




  

A transmitting antenna takes waves that are generated by electrical signals inside 

a device such as a radio and converts them to waves that travel in an open space. 

The waves that are generated by the electrical signals inside radios and other 

devices are known as guided waves, since they travel through transmission lines 

such as wires or cables. 

  

The waves that travel in an open space are usually referred to as free-space waves, 

since they travel through the air or outer space without the need for a transmission 

line. A receiving antenna takes free-space waves and converts them to guided 

waves. 

  

Radio waves are a type of electromagnetic radiation, a form of rapidly changing, 

or oscillating, energy. Radio waves have two related properties known 

as frequency and 

  

wavelength. 

  

Frequency refers to the number of times per second that a wave oscillates, or 

varies in strength. 

  

The wavelength is equal to the speed of a wave (the speed of light, or 300 million 

m/sec) divided by the frequency. Low-frequency radio waves have long 

wavelengths (measured in hundreds of meters), whereas high-frequency radio 

waves have short wavelengths (measured in centimeters). 

  

An antenna can radiate radio waves into free space from a transmitter, or it can 

receive radio waves and guide them to a receiver, where they are reconstructed 

into the original message. For example, in sending an AM radio transmission, 

the radio first generates a carrier wave of energy at a particular frequency. The 

carrier wave is modified to carry a message, such as 

music or a person's voice. 

  

The modified radio waves then travel along a transmission line within the 

radio, such as a wire or cable, to the antenna. The transmission line is often 
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known as a feed element. When the waves reach the antenna, they oscillate 

along the length of the antenna and back. Each oscillation pushes 

electromagnetic energy from the antenna, emitting the energy through free 

space as radio waves. 

  

The antenna on a radio receiver behaves in much the same way. As radio waves 

traveling through free space reach the receiver's antenna, they set up, or induce, 

a weak electric current within the antenna. The current pushes the oscillating 

energy of the radio waves along the antenna, which is connected to the radio 

receiver by a transmission line. The radio receiver amplifies the radio waves 

and sends them to a loudspeaker, reproducing the original message. 

  

Yagi antenna: 

  

The Yagi antenna or more correctly, the Yagi - Uda antenna was developed by 

Japanese scientists in the 1930's. It consists of a half wave dipole (sometimes a 

folded one, sometimes not), a rear "reflector" and may or may not have one or 

more forward "directors". These are collectively referred to as the "elements". 

 

  

The Yagi antenna consists of 2 parts: 

the antenna elements the antenna boom 
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There are three types of elements: 

 

 

the Reflector (REFL) 

 

 

the Driven Element (DE) 

 

 

the Directors (DIR) 

 

 Yagi antenna components: 

  

Each Yagi antenna consists of dipoles, reflectors and directors. A dipole 

antenna receives radio frequency energy in a circular field ending at the center 

of the dipole. The Yagi antenna uses a series of dipoles in order to allow for a 

wider range of single to reach the antenna. 

  

With a Yagi antenna all parts of the antenna usually lay on the same plane. This 

can be extremely useful, especially with more modern Yagi antennas. The 

more dipoles that the Yagi antenna has on the same plane, the more bands of 

signal it can pick up at the same time 

  

The Reflector is at the back of the antenna furthest away from the transmitting 

station. In other words the boom of the antenna is pointed towards the radio 

station over the horizon with the Reflector furthest away from the station. 

  

The Driven Element is where the signal is intercepted by the receiving 

equipment and has the cable attached that takes the received signal to the 

receiver. 

  

Amplitude Modulation: 

  

MODULATION/DEMODULATION: 
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Modulation is the process of varying some characteristic of a periodic wave 

with an external signals. Modul- ation is the modifying of a signal to carry 

intelligent data over the communications channel. Several types of modulation 

are available, depending on the system requirement and equipment. The most 

frequently used types of modulation are amplitude modulation, frequency 

modulation, and phase modulation. 

  

Demodulation is the act of returning modulated data signals to their original 

form. 

  

1. Amplitude modulation(AM): 

Amplitude modulation refers to modifying the amplitude of a sine wave to store 

data. 

  

2. Frequency Modulation (FM): 

Frequency modulation refers to changing the frequency of a signal to indicate a 

logic 1 or a logic 0. One frequency indicates a logic 1, and the other frequency 

indicates a logic 0. 

  

3. Phase Modulation (PM or Indirect FM): 

Phase modulation is more complex than amplitude modulation or frequency 

modulation. Phase modulation uses a signal frequency sine wave and performs 

phase shifts of the sine wave to store data. A modification of phase modulation 

involves the use of several discrete phase shifts to indicate the state of two or 

more data bits. 

  

Frequency Modulation: 

Frequency Modulation (FM) With frequency modulation, the modulating signal 

and the carrier are combined in such a way that causes the carrier 

FREQUENCY(fc) to vary above and below its normal(idling) frequency. The 

amplitude of the carrier remains constant as shown in figure below. 
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Microphones: 

  

Introduction: 

  

A microphone is a transducer as it converts sound waves (acoustic energy) into 

electrical energy. The very first microphone was purely mechanical in nature. A 

metal diaphragm is connected to a needle, which ―draws‖ a pattern on a metallic 

foil. When the air pressure changes due to a person‘s voice, the diaphragm 

vibrates and moves the needle. The needle then scratches the foil with the 

vibration pattern. The sound is recreated when the needle is made to run over the 

foil again. The vibration pattern being followed by the needle makes the 

diaphragm move and reproduces the sound. 

  

Microphones now work the same way but does the process electronically. Instead 

of a scratched foil with the vibration patterns, the change in air pressure is now 

converted to an electrical signal. The diaphragms can be of any material such as 

plastic, paper or aluminum. Diaphragms differ in producing sound which gave 

rise to different classifications of microphones 
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Types of microphones: 

  

Carbon microphones: 

  

Carbon microphones are amongst the oldest, simplest and most used types of 

microphones even to this day. They work by converting air pressure variations 

into electrical resistance. The membrane collecting the sound waves presses 

against a carbon dust material that varies its electrical resistance in the process. 

By running electric current through the carbon dust, one can obtain an electrical 

current variation that is amplified and recorded. 

  

Condenser Micorphones: 

  

Condenser microphones rely on the properties of capacitors. However, the 

plates of the capacitor are no longer immobile and are free to move in relation 

to each other according to the air pressure changes. This generates a variation 

in the capacity of the device, which can be converted into electric signals. 

  

Dynamic microphones: 

  

Dynamic microphones on the other hand harness the electromagnetic effects 

determined by the movement of a magnet inside a conductive wire coil. The 

vibrations of the magnet are basically converted into tiny electrical currents 

that are amplified and recorded. 

  

Ribbon microphones: 

  

Ribbon microphones work on a principle rather similar to that of the dynamic 

microphones, but instead of vibrating a microphone inside a coil, a thin ribbon 

is suspended in a magnetic field. The vibration of the ribbon translates into 

inductance variations inside the coil generating the magnetic field. 

  

Piezo-electric microphones: 
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Crystal microphones are based on the piezoelectric effect. Piezoelectric 

materials have the ability of directly converting electric energy into mechanical 

movement and vice versa. The most common piezoelectric material occurring 

naturally on Earth is quartz, which is often used to make crystal microphones. 

  

Telegraphy 

  

Telegraphy is the long-distance transmission of written messages without 

physical transport of letters. Radiotelegraphy or wireless 

telegraphy transmits messages using radio. Telegraphy includes recent forms 

of data transmission such as fax, email, and computer networks in general. 

  

A telegraph is a machine for transmitting and receiving messages over long 

distances. A telegraph message sent by a telegraph operator (or telegrapher) using 

Morse code was known as a telegram orcablegram, often shortened to a cable or 

a wire message. Later, a telegram sent by the Telex network, a switched network 

of teleprinters similar to the telephone network, was known as a telex message. 

 

  

Morse Code: 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Morse code is a type of character encoding that transmits telegraphic information 

using rhythm. Morse code uses a standardized sequence of short and long 

elements to represent the letters, numerals, punctuation and special characters of 

a given message. The short and long elements can be formed by sounds, marks, 

or pulses, in on off keying and are commonly known as "dots" and "dashes" or 

"dits" and "dahs". The spee d of Morse code is measured in words per minute or 

characters per minute , while fixed-length data forms of telecommunication 

transmission are usually measured in baud or bps. 

  

Television: 

Television (TV) is a widely used telecommunication medium for transmitting and 

receiving moving images, either monochromatic ("black and white") or color, 

usually accompanied by sound. "Television" may also refer specifically to a 

television set, television programming or television transmission. 

  

 

  

Charge-Coupled Device 

  

Charge-coupled device (CCD) is an analog shift register that enables the 

transportation of analog signals (electric charges) through successive stages 

(capacitors), controlled by a clock signal. Charge-coupled devices can be used as 

a form of memory or for delaying samples of analog signals. Today, they are most 

widely used in arrays of photoelectric light sensors to serialize parallel analog 

signals. Not all image sensors use CCD technology; for example, CMOS chips 

are also commercially available. 

  

"CCD" refers to the way that the image signal is read out from the chip. Under 

the control of an external circuit, each capacitor can transfer its electric charge to 

one or another of its neighbors. CCDs are used in digital photography, digital 

photogrammetry, astronomy (particularly in photometry), sensors, electron 
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microscopy, medical fluoroscopy, optical and UV spectroscopy, and high speed 

techniques such as lucky imaging. 

  

Television is certainly one of the most influential forces of our time. Through the 

device called a television set or TV, you are able to receive news, sports, 

entertainment, information and commercials. The average American spends 

between two and five hours a day glued to "the tube"! 

  

Have you ever wondered about the technology that makes television possible? 

How is it that dozens or hundreds of channels of full-motion video arrive at your 

house, in many cases for free? How does your television decode the signals to 

produce the picture? How will the new digital television signals change things? 

If you have ever wondered about your television (or, for that matter, about your 

computer monitor), then read on! In this article, we'll answer all of these questions 

and more. See the next page to get started. 

  

conversion of the vibrations of sound (for example, music) into a permanent 

record, and its later playback in its original form (see SOUND,). In the most 

common method of sound recording, the magnetic method, transformed sound 

waves may be amplified and made to magnetize a metaloxide coated plastic 

recording tape so that the magnetization varies with the frequency and intensity 

of the sound. Sound recording involves some form of mechanical movement of 

the recording medium at a constant speed past the point of recording so that the 

sound recording may later be reproduced as a replica of the original sound. 

  

Components of Television 

  

HIGH FIDELITY 

  

High fidelity is the technique of recording, broadcasting, and reproducing sound 

to match as closely as possible the characteristics of the original sound. To 

achieve high-fidelity reproduction, the sound must be free of distortion and 

include the full frequency range of human hearing—20 Hz to 20 kilohertz 

(seeFREQUENCY,). 

  

Components. 
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A high-fidelity system consists of the following components: the turntable and 

tonearm or possibly a CD player, the amplifier, the speaker system, and the 

control unit, sometimes referred to as a preamplifier/control unit. 

Supplementary components include the tuner and the tape recorder. 

  

The turntable and tonearm. 

  

(For the basic operating principles of these elements, see PHONOGRAPH,.) 

The turntable and tonearm translate the engraved patterns on a phonograph 

record into electrical voltage variations. The turntable is rotated by a motor that 

turns at a constant speed, thus avoiding distortions called wow and rumble. 

Wow consists of a slow variation in pitch caused by variation in the speed of 

the turntable, and rumble is a low-frequency tremor caused by defects in the 

turntable. 

  

The tonearm and the cartridge form one of the most critical parts of the high-

fidelity installation. The finely balanced tonearm holds a cartridge, which in 

turn holds a stylus, preferably tipped with long-wearing diamond. To 

reproduce recorded sound accurately and with minimum wear on the record, 

the cartridge must provide maximum compliance, that is, an easy lateral and 

vertical motion of the stylus. The stylus, moreover, must contact the record at 

a precise angle with the proper pressure. 

  

  

  

  

The compact disc (CD) player. 

  

CD players are increasingly replacing the conventional turntable and tonearm 

in high-fidelity systems. Offering more uniform frequency response, lower 

distortion, and inaudible background noise levels, compact discs have the 

additional advantage of longer life. Since CDs are never physically in contact 

with any pickup mechanism—digital codes embedded beneath the surface of 

the disc are read by a laser beam of light—these discs can last indefinitely if 

handled with care. Specially built CD players can also be used for data retrieval 
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using CD-ROM (Read-Only Memory) discs, while interactive compact discs 

(CD-I), as well as interactive video discs (VD-I), can be used for a wide variety 

of educational and training purposes. In addition to their audio content, some 

CDs contain digitally driven graphics that can be displayed on a television 

screen. Such discs are referred to as CD-G. 

  

  

  

  

The amplifier. 

  

The amplifier converts the relatively weak electrical impulses received from the 

cartridge into power sufficient to drive the speakers. The amount of power that 

an amplifier can produce is rated in watts. Depending on the requirements of the 

speaker system, an amplifier may deliver from 10 to 125 watts of electrical power. 

The amplifier is controlled, as a rule, by a device called the preamplifier, which 

amplifies minute sound-signal voltages too small for the amplifier to handle. 

Preamplifiers also boost the bass and attenuate the treble to compensate for the 

poor bass and strong treble response of phonograph records. Most 

modern amplifiers are equipped with so-called solid-state or integrated 

circuits. See INTEGRATED 

CIRCUIT. 

  

  

The speaker system. 

  

Loudspeakers, electromechanical devices that produce audible sound from 

amplified audio voltages, are extensively employed in radio receivers, motion 

picture sound systems, public-address systems, and other apparatus in which 

sound must be produced from a recording, a communications system, or a sound 

source of low intensity. 

  

Several types of loudspeaker exist, but almost all loudspeakers now in use are 

dynamic speakers. These speakers include an extremely light coil of wire, called 

the voice coil, mounted within the magnetic field of a powerful permanent magnet 

or electromagnet. The coil of the electromagnet, if one is used, is called the field 
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coil. A varying electric current from the amplifier passes through the voice coil 

and alters the magnetic force between the voice coil and the speaker‘s magnetic 

field. As a result, the coil vibrates with the changes in the current. A diaphragm 

or a large paper cone mechanically attached to the voice coil generates sound 

waves in the air when the coil moves. 

  

The loudness and sound quality of such speakers can be increased by the use of 

properly designed enclosures or cabinets. Such cabinets may hold several 

loudspeakers of different sizes, small so-called tweeters for high notes, and large 

woofers for low notes. 

  

  

  

  

The control unit. 

  

As the nerve center of the high-fidelity system, the control unit performs a number 

of critical functions. For example, the surface noises of old records are attenuated 

by means of a device called the scratch filter; another device, the rumble filter, 

cuts down low-pitched noises, such as vibration from the phonograph motor; the 

loudness control compensates for the inability of the ear to hear high and low 

notes as clearly as it hears the middle range by increasing the relative level of 

treble and bass tones when the record is played at a reduced volume. The control 

unit also adjusts sound signals from the record player, the tape recorder, or the 

tuner. 

  

  

  

  

The tuner. 

  

The AM/FM tuner allows the listener to receive broadcasts from stations in the 

broadest band of the radio spectrum, from 500 to 1650 kilohertz (AM), 88 to 108 

megahertz (FM). From the broadcast signals reaching the antenna, the tuner 

selects the frequency of the desired station to the exclusion of other stations in 
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the broadcast range. It then extracts the audio voltage representing the program 

being transmitted and amplifies this voltage to activate the speakers of the high-

fidelity system. See RADIO,. 

  

The tape recorder. 

  

This device records and reproduces sound by preserving electrical signals as 

magnetic patterns on thin plastic tape coated with magnetic oxide. In recording, 

the tape is drawn past a recording head, leaving a magnetic imprint. The tape 

is then drawn past a reproducing head that turns the magnetic pattern into an 

electrical signal; this signal, in turn, is amplified and reproduced as sound. The 

reproducing, or playback, head may be the same device as the recording head, 

or they may be separate devices. Tapes are readily erased for reuse and are 

virtually immune to the damage that eventually mars phonograph records. 

  

The first magnetic-reading instrument, called a telegraphone, was invented in 

1898 by the Danish electrical engineer Valdemar Poulsen (1869–1942), who 

used a magnetized steel tape to carry messages. Currently, the most popular 

form of tape recording is the so-called compact cassette, which uses a tape with 

two or four tracks. Cassette-tape recorders and players are available in a wide 

variety of sizes, from the tiny portable types used with stereo headphones to 

elaborate units incorporated in home high-fidelity systems. 

  

  

  

  

STEREOPHONIC SOUND 

  

Stereophonic sound re-creates for listeners the conditions that would exist near 

an actual sound source, such as an orchestra. The sound is picked up separately 

from the left and the right sides of the orchestra, and, through the use of two or 

more carefully placed speakers, a stereophonic recording is directed toward 

listeners in such a way that they seem to hear music from the left, the right, and 

the center. More importantly, they become aware of a veil of sound that seems 

to have depth and solidity as well as direction. 
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TYPES OF RECORDING: 

  

Mechanical Recording. 

  

The operation of a sound-recording system may, however, be most easily 

understood by considering the process of recording sound by the now obsolete 

mechanical method. In this method, sound waves are used directly or indirectly 

to actuate a stylus or cutter that engraves on a disk or cylinder a wavy-line pattern 

corresponding to the pattern of sound waves. This process, with minor 

modifications, was used for many years in the production of phonograph records. 

In the direct method of mechanical recording, sound waves strike a very light 

diaphragm of metal or other substance and set it into motion. Attached to the 

diaphragm is a needle or cutting point that vibrates with the diaphragm. Under 

the point is a disk or cylinder of wax, metallic foil, shellac, or other suitable 

substance that is moved past the needle so that the needle cuts a groove in the 

form of a spiral on a disk, or a helix on a cylinder. As the needle vibrates it traces 

a wavy groove laterally or vertically in the record; this groove is a mechanical 

replica of the sound that struck the diaphragm of the recording machine. If, for 

example, the sound wave consists of the musical tone of A in the treble clef, 

which has a frequency of 440 Hz (hertz or cycles per second), the needle oscillates 

440 times/sec. If the record is moving under the needle at the rate of 10 cm/sec, 

the groove will exhibit a pattern of 44 oscillations (44 sine waves, or 44 crests 

and 44 troughs)/1 cm (0.4 in). To reproduce the recorded sound, a needle attached 

to a diaphragm is set in the groove, and the record is turned at the rate of 10 cm 

(4 in)/sec. The vertical or, more commonly, lateral crests and troughs of groove 

then move the needle at the rate of 440 oscillations/sec, and the attached 

  

diaphragm oscillates, producing sound waves in the air of the same pitch as the 

original tone (seeOSCILLATION,). In the making of modern phonograph records 

the sound is first converted to electrical impulses by a microphone; these impulses 

are amplified and used to actuate the cutting needle by electromagnetic means. 

The cutting needle engraves a disk, called the master, made of shellac, which is 

used to make the metal molds from which vinyl records are mass produced. 

  

Optical Recording. 
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In the optical method, sound waves are transformed by a microphone into 

equivalent electrical impulses that are then amplified and made to operate a 

device that changes the intensity of a light beam (by means of an 

electromagnetically actuated gate or light valve) or the size of the beam (by means 

of an electromagnetically actuated vibrating mirror or a slit of variable width). 

The resulting varying light beam is focused on a moving film, which is then 

developed to provide a photographic track. The track recorded with varying 

intensity is of variable density and constant width. The track recorded with the 

vibrating mirror or varying slit has variable areas of darkened and clear film. To 

reproduce the sound track on either film, a light source is focused on the film, and 

a PHOTOELECTRIC CELL, (q.v.) is placed behind the film. The fluctuations in 

the relative amount of light passing through the film generate a fluctuating 

electric current in the photoelectric cell; this current is amplified and then 

transformed into sound by means of some form of loudspeaker. SeeMOTION 

PICTURE,. 

  

Electromagnetic Recording. 

  

In audiotape recording, sound waves are amplified and recorded on a magnetized 

plastic or paper tape. The information is first converted into electrical impulses, 

which are then impressed in the magnetized tape by an electromagnetic record 

head. A playback head, which is also an electromagnetic device, converts the 

magnetic fields on the tape into electrical impulses that are then amplified and 

reconverted into audible sound waves. 

  

Digital Recording. 

