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**Understanding the Phasor Diagram of RLC Circuit**

Phasor diagram of RLC circuit is an essential concept in electrical engineering that helps
visualize the relationships between voltage and current in circuits containing resistors (R),
inductors (L), and capacitors (C). If you've ever wondered how these different components
interact in an AC circuit, the phasor diagram offers a clear, graphical representation. It's a
powerful tool that simplifies complex AC analysis by transforming sinusoidal waveforms into
rotating vectors, making it easier to understand phase differences, impedance, and power
flow.

In this article, we’ll dive deep into what a phasor diagram is, how it applies specifically to
RLC circuits, and why it’s so valuable for engineers and students alike. Along the way, you’ll
pick up some handy insights about impedance, resonance, and how to interpret these
diagrams effectively.

What is a Phasor Diagram?

Before zooming into the RLC circuit, let’s clarify what a phasor diagram actually is. In AC
circuit analysis, voltages and currents vary sinusoidally with time. Instead of dealing
directly with these time-dependent sinusoidal functions, engineers use phasors—complex
numbers representing the magnitude and phase angle of these sinusoids.

A phasor diagram is essentially a graphical representation of these phasors as vectors
rotating in the complex plane. The length of each vector corresponds to the magnitude
(amplitude), and the angle it makes with a reference axis represents the phase angle
relative to a chosen reference, typically the source voltage.

This visualization significantly simplifies the analysis of AC circuits, especially when multiple
components cause phase shifts between current and voltage.

Phasor Diagram of RLC Circuit Explained

An RLC circuit consists of three fundamental components connected either in series or
parallel:

- ¥*Resistor (R):** Causes voltage and current to be in phase.
- *¥Inductor (L):** Causes current to lag voltage by 90°.
- **Capacitor (C):** Causes current to lead voltage by 90°.



When these components are combined, the overall behavior of the circuit becomes more
complex. Using a phasor diagram, we can visually analyze how the voltages across each
component relate to one another and to the total current.

Series RLC Circuit Phasor Diagram

In a series RLC circuit, the same current flows through R, L, and C, but the voltages across
these elements differ in magnitude and phase:

- The voltage across the resistor (V_R) is in phase with the current.
- The voltage across the inductor (V_L) leads the current by 90°.
- The voltage across the capacitor (V_C) lags the current by 90°.

To construct the phasor diagram:

1. Start by drawing the current phasor horizontally as a reference.

2. Draw V_R in phase with the current, so it lies along the same horizontal axis.
3. Draw V_L vertically upward because it leads the current by 90°.

4. Draw V_C vertically downward because it lags the current by 90°.

The net reactive voltage is the difference between V_L and V_C because they are in
opposite directions. The total voltage V across the series circuit is the vector sum of V_R
and the net reactive voltage (V_L-V_C).

This phasor relationship helps determine the circuit's total impedance (Z) and the phase
angle (0) between voltage and current, which is crucial for understanding power factor and
energy dissipation.

Parallel RLC Circuit Phasor Diagram

In a parallel RLC circuit, the voltage across each component is the same, but the currents
through each differ in phase and magnitude:

- Current through resistor (I_R) is in phase with the voltage.
- Current through inductor (1_L) lags voltage by 90°.
- Current through capacitor (I_C) leads voltage by 90°.

Here, the phasor diagram focuses on currents rather than voltages:

1. Draw the voltage phasor as a reference.

2. Draw |_R in phase with voltage.

3. Draw |_L vertically downward (lagging by 90°).
4. Draw |_C vertically upward (leading by 90°).

The net reactive current is the algebraic sum of |_C and |_L. The total current | in the circuit
is the vector sum of |_R and the net reactive current.



Key Concepts lllustrated by the Phasor Diagram
of RLC Circuit

Understanding the phasor diagram of an RLC circuit reveals several important electrical
phenomena:

Impedance and Phase Angle

Impedance (Z) combines resistance (R) and reactance (X) into a single complex quantity,
represented as:

\[

Z=R+j(X L-XC)
\]

Where:

-\(X_L =\omega L\) (inductive reactance)
-\(X_C = \frac{1}{\omega C}\) (capacitive reactance)
-\(j\) is the imaginary unit

The phasor diagram visually represents this impedance as the vector sum of R and net
reactance. The angle 6 between the total voltage and current phasors corresponds to the
phase angle of the impedance, indicating whether the circuit behaves more inductively
(positive 0), capacitively (negative 8), or purely resistively (6=0).

Resonance Phenomenon

One of the most fascinating aspects of RLC circuits is resonance, which occurs when
inductive and capacitive reactances cancel each other out:

\[
X L=XC
\]

At resonance, the circuit’s impedance is purely resistive, and voltage and current are in
phase. The phasor diagram at resonance shows V_L and V_C with equal magnitudes but
opposite directions, effectively canceling each other. This property is fundamental in tuning
circuits, filters, and oscillators.



