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MEASUREMENTS & INSTRUMENTATION IV SEMESTER 

 

Pre-requisite: Basic Knowledge of Electrical and Electronics Engineering 

Objectives: 

 To introduce the basic functional elements of Instrumentation 

 To introduce the fundamentals of Electrical and Electronic Instruments 

 

UNIT-I BASIC MEASUREMENTS CONCEPTS AND ERRORS 

Measurements Systems – Static and dynamic Characteristics – Units and standards of Measurements 

Systems - Types of Errors, Accuracy, Precision, Reproducibility, Repeatability and Noise, Analog 

Instruments – Galvano Meter, D’Arsonaval Galvanometer, Moving Coil Instruments, PMMC - 

Ammeter, Voltmeter& Ohm Meter, Moving Iron Instruments, Electrodynamometer. 

UNIT – II DATA DISPLAY AND RECORDING SYSTEMS 

Oscilloscope: CRO – CRT, Deflection System, Specifications, Controls, Storage Oscilloscope, Digital 

Storage, Sampling Oscilloscope. Graphic Recording Instruments: Strip Chart Recorders, X_Y 

Recorder, Plotters. 

UNIT – III DIGITAL INSTRUMENTS AND SIGNAL GENERATORS 

Digital Voltmeter system, Digital Multi meter, Digital Frequency Meter System- SIGNAL 

GENERATORS: LF Signal Generators, Function Generators, Pulse Generators, RF Signal 

Generators, Sweep Signal Generators, Sweep Frequency Generators, Frequency Synthesizers 

UNIT – IV WAVEFORM ANALYSERS AND RADIO RECEIVERS 

Distortion Meter, Spectrum Analyzer, Digital Spectrum Analyzer - Radio Receiver Measurement: 

Receiver Basics and Parameters, Measuring Sensitivity, Selectivity and Image Response 

UNIT – V TRANSDUCERS 

Classification of Transducers- Resistance – Potentiometer, Strain gauges, Resistance Thermometers, 

Thermistor. Inductive Transducers: LVDT, RVDT. Capacitive Transducers: Piezoelectric, 

Photoelectric transducers, Digital Transducers – Encoder, Shaft Encoder, Optical Encoder. 

TEXT BOOKS: 

1. A.K. Sawhney: “A Course in Electrical and Electronic Measurements and Instrumentation”,  18th 

Edition, Dhanpat Rai Publications, 2001. 

2. David A Bell, “Electronic Instrumentation and Measurements”, Second Edition, PHI, 2003 

3. Joseph J.Carr, Elements of Electronics Instrumentation and Measurement, Third Edition, Pearson 

Education, 2003. 

REFERENCES: 
1. Albert D.Helfrick and William D.Cooper “Modern Electronic Instrumentation and 

Measurement Techniques”, Prentice Hall of India, 2007. 

2. Copper D, “Electronic Instrumentation and Measurement Techniques”, II Edition, PHI, 1978. 

3. James W. Dally, William F. Riley,  Kenneth  G.  McConnell,  “Instrumentation  for  Engineering 
Measurements”, 2nd Edition, John Wiley, 2003. 

4. Doeblin: “Measurement Systems - Application and Design”, IV Edition, McGraw-Hill, 1990. 

5. Jones L.D. and Foster Chin A.”Electronic Instruments and Measurements”, Second Edition, John 

Wiley and Sons, 1991. 

6. Alan. S. Morris, “Principles of Measurements and Instrumentation”, 2nd Edition, 

Prentice Hall of India, 2003. 

Course Outcomes: 

At the end of the course, the students will be able to - 

 Use various types of Electrical Instruments 

 Use various types of Electronic Instruments 

 

 

L T P C 

3 1 0 3 

 

M&I

Dept. of ECE SCSVMV Page 2



UNIT-I 

BASIC MEASUREMENTS CONCEPTS AND ERRORS 
   

AIM: 

  To introduce the basic functional elements of Instrumentation 

 
 

  Pre-Requisites: 
 

        Basic Knowledge of Electrical and Electronics Engineering 

  Pre - MCQs: 

1. What is the significance of measuring low resistances? 
a)  voltage drop across the circuit is high 

b) contact and lead resistances are appreciable 

c) there is no power loss 

d) no current flows through the bridge circuit 

 

2. Fig 1 represents? 

 
 

a)  construction of medium resistance 

b)  construction of high resistance 

c)  construction of low resistance 

d)  construction of very low resistance 

 

 

 

3. Which is not a source of error in the measurement of low resistance? 

a) contact resistance drops at the leads 

b) thermal e.m.f 

c) temperature effect 

d) power dissipation through the circuit 
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Introduction: 
 

The measurement of any quantity plays very important role not only in science but in all 

branches of engineering, medicine and in almost all the human day to day activities.The technology 

of measurement is the base of advancement of science. The role of science and engineering is to 

discover the new phenomena, new relationships, the laws of natureand to apply these discoveries to 

human as well as other scientific needs. The science and engineering is also responsible for the 

design of new equipments. The operation, control and the maintenance of such equipments and the 

processes is also one of the important functions of the science and engineering branches. All these 

activities are based on the proper measurement and recording of physical, chemical, mechanical, 

optical and many other types of parameters. 

The measurement of a given parameter or quantity is the act or result of a quantitative 

comparison between a predefined standard and an unknown quantity to be measured. The major 

problem with any measuring instrument is the error. Hence, it is necessary to select the appropriate 

measuring instrument and measurement procedure which minimises the error. The measuring 

instrument should not affect the quantity to be measured. 

An electronic instrument is the one which is based on electronic or electrical principles for 

its measurement function. The measurement of any electronic or electrical quantity or variable is 

termed as an electronic measurement. 

Advantages of Electronic Measurement 

The advantages of an electronic measurement are 

1. Most of the quantities can be converted by transducers into the electrical or electronic signals. 

2. An electrical or electronic signal can be amplified, filtered, multiplexed, sampled and measured. 

3. The measurement can easily be obtained in or converted into digital form for automatic analysis 

and recording. 

4 The measured signals can be transmitted over long distances with the help of cables or radio 

links, without any loss of information. 

5. Many measurements can be carried either simultaneously or in rapid succession. 

6. Electronic circuits can detect and amplify very weak signals and can measure the events of very 

short duration as well. 
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7. Electronic measurement makes possible to build analog and digital signals. The digital 

signals are very much required in computers. The modern development in science and 

technology are totally based on computers. 

8. Higher sensitivity, low power consumption and a higher degree of reliability are the 

important features of electronic instruments and measurements. But, for any measurement, 

a well defined set of standards and calibration units is essential. This chapter provides an 

introduction to different types of errors in measurement, the characteristics of an 

instrument and different calibration standards. 

Functional elements of an instruments: 

Any instrument or a measuring system can be described in general with the help of a  block 

diagram. While describing the general form of a measuring system, it is not necessary to go 

into the details of the physical aspects of a specific instrument. The block diagram indicates 

the necessaryelements and their functions in a general measuring system. The entire 

operation of an instrument can be studied interms of these functional elements. The Fig. 1.1 

shows the block diagram showing the functional elements of an instrument. 

 
 

Calibration: 

Calibration is the process of making an adjustment or marking a scale so that the 

readings of an instrument agree with the accepted and the certified standard. 

The calibration offers a guarantee to the device or instrument that it is operating 

with required accuracy, under the stipulated environmental conditions. It creates the 

confidence of using the properly calibrated instrument, in user's mind. The periodic 

calibration of an instrument is very much necessary.The calibration characteristics can be 

determined by applying known values of quantities to be measured and recording the 
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corresponding output of the instrument. Such output values are then compared with the 

input, to determine the error. Such a record obtained from calibration is called calibration 

record. It is generally recorded in the tabular form. If it is represented in the graphicalform, 

it is called calibration curve. Such a calibration record or calibration curve is useful to 

obtain the performance characteristics of an instrument. The performance of the instrument 

is not guaranteed by the calibration. It only mdicates whether the performance of the 

instrument is  

 

meeting the accuracy and range specification or not. If the device has been repaired, aged, 

adjusted or modified, then recalibration is carried out. 

Static characteristics: 

As mentioned earlier, the static characteristics are defined for the instruments which measure 

the quantities which do not vary with time. The various static characteristics are accuracy, 

precision, resolution, error, sensitivity, threshold, reproducibility, zero drift, stability and 

linearity.  

Accuracy: 

It is the degree of closeness with which the instrument reading approaches the true value of 

the quantity to be measured. It denotes the extent to which we approach the actual value of the 

quantity. It indicates the ability of instrument to indicate the true value of the quantity. The 

accuracy can be expressed in the following ways. 

1) Accuracy as 'Percentage of Full Scale Reading : In case of instruments having uniform 

scale, the accuracy can be expressed as percentage of full scale reading. 

For example, the accuracy of an instrument having full scale reading of 50 units may be 

expressed as ± 0.1% of full scale reading. From this accuracy indication, practically accuracy is 

expressed in terms of limits of error. So for the accuracy limits specified above, there will be ± 

0.05 units error in any measurement. So for a reading of 50 units, there will be error of ± 0.05 

units i.e. ± 0.1 % while for a reading of 25 units, there will be error of ± 0.05 units in the reading 

i.e. ± 0.2%. Thus as reading decreases, error in measurement is ± 0.05 units but net percentage 

error is more. Hence, specification of accuracy in this manner is highly misleading. 

2) Accuracy as 'Percentage of True Value' : This is the best method of specifying the 

accuracy. It is to be specified in terms of the true value of quantity being measured. For example, 
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it can be specified as ± 0.1% of true value. This indicates that in such cases, as readings get 

smaller, error also gets reduced. Hence accuracy of the instrument is better than the instrument 

for which it is specified as percent of full scale reading. 

 

 

Precision: 

It is the measure of consistency or repeatability of measurements. 

Let us see the basic difference between accuracy and precision. Consider an instrument on 

which, readings upto 1/1000th of unit can be measured. But the instrument has large zero 

adjustment error. Now every time reading is taken, it can be taken down upto '1000th of unit. 

So as the readings agree with each other, we say that the instrument is highly precise. But, 

though the 

readings are precise upto 10100th of unit, the readings are inaccurate due to large zero 

adjustment error. Every reading will be inaccurate, due to such error. Thus a precise 

instrument may not be accurate. Thus the precision means sharply or clearly defined and the 

readings agree among themselves. But there is no guarantee that readings are accurate. An 

instrument having zero error, if calibrated properly, can give accurate readings but in that case 

still, the readings can be obtained down upto 1/10th of unit only. Thus accuracy can be 

improved by calibration but not the precision of the instrument. 

The precision is composed of two characteristics: 

• Conformity and 

• Number of significant figures. 

Conformity: 

Consider a resistor having true value as 2385692.0Ω, which is being measured by an 

ohmmeter. Now, the meter is consistently measuring the true value of the resistor. But the 

reader, can read consistently, a value as 2.4 MΩ due to nonavailability of proper scale. The 

value 2.4 MΩ is estimated by the reader from the available scale. There are no deviations 

from the observed value. The error created due to the limitation of the scale reading is a 

precision error. 

The example illustrates that the conformity is a necessary, but not sufficient condition for 

precision. Similarly, precision is necessary but not the sufficient condition for accuracy. 
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Significant Figures: 

The precision of the measurement is obtained from the number of significant figures, in 

which the reading is expressed. The significant figures convey the actual information about 

the magnitude and the measurement precision of the quantity. 

 

Example: 

The table shows the set of 5 measurements.Calculate the precision of the 3rd measurement 
 

Resolution: 

It is the smallest increment of quantity being measured which can be detected with certainty 

by an instrument. 

So if a nonzero input quantity is slowly increased, output reading will not increase until 

some minimum change in the input takes place. This minimum change which causes the 

change in the  

output is called resolution. The resolution of an instrument is also referred to as 

discrimination of the instrument. The resolution can affect the accuracy of the measurement. 
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Errors: 

Static error = measured value – true value 

The most important static characteristics of an instrument is its accuracy, which is 

generally expressed in terms of the error called static error. 

Mathematically it can be expressed as, e = At - Am J 

 

 

 

 

 

 

 
 

In this expression, the error denoted as e is also called absolute error. The absolute error 

does not indicate precisely the accuracy of the measurements. For example, absolute error 

of ± 1 V is negligible when the voltage to be measured is of the order of 1000 V but the 

same error of ±1 V becomes significant when the voltage under measurement is 5 V or so. 

Hence, generally instead of specifying absolute error, the relative or percentage error is 

specified. 

 

Sensitivity: 

If the calibration curve is not linear as shown in the Fig. 1.3 (b), then the sensitivity varies 

with the input. The sensitivity is always expressed by the manufacturers as the ratio of the 

magnitude of quantity being measured to the magnitude of the response. Actually, this 

definition is the 

reciprocal of the sensitivity is called inverse sensitivity or deflection factor. But 

manufacturers call this inverse sensitivity as a sensitivity. 

