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DISCLAIMER FOR AI-ASSISTED ACADEMIC CONTENT  

Disclaimer for AI-Assisted Content and Copyright Compliance  

This academic content, including but not limited to study plans, lecture notes, descriptive content, 

student toolkits, question banks, model question papers, digital resources, and supplementary 

materials, has been developed with the assistance of Artificial Intelligence (AI) tools, under the 

guidance and supervision of subject experts.  

While due care has been taken to ensure quality, relevance, and academic usefulness, users are 

requested to note the following:  

1. Accuracy and Academic Responsibility  

AI-assisted systems may occasionally generate information that is incomplete, simplified, or 

unintentionally inaccurate. Faculty members and students are strongly advised to:  

• Cross-verify critical information with standard textbooks, official syllabi, and faculty 

guidance  

• Use this material as a supporting academic resource, not as the sole source of learning  

2. Nature of Use  

This content is intended strictly for educational and non-commercial purposes, including:  

• Classroom teaching  

• Student self-learning  

• Institutional academic use within the state  

It is not intended for commercial publication, resale, or profit-oriented distribution.  

3. Role of Human Oversight  

AI-generated content may not always capture discipline-specific nuances, contextual depth, or 

recent advancements. Therefore:  

• Faculty review, contextualization, and explanation remain essential  

• Practical learning, laboratory work, and instructor-led teaching are indispensable  

4. Copyright and Image Usage Compliance  

Special care has been taken regarding the use of images, diagrams, figures, and visual elements 

included or referenced in this material.  

All visuals used in this content fall under one or more of the following categories:  

• Original diagrams created or redrawn by faculty/authors  

• AI-generated images or diagrams  

• AI generated content for Computer Networking – Hitesh Panchal 2  

• Content sourced from public domain or Creative Commons–licensed resources, with 

attribution where applicable  

 

Images have not been intentionally copied from copyrighted textbooks, paid publications, or 

restricted online sources.  
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Any references to images, videos, animations, or visual resources are provided purely for academic 

illustration and with the understanding that:  

• Their use complies with applicable copyright laws  

• Institutions and users will adhere to license terms and attribution requirements, wherever 

applicable  

 

5. Disclaimer on Inadvertent Inclusion  

If any copyrighted material has been unintentionally included, such inclusion is purely incidental 

and unintentional. The concerned material will be removed or replaced promptly upon notification 

by the rightful copyright holder.  

6. Distribution and Sharing  

This content may be:  

• Shared among students and faculty within the state  

• Uploaded to institutional LMS, academic portals, or official repositories  

However, unauthorized modification, commercial redistribution, or external publication without 

institutional approval is discouraged.  

7. Acceptance of Terms  

By accessing or using this material, users acknowledge that:  

• They understand the AI-assisted nature of the content  

• They accept responsibility for academic verification and ethical use  

• They agree to abide by copyright, academic integrity, and institutional guidelines  

 

We encourage learners and educators to actively engage with the material, question concepts, 

apply critical thinking, and complement this content with authoritative academic resources and 

expert instruction. 
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Unit 1: Study Plan- Fundamentals of Alternating Voltage and Current 

Sr. 

No 

Topic 

Breakdown  

Sequence / 

Level  

Topic 

Category  

Sug

ges

ted 

Ho

urs  

Exam 

Importance  

Practical 

Relevance  

1.1 

Introduction 

to AC & DC: 

Differences, 

advantages, 

and 

limitations. 

Introductory Supporting 
1 

Hr 
Moderate 

High 

(System 

Selection) 

1.2 

Generation of 

Alternating 

Voltage: 

Faraday’s Law 

application, 

waveform 

production. 

Introductory Core 
2 

Hrs 
High 

Essential 

(Power 

Plants) 

1.3 

AC 

Terminology: 

Cycle, 

Frequency, 

Time Period, 

Amplitude. 

Intermediat

e 
Supporting 

1 

Hr 
High 

Fundament

al (Testing) 

1.4 

Sinusoidal 

Waveform 

Values: 

Average 

value, RMS 

value, Form 

factor, Peak 

factor. 

Intermediat

e 
Core 

3 

Hrs 
Critical 

High (Meter 

Readings) 

1.5 

Phasor 

Representati

on: Polar and 

Rectangular 

forms, phase 

Advanced Core 
2 

Hrs 
High 

Essential 

(Circuit 

Analysis) 
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Sr. 

No 

Topic 

Breakdown  

Sequence / 

Level  

Topic 

Category  

Sug

ges

ted 

Ho

urs  

Exam 

Importance  

Practical 

Relevance  

difference, 

lagging/leadin

g. 

1.6 

AC through 

Pure R, L, and 

C: Voltage-

current 

relationship, 

power in pure 

circuits. 

Advanced Application 
3 

Hrs 
Critical 

Industrial 

(Load Study) 

 

Strategic Breakdown for Success 

• Core Topics: These are the "must-know" concepts. You cannot master electrical engineering 

without a deep understanding of RMS values and Phasor Algebra. 

• Logical Flow: We start with the "Why" (DC vs. AC), move to the "How" (Generation), define 

the "What" (Terminology), and conclude with the "Application" (R-L-C circuits). 

• Diploma-Level Depth: Our focus is on conceptual clarity and practical calculation rather than 

abstract mathematical proofs, ensuring you are "industry-ready". 

Outcome-Based Education (OBE) Objectives 

By the end of this unit, you will be able to: 

1. Differentiate between AC and DC systems effectively. 

2. Calculate various parameters of a sinusoidal wave for equipment rating. 

3. Analyse the behaviour of basic components under AC supply 

Lecture 1: Comparison between AC and DC Systems 

Branch: Electrical Engineering / Renewable Energy 

Unit 1: Fundamentals of Alternating Voltage and Current Time: 60 Minutes 

 

1. Hook / Introduction (≈ 5 minutes) 
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Think about the smartphone in your pocket and the ceiling fan spinning above you. Did you know 

they "speak" two different electrical languages? Your phone battery runs on Direct Current (DC), but 

the wall socket powering your charger provides Alternating Current (AC). Why do we use both? 

In the late 1880s, two great inventors, Thomas Edison and Nikola Tesla, fought the "War of Currents" 

over this very question. Today, we learn why Tesla’s AC eventually won the battle for our power 

grids, while Edison’s DC still rules our electronic gadgets.Understanding this choice is the first step to 

becoming a master "Electrical Technocrat.". 

 

2. Core Concepts (≈ 40 minutes) 

What is Direct Current (DC)? 

DC is like a steady stream of water flowing in one direction through a pipe. The electrons move from 

the negative terminal to the positive terminal at a constant magnitude over time. 

• Source: Batteries, Solar Cells, DC Generators. 

• Visual: Imagine a straight horizontal line on a graph where the Y-axis is Voltage and the X-

axis is Time. 

What is Alternating Current (AC)? 

AC is like the tides of the ocean, moving back and forth. The magnitude and direction of the current 

change periodically. It reaches a maximum value, returns to zero, and then repeats in the opposite 

direction. 

• Source: AC Generators (Alternators) found in power plants. 

• Visual: Draw a "Sinusoidal Waveform"—a smooth, repeating S-curve that goes above and 

below the zero-line. 

Why AC is King for the Grid: The biggest advantage of AC is the ability to use Transformers. We can 

"step up" the voltage to very high levels (like 400,000V) to reduce energy loss during travel and then 

"step it down" safely for your home. 
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(A.C and D.C Current Waveform)

 

3. Real-World / Industry Applications (≈ 10 minutes) 

In industry, the choice between AC and DC is tactical: 

• AC Power: Used for the national grid, heavy industrial motors (Induction Motors), and 

household appliances like ACs and refrigerators. 

• DC Power: Crucial for Electronic circuits (your laptop), Electric Vehicle (EV) batteries, and 

specialized industrial processes like Electroplating or Aluminium smelting where a constant 

direction of current is required. 

• Fun Fact: Even though the grid is AC, high-tech "HVDC" (High Voltage Direct Current) lines 

are now used to connect different regional grids because they are more stable for extremely 

long distances. 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaway: DC is constant and storable; AC is periodic and easy to transform. 

• Quick Revision: Which current has a frequency of 50Hz? (Answer: AC). Which current is used 

in a TV remote battery? (Answer: DC). 

• Student Doubt: "If AC changes direction, why don't my lights flicker?". 

Answer: It happens 50 times every second (50Hz)! Your eyes are not fast enough to 

see it, so the light appears constant. 

 

 

Mentorship Note 

Mastering the differences between AC and DC is the "Universal Key" for your career. Whether you 

are designing a solar power plant (DC to AC conversion) or troubleshooting an industrial motor drive, 

this fundamental concept will be your most used tool. Stay curious—the future of "Green Energy" 

relies entirely on how well we manage these two currents! 

Lecture 2: Principle of Generation of Alternating Voltage 

Branch: Electrical Engineering / Renewable Energy Unit 1: Fundamentals of Alternating Voltage and 

Current Time: 60 Minutes  

 

1.  

Hook / Introduction (≈ 5 minutes)  

Have you ever wondered how a massive, silent hydroelectric dam or a roaring thermal power plant 

actually "creates" electricity out of thin air? It isn't magic; it’s a beautiful dance between magnetism 

and motion. 
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In 1831, Michael Faraday discovered that if you move a magnet near a wire, the wire "wakes up" 

with electrical energy. This simple observation is the reason we can light up entire cities today. 

Today, we will go behind the scenes of the power plant to understand the fundamental mechanics of 

how alternating voltage is born. 

 

2.  

Core Concepts (≈ 40 minutes)  

The Foundation: Faraday’s Law of Electromagnetic Induction 

The heart of AC generation is Faraday's First Law: "Whenever a conductor cuts magnetic flux, an 

electromotive force (EMF) is induced in it.". 

• The ingredients: You need three things to generate voltage: a Magnetic Field (from 

magnets), a Conductor (copper wire), and Relative Motion between them. 

• The Analogy: Imagine a sharp knife (the conductor) slicing through a loaf of bread (the 

magnetic flux lines). If the knife doesn't move, it doesn't slice. The faster and more 

effectively you "slice," the more "voltage" you produce. 

 

The Mechanism: A Simple Loop Generator 

• Imagine a single rectangular loop of wire rotating in a uniform magnetic field between a 

North and South pole. 

• Position 0°: The loop moves parallel to the magnetic lines. It "cuts" nothing.  

Induced EMF = Zero. 

• Position 90°: The loop moves perpendicular to the lines, cutting them at a maximum rate. 

Induced EMF = Maximum Positive. 

• Position 180°: Again, it moves parallel. Induced EMF = Zero. 
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• Position 270°: The loop cuts the lines again, but in the opposite direction.  

InducedEMF = Maximum Negative. 

• Position 360°: Back to the start.  

Induced EMF = Zero. 

Why is it "Alternating"? 

Because the loop is rotating, the direction in which it cuts the magnetic field reverses every half-

cycle. This produces a Sinusoidal Waveform—a voltage that smoothly rises, falls, and changes 

polarity. 

 

3.  

Real-World / Industry Applications (≈ 10 minutes)  

This isn't just theory; it is the backbone of the global power industry: 

• Power Plants: Whether it’s a nuclear, coal, or hydro plant, they all use this principle. They 

use steam or water to spin a massive Alternator (AC Generator) to produce the electricity 

you use right now. 

• Renewable Energy: Wind turbines use the wind to turn blades connected to a generator, 

applying this exact principle to create green energy. 

• Automobiles: Your car has a small alternator that generates AC (which is then converted to 

DC) to charge your battery while you drive. 

 

4.  

Summary & Q&A (≈ 5 minutes)  

• Key Takeaways: AC voltage is generated by the relative motion between a conductor and a 

magnetic field (Faraday's Law). The rotating motion naturally produces a sine wave. 

• Typical Student Doubt:"Does the magnet have to move, or the wire?" 

Answer: It doesn't matter! In small generators, the wire moves. In massive power 

plant alternators, we actually spin the magnets (the rotor) inside stationary coils (the 

stator) because it's more efficient for high voltages. 

 

Mentorship Note 

Understanding the principle of generation is your first step into "Power Systems". If you master how 

EMF is induced, you will find it much easier to understand Transformers, Motors, and Generators in 

your upcoming semesters. This concept is a favourite in Placement Interviews for power 

companies—know your "slicing" and you'll shine. 

Lecture 3: Sinusoidal Function Terminology 
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Branch: Electrical Engineering / Renewable Energy  

Unit 1: Fundamentals of Alternating Voltage and Current  

Time: 60 Minutes 

 

1. Hook / Introduction (≈ 5 minutes) 

Ever noticed how music is visualized on a screen as a dancing line, or how a heart monitor in a 

hospital blip in a repeating pattern?3. In the world of Electrical Engineering, AC power has its own 

"heartbeat. We call it a Sinusoidal Waveform. Just as a doctor needs to understand heart rate and 

rhythm to treat a patient, an Electrical Engineer must master the "anatomy" of a sine wave to 

control power systems. Today, we are going to learn the language of AC—the specific terms that 

describe its rhythm, speed, and strength6. 

 

2. Core Concepts (≈ 40 minutes) 

A. Defining the Anatomy of a Sine Wave 

To talk like an engineer, we must use precise terms to describe what we see on an oscilloscope: 

 

1. Waveform: The graph obtained by plotting the instantaneous values of an alternating 

quantity against time. 

2. Cycle: One complete set of positive and negative values of an alternating quantity. It 

represents one full revolution of the generator’s loop. 

3. Time Period (T): The time taken, in seconds, to complete one full cycle. 

4. Frequency (f): The number of cycles completed per second. In India, our power grid has a 

frequency of 50 Hz, meaning it completes 50 full cycles every single second! 
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5. Amplitude (Peak Value): The maximum value (either positive or negative) reached by an 

alternating quantity during one cycle. 

6. Angular Frequency (omega): The rate of change of the angle in radians per second. 

 

B. Establishing the Relationships 

These terms aren't just independent; they are mathematically linked: 

• Frequency and Time: They are opposites. f = 1/T. If the time period is small, the frequency is 

high. 

• Angular Frequency: Since one cycle is 360° (or 2 π radians), the relationship is ꞷ = 2π f. 

C. Forms of Sinusoidal Quantities 

We can express an alternating voltage or current in different mathematical ways depending on what 

we need to calculate: 

• Standard Equation: v = VmSin(θ). 

 

3. Real-World / Industry Applications (≈ 10 minutes) 

In the industry, these terms are your daily tools: 

• Grid Stability: Power engineers at load centres monitor Frequency constantly. If it drops 

below 48.5 Hz, the entire regional grid could collapse. 

• Electronics Design: When you use an oscilloscope (CRO) to troubleshoot a circuit, you are 

looking for the Amplitude to see if a component is getting too much voltage and the Time 

Period to check for timing errors. 

• Fun Fact: Your ears can hear frequencies from 20 Hz to 20,000 Hz. The 50 Hz hum you 

sometimes hear from a large transformer is actually the sound of the AC frequency vibrating 

the metal core. 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaways: A cycle is a full "round trip"; frequency is how many trips occur in a second; 

and amplitude is the "height" of the wave. 

• Quick Revision: If a wave has a Time Period of 0.02 seconds, what is its frequency?  

(Answer: 1/0.02 = 50 Hz). 

• Typical Student Doubt: "Why do we use 2πin the formulas. 

Answer: Because generators rotate in a circle, and a full circle is 2π radians. We are 

just converting circular motion into a wave on a graph. 
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Mentorship Note: 

Mastering these terminologies is the "foundation stone" of your diploma. When you go for a 

Placement Interview, an examiner won't just ask "What is AC?"they will ask you to calculate the 

Angular Frequency of a system or explain a Phase Shift. Treat these terms like the alphabet of your 

profession; once you know the letters, you can start writing the complex "sentences" of power 

system analysis. 

Lecture 4: Various Values of Sinusoidal Alternating Quantities 

Branch: Electrical Engineering / Renewable Energy  

Unit 1: Fundamentals of Alternating Voltage and Current  

Time: 60 Minutes  

 

1.  

Hook / Introduction (≈ 5 minutes) 4 

Imagine you are buying a 100-watt light bulb. If you look closely at the packaging, it says "230V AC." 

But wait—didn't we just learn in our previous lecture that AC is constantly changing? It goes from 

zero to a positive peak, back to zero, and then to a negative peak.  If the voltage is always moving, 

what does "230V" actually mean? Is it the maximum? The average? Or something else entirely? 

Today, we solve this mystery. As engineers, we can't just say the voltage is "changing"; we need 

specific "ruler measurements" to rate our equipment, bill our customers, and ensure our motors 

don't burn out. Today, we learn the different "faces" of AC voltage and current. 

 

2.  

Core Concepts (≈ 40 minutes) 

A.  

Defining the Critical Values  

To accurately describe an AC wave, we use six primary terms: 

1. Instantaneous Value (v ori): The value of an alternating quantity at any specific instant of 

time. It is represented by small letters. 

2. Maximum Value (Vm or Im): Also known as the peak value or amplitude, this is the highest 

value reached by the wave in either half-cycle. 

3. Average Value (Vavg or Iavg): The arithmetic mean of all instantaneous values over one half-

cycle. For a full sine wave, the average over a full cycle is zero (since positive and negative 

halves cancel), so we calculate it for a half-cycle. 

4. RMS (Root Mean Square) Value (V or I): This is the "effective" value. It is the value of AC 

that produces the same amount of heat in a resistor as a corresponding DC value. It is what 

your multimeter actually measures 0.707x Peak Value. 
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5. Form Factor (K): The ratio of the RMS value to the Average value. For a sine wave, this is 

always 1.11. 

6. Peak Factor (Kp): The ratio of the Maximum value to the RMS value. For a sine wave, this is 

1.414. 

B.  

State Relations Among These Values  

In your exams and practicals, you will often need to convert one value to another. For a purely 

sinusoidal wave: 

1. RMS (Root Mean Square) Value of Voltage 

Vrms=Vm/√2=0.707Vm 

WhereVm = Maximum (peak) value of voltage 

2. Average Value of Voltage 

(The average value of AC is taken over one half cycle) 

Vavg=2Vm/π = 0.637 Vm 

3. Form Factor= RMS value / Average value= Vrms / Vavg 

For sinusoidal waveform: Form Factor=0.707Vm / 0.637Vm 

Form Factor = 1.11 

4. Peak Factor (Crest Factor)= Maximum value / RMS value= Vm / Vrms 

For sinusoidal waveform:Peak Factor = Vm / 0.707Vm 

Peak Factor = 1.414 

3.  

Real-World / Industry Applications (≈ 10 minutes)  

• Household Appliances: When we say the Indian supply is 230V, that is the RMS value.  The 

actual peak voltage hitting your appliances is roughly 325V (1.414 times 230). Insulation in 

wires must be designed to withstand this peak, not just the RMS.  

• Metering: Standard analog and digital voltmeters in your lab are calibrated to display the 

RMS value because that represents the actual "work" or "heating" capability of the 

electricity. 24242424 

• Form Factor Importance: Transformers and generators are designed based on the Form 

Factor. If the wave shape distorts (becoming non-sinusoidal), the form factor changes, which 

can lead to overheating in industrial equipment. 

 

4.  

Summary & Q&A (≈ 5 minutes)  

• Key Takeaways: Peak is the "limit," Average is the "mean," and RMS is the "work-horse" 

value. 

• Quick Revision: If a wave's peak is 100V, what is its RMS? (Answer: 70.7V). What is the Form 

Factor of a sine wave? 

(Answer: 1.11). 
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• Typical Student Doubt: "Why don't we just use the peak value for everything? 

Answer: Because the wave is only at the peak for a tiny fraction of time. Using the 

peak value to calculate power would give us a false sense of how much work the 

electricity is doing. The RMS value gives us the "real" equivalent to DC.  

 

Mentorship Note 

Understanding these values is the difference between a technician and an Electrical Engineer. When 

you go for a viva-voce or a job interview at a power utility like GETCO or a private firm, they will test 

your ability to distinguish between these values. 31313131Mastering these calculations now will make 

your future work with motors, transformers, and power systems much more intuitive. 32Keep 

practicing the numerical—they are the "math of power"! 

Lecture 5: Phase Difference - Lagging and Leading Quantities 

Branch: Electrical Engineering / Renewable Energy  

Unit 1: Fundamentals of Alternating Voltage and Current 2 

Time: 60 Minutes 

 

1. Hook / Introduction (≈ 5 minutes) 

Imagine two world-class sprinters at the starting line of a 100-meter dash. If they both start at the 

exact same millisecond, they are "in-sync." But what if one athlete starts a fraction of a second later? 

Even if they run at the same speed, there is a "gap" between them throughout the race. 

In Electrical Engineering, AC voltages and currents are like those runners. They are constantly 

moving waves, and they don't always start or reach their peaks at the same time. This "gap" or time-

shift is what we call Phase Difference. Understanding this isn't just a math exercise—it’s the secret 

to understanding why some electrical motors run efficiently while others overheat. Today, we learn 

how to measure the "timing" of electricity. 

 

2. Core Concepts (≈ 40 minutes) 

What is Phase? 

Phase represents the fraction of a cycle that has elapsed relative to a reference point3. When we 

compare two sinusoidal waves of the same frequency, we look at their relative positions in time. 

Phase Difference (φ) 

When two alternating quantities of the same frequency do not pass through their zero values at the 

same instant, they are said to have a phase difference. 

• In-Phase: Two waves are in-phase if they reach their maximum and zero values at the exact 

same instant. 

• Out-of-Phase: If there is a time or angle gap between their peaks, they are out-of-phase. 
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Leading vs. Lagging Quantities 

This is the most critical concept for an Electrical Technocrat to master: 

1. Leading Quantity: An alternating quantity that reaches its maximum or zero value earlier 

than another quantity. 

Equation:V = VmSin(ꞷt + φ) 

2. Lagging Quantity: An alternating quantity that reaches its maximum or zero value later than 

another quantity. 

Equation:V = VmSin(ꞷt – φ) 

The Analogy of the Two Clocks 

Think of two clocks. Clock A shows the correct time. Clock B is 10 minutes slow. Clock B is "lagging" 

behind Clock A. In electrical circuits, purely inductive loads (like motor coils) cause the current to 

"lag" behind the voltage, while capacitive loads (like capacitors) cause the current to "lead" the 

voltage. 

 

3. Real-World / Industry Applications (≈ 10 minutes) 

Why does this matter in a factory or a power plant? 

• Power Factor: Phase difference is the root of "Power Factor." If the phase difference 

between voltage and current is too large (high lag), the system becomes inefficient. 

Industries pay heavy penalties to electricity boards if their current lags too much! 

• Motor Operation: Induction motors, the workhorses of the industry, naturally cause current 

to lag. Engineers use "Capacitor Banks" to create a "leading" effect to cancel out the lag and 

keep the system balanced. 

• Synchronization: Before connecting a massive generator to the national grid, engineers 

must ensure its phase matches the grid exactly. If the phases are off, it can cause an 

explosion or massive equipment failure! 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaways: Phase difference is the angular "gap" between two waves5. "Leading" 

means ahead (+), and "Lagging" means behind (-).Quick Revision: If Current I = Im VmSin(ꞷt 

– 30°), is it leading or lagging the voltage  

• V = Vm Sin(ꞷt)? (Answer: Lagging by 30°). 

• Typical Student Doubt: "Can frequency be different when measuring phase difference?" 

Answer: No! We only compare phase difference between waves of the same 

frequency. If the frequencies are different, the "gap" between them would change 

constantly, making the comparison meaningless. 

 



 
 

13 
 

Mentorship Note 

In your career as an Electrical Engineer, you will spend a lot of time fighting "Lagging Current." 

Mastering this topic now is your first step toward becoming a Power Quality Expert. When you look 

at an industrial electricity bill, you won't just see numbers; you'll see the "Phase" relationship of an 

entire factory. Learn to visualize these waves in your head, and you’ll find that complex AC circuit 

analysis becomes as simple as telling time! 

Lecture 6: Vector representation of alternating quantity  

1. Most Repeated / High-Probability Questions 

These questions form the foundation of the theory exam and carry significant weightage (typically 

4–8 marks each). 

A. Core Definitions & Concepts 

Define the following terms related to A.C. Series circuits: 

Inductive Reactance (XL) and Capacitive Reactance (XC). 

Impedance (Z) and Admittance (Y). 

Power Factor (cos\φ) and its significance. 

1. Explain the concept of "Phasor" and why it is used to represent A.C. quantities instead of 

simple scalar addition. 

B. Derivations and Circuit Analysis 

3. Purely Resistive, Inductive, and Capacitive Circuits: 

Derive the expression for current and power in a purely inductive circuit. Show 

that current lags the voltage by 90°. 

Draw the voltage and current waveforms for a purely capacitive circuit. 

4. Series R-L and R-C Circuits: 

Derive the expression for total Impedance (Z) for an R-L series circuit. 

Draw the Impedance Triangle and Voltage Triangle for an R-C series circuit. 

5. Series R-L-C Circuit: 

Explain the behaviour of an R-L-C series circuit when: 

1. XL> XC(Inductive nature) 

2. XC> XL (Capacitive nature) 

3. XL = XC (Resonance) 

C. Resonance and Power 

6. Series Resonance: 

Define Resonance in a series R-L-C circuit. 
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Derive the formula for Resonant Frequency (fr). 

List the characteristics of a series resonant circuit (Impedance, Current, Power 

Factor). 

7. The Power Triangle: 

Explain Active Power (P), Reactive Power (Q), and Apparent Power (S). 

 

 

2. Application & Logical Thinking Questions 

These questions test your ability to apply theory to real-world scenarios. Mastering these will help 

you move from a "Pass" to an "A+" grade. 

Q1. The Choke Coil Mystery: 

A choke coil (R-L circuit) is connected across a D.C. supply and then across an A.C. supply of the 

same voltage. In which case will the current be higher? Justify your answer using the concept of 

Reactance. 

Q2. Power Factor Correction Logic: 

Most industrial loads are inductive (motors). Why do engineers connect a capacitor in 

series/parallel to improve the power factor? What happens to the total current drawn from the 

source when the power factor is improved? 

Q3. The Resonance Safety Concern: 

In a series R-L-C circuit at resonance, the voltage across the inductor (L) or capacitor (C) can be 

much higher than the supply voltage. Explain this "Voltage Magnification" and why it can be 

dangerous for insulation in electrical equipment. 

Q4. Component Identification: 
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You are given a "Black Box" with two terminals. When connected to an A.C. source, the current is 

found to lead the voltage by 45°. What are the likely components inside the box? Draw the phasor 

diagram to support your conclusion. 

Q5. Tuning Circuit Application: 

How is the principle of Series Resonance used in a traditional Radio Receiver to select a particular 

station frequency? Explain the role of the variable capacitor. 

 

Quick Revision Checklist 

Can I draw the phasor diagram for R-L, R-C, and R-L-C circuits? 

Do I know the difference between kVA, kW, and kVAr? 

Can I calculate Z = √(R² + (XL − XC)²) accurately? 

Do I understand why cos φ = R / Z? 

Lecture 7: Addition of Alternating Quantities – Graphical and Analytical Methods 

Branch: Electrical Engineering / Renewable Energy 

Unit 1: Fundamentals of Alternating Voltage and Current 

Time: 60 Minutes 

 

1. Hook / Introduction (≈ 5 minutes) 

Imagine you are part of a rescue team pulling a stuck vehicle out of the mud. If two people pull in 

the exact same direction, their forces add up perfectly. But what if they pull at different angles? The 

total force isn't just a simple sum anymore; it depends on the direction. 

In AC circuits, we deal with multiple voltages and currents simultaneously. However, because they 

have different "phases" (they reach their peaks at different times), we cannot simply add them like 2 

+ 2 = 4. If you have two 10V sources that are out of phase, the result might be 15V, 5V, or even zero! 

Today, we will master the techniques to combine these "electrical forces" accurately using Vectors. 

 

2. Core Concepts (≈ 40 minutes) 

The Challenge: Why can't we use Simple Arithmetic? 

In DC, 10A + 5A is always 15A. In AC, alternating quantities are "Vector" quantities. They have both 

Magnitude (RMS value) and Direction (Phase angle). To find their sum (the Resultant), we use two 

primary methods. 

Method A: Graphical Method (Parallelogram Law) 

This is the visual way to "see" how waves combine. 

1. Represent: Draw two vectors, V1 and V2, from a common origin. The length represents the 

magnitude, and the angle from the horizontal represents the phase. 
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2. Construct: Draw lines parallel to each vector to form a parallelogram. 

3. Resultant: The diagonal of this parallelogram starting from the origin represents the 

Resultant Vector (VR). 

4. Measurement: Measure the length of the diagonal and the angle it makes with the 

reference axis to get the total voltage and the new phase. 

 

Method B: Analytical Method (Trigonometry) 

This is the precise "Engineer's Way" using the Cosine Rule. If we have two quantities E1 and E2 with 

a phase difference φ between them: 

 

Resultant Magnitude (ER): 

ER = √(E1² + E2² + 2E1E2 cos φ) 

Resultant Phase(α): 

tan α = (E2 sin φ) / (E1 + E2 cos φ) 

 

The Component Method: Another highly effective analytical approach is breaking each vector into 

Horizontal component:X = E cos θcomponents and Vertical component:Y = E sin θ 

You sum all X-components and all Y-components, then find the final resultant using Pythagoras' 

theorem:Resultant Magnitude:ER = √[(ΣX)² + (ΣY)²]

 

3. Real-World / Industry Applications (≈ 10 minutes) 

• Three-Phase Systems: This is how we calculate the "Neutral" current. In a balanced 3-phase 

system, adding the three current vectors results in zero—this is why a balanced neutral 

carries no current! 

• Substation Load Management: When two different feeders (power lines) are connected to 

the same busbar, engineers must use vector addition to ensure the total load doesn't exceed 

the transformer's capacity. 

• Fun Fact: If you accidentally connect two AC generators that are 180°out of phase, the 

"addition" results in a massive short circuit because the voltages oppose each other 

completely. This is why "Synchronization" is the most stressful part of a power plant 

operator's job! 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaways: AC quantities are added as vectors. The Graphical method is good for 

visualization; the Analytical method is required for precision. 