Power Factor and Its Interpretation

The phase angle 8 derived from the phasor diagram directly relates to the power factor
(PF), defined as:

\[
PF = \cos(\theta)
\]

A power factor of 1 means voltage and current are perfectly in phase, maximizing real
power transfer. Inductive or capacitive circuits have lower power factors due to phase
shifts, which can cause inefficiencies in power systems. Phasor diagrams help engineers
visualize and correct these phase differences, often by adding capacitors or inductors to
improve power factor.

Tips for Drawing and Interpreting Phasor
Diagrams of RLC Circuits

If you're working with RLC circuits, mastering phasor diagrams can be a game-changer.
Here are some practical tips:

e Choose a Reference: Typically, the current phasor is taken as the reference in series
circuits, while the voltage phasor is the reference in parallel circuits. This choice
simplifies the relative angle measurements.

* Keep Consistent Units: Ensure all magnitudes are in the same units (usually volts
or amps) and use radians or degrees consistently for angles.

e Use Vector Addition: Adding or subtracting phasors follows vector addition rules, so
draw them tip-to-tail for clarity.

* ldentify Leading and Lagging: Remember that inductors cause current lag and
capacitors cause current lead. This knowledge helps position phasors correctly.

* Leverage Software Tools: For complex circuits, software like MATLAB or circuit
simulators can generate precise phasor diagrams, saving time and reducing errors.



Applications of Phasor Diagrams in RLC Circuit
Analysis

Phasor diagrams are not just academic exercises; they play a vital role in real-world
applications:

- *AC Power Analysis:** Understanding how voltages and currents interact in power
transmission lines helps minimize losses and improve efficiency.

- ¥*Signal Processing:** RLC circuits are foundational in filters, oscillators, and frequency-
selective networks, where phase relationships dictate performance.

- **Electrical Machines:** Motor and transformer operation analysis often relies on phasor
diagrams to assess load conditions and power factor.

- **Troubleshooting:** Engineers use these diagrams to diagnose issues related to phase
imbalance, resonance problems, or inefficient power usage.

Exploring the phasor diagram of RLC circuit opens a window into the dynamic interplay of
resistance, inductance, and capacitance in AC systems. By visualizing voltages and currents
as rotating vectors, you gain a more intuitive grasp of phase relationships and circuit
behavior. Whether you're a student grappling with theory or a professional designing
complex electrical networks, mastering this concept is invaluable for making sense of the
AC world.

Frequently Asked Questions

What is a phasor diagram in the context of an RLC
circuit?
A phasor diagram in an RLC circuit is a graphical representation showing the relationships

between voltage and current phasors across the resistor (R), inductor (L), and capacitor (C),
illustrating their magnitudes and phase angles.

How does the voltage across each component appear
on the phasor diagram of an RLC circuit?

In the phasor diagram, the voltage across the resistor is in phase with the current, the
voltage across the inductor leads the current by 90 degrees, and the voltage across the
capacitor lags the current by 90 degrees.

Why is the phasor diagram useful for analyzing RLC
circuits?

The phasor diagram helps visualize the phase relationships and magnitude differences
between voltages and currents, making it easier to analyze the circuit’s overall impedance,



phase angle, and resonance behavior.

How is the total voltage represented in the phasor
diagram of an RLC series circuit?

The total voltage phasor is the vector sum of the individual voltage phasors across the
resistor, inductor, and capacitor, typically obtained by adding the resistor voltage phasor
horizontally and the net reactive voltage phasor vertically.

What does the angle between current and voltage
phasors signify in an RLC circuit?

The angle between the current and voltage phasors represents the phase difference,
indicating whether the circuit is inductive (voltage leads current), capacitive (voltage lags
current), or purely resistive (in phase).

How does resonance affect the phasor diagram of an
RLC circuit?

At resonance, the inductive and capacitive reactances cancel each other, so the voltage
phasors across the inductor and capacitor are equal in magnitude but opposite in direction,
resulting in the total voltage phasor being in phase with the current.

Can phasor diagrams be used for both series and
parallel RLC circuits?

Yes, phasor diagrams can be used for both series and parallel RLC circuits to analyze
voltage and current relationships, although the configuration affects how the phasors are
added and interpreted.

How do you construct a phasor diagram for an RLC
circuit step-by-step?

First, represent the current phasor as a reference; then draw the voltage phasor across the
resistor in phase with current, the inductor voltage phasor leading current by 90°, and the

capacitor voltage phasor lagging current by 90°, finally vectorially add the voltages to find

the total voltage phasor.

What information can be derived from the phasor
diagram of an RLC circuit?

From the phasor diagram, one can determine the circuit's impedance, phase angle between
current and voltage, voltage drops across components, power factor, and conditions for
resonance.



