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ELECTRONICS 

Electronics comprises the physics, engineering, technology and applications that 

deal with the emission, flow and control of electrons in vacuum and matter .This 

distinguishes it from classical electrical engineering as it uses active devices to 

control electron flow by amplification and rectification rather than just using 

passive effects such as resistance ,capacitance and inductance. 

 

 

EVOLUTION OF ELECTRONICS 
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Classification of Extrinsic Semiconductor 

• In n-type semiconductor: The doping contributes extra electrons, dramatically 

increasing 

the conductivity.(Impurity: phosphorus, arsenic, antimony, bismuth or some other) 

• In p-type semiconductor: The doping produces extra vacancies or holes, which 

likewise 

increase the conductivity.(trivalent Impurity: Boron, gallium , indium aluminum) 

 

 



 
 

 

 

SEMI CONDUCTOR DIODE: 

Definition of Semiconductor 

 

Most common materials commercially used as semiconductors are germanium (Ge) 

and silicon(Si) because of their property to withstand 

hightemperature.Thatmeanstherewillbenosignificantchangeinenergygap with 

changing temperature .The relation between energy gap and absolute temperature for 

Si and Ge are given as, 

 

 

Where, T = absolute temperature in 

oK 

Assumingroomtemperaturetobe300o

K, 

At room temperature resistivity of semiconductor is in between insulators and 

conductors . Semiconductors show negative temperature coefficient of resistivity that 

means its resistance decreases with increase in temperature. Both Si and Ge are 

elements of IV group, i.e. both elements have four valence electrons. Both form the 

covalent bond with the neighboring atom . At absolute zero temperature both behave 

like an insulator , i.e.,  the valence band is full while conduction band is empty but as 

the temperature is raised more and more covalent bonds break and electrons are set free 

and jump to the conduction band. 

Intrinsic Semiconductors 

As per theory of semiconductor ,semiconductor in its pure form is called as intrinsic 

semiconductor . Impure semiconductor number of electrons (n) is equal to number of 

holes (p) and thus conductivity is very low as valence electrons are covalent bonded. 

In this case we write n = p = ni, where niis called the intrinsic concentration. It can be 

The materials that are neither conductor nor insulator with energy gap of about 1 eV (electron 

volt) are called semiconductors. 

https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/concept-of-atom/
https://www.electrical4u.com/intrinsic-silicon-and-extrinsic-silicon/
https://www.electrical4u.com/intrinsic-silicon-and-extrinsic-silicon/


 
 

shown that nican be written 

 

 

Where , n0 is a constant ,T is the absolute temperature ,VG is 

the semiconductor band gap voltage, and VTis the thermal voltage. 

The thermal voltage is related to the temperature 

byVT=kT/q Where, k is the Boltzmann constant (k = 

1.381 × 10−23 J/K). 

 

 

Extrinsic Semiconductors 

As per theory of semiconductor, impure semiconductors are called extrinsic 

semiconductors .Extrinsic semiconductor is formed by adding a small amount of 

impurity. Depending on the type of impurity added we have two types of 

semiconductors :N-type and P-type semiconductors . In100 million parts of 

semiconductor one part of impurity is added. 

https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/intrinsic-silicon-and-extrinsic-silicon/
https://www.electrical4u.com/intrinsic-silicon-and-extrinsic-silicon/
https://www.electrical4u.com/p-type-semiconductor/


 
 

 

N type Semiconductor 

In this type of semiconductor majority carriers are electrons and minority carriers are 

holes. N – type semiconductor is formed by adding pentavalent  (five valence 

electrons) impurity impure semiconductor crystal, 

e.g. P . As ,Sb. 

 

Four of the five valence electron of pentavalent impurity forms covalent bond with Si 

atom and the remaining electron is free to move anywhere with in the crystal. 

Pentavalent impurity donates electron to Si that’s why N- type impurity atoms are 

known as donor atoms .This enhances the conductivity of pure Si. Majority carriers 

are electrons. 

P type Semiconductors 

In this type of semiconductor majority carriers are holes, and minority carriers are 

electrons. The p-type semiconductor is formed by adding trivalent (three valence 

electrons) impurity in a pure semiconductor crystal, 

 e .g .B ,A lBa . 

 

Three of the four valence electron of tetra valent impurity forms covalent bonds with 

Si atoms .The phenomenon creates a space which we refer to a hole. When the 

temperature rises an electron from another covalent bond jumps to fill this space. 

Hence, a hole gets created behind. In this way conduction takes place. P-type impurity 

accepts electrons and is called acceptor atom. Majority carriers are holes. 

https://www.electrical4u.com/n-type-semiconductor/
https://www.electrical4u.com/n-type-semiconductor/


 
 



 
 

 

SEMI CONDUCTOR DIODE 

 

Although in the real world , diodes cannot achieve zero or infinite resistance . Instead ,a diode will have 

negligible resistance in one direction (to allow current flow), and a very high resistance in the reverse 

direction (to prevent current flow). A diode is effectively like a valve for an electrical circuit. 

Semiconductor diodes are the most common type of diode. These diodes begin conducting electricity only 

if a certain threshold voltage is present in the forward direction (i.e., the “low resistance” direction).The 

diode is said to be “forward biased” when conducting current in this direction. When connected with in a 

circuit in the reverse direction (i.e. the “high resistance” direction), the diode is said to be “reverse biased”. 

A diode only blocks current in the reverse direction (i.e. when it is reverse biased) while the reverse voltage 

is with in a specified range . Above this range , the reverse barrier breaks .The voltage at which this break 

down occurs is called the “reverse break down voltage”. When the voltage of the circuit is higher than the 

reverse breakdown voltage, the diode is able to conduct electricity in the reverse direction(i.e. the “high 

resistance” direction). This is why in practice we say diodes have a high resistance in the reverse direction 

– not an infinite resistance. 

A diode is defined as a two-terminal electronic component that only conducts current in one 

direction(so long as it is operated within a specified voltage level). An ideal diode will have 

zero resistance in one direction, and infinite resistance in the reverse direction. 

https://www.electrical4u.com/electric-circuit-or-electrical-network/
https://www.electrical4u.com/theory-of-semiconductor/
https://www.electrical4u.com/diode-working-principle-and-types-of-diode/#types-of-diode
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/what-is-electrical-resistance/


 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 

 

 

 

 

 



 
 

 

 

 



 
 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

CIRCUIT DIAGRAM OF P – N JUNCTION DIODE 
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Zener diode 
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The junctions are forward biased and reverse biased based on our requirement. 

Forward biased is the condition where a positive voltage is applied to the p-type and 

negative voltage is applied to the n-type material. Reverse biased is the condition 

where a positive voltage is applied to the n-type and negative voltage is applied to 

the p-type material. 
 

Transistor biasing 

The supply of suitable external dc voltage is called as biasing. Either forward or 

reverse biasing is done to the emitter and collector junctions of the transistor. These 

biasing methods make the transistor circuit to work in four kinds of regions such 

as Active region, Saturation region, Cutoff   region and Inverse   active region 

seldom used This is understood by having a look at the following table. 
 

EMITTER 

JUNCTION 

COLLECTOR 

JUNCTION 

REGION OF 

OPERATION 

Forward biased Forward biased Saturation region 

Forward biased Reverse biased Active region 

Reverse biased Forward biased Inverse active region 

Reverse biased Reverse biased Cutoff region 

Among these regions, Inverse active region, which is just the inverse of active 

region, is not suitable for any applications and hence not used. 
 

Active region 

This is the region in which transistors have many applications. This is also called 

as linear region. A transistor while in this region, acts better as an Amplifier. 



 
 

 

 
 

This region lies between saturation and cutoff. The transistor operates in active 

region when the emitter junction is forward biased and collector junction is reverse 

biased. In the active state, collector current is β times the base current 
 

Saturation region 

This is the region in which transistor tends to behave as a closed switch. The 

transistor has the effect of its collector and Emitter being shorted. The collector and 

Emitter currents are maximum in this mode of operation. 
 

The figure below shows a transistor working in saturation region. 
 



 
 

The transistor operates in saturation region when 

both the emitter and collector junctions are forward 

biased. As it is understood that, in the saturation 

region the transistor tends to behave as a closed 

switch, 
 

. 
 

Cutoff region 

This is the region in which transistor tends to behave 

as an open switch. The transistor has the effect of its 

collector and base being opened. The collector, 

emitter and base currents are all zero in this mode of 

operation. 
 

The following figure shows a transistor working in cutoff region. 
 
 

 
The transistor operates in cutoff region when both the 

emitter and collector junctions are reverse biased. As 

in cutoff region, the collector current, emitter current 

and base currents are nil, we can write as 

 

 

 

 

 

 

 

 

 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 

Common Emitter Amplifier Circuit Working & Its 

Characteristics 
There are different types of transistor amplifiers operated by using an AC signal input. 