• Quick Revision:If two 10 V waves are in phase (0°),  
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what is the sum? 
Answer: 20 V 
If they are 180° out of phase,  
what is the sum? 
Answer: 0 V 

• Typical Student Doubt: "Do I use Peak or RMS values for vector addition?" 

Answer: Always use RMS values for vector addition in power circuits, as meters and 

equipment ratings are based on RMS. 

 

Mentorship Note 

Mastering vector addition is the "Divide and Conquer" strategy of Electrical Engineering. This isn't 

just a Unit 1 topic—it is the tool you will use in AC Machines, Power Systems, and Protection 

Engineering. If you can resolve vectors into components today, you will be the student who solves 

complex 3-phase problems in 5 minutes while others are still scratching their heads. Practice the 

"Component Method"—it is the industry favourite for its accuracy and speed! 

Lecture 8: Vector Transformations – Rectangular to Polar and Vice-Versa 

Branch: Electrical Engineering / Renewable Energy 

Unit 1: Fundamentals of Alternating Voltage and Current 

Time: 60 Minutes 

 

1. Hook / Introduction (≈ 5 minutes) 

Have you ever tried to describe a location to a friend? You could say, "Go 3 blocks East and 4 blocks 

North" (that’s a grid system), or you could say, "Walk 5 blocks at an angle of 53 degrees" (that’s a 

direct line). Both get you to the exact same spot, but one might be easier to follow depending on 

whether you are walking through buildings or flying a drone. 

In Electrical Engineering, AC quantities are like that location. Sometimes it is easier to look at them 

as "Horizontal and Vertical parts" (Rectangular form), and sometimes it is easier to see them as 

"Strength and Direction" (Polar form). Today, we learn how to switch between these two 

"languages" fluently. This is the "Secret Translator" skill that separates a great engineer from a 

struggling student! 

 

2. Core Concepts (≈ 40 minutes) 

A. The Two Languages of Vectors 

Every AC quantity (Voltage or Current) can be represented on a complex plane (X-axis for 

real/horizontal, Y-axis for imaginary/vertical). 

1. Rectangular Form (A = a + jb): Here, 'a' is the horizontal component (Real) and 'b’ is the 

vertical component (Imaginary, indicated by 'j'). 

Analogy: The "GPS coordinates" of a point. 
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2. Polar Form (A = Z ∠θ):  Here, 'Z' is the magnitude (length of the vector) and ‘θ’ is the phase 

angle. 

Analogy: The "Speed and Heading" of a ship. 

B. Transferring from Rectangular to Polar (a + jb → Z ∠θ) 

When we want to know the total magnitude and the phase angle: 

Step 1: Find Magnitude (Z) 
Use Pythagoras’ theorem: 
Z = √(a² + b²) 
 
Step 2: Find Angle (θ) 
Usetrigonometry:θ = tan⁻¹(b/a) 
Example:3 + j4 
Magnitude:Z = √(3² + 4²) = 5 
Angle:θ = tan⁻¹(4 / 3) = 53.13° 
Therefore,3 + j4 = 5 ∠ 53.13° 
 

C. Transferring from Polar to Rectangular (Z ∠ θ → a + jb) 
When we need to add or subtract vectors (which is easier in rectangular form): 
Step 1: Find Real part  
(a)a = Z cos θ 
Step 2: Find Imaginary part  
(b) 
b = Z sin θ 
Example: 
10 ∠ 30° 
Real part: 10 cos 30° = 8.66 
Imaginary part: 10 sin 30° = 5 
Therefore, 
10 ∠ 30° = 8.66 + j5 

 

3. Real-World / Industry Applications (≈ 10 minutes) 

• Calculator Skills: In the industry, you won't always do this by hand. Modern scientific 

calculators have "Pol" and "Rec" buttons. Mastery of this transformation allows you to 

calculate the Impedance of a motor in seconds. 

• Power System Analysis: When calculating voltage drops in long transmission lines, engineers 

use rectangular form to handle the resistance and reactance separately, then switch to Polar 

form to report the final voltage and phase angle to the control canter. 

• Fun Fact: The letter 'j' is used by electrical engineers instead of 'i' (used in pure math) 

because 'I’ is already reserved for "Current". 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaways: Use Rectangular for addition/subtraction.  
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Use Polar for multiplication/division and for final answers. 

• Quick Revision: 

If a vector is 5 + j0, what is its angle? 

Answer: 0° 

If a vector is 10 ∠ 90°, what is its real part? 

Answer: 0 

Typical Student Doubt: "Why do we use the 'j' operator?" 

Answer: It tells us the value is 90 degrees out of phase. It helps us keep the horizontal "Resistance" 

and vertical "Reactance" separate in our math so they don't get mixed up! 

 

Mentorship Note 

Here is a career secret: The students who master Scientific Calculator shortcuts for Rectangular-to-

Polar conversions are the ones who finish their exams 30 minutes early. But more importantly, in a 

professional setting, being able to mentally estimate these conversions helps you "feel" the circuit. If 

you see a large '$j$' component, you immediately know you are dealing with a highly inductive or 

capacitive system. Practice this until it becomes second nature—it is the most used mathematical 

tool in an electrical engineer's belt! 

Lecture 9: Mathematical Operations of Vectors 

Branch: Electrical Engineering / Renewable Energy 

Unit 1: Fundamentals of Alternating Voltage and Current 

Time: 60 Minutes

 

1. Hook / Introduction (≈ 5 minutes) 

Imagine you are a Chef preparing a complex dish. Some ingredients need to be chopped and mixed 

(Addition), while others need to be blended to change their texture entirely (Multiplication). If you 

try to blend a whole carrot without chopping it, or try to chop a liquid, you'll end up with a mess! 

In our previous lecture, we learned that AC quantities have two "forms": Rectangular and Polar. 

Today’s secret to becoming an expert Electrical Technocrat is knowing which "kitchen tool" to use 

for which mathematical operation. Why struggle with complex trigonometry for addition when a 

simple rectangular sum will do? Today, we master the "Shortcuts of the Pros" to perform vector 

math with speed and precision. 

 

2. Core Concepts (≈ 40 minutes) 

The Golden Rule of Vector Math 

Before we pick up our pens, memorize this rule: 

• Addition and Subtraction are easiest in Rectangular Form (a + jb). 

• Multiplication and Division are easiest in Polar Form Z ∠θ 
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A. Addition and Subtraction (Rectangular Style) 

When we add two voltages or currents, we simply combine the "Real" parts and the "Imaginary" 

parts separately. 

• Addition: (A + jB) + (C + jD) = (A+C) + j(B+D) 

• Subtraction: (A + jB) - (C + jD) = (A-C) + j(B-D) 

• Analogy: It’s like sorting coins. You put all the 5-rupee coins in one pile and all the 10-rupee 

coins in another. You don't mix them until the very end. 

 

B. Multiplication (Polar Style) 

Multiplying in rectangular form involves a lot of messy FOIL math and j² = -1 complications. In 
Polar, it’s a breeze: 

1. Multiply the Magnitudes. 
2. Add the Angles. 

Formula: 
(Z1 ∠θ1) × (Z2 ∠θ2) = (Z1 × Z2) ∠ (θ1 + θ2) 

 
Division (Polar Style) 

1. Divide the Magnitudes. 
2. Subtract the Angles (Numerator angle minus Denominator angle). 

Formula: 
(Z1 ∠θ1) ÷ (Z2 ∠θ2) = (Z1 / Z2) ∠ (θ1 - θ2) 
 

D. The Conjugate Concept 

Sometimes we need to find the "Mirror Image" of a vector, especially when calculating complex 

power. To find the conjugate of (a + jb), we just flip the sign of the j part: (a - jb). In polar, (Z ∠θ) 

becomes (Z ∠ -θ) 

 

3. Real-World / Industry Applications (≈ 10 minutes) 

• Ohm’s Law in AC: V = I × Z. In a factory, the Current (I) and Impedance (Z) are always vectors. We 

use the Multiplication Rule (Polar) to quickly find the required Voltage. 

• Power Calculations: To find Complex Power (S = V × I), we use the conjugate of the current. This 

calculation tells an engineer how much "Useful Power" (Watts) vs "Wasted Power" (VARs) a motor is 

drawing. 

• Fun Fact: Computers in modern "Smart Grids" perform millions of these polar-to-rectangular 

conversions every second to balance the electricity supply across the city! 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaways: Rectangular for +/-, Polar for × / ÷. 

• Quick Revision: If I multiply 10 ∠ 30° by 2 ∠ 20°, what is the result? 
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Answer: 20 ∠ 50° 

• Typical Student Doubt: "What if my problem gives me addition in Polar form?" 

Answer: You must convert it to Rectangular first! There is no direct way to add polar angles 

accurately without conversion. 

 

Mentorship Note 

In your future semesters—especially in Circuit Theory and AC Machines—you will face "Giant" 

equations. Students who try to do everything in one form get lost in the math. The "Smart Engineer" 

is a hybrid: they switch forms constantly to keep the math simple. Mastering this skill now will 

reduce your exam stress by 50% and make you look like a wizard during lab calculations. Practice 

these operations on your calculator until your fingers move automatically! 

Lecture 10: Numerical Mastery – Fundamentals of Alternating Quantities 

Branch: Electrical Engineering / Renewable Energy 

Unit 1: Fundamentals of Alternating Voltage and Current 

Time: 60 Minutes 

 

1. Hook / Introduction (≈ 5 minutes) 

Imagine you are a structural engineer. You’ve studied the properties of steel and concrete, but now 

you’re asked: "Will this bridge hold 50 tons?" To answer, you need more than definitions; you need 

math. 

In Electrical Engineering, knowing the definition of RMS or Frequency is the "theory," but solving a 

numerical is the "engineering." Today, we bridge the gap between "knowing" and "doing." We are 

going to transform from students into calculators. By the end of this hour, when you see a complex 

AC equation, you won't see a jumble of letters—you'll see the exact behaviour of a power system. 

 

2. Core Concepts (≈ 40 minutes) 

The Engineering Toolkit: Key Formulas 
Before we solve, let's keep our "tools" ready: 

1. The Standard Equation: v = Vm sin(ωt ± φ) 
2. Frequency / Time: f = 1 / T and ω = 2π f 
3. Values: VRMS = 0.707 Vm and Vavg = 0.637 Vm 

 
Problem Type 1: Waveform Analysis 
 
Problem: An alternating current is given by i = 141.4 sin(314t). Find the (i) Maximum Value, (ii) 
Frequency, and (iii) RMS Value. 
 
Step 1: Compare the given equation with i = Im sin(ω t). 
Step 2 (Max Value): Im = 141.4 A 
Step 3 (Frequency): ω = 314 



 
 

22 
 

Since ω = 2π f, then f = 314 / (2 × 3.14) = 50 Hz 
Step 4 (RMS Value): IRMS = 141.4 × 0.707 = 100 A 

 
Problem Type 2: Phase Difference 
Problem: Two voltages are v1 = 100 sin(ω t) and v2 = 100 sin(ω t - 45°). What is the phase 
relationship? 

Solution: v2 has a -45° shift. This means v2 lags v1 by 45°. 

In a vector diagram, v1 would be on the X-axis, and v2 would be 45° below it. 

 

Problem Type 3: Vector Math 

Problem: Add V1 = 10 + j10 and V2 = 10 ∠ 30°. 

Step 1: Convert V2 to Rectangular form: 

V2 = 10 cos 30° + j 10 sin 30° = 8.66 + j 5 

Step 2: Add Real and Imaginary parts: 

Vtotal = (10 + 8.66) + j (10 + 5) = 18.66 + j 15 

Step 3: Convert back to Polar for the final answer: 

Vtotal = √(18.66² + 15²) ∠ tan⁻¹(15 / 18.66) ≈ 23.94 ∠ 38.8° V 

 

3. Real-World / Industry Applications (≈ 10 minutes) 

• Nameplate Reading: Every motor has a nameplate. If it says "415V," you now know that is 

the RMS value. If you are designing the insulation, you must calculate the Peak ($415 \times 

1.414 \approx. 587\text{V}$) to prevent a flashover. 

• UPS and Inverters: Home inverters convert DC to AC. To ensure your ceiling fan runs at the 

right speed, the inverter’s internal program must solve these frequency and voltage 

equations v = Vm sin(ω t)thousands of times per second. 

• Fun Fact: In early telegraph systems, they didn't have calculators. Engineers used large 

physical "Vector Addition Boards" with strings and weights to solve these problems! 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaways: Always identify Vm and omega first. Use Rectangular for addition and Polar 

for final representation. 

• Quick Revision:If ω = 628, what is f? 

Answer: 100 Hz 

• If VRMS = 100, what is Vm? 

Answer: 141.4 V 

• Typical Student Doubt: "Why did my calculator give me the wrong angle?" 
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Answer: Check your calculator mode! It must be in DEGREES (D) for phase angles, 

not RADIANS (R), unless the problem specifically asks for it. 

 

Mentorship Note 

Here is a secret from the industry: Calculators don't make mistakes; engineers do. Mastery of 

numerical isn't just about getting the right answer; it's about developing "numerical intuition." When 

you look at an answer, ask yourself: "Does this make sense?" If you find an RMS value higher than 

the Maximum value, you know something is wrong. Developing this "internal alarm" will make you a 

highly reliable engineer in the field, where a small calculation error can lead to a big equipment 

failure. Keep practicing—math is the only language electricity truly understands! 

A. Low-Level Prompts (10 Prompts – Remember & Understand) 

Focus: Definitions, basic terminology, and simple concepts. 

1. "Explain the basic concept of [Topic Name] in simple terms as if you are teaching a first-year 

Diploma student." 

2. "Define the term [Term Name, e.g., RMS Value] and provide its standard mathematical 

formula and unit of measurement." 

3. "Give me a list of the 5 most important definitions from [Topic Name] that are frequently 

asked in Diploma exams." 

4. "Create a 5-point summary of the main characteristics of [Topic Name] for quick revision." 

5. "Explain the difference between [Term A] and [Term B] using a simple daily-life analogy." 

6. "Provide a clear, step-by-step description of how [Process/Principle Name] works." 

7. "List the key formulas required to solve numerical problems in [Topic Name] and explain 

what each symbol represents." 

8. "I am confused about [Concept Name]. Can you explain it again using a different perspective 

or a simpler example?" 

9. "Create a set of 5 multiple-choice questions (MCQs) with answers to test my basic 

understanding of [Topic Name]." 

10. "What are the standard symbols and notations used in [Topic Name] that I should use in my 

exam papers?" 

 

B. Moderate-Level Prompts (10 Prompts – Apply &Analyse) 

Focus: Application, comparisons, and problem-solving logic. 

11. "Compare [System A] and [System B] in a tabular format based on efficiency, cost, and 

practical applications." 

12. "Give me 3 real-world industrial examples where [Concept Name] is used and explain why it 

is important there." 
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13. "Provide a step-by-step solved numerical problem for [Problem Type, e.g., Vector Addition] 

showing every mathematical transition clearly." 

14. "If I increase the [Parameter Name, e.g., Frequency], how will it affect the [Resultant 

Parameter, e.g., Time Period]? Explain the logic." 

15. "Create a checklist of common mistakes students make when solving problems related to 

[Topic Name] and how to avoid them." 

16. "Explain the significance of [Factor Name, e.g., Peak Factor] in determining the safety or 

rating of engineering equipment." 

17. "Analyse why [Concept/Method] is preferred over [Alternative Method] in modern 

engineering practices." 

18. "Generate 3 mid-level practice problems on [Topic Name] and provide the final answers so I 

can check my work." 

19. "Describe a laboratory experiment that demonstrates [Principle Name] and explain what the 

expected observations should be." 

20. "How does [Concept Name] relate to the previous unit on [Previous Unit Name]? Help me 

connect these two ideas." 

 

C. High-Level Prompts (5 Prompts – Design & Create) 

Focus: Logical reasoning, system-level thinking, and exam distinction. 

21. "Act as an examiner. Give me a challenging 'out-of-the-box' problem that combines [Topic A] 

and [Topic B], then explain the logic to solve it." 

22. "Create a logical flowchart or mental map that connects all the sub-topics within [Unit Title] 

to show how they depend on each other." 

23. "I have to design a small system that uses [Concept Name]. What are the key technical 

constraints and safety factors I must consider?" 

24. "Explain the long-term career importance of mastering [Unit Title]. Which specific 

engineering roles or industries require deep expertise in this?" 

25. "Critique the following statement: '[Incorrect or Partial Engineering Statement]'. Explain why 

it is technically incomplete and provide the correct professional version." 

 

How to use this Toolkit: 

• Step 1: Choose a prompt based on your current level of understanding. 

• Step 2: Replace the bracketed text [ ] with specific terms from your Unit 1 syllabus (e.g., 

replace [Topic Name] with Sinusoidal Waveform). 

• Step 3: Review the AI's response and ask follow-up questions if you need more clarity. 
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Mentorship Tip: Don't just ask the AI for answers; ask it to explain the steps. In the engineering 

industry, your value is not in knowing the "result," but in understanding the "process" that led to it! 

Part 1: Key Definitions / Glossary (Top 15 Terms) 

1. Alternating Quantity: A quantity whose magnitude changes continuously and direction 

reverses periodically with time. 

2. Waveform: The shape of the curve obtained by plotting the instantaneous values of an 

alternating quantity against time. 

3. Cycle: One complete set of positive and negative values of an alternating quantity. 

4. Time Period (T): The time taken in seconds by an alternating quantity to complete one full 

cycle. 

5. Frequency (f): The number of cycles completed per second by an alternating quantity 

(Measured in Hertz). 

6. Amplitude: The maximum or peak value attained by an alternating quantity during one 

cycle. 

7. Instantaneous Value: The value of an alternating quantity at any specific instant of time. 

8. RMS (Root Mean Square) Value: The "effective" value of AC that produces the same heating 

effect as a corresponding DC value. 

9. Average Value: The arithmetic mean of all instantaneous values taken over one half-cycle. 

10. Form Factor: The ratio of the RMS value to the average value (1.11 for a sine wave). 

11. Peak Factor: The ratio of the maximum value to the RMS value (1.414 for a sine wave). 

12. Phasor: A rotating vector used to represent a sinusoidally varying alternating quantity. 

13. Phase Difference: The angular displacement between two alternating quantities having the 

same frequency. 

14. Lagging Quantity: An AC quantity that reaches its maximum or zero value later than the 

reference quantity. 

15. Leading Quantity: An AC quantity that reaches its maximum or zero value earlier than the 

reference quantity. 

 

Part 2: FAQ & Assessment Section 

A. Multiple Choice Questions (MCQs) 

[1] What is the frequency of DC supply? 

(a) 50 Hz (b) 60 Hz (c) 0 Hz (d) 100 Hz 

[2] For a sine wave with peak voltage Vm, the RMS value is: 

(a) 0.637 Vm 
(b) 0.707 Vm 
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(c) 1.414 Vm 
(d) Vm / π 
 
[3] In India, the standard domestic AC frequency is: 

(a) 60 Hz (b) 50 Hz (c) 230 Hz (d) 110 Hz 

 

[4] A cycle consists of: 

(a) One positive half-cycle  
(b) One negative half-cycle 
 (c) Two positive half-cycles 
 (d) One positive and one negative half-cycle 
 
[5] The relation between ω (angular frequency) and f (frequency) is: 
 
(a) ω = 2π f 
(b) ω = π f 
(c) f = 2π ω 
(d) ω = f / 2π 
 
[6] Which value of AC is measured by a standard Multimeter? 

(a) Peak value (b) Average value (c) RMS value (d) Instantaneous value 

[7] The form factor for a purely sinusoidal wave is: 

(a) 1.414 (b) 0.707 (c) 1.11 (d) 0.637 

[8] If the time period of a wave is 0.02 seconds, the frequency is: 

(a) 25 Hz (b) 50 Hz (c) 100 Hz (d) 20 Hz 

[9] Two waves are "in-phase" if their phase difference is: 

(a) 90° (b) 180° (c) 0° (d) 270° 

[10] The peak factor of a sine wave is: 

(a) 1.11 (b) 1.414 (c) 1.21 (d) 0.707 

[11] An alternating quantity is represented as $v = 200 \sin(314t)$. The peak voltage is: 

(a) 100V (b) 200V (c) 314V (d) 141.4V 

[12] Addition of two AC voltages is done using: 

(a) Arithmetic sum (b) Algebraic sum (c) Vector sum (d) Geometric mean 

[13] To multiply two vectors, which form is most convenient? 

(a) Rectangular (b) Polar (c) Triangular (d) Linear 

[14] The average value of a full sine wave over one complete cycle is: 

(a) 0.637 Vm (b) Vm (c) Zero (d) 2 Vm 
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[15] Which current is easier to step up or step down using a transformer? 

(a) DC (b) Pulsating DC (c) AC (d) Pure DC 

[16] The RMS value of AC is also known as: 

(a) Maximum value (b) Effective value (c) Average value (d) Mean value 

 

B. Short Answer / Viva Questions 

1. Why is AC preferred over DC for long-distance transmission? 

2. Define "RMS value" and explain its physical significance in terms of heating. 

3. Why is the average value of a sine wave calculated over a half-cycle instead of a full cycle? 

4. What is the significance of "Form Factor" in electrical machine design? 

5. Explain the difference between a "Leading" and a "Lagging" alternating quantity. 

6. Draw the phasor representation of two voltages where V2 lags V1 by 90° 

7. State the mathematical relationship between Peak Value and RMS Value for a sine wave. 

8. Why do we use the j-operator in AC circuit analysis? 

9. Convert the vector $3 + j4$ into Polar form. 

10. What happens to the time period of an AC signal if the frequency is doubled? 

 

Answer Key for MCQs 

1(c), 2(b), 3(b), 4(d), 5(a), 6(c), 7(c), 8(b), 9(c), 10(b), 11(b), 12(c), 13(c), 14(b), 15(b), 16(c), 17(c), 

18(c), 19(c), 20(b). 

 

Mentorship Note 

When preparing for exams, remember that Unit 1 carries nearly 30% weightage. Focus heavily on 

the definitions and the conversion between Polar and Rectangular forms. In your practical Vivas, 

examiners love to ask about the heating effect of RMS values—master that concept, and you will 

stand out as a top-tier student. Good luck with your revision! 

1. AI Tools & Digital Learning Tools 

These tools are selected to help you move from theoretical formulas to practical, visual 

understanding: 

• Falstad Circuit Simulator (Applet): 

Purpose: A powerful, web-based interactive circuit simulator. 
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How it helps: You can visualize AC current flow in real-time. It allows you to see the 

"movement" of electrons as sine waves and observe how phase differences occur 

when adding components. 

• Phet Interactive Simulations (University of Colorado): 

Purpose: Provides "Generator" and "Faraday’s Law" simulations. 

How it helps: Perfect for Topic 1.2. You can manually spin a magnet and watch the 

AC voltage waveform be generated in real-time, helping you understand the 

relationship between rotation and frequency. 

• GeoGebra (Graphing Calculator): 

Purpose: A mathematical tool for 2D/3D graphing and geometry. 

How it helps: Excellent for Topic 1.7 & 1.8. You can plot vectors, perform vector additions, and 

visualize how the resultant vector changes as you change the phase angle ($\phi$). 

VLab (Virtual Labs by Ministry of Education, India): 

Purpose: Online access to labs for various engineering disciplines. 

How it helps: Use the "Basic Electrical Engineering Lab" to perform virtual experiments on AC 

waveforms. It is great for practicing how to use a Virtual Oscilloscope to measure Peak and RMS 

values. 

 

2. Video Learning Repository 

Use these specific search keywords on YouTube or NPTEL to find the best lectures for this unit: 

Topic Name 
Recommended Channel / Course / 

Lecturer Name 
Search Keywords 

AC vs DC Comparison Engineering Mindset 
"AC vs DC power explained 

Engineering Mindset" 

Generation of AC 

Voltage 
Lesics (formerly Learn Engineering) "How an Alternator works Lesics" 

AC Terminologies (RMS, 

Avg, etc.) 

NPTEL - Basic Electrical (Prof. 

Nagendra Krishnapura) 

"RMS and Average value of sine 

wave NPTEL" 

Phase & Phase 

Difference 
Khan Academy (Physics/Electrical) 

"Phase and phase difference in AC 

circuits" 

Vector/Phasor 

Representation 

The Organic Chemistry Tutor 

(Engineering Physics) 

"Introduction to Phasors and AC 

circuits" 

Rectangular to Polar 

Conversion 
Math and Science (Jason Gibson) 

"Convert complex numbers 

rectangular to polar" 
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Topic Name 
Recommended Channel / Course / 

Lecturer Name 
Search Keywords 

Vector Addition 

(Analytical) 
Ikeda 

"Addition of alternating quantities 

using phasor diagram" 

Fundamentals of AC (Full 

Unit) 

Learn Engineering / Engineering 

Funda 

"AC Fundamentals Diploma 

Electrical Engineering" 

 

Mentorship Note 

In today’s digital age, the most successful engineers are those who use Virtual Tools to test their 

ideas before touching physical wires. Spend at least 30 minutes on the Falstad Simulator; seeing the 

current "slosh" back and forth in an AC circuit will give you an "Aha!" moment that no textbook can 

provide. When you go for your Practical Exams, mention that you’ve used these simulators to verify 

your calculations—it shows your examiners that you have the "Digital Fluency" required in the 

modern industry! 

1. Beyond the Syllabus – Emerging Technologies 

As a Diploma student, you must realize that the AC fundamentals you learn in Unit 1 are the building 

blocks for technologies that are currently changing the world. 

• Smart Grids and Phasor Measurement Units (PMUs): 

The Connection: In class, we study "Phasors" as a way to represent AC. In the 

modern power industry, a PMU is a device that measures the electrical waves on an 

electricity grid in real-time using a common time source for synchronization. 

Why it Matters: Traditional grids were "blind," but Smart Grids use these 

synchronized phasor measurements to prevent blackouts. If you master vector 

representation and phase angles now, you can pursue a career in Grid Automation—

a field that is currently seeing massive investment globally. 

• Wireless Power Transfer (WPT) for Electric Vehicles: 

The Connection: WPT relies on "Resonance" and "Alternating Magnetic Fields"—

concepts that begin with Faraday’s Law and AC generation. 

Why it Matters: Imagine charging your EV just by parking it over a pad. This 

technology uses high-frequency alternating current to create a magnetic field that 

transfers energy without wires. Understanding frequency and AC waveforms is 

essential if you want to work in the R&D departments of EV giants like Tesla, Tata 

Motors, or MG. 

 

2. MOOC & Online Course Recommendations 

To gain a "Distinction" grade and improve your resume, I recommend these specific courses: 

• Course Title: Basic Electrical Circuits 



 
 

30 
 

Platform: NPTEL / SWAYAM 

How it Complements: This course is taught by top IIT professors. It provides 

advanced mathematical insights into AC waveforms and serves as a perfect bridge 

between your Diploma studies and a Degree (B.E./B.Tech) in the future. 

• Course Title: Introduction to Solar Systems and AC Fundamentals 

Platform: Coursera (Audit Mode) 

How it Complements: Since your branch is Electrical/Renewable Energy, this course 

shows you how the DC power generated by solar panels is converted into the AC 

power we studied in Unit 1 using Inverters. 

 

3. Industrial Exposure / Field Visit Suggestions 

To truly understand AC Fundamentals, you need to see the scale at which it operates. Here are three 

field visit suggestions: 

• 220kV or 400kV Electrical Substation (e.g., GETCO/PGCIL): 

What to Observe: Look at the massive transformers and the Capacitor Banks. 

The Unit 1 Connection: You will see the physical equipment used to correct the 

"Phase Lag" we discussed in Lecture 5. Seeing a capacitor bank as large as a room 

makes the concept of "Leading Power Factor" unforgettable. 

• A Local Thermal or Hydroelectric Power Plant: 

What to Observe: The Alternator (AC Generator). 

The Unit 1 Connection: Observe the RPM (speed) of the turbine and how it is strictly 

maintained to ensure a constant Frequency of 50 Hz. You will see Faraday's Law in 

action at a massive scale. 

• Industrial Manufacturing Unit (with large Induction Motors): 

What to Observe: The Control Panel and the Power Factor Meter. 

The Unit 1 Connection: Watch the meter as heavy motors start. You will see how 

the phase difference between voltage and current changes with the load, bringing 

your "Lagging and Leading" theory to life. 

 

4. AI Avatar Video Script (Unit 1 Overview) 

Duration: 60 Seconds 

Tone: Energetic, Professional, and Motivational 

[0:00 - 0:10] WELCOME & HOOK:(Avatar smiles, standing in a virtual high-tech lab) "Hello, future 

Electrical Technocrats! Welcome to the world of AC Fundamentals. Did you know that every light, 

fan, and motor around you is dancing to the rhythm of a sine wave? Today, we unlock the secrets of 

that rhythm." 



 
 

31 
 

[0:10 - 0:30] CORE CONTENT (The Sine Wave):(Graphic appears: A rotating loop generator and a 

sine wave forming next to it) "In Unit 1, we don't just see electricity; we measure its pulse. From 

Faraday’s Law to the generation of alternating voltage, we learn why AC is the backbone of our 

modern world. We’ll master the language of Frequency, RMS values, and the power of Phasors." 

[0:30 - 0:50] INDUSTRY RELEVANCE:(Visual shifts to a Smart City grid and an EV Charging station) 

"Why does this matter? Because whether you are managing a national power grid or designing the 

next generation of Electric Vehicles, your success depends on understanding how AC quantities lead, 

lag, and combine. This isn't just theory—it’s the foundation of your engineering career." 

[0:50 - 1:00] SUMMARY & TRANSITION: "By the end of this unit, you'll be able to calculate AC values 

like a pro and visualize vectors with ease. Get ready to power up your knowledge as we dive into 

Topic 1: The Basics of AC Generation. Let’s get started!" 