Additional Resources
Phasor Diagram of RLC Circuit: An In-Depth Analytical Review

Phasor diagram of RLC circuit represents a fundamental analytical tool in electrical
engineering, particularly in the study and visualization of alternating current (AC) circuits
comprising resistors (R), inductors (L), and capacitors (C). This graphical representation
encapsulates the complex interplay between voltage and current phasors, illustrating their
magnitudes and phase relationships. Understanding the phasor diagram of an RLC circuit is
critical not only for academic pursuits but also for practical applications such as power
systems analysis, signal processing, and circuit design optimization.

Understanding the Basics: What Is a Phasor
Diagram?

At its core, a phasor diagram is a vector representation of sinusoidal functions, typically
voltage and current, which vary with time. These sinusoidal quantities are expressed as
rotating vectors (phasors) in the complex plane. The length of each vector corresponds to
the magnitude of the waveform, while the angle relative to a reference axis indicates its
phase angle. In the context of an RLC circuit, the phasor diagram visually conveys how the
current and voltage differ in phase due to the presence of resistance, inductance, and
capacitance.

The significance of the phasor diagram lies in its ability to simplify the analysis of AC
circuits by transforming differential equations into algebraic ones. This simplification is
pivotal when dealing with sinusoidal steady-state conditions, where voltages and currents
oscillate at a fixed frequency.

Analyzing the Phasor Diagram of an RLC Circuit

The RLC circuit is a series or parallel combination of three passive components: resistor (R),
inductor (L), and capacitor (C). Each of these elements contributes differently to the overall
circuit behavior, particularly in terms of phase relationships between voltage and current.

Resistor (R) Behavior in Phasor Diagrams

In an RLC circuit, the resistor causes the voltage and current to be in phase. This means
that on the phasor diagram, the voltage across the resistor and the current phasor align
along the same angle, typically taken as the reference angle of 0°. The resistor does not
introduce any phase shift but contributes to power dissipation as heat.



Inductor (L) Impact on Phase Relationships

Unlike the resistor, the inductor introduces a phase shift where the voltage leads the
current by 90 degrees. On the phasor diagram, the voltage phasor across the inductor is
drawn perpendicular and ahead of the current phasor. This leading behavior is a direct
consequence of the inductive reactance, which opposes changes in current and results in
energy storage in the magnetic field.

Capacitor (C) Influence on the Phasor Diagram

Conversely, the capacitor causes the current to lead the voltage by 90 degrees. In the
phasor diagram, the current phasor is positioned ahead of the voltage phasor by a right
angle. Capacitive reactance opposes changes in voltage, storing energy in the electric field,
thus altering the phase relationship distinctly from inductors and resistors.

Constructing the Phasor Diagram of a Series RLC
Circuit

A typical series RLC circuit combines these components in a linear sequence, and its phasor
diagram reveals the net effect of their combined impedances.

e Step 1: Reference Axis Selection — The current phasor is often chosen as the
reference and drawn along the horizontal axis (0° phase angle).

e Step 2: Voltage Across Resistor (V_R) — Since voltage and current are in phase
for the resistor, V_R is drawn along the same axis as the current phasor.

e Step 3: Voltage Across Inductor (V_L) — The inductor voltage phasor is drawn 90°
ahead (leading) of the current phasor.

* Step 4: Voltage Across Capacitor (V_C) — The capacitor voltage phasor is drawn
90° behind (lagging) the current phasor.

e Step 5: Resultant Voltage (V) — The total voltage phasor is the vector sum of V_R,
V_L, and V_C. Graphically, this involves adding V_L and V_C as vertical components
(one positive, one negative) and then combining with the horizontal V_R component.

The resulting phasor forms a right-angled triangle when plotted, enabling calculation of the
circuit’s impedance and phase angle by trigonometric methods.



Impedance and Phase Angle from the Phasor Diagram

The magnitude of the total voltage phasor divided by the current magnitude gives the
circuit impedance (Z). The phase angle (¢) between the total voltage and current phasors
indicates whether the circuit behaves more inductively or capacitively.

- If @ > 0, the circuit is inductive (voltage leads current).
- If @ < 0, the circuit is capacitive (current leads voltage).
- If @ = 0, the circuit is purely resistive.

This phase angle is crucial for power factor analysis and has direct implications on energy
efficiency and system stability.

Parallel RLC Circuit Phasor Diagram: Distinctive
Features

The phasor diagram for a parallel RLC circuit differs significantly from the series counterpart
due to the different current paths. In this configuration, the applied voltage is common
across all elements, and the currents through each component have different phase angles.

- The voltage phasor is fixed as the reference.

- The resistor current is in phase with the voltage.

- The inductor current lags the voltage by 90 degrees.

- The capacitor current leads the voltage by 90 degrees.