  

In the combined mechanical and electronic system of ordinary phonograph 

recording, waveforms of sound are inevitably distorted to some degree, and they 

also pick up noises from the recording process itself. In computer-based recording 

these problems are eliminated. The digital recorder measures the waveforms 

thousands of times each second and assigns a numerical value, or digit, to each 

of the measurements. These digits are then translated into a stream of electronic 

pulses that are placed in a memory bank for later retranslation and playback. Such 

techniques have been used limitedly in recent years for the production of 

otherwise conventional phonograph records, but direct-digital records are now 

available in which electronic pulses are instead placed on a small, aluminized disc 

called a COMPACT DISC (q.v.; CD), where they somewhat resemble a spiral of 

Morse-code signals when viewed through a microscope. The plastic-protected 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



CD is placed in a machine where a laser beam reads the coded information, and 

circuitry converts it to analog signals for playback through conventional speaker 

systems. 

Stereophonic Recording. 

  

Stereophonic recording in its simplest form uses two separate microphones to 

produce two recorded tracks, or channels, on magnetic tape. Similarly, the 

sound component of motion pictures reproduces stereophonic sound by 

multiple tracks on film. 

  

Phonograph disks can also record stereophonic sound, or stereo, on two 

independent channels, one on each wall of a single groove. The groove is cut 

with a 90° stylus in such a way that one groove wall slants 45° to the left, and 

the other wall slants 45° to the right. Two independent coils 90° apart energize 

the cutting stylus to give a different pattern on each wall for each of the two 

channels. During playback of a disk, two sensors in the cartridge are mounted 

at a 90° angle to each other to pick up the two tracks. 

  

Quadraphonic Recording. 

  

A quadraphonic sound playback system requires the use of four separate 

amplification channels driving four speakers located in the four corners of the 

listening room. Various systems achieving quadraphonic recording and 

playback were perfected in the early 1970s, some involving a method of 

encoding and decoding which required only two channels to be recorded on 

tape or disk. 

  

The lack of standardization of these systems and the reluctance of many music 

lovers to place four loudspeakers in the listening room caused the popularity 

of quadraphonic recording to wane. With the advent of home video recorders, 

or VCRs, and large-screen television sets in the 1980s, a new type of multi-

channel sound has replaced quadraphonic sound. Called surround sound, this 

system also involves the use of four or more loudspeakers and channels and is 

used to re-create the all-enveloping sound experienced when attending certain 

motion pictures in specially equipped theaters. 

BASIC CIRCUITS ANALYSIS 
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1. INTRODUCTION 
2. BASIC ELEMENTS & INTRODUCTORY CONCEPTS 
3. KIRCHOFF'S LAW 
4. PROBLEMS AND CALCULATIONS 
5. DC CIRCUITS 
6. AC CIRCUITS 
7. DIFFERENCE BETWEEN AC AND DC 
8. PARALLEL NETWORKS 
9. MESH ANALYSIS 
10. NODAL ANALYSIS 

  
1.INTRODUCTION: 
  

The interconnection of various electric elements in a prescribed manner 

comprises as an electric circuit in order to perform a desired function. The electric 

elements include controlled and uncontrolled source of energy, resistors, 

capacitors, inductors, etc. Analysis of electric circuits refers to computations 

required to determinethe unknown quantities such as voltage, current and power 

associated with one or more elements in the circuit. To contribute to the solution 

of engineering problems one must acquire the basic knowledge of electric circuit 

analysis and laws. Many other systems, like mechanical, hydraulic, thermal, 

magnetic and power system are easy to analyze and model by a circuit. To learn 

how to analyze the models of these systems, first one needs to learn the techniques 

of circuit analysis. We shall discuss briefly some of the basic circuit elements and 

the laws that will help us to develop the background of subject. 
  
2. BASIC ELEMENTS & INTRODUCTORY CONCEPTS:  
Electrical Network: 
  

A combination of various electric elements (Resistor, Inductor, Capacitor, 

Voltage source, Current source) connected in any manner what so ever is called 

an electrical network. We may classify circuit elements in two categories, 

passiveand active elements. 
  
Passive Element: 
  

The element which receives energy (or absorbs energy) and then either 

converts it into heat (R) or stored it in an electric (C) or magnetic (L) field is 

called passive element. 
  
Active Element: 
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The elements that supply energy to the circuit is called active 

element.Examples of active elements include voltage and current sources, 

generators, and electronic devices that require power supplies. A transistor is an 

active circuit element, meaning that it can amplify power of a signal. On the other 

hand, transformer is not an active element because it does not amplify the power 

level and power remains same both in primary and secondary sides. Transformer 

is an example of passive element. 
  
Bilateral Element: 
  
Conduction of current in both directions in an element (example: Resistance; 

Inductance; Capacitance) with same magnitude is termed as bilateral element. 

 
Unilateral Element: 
Conduction of current in one direction is termed as unilateral (example: Diode, 

Transistor) element. 

 
Meaning of Response: 
  
An application of input signal to the system will produce an output signal, the 

behavior of output signal with time is known as the response of the system. 
  
Potential Energy Difference: 
The voltage or potential energy difference  between  two  points in  an  electric 

circuit  is the amount  of energy required to move a unit charge between the two 

points.  
Ohm’sLaw: 
Ohm's law states that the current through a conductor between two points 
is directly proportional to the potential difference or voltage across the two 
points, and inversely proportional to the resistance between them. The 
mathematical equation that describes this relationship is: 
I = V / R 
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where I is the current through the resistance in units of amperes, V is the 

potential difference measured across the resistance in units of volts, and R is the 

resistance of the conductor in units of ohms. More specifically, Ohm's law states 

that the R in this relation is constant, independent of the current. 
  
  
3.  KIRCHOFF'S LAW 
Kirchoff's First Law - The Current Law, (KCL) 
  

"The total current or charge entering a junction or node is exactly equal to 

the charge leaving the node as it has no other place to go except to leave, as no 

charge is lost within the node". 
  

In other words the algebraic sum of ALL the currents entering and leaving 

a node must be equal to zero, 
  

I(exiting) + I(entering) = 0. 
  
This idea by Kirchoff is known as the Conservation of Charge. 

 
Here, the 3 currents entering the node, I1, I2, I3 are all positive in value 

and the 2 currents leaving the node, I4 and I5 are negative in value. 
  
Then this means we can also rewrite the equation as; I1 + I2 + I3 - I4 - I5 = 0 
  
Kirchoff's Second Law - The Voltage Law, (KVL) 
  

"In any closed loop network, the total voltage around the loop is equal to 

the sum of all the voltage drops within the same loop" which is also equal to zero. 
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In other words the algebraic sum of all voltages within the loop must be equal to 

zero. This idea by Kirchoff is known as the Conservation of Energy. 
  

Starting at any point in the loop continue in the same direction noting the 

direction of all the voltage drops, either positive or negative, and returning back 

to the same starting point. It is important to maintain the same direction either 

clockwise or anti-clockwise or the final voltage sum will not be equal to zero. 
  
We can use Kirchoff's voltage law when analyzing series circuits. 

 
 

 
Problem 1: 

  
A current of 0.5 A is flowing through the resistance of 10Ω.Findthepotential 

difference between its ends. 
Solution:      
Current I     = 0.5A. 

Resistance R = 10Ω 
  

Potential difference V =? 
  

V = IR 
  

=   0.5 × 10  
  

=   5V. 
  
Problem: 2 

  
A supply voltage of 220V is applied to a resistor100.FindΩthe current 

flowing through it. 
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Solution: 
  

Voltage V = 220V Resistance R = 100Ω Current I = V/ R 
  

=   2 2 0 /100  
=   2.2 A.  

  
Problem: 3 

  
Calculate the resistance of the conductor if a current of 2A flows 

through it when the potential difference across its ends is 6V. 
  
Solution: 

  
Current I = 2A. Potential difference = V = 6. Resistance R = V/I 

  
=   6 /2  
=   3 ohm.  

  
Problem: 4 

  
Calculate the current and resistance of a 100 W, 200V electric bulb. 

  
Solution: 
Power, P = 100W 
  

Voltage, V = 200V Power p = VI 
Current I = P/V 

=   100/200 
=     0.5A 

Resistance R = V /I 
= 200/0.5 
= 400W. 

  
Problem: 5 
  
Calculate the power rating of the heater coil when used on 220V supply taking 5 

Amps. 
  
Solution: 

  
Voltage, V = 220V Current, I = 5A, Power, P = VI 
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=   220 × 5  
=   1100W 
=   1.1 KW.  

  
Problem: 6 
  
A circuit is made of 0.4wire,Ωa 150bulbΩand a rheostat120connectedΩ in 

series. Determine the total resistance of the resistance of the circuit. 
  
Solution: 
Resistance of the wire = 0.4ResistanceΩ of bulb  = 1 5 0 Ω Resistance of rheostat 

=  120Ω 
  
In series, 

  
Total resistance, R = 0.4 + 150 +120 = 270.4Ω 

  
  
Problem : 7 
  
Three  resistances  of  values   2Ω,3Ωconnectedandin  series5Ω  acrossare20  V

,D.C  supply 
  
.Calculate (a) equivalent resistance of the circuit (b) the total current of the circuit 

(c) the voltage drop across each resistor and (d) the power dissipated in each 

resistor. 
Solution:                         
Total resistance R  = R1 + R 2+ R3.           
          =   2   +3+5   =   10Ω 
Voltage       = 20V                    
Total current  I     = V/R = 20/10  = 2A. 
Voltage drop across 2Ωresistor V1  =       I R1 
          = 2× 2  = 4 volts. 
Voltage drop across 3Ωresistor V 2 = IR2 
          = 2 × 3 = 6 volts. 
Voltage drop across 5Ωresistor        V3 = I R3 
          = 2 ×5 = 10 volts. 
Power dissipated in 2Ωresistor is P1 = I2 R1 
          = 22 × 2  = 8 watts.        
Power dissipated in 3 resistor is P2            = I2 R2. 
          = 22 × 3 = 12 watts.       
Power dissipated in 5 resistor is P3            = I2 R3 

= 22 × 5 = 20 watts. 
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Problem: 8 
  
A lamp can work on a 50 volt mains taking 2 amps. What value of the resistance 

must be connected in series with it so that it can be operated from 200 volt mains 

giving the same power. 
  
Solution: 

  
Lamp voltage, V =  50V Current, I = 2 amps. 

  
Resistance of the lamp = V/I = 50/25   =   25   Ω 

  
Resistance connected in series with lamp = r. 

  
Supply voltage = 200 volt. 

  
Circuit current I = 2A 

  
Total resistance Rt= V/I   =   200/2   =   100Ω 

Rt = R  + r 100 = 25 + r 
  

r =   75Ω 
  
Problem: 9 
  
Find  the   current   flowing   in   the   40Ω   Resistor, 

 
Solution: 
The circuit has 3 branches, 2 nodes (A and B) and 2 independent loops. 
  
Using Kirchoff's Current Law, KCL the equations are given as; 
At node A: I1 + I2 = I3 
At node B: I3 = I1 + I2 
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Using Kirchoff's Voltage Law, KVL the equations are given as; 
Loop 1 is given as: 10 = R1 x I1 + R3 x I3 = 10I1 + 40I3 
Loop 2 is given as: 20 = R2 x I2 + R3 x I3 = 20I2 + 40I3 
Loop 3 is given as: 10 - 20 = 10I1 - 20I2 
  
As I3 is the sum of I1 + I2 we can rewrite the equations as; 
Eq. No 1: 10 = 10I1 + 40(I1 + I2) = 50I1 + 40I2 
Eq.No 2: 20 = 20I1 + 40(I1 + I2) = 40I1 + 60I2 
We now have two "Simultaneous Equations" that can be reduced to give us the 

value of both I1 and 
I2 
Substitution of I1 in terms of I2 gives us the value of I1 as -0.143 Amps 
  
  
Substitution of I2 in terms of I1 gives us the value of I2 as +0.429 Amps 
As: I3 = I1 + I2 
The current flowing in resistor R3 is given as: -0.143 + 0.429 = 0.286 Amps and 

the voltage across the resistor R3 is given as : 0.286 x 40 = 11.44 volts 
Problem: 10 
Find the current in a circuit using Kirchhoff's voltage law 

  

  
5.  DC CIRCUITS: 
A DC circuit (Direct Current circuit) is an electrical circuit that consists of any 

combination of constant voltage sources, constant current sources, and resistors. 

In this case, the circuit voltages and currents are constant, i.e., independent of 

time. More technically, a DC circuit has no memory. That is, a particular circuit 
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voltage or current does not depend on the past value of any circuit voltage or 

current. This implies that the system of equations that represent a DC circuit do 

not involve integrals or derivatives. 
  
If a capacitor and/or inductor is added to a DC circuit, the resulting circuit is not, 

strictly speaking, a DC circuit. However, most such circuits have a DC solution. 

This solution gives the circuit voltages and currents when the circuit is in DC 

steady state. More technically, such a circuit is represented by a system of 

differential equations. The solutions t o t h e s e e q u a t i o n s u s u a l l y c o n 

t a i n a time varying or transient part as well as constant or steady state part. It is 

this steady state part that is the DC solution. There are some circuits that do not 

have a DC solution. Two simple examples are a constant current source connected 

to a capacitor and a constant voltage source connected to an inductor. 
  
In electronics, it is common to refer to a circuit that is powered by a DC voltage 

source such as a battery or the output of a DC power supply as a DC circuit even 

though what is meant is that the circuit is DC powered. 
  
6.  AC CIRCUITS: 
Fundamentals of AC: 
An alternating current (AC) is an electrical current, where the magnitude of the 

current varies in a cyclical form, as opposed to direct current, where the polarity 

of the current stays constant. 
  
The usual waveform of an AC circuit is generally that of a sine wave, as these 

results in the most efficient transmission of energy. However in certain 

applications different waveforms are used, such as triangular or square waves. 
  
Used generically, AC refers to the form in which electricity is delivered to 

businesses and residences. However, audio and radio signals carried on electrical 

wire are also examples of alternating current. In these applications, an important 

goal is often the recovery of information encoded (or modulated) onto the AC 

signal. 
  
  
7.  DIFFERENCE BETWEEN AC AND DC:   
Current that flows continuously   in  one direction is c a l l e d  direct c u r r e n t 

.  Alternating current  (A.C)  is  the  current  that  flows in  one  direction  for 

a  brief  time  then  reverses and flows in opposite direction for a similar time. 

The source for alternating current  is called a.c generator or alternator.   
Cycle: 
One complete set of positive and negative values of an alternating quantity is 

called cycle. 
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Frequency: 
The number of cycles made by an alternating quantity per second is called 

frequency. The unit of frequency is Hertz (Hz) 
Amplitude or Peak value: 
The maximum positive or negative value of an alternating quantity is called 

amplitude or peak value. 
Average value: 
This is the average of instantaneous values of an alternating quantity over one 

complete cycle of the wave. 
Time period: 
The time taken to complete one complete cycle. 
Average value derivation: 
  

Let i = the instantaneous value of current and i = Im sin ɵ Where, Im is 

the maximum value. 
  
Resistors in series and parallel circuits: 
  
Series circuits: 
  
Figure shows three resistors R1, R2 and R3 connected end to end, i.e. in series, 

with a battery source of V volts. Since the circuit is closed a current I will flow 

and the p.d. across each resistor may be determined from the voltmeter readings 

V1, V2 and V3 

 
 

 
In a series circuit 
  
(a) the current I is the same in all parts of the circuit and hence the same reading 

is found on each of the two ammeters shown, and  
  
(b)the sum of the voltages V1, V2 and V3 is equal to the total applied voltage, V, 

i.e.  
V = V1 +V2 +V3 
From       Ohm’s   law: 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



  
V1 = IR1, V2 = IR2, V3 = IR3 and V = IR where R is the total circuit resistance. 

Since V =V1 + V2 + V3 
  
then IR =IR1 + IR2 + IR3 Dividing throughout by I gives R = R1 + R2 + R3 
  
Thus for a series circuit, the total resistance is obtained by adding together the 

values of the separate resistances. 
  
Problem 1: For the circuit shown in Figure 5.2, determine (a) the battery voltage 

V, (b) the total resistance of the circuit, and (c) the values of resistance of resistors 

R1, R2 and R3, given that the p.d.’sR1, R2acrossandR3are5V, 2V and 6V 

respectively. 

 
(a) Battery voltage V =V1 + V2 + V3 =5 + 2 + 6=13V 
(b)Total circuit resistance R= V/ I  

= 13/4=3.25Ω 
(c) Resistance R1 = V1/ I  

= 5/4 
  

=1.25 Ω Resistance R2 = V2/ I 
  

= 2/4 =0.5 Ω 
  
Resistance R3 = V3/ I = 6/4 =1.5 Ω 
  
Problem 2. For the circuit shown in Figure determine the p.d. across resistor R3. 

If the total resistance of the circuit is 100_, determine the current flowing through 

resistor R1. Find also the value of resistor R2. 
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P.d. across R3, V3 =25 −10 −4=11V Current I = V/ R 
  

= 25/100 
  

=0.25A, which is the current flowing in each resistor Resistance R2 = 

V2/ I 
  

= 4/0.25 =16 Ω 
  
Problem 3: A 12V battery is connected in a circuit having three series-connected 

resistors having resistances of 4 Ω, 9 Ωand 11 Ω. Determine the current flowing 

through, and the p.d. across the 9 Ωresistor. Find also the power dissipated in the 

11 Ωresistor. 

 
Total resistance R=4 + 9 + 11=24 Ω Current I = V/ R 
  

= 12/24 
  

=0.5A, which is the current in the 9 Ωresistor. P.d. across the 

9_ resistor, V1 = I × 9 = 0.5 × 9 
  

= 4.5V 
Power dissipated in the 11 Ωresistor, P = I2R=0.52(11) 

= 0.25(11) 
= 2.75W 

  
  
8.  PARALLEL NETWORKS: 
  
Problem 1: Figure shows three resistors, R1, R2 and R3 connected across each 

other, i.e. in parallel, across a battery source 
  
of V volts. 
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In a parallel circuit: 
  
(a) the sum of the currents I1, I2 and I3 is equal to the total circuit current, I, i.e. 

I =I1 +I2 +I3, and  
  
the source p.d., V volts, is the same across each of the 
From       Ohm’s   law: 
I1 = V/R1 
,  I2 = V/R2  
  
,  I3 = V/R3 and I = V/R  
  
where R is the total circuit resistance. Since I =I1 + I2 + I3  
  
then  
  
V/R= V/R1+ V/R2+ V/R3 Dividing throughout by V gives: 

 
This equation must be used when finding the total resistance R of a parallel 

circuit. For the special case of two resistors in parallel 
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Problem 2: For the circuit shown in Figure , determine (a) the reading on the 

ammeter, and (b) the value of resistor R2. 

 
P.d. across R1 is the same as the supply voltage V. 
Hence supply voltage, V =8 × 5=40V 
  
(a) Reading on ammeter, I = V R3= 40/20=2A  
  
Current flowing through R2 =11−8−2=1A  
Hence, R2 = V/I2= 40/1=40 Ω 

 
(a) The total circuit resistance R is given by 1/R= 1/R1+ 1/R2= 1/3+ 1/6  
  
1/R= 2 + 1/6= 3/6 Hence, R = 6/3= 2 Ω  
  
(b) Current in the 3 Ωresistance, I1 = V R1= 12/3= 4A  
  
Problem 3: For the circuit shown in Figure find (a) the value of the supply 

voltage V and (b) the value of current I. 
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(a) P.d. across 20 Ωresistor = I2R2 = 3× 20 = 60V, hence supply voltage V =60V 

since the circuit is connected in parallel.  
  
(b)Current I1 = V/R1= 60/10= 6A; I2 = 3A  
I3 = V/R3= 60/60= 1A 
  
Current I =I1+I2+I3 and hence I =6+3+1=10A Alternatively, 
  
1/R= 1/60+ 1/20+ 1/10= 1 + 3 + 6/60= 10/60 Hence total resistance R= 6010=6 

Ω Current I = V/R= 60/6=10A 
  
Problem 4: Find the equivalent resistance for the circuit shown in Figure 
  

 
R3, R4 andR5 are connected in parallel and their equivalent resistance R is given 

by: 1/R= 1/3+ 1/6+ 1/18=6 + 3 + 1/18= 10/18 
  
Hence R= 18/10=1.8 Ω 
  
The circuit is now equivalent to four resistors in series and the equivalent circuit 

resistance =1+2.2+1.8+4=9 Ω 
  
  
  
9.  MESH ANALYSIS: 
This is an alternative structured approach to solving the circuit and is based on 

calculating mesh currents. A similar approach to the node situation is used. A set 

of equations (based on KVL for each mesh) is formed and the equations are 

solved for unknown values. As many equations are needed as unknown mesh 

currents exist. 
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Step 1: Identify the mesh currents 
Step 2: Determine which mesh currents are known 
  
Step 2: Write equation for each mesh using KVL and that includes the mesh 

currents Step 3: Solve the equations 
  
Step 1: 
The mesh currents are as shown in the diagram on the next page 
  
Step 2: 
Neither of the mesh currents is known 

 
  
Step 3: 
KVL can be applied to the left hand side loop. This states the voltages around the 

loop sum to zero. 
  