This is interchanged between the positive value and negative value, hence this is the one 

way of presenting the common emitter amplifier circuit to function between two peak 

values. This process is known as the biasing amplifier and it is an important amplifier 

design to establish the exact operating point of a transistor amplifier which is ready to 

receive the signals hence it can reduce any distortion to the output signal. In this article, 

we will discuss common emitter amplifier analysis. 

 

 

What is an Amplifier? 

The Amplifier is an electronic circuit that is used to increase the strength of a weak input 

signal in terms of voltage, current, or power. The process of increasing the strength of a 

weak signal is known as Amplification. One most important constraint during the 

amplification is that only the magnitude of the signal should increase and there should 

be no changes in the original signal shape. The transistor (BJT, FET) is a major 

component in an amplifier system. When a transistor is used as an amplifier, the first 

step is to choose an appropriate configuration, in which the device is to be used. Then, 

the transistor should be biased to get the desired Q-point. The signal is applied to the 

amplifier input and output gain is achieved. 

What is a Common Emitter Amplifier? 

The common emitter amplifier is a three basic single-stage bipolar junction transistor and 

is used as a voltage amplifier. The input of this amplifier is taken from the base terminal, 

the output is collected from the collector terminal and the emitter terminal is common for 

both the terminals. The basic symbol of the common emitter amplifier is shown below. 

 
Common Emitter Amplifier 

Common Emitter Amplifier Configuration 

In electronic circuit design, there are three kinds of transistor configurations are used 

like common emitter, common base, and common collector, In that, the most frequently 

used one is common emitter due to its main attributes. 

This kind of amplifier includes the signal which is given to the base terminal then the 

https://www.elprocus.com/class-c-power-amplifier-circuit-and-tutorial/
https://www.elprocus.com/difference-between-bjt-and-mosfet/
https://www.elprocus.com/difference-between-bjt-and-mosfet/


 
 

output is received from the collector terminal of the circuit. But, as the name suggests, 

the main attribute of the emitter circuit is familiar for both the input as well as output. 

The configuration of a common emitter transistor is widely used in most electronic 

circuit designs. This configuration is evenly appropriate to both the transistors like PNP 

and NPN transistors but NPN transistors are most frequently used due to the widespread 

use of these transistors. 

 

In Common Emitter Amplifier Configuration, the Emitter of a BJT is common to both the 

input and output signal as shown below. The arrangement is the same for a PNP transistor, 

but bias will be opposite w.r.t NPN transistor. 

 
CE Amplifier Configurations 

Operation of Common Emitter Amplifier 

When a signal is applied across the emitter-base junction, the forward bias across this 

junction increases during the upper half cycle. This leads to an increase in the flow of 

electrons from the emitter to a collector through the base, hence increases the collector 

current. The increasing collector current makes more voltage drops across the collector 

load resistor RC. 

 
Operation of CE Amplifier 

The negative half cycle decreases the forward bias voltage across the emitter-base 

junction. The decreasing collector-base voltage decreases the collector current in the 

whole collector resistor Rc. Thus, the amplified load resistor appears across the collector 

resistor. The common emitter amplifier circuit is shown above. 

From the voltage waveforms for the CE circuit shown in Fig. (b), It is seen that there is a 

180-degree phase shift between the input and output waveforms. 

Working of Common Emitter Amplifier 

The below circuit diagram shows the working of the common emitter amplifier circuit 

and it consists of voltage divider biasing, used to supply the base bias voltage as per the 

necessity. The voltage divider biasing has a potential divider with two resistors are 

connected in a way that the midpoint is used for supplying base bias voltage. 

https://www.elprocus.com/difference-between-npn-and-pnp-transistor/
https://www.elprocus.com/voltage-divider-rule-with-examples/


 
 

 
Common Emitter Amplifier Circuit 

There are different types of electronic components in the common emitter amplifier which 

are R1 resistor is used for the forward bias, the R2 resistor is used for the development of 

bias, the RL resistor is used at the output it is called the load resistance. The RE resistor 

is used for thermal stability. The C1 capacitor is used to separate the AC signals from the 

DC biasing voltage and the capacitor is known as the coupling capacitor. 

The figure shows that the bias vs gain common emitter amplifier transistor characteristics 

if the R2 resistor increases then there is an increase in the forward bias and R1 & bias are 

inversely proportional to each other. The alternating current is applied to the base of the 

transistor of the common emitter amplifier circuit then there is a flow of small base 

current. Hence there is a large amount of current flow through the collector with the help 

of the RC resistance. The voltage near the resistance RC will change because the value is 

very high and the values are from 4 to 10kohm. Hence there is a huge amount of current 

present in the collector circuit which amplified from the weak signal, therefore common 

emitter transistors work as an amplifier circuit. 

Voltage Gain of Common Emitter Amplifier 

The current gain of the common emitter amplifier is defined as the ratio of change in 

collector current to the change in base current. The voltage gain is defined as the product 

of the current gain and the ratio of the output resistance of the collector to the input 

resistance of the base circuits. The following equations show the mathematical expression 

of the voltage gain and the current gain. 

β = ΔIc/ ΔIb 

Av = β Rc/Rb 

Circuit Elements and their Functions 

The common emitter amplifier circuit elements and their functions are discussed below. 

Biasing Circuit/ Voltage Divider 

The resistances R1, R2, and RE used to form the voltage biasing and stabilization circuit. 

The biasing circuit needs to establish a proper operating Q-point otherwise, a part of the 

negative half cycle of the signal may be cut-off in the output. 

Input Capacitor (C1) 

The capacitor C1 is used to couple the signal to the base terminal of the BJT. If it is not 

there, the signal source resistance, Rs will come across R2, and hence, it will change the 

bias. C1 allows only the AC signal to flow but isolates the signal source from R2 

https://www.elprocus.com/major-electronic-components/
https://www.elprocus.com/capacitors-types-applications/
https://www.elprocus.com/main-difference-between-ac-and-dc-currents/
https://www.elprocus.com/voltage-divider-rule-with-examples/


 
 

Emitter Bypass Capacitor (CE) 

An Emitter bypass capacitor CE is used parallel with RE to provide a low reactance path 

to the amplified AC signal. If it is not used, then the amplified AC signal following 

through RE will cause a voltage drop across it, thereby dropping the output voltage. 

Coupling Capacitor (C2) 

The coupling capacitor C2 couples one stage of amplification to the next stage. This 

technique used to isolate the DC bias settings of the two coupled circuits. 

CE Amplifier Frequency Response 

The voltage gain of a CE amplifier varies with signal frequency. It is because the reactance 

of the capacitors in the circuit changes with signal frequency and hence affects the output 

voltage. The curve drawn between voltage gain and the signal frequency of an amplifier 

is known as frequency response. The below figure shows the frequency response of a 

typical CE amplifier. 

 
Frequency Response 

From the above graph, we observe that the voltage gain drops off at low (< FL) and high 

(> FH) frequencies, whereas it is constant over the mid-frequency range (FL to FH). 

At Low Frequencies (< FL) The reactance of coupling capacitor C2 is relatively high 

and hence very small part of the signal will pass from the amplifier stage to the load. 

Moreover, CE cannot shunt the RE effectively because of its large reactance at low 

frequencies. These two factors cause a drops off of voltage gain at low frequencies. 

At High Frequencies (> FH) The reactance of coupling capacitor C2 is very small and it 

behaves as a short circuit. This increases the loading effect of the amplifier stage and 

serves to reduce the voltage gain. 

Moreover, at high frequencies, the capacitive reactance of base-emitters junction is low 

which increases the base current. This frequency reduces the current amplification factor 

β. Due to these two reasons, the voltage gain drops off at a high frequency. 

At Mid Frequencies (FL to FH) The voltage gain of the amplifier is constant. The effect 

of the coupling capacitor C2 in this frequency range is such as to maintain a constant 

voltage gain. Thus, as the frequency increases in this range, the reactance of CC decreases, 

which tends to increase the gain. 

However, at the same time, lower reactance means higher almost cancel each other, 

resulting in a uniform fair at mid-frequency. 

We can observe the frequency response of any amplifier circuit is the difference in its 



 
 

performance through changes within the input signal’s frequency because it shows the 

frequency bands where the output remains fairly stable. The circuit bandwidth can be 

defined as the frequency range either small or big among ƒH & ƒL. 

So from this, we can decide the voltage gain for any sinusoidal input in a given range of 

frequency. The frequency response of a logarithmic presentation is the Bode diagram. 

Most of the audio amplifiers have a flat frequency response that ranges from 20 Hz – 20 

kHz. For an audio amplifier, the frequency range is known as Bandwidth. 

Frequency points like ƒL & ƒH are related to the lower corner & the upper corner of the 

amplifier which are the gain falls of the circuits at high as well as low frequencies. 

