
“Introduction to E-engineering”.

In Section 1 of this course you will cover these topics:
Physics For Electronics

Mathematics For Electronics

Electrical Quantities And Measurements

Topic : Physics For Electronics

Topic Objective:

At the end of this topic students will be able to:

 Describe career opportunities in the field of electronics

 List basic safety rules when working around electricity

 Explain the terms work and energy and describe the three forms of energy

 Discuss Coulombs law

 Describe the structure of an atom and how different solids are chemically bonded

Definition/Overview:

Physics: Physics is the science of matter and its motion, as well as space and time. It uses

concepts such as energy, force, mass, and charge. Physics is an experimental science, creating

theories that are tested against observations. Broadly, it is the general scientific analysis of

nature, with a goal of understanding how the universe behaves.
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Electronics: Electronics refers to the flow of charge (electron) through non-metal conductors

(often called semi-conductors), where as electrical refers to the flow of charge through metal

conductors.

Atom: The atom is the smallest unit of an element that retains the chemical properties of that

element. An atom has an electron cloud consisting of negatively charged electrons surrounding a

dense nucleus.

Key Points:

1. Electronics

Electronics refers to the flow of charge (electron) through non-metal conductors (often called

semi-conductors), where as electrical refers to the flow of charge through metal conductors. The

study of new semiconductor devices and related technology is considered a branch of physics

whereas the design and construction of electronic circuits to solve practical problems comes

under electronics engineering. This article focuses on engineering aspects of electronics.

1.1. Career Opportunities

Electronics technicians usually work in a number of different places such as,

manufacturing companies, government departments, electric companies, or computer

technology companies. One to two years in a technical or vocational school that focuses

on electronics is usually the door into a career in electronics. Job opportunities in this

field are rapidly growing as the time passes. Some electronics technicians work closely
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with engineers to double check design plans and ensure the safety of electronic

equipment.

2. Safety Rules While Working with Electricity

Electricity is dangerous if proper safeguards are not taken. All of the rules for working with

electricity boil down to one caution - Be careful and don't ever work on devices or appliances

that are electrically 'hot'.

The basic electrical Safeguards are:

 Always be sure the power is turned off to the device on which you are working. If it is

plugged into a wall socket, unplug it first.

 If you are not knowledgeable about the device or appliances on which you are working,

don't try it - hire professional help.

 Plan your work ahead of time.

 Always check the local codes for your own protection.

 Never replace a fuse or circuit breaker with one of a larger size. This could cause a fire or

damage your wiring.

 Never touch electrical fixtures when you are wet or standing on a wet surface.

3. Work

Work refers to an activity involving a force and movement in the direction of the force. When a

force is exerted on an object, energy is transferred to the object. The amount of energy

transferred is called the work done on the object. However, energy is only transferred if the

object moves.
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4. Energy

In physics and other sciences, energy is a scalar physical quantity, an attribute of objects and

systems that is conserved in nature. Energy is important because it provides the ability to do

work. Work is done when one or more forces move an object over a distance. The objects being

moved can be very small, such as molecules, atoms, electrons, or protons, or they can be much

larger objects. When forces act on objects and do work, energy is converted from one form to

another. In later periods we will learn how forces act on objects to do work. All forces can be

related to one or more of the four fundamental forces of nature. As energy is converted from one

form into another, the Law of Conservation of Energy requires that no energy can be lost. The

total amount of energy put into a conversion process must equal the total amount of energy out.

However, during each energy conversion some energy is converted into a form other than the

form you desire. Energy converted into an undesirable form is called wasted energy. Many

energy conversion processes require multiple steps, such as the steps involved when coal is

converted into electrical energy. Each step in the process converts some energy into a form other

than that needed for the next step. Because of this wasted energy, the amount of electrical energy

obtained is less than the amount of energy in the coal burned to produce the electricity. The

energy wasted at each step makes the overall process less efficient than the efficiency of any

step.

4.1. Three Forms of Energy

Although there are many ways to classify energy, we will discuss eleven forms of energy.

The first three forms of energy are related to the energy of motion associated with

moving objects, atoms, and molecules.
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4.1.1. Mechanical Energy of Motion

Moving objects exhibit mechanical energy of motion, also called kinetic energy.

A ball thrown through the air or a car traveling down a road has mechanical

energy of motion.

4.1.2. Thermal Energy

Energy of motion occurs within an object as its atoms and molecules vibrate

randomly. Thermal energy is the unorganized energy of motion of vibrating

objects too small to see. The faster the atoms and molecules in a substance

vibrate, the more thermal energy the substance has and the higher its temperature.

4.1.3. Electrical Energy

Electrical energy results from the forces between charged particles. These

electrical forces exist between charged particles at rest and in motion.

5. Static Electricity

Static electricity refers to the accumulation of excess electric charge in a region with poor

electrical conductivity (an insulator), such that the charge accumulation persists. The effects of

static electricity are familiar to most people because we can see, feel and even hear the spark as

the excess charge is neutralized when brought close to a large electrical conductor, or a region

with an excess charge of the opposite polarity (positive or negative).

The materials we observe and interact with from day-to-day are formed from atoms and

molecules that are electrically neutral, having an equal number of positive charges (protons, in
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the nucleus) and negative charges (electrons, in shells surrounding the nucleus). The requires a

sustained separation of positive and negative charges.

6. Coulombs Law

Coulomb's law, developed in the 1780s by French physicist Charles Augustin de Coulomb, may

be stated in scalar form as follows: The magnitude of the electrostatic force between two point

electric charges is directly proportional to the product of the magnitudes of each charge and

inversely proportional to the square of the distance between the charges.

The interaction between charged objects is a non-contact force which acts over some distance of

separation. Charge, charge and distance. Every electrical interaction involves a force which

highlights the importance of these three variables. Whether it is a plastic golf tube attracting

paper bits, two like-charged balloons repelling or a charged Styrofoam plate interacting with

electrons in a piece of aluminum, there is always two charges and a distance between them as the

three critical variables which influence the strength of the interaction. In this section of Lesson 3,

we will explore the importance of these three variables.

The quantitative expression for the affect of these three variables on electric force is known as

Coulomb's law. Coulomb's law states that the electrical force between two charged objects is

directly proportional to the product of the quantity of charge on the objects and inversely

proportional to the square of the separation distance between the two objects. In equation form,

Coulomb's law can be stated as: F = k x Q1 x Q2 / d2

where Q1 represents the quantity of charge on object 1 (in Coulombs), Q2 represents the quantity

of charge on object 2 (in Coulombs), and d represents the distance of separation between the two

objects (in meters). The symbol k is a proportionality constant known as the Coulomb's law

constant. The value of this constant is dependent upon the medium that the charged objects are

immersed in. In the case of air, the value is approximately 9.0 x 109 N m2 / C2. If the charged

objects are present in water, the value of k can be reduced by as much as a factor of 80. It is

worthwhile to point out that the units on k are such that when substituted into the equation the
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units on charge (Coulombs) and the units on distance (meters) will be canceled, leaving a

Newton as the unit of force.

The Coulomb's law equation provides an accurate description of the force between two objects

whenever the objects act as point charges. A charged conducting sphere interacts with other

charged objects as though all of its charge were located at its center. While the charge is

uniformly spread across the surface of the sphere, the center of charge can be considered to be

the center of the sphere. The sphere acts as a point charge with its excess charge located at its

center. Since Coulomb's law applies to point charges, the distance d in the equation is the

distance between the centers of charge for both objects (not the distance between their nearest

surfaces).

The symbols Q1 and Q2 in the Coulomb's law equation represent the quantities of charge on the

two interacting objects. Since an object can be charged positively or negatively, these quantities

are often expressed as "+" or "-" values. The sign on the charge is simply representative of

whether the object has an excess of electrons (a negatively charged object) or a shortage of

electrons (a positively charged object). It might be tempting to utilize the "+" and "-" signs in the

calculations of force. While the practice is not recommended, there is certainly no harm in doing

so. When using the "+" and "-" signs in the calculation of force, the result will be that a "-" value

for force is a sign of an attractive force and a "+" value for force signifies a repulsive force.

Mathematically, the force value would be found to be positive when Q1 and Q2 are of like

charge - either both "+" or both "-". And the force value would be found to be negative when Q1

and Q2 are of opposite charge - one is "+" and the other is "-". This is consistent with the concept

that oppositely charged objects have an attractive interaction and like charged objects have a

repulsive interaction. In the end, if you're thinking conceptually (and not merely

mathematically), you would be very able to determine the nature of the force - attractive or

repulsive - without the use of "+" and "-" signs in the equation.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

7
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



7. The Atom

An atom consists of a small, dense nucleus containing all of its protons and neutrons, surrounded

by electrons that fill the remaining volume of the atom. The atom stays electrically neutral

because the number of protons and electrons are usually equal.

In this section, the structure of atoms and the chemical properties will be studied, and the number

of electrons and the way they are distributed generally determine them.

Atoms of almost every element have the ability to combine with other atoms to form more

complex structures. The forces of attraction that bind them together are chemical bonds. To

understand chemistry, the nature and origin of chemical bonds is important, since the basis of

chemical reactions is the forming and the breaking of bonds and the changes in bonding forces.

There are two main classes of bonding forces: covalent bonds and ionic bonds. Covalent bonding

deals with the sharing of electrons between atoms. Ionic bonding deals with the transfer of

electrons between atoms.

While the structure of ionic compounds are characterized by an orderly arrangement of its ions

controlled primarily by the sizes of the ions and their charges and have no preferred directional

properties, meaning that the array of ions can collapse is it is melted, the structure of molecular

substances can be very different and complicated. Molecules have three-dimensional shapes

determined by the relative orientations of their covalent bonds, which is maintained whether it is

a solid, liquid, or gas. Properties of the molecule depend on the arrangement of the atoms. For

example, enzymes, which make biochemical reactions happen faster, can lose their function if

there are slight alterations in its structure, because they require precise fits between molecules.

This section will deal with the geometry of molecules and the study of theoretical models to

predict their shapes.
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Topic : Mathematics For Electronics

Topic Objective:

At the end of this topic students will be able to:

 Perform mathematical operations using scientific and engineering notation

 List the key engineering metric prefixes and convert between them

 Describe the basic SI system and the SI units for voltage, current, resistance, and power

 Explain how to report measured data with the proper number of significant digits

 Manipulate linear algebraic equations to solve for an unknown variable

 Describe the steps for preparing a linear graph

Definition/Overview:

Mathematics: Mathematics is the body of knowledge centered on such concepts as quantity,

structure, space, and change, and also the academic discipline that studies them. Practitioners of

mathematics maintain that mathematics is the science of pattern, and that mathematicians seek

out patterns whether found in numbers, space, science, computers, imaginary abstractions, or

elsewhere. Mathematicians explore such concepts, aiming to formulate new conjectures and

establish their truth by rigorous deduction from appropriately chosen axioms and definitions.

Scientific Notation: Scientific notation, also sometimes known as standard form or as

exponential notation, is a way of writing numbers that accommodates values too large or small to

be conveniently written in standard decimal notation.
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Engineering Notation: Engineering notation is a version of scientific notation in which the

power of ten must be a multiple of three

Key Points:

1. Scientific and Engineering Notation

Scientific notation, also sometimes known as standard form or as exponential notation, is a way

of writing numbers that accommodates values too large or small to be conveniently written in

standard decimal notation. Scientific notation has a number of useful properties and is often

favored by scientists, mathematicians and engineers, who work with such numbers.

In scientific notation, numbers are written in the form:

("a times ten to the power of b"), where the exponent b is an integer, and the coefficient a is any

real number, called the significand or mantissa (though the term "mantissa" may cause confusion

as it can also refer to the fractional part of the common logarithm). If the number is negative then

a minus sign precedes a (as in ordinary decimal notation).

1.1. Normalized Notation

Any given number can be written in the form a 10b in many ways; for example 350 can

be written as 3.5102, or 35101, or 350100.

In normalized scientific notation, the exponent b is chosen such that the absolute value of

a remains at least one but less than ten (1 ≤ |a| < 10). For example, 350 is written as

3.5102. This form allows easy comparison of two numbers of the same sign in a, as the

exponent b gives the number's order of magnitude. In normalized notation the exponent b

is negative for a number with absolute value between 0 and 1 (e.g. minus one half is

−510−1). The 10 and exponent are usually omitted when the exponent is 0.
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In many fields, scientific notation is normalized in this way, except during intermediate

calculations or when an unnormalized form, such as engineering notation, is desired.

(Normalized) scientific notation is often called exponential notation although the latter

term is more general and also applies when a is not restricted to the range 1 to 10 (as in

engineering notation for instance), and to bases other than 10 (as in 315  220).

1.2. E notation

Most calculators and many computer programs present very large and very small results

in scientific notation. Because superscripted exponents like 107 cannot always be

conveniently represented on computers, typewriters, and calculators, an alternative

format is often used: the letter "E" or "e" represents "times ten raised to the power", thus

replacing the " 10n". The character "e" is not related to the mathematical constant e (a

confusion not possible when using capital "E"); and though it stands for exponent, the

notation is usually referred to as (scientific) E notation or (scientific) e notation rather

than (scientific) exponential notation (though the latter also occurs).

1.3. Engineering Notation

Engineering notation differs from normalized scientific notation in that the exponent b is

restricted to multiples of 3. Consequently, the absolute value of a is in the range 1 ≤ |a| <

1000, rather than 1 ≤ |a| < 10. Though similar in concept, engineering notation is rarely

called scientific notation.

Numbers in this form are easily read out using magnitude prefixes like mega- (b = 6),

kilo- (b = 3), milli- (b = −3), micro- (b = −6) or nano- (b = −9). For example, 12.510−9 m

can be read as "twelve point five nanometers" or written as 12.5 nm.

1.4. Using Scientific Notation

1.4.1. Converting

To convert from ordinary decimal notation to scientific notation, move the

decimal separator the desired number of places to the left or right, so that the

mantissa will be in the desired range (between 1 and 10 for the normalized form).

If you moved the decimal point n places to the left then multiply by 10n; if you
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moved the decimal point n places to the right then multiply by 10−n. For example,

starting with 1,230,000, move the decimal point six places to the left yielding

1.23, and multiply by 106, to give the result 1.23106. Similarly, starting with

0.000000456, move the decimal point seven places to the right yielding 4.56, and

multiply by 10−7, to give the result 4.5610−7.

If the decimal separator did not move then the exponent multiplier is logically

100, which is correct since 100 = 1. However, the exponent part " 100" is normally

omitted, so, for example, 1.234 is just written as 1.234 rather than 1.234100.

To convert from scientific notation to ordinary decimal notation, take the mantissa

and move the decimal separator by the number of places indicated by the

exponent left if the exponent is negative, or right if the exponent is positive. Add

leading or trailing zeroes as necessary. For example, given 9.5 1010, move the

decimal point ten places to the right to yield 95,000,000,000.

Conversion between different scientific notation representations of the same

number is achieved by performing opposite operations of multiplication or

division by a power of ten on the mantissa and the exponent parts. The decimal

separator in the mantissa is shifted n places to the left (or right), corresponding to

division (multiplication) by 10n, and n is added to (subtracted from) the exponent,

corresponding to a cancelling multiplication (division) by 10n. For example:

1.4.2. Basic Operations

Given two numbers in scientific notation,

Multiplication and division are performed using the rules for operation with exponential

functions:

Addition and subtraction require the numbers to be represented using the same

exponential part, so that the mantissas can be simply added or subtracted. These

operations may therefore take two steps to perform. First, if needed, convert one

number to a representation with the same exponential part as the other. This is
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usually done with the one with the smaller exponent. In this example, x1 is

rewritten as:

2. Metric Notation

The metric system, besides being a collection of measurement units for all sorts of physical

quantities, is structured around the concept of scientific notation. The primary difference is that

the powers-of-ten are represented with alphabetical prefixes instead of by literal powers-of-ten.

The following number line shows some of the more common prefixes and their respective

powers-of-ten:

Looking at this scale, we can see that 2.5 Gigabytes would mean 2.5 x 109 bytes, or 2.5 billion

bytes. Likewise, 3.21 picoamps would mean 3.21 x 10-12 amps, or 3.21 1/trillionths of an amp.

Other metric prefixes exist to symbolize powers of ten for extremely small and extremely large

multipliers. On the extremely small end of the spectrum, femto (f) = 10-15, atto (a) = 10-18, zepto

(z) = 10-21, and yocto (y) = 10-24. On the extremely large end of the spectrum, Peta (P) = 1015,

Exa (E) = 1018, Zetta (Z) = 1021, and Yotta (Y) = 1024.