When writing down the voltages across each resistor equations are the mesh 

currents. 
  
I1R1 + (I1 - I2) R4 - V = 0 
KVL can be applied to the right hand side loop. This states the voltages around 

the loop sum to 
  
zero. When writing down the voltages across ea the equations are the mesh 

currents. 
  
I2R2 + I2R3 + (I2 - I1) R4 = 0 
Step 4: 
Solving the equations we get 
  

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 
  
The individual branch currents can be obtained from the these mesh currents and 

the node voltages can also be calculated using this information. For example: 

 
  
Problem 1: 
  
Use mesh-current analysis to determine the current flowing in (a the 1Ω 

resistance of the d.c. circuit shown in 

 
The mesh currents I1, I2 and I3 are shown in Figure 
Using         Kirchhoff’s   voltage   law: 
For loop 1, (3 + 5) I1 −I2 = 

4   …………………………………………………………(1) 
For loop 2, (4 + 1 + 6 + 5) I2 −(5) I1 −(1) I3 = 

0…………………………………….(2) 
For loop 3, (1 + 8) I3 −(1) I2 = 5− 

……………………………………………………(3) 
Thus 
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8I1 −5I2 −4 =0 
 −5I1 + 16I2 −I3 =0 
 −I2 + 9I3 + 5 =0 
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(a) Current in the 5 Ωresistance = I1 −I2 

= 0.595 −0.152  
= 0.44A 

(b) Current in the 1 Ωresistance = I2 −I3 
= 0.152 −(−0.539)  
= 0.69A 

  
Problem 2: For the a.c. network shown in Figure determine, using mesh-current 

analysis, (a) the mesh currents I1 and I2 (b) the current flowing in the capacitor, 

and (c) the active power delivered by the 100∠0◦V voltage source. 

 
(a) For the first loop 

(5−j4) I1 −(−j4I2) 

=100∠0◦……………………………………………………(1) For the second 

loop 
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(4+j3−j4)I2 −(−j4I1) 

=0   ………………………………………………………   (2) 
  
Rewriting equations (1) and (2) gives: 
 (5 −j4)I1 + j4I2 −100 =0 
  
j4I1 + (4 −j) I2 + 0 =0 Thus, using determinants, 

 
Thus total power dissipated = 579.97 + 436.81 = 1016.8W = 1020W 
  
Problem 3: Calculate   current   through  -6Ω resistance   u 
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Case(1): Consider loop ABGH ; Apply KVL . 
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D3 = 6(220) +4(-80) +10(-24) 
D3 = 760 

  
I1 = D1/D = 260/284 = 0.915A 
I2 = D2/D = -320/284 = -1.1267A I3 = D3/D = 760/284 = 2.676A 

Current through   6Ω 2 +Iresistance3    =   I 
= -1.1267+2.676 = 1.55A 

  
Problem 4: Find the current through branch a-b using mesh analysis.  
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Solution:                                  
                                       
Consider loops                                  
Loop HADE  - > 5I1+2I2+6(I2-I3) = 60 
                             5I1+8I2-6I3 = 60 ------------ (1) 
Loop ABCDA  - > 3I3+6(I3-I2) = -50 
                                                                             3I3+6I3-6I2 = -50 
                                                                             9I3-6I2 = -50---------- (2) 
I2-I1 = 5A ------------------------- (3) 
From (1), (2) & (3). 

 
  

=     -1(-400+360)-(-250) +5(-30)  
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=         40+250-150  
D3 =   140. 
I3 = D3/D = 140/-81 = -1.7283 

The current through branch ab is 1.7283A which is flowing from b to a. 
  
  
  
10. NODAL ANALYSIS: 
  

Nodal analysis involves looking at a circuit and determining all the node 

voltages in the circuit. The voltage at any given node of a circuit is the voltage 

drop between that node and a reference node (usually ground). Once the node 

voltages are known any of the 
  
currents flowing in the circuit can be determined. The node method offers an 

organized way of achieving this. 
  
Approach: 
  

Firstly all the nodes in the circuited are counted and identified. Secondly 

nodes at which the voltage is already known are listed. A set of equations based 

on the node voltages are formed and these equations are solved for unknown 

quantities. The set of equations are formed using KCL at each node. The set of 

simultaneous equations that is produced is then solved. Branch currents can then 

be found once the node voltages are known. This can be reduced to a series of 

steps: 
  

Step 1: Identify the nodes 
Step 2: Choose a reference node 

  
Step 3: Identify which node voltages are known if any Step 4: Identify the 

BRANCH currents 
  

Step 5: Use KCL to write an equation for each unknown node voltage Step 

6: Solve the equations 
  
This is best illustrated with an example. Find all currents and voltages in the 

following circuit using the node method. (In this particular case it can be solved 

in other ways as well) 
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Step 1: 
There are four nodes in the circuit. A, B, C and D 

  
Step 2: 
Ground, node D is the reference node. 

  
Step 3: 
Node voltage B and C are unknown. Voltage at A is V and at D is 0 

  
Step 4: 

The currents are as shown. There are 3 different currents 

 
Step 5: 
I need to create two equations so I apply KCL at node B and node C 

  
The statement of KCL for node B is as follows: 

 
The statement of KCL for node C is as follows: 
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Step 6: 

  
We now have two equations to solve for the two unknowns VB and VC. Solving 

the above two equations we get: 

 
Further Calculations 

  
The node voltages are know all known. From these we can get the branch 

currents by a simple application of Ohm's Law: 

 
 

Problem 1: Find the current through each resistor of the circuit shown in 

fig, using nodal analysis 

 
Solution: 
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At node1, 

  
-I1-I2-I3 = 0 -[V1-15/1]-[V1/1][V1-V2/0.5] = 0 

-V1+15-V1-2V1+2V2 = 0 
4V1-2V2 = 15 --------------------- (1) 
At node2, 
I3-I4-I5 = 0 
V1-V2/0.5 –V2/2 –V2-20/1 = 0 
2V1-2V2-0.5V2-V2 + 20 = 0 
2V1-3.5V2 = -20 ------------------ (2) 
Multiplying (2) by 2 & subtracting from (1) 

5V2 = 55 V2 = 11V V = 9.25V 
  

I1 = V1-5/1 = 9.25-15 = -5.75A = 5.75 I2 = V1/1 = 9.25A 
  

I3 = V1-V2/0.5 = -3.5A = 3.5A  I4 = V2/2 = 5.5A 
I5 = V2-20/I = 11-20/1 = -9A=9A. 

  
Problem 2: For the bridge network shown in Figure determine the currents in 

each of the resistors. 

 
  

Let the current in the 2 resistor be I1, and thens currentby 

law,Kirchhoff’thecurrentinthe14 resistor is (I -I1). Let the current in the 32 

resistor be I2 as shown in Figure Then the current in the 11 resistor is (I1 - I2) 

and that in the 3 resistor is (I - I1 + I2). Applying Kirchhoff’s and moving in a 

clockwise direction as shown in Figure gives: 
  

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 
54 = 2I1 +11(I1 _-I2) 
 i.e. 13I1 - 11I2 = 54 
  
Applying Kirchhoff’s voltage law to loop 2 and direction as shown in Figure 

gives: 
  

0 = 2I1 + 32I2 -14(I - I1)  
However I = 8 A 

Hence 0 = 2I1 + 32I2 –14(8 -_I1) i.e. 16I1 + 32I2 = 112 
Equations (1) and (2) are simultaneous equations with two unknowns, I1 and I2. 
16 * (1) gives: 208I1 _-176I2 = 864 
16 * (1) gives: 208I1 _-176I2    = 864 
13 * (2) gives: 208I1 + 416I2    = 1456 
(4) - (3) gives:       592I2 = 592, I2 = 1 A 
Substituting for I2 in (1) gives: 
13I1 - 11 = 54                            
I1 = 65/13 = 5 A                       
Hence,                             
the current flowing in the 2     resistor  = I1 = 5 A 
the current flowing in the 14             resistor = I -I1 = 8 -5 = 3 A 
the current flowing in the 32             resistor = I2 = 1 A 
the current flowing in the 11             resistor = I1 - I2 = 5 -1 = 4 A and 
the current flowing in the 3     resistor = I - I1 + I2 = 8 - 5 + 1 = 4 A 
Problem 3: Determine the values of currents I, I1 and I2 shown in the network of 

Figure 
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Total circuit impedance, 
ZT = 5 + (8)(j6)/8 + j6 

= 5 + (j48)(8 - j6)/82 + 62 
= 5 + (j384 + 288)/100  

  
=  (7.88 + j3.84) or 8.776 25.98° A Current I = V/ZT 

  
=           50∟   0°/8.77∟   25.98°  
= 5.7066 −25.98° A  

Current I1 = I (j6/8 + j6) 
=           (5.702∟5.98°)   (6∟   90°)/10∟   36.87°  
= 3.426∟27.15° A  

Current I2 = I (8/ (8 + j6) 
=           (5-.2570∟.98°)*8∟   0°/10∟   36.87°  
= 4.5666 −62.85° A  

[Note:            I   =   I1   +   I2-62.=85°  3.42   ∟27.15°   +   4.56∟ 
= 3.043 + j1.561 + 2.081 - j4.058  
= 5.124 - j2.497 A = 5.706 -25.98° A  

  
Problem 4: For the a.c. network shown in Figure, determine the current flowing 

in each branch using Kirchhoff’s laws. 
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Problem 5: For the a.c. network shown in Figure determine, using mesh-current 

analysis, (a) the mesh currents I1 and I2 (b) the current flowing in the capacitor, 

and (c) the active power delivered by the 1006 0° V voltage source. 
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Problem 6: In the network of Figure use nodal analysis to determine (a) the 

voltage at nodes 1 and 2, (b) the current in the j4 Ω inductance, (c) of the active 

power dissipated-10) in the 2.5 Ω  
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BASIC ELEMENTS & INTRODUCTORY CONCEPTS:  
Electrical Network: 
  

A combination of various electric elements (Resistor, Inductor, Capacitor, 

Voltage source, Current source) connected in any manner what so ever is called 

an electrical network. We may classify circuit elements in two categories, 

passiveand active elements. 
  
Passive Element: 
  

The element which receives energy (or absorbs energy) and then either 

converts it into heat (R) or stored it in an electric (C) or magnetic (L) field is 

called passive element. 
  
Active Element: 
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The elements that supply energy to the circuit is called active 

element.Examples of active elements include voltage and current sources, 

generators, and electronic devices that require power supplies. A transistor is an 

active circuit element, meaning that it can amplify power of a signal. On the other 

hand, transformer is not an active element because it does not amplify the power 

level and power remains same both in primary and secondary sides. Transformer 

is an example of passive element. 
  
Bilateral Element: 
  
Conduction of current in both directions in an element (example: Resistance; 

Inductance; Capacitance) with same magnitude is termed as bilateral element. 

 
Unilateral Element: 
Conduction of current in one direction is termed as unilateral (example: Diode, 

Transistor) element. 

 
Meaning of Response: 
  
An application of input signal to the system will produce an output signal, the 

behavior of output signal with time is known as the response of the system. 
  
Potential Energy Difference: 
The voltage or potential energy difference  between  two  points in  an  electric 

circuit  is the amount  of energy required to move a unit charge between the two 

points.  
Ohm’sLaw: 
Ohm's law states that the current through a conductor between two points 
is directly proportional to the potential difference or voltage across the two 
points, and inversely proportional to the resistance between them. The 
mathematical equation that describes this relationship is: 
I = V / R 
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where I is the current through the resistance in units of amperes, V is the 

potential difference measured across the resistance in units of volts, and R is the 

resistance of the conductor in units of ohms. More specifically, Ohm's law states 

that the R in this relation is constant, independent of the current. 

 

KIRCHOFF'S LAW 
Kirchoff's First Law - The Current Law, (KCL) 
  

"The total current or charge entering a junction or node is exactly equal to 

the charge leaving the node as it has no other place to go except to leave, as no 

charge is lost within the node". 
  

In other words the algebraic sum of ALL the currents entering and leaving 

a node must be equal to zero, 
  

I(exiting) + I(entering) = 0. 
  
This idea by Kirchoff is known as the Conservation of Charge. 

 
Here, the 3 currents entering the node, I1, I2, I3 are all positive in value 

and the 2 currents leaving the node, I4 and I5 are negative in value. 
  
Then this means we can also rewrite the equation as; I1 + I2 + I3 - I4 - I5 = 0 
  
Kirchoff's Second Law - The Voltage Law, (KVL) 
  

"In any closed loop network, the total voltage around the loop is equal to 

the sum of all the voltage drops within the same loop" which is also equal to zero. 
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In other words the algebraic sum of all voltages within the loop must be equal to 

zero. This idea by Kirchoff is known as the Conservation of Energy. 
  

Starting at any point in the loop continue in the same direction noting the 

direction of all the voltage drops, either positive or negative, and returning back 

to the same starting point. It is important to maintain the same direction either 

clockwise or anti-clockwise or the final voltage sum will not be equal to zero. 
  
We can use Kirchoff's voltage law when analyzing series circuits. 

 
 

 
Problem 1: 

  
A current of 0.5 A is flowing through the resistance of 10Ω.Findthepotential 

difference between its ends. 
Solution:      
Current I     = 0.5A. 

Resistance R = 10Ω 
  

Potential difference V =? 
  

V = IR 
  

=   0.5 × 10  
  

=   5V. 
  
Problem: 2 

  
A supply voltage of 220V is applied to a resistor100.FindΩthe current 

flowing through it. 
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Solution: 
  

Voltage V = 220V Resistance R = 100Ω Current I = V/ R 
  

=   2 2 0 /100  
=   2.2 A.  

  
Problem: 3 

  
Calculate the resistance of the conductor if a current of 2A flows 

through it when the potential difference across its ends is 6V. 
  
Solution: 

  
Current I = 2A. Potential difference = V = 6. Resistance R = V/I 

  
=   6 /2  
=   3 ohm.  

  
Problem: 4 

  
Calculate the current and resistance of a 100 W, 200V electric bulb. 

  
Solution: 
Power, P = 100W 
  

Voltage, V = 200V Power p = VI 
Current I = P/V 

=   100/200 
=     0.5A 

Resistance R = V /I 
= 200/0.5 
= 400W. 

  
Problem: 5 
  
Calculate the power rating of the heater coil when used on 220V supply taking 5 

Amps. 
  
Solution: 

  
Voltage, V = 220V Current, I = 5A, Power, P = VI 
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=   220 × 5  
=   1100W 
=   1.1 KW.  

  
Problem: 6 
  
A circuit is made of 0.4wire,Ωa 150bulbΩand a rheostat120connectedΩ in 

series. Determine the total resistance of the resistance of the circuit. 
  
Solution: 
Resistance of the wire = 0.4ResistanceΩ of bulb  = 1 5 0 Ω Resistance of rheostat 

=  120Ω 
  
In series, 

  
Total resistance, R = 0.4 + 150 +120 = 270.4Ω 

  
  
Problem : 7 
  
Three  resistances  of  values   2Ω,3Ωconnectedandin  series5Ω  acrossare20  V

,D.C  supply 
  
.Calculate (a) equivalent resistance of the circuit (b) the total current of the circuit 

(c) the voltage drop across each resistor and (d) the power dissipated in each 

resistor. 
Solution:                         
Total resistance R  = R1 + R 2+ R3.           
          =   2   +3+5   =   10Ω 
Voltage       = 20V                    
Total current  I     = V/R = 20/10  = 2A. 
Voltage drop across 2Ωresistor V1  =       I R1 
          = 2× 2  = 4 volts. 
Voltage drop across 3Ωresistor V 2 = IR2 
          = 2 × 3 = 6 volts. 
Voltage drop across 5Ωresistor        V3 = I R3 
          = 2 ×5 = 10 volts. 
Power dissipated in 2Ωresistor is P1 = I2 R1 
          = 22 × 2  = 8 watts.        
Power dissipated in 3 resistor is P2            = I2 R2. 
          = 22 × 3 = 12 watts.       
Power dissipated in 5 resistor is P3            = I2 R3 

= 22 × 5 = 20 watts. 
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Problem: 8 
  
A lamp can work on a 50 volt mains taking 2 amps. What value of the resistance 

must be connected in series with it so that it can be operated from 200 volt mains 

giving the same power. 
  
Solution: 

  
Lamp voltage, V =  50V Current, I = 2 amps. 

  
Resistance of the lamp = V/I = 50/25   =   25   Ω 

  
Resistance connected in series with lamp = r. 

  
Supply voltage = 200 volt. 

  
Circuit current I = 2A 

  
Total resistance Rt= V/I   =   200/2   =   100Ω 

Rt = R  + r 100 = 25 + r 
  

r =   75Ω 
  
Problem: 9 
  
Find  the   current   flowing   in   the   40Ω   Resistor, 

 
Solution: 
The circuit has 3 branches, 2 nodes (A and B) and 2 independent loops. 
  
Using Kirchoff's Current Law, KCL the equations are given as; 
At node A: I1 + I2 = I3 
At node B: I3 = I1 + I2 
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Using Kirchoff's Voltage Law, KVL the equations are given as; 
Loop 1 is given as: 10 = R1 x I1 + R3 x I3 = 10I1 + 40I3 
Loop 2 is given as: 20 = R2 x I2 + R3 x I3 = 20I2 + 40I3 
Loop 3 is given as: 10 - 20 = 10I1 - 20I2 
  
As I3 is the sum of I1 + I2 we can rewrite the equations as; 
Eq. No 1: 10 = 10I1 + 40(I1 + I2) = 50I1 + 40I2 
Eq.No 2: 20 = 20I1 + 40(I1 + I2) = 40I1 + 60I2 
We now have two "Simultaneous Equations" that can be reduced to give us the 

value of both I1 and 
I2 
Substitution of I1 in terms of I2 gives us the value of I1 as -0.143 Amps 
  
  
Substitution of I2 in terms of I1 gives us the value of I2 as +0.429 Amps 
As: I3 = I1 + I2 
The current flowing in resistor R3 is given as: -0.143 + 0.429 = 0.286 Amps and 

the voltage across the resistor R3 is given as : 0.286 x 40 = 11.44 volts 
Problem: 10 
Find the current in a circuit using Kirchhoff's voltage law 

  

DC CIRCUITS: 
A DC circuit (Direct Current circuit) is an electrical circuit that consists of any 

combination of constant voltage sources, constant current sources, and resistors. 

In this case, the circuit voltages and currents are constant, i.e., independent of 

time. More technically, a DC circuit has no memory. That is, a particular circuit 

voltage or current does not depend on the past value of any circuit voltage or 
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current. This implies that the system of equations that represent a DC circuit do 

not involve integrals or derivatives. 
  
If a capacitor and/or inductor is added to a DC circuit, the resulting circuit is not, 

strictly speaking, a DC circuit. However, most such circuits have a DC solution. 

This solution gives the circuit voltages and currents when the circuit is in DC 

steady state. More technically, such a circuit is represented by a system of 

differential equations. The solutions t o t h e s e e q u a t i o n s u s u a l l y c o n 

t a i n a time varying or transient part as well as constant or steady state part. It is 

this steady state part that is the DC solution. There are some circuits that do not 

have a DC solution. Two simple examples are a constant current source connected 

to a capacitor and a constant voltage source connected to an inductor. 
  
In electronics, it is common to refer to a circuit that is powered by a DC voltage 

source such as a battery or the output of a DC power supply as a DC circuit even 

though what is meant is that the circuit is DC powered. 
  
AC CIRCUITS: 
Fundamentals of AC: 
An alternating current (AC) is an electrical current, where the magnitude of the 

current varies in a cyclical form, as opposed to direct current, where the polarity 

of the current stays constant. 
  
The usual waveform of an AC circuit is generally that of a sine wave, as these 

results in the most efficient transmission of energy. However in certain 

applications different waveforms are used, such as triangular or square waves. 
  
Used generically, AC refers to the form in which electricity is delivered to 

businesses and residences. However, audio and radio signals carried on electrical 

wire are also examples of alternating current. In these applications, an important 

goal is often the recovery of information encoded (or modulated) onto the AC 

signal. 

 

DIFFERENCE BETWEEN AC AND DC:   
 

 

Current that flows continuously   in  one direction is called  direct current 

.  Alternating current  (A.C)  is  the  current  that  flows in  one  direction  for 

a  brief  time  then  reverses and flows in opposite direction for a similar time. 

The source for alternating current  is called a.c generator or alternator.   

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

called cycle. 

Frequency: 
The number of cycles made by an alternating quantity per second is called 

frequency. The unit of frequency is Hertz (Hz) 

Amplitude or Peak value: 
The maximum positive or negative value of an alternating quantity is called 

amplitude or peak value. 