These frequency points are also known as decibel points. So the BW can be defined as 

BW = fH – fL 

The dB (decibel) is 1/10th of a B (bel), is a familiar non-linear unit to measure gain & is 

defined like 20log10(A). Here ‘A’ is the decimal gain which is plotted over the y-axis. 

The maximum output can be obtained through the zero decibels which communicate 

toward a magnitude function of unity otherwise it occurs once Vout = Vin when there is 

no reduction at this frequency level, so 

VOUT/VIN = 1, so 20log(1) = 0dB 

We can notice from the above graph, the output at the two cut-off frequency points will 

decrease from 0dB to -3dB & continues to drop at a fixed rate. This reduction within 

gain is known commonly as the roll-off section of the frequency response curve. In all 

basic filter and amplifier circuits, this roll-off rate can be defined as 20dB/decade, which 

is equal to a 6dB/octave rate. So, the order of the circuit is multiplied with these values. 

These -3dB cut-off frequency points will describe the frequency where the o/p gain can 

be decreased to 70 % of its utmost value. After that, we can properly say that the 

frequency point is also the frequency at which the gain of  

Single Stage Common Emitter Amplifier 

The single-stage common emitter amplifier is shown below and different circuit 

elements with their functions are described below. 

Biasing Circuit 

The circuits like biasing as well as stabilization can be formed with resistances like R1, 

R2 & RE 

Input Capacitance (Cin) 

The input capacitance can be denoted with ‘Cin’ which is used to combine the signal 

toward the base terminal of the transistor. 

If this capacitance is not used, then the resistance of the signal source will approach 

across the resistor ‘R2’ to alter the bias. This capacitor will allow simply AC signal to 

supply. 

Emitter Bypass Capacitor (CE) 



 
 

The connection of the emitter bypass capacitor can be done in parallel to RE to give a 

low reactance lane toward the amplified AC signal. If it is not utilized, then the 

amplified AC signal will flow throughout RE to cause a voltage drop across it, so the o/p 

voltage can be shifted. 

Coupling Capacitor (C) 

This coupling capacitor is mainly used to combine the amplified signal toward the o/p 

device so that it will allow simply AC signal to supply. 

Working 

Once a weak input AC signal is given toward the base terminal of the transistor, then a 

small amount of base current will supply, because of this transistor act, high AC. current 

will flow throughout collector load (RC), so high voltage can come into view across the 

collector load as well as the output. Thus, a feeble signal is applied toward the base 

terminal which appears in the amplified form within the collector circuit. The 

amplifier’s voltage gain like Av is the relation between the amplified input and output 

voltages. 

Frequency Response & Bandwidth 

The amplifier’s voltage gain like Av for several input frequencies can be concluded. Its 

characteristics can be drawn on both the axis like a frequency on X-axis whereas voltage 

gain is on Y-axis. The graph of frequency response can be attained which is shown in 

the characteristics. So we can observe that the gain of this amplifier can be decreased at 

very high and low frequencies, however, it stays stable over an extensive range of mid-

frequency area. 

The fL or low cut off frequency can be defined as when the frequency is below 1. The 

range of frequency can be decided at which the amplifier gain is double the gain of mid-

frequency. 

The fL(upper cut off frequency) can be defined as when the frequency is in the high 

range at which the amplifier’s gain is 1/√2 times the gain of mid-frequency. 

Bandwidth can be defined as the interval of frequency among low-cut off & upper cut-

off frequencies. 

BW = fU – fL 

Advantages 

The advantages of a common emitter amplifier include the following. 

• The common emitter amplifier has a low input impedance and it is an inverting 

amplifier 

• The output impedance of this amplifier is high 

• This amplifier has the highest power gain when combined with medium voltage 

and current gain 

• The current gain of the common emitter amplifier is high 

Disadvantages 

The disadvantages of a common emitter amplifier include the following. 



 
 

• In the high frequencies, the common emitter amplifier does not respond 

• The voltage gain of this amplifier is unstable 

• The output resistance is very high in these amplifiers 

• In these amplifiers, there is a high thermal instability 

• High output resistance 

Applications 

The applications of a common emitter amplifier include the following. 

• The common emitter amplifiers are used in the low-frequency voltage 

amplifiers. 

• These amplifiers are used typically in the RF circuits. 

• In general, the amplifiers are used in the Low noise amplifiers 

• The common emitter circuit is popular because it’s well-suited for voltage 

amplification, especially at low frequencies. 

• Common-emitter amplifiers are also used in radio frequency transceiver 

circuits. 

• Common emitter configuration commonly used in low-noise amplifiers. 

 



 
 

 

 

 

 

 

 



 
 

 

UNIT-2 



 
 

What is Regulated Power Supply? 

 
An electronic circuit that produces a stable DC voltage of fixed value across the load terminals 

irrespective of changes in the load is known as regulated power supply. Thus, the primary 

function of a regulated power supply is to convert an AC power into a steady DC power. The 

regulated power supply is sometimes also called as a linear power supply. 

 

The regulated power supply ensures that the output power at the load terminals should remain 

constant even if the input power varies. The regulated power supply receives an AC power as 

input and generates a constant DC power as output. A regulated power supply is basically an 

embedded circuit consisting of various blocks. 



 
 

Block Diagram and Operation of Regulated Power Supply 

 
The block diagram of a typical regulated power supply is shown in Figure-1. 

 

 
The regulated power supply consists of the following four major parts − 

 
• Step-down transformer 

• Rectifier circuit 

• DC filter circuit 

• Voltage regulator 

 
Now, let us discuss the operation of each block of the regulated power supply one by one. 

Function of Step-Down Transformer 

The step-down transformer used in the circuit of the regulated power supply changes the input 

AC voltage to the desired lower voltage value. Also, this transformer provides an electrical 



 
 

isolation between two circuits. The reduced output AC voltage of the step-down transformer is 

used as the input to the rectifier circuit. 

Function of Rectifier Circuit 

 
The rectifier circuit is used to convert the input AC voltage into a DC voltage. It consists of 

diodes that perform the rectification process, i.e. conversion of the AC voltage into the DC 

voltage. However, the output of the rectifier is a pulsating direct voltage. In practice, a full 

wave rectifier is used for the rectification due to its technical advantages. This full wave 

rectifier can be a center-tapped full-wave rectifier or a bridge rectifier. The full wave rectifier 

converts both positive and negative cycles of AC voltage into DC voltage. 

Function of Filter Circuit 

 
Since the output of the rectifier is a pulsating direct voltage which has very high ripple content. 

Hence, the raw output of the rectifier is undesirable. In order to get a pure ripple free direct 

voltage, a DC filter circuit is used. We have different types of filter circuits such as capacitor 

filter choke input filter, π-filter, and LC filter. Therefore, the filter circuit converts the pulsating 

direct voltage into the constant direct voltage having almost zero ripple content. 

Voltage Regulator 

 
The voltage regulator constitutes the last block of the regulated power supply. It monitors and 

corrects the fluctuations in the output voltage of the power supply. The output voltage may 

change or fluctuate due to any change in the input AC voltage or the change in the load or 

change in any physical parameters such as temperature of the circuit. Thus, the voltage 

regulator takes care of this problem. The voltage regulator maintains the DC voltage constant 

at the output terminals. 

 
A zener diode operated in zener region, a transistor series regulator, fixed and variable IC 

regulators are commonly used in different regulated power supplies as the voltage regulator. 

Features of Regulated Power Supply 

 
Following are the main features of the regulated power supply − 

 
• The regulated power supplies have the efficiency ranging from 20% to 25%. 

• Regulated power supplies are relatively more reliable. 

• Regulated power supplies have less complex circuit and less weight. 

• Regulated power supplies give faster response. 

• The cost and noise level of the regulated power supplies is low. 



 
 

Applications of Regulated Power Supplies 

 
As discussed earlier, the regulated power supplies are the embedded circuits that convert an 

unregulated AC power supply into a steady DC power supply which is the basic requirement 

of several electronic circuits. Hence, the regulated power supplies are extensively used in 

several applications such as − 

 

• Mobile charging circuits 

• Testing circuits 

• Bench power supplies 

• Oscillators and amplifiers 

• Electronic computers 

• Automatic control systems, etc. 



 
 

 



 
 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Working of Zener Diode as a Voltage Regulator 

The capacity of a Zener diode to keep a constant voltage regardless of changes in source or load current is 

critical in this application. A voltage regulation device’s general role is to give a constant output voltage to a 

load connected in parallel to it, regardless of variations in the load’s energy drawn (Load current) or 

fluctuations and instability in the supply voltage. If the current remains within the limit of the min and max 

reverse currents, the Zener diode will produce a constant voltage. 