 

The units of the sensitivity are millimeter per micro-ampere, millimeter per ohm, counts 

per volt, etc. while the units of a deflection factor are micro-ampere per millimeter, ohm 

per millimeter,  
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volts per count, etc. The sensitivity of the instrument should be as high as possible and to 

achieve this range of an instrument should not greatly exceed the value to be measured. 

Drift : Gradual shift in the meassured value ,over an extended period, when there is no 

change in input. 

 

Threshold: The minimum value of input for which the device just starts to respond. 

Range/Span: The minimum and maximum value of quantity so that the device is 

capable of measuring. 

Repeatability: A measure of how well the output returns to a given value when the same 

precise input is applied several times. Or The ability of an instrument to reproduce a certain 

set of reading within a given accuracy. 

Linearity: Input output relationship of a device must be linear. 

But practical systems shows small deviations from the linear shape ( allowed within the 

specified limits) 

Hysteresis: Input is increased from negative value, output increases as indicated by curve 1 

• Then the input is steadily decreased , output does not follow the same path , but lag by a 

certain value as indicated by curve 2 • 

The difference between the two curves is called Hysterisis. 

 
 

 

DYNAMIC CHARACTERISTICS: 

The response of instruments or systems to dynamic I/P s are also functions 

of time. Instruments rarely respond instantaneously to changes in the 
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measured variables. 

Instead, they exhibit slowness or sluggishness due to such things as mass, thermal capacitance, 

fluid capacitance or electric capacitance. 

• Speed of Response: It is the ability of a system to respond to a sudden changes in the 

input signal/quantity 

• Fidelity: It is the degree to which an instrument indicates the changes in the measured 

variable without dynamic error ( Indication of how much faithfully system responds to the 

changes in input). Lag: It is the retardation or delay in the response of an instrument to 

changes in the measured variable. Two types : Process lag(process) and Control lag 

(Instrument) 

Dynamic error: 

 

It is the difference between the true value of the variable to be measured, changing with 

time and the value indicated by the measurement system, assuming zero static error. The 

Fig. 1.13 shows the dead time, i.e. time delay and the dynamic error. 

 

 
 

Types of Errors : 
 

The static error is defined earlier as the difference between the true value of the variable 

and the value indicated by the instrument. The static error may arise due to number of 

reasons. The static errors are classified as: 

1) Gross errors 

2) Systematic errors 

3) Random errors 
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Gross errors: 

The gross errors mainly occur due to carelessness or lack of experience of a human being. 

These cover human mistakes in readings, recordings and calculating results. These errors 

also occur due to incorrect adjustments of instruments. These errors cannot be treated 

mathematically. These errors are also called personal errors. Some gross errors are easily 

detected while others are very difficult to detect. 

 

Systematic errors: 

The systematic errors are mainly resulting due to the shortcomings of the instrument and 

the characteristics of the material used in the instrument, such as defective or worn parts, 

ageing effects, environmental effects, etc. 

A constant uniform deviation of the operation of an instrument is known as a 

systematic error. There are three types of systematic errors as 

1) Instrumental errors 2) Environmental errors 3) Observational errors 

 

Instrumental errors : 

These errors are mainly due to following three reasons 

• Short-comings of instrument 

These are because of the mechanical structure of the instruments eg. Friction in the 

bearings of various moving parts, irregular spring tensions, hysteresis, gear backlash, 

variation in air gap etc. 

Misuse of instrument A good instrument if used in abnormal way gives misleading results. 

Poor initial adjustments, Improper zero setting, Using leads of high resistance. Elimination: 

Use the instrument intelligently & Correctly 

• Loading effects Loading effects due to Improper way of using the instrument 

 
 

• Ellimination. 

– Selecting proper instrument and the transducer for the measurement. 

– Recognize the effect of such errors and apply the proper correction factors. 

– Calibrate the instrument carefully against standard. 

Environmental Errors (due to the External Conditions) 

• The various factors : Temperature changes, Pressure, vibratons, Thermal emf., stray 

capacitance, cross capacitance, effect of External fields, Aging of equipments and 
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Frequency sensitivity of an instrument. 

Elimination • Using proper correction factors and using the instrument Catalogue • Using 

Temperature & Pressure control methods etc. • Reducing the effect of dust, humidity on the 

components in the instruments. • The effects of external fields can be minimized by using 

the magnetic or electrostatic shields of screens. 

 

Observational Errors: 

Error introduced by the 

observer Few souces are: 

• Parallax error while reading the meter, 

• wrong scale selection, 

• habits of individual obsever 

• Elimination 

Use the 

• instrument with mirrors, 

• instrument with knife edge pointers, 

• Instrument having digital display 

 

Random errors: 

Some errors still result, though the systematic and instrumental errors are reduced or 

atleast accounted for. The causes of such errors are unknown and hence, the errors are 

called random errors. These errors cannot be determined in the ordinary process of taking 

the measurements. 

 

Absolute and relative errors: 

When the error is specified interms of an absolute quantity and not as a percentage, then it 

is called an absolute error. 

Thus the voltage of 10 ± 0.5 V indicated ± 0.5 V as an absolute error. When the error is 

expressed as a percentage or as a fraction of the total quantity to be measured, then it is 

called relative error. Generally the relative error in case of resistances is specified as 

percentage of tolerances. Another method of expressing error is by specifying it as parts 

per million (ppm), relative to the total quantity. So it is a relative error specification . 
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Generally change in resistance with temperature is indicated in ppm/ °C shows the 

variation in resistance with Temperature temperature. Thus if a resistance of 100 kΩ. has a 

temperature coefficient of 50 ppm/C means 50 parts per millionth per degree celcius. Thus 

one millionth of 100 kohm. is 0.1 ohm and 50 such parts means 5 D. 

 

Limiting errors: 

The manufacturers specify the accuracy of the instruments within a certain percentage of 

full scale reading. The components like the resistor, inductor, capacitor are guaranteed to 

be within a certain percentage of rated value. This percentage indicates the deviations from 

the nominal or specified value of the particular quantity. These deviations from the 

specified value are called Limiting Errors.  

These are also called Guarantee Errors. 

Thus the actual value with the limiting error can be expressed mathematically 

as,  

 

Basic meter: 
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A basic d.c. meter uses a motoring principle for its operation. It states that any current 

carrying  coil placed in a magnetic field experiences a force, which is proportional to the 

magnitude of current passing through the coil. This movement of coil is called D'Arsonval 

movement and basic meter is called D'Arsonval galvanometer. 

D.C instruments: 
 

a) Using shunt resistance, d.c. current can be measured. The instrument is d.c. 

microammeter, milliammeter or ammeter. 

b) Using series resistance called multiplier, d.c. voltage can be measured. The 

instrument is d.c. millivoltmeter, voltmeter or kilovoltmeter. 

c) Using a battery and resistive network, resistance can be measured. The instrument is 

ohmmeter. 

 

A.C instruments: 

a) Using a rectifier, a.c. voltages can be measured, at power and audio frequencies. The 

instrument is a.c. voltmeter. 

b) Using a thermocouple type meter radio frequency (RF) voltage or current can be measured. 

c) Using a thermistor in a resistive bridge network, expanded scale for power line 

voltage can be obtained. 
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Basic DC voltmeter: 

The basic d.c. voltmeter is nothing but a permanent magnet moving coil (PMMC) 0' 

Arsonval galvanometer. The resistance is required to be connected in series with the basic 

meter to use it as a voltmeter. This series resistance is called a multiplier. The main 

function of the multiplier is to limit the current through the basic meter so that the meter 

current does not exceed the full scale deflection value. The voltmeter measures the voltage 

across the two points of a circuit or a voltage across a circuit component. The basic d.c. 

voltmeter is shown in the Fig. 

 
 

The voltmeter must be connected across the two points or a component, to measure the 

potential difference, with the proper polarity.The multiplier resistance can be calculated as: 

 

The multiplying factor for multiplier is the ratio of full range voltage to be measured and the 

drop across the basic meter. 
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Multirange voltmeters: 

The range of the basic d.c. voltmeter can be extended by using number of multipliers 

clnd a selector switch. Such a meter is called multirange voltmeter. 

 

 

 

 

The R1, R2, R3 and R4 are the four series multipliers. When connected in series with the 

meter, they can give four different voltage ranges as V1, V2, V3, and V4. The selector 

switch S is multiposition switch by which the required multiplier can be selected in the 

circuit. 

The mathematical analysis of basic d.c.voltmeter is equally applicable for such multirange 

voltmeter. Thus, 
 

 

Sensitivity of voltmeters: 
 

In a multirange voltmeter, the ratio of the total resistance Rt to the voltage range 

remains same. This ratio is nothing but the reciprocal of the full scale deflection current 

of the meter i.e. 1/101. This value is called sensitivity of the voltmeter. Thus the 
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sensitivity of the voltmeter is defined, 

 

 

 

 

 

 

Loading effect: 

 
While selecting a meter for a particular measurement, the sensitivity rating IS very 

important. A low sensitive meter may give the accurate reading in low resistance circuit 

but will produce totally inaccurate reading in high resistance circuit. 

The voltmeter is always connected across the two points between which the potential 

difference is to be measured. If it is connected across a low resistance then as voltmeter 

resistance is high, most of the current will pass through a low resistance and will produce 

the voltage drop which will be nothing but the true reading. But if the voltmeter is 

connected across the high resistance then due to two high resistances in parallel, the 

current will divide almost equally through the two paths. Thus the meter will record the 

voltage drop across the high resistance which will be much lower than the true reading. 

Thus the low sensitivity instrument when used in high resistance circuit 'gives a lower than 

the true reading. This is called loading effect of the voltmeters. It is mainly caused due to 

low sensitivity instruments. 

A.C voltmeters using rectifier: 

 

The PMMC movement used in d.c. voltmeters can be effectively used in a.c. voltmeters. 

The rectifier is used to convert a.c. voltage to be measured, to d.c. This d.c., if required is 

amplified and then given to the PMMC movement. The PMMC movement gives the 

deflection proportional to the quantity to be measured. 

The r.m.s. value of an alternating quantity is given by that steady current (d.c.) which when 

flowing through a given circuit for a given time produces the same amount of heat as 

produced by the alternating current which when flowing through the same circuit for the 
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same time. The r.m.s value is calculated by measuring the quantity at equal intervals for 

one complete cycle. Then squaring each quantity, the average of squared v,llues is 

obtained. The square root of this average value is the r.m.s. value. The r.m.s means root-

mean square i.e. squaring, finding the mean i.e. average and finally root. 

If the waveform is continuous then instead of squaring and calculating mean, the 

integratioll is used. Mathematically the r.m.s. value of the continuous a.c. voltage having 

time period T is given by, 

 
 

 

 

 

If the a.c. quantity is continuous then average value can be expressed mathematically using 

integration as, 

 

The form factor is the ratio of r.m.s. value to the average value of an alternating quantity.  

 

 
Basic rectifier type voltmeter: 
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The diodes D1 and D2 are used for the rectifier circuit. The diodes show the nonlinear 

behaviour for the low currents hence to increase the current through diode D1, the meter is 

shunted with a resistance Rsh' This ensures high current through diode and its linear 

behaviour. 

When the a.c. input is applied, for the positive half cycle, the diode 01 conducts and causes 

the meter deflection proportional to the average value of that half cycle. In the negative 

cycle, the diode D2 conducts and D1 is reverse biased. 

 

 

  The current through the meter is in opposite direction and hence meter movement is 

bypassed. Thus due to diodes, the rectifying action produces pulsating d.c. and lile meter 

indicates the average value of the input. 

 

A.C voltmeter using fullwave rectifier: 

The a.c. voltmeter using full wave rectifier is achieved by using bridge rectifier consisting of 

four diodes, as shown in the Fig 

 

 

Ohmmeter 

An ohmmeter can be defined as, it is one kind of electronic device mainly used for calculating 

electrical resistance of a circuit, and the unit of resistance is ohm. Electrical resistance is a 

calculation of how much an object resists allowing the flow of current through it. There 

are different types of meters available with different sensitivity levels such as micro, mega and 

milli-ohmmeters. The micro-ohmmeter is used for calculating very low resistances with high 

precision at specific test currents, and this ohmmeter is used in bonding contact applications. 

Micro-Ohmmeter is a portable device, mainly used for calculating current, voltage, as well as 

for diodes testing. This type of meter comprises several selectors for choosing the preferred 

function, and it automatically ranges to select most measurements. Mega-ohmmeter is mainly 
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used for calculating the large resistance values. Milli-Ohmmeter is useful for calculating low-

resistance at high precision to verify the value of the electrical circuit. 

