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When an inductor is connected across an alternating current (AC) source, its
behavior is governed by the principles of inductance and the frequency of the
supply voltage. Specifically, a 20-mH inductor connected to an AC source with
a constant voltage amplitude but variable frequency exhibits intriguing
changes in current, impedance, and phase relationships. Understanding these
variations is essential in fields such as electrical engineering, power
systems, and electronic circuit design. This article explores the fundamental
concepts, mathematical foundations, and practical implications of such a
setup, providing a comprehensive overview suitable for students and
professionals alike.

Understanding Inductive Reactance and Its
Dependence on Frequency

Basics of Inductive Reactance (XL)
Inductive reactance is the opposition that an inductor offers to the flow of
alternating current. It is given by the formula:

XL = 2πfL

where:
- XL is the inductive reactance in ohms (Ω),
- f is the frequency of the AC source in hertz (Hz),
- L is the inductance in henries (H).

For a 20-mH inductor, L = 20 × 10-3 H. As the frequency varies, XL changes
proportionally, directly affecting the circuit’s impedance and current.

Effect of Frequency Variation on Reactance
Since XL is directly proportional to frequency:

At low frequencies, XL approaches zero, making the inductor almost
behave like a short circuit.

At high frequencies, XL becomes large, acting more like an open circuit.

This dynamic behavior influences the current amplitude and phase shift
between voltage and current, key factors in AC circuit analysis.



Impedance and Current Behavior in the Circuit

Calculating Total Impedance (Z)
The total impedance in a series RL circuit with a resistor (if present) or
just the inductor connected to an AC source is:

Z = XL = 2πfL

In the case of a pure inductor, impedance is purely reactive and varies with
frequency.

Current Amplitude Variation
Given a constant voltage amplitude V, the current I in the circuit can be
found using Ohm’s law:

I = V / Z

As the frequency increases:
- Z increases (since XL increases),
- I decreases,
- the circuit exhibits a phase difference where current lags voltage more
significantly.

Conversely, at lower frequencies:
- Z diminishes,
- I approaches V / negligible impedance,
- current increases and approaches the maximum possible value dictated by the
voltage source.

Phase Relationship and Power Considerations

Phase Shift Between Voltage and Current
In an inductive circuit, the current lags the voltage by an angle θ, given
by:

θ = arctangent (XL / R)

For a pure inductor (R = 0), θ approaches 90°, meaning the current lags the
voltage by nearly a right angle at high frequencies.



Power Consumption and Reactive Power
Since an ideal inductor does not dissipate energy as heat, the average real
power consumed over a cycle is zero. However, the circuit exhibits reactive
power, which oscillates between the source and the inductor.

The reactive power Q is:

Q = V × I × sinθ

As frequency varies:
- Q increases with frequency,
- the circuit stores and releases energy cyclically but does not consume it.

Practical Applications and Implications

Filtering and Tuning Circuits
Variable frequency inductors are crucial in tuning circuits, such as radios
and signal processors. By adjusting the frequency, engineers can select or
reject particular signals based on the inductive reactance.

Impedance Matching
Adjusting the frequency allows for optimal impedance matching, maximizing
power transfer between source and load.

Impact on Power Systems
Understanding how inductors behave under variable frequency conditions is
vital in power systems, especially in scenarios like harmonic filtering and
transient response analysis.

Mathematical Modeling and Experimental
Considerations

Mathematical Expression of Current
The current amplitude as a function of frequency is:

I(f) = V / (2πfL)

This inverse relationship demonstrates the importance of frequency control in
circuit design.



Measurement and Testing
Experimentally, measuring the current at various frequencies involves:
- Using a signal generator to vary frequency while maintaining constant
voltage,
- Employing an ammeter or current probe,
- Recording the current and phase shift at each frequency point.

Such experiments validate theoretical models and aid in practical
understanding.

Conclusion
Connecting a 20-mH inductor across an AC source with a constant voltage
amplitude while varying the frequency reveals fundamental principles of
inductance, impedance, and phase relationships in AC circuits. As the
frequency increases, the inductive reactance grows, reducing the current and
increasing the phase lag, transforming the circuit's behavior from nearly
short-circuit-like at low frequencies to highly reactive at high frequencies.
These phenomena underpin many technological applications, from radio tuning
to power quality management. Mastery of these concepts enables engineers to
design more efficient, responsive, and adaptable electrical systems, ensuring
optimal performance across a broad spectrum of applications.

---
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Frequently Asked Questions

How does changing the frequency of the AC source
affect the impedance of a 20-mH inductor?