Because the major prefixes in the metric system refer to powers of 10 that are multiples of 3

(from "kilo" on up, and from "milli" on down), metric notation differs from regular scientific

notation in that the significant digits can be anywhere between 1 and 1000, depending on which

prefix is chosen. For example, if a laboratory sample weighs 0.000267 grams, scientific notation

and metric notation would express it differently:

2.67 x 10-4 grams (scientific notation)

267 grams (metric notation)

The same figure may also be expressed as 0.267 milligrams (0.267 mg), although it is usually

more common to see the significant digits represented as a figure greater than 1.
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2.1. Metric prefix conversions

To express a quantity in a different metric prefix that what it was originally given, all we

need to do is skip the decimal point to the right or to the left as needed. Notice that the

metric prefix "number line" in the previous section was laid out from larger to smaller,

left to right. This layout was purposely chosen to make it easier to remember which

direction you need to skip the decimal point for any given conversion.

3. SI System

The SI system (International System of Units) is the modern metric system of measurement and

the dominant system of international commerce and trade. SI units are gradually replacing

Imperial and USCS units. The SI is maintained by a small agency in Paris, the International

Bureau of Weights and Measures (BIPM, for Bureau International des Poids et Mesures). The

system is nearly universally employed, and most countries do not even maintain official

definitions of any other units. A notable exception is the United States, which continues to use

customary units in addition to SI. In the United Kingdom, conversion to metric units is

government policy, but the transition is not yet complete. Those countries that still recognise

non-SI units (e.g. the US and UK) have redefined their traditional non-SI units in SI units.

It is important to distinguish between the definition of a unit and its realisation. The definition of

each base unit of the SI is carefully drawn up so that it is unique and provides a sound theoretical

basis upon which the most accurate and reproducible measurements can be made. The realisation

of the definition of a unit is the procedure by which the definition may be used to establish the

value and associated uncertainty of a quantity of the same kind as the unit.
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Topic : Electrical Quantities And Measurements

Topic Objective:

At the end of this topic students will be able to:

 Compare the atomic structure of conductors, insulators, and semiconductors

 Compare direct current (dc) and alternating current (ac) and explain terms used with ac

 Explain how a battery changes chemical energy into electrical energy and describe

generators and power supplies in general

 Read four-band and five-band resistor color codes

 Explain how to use a digital multimeter (DMM) and an analog volt-ohm-milliammeter

(VOM) to measure voltage, current, or resistance

Definition/Overview:

Measurement: Measurement is the estimation of the magnitude of some attribute of an object,

such as its length or weight, relative to a unit of measurement. Measurement usually involves

using a measuring instrument, such as a ruler or scale, which is calibrated to compare the object

to some standard, such as a meter or a kilogram.

Conductors: In science and engineering, a conductor is a material which contains movable

electric charges. In metallic conductors, such as copper or aluminium, the movable charged

particles are electrons
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Insulators: An insulator, also called a dielectric, is a material that resists the flow of electric

current. An insulating material has atoms with tightly bonded valence electrons. These materials

are used in parts of electrical equipment, also called insulators or insulation, intended to support

or separate electrical conductors without passing current through themselves. The term is often

used more specifically to refer to insulating supports that attach electric power transmission

wires to utility poles or pylons.

Semiconductors: A semiconductor is a solid material that has electrical conductivity in between

a conductor and an insulator; it can vary over that wide range either permanently or dynamically.

Key Points:

1. Basic Atomic Structure

All matter consists of tiny pieces of stuff called atoms. The different kinds of atoms are called

elements, and are listed in a pictorial display called the periodic table of elements. Most people

are familiar with the names of elements such as oxygen, nitrogen, iron, gold, and hydrogen.

Atoms of all elements are made up of three basic building blocks, protons, neutrons, and

electrons.

Protons are positively charged particles, neutrons are uncharged particles, and both are heavy in

the subatomic scheme of things. Electrons are negatively charged particles, and are relatively

light compared to protons and neutrons. Hydrogen is the simplest of the elements; a hydrogen

atom consists of one proton and one electron. The structure of a hydrogen atom can be thought of

as like the earth and its moon. In the center is the large heavy earth, and around it orbits the

smaller moon. Similarly, a heavy proton sits at the center of the hydrogen atom, while the

electron orbits the proton with great speed. All other elements have the same basic structure:

protons and neutrons at the center, and electrons orbiting around. The number of protons in an
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atom determines what kind of element the atom is, and it is expected that an atom will have the

same number of electrons as protons in order to balance the atom's charge. Helium, for instance,

has two protons and two electrons.

An atom will keep its protons and neutrons to itself. Atoms will, however, share electrons.

Atoms typically like to keep a neutral charge, so if they borrow an electron from one atom, they

tend to share one out with another atom. Atoms will share electrons with other atoms to form

bonds, creating molecules and compounds, solids and gasses - in short, all matter. In addition,

large numbers of adjacent atoms can share electrons in a long chain, from one atom to the next to

the next, and so forth, creating a flow of electrons. This flow of electrons is what we call

electricity.

So, all matter has electrons, ready to flow, yet electricity is not randomly buzzing everywhere,

zapping stuff. This is because a balance between electric forces, and resistance to electron flow,

are maintained in matter most of the time. In order for electrons to flow, the electric forces must

overcome the resistance to electron flow. When the balance tips, either with greater electric

forces, or with lower resistance to electron flow, electricity is created. The balance between force

and resistance will be quantified in the section on electric circuits. To conclude the discussion of

atomic structure, let us consider the materials in which electrons flow. We can classify matter

into three categories with regard to electron flow, conductors, insulators, and semi-conductors.

1.1. Conductors

Conductors are materials that conduct electricity easily. Very little electric force is

required to cause electron flow in conductors. This is due to electrons called "free

electrons", which exist in the atoms of conductors. "Free electrons" are electrons that are

very weakly bonded to the atom. With very little force, they can be traded to other atoms,

or flow to create electricity. Metals such as copper, silver, and gold are good conductors.
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1.2. Insulators

Insulators are quite selfish about sharing their electrons. They have no free electrons, and

it takes a great deal of electric force to get the electrons of an insulator to flow. The flow

of electrons in an insulator is relatively uncommon, and when it does occur it tends to be

accompanied by intense heat, loud noise, melting or explosions, smoke and/or flame.

Materials such as rubber and glass are good insulators.

1.3. Semiconductors

Semi-conductors are insulators that lack commitment. The atoms of a semi-conductor

have no free electrons; however, they do have an electron that is bonded rather loosely

and can be shared with the application of a moderate electric force. Semi-conductors can

conduct electricity at a certain level without being damaged; however, semi-conductors

can be damaged with too much electric force.

2. Comparing AC with DC

AC current is a specific type of electric current in which the direction of the current's flow is

reversed, or alternated, on a regular basis. Direct current is no different electrically from

alternating current except for the fact that it flows in the same direction at all times. Alternating

current was chosen early in the 20th century as the North American standard because it presented

fewer risks and promised higher reliability than competing DC systems of the day. Many of DC's

deficiencies were later corrected, but not until a substantial North American infrastructure had

already been developed. DC is the European standard.

Electric power distribution requires a circuit, usually represented as two wires leading to a device

that uses electricity. In AC current, one wire is negative and the other is either is positive or

neutral (ground). The two wires take turns at sending electricity. In North America, AC current

uses a standard "rhythm" in which each side gets its turn 60 times each second, thus the 60Hz
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designation given to standard AC current. This switching of polarity takes the form of a rhythmic

pulse in the electrical current that occurs within the normal audible range. This is why you can

actually hear this rhythm in circuits such as fluorescent lighting ballasts and audio equipment as

a low buzzing tone. This buzz is referred to as "sixty cycle hum". Prior to the 1970s, two AC

power schemes were used in North America. One offered energy at 45-50Hz, the other at 60Hz.

"Fifty-cycle power", occasionally referred to as "rural power", is now obsolete and the 60Hz

standard is now used throughout North America.

In DC circuits, the electricity is always the same polarity, which means that in a two-wire circuit,

one "wire", or side of the circuit, is always negative, and the negative side is always the one that

sends the electricity. There is no hum because there is no cyclic change in current flow. DC

current is more effective for long-distance, high-voltage transmission because it results in less

energy lost in transmission, but the cost of converting DC current to AC is relatively high, so DC

is typically cost-effective only for long-distance transmission.

Electrical devices that convert electricity directly into other forms of energy can operate just as

effectively from AC current as from DC. Lightbulbs and heating elements don't care whether

their energy is supplied by AC or DC current. However, nearly all modern electronic devices

require direct current for their operation. Alternating current is still used to deliver electricity to

the device, and a transformer is included with these devices to convert AC power to DC power

(usually at much lower than the supplied voltage) so that electronic devices can use it.

3. Battery

In electronics, a battery is a combination of two or more electrochemical cells which store

chemical energy which can be converted into electrical energy.
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3.1. How it Works

A battery is a device that converts chemical energy directly to electrical energy. It

consists of one or more voltaic cells. Each voltaic cell consists of two half cells connected

in series by a conductive electrolyte. One half-cell is the negative electrode (the cathode)

and the other is the positive electrode (the anode). In the redox reaction that powers the

battery, reduction occurs in the cathode, while oxidation occurs in the anode. The

electrodes do not touch each other but are electrically connected by the electrolyte, which

can be either solid or liquid. In many cells, the materials are enclosed in a container, and

a separator, which is porous to the electrolyte, which prevents the electrodes from coming

into contact.

Each half cell has an electromotive force (or emf), determined by its ability to drive

electric current from the interior to the exterior of the cell. The net emf of the battery is

the difference between the emfs of its half-cells, as first recognized by Volta. Thus, if the

electrodes have emfs \mathcal{E}_1 and \mathcal{E}_2, then the net emf is

\mathcal{E}_{2}-\mathcal{E}_{1}; in other words, the net emf is difference between the

reduction potentials of the half-reactions.

The electrical potential difference, or \displaystyle{\Delta V_{bat}} across the terminals

of a battery is known as terminal voltage and is measured in volts. The terminal voltage

of a battery that is neither charging nor discharging is called the open-circuit voltage and

equals the emf of the battery. Because of internal resistance, the terminal voltage of a

battery that is discharging is smaller in magnitude than the open-circuit voltage and the

terminal voltage of a battery that is charging exceeds the open-circuit voltage. An ideal

battery has negligible internal resistance, so it would maintain a constant terminal voltage

of \mathcal{E} until exhausted, then dropping to zero. If such a battery maintained 1.5

volts and stored a charge of one Coulomb than it would perform 1.5 Joule of work.[In

practical batteries, the internal resistance will increase as it is discharged, and the open

circuit voltage will also decrease as the cell is discharged. If the voltage and resistance

are plotted against time the resulting graphs will typically not be a straight line, and the

shape of the curve will vary with the chemistry and internal arrangement employed.
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The voltage developed across a cell's terminals depends on the chemicals used in it and

their respective concentrations. For example, alkaline and carbon-zinc cells both measure

approximately 1.5 volts, due to the energy release of the associated chemical reactions.

Because of the high electrochemical potential changes in the reactions of lithium

compounds, lithium cells can provide as much as 3 volts or more.

4. Resistor

A resistor is a two-terminal electronic component designed to oppose an electric current by

producing a voltage drop between its terminals in proportion to the current, that is, in accordance

with Ohm's law: V = IR. The resistance R is equals to the voltage drop V across the resistor

divided by the current I through the resistor.

4.1. Resistor Color Codes

Most axial resistors use a pattern of colored stripes to indicate resistance. Surface-mount

resistors are marked numerically. Cases are usually tan, brown, blue, or green, though

other colors are occasionally found such as dark red or dark gray.

4.1.1. 4-Band Color Code

Four-band identification is the most commonly used color-coding scheme on all

resistors. It consists of four colored bands that are painted around the body of the

resistor. The first two bands encode the first two significant digits of the

resistance value, the third is a power-of-ten multiplier or number-of-zeroes, and

the fourth is the tolerance accuracy, or acceptable error, of the value. Sometimes a

fifth band identifies the thermal coefficient, but this must be distinguished from

the true 5-color system, with 3 significant digits.
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For example, green-blue-yellow-red is 56104 Ω = 560 kΩ 2%. An easier

description can be as followed: the first band, green, has a value of 5 and the

second band, blue, has a value of 6, and is counted as 56. The third band, yellow,

has a value of 104, which adds four 0's to the end, creating 560,000Ω at 2%

tolerance accuracy. 560,000Ω changes to 560 kΩ 2% (as a kilo- is 103).

Each color corresponds to a certain digit, progressing from darker to lighter

colors, as shown in the chart below.

Color
1st

band

2nd

band

3rd band

(multiplier)

4th band

(tolerance)

Temp.

Coefficient

Black 0 0 100

Brown 1 1 101 1% (F) 100 ppm

Red 2 2 102 2% (G) 50 ppm

Orange 3 3 103 15 ppm

Yellow 4 4 104 25 ppm

Green 5 5 105 0.5% (D)

Blue 6 6 106 0.25% (C)

Violet 7 7 107 0.1% (B)

Gray 8 8 108 0.05% (A)

White 9 9 109

Gold 10-1 5% (J)

Silver 10-2 10% (K)

None 20% (M)

4.1.2. 5-Band Color Code

5-band identification is used for higher precision (lower tolerance) resistors (1%,

0.5%, 0.25%, 0.1%), to specify a third significant digit. The first three bands
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represent the significant digits, the fourth is the multiplier, and the fifth is the

tolerance. Five-band resistors with a gold or silver 4th band are sometimes

encountered, generally on older or specialized resistors. The 4th band is the

tolerance and the 5th the temperature coefficient.

The five band resistor color code is more likely to be associated with the more

precision 1% and 2% types. Your "garden variety" 5% general purpose types will

be four band resistance codes.

Resistors come in a range of values but the two most common are the E12 and

E24 series. The E12 series comes in twelve values for every decade. The E24

series comes in twenty four vales per decade.

E12 series - 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82

E24 series - 10, 11, 12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51,

56, 62, 68, 75, 82, 91

You will notice with the E12 values that each succeeding value falls within the

plus / minus 10% of the previous values. This stems from the real old days when

resistances were stated as within 20% tolerance (accuracy). Later values of plus /

minus 5% tolerance led to the E24 range of resistance. Quite common today are

2% tolerance metal films types but for general purpose use we tend to stick to E12

values of resistance in either 1%, 2% or 5% tolerance.

5. Digital multimeters (DMM)

Digital multimeters generally take measurements with accuracy superior to their analog

counterparts. Analog multimeters typically measure with three to five percent accuracy. Standard

portable digital multimeters claim to be capable of taking measurements with an accuracy of

0.5% on DC voltage and current scales. Mainstream bench-top multimeters make claims to have
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as great accuracy as 0.01%. Laboratory grade instruments can have accuracies in the parts per

million figures.

In a Digital Multimeter the signal under test is converted to a voltage and an amplifier with an

electronically controlled gain preconditions the signal.. Digital Multimeter displays the quantity

measured as a number, which prevents parallax errors. The inclusion of solid state electronics,

from a control circuit to small embedded computers, has provided a wealth of convenience

features in modern digital

6. Volt-Ohm-Milliammeter (VOM):

A multimeter is one of the most useful tools for troubleshooting or installing a car audio system.

The picture below shows a generic multimeter. Most meters have a rotary selector switch but a

few have pushbuttons to select the desired function. The meter below has a rotary selector

switch. You should also notice that it has four terminals (below the selector switch) in which you

place the leads

In Section 2 of this course you will cover these topics:
Ohms Law And Watts Law

Series And Parallel Circuits

Combinational Series/Parallel Circuits
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Topic : Ohms Law And Watts Law

Topic Objective:

At the end of this topic students will be able to:

 State Ohm's law in words and discuss its meaning

 Apply Ohm's law to practical circuits to find current, voltage, or resistance

 Define the kilowatt-hour and apply it to practical situations

 State Watt's law in words and discuss its meaning

 Apply Watt's law to practical circuit problems, including finding the correct wattage

 required for a resistor

 Explain the difference between dc and ac resistance and calculate the dc and ac resistance

for a device with a nonlinear I-V curve

Definition/Overview:

Ohms: The ohm is defined as the electric resistance between two points of a conductor when a

constant potential difference of 1 volt, applied to these points, produces in the conductor a

current of 1 ampere, the conductor not being the seat of any electromotive force.

Watt: The watt (symbol: W) is the SI derived unit of power, equal to one joule of energy per

second. It measures a rate of energy conversion. One watt is the rate at which work is done when

an object is moving at one meter per second against a force of one Newton. By the definition of

the units of ampere and volt, work is done at a rate of one watt when one ampere flows through a

potential difference of one volt.
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Key Points:

1. Ohms Law

Ohm's law applies to electrical circuits; it states that the current through a conductor between two

points is directly proportional to the potential difference (i.e. voltage drop or voltage) across the

two points, and inversely proportional to the resistance between them.

