UNIT-1 DC CIRCUITS

13 August 2025 02:21 PM

Imagine electricity is like water flowing through a pipe.
DC (Direct Current) is like a water hose where the water always flows in the
same direction, from one end to the other.

- The water pressure is constant.

- The water always flows "forward."

.- There's a positive (+) side where the water comes from and a negative (-)
side where it goes.

Real-Life Examples:

. Batteries: Think of the batteries in your TV remote, flashlight, or
smartphone. They have a (+) and a (-) end. The electricity flows from the
(+) end, through the device, and back to the (-) end.

- USB Chargers: The power coming out of your USB charger to charge your
phone is DC. The brick plugs into the wall (which is AC—we'll get to that
later), and it converts the power to DC for your phone's battery.

. Cars: The battery in your car is a DC power source. It powers things like
the radio, lights, and starter motor.

Why is DC important?

. It's great for storing energy. This is why we use batteries for all our
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portable electronics.

- It's essential for electronics. Most of the tiny components inside your
computer, phone, and TV need a steady, one-directional flow of electricity
to work correctly.

Memory Tip:

- DC stands for Direct Current. Think of a Direction, like a one-way street.
The electricity only goes one way.

In summary, if you can imagine a battery and the one-way flow of electricity
it provides, you understand the core concept of DC!

Imagine an electriccircuitis like a lap track forelectricity. ..s

A circuit is a complete, closed loop that allows electricity to flow from a
power source, through a device, and back to the power source. If the path is
broken anywhere, the electricity can't complete the "lap," and the device

won't work.

Key Components of a Simple Circuit
Every basic circuit has three main parts:
- Power Source: This is what provides the electricity, like a battery. It's the
"starting line" for the electrons. [

- Conductor: This is the material that the electricity flows through, usually
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a wire. Think of it as the "race track." The wire must be made of a
material that electricity can travel through easily, like copper. ¢

- Load: This is the device that uses the electricity to do work, such as a light
bulb, a fan, or a speaker. This is the "goal" of the lap—to power

something useful. @

-

Real-Life Example: A Flashlight
A simple flashlight is a perfect example of a circuit.

1. Power Source: The batteries inside the flashlight. They push the
electricity.

2. Conductor: The wires and metal strips that connect everything inside the
flashlight.

3. Load: The light bulb. It uses the electricity to produce light.

4. The Switch: This is the on/off button. When you flip the switch "on," you
close the circuit, creating a complete path for the electricity to flow from
the batteries, through the wires, to the bulb, and back to the batteries.
The bulb lights up. When you flip the switch "off," you open the circuit,
breaking the path. The electricity stops flowing, and the bulb goes out.

Memory Tip: The "CCC" Rule

- Complete: The path must be whole, with no breaks.
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. Closed: The switch must be "on."
. Current: When the path is complete and closed, the electricity can flow.
Just remember that for something to work, the electricity needs a clear,

uninterrupted path to make a complete "lap." E3

The Three Main Circuit Elements: R, L, and C
In a circuit, a component that uses electricity to do something is called a
circuit element. Think of them as the "players" on your electricity "team." The
three most common players are R, L, and C. They are:

- Ris for Resistor.

. Lis for Inductor.

. Cis for Capacitor.
1. Resistor (R)
Imagine electricity flowing through a pipe. A resistor is like a narrow section
of that pipe that makes it harder for the water to flow. It resists or opposes
the flow of electric current.

- What it does: It controls how much current can pass through a part of the

circuit. By adding a resistor, you can "throttle" or limit the flow of
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electricity.

- Real-life example: The volume knob on a stereo. When you turn it, you
are adjusting a variable resistor. When you increase the resistance, less
current reaches the speaker, and the sound gets quieter. When you
decrease the resistance, more current flows, and the sound gets louder.

2. Inductor (L)

An inductor is basically a coil of wire. When electricity flows through it, it
creates a magnetic field. This magnetic field can "fight back" against changes
in current.

- What it does: An inductor opposes any changein the current flowing
through it. If you try to turn the current on suddenly, the inductor resists
that change. If you try to turn it off suddenly, the inductor tries to keep it
flowing for a short time. Think of it as an electrical "flywheel" that keeps
things stable.

- Real-life example: The ignition coil in a car. It's a type of inductor that
stores energy in its magnetic field and then releases it as a high-voltage
spark to ignite the fuel. Inductors are also used in things like power
supplies to filter out noise.

- Memory Tip: L is for inductor. Think of an inductor as a Lazy device—it

doesn't like change and prefers to keep the current steady.
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3. Capacitor (C)
A capacitor is like a tiny, temporary battery. It stores electrical energy in an
electric field between two metal plates.

- What it does: A capacitor stores electrical charge and then releases it
quickly. It can be used to smooth out bumpy current, like filling a bucket
with water to make sure the flow stays even.

- Real-life example: The flash in a camera. The capacitor stores up energy
from the battery slowly and then releases it all at once to power the
bright light. Capacitors are also used in the keyboard of a computer;
when you press a key, you are changing the capacitance, which the
computer detects as a keystroke.

- Memory Tip: Capacitor = Charge Collector. It Collects and stores electrical
charge.

Imagine an electrical circuit is like a water system with pipes and pumps.
Voltage Source f

A voltage source is like a pump in a water system. Its job is to create
pressure that pushes the water (the electricity) through the pipes.

- What it does: It provides a constant electrical "pressure" to the circuit,
regardless of how much electricity is flowing. This pressure is measured

in volts (V).
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- Real-life example: A battery. A 9V battery will always try to maintain 9
volts of pressure between its positive and negative terminals. It doesn't
matter if you connect a tiny light or a big fan; the battery will still provide
that 9-volt pressure.

- Memory Tip: Voltage source = a source of electrical Volume or pressure.

Think of it as the "push."

Current Source 4
A current source is like a pump that guarantees a constant flow rate of
water, no matter what pipes or obstructions are in the way.

- What it does: It provides a constant, steady flow of electricity (measured
in amps, A), even if the "pressure" (voltage) has to change to make that
happen.

- Real-life example: These are less common in everyday devices but are
crucial in electronics. For example, a specialized power supply for an LED
light might be a current source. An LED needs a very specific amount of
current to light up properly without burning out. A current source
ensures that a steady flow of electricity reaches the LED, adjusting the
voltage as needed.

- Memory Tip: Current source = a source of Constant flow. Think of it as the
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"flow rate."
The key difference is what they prioritize: a voltage source provides a
constant pressure, while a current source provides a constant flow.
Source transformation is a powerful technique used to simplify complex
electrical circuits by converting a voltage source with a series resistor into an
equivalent current source with a parallel resistor, and vice versa. It's a
fundamental tool in circuit analysis that allows you to rearrange and

combine components to make solving a circuit easier.

The Core Idea: Equivalence
The key principle is that these two different circuit arrangements can behave
identically to the rest of the circuit. Imagine a "black box" with two wires
coming out. Whether you put a voltage source and a resistor in series, or a
current source and a resistor in parallel inside that box, the rest of the circuit
will "see" the exact same electrical behavior as long as the transformation is
done correctly.
This works because both configurations follow the same fundamental law:
Ohm's Law.

- From Voltage Source to Current Source:

o You have a voltage source (
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Vv
) in series with a resistor (

R

o The equivalent current source will have a value of

I=V/R

o The resistor
R
is then placed in parallel with the new current source.
- From Current Source to Voltage Source:
o You have a current source I
in parallel with a resistor R
The equivalent voltage source will have a value of
V=IxR
- Theresistor R
is then placed in series with the new voltage source.

The resistor's value always stays the same during the transformation.

Real-Life Example and Analogy
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While you won't physically "transform" a real battery into a current source,
the concept is essential for analyzing how different power sources affect a
larger system.

Imagine a water pump and a pipe with a valve.

- Voltage Source: A pump that always maintains a certain pressure
(voltage), with a small valve (resistor) right at the pump's exit that slightly
restricts the flow.

. Current Source: A pump that always maintains a certain flow rate
(current), with a parallel bypass pipe and a valve (resistor) to divert some
of the water.

Both of these systems can be designed to deliver the exact same amount of
water and at the same pressure to a house connected to the end of the line.
Source transformation is the math that proves this equivalence. It's used by
engineers to simplify circuits with multiple sources, making it easier to solve

for the current or voltage at a specific point.

Memory Tip
- Voltage source Voltage Series resistor: Very Simple to Solve.
. Current source Current Parallel resistor: Cool and Practical.

Just remember that a voltage source and its resistor are always in series,
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while a current source and its resistor are always in parallel. Use Ohm's Law
V=IR to find the value of the new source, and keep the resistor value the
same.

The relationship between voltage and current for passive elements
(resistors, inductors, and capacitors) explains how each component responds
to electricity flowing through it. This relationship is different for each

element.

1. Resistor (R)
The relationship for a resistor is the simplest and is described by Ohm's Law.
The voltage across a resistor is directly proportional to the current flowing
through it.
- Relationship: V=IxR
o Vis the voltage (the "push").
o lis the current (the "flow").
o Ris the resistance (the "roadblock").
- Explanation: A resistor's job is to resist the flow of current. If you increase
the voltage (push harder), more current flows, but the resistor's
resistance stays the same. The voltage and current are always "in phase,"

meaning they rise and fall at the same time.
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- Real-life example: The heating element in a toaster. The voltage and
current relationship for the resistive wire causes it to get hot. If you

increase the voltage, the current increases, and it gets hotter.

2. Inductor (L)
An inductor's relationship is based on the rate of change of the current. It
creates a magnetic field that resists any change in the current.

- Relationship: V=LdtdI

o Listhe inductance.
o dtdl is the rate of change of the current over time.

- Explanation: The voltage across an inductor is proportional to how
quickly the current is changing. If the current is steady (not changing),
the inductor's voltage is zero. When you turn the current on or off, the
voltage spikes to oppose that change.

- Memory Tip: An inductor Loves a Lazy current. It doesn't like it when the
current changes. The voltage "leads" the current by 90 degrees in AC
circuits, meaning the voltage peaks before the current does.

- Real-life example: An ignition coil in a car. The coil (an inductor) is used to
create a huge voltage spike when the current is rapidly turned off, which

is what creates the spark for the engine.
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3. Capacitor (C)

A capacitor's relationship is the opposite of an inductor's; it's based on the
rate of change of the voltage. It stores energy in an electric field that resists
any change in the voltage.

- Relationship: I=CdtdV

o Cis the capacitance.
o dtdV is the rate of change of the voltage over time.