To restrict the current that flows through the Zener diode, a resistor RsRs is connected in series with the diode, 

and also the input voltage VinVin is connected across as shown in the image, and the output 

voltage VoutVout is chosen to take across the Zener diode with Vout=VzVout=Vz. Because the reverse bias 

features of the Zener diode are required to control the voltage, it is wired in reverse bias mode, and with a 

cathode linked to the circuit’s positive rail. 

 

Whenever the load is connected, a small valued resistor would result in a big diode current and electricity, 

which would raise the power dissipation need of the diode, which could exceed the Zener’s maximum power 

rating and harm it. 

 

The value of the resistor can be determined by the formula 

RS=(Vin−VZ)Iz 

Where, RS is the value of series resistance and Vin is the input voltage and Vz is Zener voltage. 

Using this method, it is simple to assure that the resistor value chosen does not result in a current flow greater 

than the Zener can tolerate. 

https://testbook.com/physics/current-and-electricity


 
 

One minor issue with Zener diode-based regulatory circuits is that although attempting to moderate the input 

voltage, the Zener might generate electrical noise just on the supply rail. Although it may not be a problem in 

most cases, a big value decoupling capacitor placed across the diode may address the problem. This helps to 

keep the Zener’s output stable. 

 

 
 

 



 
 

 



 
 

Public Address System or PA system Explained with Diagram 

 
A public Address System or PA system is an electronic system that includes acoustic signal 

converting, mixing, amplifying, and playing. A PA system has microphones, amplifiers, and 

loudspeakers as its main components or equipment. We know that the intensity of the sound 

decreases with the distance. Also, a particular sound can be affected or distorted by the other sound 

if the level or volume of the sound is the same. So, if we want to deliver sound energy over a 

long distance or highlight a particular sound or voice in a large crowd or gathering then we need 

a PA system. Because the PA systems provide the amplification of the sound for comfortable 

listening. 

The range of amplification is required for the sound is to be delivered to the distance, size of the 

gathering or gathering, etc. Sound quality is also a very important factor with amplification because 

it improves the listening experience. The PA system helps to amplify as well as record the voice 

of any human being or the sound of any musical instrument. Also, it helps to communicate between 

a group. 

Basic Block Diagram of PA System 

 
Here, you can see the public address system block diagram and its important blocks. 

 

 



 
 

Components of a PA System 

 
There are so many devices or components are used in PA system that depends upon their 

applications and other factors. But the main three components of any public address system are 

explained below. 

 
1. Microphone 

 
The microphone is a very important part or component of a PA system. The microphone basically 

is a transducer that converts acoustic energy or sound energy into electrical energy. It continuously 

generates the pulsating electrical voltage according to the frequency of the sound energy applied 

to it. Various types of microphones are used in the PA system. The main basic two types of 

microphones are, 

1. Handheld Microphone 

2. Lapel Microphone 

Other different types of microphones are, 

• Wired Microphone 

• Wireless Microphone 

A wired microphone can be connected by a wire to the mixer or amplifier. It is very simple. But 

the wireless microphone needs a battery and the frequency of its signal is also a very important 

factor. The wireless microphone cannot be connected directly to the mixer or amplifier. A receiver 

is required that can receive the signals sent by the microphone. This receiver is to be connected to 

the amplifier. 

2. Amplifier 

 
The amplifier is the second part of a PA system. The main function of the amplifier is to amplify 

or increase the volume level of the audio signal that can drive a loudspeaker. The requirement or 

size of the amplifier depends upon the number and size of the loudspeaker. If the size of the 

loudspeaker is very large or so many loudspeakers are to be connected then a very powerful 

amplifier is required. The output of the amplifier is measured in watts or kilowatts. 

3. LoudSpeaker 

 
Loudspeakers play a very important role in the PA system. It converts electrical energy into 

acoustic energy or sound energy. The loudspeakers are generally connected to the amplifier and 



 
 

it generates sound according to the audio signal provided by the amplifier. There are different 

types of loudspeakers are available according to their operating frequency. 

1. Woofer - it operates at the lowest frequency audio signal such as Bass 

1. Subwoofer - it also operates with low frequency but more than the woofer such as 

bass and deep vocals 

2. Squawker - it operates with medium-frequency audio signals such as vocals 

3. Tweeter - it operates with high-frequency audio signals such as tone 

4. Mixer 

 
A mixer is not a necessary part of a PA system. But if there are multiple audio sources or 

multiple microphones used in the PA system then a mixer is must required. The mixer is an 

electronic device that can control multiple sound sources simultaneously. It can mix all the sound 

sources together and play with a single loudspeaker with the help of an amplifier. So the mixer is 

generally connected before the amplifier. Nowadays, there are so many amplifiers are available 

in the market that already have an inbuilt mixer. So there is no need for an external additional 

mixer. All the microphones or sound sources can be connected directly to the amplifier. 



 
 

(Extra information about Electronic Instrumentation System For your understanding) 

 

 
PA System Wiring and Connection Diagram 

 
Here, you can see a basic wiring diagram of public address system. This will help you understand 

how microphones, mixers, amplifiers, and speakers are connected together. 

 

 

 

Here, you can see, that multiple audio or sound sources such as microphones and music players 

are connected to the mixer. Then the mixer output is connected to the amplifier input. And the 

amplifier output is connected to the speaker. 



 
 

Important Factors in a Public Address System 

Acoustic Feedback 

When the microphone picks up sound from the speaker and re-amplifies and sends it again to the 

speaker then it is called Acoustic feedback. The objective of any PA system should be to minimize 

as much as possible. It distorts the actual sound and creates a bad experience of listening. It 

generally happens more when the volume of the system is turned up to the highest level. 

 
This can be reduced by the different procedures, 

• by keeping microphones at a distance from the speaker 

• changing the direction of the microphone from the point towards the speaker 

• lowering the gain level of the feedback sound 

• using some devices like notch filter, graphic equalizer, parametric equalizer, etc 

 

Cables and Wires 

 
The size and quality of cables used in the PA system is a very important factor. Using the proper 

size and good quality cables and wire improves the sound quality very much. 

 
Types of PA System 

 
The PA system can be classified such as, 

• Personal PA System 

• Medium Size PA System 

• Large Size PA System 

• Portable PA System 

Applications and Uses of PA System 

 
1. The PA system is used in group meetings, presentations, concerts, theaters, large halls, etc. 

 
2. PA systems are also used in sports, stadiums, travel systems, security systems, conference 

systems, etc. 



 
 

Block diagram of Instrumentation system 

 
Instrumentation system is branch of engineering which deals with various types of instrument to 

record, monitor, indicate and control various physical parameters such as pressure, temperature, 

etc. 

 
 

 
 

Block diagram of instrumentation system 

 

The block diagram shown above is of basic instrumentation system. It consist of primary sensing 

element, variable manipulation element, data transmission element and data presentation element. 

Primary sensing element 

 

The primary sensing element is also known as sensor. Basically transducers are used as a primary 

sensing element. Here, the physical quantity (such as temperature, pressure etc.) are sensed and 

then converted into analogues signal. 

Variable conversion element 

 

It converts the output of primary sensing element into suitable form without changing information. 

Basically these are secondary transducers. 

Variable manipulation element 
 

The output of transducer may be electrical signal i.e. voltage, current or other electrical parameter. 

Here, manipulation means change in numerical value of signal. This element is used to convert 

the signal into suitable range. 

Data transmission element 
 

Sometimes it is not possible to give direct read out of the quality at a particular place (Example – 

Measurement of temperature in the furnace). In such a case, the data should transfer from one 



 
 

place to another place through channel which is known as data transmission element. Typically 

transmission path are pneumatic pipe, electrical cable and radio links. When radio link is used, the 

electronic instrumentation system is called as telemetry system. 

Data presentation or controlling element 
 

Finally the output is recorded or given to the controller to perform action. It performs different 

functions like indicating, recording or controlling. 



 
 

(Extra information about Electronic Instrumentation System For your understanding) 

 

Electronic Instrumentation System 

 
• Fig shows block diagram of generalized electronics instrumentation system, in which number of 

element worked together to perform a desired function accurately i.e. to measure the measurand 

quantity and display it or record it. 

• We will discuss the different element separately so it is easy for us to understand the system in 

detail. 

Measurand (physical quantity or electrical quantity) : 

• The physical or electrical quantity which is to be measurand is called as measurand. If the input to 

the instrumentation is parameter like pressure, force, level, strain, displacement, temperature, flow, 

velocity etc. then these parameters is physical measurand. These measurand are applied to the 

transducer element. 

• If the input is current, voltage and frequency then these parameter are called electrical measurand. 

These measurand are applied to the electrical conversion element. 

 

Transducer and electrical conversion elements: 

• If the measurand is physical quantity then it is converted into equivalent electrical signal with help 

of element which is called transducer. Transducer is a device which convert one form of energy 

into another. (phiysical to electrical). 