The mathematical equation that describes this relationship is:

where I is the current in amperes, V is the potential difference in volts,and R is a circuit

parameter called the resistance (measured in ohms, also equivalent to volts per ampere). The

potential difference is also known as the voltage drop, and is sometimes denoted by U, E or emf

(electromotive force) instead of V. I is from the German Intensitt meaning "intensity".

The law was named after the German physicist Georg Ohm, who, in a treatise published in 1827,

described measurements of applied voltage and current through simple electrical circuits

containing various lengths of wire. He presented a slightly more complex equation than the one

above to explain his experimental results. The above equation is the modern form of Ohm's law.

The resistance of most resistive devices (resistors) is constant over a large range of values of

current and voltage. When a resistor is used under these conditions, the resistor is referred to as

an ohmic device (or an ohmic resistor) because a single value for the resistance suffices to

describe the resistive behavior of the device over the range. When sufficiently high voltages are

applied to a resistor, forcing a high current through it, the device is no longer ohmic because its

resistance, when measured under such electrically stressed conditions, is different (typically

greater) from the value measured under standard conditions (see temperature effects, below).

Ohm's law, in the form above, is an extremely useful equation in the field of electrical/electronic

engineering because it describes how voltage, current and resistance are interrelated on a

"macroscopic" level, that is, commonly, as circuit elements in an electrical circuit. Physicists
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who study the electrical properties of matter at the microscopic level use a closely related and

more general vector equation, sometimes also referred to as Ohm's law, having variables that are

closely related to the I, V and R scalar variables of Ohm's law, but are each functions of position

within the conductor.

1.1. Description and Use

Electrical circuits consist of electrical devices connected by wires (or other suitable

conductors). (See the article electrical circuits for some basic combinations.) The above

diagram shows one of the simplest electrical circuits that can be constructed. One

electrical device is shown as a circle with + and - terminals, which represents a voltage

source such as a battery. The other device is illustrated by a zig-zag symbol and has an R

beside it. This symbol represents a resistor, and the R designates its resistance. The + or

positive terminal of the voltage source is connected to one of the terminals of the resistor

using a wire of negligible resistance, and through this wire a current I is shown, in a

specified direction illustrated by the arrow. The other terminal of the resistor is connected

to the - or negative terminal of the voltage source by a second wire. This configuration

forms a complete circuit because all the current that leaves one terminal of the voltage

source must return to the other terminal of the voltage source. (While not shown, because

electrical engineers assume that it exists, there is an implied current I, and an arrow

pointing to the left, associated with the second wire.)

Voltage is the electrical force that moves (negatively charged) electrons through wires

and electrical devices, current is the rate of electron flow, and resistance is the property of

a resistor (or other device that obeys Ohm's law) that limits current to an amount

proportional to the applied voltage. So, for a given resistance R (ohms), and a given

voltage V (volts) established across the resistance, Ohm's law provides the equation

(I=V/R) for calculating the current through the resistor (or device).

The "conductor" mentioned by Ohm's law is a circuit element across which the voltage is

measured. Resistors are conductors that slow down the passage of electric charge. A

resistor with a high value of resistance, say greater than 10 megohms, is a poor

conductor, while a resistor with a low value, say less than 0.1 ohm, is a good conductor.
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(Insulators are materials that, for most practical purposes, do not allow a current when a

voltage is applied.)

In a circuit diagram, like the one above, the various components may be joined by

connectors, contacts, welds or solder joints of various kinds, but for simplicity these

connections are usually not shown.

1.2. How Electrical Engineers use Ohm's Law

Ohm's law is one of the equations used in the analysis of electrical circuits, whether the

analysis is done by engineers or by computers. Though computers running electronic

computer-aided design and analysis programs do the bulk of the work predicting and

optimizing the performance of electrical circuits, most electrical engineers still use Ohm's

law every working day. Whether designing or debugging an electrical circuit, electrical

engineers must have a working knowledge of the practical aspects of Ohm's law.

Virtually all electronic circuits have resistive elements, which are usually treated as ideal

ohmic devices, that is, they obey Ohm's law. From the engineer's point of view, resistors

(devices that "resist" the electric current) develop a voltage across their terminals (the two

wires emerging from the device) proportional to the amount of current through the

device.

More specifically, the voltage measured across a resistor at a given instant is strictly

proportional to the current through the resistor at that instant. When a functioning

electrical circuit drives a current I, measured in amperes, through a resistor of resistance

R, the voltage that develops across the resistor is I R, the value of R serving as the

proportionality factor.

The DC resistance of a resistor is always a positive quantity, and the current through a

resistor generates heat in it. Voltages can be either positive or negative, depending on the

ordering of the terminals and the direction of current. Currents can be either positive or

negative, the sign of the current indicating the direction of current.

Ohm's law applies to conductors whose resistance is (substantially) independent of the

applied voltage (or equivalently the injected current). That is, Ohm's law only applies to

the linear portion of the I vs. V curve centered around the origin. The equation is too

simple to encompass devices described by a more complicated I vs. V relationship.
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2. Watt's Law

Watt's law is an improper name used for the Basic Power Formula:

Where

P is the power in watts

V is the potential difference in volts

I is the current in amperes

The basic power formula is used to calculate the electrical power P dissipated in a resistor or a

circuit, given the voltage V across it and the current I flowing in it. The voltage drop across a

resistor is also referred to as the potential difference.

It is sometimes designated by E or U instead of V.

When combined with Ohm's law, Watt's law can be rewritten as:

Where

R is the electrical resistance in ohms.

3. Resistance

Resistance is a concept used for DC (direct currents) whereas impedance is the AC (alternating

current) equivalent. Resistance is due to electrons in a conductor colliding with the ionic lattice

of the conductor meaning that electrical energy is converted into heat. Different materials have

different resistivities. However, when considering AC you must remember that it oscillates as a
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sine wave so the sign is always changing. This means that other effects need to be considered -

namely inductance and capacitance.

Inductance is most obvious in coiled wire. When a current flows through a wire a circular

magnetic field is created around it. If you coil the wire into a solenoid the fields around the wire

sum up and you get a magnetic field similar to that of a bar magnet on the outside but you get a

uniform magnetic field on the inside. With AC since the sign is always changing the direction of

the field in the wires is always changing - so the magnetic field of the solenoid is also changing

all the time. Now when field lines cut across a conductor an emf is generated in such a way to

reduce the effects that created it (this is a combination of Lenz's and Faraday's laws which state

mathematically that E=N*d(thi)/dt , where thi is the magnetic flux linkage). This means that

when an AC current flows through a conductor a small back emf or back current is induced

reducing the overall current.

Capacitance is a property best illustrated by two metal plates separated by an insulator (which we

call a capacitor). When current flows electrons build up on the negative plate. An electric field

propagates and repels electrons on the opposite plate making it positively charged. Due to the

build up of electrons on the negative plate incoming electrons are also repelled so the total

current eventually falls to zero in an exponential decay. The capacitance is defined as the charge

stored/displaced across a capacitor divided by the potential difference across it and can also be

calculated by the size of the plates and the primitivity of the insulator.

In other words, resistance is the opposition to a steady electric current. Pure resistance does not

change with frequency, and typically the only time only resistance is considered is with DC

(direct current -- not changing) electricity. Reactance, however, is a measure of the type of

opposition to AC electricity due to capacitance or inductance. This opposition varies with

frequency. For example, a capacitor only allows DC current to flow for a short while until it is

charged; at that point, current will stop flowing and it will look like an open. However, if a very

high frequency is put across that capacitor (a signal that has a voltage which is changing very

quickly back and forth), the capacitor will look like a short circuit. The capacitor has a reactance

which is inversely proportional to frequency. An inductor has a reactance which is directly

proportional to frequency -- DC flows through easily while high-frequency AC is stopped
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Topic : Series And Parallel Circuits

Topic Objective:

At the end of this topic students will be able to:

 Identify series circuits and calculate the total resistance of resistors in series

 Use Ohm's law to calculate an unknown current, voltage, or resistance in a series circuit

 Apply Kirchhoff's voltage law

 Apply the voltage-divider formula to find voltages in a series circuit

 Recognize parallel circuits and calculate the total resistance of parallel resistors

 Use Ohm's law to calculate an unknown current, voltage, or resistance in a parallel circuit

 Apply Kirchhoff's current law

Definition/Overview:

Series Circuits: A series circuit is a circuit where there is only one path from the source through

all of the loads and back to the source. This means that all of the current in the circuit must flow

through all of the loads.

Parallel Circuits: As two or more electrical devices in a circuit can be connected by series

connections or by parallel connections. When all the devices are connected using parallel

connections, the circuit is referred to as a parallel circuit. In a parallel circuit, each device is

placed in its own separate branch. The presence of branch lines means that there are multiple

pathways by which charge can traverse the external circuit. Each charge passing through the loop

of the external circuit will pass through a single resistor present in a single branch.
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Key Points:

1. Series and Parallel Circuits

If two or more circuit components are connected end to end like a daisy chain, it is said they are

connected in series. A series circuit provides a single path for electric current through all of its

components.

If two or more circuit components are connected like the rungs of a ladder it is said they are

connected in parallel. A parallel circuit provides separate paths for current through each of its

components. A parallel circuit provides the same voltage across all its components. An old term

for devices connected in parallel is multiple, such as a multiple connection for arc lamps.

As an example, consider a very simple circuit consisting of four light bulbs and one 6 V battery.

If a wire joins the battery to one bulb, to the next bulb, to the next bulb, to the next bulb, then

back to the battery, in one continuous loop, the bulbs are said to be in series. If each bulb is

wired to the battery in a separate loop, the bulbs are said to be in parallel. If the four light bulbs

are connected in series the same current flows through all of them; 1.5 V is applied across each

light bulb. If the light bulbs are connected in parallel, the current flowing through the light bulbs

combine to form the current flowing in the battery; 6 V is applied across each light bulb.

In a series circuit, every device must function. A set of light bulbs in series with one bulb

burning out, kills the circuit. In parallel, every light has its own circuit, so all but one light could

be burned out, and the last one will still illuminate.
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2. Series Circuits

Series circuits are sometimes called current-coupled or daisy chain-coupled. The current that

flows in a series circuit will flow through every component in the circuit. Therefore, all of the

components in a series connection carry the same current.

2.1. Resistors

To find the total resistance of all the components, add the individual resistances of each

component:

for components in series with resistances R1, R2, etc. To find the current I, use Ohm's

law:

.

To find the voltage across a component with resistance Ri, use Ohm's law again:

where I is the current, as calculated above. The components divide the voltage according

to their resistances, so, in the case of two resistors,

.

NOTE: The above formulae extend to impedances in series.

2.2. Inductors

Inductors follow the same law, in that the total inductance of non-coupled inductors in

series is equal to the sum of their individual inductances:

However, in some situations it is difficult to prevent adjacent inductors from influencing

each other, as the magnetic field of one device couples with the windings of its

neighbours. This influence is defined by the mutual inductance M. For example, if you
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have two inductors in series, there are two possible equivalent inductances depending on

how the magnetic fields of both inductors influence each other.

When there are more than two inductors, the mutual inductance between each of them

and the way the coils influence each other complicates the calculation. For a larger

number of coils the total combined inductance is given by the sum of all mutual

inductances between the various coils including the mutual inductance of each given coil

with itself, which we term self-inductance or simply inductance. For three coils, there are

six mutual inductances M12, M13, M23 and M21, M31 and M32. There are also the three

self-inductances of the three coils: M11, M22 and M33.

Therefore

Ltotal = (M11 + M22 + M33) + (M12 + M13 + M23) + (M21 + M31 + M32)

By reciprocity Mij = Mji so that the last two groups can be combined. The first three terms

represent the sum of the self-inductances of the various coils. The formula is easily

extended to any number of series coils with mutual coupling. The method can be used to

find the self-inductance of large coils of wire of any cross-sectional shape by computing

the sum of the mutual inductance of each turn of wire in the coil with every other turn

since in such a coil all turns are in series.

2.3. Capacitors

Capacitors follow the same law using the reciprocals. The total capacitance of capacitors

in series is equal to the reciprocal of the sum of the reciprocals of their individual

capacitances:

The working voltage of a series combination of identical capacitors is equal to the sum of

voltage ratings of individual capacitors provided that equalizing resistors are used to

ensure equal voltage division. This is all because of Ohm's law V = RI

2.4. Memristors

Memristors in series are given by the sum of their memristance:
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2.5. Switches

Two or more switches in series form a logical AND; the circuit only carries current if all

switches are 'on'. See AND gate.

3. Parallel circuits

If two or more components are connected in parallel they have the same potential difference

(voltage) across their ends. The potential differences across the components are the same in

magnitude, and they also have identical polarities. Hence, the same voltage is applicable to all

circuit components connected in parallel. The total current I is the sum of the currents through

the individual components, in accordance with Kirchhoff's circuit laws. The current in each

individual resistor is found by Ohm's law. Factoring out the voltage gives

.

3.1. Notation

The parallel property can be represented in equations by two vertical lines (as in

geometry) to simplify the equations.

3.2. Resistors

To find the total resistance of all components, add the reciprocals of the resistances Ri of

each component and take the reciprocal of the sum:

.

To find the current in a component with resistance Ri, use Ohm's law again:

.
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The components divide the current according to their reciprocal resistances, so, in the

case of two resistors,

.

3.3. Inductors

Inductors follow the same law, in that the total inductance of non-coupled inductors in

parallel is equal to the reciprocal of the sum of the reciprocals of their individual

inductances:

.

If the inductors are situated in each other's magnetic fields, this approach is invalid due to

mutual inductance. If the mutual inductance between two coils in parallel is M, the

equivalent inductor is:

The sign of M depends on how the magnetic fields influence each other. For two equal

tightly coupled coils the total inductance is close to that of each single coil. If the polarity

of one coil is reversed so that M is negative, then the parallel inductance is nearly zero or

the combination is almost non-inductive. We are assuming in the "tightly coupled" case

M is very nearly equal to L. However, if the inductances are not equal and the coils are

tightly coupled there can be near short circuit conditions and high circulating currents for

both positive and negative values of M, which can cause problems.

More than 3 inductors becomes more complex and the mutual inductance of each

inductor on each other inductor and their influence on each other must be considered. For

three coils, there are three mutual inductances M12, M13 and M23. This is best handled by
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matrix methods and summing the terms of the inverse of the L matrix (3 by 3 in this

case).

The pertinent equations are of the form:

3.4. Capacitors

Capacitors follow the same law using the reciprocals. The total capacitance of capacitors

in parallel is equal to the sum of their individual capacitances:

.

The working voltage of a parallel combination of capacitors is always limited by the

smallest working voltage of an individual capacitor.

3.5. Memristors

Memristors in parallel are given by

3.6. Switches

Two or more switches in parallel, form a logical OR; the circuit carries current if at least

one switch is 'on'.

4. Kirchhoff's Circuit Laws

Kirchhoff's circuit laws are two equalities that deal with the conservation of charge and energy in

electrical circuits, and were first described in 1845 by Gustav Kirchhoff. Widely used in

electrical engineering, they are also called Kirchhoff's rules or simply Kirchhoff's laws. This law

is also called Kirchhoff's first law, Kirchhoff's point rule, Kirchhoff's junction rule (or nodal

rule), and Kirchhoff's first rule. The principle of conservation of electric charge implies that: At
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any point in an electrical circuit that does not represent a capacitor plate, the sum of currents

flowing towards that point is equal to the sum of currents flowing away from that point.

Adopting the convention that every current flowing towards the point is positive and that every

current flowing away is negative (or the other way around), this principle can be stated as:

n is the total number of currents flowing towards or away from the point.

This formula is also valid for complex currents:

4.1. Changing Charge Density

Physically speaking, the restriction regarding the "capacitor plate" means that Kirchhoff's

current law is only valid if the charge density remains constant in the point that it is

applied to. This is normally not a problem because of the strength of electrostatic forces:

the charge buildup would cause repulsive forces to disperse the charges.

However, a charge build-up can occur in a capacitor, where the charge is typically spread

over wide parallel plates, with a physical break in the circuit that prevents the positive

and negative charge accumulations over the two plates from coming together and

cancelling. In this case, the sum of the currents flowing into one plate of the capacitor is

not zero, but rather is equal to the rate of charge accumulation. However, if the

displacement current dD/dt is included, Kirchhoff's current law once again holds. (This is

really only required if one wants to apply the current law to a point on a capacitor plate.

In circuit analyses, however, the capacitor as a whole is typically treated as a unit, in

which case the ordinary current law holds since exactly the current that enters the

capacitor on the one side leaves it on the other side.)