Average value: 
This is the average of instantaneous values of an alternating quantity over one 

complete cycle of the wave. 

Time period: 
The time taken to complete one complete cycle. 

Average value derivation: 
  

Let i = the instantaneous value of current and i = Im sin ɵ Where, Im is 

the maximum value. 

  

Resistors in series and parallel circuits: 
  

Series circuits: 
  

Figure shows three resistors R1, R2 and R3 connected end to end, i.e. in series, 

with a battery source of V volts. Since the circuit is closed a current I will flow 

and the p.d. across each resistor may be determined from the voltmeter readings 

V1, V2 and V3 

 
 

 

In a series circuit 

  

(a) the current I is the same in all parts of the circuit and hence the same reading 

is found on each of the two ammeters shown, and  

  

(b)the sum of the voltages V1, V2 and V3 is equal to the total applied voltage, V, 

i.e.  
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V = V1 +V2 +V3 

From       Ohm’s   law: 

  

V1 = IR1, V2 = IR2, V3 = IR3 and V = IR where R is the total circuit resistance. 

Since V =V1 + V2 + V3 

  

then IR =IR1 + IR2 + IR3 Dividing throughout by I gives R = R1 + R2 + R3 

  

Thus for a series circuit, the total resistance is obtained by adding together the 

values of the separate resistances. 

  

Problem 1: For the circuit shown in Figure 5.2, determine (a) the battery voltage 

V, (b) the total resistance of the circuit, and (c) the values of resistance of resistors 

R1, R2 and R3, given that the p.d.’sR1, R2acrossandR3are5V, 2V and 6V 

respectively. 

 
(a) Battery voltage V =V1 + V2 + V3 =5 + 2 + 6=13V 

(b)Total circuit resistance R= V/ I  

= 13/4=3.25Ω 

(c) Resistance R1 = V1/ I  

= 5/4 

  

=1.25 Ω Resistance R2 = V2/ I 

  

= 2/4 =0.5 Ω 

  

Resistance R3 = V3/ I = 6/4 =1.5 Ω 

  

Problem 2. For the circuit shown in Figure determine the p.d. across resistor R3. 

If the total resistance of the circuit is 100_, determine the current flowing through 

resistor R1. Find also the value of resistor R2. 
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P.d. across R3, V3 =25 −10 −4=11V Current I = V/ R 

  

= 25/100 

  

=0.25A, which is the current flowing in each resistor Resistance R2 = 

V2/ I 

  

= 4/0.25 =16 Ω 

  

Problem 3: A 12V battery is connected in a circuit having three series-connected 

resistors having resistances of 4 Ω, 9 Ωand 11 Ω. Determine the current flowing 

through, and the p.d. across the 9 Ωresistor. Find also the power dissipated in the 

11 Ωresistor. 

 
Total resistance R=4 + 9 + 11=24 Ω Current I = V/ R 

  

= 12/24 

  

=0.5A, which is the current in the 9 Ωresistor. P.d. across the 

9_ resistor, V1 = I × 9 = 0.5 × 9 

  

= 4.5V 

Power dissipated in the 11 Ωresistor, P = I2R=0.52(11) 

= 0.25(11) 

= 2.75W 

 

PARALLEL NETWORKS: 
  
Problem 1: Figure shows three resistors, R1, R2 and R3 connected across each 

other, i.e. in parallel, across a battery source 
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of V volts. 

 
In a parallel circuit: 
  
(a) the sum of the currents I1, I2 and I3 is equal to the total circuit current, I, i.e. 

I =I1 +I2 +I3, and  
  
the source p.d., V volts, is the same across each of the 
From       Ohm’s   law: 
I1 = V/R1 
,  I2 = V/R2  
  
,  I3 = V/R3 and I = V/R  
  
where R is the total circuit resistance. Since I =I1 + I2 + I3  
  
then  
  
V/R= V/R1+ V/R2+ V/R3 Dividing throughout by V gives: 

 
This equation must be used when finding the total resistance R of a parallel 

circuit. For the special case of two resistors in parallel 
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Problem 2: For the circuit shown in Figure , determine (a) the reading on the 

ammeter, and (b) the value of resistor R2. 

 
P.d. across R1 is the same as the supply voltage V. 
Hence supply voltage, V =8 × 5=40V 
  
(a) Reading on ammeter, I = V R3= 40/20=2A  
  
Current flowing through R2 =11−8−2=1A  
Hence, R2 = V/I2= 40/1=40 Ω 

 
(a) The total circuit resistance R is given by 1/R= 1/R1+ 1/R2= 1/3+ 1/6  
  
1/R= 2 + 1/6= 3/6 Hence, R = 6/3= 2 Ω  
  
(b) Current in the 3 Ωresistance, I1 = V R1= 12/3= 4A  
  
Problem 3: For the circuit shown in Figure find (a) the value of the supply 

voltage V and (b) the value of current I. 
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(a) P.d. across 20 Ωresistor = I2R2 = 3× 20 = 60V, hence supply voltage V =60V 

since the circuit is connected in parallel.  
  
(b)Current I1 = V/R1= 60/10= 6A; I2 = 3A  
I3 = V/R3= 60/60= 1A 
  
Current I =I1+I2+I3 and hence I =6+3+1=10A Alternatively, 
  
1/R= 1/60+ 1/20+ 1/10= 1 + 3 + 6/60= 10/60 Hence total resistance R= 6010=6 

Ω Current I = V/R= 60/6=10A 
  
Problem 4: Find the equivalent resistance for the circuit shown in Figure 
  

 
R3, R4 andR5 are connected in parallel and their equivalent resistance R is given 

by: 1/R= 1/3+ 1/6+ 1/18=6 + 3 + 1/18= 10/18 
  
Hence R= 18/10=1.8 Ω 
  
The circuit is now equivalent to four resistors in series and the equivalent circuit 

resistance =1+2.2+1.8+4=9 Ω 

 

MESH ANALYSIS: 
This is an alternative structured approach to solving the circuit and is based on 

calculating mesh currents. A similar approach to the node situation is used. A set 

of equations (based on KVL for each mesh) is formed and the equations are 

solved for unknown values. As many equations are needed as unknown mesh 

currents exist. 
  
Step 1: Identify the mesh currents 
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Step 2: Determine which mesh currents are known 
  
Step 2: Write equation for each mesh using KVL and that includes the mesh 

currents Step 3: Solve the equations 
  
Step 1: 
The mesh currents are as shown in the diagram on the next page 
  
Step 2: 
Neither of the mesh currents is known 

 
  
Step 3: 
KVL can be applied to the left hand side loop. This states the voltages around the 

loop sum to zero. 
  
When writing down the voltages across each resistor equations are the mesh 

currents. 
  
I1R1 + (I1 - I2) R4 - V = 0 
KVL can be applied to the right hand side loop. This states the voltages around 

the loop sum to 
  
zero. When writing down the voltages across ea the equations are the mesh 

currents. 
  
I2R2 + I2R3 + (I2 - I1) R4 = 0 

Step 4: 
Solving the equations we get 
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The individual branch currents can be obtained from the these mesh currents and 

the node voltages can also be calculated using this information. For example: 

 
  
Problem 1: 
  
Use mesh-current analysis to determine the current flowing in (a the 1Ω 

resistance of the d.c. circuit shown in 

 
The mesh currents I1, I2 and I3 are shown in Figure 
Using         Kirchhoff’s   voltage   law: 
For loop 1, (3 + 5) I1 −I2 = 

4   …………………………………………………………(1) 
For loop 2, (4 + 1 + 6 + 5) I2 −(5) I1 −(1) I3 = 

0…………………………………….(2) 
For loop 3, (1 + 8) I3 −(1) I2 = 5− 

……………………………………………………(3) 
Thus 
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8I1 −5I2 −4 =0 
 −5I1 + 16I2 −I3 =0 
 −I2 + 9I3 + 5 =0 
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(a) Current in the 5 Ωresistance = I1 −I2 

= 0.595 −0.152  
= 0.44A 

(b) Current in the 1 Ωresistance = I2 −I3 
= 0.152 −(−0.539)  
= 0.69A 

  
Problem 2: For the a.c. network shown in Figure determine, using mesh-current 

analysis, (a) the mesh currents I1 and I2 (b) the current flowing in the capacitor, 

and (c) the active power delivered by the 100∠0◦V voltage source. 

 
(a) For the first loop 

(5−j4) I1 −(−j4I2) 

=100∠0◦……………………………………………………(1) For the second 

loop 
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(4+j3−j4)I2 −(−j4I1) 

=0   ………………………………………………………   (2) 
  
Rewriting equations (1) and (2) gives: 
 (5 −j4)I1 + j4I2 −100 =0 
  
j4I1 + (4 −j) I2 + 0 =0 Thus, using determinants, 

 
Thus total power dissipated = 579.97 + 436.81 = 1016.8W = 1020W 
  
Problem 3: Calculate   current   through  -6Ω resistance   u 
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Case(1): Consider loop ABGH ; Apply KVL . 
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D3 = 6(220) +4(-80) +10(-24) 
D3 = 760 

  
I1 = D1/D = 260/284 = 0.915A 
I2 = D2/D = -320/284 = -1.1267A I3 = D3/D = 760/284 = 2.676A 

Current through   6Ω 2 +Iresistance3    =   I 
= -1.1267+2.676 = 1.55A 

  
Problem 4: Find the current through branch a-b using mesh analysis.  
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Solution:                                  
                                       
Consider loops                                  
Loop HADE  - > 5I1+2I2+6(I2-I3) = 60 
                             5I1+8I2-6I3 = 60 ------------ (1) 
Loop ABCDA  - > 3I3+6(I3-I2) = -50 
                                                                             3I3+6I3-6I2 = -50 
                                                                             9I3-6I2 = -50---------- (2) 
I2-I1 = 5A ------------------------- (3) 
From (1), (2) & (3). 

 
  

=     -1(-400+360)-(-250) +5(-30)  
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=         40+250-150  
D3 =   140. 
I3 = D3/D = 140/-81 = -1.7283 

The current through branch ab is 1.7283A which is flowing from b to a. 

 

NODAL ANALYSIS: 
  

Nodal analysis involves looking at a circuit and determining all the node 

voltages in the circuit. The voltage at any given node of a circuit is the voltage 

drop between that node and a reference node (usually ground). Once the node 

voltages are known any of the currents flowing in the circuit can be determined. 

The node method offers an organized way of achieving this. 
  
Approach: 
  

Firstly all the nodes in the circuited are counted and identified. Secondly 

nodes at which the voltage is already known are listed. A set of equations based 

on the node voltages are formed and these equations are solved for unknown 

quantities. The set of equations are formed using KCL at each node. The set of 

simultaneous equations that is produced is then solved. Branch currents can then 

be found once the node voltages are known. This can be reduced to a series of 

steps: 
  

Step 1: Identify the nodes 
Step 2: Choose a reference node 

  
Step 3: Identify which node voltages are known if any Step 4: Identify the 

BRANCH currents 
  

Step 5: Use KCL to write an equation for each unknown node voltage Step 

6: Solve the equations 
  
This is best illustrated with an example. Find all currents and voltages in the 

following circuit using the node method. (In this particular case it can be solved 

in other ways as well) 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 
Step 1: 
There are four nodes in the circuit. A, B, C and D 

  
Step 2: 
Ground, node D is the reference node. 

  
Step 3: 
Node voltage B and C are unknown. Voltage at A is V and at D is 0 

  
Step 4: 

The currents are as shown. There are 3 different currents 

 
Step 5: 
I need to create two equations so I apply KCL at node B and node C 

  
The statement of KCL for node B is as follows: 

 
The statement of KCL for node C is as follows: 
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Step 6: 

  
We now have two equations to solve for the two unknowns VB and VC. Solving 

the above two equations we get: 

 
Further Calculations 

  
The node voltages are know all known. From these we can get the branch 

currents by a simple application of Ohm's Law: 

 
 

Problem 1: Find the current through each resistor of the circuit shown in 

fig, using nodal analysis 

 
Solution: 
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At node1, 

  
-I1-I2-I3 = 0 -[V1-15/1]-[V1/1][V1-V2/0.5] = 0 

-V1+15-V1-2V1+2V2 = 0 
4V1-2V2 = 15 --------------------- (1) 
At node2, 
I3-I4-I5 = 0 
V1-V2/0.5 –V2/2 –V2-20/1 = 0 
2V1-2V2-0.5V2-V2 + 20 = 0 
2V1-3.5V2 = -20 ------------------ (2) 
Multiplying (2) by 2 & subtracting from (1) 

5V2 = 55 V2 = 11V V = 9.25V 
  

I1 = V1-5/1 = 9.25-15 = -5.75A = 5.75 I2 = V1/1 = 9.25A 
  

I3 = V1-V2/0.5 = -3.5A = 3.5A  I4 = V2/2 = 5.5A 
I5 = V2-20/I = 11-20/1 = -9A=9A. 

  
Problem 2: For the bridge network shown in Figure determine the currents in 

each of the resistors. 

 
  

Let the current in the 2 resistor be I1, and thens currentby 

law,Kirchhoff’thecurrentinthe14 resistor is (I -I1). Let the current in the 32 

resistor be I2 as shown in Figure Then the current in the 11 resistor is (I1 - I2) 

and that in the 3 resistor is (I - I1 + I2). Applying Kirchhoff’s and moving in a 

clockwise direction as shown in Figure gives: 
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54 = 2I1 +11(I1 _-I2) 
 i.e. 13I1 - 11I2 = 54 
  
Applying Kirchhoff’s voltage law to loop 2 and direction as shown in Figure 

gives: 
  

0 = 2I1 + 32I2 -14(I - I1)  
However I = 8 A 

Hence 0 = 2I1 + 32I2 –14(8 -_I1) i.e. 16I1 + 32I2 = 112 
Equations (1) and (2) are simultaneous equations with two unknowns, I1 and I2. 
16 * (1) gives: 208I1 _-176I2 = 864 
16 * (1) gives: 208I1 _-176I2    = 864 
13 * (2) gives: 208I1 + 416I2    = 1456 
(4) - (3) gives:       592I2 = 592, I2 = 1 A 
Substituting for I2 in (1) gives: 
13I1 - 11 = 54                            
I1 = 65/13 = 5 A                       
Hence,                             
the current flowing in the 2     resistor  = I1 = 5 A 
the current flowing in the 14             resistor = I -I1 = 8 -5 = 3 A 
the current flowing in the 32             resistor = I2 = 1 A 
the current flowing in the 11             resistor = I1 - I2 = 5 -1 = 4 A and 
the current flowing in the 3     resistor = I - I1 + I2 = 8 - 5 + 1 = 4 A 
Problem 3: Determine the values of currents I, I1 and I2 shown in the network of 

Figure 
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Total circuit impedance, 
ZT = 5 + (8)(j6)/8 + j6 

= 5 + (j48)(8 - j6)/82 + 62 
= 5 + (j384 + 288)/100  

  
=  (7.88 + j3.84) or 8.776 25.98° A Current I = V/ZT 

  
=           50∟   0°/8.77∟   25.98°  
= 5.7066 −25.98° A  

Current I1 = I (j6/8 + j6) 
=           (5.702∟5.98°)   (6∟   90°)/10∟   36.87°  
= 3.426∟27.15° A  

Current I2 = I (8/ (8 + j6) 
=           (5-.2570∟.98°)*8∟   0°/10∟   36.87°  
= 4.5666 −62.85° A  

[Note:            I   =   I1   +   I2-62.=85°  3.42   ∟27.15°   +   4.56∟ 
= 3.043 + j1.561 + 2.081 - j4.058  
= 5.124 - j2.497 A = 5.706 -25.98° A  

  
Problem 4: For the a.c. network shown in Figure, determine the current flowing 

in each branch using Kirchhoff’s laws. 
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Problem 5: For the a.c. network shown in Figure determine, using mesh-current 

analysis, (a) the mesh currents I1 and I2 (b) the current flowing in the capacitor, 

and (c) the active power delivered by the 1006 0° V voltage source. 
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Problem 6: In the network of Figure use nodal analysis to determine (a) the 

voltage at nodes 1 and 2, (b) the current in the j4 Ω inductance, (c) of the active 

power dissipated-10) in the 2.5 Ω  
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UNIT II NETWORK THEOREMS FOR DC AND AC CIRCUITS 

NETWORK REDUCTION AND NETWORK THEOREMS FOR DC 

ANDAC CIRCUITS 
  

1. NETWORK REDUCTION 
2. VOLTAGE AND CURRENT DIVISION 
3. POTENTIAL DIVIDER 
4. VOLTAGE SOURCE TO CURRENT SOURCE TRANSFORMATION 
5. CURRENT SOURCE TO VOLTAGE SOURCE TRANSFORMATION 
6. STAR DELTA CONVERSION 
7. THEVENINS THEOREM 
8. NORTON’S THEOREM 

  
Network reduction: voltage and current division, source transformation –star 

delta conversion. Thevenins and Novton & Theorem –Superposition Theorem –

Maximum power transfer theorem – Reciprocity Theorem. 
  
1 NETWORK REDUCTION: 
  
2 VOLTAGE AND CURRENT DIVISION: 
  
3 POTENTIAL DIVIDER: 
The voltage distribution for the circuit shown in Figure 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 
The circuit shown in Figure (b) is often referred to as a potential divider circuit. 

Such a circuit can consist of a number of similar elements in series connected 

across a voltage source, voltages being taken from connections between the 

elements. Frequently the divider consists of two resistors as shown in Figure (b), 

where 

 
A potential divider is the simplest way of producing a source of lower e.m.f. from 

a source of higher e.m.f., and is the basic operating mechanism of the 

potentiometer, a measuring device for accurately measuring potential differences 
Problem 1: Determine the value of voltage V shown in Figure 
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Problem 2: Two resistors are connected in series across a 24V supply and a 

current of 3A flows in the circuit. If one of the resistors has resis and (b) the p.d. 

across the 2 Ωresistor. If the circuit is connected for 50 hours, how much energy 

is used? 

 
(a) Total circuit resistance R= V/ I 
  

= 24/3=8 Ω Value of unknown resistance, Rx =8 −2=6 

Ω 
  
(b) P.d. across 2 Ωresistor, V1 =IR1 =3 × 2=6V Alternatively, from above, 
  
V1 = (R1/R1 + Rx)) V = (2/2 + 6) (24) = 6V Energy used = power × time 
  
= V × I × t 
= (24 × 3W) (50 h) 
= 3600Wh = 3.6kWh 
  
Current division: 
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For the circuit shown in Figure, the total circuit resistance, RT is given by: 
RT = R1R2/R1 + R2 

 
  
Problem 1: For the series-parallel arrangement shown in Figure, find (a) the 

supply current, (b) thecurrent flowing through each resistor and (c) the p.d. across 

each resistor. 

 
(a) The equivalent resistance Rx of R2 and R3 in parallel is: Rx = 6 × 2/6 + 2 
  

= 12/8 
= 1.5 Ω 

The equivalent resistance RT of R1, Rx and R4 in series is: 
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RT = 2.5 + 1.5 + 4 = 8 Ω Supply current I = V/RT 

= 200/8 
= 25A 

  
The current flowing through R1 and R4 is 25A The current flowing through R2 

 
= 6.25A 
The current flowing through R3 
  

 
= 18.75A 
(c) The equivalent circuit of Figure is 
  
p.d. across R1, i.e. V1 =IR1 =(25)(2.5)=62.5V p.d. across Rx, i.e. Vx =IRx 

=(25)(1.5)=37.5V p.d. across R4, i.e. V4 =IR4 =(25)(4)=100V 
Hence the p.d. across R2 =p.d. across R3 =37.5V 

 
  
  
Problem 2: For the circuit shown in Figure 5.23 calculate (a) the value of resistor 

Rx such that thetotal power dissipated in the circuit is 2.5kW, and (b) the current 

flowing in each of the four resistors. 

 
(a) Power dissipated P=VI watts, hence 2500=(250)(I) i.e. I = 2500/250 
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= 10A 

From       Ohm’sRT=V/I=law,250/10 
  
=25 Ω, where RT is the equivalent circuit resistance. The equivalent resistance of 

R1 and R2 in parallel is =15 × 10/15 + 10 
  
= 150/25 
= 6 Ω 
  
The equivalent resistance of resistors R3 and Rx in parallel is equal to 25 Ω−6 Ω, 

i.e. 19 Ω. There are three methods whereby Rx can be determined. 
  
Problem 3: For the arrangement shown in Figure find the current Ix. 

 
Commencing at the right-hand side of the arrangement shown in Figure, the 

circuit is gradually reduced in stages as shown in Figure 
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From Figure (d), I = 17/4.25 =4A 
  
From Figure (b), I1 =9/9 + 3(I) = 12/ (4) =3A From Figure, Ix =2/2 + 8(I1) = 

2/10(3) =0.6A 
  
Source transformation: 
  
Source transformation is defined as to concert the sources for easy analysis of 

circuit. In mesh analysis. it is easier if the circuit has voltage sources. 
  