- Explanation: The current flowing through a capacitor is proportional to
how quickly the voltage is changing. If the voltage is steady (not
changing), the capacitor acts like a break in the circuit, and no current
flows. When you quickly apply a voltage, a burst of current flows as the
capacitor charges.

- Memory Tip: A Capacitor wants a Constant voltage. It doesn't like it when
the voltage changes. The current "leads" the voltage by 90 degrees in AC
circuits, meaning the current peaks before the voltage does.

- Real-life example: A camera flash. A capacitor slowly charges from the
battery, and when you press the button, it quickly discharges, releasing

all its stored current at once to create a bright flash.

KCL and KVL are two fundamental laws used to analyze how electricity
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behaves in circuits. They help us find the unknown voltages and currents in a

circuit.

1. Kirchhoff's Current Law (KCL)
The Rule: KCL states that the total current flowing into a junction (or node)
must equal the total current flowing out of that junction.

- Analogy: Imagine a busy T-junction for water pipes. If 10 gallons of water
per minute flow into the junction from one pipe, and 4 gallons per
minute flow out from another, then the third pipe must have 6 gallons
per minute flowing out. Water doesn't just disappear! The same principle
applies to electrical current, which is the flow of charge. The charge
entering a point must leave it.

- Real-life example: In your home's electrical wiring, a single power line
comes into a junction box and then splits to power several different
outlets or lights. The total current flowing into that junction box is equal
to the sum of all the currents flowing out to each device.

- Memory Tip: KCL is like a Conversation about Currents: what goes in

must Come out.

2. Kirchhoff's Voltage Law (KVL)

The Rule: KVL states that the total voltage around any closed loop in a circuit
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must add up to zero.

- Analogy: Imagine a hiking trail that forms a complete loop. If you start at
a specific point, hike up a hill (a voltage gain), and then walk down two
valleys (voltage drops), you must end up at the exact same elevation you
started at. The total change in elevation for the entire loop is zero.
Similarly, in a circuit, as you "travel" around a closed loop, the voltage
rises from sources (like a battery) are canceled out by the voltage drops
across components (like resistors).

- Real-life example: A simple circuit with a battery and two light bulbs
connected in series. The voltage provided by the battery is completely
"used up" or dropped across the two light bulbs. If the battery provides
9V, and the first bulb drops 4V, the second bulb must drop 5V to make
the total change around the loop zero (
9V-4V-5V=0
).

- Memory Tip: KVL is about Voltage Loops. Think of going on a Vacation

Loop: you must return to where you started.

In a circuit, series refers to a way of connecting components so that they

form a single, continuous path for the current to flow. Think of it as a single-

New Section 1 Page 15



lane road where all the cars (electrons) must pass through each stop

(component) one after the other.

The Rules of a Series Circuit

1. Current is the same everywhere: The electricity has no other path to take,
so the same amount of current flows through every component. If you
measure the current at the beginning, middle, or end of the series, it will
be the same.

2. Voltage is divided: The total voltage from the power source is split among
all the components in the series. Each component "consumes" a portion
of the total voltage. The sum of the voltage drops across all the
components equals the total source voltage.

3. Resistances add up: To find the total resistance of a series circuit, you

simply add up the resistance of each individual component.

Real-Life Example: Old Christmas Lights
A classic example of a series circuit is an old string of Christmas lights.
- The lights are wired one after the other in a single loop.
- When you plug the string in, the electricity flows through the first bulb,
then the second, and so on, all the way to the end.

- Problem: If one bulb burns out, it creates a break in the single path. The
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circuit is "open," and no electricity can flow. The entire string of lights

goes out. This is a key characteristic of series circuits.

Memory Tip
Think of a Single file Series. The components are lined up one after the other,

and the current has a single path to follow.

In a circuit, parallel refers to a way of connecting components so that they
are placed side-by-side, creating multiple paths for the current to flow. Think
of it like a highway with multiple lanes, where cars (electrons) can choose

which lane to travel in.

The Rules of a Parallel Circuit

1. Voltage is the same everywhere: The voltage across each parallel branch
is identical and equal to the source voltage. If you measure the voltage
across any component in a parallel circuit, you'll get the same value.

2. Current is divided: The total current from the power source splits up, with
some of it flowing through each parallel branch. The amount of current
that goes through each branch depends on its resistance. The sum of the
currents in all the branches equals the total source current.

3. Resistances combine differently: The total resistance of a parallel circuit is

New Section 1 Page 17



always less than the smallest individual resistance. The formula for total
resistance is more complex, but the key takeaway is that adding more

paths for the current actually decreases the overall resistance.

Real-Life Example: Your House Wiring
The electrical outlets and lights in your home are wired in a parallel circuit.

- The main power line comes into your home and then splits into multiple
parallel branches, each leading to a different outlet, light fixture, or
appliance.

- Benefit: If one device, like a lamp, stops working or you turn it off, the
other devices on the same circuit continue to work just fine. The other
parallel paths for the current are not affected.

. This is why if you unplug your toaster, the lights in the kitchen don't go

out.

Memory Tip
Think of a Parallel circuit as having Plenty of paths. The components are side-

by-side, like a Parking lot, giving the current options on where to go.

A series-parallel combination is a circuit that combines both series and

parallel connections. It's like a multi-lane highway (parallel) that then merges

New Section 1 Page 18



into a single-lane road (series), or vice versa. Many real-world circuits are a

mix of both to perform specific functions.

How It Works
To understand a series-parallel circuit, you have to break it down into
smaller, simpler parts. You first analyze the parallel sections and simplify
them, and then you analyze the series sections.
Imagine a circuit with a power source, and then the current flows through a
resistor, and after that, the path splits to go through two other resistors that
are side-by-side.

- The first resistor is in series with the rest of the circuit.

. The two other resistors are in a parallel configuration.
To solve this circuit, you would first find the equivalent resistance of the two
parallel resistors. Then, you would treat that equivalent resistance as a single
component and add it to the first series resistor to find the total resistance of

the entire circuit.

Real-Life Example: Your Car's Wiring &2
Your car's electrical system is a great example of a series-parallel
combination.

- The main car battery is in series with the entire electrical system. If the
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battery is dead, nothing works.

- However, the different electrical components of the car—like the
headlights, the radio, and the dashboard lights—are all connected in
parallel to each other.

. This is why you can turn on the headlights without having to also turn on
the radio. The current from the battery splits into separate paths to
power each device independently. If a headlight burns out, the radio and

other lights still work because they are on different parallel paths.

Memory Tip
Think of a Series-Parallel circuit as having Some Parts that are a one-way
street, and Some Parts that are a multi-lane highway. You have to solve the

multi-lane parts first before you can figure out the one-way street.

Determining whether resistors are in series or parallel in a circuit diagram
can be tricky, but you can follow a few simple rules and visual cues to figure

it out. The key is to trace the path of the current.

1. Identifying Resistors in Series
Rule: Resistors are in series if they are connected end-to-end with no other

paths for the current to branch off in between them.
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Visual Cues:

- ASingle Path: The easiest way to spot series resistors is to follow the
wire. If you can go from one resistor to the next without passing any
junctions or "forks in the road," they are in series.

- One after the other: They are arranged in a straight line, one immediately

following the other.

I:{'I
A B
o —e

_/\N\,_

Ry

R, R,
R+ Ry

2. Identifying Resistors in Parallel
Rule: Resistors are in parallel if they are connected to the same two points
(or nodes) in the circuit, creating multiple paths for the current to flow

through.
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Visual Cues:
- Sharing Both Ends: To be in parallel, both ends of each resistor must be
connected to the exact same points as the other resistors in the group.
- Side-by-side: They are often drawn vertically or horizontally next to each

other, with wires connecting their ends.

The Superposition Theorem is a powerful tool for analyzing circuits with
more than one power source (like batteries or current sources). It states that
the total current or voltage in a circuit is the sum of the currents or voltages
produced by each power source acting alone. This means you can break

down a complex problem into several simpler ones.
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The Basic Idea

Imagine you have two people pushing a shopping cart. The total speed and
direction of the cart is a combination of each person's push. The
Superposition Theorem lets you figure out what would happen if only the
first person pushed, then what would happen if only the second person
pushed, and then you just add the two results together to find the final

outcome.

How to Use the Superposition Theorem
You follow a simple step-by-step process to solve a problem. Let's use an
example to illustrate.
Problem: Find the current flowing through the 3Q resistor in the following
circuit.
1. Deactivate all but one source: Choose one power source to keep active.
You must "turn off" all other sources.
o To turn off a voltage source, replace it with a short circuit (a plain
wire).
o To turn off a current source, replace it with an open circuit (a break in
the wire).

2. Analyze the simplified circuit: With only one source active, solve the
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circuit using your usual methods (like Ohm's Law, series/parallel
combinations). Calculate the current or voltage you need.

3. Repeat for each source: Go back to the original circuit and repeat step 1
for each of the other power sources. For each source, you will have a new
simplified circuit to solve.

4. Add the results: Once you have a result for each source acting alone, add
them up. Pay close attention to the direction of the current. If the
currents from different sources are flowing in the same direction through
the resistor, you add them. If they are flowing in opposite directions, you

subtract them. The final result is the total current.

Solved Problem Example
Let's solve the problem shown in the diagram. We want to find the current
through the 3Q resistor.
Step 1: Consider only the 10V source.
- We replace the 20V source with a short circuit.
- Now we have a simple series-parallel circuit. The 6Q and 3Q resistors are
in parallel. Their combined resistance is:

(6x3)/(6+3)=18/9=2Q
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. This 2Q equivalent resistance is in series with the 4Q resistor. The total
resistance of the circuit is

40+20=6Q)

. The total current from the 10V source is:

Itotal=V/Rtotal=10V/6Q=1.67A

. This current splits between the 6Q and 3Q) resistors. We can use the
current divider rule to find the current through the 3Q resistor:

I3Q(1)=Itotalx(6Q/(6Q+3Q))=1.67A%(6/9)=1.11A

- Direction: The current flows downwards through the 3Q resistor.
Step 2: Consider only the 20V source.

- We replace the 10V source with a short circuit.

- The 4Q and 6Q resistors are in parallel. Their combined resistance is:

(4%6)/(4+6)=24/10=2.4Q

. This 2.4Q equivalent resistance is in series with the 3Q resistor. The total
resistance is:

30+2.40=5.4Q)
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. The total current from the 20V source is:

[total=V/Rtotal=20V/5.4Q0=3.7A

- This current splits between the 4Q and 6Q resistors. We use the current
divider rule to find the current through the 6Q resistor (which is on the
same path as the 3Q resistor). Oh wait, let's just find the voltage across
the 3 ohm resistor, since we know all the current from the 20V source
must pass through it!