More technically, Kirchhoff's current law can be found by taking the divergence of

Ampre's law with Maxwell's correction and combining with Gauss's law, yielding:
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This is simply the charge conservation equation (in integral form, it says that the current

flowing out of a closed surface is equal to the rate of loss of charge within the enclosed

volume). Kirchhoff's current law is equivalent to the statement that the divergence of the

current is zero, true for time-invariant ρ, or always true if the displacement current is

included with J.

4.2. Uses

A matrix version of Kirchhoff's current law is the basis of most circuit simulation

software, such as SPICE.

Topic : Combinational Series/Parallel Circuits

Topic Objective:

At the end of this topic students will be able to:

 Explain how to break down a basic combinational circuit into an equivalent series or

parallel form and solve for current, voltage, and resistance

 Solve for current and voltage in complex circuits that contain five resistors in various

arrangements

 Use Thevenin's theorem to replace a linear, combinational circuit with an equivalent

circuit from the standpoint of the load

 Calculate the loading effect of various resistors on a voltage divider and discuss the

resistive loading effect of electronic instruments on circuits

 Apply the superposition method to circuits to find the currents and voltages in a circuit

with multiple sources

 Describe the Wheatstone bridge and calculate the load current in an unbalanced

Wheatstone bridge using Thevenin's theorem
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 In a general way, discuss the analysis, planning, and measurement process for

troubleshooting a faulty circuit

Definition/Overview:

Series Circuits: A series circuit is a circuit where there is only one path from the source through

all of the loads and back to the source. This means that all of the current in the circuit must flow

through all of the loads.

Parallel Circuits: As two or more electrical devices in a circuit can be connected by series

connections or by parallel connections. When all the devices are connected using parallel

connections, the circuit is referred to as a parallel circuit. In a parallel circuit, each device is

placed in its own separate branch. The presence of branch lines means that there are multiple

pathways by which charge can traverse the external circuit. Each charge passing through the loop

of the external circuit will pass through a single resistor present in a single branch.

Key Points:

1. Series-Parallel Circuit

With simple series circuits, all components are connected end-to-end to form only one path for

electrons to flow through the circuit:

With simple parallel circuits, all components are connected between the same two sets of

electrically common points, creating multiple paths for electrons to flow from one end of the

battery to the other:
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With each of these two basic circuit configurations, we have specific sets of rules describing

voltage, current, and resistance relationships.

Series Circuits:

 Voltage drops add to equal total voltage.

 All components share the same (equal) current.

 Resistances add to equal total resistance.

Parallel Circuits:

 All components share the same (equal) voltage.

 Branch currents add to equal total current.

 Resistances diminish to equal total resistance.

However, if circuit components are series-connected in some parts and parallel in others, we

won't be able to apply a single set of rules to every part of that circuit. Instead, we will have to

identify which parts of that circuit are series and which parts are parallel, then selectively apply

series and parallel rules as necessary to determine what is happening. Take the following circuit,

for instance:

This circuit is neither simple series nor simple parallel. Rather, it contains elements of both. The

current exits the bottom of the battery, splits up to travel through R3 and R4, rejoins, then splits

up again to travel through R1 and R2, then rejoins again to return to the top of the battery. There
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exists more than one path for current to travel (not series), yet there are more than two sets of

electrically common points in the circuit (not parallel).

Because the circuit is a combination of both series and parallel, we cannot apply the rules for

voltage, current, and resistance "across the table" to begin analysis like we could when the

circuits were one way or the other. For instance, if the above circuit were simple series, we could

just add up R1 through R4 to arrive at a total resistance, solve for total current, and then solve for

all voltage drops. Likewise, if the above circuit were simple parallel, we could just solve for

branch currents, add up branch currents to figure the total current, and then calculate total

resistance from total voltage and total current. However, this circuit's solution will be more

complex.

The table will still help us manage the different values for series-parallel combination circuits,

but we'll have to be careful how and where we apply the different rules for series and parallel.

Ohm's Law, of course, still works just the same for determining values within a vertical column

in the table.

If we are able to identify which parts of the circuit are series and which parts are parallel, we can

analyze it in stages, approaching each part one at a time, using the appropriate rules to determine

the relationships of voltage, current, and resistance.

2. Analysis Technique

The goal of series-parallel resistor circuit analysis is to be able to determine all voltage drops,

currents, and power dissipations in a circuit. The general strategy to accomplish this goal is as

follows:

 Step 1: Assess which resistors in a circuit are connected together in simple series or

simple parallel.

 Step 2: Re-draw the circuit, replacing each of those series or parallel resistor

combinations identified in step 1 with a single, equivalent-value resistor. If using a table

to manage variables, make a new table column for each resistance equivalent.

 Step 3: Repeat steps 1 and 2 until the entire circuit is reduced to one equivalent resistor.
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 Step 4: Calculate total current from total voltage and total resistance (I=E/R).

 Step 5: Taking total voltage and total current values, go back to last step in the circuit

reduction process and insert those values where applicable.

 Step 6: From known resistances and total voltage / total current values from step 5, use

Ohm's Law to calculate unknown values (voltage or current) (E=IR or I=E/R).

 Step 7: Repeat steps 5 and 6 until all values for voltage and current are known in the

original circuit configuration. Essentially, you will proceed step-by-step from the

simplified version of the circuit back into its original, complex form, plugging in values

of voltage and current where appropriate until all values of voltage and current are

known.

 Step 8: Calculate power dissipations from known voltage, current, and/or resistance

values.

In Section 3 of this course you will cover these topics:
Magnetism And Magnetic Circuits

Motors And Generators

Alternating Current

Topic : Magnetism And Magnetic Circuits

Topic Objective:

At the end of this topic students will be able to:

 Define key terms used for magnetic quantities and state the SI unit for measuring each

one

 Describe how magnetic materials become magnetized and describe properties of

magnetic materials

 Contrast basic laws for electrical circuits with those of magnetic circuits and apply

magnetic laws to problem solving

 Describe how a transformer is constructed and how it works
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 Describe the principles of operation of solenoids, solenoid valves, switches, and relays

 Read and explain a basic ladder diagram

Definition/Overview:

Magnetism: In physics, magnetism is one of the phenomena by which materials exert attractive

or repulsive forces on other materials. Some well-known materials that exhibit easily detectable

magnetic properties (called magnets) are nickel, iron, cobalt, and their alloys; however, all

materials are influenced to greater or lesser degree by the presence of a magnetic field.

Magnetism also has other manifestations in physics, particularly as one of the two components of

electromagnetic waves such as light.

Magnetic Circuit: A magnetic circuit is a closed path containing a magnetic flux. It generally

contains magnetic elements such as permanent magnets, ferromagnetic materials, and

electromagnets, but may also contain air gaps and other materials.

Key Points:

1. Magnetism

In physics, magnetism is one of the phenomena by which materials exert attractive or repulsive

forces on other materials. Some well-known materials that exhibit easily detectable magnetic

properties (called magnets) are nickel, iron, cobalt, and their alloys; however, all materials are

influenced to greater or lesser degree by the presence of a magnetic field. Magnetism also has
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other definitions/descriptions in physics, particularly as one of the two components of

electromagnetic waves such as light.

1.1. Magnets and magnetic materials

Every electron, on account of its spin, is a small magnet (see Electron magnetic dipole

moment). In most materials, the countless electrons have randomly oriented spins,

leaving no magnetic effect on average. However, in a bar magnet many of the electron

spins are aligned in the same direction, so they act cooperatively, creating a net magnetic

field. In addition to the electron's intrinsic magnetic field, there is sometimes an

additional magnetic field that results from the electron's orbital motion about the nucleus.

This effect is analogous to how a current-carrying loop of wire generates a magnetic field

(see Magnetic dipole). Again, ordinarily, the motion of the electrons is such that there is

no average field from the material, but in certain conditions, the motion can line up so as

to produce a measurable total field. The overall magnetic behavior of a material can vary

widely, depending on the structure of the material, and particularly on its electron

configuration.

1.2. Magnetism, Electricity, and Special Relativity

As a consequence of Einstein's theory of special relativity, electricity and magnetism are

understood to be fundamentally interlinked. Both magnetism lacking electricity, and

electricity without magnetism, are inconsistent with special relativity, due to such effects

as length contraction, time dilation, and the fact that the magnetic force is velocity-

dependent. However, when both electricity and magnetism are taken into account, the

resulting theory (electromagnetism) is fully consistent with special relativity. In

particular, a phenomenon that appears purely electric to one observer may be purely

magnetic to another, or more generally the relative contributions of electricity and

magnetism are dependent on the frame of reference. Thus, special relativity "mixes"
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electricity and magnetism into a single, inseparable phenomenon called

electromagnetism.

1.3. Magnetic Fields and Forces

The phenomenon of magnetism is "mediated" by the magnetic field -- i.e., an electric

current or magnetic dipole creates a magnetic field, and that field, in turn, imparts

magnetic forces on other particles that are in the fields.

To an excellent approximation (but ignoring some quantum effects---see quantum

electrodynamics), Maxwell's equations (which simplify to the Biot-Savart law in the case

of steady currents) describe the origin and behavior of the fields that govern these forces.

Therefore magnetism is seen whenever electrically charged particles are in motion---for

example, from movement of electrons in an electric current, or in certain cases from the

orbital motion of electrons around an atom's nucleus. They also arise from "intrinsic"

magnetic dipoles arising from quantum effects, i.e. from quantum-mechanical spin.

The same situations which create magnetic fields (charge moving in a current or in an

atom, and intrinsic magnetic dipoles) are also the situations in which a magnetic field has

an effect, creating a force. Following is the formula for moving charge; for the forces on

an intrinsic dipole, see magnetic dipole.

When a charged particle moves through a magnetic field B, it feels a force F given by the

cross product:

where is the electric charge of the particle, is the velocity vector of the particle, and

is the magnetic field. Because this is a cross product, the force is perpendicular to both

the motion of the particle and the magnetic field. It follows that the magnetic force does

no work on the particle; it may change the direction of the particle's movement, but it

cannot cause it to speed up or slow down. The magnitude of the force is
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where is the angle between the and vectors.

One tool for determining the direction of the velocity vector of a moving charge, the

magnetic field, and the force exerted is labeling the index finger "V", the middle finger

"B", and the thumb "F" with your right hand. When making a gun-like configuration

(with the middle finger crossing under the index finger), the fingers represent the velocity

vector, magnetic field vector, and force vector, respectively.

2. Magnetic circuit

A magnetic circuit is a closed path containing a magnetic flux. It generally contains magnetic

elements such as permanent magnets, ferromagnetic materials, and electromagnets, but may also

contain air gaps and other materials.

2.1. Magnetic circuit laws

If Φ is the magnetic flux in the circuit, Θ is the magnetomotive force F applied to the

circuit, and Rm is the reluctance of the circuit, then it follows from Ampre's law that:

This is analogous to Ohm's law in electrical circuits, where the current is equal to the

voltage (sometimes called electromotive force) divided by the resistance of the circuit.

Here, magnetic flux, magnetomotive force and reluctance are analogous to current,

voltage and resistance respectively.

If A is the area, μ is the permeability of the material, and l is the length

This is similar to the equation for electrical resistance in materials, with permeability

being analogous to conductivity. Longer, thinner geometries with low permeabilities lead
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to higher reluctance. Low reluctance, like low resistance in electric circuits, is generally

preferred.

Magnetic circuits obey other laws that are similar to electrical circuit laws. For example,

the total reluctance RT of reluctances in series is:

(this also follows from Ampre's law and is analogous to Kirchhoff's voltage law for

adding resistances in series). Also, the sum of magnetic fluxes into any

node is always zero:

.

This follows from Gauss's law and is analogous to Kirchhoff's current law for analysing

electrical circuits.

Together, the three laws above form a complete system for analysing magnetic circuits,

in a manner similar to electric circuits. Comparing the two types of circuits shows that:

o The equivalent to resistance R is the reluctance Rm

o The equivalent to current I is the magnetic flux Φ

o The equivalent to voltage V is the magnetomotive Force F

Magnetic circuits can be solved for the flux in each branch by application of the magnetic

equivalent of Kirchhoff's Voltage Law (KVL) for pure source/resistance circuits.

Specifically, whereas KVL states that the voltage excitation applied to a loop is equal to

the sum of the voltage drops (resistance times current) around the loop, the magnetic

analogue states that the magnetomotive force (achieved from ampere-turn excitation) is

equal to the sum of MMF drops (product of flux and reluctance) across the rest of the

loop. (If there are multiple loops, the current in each branch can be solved through a

matrix equation--much as a matrix solution for mesh circuit branch currents is obtained in

loop analysis--after which the individual branch currents are obtained by adding and/or
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subtracting the constituent loop currents as indicated by the adopted sign convention and

loop orientations.) Per Ampre's law, the excitation is the product of the current and the

number of complete loops made and is measured in ampere-turns. Stated more generally:

(Note that, per Stokes's theorem, the closed line integral of H dot dl around a contour is

equal to the open surface integral of curl H dot dA across the surface bounded by the

closed contour. Since, from Maxwell's equations, curl H = J, the closed line integral of H

dot dA evaluates to the total current passing through the surface. This is equal to the

excitation, NI, which also measures current passing through the surface, thereby verifying

that the net current flow through a surface is zero ampere-turns in a closed system that

conserves energy.)

More complex magnetic systems, where the flux is not confined to a simple loop, must be

analysed from first principles by using Maxwell's equations.

Topic : Motors And Generators

Topic Objective:

At the end of this topic students will be able to:

 Apply Faraday's law to calculate the induced voltage in a moving conductor

 Calculate the force on a conductor moving in a magnetic field

 Explain the operating principles for dc generators and ac generators (alternators)

 Explain how a dc motor converts electrical energy to mechanical motion

 Compare synchronous motors with induction motors and explain how each converts

electrical energy to mechanical motion
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Definition/Overview:

Motors: An electric motor uses electrical energy to produce mechanical energy. The reverse

process that of using mechanical energy to produce electrical energy, is accomplished by a

generator or dynamo. Traction motors used on locomotives and some electric and hybrid

automobiles often performs both tasks if the vehicle is equipped with dynamic brakes. Electric

motors are found in household appliances such as fans, refrigerators, washing machines, pool

pumps, floor vacuums, and fan-forced ovens.

Generators: In electricity generation, an electrical generator is a device that converts

mechanical energy to electrical energy, generally using electromagnetic induction. The reverse

conversion of electrical energy into mechanical energy is done by a motor, and motors and

generators have many similarities. A generator forces electric charges to move through an

external electrical circuit, but it does not create electricity or charge, which is already present in

the wire of its windings. It is somewhat analogous to a water pump, which creates a flow of

water but does not create the water inside. The source of mechanical energy may be a

reciprocating or turbine steam engine, water falling through a turbine or waterwheel, an internal

combustion engine, a wind turbine, a hand crank, the sun or solar energy, compressed air or any

other source of mechanical energy.

Key Points:

1. DC Motors

A simple DC motor has a coil of wire that can rotate in a magnetic field. The current in the coil is

supplied via two brushes that make moving contact with a split ring. The coil lies in a steady

magnetic field . The forces exerted on the current-carrying wires create a torque on the coil.
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The force F on a wire of length L carrying a current i in a magnetic field B is iLB times the sine

of the angle between B and i, which would be 90 if the field were uniformly vertical. The

direction of F comes from the right hand rule, as shown here. The two forces shown here are

equal and opposite, but they are displaced vertically, so they exert a torque. (The forces on the

other two sides of the coil act along the same line and so exert no torque.)

The coil can also be considered as a magnetic dipole, or a little electromagnet, as indicated by

the arrow NS: curl the fingers of your right hand in the direction of the current, and your thumb

is the North pole. In the sketch at right, the electromagnet formed by the coil of the rotor is

represented as a permanent magnet, and the same torque (North attracts South) is seen to be that

acting to align the central magnet.

Note the effect of the brushes on the split ring. When the plane of the rotating coil reaches

horizontal, the brushes will break contact (nothing is lost, because this is the point of zero torque

anyway--the forces act inwards). The angular momentum of the coil carries it past this break

point and the current then flows in the opposite direction, which reverses the magnetic dipole.

So, after passing the break point, the rotor continues to turn anticlockwise and starts to align in

the opposite direction. In the following text, I shall largely use the 'torque on a magnet' picture,

but be aware that the use of brushes or of AC current can cause the poles of the electromagnet in

question to swap position when the current changes direction.

The torque generated over a cycle varies with the vertical separation of the two forces. It

therefore depends on the sine of the angle between the axis of the coil and field. However,

because of the split ring, it is always in the same sense. The animation below shows its variation

in time, and you can stop it at any stage and check the direction by applying the right hand rule.