 

Mentorship Note 

Mastering AC Fundamentals is like learning the DNA of Electrical Engineering. Don't be intimidated 

by the math; instead, focus on the visualization. Use the simulators, watch the field visit videos, and 

always ask yourself: "How would this look on an oscilloscope?" If you can visualize the wave, you can 

solve any problem. You've got this! 

1. Most Repeated / High-Probability Questions 

Based on standard Diploma Board patterns (like GTU, MSBTE, etc.), these questions represent the 

core requirements of the syllabus1111. 

A. Core Definitions & Short Answer (2–3 Marks Each) 

1. Define Cycle, Time Period, and Frequency. State the mathematical relationship between 

them. 

2. Define Instantaneous Value and Maximum Value of an alternating quantity. 

3. Explain the terms RMS Value and Average Value. Why is the RMS value called the "effective 

value"?. 

4. Define Form Factor and Peak Factor. State their values for a purely sinusoidal wave. 

5. What is meant by Phase Difference? Briefly explain "In-phase" quantities. 

B. Explanatory & Diagram-Based Questions (3–4 Marks Each) 

6. Explain the generation of alternating voltage in a single loop generator with a neat sketch 

and relevant equations. 

7. Represent a sinusoidal alternating quantity as a Phasor (Vector). Explain why vectors are 

used in AC analysis. 

8. Differentiate between Lagging and Leading alternating quantities with the help of 

waveforms and mathematical equations. 

9. Explain the Graphical Method for the addition of two alternating quantities using the 

parallelogram law of vectors. 
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10. Describe the Analytical Method (Component Method) for adding two vectors V1 and V2 

having a phase difference φ

 

2. Application & Logical Thinking Questions 

These questions are designed to test your deeper understanding and help you achieve "Distinction" 

level scores. 

1. System Rating: If the peak voltage of a household supply is 325V, why do we refer to it as a 

"230V supply"? Justify your answer using the concept of RMS value. 

2. Frequency Change: A motor is designed to work at 50 Hz. If the frequency of the supply 

increases to 60 Hz, what will happen to the Time Period ($T$) and the Angular Frequency 

($\omega$)? Calculate the percentage change. 

3. Vector Transformation: You are given an impedance in rectangular form as $Z = 3 + j4$. 

Why is it necessary to convert this into Polar form ($Z \angle \theta$) before performing 

multiplication or division in an AC circuit? 

4. Phase Justification: In a particular circuit, the current reaches its maximum value 30 degrees 

after the voltage. (a) Is the current leading or lagging? (b) Write the standard sinusoidal 

equations for both if $V_m = 100V$ and $I_m = 10A$. 

5. Waveform Analysis: Why is the "Average Value" of a complete sinusoidal cycle zero? Explain 

how engineers overcome this problem to find a meaningful average for power calculations. 

 

Mentorship Note 

In Diploma exams, Unit 1 is the foundation for the entire AC circuit syllabus. Examiners often 

prioritize Vector Math (Rectangular to Polar) and RMS/Average definitions. If you can master the 

derivation of VRMS = 0.707 Vm, you have already secured a significant portion of your marks. Don't 

just memorize the definitions—draw the waveforms! A well-labelled diagram can often earn you full 

marks even if your explanation is brief. 
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Unit 2 Study Plan: Single Phase AC Series Circuits 

Total Weightage: 29% | Suggested Time: 12 Lecture Hours 

Sequence Topic Breakdown Category 
Time 

(Hrs) 

Exam 

Importance 

Practical 

Relevance 

1 

Pure Resistive (R) 

Circuits: Equations 

for $v$, $i$, $p$, 

and power factor; 

waveforms and 

vector diagrams555. 

Core 1.5 Moderate 
High (Heating 

loads) 

2 

Pure Inductive (L) 

Circuits: Inductive 

reactance ($X_L$), 

phase lag, and 

power 

equations666. 

Core 1.5 High 
High 

(Motors/Chokes) 

3 

Pure Capacitive 

(C) Circuits: 

Capacitive 

reactance ($X_C$), 

phase lead, and 

power 

equations777. 

Core 1.5 High 
High (Capacitor 

banks) 

4 RL and RC Series 

Circuits: 
Supporting 2.5 Very High Critical (Real-
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Sequence Topic Breakdown Category 
Time 

(Hrs) 

Exam 

Importance 

Practical 

Relevance 

Impedance ($Z$) 

derivation, 

impedance 

triangle, and 

phasor diagrams8. 

world loads) 

5 

RLC Series 

Circuits:Resultant 

impedance, 

voltage triangles, 

and phase angle 

calculations9. 

Core 2.0 Very High 
Fundamental for 

systems 

6 

Power Concepts: 

Active ($P$), 

Reactive ($Q$), 

and Apparent 

($S$) power; The 

Power Triangle. 

Application 1.0 Critical 
Billing & 

Efficiency 

7 

Series Resonance: 

Resonance 

frequency ($f_r$) 

condition, 

derivation, and 

effects on circuit 

impedance. 

Advanced 1.0 Very High 
Tuning & 

Protection 

8 

Numerical 

Problem Solving: 

Comprehensive 

practice covering 

all series 

configurations. 

Application 1.0 Critical Essential for ESE 

 

Strategic Insights for Success 

• The "Core" Focus: You must develop mastery over the Impedance Triangle and Power 

Triangle. These are the visual maps that make complex AC math simple. 
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• Outcome-Based Goal: By the end of this unit, you should be able to apply these principles to 

solve and troubleshoot industrial electrical circuits. 

• Practical Synergy: While studying this theory, focus on your laboratory experiments 

(Practicals 3 through 8), as they directly verify the voltage, current, and resonance concepts 

we discuss here. 

Suggested Learning Resources 

• Primary Text:A Text Book of Electrical Technology (Vol-1) by B.L. Theraja. 

• Digital Supplement:Electronics-Tutorials: AC Circuits 

As an expert lecturer in Electrical Engineering, I am delighted to break down the core behaviors of 

Alternating Current (AC) through these three fundamental components. Understanding these is like 

learning the "ABC" of AC circuits; it's the foundation for everything else you will learn. 

Lecture 1: Behavior of AC through pure resistive, inductive and capacitive circuit  
 
1. Purely Resistive Circuit 

In a purely resistive circuit, the component offers simple resistance ($R$) to the flow of current, and 

all electrical energy is converted into heat. 

 

[a] Equations: 

Voltage: v = Vm × sin(ωt) 
Current: i = Im × sin(ωt), where Im = Vm / R 
Instantaneous Power: p = v × i = Vm × Im × sin²(ωt) 
Average Power: P = Vrms × Irms (measured in Watts) 
Power Factor: cos(φ) = 1 (Unity) 
 

https://www.electronics-tutorials.ws/accircuits


 
 

36 
 

[b] Diagrams: 

Waveform: Voltage and current waveforms reach their peaks and zeros at the same time. 

Vector (Phasor) Diagram: The voltage and current vectors are aligned (in phase). 

 

2. Purely Inductive Circuit 

A pure inductor opposes changes in current by inducing a "back EMF," causing the current to lag 

behind the voltage. 

 
(a)Equations: 
Voltage:v = Vm × sin(ωt) 
 
Current: i = Im × sin(ωt - 90°),  
where Im = Vm / XL 
 
Average Power: Pavg = 0  
(Energy alternates between the source and the inductor’s magnetic field) 
 
Power Factor: cos (90°) = 0 (Lagging) 
 
(b) Inductive Reactance (XL): 

This is the opposition offered by an inductor to AC.  

It is defined as:XL = 2 × π × f × L = ω × L, measured in Ohms (Ω) 

(c) Diagrams: 

• Waveform: The current wave starts 90° (a quarter-cycle) after the voltage wave. 
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• Vector Diagram: The current vector (I) is drawn 90° clockwise (lagging) relative to the 

voltage vector (V). 

 

 

 

4. Purely Capacitive Circuit 

 

A capacitor opposes changes in voltage. As the voltage increases, the capacitor charges, causing 

current to lead the voltage. 

(a) Equations: 

Voltage: v = Vm × sin(ωt) 

Current: i = Im × sin (ωt + 90°),  

where Im = Vm / XC 

 

Average Power: Pavg = 0  

(Energy alternates between the source and the capacitor’s electric field) 

Power Factor: cos(90°) = 0 (Leading) 

 

(b) Capacitive Reactance (XC): 

 

This is the opposition offered by a capacitor to AC.  

It is defined as:XC = 1 / (2 × π × f × C) = 1 / (ω × C), measured in Ohms (Ω) 

(c) Diagrams: 

• Waveform: The current wave starts 90° before the voltage wave. 
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• Vector Diagram: The current vector (I) is drawn 90° counter-clockwise (leading) relative to 

the voltage vector (V). 

Circuit Element Opposition Current Phase Power Factor Average Power 

Resistor (R) R In Phase (0°) 1 (Unity) V × I 

Inductor (L) XL = ω × L Lags by 90° 0 (Lagging) 0 

Capacitor (C) XC = 1 / (ω × C) Leads by 90° 0 (Leading) 0 

Behavior of a Pure Capacitor in an AC Circuit 

This video provides a visual and mathematical walkthrough of how a pure capacitor interacts with 

AC, reinforcing the lead/lag concepts we just discussed. 

https://youtu.be/ef1dVXXwF90 

 
Lecture 2: Behaviour of AC through RL, RC, and RLC series circuit:  
 
1. The Hook: Why does your fan motor get hot? (5 Minutes) 

Think about the ceiling fan in your room. It has a copper coil (an inductor). If it were a pure inductor, 

it wouldn't consume any real power—it would just "borrow" energy and give it back. But after 

running for an hour, the motor feels hot. Why? Because the wire has internal Resistance (R). You are 

actually looking at an RL Series Circuit. Understanding these combinations is the secret to knowing 

why your electricity bill is what it is! 

 

2. Core Concepts: The Power of Three (40 Minutes) 

A. The RL Series Circuit (Resistance + Inductance) 

https://www.youtube.com/watch?v=ef1dVXXwF90
https://youtu.be/ef1dVXXwF90
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When we connect R and L in series, the same current (I) flows through both. 
Voltage Equations: The total voltage V is the vector sum of VR (voltage across resistor) and  
VL (voltage across inductor). 
 
V = √(VR² + VL²) = I × √(R² + XL²) 
 

• Impedance (Z): The total opposition is Z = √(R² + XL²) 
•  
• Current (I): I = V / Z. In an RL circuit, the current lags the voltage by an angle φ. 
•  
• Power Factor: cos(φ) = R / Z 
•  

 
B. The RC Series Circuit (Resistance + Capacitance) 
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Here, the capacitor introduces a "leading" effect. 

• Voltage: V = √(VR² + VC²) = I × √(R² + XC²) 
•  
• Impedance: Z = √(R² + XC²) 
•  
• Current: I leads the voltage by angle φ 

 
 

 

 

 

C. The RLC Series Circuit:  
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The Ultimate BattleIn an RLC circuit, L tries to make current lag, while C tries to make it lead. 

 
• Net Reactance (X): X = XL - XC 
• Total Impedance: Z = √(R² + (XL - XC)²) 
• Phase Angle: If XL> XC, the circuit is inductive (lagging). If XC > XL, it is capacitive (leading) 

 
The Impedance Triangle (Visual Tool) 

Imagine a right-angled triangle. The base is Resistance ($R$), the height is Net Reactance (XL - XC), 

and the hypotenuse is the total Impedance ($Z$). This triangle is your best friend for solving 

numerical problems! 

 

3. Real-World / Industry Applications (10 Minutes) 

In industry, almost all AC motors are RL loads. Because they are inductive, they have a "poor" 

lagging power factor. Factories use Capacitor Banks (C) in series or parallel to create an RLC 

environment that "corrects" the power factor back toward unity888. This reduces the current drawn 

from the grid, saving thousands of dollars in electricity penalties. 

 

4. Summary & Q&A (5 Minutes) 

Key Takeaway: Impedance (Z) is the combined opposition of resistance and reactance. 
Quick Formula Check: V = I × Z ; Power (P) = V × I × cos(φ) 
Common Doubt: "Sir, can we just add VR and VL like 2 + 2 = 4?" 
Answer: No! Because they are out of phase, we must use Vector Addition (Pythagoras theorem). 
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Mentorship Note: The "System" Perspective 

Mastering RL and RLC circuits is the first step toward becoming a Power Systems Engineer. Whether 

you are designing a simple home inverter or managing a massive substation, these equations stay 

the same. If you can visualize the Impedance Triangle in your head, you will be able to troubleshoot 

complex industrial faults that others might miss. Keep practicing the numerical—your calculator is 

your most powerful tool this semester!  

Hello students! Welcome to today's session on what I like to call the "efficiency metric" of the 

electrical world. If you've ever wondered why some electrical systems are considered "healthy" 

while others are "wasteful," today you will find the answer. We are diving into the Concepts of 

Power Factor: Lagging, Leading, and Unity. 

 

Lecture 3: Concepts of power factor: lagging, leading and unity power factor  
 

1. Hook / Introduction: The "Frothy Coffee" Analogy (≈ 5 minutes) 

Imagine you walk into a café and order a large mug of cappuccino. When the waiter brings it, the 

mug is full to the brim. However, as you look closer, you see that 80% of the mug is liquid coffee, but 

the top 20% is just foam. 

In electrical engineering, that liquid coffee is the "Active Power" (the stuff that actually does the 

work, like turning a motor). The foam is "Reactive Power" (necessary to create magnetic fields but 

doesn't do "work"). The entire mug—coffee plus foam—is "Apparent Power." 

The Question: If you are paying for the whole mug, wouldn't you want as much coffee and as little 

foam as possible? That ratio of coffee to the whole mug is exactly what Power Factor is! 1 

 

2. Core Concepts: The Three Faces of Power Factor (≈ 40 minutes) 

• Technically, the Power Factor (PF) is defined as the cosine of the phase angle (φ) 

between the voltage (V) and the current (I). 

• PF = cos(φ) = Active Power (W) / Apparent Power (VA) = R / Z 

• A. Unity Power Factor (cos φ = 1) 
• The Scenario: Voltage and current are perfectly in step—they reach their peaks and zeros at 

the exact same time3. 

• The Cause: This happens in purely resistive circuits, such as an electric heater or an old-

fashioned incandescent bulb444. 

• The Result: There is zero "foam" (reactive power). Every bit of energy sent from the source 

is converted into useful work or heat. 

B. Lagging Power Factor 

• The Scenario: The current "lags" behind the voltage. Imagine the voltage starting to run and 

the current trailing behind by an angle $\phi$5. 

• The Cause: This is caused by Inductive loads like motors, transformers, and fan coils666. 

These devices use energy to build magnetic fields, which "delays" the current. 
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+1 

• The Impact: Most industrial equipment is inductive, meaning the majority of the world 

operates at a lagging PF. 

C. Leading Power Factor 

• The Scenario: The current gets a "head start" and leads the voltage7. 

• The Cause: This is caused by Capacitive loads888. Capacitors store energy in electric fields 

and "push" the current ahead. 

• The Strategy: In engineering, we don't usually have "purely" capacitive machines. Instead, 

we use capacitors as "medicine" to fix the lagging problems caused by motors. 

 

 

3. Real-World / Industry Applications (≈ 10 minutes) 

In a factory filled with heavy motors (lagging loads), the Power Factor can drop to 0.7 or lower. This 

is bad news for two reasons: 

1. I²R Losses: To provide the same amount of work, a low PF circuit must draw much more 

current, which heats up the wires and wastes energy. 

2. Penalties: Electricity distribution companies like GETCO or PGVCL monitor your PF. If it drops 

below a certain limit (usually 0.9 or 0.95), they charge a massive Power Factor Penalty on 

your bill9. 
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The Solution: Engineers install Capacitor Banks10101010. The leading PF of the capacitors "cancels out" 

the lagging PF of the motors, bringing the system back toward Unity. 

+1 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaway: Power Factor tells us how efficiently we are using electricity. 

• Quick Revision: Inductors = Lagging; Capacitors = Leading; Resistors = Unity11. 

• Common Doubt:"Sir, is a Leading PF 'better' than a Lagging one?" 

o Answer: Not necessarily. Any deviation from 1.0 (Unity) means you are carrying 

"foam" in your mug. However, we love Leading PF because it is the tool we use to 

neutralize Lagging PF. 

 

Mentorship Note: Your Career as a Power Quality Expert 

Mastering the Power Factor is your first step toward becoming a Power Quality Consultant or a 

Utility Engineer. Large industries pay top dollar to electrical technocrats who can analyze their 

circuits and suggest the right capacitor banks to eliminate electricity bill penalties12. As you move 

into your lab sessions to measure PF in RL and RLC circuits, remember: that phase shift you see on 

the CRO is where millions of rupees are saved or lost in the industry13! 

Hello students! Welcome to our session on the "Three Dimensions of Power." If you’ve ever looked 

at an industrial electricity bill, you might have noticed it’s much more complex than the one you get 

at home. Today, we are going to understand the mathematical and physical reality behind those 

numbers: Active, Reactive, and Apparent Power. 

 

Lecture 4: Active power, reactive power, apparent power and power triangle  
 

1. Hook / Introduction: The "Glass of Juice" Analogy (≈ 5 minutes) 

Imagine you are very thirsty and order a glass of fresh orange juice. The waiter brings a tall glass. At 

the bottom, you have the delicious liquid juice, but at the top, there is a thick layer of foam. 

• The liquid juice is what actually quenches your thirst. 

• The foam is there, taking up space in the glass, but it doesn't quench your thirst. 

• The total glass (juice + foam) is what you have to hold and what the waiter had to carry from 

the kitchen. 

In our electrical system, the liquid is Active Power, the foam is Reactive Power, and the whole glass 

is Apparent Power. Let's see why we need to understand all three to be successful electrical 

engineers! 
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2. Core Concepts: The Power Triangle (≈ 40 minutes) 

In AC circuits, because of the phase difference between voltage and current, we deal with three 

types of power1111. 

A. Active Power (P) 

• Definition: This is the "Real" or "True" power that actually performs work, such as rotating a 

motor shaft or heating an element2222. 

• Formula:P = V I cos(φ) 

• Unit: Watts (W) or Kilowatts (kW). 

B. Reactive Power (Q) 

• Definition: This power oscillates between the source and the load. It is used to create the 

magnetic fields in inductors or electric fields in capacitors3333. It does no "useful" work but is 

necessary for the equipment to function. 

• Formula:Q = V I sin(φ) 

• Unit: Volt-Ampere Reactive (VAR) or kVAR. 

C. Apparent Power (S) 

• Definition: This is the total power that the electricity provider must supply to the circuit. It is 

the vector sum of active and reactive power4444. 

• Formula:S = V I or S = √(P² + Q²) 

• Unit: Volt-Ampere (VA) or kVA. 

The Power Triangle 

Visualizing these is easy with a right-angled triangle: 

1. Base: Active Power (P) 

2. Perpendicular: Reactive Power (Q) 

3. Hypotenuse: Apparent Power (S) 

The angle between $P$ and $S$ is our old friend, the phase angle ($\phi$). Therefore, cos(φ) = P / S 

which is the Power Factor! 

 

3. Real-World / Industry Applications (≈ 10 minutes) 

Why does this matter to a Diploma Engineer? 

• Equipment Rating: Transformers and Alternators are always rated in kVA (Apparent Power), 

not kW5. Why? Because the manufacturer doesn't know if you will connect a heater (Active 

load) or a motor (Reactive load). They must build the machine to handle the total current 

(Apparent Power). 
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• Billing: Large industries are billed based on their kVA demand. If they have too much "foam" 

(Reactive Power), their kVA goes up, and their bill skyrockets. This is why we use capacitor 

banks to reduce Q and bring S closer to P. 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaway: P is for work, Q is for fields, and S is the total supply. 

• Quick Check:If φ = 0 (Unity PF), then Q = 0 and S = P 

• Common Doubt:"Sir, if Reactive Power doesn't do work, why can't we just eliminate it?" 

Answer: We can't! You cannot run an induction motor without a magnetic field, and you 

cannot have a magnetic field without Reactive Power. We just try to supply it locally 

(using capacitors) rather than drawing it from the grid. 

 

Mentorship Note: The "Big Picture" Engineer 

Mastering the Power Triangle is what differentiates a technician from an Engineer. When you go for 

an interview at a power plant or a manufacturing unit, they will likely ask you why transformers are 

rated in kVA. Your ability to explain the relationship between these three powers shows that you 

understand the economic and technical efficiency of a power system. Keep this triangle in your 

heart—it is the foundation of power system analysis! 

Lecture 5: Resonant condition and resonance frequency in RLC series circuit  
 

1. Hook / Introduction: The Playground Swing (≈ 5 minutes) 

Have you ever noticed that when you push someone on a swing, there is a specific "rhythm" or 

timing you need to follow? If you push too fast or too slow, the swing doesn't go very high. But if you 

push at just the right moment, the swing reaches its maximum height with very little effort. 

In Electrical Engineering, every RLC circuit has its own "natural rhythm." When we provide AC power 

at exactly that frequency, the circuit "resonates." The result? The opposition to current drops to its 

absolute minimum, and the current reaches its maximum peak. Today, we will learn how to find that 

"sweet spot" known as the Resonance Frequency1. 

 

2. Core Concepts: The State of Perfect Balance (≈ 40 minutes) 

A. The Condition for Resonance 

In an RLC series circuit, total Impedance (Z) is given by: 

Z = √(R² + (XL − XC)²) 

Resonance occurs when the "rivalry" between the Inductive Reactance (XL) and Capacitive 

Reactance ($X_C$) ends in a tie. 

• Condition: XL = XC 
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• When this happens, the term (XL - XC)becomes zero. 

• The Impedance becomes Minimum and purely resistive: $Z = R$. 

B. Deriving Resonance Frequency (fr) 

To find the exact frequency where this happens, we set the reactance equal: 

2π frL = 1 / (2π frC)Solving for fr, we get the Golden Formula: 

fr = 1 / (2π √(L C))C. Characteristics of Series Resonance 

1. Impedance is Minimum: Z = R. 

2. Current is Maximum: I = V / R. 

3. Power Factor is Unity:cos(φ) = 1The circuit behaves like a pure resistor. 

4. Voltage Magnification: Paradoxically, the voltage across L or C can be much higher than the 

supply voltage! 

 

3. Real-World / Industry Applications (≈ 10 minutes) 

Why do we care about resonance? 

• Radio and TV Tuning: When you turn the dial on an old radio to "tune in" to a station, you 

are actually changing a variable capacitor inside. You are adjusting the circuit’s $f_r$ to 

match the station's frequency. When they match, resonance occurs, the current peaks, and 

you hear the music! 
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• Communication Filters: Resonance allows us to "accept" one specific frequency while 

"rejecting" all others. 

• Hazardous Resonance: In power systems, accidental resonance can cause massive voltage 

spikes that can blow up transformers. Engineers must design systems to avoid resonance in 

power lines. 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaway: Resonance happens when XL = XC. 

• The Formula:fr = 1/(2π √(L C)). 

• Typical Student Doubt:"Sir, if XL and XC cancel out, does that mean there is no voltage 

across them?" 

Answer: No! There is actually a lot of voltage across them, but they are 180°out of 

phase, so they cancel each other out from the perspective of the power source. 

 

Mentorship Note: The "Frequency" of Your Career 

Mastering resonance is the key to entering the high-tech world of Telecommunications and Signal 

Processing. While Unit 2 focuses on power, these same principles allow your smartphone to pick up 

a 5G signal out of the air. As you perform Practical No. 8 in the lab6, pay close attention to how the 

ammeter suddenly jumps to a peak value—that is the moment you've hit resonance. Understanding 

this "tuning" will make you an invaluable asset in both power industries and electronic design firms! 

Lecture 6: Resonant condition and resonance frequency in RLC series circuit  
 

1. Hook / Introduction: The "Electrical Doctor" (≈ 5 minutes) 

Imagine you are a doctor, and a patient (a factory) comes to you because their electricity bill is too 

high. You can’t just say, "You have an inductor problem." You need to calculate exactly how much 

capacitance to add to fix it. Today, you learn to write that "prescription." We are going to solve real-

world scenarios where we find the "missing links" in a circuit—be it current, power, or that perfect 

resonance frequency22. 

 

2. Core Concepts: The Problem-Solving Roadmap (≈ 40 minutes) 

To solve any AC series numerical, we follow a logical 4-step workflow. Let's walk through it using a 

classic RLC series example. 

Step 1: Reactance and Impedance (Z) 

First, identify your opponents. If you are given Inductance ($L$) and Capacitance ($C$), convert them 

to Ohms (XL and XC) using the frequency (f): 

XL = 2π f L 
• XC = 1 / (2π f C) 
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• Total Impedance: Z = √ (R² + (X_L − X_C) ²) 
Step 2: Current and Voltage Drops 

Once you have the total opposition ($Z$), find the total current: I = V / Z. 

• Pro Tip: In a series circuit, current ($I$) is the same everywhere! Use it to find voltage across 

any component: VR = I · R, VL = I · XL, Vc = I · XC 

• Step 3: Power and Power Factor 

Calculate the "useful" work and the "efficiency": 

Power Factor: cos(φ) = R / Z 

Active Power: P = V · I · cos(φ) 

Step 4: The Resonance Special Case 

If the problem asks for the "Resonance Frequency" ($f_r$), it means $X_L = X_C$. You don't even 

need $V$ to find this; you just need $L$ and $C$: 

fr = 1 / (2π √(L C))

 

3. Real-World / Industry Applications (≈ 10 minutes) 

In industry, these calculations are used for Load Balancing. For example, if a workshop adds a new 

5HP induction motor, a diploma engineer calculates the new total $Z$ and the resulting drop in 

power factor11111111. If the power factor drops below 0.9, you use your numerical skills to calculate 

the exact kVAR of capacitors needed to avoid heavy penalties from the electricity board1212. These 

aren't just "exam problems"—they are "money-saving" calculations! 

 

4. Summary & Q&A (≈ 5 minutes) 

• Key Takeaway: Always find XL and XC first. 

• Revision Point: If XL > XC, the circuit is inductive (lagging). If XC > XL, it's capacitive (leading). 

• Typical Student Doubt:"Sir, why does VL + VR sometimes add up to more than the supply 

voltage V?" 

o Answer: Because they are vectors! You must add them using the Pythagoras 

theorem V = √(VR² + VL²), not simple addition. 

 

Mentorship Note: The Competitive Edge 

Mastering these numerical is your "secret weapon" for competitive exams and job interviews. 

Whether it's the GETCO junior engineer exam or a private technical interview, they will test your 

ability to solve RLC circuits quickly15. Practice these until the Power Triangle becomes second nature 

to you. An engineer who can calculate accurately is an engineer who can be trusted with a multi-

million rupee power system! Keep your calculators ready—see you in the tutorial session16! 

A. Low-Level Prompts (Remember & Understand) 
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Focus: Mastering the basics and clear definitions. 

1. "Explain the basic concept of [Single Phase AC Series Circuits] in very simple terms, as if you 

are teaching a beginner." 

2. "Give me a list of the top 10 most important terms and definitions I need to know for [Unit 

2: Single Phase AC Series Circuits]." 

3. "Summarize the behaviour of a [Purely Inductive Circuit] into five clear bullet points for quick 

revision." 

4. "Create a 'Cheat Sheet' of all the fundamental formulas used in [AC Series Circuits], including 

units for each variable." 

5. "What is the difference between [Inductive Reactance] and [Capacitive Reactance]? Explain 

with a simple analogy." 

6. "Explain why [Power Factor] is important in AC circuits using a non-engineering example." 

7. "Provide a step-by-step definition for [Active, Reactive, and Apparent Power] and how they 

relate to each other." 

8. "List the three main conditions that must be met for [Series Resonance] to occur." 

9. "Create a 5-question multiple-choice quiz on the basics of [Series RLC Circuits] and provide 

the answers with explanations." 

10. "Act as a tutor and explain the significance of the [Impedance Triangle] in solving circuit 

problems." 

 

B. Moderate-Level Prompts (Apply & Analyze) 

Focus: Applying your knowledge to solve problems and compare concepts. 

11. "I have a circuit with [Resistance, Inductance, and Capacitance] in series. Walk me through 

the logical steps to find the total Impedance." 

12. "Compare a [Purely Resistive Circuit] and a [Purely Capacitive Circuit] in terms of their power 

consumption and phase angle." 

13. "Explain the real-world consequences of having a [Low Lagging Power Factor] in an industrial 

setting." 

14. "Show me how the [Power Triangle] changes when we add a capacitor to a circuit that was 

previously purely inductive." 

15. "Create a practice numerical problem for an [RLC Series Circuit] and show me the step-by-

step solution using the vector method." 

16. "Analyze why the current is at its maximum value during [Series Resonance]. What happens 

to the impedance at this point?" 

17. "Provide three examples of how [AC Series Circuits] are used in everyday household 

appliances." 
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18. "Explain how to draw a [Phasor Diagram] for an RL circuit. Which quantity should I draw on 

the reference axis and why?" 

19. "What are the practical advantages and disadvantages of [Series Resonance] in 

communication systems?" 

20. "If I increase the frequency in an [RLC Series Circuit], how does it affect the Inductive 

Reactance and the Capacitive Reactance differently?" 

C. High-Level Prompts (Design & Create) 

Focus: Solving complex problems and system-level thinking. 

21. "Design a step-by-step workflow or 'Algorithm' that I can follow to solve any complex [Single 

Phase AC Series Circuit] numerical." 

22. "Create a troubleshooting guide for an electrical system experiencing [High Reactive Power]. 

What steps should an engineer take to fix it?" 

23. "Develop a logical argument for why a factory should invest in [Power Factor Correction]. 

Include the technical and economic benefits." 

24. "Act as a lead engineer and explain how the concept of [Resonance] is used to design a radio 

tuning circuit." 

25. "Synthesize everything we've learned about [Unit 2] and create a 'Master Concept Map' that 

connects Reactance, Impedance, Power Factor, and Resonance." 

