
“E-engineering”.

In Section 1 of this course you will cover these topics:
Quantities And Units
Voltage, Current And Resistance
Ohms Law, Energy And Power
Series Circuit
Parallel Circuits

Topic : Quantities And Units

Topic Objective:

 Use scientific notation to represent quantities

 Work with electrical units and metric prefixes

 Convert from one unit with a metric prefix to another

 Express measured data with the proper number of significant digits

 Recognize electrical hazards and practice proper safety procedures

Definition/Overview:

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. As an alternative to writing powers of 10, SI prefixes

can be used, which also usually provide steps of a factor of a thousand.

Key Points:

1. Scientific and Engineering Notation

1.1. 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. 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).

1.1.1. 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

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
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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:

1.1.2. Basic Operations

Given two numbers in scientific notation,

Multiplication and division are performed using the rules for operation with

exponential functions:

some examples are:
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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

usually done with the one with the smaller exponent. In this example, x1 is

rewritten as:

Next, add or subtract the mantissas:

An example:

1.2. Engineering Notation

Engineering notation is a version of scientific notation in which the power of ten must be

a multiple of three (i.e, they are powers of a thousand, but written as, for example, 106

instead of 1,0002). As an alternative to writing powers of 10, SI prefixes can be used,

which also usually provide steps of a factor of a thousand. Compared to normalized

scientific notation, one disadvantage of using SI prefixes and engineering notation is that

significant figures are not always readily apparent. For example, 500 m and 500 10−6 m

cannot express the uncertainty distinctions between 5 10−4, 5.0 10−4, and 5.00 10−4 m.

This can be solved by the changing the range of the coefficient in front of the power from

the common 11,000 to 0.0110 . In some cases this may be suitable; in others it may be

impractical. In the previous example we would have used 0.5, 0.50, or 0.500 mm to show

uncertainty and significant figures.
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2. Units and Metric Prefixes

An SI prefix (also known as a metric prefix) is a name or associated symbol that precedes a unit

of measure (or its symbol) to form a decimal multiple or submultiple.

2.1. General use of Prefix Names and Symbols

Twenty SI prefixes are available to combine with units of measure. For example, the

prefix name kilo denotes a multiple of one thousand, so 1 kilometre equals 1000 metres,

1 kilogram equals 1,000 grams, 1 kilowatt equals 1,000 watts, and so on. Each SI prefix

name has an associated symbol which can be used in combination with the symbols for

units of measure. Thus, the kilo symbol, k, can be used to produce km, kg, and kW,

(kilometre, kilogram, and kilowatt). SI prefixes are internationally recognized and also

exist outside the SI (many of them long pre-date SI, going back to the original

introduction of the metric system); prefixes may also be used in combination with non-SI

units; for example: milligauss (mG), kilofoot (kft) and microinch(in).

2.2. Prohibition of Multiple Prefixes

The kilogram is the only SI base unit that has an SI prefix as part of its unit name and

symbol. Because multiple prefixes may not be used (such as microkilogram or kg), the

prefixes are used with the unit gram and its symbol g (e.g. milligram or mg).

2.3. Metric Prefixes

Metric Prefixes are pretty easy to understand and very handy for metric conversions. You

don't have to know the nature of a unit to convert, for example, from kilo-unit to mega-

unit. All metric prefixes are powers of 10. The most commonly used prefixes are

highlighted in the table.
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Prexis Symbol Factor

yotta Y 1024 = 1,000,000,000,000,000,000,000,000

zetta Z 1021 = 1,000,000,000,000,000,000,000

exa E 1018 = 1,000,000,000,000,000,000

peta P 1015 = 1,000,000,000,000,000

tera T 1012 = 1,000,000,000,000

giga G 109 = 1,000,000,000

mega M 106 = 1,000,000

kilo k 103 = 1,000

hecto h 102 = 100

deka da 101 = 10

deci d 10-1 = 0.1

centi c 10-2 = 0.01

milli m 10-3 = 0.001

micro 10-6 = 0.000,001

nano n 10-9 = 0.000,000,001

pico p 10-12 = 0,000,000,000,001

femto f 10-15 = 0.000,000,000,000,001
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atto a 10-18 = 0.000,000,000,000,000,001

zepto z 10-21 = 0.000,000,000,000,000,000,001

yocto y 10-24 = 0.000,000,000,000,000,000,000,001

3. Metric Unit Conversions

The metric system was devised in France in the 18th century. The goal was to replace the chaotic

collection of units being in use with a system based on one standard and decimal factors. The

standard for length was created by dividing the quarter of the Earth diameter by ten millions. The

resulting length was named meter. The definition of meter changed several times since to make it

more precise. The latest and the most precise definition of meter is "the distance light travels in a

vacuum in 1/299,792,458 second". The standards for other measurements in metric system were

set in a similar way.

The metric system or International System of Units (SI) is based on seven base units for seven

base quantities that are mutually independent. The quantites are: length (meter), mass (kilogram),

time (second), electric current (ampere), thermodynamic temperature (kelvin), amount of

substance (mole) and luminous intensity (candela). All other units are derived from the base

ones.

4. Measured Numbers

Numbers that come in integers and are not likely to be available in amounts smaller than

integers. When you ask for seating in a restaurant, the number of people is an integer, an exact

number.

Measured numbers are an estimated amount, measured to a certain number of significant figures

without the benefit of any natural unit or a number that comes from a mathematical operation

such as averaging. You would get a measured number from using a meterstick to find the length

of a board or using a graduated cylinder to find the volume of a liquid.
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5. Electrical Safety

Working with electricity can be dangerous. Engineers, electricians, and other professionals work

with electricity directly, including working on overhead lines, cable harnesses, and circuit

assemblies. Others, such as office workers and sales people, work with electricity indirectly and

may also be exposed to electrical hazards.

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.

The most obvious hazard is electrical shock, where a current passes through part of the body. It

is the amount of current passing through the body that determines the effect, and this depends on

the nature of the contact, the condition of the body part, the current path through the body and

the voltage of the source. While a very small amount can cause a slight tingle, too much can

cause severe burns if it passes through the skin or even cardiac arrest if enough passes through

the heart. The effect also varies considerably from individual to individual. (For approximate

figures see Shock Effects under electric shock.)

Due to this and the fact that passing current cannot be easily predicted in most practical

circumstances, any supply of over 50[citation needed] volts should be considered a possible
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source of dangerous electric shock. In particular, note that 110 volts (a minimum voltage at

which AC mains power is distributed in much of the Americas, and 4 other countries, mostly in

Asia) can certainly cause a lethal amount of current to pass through the body.

Electric arcs, which can occur with supplies of any voltage (for example, a typical arc welding

machine has a voltage between the electrodes of just a few tens of volts), are very hot and emit

ultra-violet (UV) and infra-red radiation (IR). Proximity to an electric arc can therefore cause

severe thermal burns, and UV is damaging to unprotected eyes and skin.

Accidental electric heating can also be dangerous. An overloaded power cable is a frequent cause

of fire. A battery as small as an AA cell placed in a pocket with metal coins can lead to a short

circuit heating the battery and the coins which may inflict burns. NiCad, NiMh cells, and lithium

batteries are particularly risky because they can deliver a very high current due to their low

internal resistance.

Topic : Voltage, Current And Resistance

Topic Objective:

 Describe the basic structure of an atom

 Explain the concept of electrical charge

 Define voltage and discuss its characteristics

 Define current and discuss its characteristics

 Define resistance and discuss its characteristics

 Describe a basic electric circuit

 Make basic circuit measurements
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Definition/Overview:

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.

Current: Electric current is the flow (movement) of electric charge. The SI unit of electric

current is the ampere. Electric current is measured using an ammeter

Resistance: Electrical resistance is a ratio of the degree to which an object opposes an electric

current through it, measured in Ohms. Its reciprocal quantity is electrical conductance measured

in Siemens.

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. Atoms

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. The nucleus contains positively charged protons and electrically neutral neutrons. When

the number of protons in the nucleus equals the number of electrons, the atom is electrically

neutral; otherwise it is an ion and has a net positive or negative charge. An atom is classified

according to its number of protons and neutrons: the number of protons determines the chemical

element and the number of neutrons determines the isotope of that element.
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1.1. 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 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
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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.

1.1.1. 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.

1.1.2. 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.

1.1.3. 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
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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. Electrical 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.

2.1. Overview

Electric charge is a characteristic of some subatomic particles. It is quantized in that,

when expressed in units of the so-called elementary charge e, it takes integer or fractional

values. Electrons by convention have a charge of −1, while protons have the opposite

charge of +1. Quarks have a fractional charge of −1⁄3 or +2⁄3. The antiparticle

equivalents of these (positrons, antiprotons, and antiquarks, respectively) have the

opposite charge. There are other charged particles. The discrete nature of electric charge

was proposed by Michael Faraday in his electrolysis experiments, and then directly

demonstrated by Robert Millikan in his oil-drop experiment.

In general, same-sign charged particles repel one another, while different-sign charged

particles attract. This is expressed quantitatively in Coulomb's law, which states that the

magnitude of the electrostatic repelling force between two particles is proportional to the

product of their charges and the inverse square of the distance between them.

The electric charge of a macroscopic object is the sum of the electric charges of its

constituent particles. Often, the net electric charge is zero, because it is favorable for the

number of electrons in every atom to equal the number of protons (or, more generally, for
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the number of anions, or negatively charged atoms, in every molecule to equal the

number of cations, or positively charged atoms). When the net electric charge is non-zero

and motionless, one has the phenomenon known as static electricity. Even when the net

charge is zero, it can be distributed non-uniformly (e.g., due to an external electric field,

or due to molecular motion), in which case the material is said to be polarized. The

charge due to the polarization is known as bound charge, while the excess charge brought

from outside is called free charge. The motion of charged particles (e.g., of electrons in

metals) in a particular direction is known as electric current.

2.2. Units

The SI unit of quantity of electric charge is the coulomb, which is equivalent to about

6.25 1018 e (the charge on a single electron or proton). Hence, the charge of an electron is

approximately −1.602 x 10−19 C. The coulomb is defined as the quantity of charge that

has passed through the cross-section of an electrical conductor carrying one ampere

within one second. The symbol Q is often used to denote a quantity of electricity or

charge. The quantity of electric charge can be directly measured with an electrometer, or

indirectly measured with a ballistic galvanometer.

Formally, a measure of charge should be a multiple of the elementary charge e (charge is

quantized), but since it is an average, macroscopic quantity, many orders of magnitude

larger than a single elementary charge, it can effectively take on any real value.

Furthermore, in some contexts it is meaningful to speak of fractions of a charge; e.g. in

the charging of a capacitor.

2.3. Properties

Aside from the properties described in articles about electromagnetism, charge is a

relativistic invariant. This means that any particle that has charge Q, no matter how fast it

goes, always has charge Q. This property has been experimentally verified by showing

that the charge of one helium nucleus (two protons and two neutrons bound together in a

nucleus and moving around at high speeds) is the same as two deuterium nuclei (one
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proton and one neutron bound together, but moving much more slowly than they would if

they were in a helium nucleus).

2.4. Conservation of charge

The total electric charge of an isolated system remains constant regardless of changes

within the system itself. This law is inherent to all processes known to physics and can be

derived in a local form from gauge invariance of the wave function. The conservation of

charge results in the charge-current continuity equation. More generally, the net change

in charge density ρ within a volume of integration V is equal to the area integral over the

current density J on the surface of the area S, which is in turn equal to the net current I:

Thus, the conservation of electric charge, as expressed by the continuity equation, gives

the result:

The charge transferred between time to and t is obtained by integrating both sides:

where I is the net outward current through a closed surface and Q is the electric charge

contained within the volume defined by the surface.