2. Motors and Generators

Now a DC motor is also a DC generator. Have a look at the next animation. The coil, split ring,

brushes and magnet are exactly the same hardware as the motor above, but the coil is being

turned, which generates an emf.
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If you use mechanical energy to rotate the coil (N turns, area A) at uniform angular velocity w in

the magnetic field B, it will produce a sinusoidal emf in the coil. Let q be the angle between B

and the normal to the coil, so the magnetic flux f is NAB.cos q. Faraday's law gives:

emf = - df/dt = -(d/dt) (NBA cos q)

= NBA sin q (dq/dt) = NBAw sin wt.

The animation above shows what is called a DC generator. As in the DC motor, the ends of the

coil connect to a split ring, whose two halves are contacted by the brushes. Note that the brushes

and split ring 'rectify' the emf produced: the contacts are organised so that the current will always

flow in the same direction, because when the coil turns past the dead spot, where the brushes

meet the gap in the ring, the connections between the ends of the coil and external terminals are

reversed. The emf here (neglecting the dead spot) is |NBAw sin wt|, as sketched.

2.1. An Alternator

If we want AC, we don't need recification, so we don't need split rings. (This is good

news, because the split rings cause sparks and extra wear. If you want DC, it is often

better to use an alternator and rectify with diodes.) In the next animation, the two brushes

contact two continuous rings, so the two external terminals are always connected to the

same ends of the coil. The result is the unrectified, sinusoidal emf given by NBAw sin

wt, which is shown in the next animation. This is an AC generator. The advantages of AC

and DC generators are compared in a section below. We saw above that a DC motor is

also a DC generator. Similarly, an alternator is also an AC motor. However, it is a rather

inflexible one.
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2.2. Back emf

Now, as the first two animations show, DC motors and generators may be the same thing.

For example, the motors of trains become generators when the train is slowing down:

they convert kinetic energy into electrical energy and put power back into the grid.

Recently, a few manufacturers have begun making cars rationally. In such cars, the

electric motors used to drive the car are also used to charge the batteries when the car is

stopped - it is called regenerative braking.

So here is an interesting corollary. Every motor is a generator. This is true, in a sense,

even when it functions as a motor. The emf that a motor generates is called the back emf.

The back emf increases with the speed, because of Faraday's law. So, if the motor has no

load, it turns very quickly and speeds up until the back emf, plus the voltage drop due to

losses, equal the supply voltage. The back emf can be thought of as a 'regulator': it stops

the motor turning too quickly. When the motor is loaded, then the phase of the voltage

becomes closer to that of the current (it starts to look resistive) and this apparent

resistance gives a voltage. So the back emf required is smaller, and the motor turns more

slowly.

3. Transformers

The photograph shows a transformer designed for demonstration purposes: the primary and

secondary coils are clearly separated, and may be removed and replaced by lifting the top section

of the core. For our purposes, note that the coil on the left has fewer coils than that at right.

The sketch and circuit show a step-up transformer. To make a step-down transformer, one only

has to put the source on the right and the load on the left. (Important safety note: for a real

transformer, you could only 'plug it in backwards' only after verifying that the voltage rating

were appropriate.) So, how does a transformer work?
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The core (shaded) has high magnetic permeability, ie a material that forms a magnetic field much

more easily than free space does, due to the orientation of atomic dipoles. (In the photograph, the

core is laminated soft iron.) The result is that the field is concentrated inside the core, and almost

no field lines leave the core. If follows that the magnetic fluxes f through the primary and

secondary are approximately equal, as shown. From Faraday's law, the emf in each turn, whether

in the primary or secondary coil, is -df/dt. If we neglect resistance and other losses in the

transformer, the terminal voltage equals the emf. For the Np turns of the primary, this gives

Vp = - Np.df/dt .

For the Ns turns of the secondary, this gives

Vs = - Ns.f/dt

Dividing these equations gives the transformer equation

Vs/Vp = Ns/Np = r.

where r is the turns ratio. What about the current? If we neglect losses in the transformer (see the

section below on efficiency), and if we assume that the voltage and current have similar phase

relationships in the primary and secondary, then from conservation of energy we may write, in

steady state:

Power in = power out, so

VpIp = VsIs, whence

Is/Ip = Np/Ns = 1/r.

So you don't get something for nothing: if you increase the voltage, you decrease the current by

(at least) the same factor. Note that, in the photograph, the coil with more turns has thinner wire,

because it is designed to carry less current than that with fewer turns.

In some cases, decreasing the current is the aim of the exercise. In power transmission lines, for

example, the power lost in heating the wires due to their non-zero resistance is proportional to

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

54
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



the square of the current. So it saves a lot of energy to transmit the electrical power from power

station to city at very high voltages so that the currents are only modest.

Finally, and again assuming that the transformer is ideal, let's ask what the resistor in the

secondary circuit 'looks like' to the primary circuit. In the primary circuit:

Vp = Vs/r and Ip = Is.r so

Vp/Ip = Vs/r
2Is = R/r2.

R/r2 is called the reflected resistance. Provided that the frequency is not too high, and provided

that there is a load resistance (conditions usually met in practical transformers), the inductive

reactance of the primary is much smaller than this reflected resistance, so the primary circuit

behaves as though the source were driving a resistor of value R/r2.

3.1. Efficiency of Transformers

In practice, real transformers are less than 100% efficient.

o First, there are resistive losses in the coils (losing power I2.r). For a given

material, the resistance of the coils can be reduced by making their cross section

large. The resistivity can also be made low by using high purity copper. Second,

there are some eddy current losses in the core. These can be reduced by

laminating the core. Laminations reduce the area of circuits in the core, and so

reduce the Faraday emf, and so the current flowing in the core, and so the energy

thus lost.

o Third, there are hysteresis losses in the core. The magentisation and

demagnetisation curves for magnetic materials are often a little different

(hysteresis or history depedence) and this means that the energy required to

magnetise the core (while the current is increasing) is not entirely recovered

during demagnetisation. The difference in energy is lost as heat in the core.
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o Finally, the geometric design as well as the material of the core may be

optimised to ensure that the magnetic flux in each coil of the secondary is nearly

the same as that in each coil of the primary.

3.2. More about Transformers: AC vs. DC Generators

Transformers only work on AC, which is one of the great advantages of AC.

Transformers allow 240V to be stepped down to convenient levels for digital electronics

(only a few volts) or for other low power applications (typically 12V). Transformers step

the voltage up for transmission, as mentioned above, and down for safe distribution.

Without transformers, the waste of electric power in distribution networks, already high,

would be enormous. It is possible to convert voltages in DC, but more complicated than

with AC. Further, such conversions are often inefficient and/or expensive. AC has the

further advantage that it can be used on AC motors, which are usually preferable to DC

motors for high power applications.

Topic : Alternating Current

Topic Objective:

At the end of this topic students will be able to:

 Describe the parameters used to characterize a sinusoidal wave

 Explain how phasors can be used to represent one or more sine waves

 Describe the key parameters used to characterize pulses, triangular waves, and sawtooth

waves

 Describe the principal features and controls for a function generator

 Describe the four major sections in a block diagram of an oscilloscope and the controls

associated with each section
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Definition/Overview:

Alternating Current: An alternating current (AC) is an electric current whose magnitude and

direction vary cyclically, as opposed to direct current, whose direction remains constant. The

usual waveform of an AC power circuit is a sine wave, as this result in the most efficient

transmission of energy. However in certain applications different waveforms are used, such as

triangular or square waves.

Key Points:

1. Alternating Current

An alternating current (AC) is an electric current whose direction reverses cyclically, as opposed

to direct current, whose direction remains constant. The usual waveform of an AC power circuit

is a sine wave, as this 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 wires 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.

2. The Sine Wave

The sine wave is the fundamental type of alternating current (ac) and alternating voltage. It is

also referred to as a sinusoidal wave, or, simply, sinusoid. The electrical service provided by the
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power companies is in the form of sinusoidal voltage and current. In addition, other types of

repetitive wave forms are composites of many individual sine waves called harmonics.

Figure 1: Symbol for a sinusoidal voltage source.

Sine waves, or sinusoidals, are produced by two types of sources: rotating electrical machines (ac

generators) or electronic oscillator circuits, which are used in instruments commonly known as

electronic signal generators. Figure 1 shows the symbol used to represent either source of

sinusoidal voltage.

Figure 2 is a graph showing the general shape of a sine wave, which can be either an alternating

current or an alternating voltage. Voltage (or current) is displayed on the vertical axis and time

(t) is displayed on the horizontal axis. Notice how the voltage (or current) varies with time.

Starting at zero, the voltage (or current) increases to a positive maximum (peak), returns to zero,

and then increases to a negative maximum (peak) before returning again to zero, thus completing

one full cycle.

2.1. Polarity of a Sine Wave

As you have seen, a sine wave changes polarity at its zero value; that is, it alternates

between positive and negative values. When a sinusoidal voltage source (Vs) is applied to

a resistive circuit, as in Figure 6-3, an alternating sinusoidal current results. When the

voltage changes polarity, the current correspondingly changes direction as indicated.

During the positive alternation of the source voltage Vs, the current is in the direction

shown in Figure 3(a). During a negative alternation of the source voltage, the current is in

the opposite direction, as shown in Figure 3(b). The combined positive and negative

alternations make up one cycle of a sine wave.

2.2. Period of a Sine Wave

A sine wave varies with time (t) in a definable manner.
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The time required for a given sine wave to complete one full cycle is called the period

(T).

Figure 4(a) illustrates the period of a sine wave. Typically, a sine wave continues to

repeat itself in identical cycles, as shown in Figure 4(b). Since all cycles of a repetitive

sine wave are the same, the period is always a fixed value for a given sine wave. The

period of a sine wave can be measured from a zero crossing to the next corresponding

zero crossing, as indicated in Figure 4(a). The period can also be measured from any peak

in a given cycle to the corresponding peak in the next cycle.

3. Phasor Representation

In physics and engineering, a phase vector ("phasor") is a representation of a sine wave whose

amplitude (A), phase (θ), and frequency (ω) are time-invariant. It is a subset of a more general

concept called analytic representation. Phasors reduce the dependencies on these parameters to

three independent factors, thereby simplifying certain kinds of calculations. In particular, the

frequency factor, which also includes the time-dependence of the sine wave, is often common to

all the components of a linear combination of sine waves. Using phasors, it can be factored out,

leaving just the static amplitude and phase information to be combined algebraically (rather than

trigonometrically). Similarly, linear differential equations can be reduced to algebraic ones. The

term phasor therefore often refers to just those two factors. In older texts, a phasor is also

referred to as a sinor.

4. Non-Sinusoidal Waveform

Non-sinusoidal waveforms are waveforms that are not pure sine waves. They are usually derived

from simple math functions. While a pure sine consists of a single frequency, non-sinusoidal

waveforms can be described as containing multiple sine waves of different frequencies. These

"component" sine waves may, or may not, be multiples of a fundamental or "lowest" frequency.
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The frequency and amplitude of each component can be found using a mathematical technique

known as Fourier analysis. Non-sinusoidal waveforms are important in, for example,

mathematics, music and electronics.

5. Function Generator

A function generator is a piece of electronic test equipment or software used to generate

electrical waveforms. These waveforms can be either repetitive, or single-shot in which case

some kind of triggering source is required (internal or external). Another type of function

generator is a sub-system that provides an output proportional to some mathematical function of

its input; for example, the output may be proportional to the square root of the input. Such

devices are used in feedback control systems and in analog computers.

Analog function generators usually generate a triangle waveform as the basis for all of its other

outputs. The triangle is generated by repeatedly charging and discharging a capacitor from a

constant current source. This produces a linearly ascending or descending voltage ramp. As the

output voltage reaches upper and lower limits, the charging and discharging is reversed using a

comparator, producing the linear triangle wave. By varying the current and the size of the

capacitor, different frequencies may be obtained.

A 50% duty cycle square wave is easily obtained by noting whether the capacitor is being

charged or discharged, which is reflected in the current switching comparator's output. Most

function generators also contain a non-linear diode shaping circuit that can convert the triangle

wave into a reasonably accurate sine wave. It does so by rounding off the hard corners of the

triangle wave in a process similar to clipping in audio systems.

The type of output connector from the device depends on the frequency range of the generator. A

typical function generator can provide frequencies up to 20 MHz and uses a BNC connector,

usually requiring a 50 or 75 ohm termination. Specialised RF generators are capable of gigahertz

frequencies and typically use N-type output connectors. Function generators, like most signal

generators, may also contain an attenuator, various means of modulating the output waveform,
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and often the ability to automatically and repetitively "sweep" the frequency of the output

waveform (by means of a voltage-controlled oscillator) between two operator-determined limits.

This capability makes it very easy to evaluate the frequency response of a given electronic

circuit.

Some function generators can also generate white or pink noise. More advanced function

generators use Direct Digital Synthesis (DDS) to generate waveforms. Arbitrary waveform

generators use DDS to generate any waveform that can be described by a table of amplitude

values.

6. Oscilloscope

An oscilloscope (commonly abbreviated to scope or O-scope) is a type of electronic test

equipment that allows signal voltages to be viewed, usually as a two-dimensional graph of one or

more electrical potential differences (vertical axis) plotted as a function of time or of some other

voltage (horizontal axis). The oscilloscope is one of the most versatile and widely-used

electronic instruments.

Oscilloscopes are widely used when it is desired to observe the exact wave shape of an electrical

signal. In addition to the amplitude of the signal, an oscilloscope can measure the frequency,

show distortion, and show the relative timing of two related signals. Oscilloscopes are used in

the sciences, medicine, engineering, telecommunications, and industry. General-purpose

instruments are used for maintenance of electronic equipment and laboratory work. Special-

purpose oscilloscopes may be used for such purposes as adjusting an automotive ignition system,

or to display the waveform of the heartbeat.

Originally all oscilloscopes used cathode ray tubes as their display element, but modern digital

oscilloscopes use high-speed analog-to-digital converters and computer-like display screens and

processing of signals. Oscilloscope peripheral modules for general purpose laptop or desktop

personal computers can turn them into useful and flexible test instruments.
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In Section 4 of this course you will cover these topics:

Capacitors

Inductors

Topic : Capacitors

Topic Objective:

At the end of this topic students will be able to:

 Describe the relationship between charge, voltage, and capacitance for a basic capacitor

 Compare the characteristics of various types of capacitors, including polarized and non-

polarized ones

 Calculate the total capacitance of series and parallel capacitors

 Use the universal charging and discharging curves to predict the instantaneous current

and voltage for a capacitor in a dc circuit

 Calculate the capacitive reactance for a capacitor in an ac circuit

 List several important applications of capacitors

Definition/Overview:

Capacitor: A capacitor is an electrical/electronic device that can store energy in the electric field

between a pair of conductors (called "plates"). The process of storing energy in the capacitor is

known as "charging", and involves electric charges of equal magnitude, but opposite polarity,

building up on each plate. Capacitors are often used in electric and electronic circuits as energy-
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storage devices. They can also be used to differentiate between high-frequency and low-

frequency signals. This property makes them useful in electronic filters.

Charge: Electric charge is a fundamental conserved property of some subatomic particles, which

determines their electromagnetic interaction. Electrically charged matter is influenced by, and

produces, electromagnetic fields. The interaction between a moving charge and an

electromagnetic field is the source of the electromagnetic force, which is one of the four

fundamental forces.

Voltage: Electrical tension (or voltage after its SI unit, the volt) is the difference of electrical

potential between two points of an electrical or electronic circuit, expressed in volts.

Capacitance: Capacitance is a measure of the amount of electric charge stored (or separated) for

a given electric potential. The most common form of charge storage device is a two-plate

capacitor.

Key Points:

1. Capacitor

A capacitor is a passive electrical component that can store energy in the electric field between a

pair of conductors (called "plates"). The process of storing energy in the capacitor is known as

"charging", and involves electric charges of equal magnitude, but opposite polarity, building up

on each plate. A capacitor's ability to store charge is measured by its capacitance, in units of

farads.
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Capacitors are often used in electric and electronic circuits as energy-storage devices. They can

also be used to differentiate between high-frequency and low-frequency signals. This property

makes them useful in electronic filters. Practical capacitors have series resistance, internal

leakage of charge, series inductance and other non-ideal properties not found in a theoretical,

ideal, capacitor.

Capacitors are occasionally referred to as condensers. This term is considered archaic in English,

but most other languages use a cognate of condenser to refer to a capacitor. A wide variety of

capacitors have been invented, including small electrolytic capacitors used in electronic circuits,

basic parallel-plate capacitors, mechanical variable capacitors, and the early Leyden jars, among

numerous other types of capacitors.