Ohmmeter Working Principle 

The working principle of ohmmeter is, it comprises of a needle and two test leads. The needle 

deflection can be controlled with the battery current. Initially, the two test leads of the meter can 

be shorted together to calculate the resistance of an electrical circuit. Once the two leads of the 

meter are shorted, then the meter can be changed for appropriate action in a fixed range. The 

needle comes back to the highest point on the meter scale, and the current in the meter will be 

highest. An ohmmeter circuit diagram is shown below. 

  

 
Once the testing of the circuit is done then the test leads of the meter must be detached. Once the 

two test leads of the meter are connected to the circuit then the battery gets discharged. When the 

test leads get shorted then the rheostat will be adjusted. The meter needle can be reached to the 

lowest position that is zero, and then there will be zero resistance among the two test leads. 

Types of Ohmmeter 

The classification of this meter can be done based on the application in three types namely series 

type ohmmeter, shunt type ohmmeter, and multi-range type ohmmeter. The brief discussion of 

meters is given below. 

 

1) Series Type Ohmmeter 

In series type ohmmeter, the component which we want to measure can be connected with the 

meter in series. The resistance value can be calculated through the shunt resistor R2 using 

D’Arsonval movement which is connected parallel. The R2 resistance can be connected in series 
with the battery as well as R1 resistance. The measuring component is connected in series by the 

two terminals A as well as B. 

M&I

Dept. of ECE SCSVMV Page 21

https://www.elprocus.com/introduction-to-digital-tachometer-circuit-working-with-8051/
https://www.elprocus.com/introduction-to-digital-tachometer-circuit-working-with-8051/


 

 

Whenever the measuring component value is zero then there will be a huge flow of current 

through the meter. In this situation, the shunt resistance can be corrected until the meter specifies 

the full-load current. For this current, the needle turns aside in the direction of 0 ohms. Whenever 

the measuring component is detached from the circuit then the circuit resistance turns into the 

unlimited & flow of current in the circuit. The needle of the meter deflects towards the infinity. 

The meter illustrates the infinite resistance when there is no flow of current & the zero resistance 

once the huge flow of current through it. Whenever the measuring component is connected in 

series with the circuit, and the resistance of that circuit is higher, the meter needle will deflect in 

the direction of the left. And if the resistance is little, then needle turn aside in the direction of 

right. 

 

2) Shunt Type Ohmmeter 

The connection of shunt type ohmmeter can be done whenever the calculating component is 

connected in parallel with the battery. This type of circuit is used to calculate the low-value 

resistance. The following circuit can be built with the meter, the battery, and the measuring 

component. The measuring component can be connected across the terminals A & B. 
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When the resistance value of the component is zero then the current in the meter will become 

zero. Similarly, when the resistance of the component becomes vast then the flow of current 

through the battery & the needle illustrates the full-scale deflection in the direction of the left. 

This type of meter has no current on the scale in the direction of left as well as the infinity spot in 

their right direction. 

3) Multi-Range Ohmmeter 

The multi-range ohmmeter range is very high, and this meter includes an adjuster, and the range 

of a meter can be selected by an adjuster based on the requirement. 

 

For instance, consider we utilize a meter to calculate the resistance below 10 ohms. So initially, 

we need to fix the resistance value to 10 ohms. The measuring component is connected with the 

meter in parallel. The resistance magnitude can be decided by the deflection of the needle. 

Applications of Ohmmeter 

The uses of the ohmmeter include the following. 

 This meter can be used to ensure the continuity of the circuit which means if the 

sufficient flow  

of current or huge flow of current through the circuit then the circuit will be detached. 

 These are broadly used in electronic labs in engineering to test the electronic components. 

 These are used for small ICs for debugging such as PCBs & other stuff which requires to 

be executed in sensitive devices. 

Thus, this is all about an overview of an ohmmeter, with applications. This meter is used to 

measure the resistance as well as the connection of the components in an electrical circuit. It 

measures the resistance in ohms. The micro-ohmmeter is used to calculate low-resistance 
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Moving Iron or MI Instrument 

Definition: The instrument in which the moving iron is used for measuring the flow of current or 

voltage is known as the moving iron instrument. It works on the principle that the iron place near 

the magnet attracts towards it. The force of attraction depends on the strength of the magnet 

field. The magnetic field induces by the electromagnet whose strength depends on the magnitude 

of the current passes through it. 

Construction of Moving Iron Instrument 

The plate or vane of soft iron is used as the moving element of the instrument. The vane is so 

placed that it can freely move in the magnetic field of the stationary coil. The conductor makes 

the stationary coil, and it is excited by the voltage or current whose magnitude is used to be 

measured. The moving iron instrument uses the stationary coil as an electromagnet. The 

electromagnet is the temporary magnet whose magnetic field strength increases or decreases with 

the magnitude of the current passes through it. 

Working of the Moving Iron Instrument 

The moving iron instruments use the stationary coil of copper or aluminium wire which acts as 

an electromagnet when an electric current passes through it. The strength of the magnetic field 

induces by the electromagnet is directly proportional to the current passes through it. The plates 

or vane of the iron pass through the coil increases the inductance of the stationary coil (the 

inductance is the property of the conductor which increases their electromotive force when the 

varying current passes through it). The electromagnet attracts the iron vane. The vane passes 

through the coil tries to occupy the minimum reluctance path (the reluctance is the property of 

the magnet which opposes the flow of electric current). The vane passes through the coil 

experience a force of repulsion caused by the electromagnet. The repulsion force increases the 

strength of the coil inductance. 

This happens because the inductance and reluctances are inversely proportional to each other. 

Classification of the Moving Iron Instruments 

The attraction and the repulsion are the types of the moving iron instruments. Their detail 

explanation is shown below. 

1. Attraction Type – The instrument in which the iron plate attracts from the weaker field 

towards the stronger field such type of instrument is known as the attraction ty pe 

instrument.Construction of Attraction Type Instrument – The stationary coil of the attraction 

type instrument is flat and has a narrow opening. The moving element is the flat disc of the iron 

core. The current flow through the stationary coil produced the magnetic field which attracts the 

iron coil. 
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The iron vane deflects from the low magnetic field to the high magnetic field, and the strength of 

the deflection is directly proportional to the magnitude of the current flow through it. In short, we 

can say that the iron coil attracts towards in. The attraction type instruments use spring, which 

provided the controlling torque. The deflection of the coil is reduced by the aluminium piston 

which is attached to the moving coil. 

2. Repulsion Type Instruments – The repulsion type instrument has two vanes or iron plates. One 

is fixed, and the other one is movable. The vanes become magnetised when the current passes 

through the stationary coil and the force of repulsion occur between them. Because of a repulsive 

force, the moving coil starts moving away from the fixed vane. 
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The spring provides the controlling torque. The air friction induces the damping torque, which 

opposes the movement of the coil. The repulsion type instrument is a non-polarized instrument, 

i.e., free from the direction of current passes through it. Thus, it is used for both AC and DC. 

Advantages of the MI Instruments 

The following are the advantages of the moving iron instruments. 

 Universal use – The MI instrument is independent of the direction of current and hence 

used for both AC and DC. 

 Less Friction Error – The friction error is very less in the moving iron instrument because 

their torque weight ratio is high. The torque weight ratio is high because their current 

carrying part is stationary and the moving parts are lighter in weight. 

 Cheapness – The MI instruments require less number of turns as compared to PMMC 

instrument. Thus, it is cheaper. 

 Robustness – The instrument is robust because of their simple construction. And also 

because their current carrying part is stationary. 

Disadvantages of Moving Iron Instruments. 

The following are the disadvantages of Moving Iron Instrument. 

 Accuracy – The scale of the moving iron instruments is not uniform, and hence the 

accurate result is not possible. 

 Errors – Some serious error occurs in the instruments because of the hysteresis, frequency 

and stray magnetic field. 

 Waveform Error –  In MI instrument the deflection torque is not directly proportional to 

the square of the current. Because of which the waveforms error occurs in the instrument. 

 Difference between AC and DC calibration –  The calibration of the AC and DC are 

differed because of the effect of the inductance of meter and the eddy current which is 

used on AC. The AC is calibrated on the frequency at which they use. 

 Two type of error occurs in the MI instruments i.e., the error which occurs on both AC 

and DC and the error which only occur on AC. 

 
 

Electrodynamometer 
 

Definition: The instrument whose working depends on the reaction between the magnetic field of 

moving and fixed coils is known as the Electrodynamo-meter Wattmeter. It uses for measuring 

the power of both the AC and DC circuits. 

The working principle of the Electrodynamometer Wattmeter is very simple and easy. Their 

working depends on the theory that the current carrying conductor placed in a magnetic field 
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experiences a mechanical force. This mechanical force deflects the pointer which is mounted on 

the calibrated scale. 

Construction of Electrodynamometer Wattmeter 

The following are the important parts of the Electrodynamometer Wattmeter. 

 Fixed coil – The fixed coil connects in series with the load. It is considered as a current 

coil because the load current flows through it. For making the construction easy the fixed 

coil divide into two parts. And these two elements are parallel connected to each other. 

The fixed coil produces the uniform electric field which is essentials for the working of 

the instruments. The current coil of the instruments is designed to carry the current of 

approximately 20 amperes for saving the power. 

 Moving Coil – The moving coil consider as the pressure coil of the instruments. It 

connects in parallel with the supply voltage. The current flows through them is directly 

proportional to the supply voltage. The pointer mounts on the moving coil. The 

movement of the pointer controls with the help of the spring. The current flows through 

the coil increases their temperature. The flows of currents control with the help of resistor 

which connects in series with the moving coil. 

 Control – The control system provides the controlling torque to the instruments. The 

gravity control and the spring control are the two types of control system. Out of two, the 

Electrodynamometer Wattmeter uses spring control system. The spring control system is 

used for the movement of the pointer. 

 Damping – The damping is the effect which reduces the movement of the pointer. In this 

Wattmeter the damping torque produces because of the air friction. The other types of 

damping are not used in the system because they destroy the useful magnetic flux. 

 Scales and pointers – The instruments use a linear scale because their moving coil moves 

linearly. The apparatus uses the knife edge pointer for removing the parallax error which 

causes because of oversights. 

Working of Electrodynamometer Wattmeter 

The Electrodynamometer Wattmeter has two types of coils; fixed and the moving coil. The fixed 

coil connects in series with the circuit whose power consumption use to be measured. The supply 

voltage applies to the moving coil. The resistor controls the current across the moving coil, and it 

is connected in series with it. 
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The pointer is fixed on the moving coil which is placed between the fixed coils. The current and 

voltage of the fixed and moving coil generate the two magnetic fields. And the interaction of 

these two magnetic fields deflects the pointer of the instrument. The deflection of the pointer is 

directly proportional to the power flows through it. 

Theory of Electrodynamometer Wattmeter 

The circuit diagram of the electrodynamometer wattmeter is shown in the figure below 
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Errors in Electrodynamometer Wattmeter 

The following are the errors in the Electrodynamometer Wattmeter 

 Pressure Coil Inductance – The pressure coil of the Electrodynamometer has some 

inductance. Because of the inductance, the current of the pressure coils lags behind the 

voltage. Thus, the power factor of the wattmeter becomes lagging, and the meter reads 

high reading. 

 Pressure Coil Capacitance – The pressure coil has capacitances along with the 

inductance. This capacitance increases the power factor of the instrument. Hence causes 

the error in the reading. 

 Error due to Mutual Inductance Effect – The mutual inductance between the pressure and 

current coil produces an error. 

 Eddy Current Error – The eddy current induces in the coil creates its own magnetic field. 

This field affects the main current flows through the coil. Thus, the error occurs in the 

reading. 

 Stray Magnetic Field  – The stray magnetic field disturbs the main magnetic field of 

the Electrodynamic Wattmeter. Thus, affect their reading. 

 Temperature Error – The variation in temperature will change the resistance of the 

pressure coil. The movement of the spring, which provides the controlling torque also 

affected because of the temperature change. Thereby, the error occurs in the reading. 

 The calibration of the electrodynamometer wattmeter is same both for the AC and DC 

measurement. 
 