3. 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. It is the measurement

of the potential for an electric field to cause an electric current in an electrical conductor.

Depending on the difference of electrical potential it is called extra low voltage, low voltage,

high voltage or extra high voltage. Specifically, voltage is equal to energy per unit charge.
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3.1. Explanation

Between two points in an electric field, such as exists in an electrical circuit, the

difference in their electrical potentials is known as the electrical potential difference. This

difference is proportional to the electrostatic force that tends to push electrons or other

charge-carriers from one point to the other. Potential difference, electrical potential, and

electromotive force are measured in volts, leading to the commonly used term voltage.

Voltage is usually represented in equations by the symbols V, U, or E. (E is often

preferred in academic writing, because it avoids the confusion between V and the SI

symbol for the volt, which is also V.)

Electrical potential difference can be thought of as the ability to move electrical charge

through a resistance. At a time in physics when the word force was used loosely, the

potential difference was named the electromotive force or EMFa term which is still used

in certain contexts.

Voltage is a property of an electric field, not individual electrons. An electron moving

across a voltage difference experiences a net change in energy, often measured in

electron-volts. This effect is analogous to a mass falling through a given height difference

in a gravitational field. When using the term 'potential difference' or voltage, one must be

clear about the two points between which the voltage is specified or measured. There are

two ways in which the term is used. This can lead to some confusion.

4. Current

Electric current is the flow (movement) of electric charge. The SI unit of electric current is the

ampere. Electric current is measured using an ammeter. The electric charge may be either

electrons or ions. The nature of the electric current is basically the same for either type.

When a metal wire is connected across the two terminals of a DC voltage source such as a

battery, the source places an electric field across the conductor. The moment contact is made, the

free electrons of the conductor are forced to drift toward the positive terminal under the influence

of this field. The free electrons are therefore the current carrier in a typical solid conductor. For
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an electric current of 1 ampere, 1 coulomb of electric charge (which consists of about 6.242 1018

electrons) drifts every second through any plane through which the conductor passes.

A solid conductive metal contains a large population of mobile, or free, electrons. These

electrons are bound to the metal lattice but not to any individual atom. Even with no external

electric field applied, these electrons move about randomly due to thermal energy but, on

average, there is zero net current within the metal. Given a plane through which the wire passes,

the number of electrons moving from one side to the other in any period of time is on average

equal to the number passing in the opposite direction.

5. Resistance

Electrical resistance is a ratio of the degree to which an object opposes an electric current

through it, measured in Ohms. Its reciprocal quantity is electrical conductance measured in

Siemens. Assuming a uniform current density, an object's electrical resistance is a function of

both its physical geometry and the resistivity of the material it is made from:

where

ℓ is the length (in units of meters)

A is the cross sectional area (in units of m2), and

ρ is the resistivity (in units of Ωm) of the material

Discovered by Georg Ohm in the late 1820s[1], electrical resistance shares some conceptual

parallels with the mechanical notion of friction. The SI unit of electrical resistance is the ohm,

symbol Ω. The resistance of an object determines the amount of current through the object for a

given potential difference across the object.

where
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R is the resistance of the object, measured in Ohms, equivalent to Js/C2

V is the potential difference across the object, measured in Volts

I is the current through the object, measured in Amperes

This ratio of voltage divided by electric current is also called the chordal resistance.

For a wide variety of materials and conditions, the electrical resistance does not depend on the

amount of current through or the amount of voltage across the object, meaning that the resistance

R is constant.

6. The Electric Circuit

An electronic circuit is a closed path formed by the interconnection of electronic components

through which an electric current can flow. The electronic circuits may be physically constructed

using any number of methods. Breadboards, perfboards or stripboards are common for testing

new designs. Mass-produced circuits are typically built using a printed circuit board (PCB) that

is used to mechanically support and electrically connect electronic components.

Electronic circuits can display highly complex behaviors, even though they are governed by the

same laws of physics as simpler circuits. Electronic circuits can usually be categorized as analog,

discrete, or mixed-signal (a combination of analog and discrete) electronic circuits.

6.1. Analog Circuits

Analog electronic circuits are those in which signals may vary continuously with time to

correspond to the information being represented. Electronic equipment like voltage

amplifiers, power amplifiers, tuning circuits, radios, and televisions are largely analog

(with the exception of their control sections, which may be digital, especially in modern

units).

The basic units of analog circuits are passive (resistors, capacitors, inductors, and

recently memristors) and active (independent power sources and dependent power
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sources). Components such as transistors may be represented by a model containing

passive components and dependent sources. Another classification is to take impedance

and independent sources and operational amplifier as basic electronic components; this

allows us to model frequency dependent negative resistors, gyrators, negative impedance

converters, and dependent sources as secondary electronic components. There are two

main types of circuits: series and parallel. A string of Christmas lights is a good example

of a series circuit: if one goes out, they all do. In a parallel circuit, each bulb is connected

to the power source separately, so if one goes out the rest still remain shining.

6.2. Discrete Circuits

In digital electronic circuits, electric signals take on discrete values, which are not

dependent upon time, to represent logical and numeric values. These values represent the

information that is being processed. The transistor is one of the primary components used

in discrete circuits, and combinations of these can be used to create logic gates. These

logic gates may then be used in combination to create a desired output from an input.

Larger circuits may contain several complex components, such as FPGAs or

Microprocessors. These along with several other components may be interconnected to

create a large circuit that operates on large amount of data.

Examples of electronic equipment which use digital circuits include digital wristwatches,

calculators, PDAs, and microprocessors.

Topic : Ohms Law, Energy And Power

Topic Objective:

 Explain Ohms law

 Use Ohms law to determine voltage, current, or resistance

 Define energy and power
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 Calculate power in a circuit

 Properly select resistors based on power consideration

 Explain energy conversion and voltage drop

 Discuss power supplies and their characteristics

 Describe a basic approach to troubleshooting

Definition/Overview:

Power: Electric power is defined as the rate at which electrical energy is transferred by an

electric circuit. The SI unit of power is the watt.

Energy: In physics and other sciences, energy is a scalar physical quantity that is a property of

objects and systems which is conserved by nature. Energy is often defined as the ability to do

work.

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
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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

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
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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.

(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
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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.

2. Energy

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

systems that is conserved in nature. In physics textbooks energy is often defined as the ability to

do work.

Several different forms of energy, including, but not limited to, kinetic, potential, thermal,

gravitational, sound energy, light energy, elastic, electromagnetic, chemical, nuclear, and mass

have been defined to explain all known natural phenomena.

While one form of energy may be transformed to another, the total energy remains the same.

This principle, the conservation of energy, was first postulated in the early 19th century, and

applies to any isolated system. According to Noether's theorem, the conservation of energy is a

consequence of the fact that the laws of physics do not change over time.

Although the total energy of a system does not change with time, its value may depend on the

frame of reference. For example, a seated passenger in a moving airplane has zero kinetic energy

relative to the airplane, but non-zero kinetic energy relative to the earth..
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2.1. Law of Conservation of Energy

Energy is subject to the law of conservation of energy. According to this law, energy can

neither be created (produced) nor destroyed by itself. It can only be transformed.

Most kinds of energy (with gravitational energy being a notable exception)[18] are also

subject to strict local conservation laws, as well. In this case, energy can only be

exchanged between adjacent regions of space, and all observers agree as to the

volumetric density of energy in any given space. There is also a global law of

conservation of energy, stating that the total energy of the universe cannot change; this is

a corollary of the local law, but not vice versa. Conservation of energy is the

mathematical consequence of translational symmetry of time.

According to energy conservation law the total inflow of energy into a system must equal

the total outflow of energy from the system, plus the change in the energy contained

within the system.

This law is a fundamental principle of physics. It follows from the translational symmetry

of time, a property of most phenomena below the cosmic scale that makes them

independent of their locations on the time coordinate. Put differently, yesterday, today,

and tomorrow are physically indistinguishable.

Thus is because energy is the quantity which is canonical conjugate to time. This

mathematical entanglement of energy and time also results in the uncertainty principle - it

is impossible to define the exact amount of energy during any definite time interval. The

uncertainty principle should not be confused with energy conservation - rather it provides

mathematical limits to which energy can in principle be defined and measured.

In quantum mechanics energy is expressed using the Hamiltonian operator. On any time

scales, the uncertainty in the energy is by

which is similar in form to the Heisenberg uncertainty principle (but not really

mathematically equivalent thereto, since H and t are not dynamically conjugate variables,

neither in classical nor in quantum mechanics).

In particle physics, this inequality permits a qualitative understanding of virtual particles

which carry momentum, exchange by which and with real particles, is responsible for the
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creation of all known fundamental forces (more accurately known as fundamental

interactions). Virtual photons (which are simply lowest quantum mechanical energy state

of photons) are also responsible for electrostatic interaction between electric charges

(which results in Coulomb law), for spontaneous radiative decay of exited atomic and

nuclear states, for the Casimir force, for van der Waals bond forces and some other

observable phenomena.

3. Power

Electric power is defined as the rate at which electrical energy is transferred by an electric

circuit. The SI unit of power is the watt. When electric current flows in a circuit, it can transfer

energy to do mechanical or thermodynamic work. Devices convert electrical energy into many

useful forms, such as heat (electric heaters), light (light bulbs), motion (electric motors), sound

(loudspeaker) or chemical changes. Electricity can be produced mechanically by generation, or

chemically, or by direct conversion from light in photovoltaic cells, also it can be stored

chemically in batteries.

3.1. Mathematics of electric power

3.1.1. Circuits

Electric power, like mechanical power, is represented by the letter P in electrical

equations. The term wattage is used colloquially to mean "electric power in

watts."

3.1.2. Direct Current

In direct current resistive circuits, instantaneous electrical power is calculated

using Joule's Law, which is named after the British physicist James Joule, who

first showed that heat and mechanical energy were interchangeable.

where

P is the power (watt or W)

V is the potential difference (volt or V)
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I is the current (ampere or A)

For example:

.

Joule's law can be combined with Ohm's law to produce two more equations:

where

R is the resistance (Ohm or Ω).

For example:

and

3.1.3. Alternating Current

In alternating current circuits, energy storage elements such as inductance and

capacitance may result in periodic reversals of the direction of energy flow. The

portion of power flow that, averaged over a complete cycle of the AC waveform,

results in net transfer of energy in one direction is known as real power (also

referred to as active power). That portion of power flow due to stored energy, that

returns to the source in each cycle, is known as reactive power.

The relationship between real power, reactive power and apparent power can be

expressed by representing the quantities as vectors. Real power is represented as a

horizontal vector and reactive power is represented as a vertical vector. The

apparent power vector is the hypotenuse of a right triangle formed by connecting

the real and reactive power vectors. This representation is often called the power

triangle. Using the Pythagorean Theorem, the relationship among real, reactive

and apparent power is:
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(apparent power)2 = (real power)2 + (reactive power)2

Real and reactive powers can also be calculated directly from the apparent power,

when the current and voltage are both sinusoids with a known phase angle

between them:

(real power) = (apparent power) * cos(theta)

(reactive power) = (apparent power) * sin(theta)

The ratio of real power to apparent power is called power factor and is a number

always between 0 and 1.

Topic : Series Circuit

Topic Objective:

 Identify a series circuit

 Determine total series resistance

 Determine the current throughout a series circuit

 Apply Ohm's law in series circuits

 Determine the total effect of voltage sources connected in series

 Apply Kirchhoffs voltage law

 Use a series circuit as a voltage divider

 Determine power in a series circuit

 Measure voltage with respect to ground

 Troubleshoot series circuits
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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.

Key Points:

1. 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.

1.1. 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.
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1.2. 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

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.

[edit] 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:
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.