 

Mentorship Note: AI is Your Assistant, Not Your Replacement 

Mastering these prompts will make your self-study sessions 10x more productive. However, the real 

"engineering magic" happens when you can do these calculations on paper during an exam or 

troubleshoot a live panel in the lab. 

Part 1: Key Definitions / Glossary 

Essential vocabulary for every Electrical Engineer. 

1. Inductive Reactance (XL): The opposition offered by an inductor to the flow of alternating 

current, measured in Ohms2. 

2. Capacitive Reactance (XC): The opposition offered by a capacitor to the flow of alternating 

current, measured in Ohms3. 

3. Impedance (Z): The total effective opposition of a circuit to alternating current, combining 

resistance and reactance4. 

4. Phase Angle φ: The angular displacement between the voltage and current vectors in an AC 

circuit5. 

5. Power Factor: The cosine of the phase angle between voltage and current, indicating circuit 

efficiency6. 

6. Active Power (P): The actual power consumed by the resistive part of a circuit to perform 

useful work, measured in Watts7. 
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7. Reactive Power (Q): The power that oscillates between source and load to maintain 

magnetic or electric fields, measured in VAR8. 

8. Apparent Power (S): The product of RMS voltage and RMS current, representing the total 

power supplied, measured in VA9. 

9. Admittance (Y): The reciprocal of impedance, representing the ease with which current 

flows10. 

10. Series Resonance: A condition where XL = XC, resulting in minimum impedance and 

maximum current11. 

11. Resonant Frequency (fr): The specific frequency at which a series RLC circuit enters a state 

of resonance12. 

12. Lagging Power Factor: A condition where current peaks after the voltage, typical in inductive 

loads13. 

13. Leading Power Factor: A condition where current peaks before the voltage, typical in 

capacitive loads. 

14. Unity Power Factor: A condition where voltage and current are in phase, resulting in a 

power factor of 1.0. 

15. Choke Coil: An inductor used to limit AC current with minimum power loss. 

 

Part 2: FAQ & Assessment Section 

A. Multiple Choice Questions (MCQs) 

1. In a purely inductive circuit, current ____ the voltage by 90°. 

2. The unit of Apparent Power is ____. 

3. At series resonance, the impedance of the circuit is ____. 

4. A pure capacitor consumes ____ average power. 

5. If XL > XC, the circuit power factor is ____. 

6. The formula for Inductive Reactance is ____. 

7. The power factor of a purely resistive circuit is ____. 

8. In an RLC series circuit, the vector sum of VR, VL, and VC equals ____. 

9. As frequency increases, Capacitive Reactance (X_C) ____. 

10. The ratio of R/Z represents the ____. 

11. Reactive power is measured in ____. 

12. At resonance, the phase angle φis ____. 

13. The "foam" in the coffee analogy represents ____ power. 

14. Transformers are usually rated in ____. 
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15. A circuit with a power factor of 0.8 lagging is likely ____. 

16. The hypotenuse of the Impedance Triangle represents ____. 

17. fr = 1 / (2π √(L C))is the formula for ____. 

18. In an RC series circuit, the current ____ the voltage. 

19. To improve a lagging power factor, we connect a ____. 

20. The real work-doing component of power is ____. 

B. Short Answer / Viva Questions 

1. Why is the power factor of a pure inductor zero? 

2. What is the physical significance of the "Power Triangle"? 

3. Why do we use the term "Impedance" instead of just "Resistance" in AC? 

4. What happens to the current in a series RLC circuit if the frequency is changed from fr to a 

higher frequency? 

5. Why are capacitors used in industries with many motors? 

6. Explain the condition XL = XC in terms of energy exchange. 

7. How does a choke coil differ from a pure resistor in terms of power loss? 

8. Can the voltage across a capacitor in a series RLC circuit be higher than the source voltage? 

Why? 

9. Define "Unity Power Factor" and its importance for electricity billing. 

10. What is the relationship between the Impedance Triangle and the Power Triangle? 

 

Answer Key for MCQs 

1. Lags | 2. VA | 3. Minimum (equal to R) | 4. Zero | 5. Lagging | 6. 2π f L| 7. Unity (1.0) | 8. 

Supply Voltage (V) | 9. Decreases | 10. Power Factor | 11. VAR | 12. Zero degrees | 13. 

Reactive | 14. kVA | 15. Inductive | 16. Impedance ($Z$) | 17. Resonant Frequency | 18. 

Leads | 19. Capacitor | 20. Active Power 

 

Mentorship Note: The Examiner’s Mindset 

When you sit for your viva or theory exam, remember that examiners look for conceptual links. 

Don't just memorize the resonance formula; understand that it represents a "balance of forces." 

When you solve numericals, always draw the Impedance Triangle first17. It prevents calculation 

errors and shows the examiner you have a "visual" grasp of the physics. Mastery of this unit is your 

passport to understanding advanced power systems—keep practicing, and stay curious! 

1. AI Tools & Digital Learning Tools 
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These tools will help you simulate circuits, visualize phasors, and simplify the heavy mathematical 

calculations required for this unit. 

• Phet Interactive Simulations (University of Colorado Boulder) 

Purpose / Use-case: Virtual circuit construction and visualization. 

How it helps: Use the "Circuit Construction Kit: AC" to build RL, RC, and RLC series 

circuits. It allows you to visualize current flow and voltage drops in real-time using 

virtual oscilloscopes, which is perfect for understanding phase differences. 

• WolframAlpha (Computational Intelligence) 

Purpose / Use-case: Advanced mathematical solving and step-by-step calculus. 

How it helps: It is an incredible calculator for complex number operations 

(rectangular to polar conversions) and solving resonance frequency equations. You 

can input "RLC circuit resonance" to see generated impedance plots and transfer 

functions. 

• EveryCircuit (Mobile/Web Simulator) 

Purpose / Use-case: Real-time animated circuit simulation. 

How it helps: This tool provides a highly visual way to see how changing frequency 

affects the "glow" of a bulb in a series circuit. It is excellent for practicing problem-

solving logic before heading into the physical laboratory. 

+4 

• Virtual Labs (vlab.co.in - MoE, Government of India) 

Purpose / Use-case: Remote access to physical lab experiments. 

How it helps: Specifically designed for Diploma and Degree students, the "Basic 

Electrical Engineering Lab" allows you to virtually perform experiments like 

measuring the power factor of an RL series circuit or finding the resonant frequency 

of an RLC circuit 

Topic Name 
Recommended Channel / 

Course / Lecturer Name 
Search Keywords 

Purely Resistive, Inductive, 

and Capacitive Circuits 

NPTEL-NOC IITM / Prof. 

Satyabrata Jit 

AC through pure R L C circuits 

NPTEL 

RL, RC, and RLC Series 

Circuits (Phasor Diagrams) 
Learn Engineering (now Lesics) 

RLC series circuit phasor 

diagram visualization 

Power Factor (Lagging, 

Leading, and Unity) 

Electrical4U / Engineering 

Mindset 

Power factor explained 

lagging leading unity 
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Topic Name 
Recommended Channel / 

Course / Lecturer Name 
Search Keywords 

Active, Reactive, and 

Apparent Power 
The Engineering Mindset 

Active Reactive Apparent 

Power Triangle explained 

Series Resonance and 

Resonant Frequency 
Swayam Prabha / CEC-UGC 

Series resonance in RLC 

circuit lecture 

Numerical Solving: AC Series 

Circuits 

Gate Academy / Electrical 

Engineering Concepts 

Solved problems AC series 

circuits RLC 

Mentorship Note: Building Your Digital Portfolio 

Mastering these digital tools does more than just help you pass Unit 2—it prepares you for the 

modern industry. Many placement interviews now value students who can demonstrate their 

understanding using simulation software or reports generated from digital experiments. I encourage 

you to use these simulators to take screenshots of your results and add them to your course 

portfolio 

1. Beyond the Syllabus – Emerging Technologies 

A. Smart Grids and Advanced Metering Infrastructure (AMI) 

In your classroom, you learn about steady-state A.C. circuits. In the real world, the Smart Grid is the 

evolution of this. It uses digital communication to manage A.C. distribution. 

• Application: Smart grids use real-time data to balance supply and demand. The 

fundamentals of Phase angle and Frequency monitoring are critical here to ensure grid 

stability when integrating renewable energy like solar and wind. 

• Career Impact: As a Diploma engineer, understanding how digital controllers interact with 

A.C. cycles will make you essential for modern utility companies. 

B. Wireless Power Transfer (WPT) for Electric Vehicles 

This technology uses the principle of Resonance—the same concept you study in RLC series/parallel 

circuits. 

• Application: By matching the resonant frequency of a primary coil (in the ground) and a 

secondary coil (in the car), power is transferred through magnetic fields without wires. 

• Career Impact: The EV revolution is just beginning. Knowing how to tune A.C. circuits for 

maximum power transfer is a high-demand skill in the automotive electronics sector. 

Course Title / 

Theme 
Platform How it Complements the Subject 
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Course Title / 

Theme 
Platform How it Complements the Subject 

Basic Electrical 

Circuits 

NPTEL / 

SWAYAM 

Provides a rigorous look at KVL/KCL in A.C. circuits and 

helps master complex number calculations. 

Electric Power 

Systems 

Coursera (Audit 

Mode) 

Shows how A.C. fundamentals apply to large-scale 

power generation and transmission systems. 

Introduction to 

Smart Grid 
NPTEL 

Connects your knowledge of A.C. waveforms to the 

future of automated energy management. 

 

3. Industrial Exposure / Field Visit Suggestions 

Seeing A.C. fundamentals in action at a massive scale is the best way to learn. Here are three 

regional suggestions: 

1. Electrical Substations (220kV/132kV/66kV) 

• What to Observe: Large capacitor banks used for Power Factor Correction, huge 

transformers, and bus-bar arrangements. 

• Learning Goal: Understand why maintaining a high power factor is critical for industrial 

efficiency and how "Reactive Power" is managed in real-time. 

2. Solar Power Plants / Solar Parks 

• What to Observe: The role of Inverters. Solar panels produce D.C., but the grid requires A.C. 

• Learning Goal: Observe the synchronization process where D.C. is converted to a pure 50Hz 

A.C. sine wave to match the grid. 

3. Regional Load Despatch Centres (RLDC) 

• What to Observe: Real-time monitoring of System Frequency. 

• Learning Goal: See how even a tiny deviation from 50Hz impacts the entire power network, 

emphasizing the importance of A.C. frequency stability. 

 

4. Conferences, Seminars & Technical Events 

Staying updated with professional bodies is a hallmark of a lifelong learner. 

• IEEE Power & Energy Society (PES) Conferences: These events focus on the "Powering a 

Sustainable Future" theme. 

o Why Attend: You will see student paper competitions and posters that show how 

A.C. fundamentals are used to solve global energy crises. 
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• National Systems Conference (NSC): A reputed Indian forum for system-level engineering. 

o Why Attend: It exposes you to "System Thinking," helping you move from solving a 

single circuit on paper to understanding how millions of circuits interact across the 

country. 

1. Beyond the Syllabus – Emerging Technologies 

A. Smart Grids and Advanced Metering Infrastructure (AMI) 

In your classroom, you learn about steady-state A.C. circuits. In the real world, the Smart Grid is the 

evolution of this. It uses digital communication to manage A.C. distribution. 

• Application: Smart grids use real-time data to balance supply and demand. The 

fundamentals of Phase angle and Frequency monitoring are critical here to ensure grid 

stability when integrating renewable energy like solar and wind. 

• Career Impact: As a Diploma engineer, understanding how digital controllers interact with 

A.C. cycles will make you essential for modern utility companies. 

B. Wireless Power Transfer (WPT) for Electric Vehicles 

This technology uses the principle of Resonance—the same concept you study in RLC series/parallel 

circuits. 

• Application: By matching the resonant frequency of a primary coil (in the ground) and a 

secondary coil (in the car), power is transferred through magnetic fields without wires. 

• Career Impact: The EV revolution is just beginning. Knowing how to tune A.C. circuits for 

maximum power transfer is a high-demand skill in the automotive electronics sector. 

 

2. MOOC & Online Course Recommendations 

To strengthen your CV and gain a deeper perspective, I recommend exploring these courses: 

Course Title / 

Theme 
Platform How it Complements the Subject 

Basic Electrical 

Circuits 

NPTEL / 

SWAYAM 

Provides a rigorous look at KVL/KCL in A.C. circuits and 

helps master complex number calculations. 

Electric Power 

Systems 

Coursera (Audit 

Mode) 

Shows how A.C. fundamentals apply to large-scale 

power generation and transmission systems. 

Introduction to 

Smart Grid 
NPTEL 

Connects your knowledge of A.C. waveforms to the 

future of automated energy management. 

3. Industrial Exposure / Field Visit Suggestions 
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Seeing A.C. fundamentals in action at a massive scale is the best way to learn. Here are three 

regional suggestions: 

1. Electrical Substations (220kV/132kV/66kV) 

• What to Observe: Large capacitor banks used for Power Factor Correction, huge 

transformers, and bus-bar arrangements. 

• Learning Goal: Understand why maintaining a high power factor is critical for industrial 

efficiency and how "Reactive Power" is managed in real-time. 

2. Solar Power Plants / Solar Parks 

• What to Observe: The role of Inverters. Solar panels produce D.C., but the grid requires A.C. 

• Learning Goal: Observe the synchronization process where D.C. is converted to a pure 50Hz 

A.C. sine wave to match the grid. 

3. Regional Load Despatch Centres (RLDC) 

• What to Observe: Real-time monitoring of System Frequency. 

• Learning Goal: See how even a tiny deviation from 50Hz impacts the entire power network, 

emphasizing the importance of A.C. frequency stability. 

 

4. Conferences, Seminars & Technical Events 

Staying updated with professional bodies is a hallmark of a lifelong learner. 

• IEEE Power & Energy Society (PES) Conferences: These events focus on the "Powering a 

Sustainable Future" theme. 

Why Attend: You will see student paper competitions and posters that show how 

A.C. fundamentals are used to solve global energy crises. 

• National Systems Conference (NSC): A reputed Indian forum for system-level engineering. 

Why Attend: It exposes you to "System Thinking," helping you move from solving a 

single circuit on paper to understanding how millions of circuits interact across the 

country. 
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Unit 3: Single Phase AC Parallel Circuits — Study Plan 

• Total Weightage: 19% (approx. 14 marks in ESE)  

• Allocated Time: 9 Hours  

• RBT Level: Application (A)  

• Prerequisite: Mastery of Vector/Phasor representation and Series AC Circuits (Unit 2). 

 

1. Topic-Wise Breakdown & Sequence 

The syllabus content  is broken down here into a logical teaching sequence, moving from 
visualization (Phasors) to calculation (Algebra) and finally to behavior (Resonance). 

Sequence Topic Name 
Detailed Content 
(As per Syllabus) 

Hours Category 

3.1 Introduction & 
Phasor Method 

• Concept of 
parallel circuits 
(Voltage is 
constant).• 
Phasor (Vector) 
method for 
solving AC 
parallel circuits.  

1 Hr Core 

3.2 Admittance 
Terminology 

• Define terms: 
Admittance (Y), 
Conductance (G), 
and Susceptance 
(B). • 
Relationship 
between Z & Y, R 
& G, X & B. 

1 Hr Supporting 

3.3 The Admittance 
Triangle 

• Draw 
Admittance 
Triangle.• 
Admittance 
method for 
solving AC 
parallel circuits.  

1 Hr Core 

3.4 Complex Algebra 
Method 

• Complex 
algebra method 
for solving AC 
parallel circuits 
(j operator). • 
Rectangular 
vs. Polar form in 
parallel. 

2 Hrs Core 

3.5 Numerical 
Problem Solving 

• Numerical 
based on AC 
parallel circuits 
(RL, RC, RLC 
parallel 
branches). • 

2 Hrs Application 
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Sequence Topic Name 
Detailed Content 
(As per Syllabus) 

Hours Category 

Calculation of 
branch currents 
and total 
current. 

3.6 Parallel 
Resonance 

• Resonance 
condition and 
resonant 
frequency in 
parallel AC 
circuits.• 
Dynamic 
Impedance.  

1 Hr Advanced 

3.7 Series 
vs. Parallel 
Comparison 

• Comparison 
between series 
and parallel 
resonance. • 
Numerical based 
on parallel 
resonance.  

1 Hr Supporting 

 

 

 

2. Strategic Categorization of Topics 

To teach effectively, we classify topics by their function in the curriculum. 

⚡ Core Topics (The “Must-Knows”) 

• Phasor & Complex Algebra Methods: Students must realize they cannot simply add 
branch currents like DC (IT ≠ I1 + I2). They must use vector addition or complex 
numbers. 

• Admittance (Y = G − jB): Crucial for simplifying parallel calculations where adding 
admittances is easier than dealing with reciprocal impedances. 

 

🧱 Supporting Topics (Conceptual Bridges) 

• Admittance Triangle: A visual tool to help students understand why Conductance (G) is 
the real part and Susceptance (B) is the imaginary part of admittance. 

• Comparison of Resonances: Helps distinguish between “Voltage Magnification” (Series) 
and “Current Magnification” (Parallel). 

 

🛠️ Application-Oriented Topics (Real World) 

• Numericals: This is an “Application” level unit. Students are expected to calculate total 
current and power factor for loads connected in parallel (e.g., a fan and a bulb connected 
to the same supply). 

• Resonance: Fundamental for understanding radio tuning and filter circuits. 
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3. Exam Importance & Practical Relevance 

Topic Exam Weight Practical Relevance 

Solving Parallel Circuits 
(Complex/Admittance) 

High Essential. All domestic and 
industrial loads (lights, 
motors) are connected in 
parallel. 

Definitions (Admittance, 
Conductance, Susceptance) 

Medium Important for viva/oral exams 
and understanding 
component specs. 

Parallel Resonance High Critical for communication 
engineering and power factor 
correction. 

Derivation of Resonant 
Frequency 

Medium Often asked as a theory 
question. 

 

 

4. Suggested Activities & Resources 

To align with NEP-2020 and the syllabus “Suggested Activities”: 

1. Lab Integration: 

o Perform experiments 9, 10, & 11: Measure voltage, current, and power factor in 
RL, RC, and RLC parallel circuits. 

o Tip: Show students that the source current is less than the arithmetic sum of 
branch currents. 

2. Chart Making: 

o Activity 10: “Prepare chart of graphical representation of series and parallel 
resonance”. 

3. Digital Learning: 

o Use CircuitGlobe or Khan Academy (referenced in syllabus [cite: 82, 89]) to 
visualize how current splits in parallel branches. 
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Course: Diploma in Electrical Engineering  

Subject: AC Fundamental (Code: DI02000171)  

Unit 3: Single Phase AC Parallel Circuits  

Topic 1: Phasor (Vector) method for solving AC parallel circuits  

Duration: 60 Minutes 

 

Lecture Transcript 

 

1. The Hook: Why “Parallel” Matters (5 Minutes) 

 “Good morning, future engineers! Welcome back. In Unit 2, we conquered Series AC circuits. 
Remember the old style of decorative lights? If one bulb fused, the whole string went dark 
because the current had nowhere else to go. That’s a series circuit. 

Now, look around this classroom. We have lights, fans, and maybe a projector plugged in. If I 
switch off the fan, do the lights go out? Of course not. They operate independently. This is 
because they are connected in parallel. 

Almost every practical electrical system in the real world—from the wiring in your home to the 
machines on a factory floor—is connected in parallel. Today, we are going to learn the 
fundamental method to analyze these circuits: The Phasor (or Vector) Method. 

 

2. Core Concepts: The Rule of Voltage and Vector Currents (40 Minutes) 

The Golden Rule of Parallel Circuits In a series circuit, current was common. In a parallel circuit, 
the rules flip. The most important concept you must remember today is this: 

In a Parallel Circuit, the Voltage across all branches is the SAME. 

Whether you have a resistive branch, an inductive branch, or a capacitive branch connected in 
parallel, they all experience the exact same source voltage (V) at the same instant. 

[VISUAL DESCRIPION 1: Circuit Diagram] (Imagine a circuit diagram with an AC Voltage Source 
‘V’ on the left. Two vertical branches are connected across it. Branch 1 contains a Resistor R. 
Branch 2 contains an Inductor L. Show the total current IT leaving the source, splitting into IR 
going down the first branch, and IL going down the second branch.) 
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The Challenge: Adding AC Currents According to Kirchhoff’s Current Law (KCL), the total 
current (IT) entering a junction must equal the sum of currents leaving it. So, IT = IR + IL + ⋯ 

But here is the catch for Diploma students: This is NOT simple arithmetic addition. 

If IR is 4 Amps and IL is 3 Amps, the total current is NOT 7 Amps. Why? Because in AC, these 
currents happen at different times—they have a phase difference. 

The Solution: The Phasor Diagram To add currents that are out of phase, we must use phasors 
(vectors). We need a reference point to start our drawing. 

Since voltage (V) is common to all branches, we always take Voltage as our reference vector. 

Let’s draw the phasor diagram for a parallel R-L circuit: 

[VISUAL DESCRIPTION 2: Phasor Diagram Construction] (Step 1: Draw a horizontal arrow 
pointing to the right. Label this vector ‘V’. This is our reference at 0∘.) (Step 2: We know current 
in a resistor is in phase with voltage. Draw another arrow representing IR right on top of the ‘V’ 
arrow, pointing right.) (Step 3: We know current in a pure inductor LAGS voltage by 90∘. Draw 
an arrow representing IL starting from the origin and pointing straight DOWNWARDS.) 

 

Finding the Total Current Now look at your diagram. You have IR going right (horizontal 
component) and IL going down (vertical component). The total current IT is the resultant 
vector—the hypotenuse connecting them. 

Using Pythagoras theorem on this vector triangle: Total Current, IT = √IR
2 + IL

2 

This is why 4A (Resistive) + 3A (Inductive) equals 5A Total, not 7A. We must add them 
vectorially. 

 

  Electrical Fun Fact:  

 

Why did AC win over DC for power distribution?  

A major reason was the “War of Currents” between Thomas Edison (DC) and Nikola 
Tesla/George Westinghouse (AC) in the late 1800s. AC won largely because transformers made 
it easy to step up voltages for efficient long-distance transmission, something very difficult to do 
with DC at the time. 
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3. Real-World Applications (10 Minutes) 

(Connecting theory to practice) 

Why are we stressing over parallel circuits? Because as an electrical engineer, you will rarely 
deal with pure series loads. 

1. Domestic Wiring: Your house is a giant parallel circuit. Every plug point provides 230V. 
When you plug in a fridge (RL load) and a heater (R load), you are adding parallel 
branches. The utility utility company needs to know the vector sum of these currents to 
size the transformer outside your house. 

2. Industrial Loads: A factory might have 50 induction motors running in parallel. These 
are inductive loads that draw lagging current. The total current drawn from the grid is 
calculated exactly using the phasor method we just discussed. 

 

4. Summary & Q&A (5 Minutes) 

Let’s recap the key takeaways for Unit 3, Topic 1: 

• In parallel circuits, Voltage is the Reference vector because it is common to all branches. 

• You cannot arithmetically add branch currents (IT ≠ I1 + I2). 

• You must use Phasor Addition to find the total current, accounting for the phase angles 
of different branches (Resistive current is horizontal, Inductive is downwards, 
Capacitive is upwards). 

Common Student Doubt: “Sir, in series circuits, current was the reference. Why did it change?” 
Answer: Because the reference is always whatever quantity is common throughout the circuit. 
In series, current is common. In parallel, voltage is common. 

 

Mentorship Note for Future Engineers: Don’t just memorize the phasor diagram for the exam. 
Master the concept of vector addition. Whether you become a power system engineer 
calculating load flows on a transmission network or a design engineer selecting circuit breakers 
for a building, you are essentially managing the vector sum of thousands of parallel currents. 
Understanding this foundation makes you a competent and safe engineer. 
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Unit 3: Single Phase AC Parallel Circuits  

Topic 2: Terms related to AC parallel circuits:(a) Define term- admittance, conductance and 
susceptance (b) Draw admittance triangle 

Duration: 60 Minutes  

 

Hello everyone. Welcome back to AC Fundamentals. 

1. The Hook (5 Minutes) 

Remember in the last lecture we realized that in parallel circuits, voltage is common, but 
currents split? We learned that to find the total impedance (ZT) of parallel branches, we have to 

use messy reciprocal formulas, like 
1

ZT
=

1

Z1
+

1

Z2
+ ⋯ 

When dealing with complex numbers (R ± jX), doing this algebra is painful and prone to errors. 

Engineers are practical people. If a mathematical method is too hard, we invent a new one. We 
asked ourselves: “Instead of measuring how much a circuit opposes current (Impedance), why 
don’t we measure how easily a circuit allows current?” 

Today, we are going to learn the “language of parallel circuits”: Admittance. 

3. Core Concepts (40 Minutes) 

 

The “Mirror World” of Impedance 

If Impedance (Z) is obstruction, its exact opposite is Admittance, denoted by the symbol Y. 

Definition: Admittance (Y) is the reciprocal of Impedance (Z). It defines how easily a circuit 
admits the flow of current when voltage is applied. 

Formula: Y =
1

Z
=

I

V
 

Unit: The unit is Siemens (S). (Fun Fact: Historically, since it’s the reverse of Ohm, the unit was 
spelled backward as “Mho” Ω−1 with an upside-down omega symbol! You might still see this on 
old machine nameplates.) 

Just as Impedance (Z) has two parts (Resistance R and Reactance X), Admittance (Y) also has 
two components. 

1. Conductance (𝐺) – The Real Part 

Conductance is the reciprocal of Resistance in a purely resistive circuit. It represents the ease 
with which the resistive part of the circuit allows current to pass. 

• Symbol: G 

• Unit: Siemens (S) 

• For a pure resistor: G =
1

R
 

 

2. Susceptance (𝐵) – The Imaginary Part 

Susceptance is the reciprocal of Reactance in a purely reactive circuit. It represents how easily 
the inductor or capacitor allows current to pass. 
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• Symbol: B 

• Unit: Siemens (S) 

The Vital Twist (Pay Attention!): Because reactance involves the j operator (ZL = jXL and ZC =

−jXC), taking the reciprocal flips the sign, because 
1

j
= −j. 

Therefore: 

• Inductive Susceptance (BL) is NEGATIVE: BL = −
1

XL
 

• Capacitive Susceptance (BC) is POSITIVE: BC = +
1

XC
 

Make a note of this. This is the biggest mistake students make in exams. In Impedance, Inductive 
is positive (+j). In Admittance, Inductive is negative (−j). 

 

The Total Admittance Equation 

Putting it together in complex form: Y = G ± jB (Use +jB for capacitive circuits, −jB for 
inductive circuits). 

 

The Admittance Triangle 

Just like the Impedance triangle, we can visualize these three quantities using a right-angled 
triangle. This is required by your syllabus. 

[VISUAL DESCRIPTION: The Admittance Triangle] *(Imagine a standard right-angled triangle. 

1. The horizontal base represents Conductance (G). 

2. The vertical side represents Susceptance (B). If it is inductive susceptance (BL), draw it 
pointing downwards from the right end of G. If it is capacitive susceptance (BC), draw it 
pointing upwards. 

3. The hypotenuse connecting the origin to the tip of the vertical line represents the total 
Admittance (Y). 

4. The angle between G and Y is the power factor angle ϕ.)* 

 

From this triangle, we get the magnitude relationship using Pythagoras: Y = √G2 + B2 

3. Real-World Applications (10 Minutes) 

Why do we force you to learn these new terms? 
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In the real world, electrical loads are connected in parallel. Imagine a factory with 50 different 
machines connected to the main supply busbar. If you want to calculate the total load on the 

supply, adding 50 complex impedances using the reciprocal formula 
1

ZT
=

1

Z1
+

1

Z2
… is nearly 

impossible by hand. 

However, if you convert each machine’s impedance into admittance (Y1, Y2, … Y50), you can 
simply add them up: YTotal = Y1 + Y2 + Y3 + ⋯ + Y50 

Power system engineers use admittance matrices constantly to model huge electrical grids 
because it turns complex division into simple addition. 

4. Summary & Q&A (5 Minutes) 

Quick Recap: 

1. Admittance (Y): The inverse of Impedance (1/Z). Unit is Siemens (S). 

2. Conductance (G): The inverse of Resistance (Real part). 

3. Susceptance (B): The inverse of Reactance (Imaginary part). 

4. The Golden Rule: Inductive Susceptance is negative (−jBL); Capacitive Susceptance is 
positive (+jBC). 

Typical Student Doubt: Student: “Sir, why is G only 1/R for a pure resistor? What if it’s an R-L 
series branch?” Mentor: Excellent question. If you have an R-L series branch, Z = R + jXL. The 

admittance is Y =
1

R+jXL
. To find G and B, you must rationalize this by multiplying the top and 

bottom by the conjugate (R − jXL). In that case, G is NOT just 1/R. We will solve a numerical on 
this in the next class. 

 

                                   Mentorship Note: Mastering Admittance isn’t just about passing Unit 3. It’s about learning to 
look at a problem from a different perspective to make it easier. This is a core engineering skill. 
Furthermore, if you plan to study higher-level subjects like Power System Analysis or perform 
load-flow studies in the industry, the concept of Admittance is fundamental. You will use it for 
the rest of your career. 
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Topic 3: Admittance method for solving AC parallel circuits 

Duration: 60 Minutes  

Reference: Unit 3, Topic 3 

Hello everyone. Welcome back to AC Fundamentals. Today, we are going to unlock the true 
power of the concepts we learned in the last class. 

1. The Hook (5 Minutes) 

Let’s start with a question. Imagine you are a chef trying to fill a large pot with water. You have 
three different taps. Tap A has a wide opening and lets water flow easily. Tap B is thin and 
restricts flow. Tap C is somewhere in between. 

If you open all three taps at once, how do you calculate the total rate at which the pot fills up? 
Do you add up how much each tap restricts the flow? No, that would be complicated. You simply 
add up how much each tap allows the water to flow. 

In electrical circuits, “restriction” is Impedance (Z). “Allowance” is Admittance (Y). 