- The current through the 3Q resistor is just the total current from the 20V
source:

[30)(2)=3.7A

- Direction: The current flows upwards through the 3Q resistor.
Step 3: Combine the results.
. From Step 1, the current from the 10V source (
I3Q(1)
)is 1.11A flowing downwards.
- From Step 2, the current from the 20V source (

130)(2)
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) is 3.7A flowing upwards.
. Since the currents are in opposite directions, we subtract them:

ITotal=I3Q(2)-130(1)=3.7A—1.11A=2.59A

- The net current is 2.59A, flowing upwards (in the direction of the larger
current).
Final Answer: The total current through the 3Q resistor is 2.59A flowing

upwards.

Real-Life Analogy and Memory Tip
- Real-Life Analogy: Think of an air conditioning system and a heater in a
room. The final temperature of the room is the sum of the cooling effect
of the AC and the heating effect of the heater. The Superposition
Theorem lets you calculate each effect separately and then combine
them to find the final temperature.
- Memory Tip: Superposition helps you Split a problem with multiple

Sources into Several Simpler ones.

The Superposition Theorem is a powerful tool for analyzing circuits with
more than one power source (like batteries or current sources). It states that

the total current or voltage in a circuit is the sum of the currents or voltages
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produced by each power source acting alone. This means you can break
down a complex problem into several simpler ones.

The Basic Idea

Imagine you have two people pushing a shopping cart. The total speed and
direction of the cart is a combination of each person's push. The
Superposition Theorem lets you figure out what would happen if only the
first person pushed, then what would happen if only the second person
pushed, and then you just add the two results together to find the final
outcome.

ALSO CHECK:

1. SUPERPOSITION THEOREM (SIMPLE PROBLEM)

superposition theorem bee 1st year | Superposition Theorem | Electrical Engineering

Superposition Theorem

Q. Find current through 8 Ohm resistance.

6L oL

L » Solved

‘}' 8 A\ :; Vv
f ‘ Example

Watch Now

1. THEVENINS THEOREM (SIMPLE PROBLEM)

Thevenin's Theorem Circuit Solved Example | Easy Step By Step | Circuit Analysis
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https://youtu.be/863o8NSnEC0?si=ncNMGWBbEWlEee9e
https://youtu.be/-uO7eRi3ZZ4?si=k5mzK_fvi9UZrtg4

Thevenin's theorem

1501 [

Example

3.NORTON THEOREM (SIMPLE PROBLEM)

Hindi : Norton's Theorem Example | Electric Circuits | Network Analysis | Network Theory
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https://youtu.be/NQksQRyRNEo?si=Kmdrkl9DR49QYW1V
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UNIT-2 (AC CIRCUITS)

13 August 2025 06:27 PM

AC-CIRCUITS

A sinusoidal waveform, or sine wave, is a smooth, repetitive wave that oscillates above and
below a central point. Think of it like the ripples spreading out when you drop a pebble in still
water. It's the most basic type of wave and is fundamental in many areas of science and
engineering.

Key Characteristics of a Sine Wave

There are three main characteristics that define a sinusoidal waveform:

Amplitude

Amplitude is the maximum height of the wave from its center point. It represents the strength
or intensity of the wave. A taller wave has a larger amplitude, and a shorter wave has a smaller
amplitude. For example, a louder sound wave has a higher amplitude than a quieter one.
Frequency

Frequency is how many times the wave repeats itself in a given amount of time, usually one
second. It's measured in Hertz (Hz). A wave with a high frequency has many cycles packed
together, while a wave with a low frequency has fewer, more spread-out cycles. Think of it like
a heartbeat: a fast heartbeat has a higher frequency than a slow one.

Phase

Phase describes the position of the wave relative to a starting point or another wave. It tells
you where the wave is in its cycle at a specific moment in time. If two waves are "in phase,"
their peaks and troughs line up perfectly. If they're "out of phase," one wave is shifted or
delayed compared to the other.

Real-Life Examples
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Sine waves are everywhere! Here are a few examples:
- AC Electricity: The voltage in the power outlets in your home is a sinusoidal waveform. It's a

continuous back-and-forth flow of electricity. This is why it's called alternating current.
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- Sound Waves: When you play a single, pure musical note (like from a tuning fork), the air
pressure changes in a sinusoidal pattern.

. Light: The electric and magnetic fields that make up light travel as sinusoidal waves.

. Ocean Waves: While often more complex, the rise and fall of ocean waves can be approximated
as a sinusoidal motion.
Memory Tip
Think of the word "A.F.P." to remember the three key characteristics:

. Ais for Amplitude (the wave's height, like the height of an Amplifier's volume).

. Fis for Frequency (how Frequent the wave is, how many times it cycles).

. Pis for Phase (the wave's starting Position).
Peak value and RMS value are two different ways to measure alternating current (AC) or

voltage. They're both important for understanding the behavior and power of a waveform, but
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they tell you different things.

Peak Value (Vp or Ip)
The peak value is the absolute maximum value a wave reaches in a single cycle. It's the highest
point the wave climbs to before it starts to fall, or the lowest point it dips to.

- What it tells you: It's the maximum stress or voltage a component in a circuit will
experience. This is crucial for designing and selecting components like capacitors, which
must be able to handle the highest voltage they'll encounter without breaking down.

. Real-life example: If your home's electricity is 230V, that's the RMS value. However, the
voltage actually "peaks" at about 325V. Your electrical devices need to be able to handle

that momentary 325V peak, even though the "effective" voltage is lower.

RMS Value (Vrms or Irms)

The RMS value stands for Root Mean Square. It's the "effective" value of an AC signal. It's a way
of comparing AC to DC (direct current) by answering this question: "What constant DC voltage
would produce the same amount of heat or power as this varying AC voltage?"

- What it tells you: The RMS value is what's used for power calculations and is the number
you'll see on most voltmeters. It's a better measure of the energy an AC signal delivers over
time.

. Real-life example: When you see a light bulb rated for "120V AC," that's its RMS value. This
means it will glow with the same brightness and consume the same power as if it were

connected to a steady 120V DC source.

Key Relationship & Memory Tip
For a perfect sine wave, there's a simple mathematical relationship between the two values:

Vrms=2
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Vpeak~0.707xVpeak
This means the RMS value is always a bit smaller than the peak value.
Memory Tip:
. Peak is for Popping. Think of a circuit "popping" if the voltage gets too high—this is the
peak value.
- RMS is for Resistance/Real power. Think of the real, effective power that heats up a resistor

or powers your devices.

Phasor representation is a simplified way to represent a sinusoidal waveform (like AC voltage
or current). Instead of drawing the entire wave over time, we use a single arrow, or phasor, to
capture its most important information: its amplitude and its phase.

A phasor is essentially a rotating vector. We "freeze" this vector at a specific point in time

(usually t=0) and draw it on a two-dimensional graph called a phasor diagram.

What does the phasor represent?
.- Length: The length of the arrow represents the amplitude of the wave. A longer arrow
means a higher amplitude (e.g., a higher voltage).
- Angle: The angle of the arrow, measured from the positive x-axis, represents the phase
angle of the wave. This angle tells you the starting position of the wave in its cycle.
All waveforms in a phasor diagram must have the same frequency, but they can have different
amplitudes and phases. The phasors all rotate together at the same frequency. The real power
of phasors is that they let us use simple algebra and geometry to solve complex AC circuit

problems that would otherwise require complicated calculus.

Real-Life Analogy @

Imagine a spinning merry-go-round. &%y If you take a picture of a single horse on the merry-go-
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round at a specific moment, you can capture its distance from the center (amplitude) and its
position on the circle (phase).

The horse's up-and-down motion as it goes around is like the actual sine wave. The picture of
the horse, frozen in time, is the phasor. It's a snapshot that gives you all the essential

information without having to watch the entire ride.

Memory Tip
Think of a Phasor as a Picture of a wave. & It freezes the wave's most important information

(amplitude and phase) into a simple, static image.

The impedance triangle is a right-angled triangle used in AC (alternating current) circuits to
visualize the relationship between resistance, reactance, and impedance.

Think of it as a blueprint that shows you the total opposition to current flow in a circuit.
The Three Sides

1. Resistance (R): This is the horizontal side (base) of the triangle. It represents the component
of the circuit that turns electrical energy into heat. This is the same resistance you learn
about in basic DC circuits. Resistance is measured in ohms (Q).

2. Reactance (X): This is the vertical side (height) of the triangle. It represents the opposition to
current caused by energy storage elements like inductors and capacitors. Unlike resistance,
reactance doesn't dissipate energy; it stores and releases it. It's also measured in ohms (Q).

3. Impedance (Z): This is the diagonal side (hypotenuse) of the triangle. It represents the total
opposition to current flow, combining both the resistance and the reactance. It's the overall
"roadblock" the current faces. Impedance is also measured in ohms (Q).

Here is a visual representation of the impedance triangle:

Real-Life Analogy
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Imagine you are trying to drive through a city.

- Resistance (R): This is like the traffic on the main roads. It slows you down and generates
heat in your engine (a form of energy loss). The traffic is always there, no matter what
direction you're going.

- Reactance (X): This is like the detours and one-way streets that force you to change
direction. They don't just slow you down, they change the way you have to navigate the city.

. Impedance (2): This is the total difficulty of your trip—the combined effect of the traffic and

all the detours. It's a single measure of how much your journey is being hindered.

Memory Tip
The impedance triangle is just a geometric representation of the Pythagorean theorem: R2+X2
=Z2.

- Rfor Road (Resistance) - the straight path, the base.

- Xfor a "turn" (Reactance) - the change in direction, the height.

. Zfor Zigzag (Impedance) - the total path, the hypotenuse.

The Impedance Triangle for a Series RLC Circuit

In alternating current (AC) circuits, power isn't as simple as in a DC circuit. The three types of

power and the power factor help us understand how efficiently an electrical system is using its
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energy.
The Beer Analogy
The easiest way to understand this is with an analogy: imagine a glass of beer.

.- Apparent Power (S): This is the total contents of the glass (beer + foam). It's the total power
the electricity company has to supply to your house. It's measured in Volt-Amperes (VA).

. Real Power (P): This is the actual beer 4. This is the power that does the useful work, like
running your refrigerator, lighting your lamps, or charging your phone. It's what you're
billed for on your electricity statement. It's measured in Watts (W).