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

1.3. Memristors

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

1.4. Switches

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

switches are 'on'. See AND gate.

2. Kirchhoff's Voltage Law (KVL)

This law is also called Kirchhoff's second law, Kirchhoff's loop (or mesh) rule, and Kirchhoff's

second rule. The directed sum of the electrical potential differences around any closed circuit

must be zero. KVL may also be stated as the algebraic sum of various potential drops across an

electrical circuit is equal to the electromotive force acting on the circuit". This statement is

equivalent to the statement that a single-valued electric potential can be assigned to each point in

the circuit (in the same way that any conservative vector field can be represented as the gradient

of a scalar potential).

(This could be viewed as a consequence of the principle of conservation of energy. Otherwise, it

would be possible to build a perpetual motion machine that passed a current in a circle around

the circuit).

Considering that electric potential is defined as a line integral over an electric field, Kirchhoff's

voltage law can be expressed equivalently as
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This states that the line integral of the electric field around closed loop C is zero.

(Round a loop/mesh)

This is a simplification of Faraday's law of induction for the special case where there is no

fluctuating magnetic field linking the closed loop. In the presence of a changing magnetic field

the electric field is not conservative and it cannot therefore define a pure scalar potentialthe line

integral of the electric field around the circuit is not zero. This is because energy is being

transferred from the magnetic field to the current (or vice versa). In order to "fix" Kirchhoff's

voltage law for circuits containing inductors, an effective potential drop, or electromotive force

(emf), is associated with each inductance of the circuit, exactly equal to the amount by which the

line integral of the electric field is not zero by Faraday's law of induction.

Topic : Parallel Circuits

Topic Objective:

 Identify a parallel resistive circuit

 Determine total parallel resistance

 Determine the voltage across each parallel branch

 Apply Ohm's law in a parallel circuit

 Apply Kirchhoff's current law

 Use a parallel circuit as a current divider

 Determine power in a parallel circuit

 Troubleshoot parallel circuits
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Definition/Overview:

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. 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

.

1.1. Notation

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

geometry) to simplify the equations.

1.2. 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:
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.

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

case of two resistors,

.

1.3. 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:

If L1 = L2

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.
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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

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:

1.4. 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.

1.5. Memristors

Memristors in parallel are given by

1.6. Switches

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

one switch is 'on'.

2. 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
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rule), and Kirchhoff's first rule. The principle of conservation of electric charge implies that: At

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:

2.1. 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.

2.2. Uses

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

software, such as SPICE.

In Section 2 of this course you will cover these topics:

Series-Parallel Circuits

Magnetism And Electromagnetism

Introduction To Alternating Current And Voltage

Capacitors

Topic : Series-Parallel Circuits

Topic Objective:

 Identify series-parallel relationships

 Analyze series-parallel circuits

 Analyze loaded voltage dividers

 Determine the loading effect of a voltmeter on a circuit

 Analyze and apply a Wheatstone bridge
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 Apply Thevenin's theorem to simplify a circuit for analysis

 Apply the maximum power transfer theorem

 Apply the superposition theorem to circuit analysis

 Troubleshoot series-parallel circuits

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 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
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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.

2. 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:

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.

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

38
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



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

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.
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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.

3. 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.

 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.
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4. Thvenin and Norton Equivalent Circuits

4.1. Thvenin's theorem

In electrical circuit theory, Thvenin's theorem for linear electrical networks states that any

combination of voltage sources, current sources and resistors with two terminals is

electrically equivalent to a single voltage source V and a single series resistor R. For

single frequency AC systems the theorem can also be applied to general impedances, not

just resistors. This theorem states that a circuit of voltage sources and resistors can be

converted into a Thvenin equivalent, which is a simplification technique used in circuit

analysis. The Thvenin equivalent can be used as a good model for a power supply or

battery (with the resistor representing the internal impedance and the source representing

the electromotive force). The circuit consists of an ideal voltage source in series with an

ideal resistor.

4.2. Norton's Theorem

Norton's theorem is an extension of Thvenin's theorem. Norton's theorem for electrical

networks states that any collection of voltage sources, current sources, and resistors with

two terminals is electrically equivalent to an ideal current source, I, in parallel with a

single resistor, R. For single-frequency AC systems the theorem can also be applied to

general impedances, not just resistors. The Norton equivalent is used to represent any

network of linear sources and impedances, at a given frequency. The circuit consists of an

ideal current source in parallel with an ideal impedance (or resistor for non-reactive

circuits).

4.3. Calculating the Thvenin Equivalent

To calculate the equivalent circuit, one needs a resistance and some voltage - two

unknowns. And so, one needs two equations. These two equations are usually obtained
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by using the following steps, but any conditions one places on the terminals of the circuit

should also work:

o Calculate the output voltage, VAB, when in open circuit condition (no load

resistor - meaning infinite resistance). This is VTh.

o Calculate the output current, IAB, when those leads are short circuited (load

resistance is 0). RTh equals VTh divided by this IAB.

The equivalent circuit is a voltage source with voltage VTh in series with a resistance

RTh.

Step 2 could also be thought of like this:

o Now replace voltage sources with short circuits and current sources with open

circuits.

o Replace the load circuit with an imaginary ohm meter and measure the total

resistance, R, "looking back" into the circuit. This is RTh.

The Thvenin-equivalent voltage is the voltage at the output terminals of the original

circuit. When calculating a Thvenin-equivalent voltage, the voltage divider principle is

often useful, by declaring one terminal to be Vout and the other terminal to be at the

ground point.

The Thvenin-equivalent resistance is the resistance measured across points A and B

"looking back" into the circuit. It is important to first replace all voltage- and current-

sources with their internal resistances. For an ideal voltage source, this means replace the

voltage source with a short circuit. For an ideal current source, this means replace the

current source with an open circuit. Resistance can then be calculated across the terminals

using the formulae for series and parallel circuits.

5. Wheatstone Bridge

The Wheatstone bridge is used by mechanical and civil engineers to measure the resistances of

strain gauges in experimental stress studies of machines and buildings.
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Topic : Magnetism And Electromagnetism

Topic Objective:

 Explain the principles of the magnetic field

 Explain the principles of electromagnetism

 Describe the principle of operation for several types of electromagnetic devices

 Explain magnetic hysteresis

 Discuss the principle of electromagnetic induction

 Describe some applications of electromagnetic induction

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.

Electromagnetism: Electromagnetism is the physics of the electromagnetic field: a field which

exerts a force on particles that possess the property of electric charge, and is in turn affected by

the presence and motion of those particles.
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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

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
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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"

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
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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

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. Electromagnetism

Electromagnetism is the physics of the electromagnetic field: a field which exerts a force on

particles that possess the property of electric charge, and is in turn affected by the presence and

motion of those particles.

A changing magnetic field produces an electric field (this is the phenomenon of electromagnetic

induction, the basis of operation for electrical generators, induction motors, and transformers).

Similarly, a changing electric field generates a magnetic field. Because of this interdependence

of the electric and magnetic fields, it makes sense to consider them as a single coherent entity -

the electromagnetic field.

The magnetic field is produced by the motion of electric charges, i.e., electric current. The

magnetic field causes the magnetic force associated with magnets.

2.1. The Electromagnetic Force

The force that the electromagnetic field exerts on electrically charged particles, called the

electromagnetic force, is one of the fundamental forces, and is responsible for most of the

forces we experience in our daily lives. The other fundamental forces are the strong
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nuclear force (which holds atomic nuclei together), the weak nuclear force and the

gravitational force. All other forces are ultimately derived from these fundamental forces.

The electromagnetic force is the one responsible for practically all the phenomena

encountered in daily life, with the exception of gravity. All the forces involved in

interactions between atoms can be traced to the electromagnetic force acting on the

electrically charged protons and electrons inside the atoms. This includes the forces we

experience in "pushing" or "pulling" ordinary material objects, which come from the

intermolecular forces between the individual molecules in our bodies and those in the

objects. It also includes all forms of chemical phenomena, which arise from interactions

between electron orbitals.

Topic : Introduction To Alternating Current And Voltage

Topic Objective:

 Identify a sinusoidal waveform and measure its characteristics

 Describe how sine waves are generated

 Determine the voltage and current values of sine waves

 Describe angular relationships of sine waves

 Mathematically analyze a sinusoidal waveform

 Apply the basic circuit laws to ac resistive circuits

 Determine total voltages that have both ac and dc components

 Identify the characteristics of basic nonsinusoidal waveforms

 Use the oscilloscope to measure waveforms
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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

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.

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
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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.

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
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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.

2. 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.

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.

3. 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

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

50
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



processing of signals. Oscilloscope peripheral modules for general purpose laptop or desktop

personal computers can turn them into useful and flexible test instruments.

Topic : Capacitors

Topic Objective:

 Describe the basic structure and characteristics of a capacitor

 Discuss various types of capacitors

 Analyze series capacitors

 Analyze parallel capacitors

 Describe how a capacitor operates in a dc switching circuit

 Describe how a capacitor operates in an ac circuit

 Discuss some capacitor applications

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-

storage devices. They can also be used to differentiate between high-frequency and low-

frequency signals. This property makes them useful in electronic filters.

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.
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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.

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
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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

,

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
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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

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.
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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

electrolyte evaporates. In contrast with ceramic capacitors, this occurs towards the end of

life of the component.

2. 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.

2.1. 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.
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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.

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.

2.2. 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,
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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

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.

3. Applications

Capacitors have various uses in electronic and electrical systems.

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

57
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



3.1. 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.

3.2. 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.

3.3. 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
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used in car audio applications, when a stiffening capacitor compensates for the

inductance and resistance of the leads to the lead-acid car battery.

3.4. 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.

3.5. Filtering

3.5.1. 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.

3.5.2. 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
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bypass capacitor as it is used to bypass the power supply or other high impedance

component of a circuit.

3.5.3. 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).

3.5.4. 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
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through the secondary winding. When the secondary winding is placed at an angle

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.

3.5.5. 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.

3.5.6. 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.

3.5.7. 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
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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.

In Section 3 of this course you will cover these topics:

Rc Circuits

Inductors

Rl Circuits

Rl Circuits And Resonance
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Topic : Rc Circuits

Topic Objective:

 Describe the relationship between current and voltage in an RC circuit

 Determine impedance and phase angle in a series RC circuit

 Analyze a series RC circuit

 Determine impedance and phase angle in a parallel RC circuit

 Analyze a parallel RC circuit

 Analyze series-parallel circuits

 Determine power in RC circuits

 Discuss some basic RC applications

 Troubleshoot RC circuits

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. 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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1.1. Series Circuit

By viewing the circuit as a voltage divider, the voltage across the capacitor is:

and the voltage across the resistor is:

.

1.1.1. Transfer Functions

The transfer function for the capacitor is

.

Similarly, the transfer function for the resistor is

.

1.1.2. 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.

1.1.3. Gain and Phase Angle

The magnitude of the gains across the two components are:

and

,

and the phase angles are:

and
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.

These expressions together may be substituted into the usual expression for the

phasor representing the output:

.

1.1.4. Current

The current in the circuit is the same everywhere since the circuit is in series:

1.1.5. 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

where δ(t) is the Dirac delta function

1.1.6. 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
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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

comes to have a 90 lag relative to the signal and the resistor voltage comes to be

in-phase with the signal.

1.1.7. 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):
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.

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).

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:
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and

.

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.

1.1.8. 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:

but note that the frequency condition described means that

1.1.9. Differentiator

Consider the output across the resistor at low frequency i.e.,

.

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.
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More accurate integration and differentiation can be achieved by placing resistors

and capacitors as appropriate on the input and feedback loop of operational

amplifiers.

1.2. 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:

and

.

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.