 

Conclusion: 
   In this chapter shows how to record information that you get from a variety of 

qualitative techniques. Written notes, tape recording, and video are possible ways. These 

included the basics of electrical and electronic circuits. 
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Post Test MCQs: 

1. An instrument in which the value of ethnical quantity to be measured can be determined 

from the deflection of the instrument when it has been precalibrated by comparison with 

an absolute instrument 

a. Absolute instrument 

b. Secondary instrument 

c. Recording instrument 

d. Integrating instrument 

2. A pointer of an instrument once deflected returns to zero position, when the current is 

removed due to 

a. Action of gravity 

b. Mass of the pointer 

c. Controlling Torque 

d. Damping Torques 

3. .In hot wire instrument, the sensing wire is made of 

a. Copper 

b. Silver 

c. Platinum-iridium 

d. Copper-Nickel 

4. An ammeter is convertible to a voltmeter by 

a. Changing the scale 

b. Putting a large resistance in parallel with the actual measuring part of the 

instrument 

c. Putting a large resistance in series with the actual measuring part of the 

instrument 

d. Simply installing the instrument in parallel with the circuit 

5. Which of the following material will be preferred as a shunt for extending the range of 

measurement of a voltmeter 

a. Copper 

b. Steel 

c. Aluminum 

d. Manganin 
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6. What should be the size of the slide wire of the potentiometer to make it to achieve high 

accuracy? 

a. As long as possible 

b. As short as possible 

c. 1 meter 

d. Neither too thin nor too thick 

7. The deflecting torque in an instrument may be produced 

a. Magnetically 

b. Electrostatically 

c. Thermally 

d. Any of the above 

e. Hide Explanation 

8. To take care of change in frequency of the A.C current, while using a moving iron type 

instrument 

a. An induction coil is used 

b. A condenser of suitable value is used in series with the swamp resistance 

c. A condenser of suitable value is used in parallel with the swamp resistance 

d. A balancing circuit is provided 
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UNIT – II  

 

DATA DISPLAY AND RECORDING SYSTEMS 

 

AIM: 

                   Measurement signals in the form of a varying electrical voltage can be displayed either by 

an oscilloscope or by any of the electrical meters described earlier. However, if signals are 

converted to digital form, other display options apart from meters become possible, such as 

electronic output displays or use of a computer monitor 

 

  Pre-Requisites: 
 

        Basic Knowledge of Electrical and Electronics Engineering 

  Pre - MCQs: 
 
1. What is pre-amplification? 

 

a) reducing the magnitude of a signal 

b) making the magnitude of a signal zero 

c) reducing the noise 

d) boosting the signal 

 

2.  Digital outputs are obtained from _____________ 
 

a) A/D converter 

b) D/A converter 

c) Oscilloscope 

d) Voltage source 

 

3. How can the input be isolated from the system? 
 

a) using optocouplers 

b) using op-amps 

c) using a capacitor 

d) using rectifiers 

 

4. What is a digital recorder? 
 

a) records digital data 

b) records analog data 

c) does not record data 

d) records both analog and digital data 

 

5. A single channel data system consists of a signal conditioner, A/D converter and a buffer. 
 

a) True 

b) False 
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Introduction: 

In studying the various electronic, electrical networks and systems, signals which are 

functions of time, are often encountered. Such signals may be periodic or non periodic in 

nature. The device which allows, the amplitude of such signals, to be displayed primarily as " 

function of time, is called cathode ray oscilloscope, commonly known as C.R.O. The CR.O 

gives the visual representation of the time varying signals. The oscilloscope has become an 

universal instrument and is probably most versatile tool for the development of electronic 

circuits and systems. It is an integral part of electronic laboratories. 

The oscilloscope is, in fact, a voltmeter. Instead of the mechanical deflection of a 

metallic pointer as used in the normal voltmeters, the oscilloscope uses the movement of an 

electron beam against a fluorescent screen, which produces the movement of a visible spot. The 

movement of such spot on the screen is proportional to the varying magnitude of the signal, 

which is under measurement. 

Basic Principle: 

 
    The electron beam can be deflected in two directions : the horizontal or x-direction 

and the vertical or y-direction. Thus an electron beam producing a spot can be used to produce 

two dimensional displays, Thus CRO. can be regarded as a fast x-y plotter. The x-axis and y-

axis can be used to study the variation of one voltage as a function of another. Typically the x-

axis of the oscilloscope represents the time while the y-axis represents variation of the input 

voltage signal. Thus if bhe input voltage signal applied to the y-axis of CRO. is sinusoidally 

varying and if x-axis represents the time axis, then the spot moves sinusoidally, and the familiar 

sinusoidal waveform can be seen on the screen of the oscilloscope. The oscilloscope is so fast 

device that it can display the periodic signals whose time period is as small as microseconds 

and even nanoseconds. The CRO. Basically operates on voltages, but it is possible to convert 

current, pressure, strain, acceleration and other physical quantities into the voltage using 

transducers and obtain their visual representations on the CRO. 

Cathode Ray Tube (CRT): 

The cathode ray tube (CRT) is the heart of the CR.O. the CRT generates the 

electron beam, ,accelerates the beam, deflects the beam and also has a screen where beam 

becomes visible ,as a spot. The main parts of the CRT are: 

i) Electron gun ii) Deflection system iii) Fluorescent screen 

iv) Glass tube or envelope v) Base 
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A schematic diagram of CRT, showing its structure and main components is shown in the Fig. 

 
 

 

 

 

Electron Gun: 

The electron gun section of the cathode ray tube provides a sharply focused electron 

beam directed :towards the fluorescent-coated screen. This section starts from theql1ally heated 

cathode, limiting the electrons. The control grid is give!! negative potential with respect to 

cathode dc. This grid controls the number of electrons in the beam, going to the screen. 

The momentum of the electrons (their number x their speed) determines the intensity, or 

brightness, of the light emitted from the fluorescent screen due to the electron bombclrdl1lent. 

The light emitted is usually of the green colour. Because the electrons are negatively charged, a 

repulsive force is created by applying a negative voltage to the control grid (in CRT, voltages 

applied to various grids are stated with respect to cathode, which is taken as common point). 

This negative control voltage can be made variable. 

 

Deflection System: 

When the electron beam is accelerated it passes through the deflection system, with 

which beam can be positioned anywhere on the screen. The deflection system of the cathode-

ray-tube 
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consists of two pairs of parallel plates, referred to as the vertical and horizontal deflection plates. 

One of the plates' in each set is connected to ground (0 V), To the other plate of each set, the 

external deflection voltage is applied through an internal adjustable gain amplifier stage, To apply 

the deflection voltage externally, an external terminal, called the Y input or the X input, is 

available. 

As shown in the Fig. , the electron beam passes through these plates. A positive voltage 

applied to the Y input terminal (Vy) Causes the beam to deflect vertically upward due to the 

attraction forces, while a negative voltage applied to. the Y input terminal will cause the electron 

beam to deflect vertically downward, due to the repulsion forces. When the voltages are applied 

simultaneously to vertical and horizontcl1 deflecting plates, the electron beam is deflected due to 

the resultant-of these two voltages. 

Fluorescent Screen: 

The light produced by the screen does not disappear immediately when bombardment by 

electrons ceases, i.e., when the signal becomes zero. The time period for which the trace remains 

on the screen after the signal becomes zero is known as "persistence". The persistence may be jS 

short as a few microsecond, or as long as tens of seconds and minutes. 

Long persistence traces are used in the study.. of transients. Long persistence helps in the 

study of transients since the trace is still seen on the screen after the transient has disappeared. 

Phosphor screen characteristics: 

Many phosphor materials having different excitation times and colours as well as different 

phosphorescence times are available. The type PI, P2, PI1 or P3I are the short persistence 

phosphors and are used for the general purpose oscilloscope 

Medical oscilloscopes require a longer phosphor decay and hence phosphors like P7 and 

P39 are preferred for such applications. Very slow displays like radar require long persistence 

phosphors to maintain sufficient flicker free picture. Such phosphors are P19, P26 and, P33. 

The phosphors P19, P26, P33 have low burn resistance. The phosphors PI, P2, P4, P7, Pll 

have medium burn resistance while PIS, P3I have high burn resistance. 
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Block diagram of simple oscilloscope: 
 

 

 
 

CRT: 

This is the cathode ray tube which is the heart of CR.O. It is' used to emit the rlectrons required to 

strike the phosphor screen to produce the spot for the visual display of the signals. 

Vertical Amplifier: 

The input signals are generally not strong to provide the measurable deflection on the screen. 

Hence the vertical amplifier. stage is used Jo amplify the input signals. The amplifier stages used 

are generally wide band amplifiers so as to pass faithfully the entire band of frequencies to be 

measured. Similarly it contains the attenuator stages as well. The attenuators are used when very 

high voltage signals are to be examined, to bring the signals within the proper range of operation.
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It consists of several stages with overall fixed sensltivity. The amplifier can be designed for 

stability and required bandwidth very easily due to the fixed gain. The input stage colrtsists of an 

attenuator followed by FET source follower. It has vel' high input impedance required to isolate 

the amplifier from the attenuator. It is followed by BJT emitter follower to match the output 

impedance of FET output With input of phase inverter. The phase inverter provides two antiphase 

output signals which are required to operate the push pull output amplifier. The push pull operation 

has advantages like better hum voltage cancellation, even harmonic suppression especially large 

2nd harmonic, greater power output per tube and reduced number of defocusing and nonlinear 

effects. 

Delay line: 

The delay line is used to delay the signal for some time in the verticClI sections. When the delay 

line is not used, the part of the signal gets lost. Thus the input signal is not applied directly to the 

vertical plates but is delClyed bv some time using a delay line cu-cuit as shown in the Fig. 

If the trigger pulse is picked off at a time t = to after the signal has passed through the main 

amplifier then signal is delayed by XI nanoseconds while sweep takes YI nanoseconds to reach. 

The design of delay line is such that the delay time XI is higher than the time YI' Generally XI is 

200. nsec while tl;1.eYI is 80 ns, thus the sweep starts well in time and no part of the signal is lost. 

There are two types of delay lines used in CR.O. which are: 

i) Lumped parameter delay line 

ii) Distributed parameter delay line 

Trigger circuit: 

It is necessary that horizontal deflection starts at the same point of the input vertical signal, each 

time it sweeps. Hence to synchronize horizontal deflection with vertical deflection a synchronizing 

or triggering circuit is used. It converts the incoming signal into the triggering pulses, which are 

used for the synchronization. 
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Time base generator: 

The time base generator is used to generate the sawtooth voltage, required to deflect the beam in 

the horizontal section. This voltage deflects the spot at a constant time dependent rate. Thus the x- 

axis' on the screen can be represented as time, which, helps to display and analyse the time varying 

signals. 

 

LISSAJOUS FIGURES: 

 

When both pairs of the deflection plates (horizontal deflection plates and vertical deflection 

plates) of CRO (Cathode Ray Oscilloscope) are connected to two sinusoidal voltages, the patterns 

appear at CRO screen are called the Lissajous pattern. 

 

Shape of these Lissajous pattern changes with changes of phase difference between signal 

and ration of frequencies applied to the deflection plates (traces) of CRO. Which makes these 

Lissajous patterns very useful to analysis the signals applied to deflection plated of CRO. These 

lissajous patterns have two Applications to analysis the signals. To calculate the phase difference 

between two sinusoidal signals having same frequency. To determine the ratio frequencies of 

sinusoidal signals applied to the vertical and horizontal deflecting plates. 

 

Calculation of the phase difference between two Sinusoidal Signals having same frequency 

When two sinusoidal signals of same frequency and magnitude are applied two both pairs of 

deflecting plates of CRO, the Lissajous pattern changes with change of phase difference between 

signals applied to the CRO. 

 

 

 

 

 

For different value of phase differences, the shape of Lissajous patterns is shown in figure below, 
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There are two cases to determine the phase difference ø between two signals applied to the 

horizontal & vertical plates, 

Case - I: When, 0 < ø < 90o or 270o < ø < 360o : - 

As we studied above it clear that when the angle is in the range of 0 < ø < 90o or 270o < ø < 

360o, the Lissajous pattern is of the shape of Ellipse having major axis passing through origin from 

first quadrant to third quadrant: 

Let’s consider an example for 0 < ø < 90o or 270o < ø < 360o, as shown in figure below, 
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As we studied above it Clear that when the angle is in the range of 0o < ø < 90o or 270o < ø < 

360o, the Lissajous Pattern is of the shape of Ellipse having major axis passing through origin from 

second quadrant to fourth quadrant: 

Let’s consider an example for When, 90o < ø < 180o or 180o < ø < 270o, as shown in figure 

below, In this condition the phase difference will be, 

 

 

Another possibility of phase difference, 
 

 
From Above given Lissajous pattern 

 

 

Another Possibility of Phase Difference, 
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To determine the ratio of frequencies of signal applied to the vertical and horizontal 

deflecting plates: 

To determine the ratio of frequencies of signal by using the Lissajous pattern, simply draw 

arbitrary horizontal and vertical line on lissajous pattern intersecting the Lissajous pattern. Now 

count the number of horizontal and vertical tangencies by Lissajous pattern with these horizontal 

and vertical line. 

Then the ratio of frequencies of signals applied to deflection plates, 
 

 

 
 

 

 

 

Oscilloscope probes: 

Oscilloscopes are widely used for test and repair of electronics equipment of all types. However it is 

necessary to have a method of connecting the input of the oscilloscope to the point on the equipment 

under test that needs monitoring. 