- Reactive Power (Q): This is the foam on top of the beer. It doesn't quench your thirst, but it's
necessary for some electrical devices (like motors and transformers) to create the magnetic
fields they need to operate. It's power that sloshes back and forth in the circuit without

being used for work. It's measured in Volt-Amperes Reactive (VAR).

The Power Triangle
This relationship between the three powers can be visualized as a power triangle.
This is a right-angled triangle where:

. The base is the Real Power (P).

. The height is the Reactive Power (Q).

. The hypotenuse is the Apparent Power (S).

The relationship follows the Pythagorean theorem: S2=P2+Q2.

Power Factor
The power factor is a number that tells you how efficiently the supplied power (apparent
power) is being used. It's the ratio of Real Power to Apparent Power.

Power Factor (PF) = Real Power (P) / Apparent Power (S)
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- A Power Factor of 1 (or 100%) is ideal. This means all the power supplied is being used for
work (all beer, no foam).

. A low Power Factor (less than 1) means you have a lot of reactive power (a lot of foam). This
is bad because the electricity company still has to supply that total apparent power, even
though a portion of it isn't being used for work. A low power factor can lead to higher
electricity bills for industrial customers and puts more stress on the power grid.

Memory Tip @
Just remember the beer analogy:
- Real Power is the Real beer.
- Apparent Power is the All-in-the-glass amount.

- Power Factor is a measure of how Full your glass is with beer instead of foam.

When a single-phase AC circuit has multiple components in series, we need to analyze how
each component affects the current and voltage. The key is that in a series circuit, the current is
the same everywhere, but the voltage is different across each component. The total opposition

to current flow is called impedance (2).

Basic Components in AC Circuits
- Resistor (R): A resistor simply opposes current flow, converting electrical energy into heat.
In a resistor, the voltage and current are in phase, meaning they reach their peaks and
troughs at the same time. The opposition to current is its resistance, measured in ohms (Q).
- Inductor (L): An inductor stores energy in a magnetic field. It resists changes in current. This
causes the voltage to lead the current by 900 (a quarter of a cycle). The opposition from an
inductor is called inductive reactance (XL), also measured in ohms (Q).

. Capacitor (C): A capacitor stores energy in an electric field. It resists changes in voltage. This
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causes the voltage to lag the current by 90-. The opposition from a capacitor is called

capacitive reactance (XC), also measured in ohms (Q).

Series Circuit Combinations
In a series circuit, we use the impedance triangle to find the total impedance (Z) by combining

the resistance (R) and the total reactance (Xtotal), which is the difference between XL and XC.
1. R-L Circuit (Resistor and Inductor)

An R-L circuit has both resistance and inductive reactance. The total impedance is:

Z=4/R*+ X}

The voltage across the inductor leads the current, so the total voltage across the circuit will also

lead the current, but by an angle less than 90°.

« Real-life example: An electric fan or motor. The coil inside is an inductor, and the wires have

resistance.

2. R-C Circuit (Resistor and Capacitor)

An R-C circuit has both resistance and capacitive reactance. The total impedance is:

Z =4/ R?+ X}

The voltage across the capacitor lags the current, so the total voltage across the circuit will also
lag the current, but by an angle less than 90°.

« Real-life example: A simple audio filter that lets high-frequency sounds pass through while

blocking low-frequency ones.
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3. R-L-C Circuit (Resistor, Inductor, and Capacitor)

This circuit has all three components. Since the inductive and capacitive reactances (X and X )
have opposite effects on the phase, they cancel each other out. The total reactance is the

difference between them: X1y = | X — X¢|.

The total impedance is:

Z =R+ (X; — Xc)?

The overall behavior of the circuit depends on which reactance is larger:
« If X1 > X, the circuit behaves like an R-L circuit, with the voltage leading the current.
+ If X > X, the circuit behaves like an R-C circuit, with the voltage lagging the current.

« If X; = X, the reactances cancel completely, and the circuit's impedance is just the

resistance (£ = R).This is a special and important condition called resonance.

» Real-life example: Tuning a radio. You change the capacitor value to match the frequency of
the radio station, causing the circuit to be at resonance, which allows the radio to "tune in" to

that specific station's frequency.

Memory Tip @
Remember the phrase "ELI the ICE man".
. ELI: In an inductor (L), the voltage (E) comes before the current (I).

. ICE: In a capacitor (C), the current (I) comes before the voltage (E).

A three-phase balanced circuit is a key concept in electrical engineering, representing an ideal

state for power systems. It consists of a power source that generates three alternating voltages

]
of equal magnitude and frequency, which are precisely separated in phase by 120 degrees.

2
These voltages are then applied to a load where the impedance in all three phases is identical.
Key Characteristics
- Equal Magnitudes: The voltage and current in each of the three phases (let's call them
3

Phase A, B, and C) have the exact same RMS value.

. 120-Degree Phase Shift: The voltage and current waveforms in each phase are shifted by
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4
exactly 120° relative to each other. For example, when Phase A's voltage is at its peak,

Phase B's is at -0.5 times its peak, and Phase C is at a different value. This precise timing is

5
what allows for smooth and constant power delivery.

. Equal Impedances: The load connected to each of the three phases is identical in both

6
magnitude and phase angle. This ensures that the current drawn by each phase is also

perfectly balanced.7

. Zero Neutral Current: A major benefit of a balanced circuit is that the three currents sum to
zero at any given instant. This means that if a neutral wire is present, it carries no current.
This allows for a smaller neutral wire or, in some cases, no neutral wire at all, which reduces

8
cost and material.

Real-Life Analogy: The Three-Cylinder Engine &2

Think of a single-phase circuit like a single-cylinder engine. It delivers power in bursts, and the
output is not constant. You feel a "pulsing" effect.

A three-phase balanced circuit is like a three-cylinder engine. Each cylinder (phase) fires in a
perfectly timed sequence, 120° apart. This creates a much smoother, more constant delivery of

9
power to the wheels. This constant power is much more efficient and causes less vibration,

10
which is why three-phase power is used for large industrial motors and heavy machinery.

Advantages of Balanced Circuits
- Higher Efficiency: Balanced systems minimize power loss and voltage fluctuations, making
them more efficient for transmitting large amounts of power.11
.- Constant Power: The total power delivered by a balanced three-phase system is constant
and doesn't fluctuate like in a single-phase system, which is ideal for motors and

12
generators.
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. Cost Savings: The zero neutral current allows for smaller or no neutral conductors, which
13

saves on material and installation costs.

. Self-Starting Motors: The rotating magnetic field produced by three-phase power allows AC
motors to be self-starting, eliminating the need for extra starting components.
A three-phase balanced circuit is a highly efficient electrical system where three separate
AC voltages are generated. These three voltages have the exact same strength and
frequency but are perfectly spaced out in time, each one starting its cycle 120 degrees after
the previous one. This balanced timing and equal load on all three phases is what makes
the system so effective for power generation and distribution.
Analogy: The Three-Cylinder Engine <2
Imagine a single-phase system is like a one-cylinder engine. It delivers power in uneven

pulses. A three-phase system is like a three-cylinder engine where each cylinder fires at a

precise, staggered time. This creates a much smoother, continuous, and powerful output.

Star (Y) and Delta (A) Connections
These are the two main ways to connect a three-phase power source or load. The voltage

and current relationships are what make them unique.
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Star (Y) Connection

In a Star connection, one end of each of the three windings (or loads) is connected to a common
central point called the neutral point. The other three ends are connected to the power lines (A, B,

C). It looks like the letter "Y".

« Voltage Relation: The voltage between any two power lines (line voltage, V) is /3 times

the voltage measured across a single winding (phase voltage, Vp).
Vi=v3xVp

+ Current Relation: The current flowing in a power line (line current, I;) is the same as the

current flowing through a single winding (phase current, Ip).

« Real-life use: Power distribution. The neutral wire provides a safe return path for unbalanced
loads and allows for two different voltage levels: the higher line voltage and the lower phase

voltage (which is what you get in your home outlets).

Memory Tip @

. Star (Y) Connection: Think of the shape. The "Y" has two distinct "arms" connected to a
central point. This helps you remember that the voltage is split up (VL>VP), while the
current is a single path (IL=IP).

. Delta (A) Connection: The triangle has no central point, so everything is directly
connected. This helps you remember that the voltage is the same (VL=VP), but the

current splits up (IL>IP).
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Delta (A) Connection

In a Delta connection, the three windings are connected end-to-end to form a closed loop,
shaped like a triangle. There is no central neutral point.

« Voltage Relation: The voltage across any single winding (phase voltage, Vp) is the same as
the voltage between the two lines connected to it (line voltage, V7).

Vi =Vp

« Current Relation: The current flowing in a power line (line current, I) is /3 times the

current flowing through a single winding (phase current, Ip).
IL o \/§ X Ip

« Real-life use: High-power industrial applications like motors, where a neutral point isn't
needed and the load is typically balanced.
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UNIT-3 (TRANSFORMER AND INDUCTION MOTORS)

13 August 2025 10:20 PM

TRANSFORMER

The equivalent circuit of a transformer is a simplified diagram that
represents the transformer's electrical characteristics using basic
components like resistors and inductors. Instead of dealing with the
complex internal workings, engineers use this circuit to easily analyze the
transformer's behavior, like how much voltage drops or how much energy is
lost. It's like a simplified road map that shows you the main routes and key

intersections without all the minor streets.

Components of the Equivalent Circuit @
An equivalent circuit accounts for the imperfections of a real-world
(practical) transformer. It includes components that model the various
losses and effects:
- Primary Winding Resistance (R1): A resistor in the primary side that
accounts for the energy lost as heat in the primary coil's wire.
- Primary Leakage Reactance (X1): An inductor that models the magnetic
flux that "leaks" out and doesn't link with the secondary coil.
- Magnetizing Reactance (Xm): An inductor connected in parallel that

represents the current needed to create the magnetic field in the core.
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This current is required even when no load is connected.

. Core Loss Resistance (Rc or R0): A resistor in parallel that represents the
energy losses in the core due to hysteresis and eddy currents.

. Secondary Winding Resistance (R2): A resistor in the secondary side that
accounts for the heat loss in the secondary coil's wire.

- Secondary Leakage Reactance (X2): An inductor that models the
magnetic flux that leaks from the secondary coil.

These components are typically arranged to show the transformer as an

ideal transformer connected to these "lossy" elements.

Referredto PrimaryorSecondarySide

A transformer has a primary and a secondary side, which are electrically
isolated. To simplify the equivalent circuit even further, engineers "refer" all
the components from one side to the other.

. Referred to the Primary: All the resistances and reactances from the
secondary side are mathematically converted and moved to the primary
side. This eliminates the need to consider the ideal transformer in the
circuit, making calculations much simpler.