Topic : Inductors

Topic Objective:

 Describe the basic structure and characteristics of an inductor

 Discuss various types of inductors

 Analyze series and parallel inductors

 Analyze inductive dc switching circuits

 Analyze inductive ac circuits

 Discuss some inductor applications
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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.

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
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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.

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
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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.

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.
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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:

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
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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.

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
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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

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:
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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. #

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:
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where

L is the inductance, and

I0 is the initial current in the inductor.

Topic : Rl Circuits

Topic Objective:

 Describe the relationship between current and voltage in an RL circuit

 Determine impedance and phase angle in a series RL circuit

 Analyze a series RL circuit

 Determine impedance and phase angle in a parallel RL circuit

 Analyze a parallel RL circuit

 Analyze series-parallel RL circuits

 Determine power in RL circuits

 Discuss some basic RL applications

 Troubleshoot RL circuits

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.
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Key Points:

1. 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.

1.1. 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:

.

1.1.1. Transfer Functions

The transfer function for the inductor is

Similarly, the transfer function for the resistor is

1.1.2. 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.

1.1.3. Gain and Phase Angle

The gains across the two components are found by taking the magnitudes of the

above expressions:
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1.1.4. Phasor Notation

These expressions together may be substituted into the usual expression for the

phasor representing the output:

.

1.1.5. Current

The current in the circuit is the same everywhere since the circuit is series:

.

1.1.6. 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

1.1.7. 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.
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The ZIR of an RL circuit is:

.

1.1.8. 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

.

Solving the above equation yields

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.
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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.

1.1.9. Time Domain Considerations

This section relies on knowledge of e, the natural logarithmic constant.

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).
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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 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

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.
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Topic : Rl Circuits And Resonance

Topic Objective:

 Determine the impedance and phase angle of a series RLC circuit

 Analyze series RLC circuits

 Analyze a circuit for series resonance

 Analyze series resonant filters

 Analyze parallel RLC circuits

 Analyze a circuit for parallel resonance

 Analyze the operation of parallel resonant filters

 Discuss some applications of resonant circuits

Definition/Overview:

Resonance: Resonance in AC circuits implies a special frequency determined by the values of

the resistance, capacitance , and inductance .

Key Points:

1. 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
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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.

1.1. Series RLC with Thvenin Power Source

In this circuit, the three components are all in series with the voltage source.

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:

We now define two key parameters:

Substituting these parameters into the differential equation, we obtain:
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1.1.1. 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

1.1.2. 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.

1.1.3. 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.
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1.1.4. Sinusoidal Steady State

If we now let s = iω....

Taking the magnitude of the above equation:

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:

1.2. 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

. 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:
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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.

2. Resonance

Resonance in AC circuits implies a special frequency determined by the values of the resistance ,

capacitance , and inductance . For series resonance the condition of resonance is straightforward

and it is characterized by minimum impedance and zero phase. Parallel resonance , which is

more common in electronic practice, requires a more careful definition.

2.1. Series Resonance

The resonance of a series RLC circuit occurs when the inductive and capacitive

reactances are equal in magnitude but cancel each other because they are 180 degrees

apart in phase. The sharp minimum in impedance which occurs is useful in tuning

applications. The sharpness of the minimum depends on the value of R and is

characterized by the "Q" of the circuit.

2.2. Parallel Resonance

The resonance of a parallel RLC circuit is a bit more involved than the series resonance.

The resonant frequency can be defined in three different ways, which converge on the

same expression as the series resonant frequency if the resistance of the circuit is small.
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In Section 4 of this course you will cover these topics:

Transformers

Time Response Of Reactive Circuits

Diodes And Applications

Transistors And Applications

Topic : Transformers

Topic Objective:

 Explain mutual inductance

 Describe how a transformer is constructed and how it works

 Describe how transformers increase and decrease voltage

 Discuss the effect of a resistive load across the secondary winding

 Discuss the concept of a reflected load in a transformer

 Discuss impedance matching with transformers

 Describe a practical transformer

 Describe several types of transformers

 Troubleshoot transformers

Definition/Overview:

Transformers: A transformer is a device that transfers electrical energy from one circuit to

another through inductively coupled electrical conductors. A changing current in the first circuit

(the primary) creates a changing magnetic field; in turn, this magnetic field induces a changing

voltage in the second circuit (the secondary); this is called mutual induction. By adding a load to

the secondary circuit, one can make current flow in the transformer, thus transferring energy

from one circuit to the other.
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Key Points:

1. Transformers

A key application of transformers is to increase voltage before transmitting electrical energy over

long distances through wires. Wires have resistance and so dissipate electrical energy at a rate

proportional to the square of the current through the wire. By transforming electrical power to a

high-voltage (and therefore low-current) form for transmission and back again afterwards,

transformers enable economic transmission of power over long distances. Consequently,

transformers have shaped the electricity supply industry, permitting generation to be located

remotely from points of demand. All but a tiny fraction of the world's electrical power has passed

through a series of transformers by the time it reaches the consumer.Transformers are used

extensively in electronic products to step down the supply voltage to a level suitable for the low

voltage circuits they contain. The transformer also electrically isolates the end user from contact

with the supply voltage.

Signal and audio transformers are used to couple stages of amplifiers and to match devices such

as microphones and record player cartridges to the input impedance of amplifiers. Audio

transformers allowed telephone circuits to carry on a two-way conversation over a single pair of

wires. Transformers are also used when it is necessary to couple a differential-mode signal to a

ground-referenced signal, and for isolation between external cables and internal circuits.

1.1. Basic principles

The transformer is based on two principles: firstly, that an electric current can produce a

magnetic field (electromagnetism) and secondly that a changing magnetic field within a

coil of wire induces a voltage across the ends of the coil (electromagnetic induction). By

changing the current in the primary coil, it changes the strength of its magnetic field;

since the changing magnetic field extends into the secondary coil, a voltage is induced
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across the secondary. A simplified transformer design is shown to the left. A current

passing through the primary coil creates a magnetic field. The primary and secondary

coils are wrapped around a core of very high magnetic permeability, such as iron; this

ensures that most of the magnetic field lines produced by the primary current are within

the iron and pass through the secondary coil as well as the primary coil.

1.1.1. Induction law

The voltage induced across the secondary coil may be calculated from Faraday's

law of induction, which states that:

where VS is the instantaneous voltage, NS is the number of turns in the secondary

coil and Φ equals the magnetic flux through one turn of the coil. If the turns of the

coil are oriented perpendicular to the magnetic field lines, the flux is the product

of the magnetic field strength B and the area A through which it cuts. The area is

constant, being equal to the cross-sectional area of the transformer core, whereas

the magnetic field varies with time according to the excitation of the primary.

Since the same magnetic flux passes through both the primary and secondary coils

in an ideal transformer,[1] the instantaneous voltage across the primary winding

equals

Taking the ratio of the two equations for VS and VP gives the basic equation[5] for

stepping up or stepping down the voltage
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Topic : Time Response Of Reactive Circuits

Topic Objective:

 Explain the operation of an RC integrator

 Analyze an RC integrator with a single-pulse input

 Analyze an RC integrator with repetitive-pulse input

 Analyze an RC differentiator with a single-pulse input

 Analyze an RC differentiator with repetitive-pulse input

 Analyze the operation of an RL integrator

 Analyze the operation of an RL differentiator

 Discuss some basic applications of integrators and differentiators

 Troubleshoot RC integrators and RC differentiators

Definition/Overview:

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.

Key Points:

1. RC Integrators

The RC integrator is used as a wave shaping network in communications, radar, and computers.

The harmonic content of the square wave is made up of odd multiples of the fundamental

frequency. Therefore SIGNIFICANT HARMONICS (those that have an effect on the circuit) as

high as 50 or 60 times the fundamental frequency will be present in the wave. The capacitor will

offer a reactance (XC) of a different magnitude to each of the harmonics This means that the

voltage drop across the capacitor for each harmonic frequency present will not be the same. To
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low frequencies, the capacitor will offer a large opposition, providing a large voltage drop across

the capacitor. To high frequencies, the reactance of the capacitor will be extremely small,

causing a small voltage drop across the capacitor. This is no different than was the case for low-

and high- pass filters (discriminators) presented in chapter 1. If the voltage component of the

harmonic is not developed across the reactance of the capacitor, it will be developed across the

resistor, if we observe Kirchhoff's voltage law. The harmonic amplitude and phase relationship

across the capacitor is not the same as that of the original frequency input; therefore, a perfect

square wave will not be produced across the capacitor. You should remember that the reactance

offered to each harmonic frequency will cause a change in both the amplitude and phase of each

of the individual harmonic frequencies with respect to the current reference. The amount of

phase and amplitude change taking place across the capacitor depends on the XC of the

capacitor. The value of the resistance offered by the resistor must also be considered here; it is

part of the ratio of the voltage development across the network.

2. 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):

and

.

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
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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).

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.
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3. RC Circuits

3.1. 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:

but note that the frequency condition described means that

3.2. Differentiator

Consider the output across the resistor at low frequency i.e.,

.

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 Circuits

4.1. Time Domain Considerations

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):

.
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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 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).
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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.

Topic : Diodes And Applications

Topic Objective:

 Discuss the basic structure of semiconductors and how they conduct current

 Describe the characteristics and biasing of a pn junction diode

 Describe the basic diode characteristics

 Analyze the operation of a half-wave rectifier and a full-wave rectifier

 Describe the operation of power supplies

 Understand the basic operation of four special-purpose diodes and describe some applications

 Troubleshoot power supplies and diode circuits, using the APM approach

Definition/Overview:

Diodes: In electronics, a diode is a two-terminal device ( thermionic diodes may also have one or

two ancillary terminals for a heater). Diodes have two active electrodes between which the signal

of interest may flow, and most are used for their unidirectional electric current property. The

varicap diode is used as an electrically adjustable capacitor.
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Key Points:

1. Diode

In electronics, a diode is a two-terminal device (except that thermionic diodes may also have one

or two ancillary terminals for a heater). Diodes have two active electrodes between which the

signal of interest may flow, and most are used for their unidirectional current property. The

varicap diode is used as an electrically adjustable capacitor.

The directionality of current flow most diodes exhibit is sometimes generically called the

rectifying property. The most common function of a diode is to allow an electric current to pass

in one direction (called the forward biased condition) and to block it in the opposite direction

(the reverse biased condition). Thus, the diode can be thought of as an electronic version of a

check valve. Real diodes do not display such a perfect on-off directionality but have a more

complex non-linear electrical characteristic, which depends on the particular type of diode

technology. Diodes also have many other functions in which they are not designed to operate in

this on-off manner.

Early diodes included cats whisker crystals and vacuum tube devices (also called thermionic

valves). Today the most common diodes are made from semiconductor materials such as silicon

or germanium.

1.1. Thermionic and gaseous state diodes

Thermionic diodes are thermionic valve devices (also known as vacuum tubes), which

are arrangements of electrodes surrounded by a vacuum within a glass envelope. Early

examples were fairly similar in appearance to incandescent light bulbs.

In thermionic valve diodes, a current is passed through the heater filament. This

indirectly heats the cathode, another filament treated with a mixture of barium and
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strontium oxides, which are oxides of alkaline earth metals; these substances are chosen

because they have a small work function. (Some valves use direct heating, in which a

tungsten filament acts as both cathode and emitter.) The heat causes thermionic emission

of electrons into the vacuum. In forward operation, a surrounding metal electrode, called

the anode, is positively charged, so that it electrostatically attracts the emitted electrons.

However, electrons are not easily released from the unheated anode surface when the

voltage polarity is reversed and hence any reverse flow is a very tiny current.