1.1. Theory of Operation

A capacitor consists of two conductive electrodes, or plates, separated by a dielectric,

which prevents charge from moving directly between the plates. Charge may however

move from one plate to the other through an external circuit, such as a battery connected

between the terminals. When any external connection is removed, the charge on the

plates persists. The separated charges attract each other, and an electric field is present

between the plates. The simplest practical capacitor consists of two wide, flat, parallel

plates separated by a thin dielectric layer.

Assuming that the plate size , where A is the area of the plates, is much greater than

their separation d, the instantaneous electric field between the plates E(t) is identical at

any location away from the edges. If the instantaneous charge on a plate, − q(t), is spread

evenly, then

,

Where is the permittivity of the dielectric. The voltage v(t) between the plates is given

by
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,

Where z is a position between the plates

1.2. Capacitance

A capacitor's ability to store charge is measured by its capacitance , the ratio of the

amount of charge stored on each plate to the voltage:

,

For an ideal parallel plate capacitor with a plate area and a plate separation :

In SI units, a capacitor has a capacitance of one farad when one coulomb of charge stored

on each plate causes a voltage difference of one volt between its plates. Since the farad is

a very large unit, capacitance is usually expressed in microfarads (F), nanofarads (nF), or

picofarads (pF). In general, capacitance is greater in devices with large plate areas,

separated by small distances. When a dielectric is present between two charged plates, its

molecules become polarized and reduce the internal electric field and hence the voltage.

This allows the capacitor to store more charge for a given voltage, so a dielectric

increases the capacitance of a capacitor, by an amount given by the dielectric constant,

, of the material.

1.3. Energy Storage

Work must be done by an external influence to move charge between the plates in a

capacitor. When the external influence is removed, the charge separation persists and

energy is stored in the electric field. If charge is later allowed to return to its equilibrium

position, the energy is released. The work done in establishing the electric field, and

hence the amount of energy stored, is given by
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The maximum energy that can be stored safely in a capacitor is limited by the breakdown

voltage of the capacitor, which is the breakdown field strength of the dielectric material

times the dielectric thickness. Due to the scaling of capacitance and breakdown voltage

with dielectric thickness, all capacitors made with a particular dielectric have

approximately equal maximum energy density, to the extent that the dielectric dominates

their volume.

1.4. Hydraulic Analogy

As electrical circuitry can be modeled by fluid flow, a capacitor can be modeled as a

chamber with a flexible diaphragm separating the input from the output. As can be

determined intuitively as well as mathematically, this provides the correct characteristics:

o The pressure difference (voltage difference) across the unit is proportional

to the integral of the flow (current).

o A steady state current cannot pass through it because the pressure will build

up across the diaphragm until it equally opposes the source pressure, but a

transient pulse or alternating current can be transmitted.

o An overpressure results in bursting of the diaphragm, analogous to dielectric

breakdown.

o The capacitance of units connected in parallel is equivalent to the sum of

their individual capacitances.

1.5. Aging

The capacitance of certain capacitors decreases as the component ages. In ceramic

capacitors, this is caused by degradation of the dielectric. The type of dielectric and the

ambient operating and storage temperatures are the most significant aging factors, while

the operating voltage has a smaller effect. The aging process may be reversed by heating

the component above the Curie point. Aging is fastest near the beginning of life of the

component, and the device stabilizes over time. Electrolytic capacitors age as the
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electrolyte evaporates. In contrast with ceramic capacitors, this occurs towards the end of

life of the component.

2. Electric Circuits

When a capacitor is connected to a current source, charge is transferred between its plates at a

rate i(t) = dq(t) / dt. As the voltage between the plates is proportional to the charge, it follows

that

.

Conversely, if a capacitor is connected to a voltage source, the resulting displacement current is

given by

.

For example, if one were to connect a 1000 F capacitor to a voltage source, then increase the

sourced voltage at a rate of 2.5 Volts per second, the current flowing through the capacitor would

be

.

2.1. DC Sources

A circuit containing only a resistor, a capacitor, a switch and a constant (DC) voltage

source vsrc(t) = V0 in series is known as a charging circuit. From Kirchhoff's voltage law

it follows that

,

where vr(t) and vc(t) are the voltages across the resistor and capacitor respectively. This

reduces to a first order differential equation
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Assuming that the capacitor is initially uncharged, there is no internal electric field, and

the initial current is I0 = V0 / R. This initial condition allows solution of the differential

equation as

.

The corresponding voltage drop across the capacitor is

.

Therefore, as charge increases on the capacitor plates, the voltage across the capacitor

increases, until it reaches a steady-state value of V0, and the current drops to zero. Both

the current, and the difference between the source and capacitor voltage decay

exponentially with respect to time. The time constant of the decay is given by τ = RC.

2.2. AC Sources

When connected to an alternating current (AC) voltage source, the voltage across the

capacitor varies sinusoidally as

v(t) = V0sin(ω0t + φ),

where ω0 = 2πf0 is the angular frequency of the source, V0 is the amplitude of the voltage

and φ is the phase. The corresponding displacement current is therefore

.

The displacement current therefore varies sinusoidally with the same frequency as the

voltage. The amplitude is scaled by the product of capacitance and angular frequency,

and a 90 degree (quarter cycle) phase shift. Capacitors effectively conduct AC, as the
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current maintains a constant, nonzero amplitude. This occurs despite charge never

passing directly through the dielectric.

2.3. Impedance

The ratio of the phasor voltage across a circuit element to the phasor current through that

element is called the impedance Z. For a capacitor, the impedance is given by

where is the capacitive reactance, is the angular frequency, f is

the frequency), C is the capacitance in farads, and j is the imaginary unit.

While this relation (between the frequency domain voltage and current associated with a

capacitor) is always true, the ratio of the time domain voltage and current amplitudes is

equal to XC only for sinusoidal (AC) circuits in steady state.

Hence, capacitive reactance is the negative imaginary component of impedance. The

negative sign indicates that the current leads the voltage by 90 for a sinusoidal signal, as

opposed to the inductor, where the current lags the voltage by 90.

The impedance is analogous to the resistance of a resistor. The impedance of a capacitor

is inversely proportional to the frequency - that is, for very high-frequency alternating

currents the reactance approaches zero - so that a capacitor is nearly a short circuit to a

very high frequency AC source. Conversely, for very low frequency alternating currents,

the reactance increases without bound so that a capacitor is nearly an open circuit to a

very low frequency AC source. This frequency dependent behaviour accounts for most

uses of the capacitor.

Reactance is so called because the capacitor does not dissipate power, but merely stores

energy. In electrical circuits, as in mechanics, there are two types of load, resistive and

reactive. Resistive loads (analogous to an object sliding on a rough surface) dissipate the

energy delivered by the circuit as heat, while reactive loads (analogous to a spring or

frictionless moving object) store this energy, ultimately delivering the energy back to the

circuit.
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Also significant is that the impedance is inversely proportional to the capacitance, unlike

resistors and inductors for which impedances are linearly proportional to resistance and

inductance respectively. This is why the series and shunt impedance formulae (given

below) are the inverse of the resistive case. In series, impedances sum. In parallel,

conductances sum.

2.4. Laplace Equivalent (s-Domain)

When using the Laplace transform in circuit analysis, the capacitive impedance is

represented in the s domain by:

where C is the capacitance, and s (= σ+jω) is the complex frequency.

2.5. Displacement Current

The physicist James Clerk Maxwell invented the concept of displacement current, dD/dt,

to make Ampre's law consistent with conservation of charge in cases where charge is

accumulating as in a capacitor. He interpreted this as a real motion of charges, even in

vacuum, where he supposed that it corresponded to motion of dipole charges in the

aether. Although this interpretation has been abandoned, Maxwell's correction to Ampre's

law remains valid.

2.6. Limitations Due to AC Displacement Current

The displacement current due to an applied AC voltage source can cause damage to

capacitors that are not appropriate for such applications. This current can cause

overheating of the capacitor due to the power dissipated across the capacitor's Equivalent

Series Resistance (ESR). As the frequency of the AC voltage source increases the more

power will be dissipated across the ESR due to the increase in current flow required to

charge and discharge the capacitor in a shorter time period.

Ceramic capacitors are well suited for frequency applications due to their low ESR

values. However, most tantalum capacitors are rated for a maximum ripple current due to

their much higher ESR values.
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The electric current,IRMS, and electric power, PRMS produced by an AC voltage source

across a capacitor is given as:

3. Networks

3.1. Series or Parallel Arrangements

Main article: Series and parallel circuits

Capacitors in a parallel configuration each have the same potential difference (voltage).

Their total capacitance (Ceq) is given by:

The reason for putting capacitors in parallel is to increase the total amount of charge

stored. In other words, increasing the capacitance also increases the amount of energy

that can be stored. Its expression is:

The current through capacitors in series stays the same, but the voltage across each

capacitor can be different. The sum of the potential differences (voltage) is equal to the

total voltage. Their total capacitance is given by:
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In parallel, the effective area of the combined capacitor has increased, increasing the

overall capacitance. However, in series, the distance between the plates has effectively

been increased, reducing the overall capacitance.

Capacitors are used in series for higher working voltage, for example for smoothing in a

high voltage power supply. Three "600 volt maximum" capacitors in series can be used at

1800 volts. This is offset by the total capacitance obtained being only one third of the

value of the capacitors used. This can be countered by connecting 3 of these series set-

ups in parallel, resulting in a 3x3 matrix of capacitors with the same overall capacitance

as an individual capacitor but operable under three times the voltage. In this application, a

large resistor would be connected across each capacitor to ensure that the total voltage is

divided equally across each capacitor and also to discharge the capacitors for safety when

the equipment is not in use.

Another application is for use of polarized capacitors in alternating current circuits; the

capacitors are connected in series, in reverse polarity, so that at any given time one of the

capacitors is not conducting.

3.2. Capacitor/Inductor Duality

In mathematical terms, the ideal capacitor can be considered as an inverse of the ideal

inductor, because the voltage-current equations of the two devices can be transformed

into one another by exchanging the voltage and current terms. Just as two or more

inductors can be magnetically coupled to make a transformer; two or more charged

conductors can be electro-statically coupled to make a capacitor. The mutual capacitance

of two conductors is defined as the current that flows in one when the voltage across the

other changes by unit voltage in unit time.

4. Capacitor Types

Practical capacitors are available commercially in many different forms. The type of internal

dielectric, the structure of the plates and the device packaging all strongly affect the

characteristics of the capacitor, and its applications.
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4.1. Dielectric Materials

Most types of capacitor include a dielectric spacer, which increases their capacitance.

However, low capacitance devices are available with a vacuum between their plates,

which allows extremely high voltage operation and low losses. Air filled variable

capacitors are also commonly used in radio tuning circuits. Several solid dielectrics are

available, including paper, plastic, glass, mica and ceramic materials. Paper was used

extensively in older devices and offers relatively high voltage performance. However, it

is susceptible to water absorption, and has been largely replaced by plastic film

capacitors. Plastics offer better stability and aging performance, which makes them useful

in timer circuits, although they may be limited to low operating temperatures and

frequencies. Ceramic capacitors are generally small, cheap and useful for high frequency

applications, although their capacitance varies strongly with voltage, and they age poorly.

They are broadly categorized as Class 1 dielectrics, which have predictable variation of

capacitance with temperature or Class 2 dielectrics, which can operate at higher voltage.

Glass and mica capacitors are extremely reliable, stable and tolerant to high temperatures

and voltages, but are too expensive for most mainstream applications.

Electrolytic capacitors use an aluminum or tantalum plate with an oxide dielectric layer.

The second electrode is a liquid electrolyte. Electrolytic capacitors offer very high

capacitance but suffer from poor tolerances, high instability, gradual loss of capacitance

especially when subjected to heat, and high leakage current. The conductivity of the

electrolyte drops at low temperatures, which increases equivalent series resistance. While

widely used for power-supply conditioning, poor high-frequency characteristics make

them unsuitable for many applications. Tantalum capacitors offer better frequency and

temperature characteristics than aluminum, but higher dielectric absorption and leakage.

OS-CON (or OC-CON) capacitors are a polymerized organic semiconductor solid-

electrolyte type that offer longer life at higher cost than standard electrolytic capacitors.
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Several other types of capacitor are available for specialist applications. Supercapacitors

made from carbon aerogel, carbon nanotubes, or highly porous electrode materials offer

extremely high capacity and can be used in some applications instead of rechargeable

batteries. Alternating current capacitors are specifically designed to work on line (mains)

voltage AC power circuits. They are commonly used in electric motor circuits and are

often designed to handle large currents, so they tend to be physically large. They are

usually ruggedly packaged, often in metal cases that can be easily grounded/earthed.

They also tend to have rather high direct current breakdown voltages.

4.2. Structure

The arrangement of plates and dielectric has many variations depending on the desired

ratings of the capacitor. For small values of capacitance (microfarads and less), ceramic

disks have plated metal plates, with wire leads bonded to the plating. Larger values can

be made by multiple stacks of plates and disks. Larger value capacitors usually use a

metal foil to make the plates, and a dielectric film of impregnated paper or plastic - these

are rolled up to save space. To reduce the series resistance and inductance for long plates,

the plates and dielectric are staggered so that connection is made at the common edge of

the rolled-up plates, not at the end.

he assembly is encased to prevent moisture entering the dielectric - early radio equipment

used a cardboard tube sealed with wax. Modern paper or film dielectric capacitors are

dipped in a hard thermoplastic. Large capacitors for high-voltage use may have the roll

form compressed to fit into a rectangular metal case, with bolted terminals and bushings

for connections. The dielectric in larger capacitors is often impregnated with a liquid to

improve its properties.

Capacitors may have their connecting leads arranged in many configurations, for example

axially or radially. Small, cheap discoidal ceramic capacitors have existed since the

1930s, and remain in widespread use. Since the 1980s, surface mount packages for

capacitors have been widely used. These packages are extremely small and lack
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connecting leads, allowing them to be soldered directly onto the surface of printed circuit

boards. Surface mount components avoid undesirable high-frequency effects due to the

leads and simplify automated assembly, although manual handling is made difficult due

to their small size.

Mechanically controlled variable capacitors allow the plate spacing to be adjusted, for

example by rotating or sliding a set of movable plates into alignment with a set of

stationary plates. Low cost variable capacitors squeeze together alternating layers of

aluminum and plastic with a screw. Electrical control of capacitance is achievable with

varactors (or varicaps), which are reverse-biased semiconductor diodes whose depletion

region width varies with applied voltage. They are used in phase-locked loops, amongst

other applications.

5. Applications

Capacitors have various uses in electronic and electrical systems.

5.1. Energy Storage

A capacitor can store electric energy when disconnected from its charging circuit, so it

can be used like a temporary battery. Capacitors are commonly used in electronic devices

to maintain power supply while batteries are being changed. (This prevents loss of

information in volatile memory.) UPSes can be equipped with maintenance-free

capacitors to extend service life.
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5.2. Pulsed Power and Weapons

Groups of large, specially constructed, low-inductance high-voltage capacitors (capacitor

banks) are used to supply huge pulses of current for many pulsed power applications.

These include electromagnetic forming, Marx generators, pulsed lasers (especially TEA

lasers), pulse forming networks, radar, fusion research, and particle accelerators.

Large capacitor banks(Reservoir) are used as energy sources for the exploding-

bridgewire detonators or slapper detonators in nuclear weapons and other specialty

weapons. Experimental work is under way using banks of capacitors as power sources for

electromagnetic armour and electromagnetic railguns or coilguns.

5.3. Power Conditioning

Reservoir capacitors are used in power supplies where they smooth the output of a full or

half wave rectifier. They can also be used in charge pump circuits as the energy storage

element in the generation of higher voltages than the input voltage.

Capacitors are connected in parallel with the power circuits of most electronic devices

and larger systems (such as factories) to shunt away and conceal current fluctuations

from the primary power source to provide a "clean" power supply for signal or control

circuits. Audio equipment, for example, uses several capacitors in this way, to shunt

away power line hum before it gets into the signal circuitry. The capacitors act as a local

reserve for the DC power source, and bypass AC currents from the power supply. This is

used in car audio applications, when a stiffening capacitor compensates for the

inductance and resistance of the leads to the lead-acid car battery.
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5.4. Power Factor Correction

In electric power distribution, capacitors are used for power factor correction. Such

capacitors often come as three capacitors connected as a three phase load. Usually, the

values of these capacitors are given not in farads but rather as a reactive power in volt-

amperes reactive (VAr). The purpose is to counteract inductive loading from devices like

electric motors and transmission lines to make the load appear to be mostly resistive.

Individual motor or lamp loads may have capacitors for power factor correction, or larger

sets of capacitors (usually with automatic switching devices) may be installed at a load

center within a building or in a large utility substation.