The impedance of the inductor increases with frequency according to the
formula Z = 2πfL. As the frequency increases, the inductive reactance (X_L)
increases, making the circuit more resistant to current flow.

What happens to the current flowing through the
inductor when the frequency is increased while
maintaining a constant voltage amplitude?

The current decreases as the frequency increases because the inductive
reactance (X_L) becomes larger, resulting in a higher overall impedance and
thus reducing the current.

At what frequency does the inductor behave as a short
circuit in an AC circuit?

An inductor behaves as a short circuit only at zero frequency (DC), since at
DC the inductive reactance is zero. For AC, it always presents some
reactance, which increases with frequency.



How does the phase difference between the voltage and
current change with frequency in this setup?

As frequency increases, the current lags the voltage more significantly due
to the increased inductive reactance, approaching a phase difference of 90
degrees at very high frequencies.

What is the significance of the resonant frequency
for a circuit with a 20-mH inductor and a capacitor,
and how does it relate to this scenario?

Resonance occurs when the inductive reactance equals the capacitive
reactance, leading to minimal impedance. In this scenario with only an
inductor, resonance is not applicable unless a capacitor is introduced;
however, the concept is important in understanding the circuit's frequency
response.

If the voltage amplitude remains constant, how does
the power dissipated in the inductor vary with
frequency?

Ideally, an inductor does not dissipate power as it is a reactive component.
However, in real circuits with resistance, the power dissipated increases
with frequency due to higher reactive power and possible parasitic
resistances, but overall, the reactive component stores energy rather than
dissipates it.

Additional Resources
20-mH inductor connected across an AC source with a variable frequency and a
constant-voltage amplitude is a fundamental setup in electrical and
electronic circuit analysis, offering valuable insights into inductive
reactance, impedance behavior, and resonance phenomena. This configuration
provides a practical platform for understanding how inductors respond to
changing frequencies and how they influence current flow, power dissipation,
and overall circuit dynamics.

In this comprehensive review, we will explore the characteristics, behaviors,
and implications of connecting a 20-mH inductor across an AC source with a
variable frequency, maintaining a constant voltage amplitude. The discussion
will be structured into several sections to facilitate a clear understanding
of the topic, including the basics of inductance and AC circuits, the effect
of frequency variation, impedance analysis, resonance conditions, practical
considerations, and applications.

---

Understanding the Basics of Inductors and AC
Circuits



What is a 20-mH Inductor?
A 20-millihenry (mH) inductor is a passive electronic component designed to
store energy in a magnetic field when current flows through it. The
inductance value indicates the amount of magnetic flux generated per unit
current:

- Inductance (L): 20 mH = 0.02 Henry
- Physical Characteristics: Typically a coil of wire, with inductance
determined by its number of turns, coil length, core material, and coil
diameter.
- Energy Storage: The inductor opposes changes in current, resisting sudden
increases or decreases.

AC Circuits and Their Significance
Alternating Current (AC) circuits involve currents that periodically change
direction and magnitude, typically sinusoidally. When an inductor is
connected across an AC source:

- The inductor's opposition to current flow is frequency-dependent.
- The behavior of the circuit is characterized by impedance, which combines
resistance and reactance.

---

Impact of Variable Frequency with Constant
Voltage Amplitude

Constant-Voltage Source and Frequency Variation
Using a voltage source that maintains a constant amplitude (say, V) while
varying the frequency (f) allows us to observe how the inductor's reactance
and the overall circuit impedance change with frequency:

- Voltage amplitude (V): Fixed, e.g., 10V RMS.
- Frequency range: From very low (Hz) to high (kHz or MHz) frequencies.
- Purpose: To analyze the inductor's behavior across the spectrum.

Effect of Frequency on Inductive Reactance
The inductive reactance (XL) quantifies how much the inductor resists AC:

\[ X_L = 2\pi f L \]

For a 20-mH inductor:

- At low frequencies, XL is minimal.
- As frequency increases, XL increases proportionally.

Example calculations:

| Frequency (Hz) | XL (Ω) | Comments |



|----------------|-------------------|---------------------------------------
-|
| 10 | 0.0126 | Very low reactance, almost negligible |
| 100 | 0.126 | Slight opposition to current |
| 1,000 | 1.26 | Noticeable opposition |
| 10,000 | 12.6 | Significant opposition |
| 100,000 | 126 | Dominant reactance, current lags significantly |

---

Impedance Analysis of the Circuit

Impedance of the Series LC Circuit
Connecting a 20-mH inductor across an AC source, with or without additional
resistive elements, results in an impedance (Z):

\[ Z = R + jX_L \]

Assuming an ideal scenario with negligible resistance (R ≈ 0):

\[ Z \approx jX_L = j2\pi f L \]

The magnitude of impedance:

\[ |Z| = X_L = 2\pi f L \]

- The circuit's impedance increases linearly with frequency.
- The phase difference between voltage and current is determined by the ratio
of reactance to resistance (here, primarily reactance).