For much of the 20th century, thermionic valve diodes were used in analog signal

applications, and as rectifiers in many power supplies. Today, valve diodes are only used

in niche applications, such as rectifiers in guitar and hi-fi valve amplifiers, and

specialized high-voltage equipment.

1.2. Semiconductor diodes

Most modern diodes are based on semiconductor p-n junctions. In a p-n diode,

conventional current can flow from the p-type side (the anode) to the n-type side (the

cathode), but cannot flow in the opposite direction. Another type of semiconductor diode,

the Schottky diode, is formed from the contact between a metal and a semiconductor

rather than by a p-n junction.

1.3. Zener Diodes

A Zener diode is a type of diode that permits current in the forward direction like a

normal diode, but also in the reverse direction if the voltage is larger than the breakdown

voltage known as "Zener knee voltage" or "Zener voltage". The device was named after

Clarence Zener, who discovered this electrical property.

A conventional solid-state diode will not allow significant current if it is reverse-biased

below its reverse breakdown voltage. When the reverse bias breakdown voltage is

exceeded, a conventional diode is subject to high current due to avalanche breakdown.

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

98
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Unless this current is limited by external circuitry, the diode will be permanently

damaged. In case of large forward bias (current in the direction of the arrow), the diode

exhibits a voltage drop due to its junction built-in voltage and internal resistance. The

amount of the voltage drop depends on the semiconductor material and the doping

concentrations.

A Zener diode exhibits almost the same properties, except the device is specially

designed so as to have a greatly reduced breakdown voltage, the so-called Zener voltage.

A Zener diode contains a heavily doped p-n junction allowing electrons to tunnel from

the valence band of the p-type material to the conduction band of the n-type material. In

the atomic model, this tunneling corresponds to the ionization of covalent bonds. A

reverse-biased Zener diode will exhibit a controlled breakdown and allow the current to

keep the voltage across the Zener diode at the Zener voltage. For example, a diode with a

Zener breakdown voltage of 3.2 V will exhibit a voltage drop of 3.2 V if reverse bias

voltage applied across it is more than its Zener voltage. However, the current is not

unlimited, so the Zener diode is typically used to generate a reference voltage for an

amplifier stage, or as a voltage stabilizer for low-current applications.

2. Shockley diode equation

The Shockley ideal diode equation or the diode law (named after transistor co-inventor William

Bradford Shockley, not to be confused with tetrode inventor Walter H. Schottky) is the IV

characteristic of an ideal diode in either forward or reverse bias (or no bias). The equation is:

where

I is the diode current,

IS is a scale factor called the saturation current,

VD is the voltage across the diode,
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VT is the thermal voltage,

and n is the emission coefficient, also known as the ideality factor. The emission coefficient n

varies from about 1 to 2 depending on the fabrication process and semiconductor material and in

many cases is assumed to be approximately equal to 1 (thus the notation n is omitted).

The thermal voltage VT is approximately 25.85 mV at 300 K, a temperature close to room

temperature commonly used in device simulation software. At any temperature it is a known

constant defined by:

Where

q is the magnitude of charge on an electron (the elementary charge),

k is Boltzmanns constant,

T is the absolute temperature of the p-n junction in kelvins

The Shockley ideal diode equation or the diode law is derived with the assumption that the only

processes giving rise to current in the diode are drift (due to electrical field), diffusion, and

thermal recombination-generation. It also assumes that the recombination-generation (R-G)

current in the depletion region is insignificant. This means that the Shockley equation doesnt

account for the processes involved in reverse breakdown and photon-assisted R-G. Additionally,

it doesnt describe the leveling off of the IV curve at high forward bias due to internal resistance.

Under reverse bias voltages the exponential in the diode equation is negligible, and the current is

a constant (negative) reverse current value of -IS. The reverse breakdown region is not modeled

by the Shockley diode equation.
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For even rather small forward bias voltages the exponential is very large because the thermal

voltage is very small, so the subtracted 1 in the diode equation is negligible and the forward

diode current is often approximated as

The use of the diode equation in circuit problems is illustrated in the article on diode modeling.

3. Assumed States for Analysis of Ideal-Diode Circuits

 Assume a state for each diode, either on (i.e., a short circuit) or off (i.e., an open circuit). For n

diodes there are 2n possible combinations of diode states.

 Analyze the circuit to determine the current through the diodes assumed to be on and the voltage

across the diodes assumed to be off.

 Check to see if the result is consistent with the assumed state for each diode. Current must flow

in the forward direction for diodes assumed to be on. Furthermore, the voltage across the diodes

assumed to be off must be positive at the cathode (i.e., reverse bias).

 If the results are consistent with the assumed states, the analysis is finished. Otherwise, return to

step 1 and choose a different combination of diode states.

4. Piecewise linear model

In practice, the graphical method is complicated and long and is impractical for complex circuits.

Another method of modeling a diode is called piecewise linear (PWL) modelling. In

mathematics, this means taking a function and breaking it down into several linear segments. The

example below shows how a curve can be approximated by three linear segments, forming a

three-segment PWL model:

The same method is used to approximate the diode characteristic curve into linear segments. This

enables us to substitute the real diode for an ideal diode, a voltage source and a resistor. The

figure below shows a real diode I-V curve being approximated by a two segment piecewise
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linear model. Typically the sloped line segment would be chosen tangent to the diode curve at

the Q-point. Then the slope of this line is given by the reciprocal of the small-signal resistance of

the diode at the Q-point.

A piecewise linear approximation of the diode characteristic.

5. Peak Inverse Voltage

he peak inverse voltage is the specified maximum voltage that a diode rectifier will block.

5.1. In semiconductor diodes

As a general term applied to semiconductor diodes, peak reverse voltage or peak inverse

voltage is the maximum voltage that a diode can withstand in the reverse direction

without breaking down or avalanching. If this voltage is exceeded the diode may be

destroyed. Diodes must have a peak inverse voltage rating that is higher than the

maximum voltage that will be applied to them in a given application.

5.2. In rectifier applications

For rectifier applications, peak inverse voltage (PIV) or peak reverse voltage (PRV) is the

maximum value of reverse voltage which occurs at the peak of the input cycle when the

diode is reverse-biased. The portion of the sinusoidal waveform which does not repeat or

duplicate itself is known as the cycle. The part of the cycle above the horizontal axis is

called the positive half-cycle, or alternation; the part of the cycle below the horizontal

axis is called the negative alternation. With reference to the amplitude of the cycle, the

peak inverse voltage is specified as the maximum negative value of the sine-wave within

a cycle's negative alternation.
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6. Notation for Currents and Voltages in Electronic Circuits

 vD and iD represent the total instantaneous diode voltage and current. At times, we may wish to

emphasize the time-varying nature of these quantities, and then we use vD(t) and iD(t)

 VDQ and IDQ represent the dc diode current and voltage at the quiescent point.

 vd and id represent the (small) ac signals. If we wish to emphasize their time varying nature, we

use vd(t) and id(t).

7. Application

7.1. Radio Demodulation

The first use for the diode was the demodulation of amplitude modulated (AM) radio

broadcasts. The history of this discovery is treated in depth in the radio article. In

summary, an AM signal consists of alternating positive and negative peaks of voltage,

whose amplitude or envelope is proportional to the original audio signal. The diode

(originally a crystal diode) rectifies the AM radio frequency signal, leaving an audio

signal which is the original audio signal. The audio is extracted using a simple filter and

fed into an audio amplifier or transducer, which generates sound waves.

7.2. Power Conversion

Rectifiers are constructed from diodes, where they are used to convert alternating current

(AC) electricity into direct current (DC). Automotive alternators are a common example,

where the diode, which rectifies the AC into DC, provides better performance than the

commutator of earlier dynamo. Similarly, diodes are also used in CockcroftWalton

voltage multipliers to convert AC into higher DC voltages.

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

103
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



7.3. Over-Voltage Protection

Diodes are frequently used to conduct damaging high voltages away from sensitive

electronic devices. They are usually reverse-biased (non-conducting) under normal

circumstances. When the voltage rises above the normal range, the diodes become

forward-biased (conducting). For example, diodes are used in ( stepper motor and H-

bridge ) motor controller and relay circuits to de-energize coils rapidly without the

damaging voltage spikes that would otherwise occur. (Any diode used in such an

application is called a flyback diode). Many integrated circuits also incorporate diodes on

the connection pins to prevent external voltages from damaging their sensitive transistors.

Specialized diodes are used to protect from over-voltages at higher power (see Diode

types above).

7.4. Logic Gates

Diodes can be combined with other components to construct AND and OR logic gates.

This is referred to as diode logic.

7.5. Ionising Radiation Detectors

In addition to light, mentioned above, semiconductor diodes are sensitive to more

energetic radiation. In electronics, cosmic rays and other sources of ionising radiation

cause noise pulses and single and multiple bit errors. This effect is sometimes exploited

by particle detectors to detect radiation. A single particle of radiation, with thousands or

millions of electron volts of energy, generates many charge carrier pairs, as its energy is

deposited in the semiconductor material. If the depletion layer is large enough to catch

the whole shower or to stop a heavy particle, a fairly accurate measurement of the

particles energy can be made, simply by measuring the charge conducted and without the

complexity of a magnetic spectrometer or etc. These semiconductor radiation detectors

need efficient and uniform charge collection and low leakage current. They are often

cooled by liquid nitrogen. For longer range (about a centimetre) particles they need a
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very large depletion depth and large area. For short range particles, they need any contact

or un-depleted semiconductor on at least one surface to be very thin. The back-bias

voltages are near breakdown (around a thousand volts per centimetre). Germanium and

silicon are common materials. Some of these detectors sense position as well as energy.

They have a finite life, especially when detecting heavy particles, because of radiation

damage. Silicon and germanium are quite different in their ability to convert gamma rays

to electron showers.

Semiconductor detectors for high energy particles are used in large numbers. Because of

energy loss fluctuations, accurate measurement of the energy deposited is of less use.

7.6. Temperature Measuring

A diode can be used as a temperature measuring device, since the forward voltage drop

across the diode depends on temperature, as in a Silicon bandgap temperature sensor.

From the Shockley ideal diode equation given above, it appears the voltage has a positive

temperature coefficient (at a constant current) but depends on doping concentration and

operating temperature (Sze 2007). The temperature coefficient can be negative as in

typical thermistors or positive for temperature sense diodes down to about 20 kelvins.

7.7. Current Steering

Diodes will prevent currents in unintended directions. To supply power to an electrical

circuit during a power failure, the circuit can draw current from a battery. An

Uninterruptible power supply may use diodes in this way to ensure that current is only

drawn from the battery when necessary. Similarly, small boats typically have two circuits

each with their own battery/batteries: one used for engine starting; one used for

domestics. Normally both are charged from a single alternator, and a heavy duty split

charge diode is used to prevent the higher charge battery (typically the engine battery)

from discharging through the lower charged battery when the alternator is not running[9]

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

105
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Diodes are also used in electronic musical keyboards. To reduce the amount of wiring

needed in electronic musical keyboards, these instruments often use keyboard matrix

circuits. The keyboard controller scans the rows and columns to determine which note the

player has pressed. The problem with matrix circuits is that when several notes are

pressed at once, the current can flow backwards through the circuit and trigger "ghost"

notes. To avoid triggering unwanted notes, most keyboard matrix circuits have diodes

soldered with the switch under each key of the musical keyboard. The same principle is

also used for the switch matrix in solid state pinball machines.