5.5. Filtering

5.5.1. Signal Coupling

Because capacitors pass AC but block DC signals (when charged up to the

applied dc voltage), they are often used to separate the AC and DC components of

a signal. This method is known as AC coupling or "capacitive coupling". Here, a

large value of capacitance, whose value need not be accurately controlled, but

whose reactance is small at the signal frequency, is employed.

5.5.2. Decoupling

A decoupling capacitor is a capacitor used to decouple one part of a circuit

from another. Noise caused by other circuit elements is shunted through the

capacitor, reducing the effect they have on the rest of the circuit. It is most

commonly used between the power supply and ground. An alternative name is

bypass capacitor as it is used to bypass the power supply or other high impedance

component of a circuit.
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5.5.3. Noise Filters and Snubbers

When an inductive circuit is opened, the current through the inductance collapses

quickly, creating a large voltage across the open circuit of the switch or relay. If

the inductance is large enough, the energy will generate a spark, causing the

contact points to oxidize, deteriorate, or sometimes weld together, or destroying a

solid-state switch. A snubber capacitor across the newly opened circuit creates a

path for this impulse to bypass the contact points, thereby preserving their life;

these were commonly found in contact breaker ignition systems, for instance.

Similarly, in smaller scale circuits, the spark may not be enough to damage the

switch but will still radiate undesirable radio frequency interference (RFI), which

a filter capacitor absorbs. Snubber capacitors are usually employed with a low-

value resistor in series, to dissipate energy and minimize RFI. Such resistor-

capacitor combinations are available in a single package.

Capacitors are also used in parallel to interrupt units of a high-voltage circuit

breaker in order to equally distribute the voltage between these units. In this case

they are called grading capacitors. In schematic diagrams, a capacitor used

primarily for DC charge storage is often drawn vertically in circuit diagrams with

the lower, more negative, plate drawn as an arc. The straight plate indicates the

positive terminal of the device, if it is polarized (see electrolytic capacitor).

5.5.4. Motor Starters

In single phase squirrel cage motors, the primary winding within the motor

housing isn't capable of starting a rotational motion on the rotor, but is capable of

sustaining one. To start the motor, a secondary winding is used in series with a

non-polarized starting capacitor to introduce a lag in the sinusoidal current

through the secondary winding. When the secondary winding is placed at an angle
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with respect to the primary winding, a rotating electric field is created. The force

of the rotational field is not constant, but is sufficient to start the rotor spinning.

The start capacitor is typically mounted to the side of the motor housing.

5.5.5. Signal Processing

The energy stored in a capacitor can be used to represent information, either in

binary form, as in DRAMs, or in analogue form, as in analog sampled filters and

CCDs. Capacitors can be used in analog circuits as components of integrators or

more complex filters and in negative feedback loop stabilization. Signal

processing circuits also use capacitors to integrate a current signal.

5.5.6. Tuned Circuits

Capacitors and inductors are applied together in tuned circuits to select

information in particular frequency bands. For example, radio receivers rely on

variable capacitors to tune the station frequency. Speakers use passive analog

crossovers, and analog equalizers use capacitors to select different audio bands. In

a tuned circuit such as a radio receiver, the frequency selected is a function of the

inductance (L) and the capacitance (C) in series, and is given by:

This is the frequency at which resonance occurs in an LC circuit.
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5.5.7. Sensing

Most capacitors are designed to maintain a fixed physical structure. However,

various factors can change the structure of the capacitor; the resulting change in

capacitance can be used to sense those factors. Changing the dielectric: The

effects of varying the physical and/or electrical characteristics of the dielectric can

also be of use. Capacitors with an exposed and porous dielectric can be used to

measure humidity in air. Capacitors are used to accurately measure the fuel level

in airplanes; as the fuel covers more of a pair of plates, the circuit capacitance

increases.

Changing the distance between the plates: Capacitors with a flexible plate can be

used to measure strain or pressure. Industrial pressure transmitters used for

process control use pressure-sensing diagphragms, which form a capacitor plate

of an oscillator circuit. Capacitors are used as the sensor in condenser

microphones, where one plate is moved by air pressure, relative to the fixed

position of the other plate. Some accelerometers use MEMS capacitors etched on

a chip to measure the magnitude and direction of the acceleration vector. They are

used to detect changes in acceleration, eg. as tilt sensors or to detect free fall, as

sensors triggering airbag deployment, and in many other applications. Some

fingerprint sensors use capacitors. Additionally, a user can adjust the pitch of a

theremin musical instrument by moving his hand since this changes the effective

capacitance between the user's hand and the antenna.

Topic : Inductors

Topic Objective:

At the end of this topic students will be able to:
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 Define inductance, describe Lenz's law, and explain how inductance can be calculated for

a coil

 Compare the characteristics of various types of inductors

 Calculate the total inductance of series and parallel inductors

 Use the universal charging and discharging curves to predict the instantaneous current

and voltage for an inductor in a dc circuit

 Calculate the inductive reactance for an inductor in an ac circuit

 List several important applications of inductors

Definition/Overview:

Inductors: An inductor is a passive electrical device employed in electrical circuits for its

property of inductance.

Inductance: In electrical circuits, any electric current i produces a magnetic field and hence

generates a total magnetic flux Φ acting on the circuit. This magnetic flux, due to Lenz's law

tends to act to oppose changes in the flux by generating a voltage (a back EMF) that counters or

tends to reduce the rate of change in the current.
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Key Points:

1. Inductance

The quantitative definition of the inductance in SI units (webers per ampere) is

In the above definition, the magnetic flux Φ is that caused by the current in the circuit concerned.

There may, however, be contributions from other circuits.

Consider for example two circuits C1, C2, carrying the currents i1, i2. The magnetic fluxes Φ1 and

Φ2 in C1 and C2, respectively, are given by

According to the above definition, L11 and L22 are the self-inductances of C1 and C2,

respectively. It can be shown (see below) that the other two coefficients are equal: L12 = L21 = M,

where M is called the mutual inductance of the pair of circuits.

Self and mutual inductances also occur in the expression

for the energy of the magnetic field generated by N electrical circuits where in is the current in

the nth circuit. This equation is an alternative definition of inductance that also applies when the

currents are not confined to thin wires so that it is not immediately clear what area is

encompassed by the circuit nor how the magnetic flux through the circuit is to be defined.

The definition L = Φ / i, in contrast, is more direct and more intuitive. It may be shown that the

two definitions are equivalent by equating the time derivative of W and the electric power

transferred to the system.
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1.1. Properties of Inductance

The equation relating inductance and flux linkages can be rearranged as follows:

Taking the time derivative of both sides of the equation yields:

In most physical cases, the inductance is constant with time and so

By Faraday's Law of Induction we have:

where is the Electromotive force (emf) and v is the induced voltage. Note that the emf

is opposite to the induced voltage. Thus:

These equations together state that, for a steady applied voltage v, the current changes in

a linear manner, at a rate proportional to the applied voltage, but inversely proportional to

the inductance. Conversely, if the current through the inductor is changing at a constant

rate, the induced voltage is constant.

The effect of inductance can be understood using a single loop of wire as an example. If a

voltage is suddenly applied between the ends of the loop of wire, the current must change

from zero to non-zero. However, a non-zero current induces a magnetic field by Ampre's

law. This change in the magnetic field induces an emf that is in the opposite direction of

the change in current. The strength of this emf is proportional to the change in current

and the inductance. When these opposing forces are in balance, the result is a current that

increases linearly with time where the rate of this change is determined by the applied

voltage and the inductance.
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Multiplying the equation for di / dt above with Li leads to

Since iv is the energy transferred to the system per time it follows that is the

energy of the magnetic field generated by the current.

1.2.1. Phasor circuit analysis and impedance

Using phasors, the equivalent impedance of an inductance is given by:

where

j is the imaginary unit,

L is the inductance,

is the angular frequency,

f is the frequency and

is the inductive reactance.

1.2.2. Induced emf

The flux through the i-th circuit in a set is given by:

so that the induced emf, , of a specific circuit, i, in any given set can be given

directly by:

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

84
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



2. Inductor

An inductor is a passive electrical component designed to provide inductance in a circuit.

Inductors store energy in a magnetic field created when an electric current flows through them.

They are usually implemented by some sort of coiled conductive winding which may surround a

magnetic core. Large inductors used at low frequencies may have thousands of turns of wire

around an iron core; however even a straight piece of wire (i.e., with turns and core reduced to

zero) has significant inductance.

An "ideal inductor" has inductance, but no resistance or capacitance, and does not dissipate

energy. A real inductor is equivalent to a combination of a significant ideal inductance, some

resistance, and capacitance, usually small. The resistance, a necessary property of a wire except

at superconducting temperatures, may contribute significantly to the impedance, and may

dissipate significant power. At some frequency, usually much higher than the working

frequency, a real inductor behaves as a resonant circuit (due to its self capacitance).

2.1. Applications

Inductors are used extensively in analog circuits and signal processing. Inductors in

conjunction with capacitors and other components form tuned circuits which can

emphasize or filter out specific signal frequencies. This can range from the use of large

inductors as chokes in power supplies, which in conjunction with filter capacitors remove

residual hum or other fluctuations from the direct current output, to such small

inductances as generated by a ferrite bead or torus around a cable to prevent radio

frequency interference from being transmitted down the wire. Smaller inductor/capacitor

combinations provide tuned circuits used in radio reception and broadcasting, for

instance.
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Two (or more) inductors which have coupled magnetic flux form a transformer, which is

a fundamental component of every electric utility power grid. The efficiency of a

transformer may decrease as the frequency increases due to eddy currents in the core

material and skin effect on the windings. Size of the core can be decreased at higher

frequencies and, for this reason, aircraft use 400 hertz alternating current rather than the

usual 50 or 60 hertz, allowing a great saving in weight from the use of smaller

transformers.

An inductor is used as the energy storage device in some switched-mode power supplies.

The inductor is energized for a specific fraction of the regulator's switching frequency,

and de-energized for the remainder of the cycle. This energy transfer ratio determines the

input-voltage to output-voltage ratio. This XL is used in complement with an active

semiconductor device to maintain very accurate voltage control.

Inductors are also employed in electrical transmission systems, where they are used to

depress voltages from lightning strikes and to limit switching currents and fault current.

In this field, they are more commonly referred to as reactors.

As inductors tend to be larger and heavier than other components, their use has been

reduced in modern equipment; solid state switching power supplies eliminate large

transformers, for instance, and circuits are designed to use only small inductors, if any;

larger values are simulated by use of gyrator circuits.

2.2. Inductor Construction

An inductor is usually constructed as a coil of conducting material, typically copper wire,

wrapped around a core either of air or of ferromagnetic material. Core materials with a

higher permeability than air increase the magnetic field and confine it closely to the

inductor, thereby increasing the inductance. Low frequency inductors are constructed like

transformers, with cores of electrical steel laminated to prevent eddy currents. 'Soft

ferrites' are widely used for cores above audio frequencies, since they don't cause the
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large energy losses at high frequencies that ordinary iron alloys do. This is because of

their narrow hysteresis curves, and their high resistivity prevents eddy currents. Inductors

come in many shapes. Most are constructed as enamel coated wire wrapped around a

ferrite bobbin with wire exposed on the outside, while some enclose the wire completely

in ferrite and are called "shielded". Some inductors have an adjustable core, which

enables changing of the inductance. Inductors used to block very high frequencies are

sometimes made by stringing a ferrite cylinder or bead on a wire.

Small inductors can be etched directly onto a printed circuit board by laying out the trace

in a spiral pattern. Some such planar inductors use a planar core. Small value inductors

can also be built on integrated circuits using the same processes that are used to make

transistors. In these cases, aluminum interconnect is typically used as the conducting

material. However, practical constraints make it far more common to use a circuit called

a "gyrator" which uses a capacitor and active components to behave similarly to an

inductor.

2.3. In Electric Circuits

An inductor opposes changes in current. An ideal inductor would offer no resistance to a

constant direct current; however, only superconducting inductors have truly zero

electrical resistance.

In general, the relationship between the time-varying voltage v(t) across an inductor with

inductance L and the time-varying current i(t) passing through it is described by the

differential equation:

When there is a sinusoidal alternating current (AC) through an inductor, a sinusoidal

voltage is induced. The amplitude of the voltage is proportional to the product of the

amplitude (IP) of the current and the frequency ( f ) of the current.

In this situation, the phase of the current lags that of the voltage by 90 degrees. #
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If an inductor is connected to a DC current source, with value I via a resistance, R, and

then the current source short circuited, the differential relationship above shows that the

current through the inductor will discharge with an exponential decay:

2.4. Laplace Circuit Analysis (s-domain)

When using the Laplace transform in circuit analysis, the transfer impedance of an ideal

inductor with no initial current is represented in the s domain by:

where

L is the inductance, and

s is the complex frequency

If the inductor does have initial current, it can be represented by:

o adding a voltage source in series with the inductor, having the value:

(Note that the source should have a polarity that opposes the initial current)

o or by adding a current source in parallel with the inductor, having the value:

where

L is the inductance, and
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I0 is the initial current in the inductor.

In Section 5 of this course you will cover these topics:
Series Ac Circuits

Parallel Ac Circuits

Topic : Series Ac Circuits

Topic Objective:

At the end of this topic students will be able to:

 Explain how to describe a phasor using polar and rectangular notation

 Develop the impedance triangle for a series RL or RC circuit

 Calculate voltages in a series RC circuit, draw the phasor diagrams, and describe how

frequency affects the phasors

 Calculate voltages in a series RL circuit, draw the phasor diagrams, and describe how

frequency affects the phasors

 Analyze a series RLC circuit, showing the impedance and voltage phasor diagrams

 Analyze series resonant circuits and describe series resonant filters
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Definition/Overview:

Circuits: Circuits (also known as "networks") are collections of circuit elements and wires.

Wires are designated on a schematic as being straight lines. Nodes are locations on a schematic

where 2 or more wires connect, and are usually marked with a dark black dot. Circuit Elements

are "everything else" in a sense. Most basic circuit elements have their own symbols so as to be

easily recognizable, although some will be drawn as a simple box image, with the specifications

of the box written somewhere that is easy to find.

Key Points:

1. Impedance

Impedance is a concept associated with the transmission of waves and electrical signals. There

are many kinds of waves, and impedance is different in each of them, hence this disambiguation

page. However, impedance is also a unifying concept. It is related to the load that is imposed on

the source that generates a wave. It governs the reflection and transmission of waves incident on

a change of medium. If the impedances in the two media match, there will be no reflection. One

simple approach identifies two parameters for a wave: the restoring force that tries to return to

equilibrium and the inertia of the medium displaced.

1.1. Electrical Impedance

Electrical impedance, or simply impedance, describes a measure of opposition to a sinusoidal

alternating current (AC). Electrical impedance extends the concept of resistance to AC circuits,

describing not only the relative amplitudes of the voltage and current, but also the relative

phases. Impedance is a complex quantity and the term complex impedance may be used

interchangeably; the polar form conveniently captures both magnitude and phase characteristics,
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where the magnitude represents the ratio of the voltage difference amplitude to the current

amplitude, while the argument gives the phase difference between voltage and current. In

Cartesian form,

where the real part of impedance is the resistance and the imaginary part is the reactance .

Dimensionally, impedance is the same as resistance; the SI unit is the ohm.

2. Phasors

A phasor is a constant complex number, usually expressed in exponential form, representing the

complex amplitude (magnitude and phase) of a sinusoidal function of time. Phasors are used by

electrical engineers to simplify computations involving sinusoids, where they can often reduce a

differential equation problem to an algebraic one.

The impedance of a circuit element can be defined as the ratio of the phasor voltage across the

element to the phasor current through the element, as determined by the relative amplitudes and

phases of the voltage and current. This is identical to the definition from Ohm's law given above,

recognising that the factors of cancel.

Phasors reduce the dependencies on these parameters to three independent factors, thereby

simplifying certain kinds of calculations. In particular, the frequency factor, which also includes

the time-dependence of the sine wave, is often common to all the components of a linear

combination of sine waves. Using phasors, it can be factored out, leaving just the static

amplitude and phase information to be combined algebraically (rather than trigonometrically).

Similarly, linear differential equations can be reduced to algebraic ones. The term phasor

therefore often refers to just those two factors. In older texts, a phasor is also referred to as a

sinor.
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3. RC Circuit

A resistorcapacitor circuit (RC circuit), or RC filter or RC network, is an electric circuit

composed of resistors and capacitors driven by a voltage or current source. The 1st order RC

circuit composed of one resistor and one capacitor, is the simplest example of an RC circuit.

3.1. Series Circuit

By viewing the circuit as a voltage divider, the voltage across the capacitor is:

and the voltage across the resistor is:

.

3.1.1. Transfer Functions

The transfer function for the capacitor is

.

Similarly, the transfer function for the resistor is

.