• Most of the transducer is primary sensors which sense the measurand then convert it into electrical 

signal with the help of conversion element. 

• If the measured is already electrical signal like voltage, current or frequency then it is give to the 

electrical conversion element which convert the signal into more suitable form of signals such as 

4-20mA, 1-5VDC,  1-10VDC etc. 

Click for – Books, Laptop , Mobile, 

Advertisement 

Signal processing or signal conditioning: 

• The output from the transducer elements is given to the signal processing or signal conditioning 

elements. Sigmal conditioning is a process to modify the output of transducer so that it can be 

mesurand, controlled and acceptable by next stages. 

• In electronic instrumentation system, filter, modulator, A/D converters, D/A converter, amplifiers, 

integrators, differentiators are the important signal conditioning circuits. 

https://amzn.to/2T8IT2m
https://amzn.to/35B56sj
https://amzn.to/2QALu3o


 
 

• This stage is required to convert the transducer output into an electrical quantity suitable for proper 

operation of the last stage or indicator. 

Data transmission element: 

• If the sensing element and data presentation element of the instrumentation system are away from 

each other (physically separated) in that case data transmission element is very important . 

• This element provides a transmission path for the modified signals to travel from transducer element 

to the rest of instrumentation elements like recorders, controllers, displays etc. 

• In electronic instrumentation system, typically the transmission path is a conducting lines (i.e. 

electrical cables). In electronic instrumentation system some time radio link is used as a transmission path 

them the system is called telemetry system. 

• This element transmits the data to the remote located control room. 

Data presentation element: 

• The signal from the data lines are provided to the data presentation element. This element converts the 

signal into such from that it can be presented by some visual or audible means. 

• Function performed by this stage may be demodulation, amplification, filtering, A/D conversion etc. 

• This element modifies the signals in such a way that the signals are accepted by recorders, displays, 

indicators, printers, announcing systems etc. The output of the data presentation element is provided to 

the recorders, controllers, and indicators as per the requirement of the user or operator or observer. 

Output devices: 

• The last stage of instrumentation system is required to provide the information about the measurand 

for immediate reorganization by the operator whatever output is presented on indicator. 

• For example, if the system is simple instrumentation with display then measured parameter is displayed 

directly on the display. If it is required to produce alarm for the over range then indicator or buzzer is 

used. If the recorder like strip-chart or X-Y recorder etc. To record the data. 

• If the system is control system in that case the measured data not only displayed or recorded but also 

compared with some reference value and control action is generated which is used to remove the 

error. 

Power supply: 

• This is a common unit for all instrumentation system. This provides power to all elements 

working in the instrumentation setup. 

• If the transducer is active transducer (self-generating), in that case power supply is not required. For 

example if that transducer is thermocouple or piezoelectric crystal. 

• For passive transducer power supply is required, for example if the transducer is thermistor or RTD, 

in that case power supply is important to the transducer block. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The resistance-capacitance coupling is, in short termed as RC coupling. This is
the mostly used coupling technique in amplifiers.

Construction of a Two-stage RC Coupled Amplifier

The constructional details of a two-stage RC coupled transistor amplifier circuit
are as follows. The two stage amplifier circuit has two transistors, connected in
CE configuration and a common power supply VCC is used. The potential divider
network R1 and R2 and the resistor Re form the biasing and stabilization
network. The emitter by-pass capacitor Ce offers a low reactance path to the
signal.

The resistor RL is used as a load impedance. The input capacitor Cin present at
the initial stage of the amplifier couples AC signal to the base of the transistor.
The capacitor CC is the coupling capacitor that connects two stages and prevents
DC interference between the stages and controls the shift of operating point.
The figure below shows the circuit diagram of RC coupled amplifier.

Operation of RC Coupled Amplifier

When an AC input signal is applied to the base of first transistor, it gets
amplified and appears at the collector load RL which is then passed through the
coupling capacitor CC to the next stage. This becomes the input of the next
stage, whose amplified output again appears across its collector load. Thus the
signal is amplified in stage by stage action.



The important point that has to be noted here is that the total gain is less than
the product of the gains of individual stages. This is because when a second
stage is made to follow the first stage, the effective load resistance of the
first stage is reduced due to the shunting effect of the input resistance of the
second stage. Hence, in a multistage amplifier, only the gain of the last stage
remains unchanged.

As we consider a two stage amplifier here, the output phase is same as input.
Because the phase reversal is done two times by the two stage CE configured
amplifier circuit.

Frequency Response of RC Coupled Amplifier

Frequency response curve is a graph that indicates the relationship between
voltage gain and function of frequency. The frequency response of a RC coupled
amplifier is as shown in the following graph.

From the above graph, it is understood that the frequency rolls off or decreases
for the frequencies below 50Hz and for the frequencies above 20 KHz. whereas
the voltage gain for the range of frequencies between 50Hz and 20 KHz is
constant.

We know that,

XC=12πfc



It means that the capacitive reactance is inversely proportional to the
frequency.

At Low frequencies (i.e. below 50 Hz)

The capacitive reactance is inversely proportional to the frequency. At low
frequencies, the reactance is quite high. The reactance of input capacitor Cin and
the coupling capacitor CC are so high that only small part of the input signal is
allowed. The reactance of the emitter by pass capacitor CE is also very high
during low frequencies. Hence it cannot shunt the emitter resistance effectively.
With all these factors, the voltage gain rolls off at low frequencies.

At High frequencies (i.e. above 20 KHz)

Again considering the same point, we know that the capacitive reactance is low
at high frequencies. So, a capacitor behaves as a short circuit, at high
frequencies. As a result of this, the loading effect of the next stage increases,
which reduces the voltage gain. Along with this, as the capacitance of emitter
diode decreases, it increases the base current of the transistor due to which the
current gain (β) reduces. Hence the voltage gain rolls off at high frequencies.

At Mid-frequencies (i.e. 50 Hz to 20 KHz)

The voltage gain of the capacitors is maintained constant in this range of
frequencies, as shown in figure. If the frequency increases, the reactance of the
capacitor CC decreases which tends to increase the gain. But this lower
capacitance reactive increases the loading effect of the next stage by which
there is a reduction in gain.

Due to these two factors, the gain is maintained constant.

Advantages of RC Coupled Amplifier

The following are the advantages of RC coupled amplifier.

​ The frequency response of RC amplifier provides constant gain over a
wide frequency range, hence most suitable for audio applications.



​ The circuit is simple and has lower cost because it employs resistors and
capacitors which are cheap.

​ It becomes more compact with the upgrading technology.

Disadvantages of RC Coupled Amplifier

The following are the disadvantages of RC coupled amplifier.

​ The voltage and power gain are low because of the effective load
resistance.

​ They become noisy with age.
​ Due to poor impedance matching, power transfer will be low.

Applications of RC Coupled Amplifier

The following are the applications of RC coupled amplifier.

​ They have excellent audio fidelity over a wide range of frequency.
​ Widely used as Voltage amplifiers
​ Due to poor impedance matching, RC coupling is rarely used in the final

stages.













































































































































































UNIT-2 

Machines and Measuring Instruments 
Machines: Construction, principle and operation of (1) DC Motor, (ii) DC Generator, (iii) 

Single Phase Transformer, (iv) Three Phase Induction Motor and (v) Alternator, 

Applications of electrical machines. 

Measuring Instruments: Construction and working principle of Permanent Magnet 

Moving Coil (PMMC), Moving Iran (MI) Instruments and Wheat Stone bridge. 

 

DC MOTOR 

DC motors convert electrical energy into mechanical energy. The 

fundamental principles and construction of the DC motor are identical with 

DC generators. A machine that runs as a motor will also operate as a 

generator operation of DC motor. 

 

PRINCIPLE OF OPERATION 

The basic principle is whenever a current carrying conductor is placed in a 

magnetic field the conductor experiences a force whose direction is given by 

Fleming’s left-hand rule. If a current carrying conductors is placed between 

two magnetic poles as shown in fig 3.23, both the fields will be distorted flux 

(less flux) 

 



From the fig 3.23 above the conductor the field is weakened and below the 

conductor the field is strengthened. Therefore, the conductor moves 

upwards. The force exerted upwards depends upon the intensity of the main 

field flux and the magnitude of the current. 

The direction of the current through the conductor is reversed as shown in 

fig 3.24. Here, below the conductor field is less weakened and above the 

conductor the field is strengthened. Then the conductor tends to move 

downwards. 

The magnitude of the force experienced by the conductor is 

F = BI Ɩ 

Where 

B - magnetic field density in wb/m2 

I - current in ampere 

Ɩ - length of the conductor in meters 

The direction of motion is given by Fleming’s left-hand rule, which states 

that, if the left thumb, force finger and middle finger of the left hand are three 

mutually perpendicular directions and if the fore finger indicates the 

direction of the field, and the middle finger indicates the direction of current, 

then the thumb points the direct of motion of the conductor. 