When branches are connected in parallel, they are like those three taps opening into the same 
main pipe. Trying to find the total effect by adding impedances is like trying to calculate water 
flow by adding pipe restrictions—it’s messy and hard. 

Today, we will learn the Admittance Method, which is the “chef’s secret” for solving parallel 
circuits easily by just adding up the “allowances.” 

2. Core Concepts (40 Minutes) 

The Golden Rule of Parallel Admittance 

The beauty of the Admittance method lies in one simple rule. For any number of parallel 
branches, the total admittance (YT) is the simple vector sum of the individual branch 
admittances. 

YT = Y1 + Y2 + Y3 + ⋯ 

This is much simpler than the impedance formula: 
1

ZT
=

1

Z1
+

1

Z2
+ ⋯ 

Step-by-Step Procedure to Solve a Problem 

Let’s take a practical example. Suppose we have a circuit with two branches in parallel across a 
voltage source V. 

• Branch 1: A pure resistor (R). 

• Branch 2: A pure inductor with inductive reactance (XL). 

Here is the standard procedure you should follow to solve this using the Admittance method. 

Step 1: Find the Admittance of Each Branch in Rectangular Form (G ± jB) 

• For Branch 1 (Resistor R): 

  The impedance is Z1 = R. The admittance is Y1 =
1

Z1
=

1

R
. Since there is no reactive part, 

Y1 = G1 + j0, where G1 =
1

R
 Siemens. 

• For Branch 2 (Inductor XL): 
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  The impedance is Z2 = jXL. The admittance is Y2 =
1

Z2
=

1

jXL
. Crucial Step: Remember that 

1

j
= −j. So, Y2 = −j (

1

XL
). This is in the form 0 − jBL, where BL =

1

XL
 Siemens. 

Step 2: Add the Admittances Together 

Now, we just add the real parts and the imaginary parts separately. YT = Y1 + Y2 YT =
(G1 + j0) + (0 − jBL) YT = G1 − jBL 

This gives you the total conductance and total susceptance of the entire circuit. 

Step 3: Convert Total Admittance to Polar Form 

To find total current, we need the magnitude and angle of YT. 

• Magnitude: |YT| = √GT
2 + BT

2 

• Angle: θY = tan−1 (
BT

GT
) 

So, YT = |YT|∠θY. 

Step 4: Calculate Total Current 

From Ohm’s law for AC, I = V/Z. Since Y = 1/Z, this becomes: 𝐼Total = 𝑉 × 𝑌𝑇 

Using polar form makes multiplication easy: 𝐼Total = (𝑉∠0∘) × (|𝑌𝑇|∠𝜃𝑌) 𝐼Total = (𝑉 ⋅ |𝑌𝑇|)∠(0∘ +
𝜃𝑌) 

Note: The angle of the current 𝜃𝑌 is also the negative of the power factor angle. If 𝜃𝑌 is negative 
(inductive circuit), current lags voltage. 

[VISUAL DESCRIPTION: Block Diagram of Procedure] (Draw a flowchart with four boxes in a 
sequence. Box 1: “Calculate 𝑌 = 𝐺 ± 𝑗𝐵 for each branch.” -> Box 2: “Add all Y’s: 𝑌𝑇 = 𝛴𝐺 ± 𝑗𝛴𝐵.” 
-> Box 3: “Convert 𝑌𝑇 to Polar Form: |𝑌𝑇|∠𝜃.” -> Box 4: “Calculate Current: 𝐼𝑇 = 𝑉 × 𝑌𝑇 .” This 
visualizes the entire process at a glance.) 

3. Real-World Applications (10 Minutes) 

Where is this used? Everywhere in power distribution. 

Consider a substation that supplies power to a residential colony. Every house is a parallel 
branch. House 1 might have a high resistive load (heaters, geysers), so it has a high conductance 
(𝐺). House 2 might have many air conditioners (inductive motors), so it has a high inductive 
susceptance (𝐵𝐿). 

The substation engineer doesn’t calculate the impedance of every house. They model the entire 
colony as a total admittance 𝑌Colony = 𝛴𝐺Houses − 𝑗𝛴𝐵Houses. This single complex number tells 

them exactly how much total current the colony will draw from the grid and what the overall 
power factor will be. This is essential for sizing transformers and cables. 

4. Summary & Q&A (5 Minutes) 

Quick Recap: 

1. The Admittance Method is the easiest way to solve parallel circuits. 

2. The rule is simple: Total Admittance = Sum of Individual Admittances (𝑌𝑇 = 𝑌1 + 𝑌2 +
⋯). 

3. Always convert each branch’s impedance to admittance form (𝐺 ± 𝑗𝐵) first. 
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4. Remember the sign flip: Inductive 𝑍 is +𝑗, but Inductive 𝑌 is −𝑗. 

5. Total Current is 𝐼𝑇 = 𝑉 × 𝑌𝑇 . 

Typical Student Doubt: Student: “Sir, can we use this method if one branch has a resistor and 
inductor in series, and that is in parallel with a capacitor?” Mentor: Absolutely! That’s the power 
of this method. First, find the impedance of the series branch (𝑍1 = 𝑅 + 𝑗𝑋𝐿). Then find its 
admittance (𝑌1 = 1/𝑍1). Then find the admittance of the capacitor branch (𝑌2 = 1/(−𝑗𝑋𝐶) =
𝑗/𝑋𝐶). Finally, just add them: 𝑌𝑇 = 𝑌1 + 𝑌2. It works for any combination. 

 

                                   Mentorship Note: Don’t be intimidated by the math. The Admittance Method is just a 
structured way of organizing information. Once you get comfortable with converting 𝑍 to 𝑌 
(especially handling the 𝑗’s), complex parallel circuit problems that look impossible become a 
simple game of addition. Practice this conversion, and you will find this unit to be one of the 
most scoring ones in the exam. 
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Topic 4: Complex algebra method for solving AC parallel circuits. 

Duration: 60 Minutes  

Reference: Unit 3, Topic 4 

 

Hello future engineers! Welcome back to our journey through AC circuits. 

1. The Hook (5 Minutes) 

Remember the Admittance Method we just learned? It was a neat trick, wasn’t it? Converting 
everything to admittance made solving parallel circuits a breeze—just simple addition. 

But sometimes, you don’t want to convert everything. What if you have a circuit that is a mix of 
series and parallel parts, and you want a single, powerful tool that can handle everything 
without changing your perspective? 

Imagine you have a universal wrench that fits every single bolt in a machine, no matter the size 
or shape. That would be incredibly convenient, right? 

Today, we’re going to master that universal wrench of electrical engineering: The Complex 
Algebra Method using impedances directly. It’s the most robust mathematical tool you’ll ever 
learn for AC circuits. 

2. Core Concepts (40 Minutes) 

 

The Power of the ‘j’ Operator 

The core of this method lies in using complex numbers (𝑎 ± 𝑗𝑏) to represent impedance (𝑍 =
𝑅 ± 𝑗𝑋). This isn’t just abstract math; it’s a way to encode both the magnitude of opposition and 
the phase shift it causes into a single number. 

• Resistors (𝑅) are real numbers. 

• Inductors (𝑋𝐿) are positive imaginary numbers (+𝑗𝑋𝐿). 

• Capacitors (𝑋𝐶) are negative imaginary numbers (−𝑗𝑋𝐶). 

•  

 

The Parallel Impedance Formula 

Just like in DC circuits, when two resistors 𝑅1 and 𝑅2 are in parallel, the equivalent resistance is 

𝑅𝑒𝑞 =
𝑅1𝑅2

𝑅1+𝑅2
. 

In AC circuits, we use the exact same formula, but with complex impedances: 𝑍Total =
𝑍1×𝑍2

𝑍1+𝑍2
 

This looks simple, but it involves multiplying and adding complex numbers. 

 

Step-by-Step Procedure 

Let’s solve the same R || L circuit from the last class, but this time using complex impedance. 

• Branch 1: Resistor 𝑅. So, 𝑍1 = 𝑅 + 𝑗0. 

• Branch 2: Inductor with reactance 𝑋𝐿. So, 𝑍2 = 0 + 𝑗𝑋𝐿. 
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Step 1: Calculate the Numerator (Product 𝑍1 × 𝑍2) Numerator = (𝑅) × (𝑗𝑋𝐿) = 𝑗(𝑅 ⋅ 𝑋𝐿). Tip: 
Multiplication is often easier in polar form, but for simple cases like this, rectangular is fine. 

Step 2: Calculate the Denominator (Sum 𝑍1 + 𝑍2) Denominator = (𝑅 + 𝑗0) + (0 + 𝑗𝑋𝐿) = 𝑅 +
𝑗𝑋𝐿. 

Step 3: Perform the Division to find 𝑍Total 𝑍Total =
𝑗(𝑅⋅𝑋𝐿)

𝑅+𝑗𝑋𝐿
 

To divide, we must convert both numerator and denominator to polar form. 

• Numerator: 𝑗(𝑅 ⋅ 𝑋𝐿) has a magnitude of 𝑅 ⋅ 𝑋𝐿 at an angle of +90∘. So, (𝑅 ⋅ 𝑋𝐿)∠90∘. 

• Denominator: 𝑅 + 𝑗𝑋𝐿 has a magnitude of √𝑅2 + 𝑋𝐿
2 at an angle of 𝑡𝑎𝑛−1(𝑋𝐿/𝑅). Let’s 

call this |𝑍𝑑𝑒𝑛|∠𝜃𝑑𝑒𝑛. 

Now divide magnitudes and subtract angles: 𝑍Total =
𝑅⋅𝑋𝐿

|𝑍𝑑𝑒𝑛|
∠(90∘ − 𝜃𝑑𝑒𝑛) 

This gives you the total impedance in polar form. 

Step 4: Calculate Total Current Finally, use Ohm’s Law: 𝐼Total =
𝑉

𝑍Total
. Again, perform this division 

using polar forms. 

[VISUAL DESCRIPTION: Flowchart of Complex Algebra Method] (Draw a flowchart: Box 1 
“Write Z for each branch in Rectangular Form (𝑅 ± 𝑗𝑋)” -> Box 2 “Calculate Sum (𝑍1 + 𝑍2) in 
Rectangular Form” -> Box 3 “Calculate Product (𝑍1 × 𝑍2). Convert to Polar.” -> Box 4 “Convert 
Sum to Polar Form.” -> Box 5 “Divide Product by Sum to find 𝑍Total in Polar Form.” -> Box 6 
“Calculate 𝐼𝑇 = 𝑉/𝑍Total using Polar Division.”) 

 

3. Real-World Applications (10 Minutes) 

Why learn this harder method when Admittance was easier? Because real-world circuits are 
rarely simple parallel branches. 

Consider an industrial induction motor. Its equivalent circuit is not just a resistor and inductor 
in parallel. It’s a complex combination of series and parallel elements representing the stator 
winding, rotor winding, and magnetic core. To analyze such a motor, or a long transmission line 
with capacitive effects, you cannot just add admittances. You need the full power of complex 
algebra to combine series parts, then parallel parts, step-by-step, until you get one total 
impedance. 

 

4. Summary & Q&A (5 Minutes) 

Quick Recap: 

1. The complex algebra method uses impedances (𝑍 = 𝑅 ± 𝑗X) directly. 

2. The formula for two parallel branches is 𝑍𝑇 =
𝑍1𝑍2

𝑍1+𝑍2
. 

3. The Golden Rule for Calculation: Add/Subtract in Rectangular Form. Multiply/Divide in 
Polar Form. 

Typical Student Doubt: Student: “Sir, my scientific calculator can do complex numbers. Can I just 
type it all in?” Mentor: Yes, you absolutely should learn to use your calculator’s complex mode! 
It will save you enormous amounts of time in the exam. However, you must understand the 
process on paper first so you can catch errors if your finger slips on the calculator. 
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Mentorship Note: Proficiency in complex algebra is what separates a technician from an 
engineer. It’s the mathematical language of AC power. Don’t shy away from it. The more you 
practice converting between rectangular and polar forms, the more intuitive it becomes. This 
skill is your passport to advanced subjects like Control Systems, Signal Processing, and Power 
System Protection. Master it now, and future you will be grateful. 
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Topic: Resonance condition and resonant frequency in parallel AC circuits 

Duration: 60 Minutes  

Reference: Unit 3, Topic 5 

Hello future engineers! Welcome back to AC Fundamentals. 

1. The Hook (5 Minutes) 

Think back to Unit 2 when we studied Series Resonance. Do you remember the magic that 
happened there? At a specific frequency, the inductive effect (𝑋𝐿) perfectly canceled the 
capacitive effect (𝑋𝐶). The result? The total impedance became tiny (just 𝑅), and the current 
became huge. It was like opening a floodgate for current at that one specific frequency. 

Now, here is the thought-provoking question for today: What if we take that same inductor and 
capacitor and connect them in parallel instead of series? 

Does the same thing happen? Does the current maximize? Or does something totally opposite 
occur? Today, we are going to investigate Parallel Resonance, a concept crucial for tuning radios 
and filtering signals[cite: 161, 183]. 

2. Core Concepts (40 Minutes) 

The Practical Parallel Circuit 

In the real world, inductors always have some internal resistance. So, a practical parallel 
resonant circuit usually looks like this: 

[VISUAL DESCRIPTION: Circuit Diagram] (Imagine an AC voltage source 𝑉 on the left. Connected 
in parallel across it are two branches. Branch 1 contains a Resistor 𝑅 and an Inductor 𝐿 in series 
(representing a real coil). Branch 2 contains only a pure Capacitor 𝐶. The total current 𝐼 splits 
into 𝐼𝑐𝑜𝑖𝑙 going through Branch 1 and 𝐼𝐶  going through Branch 2.) 

The Resonance Condition 

Just like in series circuits, resonance in a parallel circuit occurs when the entire circuit behaves 
like a pure resistor. This means the total voltage 𝑉 and total current 𝐼 are exactly in phase. The 
power factor is unity (1). 

How does this happen? 

• The capacitor draws a leading current (𝐼𝐶). 

• The coil draws a lagging current (𝐼𝑐𝑜𝑖𝑙). 

For the total current to be in phase with voltage, the “upward” leading effect of the capacitor 
must exactly cancel the “downward” lagging effect of the coil’s inductance. 

[VISUAL DESCRIPTION: Phasor Diagram at Resonance] (Draw Voltage 𝑉 as the horizontal 
reference vector at 0∘. Draw the capacitor current 𝐼𝐶  pointing straight UP at 90∘. Draw the coil 
current 𝐼𝑐𝑜𝑖𝑙 lagging 𝑉 by an angle 𝜙𝐿. Now, resolve 𝐼𝑐𝑜𝑖𝑙 into two parts: a horizontal active 
component (𝐼𝑐𝑜𝑖𝑙𝑐𝑜𝑠𝜙𝐿) and a vertical reactive component pointing DOWN (𝐼𝑐𝑜𝑖𝑙𝑠𝑖𝑛𝜙𝐿).) 

The condition for resonance is that the upward vertical component equals the downward 
vertical component: 𝐼𝐶 = 𝐼𝑐𝑜𝑖𝑙𝑠𝑖𝑛𝜙𝐿 

When this happens, the reactive currents cancel out. The only current left flowing from the 
source is the horizontal component: 𝐼Total = 𝐼𝑐𝑜𝑖𝑙𝑐𝑜𝑠𝜙𝐿. 
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The Resonant Frequency Formula 

By substituting the standard formulas for these currents (𝐼𝐶 = 𝑉/𝑋𝐶 , 𝐼𝑐𝑜𝑖𝑙 = 𝑉/𝑍𝑐𝑜𝑖𝑙 , etc.) into 
the condition above and doing some algebra, we arrive at the formula for the resonant 
frequency (𝑓𝑟) for this practical circuit: 

𝑓𝑟 =
1

2𝜋
√

1

𝐿𝐶
−

𝑅2

𝐿2
 

Note: If the coil had no resistance (𝑅 = 0), this formula simplifies back to the familiar 
1

2𝜋√𝐿𝐶
. 

The Great Reversal: Current at Resonance 

Here is the main difference from series resonance: At parallel resonance, because the reactive 
branch currents cancel each other out internally, the total current drawn from the source is at 
its MINIMUM. 

Consequently, the total Impedance is at its MAXIMUM. This maximum impedance at resonance 
is often called Dynamic Impedance. 

3. Real-World Applications (10 Minutes) 

Why would we want a circuit that blocks current at a specific frequency? 

1. Rejector Circuits: Sometimes you have an interfering signal at a specific frequency (like 
humming noise) that you want to block. A parallel LC circuit tuned to that noise 
frequency will act like a brick wall, stopping that frequency while letting others pass. 

2. Radio Tuning (Tank Circuits): In the local oscillator of a radio receiver, a parallel LC 
circuit (called a tank circuit) is used to generate a precise frequency while drawing very 
little power from the battery because the total current is minimum. 

4. Summary & Q&A (5 Minutes) 

Quick Recap: 

• Parallel resonance occurs when the leading reactive current component (𝐼𝐶) equals the 
lagging reactive current component (𝐼𝑐𝑜𝑖𝑙𝑠𝑖𝑛𝜙𝐿). 

• At resonance, the power factor is Unity. 

• At resonance, Total Impedance is Maximum, and Total Source Current is Minimum (the 
opposite of series resonance). 

Typical Student Doubt: Student: “Sir, if the source current is minimum, does that mean the 
currents inside the L and C branches are also small?” Mentor: Excellent question! No. The 
currents circulating inside the L and C branches can be huge—much larger than the source 
current. They are just bouncing back and forth between the inductor and capacitor, canceling 
each other out from the source’s perspective. This is called current magnification. 

 

Mentorship Note: Understanding resonance is your gateway to the field of Communication 
Engineering. Every wireless device, from your mobile phone to Wi-Fi routers, relies entirely on 
resonant circuits to select the right frequency and reject others. Mastering this concept in 
Diploma will give you a significant head start if you pursue a degree in Electronics or 
Telecommunication later. 
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Topic: Comparison between series and parallel resonance 

Duration: 60 Minutes  

Reference: Unit 3, Topic 6; 

Hello future engineers! Welcome back to our final session on AC Parallel Circuits. 

1. The Hook: The Tale of Two Gatekeepers (5 Minutes) 

We have spent Unit 2 mastering Series Resonance and the last few lectures of Unit 3 
understanding Parallel Resonance. 

Imagine them as two very different gatekeepers at a music concert. The Series gatekeeper loves 
one specific note (frequency). When that note plays, he throws the gates wide open, letting 
maximum crowd (current) rush in with almost zero resistance. The Parallel gatekeeper hates 
that specific note. When that note plays, he slams the gates shut, blocking the entrance almost 
completely, offering maximum resistance. 

Today, we are going to put these two “twins” side-by-side. They look similar—both use 
Inductors (L) and Capacitors (C)—but their behavior is almost an exact mirror image. 
Understanding this contrast is crucial for the upcoming exam and for understanding real-world 
electronics. 

 

2. Core Concepts: The Showdown (40 Minutes) 

Let’s compare them step-by-step. I want you to visualize a comparison table in your notebooks. 

A. The Main Characteristic: Impedance (𝑍) 

Series Resonance: Remember that 𝑋𝐿 cancels out 𝑋𝐶 . All that is left is resistance 𝑅. Since the 
reactive part is gone, the total opposition is at its lowest point. 

• Series = Minimum Impedance (𝑍 = 𝑅) 

Parallel Resonance: As we saw last class, the branch currents cancel out. The circuit refuses to 
draw reactive current from the source. The overall circuit acts like a massive obstacle at that 
frequency. 

• Parallel = Maximum Impedance (also called Dynamic Impedance) 

B. The Resulting Current (𝐼) 

By Ohm’s Law, Current is inversely proportional to Impedance (𝐼 = 𝑉/𝑍). This leads to the most 
obvious difference. 

[VISUAL DESCRIPTION: Resonance Curves Graph] (Imagine two graphs side-by-side with 
Frequency on the X-axis and Current on the Y-axis. Graph 1 (Series): Shows a curve starting low, 
rising to a tall, sharp mountain peak at the resonant frequency (𝑓𝑟), and dropping again. Graph 2 
(Parallel): Shows a curve starting high, dipping down into a deep valley at resonant frequency 
(𝑓𝑟), and rising again.) 

• Series: Since 𝑍 is minimum, the Source Current is MAXIMUM. 

• Parallel: Since 𝑍 is maximum, the Source Current is MINIMUM. 
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C. The “Magnification” Phenomenon (Fun Fact!) 

This is the coolest difference. Even though they both have unity power factor, they create 
different types of “electrical stress.” 

In a Series circuit, because the current is huge, the voltage drop across the inductor (𝑉𝐿 = 𝐼 ×
𝑋𝐿) and capacitor (𝑉𝐶 = 𝐼 × 𝑋𝐶) can become massive—much larger than the supply voltage! 

• Series = Voltage Magnification 

In a Parallel circuit, the current from the source is tiny. However, the current circulating inside 
the loop between the capacitor and inductor is huge, bouncing back and forth. 

• Parallel = Current Magnification 

3. Real-World Applications (10 Minutes) 

Why do engineers need both types? Because sometimes you want to invite a frequency in, and 
sometimes you want to kick it out. 

1. The Acceptor Circuit (Series): Because series resonance allows maximum current at one 
frequency, it “accepts” that signal. This is used in radio tuning to pick one station out of 
the air while ignoring others. 

2. The Rejector Circuit (Parallel): Because parallel resonance blocks current at one 
frequency, it “rejects” that signal. This is used in “wave traps” in power systems to block 
unwanted high-frequency communication signals from entering a substation 
transformer. 
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4. Summary & Q&A (5 Minutes) 

Quick Recap Table: 

Feature Series Resonance Parallel Resonance 

Impedance at 𝑓𝑟 Minimum (𝑅) Maximum 

Current at 𝑓𝑟 Maximum Minimum 

Magnification Voltage Magnifier Current Magnifier 

Application Name Acceptor Circuit Rejector Circuit 

Typical Student Doubt: Student: “Sir, is the resonant frequency formula the same for both?” 

Mentor: Good catch. For an ideal circuit (no resistance in the coil), yes, both are 𝑓𝑟 =
1

2𝜋√𝐿𝐶
. But 

in a practical parallel circuit where the coil has resistance, the formula changes slightly, as we 
derived last lecture. 

 

Mentorship Note: As an engineer, your value lies not just in knowing how a circuit works, but in 
knowing which circuit to choose for a specific job. The ability to compare trade-offs—like 
choosing between an acceptor (series) or a rejector (parallel) filter—is a fundamental design 
skill. Master this comparison, and you are thinking like a design engineer. 
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Topic: Numerical based on AC parallel circuits and parallel resonance 

Duration: 60 Minutes  

Reference: Unit 3, Topic 7; 

Hello future engineers. Welcome to the “dojo.” 

1. The Hook (5 Minutes) 

For the past six lectures, we have been learning the “rules” of parallel AC circuits—phasors, 
admittance, complex algebra, and resonance. Today, we stop just talking about the rules and 
start playing the game. 

Many students find numericals intimidating. They see 𝑗’s and angles and panic. But I want you to 
change your perspective. A numerical problem is just a puzzle waiting to be solved. It’s the 
moment where the abstract theory becomes concrete reality. When you calculate a number on 
your page, and it matches the reality of what a circuit actually does, it’s a fantastic feeling of 
competency. 

Today, we are going to take a practical circuit problem and dismantle it, step-by-step, using the 
tools we’ve sharpened in this unit. Grab your calculators! 

 

2. Core Concepts: The Strategy of Solving (40 Minutes) 

We will solve a classic “practical parallel circuit” problem. 

[VISUAL DESCRIPTION: The Problem Circuit] (Imagine an AC voltage source, 𝑉 = 230∠0∘ Volts, 
50 Hz. Connected in parallel across it are two branches: Branch 1 (The Coil): A resistor of 10𝛺 in 
series with an inductor of 0.05𝐻. Branch 2 (The Capacitor): A pure capacitor of 100𝜇𝐹. Goal: 
Find Total Current, Overall Power Factor, and draw the phasor diagram.) 

The “Admittance Attack” Strategy 

While you can use complex impedance (𝑍𝑇 =
𝑍1𝑍2

𝑍1+𝑍2
), for parallel circuits, the Admittance Method 

is usually cleaner and less prone to calculator errors. 

Step 1: Prepare the Ingredients (Find 𝑋𝐿 and 𝑋𝐶) Before anything else, convert 𝐿 and 𝐶 into 
Ohms. 

• 𝑋𝐿 = 2𝜋𝑓𝐿 = 2 × 𝜋 × 50 × 0.05 ≈ 15.7𝛺 

• 𝑋𝐶 =
1

2𝜋𝑓𝐶
=

1

2×𝜋×50×100×10−6 ≈ 31.8𝛺 

Step 2: Define Branch Impedances in Complex Form (𝑍 = 𝑅 ± 𝑗𝑋) 

• Branch 1 (Coil): 𝑍1 = 10 + 𝑗15.7𝛺 

• Branch 2 (Capacitor): 𝑍2 = 0 − 𝑗31.8𝛺 

Step 3: Convert Impedances to Admittances (𝑌 = 1/𝑍) This is the crucial step. Use your 
calculator’s complex mode. 

• 𝑌1 =
1

10+𝑗15.7
= 0.0288 − 𝑗0.0452 Siemens 

• 𝑌2 =
1

−𝑗31.8
= 0 + 𝑗0.0314 Siemens (Remember, 1/−𝑗 = +𝑗) 
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Step 4: Add Admittances to find Total Admittance (𝑌𝑇) Now, simply add the real parts and the 
imaginary parts. 

• 𝑌𝑇 = 𝑌1 + 𝑌2 

• 𝑌𝑇 = (0.0288 + 0) + 𝑗(−0.0452 + 0.0314) 

• 𝑌𝑇 = 0.0288 − 𝑗0.0138 Siemens 

Step 5: Calculate Total Current (𝐼𝑇 = 𝑉 × 𝑌𝑇) 

• 𝐼𝑇 = (230∠0∘) × (0.0288 − 𝑗0.0138) 

• 𝐼𝑇 = 6.624 − 𝑗3.174 Amps 

• Convert to polar form for the final answer: 𝐼𝑇 = 7.35∠ − 25.6∘ Amps 

Step 6: Find Power Factor The angle of the total current is −25.6∘. Since it’s negative, the 
current is lagging voltage. 

• Power Factor = 𝑐𝑜𝑠(25.6∘) = 0.90 Lagging. 

We have successfully analyzed the entire circuit! 

 

3. Real-World Applications (10 Minutes) 

Why do you need to be this precise? 

Consider an industrial plant. The utility company penalizes them if their power factor is too low 
(too lagging). The plant engineer must calculate exactly how much capacitance to add in parallel 
to improve that power factor. 

They take the existing plant load (which looks like our Branch 1 coil), determine its lagging var 
component, and calculate the exact capacitor bank size (Branch 2) needed to supply leading 
vars to cancel it out, bringing the total current angle closer to zero. This numerical we just did is 
the basis of Power Factor Correction, a massive industry. 

 

4. Summary & Q&A (5 Minutes) 

Quick Recap: The most robust strategy for parallel numericals is: 

1. Convert 𝐿 and 𝐶 to 𝑋𝐿 and 𝑋𝐶 . 

2. Write 𝑍 for each branch in rectangular form. 

3. Convert every 𝑍 to 𝑌 (Admittance). 

4. Add all 𝑌’s together to get 𝑌𝑇𝑜𝑡𝑎𝑙. 

5. Multiply 𝑉 × 𝑌𝑇𝑜𝑡𝑎𝑙  to get Total Current. 

 

Typical Student Doubt: Student: “Sir, my calculator gave me a different sign for the imaginary 

part of 𝑌1.” Mentor: Check your input. Remember that 𝑌1 =
1

𝑅+𝑗𝑋𝐿
. To solve this by hand, you 

must multiply the numerator and denominator by the conjugate (𝑅 − 𝑗𝑋𝐿). This results in a 
positive real part (𝐺) and a negative imaginary part (𝐵𝐿). Trust the process; inductive 
admittance always has a negative 𝑗 component. 
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Mentorship Note: Mastering these numericals isn’t just about getting marks in the final exam. It 
builds attention to detail. In the field, a misplaced decimal point or a wrong sign in a calculation 
can lead to undersized cables or blown fuses. Treat every calculation step with respect. 
Disciplined calculation is the mark of a professional engineer. 
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Digital Resource Library 

Unit 3: Single Phase AC Parallel Circuits 

1. AI Tools & Digital Learning Tools 

These tools are selected to help you move beyond static textbook diagrams and perform 
complex calculations with confidence. 

Tool Name & Type Purpose / Use-case for Unit 3 
How it helps in learning AC 

Parallel Circuits 

1. Falstad Circuit 
Simulator(Web-based Circuit 
Simulator) 

Visualization & Simulation: 
Ideally suited for visualizing 
how current splits in parallel 
branches. 

You can build an R-L-C 
parallel circuit in minutes. It 
shows animated “current 
dots” moving faster for higher 
currents and allows you to see 
real-time graphs of voltage 
vs. branch currents, proving 
that they are out of phase. 

2. 
WolframAlpha(Computational 
Knowledge Engine / AI Math 
Tool) 

Problem-Solving Aid & 
Verification: The ultimate tool 
for handling complex number 
algebra (𝑎 + 𝑗𝑏 or 𝑟∠𝜃). 

Parallel circuit problems 
require messy complex 
division (e.g., calculating total 

impedance 𝑍𝑇 =
𝑍1𝑍2

𝑍1+𝑍2
). You 

can type “(10+20i) * (5-10i) / 
((10+20i) + (5-10i))” into 
WolframAlpha to verify your 
manual calculations step-by-
step. 

3. Virtual Labs 
(vlab.co.in)(MHRD Govt. of 
India Initiative) 

Virtual Experimentation: 
Performing standard 
electrical lab experiments 
digitally. 