3.1.2. Poles and Zeros

Both transfer functions have a single pole located at

.

In addition, the transfer function for the resistor has a zero located at the origin.
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3.1.3. Gain and Phase Angle

The magnitude of the gains across the two components are:

.

These expressions together may be substituted into the usual expression for the

phasor representing the output:

.

3.1.4. Current

The current in the circuit is the same everywhere since the circuit is in series:

3.1.5. Impulse Response

The impulse response for each voltage is the inverse Laplace transform of the

corresponding transfer function. It represents the response of the circuit to an

input voltage consisting of an impulse or Dirac delta function.

The impulse response for the capacitor voltage is

where u(t) is the Heaviside step function and

is the time constant.

Similarly, the impulse response for the resistor voltage is
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where δ(t) is the Dirac delta function

3.1.6. Frequency-Domain Considerations

These are frequency domain expressions. Analysis of them will show which

frequencies the circuits (or filters) pass and reject. This analysis rests on a

consideration of what happens to these gains as the frequency becomes very large

and very small.

.

This shows that, if the output is taken across the capacitor, high frequencies are

attenuated (rejected) and low frequencies are passed. Thus, the circuit behaves as

a low-pass filter. If, though, the output is taken across the resistor, high

frequencies are passed and low frequencies are rejected. In this configuration, the

circuit behaves as a high-pass filter.

The range of frequencies that the filter passes is called its bandwidth. The point at

which the filter attenuates the signal to half its unfiltered power is termed its

cutoff frequency. This requires that the gain of the circuit be reduced to

which is the frequency that the filter will attenuate to half its original power.

Clearly, the phases also depend on frequency, although this effect is less

interesting generally than the gain variations.

So at DC (0 Hz), the capacitor voltage is in phase with the signal voltage while

the resistor voltage leads it by 90. As frequency increases, the capacitor voltage
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comes to have a 90 lag relative to the signal and the resistor voltage comes to be

in-phase with the signal.

3.1.7. Time-Domain Considerations

The most straightforward way to derive the time domain behaviour is to use the

Laplace transforms of the expressions for VC and VR given above. This

effectively transforms . Assuming a step input (i.e. Vin = 0 before t = 0

and then Vin = V afterwards):

.

Partial fractions expansions and the inverse Laplace transform yield:

.

These equations are for calculating the voltage across the capacitor and resistor

respectively while the capacitor is charging; for discharging, the equations are

vice-versa. These equations can be rewritten in terms of charge and current using

the relationships C=Q/V and V=IR (see Ohm's law).

Thus, the voltage across the capacitor tends towards V as time passes, while the

voltage across the resistor tends towards 0, as shown in the figures. This is in

keeping with the intuitive point that the capacitor will be charging from the

supply voltage as time passes, and will eventually be fully charged and form an

open circuit.

These equations show that a series RC circuit has a time constant, usually denoted

τ = RC being the time it takes the voltage across the component to either rise

(across C) or fall (across R) to within 1 / e of its final value. That is, τ is the time

it takes VC to reach V(1 − 1 / e) and VR to reach V(1 / e).
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The rate of change is a fractional per τ. Thus, in going from t = Nτ to t

= (N + 1)τ, the voltage will have moved about 63.2 % of the way from its level at

t = Nτ toward its final value. So C will be charged to about 63.2 % after τ, and

essentially fully charged (99.3 %) after about 5τ. When the voltage source is

replaced with a short-circuit, with C fully charged, the voltage across C drops

exponentially with t from V towards 0. C will be discharged to about 36.8 % after

τ, and essentially fully discharged (0.7 %) after about 5τ. Note that the current, I,

in the circuit behaves as the voltage across R does, via Ohm's Law.

These results may also be derived by solving the differential equations describing

the circuit:

.

The first equation is solved by using an integrating factor and the second follows

easily; the solutions are exactly the same as those obtained via Laplace

transforms.

3.1.8. Integrator

Consider the output across the capacitor at high frequency i.e.

.

This means that the capacitor has insufficient time to charge up and so its voltage

is very small. Thus the input voltage approximately equals the voltage across the

resistor. To see this, consider the expression for I given above:

that

which is an integrator across the capacitor.

3.1.9. Differentiator

Consider the output across the resistor at low frequency i.e.,
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.

This means that the capacitor has time to charge up until its voltage is almost

equal to the source's voltage. Considering the expression for I again, when

which is a differentiator across the resistor.

More accurate integration and differentiation can be achieved by placing resistors

and capacitors as appropriate on the input and feedback loop of operational

amplifiers.

4. RL Circuit

A resistor-inductor circuit (RL circuit), or RL filter or RL network, is one of the simplest

analogue infinite impulse response electronic filters. It consists of a resistor and an inductor,

either in series or in parallel, driven by a voltage source.

4.1. Series Circuit

By viewing the circuit as a voltage divider, we see that the voltage across the inductor is:

and the voltage across the resistor is:

.
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4.1.1. Transfer Functions

The transfer function for the inductor is

Similarly, the transfer function for the resistor is

4.1.2. Poles and Zeros

Both transfer functions have a single pole located at

In addition, the transfer function for the inductor has a zero located at the origin.

4.1.3. Gain and Phase Angle

The gains across the two components are found by taking the magnitudes of the

above expressions:

.

4.1.4. Phasor Notation

These expressions together may be substituted into the usual expression for the

phasor representing the output:

.
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4.1.5. Current

The current in the circuit is the same everywhere since the circuit is series:

.

4.1.6. Impulse Response

The impulse response for each voltage is the inverse Laplace transform of the

corresponding transfer function. It represents the response of the circuit to an

input voltage consisting of an impulse or Dirac delta function.

The impulse response for the inductor voltage is

where u(t) is the Heaviside step function and

is the time constant.

Similarly, the impulse response for the resistor voltage is

4.1.7. Zero input response (ZIR)

The Zero input response, also called the natural response, of an RL circuit

describes the behavior of the circuit after it has reached constant voltages and

currents and is disconnected from any power source. It is called the zero-input

response because it requires no input.

The ZIR of an RL circuit is:

.
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4.1.8. Frequency Domain Considerations

These are frequency domain expressions. Analysis of them will show which

frequencies the circuits (or filters) pass and reject. This analysis rests on a

consideration of what happens to these gains as the frequency becomes very large

and very small.

As

.

This shows that, if the output is taken across the inductor, high frequencies are

passed and low frequencies are attenuated (rejected). Thus, the circuit behaves as

a high-pass filter. If, though, the output is taken across the resistor, high

frequencies are rejected and low frequencies are passed. In this configuration, the

circuit behaves as a low-pass filter. Compare this with the behaviour of the

resistor output in an RC circuit, where the reverse is the case.

The range of frequencies that the filter passes is called its bandwidth. The point at

which the filter attenuates the signal to half its unfiltered power is termed its

cutoff frequency. This requires that the gain of the circuit be reduced to

which is the frequency that the filter will attenuate to half its original power.

Clearly, the phases also depend on frequency, although this effect is less

interesting generally than the gain variations.

So at DC (0 Hz), the resistor voltage is in phase with the signal voltage while the

inductor voltage leads it by 90. As frequency increases, the resistor voltage comes

to have a 90 lag relative to the signal and the inductor voltage comes to be in-

phase with the signal.

4.1.9. Time Domain Considerations

This section relies on knowledge of e, the natural logarithmic constant.
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The most straightforward way to derive the time domain behaviour is to use the

Laplace transforms of the expressions for VL and VR given above. This effectively

transforms . Assuming a step input (i.e. Vin = 0 before t = 0 and then Vin

= V afterwards):

.

Partial fractions expansions and the inverse Laplace transform yield:

Thus, the voltage across the inductor tends towards 0 as time passes, while the

voltage across the resistor tends towards V, as shown in the figures. This is in

keeping with the intuitive point that the inductor will only have a voltage across

as long as the current in the circuit is changing as the circuit reaches its steady-

state, there is no further current change and ultimately no inductor voltage.

These equations show that a series RL circuit has a time constant, usually denoted

τ = L / R being the time it takes the voltage across the component to either fall

(across L) or rise (across R) to within 1 / e of its final value. That is, τ is the time

it takes VL to reach V(1 / e) and VR to reach V(1 − 1 / e).

The rate of change is a fractional per τ. Thus, in going from t = Nτ to t

= (N + 1)τ, the votage will have moved about 63% of the way from its level at t =

Nτ toward its final value. So the voltage across L will have dropped to about 37%

after τ, and essentially to zero (0.7%) after about 5τ. Kirchhoff's voltage law

implies that the voltage across the resistor will rise at the same rate. When the

voltage source is then replaced with a short-circuit, the voltage across R drops

exponentially with t from V towards 0. R will be discharged to about 37% after τ,

and essentially fully discharged (0.7%) after about 5τ. Note that the current, I, in

the circuit behaves as the voltage across R does, via Ohm's Law.

The delay in the rise/fall time of the circuit is in this case caused by the back-EMF

from the inductor which, as the current flowing through it tries to change,

prevents the current (and hence the voltage across the resistor) from rising or

falling much faster than the time-constant of the circuit. Since all wires have some

self-inductance and resistance, all circuits have a time constant. As a result, when
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the power supply is switched on, the current does not instantaneously reach its

steady-state value, V / R. The rise instead takes several time-constants to

complete. If this were not the case, and the current were to reach steady-state

immediately, extremely strong inductive electric fields would be generated by the

sharp change in the magnetic field this would lead to breakdown of the air in the

circuit and electric arcing, probably damaging components (and users).

These results may also be derived by solving the differential equation describing

the circuit:

.

The first equation is solved by using an integrating factor and yields the current

which must be differentiated to give VL; the second equation is straightforward.

The solutions are exactly the same as those obtained via Laplace transforms.

5. RLC Circuit

An RLC circuit (also known as a resonant circuit, tuned circuit, or LCR circuit) is an electrical

circuit consisting of a resistor (R), an inductor (L), and a capacitor (C), connected in series or in

parallel. This configuration forms a harmonic oscillator. Tuned circuits have many applications

particularly for oscillating circuits and in radio and communication engineering. They can be

used to select a certain narrow range of frequencies from the total spectrum of ambient radio

waves. For example, AM/FM radios with analog tuners typically use an RLC circuit to tune a

radio frequency. Most commonly a variable capacitor is attached to the tuning knob, which

allows you to change the value of C in the circuit and tune to stations on different frequencies.

An RLC circuit is called a second-order circuit as any voltage or current in the circuit can be

described by a second-order differential equation for circuit analysis.

5.1. Series RLC with Thvenin Power Source

In this circuit, the three components are all in series with the voltage source.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

102
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Given the parameters v, R, L, and C, the solution for the charge, q, can be found using

Kirchhoff's voltage law. (KVL) gives

For a time-changing voltage v(t), this becomes

Using the relationship between charge and current:

The above expression can be expressed in terms of charge across the capacitor:

Dividing by L gives the following second order differential equation:

5.1.1. Frequency Domain

The series RLC can be analyzed in the frequency domain using complex

impedance relations. If the voltage source above produces a complex exponential

wave form with complex amplitude V(s) and angular frequency s = σ + iω , KVL

can be applied:

where I(s) is the complex current through all components. Solving for I(s):

And rearranging, we have at
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5.1.2. Complex Admittance

Next, we solve for the complex admittance Y(s):

Finally, we simplify using parameters α and ωo

Notice that this expression for Y(s) is the same as the one we found for the Zero

State Response.

5.1.3. Poles and Zeros

The zeros of Y(s) are those values of s such that Y(s) = 0:

and

The poles of Y(s) are those values of s such that . By the quadratic

formula, we find

Notice that the poles of Y(s) are identical to the roots λ1 and λ2 of the

characteristic polynomial.

5.1.4. Sinusoidal Steady State

If we now let s = iω....

Taking the magnitude of the above equation:
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Next, we find the magnitude of current as a function of ω

If we choose values where R = 1 ohm, C = 1 farad, L = 1 henry, and V = 1.0 volt,

then the graph of magnitude of the current i (in amperes) as a function of ω (in

radians per second) is:

Note that there is a peak at imag(ω) = 1. This is known as the resonant frequency.

Solving for this value, we find:

Topic : Parallel Ac Circuits

Topic Objective:

At the end of this topic students will be able to:

 Develop the admittance triangle for a parallel RL or RC circuit

 Calculate the magnitude of currents in a parallel RC circuit, draw the admittance and

current phasor diagrams, and describe how frequency affects the phasors

 Calculate the magnitude of currents in a parallel RL circuit, draw the admittance and

current phasor diagrams, and describe how frequency affects the phasors

 Analyze a parallel RLC circuit, showing the admittance and current phasor diagrams

 Analyze parallel resonant circuits and describe parallel resonant filters
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Definition/Overview:

Circuits: Circuits (also known as "networks") are collections of circuit elements and wires.

Wires are designated on a schematic as being straight lines. Nodes are locations on a schematic

where 2 or more wires connect, and are usually marked with a dark black dot. Circuit Elements

are "everything else" in a sense. Most basic circuit elements have their own symbols so as to be

easily recognizable, although some will be drawn as a simple box image, with the specifications

of the box written somewhere that is easy to find.

Key Points:

1. Admittance

In electrical engineering, the admittance (Y) is the inverse of the impedance (Z). The SI unit of

admittance is the siemens. Admittance is a measure of how easily a circuit or device will allow a

current to flow. Resistance is a measure of the opposition of a circuit to the flow of a steady

current, while impedance takes in to account not only the resistance but dynamic effects (known

as reactance) as well. Likewise, admittance is not only a measure of the ease with which a steady

current can flow (conductance, the inverse of resistance), but also takes in to account the

dynamic effects of susceptance (the inverse of reactance).

2. RC Circuit

A resistorcapacitor circuit (RC circuit), or RC filter or RC network, is an electric circuit

composed of resistors and capacitors driven by a voltage or current source. The 1st order RC

circuit composed of one resistor and one capacitor, is the simplest example of an RC circuit.
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2.1. Parallel Circuit

The parallel RC circuit is generally of less interest than the series circuit. This is largely

because the output voltage Vout is equal to the input voltage Vin as a result, this circuit

does not act as a filter on the input signal unless fed by a current source.

With complex impedances:

.

This shows that the capacitor current is 90 out of phase with the resistor (and source)

current. Alternatively, the governing differential equations may be used:

.

For a step input (which is effectively a 0 Hz or DC signal), the derivative of the input is

an impulse at t = 0. Thus, the capacitor reaches full charge very quickly and becomes an

open circuit the well-known DC behaviour of a capacitor.

3. RL Circuit

A resistor-inductor circuit (RL circuit), or RL filter or RL network, is one of the simplest

analogue infinite impulse response electronic filters. It consists of a resistor and an inductor,

either in series or in parallel, driven by a voltage source.

3.1. Parallel Circuit

The parallel RL circuit is generally of less interest than the series circuit unless fed by a

current source. This is largely because the output voltage Vout is equal to the input voltage

Vin as a result, this circuit does not act as a filter for a voltage input signal.

With complex impedances:

.

This shows that the inductor lags the resistor (and source) current by 90.
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The parallel circuit is seen on the output of many amplifier circuits, and is used to isolate

the amplifier from capacitive loading effects at high frequencies. Because of the phase

shift introduced by capacitance, some amplifiers become unstable at very high

frequencies, and tend to oscillate. This affects sound quality and component life

(especially the transistors), and is to be avoided.

4. RLC Circuit

An RLC circuit (also known as a resonant circuit, tuned circuit, or LCR circuit) is an electrical

circuit consisting of a resistor (R), an inductor (L), and a capacitor (C), connected in series or in

parallel. This configuration forms a harmonic oscillator. Tuned circuits have many applications

particularly for oscillating circuits and in radio and communication engineering. They can be

used to select a certain narrow range of frequencies from the total spectrum of ambient radio

waves. For example, AM/FM radios with analog tuners typically use an RLC circuit to tune a

radio frequency. Most commonly a variable capacitor is attached to the tuning knob, which

allows you to change the value of C in the circuit and tune to stations on different frequencies.

An RLC circuit is called a second-order circuit as any voltage or current in the circuit can be

described by a second-order differential equation for circuit analysis.

4.1. Parallel RLCCircuit

The complex admittance of this circuit is given by adding up the admittances of the

components:

The change from a series arrangement to a parallel arrangement has some very real

consequences for the behaviour. This can be seen by plotting the magnitude of the current
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. For comparison with the earlier graph we choose values where R = 1 ohm, C =

1 farad, L = 1 henry, and V = 1.0 volt and ω in radians per second:

There is a minimum in the frequency response at the resonant frequency .

A parallel RLC circuit is a example of a band-stop circuit response that can be used as a

filter to block frequencies at the resonance frequency but allow others to pass.
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