Topic : Transistors And Applications

Topic Objective:

 Describe the basic structure and operation of bipolar junction transistors

 Explain the operation of a BJT class A amplifier

 Analyze class B amplifiers

 Analyze a transistor switching circuit

 Describe the basic structure and operation of MOSFETs

 Analyze two types of FET amplifier configurations

 Discuss the theory and analyze the operation of several types of oscillators

 Troubleshoot amplifier circuits

Definition/Overview:

Transistors: In electronics, a transistor is a semiconductor device commonly used to amplify or

switch electronic signals. A transistor is made of a solid piece of a semiconductor material, with

at least three terminals for connection to an external circuit.
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Key Points:

1. Transistors

In electronics, a transistor is a semiconductor device commonly used to amplify or switch

electronic signals. A transistor is made of a solid piece of a semiconductor material, with at least

three terminals for connection to an external circuit. A voltage or current applied to one pair of

the transistor's terminals changes the current flowing through another pair of terminals. Because

the controlled (output) power can be much larger than the controlling (input) power, the

transistor provides amplification of a signal. The transistor is the fundamental building block of

modern electronic devices, and is used in radio, telephone, computer and other electronic

systems. Some transistors are packaged individually but most are found in integrated circuits.

1.1. Importance

The transistor is considered by many to be the greatest invention of the twentieth century.

It is the key active component in practically all modern electronics. Its importance in

today's society rests on its ability to be mass produced using a highly automated process

(fabrication) that achieves astonishingly low per-transistor costs.

Although several companies each produce over a billion individually-packaged (known

as discrete) transistors every year,[4] the vast majority of transistors produced are in

integrated circuits (often shortened to IC, microchips or simply chips) along with diodes,

resistors, capacitors and other electronic components to produce complete electronic

circuits. A logic gate consists of about twenty transistors whereas an advanced

microprocessor, as of 2006, can use as many as 1.7 billion transistors (MOSFETs).

"About 60 million transistors were built this year [2002] ... for [each] man, woman, and

child on Earth."

The transistor's low cost, flexibility and reliability have made it a ubiquitous device.

Transistorized mechatronics circuits have replaced electromechanical in controlling

appliances and machinery. It is often easier and cheaper to use a standard microcontroller
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and write a computer program to carry out a control function than to design an equivalent

mechanical control function.

Because of the low cost of transistors and hence digital computers, there is a trend to

digitize information, such as the Internet Archive. With digital computers offering the

ability to quickly find, sort and process digital information, more and more effort has

been put into making information digital. As a result, today, much media data is delivered

in digital form, finally being converted and presented in analog form to the user. Areas

influenced by the digital revolution include television, radio, and newspapers.

2. Field-Effect Transistor

The field-effect transistor (FET), sometimes called a unipolar transistor, uses either electrons (in

N-channel FET) or holes (in P-channel FET) for conduction. The four terminals of the FET are

named source, gate, drain, and body (substrate). On most FETs, the body is connected to the

source inside the package, and this will be assumed for the following description.

In FETs, the drain-to-source current flows via a conducting channel that connects the source

region to the drain region. The conductivity is varied by the electric field that is produced when a

voltage is applied between the gate and source terminals; hence the current flowing between the

drain and source is controlled by the voltage applied between the gate and source. As the

gatesource voltage (Vgs) is increased, the drainsource current (Ids) increases exponentially for Vgs

below threshold, and then at a roughly quadratic rate ( ) (where VT is the

threshold voltage at which drain current begins)[9] in the "space-charge-limited" region above

threshold. A quadratic behavior is not observed in modern devices, for example, at the 65nm

technology node.[10]

For low noise at narrow bandwidth the higher input resistance of the FET is advantageous.

FETs are divided into two families: junction FET (JFET) and insulated gate FET (IGFET). The

IGFET is more commonly known as metaloxidesemiconductor FET (MOSFET), from their

original construction as a layer of metal (the gate), a layer of oxide (the insulation), and a layer of

semiconductor. Unlike IGFETs, the JFET gate forms a PN diode with the channel which lies

between the source and drain. Functionally, this makes the N-channel JFET the solid state
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equivalent of the vacuum tube triode which, similarly, forms a diode between its grid and

cathode. Also, both devices operate in the depletion mode, they both have a high input

impedance, and they both conduct current under the control of an input voltage.

Metalsemiconductor FETs (MESFETs) are JFETs in which the reverse biased PN junction is

replaced by a metalsemiconductor Schottky-junction. These, and the HEMTs (high electron

mobility transistors, or HFETs), in which a two-dimensional electron gas with very high carrier

mobility is used for charge transport, are especially suitable for use at very high frequencies

(microwave frequencies; several GHz).

Unlike bipolar transistors, FETs do not inherently amplify a photocurrent. Nevertheless, there are

ways to use them, especially JFETs, as light-sensitive devices, by exploiting the photocurrents in

channelgate or channelbody junctions.

FETs are further divided into depletion-mode and enhancement-mode types, depending on

whether the channel is turned on or off with zero gate-to-source voltage. For enhancement mode,

the channel is off at zero bias, and a gate potential can "enhance" the conduction. For depletion

mode, the channel is on at zero bias, and a gate potential (of the opposite polarity) can "deplete"

the channel, reducing conduction. For either mode, a more positive gate voltage corresponds to a

higher current for N-channel devices and a lower current for P-channel devices. Nearly all JFETs

are depletion-mode as the diode junctions would forward bias and conduct if they were

enhancement mode devices; most IGFETs are enhancement-mode types.

3. MOSFET

The metaloxidesemiconductor field-effect transistor (MOSFET, MOS-FET, or MOS FET) is a

device used to amplify or switch electronic signals. It is by far the most common field-effect

transistor in both digital and analog circuits. The MOSFET is composed of a channel of n-type or

p-type semiconductor material (see article on semiconductor devices), and is accordingly called

an NMOSFET or a PMOSFET (also commonly nMOSFET, pMOSFET). The 'metal' in the name

is now often a misnomer because the previously metal gate material is now a layer of polysilicon

(polycrystalline silicon; why polysilicon is used will be explained below). Previously aluminium

was used as the gate material until the 1980s when polysilicon became dominant, owing to its

capability to form self-aligned gates.
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3.1. Operations

3.1.1. Metaloxidesemiconductor structure

A traditional metaloxidesemiconductor (MOS) structure is obtained by depositing

a layer of silicon dioxide (SiO2) and a layer of metal (polycrystalline silicon is

commonly used instead of metal) on top of a semiconductor die. As the silicon

dioxide is a dielectric material its structure is equivalent to a planar capacitor,

with one of the electrodes replaced by a semiconductor.

When a voltage is applied across a MOS structure, it modifies the distribution of

charges in the semiconductor. If we consider a P-type semiconductor (with NA

the density of acceptors, p the density of holes; p = NA in neutral bulk), a positive

voltage, VGB, from gate to body (see figure) creates a depletion layer by forcing

the positively charged holes away from the gate-insulator/semiconductor

interface, leaving exposed a carrier-free region of immobile, negatively charged

acceptor ions. See doping (semiconductor). If VGB is high enough, a high

concentration of negative charge carriers forms in an inversion layer located in a

thin layer next to the interface between the semiconductor and the insulator.

(Unlike the MOSFET, discussed below, where the inversion layer electrons are

supplied rapidly from the source/drain electrodes, in the MOS capacitor they are

produced much more slowly by thermal generation through carrier generation and

recombination centers in the depletion region.) Conventionally, the gate voltage at

which the volume density of electrons in the inversion layer is the same as the

volume density of holes in the body is called the threshold voltage. This structure

with P-type body is the basis of the N-type MOSFET, which requires the addition

of an N-type source and drain regions.

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

110
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



3.1.2. MOSFET structure and channel formation

A metaloxidesemiconductor field-effect transistor (MOSFET) is based on the

modulation of charge concentration by a MOS capacitance between a body

electrode and a gate electrode located above the body and insulated from all other

device regions by a gate dielectric layer which in the case of a MOSFET is an

oxide, such as silicon dioxide. If dielectrics other than an oxide such as silicon

dioxide (often referred to as oxide) are employed the device may be referred to as

a metalinsulatorsemiconductor FET (MISFET). The MOSFET includes two

additional terminals (source and drain), each connected to individual highly doped

regions that are separated by the body region. These regions can be either p or n

type, but they must both be of the same type, and of opposite type to the body

region. The highly doped source and drain regions typically are denoted by a '+'

following the type of doping. The body is not highly doped, as denoted by the

lack of a '+' sign.

If the MOSFET is an n-channel or nMOS FET, then the source and drain are 'n+'

regions and the body is a 'p' region. As described above, with sufficient gate

voltage, above a threshold voltage value, electrons from the source (and possibly

also the drain) enter the inversion layer or n-channel at the interface between the p

region and the oxide. This conducting channel extends between the source and the

drain, and current is conducted through it when a voltage is applied between

source and drain.

For gate voltages below the threshold value, the channel is lightly populated, and

only a very small subthreshold leakage current can flow between the source and

the drain. If the MOSFET is a p-channel or pMOS FET, then the source and drain

are 'p+' regions and the body is a 'n' region. When a negative gate-source voltage

(positive source-gate) is applied, it creates a p-channel at the surface of the n

region, analogous to the n-channel case, but with opposite polarities of charges

and voltages. When a voltage less negative than the threshold value (a negative

voltage for p-Channel) is applied between gate and source, the channel disappears
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and only a very small subthreshold current can flow between the source and the

drain.

The source is so named because it is the source of the charge carriers (electrons

for n-channel, holes for p-channel) that flow through the channel; similarly, the

drain is where the charge carriers leave the channel. The device may comprise a

Silicon On Insulator (SOI) device in which a Buried OXide (BOX) is formed

below a thin semiconductor layer. If the channel region between the gate

dielectric and a Buried OXide (BOX) region is very thin, the very thin channel

region is referred to as an Ultra Thin Channel (UTC) region with the source and

drain regions formed on either side thereof in and/or above the thin semiconductor

layer. Alternatively, the device may comprise a SEMiconductor On Insulator

(SEMOI) device in which other semiconductors than silicon are employed. Many

alternative semicondutor materials may be employed. When the source and drain

regions are formed above the channel in whole or in part, they are referred to as

Raised Source/Drain RSD) regions.

3.1.3. Modes of operation

The operation of a MOSFET can be separated into three different modes,

depending on the voltages at the terminals. In the following discussion, a

simplified algebraic model is used that is accurate only for old technology.

Modern MOSFET characteristics require computer models that have rather more

complex behavior.

▪ Cut-off or Sub-threshold or Weak Inversion Mode

▪ Triode Mode or Linear Region (also referred to as the Ohmic Mode

▪ Saturation Mode (also referred to as the Active Mode
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In Section 5 of this course you will cover these topics:

The Operational Amplifier

Basic Op-Amp Circuits

Special-Purpose Op-Amp Circuits

Measurement, Conversion, And Control

Topic : The Operational Amplifier

Topic Objective:

 Discuss the basic op-amp

 Explain the basic operation of a differential amplifier

 Discuss several op-amp parameters

 Explain negative feedback in op-amp circuits

 Analyze three op-amp configurations

 Describe the effects of negative feedback on the three basic op-amp configurations

 Troubleshoot op-amp circuits

Definition/Overview:

Operational Amplifiers: An operational amplifier, often called an op-amp , is a DC-coupled

high-gain electronic voltage amplifier with differential inputs and, usually, a single output.

Typically the output of the op-amp is controlled either by negative feedback, which largely

determines the magnitude of its output voltage gain, or by positive feedback, which facilitates

regenerative gain and oscillation. High input impedance at the input terminals and low output

impedance are important typical characteristics.
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Key Points:

1. Ideal Operational Amplifier

Shown on the right is an example of an ideal operational amplifier. The main part in an amplifier

is the dependent voltage source that increases in relation to the voltage drop across Rin, thus

amplifying the voltage difference between V+ and V-. Many uses have been found for

operational amplifiers and an ideal op-amp seeks to characterize the physical phenomena that

make op-amps useful.