- Referred to the Secondary: Similarly, all components from the primary
side can be converted and moved to the secondary side.

When you refer an impedance (like resistance or reactance) from one side to
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another, you multiply or divide by the square of the turns ratio (K=N2/N1).
For example, a secondary resistance R2 referred to the primary side

becomes R2’=R2/K2.

Real-Life Example & Memory Tip @&

- Real-Life Example: Imagine you're building a video game character. The
actual character is the real transformer with all its complex internal
workings. The equivalent circuit is the simplified, low-poly model of that
character used in the game to save processing power. It's not a perfect
representation, but it's good enough to make the game work smoothly
and accurately for its purpose.

- Memory Tip:

o Equivalent Circuit = Simplified Map. It's not the real thing, but it's a
useful tool for getting around and understanding the main
characteristics.

o Think of the components as representing the flaws of a real
transformer:

- Resistors (R) = Heat Loss @)
- Inductors (X) = Magnetic Leakage
o "Referring" is just re-labeling the components so they're all on one

side, making the map easier to read.
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Imagine you have a new car, and you want to know how it performs
without taking it on a long road trip. You'd perform two simple tests:
1. Atest to see how much gas it uses just idling. This would tell you about
its "no-load" losses.
2. A test to see how powerful the engine is when you're trying to move a
heavy load. This would tell you about its "full-load" power and losses.
The Open Circuit (OC) and Short Circuit (SC) tests are the transformer's
equivalent of these checks.1 They are clever, simple, and safe ways to find
out all the important characteristics of a transformer without having to

actually connect a full load, which would be expensive and potentially

dangerous.

OpenCircuit(OC) Test B»
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This test is performed to find the core losses (also called no-load losses)
2
and the parameters of the magnetizing branch of the equivalent circuit.
How it's done:
1. The transformer's high voltage (HV) side is left open (nothing is
3
connected to it).
2. Alow voltage (LV) AC source, typically at the transformer's rated
4
voltage, is connected to the low voltage (LV) side.
3. Avoltmeter, ammeter, and wattmeter are connected on the LV side to
5
measure voltage, current, and power.
Because the secondary side is open, no current flows in the secondary

6
winding. This means very little current is drawn from the source on the

primary side—just enough to create the magnetic field in the core.7 This
tiny current is not enough to cause any significant copper losses, so the
wattmeter reading in this test almost exclusively measures the core losses
(hysteresis and eddy current losses).

Real-Life Example:

This is like measuring the power consumption of a fan when it's spinning
with no one in the room. The fan is running, but it's not actually doing any

work. The power it uses is just to overcome internal friction and resistance,

which is like the core losses of the transformer.
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Memory Tip:
OC = Open Circuit. Think of the letter 'O’ for Core losses, which are the
losses that happen all the time, even when the transformer is just "on" but

8
not doing anything.

Short Circuit (SC) Test 4
This test is performed to find the full-load copper losses and the
parameters of the series branch (winding resistances and leakage
9
reactances).
How it's done:
10
1. The transformer's low voltage (LV) side is shorted using a thick wire.
2. Avery small AC voltage (typically just 5-10% of the rated voltage) is
applied to the high voltage (HV) side.
3. The voltage is slowly increased until the ammeter shows the rated
current flowing through the windings.
4. A voltmeter, ammeter, and wattmeter are connected on the HV side to
11
measure these values.
Because the applied voltage is so low, the magnetic field in the core is very
12
weak, which means the core losses are negligible. However, since the

rated current is flowing through the windings, the copper losses (due to the

resistance of the wires) are at their maximum. Therefore, the wattmeter
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reading in this test almost exclusively measures the full-load copper losses.
Real-Life Example:
This is like a tug-of-war where both teams are pulling with full force but the
rope isn't moving. The teams are working hard (full-load current is flowing),
but no useful work is being done. The energy is all being lost as heat and
muscle strain (copper losses).
Memory Tip:
SC = Short Circuit. Think of the letter 'S’ for Series components and 'S’ for

13 14
Squaring the current (since copper loss is I2R). The testis all about
measuring the effects of a large current.
When we talk about losses in a transformer, we're simply talking about
wasted energy. A transformer's job is to transfer electrical power from one
circuit to another, but it's not a perfect machine. Some of the electrical
energy that goes in is converted into heat instead of useful output. The
main goal of a good transformer design is to minimize these losses.

There are two main types of losses that account for almost all the wasted

energy.

1. Core Losses (Iron Losses) @
These are losses that happen in the transformer's iron core. They occur

whenever the transformer is connected to an AC source, regardless of
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whether a load is connected or not. This is why they are often called "no-
load losses" or "constant losses."
There are two types of core losses:

- Hysteresis Loss: The alternating current in the primary winding
repeatedly magnetizes and demagnetizes the core. This constant
reversal of the magnetic field requires energy, which is dissipated as
heat. Think of it like bending a piece of metal back and forth; it gets hot.

.- Eddy Current Loss: The changing magnetic field in the core also induces
small circulating electrical currents, called eddy currents, within the
core itself. These currents flow through the resistance of the core
material, generating heat. To reduce this, the core is made of thin,
insulated plates (laminations) instead of a single solid block.

Real-Life Example: Imagine a car engine idling. Even though the car isn't
moving (no useful work is being done), the engine is running and
consuming fuel to overcome internal friction and resistance. That energy is
a "loss" in this context. The core losses in a transformer are similar—they

are present just by having the transformer "on."

2.CopperLosses &
These are losses that happen in the transformer's copper windings (the

coils of wire). They are caused by the natural electrical resistance of the
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wire. As current flows through the windings, it encounters this resistance
and generates heat.

The key thing about copper losses is that they are variable. The amount of
heat generated depends on the amount of current flowing through the
windings, which is determined by the load connected to the transformer.
When there's no load, there's very little current, and therefore very little
copper loss. When the transformer is supplying full power, the current is
high, and the copper loss is at its maximum.

Real-Life Example: Think of a phone charger. When you're charging your
phone, the charging brick and the cable get a little warm. That heat is
wasted energy, which is a copper loss. The more demanding the task your
phone is doing while charging (i.e., the higher the current), the hotter the

cable gets.

Memory Tips:
. Core Losses: Think of the Core. Core is Constant. These losses are
always there.
. Copper Losses: Think of Copper. Copper losses depend on the Current,

and the current changes with the Connected load.

Efficiency &
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Efficiency is a measure of how well a transformer converts the electrical
power it takes in to the electrical power it sends out. In simple terms, it tells
you how much useful work you get for the energy you putin.

A transformer's efficiency is never 100% because, as we discussed, there
are always some losses (core and copper losses). The goal of a well-
designed transformer is to be as efficient as possible, wasting as little
energy as heat.

The formula for efficiency is a simple ratio:

Output Power  100%

Efficiency (1) = Input Power

Since Input Power is equal to Output Power plus Losses, the formula can also be written as:

Output Power
Efficiency (1) = x 100%
y (1) Output Power + Losses ’

ingredients. The output is the finished cake. The losses are the ingredients
that spill on the floor, the batter left in the bowl, or the heat that escapes
the oven. The more efficient the chef, the less is wasted, and the more cake
you get for the ingredients you bought. A transformer is like a highly

efficient chef, wasting very little.
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Memory Tip: Efficiency is all about getting the most Energy out.

Voltage Regulation &

Voltage regulation is a measure of how much the output voltage of a
transformer changes when you connect a load. An ideal transformer would
have an output voltage that stays perfectly constant, regardless of the load.
A practical transformer's output voltage drops slightly as the load
increases.

We want the voltage regulation to be as low as possible, ideally close to 0%.
This indicates that the output voltage is stable and doesn't change much
from its "no-load" value to its "full-load" value.

The formula for voltage regulation is:

(No-Load Voltage) — (Full-Load Voltage)

1 0
Full-Load Voltage < 100%

Voltage Regulation =

» No-Load Voltage: The voltage at the secondary terminals when nothing is connected.
« Full-Load Voltage: The voltage at the secondary terminals when the transformer is

supplying its maximum rated load.

Real-Life Example: Imagine a water faucet. When there's no one else using water in the house
(no-load), the water pressure is high. But when someone flushes a toilet or runs a washing machine
(full-load), the water pressure at your faucet might drop slightly. The amount that the pressure
drops is the "voltage regulation.” A good plumbing system would have very little drop in pressure,

just like a good transformer has very little voltage regulation.

Memory Tip: Voltage Regulation tells you if the Voltage Remains constant.

Autotransformer
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An autotransformer is a special type of transformer that has only one
winding shared by both the primary and secondary circuits.1 Unlike a
conventional transformer where the primary and secondary windings are
separate and magnetically isolated, an autotransformer has a single

2
winding with a tap point. The input voltage is applied across the entire

3
winding, and the output voltage is taken from a portion of the winding.

How it Works:
. Step-Down: If you connect the load to a portion of the winding, the
4
output voltage will be less than the input.
. Step-Up: If you connect the input to a portion of the winding and the
load to the entire winding, the output voltage will be greater than the
5
input.
This direct electrical connection means that autotransformers are more
efficient, smaller, and cheaper than two-winding transformers, especially
when the voltage difference between the primary and secondary is small.
However, a major disadvantage is that there is no electrical isolation
between the primary and secondary circuits.
Real-Life Example: Autotransformers are often used as dimmer switches for
lights. The knob you turn simply moves the tap point on the single winding,

6
changing the output voltage to the light bulb. They are also used in
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7
laboratories to get a variable AC voltage supply.

Memory Tip: Think of "auto" as "self" or "single." An autotransformer is a

8
single-winding transformer.

Three-Phase Transformer Connections
Three-phase power is the standard for generating and transmitting large
amounts of electrical power. It consists of three separate AC power waves,
each offset by 120 degrees from the others. A three-phase transformer is
used to change the voltage of this power. This can be done either by using
three separate single-phase transformers or by using a single transformer
with a three-limbed core.
The way the three windings are connected determines the relationship
between the input (primary) and output (secondary) voltages and currents.
The two most common connections are Delta (A) and Wye (Y).
1. Delta Connection (A)
In a delta connection, the ends of the three windings are connected to form
a closed loop, like the Greek letter delta (A). The three-phase lines are
connected to the corners of this loop.

- Voltage: The line voltage is equal to the phase voltage.

- Current: The line currentis 3

times the phase current.

New Section 1 Page 57



- Key Feature: This connection provides a closed path for circulating
harmonic currents, which helps prevent unwanted voltages. It also
allows the system to continue operating even if one winding fails, albeit
at reduced capacity.