 

To connect the scope to the point to be monitored it is necessary to use screened cable to prevent 

any pick-up of unwanted signals and in addition to this the inputs to most oscilloscopes use coaxial 

BNC connectors. While it is possible to use an odd length of coax cable with a BNC connector on 

one end and open wires with crocodile / alligator clips on the other, this is not ideal and purpose 

made oscilloscope probes provide a far more satisfactory solution. 

 

Oscilloscope probes normally comprise a BNC connector, the coaxial cable (typically around a 

metre in length) and what may be termed the probe itself. This comprises a mechanical clip 

arrangement so that the probe can be attached to the appropriate test point, and an earth or ground 

clip to be attached to the appropriate ground point on the circuit under test. 

 

Care should be taken when using oscilloscope probes as they can break. Although they are robustly 

manufactured, any electronics laboratory will consider oscilloscope probes almost as "life'd" items 

that can be disposed of after a while when they are broken. Unfortunately the fact that they are 

clipped on to leads of equipment puts a tremendous strain on the mechanical clip arrangement. This 

is ultimately the part which breaks. 
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X1 and X10 oscilloscope probes 

 
There are two main types of passive voltage scope probes. They are normally designated X1 and 

X10, although 1X and 10X are sometimes seen. The designation refers to the factor by which the 

impedance of the scope itelf is multiplied by the probe. 

 

The X1 probes are suitable for many low frequency applications. They offer the same input 

impedance of the oscilloscope which is normally 1 MΩ. However for applications where better 

accuracy is needed and as frequencies start to rise, other test probes are needed. 

 

To enable better accuracy to be achieved higher levels of impedance are required. To achieve this 

attenuators are built into the end of the probe that connects with the circuit under test. The most 

common type of probe with a built in attenuator gives an attenuation of ten, and it is known as a 

X10 oscilloscope probe. The attenuation enables the impedance presented to the circuit under test to 

be increased by a factor of ten, and this enables more accurate measurements to be made. 

 

As the X10 probe attenuates the signal by a factor of ten, the signal entering the scope itself will be 

reduced. This has to be taken into account. Some oscilloscopes automatically adjust the scales 

according to the probe present, although not all are able to do this. It is worth checking before 

making a reading. 

 

The 10X scope probe uses a series resistor (9 M Ohms) to provide a 10 : 1 attenuation when it is 

used with the 1 M Ohm input impedance of the scope itself. A 1 M Ohm impedance is the standard 

impedance used for oscilloscope inputs and therefore this enables scope probes to be interchanged 

between oscilloscopes of different manufacturers. 

 
 

 

The scope probe circuit shown is a typical one that might be seen - other variants with the variable 

compensation capacitor at the tip are just as common. 
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In addition to the X1 and X10 scope probes, X100 probes are also available. These oscilloscope 

probes tend to be used where very low levels of circuit loading are required, and where the high 

frequencies are present. The difficulty using the is the fact that the signal is attenuated by a factor of 

100. 

 

X10 oscilloscope probe compensation 

 
The X10 scope probe is effectively an attenuator and this enables it to load the circuit under test far 

less. It does this by decreasing he resistive and capacitive loading on the circuit. It also has a much 

higher bandwidth than a traditional X1 scope probe. 

 

The x10 scope probe achieve a better high frequency response than a normal X1 probe for a variety 

of reasons. It does this by decreasing the resistive and capacitive loading on the The X10 probe can 

often be adjusted, or compensated, to improve the frequency response. 

 

Typical oscilloscope probe 

For many scope probes there is a single adjustment to provide the probe compensation, although 

there can be two on some probes, one for the LF compensation and the other for the HF 

compensation. 

 

Probes that have only one adjustment, it is the LF compensation that is adjusted, sometimes the HF 

compensation may be adjusted in the factory. 

 

To achieve the correct compensation the probe is connected to a square wave generator in the scope 

and the compensation trimmer is adjusted for the required response - a square wave. 

 

Compensation adjustment waveforms for X10 oscilloscope probe. 

As can be seen, the adjustment is quite obvious and it is quick and easy to undertake. It should be 

done each time the probe is moved from one input to another, or one scope to another. It does not 

hurt to check it from time to time, even if it remains on the same input. As in most laboratories, 

things get borrowed and a different probe may be returned, etc . . 

 

A note of caution: many oscilloscope probes include a X1/X10 switch. This is convenient, but it 

must be understood that the resistive and capacitive load on the circuit increase significantly in the 

X1 position. It should also be remembered that the compensation capacitor has no effect when used 

in this position. 
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As an example of the type of loading levels presented, a typical scope probe may present a load 

resistance of 10MΩ along with a load capacitance of 15pF to the circuit in the X10 position. For the 

X1 position the probe may have a capacitance of possibly 50pF plus the scope input capacitance. 

This may end up being of the order of 70 to 80pF. 

 

Other types of probe 

 
Apart from the standard 1X and 10X voltage probes a number of other types of scope probe are 

available. 

 

  Current probes: It is sometimes necessary to measure current waveforms on an  

oscilloscope. This can be achieved using a current probe. This has a probe that clips around the 

wire and enables the current to be sensed. Sometimes using the maths functions on a scope along 

with a voltage measurement on another channel it is possible to measure power, 

  Active probes: As frequencies rise, the standard passive probes become less effective. The 

effect of the capacitance rises and the bandwidth is limited. To overcome these difficulties active 

probes can be used. They have an amplifier right at the tip of the probe enabling measurements 

with very low levels of capacitance to be made. Frequencies of several GHz are achievable using 

active scope probes. 

  Differential scope probes: In some instances it may be necessary to measure differential 

signals. Low level audio, disk drive signals and many more instances use differential signals and 

these need to be measured as such. One way of achieving this is to probe both lines of the 

differential signal using one probe each line as if there were two single ended signals, and then 

using the oscilloscope to add then differentially (i.e. subtract one from the other) to provide the 

difference. 

 

Using two scope probes in this way can give rise to a number of problems. The main one is that 

single ended measurements of this nature do not give the required rejection of any common mode 

signals (i.e. Common Mode Rejection Ratio, CMMR) and additional noise is likely to be present. 

There may be a different cable length on each probe that may lead to a time differences and a 

slight skewing between the signals. 

 

To overcome this a differential probe may be used. This uses a differential amplifier at the 

probing point to provide the required differential signal that is then passed along the scope probe 

lead to the oscilloscope itself. This approach provides a far higher level of performance. 
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  High voltage probes: Most standard oscilloscope voltage probes like the X1 or X10 are  only 

specified for operation up to voltages of a few hundred volts at most. For operation higher 

than this a proper high voltage probe with specially insulated probe is required. It also will step 

down the voltage for the input to the scope so that the test instrument is not damaged by the high 

voltage. Often voltage probes may be X50 or X100. 

Delay Line in CRO :  
 

In the circuit of the CRO we have several stages like the attenuator, amplifier, pulse shaper, 

sweep generator etc. When an external signal is applied to the vertical input terminals, it reaches the 

vertical deflecting plates and starts deflecting the beam in the vertical direction (up and down). As 

explained earlier, if the time base voltage also appears at the characteristic instant, of 

commencement, of the cycle of the applied voltage, on the horizontal deflecting plates, the wave 

form can be viewed completely. 

 

The horizontal deflection section of the CRO has the sweep generator, the trigger circuit, the 

horizontal amplifier stages in which the sweep signal is generated, shaped, amplified and presented 

to the horizontal deflecting plates. A delay is caused by this circuity in transmitting the sweep signal 

to the horizontal deflecting plates. The delay that is caused by the horizontal deflecting circuits is 

about 80 ns. In order to present the leading edge of the signal under observation, the signal to the 

vertical deflecting plates must be delayed by the same time atleast. The delay line provides the 

required delay to the vertical deflecting voltage. 

 

Delay line can theoretically be inserted at any place in the vertical deflecting system. One 

point to be noted here is that the trigger pick-off must precede the delay line. (the trigger circuit is 

explained in horizontal section) 

 

There are two types of delay lines used with CROs. The lumped parameter delay line and the 

distributed parameter delay line, are the two types. 
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In the above block diagram the delay line is placed after the main amplifier. The delay line 

adds a time delay of 200 ns to the vertical signal. Trigger pick-off is obtained from the output of the 

main amplifier. The delay produced by the horizontal section is 80 ns. Hence the time base signal 

precede the vertical signal in appearing at the horizontal deflecting plates than the vertical signal 

appearing at the vertical deflecting plates thus serving the purpose of delaying the vertical signal to 

the vertical deflecting plates.  

 
 

Applications of CRO: 
 

1. Measurement of voltage – Voltage waveform will be made on the oscilloscope screen. 

From the screen of the CRO, the voltage can be measured by seeing its amplitude variation 

on the screen. 

2. Measurement of current – Current waveform will be read from the oscilloscope screen in 

the similar way as told in above point. The peak to peak, maximum current value can be 

measured from the screen. 

3. Measurement of phase – Phase measurement in cro can be done by the help of Lissajous 

pattern figures. Lissajous figures can tell us about the phase difference between two signals. 

Frequency can also be measured by this pattern figure. 

4. Measurement of frequency – Frequency measurement in cathode ray oscilloscope can be 

made with the help of measuring the time period of the signal to be measured. 

 

Special Purpose Oscilloscopes: 

 
Dual Beam Oscilloscope: 

Another method of studying two voltages simultaneously on the screen is to u special cathode ray 

tube having two separate electron guns generating two separate beami Each electron beam has its 

own vertical deflection plates. 

But the two beams are deflected horizontally by the common set of horizontal plate\ The time base 

circuit may be same or different. Such an oscilloscope is called Dual Beam Oscilloscope. 
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The oscilloscope has two vertical deflection plates and two separate channels A and B for the two 

separate input signals. Each channel consists of a preamplifier and an attenuator. A delay line, 

main vertical amplifier and a set of vertical deflection plates together forms a single channel. There 

is a single set of horizontal plates and single time base circuit. The sweep generator drives the 

horizontal amplifier which inturn drives the plates. The' horizontal plates sweep both the beams 

across the screen at the same rate. The sweep generator can be triggered internally by the channel 

A signal or .channel B signal. Similarly it' can also be triggered from an external signal or line 

frequency signal. This is possible with the help of trigger selector switch, a front panel control. 

Such an oscilloscope may have separate timebase circuit for separate channel. This allows 

different sweep rates for the two channels but increases the size and weight of the oscilloscope. 
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Dual trace oscilloscope: 

 

The comparison of two or more voltages is very much ,necessary in the analysis and study 

of many electronic circuits and systems. This is possible by using more than one oscilloscope but 

in such a case it is difficult to trigger the sweep of each oscilloscope precisely at the same time. A 

common and less costly method to solve this problem is to use dual trace or multitrace 

oscilloscopes. In this method, the same electron beam is used to generate two traces which can be 

deflected from two independent vertical sources. The methods are used to generate two 

independent traces which the alternate sweep method and other is chop method. 

The block diagram of dual trace oscilloscope is shown in the Fig 

 
There are two separate vertical input channels A and B. A separate preamplifier and - 

attenuator stage exists for each channel. Hence amplitude of each input can be individually 

controlled. After preamplifier stage, both the signals are fed to an electronic switch. The switch 

has an ability to pass one channel at a time via delay line to the vertical amplifier. The time base 

circuit uses a trigger selector switch 52 which allows the circuit to be triggered on either A or B 

channel, on line frequency or on an external signal. The horizontal amplifier is fed from the sweep 

generator or the B channel via switch 5! and 51. The X-Y mode means, the oscilloscope operates 

from channel A as the vertical signal and the channel B as the horizontal signal. Thus in this mode 

very accurate X-Y measurements can be done. 
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Sampling Time Base: 

The time base circuit of the sampling oscilloscope is different than the conventional oscilloscope. 

The time base of sampling oscilloscope has two functions: 

i) To move the dots across the screen 

ii) To generate the sampling command pulses for the sampling circuit. 

It consists of synchronous circuit, which determines the sampling rate and establishes a 

reference point in time with respect to the input signal. The time base generates a triggering pulse 

which activates the oscillator to generate a ramp voltage. Similarly it generates a stair case 

waveform. The ramp generation is based on the output of the synchronizing circuit. 

Both the ramp as well as staircase waveforms are applied to a voltage comparator. This 

comparator compares the two voltages and whenever these two voltages are equal, it generates a 

samppng pulse. This pulse then momentarily bias the diodes of the sampling gate in the forward 

direction and thus diode switch gets closed for short duration of time. 

