underdamped: Oscillations occur before settling.

- Damped oscillations: The amplitude diminishes exponentially, characterized by the damping

coefficient.

The damping coefficient \( \zeta \) is:

\[ \zeta = \frac{R}{2} \sqrt{\frac{C}{L}} \]

Calculating:

\[ \zeta = \frac{20}{2} \times \sqrt{\frac{100 \times 10^{-6}}{20 \times 10^{-3}}} = 10 \times \sqrt{5}

\approx 10 \times 2.236 = 22.36 \]



A high damping coefficient indicates significant damping, leading to a quick settling time.

Implication: The circuit will not sustain oscillations indefinitely; energy dissipated by the resistor quickly

dampens transient oscillations.

Frequency Response and Filtering

The circuit's frequency response can be visualized through its impedance magnitude:

\[ |Z| = \sqrt{R^2 + (X_L - X_C)^2} \]

- Near \( f_0 \), the impedance is minimized, and current peaks.

- Away from \( f_0 \), impedance increases, reducing current.

This behavior makes the circuit act as a band-pass filter, allowing signals close to 112.5 Hz to pass

with higher amplitude while attenuating signals at other frequencies.

Practical Applications and Limitations

Applications

- Tuning Circuits: The precise resonance frequency makes this RLC setup suitable for tuning radios

and communication devices.

- Filters: Acts as a band-pass filter, selecting desired frequency components from complex signals.

- Oscillators: Can be used as a frequency-determining network in oscillator circuits.



Limitations and Considerations

- Component Tolerances: Variations in resistor, inductor, and capacitor

values affect resonance and Q.

- Resistive Losses: The resistor introduces damping, reducing the

sharpness of resonance.

- Frequency Range: The specific component values determine the

operational frequency range; high-frequency applications require

careful parasitic considerations.

Conclusion: Insights and Future Directions

The series RLC circuit comprising a 20-ohm resistor, a 20 m
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