Real-Life Example: Delta connections are often used for high-voltage
transmission lines because they can be more reliable. They are also
common in industrial and commercial buildings.

Memory Tip: Think of the triangle shape of the Delta connection. The lines
are connected at the corners of the triangle, and the voltage is the same
across the sides.

2. Wye Connection (Y) or Star Connection

In a wye connection, one end of each of the three windings is connected to
a common point, called the neutral point. The other ends of the windings
are connected to the three-phase lines.

. Voltage: The line voltage is 3

times the phase voltage.

. Current: The line current is equal to the phase current.

- Key Feature: The neutral point provides a common return path for
unbalanced loads. It also provides two different voltages: the line-to-

line voltage and the line-to-neutral voltage.

New Section 1 Page 58



Real-Life Example: Wye connections are very common in power distribution
systems. This is because they provide a neutral wire, which allows you to
get both three-phase power (for motors) and single-phase power (for
homes and lighting) from the same transformer. The voltage in your home
(e.g., 120 V) is the line-to-neutral voltage, while the line-to-line voltage (e.q.,
208 V) is used for bigger appliances.

Memory Tip: Think of the letter 'Y' with the neutral point at the center. The
voltage from the center to any point on the Y is the phase voltage, and the
voltage between any two outer points is the line voltage. The line current

just flows through the arms of the Y.

A single-phase induction motor is a type of electric motor that uses a

1
single-phase alternating current (AC) to produce rotational motion. It's the

2
kind of motor you find in most household appliances. Unlike three-phase

motors, which are self-starting, single-phase motors require a bit of extra

3
help to get going.

Construction €&

4
A single-phase induction motor has two main parts:

5
. Stator: This is the stationary outer part of the motor. It's made of a

steel frame with slots that hold the windings. In a single-phase motor,
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the stator has two sets of windings:

o Main Winding: A low-resistance, high-inductance winding that

6
creates the primary magnetic field.

o Auxiliary Winding (or Starting Winding): A high-resistance, low-

7
inductance winding that is only used to start the motor. It's often

8
connected in series with a capacitor and a centrifugal switch.

9
- Rotor: This is the rotating inner part of the motor. It consists of a
laminated steel core with copper or aluminum bars embedded in slots.
These bars are short-circuited at both ends by end rings, giving it the

10
name "squirrel cage rotor."

Working Principle (8
The working principle is based on Faraday's Law of Electromagnetic
Induction.11 Here's a simple breakdown:
1. The Problem: When you apply a single-phase AC current to the main
winding, it creates a magnetic field that only changes in magnitude, not
direction. This pulsating magnetic field cannot produce a rotating force

12
(torque) by itself. It just makes the rotor vibrate, which is why a single-

13
phase motor is not self-starting.

2. The Solution: To solve this, the auxiliary winding is brought in. It is

physically placed at 90 degrees to the main winding. A capacitor is
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14
added in series with the auxiliary winding. The capacitor causes the

current in the auxiliary winding to lead the current in the main winding.
3. Creating a Rotating Field: Because the currents in the two windings are
now out of phase, they create two magnetic fields that are also out of

phase. The combination of these two fields produces a rotating

15
magnetic field.

4. Inducing Current and Rotation: This rotating magnetic field cuts across

the bars of the squirrel cage rotor, inducing a voltage and a current in

16
them (Faraday's Law). The current in the rotor creates its own

17
magnetic field, which interacts with the stator's rotating field. This

interaction produces a force that causes the rotor to spin in the same

18
direction as the rotating magnetic field.

5. Running and Disconnecting: Once the motor reaches about 75% of its
full speed, a centrifugal switch automatically disconnects the auxiliary

19
winding and the capacitor. The motor continues to run solely on the

20
main winding. The main winding's pulsating magnetic field is enough

21
to maintain the rotor's rotation once it's already spinning.

Real-Life Example €
Think about a common household fan. When you turn it on, you hear a

hum, and it starts to spin. Inside that fan is a single-phase induction motor.
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The capacitor and starting winding get it up to speed, and then they get

22
disconnected. The rest of the time, the fan motor runs on just the main

23
winding. The same principle applies to motors in washing machines,

24
refrigerators, and air conditioners.

Memory Tips @

. Single-Phase = Single-Problem: A single-phase motor has one big

25
problem: it can't start on its own.

- Two Windings = Two Jobs: The motor has a main winding for running

and a start winding to solve the starting problem.

26
. Capacitor = The Helper: The capacitor is the "helper" that creates the

27
second magnetic field to get the motor spinning.

. Centrifugal Switch = The Bouncer: Once the party (the motor) is started,
the bouncer (centrifugal switch) kicks out the helper (the

auxiliary winding) because it's no longer needed

A three-phase induction motor is a type of electric motor that uses three-

phase alternating current (AC) to produce powerful and smooth rotational

1
motion. These motors are workhorses in industry because they are simple,

2
rugged, and highly efficient. Unlike their single-phase counterparts, they

3
are self-starting and do not require any extra components to get going.
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Construction €&

4

A three-phase induction motor has two main parts:

5
Stator: This is the stationary outer part of the motor. It is made of a

steel frame with slots that hold three separate sets of windings, one for

6
each phase of the three-phase AC supply. These windings are arranged

7
so that they are physically spaced 120 degrees apart from each other.

Rotor: This is the rotating inner part of the motor, almost always a

8
squirrel cage rotor. It consists of a laminated steel core with thick

9
copper or aluminum bars embedded in slots. These bars are

10
permanently short-circuited at both ends by end rings. It gets its

11
name because the bars and end rings look like a hamster wheel.

The rotor is not electrically connected to the power supply; its current is

12

induced from the stator's magnetic field.

Working Principle (8

The working principle of a three-phase induction motor is based on

13

Faraday's Law of Electromagnetic Induction. Here’s a simple breakdown:

1.

Creating a Rotating Magnetic Field: When a three-phase AC supply is
connected to the stator windings, it creates three separate magnetic

14
fields. Because the windings are physically spaced 120 degrees apart
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and the currents are also 120 degrees out of phase, these three fields

combine to produce a single, smooth rotating magnetic field in the air

15
gap between the stator and the rotor. This rotating field is the key to

16
the motor's operation and why it's self-starting.

. Inducing Current in the Rotor: This rotating magnetic field "cuts" across

17
the stationary bars of the squirrel cage rotor. According to Faraday's

18

Law, this induces a voltage and a current in the rotor bars.
. Producing a Rotating Force (Torque): The induced current in the rotor
creates its own magnetic field. This new magnetic field interacts with
the stator's rotating magnetic field. This interaction produces a strong
force (torque) that causes the rotor to spin in the same direction as the

19
stator's rotating magnetic field. The rotor always spins slightly slower
than the rotating magnetic field, which is a key characteristic of

20
induction motors.

Real-Life Example lig

Think about the powerful motors you see in industrial settings, like those

running large pumps, conveyor belts, or factory machinery. They are

almost always three-phase induction motors. They are reliable and don't

need any special starting mechanisms, making them perfect for

21

continuous, heavy-duty operation.
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Memory Tips @
22

. Three-Phase = Three-Times the Power: The three-phase supply creates
a rotating magnetic field naturally and smoothly, so the motor starts on
its own. No "helper" capacitor is needed.

- Rotor = The Follower: The rotor's only job is to follow the rotating
magnetic field of the stator.23 The faster the stator's field spins, the
faster the rotor tries to follow it.

- Induction = No Connection: The motor works by inducing a current in

24 25
the rotor. The rotor is not directly connected to the power supply.

Since single-phase motors can't start on their own, they need a special trick
to get going. The three motor types you asked about are all different ways

of doing this "starting trick" to create an initial rotating force (torque).

1. Split-Phase Motor

This is the simplest and cheapest type of single-phase motor. It has two

1
windings in the stator: a main winding and a starting winding.

Construction and Working Principle

2
The two windings are designed with different electrical properties. The

main winding has low resistance and high inductance, while the starting

3
winding has high resistance and low inductance. This difference in
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properties causes the current in the two windings to be "split" or slightly

4
out of phase with each other. This creates a weak rotating magnetic field

5
that is just enough to get the rotor spinning.

6
A centrifugal switch is connected in series with the starting winding. Once

the motor reaches about 75% of its full speed, the switch opens

7
automatically, disconnecting the starting winding. The motor then runs on

8
the main winding alone.

Real-Life Example: These are used in simple, low-starting-torque

9
applications like small fans, blowers, and washing machines.

10
Memory Tip: The name says it all: the current is "split" to start the motor.

©

2. Capacitor-Start Motor
11

This motor is an improvement on the split-phase motor. It also has a main
and starting winding, but it adds a capacitor in series with the starting

12
winding.
Construction and Working Principle
The capacitor creates a much larger phase difference between the currents
in the two windings (closer to the ideal 90 degrees). This larger phase
difference results in a much stronger rotating magnetic field and a higher

13
starting torque compared to a split-phase motor.
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Just like the split-phase motor, a centrifugal switch disconnects the starting
winding and the capacitor once the motor reaches about 75% of its full

14 15
speed. The motor then continues to run on the main winding.
Real-Life Example: Because of their high starting torque, these motors are
used in applications that require a big push to get going, such as

16
refrigerators, air conditioner compressors, and large pumps.

17
MemoryTip: The capacitoris only there tostartthe motor. Think ofitasashot

of energy just for theinitial push. 4

3. Capacitor-Run Motor
18
This type is also called a Permanent-Split Capacitor (PSC) motor. Its main
difference is that the capacitor and auxiliary winding are never
disconnected from the circuit.
Construction and Working Principle
This motor has a capacitor permanently connected in series with the
19 20
auxiliary winding. It does not have a centrifugal switch. The capacitor's
value is chosen to provide a phase shift that not only starts the motor but
21
also improves its performance and efficiency while it's running. It helps
keep the magnetic field rotating smoothly, which results in quieter

operation and less vibration.

Real-Life Example: These motors are ideal for continuous-running
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applications with a low starting torque. The most common examples are

22
ceiling fans, furnace blowers, and air-conditioning units.

23
MemoryTip: The capacitorruns with the motor allthetime. It'sapermanent

24
partofthecircuit. &

1. Electrical Circuit Elements - Resistance,

Inductance, Capacitance |BEE|
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UNIT-4 (DC MACHINES)

13 August 2025 10:36 PM

DC GENERATOR

A DC generator is a machine that converts mechanical energy (like the spinning of a turbine)
into direct current (DC) electrical energy. It works based on the principle of electromagnetic
induction, which states that when a conductor moves through a magnetic field, a voltage is
induced in it.