In nodal analysis. it is easier if the circuit has current sources. 
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4. VOLTAGE SOURCE TO CURRENT SOURCE TRANSFORMATION: 
If voltage source is converted to current source, then the current source   I = 

V/Rse with parallel resistance equal to Rse. 

 
  
5. CURRENT SOURCE TO VOLTAGE SOURCE TRANSFORMATION: 
If current source is converted to voltage source, then the voltage source I = V/ R 

sh with series resistance equal to Rsh. 

 
  
6. STAR DELTA CONVERSION: 
In many circuit applications, we encounter components connected together in one 

of two ways to 
  
form a three-terminal network: the ―Delta or (also the ―Star (also known as the 

―Y) configuration 
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Problem 1: A star-connected load consists of three identical coils each of 

resistance 30 Ω andinductance 127.3 mH. If the line current is 5.08 A, calculate 

the line voltage if the supply frequency is 50 Hz. 
Inductive reactance XL =2πfL 
  

=2π(50) (127.3×10−3) =40 Ω 
  
Impedance of each phase Zp =√(R2 + X2L) =√(302 +402) =50 Ω For a star 

connection IL =Ip =VpZp 
  
Hence phase voltage Vp =IpZp = (5.08)(50)=254V Line voltage VL =√3Vp 

=√3(254) =440V 
  
Problem 2: A 415V, 3-phase, 4 wire, star-connected system supplies three 

resistive loads as shown in Figure Determine (a) the current in each line and (b) 

the current in the neutral conductor. 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 
(a)  For a star-connected system VL =√3Vp 

 
Since current I = Power P/Voltage V for a resistive load then IR = PR/VR= 24 

000/240=100A 
  
IY = PY/VY= 18 000/240=75A and IB = PB/VB= 12 000/240=50A 
  
(b) The three line currents are shown in the phasor diagram of Figure Since each 

load is resistive the currents are in phase with the phase voltages and are hence 

mutually displaced by 120◦.The current in the neutral conductor is given by: 
IN = IR + IY + IB phasorially. 

 
Figure shows the three line currents added phasorially.Oa represents IR in 

magnitude and direction. From the nose of Oa, ab is drawn representing IY in 

magnitude and direction. From the nose of ab, bc is drawn representing IB in 

magnitude and direction. Oc represents the resultant, IN. 
By measurement, IN =43A 

◦             ◦                 ◦ 
Alternatively, by calculation, considering IR at 90 , IB at 210 and IY at 330 : 

◦                ◦               ◦ 
Total horizontal component = 100 cos 90 + 75 cos 330 +50 cos 210 = 21.65 

◦                ◦              ◦ 
Total vertical component = 100 sin 90 + 75 sin 330 +50 sin 210 = 37.50 
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Hence magnitude of IN =√(21.652 + 37.502) 
= 43.3A 

  
Problem 3: Convert the given delta fig into equivalent star. 

 
R1      = R12xR13/R12+R13+R23 
R1      = 10x5/30   =   1.67Ω 
R2      = 10 x 15/30 =   5Ω 
R3 = 5 x 15/30   =   2.5Ω 
  
Problem 4: Convert the given star in fig into an equivalent delta. 
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R12     = R1+R2 + R1R2/R3 = 1.67 x 5/2.5   +   1.67+5   =   10Ω 
R23     = 2.5+5 2.5x5/1.67   =   15Ω 
R31     = 2.5+1.67+ 2.5 x 1.67/5   =   5Ω 
Problem 5: Obtain the delta connected equivalent for the star connected 

circuit. 

 
 
Problem 6: Obtain the star connected equivalent for the delta connected 

circuit. 
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7. THEVENINS THEOREM: 

In circuit theory, Thévenin's theorem for linear electrical networks 

states that any combination of voltage sources, current sources, and resistors with 

two terminals is electrically equivalent to a single voltage source V and a single 

series resistor R. For single frequency AC systems the theorem can also be 

applied to general impedances, not just resistors. 
  

The procedure adopted when using Théveni determine the current in 

any branch of an active network (i.e. one containing a source of e.m.f.): 
  
(i) remove the resistance R from that branch, 
(ii) determine the open-circuit voltage, E, across the break, 
  
remove each source of e.m.f. and replace them by their internal resistances and 

then determine the resistance, r, ‘looking-in’break. 
(iv) determine the value of the current from the equivalent circuit shown in Figure 

13.33, i.e. I = ER+r 
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Problem 1: Use Thévenin’s theorem to find the current flowing in the 10 Ω 

resistor for the circuit shown in Figure 
  
Following the above procedure: 
The 10 Ωresistance is removed from the circuit as shown in Figure There is no 

current flowing in the 5 Ωresistor and current I1 is given by: 
I1 = 10/R1 + R2 
=       10/2 + 8 
=       1A 

 
P.d. across R2 =I1R2 =1×8=8V Hence p.d. across AB, i.e. the open-circuit 

voltage across the break, E =8V 
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(iii) Removing the source of e.m.f. gives the circuit of Figure Resistance, r = R3 

+ R1R2/R1 + R2 
  

=5+ (2×8/2+8) 
  

= 5 + 1.6 = 6.6 Ω 
(iv) The equivalent   Thévenin’s   circuit   is   shown   in   F 
Current I = E/R+r= 8/10+6.6= 8/16.6=0.482A 
Problem 2: For the network shown in Figure determine the current in the 

0.8 Ω resistor using 
Thévenin’s theorem. 
  
Following the procedure: 
The 0.8_ resistor is removed from the circuit as shown in Figure 
Current I1 = 12/1+5+4= 12/10 
=1.2A 
P.d. across 4 Ωresistor=4I1 =(4) (1.2)=4.8V 
Hence p.d. across AB, i.e. the open-circuit voltage across AB, E =4.8V 

 
(iii) Removing the source of e.m.f. gives the circuit shown in Figure (c). The 

equivalent circuit of Figure 
  
(c) is shown in Figure (d), from which,resistance r = 4×6/4+6= 24/10 
=2.4 Ω 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



(iv)                           The   equivalent   Thévenin’s   circuit I=E/+R   is   show 
= 4.8/2.4+0.8 
= 4.8/3.2 

  
I = 1.5A=current in the 0.8 Ωresistor 
Problem 3: U Use Thévenin’s theorem to determine the current I flowing in the 

4 Ω resistor shown in Figure. 
Find also the power dissipated in the 4 Ωresistor. 
  
(i) The 4 Ωresistor is removed from the circuit as shown in Figure 

 
  
(ii) Current I1 = E1 −E2/r1 +r2 

= 4−2/2+1 
= 2/3A 

 
  
(iii) Removing the sources of e.m.f. gives the circuit shown in Figure (c), from 

which resistance 
r = 2 × 1/2 + 1 = 2/3 Ω 
  
(iv)The   equivalent   Thévenin’s   circuit   is   show 

 
= 8/14 
= 0.571A 
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= current in the 4 Ωresistor 
  
Problem 4: Power dissipated in 4 Ωresistor,P=I2R=(0.571)2 (4)=1.304W Use 

Thévenin’s t to determine the current flowing in the 3 Ω resistance of the network 

shown in Figure (a). The 
  
voltage source has negligible internal resistance. 
i) The 3 Ωresistance is removed from the circuit as shown in Figure (b). 
  
(ii) The 1 2/3 Ωresistance now carries no current. P.d. across 10 

Ωresistor=(10/10+5)(24) 
  
=16V 
Hence p.d. across AB, E =16V 
  
(iii) Removing the source of e.m.f. and replacing it by its internal resistance 

means that the 20 Ωresistance is short-circuited as shown in Figure (c) since its 

internal resistance is zero. The 20 Ωresistance may thus be removed as shown in 

Figure (d) 

 
From Figure (d), resistance, 
r =1 2/3+ 10×5/10+5 =5 Ω 
(iv) The equivalent Thévenin’s circuit is show current, I = E/r +R= 16/3+5= 16/8 
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=2A 
  
Problem 5: AWheatstone Bridge network is shown in Figure (a). Calculate the 

current flowing in the 32 Ωresistor, and its direction, using Théveni negligible 

resistance. 

 
  
The 32 Ωresistor is removed from the circuit as shown in Figure (b) The p.d. 

between A and C, 
  

VAC =R1/R1 +R4 (E) =2/2+11(54) = 8.31V The p.d. between B and C, 
  

VBC =R2/R2 +R3 (E) =14/14+3(54) = 44.47V Hence the p.d. between A 

and B=44.47−8.31=36.16V 
  
Point C is at a potential of +54V. Between C and A is a voltage drop of 8.31V. 

Hence the voltage at point A is 54−8.31=45.69V. Between C and B is a voltage 
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drop of 44.47V. Hence the voltage at point B is 54−44.47=9.53V. Since the 

voltage at A is greater than at B, current must flow in the direction A to B. 
  
Replacing the source of e.m.f. with a short-circuit (i.e. zero internal resistance) 

gives the circuit shown in Figure (c). The circuit is redrawn and simplified as 

shown in Figure (d) and (e), from which the resistance between terminals A and 

B, 
r = 2 × 11/2 + 11+ 14 × 3/14 + 3 

= 22/13+ 42/17 
= 1.692 + 2.471 = 4.163 Ω 

(iv)                           The   equivalent   Thévenin’s   circuit   is   show 
current I = E/r +R5 
  
= 36.16/4.163+32 =1A 
  
  
8. NORTON’S   THEOREM: 
  
Norton’s theorem   states   the   following: 
Any two-terminal linear bilateral dc network can be replaced by an equivalent 

circuit consisting of a current and a parallel resistor. 
The steps leading to the proper values of IN and RN. Preliminary steps: 
1.             Remove that portion of the network across which the Norton equivalent 

circuit is found. 
2.             Mark the terminals of the remaining two-terminal network. 
3.             Finding RN: 
Calculate RN by first setting all sources to zero and then finding the resultant 

resistance between the two marked terminals. Since RN = RTh the procedure and 

value obtained using the approach described for Thevenin’s theorem will 

determine the proper value of RN. 
 
4. Finding IN : 
Calculate IN by first returning all the sources to their original position and then 

finding the short-circuit current between the marked terminals. It is the same 

current that would be measured by an ammeter placed between the marked 

terminals. 
5. Draw the Norton equivalent circuit with the portion of the circuit previously 

removed replaced between the terminals of the equivalent circuit. 
  
Problem 1: Use Norton’s theorem to determine Ω resistance for the the 

cur circuit shown in Figure 
  
The branch containing the 10 Ω resistance is short circuited as shown in Figure 
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Figure (c) is equivalent to Figure (b).Hence ISC = 10/2 
  

= 5A 
If the 10V source of e.m.f. is removed from Figure (b) the resistance ‘looking-in’ 

at a break made  between A and B is given by: 
  
r = 2 × 8/2 + 8 = 1.6 Ω 
From the Norton equivalent network shown in Figure(d) the current in the 10 

Ωresistance, by current division, is given by: 
  
I = (1.6/1.6 + 5 + 10) (5) = 0.482A 
as      obtained   previously   in   problem   7   using   Thévenin’s theorem. 

 
  
Problem 2: Problem 2: Use Norton’s theorem to determine the current I flowing 

in the 4 Ω resistance shown in Figure (a). 
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The 4 Ωbranch is short-circuited as shown in Figure (b). From Figure (b), ISC =I1 

+I2 =4A 
  
If the sources of e.m.f. are removed the resistance ‘looking-in’at a break made be 

given by: 
  
r = 2 × 1/2 + 1 = 2/3 Ω 
From the Norton equivalent network shown in Figure (c) the current in the 4 

Ωresistance is given by: 
  

I =(2/3/(2/3) + 4)(4) = 0.571A, 
  
as obtained previously in problems 2, 5 and 9 us superposition and Thévenin. 
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UNIT III RESONANCE AND COUPLED CIRCUITS 

RESONANCE AND COUPLED CIRCUITS 
  
1. SERIES AND PARALLEL RESONANCE THEIR FREQUENCY 

RESPONSE 
2. QUALITY FACTOR AND BANDWIDTH 
3. SELF AND MUTUAL INDUCTANCE 
4. COEFFICIENT OF COUPLING 
5. TUNED CIRCUITS 
  
  
1. SERIES AND PARALLEL RESONANCE THEIR FREQUENCY 

RESPONSE 
  
Series Resonance 
  
The basic series-resonant circuit is shown in fig. 1. Of interest here in how the 

steady state amplitude and the phase angle of the current vary with the frequency 

of the sinusoidal voltage source. As the frequency of the source changes, the 

maximum amplitude of the source voltage (Vm) is held constant 

 

The frequency at which the reactance of the inductance and the capacitance cancel 

each other is the resonant frequency (or the unity power factor frequency) of this 

circuit. This occurs at 

 

Since i = VR /R, then the current i can be studied by studying the voltage across 

the resistor. The current i has the expression 
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The bandwidth of the series circuit is defined as the range of frequencies 

in which the amplitude of the current is equal to or greater than (1 / 2 = 2 / 2) 

times its maximum amplitude, as shown in fig. 2. This yields the bandwidth B = 

!2-!1= R/L 
  

 
  
are called the half power frequencies or the 3 dB frequencies, i.e the frequencies 

at which the value of Im equals the maximum possible value divided by = 1.414 

. The quality factor  
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Parallel Resonance: 
  
The basic parallel-resonant circuit is shown in fig. 3. Of interest here in how the 

steady state amplitude and the phase angle of the output voltage V0 vary with the 

frequency of the sinusoidal voltage source. 
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2. QUALITY FACTOR AND BANDWIDTH  
Quality factor, Q 
Reactive components such as capacitors and inductors are often described with a 

figure of merit called Q. While it can be defined in many ways, it’s most 

fundamental description is: 

 
Thus, it is a measure of the ratio of stored vs. lost energy per unit time. 

Note that this definition does not specify what type of system is required. 

Thus, it is quite general. 
  
Recall that an ideal reactive component (capacitor or inductor) stores energy 

 
Since any real component also has loss due to the resistive component, the 

average power dissipated is 

 
If we consider an example of a series resonant circuit. 

 
At resonance, the reactances cancel out leaving just a peak voltage, Vpk, across 

the loss resistance, R. Thus, Ipk = Vpk/R is the maximum current which passes 

through all elements. Then, 

 
In terms of the series equivalent network for a capacitor shown above, its Q is 

given by: 

 
where we pretend that the capacitor is resonated with an ideal inductor at 

frequency ù. X is the capacitive reactance, and R is the series resistance. Since 

this Q refers only to the capacitor itself, in isolation from the rest of the circuit, it 
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is called unloaded Q or QU. The higher the unloaded Q, the lower the loss. Notice 

that the Q decreases with frequency. 
  
The unloaded Q of an inductor is given by 

 
where R is a series resistance as described above. Note that Q is proportional to 

frequency for an inductor. The Q of an inductor will depend upon the wire 

diameter, core material (air, powdered iron, ferrite) and whether or not it is in a 

shielded metal can. It is easy to show that for a parallel resonant circuit, the Q is 

given by susceptance/conductance: 

 
where B is the susceptance of the capacitor or inductor and G is the shunt 

conductance. 
  

Bandwidth: 
  
At a certain frequency the power dissipated by the resistor is half of the maximum 

power which as mentioned occurs at 

 
The half power occurs at the frequencies for which the amplitude of the voltage 

across the resistor becomes equal to 1/Rt(2) of the maximum. 

 
Figure shows in graphical form the various frequencies of interest. 
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Therefore, the ½ power occurs at the frequencies for which 

 
By multiplying these two Equations we   can   show   that   geometric mean of ω1 

and ω2.  

 
  

As we see from the plot on Figure 2 the bandwidth increases with increasing 

R. Equivalently the sharpness of the resonance increases with decreasing R. 
  

For a fixed L and C, a decrease in R corresponds to a narrower resonance and 

thus a higher selectivity regarding the frequency range that can be passed by the 

circuit. 
  
As we increase R, the frequency range over which the dissipative characteristics 

dominate the behavior of the circuit increases. In order to quantify this behavior 
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we define a parameter called the Quality Factor Q which is related to the 

sharpness of the peak and it is given by 

 
Which represents the ratio of the energy stored to the energy dissipated in a 

circuit. The energy stored in the circuit is 

 
For Vc= Asinωt 
 

 
the current flowing in the circuit is 

 
The total energy stored in the reactive elements is 

 
At the resonance frequency where 

 
the energy stored in the circuit becomes 

 
The energy dissipated per period is equal to the average resistive power dissipated 

times the oscillation period. 

 
And so the ratio Q becomes 

  
By combining these Equations we obtain the relationship between the bandwidth 

and the Q factor. 
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Summary of the properties of RLC resonant circuits. 
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3. SELF AND MUTUAL INDUCTANCE 
Self-Inductance: 
  

Consider again a coil consisting of N turns and carrying current I in the 

counterclockwise direction, as shown in Figur. If the current is steady, then the 

magnetic flux through the loop will remain constant. However, suppose the 

current I changes with time, then according t law, an induced emf will arise to 

oppose the change. The induced current will flow clockwise if  dI/dt>0 , and 

counterclockwise if dI/dt<0 The property of the loop in which its own 

magnetic field opposes any change in current is called “self-inductance,” and the 

emf generated is called the self-induced emf or back emf, which we denote as Lε. 

All current-carrying loops exhibit this property. In particular, an inductor is a 

circuit element (symbol ) which has a large self inductance. 

 
Magnetic flux through the current loop 

Mathematically, the self-induced emf can be written as 

 
and is related to the self-inductance L by 

 
The two expressions can be combined to yield 

 
Physically, the inductance L is a measure current; the larger the value of L, 

the lower the rate of change of current. 
  
Mutual Inductance: 
Suppose two coils are placed near each other, as shown in Figure 
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Changing current in coil 1 produces changing magnetic flux in coil 

2. 
The first coil has N1 turns and carries a current I1  which gives rise to a 

magnetic field B1... 
  
Since the two coils are close to each other, some of the magnetic field lines 

through coil 1 will also pass through coil 2. Let F21denote the magnetic flux 

through one turn of coil 2 due to I1. Now, by varying I1 with time, there will be 

an induced emf associated with the changing magnetic flux in the second coil: 
  

 
The time rate of change21 in coil 2 is proportional of magnetic to the time rate 

of change flux of Φ the current in coil 1: 

 
where the proportionality constantM21 is called the mutual inductance. It can 

also be written as 

  
The SI unit for inductance is the henry (H): 
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We shall see that the mutual inductanceM21 depends only on the 

geometrical properties of the two coils such as the number of turns and the 

radii of the two coils. 
In a similar manner, suppose instead there is a current I2 in the second coil and 

it is varying with time Then the induced emf in coil 1 becomes 

 
and a current is induced in coil 1. 

 
Changing current in coil 2 produces changing magnetic flux in coil 1. 

This changing flux in coil 1 is proportional to the changing current in coil 2 

 
where the proportionality constant M21 is another mutual inductance and can be 

written as 

 
However, using the reciprocity theorem which combines-SavartAmpere’s law, 

one may law show that the constants are equal: 
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4. COEFFICIENT OF COUPLING 
  
In coupled coils, the coefficient of coupling is defined as then fraction of the total 

flux produced by one coil linking another coil. 
Coefficient of coupling=   

 
 
  
  

5. TUNED CIRCUITS  
  

Many communication applications use tuned circuits. These circuits are 

assembled from passive components (that is, they require no power supply) in 

such a way that they only respond to a narrow band of frequencies. 
Applications include: 
Radio Receivers - RF Amplifier, Local Oscillator, IF Amplifier 
Filters for frequency division multiplexing - reception filters.    
Filters to restrict bandwidth of a signal prior to transmission. 
General band-pass and band-stop filters. 

A tuned circuit passes or rejects all frequencies except those grouped 

around the resonant frequency of the circuit. Both the resonant frequency, and the 

spread of frequencies transmitted (bandwidth), are dependent on the values of the 

components used to make up the tuned circuit. 
  
Passive tuned circuits contain three basic components; 3.1.inductors, 
  
3.2.capacitors and 3.3.Resistors. 
  
Review: 
  
4.1.The reactance of an inductor is proportional to the frequency (f) of the current 

flowing through it, so with increasing frequency the reactance/impedance of 

the component increases. XL=2pfL 
  
4.2.The reactance of a capacitor is inversely proportional to the frequency (f) of 

the current flowing through it, so with increasing frequency the 

reactance/impedance of the component decreases. XC=1/2pfC 
  
4.3.When used together an inductor and capacitor become a resonant circuit.  
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4.4.Resonance occurs when XL=XC (2pfL = 1/2fC) 

 
  
Single tuned circuits. 
Another parameter of a tuned circuit is the Bandwidth; this is determined by the 

quality (Q) of the circuit. The bandwidth is the frequency difference between the 

lower and upper 70% maximum amplitude (-3dB) points of the tuned circuits 

response curve. 