Features:

- At very low frequencies, the inductor acts almost like a short circuit.
- At high frequencies, it behaves like an open circuit for DC (but not for
AC).

Current Behavior with Varying Frequency
Using Ohm's law:

\[ I = \frac{V}{|Z|} \]

- As frequency increases, the current decreases.
- The current lags the voltage by 90° in an ideal inductor (phase angle of
+90°).

Implications:

- At low frequencies, high current flows.
- At high frequencies, the current diminishes, approaching zero as the
impedance becomes very large.

---



Resonance and Its Significance

Resonance in LC Circuits
While the described setup involves a single inductor, understanding resonance
is vital for context:

- In a series LC circuit, resonance occurs when:

\[ X_L = X_C \]

- For an inductor alone, resonance isn't achieved unless paired with a
capacitor; however, the principle shows that impedance can be minimized or
maximized at specific frequencies.

Behavior of the 20-mH Inductor in a Resonant System
In practical applications, the inductor might be part of a resonant circuit:

- At the resonant frequency:

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

- For a 20-mH inductor and a capacitor, this frequency determines the
circuit's natural frequency.

Note: In the current setup with only an inductor, the focus remains on
reactance and impedance variation with frequency.

---

Practical Considerations and Real-World
Features

Effects of Parasitics and Resistance
Real inductors are not ideal:

- Resistance (R): Due to wire resistivity, causes power dissipation.
- Parasitic Capacitance: Between coil turns, affects high-frequency behavior.
- Core Material: Iron core inductors exhibit core losses at high frequencies.

Features/Pros:

- Provides a realistic model of inductor behavior.
- Facilitates study of power loss and efficiency.

Cons:

- Resistance introduces heat and reduces efficiency.
- Parasitics complicate high-frequency analysis.



Power Dissipation and Power Factor
The power consumed in the circuit depends on the phase difference:

- Power factor:

\[ \text{pf} = \cos \phi = \frac{R}{|Z|} \]

- At high frequencies, with negligible R, the circuit is predominantly
reactive, leading to low real power consumption despite high voltages.

Features:

- Useful in tuning and filter applications.
- Highlights the importance of resistance in power calculations.

---

Applications and Practical Use Cases

Filters and Tuning Circuits
A 20-mH inductor connected across an AC source with variable frequency is
fundamental in:

- Low-pass filters: Allow low frequencies to pass.
- Tuned circuits: Select specific frequencies, especially in radio and
communication devices.
- Impedance matching: Adjusting circuit parameters for maximum power
transfer.

Testing and Measurement
This setup is ideal for:

- Measuring inductance accuracy.
- Understanding impedance variation.
- Studying the phase relationship between voltage and current.

Challenges in Practical Implementation
- Ensuring that the inductor's core does not saturate at high currents.
- Managing parasitic effects at high frequencies.
- Dealing with temperature rise due to resistance.

---

Conclusion

Connecting a 20-mH inductor across an AC source with a variable frequency and
constant voltage amplitude offers rich insights into the fundamental



behaviors of inductors in AC circuits. The impedance of the inductor
increases linearly with frequency, causing the current to decrease as the
frequency rises. This setup is instrumental in understanding reactive power,
phase relationships, and the design of filters and resonant circuits.

While ideal models provide clarity, real-world applications must account for
parasitic effects, resistance, and core losses. The ability to vary frequency
while maintaining a constant voltage amplitude makes this a versatile and
educational experiment, aiding in the design and analysis of complex
electronic systems.

Features:

- Demonstrates frequency-dependent reactance.
- Enables study of phase shifts and impedance.
- Useful in designing filters and tuning circuits.

Pros:

- Simplifies understanding of inductive reactance.
- Provides practical insights into real-world inductors.
- Supports educational and research applications.

Cons:

- Real inductors introduce resistance and parasitics.
- High-frequency behavior may be complicated by parasitic capacitance.
- Not suitable for high-power applications without proper cooling.

In conclusion, the analysis of a 20-mH inductor connected across an AC source
with a variable frequency and constant voltage amplitude is foundational to
electrical engineering, offering both theoretical understanding and practical
wisdom in circuit design and analysis.
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