The main difference between a DC generator and an AC generator is how the current is
collected. Both generators actually produce an alternating current (AC) inside them, but a
special part called a commutator in the DC generator "rectifies" or flips the direction of the

current to ensure it always flows in one direction, creating direct current.

DC GENERATOR

MAGNETIC
FLUX

WIRE COIL
(THE CONDUCTOR)

SPLIT RING
(COMMUTATOR)

CARBON BRUSHES
AXIS OF ROTATION

+

How It Works: A Simple Analogy
Imagine you have a single loop of wire spinning between two strong magnets.

. As the loop spins, it "cuts" through the magnetic field lines. This movement creates a
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small electric voltage and current in the wire.

. Because the loop is constantly spinning, the direction of the voltage and current keeps
changing. This is naturally an alternating current (AC).

. The ends of the wire loop are connected to a commutator, which is a ring split into two
halves.

. As the loop spins, these two halves of the ring make contact with stationary brushes.

. The brushes are positioned so that they switch which half-ring they're touching every time
the current in the loop is about to reverse direction.

. This clever switching action ensures that the electricity flowing out of the brushes to your
external device (the "load") always moves in the same, single direction. This is your direct

current (DQ).

Real-Life Examples @
While many modern power plants use AC generators, DC generators are still used in specific
applications where direct current is needed.
. Battery Charging: They are used to charge batteries, like those in a car or a golf cart,
which require DC power to store energy.
- Electric Arc Welding: The consistent, unidirectional current from a DC generator is ideal
for welding applications.
. Excitation Systems for Alternators: Larger AC generators (alternators) often use a smaller

DC generator to create the initial magnetic field they need to start producing power.

Easy Memory Tip @
Think of a commutator as a "traffic director."

. Thealternating current (AC) generated inside the generator is like a car driving back and forth
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onaroad. ¢a (o)

. Thecommutator'sjobistoensure thatallthe cars (the current) leave the "generator city" and
headinonly one direction.

. It does this by flipping the road's direction at just the right time, so the cars always appear
to be moving forward from the outside. That's why the output is always Direct Current
(DQ).

A DC generator is a machine that converts mechanical energy (like the spinning of a turbine)

1
into direct current (DC) electrical energy. It works based on the principle of electromagnetic

induction, which states that when a conductor moves through a magnetic field, a voltage is

2
induced in it.

The main difference between a DC generator and an AC generator is how the current is
collected. Both generators actually produce an alternating current (AC) inside them, but a

special part called a commutator in the DC generator "rectifies" or flips the direction of the

3
current to ensure it always flows in one direction, creating direct current.

Construction €£

4
A DC generator has two main parts: a stationary part (stator) and a rotating part (rotor).

5
. Stator (Stationary Part):

o Yoke: The outer frame of the generator, which provides mechanical support and a

6
path for the magnetic flux.

o Field Poles and Windings: Electromagnets (or permanent magnets in small generators)

7
that create a strong magnetic field. The poles have field windings wrapped around

8 9
them. When current flows through these windings, they become magnets.

10
- Rotor (Rotating Part):
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o Armature Core: A cylindrical core made of laminated steel (to reduce energy loss) with

11
slots on its surface.

o Armature Windings: Coils of insulated wire placed in the slots of the armature core.12
This is where the electricity is actually generated.

o Commutator: This is the most crucial part for a DC generator. It's a split ring made of
copper segments, insulated from each other. The ends of the armature windings are
connected to these segments.

o Brushes: Stationary carbon blocks that press against the rotating commutator

13
segments. They collect the current and send it to the external circuit.

Working Principle (g
The operation of a DC generator can be broken down into a few simple steps:

1. Mechanical Energy In: An external force (like an engine or a turbine) spins the armature.

2. Electromagnetic Induction: As the armature windings rotate, they cut through the
magnetic field lines created by the field poles.14 This movement induces a voltage and
current in the windings.

3. ACis Generated First: The current generated in the armature windings is naturally an
alternating current (AC) because the direction of the magnetic field being cut by the coil

15
constantly changes as it spins.

4. Commutation to DC: Here's where the magic happens! The commutator and brushes work
together as a "mechanical rectifier.”16 As the armature coil rotates, the brushes switch
contact from one commutator segment to the next at the exact moment the current in the

coil is about to reverse direction.

5. DC Output: This switching action ensures that the current flowing out of the brushes to
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17
the external circuit always goes in the same, single direction. The result is a pulsating

18
but unidirectional direct current (DC) output.

Real-Life Examples @
While AC is dominant for long-distance power, DC generators are still vital in many
19
applications:
. Battery Charging: Batteries require DC power to be charged, so a DC generator is perfect
20
for this task.
.- Arc Welding: The consistent, steady current from a DC generator is ideal for creating a
stable arc for welding metals.

. Excitation Systems: Large AC generators often use a smaller DC generator to create the

magnetic field they need to operate.

Easy Memory Tip @&
Think of the commutator as a "switchboard operator."
. The AC current inside the generator is like two different phone lines with messages
constantly reversing.
- The commutator's job is to listen for the message to change direction and, at that exact
21
moment, to flip the switch.

. Thisensuresthatthe person onthe other end (your device) only ever hears amessage

traveling in asingle, continuous direction—that's your Direct Current!

The electromotive force (EMF) equation for a DC generator is a formula that tells us how
much voltage the generator will produce. EMF is basically the maximum potential difference

(or voltage) a power source can provide.
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The EMF equation for a DC generator is:

_ PZN
EQ — 60A

Where:
« [E,isthe generated EMF (the voltage produced), measured in Volts.

+ P isthe number of magnetic poles in the generator (e.g., a North pole and a South pole

means P=2).
» ¢ is the magnetic flux per pole (the strength of the magnetic field), measured in Webers.

« Z isthe total number of armature conductors (the total number of wires in the spinning

part of the generator).
« N isthe speed of the armature in revolutions per minute (RPM).

« Aisthe number of parallel paths in the armature winding. This is a constant value
determined by how the wires are arranged. For a "lap winding," A = P. For a "wave winding," A =
2.

Memory Tip @
To remember the equation, think of it as a logical sentence. The generated voltage (Eg) is all
about the things that create electricity:
. Poles, Zigzags (for conductors), and Noise (for speed) are the good guys, so they're on top.
. The bad guys are on the bottom: Always 60 (for the conversion from RPM to revolutions
per second).
Another way to remember it is to see the variables as a collection of forces acting on the
generator: Powerful Zebra Nibbles on Apples and 60 fruits. This silly sentence connects the

variables in the correct order.

The torque equation for a DC generator is a formula that tells us the turning force, or twisting
force, the generator produces as a reaction to the mechanical force that's spinning it. This
torque is a type of resistance that the generator offers to the engine or turbine that's driving

it.
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The equation for the armature torque (7,) in a DC generator is:

Where:
« T, isthe armature torque, measured in Newton-meters (Nm).
« Pisthe number of magnetic poles in the generator.
« ¢ is the magnetic flux per pole (the strength of the magnetic field), measured in Webers.
+ 7 is the total number of armature conductors (the wires in the spinning part).

« I, isthe armature current, which is the current flowing through the spinning windings,
measured in Amperes.

» Ais the number of parallel paths in the armature winding. This is a constant based on the

winding type (lap winding: A=P; wave winding: A=2).

Memory Tip .

Think of the torque equation as an abbreviation for "Torque Produces Great Resistance."”
« Torque

+ Poles, Zigzags (for conductors), | (for current), Phi (for flux) are the "ingredients” for the

torque.

» The equation shows that torque (1},) is directly proportional to the flux (¢) and the armature

current (I,,). In simple terms, more magnetic strength and more current mean more torque.

A shunt generator is a type of DC generator where the field winding (the coils that create the
magnetic field) is connected in parallel (or "shunt") with the armature winding (the coils where
the electricity is produced). This unique connection gives it a key characteristic: it can produce

a relatively constant output voltage, making it useful for specific applications.

Key Applications of Shunt Generators @

The stable voltage output is what makes shunt generators particularly useful, even though
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they are less common today than AC generators. Their main uses include:

Battery Charging: This is the most common application. Batteries require a stable,
constant voltage to be charged properly and safely. A shunt generator's ability to maintain
a consistent voltage, even as the load changes slightly, makes it ideal for this task.
General Lighting and Power: For areas that require a steady DC power supply, such as in
older systems or remote locations, shunt generators are used to power lights and other
small appliances.

Excitation for Alternators: Large AC generators (called alternators) need a separate
magnetic field to operate. A small DC shunt generator is often used to provide this
"excitation" current to the alternator's field windings.

Electroplating and Electrolysis: These industrial processes require a very stable DC voltage
to ensure a uniform coating of metal or to perform chemical reactions. Shunt generators
are a good fit for these applications due to their stable voltage output.

Small, Portable Power Supplies: They are sometimes used in small-scale, portable
generators where a constant voltage is required to power simple electronics or DC

motors.

Real-Life Example &%

Imagine a golf cart's electrical system. The engine (or a separate prime mover) drives a small

generator. That generator is a DC shunt generator, and its primary job is to keep the golf

cart's battery charged.

As you drive the cart, the motor draws current from the battery.
The shunt generator, which is connected to the engine, spins and produces a constant

voltage.
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. This stable voltage is fed back to the battery, ensuring it's continuously recharged as the
cartisin use.

. The generator's design makes sure that even if the engine speed varies a little, the voltage
going to the battery remains steady, preventing damage to the battery and the rest of the

electrical system.

Easy Memory Tip &

Think of the word "shunt" and the word "stable."

The shunt generator's windings are connected in parallel, or "shunted."
. This connection gives it a stable voltage output.

. "Shunt" = "Stable"

This "stability" is why it's perfect for things that need a steady power source, like charging

a battery.

A DC motor is a machine that converts direct current (DC) electrical energy into mechanical
energy (like a spinning motion). It works by using the simple principle of electromagnetism:
when a current-carrying wire is placed in a magnetic field, it experiences a force that pushes
it.
Construction B
A basic DC motor has two main parts: the stator (the stationary part) and the rotor (the
spinning part).

. Stator (Stationary Part): This is the outer, non-moving part of the motor. It contains field

magnets which create a stable magnetic field. These can be permanent magnets or

electromagnets (coils of wire that become magnets when current flows through them).
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. Rotor (Rotating Part): Also called the armature, this is the central part that spins. It's a
cylindrical core with coils of insulated wire wrapped around it. These coils are what the
electrical current passes through.