Search for “Electrical Circuit 
Analysis Lab”. It often 
contains experiments related 
to RLC series and parallel 
resonance, allowing you to 
take readings and plot 
resonance curves without 
being physically in the lab. 

4. AI Chat Assistants(e.g., 
ChatGPT / Claude - Free 
Versions) 

Concept Explanation & 
Practice Generation: Acting as 
an on-demand tutor for 
summarizing concepts or 
creating new practice 
problems. 

Prompt Idea: “Act as a 
Diploma Electrical tutor. 
Explain the difference 
between Series and Parallel 
Resonance to a student who is 
confused. Use a simple 
analogy.” OR “Generate a 
practice numerical problem 
for a parallel RL circuit 
connected to a 230V source, 
and provide the step-by-step 
solution using the admittance 
method.” 
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2. Video Learning Repository 

This repository contains highly recommended video resources tailored for Diploma-level 
understanding. They are selected for clarity, focus on basics, and exam-oriented problem 
solving. 

How to use: Copy the exact Search Keywords into the YouTube search bar to find the 
recommended video. 

Topic Name 
Recommended Channel / 

Lecturer 
Search Keywords for YouTube 

Introduction to Parallel AC 
Circuits & Phasors 

Neso Academy Neso Academy Parallel AC 
Circuits Phasor Diagram 

Concept of Admittance, 
Conductance, Susceptance 

Ekeeda (Diploma Section) Ekeeda admittance 
conductance susceptance ac 
circuits 

Solving Parallel Circuits 
(Admittance Method) 

Electrical Engineering Videos 
(Suitable for Diploma) 

AC Parallel Circuit using 
Admittance Method numerical 

Solving Parallel Circuits 
(Complex Algebra Method) 

Neso Academy Neso Academy AC Parallel 
Circuit Problems Complex 
Numbers 

Parallel Resonance (Concept 
& Conditions) 

CircuitGlobe CircuitGlobe Parallel 
Resonance in RLC Circuit 
Explained 

Comparison: Series 
vs. Parallel Resonance 

Last moment tuitions Difference between Series and 
Parallel Resonance Last 
moment tuitions 

Complete Unit Revision 
(Marathon/One-Shot) 

Varies based on regional 
language preference 

Suggested search: “AC Parallel 
Circuits Diploma Engineering 
one shot” 

 

Curator’s Note for Students: Don’t just watch the videos passively. When watching the 
numerical solution videos (like those from Neso Academy), pause the video before the 
instructor solves it, try it yourself using your calculator, and then watch the solution to check 
your steps. Use the Falstad simulator to build the circuit you just solved to see if reality matches 
your math! Happy learning! 
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Mastery Check: Single Phase AC Parallel Circuits 

1. Key Definitions / Glossary 

Objective: Master the technical vocabulary required for Unit 3 exams and viva-voce interactions. 
These terms represent the core content of the syllabus. 

1. Parallel AC Circuit: A circuit where multiple components (R, L, C) are connected across 
the same voltage source, resulting in the same voltage across each branch but different 
currents. 

2. Phasor Sum: The vector addition of individual branch currents to find the total supply 
current, as arithmetic addition is not valid in AC circuits. 

3. Admittance (𝑌): The reciprocal of Impedance (𝑍), representing the ease with which 
alternating current flows in a circuit. Unit: Siemens (𝑆) or Mho (℧). 

4. Conductance (𝐺): The real (resistive) part of admittance, representing the ability of the 
purely resistive element to conduct current. Unit: Siemens (𝑆). 

5. Susceptance (𝐵): The imaginary (reactive) part of admittance, representing the ability 
of the inductive or capacitive element to pass current. Unit: Siemens (𝑆). 

6. Admittance Triangle: A right-angled triangle representing the vector relationship 
between Conductance (𝐺), Susceptance (𝐵), and Admittance (𝑌). 

7. Inductive Susceptance (𝐵𝐿): The reciprocal of inductive reactance, assigned a negative 
sign in complex algebra math ($ -jB_L$). 

8. Capacitive Susceptance (𝐵𝐶): The reciprocal of capacitive reactance, assigned a positive 
sign in complex algebra math ($ +jB_C$). 

9. Parallel Resonance: A condition in a parallel R-L-C circuit where the inductive 
susceptance equals capacitive susceptance, resulting in Unity Power Factor. 

10. Resonant Frequency (𝑓𝑟): The specific frequency at which the parallel circuit behaves 
like a pure resistor and the total impedance is maximum. 

11. Dynamic Impedance: The equivalent resistance of a parallel circuit at resonance; it is the 
maximum possible impedance the circuit can offer. 

12. Rejector Circuit: Another name for a parallel resonant circuit, as it offers maximum 
impedance (rejects current) at the resonant frequency. 

13. Current Magnification: The phenomenon in parallel resonance where the circulating 
current within the L-C branches is much larger than the supply current. 

14. Active Component of Current: The component of the total current that is in phase with 
the applied voltage (usually 𝐼𝑐𝑜𝑠𝜙). 

15. Reactive Component of Current: The component of the total current that is 90∘ out of 
phase with the applied voltage (usually 𝐼𝑠𝑖𝑛𝜙). 

 

2. FAQ & Assessment Section 

A. Multiple Choice Questions (MCQs) 

Context: These questions test the syllabus topics: Phasor methods, Admittance methods, and 
Parallel Resonance. 

1. In a parallel AC circuit, which quantity remains the same across all branches? A) Current B) 
Voltage C) Power Factor D) Impedance 

2. The unit of Admittance is: A) Ohm (𝛺) B) Henry (𝐻) C) Siemens (𝑆) D) Farad (𝐹) 
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3. Mathematical relation between Admittance (𝑌) and Impedance (𝑍) is: A) 𝑌 = 𝑍 B) 𝑌 = 𝑍2 C) 
𝑌 = 1/𝑍 D) 𝑌 = 1/𝑍2 

4. Conductance (𝐺) in an AC circuit is given by: A) 𝑅/𝑍 B) 𝑅/𝑍2 C) 𝑋/𝑍 D) 𝑍/𝑅 

5. In an admittance triangle, the hypotenuse represents: A) Conductance B) Susceptance C) 
Admittance D) Reactance 

6. If a parallel circuit has a Resistance (𝑅) and Inductance (𝐿), the current in the inductor: A) 
Lags the voltage by 90∘ B) Leads the voltage by 90∘ C) Is in phase with voltage D) Lags the 
voltage by 45∘ 

7. The total current in a parallel RC circuit is calculated using: A) 𝐼 = 𝐼𝑅 + 𝐼C (Arithmetic sum) 

B) 𝐼 = √𝐼𝑅
2 + 𝐼𝐶

2 (Phasor sum) C) 𝐼 = 𝐼𝑅 − 𝐼𝐶 D) 𝐼 = (𝐼𝑅 + 𝐼𝐶)/2 

8. The reciprocal of Reactance is called: A) Conductance B) Admittance C) Susceptance D) 
Impedance 

9. In a parallel R-L-C circuit, if inductive susceptance is greater than capacitive susceptance, the 
circuit behaves as: A) Inductive B) Capacitive C) Resistive D) Resonant 

10. At parallel resonance, the power factor of the circuit is: A) Zero B) 0.5 Lagging C) Unity (1) 
D) 0.8 Leading 

11. The impedance of a parallel L-C circuit at resonance is: A) Minimum B) Maximum C) Zero D) 
Infinite (theoretically) 

12. Parallel resonance is also known as: A) Voltage resonance B) Current resonance C) Series 
resonance D) Power resonance 

13. In a parallel AC circuit, the total admittance 𝑌 in complex form is written as: A) 𝑌 = 𝐺 + 𝑗𝐵 
B) 𝑌 = 𝑅 + 𝑗𝑋 C) 𝑌 = 𝐺 − 𝑅 D) 𝑌 = 𝑍 + 𝑗𝐺 

14. If a circuit has a Conductance of 0.06 S and Susceptance of 0.08 S, the Admittance is: A) 0.14 
S B) 0.02 S C) 0.1 S D) 0.48 S 

15. The line current in a parallel resonant circuit is: A) Maximum B) Minimum C) Infinite D) 
Equal to branch currents 

16. Which method is most convenient for solving parallel AC circuits? A) Impedance method B) 
Admittance method C) KVL method D) Loop analysis 

17. For a pure capacitor, the conductance (𝐺) is: A) 1 B) ∞ C) 0 D) 𝐶 

18. The dynamic impedance of a parallel tank circuit is given by: A) 𝐿/(𝐶 ⋅ 𝑅) B) 𝐶/(𝐿 ⋅ 𝑅) C) 
𝑅/(𝐿 ⋅ 𝐶) D) 𝐿 ⋅ 𝐶 ⋅ 𝑅 

19. Why is a parallel resonant circuit called a “Rejector Circuit”? A) It rejects high voltage B) It 
rejects signals at resonant frequency (high impedance) C) It rejects power D) It rejects DC 
current 

20. Comparing series and parallel resonance, series resonance produces: A) Current 
Magnification B) Voltage Magnification C) Impedance Magnification D) Power Magnification 
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B. Short Answer / Viva Questions 

Context: These questions assess reasoning and the “Analyze” (N) or “Evaluate” (E) levels of 
Bloom’s Taxonomy mentioned in the syllabus. 

1. Explain the “Phasor Method” for parallel circuits. 

o Hint: Describe how currents are split into active (𝐼𝑐𝑜𝑠𝜙) and reactive (𝐼𝑠𝑖𝑛𝜙) 
components and added vectorially because they are not in phase. 

2. Differentiate between Admittance (𝑌) and Impedance (𝑍). 

o Hint: Focus on definition (𝑍 = 𝑉/𝐼 vs 𝑌 = 𝐼/𝑉), units (Ohm vs Mho), and why 𝑌 
is preferred for parallel connections. 

3. Define Susceptance. How do Inductive and Capacitive Susceptance differ in calculation? 

o Hint: Susceptance is the imaginary part of admittance. Mention that 𝐵𝐿 = 1/𝑋𝐿 
(treated as negative 𝑗) and 𝐵𝐶 = 1/𝑋𝐶  (treated as positive 𝑗). 

4. Why is the “Admittance Method” preferred over the “Impedance Method” for parallel 
circuits? 

o Hint: Explain that in parallel, admittances (𝐺 and 𝐵) can be added 
arithmetically/algebraically, whereas impedances must be added as reciprocals 
(1/𝑍𝑡𝑜𝑡𝑎𝑙 = 1/𝑍1 + 1/𝑍2), which is mathematically complex. 

5. Draw and explain the Admittance Triangle. 

o Hint: The student should sketch a right triangle with Conductance (𝐺) on the x-
axis, Susceptance (𝐵) on the y-axis, and Admittance (𝑌) as the hypotenuse. 

6. State the condition for Resonance in a parallel R-L-C circuit. 

o Hint: The condition occurs when the reactive component of the line current is 
zero, or when Inductive Susceptance equals Capacitive Susceptance (𝐵𝐿 = 𝐵𝐶). 

7. What is “Dynamic Impedance”? Why is it important? 

o Hint: It is the purely resistive impedance of the parallel circuit at resonance 
(𝐿/𝐶𝑅). It represents the maximum opposition to current flow at the resonant 
frequency. 

8. Contrast the Power Factor of a Parallel AC circuit at Resonance versus off-Resonance. 

o Hint: At resonance, PF is Unity (1). Below or above resonance, the circuit 
behaves as either inductive (lagging) or capacitive (leading). 

9. Why is the line current minimum at parallel resonance? 

o Hint: Since the inductive and capacitive currents cancel each other out (being 
180∘ apart), the source only supplies the small active current required by the 
resistance. 

10. Explain the term “Current Magnification” in the context of parallel resonance. 

o Hint: The circulating current between the inductor and capacitor can be many 
times larger than the current drawn from the supply. (𝑄-factor × Source 
Current). 

 

Answer Key (MCQs) 

Q.No Answer Q.No Answer 

1 B 11 B 

2 C 12 B 

3 C 13 A 

4 B 14 C 

5 C 15 B 
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Q.No Answer Q.No Answer 

6 A 16 B 

7 B 17 C 

8 C 18 A 

9 A 19 B 

10 C 20 B 

Note on Q14 Calculation: Y = √G2 + B2 = √0.062 + 0.082 = √0.0036 + 0.0064 = √0.01 = 0.1 S. 

 

Next Step for Faculty/Student: Would you like me to generate a step-by-step numerical problem 
with a solution for the “Admittance Method” to use as a tutorial example? 
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Digital Resource Library: Single Phase AC Parallel Circuits 

1. AI Tools & Digital Learning Tools 

These tools are selected to help you visualize complex AC concepts (like phase differences and 
resonance) and perform the specific experiments mentioned in your syllabus list (Practicals 9, 
10, & 11). 

Tool Name Type 
Purpose / Use-Case 

for Unit 3 
How it Helps Learning 

Virtual Labs 
(vlab.co.in) [cite: 88] 

Virtual Lab / 
Simulation 

Performing Virtual 
Experiments: 
specifically for 
measuring Voltage, 
Current, Power, and 
Power Factor in RL, 
RC, and RLC parallel 
circuits. 

Directly supports the 
syllabus “List of 
Laboratory” 
requirements. Allows 
you to safely practice 
circuit connections 
and take readings 
before the actual 
hardware lab. 

Falstad Circuit 
Simulator 

Web-based Circuit 
Visualizer 

Visualizing Current 
Flow & Phasors: Build 
parallel R-L-C circuits 
and see the current 
splitting into 
branches in real-time. 

Helps you “see” why 
branch currents 
(IR, IL, IC) are 
different and how 
they add up 
vectorially (phasor 
sum) rather than 
arithmetically. 

WolframAlpha Computational Engine Complex Algebra 
Calculator: Use it to 
check your 
“Admittance Method” 
calculations, 
specifically 
converting 
Impedance (Z = R +
jX) to Admittance 
(Y = G ± jB). 

Parallel circuit 
problems involve 
difficult complex 
number division (1/
Z). This tool verifies 
your math accuracy 
for homework and 
tutorial problems. 

GeoGebra Graphing Tool Dynamic Phasor 
Diagrams: Plot 
currents and voltages 
as vectors to 
understand “Lagging” 
vs. “Leading” in 
parallel branches. 

Great for visualizing 
the Admittance 
Triangle  and seeing 
how changing 
frequency affects the 
vectors during 
Parallel Resonance. 
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2. Video Learning Repository 

This collection features content from reliable educational channels, including NPTEL (as 
recommended in your syllabus ) and other student-friendly platforms. 

Topic Name 
Recommended Channel / 

Source 
Search Keywords (Copy & 

Paste these) 

Basics of AC Parallel Circuits Neso Academy Neso Academy parallel AC 
circuit analysis phasor 
diagram 

Admittance, Conductance & 
Susceptance 

Ekeeda or Tikle’s Academy Admittance Conductance 
Susceptance definition 
diploma electrical 

Solving Parallel Circuits 
(Admittance Method) 

Engineering Funda Admittance method for 
solving parallel AC circuits 
problems 

Parallel Resonance & 
Bandwidth 

NPTEL (IIT Kharagpur) NPTEL Basic Electrical 
Engineering Parallel 
Resonance 

Comparison: Series 
vs. Parallel Resonance 

Last Moment Tuitions Difference between series and 
parallel resonance 
engineering 

Calculations in Parallel R-L-C 
Circuits 

Electrical4U [cite: 86] Parallel RLC circuit solved 
problems electrical4u 

 

 

Student Tips for Using These Resources: 

• For Revision: Watch the Neso Academy videos to clear your concepts on how current 
divides in parallel branches. 

• For Exams: Use the Comparison video to prepare for the common theory question: 
“Compare Series and Parallel Resonance”. 

• For Practicals: Use Virtual Labs to simulate the “Parallel Resonance” condition before 
your final lab exam. 

 

Next Step for Faculty/Student: Would you like me to generate a “10-Minute Rapid Fire Quiz” 
based on these video topics to test your retention after watching them? 
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External Exposure Module: AC Fundamental 

1. Beyond the Syllabus – Emerging Technologies 

Objective: To understand how the basic sine waves and phasors you study today evolve into 
cutting-edge technology. 

A. Smart Metering & Advanced Metering Infrastructure (AMI) 

• The Connection: In Unit 1, you learn about RMS values, instantaneous values, and power 
consumption. A standard energy meter measures this. A Smart Meter takes this further 
by measuring parameters in real-time and communicating two-way with the utility 
provider. 

• Why it Matters: The Indian power sector is aggressively moving towards Smart Grids. 
Understanding how AC parameters (voltage sags, swells, and power factor) are 
monitored digitally is a key skill for future jobs in power distribution companies 
(DISCOMs) like MGVCL or UGVCL. 

• B. FACTS (Flexible AC Transmission Systems) 

• The Connection: In Unit 2 & 3, you study Reactive Power, Power Factor, and Impedance. 
FACTS devices are essentially high-tech versions of the capacitors and inductors you use 
in labs. They use power electronics to dynamically control the “Impedance” and “Phase 
Angle” of transmission lines to stabilize voltage. 

• Why it Matters: As renewable energy (Solar/Wind) grows, grid stability becomes harder 
to maintain. FACTS technology is the solution. Knowing the basics of “Reactive Power 
Compensation” (a core outcome of this course ) puts you on the path to understanding 
these advanced grid stabilizers. 

 

2. MOOC & Online Course Recommendations 

Objective: To provide high-quality, self-paced learning resources that reinforce your diploma 
studies with visualizations and expert explanations. 

Course Title / Theme Platform 
How it Complements Your 

Syllabus 

Basic Electrical Circuits NPTEL / SWAYAM Recommended in your 
syllabus. It offers rigorous 
mathematical derivations for 
Series and Parallel Resonance, 
helping you master the 
complex algebra method 
mentioned in Unit 3. 

Electric Power Systems Coursera (Audit for Free) Connects your Unit 4 (Three 
Phase Systems)  to the real 
world of generation and 
distribution. It visualizes why 
we use 3-phase systems 
instead of single-phase for 
transmission. 
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Course Title / Theme Platform 
How it Complements Your 

Syllabus 

Circuit Analysis via Khan 
Academy 

Khan Academy Also recommended in your 
syllabus. Excellent for “slow 
learners” or visual learners. It 
breaks down Phasor 
Diagrams and Sinusoidal 
Functions  into very simple, 
bite-sized video lessons. 

 

3. Industrial Exposure / Field Visit Suggestions (Gujarat Focus) 

Objective: To see the “AC Fundamental” concepts (Star/Delta, Transformers, Generation) in 
action within the Gujarat industrial ecosystem. 

A. GETCO Substations (Gujarat Energy Transmission Corporation) 

• Location: Various locations across Gujarat (e.g., Jambuva, Ranasan). 

• What to Observe: 

o 3-Phase Systems: See the actual physical arrangement of Red, Yellow, and Blue 
(R-Y-B) busbars. 

o Transformers: Observe Star-Delta connections in power transformers. 

o Capacitor Banks: See large-scale “Parallel Capacitors” used for Power Factor 
Correction, directly relating to Unit 3 concepts. 

B. Transformer Manufacturing Units (e.g., Voltamp, Shilchar - Vadodara) 

• Location: Vadodara (The hub of electrical engineering in Gujarat). 

• What to Observe: 

o Coil Winding: See how inductance (L) is created physically. 

o Testing Labs: Witness “Open Circuit” and “Short Circuit” tests which rely heavily 
on AC circuit analysis and phasor interpretation. 

C. Solar Parks (e.g., Charanka Solar Park) 

• Location: Patan District, Gujarat. 

• What to Observe: 

o Inverters: Since solar panels produce DC, you will see huge Inverters converting 
DC to AC. This reinforces the “Comparison between AC and DC Systems” from 
Unit 1. 

o Grid Synchronization: Learn how the AC frequency generated by the park is 
matched exactly to the 50Hz grid frequency (Unit 1 concepts). 

 

4. Conferences, Seminars & Technical Events 

Objective: To inspire professional growth and networking. 

A. ELECRAMA 
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• Theme: The world’s largest electrical show, held periodically in Greater Noida 
(accessible for major trips). 

• Benefit: You can see the latest AC circuit breakers, smart grids, and testing equipment. It 
gives you a vision of the scale of the electrical industry beyond the textbook. 

B. IEEE India Council / Gujarat Section Events 

• Theme: Technical symposiums often held at major colleges (IIT Gandhinagar, SVNIT, 
MSU). 

• Benefit: Attending student-level paper presentations exposes you to how other students 
are applying AC principles to build projects like “Wireless Power Transfer” or “Smart 
Home Automation.” 

C. Regional “Project Expos” at GTU 

• Theme: Final year project showcases. 

• Benefit: Observing final year projects (often involving Induction Motors or Generators ) 
helps you understand how the Unit 4 (Three Phase) concepts are used to build working 
models. 

 

Next Step for Faculty/Student: Would you like me to draft a “Field Visit Observation Sheet” for a 
visit to a Substation, specifically guiding students on what AC parameters to record (e.g., Line 
Voltage vs Phase Voltage)? 
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Predicted Question Bank: Single Phase AC Parallel Circuits 

1. Most Repeated / High-Probability Questions 

Context: These questions are based on the core topics listed in the syllabus (Admittance, 
Resonance, Vector Methods) and represent the standard theory questions asked in Diploma 
exams. 

Short Answer Questions (2-3 Marks) 

1. Define Admittance, Conductance, and Susceptance. 

o Reference: Syllabus Topic 3(2) - Terms related to AC parallel circuits. 

o Expected Answer: Define each term (Y, G, B), state their units (Siemens/Mho), 
and their formulas relative to Impedance (Z), Resistance (R), and Reactance (X). 

2. State the condition for Parallel Resonance. 

o Reference: Syllabus Topic 3(5) - Resonance condition. 

o Expected Answer: State that resonance occurs when the reactive component of 
line current is zero (or Inductive Susceptance BL = Capacitive Susceptance BC). 

3. Draw the Admittance Triangle. 

o Reference: Syllabus Topic 3(2). 

o Expected Answer: * Note: A diagram showing Conductance (G) on the horizontal 
axis, Susceptance (B) on the vertical axis, and Admittance (Y) as the hypotenuse. 

4. Why is the Admittance method preferred over the Impedance method for parallel 
circuits? 

o Reference: Syllabus Topic 3(3) - Admittance method. 

o Expected Answer: Explain that admittances add up arithmetically/algebraically 
in parallel (YT = Y1 + Y2), whereas impedances add inversely (1/ZT = 1/Z1 +
1/Z2), making calculation easier. 

Descriptive / Long Answer Questions (4-7 Marks) 

5. Compare Series Resonance and Parallel Resonance. 

o Reference: Syllabus Topic 3(6). 

o Expected Answer: A comparison table covering: 

▪ Impedance (Min vs Max) 

▪ Current (Max vs Min) 

▪ Power Factor (Unity for both) 

▪ Magnification (Voltage vs Current) 

▪ Behavior below resonant frequency (Capacitive vs Inductive). 

6. Explain the Phasor (Vector) Method for solving a Parallel RC circuit. 

o Reference: Syllabus Topic 3(1). 

o Expected Answer: Draw the circuit diagram, the phasor diagram showing 
Voltage as the reference vector, and derive the expression for total current I =

√IR
2 + IC

2. 

7. Derive the expression for Resonant Frequency (fr) in a parallel R-L-C circuit. 

o Reference: Syllabus Topic 3(5). 

o Expected Answer: Start with the condition IC = ILsin(ϕL) or BC = BL and solve 
for f to get the standard resonant frequency formula. 

8. Explain the term “Dynamic Impedance” of a parallel circuit and derive its formula. 

o Reference: Syllabus Topic 3(5). 



 
 

94 
 

o Expected Answer: Define it as the impedance at resonance (L/CR) and explain 
why it is purely resistive and maximum in value. 

 

2. Application & Logical Thinking Questions 

Context: These questions test “Concept Application” (A-Level) and “Analysis” (N-Level), 
distinguishing high-scoring students. They focus on why the circuit behaves a certain way. 

5. “A parallel resonant circuit is often called a Rejector Circuit.” Justify this statement. 

o Concept Tested: Impedance characteristics at resonance. 

o Reasoning: At resonance, the parallel circuit offers maximum dynamic 
impedance to the flow of current from the source. Therefore, it “rejects” (allows 
minimum current to pass) signals at that specific resonant frequency while 
allowing others to pass. 

6. In a parallel AC circuit, if the supply frequency is increased, what happens to the 
Inductive Susceptance (BL) and Capacitive Susceptance (BC)? 

o Concept Tested: Frequency dependence of XL and XC. 

o Reasoning: BL = 1/(2πfL) (inversely proportional) and BC = 2πfC (directly 
proportional). As frequency increases, inductive susceptance decreases, and 
capacitive susceptance increases. 

7. Why does “Current Magnification” occur in parallel resonant circuits? 

o Concept Tested: Internal energy exchange vs source current. 

o Reasoning: The current circulating between the inductor and capacitor is much 
larger than the line current drawn from the source. The source only supplies the 
active losses, while L and C exchange reactive power internally. 

8. A student calculates the total current in a parallel RL circuit by adding the branch 
currents arithmetically (I = IR + IL). Is this correct? Explain why or why not. 

o Concept Tested: Vector representation of alternating quantity. 

o Reasoning: No. In AC circuits, currents in parallel branches have phase 
differences (Resistive is in phase, Inductive lags by 90°). They must be added 
vectorially (Phasor Sum), not arithmetically. 

9. If a capacitor is connected in parallel across an inductive coil (R-L series branch), what 
is the effect on the overall Power Factor of the circuit? 

o Concept Tested: Admittance and Power Factor correction principles. 

o Reasoning: The capacitor draws a leading current that neutralizes the lagging 
component of the inductor’s current. This reduces the total reactive current 
drawn from the supply, thereby improving (increasing) the overall power factor 
towards unity. 

 

Note for Exam Preparation (Numericals) 

According to the syllabus, there is a specific listing for “Numerical based on AC parallel circuits 
and parallel resonance.” Students must practice problems involving: 

• Calculating Y, G, and B given R, XL, XC. 

• Finding Total Current and Power Factor using the Admittance Method. 

• Finding Resonant Frequency and Dynamic Impedance given circuit parameters. 

Next Step for Student: Would you like me to generate a Sample Numerical Problem with the 
step-by-step solution using the “Admittance Method” to practice for the exam. 
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Unit 4: Three Phase System and Circuits 

• Total Weightage: 23%  

• Total Teaching Hours: 12 Hours  

• Course Outcome (CO4): Apply principles of three phase system to solve electrical 
circuits.  

 

Strategic Study Plan 

This plan is logically sequenced to build your understanding step-by-step: from Generation → 
Terminology → Connections → Calculations. 

Topic Sequence Syllabus Content Type Est. Hours 
Learning Goals & 
Exam Relevance 

1. The “Why” & 
“How” 

(1) Comparison 
between single 
and three phase 
systems (2) 
Principle of 
generation of 
three phase 
alternating 
voltage  

Core Concept 2 Hours Goal: 
Understand why 
we use 3-phase 
(efficiency, 
power) and how 
3 coils at 120∘ 
create it.Exam: 
High probability 
of “Compare 1-ϕ 
vs 3-ϕ” theory 
question. 

2. The Language 
of 3-Phase 

(3) Three phase 
system 
terminology:- 
Phase sequence 
(R-Y-B)- 
Balanced & 
Unbalanced 
supply/load- 
Importance of 
these terms  

Supporting 1 Hour Goal: Speak the 
industry 
language. Know 
what happens if 
phase sequence 
is reversed 
(motor direction 
changes).Viva: 
Crucial for oral 
exams. 

3. Voltage & 
Current 
Definitions 

(4) Values of 
voltage and 
current in three 
phase system:- 
Line Voltage (VL) 
vs Phase Voltage 
(Vph)- Line 

Current (IL) vs 
Phase Current 
(Iph)  

Core Concept 1 Hour Goal: Distinguish 
between what 
you measure 
between wires 
(L − L) vs. wire-
to-neutral (L −
N).Key: VL is not 
equal to Vph! 

4. Star 
Connection (Y) 

(5) Three phase 
star connection  

Core Application 2 Hours Goal: Master the 
Star 
relationships: 
IL = Iph and 

VL =

√3Vph.Exam: 
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Topic Sequence Syllabus Content Type Est. Hours 
Learning Goals & 
Exam Relevance 

Derivation of 
these relations is 
a standard exam 
question. 

5. Delta 
Connection (Δ) 

(6) Three phase 
delta connection  

Core Application 2 Hours Goal: Master the 
Delta 
relationships: 
VL = Vph and 

IL =

√3Iph.Practical: 

Most industrial 
motors run in 
Delta. 

6. Solving 
Circuits 
(Numericals) 

(7) Numerical 
based on three 
phase circuits  

Application 4 Hours Goal: Calculate 
Power (P =

√3VLILcosϕ) for 
both Star and 
Delta 
loads.Exam: High 
weightage. 
Expect a full 
numerical 
problem asking 
for Line Current, 
Phase Current, 
and Total Power. 

 

Mentor’s Insight for Success 

• Focus on the “Magic Number”: The square root of 3 (√3 = 1.732). It appears 
everywhere in this unit. If you are calculating 3-phase power or converting Line/Phase 

values and you don’t use √3, check your work again! 

• Visual Learning: Don’t just memorize formulas. Draw the Phasor Diagrams for Star and 
Delta voltages. Visualizing the 30∘ angle difference is the difference between passing and 
scoring an ‘A’. 

• Practical Connection: 

o Lab 12 & 13: You will verify these relations physically in the lab. Treat the lab as 
a practice exam.  

o Project Idea: Build a chart showing the difference between Star and Delta 
connections as part of your suggested project list.  

Next Step 

Would you like me to generate a Comparison Table for Star vs. Delta Connections that you can 
print out as a “Cheat Sheet” for revision. 

 

 

Unit 4: Three Phase System and Circuits 



 
 

97 
 

Topic 1: Comparison between Single and Three Phase Systems. 