 
  
LC Tuned Circuit –Bandwidth   and   ‘Q’   (2) 

In the LC resonant circuit the Q of the circuit is determined by the inductor. 

The ideal inductor is a pure reactance, however a practical inductor, which is a 

long length of wire wound round a magnetic material, has a finite resistance. 
  
The Q of an inductor is given by: 

 
The Q of an inductor is usually specified at a particular frequency, so you 

have to calculate what it will be at any other frequency. Since a large Q results 

in a small bandwidth when the inductor is used as part of a tuned circuit, it 

obviously pays to use a large inductor at all times. Narrow bandwidths are going 

to be easier to generate at high frequencies than low ones. For this reason, tuned 

circuits tend to be fairly useless as narrow bandwidth filters below 1MHz. 
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LC Parallel Circuit 
  

This circuit is used as the tuned element in many communications transmitters 

and receivers. To illustrate the impedance characteristics and Current/Voltage 

flow we will consider the parallel LC circuit connected in series with a fixed 

resistor, as detailed opposite: 

 
  

Below the resonant frequency (at lower frequencies): XL << XC The 

impedance of the parallel combination is dependant mainly on the inductor (L), 

which has a low impedance. The capacitor has a very high impedance compared 

to that of the inductor. 
  

The current mainly flows through the inductor, and the volt-drop across the 

LC circuit is low, most of the voltage being dropped across the resistor. 
  
LC Parallel Circuit (as the basic tuner in a radio receiver) 
  

It has been shown that if the LC circuit is connected in series with a fixed 

component it can be used to select (and give an output) only at a given frequency 

(the resonant frequency). 
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In a radio receiver, a parallel tuned circuit is connected to the antenna/aerial 

system - a signal voltage is only developed across the LC circuit when a radio 

signal is received at the resonant frequency. By adjusting the capacitor, the tuned 

frequency of the circuit can be changed to allow another radio station to be 

received. 
  
LC    Parallel   CircuitSelectivity:   ‘Q’   and 

The 'Q' of the inductor determines the bandwidth of the response peak: 
  
1-  The lower the Q, the greater the bandwidth, and the less selective the circuit. 
  
2- The quality factor (Q) of the LC circuit(s) used in a radio receiver therefore 

determines its selectivity; that is, how well is can tune to and select a single 

broadcast channel from a given waveband. 
 

 
 
Details about the step response of series RLC circuit 
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In series RLC circuit, there are two energy storing element which are L and C, 

such a circuit give rise to second order differential equation and hence called 

second order circuit. 
  
Consider a series RLC circuit shown in Figure. The switch is closed at t = 0 and 

a step voltage of V volts gets applied to circuit. 
  
Apply KVL after switching we get 

 
This is called characteristic equation or auxiliary equation of series RLC circuits. 
  
The response of the circuit depends on the nature of the roots of characteristic 

equation. The two roots are, 
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Let us define some quantities to find the response according to the nature of roots. 
  
Critical resistance :- 
This is the value of resistance which reduces square root term to zero, giving real, 

equal and negative roots. 

 
  
Damping Ratio (ξ):- 

The ratio is the indication of opposition from the circuit to 

cause oscillations in its response more the value of this ratio, less are the 

chances of oscillations in the response. It is the ratio of actual resistance in the 

circuit to critical resistance. 
It is   denoted   by   zeta(ξ), 
 

  
3. Natural: (ω) 
If the damping is made zero then the response oscillates with natural frequency 

without any opposition. Such a frequ Frequency of oscillations,.Itisgivenby 

denoted as ω 

 
Using these values, the roots of equation are 
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Thus the response is totally dependent on the Let n α = ξ ω 

  

 
Where   wd  = actual frequency of oscillations (i.e) damped 

frequency   when   ξ   =   0, 
wd = ωn (i.e.) natural frequency. 
The general solution of characteristic equation is 

 
 
Define Q-factor; Derive the expressions for Q-factor of inductor and 

capacitor. 
(or) 
 

 
Write a note on figure of merit. 
  

The resonance phenomenon is observed in ac circuits consisting 

reactive elements such as inductor and capacitor. These two elements are basic 

passive elements of energy storing type. 
  

It is found convenient to express the efficiency with which these 

elements store energy. It is also found simpler to compare various inductors and 

capacitors in terms of efficiency while designing such circuits. Such efficiency is 

measured as quality factor. It is also called figure of merit. 
The figure of merit or Q-factor is defined as 

 
 = 2pi - {Maximum energy stored per cycle / Energy dissipated per cycle}  
Let us derive the expressions for the quality factor of inductor and capacitor. 
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Consider that sinusoidal voltage V is applied to an inductor with leakage 

resistance R in series as shown in fig. 
  
The maximum energy stored per cycle is given by 

 
Where   Im = Peak or maximum value of current in the circuit. 
The average power dissipated in inductor is given by 
The total energy dissipated / cycle is given by 
 
Energy dissipated / cycle = 

 
 
Where,        f = frequency of operation. 
  
Thus by definition, the quality factor of inductor is given by, 
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Let us consider that sinusoidal voltage V is applied too capacitor with a 

small resistance R is series as shown in fig. 
  
The maximum energy stored per cycle is given by 

 
Where Vm = peak or maximum value of applied voltage 

 
The average power dissipated in capacitor is given by 

 
The total energy dissipated per cycle is given by, 

  
Energy dissipated /cycle = 

 
where 
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f = frequency of operation, 
Thus by definition, the quality factor of capacitor is given by, 

  
linear transformer 
 

 
An alternating voltage can be raised or lowered as per requirements in the 

different stages of electrical network by using static device called 

as transformer. 
  

The transformer works on the principle of mutual induction. It transfers an 

electric energy from one circuit to other when there is no electrical connection 

between the two circuits. 
  

The transformer is a static device in which electric power is transformed 

from one alternating current circuit to another with desired change in voltage and 

current, without any change in frequency. 
  
The principle of mutual induction states that when two coils are inductively 

coupled and if the current in one coil changed uniformly then an e.m.f gets 

induced in the other coil. This e.m.f can drive a current, when a closed path is 

provided to it. The transformer works on the same principle. In its elementary 

form, it consists of two inductive coils which are electrically separated but linked 

through a common magnetic circuit. The two coils have high mutual inductance. 

The basic transformer is shown in fig. 
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One of the two coils is connected to a source of alternating voltage. This coil in 

which electrical energy is fed with the help of source called primary winding (P). 

The other winding is connected to the load. The electrical energy transformed to 

this winding is drawn out to the load. This winding is called secondary winding 

(S). The primary winding has N1 number of turns while the secondary winding 

has N2 number of turns. Symbolically the transformer is indicated as shown in 

fig. 

 
When the primary winding is exited by an alternating voltage, it circulates 

an alternating current. This current produces an alternating magnetic core as 

shown dotted in fig. thus an alternating flux links with secondary winding. As the 
  
flux is alternating, according to faradays law of electromagnetic induction, 

mutually induced e.m.f gets developed in the secondary winding. If now the load 

is connected to the secondary winding, this e.m.f drives a current through it. 
  

Thus though there is no electrical contact between the two windings, an 

electrical energy gets transferred from primary to the secondary. 
Q. A pure inductance of 150 mH is connected in parallel with a 40 μF 

capacitor across a 50 V, variable frequency supply. Determine (a) the 

resonant frequency of the circuit and (b) the current circulating in the 

capacitor and inductance at resonance. 
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The circuit diagram is shown in Figure 16.10. 
(a)   Parallel   resonant-R/L frequency,   
However, resistance R = 0. Hence, 
fr   =   1/2π√1/LC 

 
= 64.97 Hz 
  

(b) Current circulating in L and C at resonance, ICIRC = V/XC 
  

=           V   /1/2πfrC 
  

=           2πfrCV 

 
 

 
Alternatively, ICIRC = V/XL 

  
=           V/2πfrL 

  
=           50/2π64.9*0.15 

  
= 0.817 A 

  
  
Q. 1- A series L–R–C circuit has a sinusoidal input voltage of maximum 

value 12 V.  If inductance, L = 20 mH, resistance, R = 80 Ω, and capacitance, 

C = 400 nF,  determine (a) the resonant frequency, (b) the value of the p.d. 

across the  capacitor at the resonant frequency, (c) the frequency at which 

the p.d. across  the capacitor is a maximum, and (d) the value of the 

maximum voltage across the capacitor. 
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Q- A coil of inductance 5 mH and resistance 10 Ω is connected in parallel 

with a  250 nF capacitor across a 50 V variable-frequency supply. Determine 

(a) the  resonant frequency, (b) the dynamic resistance, (c) the current at 

resonance, and (d) the circuit Q-factor at resonance. 

 
 
 

 
 
 

 
 

 
Summary of the properties of RLC resonant circuits. 
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Series Resonance 
  
The basic series-resonant circuit is shown in fig. 1. Of interest here in how the 

steady state amplitude and the phase angle of the current vary with the frequency 
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of the sinusoidal voltage source. As the frequency of the source changes, the 

maximum amplitude of the source voltage (Vm) is held constant 

 

 
 
Parallel Resonance: 
  

The basic parallel-resonant circuit is shown in fig. 3. Of interest here in how the 

steady state amplitude and the phase angle of the output voltage V0 vary with the 

frequency of the sinusoidal voltage source. 
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UNIT IV TRANSIENT ANALYSIS 

 

TRANSIENT RESPONSE FOR DC CIRCUITS 
  

1. INTRODUCTION 
2. TRANSIENT RESPONSE OF RL CIRCUITS 
3. TRANSIENT RESPONSE OF RC CIRCUITS 
4. TRANSIENT RESPONSE OF RLC CIRCUITS 
5. CHARACTERIZATION OF TWO PORT NETWORKS IN TERMS OF 

Z,Y AND H PARAMETERS. 
  

  
1. INTRODUCTION 
  

For higher order differential equation, the number of arbitrary constants 

equals the order of the equation. If these unknowns are to be evaluated for 

particular solution, other conditions in network must be known. A set of 

simultaneous equations must be formed containing general solution and some 

other equations to match number of unknown with equations. 
  
We assume that at reference time t=0, network condition is changed by switching 

action. Assume that switch operates in zero time. The network conditions at this 

instant are called initial conditions in network. 
  
1.  Resistor : 

 
Equ 1 is linear and also time dependent. This indicates that current through 

resistor changes if applied voltage changes instantaneously. Thus in resistor, 

change in current is instantaneous as there is no storage of energy in it. 
  

2.Inductor: 
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If dc current flows through inductor, dil/dt becomes zero as dc current is constant 

with respect to time. Hence voltage across inductor, VL becomes zero. Thus, as 

for as dc quantities are considered, in steady stake, inductor acts as short circuit. 
  
We can express inductor current in terms of voltage developed across it as 

 
I through inductor cannot change instantaneously. 
 

 
3.capacitor 
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If dc voltage is applied to capacitor, dVC / dt becomes zero as dc voltage is 

constant with respect to time. 
  
Hence the current through capacitor iC becomes zero, Thus as far as dc quantities 

are considered capacitor acts as open circuit. 

 
Thus voltage across capacitor can not change instantaneously. 

  
2. TRANSIENT RESPONSE OF RL CIRCUITS: 
  

So far we have considered dc resistive network in which currents and 

voltages were independent of time. More specifically, Voltage (cause input) 

and current (effect output) responses displayed simultaneously except for a 
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constant multiplicative factor (VR). Two basic passive elements namely, 

inductor and capacitor are introduced in the dc network. Automatically, the 

question will arise whether or not the methods developed in lesson-3 to lesson-

8 for resistive circuit analysis are still valid. The voltage/current relationship 

for these two passive elements are defined by the derivative (voltage across 

the inductor 

 
Our problem is to study the growth of current in the circuit through two stages, 

namely; (i) dc transient response (ii) steady state response of the system 
  

D.C Transients: The behavior of the current and the voltage in the circuit 

switch is closed until it reaches its final value is called dc transient response of 

the concerned circuit. The response of a circuit (containing resistances, 

inductances, capacitors and switches) due to sudden application of voltage or 

current is called transient response. The most common instance of a transient 

response in a circuit occurs when a switch is turned on or off –a rather common 

event in an electric circuit. 
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Growth or Rise of current in R-L circuit 

  
To find the current expression (response) for the circuit shown in fig. 10.6(a), 

we can write the KVL equation around the circuit 
  
The table shows how the current i(t) builds up in a R-L circuit. 
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Consider network shown in fig. the switch k is moved from 

position 1 to 2 at reference time t = 0. 
  

Now before switching take place, the capacitor C is fully charged to V 

volts and it discharges through resistance R. As time passes, charge and hence 

voltage across capacitor i.e. Vc decreases gradually and hence discharge current 

also decreases gradually from maximum to zero exponentially. 
  
After switching has taken place, applying kirchoff’s voltage law, 

 
Where VR is voltage across resistor and VC is voltage across capacitor. 
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Above equation is linear, homogenous first order differential equation. Hence 

rearranging we have, 

 
Integrating both sides of above equation we have 

 
Now at t = 0, VC =V which is initial condition, substituting in equation we have, 

 
Where Q is total charge on capacitor 
Similarly at any instant, VC = q/c where q is instantaneous charge. 
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Thus charge behaves similarly to voltage across capacitor. 
Now discharging current i is given by 

 
but VR = VC when there is no source in circuit. 
The above expression is nothing but discharge current of capacitor. The variation 

of this current with respect to time is shown in fig. 
  
 This shows that the current is exponentially decaying. At point P on the graph. 

The current value is (0.368) times its maximum value. The characteristics of 

decay are determined by values R and C, which are 2 parameters of network. 
  
For this network, after the instant t = 0, there is no driving voltage source in 

circuit, hence it is called undriven RC circuit. 

 
  
3. TRANSIENT RESPONSE OF RC CIRCUITS 
  

Ideal and real capacitors: An ideal capacitor has an infinite dielectric 

resistance and plates (made of metals) that have zero resistance. However, an 

ideal capacitor does not exist as all dielectrics have some 
  

leakage current and all capacitor plates have some resistance. A capacitor’s of 

how much charge (current) it will allow to leak through the dielectric medium. 

Ideally, a charged 
  

capacitor is not supposed to allow leaking any current through the dielectric 

medium and also assumed not to dissipate any power loss in capacitor plates 
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resistance. Under this situation, the model as shown in fig. 10.16(a) represents 

the ideal capacitor. However, all real or practical capacitor leaks current to 

some extend due to leakage resistance of dielectric medium. This leakage 

resistance can be visualized as a resistance connected in parallel with the 

capacitor and power loss in capacitor plates can be realized with a resistance 

connected in series with capacitor. The model of a real capacitor is shown in 

fig. 
  
Let us consider a simple series RC−circuit shown in fig. 10.17(a) is connected 

through a switch ‘S’ to a  constant voltage source . 

 
 
The switch ‘S’ is closed at time ‘t=0’ It is assumed that the capacitor is initially 

charged with a voltage and the current flowing through the circuit at any instant 

of time ‘’ after closing the switch is 
 
 
Current decay in source free series RL circuit: - 

 
At t = 0- , , switch k is kept at position ‘a’ for very long time. Thus, the network 

is in steady state. Initial current through inductor is given as, 
 

 
Because current through inductor can not change instantaneously 
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Assume       that at t = 0 switch k is moved to position 'b'. 
Applying KVL, 

 
Rearranging the terms in above equation by separating variables 

 
Integrating both sides with respect to corresponding variables 

 
Where   k’   is   constant   of   integration.  
To   find-    k’:                                                      
Form equation 1, at t=0, i=I0   
Substituting the values in equation 3 

 
Substituting   value   of   k’   from   equation   4   in 

 
fig. shows variation of current i with respect to time 
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From the graph, H is clear that current is exponentially decaying. At point P 

on graph. The current value is (0.363) times its maximum value. The 

characteristics of decay are determined by values R and L which are two 

parameters of network. 
The voltage across inductor is given by 
 

 
 
  
4. TRANSIENT RESPONSE OF RLC CIRCUITS 
 

 
In the preceding lesson, our discussion focused extensively on dc circuits having 

resistances with either inductor () or capacitor () (i.e., single storage element) but 

not both. Dynamic response of such first order system has been studied and 

discussed in detail. The presence of resistance, inductance, and capacitance in the 

dc circuit introduces at least a second order differential equation or by two 

simultaneous coupled linear first order differential equations. We shall see in next 

section that the complexity of analysis of second order circuits increases 

significantly when compared with that encountered with first order circuits. Initial 

conditions for the circuit variables and their derivatives play an important role 

and this is very crucial to analyze a second order dynamic system. 
  

Response of a series R-L-C circuit 
Consider a series RLcircuit as shown in fig.11.1, and it is excited with a dc 

voltage source C−−sV.  
Applying around the closed path for , 
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The current through the capacitor can be written as Substituting the current 

‘’expression in eq.(11.1)  and rearranging the terms, 

 
The above equation is a 2nd-order linear differential equation and the parameters 

associated with the differential equation are constant with time. The complete 

solution of the above differential equation has two components; the transient 

response and the steady state response. Mathematically, one can write the 

complete solution as 

 
Since the system is linear, the nature of steady state response is same as that of 

forcing function (input voltage) and it is given by a constant value. Now, the first 

part of the total response is completely dies out with time while and it is defined 

as a transient or natural response of the system. The natural or transient response 
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(see Appendix in Lesson-10) of second order differential equation can be 

obtained from the homogeneous equation (i.e., from force free system) that is 

expressed by 

 
and solving the roots of this equation (11.5) on that associated with transient part 

of the complete solution (eq.11.3) and they are given below. 

 
The roots of the characteristic equation are classified in three groups 

depending upon the values of the parameters ,,RLand of the circuit 
  
Case-A (overdamped response): That the roots are distinct with negative real 

parts. Under this situation, the natural or transient part of the complete solution is 

written as 

 
and each term of the above expression decays exponentially and ultimately 

reduces to zero as and it is termed as overdamped response of input free system. 

A system that is overdamped responds slowly to any change in excitation. It may 

be noted that the exponential term t→∞11tAeαtakes longer time to decay 

its value to zero than the term21tAeα. One can introduce a factorξ that provides 

an information about the speed of system response and it is defined by damping 

ratio 

 
 
  
RLC Circuit: 
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Consider a circuit in which R, L, and C are connected in series with each 

other across ac supply as shown in fig. 
  

The ac supply is given by, V = Vm sin wt 
The circuit draws a current I. Due to that different voltage drops are, 

1.     Voltage drop across Resistance R is VR = IR  
  

2.     Voltage drop across Inductance L is VL = IXL 
  

3.     Voltage drop across Capacitance C is Vc = IXc The characteristics of 

three drops are,  
  

(i)                VR is in phase with current I 
  

(ii)              VL leads I by 900 
(iii)           Vc lags I by 900 
According               to   krichoff’s   laws 

  
Steps to draw phasor diagram: 

1.     Take current I as reference  
2.     VR is in phase with current I  

  
3.     VL leads current by 900 
4.     Vc lags current by 900 
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5.     obtain resultant of VL and Vc. Both VL and Vc are in phase opposition 

(1800 out of phase)  
  

6.     Add that with VRby law of parallelogram to get supply voltage.  
  

The phasor diagram depends on the condition of magnitude of VL and Vc 

which ultimately depends on values of XL and Xc. 
Let us consider different cases: 
Case(i): XL > Xc 

When X L > Xc 
Also VL > Vc (or) IXL > IXc 

So, resultant of VL and Vc will directed towards VL i.e. leading current I. 