. Commutator and Brushes: These are the most important parts that make it a DC motor.
The commutator is a split ring made of copper segments that is attached to the rotor. The
ends of the armature coils are connected to these segments. The brushes are stationary

carbon blocks that press against the rotating commutator, acting as a bridge to supply the

electrical current from a power source to the spinning armature

DC GENERATOR

BRUSH

ARMATURE COMMUTATOR

SEALED BALL
BEARING

FRAME OR YOKE

POLE SHOE

FIELD WINDINGS

Working Principle (g
The operation of a DC motor is based on the interaction between two magnetic fields: the one
from the stationary magnets and the one created by the current in the spinning armature.

1. Power In: You apply a DC voltage to the brushes.

2. Current Flow: The brushes supply this current to the commutator, which then feeds it into
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the armature coils.

Magnetic Force: As current flows through the armature coils, they become temporary
magnets with a North and South pole. The magnetic field of the armature interacts with
the magnetic field of the stationary magnets. This interaction creates a force that pushes
the armature to spin.

Continuous Rotation: Here's the key: as the armature rotates, the brushes move from one
commutator segment to another. At the exact moment the armature's poles are about to
line up with the stator's poles (which would stop the rotation), the commutator reverses

the direction of the current in the armature coils.

. The "Flip": Reversing the current flips the polarity of the armature's magnetic poles. For

example, what was a North pole becomes a South pole. This means the magnetic force is
no longer trying to stop the rotation but is now pushing it to continue spinning in the

same direction. This continuous "flipping" action is what keeps the motor rotating.

Real-Life Example

Think about a small, toy remote-controlled car. ..;

The battery in the car is the DC power source.

Inside the car, a small DC motor is connected to the wheels.

When you press "go" on the remote, the battery sends DC current to the motor's brushes.
This current flows through the motor's armature, which creates a magnetic field.

This magnetic field interacts with the motor's stationary magnets, and the armature starts
to spin.

The clever commutator keeps the armature spinning continuously, and this spinning

motion is then transferred through gears to turn the wheels.
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Easy Memory Tip @
Remember Fleming's Left-Hand Rule! It's a simple way to visualize the direction of the force.
- Hold out your left hand.
- Your thumb points in the direction of the Force (the motion of the motor).
- Your forefinger points in the direction of the Magnetic Field (from the North pole to the
South pole).
- Your middle finger points in the direction of the Current flowing through the wire.
This rule helps you understand how the electrical current and magnetic field work together to
create the spinning force!
DC motors are used in a wide range of applications, from small toys and household
appliances to large industrial equipment. Their key advantage lies in the ability to easily and

precisely control their speed and torque.

Common Applications
DC motors are particularly well-suited for applications where you need to change speed or
control motion.

. Toys and Small Appliances: The small, affordable motors found in battery-powered toys,
remote-controlled cars, electric toothbrushes, and hair dryers are typically DC motors.
They are compact, simple, and run on the direct current from batteries.

. Electric Vehicles (EVs): Many electric and hybrid cars use powerful DC motors for
propulsion. Their high starting torque and efficient speed control make them ideal for
accelerating a vehicle from a standstill and for regenerative braking (using the motor to
slow down and recharge the battery).

. Industrial Equipment: In factories, DC motors are used in various machinery.
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o Elevators and Cranes: DC motors provide the high starting torque needed to lift heavy
loads and the smooth, controlled speed required to move them precisely.
o Rolling Mills: In steel and paper mills, DC motors are used to drive the rollers because
their speed can be adjusted over a wide range to control the thickness of the material.
o Conveyor Belts: DC motors offer the stable and controllable speed needed for
automated conveyor systems in warehouses and assembly lines.
. Computer and Office Equipment: Small DC motors are used in computer peripherals like
disk drives, printers, and scanners for precise movement and control of various internal

components.

Why DC Motors are a Good Choice
DC motors excel in applications because of a few key characteristics:

- Excellent Speed Control: By simply adjusting the input voltage, you can easily and
smoothly change the motor's speed. This is a significant advantage over AC motors, which
can be more complex to control.

- High Starting Torque: DC motors are known for their ability to produce a lot of rotational
force right from the moment they start, which is essential for heavy-duty applications like
cranes and traction systems.

. Simplicity: For many small applications, a simple brushed DC motor is all that's needed. It
can be directly connected to a battery for power, making it a straightforward choice for

portable devices.
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https://www.youtube.com/watch?v=1lvaELmz_qc&list=PLmAmHQ-_5ySzJrY5XlO0SPdQneyhr9v0B
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UNIT-5 (ELECTRICAL INSTALLATION)

13 August 2025 10:45 PM

COMPONENTS OF LT SWITCHGEAR

Here's an easy-to-understand explanation of these electrical components, cable
types, and related concepts, with real-life examples and memory tips.
Switch Fuse Unit (SFU)
A Switch Fuse Unit (SFU) is a safety device that combines a manual switch with a
fuse. When you turn the switch off, it completely disconnects the power from the
circuit. The fuse inside is a safety wire designed to melt and break the circuit if too
much current flows, protecting the equipment from damage. Think of it as an "on-
off switch with a built-in bodyguard.”

- Real-life example: You'd find these in older homes or industrial settings, often

used for a main power supply to a large motor or a distribution panel.

- Memory tip: Switch Fuse Unit = Safety First Unit.
Miniature Circuit Breaker (MCB)
An MCB (Miniature Circuit Breaker) is an automatic safety switch.1 It's a modern
replacement for the fuse. Instead of a wire that melts, an MCB has a bimetallic strip
that heats up and bends, or an electromagnetic coil that trips a switch, breaking the
circuit when too much current flows. After it trips, you can simply switch it back on,

unlike a fuse which needs to be replaced.

- Real-life example: These are the small switches you see in your home's main
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consumer unit (fuse box). Each switch typically controls a different part of your
house, like the lights or the power outlets in a specific room.

- Memory tip: Miniature Circuit Breaker = a Convenient Breaker.

Earth Leakage Circuit Breaker (ELCB) & Residual Current Circuit Breaker (RCCB)

An ELCB (Earth Leakage Circuit Breaker) and its modern successor, the RCCB
(Residual Current Circuit Breaker), are designed to protect you from electric shock.2
They detect a small imbalance in the current flowing to and from an appliance. This
imbalance, often called a "leakage current,” indicates that some electricity is
escaping to the ground, possibly through a person touching a faulty appliance.
When this happens, the ELCB/RCCB trips, instantly cutting off the power.

- Real-life example: These are often the main switches in your consumer unit, or in
specific circuits, especially for areas where water is present, like a bathroom or
kitchen. The test button on the device allows you to manually check if it's
working.

- Memory tip: Earth Leakage Circuit Breaker = a Life-saving Circuit Breaker.

Molded Case Circuit Breaker (MCCB)
An MCCB (Molded Case Circuit Breaker) is a heavy-duty version of an MCB.3 It's used
for protecting high-current circuits, typically in commercial and industrial
applications. It's physically larger and can be adjusted to trip at different current

4

levels.

- Real-life example: You'd find MCCBs in a factory or a large commercial building's
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main power distribution board, protecting large machinery or the entire
building's electrical system.

- Memory tip: Molded Case Circuit Breaker = a Mighty Circuit Breaker.

Wires, Cables, and Earthing

Types of Wires and Cables

A wire is a single conductor, while a cable is an assembly of one or more insulated
wires encased in a protective sheath.

- Live Wire: This is the "hot" wire that carries the full electrical potential (voltage).
It's typically colored brown or red.

- Neutral Wire: This wire completes the circuit, allowing electricity to flow back to
the power source. It's typically colored blue or black.

- Earth Wire (Ground Wire): This is a safety wire. It's connected to the metal casing
of an appliance and physically to the ground. If the live wire accidentally touches
the casing, the earth wire provides a safe path for the current to flow to the
ground, tripping the circuit breaker and preventing an electric shock. It's
typically colored green and yellow.

Earthing

Earthing is the process of connecting the non-current-carrying metal parts of an
electrical appliance to the earth. This creates a safety path for fault currents,
preventing a dangerous buildup of voltage on the appliance casing. This is a crucial

safety measure to protect against electric shock.
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- Real-life example: The third, longer pin on a three-pin plug is the earth
connection. The metal casing of your toaster or washing machine is connected
to this pin. If a fault occurs, the current flows through the earth wire and trips

the breaker.

Batteries

A battery is a device that converts stored chemical energy into electrical energy. It
has two terminals, a positive (+) and a negative (-), which create a potential
difference, causing current to flow.

Types of Batteries

1. Primary Batteries (Non-rechargeable): These batteries can only be used once.
The chemical reaction that produces electricity is irreversible.

o Real-life examples: Alkaline batteries (AA, AAA, 9V) used in remote controls
and flashlights.

2. Secondary Batteries (Rechargeable): The chemical reaction in these batteries is
reversible. You can recharge them by applying an external electric current,
restoring their chemical energy.

o Real-life examples: Lithium-ion batteries in your smartphone or laptop, and

lead-acid batteries in your car.

Tariff
A tariff is the rate at which an electricity provider charges for the electricity

consumed. It's the price you pay per unit (kilowatt-hour or kWh) of electricity.
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Types of Tariffs

1.

Flat Rate Tariff: A single, fixed price per unit of electricity, regardless of the time
of day or amount of electricity used. This is the simplest type of tariff.

o Real-life example: A basic electricity plan where you pay 15 cents for every
kWh you use, whether it's at 2 a.m. or 2 p.m.

Time-of-Use (TOU) Tariff: The price of electricity changes based on the time of
day. It's more expensive during peak hours (when demand is high) and cheaper
during off-peak hours (when demand is low).

o Real-life example: An electricity plan where you pay 20 cents/kWh from 4
p.m. to 9 p.m. but only 10 cents/kWh from 10 p.m. to 7 a.m. This encourages
people to use appliances like dishwashers and washing machines at night to
save money.

Maximum Demand Tariff: This tariff is mainly for industrial and commercial
customers. The bill is based on two components: the amount of energy
consumed and the highest power demand recorded during a specific period.
This penalizes companies that have sudden, large spikes in power usage.

- Real-life example: A factory might be charged for its total energy
consumption, but also a separate fee based on the highest power load it
drew at any single moment during the billing cycle. This encourages the

factory to manage its energy usage to avoid high peaks.

1. Electrical Circuit Elements - Resistance, Inductance,
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https://www.youtube.com/watch?v=1lvaELmz_qc&list=PLmAmHQ-_5ySzJrY5XlO0SPdQneyhr9v0B
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