Vs+ and Vs- are not connected to the circuit within the op-amp because they power the

dependent voltage source's circuit (not shown). These are notable, however, because they

determine the maximum voltage the dependent voltage source can output.

For any input voltages the ideal op-amp has

 infinite open-loop gain,

 infinite bandwidth,

 infinite input impedances (resulting in zero input currents),

 zero offset voltage,

 infinite slew rate,

 zero output impedance, and

 zero noise.

Because of these properties, an op-amp can be modeled as a nullor.

1.1. Characteristics of Ideal Op Amps

o Infinite gain for the differential input signal

o Zero gain for the common-mode input signal

o Infinite input impedance

o Zero output impedance

o Infinite bandwidth
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1.2. Summing-Point Constraint

Operational amplifiers are almost always used with negative feedback, in which part of the

output signal is returned to the input in opposition to the source signal. In a negative feedback

system, the ideal op-amp output voltage attains the value needed to force

the differential input voltage and input current to zero. We call this fact the summing-point

constraint.

1.3. Ideal Op-Amp Circuits

Ideal Op-Amp Circuits are analyzed by the following steps:

o Verify that negative feedback is present.

o Assume that the differential input voltage and the input current of the op amp are

forced to zero. (This is the summing-point constraint.)

o Apply standard circuit-analysis principles, such as Kirchhoffs laws and Ohms

law, to solve for the quantities of interest.

1.4. Circuit Notation

The circuit symbol for an op-amp is shown in Figure 1

where:

V+: non-inverting input

V−: inverting input

Vout: output

VS+: positive power supply

VS−: negative power supply
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The power supply pins (VS+ and VS−) can be labeled in different ways. Despite different

labeling, the function remains the same. Often these pins are left out of the diagram for

clarity, and the power configuration is described or assumed from the circuit.

1.5. Operation of Ideal Op-Amps

The amplifier's differential inputs consist of an inverting input and a non-inverting input,

and ideally the op-amp amplifies only the difference in voltage between the two. This is

called the "differential input voltage". In its most common use, the op-amp's output

voltage is controlled by feeding a fraction of the output signal back to the inverting input.

This is known as negative feedback. If that fraction is zero, i.e., there is no negative

feedback, the amplifier is said to be running "open loop" and its output is the differential

input voltage multiplied by the total gain of the amplifier, as shown by the following

equation:

where V+ is the voltage at the non-inverting terminal, V− is the voltage at the inverting

terminal and G is the total open-loop gain of the amplifier.

Because the magnitude of the open-loop gain is typically very large and not well

controlled by the manufacturing process, op-amps are not usually used without negative

feedback. Unless the differential input voltage is extremely small, open-loop operation

results in op-amp saturation. An example of how the output voltage is calculated when

negative feedback exists is shown below in Basic non-inverting amplifier circuit.

Another typical configuration of op-amps is the positive feedback, which takes a fraction

of the output signal back to the non-inverting input. An important application of it is the

comparator with hysteresis.

For any input voltages the ideal op-amp has

infinite open-loop gain,

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

116
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



infinite bandwidth,

infinite input impedances (resulting in zero input currents),

zero offset voltage,

infinite slew rate,

zero output impedance, and

zero noise.

The inputs of an ideal op-amp under negative feedback can be modeled using a nullator,

the output with a norator and the combination (complete ideal op-amp) by a nullor.

1.6. Limitations of Real Op-Amps

Real op-amps can only approach this ideal: in addition to the practical limitations on slew

rate, bandwidth, offset and so forth mentioned above, real op-amp parameters are subject

to drift over time and with changes in temperature, input conditions, etc. Modern

integrated FET or MOSFET op-amps approximate more closely the ideal op-amp than

bipolar ICs where large signals must be handled at room temperature over a limited

bandwidth; input impedance, in particular, is much higher, although the bipolar op-amps

usually exhibit superior (i.e., lower) input offset drift and noise characteristics.

Where the limitations of real devices can be ignored, an op-amp can be viewed as a black

box with gain; circuit function and parameters are determined by feedback, usually

negative. IC op-amps as implemented in practice are moderately complex integrated

circuits.
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2. Inverting Amplifier

Inverts and amplifies a voltage (multiplies by a negative constant)

 Zin = Rin (because V − is a virtual ground)

 A third resistor, of value, added between the non-inverting input and ground, while not

necessary, minimizes errors due to input bias currents.

3. Non-Inverting Amplifier

Amplifies a voltage (multiplies by a constant greater than 1)

 (realistically, at least the input impedance of the opamp itself, 1 MΩ to 10 TΩ. In

many cases, the input impedance is significantly higher as a consequence of the feedback

network)

 A third resistor, of value , added between the Vin source and the non-inverting input,

while not necessary, minimizes errors due to input bias currents.

4. Voltage Followers

Used as a buffer amplifier, to eliminate loading effects or to interface impedances (connecting a

device with a high source impedance to a device with a low input impedance). Due to the strong

feedback, this circuit tends to get unstable when driving a high capacity load. This can be

avoided by connecting the load through a resistor.

 (realistically, the differential input impedance of the op-amp itself, 1 MΩ to 1 TΩ)
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5. Nonlinear Limitations

The output voltage of a real op amp is limited to the range between certain limits that depend on

the internal design of the op amp. When the output voltage tries to exceed these limits, clipping

occurs.

5.1. Slew-Rate Limitation

Another nonlinear limitation of actual op amps is that the magnitude of the rate of change

of the output voltage is limited.

5.2. Full-Power Bandwidth

The full-power bandwidth of an op amp is the range of frequencies for which the op amp

can produce an undistorted sinusoidal output with peak amplitude equal to the guaranteed

maximum output voltage.

6. DC Imperfections

The three dc imperfections (bias current, offset current, and offset voltage) can be modeled by

placing dc sources at the input of the op amp as shown in Figure 2. The effect of bias current,

offset current, and offset voltage on inverting or noninverting amplifiers is to add a (usually

undesirable) dc

voltage to the intended output signal.
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7. Differential and Instrumentation Amplifiers

7.1. Differential Amplifiers

The circuit shown is used for finding the difference of two voltages each multiplied by

some constant (determined by the resistors).

The name "differential amplifier" should not be confused with the "differentiator", also

shown on this page.

Differential Zin (between the two input pins) = R1 + R2

7.2. Instrumentation Amplifiers

Combines very high input impedance, high common-mode rejection, low DC offset, and

other properties used in making very accurate, low-noise measurements. Is made by

adding a non-inverting buffer to each input of the differential amplifier to increase the

input impedance.

7.3. Integrators and Differentiators

Integrators produce output voltages that are proportional to the running time integral of

the input voltages. In a running time integral, the upper limit of integration is t .

Topic : Basic Op-Amp Circuits

Topic Objective:

 Explain the basic operation of a comparator circuit

 Analyze summing amplifiers, averaging amplifiers, and scaling amplifiers

 Explain the operation of op-amp integrators and differentiators
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 Discuss the operation of several types of op-amp oscillators

 Recognize and evaluate basic op-amp filters

 Describe the operation of basic series and shunt voltage regulators

Definition/Overview:

Op-Amp: The op-amp is basically a differential amplifier having a large voltage gain, very high

input impedance and low output impedance.

Comparator: In electronics, a comparator is a device which compares two voltages or currents

and switches its output to indicate which is larger.

Key Points:

1. Comparator

In electronics, a comparator is a device which compares two voltages or currents and switches its

output to indicate which is larger. A dedicated voltage comparator will generally be faster than a

general-purpose op-amp pressed into service as a comparator. A dedicated voltage comparator

may also contain additional features such as an accurate, internal voltage reference, an adjustable

hysteresis and a clock gated input.

1.1. Op-amp Implementation of Voltage Comparator

A standard op-amp operating without negative feedback can be used as a comparator.

When the non-inverting input (V+) is at a higher voltage than the inverting input (V-), the

high gain of the op-amp causes it to output the most positive voltage it can. When the
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non-inverting input (V+) drops below the inverting input (V-), the op-amp outputs the

most negative voltage it can. Since the output voltage is limited by the supply voltage, for

an op-amp that uses a balanced, split supply, (powered by VS) this action can be written:

where sgn(x) is the sign function. Generally, the positive and negative supplies VS will

not match absolute value:

when else when

Equality of input values is very difficult to achieve in practice. The speed at which the

change in output results from a change in input (often called the slew rate in operational

amplifiers) is typically in the order of 10ns to 100ns, but can be as slow as a few tens of

μs.

2. Summing Amplifier

The summing amplifier is a handy circuit enabling you to add several signals together. What are

some examples? If you're measuring temperature, you can add a negative offset to make the

display read "0" at the freezing point. On a precision amplifier, you may need to add a small

voltage to cancel the offset error of the op amp itself. An audio mixer is another good example of

adding waveforms (sounds) from different channels (vocals, instruments) together before

sending the combined signal to a recorder.

Although, there are many ways to make a summer, this one is nice because it keeps the

interaction between inputs at a minimum. What does that mean for you the designer? You can

change the gain or add another input without messing with the gains of the other inputs. Just

remember that the circuit also inverts the input signals. Not a big deal. If you need the opposite

polarity, put an inverting stage before or after the summer.

2.1. Summing Action

The summing action of this circuit is easy to understand if you keep in mind the main

"mission" of the op amp. It's a simple one: keep the potential of the negative terminal

very close to the positive terminal. In this case, keep the negative terminal close to 0V

(virtual ground). The op amp essentially nails one leg of R1, R2 and R3 to a 0V potential.

This makes it easy to write the currents in these resistors.
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I1 = V1 / R1; I2 = V2 / R2; I3 = V3 / R3

So what's the current I flowing in RF? According to our friend Kirchoff, we get

I = I1 + I2 + I3

Finally, notice that one leg of RF is also kept at 0V. So the output becomes Vo = -RF x I.

Combining these pieces of information, we have a simple description of the amplifier

Vo = - RF ( V1 / R1 + V2 / R2 + V3 / R3)

= - ( V1 x RF / R1 + V2 x RF / R2 + V3 x RF / R3 )

As you can see, the gain for each input can be controlled by a single resistor.

3. Oscillator

An electronic oscillator is an electronic circuit that produces a repetitive electronic signal, often a

sine wave or a square wave. A low-frequency oscillator (LFO) is an electronic oscillator that

generates an AC waveform between 0.1 Hz and 10 Hz. This term is typically used in the field of

audio synthesizers, to distinguish it from an audio frequency oscillator. Oscillators designed to

produce a high-power AC output from a DC supply are usually called inverters.

4. Operational Amplifier (Op-Amp) Basics

The op-amp is basically a differential amplifier having a large voltage gain, very high input

impedance and low output impedance. The op-amp has a "inverting" or (-) input and

"noninverting" or (+) input and a single output. The op-amp is usually powered by a dual

polarity power supply in the range of +/- 5 volts to +/- 15 volts. A simple dual polarity power

supply is shown in the figure below which can be assembled with two 9 volt batteries.

4.1. Inverting Amplifier

The op-amp is connected using two resistors RA and RB such that the input signal is

applied in series with RA and the output is connected back to the inverting input through

RB. The noninverting input is connected to the ground reference or the center tap of the

dual polarity power supply. In operation, as the input signal moves positive, the output

will move negative and visa versa. The amount of voltage change at the output relative to

the input depends on the ratio of the two resistors RA and RB. As the input moves in one
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direction, the output will move in the opposite direction, so that the voltage at the

inverting input remains constant or zero volts in this case. If RA is 1K and RB is 10K and

the input is +1 volt then there will be 1 mA of current flowing through RA and the output

will have to move to -10 volts to supply the same current through RB and keep the

voltage at the inverting input at zero. The voltage gain in this case would be RB/RA or

10K/1K = 10. Note that since the voltage at the inverting input is always zero, the input

signal will see a input impedance equal to RA, or 1K in this case. For higher input

impedances, both resistor values can be increased.