Hence I lags V i.e. current I will lags the resultant of VL and Vc i.e. (V L - 

Vc). The circuit is said to be inductive in nature. 
From voltage triangle, 

 
If , V = Vm Sin wt    ;  i = Im Sin (wt - ф ) 
i.e         I   lags   V   by   angle   ф 
Case(ii): XL < Xc 
When XL < Xc 
Also VL < Vc (or) IXL < IXc 

  
Hence the resultant of VL and Vc will directed towards Vc i.e current is said 

to be capacitive in nature 
Form voltage triangle 

 
i.e         I   lags   V   by   angle   ф 
Case(iii): XL = Xc 
When XL = Xc 
Also VL = Vc (or) IXL = IXc 

  
So VL and Vc cancel each other and the resultant is zero. So V = VR in such 

a case, the circuit is purely resistive in nature. 
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Impedance: 

  
In general for RLC series circuit impedance is given by, Z = R + j X 

X = XL –Xc = Total reactance of the circuit 
If       XL > Xc      ;         X is positive & circuit is Inductive 
If       XL < Xc      ;         X is negative & circuit is Capacitive 
If       XL = Xc      ;         X =0 & circuit is purely Resistive 

Tan      фL - =Xc[(X)∕R] 
Cos      ф   =   [R∕Z] 
Z    = 2 √+(X L(R-Xc ) 2) 

Impedance triangle: 
In both cases             R   =   Z   Cos   ф 

  
X   =   Z   Sin   ф 

  
Power and power triangle: 

The average power consumed by circuit is, 
  

Pavg = (Average power consumed by R) + (Average power 

consumed by L) + (Average power consumed by C) 
  

Pavg = Power taken by R = I2R = I(IR) = VI 
  

V = V Cos ф P = VI Cos ф 
  

Thus, for any condition, XL > Xc or XL < Xc General power can be expressed 

as 
  

P = Voltage x Component in phase with voltage 
Power triangle: 
S = Apparent power = I2Z = VI 

  
P = Real or True power = VI Cos ф = Active po Q = Reactive power = VI Sin ф 
  
  
5. CHARACTERIZATION OF TWO PORT NETWORKS IN TERMS OF 

Z,Y AND H PARAMETERS. 
  
The purpose of this appendix is to study methods of characterizing and analyzing 

two-port networks. A port is a terminal pair where energy can be supplied or 

extracted. A two-port network is a four-terminal circuit in which the terminals 

are paired to form an input port and an output port. Figure W2–1 shows the 
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customary way of defining the port voltages and currents. Note that the reference 

marks for the port variables comply with the passive sign convention. 
  

The linear circuit connecting the two ports is 
  
Assumed to be in the zero state and to be free of any independent sources. In 

other words, there is no initial energy stored in the circuit and the box in Figure 

W2–1 contains only resistors, capacitors, inductors, mutual inductance, and 

dependent sources. A four-terminal network qualifies as a two-port if the net 

current entering each terminal pair is zero. This means that the current exiting the 

lower port terminals in Figure W2–1 must be equal to the currents entering the 

upper terminals. 
  

One way to meet this condition is to always connect external sources and loads 

between the input terminal pair or between the output terminal pair. The first task 

is to identify circuit parameters that characterize a two-port. In the two port 

approach the only available variables are the port voltages V1 and V2, and the 

port currents I1 and I2. A set of two-port parameters is defined by expressing two 

of these four-port variables in terms of the other two variables. In this appendix 

we study the four ways in Table W2–1. 

 
  
TWO-PORT PARAMETERS 

 
Note that each set of parameters is defined by two equations, one for each 

of the two dependent port variables. Each equation involves a sum of two terms, 

one for each of the two independent port variables. Each term involves a 

proportionality because the two-port is a linear circuit and superposition applies. 

The names given the parameters indicate their dimensions (impedance and 
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admittance), a mixture of dimensions (hybrid), or their original application 

(transmission lines). With double-subscripted parameters, the first subscript 

indicates the port at which the dependent variable appears and the second 

subscript the port at which the independent variable appears. 
  

Regardless of their dimensions, all two-port parameters are network 

functions. In general, the parameters are functions of the complex frequency 

variable and s-domain circuit analysis applies. For sinusoidalsteady-state 

problems, we replace s by j and use phasor circuit analysis. For purely resistive 

circuits, the two-port parameters are real constants and we use resistive circuit 

analysis. Before turning to specific parameters, it is important to specify the 

objectives of two-port network analysis. Briefly, these objectives are: 
  
1. Determine two-port parameters of a given circuit.  
  

Use two-port parameters to find port variable responses for specified input 

sources and output loads. 
In principle, the port variable responses can be found by applying node or 

mesh analysis to the internal circuitry connecting the input and output ports. So 

why adopt the two-port point of view? Why not use straightforward circuit 

analysis? 
  

There are several reasons. First, two-port parameters can be determined 

experimentally without resorting to circuit analysis. Second, there are 

applications in power systems and microwave circuits in which input and output 

ports are the only places that signals can be measured or observed. Finally, once 

two-port parameters of a circuit are known, it is relatively simple to find port 

variable responses for different input sources and/or different output loads. 
  

put ports are the only places that signals can be measured or observed. 

Finally, once two-port parameters of a circuit are known, it is relatively simple to 

find port variable responses for different input sources and/or different output 

loads. 
  
IMPEDANCE PARAMETERS 
  

The impedance parameters are obtained by expressing the port voltages V1 

and V2 in terms of the port currents I1 and I2. 

 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



The network functions z11, z12, z21, and z22 are called the impedance 

parameters or simply the z-parameters. The matrix form of these equations are 

 
where the matrix [z] is called the impedance matrix of a two-port network. To 

measure or compute the impedance parameters, we apply excitation at one port 

and leave the other port open-circuited. When we drive port 1 with port 2 open 

(I2), the expressions in Eq. (W2–1) reduce to one term each, and yield the 

definitions of z11 and z21. 

 
Conversely, when we drive port 2 with port 1 open (I1=0), the expressions in 

Eq. (W2–1) reduce to one term each that define z12and z22 as 

 
All of these parameters are impedances with dimensions of ohms. A two-

port is said to be reciprocal when the open-circuit voltage measured at one port 

due to a current excitation at the other port is unchanged when the measurement 

and excitation ports are interchanged. A two-port that fails this test is said to be 

nonreciprocal. Circuits containing resistors, capacitors, and inductors (including 

mutual inductance) are always reciprocal. Adding dependent sources to the mix 

usually makes the two-port nonreciprocal. If a two-port is reciprocal, then 

z12 z21. To prove this we apply an excitation I1 Ix at the input port and observe 

that Eq. (W2–1) gives the open circuit (I2) voltage at the output port as 

V2OC z21Ix. Reversing the excitation and observation ports, we find that an 

excitation I2 Ix produces an open-circuit (I1) voltage at the input port of 

V 1OC z12Ix. Reciprocity requires that V1OC 
V2OC, which can only happen if z12 z21. 
  
ADMITTANCE PARAMETERS 
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The admittance parameters are obtained by expressing the port currents I1 and 

I2 in terms of the port voltages V1 and V2. The resulting two-port i–v 

relationships are 

 
The network functions y11, y12, y21, and y22 are called the admittance 

parameters or simply the y-parameters. In matrix form these equations are 

 
where the matrix [y ] is called the admittance matrix of a two-port network. To 

measure or compute the admittance parameters, we apply excitation at one port 

and short circuit the other port. When we drive at port 1 with port 2 shorted (V2= 

0), the expressions in Eq. (W2–5) reduce to one term each that define y11 and 

y21 as 

 
Conversely, when we drive at port 2 with port 1 shorted (V1= 0), the expressions 

in Eq. (W2– 5) reduce to one term each that define y22 and y12 as 

 
All of these network functions are admittances with dimensions of 

Siemens. If a two-port is reciprocal, then y12 y21. This can be proved using the 

same process applied to the z-parameters. 
  

The admittance parameters express port currents in terms of port voltages, 

whereas the impedance parameters express the port voltages in terms of the port 

currents. In effect these parameters are inverses. To see this mathematically, we 

multiply Eq. (W2–2) by [z] 1, the inverse of the impedance matrix. 
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HYBRID PARAMETERS 
  

The hybrid parameters are defined in terms of a mixture of port variables. 

Specifically, these parameters express V1 and I2 in terms of I1 and V2. The 

resulting two-port i–v relationships are 

 
Where h11, h12, h21, and h22 are called the hybrid parameters or simply the h-

parameters. In matrix form these equations are 

 
Where the matrix [h ] is called the h-matrix of a two-port network. The h-

parameters can be measured or calculated as follows. When we drive at port 1 

with port 2 shorted (V2= 0), the expressions in Eq. (W2–9) reduce to one term 

each, and yield the definitions of h11 and h21. 

 
When we drive at port 2 with port 1 open (I1=0), the expressions in Eq. (W2–9) 

reduce to one term each, and yield the definitions of h12 and h22. 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 
These network functions have a mixture of dimensions: h11 is impedance in 

ohms, h22 is admittance in Siemens, and h21 and h12 are dimensionless transfer 

functions. If a two-port is reciprocal, then h12h21. This can be proved by the 

same method applied to the z-parameters. 

 

AC through pure resistance: 
Consider a simple circuit consisting of a pure resistance ‘R’ ohms 

across voltage 
  

V = VmSinwt 
According to ohms law, 

  
i = V∕R = (VmSinwt)∕R 

  
i = (Vm∕R) Sin(wt) 

This is equation giving instantaneous value of current 
  

i = ImSin(wt+ф) 
  

Im = Vm∕R  and ф= 0 
It is in phase with the voltage applied. There is no phase different between 

two. 
  

“In purely resistive circuit, the current and the voltage applied are in phase 

with each other “ 
  

 

 
 

 
 

 
Ac through purely resistive circuit: 
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Power: 

  
The instantaneous power in a.c circuit can be obtained by taking 

product of the instantaneous value of current and voltage. 
  

P= VxI 
= Vm Sin(wt) x Im Sin(wt) 
= VmIm Sin2wt 
=(VmIm∕2 )x(1-coswt) 

  
P= (VmIm∕2) – (VmIm∕2)coswt 

  
Instantaneous power consists of two components: 1- Constant power 

component (VmIm∕2) 
  

2- Fluctuating component [(VmIm∕2)coswt ]having frequency, double 

the frequency of applied voltage. 
  
The average value of fluctuating cosine component of double frequency is zero, 

overone complete cycle. So, average power consumption over one cycle is equal 

to constant power component i.e. VmIm∕2. 
Pavg = VmIm∕2 = (Vm∕√2) x (Im∕√2) 
Pavg = Vrms x Irms      watts 

  
Pavg = VxI watts =I2R watt 
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AC through pure inductance: 

  

 
Consider a simple circuit consisting of a pure, inductance of L 

henries connected across a voltage given by the equation. 
  

V = Vm Sinwt 
  

Pure inductance has zero ohmic resistance its internal resistance is 

zero. The coil has pure inductance of h henries (H). 
  

When alternating current ‘i’ flows through inductance ‘L’. It sets up 

an alternating magnetic field around the inductance. This changing flux 

links the coil and due to self inductance emf gets induced in the coil. This 

emf opposes the applied voltage. 
  

The self induced emf in the coil is given by Self induced emf e= -L 

di∕dt 
  

At all instants, applied voltage V is equal and opposite to self induced emf 

e 
  

V = -e = - (-L di∕dt) 
V = L di∕dt 

Vm Sinwt = L di∕dt 
di = (Vm∕ L) Sinwt dt 
i = ∫di = ∫(Vm∕ L) Sinwt dt 

=(Vm∕L)[-coswt∕w] 
  

i= -(Vm∕wL) Sin ((π∕2)-wt)         ⇨coswt = Sin (wt-π∕2) 
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i= -(Vm∕wL) Sin (wt-π∕2)         ⇨Sin ((π∕2)-wt) =-Sin(wt-π∕2) 

i = Im Sin (wt- π∕2) 
Where, Im = Vm∕wL =Vm∕XL 

  
XL =wL = 2πfL Ω 

  
The above equation clearly shows that the current is purely 

sinusoidal and having angle of - π∕2 radians i.e. 90o. This means current 

lags voltage applied by 90o 
Concepts of Induction Reactance: 

  
Im = Vm∕XL Where, XL = wL = 2πfL Ω 

XL = Induction Reactance 
  

Inductive reactance is defined as the opposition offered by the 

inductance of circuit to the flow of an alternating sinusoidal current. 
  
Note: 

If frequency is zero, which is so for dc voltage, the inductive 

reactance is zero. Therefore it is said that inductance offers zero reactance 

for dc or steady current. 
  

Power: 
P = VxI 

= Vm Sinwt x Im sin(wt- π∕2) 
  

= -VmImSin(wt) Cos(wt)      [∵ sin(wt- π∕2)=-Cos(wt)] 

  

P = (-VmIm∕2) x Sin(2wt)       [∵2sinwt Coswt = Sin2wt] 

  
The average value of Sine curve over a complete cycle is always 

zero. Pav =0∫
2πSin (2wt) d(wt) 

 

 
 

 
 

 
 

 
AC through pure capacitance: 
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Consider a simple circuit consisting of pure capacitor of c farads, 

connected across a voltage given by equation, 
  

V = Vm Sinwt 
  

The current I charge the capacitor C. The instantaneous charge ‘q’ 

on the plates of capacitor is given by 
  

q= CV 
q = CVm sinwt 

  
Current       i = rate of flow of charge ‘q’ i = dq∕dt = d(CVmSinwt)∕dt 

i = CVm d(Sinwt)∕dt 
  

i = Vm∕(1∕wc) Sin(wt+π∕2) i = Im Sin(wt+π∕2) 
Where, Im =Vm∕Xc 

Xc = 1∕wc = 1∕(2πfc) Ω 
  

The above equation clearly shows that current is purely sinusoidal 

and having phase angle of π∕2 radians +900 
  

This means current leads voltage applied by 900. The positive sign 

indicates leading nature of the current. 
  

Concepts of reactive capacitance: 
Im=Vm∕Xc And Xc=1∕wC = 1∕(2πfc) Ω 

Xc = Capacitive reactance 
  

Capacitive reactance is defined as the opposition offered by the 

capacitance of the circuit to flow of an alternating sinusoidal current. 
  

Power: 
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The expression for instantaneous power can be obtained by taking 

the product of instantaneous voltage and current 
  

P = Vxi =Vm Sin(wt) x Im Sin(wt+ π∕2) 
= VmIm Sin(wt) Cos(wt) 

P = (VmIm∕2) Sin(2wt) 
Pavg = Pav =0∫

2π(VmIm∕2) Sin (2wt) d(wt) = 0 

 

Drawing of the phasor diagram for a series RLC circuit energized by a 

sinusoidal voltage showing the relative position of current, component 

voltage and applied voltage for the following case 
  

a)     When XL > Xc 
 b)    When XL < Xc 
c)      When XL = Xc. 

  
RLC Circuit: 
 
 

 

 
 
 

Consider a circuit in which R, L, and C are connected in series with each 

other across ac supply as shown in fig. 
  
The ac supply is given by, 

V = Vm sin wt 
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The circuit draws a current I. Due to that different voltage drops are, 
1)     Voltage drop across Resistance R is VR = IR 
2)     Voltage drop across Inductance L is VL = IXL 
3) Voltage drop across Capacitance C is Vc = IXc The characteristics of 

three drops are, 
1.     VR is in phase with current I 
2.     VL leads I by 900 
3.     Vc lags I by 900 

According to krichoff’s laws 
  
Steps to draw phasor diagram: 

1.     Take current I as reference 
2.     VR is in phase with current I 

  
3.     VL leads current by 900 
4.     Vc lags current by 900 
5.     obtain resultant of VL and Vc. Both VL and Vc are in phase opposition 

(1800 out of phase) 
  

6.     Add that with VRby law of parallelogram to getsupply voltage. 
  

The phasor diagram depends on the condition of magnitude of VL and Vc 

which ultimately depends on values of XL and Xc. 
Let us consider different cases: 
Case(i): XL > Xc 

When X L > Xc 
Also VL > Vc (or) IXL > IXc 

So, resultant of VL and Vc will directed towards VL i.e. leading current I. 

Hence I lags V i.e. current I will lags the resultant of VL and Vc i.e. (VL - Vc). 

The circuit is said to be inductive in nature. 
From voltage triangle, 

V = √ (VR
2 + (VL – Vc) 2) = √ ((IR) 2 + (IXL – IXc) 2) 

V = I √ (R2 + (XL – Xc) 2) 
V = IZ 
Z = √ (R2 + (XL - Xc) 2 ) 

If , V = Vm Sin wt    ;  i = Im Sin (wt - ф) 
  
i.e I lags V by angle ф 
Case(ii): XL < Xc 
When XL < Xc 
Also VL < Vc (or) IXL < IXc 
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Hence the resultant of VL and Vc will directed towards Vc i.e current is said to 

be capacitive in nature Form voltage triangle 
 

 
 
i.e I lags V by angle ф 
Case(iii): XL = Xc 
When XL = Xc 
Also VL = Vc (or) IXL = IXc 
  
So VL and Vc cancel each other and the resultant is zero. So V = VR in such a 

case, the circuit is purely resistive in nature. 
  
Impedance: 

In general for RLC series circuit impedance is given by, 
Z = R + j X 
X = XL – Xc = Total reactance of the circuit 

  
If   XL > Xc ;         X is positive & circuit is Inductive 
If   XL < Xc ;         X is negative & circuit is Capacitive 
If  XL = Xc ; X =0 & circuit is purely Resistive 

Tan ф = [(XL - Xc )∕R] 
Cos ф = [R∕Z] 
Z = √ (R2 + (XL - Xc ) 2) 

Impedance triangle: 
In both cases        R = Z Cos ф 
  

X = Z Sin ф 
  
Power and power triangle: 

The average power consumed by circuit is, 
  

Pavg = (Average power consumed by R) + (Average power 

consumed by L) + (Average power consumed by C) 
  

Pavg = Power taken by R = I2R = I(IR) = VI 
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V = V Cos ф 
P = VI Cos ф 

Thus, for any condition, XL > Xc or XL < Xc General power can be expressed as 
  

P = Voltage x Component in phase with voltage 
Power triangle: 
S = Apparent power = I2Z = VI 
P = Real or True power = VI Cos ф = Active power 
  
Q = Reactive power = VI Sin ф 

 

1. An alternating current of frequency 60Hz has a maximum value of 12A 
  

1.     Write down value of current for instantaneous values 
2.     Find the value of current after 1∕360 second 
3.     Time taken to reach 9.6A for the first time. 

  
In the above cases assume that time is reckoned as zero when current wave 

is passing through zero and increase in positive direction. 
Solution: 
Given: 
F = 60Hz 
Im = 12A 
  
W = 2πf = 2π x 60 = 377 rad∕sec 
  
(i). Equation of instantaneous value is i = Im Sin wt 
  

i = 12 Sin 377t 
(ii). t = 1∕360sec 
i = 12 Sin (377∕360) = 12 Sin 1.0472 = 10.3924 A 
i = 10.3924 A 
  
(iii). i = 9.6 A 
  

9.6 = 12 Sin 377t Sin377t = 0.8 377t = 0.9272 
  
2. A 50 Hz, t = 2.459 x 10-3sec alternating voltage of 150V (rms) is applied  
independently 
  

a.     Resistance of 10Ω 
b.     Inductance of 0.2H 
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c.      Capacitance of 50uF 
  

Find the expression for the instantaneous current in each case. Draw 

the phasor diagram in each case. 
  
Solution: 
Given , 
F = 50Hz 
V = 150 V 

 
Im = Vm∕R = 212.13∕10 = 21.213 

ф  = 0 
For pure resistive current circuit phase different  ф  
 
i  = Im Sin wt = Im Sin 2πft 
i  = 21.213 Sin (100 πt) A 
  
Phasor diagram: Case (ii): 
L = 0.2H 
XL = wL =2πfL XL = 2π x 50 x0.2 
XL = 62.83 Ω 
Im = Vm∕XL = 212.13∕62.83 = 3.37A 
Ф A = -900 = π∕2 rad 
In pure Inductive circuit, I lags V by 90 degree i= Im Sin (wt - ) A 
  
i = 3.37 Sin Ф (wt - Ф) A 
i = 3.37 Sin  (100 πt - π∕2) A 
  
Phasor diagram 
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Case(iii): 

C= 50uf 
  
Xc = 1∕wC = 1∕2πfC 
  
Xc = 1∕(2π x 50x 50 x 10-6) = 63.66Ω 
  
Im = Vm∕Xc = 212.13∕63.66 = 3.33 A 
In pure capacitive circuit, current leads voltage by 900 
 

 
 
= 90o = π∕2 rad 
 

 
 
i = Im Sin (wt +ф    ) A 
 

 
i = 3.33 Sin (wt +ф ) A 
  
i = 3.33 Sin (100 πt + π∕2) A 
 
 
Phasor Diagram: 
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3. An alternating current i= 414 Sin (2π x 50 x t) A is passed through a series 

circuit of a resistance of 100 ohm and an inductance of 0.31831 H. find the 

expression for the instantaneous values of voltage across, 
a.  The resistance , 
b.  Inductance 
c.  Capacitance 
Solution: 

 
Given 

i = 414 Sin (2π x 50 t) A 
R = 100 Ω 

L = 0.31831 H 
XL = 2π x 50 x 0.31831 = 100 Ω 
(i) Voltage across Resistance: 
  
VR = iR = 1.414 sin (2π x 50 t) x 100 
  
VR = 141.4 Sin (2π x 50 t) V 

 
 

 
(ii) Voltage across Inductance: 

 
 

 
 
VL = i XL = 1.414 Sin (2π x 50 t + 900) x 100 
VL = 141.4 Sin (2π x 50 t + 900) V 
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4. The wave form of the voltage and current of a circuit are given by  
e= 120 Sin (314 t)  
i= 10 Sin (314 t + π∕6) 

 
Calculate the value of resistance, capacitance which is connected in series to 

form the circuit. Also, Draw wave forms for current, voltage and phasor 

diagram. Calculate power consumed by the circuit. 
  