 In a dc motor, a strong electromagnetic field and a large no of conductors 

housed in an armature and carrying current, make the armature rotate. 

APPLICATIONS OF DC MOTORS 

DC shunt motors 

They are used where the speed has to remain nearly constant with load and 

where a high starting torque is not required. These are used for driving 

centrifugal pumps and light machine tools, wood working machines, lathe 

etc. 



Series motor: 

These types of motors used where the load is directly attached to the shaft 

or through a gear arrangement and where there is no danger of the load 

being through off. These are used in electric trains, cranes, hoists, fans, 

blowers, conveyours, lifts etc., where the stating torque requirement is high. 

Compound Motors 

They are used for driving heavy machine tools for intermittent loads. Shafts, 

punching machines etc. 

INTRODUCTION OF DC GENERATOR 

An electrical generator is a rotating machine which converts mechanical 

energy in to electrical energy. This energy conversion is based on the 

principle of electromagnetic induction. 

 

According to faraday's laws of electromagnetic induction, whenever a 

conductor is moved in a magnetic field, dynamically induced emf is produced 

in the conductor when an external load is connected to the conductor the 

induced emf causes a current to flow in the load. 

CONSTRUCTIONAL DETAILS 

The major parts of the DC generator is given below and also shown in fig.2.2 

1. Magnetic frame or yoke 

2. Poles, interpoles, windings, pole shoes 

3. Armature 

4. Commutator 



5. Brushes, bearings and shaft 

Yoke 

The outer frame or yoke serves two purposes. 

(i) It provides mechanical support for the poles and acts as a protecting 

cover for the whole machine. 

(ii) It carries the magnetic flux produced by the poles. 

In small machines where cheapness is the main consideration and weight is 

not a critical factor. The yoke is made up of cast iron. But for larger machines 

cast steel or rolled steel is used. 

 

Poles 

The poles consist of pole cores, pole shoes and pole coils. The pole cores and 

pole shoes form the field magnet. The pole shoes used to spread out the flux 

in the air gap and also reduce the reluctance of the magnetic path. The pole 

shoes also support the exciting coils or field coils. The pole core is made up 

of cast iron or cast steel. To minimize the eddy current losses the pole cores 

and pole shoes are laminated. Annealed steel is used for laminations. The 

thickness of laminations varies from 1 mm to 0.25 mm. 

The pole coils are made up of copper wire or strip. When current is passed 

through these coils, the pole becomes an electromagnet and starts 



establishing a magnetic field in the machine. The flux distribution through 

the pole, air gap, armature core and yoke is shown in fig.2.3. 

Interpoles 

In modern DC machines commutating poles or interpoles are provided to 

improve commutation. Like the field winding the commutating poles also 

have exciting coils which are connected in series with the armature.  

Armature 

The armature consists of an armature core and armature windings. The 

armature core houses the armature conductors or coils and causes them to 

rotate and cut the magnetic flux of the field magnets. 

The armature core is cylindrical or drum shaped. It is made up of circular 

sheet steel. The armature core is laminated with the thickness of 0.5 mm. the 

lamination is used to minimize the eddy current loss. The laminations are 

known as stampings. In small machines these stampings are directly keyed 

on the shaft. In larger machines the stampings are first assembled and then 

keyed on an armature spider and the armature spider is then keyed on to the 

shaft. 

The armature conductors are housed in the slots. The slots are rectangular 

in shape for large machines and circular for small machines. 

The conductors are housed in slots in two layers. The slots are closed by fiber 

or wooden wedges to prevent the conductors from flying out due to 

centrifugal force when the armature rotates. The arrangement is shown in 

fig.2.3 and 2.4. 



 

 

Commutator 

The function of commutator is collection of current from the armature 

conductors and converts the alternating current induced in the armature 

conductors into unidirectional current in the external load circuit. It is 

cylindrical in structure and is built up of wedge-shaped segments of high 

conduction hard-drawn copper. These segments are insulated from each 

other by thin layers of mica. The number of segments is equal to the number 

of armature coils. 

Each commutator segment is connected to the armature conductor by means 

of a copper lag or strip or riser. To prevent them from flying out under the 

action of centrifugal forces, the segments have V-grooves, these grooves are 

insulated by conical Meccanite rings. The cross-sectional view of 

commutator is shown in fig.2.5. 

Brushes and Bearing 



The brushes are made up of carbon or graphite. The function of brushes is 

collecting the current from the commutator and conveys the current in to 

the external load resistance. They are rectangular in shape. These brushes 

are housed in brush- holders and mounted over brush holder studs. The 

brush holder studs are mounted on a brush yoke. The brush holder studs are 

insulated from the brush yoke by insulation sleeves. 

Ball bearings are used for light machines and for heavy machines roller 

bearings are used. The bearings are packed in hard oil for quieter operation. 

 

PRINCIPLE OF OPERATION 

Let us consider a single turn rectangular coil ABCD rotating about its own 

axis (Fig.2.6) in a magnetic field provided by either permanent magnet or 

electromagnets. The two ends of the coil are joined by two slip rings 'a' and 

'b' which are insulated from each other and from the central shaft. Two 

collecting brushes made up of carbon or copper press against the slip-rings. 

Their function is to collect the current induced in the coil and to convey it to 

the external load resistance R. The rotating coil is called as armature and the 

magnetic as field magnets. 



 

Assume the coil is rotated in an anti-clock wise direction. 

Let 'l' is the length and 'b' is the breadth of the coil in meters. When the coil 

sides AB and CD are moving parallel to the magnetic field, the flux lines are 

not cut and no emf is induced in the coil. At this position assume angle of 

rotation 'Ɵ' as zero. 

This vertical position of the coil is the starting position. According to 

faraday's law, the emf induced is proportional to the rate of change of flux 

linkages. 

Where 

e = - N dϕ/dt …………(1) 

N - number of turns 

Φ - flux 

t - time 

If N = 1, 

e = - dϕ/dt 

Initially, the coil is moving parallel to the flux lines, no flux line is cut. So 

dϕ/dt = 0, and e = 0 

After 't' seconds, the coil has rotated through an angle 'ωt' radians in the 

anticlockwise direction. The flux linking with the coil is 



B l b cos ωt. 

e = - d/dt (B l b cos ωt) 

= - B l b ω( - sin ωt) = B l b ωsin ωt 

e = Em sin ωt ……....(2) 

Where 

Em = B l b ω 

Em = maximum value of induced emf 

When Ɵ = 90°, the coil sides are moving at right angles to the flux lines. The 

flux 

lines are cut at the maximum rate and the emf induced is maximum.  

When Ɵ = 180°, the coil sides are moving parallel to flux lines (AB and CD 

have exchanges positions) and the emf induced is zero. 

When Ɵ = 270°, the coil sides again move at right angles to the flux lines but 

their position reversed. The induced emf is maximum in the opposite directs. 

When Ɵ = 360°, the coil sides again move parallel to the magnetic field and 

the emf induced is zero. The coil has now come back to the starting point.  

If the rotation of the coil is continued the changes in the emf are again 

repeated. The changes in voltage 'e', with respect to the angle 'Ɵ' can be 

plotted as shown in fig.2.7. 

 



The emf changes from instant to instant and becomes alternatively positive 

and negative. This emf is called as an alternating emf. 

The induced emf in the coil can be increased by 

i) Increasing the flux density (B) 

ii) Increasing the angular velocity (ω) 

In commercial generators a large number of coils are used and they are 

housed in the armature. 

The current flowing in the external resistance to a DC generator is made 

unidirectional by replacing the slip rings by a split rings as shown in fig 2.8.  

The ring is split into two equal segments P and Q and the segments are 

insulated from each other and also from the shaft. 

 

The coil side AB is always attached to the segment P and CD to Q. It is shown 

in fig.2.9. The brushes B1 and B2 touch these segments and to collect the 

current. During the first half revolution, current flows along ABLMCD 

through brush B1(Positive) and into B2 (Negative). 

 



After half a cycle AB and CD have exchanged positions along with the 

segments P and Q and current flows through DCLMBA. B1 is in contact with 

for each half revolution the positions of segments P and Q also reverse 

shown in fig.2.10. 

 

The current in the load is always unidirectional is shown in fig.3.11.  

 
 

In a generator, the split rings are called commutator. 

APPLICATIONS OF DC GENERATORS 

Shunt generators are used for supplying nearly constant loads. They are 

used for battery charging, for supplying the fields of synchronous machines 

and separately excited DC machines. 

Series generators are used as boosters for adding a voltage to the 

transmission line and to compensate for the line drop. 

Cumulatively compound generators maintain better voltage regulation and 

used where constant of voltage is required like lamp loads etc. The 

differential compound generator is widely used in arc welding. 