The total current phasor is the vector sum of these three currents. This results in a phasor
diagram where the total current is either leading or lagging the voltage depending on the
relative magnitudes of the inductive and capacitive currents.

Significance for AC Power Systems

Understanding the phasor diagram of both series and parallel RLC circuits is essential for
power engineers to manage reactive power in AC systems. Reactive power does not
perform useful work but affects voltage regulation and system stability. The phasor
diagrams aid in visualizing these relationships, guiding the selection of compensating
devices such as capacitors or inductors to improve power factor.

Practical Applications and Educational Value

In practical engineering contexts, the phasor diagram of an RLC circuit serves several
purposes:



e Design and Troubleshooting: Engineers use phasor diagrams to diagnose circuit
behavior and optimize component values for desired performance.

e Simulation and Analysis: Software tools often incorporate phasor analysis for
efficient simulation of AC circuits under steady-state conditions.

e Educational Tool: The phasor diagram visually reinforces theoretical concepts,
helping students grasp phase relationships and impedance behavior intuitively.

Moreover, phasor diagrams form the basis for advanced analytical techniques such as
complex power calculations, resonance analysis, and transient response evaluation.

Comparing Phasor Diagrams with Time-Domain
Waveforms

While time-domain waveforms explicitly show voltage and current variations over time,
they can become cumbersome when analyzing phase differences and relationships in AC
circuits. Phasor diagrams abstract away the time variable, focusing solely on amplitude and
phase angle, which simplifies calculations and provides clearer insights into circuit
dynamics.

However, it is important to recognize that phasor diagrams assume steady-state sinusoidal

operation and do not directly capture transient phenomena. For comprehensive analysis,
engineers often combine phasor methods with time-domain simulations.

Limitations and Challenges in Using Phasor
Diagrams

Despite their utility, phasor diagrams have inherent limitations:
e Steady-State Assumption: They apply only under steady-state sinusoidal
conditions, limiting their use in transient or non-linear circuit analysis.

e Complex Circuit Constraints: For circuits with multiple frequencies or non-linear
components, phasor diagrams become less practical.

e Visualization Difficulty: Accurately drawing and interpreting phasor diagrams
requires a solid understanding of vector algebra and trigonometry.

These challenges necessitate complementary analytical methods and computational tools
in complex or dynamic electrical engineering problems.



The phasor diagram of an RLC circuit thus remains a cornerstone concept that bridges
theoretical analysis and practical engineering in AC circuit study. Its ability to distill
complicated phase and magnitude interactions into a clear, interpretable graphical form
continues to make it indispensable for professionals and scholars alike.
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Assam) Bandyopadhyay, Jyoti Prasad, Books in this series have been specially designed to meet the
requirements of a large spectrum of engineering students of ASTU-those who find learning concepts
difficult and want to study through solved examples, and those who wish to study the traditional
way. A large number of solved examples are the backbone of this series and are aimed at instilling
confidence in the students to take on the examinations.Basic Electrical and Electronics
Engineering-I has been specially designed to serve as a textbook for an introductory course on basic
electrical and electronics engineering. It meets the requirements of a large spectrum of 1st semester
undergraduate students of all branches of engineering. The book has been developed with an eye on
the interpretation of concepts and application of theories. The language has been kept very simple
so that students are able to assimilate the subject matter with ease. A large number of solved
examples have also been provided for self-assessment.Key Featurese Complete coverage of all the
modules of the syllabi of ASTU and also useful for GATE and other graduate level exams®
Comprehensive and lucid presentation of the basic conceptse Over 200 worked-out examples
including conceptual guidelinese Over 380 multiple choice questions with answerse A large number
of short questions and answers

phasor diagram of rlc circuit: Basic AC Circuits John Clayton Rawlins, 2000-09-28 Covers
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phasor diagram of rlc circuit: Schaum's Outline of Theory and Problems of Basic
Electricity Milton Gussow, 1983 Inside you will find:640 solved problems covering very aspect of



basic electricity courses, with step-by-step solutionsHundreds of additional practice problems, with
answers suppliedClear explanations of basic electrical theory and applicationsHelpfull diagrams of
circuits and systemsEasy-to-understand coverage of induction, capacitance, resistance, and more.

phasor diagram of rlc circuit: Dorf's Introduction to Electric Circuits Richard C. Dorf, James
A. Svoboda, 2018-03-13 Dorf’s Introduction to Electric Circuits, Global Edition, is designed for a one-
to -three term course in electric circuits or linear circuit analysis. The book endeavors to help
students who are being exposed to electric circuits for the first time and prepares them to solve
realistic problems involving these circuits. Abundant design examples, design problems, and the
How Can We Check feature illustrate the text’s focus on design. The Global Edition continues the
expanded use of problem-solving software such as PSpice and MATLAB.

phasor diagram of rlc circuit: Network Analysis and Synthesis Mohammed Arshad, 2006-06
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