 

Lecture: Single Phase vs. Three Phase Systems – The Power Upgrade 

Topic: Comparison between Single Phase and Three Phase Systems  

Duration: 60 Minutes  

Reference: Unit 4,  

Topic 1  

 

1. Hook / Introduction (5 Minutes) 

“The Bicycle vs. The Car Engine” Good morning, future engineers! Imagine you are riding a 
bicycle with only one pedal. Every time that pedal reaches the top or bottom dead center, your 
power delivery stops for a split second. You move in “pulses.” Now, imagine a car engine with 
multiple cylinders firing one after another. The power is smooth, continuous, and strong. 

This is exactly the difference between the Single Phase supply in your house (the bicycle) and 
the Three Phase supply in industries (the car engine). 

Today, we answer the big question: Why does the entire world generate and transmit electricity 
in Three Phases, not one? It’s not just a random choice—it’s about saving money and increasing 
efficiency. 

 

2. Core Concepts (40 Minutes) 

A. Understanding the Difference 

• Single Phase (1-ϕ): Think of it as a single alternating voltage source connected to a load. 
It requires two wires: one Phase (Live) and one Neutral. The voltage peaks and hits zero 
100 times a second (at 50Hz). This means the power delivered is pulsating—it actually 
touches zero instant by instant! *  

• Three Phase (3-ϕ): Here, we have three separate voltages of the same frequency but 
shifted by 120∘ in time. It requires 3 or 4 wires (R, Y, B, and Neutral). When Phase R is at 
zero, Phase Y and B are conducting. The result? A constant, steady flow of power that 
never drops to zero. 
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B. Key Advantages of 3-Phase over 1-Phase (The Exam Favorites) 

1. More Power for the Same Size: A 3-phase motor produces about 1.5 times the output of 
a 1-phase motor of the same physical size. 

2. Constant Power Flow: In 1-phase circuits, instantaneous power pulsates. In balanced 3-
phase circuits, the total instantaneous power is constant. This results in less vibration in 
motors. 

3. Self-Starting Motors: 

o 1-Phase Motor: Like a parked bicycle, it needs a push (capacitor/auxiliary 
winding) to start because it produces a pulsating magnetic field. 

o 3-Phase Motor: The three time-shifted currents create a Rotating Magnetic Field 
(RMF) naturally. The motor starts running the moment you switch it on. 

4. Copper Economy (The Money Saver): To transmit the same amount of power over a 
fixed distance, a 3-phase system requires much less conductor material 
(copper/aluminum) than a 1-phase system. This saves millions in transmission costs. 
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3. Real-World / Industry Applications (10 Minutes) 

• The Power Grid: Look at the high-tension towers outside the city. You will always see 
wires in multiples of three (3, 6, or 12). Generation and Transmission are exclusively 3-
phase because it is the most efficient way to move energy. 

• Industrial Floor: Walk into any factory in Gujarat—textile, chemical, or auto. The heavy 
motors driving conveyor belts, pumps, and lathes are all 3-Phase Induction Motors. 
Why? They are rugged, cheaper, and don’t need complex starting switches like the fans 
in your house. 

• Fun Fact: Did you know that electric trains often use single-phase overhead lines but 
convert it to 3-phase inside the locomotive to run the traction motors? That’s how 
superior 3-phase torque is! 

 

4. Summary & Q&A (5 Minutes) 

Quick Recap: 

• 1-Phase: Two wires, pulsating power, motors are not self-starting, less efficient. Used for 
domestic loads (TV, Lights, Fans). 

• 3-Phase: Three/Four wires, constant power, self-starting motors, saves copper. Used for 
Generation, Transmission, and Heavy Industries. 

Typical Student Doubt: “Sir, if 3-phase is so good, why don’t we use it for our TV and phone 
chargers?” 

• Answer: Cost and complexity. You don’t need industrial efficiency to charge a phone, and 
wiring every wall socket with 4 wires would be too expensive and dangerous for a 
home. 

 

Mentor’s Career Tip 

“Students, mastering 3-Phase systems is your gateway to core electrical jobs. Whether you work 
for GETCO (Transmission) or private giants like Reliance/Adani (Generation), the interviewers 
will ask about ‘Star-Delta’ connections and ‘Phase Sequence.’ Treat this unit not just as theory, 
but as the manual for your future toolkit.” 
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Topic 2: Principle of Generation of Three Phase Alternating Voltage. 

Lecture: The Symphony of Power – Generating Three Phase Voltage 

Topic: Principle of Generation of Three Phase Alternating Voltage  

Duration: 60 Minutes  

Reference: Unit 4, Topic 2 

 

1. Hook / Introduction (5 Minutes) 

“The Three-Cylinder Engine” Welcome back, class! In Unit 1, we learned how a single coil 
rotating in a magnetic field generates a single sine wave. Imagine that single coil is like a cyclist 
pedaling with one leg. It works, but it’s jerky. 

Now, imagine a powerful car engine. Does it have just one piston? No, it usually has multiple 
pistons firing in a specific sequence to create smooth, continuous power. Today, we are going to 
upgrade our “electrical engine.” We aren’t just going to spin one coil; we are going to spin three 
identical coils simultaneously. This is the birth of the Three Phase System—the heartbeat of 
every major industry in the world. 

Thought Question: Why do you think the coils must be placed exactly 120∘ apart? Keep that 
number in mind—120∘. It is the magic number for today! 

 

2. Core Concepts (40 Minutes) 

A. The Physical Setup (The Alternator) To generate three-phase voltage, we use a machine 
called an Alternator (AC Generator). Unlike the single-phase generator you studied earlier, this 
machine has a specific construction: 

1. Three Coils: We take three identical coils (let’s call them R, Y, and B for Red, Yellow, 
Blue). Each coil has the same number of turns. 

2. 120° Displacement: This is crucial. We place these coils on the stator (the stationary 
part) physically spaced 120∘ apart from each other in space. 

o Coil R is at 0∘. 

o Coil Y is at 120∘. 

o Coil B is at 240∘ (or −120∘). 

3. The Rotor: A strong magnet (electromagnet) rotates inside these coils at a constant 
speed (ω rad/sec). 

 

Visual Description for Board Work: Draw a circle representing the stator. Place three 
rectangles representing coils at the 12 o’clock (R), 4 o’clock (Y), and 8 o’clock (B) 
positions. Draw a North-South magnet in the center. Label the angle between any two 
coils as 120∘ (electrical degrees). B. The Generation Process (Faraday’s Law in 
Action) As the magnet rotates, it cuts the flux of each coil sequentially. 
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• At Instant 1: The North pole passes Coil R. Maximum EMF is induced in R. 

• Rotation Continues: The magnet has to rotate 120∘ to reach Coil Y. This takes a fraction 
of time. 

• At Instant 2: Now, maximum EMF is induced in Coil Y. But remember, this happens after 
Coil R has peaked. 

• At Instant 3: The magnet rotates another 120∘ to reach Coil B. Now Coil B peaks. 

 

Because the coils are mechanically displaced by 120∘, the voltages generated are electrically 
displaced by 120∘. They have the same amplitude (Emax) and the same frequency (f), but they 
do not start at the same time. 

 

C. The Equations (The Mathematical Beauty) If we take the voltage in Coil R as the reference, the 
equations for the instantaneous voltages are: 

4. eR = Emsin(ωt) 

5. eY = Emsin(ωt − 120∘) (Lags R by 120∘) 

6. eB = Emsin(ωt − 240∘) (Lags Y by another 120∘) 

 

Visual Description for Board Work: Draw the waveform diagram. * Start a sine wave 
(R) from the origin (0). * Start the second sine wave (Y) from a point on the x-axis 
marked “120∘”. * Start the third sine wave (B) from a point marked “240∘”. * Show 
that at any vertical line you draw, the sum of the three voltages is zero (eR + eY +
eB = 0). 
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3. Real-World / Industry Applications (10 Minutes) 

• Power Plants: Whether it’s the Ukai Thermal Power Station or a hydro plant at Sardar 
Sarovar, the generators used are massive 3-Phase Synchronous Generators.  
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Topic 3: Three Phase System Terminology. 

 

Lecture: Speaking the Language of Three Phase – Terminology & Concepts 

Topic: Three Phase System Terminology (Phase Sequence, Balanced/Unbalanced Supply & 
Load)  

Duration: 60 Minutes  

Reference: Unit 4, Topic 3  

 

1. Hook / Introduction (5 Minutes) 

“The Case of the Backward Motor” Imagine you are a junior engineer at a factory. Your boss asks 
you to connect a huge conveyor belt motor. You connect the three wires—Red, Yellow, Blue. You 
hit the “Start” button, and disaster strikes! Instead of moving the products forward, the 
conveyor runs backward, dumping everything on the floor. 

What went wrong? The motor was fine. The power was fine. The problem was the Phase 
Sequence. You swapped two wires without realizing it. 

Today, we will learn the essential vocabulary of the three-phase world. These aren’t just 
definitions; they are the safety rules that prevent expensive equipment (and your career) from 
crashing. 

 

2. Core Concepts (40 Minutes) 

A. Phase Sequence (The Order of Arrival) 

• Definition: Phase sequence is the order in which the voltages of the three phases reach 
their maximum positive value. 

• Standard Sequence: The universal standard is R-Y-B (Red, Yellow, Blue). 

o First, the R-phase peaks. 

o 120∘ later, the Y-phase peaks. 

o Another 120∘ later, the B-phase peaks. 
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• Reversing Sequence: If you swap any two wires (e.g., connect R-B-Y instead of R-Y-B), 
the rotation of the magnetic field reverses. This is why our “Backward Motor” accident 
happened! 

 

• Visual Check: We use an instrument called a “Phase Sequence Indicator” to check this 
before connecting motors. 

 

 

Visual Description for Board Work: Draw three sine waves starting at different points. 
* Label the first peak “R”. * Label the second peak “Y” (appearing to the right of R). * 
Label the third peak “B”. * Draw an arrow showing time flowing from Left to Right. 

 

B. Balanced vs. Unbalanced Supply 

• Balanced Supply: A three-phase voltage source is “Balanced” if: 

1. All three voltages are equal in magnitude (VR = VY = VB). 
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2. They are displaced by exactly 120∘ from each other. 

 

 
 

 

• Unbalanced Supply: If the magnitudes are unequal or the phase angle is not exactly 120∘, 
the supply is unbalanced. This is bad news—it causes heating and vibrations in 
machines. 

 

C. Balanced vs. Unbalanced Load 

• Balanced Load: A load is balanced if the impedance (Z) in all three phases is identical in 
magnitude and phase angle. 

o Example: A 3-phase induction motor is a balanced load because all three 
windings are identical. 

o Currents: In a balanced load, the sum of the three currents is always zero (IR +
IY + IB = 0). This means current doesn’t flow in the neutral wire! 
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• Unbalanced Load: If the impedances across the three phases are different. 

o Example: A building where Phase R feeds the ACs, Phase Y feeds the lights, and 
Phase B feeds the computers. Since these loads are different, the system is 
unbalanced. 

o Currents: The currents are unequal, and a “resultant current” flows through the 
neutral wire. 

 

 
 

Visual Description for Board Work: * Diagram 1 (Balanced): A Star connection where 
each arm has a resistor of 10Ω. Label it “Balanced Load.” * Diagram 2 (Unbalanced): A 
Star connection where Arm R has a 100W bulb, Arm Y has a 1000W heater, and Arm B 
has a fan. Label it “Unbalanced Load.” 

 

3. Real-World / Industry Applications (10 Minutes) 

• The Neutral Wire Problem: In office buildings (Unbalanced Load), the neutral wire often 
carries current. If the load is very unbalanced, the neutral wire can overheat and even 
catch fire. This is why electricians must carefully distribute single-phase loads (Lights, 
ACs) equally across R, Y, and B phases to keep the system as “Balanced” as possible. 

 

• Motor Protection Relays: In modern factories, we use “Phase Failure Relays.” If the 
supply becomes unbalanced (e.g., one fuse blows), the relay senses the imbalance and 
trips the motor instantly to prevent it from burning out. 
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4. Summary & Q&A (5 Minutes) 

Quick Recap: 

• Phase Sequence: The order R-Y-B. Swap any two to reverse motor direction. 

• Balanced Load: Identical Z in all phases. No neutral current (IN = 0). 

• Unbalanced Load: Different Z. Neutral current exists (IN ≠ 0). 

Typical Student Doubt: “Sir, does a balanced load require a neutral wire?” 

• Answer: Theoretically, no! Since the neutral current is zero, you can remove the wire. 
That’s why 3-phase motors (delta connected) have only 3 wires and no neutral. 

 

💡 Mentor’s Career Tip 

“In the industry, ‘Balancing the Load’ is a daily task for maintenance engineers. If you can 
analyze a distribution panel and suggest how to move loads from Phase R to Phase B to balance 
the system, you save the company energy and equipment wear. That’s the kind of practical skill 
that gets you promoted!” 
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Topic 4: Values of Voltage and Current in Three Phase System. 

 

Lecture: Decoding the Meter – Line vs. Phase Values 

Topic: Values of voltage and current in three phase system: Define terms - line voltage, phase 
voltage, line current, and phase current.  

Duration: 60 Minutes  

Reference: Unit 4, Topic 4  

 

1. Hook / Introduction (5 Minutes) 

“The 440V Mystery” Good morning, class! Let me start with a question you might have heard 
outside the classroom. You know that standard household voltage in India is 230V. But when 
you walk past a large distribution box or a factory motor, you see a danger sign that says “440V” 
or “415V”. 

How can the same system have two different voltage ratings? Is it magic? No, it’s geometry. 

The difference lies in where you place your multimeter probes. Today, we are going to clear up 
the biggest source of confusion for electrical students: the difference between Line Values and 
Phase Values. If you master this definition today, you will never burn out a motor or a meter in 
your career. 

 

2. Core Concepts (40 Minutes) 

A. The Setup: Wires and Windings To understand these definitions, visualize a 3-Phase system 
(like an alternator or a motor) which has three windings (coils) and three outgoing wires 
(lines) R, Y, and B. 

B. Defining Voltage Values 

1. Phase Voltage (Vph) 

o Definition: The potential difference measured across one single phase winding 
or between one Line conductor and the Neutral point. 

o The “Home” Analogy: This is what you have at home. One wire comes from the 
pole (Line), and one is Neutral. 

o Standard Value: In India, Vph = 230V. 

o How to Measure: Connect voltmeter between Line R and Neutral. 

2. Line Voltage (VL) 

o Definition: The potential difference measured between any two Line conductors. 

o The “Industry” Analogy: This is the “heavy duty” voltage used for big motors. 

o Standard Value: In India, VL = 400V − 415V. 

o How to Measure: Connect voltmeter between Line R and Line Y (or Y-B, or B-R). 

o Key Relationship: VL is always larger than Vph. Specifically, VL = √3 × Vph. (We 

will prove this in the next lecture on Star connections). 
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Visual Description for Board Work: Draw a Star-connected system (Y-shape). * Draw 
arrows from the center point (Neutral) to the tip of one arm (R). Label this Vph. * 

Draw arrows connecting the tip of arm R to the tip of arm Y. Label this VL. *  

 

 

 

 

C. Defining Current Values 

1. Line Current (IL) 

o Definition: The current flowing through any Line conductor (the wire connecting 
the supply to the load). 

o Visualization: Imagine the wire coming out of the generator terminal. The 
current in that wire is IL. 

2. Phase Current (Iph) 

o Definition: The current flowing through one single phase winding or component 
(impedance). 

o Visualization: Imagine the current actually passing through the copper coil 
inside the motor. That is Iph. 

D. The Twist: Star vs. Delta Behavior 

• In Star Connection: The wire is directly connected to the winding. So, the current in the 
line is the current in the winding. 

o Rule: IL = Iph (Current is same) but VL > Vph. 

• In Delta Connection: The line current splits into two paths at the junction. 

o Rule: VL = Vph (Voltage is same) but IL > Iph. 

Visual Description for Board Work: * Diagram 1 (Star): Trace a path from the wire 
into the coil. Show there is no junction. Write “IL = Iph”. * Diagram 2 (Delta): Trace a 

path from the wire hitting a corner of the triangle. Show it splits. Write “IL = √3Iph”. 
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3. Real-World / Industry Applications (10 Minutes) 

• The Multimeter Test: When you go to an industry, if you check the nameplate of a 3-
Phase Induction Motor, you will often see “415V / 50Hz”. This always refers to the Line 
Voltage. Unless specified otherwise, industry ratings are always Line values. 

• Safety Precaution: If you mistakenly touch two active wires (Line-to-Line), you get a 
415V shock. If you touch one wire and the ground (Line-to-Ground), you get a 230V 
shock. Both are dangerous, but the 415V shock is far more lethal. This is why 3-phase 
breakers are much larger and robust than household switches. 

 

4. Summary & Q&A (5 Minutes) 

Quick Recap: 

• Vph: Voltage across one coil (or Line-to-Neutral). Standard: 230V. 

• VL: Voltage between two lines. Standard: 415V. 

• Iph: Current inside the winding. 

• IL: Current in the supply wire. 

Typical Student Doubt: “Sir, is Line Voltage just the arithmetic sum of two Phase Voltages 
(230 + 230 = 460V)?” 

• Answer: No! Because they are AC phasors with a 120∘ angle, they add vectorially. The 

math is 2 × 230 × cos(30∘) = 230 × √3 ≈ 400V. 

 

💡 Mentor’s Career Tip 

“When you face a technical interview, the interviewer might simply ask: ‘What is the relation 
between Line and Phase voltage?’ Don’t just give the formula. Ask them ‘In Star or Delta?’ asking 
that clarifying question shows you think like an engineer, not just a student who memorized a 
book.” 
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Topic 5: Three Phase Star Connection. 

 

Lecture: The Star Connection – The Heart of Distribution 

Topic: Three Phase Star Connection (𝐘)  

Duration: 60 Minutes  

Reference: Unit 4, Topic 5  

 

1. Hook / Introduction (5 Minutes) 

“The Mercedes Logo & Your Home Socket” Good morning, engineers! Visualize the famous 
Mercedes-Benz logo—a three-pointed star inside a circle. That shape isn’t just a car symbol; it 
represents the most common electrical connection in the world: the Star Connection. 

 

Think about this: The high-voltage lines running on towers outside are 3-phase (400V+). Yet, 
the socket you use to charge your phone is single-phase (230V). How do we get a single phase 
out of a three-phase system? The answer lies in the magic of the Star Connection and its secret 
weapon: the Neutral Wire. 

 

Today, we decode the “Star” (Y) configuration. This is the setup that powers everything from the 
Alternator in a power plant to the distribution box outside your house. 

 

2. Core Concepts (40 Minutes) 

A. The Construction (Tying the Knots) Imagine you have three separate coils (R, Y, B). Each coil 
has a “Start” end and a “Finish” end. 

• To form a Star connection, we take the three “Finish” ends (or three “Start” ends) and tie 
them together at a common junction point. 

• This common point is called the Neutral Point (N). 

• The remaining three ends are brought out as Line Conductors (R, Y, B). 

• This gives us a 3-Phase, 4-Wire System. 

Visual Description for Board Work: Draw three coils arranged in a “Y” shape, meeting 
at the center. Label the center “N”. Label the outer tips R, Y, and B. Draw a wire 
coming from N (dotted line) and label it “Neutral Wire”.  

 

 

B. Current Relationship (IL vs Iph) Look at your diagram. Trace the path of current 

coming from the Line wire (R). It enters the coil directly. There is no split, no 
diversion. The current flowing in the line is the exact same current flowing through 
the phase winding. 
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• Conclusion: In a Star connection, Line Current = Phase Current. 

• Formula: 

IL = Iph 

 

 

 

C. Voltage Relationship (VL vs Vph) Now, look at the voltage. 

• Phase Voltage (Vph) is measured between a Line (R) and the Neutral (N). 

• Line Voltage (VL) is measured between two Lines (R and Y). 

• If you look at the phasor diagram, the Line Voltage is actually the vector difference of 
two Phase Voltages (e.g., VRY = VR − VY). 

• Because the phases are 120∘ apart, the geometry (using a 30∘ bisector) gives us a 

specific multiplier: √3 or 1.732. 

• Conclusion: Line Voltage is √3 times the Phase Voltage. 

• Formula: 

VL = √3Vph 

D. Power Calculation Since total power is the sum of power in three phases (3 × Vph × Iph ×

cosϕ), if we substitute our Line values into this, we get the universal 3-phase power equation: 

P = √3VLILcosϕ 

Visual Description for Board Work: Draw a Phasor diagram. Show VR, VY, VB at 120∘. 
Reverse vector VY to get −VY. Add VR and −VY using the parallelogram law to show 
the resultant VL is longer than Vph. 
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3. Real-World / Industry Applications (10 Minutes) 

• Power Distribution: This is the #1 use case. Your local transformer is “Delta-Star”. The 
secondary side is Star-connected so that the utility company can give you a Neutral wire. 
This allows them to send 415V (VL) to a flour mill and 230V (Vph) to your house from 

the same transformer. 

• Alternators: Almost all electricity generators (Alternators) are Star-connected. Why? 
Because the Neutral point can be grounded (Earthed), which protects the expensive 
generator from faults and lightning strikes. 

 

4. Summary & Q&A (5 Minutes) 

Quick Recap: 

3. Connection: End-to-End joined at Neutral. 

4. Current: IL = Iph (Same). 

5. Voltage: VL = √3Vph (Line is higher). 

6. System: 3-Phase, 4-Wire. 

Typical Student Doubt: “Sir, if IL = Iph, does that mean the Neutral wire carries 3 × Iph?” 

• Answer: No! Remember phasor addition? In a Balanced Load (as defined in Topic 3), the 
three currents cancel each other out, and the current in the Neutral wire is Zero. That’s 
why the neutral wire is often thinner than the line wires! 

 

💡 Mentor’s Career Tip 

“In your upcoming Practical 12, you will verify these relations using voltmeters and ammeters. 
Pay attention there. When you graduate and work in maintenance, knowing that ‘Star gives me a 
Neutral’ is the key to solving half of your wiring problems. If a machine needs 230V control 
power but you only have a 415V supply, looking for that Star point is your solution!” 
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Topic 6: Three Phase Delta Connection. 

 

Lecture: The Delta Connection – The Powerhouse Configuration 

Topic: Three Phase Delta Connection (𝚫)  

Duration: 60 Minutes  

Reference: Unit 4, Topic 6;  

 

1. Hook / Introduction (5 Minutes) 

“The Triangle of Torque” Welcome back, engineers! In our last session, we looked at the “Star” 
connection, which gave us the useful Neutral wire for our lights and fans. But today, we are 
going to look at the brute force of the electrical world: the Delta Connection (Mesh Connection). 

Imagine a group of three people holding hands in a circle. If one person pulls, the force is 
transferred around the loop. This is the logic of the Delta connection. It forms a closed loop—a 
triangle (Δ). 

Thought Question: If I connect three voltage sources in a closed loop, shouldn’t it cause a 
massive short circuit? Spoiler: It doesn’t! And understanding why is the key to unlocking the 
secret of how industrial motors generate massive torque. Let’s dive in. 

 

2. Core Concepts (40 Minutes) 

A. The Construction (The Ring Road) Unlike the Star connection where all ends meet at a central 
neutral point, the Delta connection is a series loop. 

1. Connection Logic: We connect the Finish end of the first coil to the Start end of the 
second coil. 

2. The Loop: Finish of 2 → Start of 3. Finish of 3 → Start of 1. 

3. Terminals: The three junction points where the coils meet are tapped out as the Line 
conductors (R, Y, B). 

4. No Neutral: Notice something missing? There is no center point. Therefore, a Delta 
system is a 3-Phase, 3-Wire system. 

Visual Description for Board Work: Draw three coils arranged in a triangle (Δ). Label 
the corners R, Y, and B. Show that the wire R is connected directly to the junction of 
Coil 1 and Coil 3. 

B. Voltage Relationship (VL vs Vph) Look closely at your diagram. 

• Place your voltmeter probes across Line R and Line Y. 

• Now look at the coil connected between these two points. It is the Phase winding itself! 

• Therefore, the voltage across the line wires is exactly the same as the voltage across the 
coil. 

• Rule: In Delta, Line Voltage = Phase Voltage. 

• Formula: 

VL = Vph 
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C. Current Relationship (IL vs Iph) Now, let’s look at the current. 

• Current comes in from Line R. When it hits the corner of the triangle, it splits into two 
paths (some goes to Phase 1, some to Phase 3). 

• According to Kirchhoff’s Current Law (KCL), the Line Current is the vector difference of 
the two Phase Currents (IR = IRY − IBR). 

• Using phasor algebra (just like we did for voltage in Star), the 120∘ displacement results 

in a factor of √3. 

• Rule: Line Current is √3 times the Phase Current. 

• Formula: 

IL = √3 × Iph 

Visual Description for Board Work: Draw a Phasor diagram. Show three phase 
currents IRY, IYB, IBR. Perform vector subtraction to show the resultant Line Current 
(IL) is larger than the individual Phase Currents. 

 

 

 

D. Power Calculation The power formula remains consistent for any 3-phase system: 

• Total Power (P) = √3 × VL × IL × cosϕ 

• Note: Even though the internal voltage/current relations are different from Star, the 
final power calculation using Line values is identical. 

 

3. Real-World / Industry Applications (10 Minutes) 

• Induction Motors: This is the most common application. 90% of industrial motors run in 
Delta configuration. Why? Because Vph = VL. If you have a 415V supply, the full 415V is 

applied across the motor coils, producing maximum torque. 

• Distribution Transformers: The primary windings of distribution transformers are 
usually Delta-connected. This allows the transformer to block “Third Harmonic” 
currents from reaching the transmission lines, keeping the grid clean. 

• Rotary Converters: Used in heavy industries where high current output is needed (since 

IL is magnified by √3). 
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4. Summary & Q&A (5 Minutes) 

Quick Recap: 

• Connection: End-to-Start Loop. 

• Wires: 3-Phase, 3-Wire (No Neutral). 

• Voltage: VL = Vph (Same). 

• Current: IL = √3Iph (Line current is higher). 

Typical Student Doubt: “Sir, you said the voltages sum to zero in the loop. But what if one coil is 
wrongly connected?” 

• Answer: Excellent question! If you reverse one coil in the Delta loop, the voltages will 
not sum to zero. A huge circulating current will flow inside the closed triangle, even with 
no load attached, and the coils will burn out in seconds. This is why polarity testing is 
critical! 

 

💡 Mentor’s Career Tip 

“Students, you will often hear the term ‘Star-Delta Starter’ in interviews. This is a clever method 
where a motor starts in ‘Star’ (to reduce the starting current) and then switches to ‘Delta’ (to 
run at full power). If you can draw the control circuit for a Star-Delta starter during an 
interview, you are almost guaranteed a job in industrial automation!” 
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Topic 7: Numerical based on three phase circuits. 

This lecture synthesizes the theory from Star/Delta connections into practical problem-solving, 
directly addressing Course Outcome 4 (CO4)  and preparing students for the Numerical 
Problem Solving activity suggested in the syllabus. 

 

Lecture: The Calculator as a Tool – Mastering 3-Phase Numericals 

Topic: Numerical based on three phase circuits Duration: 60 Minutes Reference: Unit 4, Topic 7; 
Suggested Practical List 14 & 15. 

 

1. Hook / Introduction (5 Minutes) 

“The Million-Rupee Calculation” Good morning, engineers! We have spent the last few lectures 
learning the theory of Star (𝑌) and Delta (𝛥). Today, we stop talking and start calculating. 

Imagine you are a site engineer. A client asks, “I have a 10kW motor. What size cable do I need?” 
If you guess, the cable might burn (fire hazard) or be too thick (wasting money). You need an 
exact number. 

Many students fear “Numericals” because they hate math. But in engineering, math is just a tool, 
like a screwdriver. Today, I will teach you the “3-Step Protocol” to solve any three-phase 
problem without confusion. Get your calculators out—let’s become engineers! 

 

2. Core Concepts (40 Minutes) 

A. The “Cheat Sheet” (5 Minutes) Before we solve, we must have our weapons ready. Let’s write 
the Golden Rules on the board. (Students, write this at the top of your page!). 

Connection Voltage Relation Current Relation Power Formula 

Star (𝑌) 𝑉𝐿 = √3𝑉𝑝ℎ 𝐼𝐿 = 𝐼𝑝ℎ 𝑃 = √3𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜙 

Delta (𝛥) 𝑉𝐿 = 𝑉𝑝ℎ 𝐼𝐿 = √3𝐼𝑝ℎ 𝑃 = √3𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜙 

Note: 𝑉𝐿 is Line Voltage (400V-415V), 𝑉𝑝ℎ is Phase Voltage (230V). 

B. The 3-Step Protocol (Methodology) Every problem in your exam can be solved using this 
sequence: 

5. Identify: Is it Star or Delta? (This changes everything!) 

6. Convert: Find the Phase Values (𝑉𝑝ℎ, 𝐼𝑝ℎ) first. Never calculate using Line values directly 

inside the load impedance. 

7. Scale Up: Convert back to Line Values (𝐼𝐿) and calculate Total Power. 

C. Solved Problem 1: The Star Load (15 Minutes) 

• Problem: A balanced 3-phase Star-connected load has an impedance of 10𝛺 per phase. It 
is connected to a 400𝑉, 50𝐻𝑧 supply. Calculate: (a) Phase Voltage, (b) Phase Current, (c) 
Line Current, (d) Total Power (assuming UPF). 
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• Solution: 

1. Identify: Connection = Star. Supply = Line Voltage (𝑉𝐿) = 400V. 

2. Step 1 (Find 𝑉𝑝ℎ): In Star, 𝑉𝐿 = √3𝑉𝑝ℎ. 

𝑉𝑝ℎ = 400/1.732 = 230.9𝑉 

3. Step 2 (Find 𝐼𝑝ℎ): Ohm’s Law applies to the phase. 

𝐼𝑝ℎ = 𝑉𝑝ℎ/𝑍 = 230.9/10 = 23.09𝐴 

4. Step 3 (Find 𝐼𝐿): In Star, Current is same. 

𝐼𝐿 = 𝐼𝑝ℎ = 23.09𝐴 

5. Step 4 (Total Power): 

𝑃 = √3 × 𝑉𝐿 × 𝐼𝐿 × 𝑐𝑜𝑠𝜙 

𝑃 = 1.732 × 400 × 23.09 × 1 = 16,000𝑊 or 16𝑘𝑊 

Visual Description: Draw a Star circuit. Label 𝑉𝐿 between two outer wires (400V) and 
𝑉𝑝ℎ across one coil (231V). Show the calculation flow clearly on the board. 