CONSTRUCTION OF TRANSFORMER 



The simple elements of a transformer consist of two coils having mutual 

inductance and a laminated steel core. The two coils are insulated from each 

other and the steel core other necessary parts are core and windings. In all 

types of transformers, the core is constructed of transformer sheet steel 

laminations assembled to provide a continuous magnetic path with a 

minimum of air-gap included. 

 

The steel used is of high silicon content, sometimes heat treated to produce 

a high permeability and a low hysteresis loss at the usual operating flux 

densities. The eddy current loss is minimized by laminating the core, the 

laminations being insulated from each other by a light coat of core-plate 

varnish (or) by an oxide layer on the surface. The thickness of laminations 

varies from 0.35 mm to 0.5 mm. The core laminations are joined as shown in 

Figure 3.42 (b). 

Construction ally, the transformers are of two general types, distinguished 

from each other by in which the primary and secondary coils are placed 

around the laminated core. The two types are known as 

(i) Core type 

(ii) Shell type 

In both core and shell type transformers, the individual laminations are cut 

in the form of long strips of 'L', 'E' and 'I' as shown in Figure 2.30. 

 



The assembly of the complete core for the two types of transformers as 

shown on Figure 3.43. 

 

Core-Type Transformer 

The coils used are form-wound and are of the cylindrical type. The general 

form of these coils may be circular (or) oval (or) rectangular. In small size 

core-type transformers, a simple rectangular core is used with cylindrical 

coils which are either circular (or) rectangular in form. 

But for large size core type transformers, round (or) circular cylindrical coils 

are used which are so wound as to fit over a cruciform core section as shown 

in Figure 2.32. 

 

The circular cylindrical coils are used in most of core-type transformer 

because of their mechanical strength. Such cylindrical coils are wound in 

helical layers with the different layers insulated from each other by paper, 

cloth, mica board (or) cooling ducts. 



Shell-Type Transformers 

In these case also, the coils are form-wound but are multi-layer disc type 

usually wound in the form of pancakes. The different layers of such multi-

layer disc are insulated from each other by paper. The complete winding 

consists of stacked disc with insulation space between the coils-the spaces 

forming horizontal cooling and insulating ducts. A shell type transformer 

may have a simple rectangular form as shown in Figure 2.33. 

 

A very commonly used shell type transformer is the one known as Berry 

Transformer so called after the name of its designer and is cylindrical in 

form. The transformer core consists of laminations arranged in groups 

which radiate out from the centre as shown in Figure 3.47. 

 

It may be pointed out that cores and coils of transformers must be provided 

with rigid mechanical bracing in order to prevent movement and possible 

insulation damage. 



Good bracing reduces vibration and the objectionable noise-a humming 

sound- during operation. 

The spiral-core transformer employs the newest development in core 

construction. The core is assembled of a continuous strip (or) ribbon of 

transformer steel wound in the form of a circular (or) elliptical cylinder. Such 

construction allows the core flux to follow the grain of the iron. 

Transformers are generally housed in lightly-fitted sheet-metal, tank filled 

with special insulating oil. This oil has been highly developed and its function 

is two-fold. 

SINGLE PHASE TRANSFORMER 

A transformer is a static device, which transfer electric power from one 

circuit to another circuit without change in frequency. 

Principle of Operation 

The transformer operates on mutual induction principle. It states that when 

two coils are inductively coupled and if current in the one coil is changed 

uniformly then an emf induced in the other coil. 

 

The Figure 3.40 shows the basic transformer diagram. It consists of two coils 

they are primary and secondary windings. The primary winding is 

connected in the input power supply and other winding is connected to the 

load. This winding is secondary winding. The primary winding has 

N1 number of turns while secondary winding has N2 number of turns. 



 

When the primary winding is excited by an AC voltage, it circulated an AC 

current. This current produces a flux (ϕ) which completes its path through 

common magnetic core. This alternating flux links with the secondary 

winding. According to Faraday's law of an electromagnetic induction, the 

secondary winding induces the emf. There is no electrical contact between 

the two windings. 

CONSTRUCTION OF THREE PHASE INDUCTION MOTORS 

The induction motor consists of two main parts (i) Stator (ii) Rotor  

Stator 

The stator is made up of a number of stampings with alternate slot and tooth. 

Stampings are insulated from each other. Each stamping is 0.4 to 0.5 mm 

thick. Number of stampings are stamped together to build the stator core. 

The stator core is then fitted in a casted or fabricated steel frame. The slots 

house the three-phase winding called stator winding. 

It may be connected either in star or delta. The stator winding is made for a 

fixed no of poles. Fig.3.85 shows the stator lamination. 



 
 

Rotor 

Two types of rotors are 

i) Squirrel cage rotor 

ii) Slip ring or wound rotor 

i) Squirrel cage rotor 

 

Fig.3.86 shows a squirrel cage rotor. This is made up of a cylindrical 

laminated core with slots to carry the rotor conductors. 

The rotor conductors are heavy bars of copper or aluminium short circuited 

at both ends by end rings. Hence this rotor is called short circuited rotor. The 

entire rotor resistance is very small. External resistance cannot be connected 

in the rotor circuit such motors are extremely rugged in construction.  

ii) Slip ring or wound rotor 



 

Fig. 3.87 shows a slip ring or wound rotor. In this of rotor windings are 

similar to the stator winding. The rotor winding may be star of delta 

connected, distributed winding, wound for as many numbers of poles as the 

stator. The three phases are brought out and connected to slip rings mound 

on the rotor shaft. Variable external resistance can be connected in the rotor 

circuit with the help of blushes and slip rings arrangements. By varying the 

external resistance in the rotor circuit, the motor speed and torque can be 

controlled. 

PRINCIPLE OF OPERATION OF 3Φ INDUCTION MOTOR 

Three phase supply is given to the stator windings. Due to this, current flows 

through the stator winding. This current is called stator current. It produces 

a rotating magnetic field in the space between stator and rotor. Synchronous 

speed is produced by this field. 

Ns = 120ƒ/P 

The rotating magnetic field cutting the rotor conductors, an emf is induced 

in the rotor. If the rotor winding is shorted then the induced emf produces 

current. this current produces a rotor field. 

The interaction of stator and rotor field develops torque. Then the rotor 

rotates in the same direction as the rotating magnetic field. When the rotor 

is standstill, the frequency rotor emf is equal to the supply frequency.  

As the rotor speed increases, the frequency of rotor emf and the magnitude 

of rotor emf decreases. 



The rotor tries to each up with the rotating magnetic field. But the rotor 

could not rotate at the synchronous speed. Therefore, the rotor runs at a 

speed slightly less than the synchronous speed. 

The difference between synchronous speed and rotor speed is called the slip 

speed. 

Slip speed = NS - N 

Slip (S) = NS – N/ NS 

N = NS (1-S) 

% Slip = NS – N/NS × 100 

At no load the difference between synchronous speed and rotor is only about 

1% 

Squirrel cage induction motor 

Advantages 

Cheaper, light weight, higher efficiency, less maintenance 

Disadvantages 

Moderate starting torque, there is no external resistance in the rotor circuit, 

so the starting torque cannot be controlled. 

Applications 

Lathes, drilling machines, fans, blowers, water pumps, grinders, printing 

machines etc 

Slip ring induction motor 

Advantages 

Starting torque can be controlled by varying the rotor circuit resistance, 

speed is also controlled 

Disadvantages 



Heavier in size, high cost, high rotor inertia, high speed lamination, 

maintenance and reliability problems due to brushes and slip rings.  

Applications 

Lifts, hosts, cranes, elevators, compressors etc 

Construction of an Alternator 

The main components of an alternator or synchronous generator are rotor 
and stator. The main difference between rotor and stator is, the rotor is a 
rotating part and stator is not a rotating component means it is a stationary 
part. The motors are generally run by rotor and stator. 

 

The stator word based on the stationary and the rotor word based on the 
rotating. The construction of the stator of an alternator is equal to the 
construction of the stator of an induction motor. So induction motor 
construction and synchronous motor construction are both are same. Thus 
the stator is the stationary part of the rotor and the rotor is the component 
that rotates inside of the stator. The rotor is located on the stator shaft and 
the series of the electromagnets arranged in a cylinder causing the rotor to 
rotate and create a magnetic field. There are two types of rotors they are 
shown in the below figure. 



 

Salient Pole Rotor 

The meaning of the salient is projecting outward, which means the poles of 
the rotor are projecting outward from the centre of the rotor. There is a field 
winding on the rotor and for this field winding will use DC supply. When we 
pass the current through this field winding N and S poles are created. The 
salient rotors are unbalanced so the speeds are restricted. This type of rotor 
used in hydro stations and diesel power stations. The salient pole rotor used 
for low-speed machines approximately 120-400rpm. 