Solution: 

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 
 

 
 

 
5. A resistance of 120 Ω and a capacitive reactance of 250Ω are connected in 

series across a AC voltage source. If a current 0.9 A is flowing in the circuit 

find out, 
(i). Power factor 
(ii). Supply voltage 
(iii). Voltage across resistance and capacitance 
(iv). Active power and reactive power 
Solution: 
Given : 
R = 120Ω 
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6. A series circuit consisting of 25 Ω resistor, 64mH inductor and 80uF 

capacitor to a 110V, 50Hz, Single phase supply as shown in fig. Calculate 

the current, Voltage across individual element and overall p.f of the circuit. 

Draw a neat phasor diagram showing 
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7. A series circuit having pure resistance of 40 , pure inductance of 50.07mH 

and a capacitance is connected across a 400V, 50Hz Ac supply. This R, L, C 

combination draws a current of 10A. Calculate 
  

1.     Power factor of circuit 
2.     Capacitor value 
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Solution: 

 
 

1) What is time constant? Explain time constant in case of series RL circuit.  
Or 
2) A series RL circuit with initial current I0 in the inductor is connected to a 

dc voltage V at t = 0. Derive the expression for instantaneous current through 

the Inductor for t>0. 
 Or 
3) Explain in brief about the step response of series RL circuits. 
  

The response or the output of the series RL and RC circuits driven dc 

excitations is called step response of the network. 
  
Consider that a dc voltage is applied to any general network through a switch k 

as shown 
in fig. 
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Initially switch k is kept open for very long time. So no voltage is applied to 

the network. Thus the voltage at input-terminals of network is zero. So we can 

write voltage across terminals A and B V 
  
(l) is zero. When the switch k is closed at t=0, the dc voltage v gets applied to the 

network. The voltage across terminals A and B suddenly or instantaneously rises 

to voltage V. the variation of voltage across terminals +1 and B against time t as 

shown in fig (b). 
  

In fig (b) it is observed that at t=0, there is a step of V volts. Such signal 

or function is called step function. We can define step function as 

 
When the magnitude of the voltage applied is 1 volt then the function is called 

unit step function. 
  

When the circuits are driven by driving sources, then such circuits are called 

driven circuits. When the circuits are without such driving sources, then such 

circuits are called undriven circuits or 
source free circuits. 
  
Step response of Driver series RL circuit:- 
  
Consider a series RL circuit. 
At t=0-, switch k is about to close but not fully closed. As voltage is not applied 

to the circuit, current in the circuit will be zero. 

 
In this current through inductor can not change instantaneously. 

 
Let initial current through inductor can be represented as I0. in above case I0 is 

zero. Assume that switch k is closed at t =0. 
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From above fig (a) shows variation of current I with respect to 

time (t) i.e. current increases exponentially with respect to time. The rising current 
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produces rising flux, which induces emf in coil. According to Lens’s law, the self 

induced emf opposes the flow of current. Because of this induced emf and its 

opposition, the current in the coil don’t reach its max value. 
  

The point p shown on graph indicates that current in circuit rises to 0.632 

time’s maximum value of current in steady state. 
  
“the time required for the current to rise to the 0.632 of its final value is known 

as time constant of given RL circuit. The time constant is denoted by z”. Thus 

for series RL circuit, time constant is 

 
The initial rate of rise of current is large up to first time constant. At later 

stage, the rate of rise of current reduces. 
  

Theoretically I reach maximum value after infinite time. 
Voltage across inductor L is given by 
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UNIT V TWO PORT NETWORKS 

ANALYSING THREE PHASE CIRCUITS 

  

introduction: 

  

a.      For household applications, we use single phase AC supply. But 

industries or big consumers are consuming large amount of power. 

b.     Single phase supply is not sufficient for producing large amount of 

power. 

 c.      The large amount of power can be obtained from three phase AC supply. 

  

d.     Advantages of Three phase Supply: 

a.   Most of the electric power is generated and distributed in three-

phase. 

  

1.     The instantaneous power in a three-phase system can be constant. 

2.     The amount of power, the three-phase system is more economical that 

the single-phase. 

  

b.     In fact, the amount of wire required for a three-phase system is 

less than that required for an equivalent single-phase system 

  

c.      Three phase induction motors are self starting unlike single 

phase induction motors. 

d.     Three phase machines have better power factor and efficiency. 

e.      For the same size, the capacity of a three phase machine is 

higher. 

  

  

Phasor diagram of three phase supply: 
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Star Connection: 

 

 Connection of Three phases supply: 

  

  

  

1 Star connection: 

  

a.      The terminals R, Y and B are connected together to form the star 

point, also called the neutral 

(N). 

b.The lines R, Y and B are connected to the load. If the neutral is 

connected to the neutral of the load. 
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  Line Voltage: 

The voltage between the any two lines is called line voltage. 

  Phase Voltage: 

The voltage between the line and neutral point is called phase voltage. 

  

 

 

 

 

Relation between the line voltage and phase voltage: 

 

Line current: 

o   The current through the line is called line current. 

 Phase current: 

o   The current through in any phase winding is called Phase current. 

  

Relation between the line current and phase current: 

  

IL=IPH 
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i.     Delta Connection: 

  

1)     The end of the one winding R is connected to the start of the next 

phase winding Y. this connection form delta or mesh connection. 

  

Relation between the line voltage and phase voltage: 

  

VL=VPH 

Relation between the line current and phase current: 

 

ii.     Comparison of star and delta connection: 

  

    Loads connected in delta dissipate three times more power than when 

connected in star to the same supply. 

    For the same power, the phase currents must be the same for both delta 

and star connections (since power=3I p2Rp), hence the line current in 

the delta connected system is greater than the line current in the 

corresponding star-connected system. 

    To achieve the same phase current in a star-connected system as in a 

delta-connected system, the line voltage in the star system is √ 3 times 

the line voltage in the delta system. 
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    Thus for a given power transfer, a delta system is associated with 

larger line currents (and thus larger conductor cross sectional area) and 

a star system is associated with a larger line voltage (and thus greater 

insulation). 

 

b.  Three phase balanced and unbalanced voltage sources: 

i.     Balanced Voltage Sources: 

  

5)     If the voltage source have the same amplitude and frequency ω and 

are out of phase with each other by 120o, the voltage are said to be 

balanced 

ii.     Unbalanced Voltage Sources: 

  

6)     If the voltage source have the different amplitude and frequency ω 

and are out of phase with each other by 120o, the voltage are said to be 

balanced 

iii.    Balanced load: 

7)     A balanced load is one in which the phase impedances are equal in 

magnitude and in phase 

  

iv.    Unbalanced load: 

8)     An unbalanced load is one in which the phase impedances are 

different in magnitude and phases. 

  

1.     Types of Unbalanced load: 

9)     Unbalanced 3 wire star connected load 

10)            Unbalanced 4 wire star connected load 

  

11)            Unbalanced 3 wire delta connected load 

  

b.  Analysis of 3phase 3 wire with star & delta connected loads: 
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i.     Star Connected load: 

Consider  a  Y-

connected  load.  We  will  derive  the  relationships  of  voltage,  current  and  p

ower  for  this connection. 

 

Fig. Three phase Y-connection and phasor diagram 

  

Assume that we are given the phase voltages (sequence ABC): 
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We want to find the line voltages VAB, VBC and VCA. 

  

Using KVL, 

  

VAB = VAN+VNBNB 

  

= VAN - VBN 

 

This can be seen in the phasor diagram. Similarly, you can find the other line 

voltages as, 

 

See the phasor diagram above. 

  

For the Y-connected three phase system, we observe that: 

  

 Line voltage =√3 Phase Voltage 
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 Line current, IL = Phase current, Iφ 

 Line voltage VAB is ahead of phase voltage VAN by 300 

 Total power, PT = 3 Power per phase 

 

Note: The power factor angle θ is the angle between phase voltage VAN and 

phase current IAN. 

  

  

  

2. Delta connected load: 

  

Consider now a -connected load. The circuit connection and phasor diagram 

showing the voltages and currents for the balanced circuit is shown below. 
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Note again: The power factor angle θ is the angle between phase voltage 

VAB and phase current IAB. 

  

c.       Measurements of power & power factor in 3phase circuits: 
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ii.       Two wattmeter method 

The connection and phasor diagram are shown for an assumed abc phase 

sequence and lagging power factor. 
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Fig. Two-wattmeter method- connection diagram and phasor diagram 

  

The watt-meter readings are given by, 

  

 

The sum of the two watt-meter readings gives the total three phase power, 
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The power factor angle can also be found from, 

  

one of the watt-meters will give negative readings. In the laboratory, when you 

have made the proper watt-meter connections, you will observe that one of the 

watt-meters is trying to read backwards. After switching the power supply off, 

reverse the connection of the voltage coil or the current coil (not both). The 

meter will now read upscale. Assign a negative sign to this reading. 
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Advantages of Two wattmeter method: 

1.     The method is applicable for balanced as well as unbalanced loads. 

  

2.     Only two wattmeter sufficient to measure total 3 phase power. 

  

3.     If the load is balanced not only the power but power factor also can be 

determined. Disadvantages: 

1.     Not applicable for 3 phases, 4 wire system. 

  

2.     The sign of w1 & w2 must be identified and noted down correctly 

otherwise it may lead to the wrong result. 

  

Problems 

  

1.     The input power to a 3-phase a.c. motor is measured as 5kW. If the 

voltage and current to the motor are 400V and 8.6A respectively, 

determine the power factor of the system? 

  

Power      P=5000W, 

  

line voltage VL = 400 V, 

line current, IL = 8.6A and 

power,    P =√3 VLIL cos φ 

  

Hence 

power factor = cos φ = P √3 VLIL 

  

= 5000 √3 (400) (8.6) 

  

= 0.839 
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2.     Two wattmeters are connected to measure the input power to a 

balanced 3-phase load by the two-wattmeter method. If the 

instrument readings are 8kW and 4kW, determine (a) the total 

power input and (b) the load power factor. 

  

(a)Total input power, 

P=P1 +P2 =8+4=12kW 

  

(b) tan φ =√3(P1 − P2)/(P1 + P2) 

=√3 (8 – 4) / (8 + 4) 

=√3 (4/12) 

  

=√3(1/3) 

= 1/ √3 

  

Hence                   φ= tan−1 1 √3       =30◦ 

Power factor=      cos φ= cos 30◦ =0.866 

  

3.     Two wattmeters connected to a 3-phase motor indicate the total 

power input to be 12kW. The power factor is 0.6. Determine the 

readings of each wattmeter. 

  

If the two wattmeters indicate P1 and P2 respectively 

Then P1 + P2 = 12kW ---(1) 

tan φ =√3(P1 − P2)/(P1 + P2) 

And   power factor=0.6= cos φ. 

  

Angle φ= cos−10.6=53.13◦ and 

tan 53.13◦ =1.3333. 

  

Hence 
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1.3333 =√3(P1 − P2)/12 

From which, 

  

P1 − P2          = 12(1.3333) /√3 

i.e.    P1 −P2 =9.237kW          ----(2) 

  

Adding Equations (1) and (2) gives: 

2P1 = 21.237 

i.e     P1 = 21.237/2 

  

= 10.62kW Hence wattmeter 1 reads 10.62kW From 

Equation (1), wattmeter 2 reads 

(12−10.62)=1.38kW 

  

4.     Three loads, each of resistance 30, are connected in star to a 415 V, 

3-phase supply. Determine 

(a) the system phase voltage, (b) the phase current and (c) the line 

current. 

  

A ‘415 V, 3-phase supply’ means that 415 V is the line voltage, VL 

  

(a) For a star connection, VL =√3Vp Hence phase voltage, Vp = VL/√3 

= 415 /√3 

  

= 239.6 V or 240 V 

correct to 3 significant figures 

  

(b) Phase current, Ip = Vp/Rp 

= 240/30 
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= 8 A 

  

(c) For a star connection, Ip = IL Hence the line current, IL = 8 A 

  

5.     Three identical coils, each of resistance 10ohm and inductance 

42mH are connected (a) in star and (b) in delta to a 415V, 50 Hz, 3-

phase supply. Determine the total power dissipated in each case. 

  

(a) Star connection 

Inductive reactance, 

XL =2πf L =2π (50) (42×10−3) =13.19 

Phase impedance, 

Zp =√(R2 +XL2) 

=√(102 +13.192) =16.55 

Line voltage, VL =415 V 

And phase voltage, 

VP =VL/√3=415/√3=240 V. 

  

Phase current, 

  

Ip =Vp/Zp =240/16.55=14.50 A. Line current, 

IL =Ip =14.50 A. 

  

Power factor= cos φ=Rp/Zp =10/16.55 =0.6042 lagging. 

  

Power dissipated, 

  

P =√3 VLIL cos φ =√3 (415) (14.50)(0.6042) = 6.3kW (Alternatively, 

  

P =3I2R =3(14.50)2(10)=6.3kW) 
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(b) Delta connection 

  

VL = Vp = 415 V, 

  

Zp = 16.55_, cos φ = 0.6042 lagging (from above). Phase current, 

  

Ip =Vp/Zp =415/16.55=25.08A. Line current, 

IL =√3Ip =√3(25.08)=43.44A. 

  

Power dissipated, 

P =√3 VLIL cos φ 

=√3 (415)(43.44)(0.6042) = 18.87kW 

(Alternatively, 

P =3I2R 

=3(25.08)2(10) =18.87 kW) 

  

6.     A 415V, 3-phase a.c. motor has a power output of 12.75kW and 

operates at a power factor of 0.77 lagging and with an efficiency of 85 

per cent. If the motor is delta-connected, determine (a) the power 

input, (b) the line current and (c) the phase current. 

  

  

(a)  Efficiency=power output/power input. 

Hence 

  

(85/100)=12.750 power input from which, Power input = 

12. 750 × 10085 

= 15 000W or 15Kw 

  

(b)  Power, P=√3 VLIL cos φ, hence 
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(c)    line current, 

IL = P/ √3 (415) (0.77) 

  

= 15 000/ √3 (415) (0.77) 

  

= 27.10A 

  

(d)  For a delta connection, IL =√3 Ip, 

Hence 

  

Phase current, Ip = IL/√3 

= 27.10 /√3 

  

= 15.65A 

  

7.     A 400V, 3-phase star connected alternator supplies a delta-

connected load, each phase of which has a resistance of 30_ and 

inductive reactance 40_. Calculate (a) the current supplied by the 

alternator and (b) the output power and the kVA of the alternator, 

neglecting losses in the line between the alternator and load. 

  

A circuit diagram of the alternator and load is shown in Fig. 

  

(a)  Considering the load: 

  

Phase current, Ip =Vp/Zp 

Vp =VL for a delta connection, 

Hence Vp =400V. 

  

Phase impedance, 

Zp =√ (R2+XL2) 
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=√ (302 +402) =50 

 

Figure 

Hence Ip =Vp/Zp =400/50=8A. 

For a delta-connection, 

  

Line current, IL =√3 Ip =√3 (8) =13.86 A. 

Hence 13.86A is the current supplied by the alternator. 

  

(b) Alternator output power is equal to the power Dissipated by the load 

  

I.e. P =√3 VLIL cos φ, Where cos φ = Rp/Zp = 30/50 = 0.6. 

  

Hence P =√3 (400) (13.86) (0.6) = 5.76kW. 

Alternator output kVA, 

  

S =√3 VLIL =√3 (400) (13.86) 

  

9.60 kVA. 

Phasor diagram of three phase supply: 

  

Star Connection: 
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Connection of Three phases supply: 

  

1 Star connection: 

  

a.      The terminals R, Y and B are connected together to form the star 

point, also called the neutral 

(N). 

b.The lines R, Y and B are connected to the load. If the neutral is 

connected to the neutral of the load. 
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  Line Voltage: 

The voltage between the any two lines is called line voltage. 

  Phase Voltage: 

The voltage between the line and neutral point is called phase voltage. 

  

 

 

 

 

Relation between the line voltage and phase voltage: 

 

Line current: 

o   The current through the line is called line current. 

 Phase current: 

o   The current through in any phase winding is called Phase current. 

  

Relation between the line current and phase current: 

  

IL=IPH 
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i.     Delta Connection: 

  

1)     The end of the one winding R is connected to the start of the next 

phase winding Y. this connection form delta or mesh connection. 

  

Relation between the line voltage and phase voltage: 

  

VL=VPH 

Relation between the line current and phase current: 

 

ii.     Comparison of star and delta connection: 

  

    Loads connected in delta dissipate three times more power than when 

connected in star to the same supply. 

    For the same power, the phase currents must be the same for both 

delta and star connections (since power=3I p2Rp), hence the line 

current in the delta connected system is greater than the line current in 

the corresponding star-connected system. 

    To achieve the same phase current in a star-connected system as in a 

delta-connected system, the line voltage in the star system is √ 3 times 

the line voltage in the delta system. 
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    Thus for a given power transfer, a delta system is associated with 

larger line currents (and thus larger conductor cross sectional area) and 

a star system is associated with a larger line voltage (and thus greater 

insulation). 

 

b.  Three phase balanced and unbalanced voltage sources: 

i.     Balanced Voltage Sources: 

  

5)     If the voltage source have the same amplitude and frequency ω and 

are out of phase with each other by 120o, the voltage are said to be 

balanced 

ii.     Unbalanced Voltage Sources: 

  

6)     If the voltage source have the different amplitude and frequency ω 

and are out of phase with each other by 120o, the voltage are said to 

be balanced 

iii.    Balanced load: 

7)     A balanced load is one in which the phase impedances are equal in 

magnitude and in phase 

  

iv.    Unbalanced load: 

8)     An unbalanced load is one in which the phase impedances are 

different in magnitude and phases. 

  

1.     Types of Unbalanced load: 

9)     Unbalanced 3 wire star connected load 

10)            Unbalanced 4 wire star connected load 

  

11)            Unbalanced 3 wire delta connected load 

  

b.  Analysis of 3phase 3 wire with star & delta connected loads: 
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i.     Star Connected load: 

Consider  a  Y-

connected  load.  We  will  derive  the  relationships  of  voltage,  current  and  p

ower  for  this connection. 

 

Fig. Three phase Y-connection and phasor diagram 

  

Assume that we are given the phase voltages (sequence ABC): 
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We want to find the line voltages VAB, VBC and VCA. 

  

Using KVL, 

  

VAB = VAN+VNBNB 

  

= VAN - VBN 

 

This can be seen in the phasor diagram. Similarly, you can find the other line 

voltages as, 

 

See the phasor diagram above. 

  

For the Y-connected three phase system, we observe that: 

  

 Line voltage =√3 Phase Voltage 

  

AVAILABLE OINLY IN STUCOR

AVAILABLE OINLY IN STUCOR

.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 Line current, IL = Phase current, Iφ 

 Line voltage VAB is ahead of phase voltage VAN by 300 

 Total power, PT = 3 Power per phase 

 

Note: The power factor angle θ is the angle between phase voltage VAN and 

phase current IAN. 

  

  

  

2. Delta connected load: 

  

Consider now a -connected load. The circuit connection and phasor diagram 

showing the voltages and currents for the balanced circuit is shown below. 
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Note again: The power factor angle θ is the angle between phase voltage 

VAB and phase current IAB. 

  

c.       Measurements of power & power factor in 3phase circuits: 
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ii.       Two wattmeter method 

The connection and phasor diagram are shown for an assumed abc phase 

sequence and lagging power factor. 
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Fig. Two-wattmeter method- connection diagram and phasor diagram 

  

The watt-meter readings are given by, 

  

 

The sum of the two watt-meter readings gives the total three phase power, 
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The power factor angle can also be found from, 

  

one of the watt-meters will give negative readings. In the laboratory, when you 

have made the proper watt-meter connections, you will observe that one of the 

watt-meters is trying to read backwards. After switching the power supply off, 

reverse the connection of the voltage coil or the current coil (not both). The 

meter will now read upscale. Assign a negative sign to this reading. 
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Advantages of Two wattmeter method: 

1.     The method is applicable for balanced as well as unbalanced loads. 

  

2.     Only two wattmeter sufficient to measure total 3 phase power. 

  

3.     If the load is balanced not only the power but power factor also can be 

determined. Disadvantages: 

1.     Not applicable for 3 phases, 4 wire system. 

  

2.     The sign of w1 & w2 must be identified and noted down correctly 

otherwise it may lead to the wrong result. 
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