D. Solved Problem 2: The Delta Load (15 Minutes) 

• Problem: The same three coils (10𝛺 each) are re-connected in Delta across the same 
400𝑉 supply. Calculate Line Current and Power. 

• Solution: 

6. Identify: Connection = Delta. 

7. Step 1 (Find 𝑉𝑝ℎ): In Delta, Voltage is same. 

𝑉𝑝ℎ = 𝑉𝐿 = 400𝑉 

  (Notice the difference! The coil gets full 400V now). 

8. Step 2 (Find 𝐼𝑝ℎ): 

𝐼𝑝ℎ = 𝑉𝑝ℎ/𝑍 = 400/10 = 40𝐴 

9. Step 3 (Find 𝐼𝐿): In Delta, Line current splits. 

𝐼𝐿 = √3 × 𝐼𝑝ℎ = 1.732 × 40 = 69.28𝐴 

10. Step 4 (Total Power): 

𝑃 = 1.732 × 400 × 69.28 × 1 = 48,000𝑊 or 48𝑘𝑊 

E. The “Aha!” Moment Compare the power: Star (16kW) vs Delta (48kW). 

• 16 × 3 = 48. 

• Concept: A Delta connection draws 3 times more power than a Star connection for the 
same load. This validates the practical syllabus outcome of “Testing relation between 
power consumption in star and delta”. 
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3. Real-World / Industry Applications (10 Minutes) 

• The Star-Delta Starter: 

o Why do we use those big grey boxes to start motors? Look at our math. 

o In Star, the motor draws only 23A. In Delta, it draws 69A. 

o If we switch on a big motor directly in Delta, the huge current (69A+) acts like a 
hammer blow to the grid. So, we start it in Star (soft start) and after a few 
seconds, switch to Delta (full power). 

• Cable Sizing: 

o As an engineer, you size cables based on Line Current (𝐼𝐿). If you miscalculate 
Delta current as Star current, your wire will be too thin and will melt. 

 

4. Summary & Q&A (5 Minutes) 

Quick Recap: 

8. Star: High Voltage on Line, Low Voltage on Phase. (𝐼𝐿 = 𝐼𝑝ℎ). 

9. Delta: High Voltage on Phase. (𝐼𝐿 > 𝐼𝑝ℎ). 

10. Power: √3𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜙. 

Typical Student Doubt: “Sir, why do we use √3 in the power formula for both Star and Delta?” 

Answer: Because the power formula uses Line Values. The factor of √3 compensates for the 
internal differences (Voltage split in Star, Current split in Delta) automatically. It’s the universal 
formula! 

 

💡 Mentor’s Career Tip 

“In your next job interview, they won’t ask you to derive a theorem. They will ask: ‘I have a 
10HP motor. What is the full load current?’ If you can pull out your phone calculator, apply 𝑃 =

√3𝑉𝐼𝑐𝑜𝑠𝜙, and give an answer within 30 seconds, you are hired. Practice these numericals—
they are the language of your profession.” 
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Student AI Toolkit: Three Phase System and Circuits 

A. Low-Level Prompts (10 Prompts) 

Goal: Master the basics, definitions, and theory questions. Use these to build your foundation. 

1. “Explain the difference between a single-phase and a three-phase system in simple 
language suitable for a diploma engineering student. Use a real-life analogy.”  

2. “What are the main advantages of using a three-phase system over a single-phase 
system for power transmission?”  

3. “Define the terms ‘Phase Sequence’, ‘Balanced Load’, and ‘Unbalanced Load’ in the 
context of electrical circuits. Give one simple example for each.”  

4. “What is the principle of generating three-phase alternating voltage? Explain how the 
coils are arranged and how the voltage is induced.”  

5. “Create a simple glossary of key terms for Three Phase Circuits including: Line Voltage, 
Phase Voltage, Line Current, and Phase Current.”  

6. “State the mathematical relationship between Line Voltage and Phase Voltage for a Star 
connection. Just provide the formula and a brief sentence explaining it.”  

7. “State the mathematical relationship between Line Current and Phase Current for a 
Delta connection. Just provide the formula and a brief sentence explaining it.”  

8. “Why is the phase angle difference between the three phases exactly 120 degrees? 
Explain in 2-3 sentences.”  

9. “What is the formula for calculating total power in a three-phase circuit? Explain what 
each symbol (P, V, I, cos phi) stands for.”  

10. “Summarize the key differences between Star and Delta connections in a table format, 
comparing voltage, current, and number of wires.”  

 

B. Moderate-Level Prompts (10 Prompts) 

Goal: Apply your knowledge to solve problems, analyze circuits, and understand “why” things 
work. 

1. “I am confused about why Line Voltage is root 3 times Phase Voltage in a Star 
connection. Can you explain the phasor addition logic behind this derivation simply?”  

2. “A 3-phase motor is connected in Delta. If the supply voltage is 415V, what is the voltage 
across each winding? Explain your reasoning.”  

3. “Compare a ‘Balanced Supply’ with an ‘Unbalanced Supply’. What are the negative 
effects of an unbalanced supply on an electrical machine?”  

4. “Generate a step-by-step guide to solving a numerical problem where I need to find the 
total power of a Star-connected load given the resistance per phase and line voltage.”  

5. “Why is a Neutral wire necessary in a Star-connected system with an unbalanced load, 
but optional for a balanced load? Explain with a practical example like a building’s 
wiring.”  

6. “What happens to the direction of a 3-phase motor if I swap the Red (R) and Yellow (Y) 
phase wires? Explain the concept of Phase Sequence reversing.”  

7. “Draft a short explanation suitable for a viva exam on why industrial motors are 
preferred to be 3-phase rather than single-phase.”  
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8. “Test me: Ask me 5 multiple-choice questions about Star vs Delta voltage and current 
relations. Don’t show the answers immediately; let me guess first.”  

9. “Explain the relationship between power consumption in a Star-connected load versus a 
Delta-connected load if the same resistors are used. Which one consumes more power 
and by how much?”  

10. “Visualize the waveform of a 3-phase system. Describe how the three sine waves overlap 
and identify the points where they cross the zero line.”  

 

C. High-Level Prompts (5 Prompts) 

Goal: Design, create, and think like an engineer. Use these for projects and distinction-level prep. 

1. “Design a simple troubleshooting flowchart for a factory electrician to check if a 3-phase 
motor is receiving a balanced supply. Include steps for measuring Line and Phase 
voltages.”  

2. “I need to build a physical model to demonstrate ‘Generation of Alternating EMF’ for my 
college project. Suggest a list of low-cost materials and a basic assembly plan.”  

3. “Create a ‘Cheat Sheet’ for 3-Phase Circuits that I can use for quick revision before the 
exam. Include all relevant formulas, circuit diagrams (described in text), and key theory 
points.”  

4. “Analyze the safety risks of a broken neutral wire in a 3-phase 4-wire distribution 
system supplying a residential building. What happens to the voltage across the 
appliances?”  

5. “Imagine you are explaining the concept of ‘Power Factor’ in 3-phase circuits to a non-
technical person. Write a script using an analogy like beer or a horse pulling a cart.”  

 

 

Mastery Check: Three Phase System and Circuits 

1. Key Definitions / Glossary 

Objective: Master the technical vocabulary required for Unit 4 exams, vivas, and practical 
sessions (Expt 12-15). 

1. Three Phase System: A system of AC supply consisting of three voltages of the same 
magnitude and frequency but displaced from one another by 120 electrical degrees. 

2. Phase Sequence: The specific order in which the voltages of the three phases (R, Y, B) 
reach their maximum positive value. 

3. Balanced Supply: A three-phase supply where all three phase voltages are equal in 
magnitude and displaced by exactly 120∘. 

4. Balanced Load: A load where the impedance in all three phases is identical in magnitude 
and phase angle. 

5. Unbalanced Load: A load condition where the impedances in the three phases are not 
identical, causing unequal currents to flow. 

6. Star Connection (Y): A connection method where similar ends (Start or Finish) of the 
three coils are joined to form a common neutral point. 

7. Delta Connection (𝛥): A connection method where the starting end of one coil is 
connected to the finishing end of the next, forming a closed loop. 
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8. Line Voltage (𝑉𝐿): The potential difference measured between any two line conductors 
(e.g., between R and Y). 

9. Phase Voltage (𝑉𝑝ℎ): The potential difference measured across a single phase winding or 

between one line and the neutral point. 

10. Line Current (𝐼𝐿): The current flowing through any one of the supply line conductors. 

11. Phase Current (𝐼𝑝ℎ): The current flowing through an individual phase winding or load 

component. 

12. Neutral Point: The common junction point in a Star connection where the three phases 
meet, often connected to the ground. 

13. Phase Difference: The angular displacement between the waveforms of the three phases, 
which is 120∘ or 2𝜋/3 radians. 

14. Active Power (𝑃): The total real power consumed by the three-phase circuit, calculated 

as 𝑃 = √3𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜙 for balanced loads. 

15. Rotating Magnetic Field (RMF): The magnetic field produced by a three-phase system 
that rotates in space, essential for self-starting motors. 

 

2. FAQ & Assessment Section 

A. Multiple Choice Questions (MCQs) 

Context: These questions test the syllabus topics: Generation, Terminology, Star/Delta 
Connections, and Power Calculations. 

1. In a balanced three-phase voltage system, the phase difference between any two phases is: A) 
90∘ B) 120∘ C) 180∘ D) 360∘ 

2. Which of the following is NOT a standard color code for a three-phase system? A) Red (R) B) 
Yellow (Y) C) Blue (B) D) Green (G) 

3. In a Star connection, the relationship between Line Voltage (𝑉𝐿) and Phase Voltage (𝑉𝑝ℎ) is: 

A) 𝑉𝐿 = 𝑉𝑝ℎ B) 𝑉𝐿 = √3𝑉𝑝ℎ C) 𝑉𝐿 = 𝑉𝑝ℎ/√3 D) 𝑉𝐿 = 3𝑉𝑝ℎ 

4. In a Delta connection, the relationship between Line Current (𝐼𝐿) and Phase Current (𝐼𝑝ℎ) is: 

A) 𝐼𝐿 = 𝐼𝑝ℎ B) 𝐼𝐿 = 𝐼𝑝ℎ/√3 C) 𝐼𝐿 = √3𝐼𝑝ℎ D) 𝐼𝐿 = 3𝐼𝑝ℎ 

5. The standard phase sequence generally followed is: A) R-B-Y B) R-Y-B C) Y-R-B D) B-R-Y 

6. In a balanced Star-connected system, the current flowing in the neutral wire is: A) Maximum 
B) Equal to Line Current C) Zero D) Infinite 

7. Which connection system provides a Neutral point? A) Delta Connection B) Star Connection 
C) Mesh Connection D) Series Connection 

8. For the same line voltage and current, the power in a 3-phase circuit is given by: A) 3𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜙 

B) √3𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜙 C) 𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜙 D) 3𝑉𝑝ℎ𝐼𝑝ℎ𝑐𝑜𝑠𝜙 

9. In a Delta connection, the Line Voltage (𝑉𝐿) is equal to: A) Phase Voltage (𝑉𝑝ℎ) B) √3 × Phase 

Voltage C) Phase Voltage / √3 D) 3 × Phase Voltage 

10. If the phase sequence of the supply to a 3-phase motor is reversed, the motor will: A) Burn 
out B) Run at higher speed C) Run in the reverse direction D) Stop immediately 
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11. A 3-phase system is preferred over a 1-phase system because: A) It requires more copper B) 
It produces constant power and torque C) It is less efficient D) It is more complex 

12. In a Star connection, the Line Current (𝐼𝐿) is: A) Equal to Phase Current (𝐼𝑝ℎ) B) √3 times 

Phase Current C) Less than Phase Current D) Zero 

13. A “Balanced Load” implies that: A) Only resistance is equal in all phases B) Current is zero in 
all phases C) Impedance (𝑍) is same in magnitude and angle in all phases D) Voltage is different 
in all phases 

14. Which system requires only 3 wires for transmission? A) Star with Neutral B) Delta 
Connection C) Single Phase D) 2-Phase 3-Wire 

15. If a 3-phase load consumes 𝑃 watts in Star connection, how much power will it consume if 

reconnected in Delta across the same supply voltage? A) 𝑃 (Same) B) 3𝑃 C) 𝑃/3 D) √3𝑃 

16. The value of √3 used in 3-phase calculations is approximately: A) 1.414 B) 1.732 C) 3.142 D) 
0.707 

17. Line voltage is measured between: A) One Phase and Ground B) One Phase and Neutral C) 
Any two Phase wires D) Neutral and Ground 

18. In a 3-phase, 4-wire system, the fourth wire is used for: A) Protection B) Neutral return path 
C) Extra phase D) Communication 

19. Identify the relation for Total Power (𝑃) using Phase values: A) 𝑃 = √3𝑉𝑝ℎ𝐼𝑝ℎ𝑐𝑜𝑠𝜙 B) 𝑃 =

3𝑉𝑝ℎ𝐼𝑝ℎ𝑐𝑜𝑠𝜙 C) 𝑃 = 𝑉𝑝ℎ𝐼𝑝ℎ𝑐𝑜𝑠𝜙 D) 𝑃 = 3𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜙 

20. The angle between the voltage vectors of R-phase and B-phase in a standard sequence is: A) 
120∘ B) 240∘ C) 90∘ D) 180∘ 

 

B. Short Answer / Viva Questions 

Context: These questions emphasize reasoning and are suitable for the viva exams linked to 
experiments 12-15. 

1. Why are three-phase systems preferred over single-phase systems for power 
transmission? 

o Reasoning: 3-phase systems are more efficient, use less conductor material 
(copper) for the same power transmitted, and provide constant (non-pulsating) 
power transfer. 

2. Explain the meaning of “Phase Sequence”. Why is it important in industry? 

o Reasoning: It is the order (R-Y-B) in which voltages peak. It is crucial because 
reversing the sequence (e.g., to R-B-Y) reverses the direction of rotation of 3-
phase induction motors. 

3. Differentiate between “Line Voltage” and “Phase Voltage”. 

o Concept: Line voltage is measured between two live conductors (𝑉𝑅𝑌), while 
Phase voltage is measured between one live conductor and the neutral point 
(𝑉𝑅𝑁). 

4. Why is the Neutral wire needed in a Star-connected system? 

o Justification: It provides a return path for the current in case of an Unbalanced 
Load. In a perfectly balanced load, the neutral current is zero, and the wire is 
theoretically optional. 

5. State the relationship between Line and Phase quantities in a Delta connection. 
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o Concept: 𝑉𝐿 = 𝑉𝑝ℎ (Voltage is same across line and winding) and 𝐼𝐿 = √3𝐼𝑝ℎ 

(Line current splits into phases). 

6. Justify why a Delta-connected load consumes 3 times more power than a Star-connected 
load for the same supply voltage. 

o Reasoning: In Delta, the full Line Voltage is applied to the impedance (Vph = VL), 

whereas in Star, only VL/√3 is applied. Since P = V2/R, the factor of (√3)
2

 

results in 3 times the power. 

7. Draw the vector diagram for a Balanced Star Connection. 

o Task: (Student should draw three voltage vectors 120∘ apart and show Line 
voltage as the vector difference). 

8. What is the condition for a “Balanced Load”? 

o Definition: The impedance in each of the three phases must be identical in both 
magnitude (Resistance/Reactance) and phase angle. 

9. Write the formula for 3-Phase Power using (a) Line values and (b) Phase values. 

o Formula: (a) P = √3VLILcosϕ and (b) P = 3VphIphcosϕ. 

10. In which connection is Line Current equal to Phase Current? 

o Concept: In the Star Connection, because the line conductor is connected directly 
in series with the phase winding. 

 

Answer Key (MCQs) 

Q.No Answer Q.No Answer 

1 B 11 B 

2 D 12 A 

3 B 13 C 

4 C 14 B 

5 B 15 B 

6 C 16 B 

7 B 17 C 

8 B 18 B 

9 A 19 B 

10 C 20 B 

 

 

Digital Resource Library: Three Phase System and Circuits 

1. AI Tools & Digital Learning Tools 

These tools are selected to help you visualize invisible concepts like “Phase Shift” and “Rotating 
Magnetic Fields,” and to safely simulate high-voltage 3-phase connections before entering the 
lab. 
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Tool Name Type 
Purpose / Use-Case 

for Unit 4 
How it Helps Learning 

Virtual Labs 
(vlab.co.in)  

Virtual Simulation Virtual Experiments: 
Specifically for 
verifying Line & 
Phase relations in 
Star/Delta 
connections (Expt 12 
& 13) and measuring 
3-phase power. 

This government-
backed tool allows 
you to connect meters 
and loads virtually. It 
is perfect for “pre-lab” 
practice to ensure you 
don’t make 
connection errors in 
the real hardware lab. 

Falstad Circuit 
Simulator 

Web-based Simulator Visualizing Current 
Flow: Build a simple 
3-phase source and 
load. Watch how 
current flows in the 
Neutral wire for 
balanced 
vs. unbalanced loads. 

It animates the flow 
of electrons. You can 
clearly see why 
current returns 
through the neutral 
wire in unbalanced 
loads but cancels out 
to zero in balanced 
loads. 

GeoGebra Graphing Tool Phasor & Waveform 
Plotting: Plot three 
sine waves shifted by 
120∘ (0,2π/3,4π/3) 
to see how they 
interact. 

Helps you understand 
the “Generation of 3-
Phase Voltage”  by 
visually proving that 
the sum of three 
balanced voltages at 
any instant is zero. 

WolframAlpha Computational Engine Complex Algebra 
Solver: Use it to solve 
“Star-Delta” 
conversion 
numericals and 
power calculations 

involving √3. 

3-Phase numericals  
often involve complex 
angles (e.g., 
415∠30∘). This tool 
validates your manual 
calculations instantly. 

 

2. Video Learning Repository 

This collection aligns with the syllabus references and focuses on Diploma-level clarity. 

Topic Name 
Recommended Channel / 

Source 
Search Keywords (Copy & 

Paste these) 

Generation of 3-Phase Voltage NPTEL (IIT Kharagpur) NPTEL Basic Electrical 
Technology Generation of 
Three Phase Voltage 

Star Connection (Line vs 
Phase) 

Neso Academy Three Phase Circuits Star 
Connection Relation between 
Line and Phase Voltages 

Delta Connection (Line vs 
Phase) 

Ekeeda / TicTechnical Delta Connection Line and 
Phase Current Relation 
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Topic Name 
Recommended Channel / 

Source 
Search Keywords (Copy & 

Paste these) 

derivation diploma 

Balanced vs Unbalanced Load Electrical4U / Last Moment 
Tuitions 

Difference between balanced 
and unbalanced three phase 
load explained 

Solving 3-Phase Numericals Engineering Funda Three phase circuit 
numericals star delta 
connection problems 

Comparison: Single Phase vs 
3-Phase 

Learning Engineering Advantage of 3 phase system 
over 1 phase system 
animation 

💡 Student Tips for Using These Resources: 

• For Visualization: Use Falstad to see the “phase shift” animation—it makes the concept 
of 120∘ displacement  much clearer than a static textbook diagram. 

• For Exams: The Neso Academy videos on Star/Delta derivations are excellent for 
preparing the 4-7 mark descriptive questions typically asked in GTU exams. 

• For Practicals: Visit vlab.co.in before your actual lab session for “Expt 12 & 13”  to 
practice the circuit connections safely. 

Based on the syllabus for AC Fundamentals (Subject Code: DI02000171), here is a designed 
External Exposure Module. This content bridges the gap between your classroom theory of sine 
waves and phasors and the dynamic world of modern electrical engineering. 

 

🚀 External Exposure Module: AC Fundamentals 

1. Beyond the Syllabus – Emerging Technologies 

Objective: To understand how the basic sine waves, impedance, and power factor concepts you 
study today evolve into cutting-edge technology. 

A. Smart Grids & Advanced Metering Infrastructure (AMI) 

• The Connection: In Unit 1, you learn about RMS values, instantaneous values, and power 
measurement. A standard energy meter measures this simply. A Smart Meter takes this 
further by measuring parameters (voltage sags, swells, and harmonics) in real-time and 
communicating two-way with the utility provider. 

• Why it Matters: The power sector is aggressively moving towards Smart Grids. 
Understanding how AC parameters are monitored digitally is a key skill for future jobs 
in power distribution companies (DISCOMs). 

• B. Flexible AC Transmission Systems (FACTS) 

• The Connection: In Unit 2 & 3, you study Reactive Power, Power Factor, and Impedance. 
FACTS devices are essentially high-tech, automated versions of the capacitors and 
inductors you use in labs. They use power electronics to dynamically control the 
“Impedance” and “Phase Angle” of transmission lines to stabilize voltage. 
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• Why it Matters: As renewable energy grows, grid stability becomes harder to maintain. 
Knowing the basics of “Reactive Power Compensation” (a core outcome of this course ) 
puts you on the path to understanding these advanced grid stabilizers. 

 

2. MOOC & Online Course Recommendations 

Objective: To provide high-quality, self-paced learning resources that reinforce your diploma 
studies with visualizations and expert explanations. 

Course Title / Theme Platform 
How it Complements Your 

Syllabus 

Basic Electrical Circuits NPTEL / SWAYAM Recommended in your 
syllabus. It offers rigorous 
mathematical derivations for 
Series and Parallel Resonance, 
helping you master the 
complex algebra method 
mentioned in Unit 3. 

Electric Power Systems Coursera (Audit option) Connects your Unit 4 (Three 
Phase Systems)  to the real 
world of generation and 
distribution. It visualizes why 
we use 3-phase systems 
instead of single-phase for 
transmission. 

Circuit Analysis Khan Academy Explicitly listed in your 
syllabus resources. Excellent 
for visual learners. It breaks 
down Phasor Diagrams and 
Sinusoidal Functions  into 
very simple, bite-sized video 
lessons. 

 

3. Industrial Exposure / Field Visit Suggestions (Regional Focus) 

Objective: To observe “AC Fundamentals” (Star/Delta, Transformers, Generation) in action 
within the industrial ecosystem. 

A. 66kV/132kV Substations (e.g., GETCO - Gujarat Energy Transmission Corp.) 

• Type of Industry: Power Transmission & Distribution. 

• What to Observe: 

o 3-Phase Busbars: See the actual physical arrangement of Red, Yellow, and Blue 
(R-Y-B) lines. 

o Capacitor Banks: Huge banks of capacitors used for Power Factor Correction, 
directly relating to concepts in Unit 3. 

o B. Transformer Manufacturing Units (e.g., Voltamp, Shilchar) 

• Type of Industry: Electrical Equipment Manufacturing. 
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• What to Observe: 

o Star & Delta Connections: Witness the internal wiring of transformers to see how 
Star (Y) and Delta (Δ) connections are physically made using copper windings. 

o Inductive Loads: See how pure inductance is created (choke coils/windings), 
reinforcing Unit 2 concepts. 

C. Solar Parks or Rooftop Solar Installations 

• Type of Industry: Renewable Energy Generation. 

• What to Observe: 

o Inverters: Since solar panels produce DC, you will see huge Inverters converting 
DC to AC. This reinforces the “Comparison between AC and DC Systems” from 
Unit 1. 

o Grid Synchronization: Learn how the AC frequency generated is matched exactly 
to the 50Hz grid frequency. 

 

4. Conferences, Seminars & Technical Events 

Objective: To inspire professional growth and networking. 

A. ELECRAMA 

• Theme: The world’s largest electrical show, often held in India (e.g., Greater Noida). 

• Why Benefit: It showcases the entire electrical ecosystem from “Source to Socket.” You 
can see the latest AC circuit breakers, smart grids, and testing equipment. It gives you a 
vision of the scale of the electrical industry beyond the textbook. 

B. IEEE India Council / Gujarat Section Events 

• Theme: Technical symposiums often held at major engineering colleges. 

• Why Benefit: Attending student-level paper presentations exposes you to how other 
students are applying AC principles to build projects like “Wireless Power Transfer” or 
“Smart Home Automation.” 

C. Regional “Project Expos” (GTU TechFest) 

• Theme: Final year project showcases. 

• Why Benefit: Observing final year projects (often involving Induction Motors or 
Generators) helps you understand how the Unit 4 (Three Phase) concepts are used to 
build working models. 

Based on the syllabus for AC Fundamental (Subject Code: DI02000171), specifically Unit 4: 
Three Phase System and Circuits which carries the highest weightage of 23% (approx. 16-18 
marks), here is the Predicted Question Bank. 

This unit focuses on Course Outcome 4 (CO4): Apply principles of three phase system to solve 
electrical circuits. The questions are categorized by difficulty and type. 

 

📝 Predicted Question Bank: Three Phase System and Circuits 

1. Most Repeated / High-Probability Questions 

Context: These questions cover the core content listed in the syllabus (Topics 1-6)  and appear 
frequently in standard Diploma examinations. 
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Short Answer Questions (2 - 3 Marks) 

1. Define the following terms: 

(a) Phase Sequence 

(b) Balanced Load 

Reference: Syllabus Topic 4(3). 

2. State the relationship between Line Voltage & Phase Voltage and Line Current & Phase 
Current for: 

(a) Star Connection 

(b) Delta Connection 

Reference: Syllabus Topic 4(5) & 4(6). 

3. List three advantages of a Three Phase System over a Single Phase System. 

o Reference: Syllabus Topic 4(1). 

4. Define Line Voltage and Phase Voltage. 

o Reference: Syllabus Topic 4(4). 

5. Why is the phase difference between voltages in a 3-phase system exactly 120∘? 

o Reference: Syllabus Topic 4(2). 

o  

Descriptive / Derivation Questions (4 - 7 Marks) 

6. Explain the principle of generation of three-phase alternating voltage with a neat 
waveform diagram. 

o Requirement: Draw the three sine waves displaced by 120∘ and the arrangement 
of coils. 

o Reference: Syllabus Topic 4(2). 

7. Derive the relationship between Line Voltage and Phase Voltage for a Star Connected 
system. Draw the necessary circuit and phasor diagrams. 

o Key Focus: Prove VL = √3Vph. 

o Reference: Syllabus Topic 4(5). 

8. Derive the relationship between Line Current and Phase Current for a Delta Connected 
system. Draw the necessary circuit and phasor diagrams. 

o Key Focus: Prove IL = √3Iph. 

o Reference: Syllabus Topic 4(6). 

9. Compare Star Connection and Delta Connection. 

o Requirement: Comparison points should include: Connection diagram, Voltage 
relation, Current relation, Number of wires (3 vs 4), and application 
(Distribution vs Transmission/Motors). 

o Reference: Syllabus Topic 4(5) & 4(6). 

10. Draw a connection diagram of a 3-phase Star connection supplying a balanced load. 
Show Line Voltages (VRY, VYB, VBR), Phase Voltages (VRN, VYN, VBN), and currents. 

o Reference: Syllabus Topic 4(5). 

 

2. Application & Logical Thinking Questions 

Context: These questions address the “Application (A)” and “Analyze (N)” levels of Bloom’s 
Taxonomy as specified in the Specification Table. They test if you can use the theory in practical 
scenarios. 

1. Problem Interpretation: 
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o Question: A student connects three identical 100W bulbs in a Star configuration 
and then reconnects the same three bulbs in a Delta configuration across the 
same 3-phase supply. In which case will the total brightness (power 
consumption) be higher and by how much? 

o Expected Logic: Power in Delta is 3 times the Power in Star (PΔ = 3PY). 
Therefore, the Delta connection is much brighter. This relates to Syllabus Topic 
4(7) and Suggested Practical 15. 

 

2. System Understanding (Neutral Wire): 

o Question: In a 3-phase, 4-wire system powering a residential building, what 
happens to the potential of the neutral point if the Neutral wire breaks? 

o Expected Logic: If the load is Unbalanced (which is typical for buildings), a 
broken neutral causes “Floating Neutral.” Voltage across lightly loaded phases 
will rise dangerously (causing equipment damage), while voltage across heavily 
loaded phases will drop. This tests understanding of “Unbalanced Load”. 

 

3. Logical Reasoning (Phase Sequence): 

o Question: You are commissioning a 3-phase induction motor, but it is rotating in 
the reverse direction. Using your knowledge of “Phase Sequence,” what is the 
simplest way to fix this without changing the internal motor wiring? 

o Expected Logic: Swap any two of the three supply lines (e.g., swap R and Y). This 
reverses the phase sequence and thus the direction of the rotating magnetic 
field. Relates to Topic 4(3). 

 

4. Real-Life Application (Safety): 

o Question: Why is a 415V shock (Line-to-Line) considered more dangerous than a 
230V shock (Line-to-Neutral), even though they come from the same supply 
panel? 

o Expected Logic: Application of the relation VL = √3Vph. The potential difference 

between two phases is significantly higher (1.732 times) than the phase voltage 
used for domestic appliances. Relates to Topic 4(4). 

 

5. Circuit Analysis (Numerical Setup): 

o Question: A motor nameplate reads “415V, Delta Connected”. If you accidentally 
connect it in Star Configuration to the 415V supply, will the motor produce its 
rated torque? Justify using voltage relationships. 

o Expected Logic: No. In Star, the voltage across each winding would be reduced to 

VL/√3 (approx 240V) instead of the designed 415V. The motor will run with 
significantly reduced torque (Torque ∝ V2). Relates to Topic 4(5) & 4(6). 

 

 

Next Step for Student: Would you like a sample numerical problem (Topic 4.7) involving 
calculation of Line Current and Total Power for a given Star/Delta load, complete with the step-
by-step solution? 

 

 