The capacitor charges but for short time hence, it can charge to only a small percentage of 

the input signal value at that instant. This voltage is amplified by the vertical amplifier and then 

applied to the vertical deflecting plates. This is nothing but a sample. At the same time, the 

comparator gives a signal to the staircase generator to advance through one step. This is applied to 

horizontal deflecting plates, thus during each step of the stair case waveform, the spot moves 

across the screen. Thus the sampling time base is called a staircase-ramp generator in case of a 

sampling oscillosope. 

Block diagram of Sampling Oscilloscope: 

The block diagram of sampling oscilloscope is shown in the Fig. 
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The input signal is applied to the diode sampling gate. At the start of each sampling cycle a trigger 

inpu t pulse is generated which activates the blocking oscillator. The oscillator output is given to 

the ramp generator which generates the linear ramp signal. Since the sampling must be 

synchronized with the input signal freq\,lency, the signal is delayed in the vertical amplifier. 

The staircase generator produces a staircase waveform which is applied to an attenuator. 

The attenuator controls the magnitude of the staircase signal and then it is applied to a voltage 

comparator. Another input to the voltage comparator is the output of the ramp generator. The 

voltage comparator compares the two signals and produces the output pulse when the two voltages 

are equal. This is nothing but a sampling pulse which is applied to sampling gate through the gate 

control circuitry. 

This pulse opens the diode gate and sample is taken in. This sampled signal is then applied 

to the vertical amplifier and the vertical deflecting plates. The output of the staircase generator is 

also applied to the horizontal deflecting plates. 

During each step of staircase the spot moves on the screen. The comparator output 

advances the staircase output through one step. After certain number of p\llses about thousand or 

so, the staircase generator resets. The sm,lIler the size of the steps of the staircase generator, larger 

is the number of samples and higher is the resolution of the image. 

Analog storage oscilloscope: 

The conventional cathode ray tube has the persistence of the phosphor ranging from a Few 

millisecond to several seconds. But sometimes it is necessary to retain the image for much 'longer 

periods, upto several hours. It requires storing of a waveform for a  certain duration,' independent 

of phosphor persistence. Such a retention property helps to display the waveforms of very low 

frequency. 

Mainly two types of storage techniques are used in cathode ray tubes which are: 

i) Mesh storage and ii) Phosphor storage 

Digital Storage Oscilloscope: 
 

In this digital storage oscilloscope, the waveform to be stored is digitised ,md then stored in 

a digital memory. The conventional cathode ray tube is used in this oscilloscope hencethe cost is 

less. The power to be applied to memory is small and can be supplied by small battery. Due to this 

the stored image can be displayed indefinitely as long ,15 power is supplied to memory. Once the 

waveform is digitised then it can be further loaded into thecomputer and can be ana lysed in detail.  
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Block Diagram: 

The block diagram of digital storage oscilloscope is shown in the Fig. 
 
 

 

 

 
As done in all the oscilloscopes, the input signal is applied to the amplifier and 

attenuator section. The oscilloscope uses same type of amplifier and attenuator circuitry as 

used in the conventional oscilloscopes. The attenuated signal is then applied to the vertical 

amplifier. 

The vertical input, after passing through the vertical amplifier, is digitised by an 

analog to digital converter to create a data set that is stored in the memory. The data set is 

processed by the microprocessor and then sent to the display. 

To digitise the analog signal, analog to digital (A/D) converter is used. The output of the 

vertical amplifier is applied to the AID converter section. The main requirement of A/D 

converter in the digital storage oscilloscope is its speed, while in digital voltmeters 

accuracy and resolution were the main requirements. The digitised output needed only in 

the binary form and not in BCD. The successive approximation type of AID converter is 

most oftenly used in the digital storage oscilloscopes. 

Modes of operation: 

The digital storage oscilloscope has three modes of operation: 

1. Roll mode ii) Store mode iii) Hold or save mode 
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Graphic Recording Instruments 

A recorder is a device for data logging. These are electromechanical devices that plot the electrical 

or mechanical input data onto a chart . They can plot more than one input at a time and inputs are 

termed as channels. These multi channel devices also allows allocation of different color for 

different set of data points. Data is logged on for a extended period of time. And the chart or the 

paper that is used to record the data moves vertically at a uniform speed. Benefits of a recording 

device is the availability of the data at any further point of time, and also instantaneous output. 

These devices are easy to operate. Often the data can also be digital to be stored in a computer. 

What is strip chart made of: 

A Strip chart records data with respect to time and they consist of the following ; 

• A roll of paper that moves vertically at uniform speed of 1-100 m/s 

• A system to make the paper roll move at a selected speed and a switch to select the speed 

setting 

• A stylus driving system that controls the stylus to move in accordance with the sensory 

input 

• A range selector switch to control the input of the recorder to a readable level. 

A. Paper drive system: The paper system should move the paper at a uniform speed. A spring 

would may be used but in most of the recorder a synchronous motor (Stepper motor to be exact) is 

used for driving the paper. Chart speed is a term used to express the rate at which the recording 

paper in a strip chart recorder moves which is determined by the mechanical gear trains used in the 

system. It is expressed in in/s or mm/s . To calculate the period of the recorded signal from the 

chart speed:  

B. Marking Mechanism: To mark the data points on the paper there are many types of stylus 

attachment. The most commonly used ones are: 1. Ink filled stylus: The stylus is filled with ink 

working by gravity or capillary actions. The same mechanics of a pen, this has a pointer connected 

to an ink reservoir with capillary connection between them. A color code is adopted for displaying 

data from different sensor inputs. Now a days disposable fibre tip pens are used. As more than one 

input can be noted by the strip chart there can be mechanical interference which is avoided by 

staggering the pens. Schematic diagram of a ink filled stylus strip chart recorder . Heated stylus/ 

Thermal printing. Some recorders use a heated stylus which writes on a thermally sensitive paper 

that changes color. This method overcomes the difficulties encountered in ink writing systems. 3. 

Chopper Bar / Impact printing. A chart made from a pressure sensitive material is used and the 

sharp pointer is passed under a chopper bar which presses the pen into the paper once per second 

thus making a series on the special paper. In fact this system is not purely continuous and hence is 

suitable for recording some varying quantities. 

On a similar note, carbon ribbon acting as ink is placed between the pointer and the chart. The ink 

transfers to the chart on impact. 4. Electric stylus marking. This method employs a paper  

M&I

Dept. of ECE SCSVMV Page 54



 

 

with a special coating which a sensitive to current. It has a base coat of any primary color topped 

with aluminium layer. The stylus is made of Tungsten which removes the aluminium layer when 

current is passed, thus a trace of the color underneath appears on the paper. This method has a 

wide range of marking speeds, has low stylus friction and a long stylus life. The disadvantage is 

that the cost of paper is very high. 5.Optical printing : In this method a photosensitive paper that 

reacts to ultraviolet light is used. Ultraviolet sensitivity is utilized as paper sensitive to light in 

general will be difficult to record and subsequently read. The ultraviolet paper can be developed 

under dark or ambient light conditions. C. Tracing system: Tracing system is responsible for 

producing the graphical representation on the paper. This system is controlled by a servo motor. 1. 

Curvilinear system / Galvanometric recorders. In this, the stylus is mounted on a pivot at the center 

which moves through an arc for full width marking making the full recording line that is drawn 

across the chart to be curved with the time intervals along this curved line in segments. The pivot 

moves via a tightly wound coil that is electrically excited to deflect thus moving the stylus (Similar 

to the gasometer type instrument ) Hence the name. If the movement is continuous, the needle will 

have to be very strong, so this type is not used in analog recording. Instead intermittent recording 

can be done. This logic follows that they can not be used with impact type stylus. Though they are 

used with thermal printing and ink pen type styluses. Characteristics of galvanometer type 

recorder : In addition to limited sensitivity, it has fast response, small bandwidth and low input 

impedance, 2. Rectilinear system / Potentiometric recorders. This system produces a straight line 

across the width of the chart. Hence the stylus is actuated by a drive cord over pulleys and produce 

the forward and reverse motion through the drive mechanism. The stylus may be actuated by a 

self-balancing potentiometer system, a photoelectric deflection system, a photoelectric 

potentiometer system, or a bridge balance system where in the difference in the input signal and a 

reference signal is amplified to control the driving motor. The feedback control system that moves 

the potentiometric contact strive to lessen the error This system is usually used with thermal or 

electric wiring. 

Characteristics of potentiometric type recorders: Slow response , large bandwidth, very high input 

impedance, and high sensitivity 
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Applications of strip chart recorders: 

They provide for a continuous recording of data from various sensors simultaneously through 

multiple channels. Some of the notable applications are as follows,  

• Temperature And Humidity Measurements,  

• Flow Rates, 

• Ph,  

• Pressure. 

Things to Consider When Purchasing Strip Chart Recorders 

• Need for visual record  

• Continuous or sampling monitoring  

• Time period of the data log  

• Requirement for supervision  

• Environmental conditions  

• Sensor inputs to be recorded  

• Accuracy needed 

 

 

Types of chart recorders 

1.Strip chart recorder: As mentioned before, contains a roll of paper that moves at uniform speed 

linearly over which the data is plotted. Most suitable for continuous recording where data 

manipulation or processing is not needed. Further the paper can be torn of and stored. 
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Circular Chart Recorders Data is recorded in a circular format where the paper is spun as opposed 

to rolled out. Used for time pre determined batch processes. 

 

3.XY Recorders A chart of one input verses other input is plotted like the X-Y plot. Used under 

circumstances where the relation of one parameter over another needs to be determined. 

 

4.Hybrid Recorders They function as a data recorder and a data logger. With real time recording 

of data on a chart while simultaneously producing digital stamps to be electronically saved. Using 

only one pen for all the inputs for recording they have a slow response time. 

 

 

M&I

Dept. of ECE SCSVMV Page 57



 

 

5.Paperless Recorders The data records are shown on a visual display while the data is logged 

into the memory for easy data transfer to computer. Most modern recorder are paperless.  

 

 

Conclusion: 
   In this chapter shows how to record information that you get from a variety of 

qualitative techniques. Written notes, tape recording, and video are possible ways. These included 

the basics of electrical and electronic circuits. 

. 
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Post Test MCQs: 

1.A successive approximation type DVM makes use _______ 

a). of a digital divider 

b) of an analog divider 

c) of an oscillator 

d) of a transducer 

 

2.Successive approximation type DVM is based on the principle of ______ 

a) acceleration of an object 

b). weight of an object 

c) velocity of an object 

d) momentum of an object 

3. Ramp type DVM uses ___________ 

a) . a linear ramp technique 

b) a non-linear ramp technique 

c) an exponential ramp technique 

d) an asymptotic ramp technique 

4. Which determines the rate of measurement cycles? 

a) oscillator 

b) amplifier 

c) .mutivibrator 

d) oscilloscope 

5. In a voltage to frequency converter type integrated DVM _____________ 

a) voltage is converted to time 

b) voltage is converted to frequency 

c) frequency is converted to voltage 

d) frequency is converted to time 

View Answer 
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UNIT – III  

 

DIGITAL INSTRUMENTS AND SIGNAL GENERATORS 
AIM: 

                   To provide knowledge for the calibration and standardization of various instruments 

 

  Pre-Requisites: 
 

        Basic Knowledge of Electrical and Electronics Engineering 

 

  Pre - MCQs: 
 
1. Which of the following signals are generated by Wien-bridge oscillators? 

a) Square wave 

b). Sine wave 

c) Triangular wave 

d) Pulse wave 

 

2. Which of the following device is a non-linear device? 

a) Resistance 

b). Diode 

c) Op-amp 

d) Capacitor 

3. Which of the following oscillators have higher stability at a higher frequency? 

a) Wien-bridge oscillator 

b) RC phase shift oscillator 

c) .Crystal oscillator 

d) All of the mentioned 

 

5. Some substance generates the voltage when they are subjected to mechanical forces or 

stress along specific planes. Such substance is known as 

 

a. Piezoelectric 

b. Thermo-electric 

c. Photo-electric 

d. Radio-active 
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Introduction 

The construction of the digital instrument is very complex, and their cost is also very 

high. The digital instruments consume very less power as compared to analogue instruments. 

The digital multimeter, Digital voltmeter, digital frequency meter, etc. are the examples of 

the digital instruments. The instrument which represents the measurand value in the form of 

the digital number is known as the digital instruments. It works on the principle of 

quantization. The quantization is the process of converting the continuous input signal into a 

countable output signal. 

.Important characteristic of Digital Instruments 

The digital devices have following important features. 

 The accuracy of the digital electronic instrument is very much high. 

 The digital instrument consists sensitive elements which are easily reacted with the 

surrounding temperature and humidity. 

 The input impedance of the digital instrument is very high because of which it can 

draw very less power. 

 The digital instrument is less portable. 

 The cost of the instrument is high. 

 The instrument is free from the parallax error. 

In analogue instruments, the pointer is used for indicating the measuring voltage because of 

which the parallax error occurs. While in digital instruments the output is display on the 

screen. Thus, the chances of errors are less on it. 