4.2. Noninverting Amplifier

The noninverting amplifier is connected so that the input signal goes directly to the

noninverting input (+) and the input resistor RA is grounded. In this configuration, the

input impedance as seen by the signal is much greater since the input will be following

the applied signal and not held constant by the feedback current. As the signal moves in

either direction, the output will follow in phase to maintain the inverting input at the same

voltage as the input (+). The voltage gain is always more than 1 and can be worked out

from Vgain = (1+ RB/RA).

4.3. Voltage Follower

The voltage follower, also called a buffer, provides a high input impedance, a low output

impedance, and unity gain. As the input voltage changes, the output and inverting input

will change by an equal amount.

5. Voltage Regulator

A voltage regulator is an electrical regulator designed to automatically maintain a constant

voltage level. It may use an electromechanical mechanism, or passive or active electronic

components. Depending on the design, it may be used to regulate one or more AC or DC

voltages.

With the exception of shunt regulators, all modern electronic voltage regulators operate by

comparing the actual output voltage to some internal fixed reference voltage. Any difference is

amplified and used to control the regulation element. This forms a negative feedback servo
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control loop. If the output voltage is too low, the regulation element is commanded to produce a

higher voltage. For some regulators if the output voltage is too high, the regulation element is

commanded to produce a lower voltage; however, many just stop sourcing current and depend on

the current draw of whatever it is driving to pull the voltage back Down. In This Way, the output

voltage is held roughly constant. The control loop must be carefully designed to produce the

desired tradeoff between stability and speed of response.

Topic : Special-Purpose Op-Amp Circuits

Topic Objective:

 Analyze and explain the operation of an instrumentation amplifier

 Analyze and explain the operation of an isolation amplifier

 Analyze and explain the operation of an OTA

 Analyze and explain the operation of active diode circuits

 Analyze and explain several special types of op-amp circuits

Definition/Overview:

Op-Amp Circuits: The op-amp circuits are designed to handle different types of environments

and special applications. Rejection of noise, isolation, and voltage-to-current amplification are

just a few special applications.

Key Points:

1. Instrumentation Amplifier

An instrumentation (or instrumentational) amplifier is a type of differential amplifier that has

been outfitted with input buffers, which eliminate the need for input impedance matching and

thus make the amplifier particularly suitable for use in measurement and test equipment.

Additional characteristics include very low DC offset, low drift, low noise, very high open-loop
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gain, very high common-mode rejection ratio, and very high input impedances. Instrumentation

amplifiers are used where great accuracy and stability of the circuit both short- and long-term are

required.

Although the instrumentation amplifier is usually shown schematically identical to a standard op-

amp, the electronic instrumentation amp is almost always internally composed of 3 op-amps.

These are arranged so that there is one op-amp to buffer each input (+,−), and one to produce the

desired output with adequate impedance matching for the function.

The most commonly used instrumentation amplifier circuit is shown in the figure. The gain of

the circuit is

The ideal common-mode gain of an instrumentation amplifier is zero. In the circuit shown,

common-mode gain is caused by mismatches in the values of the equally-numbered resistors and

by the non-zero common mode gains of the two input op-amps. Obtaining very closely matched

resistors is a significant difficulty in fabricating these circuits, as is optimizing the common

mode performance of the input op-amps.

Instrumentation amplifiers can be built with individual op-amps and precision resistors, but are

also available in integrated circuit form from several manufacturers (including Texas

Instruments, Analog Devices, Linear Technology and Maxim Integrated Products). An IC

instrumentation amplifier typically contains closely matched laser-trimmed resistors, and

therefore offers excellent common-mode rejection.

2. Isolation Amplifiers

Isolation amplifiers provide electrical isolation and an electrical safety barrier. They protect data

acquisition components from common mode voltages, which are potential differences between

instrument ground and signal ground. Instruments without an isolation barrier that are applied in

the presence of a common mode voltage allow ground currents to circulate, leading in the best

case to a noisy representation of the signal under investigation. In the worst case, assuming that

the magnitude of common mode voltage and/or current is sufficient, instrument destruction is

likely.

Amplifiers with an isolation barrier allow the front-end of the amplifier to float with respect to

common mode voltage to the limit of the barrier's breakdown voltage, which is often 1,000
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VDC, peak AC, or more. This action serves to protect the amplifier and the instrument connected

to it, while still allowing a reasonably accurate measurement.

These amplifiers are also useful when you need to amplify low-level signals in multi-channel

applications. They can also eliminate measurement errors caused by ground loops. Amplifiers

with internal transformers reduce circuit costs by eliminating the need for additional isolated

power supply. We usually use them as analogue interfaces between systems with separated

grounds. There are two types:

 Two ports:

o When the DC-DC is not integrated.

o When there are two isolated parts.

 Three ports:

o When the DC-DC is integrated.

o The parts are isolated between them.

In most applications, an output voltage is obtained by passing the output current through a

resistor. Other possible applications:

 Floating pulse amplifier output voltage and current interface.

 Instrumentation in high-noise environments.

 Analogue front-end processing.

 Medical instrumentation.

3. Operational Transconductance Amplifier

The operational transconductance amplifier (OTA) is an amplifier whose differential input

voltage produces an output current. Thus, it is a voltage controlled current source (VCCS). There

is usually an additional input for a current to control the amplifier's transconductance. The OTA

is similar to a standard operational amplifier in that it has a high impedance differential input

stage and that it may be used with negative feedback.

3.1. Principal differences from standard operational amplifiers

o First, its output of a current contrasts to that of standard operational amplifier

whose output is a voltage.
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o Second, except for its input stage (which is a simple two transistor differential

amplifier), its internal circuitry is completely different. The OTA is constructed

completely of transistors and diodes; it uses no resistors or capacitors. [2]

o Third, it is usually used "open-loop"; without negative feedback in linear

applications. This is possible because the magnitude of the resistance attached to

its output controls its output voltage. Therefore a resistance can be chosen that

keeps the output from going into saturation, even with high differential input

voltages.

4. Other Op-Amp Circuits

A constant-current source delivers a load current that remains constant regardless of load

changes. The output current is held constant by the input voltage and input resistance. The

equation below shows the relationship.

IL = VIN/Ri

The current-to-voltage converter produces an output voltage based on the input current. The

formula below shows the relationship.

Vout = IiRf

The peak detector charges to the peak level of the input and holds that charge in the capacitor

until greater peak occurs. The diode prevents the capacitor from discharging.

Topic : Measurement, Conversion, And Control

Topic Objective:

 Discuss the operation of three types of temperature-measuring circuits

 Describe methods of measuring strain, pressure, and flow rate

 Describe methods of measuring motion

 Explain the operation of a sample-and-hold circuit

 Explain the operation of an analog-to-digital converter
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 Describe how power to a load is controlled

Definition/Overview:

Measurement: Measurement is the process of estimating the magnitude of some attribute of an

object, such as its length or weight, relative to some standard (unit of measurement), such as a

meter or a kilogram. The term is also used to indicate the number that results from that process.

Metrology is the scientific study of measurement. The act of measuring usually involves using a

measuring instrument, such as a ruler, weighing scale, thermometer, speedometer, or voltmeter,

which is calibrated to compare the measured attribute to a measurement unit.

Conversion: Conversion of units refers to conversion factors between different units of

measurement for the same quantity.

Key Points:

1. Temperature Measurement

Many methods have been developed for measuring temperature. Most of these rely on measuring

some physical property of a working material that varies with temperature. One of the most

common devices for measuring temperature is the glass thermometer. This consists of a glass

tube filled with mercury or some other liquid, which acts as the working fluid. Temperature

increases cause the fluid to expand, so the temperature can be determined by measuring the

volume of the fluid. Such thermometers are usually calibrated, so that one can read the

temperature, simply by observing the level of the fluid in the thermometer. Another type of

thermometer that is not really used much in practice, but is important from a theoretical

standpoint is the gas thermometer.
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Other important devices for measuring temperature include:

 Thermocouples

 Thermistors

 Resistance Temperature Detector (RTD)

 Pyrometers

 Langmuir probes (for electron temperature of a plasma)

 Infrared

 Other thermometers

One must be careful when measuring temperature to ensure that the measuring instrument

(thermometer, thermocouple, etc) is really the same temperature as the material that is being

measured. Under some conditions heat from the measuring instrument can cause a temperature

gradient, so the measured temperature is different from the actual temperature of the system. In

such a case the measured temperature will vary not only with the temperature of the system, but

also with the heat transfer properties of the system. An extreme case of this effect gives rise to

the wind chill factor, where the weather feels colder under windy conditions than calm

conditions even though the temperature is the same. What is happening is that the wind increases

the rate of heat transfer from the body, resulting in a larger reduction in body temperature for the

same ambient temperature.

The theoretical basis for thermometers is the zeroth law of thermodynamics which postulates that

if you have three bodes, A, B and C, if A and B are at the same temperature, and B and C are at

the same temperature then A and C are at the same temperature. B, of course, is the thermometer.

The practical basis of thermometry is the existence of triple point cells. Triple points are

conditions of pressure, volume and temperature such that three phases (matter) are

simultaneously present, for example solid, vapor and liquid. For a single component there are no

degrees of freedom at a triple point and any change in the three variables results in one or more

of the phases vanishing from the cell. Therefore, triple point cells can be used as universal

references for temperature and pressure.

Under some conditions it becomes possible to measure temperature by a direct use of the

Planck's law of black body radiation. For example, the cosmic microwave background
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temperature has been measured from the spectrum of photons observed by satellite observations

such as the WMAP. In the study of the quark-gluon plasma through heavy-ion collisions, single

particle spectra sometimes serve as a thermometer.

2. Sample and Hold Circuits

In electronics, a sample and hold circuit is used to interface real-world signals, by changing

analogue signals to a subsequent system such as an analog-to-digital converter. The purpose of

this circuit is to hold the analogue value steady for a short time while the converter or other

following system performs some operation that takes a little time. In most circuits, a capacitor is

used to store the analogue voltage, and an electronic switch or gate is used to alternately connect

and disconnect the capacitor from the analogue input. The rate at which this switch is operated is

the sampling rate of the system.

The necessity of such a circuit is easy to see if one considers what would happen if it were not

present. In some kinds of ADC for example, the input is often compared to a voltage generated

internally from a digital-to-analog converter. The circuit tries a series of values, and stops

converting once the voltages are "the same" within some defined error margin. If the input value

was permitted to change during this comparison process, the resulting conversion would be

inaccurate, and possibly completely unrelated to the true input value. Such successive

approximation ADCs will often incorporate internal sample and hold circuitry.

Sample and hold circuits are often used when multiple samples need to be measured at the same

time. Each value is sampled and held, using a common sample clock. The values can then be

read at leisure.

In order that the input voltage is held constant for all practical purposes, it is essential that the

capacitor has very low leakage, and that it is not loaded to any significant degree which calls for

a very high input impedance.
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3. Analog-to-Digital

An analog-to-digital converter (abbreviated ADC, A/D or A to D) is an electronic integrated

circuit, which converts continuous signals to discrete digital numbers. The reverse operation is

performed by a digital-to-analog converter (DAC).

Typically, an ADC is an electronic device that converts an input analog voltage (or current) to a

digital number. The digital output may be using different coding schemes, such as binary, Gray

code or two's complement binary. However, some non-electronic or only partially electronic

devices, such as rotary encoders, can also be considered ADCs.
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