Cylindrical Rotor 

The cylindrical rotor is also known as a non-salient rotor or round rotor and 
this rotor is used for high-speed machines approximately 1500-3000 rpm 
and the example for this is a thermal power plant. This rotor is made up of a 
steel radial cylinder having the number of slots and in these slots, the field 
winding is placed and these field windings are always connected in series. 
The advantages of this are mechanically robust, flux distribution is uniform, 
operates at high speed and produces low noise. 

 

An AC motor comes in many shapes and sizes, but we can’t have an AC 
without a rotor and stator. The rotor is made up of a cast iron and the stator 
is made up of silicon steel. The prices of the rotor and stator depend on the 
quality. 

Working Principle of Alternator 

All the alternators work on the principle of electromagnetic induction. 
According to this law, for producing the electricity we need a conductor, 
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magnetic field and mechanical energy. Every machine that rotates and 
reproduces Alternating Current. To understand the working principle of the 
alternator, consider two opposite magnetic poles north and south, and the 
flux is traveling between these two magnetic poles. In the figure (a) 
rectangular coil is placed between the north and south magnetic poles. The 
position of the coil is such that the coil is parallel to the flux, so no flux is 
cutting and therefore no current is induced. So that the waveform generated 
in that position is Zero degrees. 

 

If the rectangular coil rotates in a clockwise direction at an axis a and b, the 
conductor side A and B comes in front of the south pole and C and D come in 
front of a north pole as shown in figure (b). So, now we can say that the 
motion of the conductor is perpendicular to the flux lines from N to S pole 
and the conductor cuts the magnetic flux. At this position, the rate of flux 
cutting by the conductor is maximum because the conductor and flux are 
perpendicular to each other and therefore the current is induced in the 
conductor and this current will be in maximum position. 

The conductor rotates one more time at 900 in a clockwise direction then the 
rectangular coil comes in the vertical position. Now the position of the 
conductor and magnetic flux line is parallel to each other as shown in figure 
(c). In this figure, no flux is cutting by the conductor and therefore no current 
is induced. In this position, the waveform is reduced to zero degrees because 
the flux is not cutting. 



 In the second half cycle, the conductor is continued to rotate in a clockwise 
direction for another 900. So here the rectangular coil comes to a horizontal 
position in such a way that the conductor A and B comes in front of the north 
pole, C and D come in front of the south pole as shown in the figure (d). Again, 
the current will flow through the conductor that is currently induced in the 
conductor A and B is from point B to A and in conductor C and D is from point 
D to C, so the waveform produced in opposite direction, and reaches to the 
maximum value. Then the direction of the current indicated as A, D, C and B 
as shown in figure (d). If the rectangular coil again rotates in another 
900 then the coil reaches the same position from where the rotation is 
started. Therefore, the current will again drop to zero. 
In the complete cycle, the current in the conductor reaches the maximum 
and reduces to zero and in the opposite direction, the conductor reaches the 
maximum and again reaches zero. This cycle repeats again and again, due to 
this repetition of the cycle the current will be induced in the conductor 
continuously. 

 

This is the process of producing the current and EMF of a single-phase. Now 
for producing 3 phases, the coils are placed at the displacement of 1200 each. 
So the process of producing the current is the same as the single-phase but 
only the difference is the displacement between three phases is 1200. This is 
the working principle of an alternator. 
 

Applications 
The applications of an alternator are 

 Automobiles 
 Electrical power generator plants 
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 Marine applications 
 Diesel electrical multiple units 
 Radiofrequency transmission 

 

PERMANENT MAGNET MOVING COIL (PMMC) 

It is used only for the measurement of DC. 

It consists of 'U' shaped permanent magnet, Aluminium former is placed in 

the gap between the poles. Former is cylindrical or rectangular in shape. 

current carrying coil is wound on the former coil is made from enamelled or 

silk covered 'cu'. Iron core is located inside the former core is used to provide 

a low reluctance flux path, so it helps to produce strong magnetic field for 

the coil to move. 

 

This arrangement increases the deflecting Torque (Td) and also the 

sensitivity of the instrument. 



Nowadays permanent magnet is replaced by Alcomax or Alnico. This 

magnetic material has small length and high field intensities. These 

materials also serve as core. 

The spindle is supported by Jewel bearing. In some case, to eliminate bearing 

friction, ribbon suspension is used. 

The construction of PMMC is similar to d'Arsonval galvanometer with a 

difference. The lamp & mirror arrangement is replaced by a pointer and a 

scale in PMMC. 

 

Flux density near the pole tips is smaller than the flux density at the centre 

and the magnetic field is not radial near the pole tips. This is called fringing 

field. So the coil is alligmed at the centre and not on the fringing field.  

Control torque is provided by two hair springs attached to the spindle one at 

the top & another at the bottom side. Spring is made up of phosphor bronze. 

Current enters and leaves the instrument through these springs. 

Damping torque is produced by the eddy current in the Aluminium former 

in the case where PMMC is used for voltage measurement. 

In case of ammeter measurement, PMMC is made from non-metallic former, 

so damping torque is provided by low resistance, connected across the coil.  



When the polarity is reversed, the torque is developed in the opposite 

direction the meter does not allow the deflection in the opposite direction 

and the pointer reads zero. Therefore, polarity should be maintained with 

this PMMC instrument. 

Principle: 

When supply is given to the coil, current flows through it. The current 

carrying coil is placed in a magnetic field, by faraday's law the coil 

experiences a force. This force produces a torque and deflects the coil. 

Meter range: 

If the measuring current is less than 20mA, the whole current is allowed to 

pass through the coil, otherwise coil is shunted with a resistor. 

The voltage drop across the DC ammeter is 0.50mV, or 0 to 100mV. 

DC voltmeter: Normally allows mA to pass through for full scale deflection. 

MOVING IRON (MI) INSTRUMENT 

It is the commonly used, accurate instrument for both AC and DC 

measurement. It is divided into two types 1. attraction type and 2. Repulsion 

type. Moving Iron Instrument consist of a stationary coil which is excited by 

the current or voltage under measurement. It also consists of a plate or vane 

of soft iron in case of attraction type in case of repulsion type, two vanes are 

present. 

Vane forms the moving element of the instrument and moves in a magnetic 

field produced by a stationary coil. 

Principle: 

Supply is given to the stationary coil it becomes Electromagnet vane moves 

to increase the flux of the electromagnet because vane tries to occupy a 

position of minimum reluctance. 

Inductance α 1/reluctance 



Thus, a force is developed for getting high inductance. This force gives the 

deflecting torque. 

Types: 

Attraction type MI instrument 

 

The flat stationary coil forms the narrow slot like opening. moving element 

is a flat disc or plate. 

When current flows through the coil, magnetic field is produced around the 

coil. moving Iron moves from weaker field to stronger field side.  

For control torque this instrument uses spring. In panel type, vertical 

mounted case uses gravity control for T. Damping is provided by air friction 

damping. 

Repulsion Type 

Two vanes are present inside the stationary coil, one vane is fixed and 

another vane is movable. 

Both vanes are similarly magnetised when the current flows through the 

stationary coil, so repulsion occurs between the two vanes. 



This type is divided into two 

1. Radial vane type and 

2. Co-axial vane type. 

In radial vane type, vanes are radial strips of Iron. 

 

 



In co-axial vane type, vanes are sections of co-axial cylinders. 

Tc is provided by spring and by gravity control for vertically mounted 

instrument. 

Air friction damping is used. 

Eddy current damping is not used because operating magnetic field is very 

weak. 

Construction of Wheatstone Bridge: 

The below shows the circuit connections of Wheatstone Bridge. It consists 
of four arms in which four resistances are connected (one in each arm). A 
source emf and null detector (galvanometer) are connected between points 
AC and BD respectively. 

 

The arms with resistances R1 and R2 are called ratio arms. The resistance 
R3 is the standard arm resistance and R4 is the unknown resistance to be 
measured. 
 
Working of Wheatstone Bridge: 

The principle of working of Wheatstone Bridge is on the null deflection or 
null indication i.e., when the bridge is balanced the ratio of their resistances 
are equal and no current flows through the galvanometer. 



If the bridge is unbalanced there will be a potential difference between B 
and D, which causes a current to flow through the galvanometer. In order 
to achieve a balanced condition, the known resistance and variable 
resistance should be varied. The basic circuit of the Wheatstone bridge is 
shown below. 

 

let, 

 P = Resistance of arm AB 

 Q = Resistance of BC 

 R = Resistance of AD 

 S = Resistance of CD 

 E = Source (battery) 

 G = Galvanometer (detector). 

 

The bridge is said to be balanced, when the potential difference between 
points A and B is equal to the voltage across points A and D (i.e., the 
potential difference across the galvanometer or BD is zero). Hence, no 
current flows through the galvanometer, thus the no deflection in it (null-
deflection). 
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