Construction of Digital Instrument 
The construction of the digital instrument is shown in the figure below. 

M&I

Dept. of ECE SCSVMV Page 61



 

 

The transducer, signal modifier and the display devices are the important part of the digital 

instrument. 

 Transducer – The transducer is used for converting the non-electrical or physical 

quantities (temperature, displacement etc.) into an electrical quantity like voltage, 

current etc. which is easily measured by the meter. The transducer is not required 

for the electrical input. 

 Signal Modifier – It is used for modifying the input signal of very weak strength. 

 Display Device – The display device is used for showing the measurand quantities 

in the numeric form. Mostly, LED or LCD is used as a digital display. 

Advantages of Digital Instrument 

 The digital instruments display the reading in the numeric form which reduces the 

error. 

 The digital output is obtained by the instrument which acts as an input for the 

memorable devices like floppy, recorder, printer etc. 

 The power consumption is less in the digital instruments. 

Disadvantages of Digital Instruments 

The following are the disadvantages of the digital electronics. 
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 The overloading capacity of the instrument is low. 

 It is a temperature sensitive device.The digital instrument is made by the very delicate 

element which is easily affected by the atmospheric condition. 

 The effect of noise is more on digital electronics as compared to the analogue 

instruments. 

 In spite of the above mention disadvantages, the digital instrument is very commonly 

used for the measurement. 

 

 

 

 

 

 

Digital multimeters: 

The digital multimeter is an instrument which is capable of measuring a.c. voltages, d.c. 

voltages, The basic circuit of a digital multimeter is always a d.c. voltmeter as shown in 

the Fig  a.c. and d.c. currents and resistances over several ranges. The current is converted 

to voltage by passing it through low shunt resistance. The a.c. quantities are converted to 

d.c. by employing various rectifier and filtering circuits. While for the resistance 
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measurements the meter consists of a precision low current source that is applied across 

the unknown resistance while gives d.c. voltage. All the quantities are digitized using 

analog to digital converter and displayed in the digital form on the display.The basic 

building blocks of digital multimeter are several AID converters, counting circuitry and an 

attenuation circuit. Generally dual slope integration type ADC is prefprred in the 

multimeters. The 

single attenuator circuit is used for both a.c. and d.c. measurements in many 

commercial multimeters. 

True RMS Reading Voltmeter 

 

True RMS Responding Voltmeters 

 

 

RMS value of the sinusoidal waveform is measured by theaverage reading voltmeter of which 

scale is calibrated in terms of rms value. This method is quite simple and less expensive. But 

sometimes rms value of the non-sinusoidal waveform is required to be measured. For such a 

measurement a true rms reading voltmeter is required. True rms reading voltmeter gives a meter 

indication by sensing heating power of waveform which is proportional to the square of the rms 

value of the voltage. 

 
Thermo-couple is used to measure the heating power of the input waveform of which heater is 

supplied by the amplified version of the input waveform. Output voltage of the thermocouple is 

proportional to the square of the rms value of the input waveform. One more thermo-couple, called 

the balancing thermo-couple, is  used in the same thermal environment in order to overcome the 
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difficulty arising out of non-linear behaviour of the thermo-couple. Non-linearity of the input circuit 

thermo-couple is cancelled by the similar non-linear effects of the balancing thermo-couple. These 

thermo-couples form part of a bridge in the input circuit of a dc amplifier, as shown in block 

diagram. 

 
AC waveform to be measured is applied to the heating element of the main thermocouple through an 

ac amplifier. Under absence of any input waveform, output of both thermo-couples are equal so error 

signal, which is input to dc amplifier, is zero and therefore indicating meter connected to the output 

of dc amplifier reads zero. But on the application of input waveform, output of main thermo-couple 

upsets the balance and  an error signal is produced, which gets amplified by the dc amplifier and 

fedback to the heating element of the balancing thermo-couple. This feedback current reduces the 

value of error signal and ultimately makes it zero to obtain the balanced bridge condition. In this 

balanced condition, feedback current supplied by the dc amplifier to the heating element of the 

balance thermo-couple is equal to the ac current flowing in the heating element of main thermo-

couple. Hence this direct current is directly proportional to the rms value of the input 

ac voltage and is indicated by the meter connected in the output of the dc amplifier. The PMMC 

meter may be calibrated to read the rms voltage directly.By this method, rms value of any voltage 

waveform can be measured provided that the peak excursions of the waveform do not exceed the 

dynamic range of the ac amplifier. 

Electronic multimeter: 

For the measurement of d.c. as well as a.c. voltage and current, resistance, an electronic 

multimeter is commonly used. It is also known as Voltage-Ohm Meter (VOM) or 

multimeter The important salient features of YOM are as listed below. 

1) The basic circuit of YOM includes balanced bridge d.c. amplifier. 

2) To limit the magnitude of the input signal, RANGE switch is provided. By properly 

adjusting input attenuator input signal can be limited. 

3) It also includes rectifier section which converts a.c. input signal to the d.c. voltage. 

4) It facilitates resistance measurement with the help of internal battery and additional 

circuitry. 

5) The various parameters measurement is possible by selecting required 

function using FUNCTION switch. 

6) The measurement of various parameters is indicated with the help of indicating Meter. 
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Use of multimeter for D.C measurement: 

For getting different ranges of voltages, different series resistances are connected in series 

which can be put in the circuit with the range selector switch. We can get different ranges 

to measure the 

d.c. voltages by selecting the proper resistance in series with the basic meter. 
 

Use of multimeter as ammeter: 

To get different current ranges, different shunts are connected across the meter with the 

help of range selector switch. The working is same as that of PMMC ammeter 

 

 

 

 

Use of multimeter for measurement of A.C voltage: 
 

The rectifier used in the circuit rectifies a.c. voltage into d.c. voltage for measurement of 

a.c. voltage before current passes through the meter. The other diode is used for the 

protection purpose.  
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Use of multimeter for resistance measurement: 

The Fig shows ohmmeter section of multimeter for a scale multiplication of 1. Before any 

measurement is made, the instrument is short circuited and "zero adjust" control is varied 

until the meter reads zero resistance i.e. it shows full scale current. Now the circuit takes 

the form of a 

variation of the shunt type ohmmeter. Scale multiplications of 100 and 10,000 can also be 

used for measuring high resistances. Voltages are applied the circuit with the help of 

battery. 

 

 

SIGNAL GENERATOR: 

  
A standard signal generator produces known and controllable voltages. It is used 

as power sourcefor the measurement of gain, signal to noise ratio (SN), bandwidth 

standing wave ratio and other properties. It is extensively used in the measuring of radio 

receivers and transmitter instrument is provided with a means of modulating the carrier 

frequency, which is indicated by the dial setting on the front panel. The modulation is 

indicated by a meter. The output signal can be Amplitude Modulated (AM) or Frequency 

Modulated (FM). Modulation may be done by a sine wave, Square, rectangular, or a 

pulse wave. 
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The elements of a conventional signal generator: 

 

1) RF Osillator 

(2) Wide band amplifier. 

(3) External Osillator. 

4) Modulation Osillator 

(5) Out put attenuator. 

 

The carrier frequency is generated by a very stable RF oscillator using an LC tank 

circuit, having a constant output over any frequency range. The frequency of oscillations is 

indicated by thefrequency range control and the venire dial setting. AM is provided by an 

internal sine wavegenerator or from an external source.The signal generator is called an 

oscillator. A Wien bridge oscillator is used in this generator.The Wien bridge oscillator is the 

best of the audio frequency range. The frequency of oscillations can be changed by varying the 

capacitance in the oscillator. The frequency can also be changed in steps by switching the 

resistors of different values. The output of the Wien bridge oscillator goes to the function 

switch. 

The function switch directs the oscillator output either to the sine wave amplifier 

or to the square wave shaper. At the output, we get either a square or sine wave.The 

output is varied by means of an attenuator. 
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The instrument generates a frequency ranging from 10 Hz to 1 MHz continuously vV 

(rms).The output is taker through a push-pull amplifier. For low output, the impedance 

is 6000. The square wave amplitudes can be varied from 0 - 20 v (peak). It is possible to 

adjust the symmetry of the square wave from 30 -70%. The instrument requires only 

7W of power at 220V 50Hz. 

The front panel of a signal generator consists of the following. 

 

 

l. Frequency selector: It selects the frequency in different ranges and varies it 

continuously in a ratio of 1: 11. The scale is non-linear. 

2. Frequency multiplier: It selects the frequency range over 5 decades from 10 Hz to 7 MHz 

3. Amplitude multiplier: It attenuates the sine wave in 3 decades, x l x 0.1 and x 0.01. 

4. Variable amplitude: It attenuates the sine wave amplitude continuously 

5. Symmetry control: It varies the symmetry of the square wave from 30% to 70%. 

6. Amplitude: It attenuates the square wave output continuously. 

7. Function switch: It selects either sine wave or square output. 

8. Output available: This provides sine wave or square wave output. 

9. Sync: This terminal is used to provide synchronization of the internal signal with an 

external signal. 

10. On-Off Switch 

 

Sweep Generator 

 

 

It provides a sinusoidal output voltage whose frequency varies smoothly and 

continuously over an entire frequency band, usually at an audio rate. The process of 

frequency modulation may be accomplished electronically or mechanically. It is done 

electronically by using the modulating voltage to vary the reactance of the oscillator tank 

circuit component, and mechanically by 

means of a motor driven capacitor, as provided for in a modern laboratory type signal 

generator. Figure shows a basic block diagram of a sweep generator. The frequency sweeper 

provides a variable modulating voltage which causes the capacitance of the master oscillator to 

vary. A representative sweep rate could be of the order of 20 sweeps/second. A manual control 
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allows independent adjustment of the oscillator resonant frequency. The frequency sweeper 

provides a varying sweep voltage synchronization to drive the horizontal deflection plates of 

the CRO. Thus the amplitude of the response of a test device will be locked and displayed on 

the screen. To identify a frequency interval, a marker generator provides half sinusoidal 

waveforms at any frequency within the sweep range. The marker voltage can be added to the 

sweep voltage of the CRO during alternate cycles of the sweep voltage, and appears 

superimposed on the response curve. 

The automatic level control circuit is a closed loop feedback system which monitors the 

RF level at some point in the measurement system. This circuit holds the power delivered to the 

load or test circuit constant and independent o frequency and impedance changes. A constant 

power level prevents any source  mismatch  and  also  provides  a  constant  readout  calibration  

with frequency. 

 

 

SQUARE AND PULSE GENERATOR:- 

 

These generators are used as measuring devices in combination with a CRO. They 

provide both quantitative and qualitative information of the system under test. They are made 

use of in transient response testing of amplifiers. The fundamental difference between a pulse 

generator and a square wave generator is in the duty cycle. 

 

Duty cycle = A square wave generator has a 500/o duty cycle. 

Requirements of a Pulse 

 

 The pulse should have minimum distortion, so that any distortion, in the display is solely 

due to the circuit under test. 

 The basic characteristics of the pulse are rise time, overshoot, ringing, sag, and 

undershoot. 

 

 The pulse should have sufficient maximum amplitude, if appreciable output power is 

required by the test circuit, e.g. for magnetic core memory. At the same time, the 

attenuation range shouldbe adequate to produce small amplitude pulses to prevent over 

driving of some test circuit. 
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 The range of frequency control of the pulse repetition rate (PRR) should meet the needs of 

theexperiment. For example, a repetition frequency of 100 MHz is required for testing fast 

circuits.Other generators have a pulse-burst feature which allows a train of pulses rather 

than a continuous output. 

 
 Some pulse generators can be triggered by an externally applied trigger signal; conversely, 

pulse generators can be used to produce trigger signals, when this output is passed through 

a differentiator circuit. 

 
 The output impedance of the pulse generator is another important consideration. In a fast 

pulsesystem, the generator should be matched to the cable and the cable to the test circuit. 

A mismatch would cause energy to be reflected back to the generator by the test circuit, 

and this may be rereflected by the generator, causing distortion of the pulses. 

 
 DC coupling of the output circuit is needed, when dc bias level is to be maintained. The 

basic circuit for pulse generation is the asymmetrical multi-vibrator. 

 

  

A laboratory type square wave and pulse generator is shown in Fig 6.1 
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The frequency range of the instrument is covered in seven decade steps from 1Hz to 10 

MHz, with a linearly calibrated dial for continuous adjustment on all ranges. 

 
The duty cycle can be varied from 25 - 75%. Two independent outputs are available, a 

50Ω source that supplies pulses with a rise and fall time of 5 ns at 5V peak amplitude and a 

600Ω source which supplies pulses with a rise and fall tme of 70 ns at 30 V peak amplitude. 

The instrument can be operated as a freerunning genenrator or, it can be synchronized with 

externalsignals. 

 
The basic generating loop consists of the current sources, the ramp capacitor, the 

Schmitt triggerand the current switching circuit as shown in the fig 

 

 

The upper current source supplies a constant current to the capacitor and the capacitor 

voltage increases linearly. When the positive slope of the ramp voltage reaches the upper limit 

set by the internal circuit components, the Schmitt trigger changes state. The trigger circuit 

output becomes negative and reverses the condition of the current switch. The capacitor 

discharges linearly, controlled by the lower current source. 

When the negative ramp reaches a predetermined lower level, the Schmitt trigger switches 

back to its original state. The entire process is then repeated. The ratio i1/i2 determines the 

duty cycle, and is controlled by symmetry control. The sum of i1 and i2 determines the 

frequency. The size of the capacitor is selected by the multiplier switch. The unit is powered by 

an intenal supply that provides regulated voltages for all stages of the instrument. 
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The precautionary measures to be taken in a signal generator application:- 

 

A signal generator is an instrument, which can produce various types of wave forms 

such as sine wave, square wave, triangular wave, saw tooth wave, pulse trains etc. As it can 

generate a variety of waveforms it is widely used in applications like electronic 

troubleshooting anti development, testing the performance of electronic equipments etc. In 

such applications a signal generator is used to provide known test conditions (i.e., desired 

signals of known amplitude and frequency 

 
Hence, the following precautionary measures should be taken while using a signal 

generator for an application. 

 
 The amplitude and frequency of the output of the signal generator should be made 

stable and well known. 

     There should be provision for controlling  the  amplitude  of  signal  generator  output  

from  very small to relatively large values. 

 The output signal of generator should not contain any distortion and thus, it should 

possess very low harmonic contents. 

 Also, the output of the signal generator should be less spurious. 

 

 

 

 

FUNCTION GENERATOR 

 
A function generator produces different waveforms of adjustable frequency. The 

common outputwaveforms are the sine, square, triangular and saw tooth waves. The 

frequency may be adjusted, from a fraction of a Hertz to several hundred kHz lie various 

outputs of the generator can bemade available at the same time. For example, the generator 

can provide a square wave to testthe linearity of a rectifier and simultaneously provide a saw 

tooth to drive the horizontal deflection amplifier of the CRO to provide a visual display. 

 
Capability of Phase Lock the function generator can be phase locked to an external 

source. One function generator can be used to lock a second function generator, and the two 

output signals can be displaced in phase by adjustable amount. In addition, the fundamental 
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frequency of one generator can be phase locked to a harmonic of another generator, by 

adjusting the amplitude and phase of the harmonic; almost any waveform can be generated 

by addition.The function generator can  also  be  phase  locked  to  a  frequency  standard  

and  its  output waveforms will then have the same accuracy and stability as the standard 

source. 

 

The block diagram of a function generator: 
 

 

 
The block diagram of a function generator is illustrated in fig. Usually the frequency is 

controlled by varying the capacitor in the LC or RC circuit. In the instrument the frequency is 

controlled by varying the magnitude of current which drives the integrator. The instrument 

produces sine, triangular and square waves with a frequency range of 0.01 Hz to 100 kHz.The 

frequency controlled voltage regulates two current sources. The upper current source supplies 

constant current to the integrator whose output voltage increases linearly with time, according 

to the equation of the output signal voltage. An increase or decrease in the currentincreases or 

decreases the slope of the output voltage and hence controls the frequency. The voltage  

comparator  multi-vibrator  changes  states  at   a   pre-determined   maximum   level   of the 

integrator output voltage. This change  cuts  off  the  upper  current  supply  and  switches  on  

the lower current supply. The lower current source supplies a reverse current to the integrator, 

so that its output decreases linearly  with  time.  When  the  output  reaches  a  pre-determined 
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minimum level, the voltage comparator again changes state and switches on the Lower current 

source. The output of the integrator is a triangular waveform whose frequency is determined 

by    the magnitude  of  the  current  supplied  by  the  constant  current  sources.  The   

comparator  output delivers a square wave voltage of the same frequency.The resistance diode 

network alters the slope of the triangular wave as its amplitude changes and produces a sine 

wave with less than 1% distortion. 

 
 

Arbitrary Waveform Generator, AWG 

 
 

The waveforms produced by arbitrary waveform generators, AWGs can be either 

repetitive or sometimes just a single-shot. If the AWG waveform is only a single shot, then a 

triggering mechanism is needed to trigger the AWG and possibly the measuring instrument. 

The AWG is able to generate an arbitrary waveform defined by a set of values, i.e. 

"waypoints" entered to set the value of the waveform at specific times. They can make up a 

digital or even an analogue waveform. As a result an arbitrary waveform generator is a form of 

test equipment that is able to produce virtually any wave shape that is required. 

 
 

  Direct Digital Synthesis, DDS: This type of arbitrary waveform generator is based 

around the DDS types of frequency synthesizer, and sometimes it may be referred to as an 

Arbitrary Function Generator, AFG. 

  Variable-clock arbitrary waveform generator The variable clock arbitrary function 

generator is the more flexible form of arbitrary waveform generator. These arbitrary 

waveform generators are generally more flexible, although they do have some limitations not 

possessed by the DDS versions. Sometimes these generators are referred to as just arbitrary 

waveform generators, AWGs rather than arbitrary function generators. 

  Combined arbitrary waveform generator This format of AWG combines both of the 

other forms including the DDS and variable clock techniques. In this way the advantages of 

both systems can be realised within a single item of test equipment. 
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Arbitrary waveform generator applications: 

 
AWGs are used in many applications where specialised waveforms are required. 

These can be within a whole variety of sectors of the electronics industry. 

 

To give a view of some of the AWG applications, it is possible for DDS-based 

arbitrary waveform generators is to create signals with precisely controlled phase offsets or 

ratio-related frequencies. This enables the generation of signals like polyphase sine waves, 

I-Q constellations, or simulation of signals from geared mechanical systems such as jet 

engines. Complex channel- channel modulations are also possible. 

 

The arbitrary waveform generator may not be the most widely used of items of test 

instrumentation, but they can be immensely useful in a variety of applications. Modern 

arbitrary waveform generators are very flexible and can be used to create very specific 

waveforms for use in testing a variety of applications. 

 

Direct digital synthesizer, DDS technology lends itself to being used within arbitrary 

waveform generators, AWGs. Those AWGs that use DDS technology are often referred to as 

arbitrary function generators, or AFGs. 

 

The reason for being called arbitrary function generators is that they often appear as an 

extension of the function generator test instruments that are available. 

Arbitrary waveform generators using direct digital synthesis technology are able to 

benefit from the technology, while not adding unwanted additional complexity and cost. DDS 

technology has developed considerably in recent years and this makes them a very attractive 

option to form the basis of a waveform generator. As a result arbitrary function generators are 

relatively widely used. 

 

Arbitrary function generator basics: 

 
As mentioned, this type of arbitrary waveform generator is based around the DDS types 

of frequency synthesizer, and sometimes it may be referred to as an Arbitrary Function 

generator, AFG.The arbitrary function generator uses integrated circuits intended for direct 

digital frequency synthesizers, but enables an arbitrary waveform generator circuit to be 
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created relatively easily and for an economic price.To look at how an arbitrary function 

generator works, it is necessary to look at the operation of a direct digital synthesizer.This 

circuit operates by storing the points of a waveform in digital format, and then recalling them 

to generate the waveform. These points can be on any form of repetitive waveform that is 

required. The rate at which the DDS completes one waveform governs the frequency. The 

basic block diagram of the DDS based arbitrary waveform generator is shown below. 

 

 
 

The operation of the DDS within the arbitrary function generator can be envisaged by 

looking at the way that phase progresses over the course of one cycle of the waveform. 

 

The phase is often depicted as a line of phasor rotating around a circle. As the phase 

advances around the circle, this corresponds to advances in the waveform. The faster is 

progresses, the sooner it completes a cycle and the hence the higher the frequency. 

 

 

 

The direct digital synthesizer operates by storing various points of the required 
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waveform in digital format in a memory. These can then be recalled to generate the 

waveform as they are required. 

To simulate the phase advances a phase accumulator is used. This takes in phase 

increment information, and clock pulses from a clock. For each clock pulse, the phase will 

advance a certain amount. The greater the increment, the larger the phase advance, and 

hence the higher the frequency generated. At each clock pulse the phase information is 

presented to the memory and the relevant location is accessed, proving the waveform 

information for that particular phase angle. It can be seen that any waveform can be loaded 

into the memory; although a sine wave is shown on the diagram, the actual waveform could 

be anything. While it is possible to load certain preset waveforms into the memory, it is also 

possible to load user generated ones in as well. These make the test instrument an arbitrary 

waveform generator or arbitrary function generator rather than a standard function 

generator. 

 

Advantages and disadvantages of AFG: 

 
While the arbitrary function generator or DDS based version of the arbitrary 

waveform generator, has many advantages, there are also some disadvantages that should 

also be taken into account when choosing what type of signal generator to use. 

 

 

Arbitrary function generator advantages 

 

 

  Sub Hz frequency resolution: By using a long word length phase accumulator in the 

phase accumulator of the DDS, it is possible to achieve sub-Hertz frequency resolution 

levels. 

  Down sampling: Waveforms are automatically truncated by sampling to allow 

repetition rates above the clock frequency. 

  Digital modulation: It is possible to add digital modulation words to the phase 

accumulator to provide a means of providing digital modulation. 
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Arbitrary function generator disadvantages 

 

 

  Waveform jitter: Waveform jitter is an issue with arbitrary function generators 

because frequencies are up-sampled or down-sampled and this results in missing samples 

and hence jitter. Only frequencies equal to the clock frequency divided by the waveform 

length and its sub multiples are not sampled and therefore they do not suffer from this 

problem 

  Single waveform capability: It is only possible to generate a single waveform at a 

time because memory segmentation and waveform sequencing is not possible using a 

DDS arbitrary function generator 

 

 
 

FREQUENCY SYNTHESIZER  

 

A frequency synthesizer allows the designer to generate a variety of output frequencies as 

multiples of a single reference frequency. The main application is in generating local oscillator 

(LO) signals for the up- and down-conversion of RF signals. 

The synthesizer works in a phase-locked loop (PLL), where a phase/frequency detector (PFD) 

compares a fed back frequency with a divided-down version of the reference frequency (Figure 

1). The PFD’s output current pulses are filtered and integrated to generate a voltage. This voltage 

drives an external voltage-controlled oscillator (VCO) to increase or decrease the output 

frequency so as to drive the PFD’s average output towards zero. 
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Frequency is scaled by the use of counters. In the example shown, an ADF4xxx synthesizer is 

used with an external filter and VCO. An input reference (R) counter reduces the reference input 

frequency (13 MHz in this example) to PFD frequency (FPFD = FREF/R); and a feedback (N) 

counter reduces the output frequency for comparison with the scaled reference frequency at the 

PFD. At equilibrium, the two frequencies are equal, and the output frequency is N × FPFD. The 

feedback counter is a dual-modulus prescaler type, with A and B counters (N = BP + A, 

where P is the prescaler value). 

Conclusion: 
   In this chapter shows how to Analyze desire frequency band by using Arbitrary 

Waveform Generator and DDS types of frequency synthesizer that you get from a variety of 

qualitative techniques with more careful design in future. 
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Post Test MCQs: 

1. In a receiver, noise is usually developed at ________ 

a) Audio stage 

b) Receiving antenna 

c) .RF stage 

d) IF stage 

2. . Which oscillator is used as a local oscillator in radio receiver? 

a) Wien-bridge 

b) .Hartley 

c) Crystal 

d) Phase Shift 

3. . Process of recovering information signal from received carrier is known as ________ 

a) Sensitivity 

b) Selectivity 

c). Demodulation 

d) Fidelity 

4. . What is the use of a varactor diode in radio receiver? 

a) Demodulation 

b) Mixing 

c) Multiplexing 

d). Tuning 

5. . What is the function of radio receiver? 

a). to detect and amplify information signal from the carrier 

b) to modulate a message signal 

c) to produce radio waves 

d) to convert one form of energy into other 
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UNIT – IV  

WAVEFORM ANALYSERS AND RADIO RECEIVERS 
  AIM: 

 

To provide students with opportunities to develop basic skills in the design of measuring equipments 

 

  Pre-Requisites: 
 

        Basic Knowledge of Electrical and Electronics Engineering 

 
  Pre - MCQs: 

 
1.Which of the following is not present in the waveform analysers? 

 

a) Swept local Oscillator 

b) RF amplifier 

c) Sweep voltage generator 

d). Slotted line 

 

2. Up to which frequency the ground wave propagation is used? 

a). 2MHz 

b) 2GHz 

c) 30MHz 

d) 30GHz 

 

3.In a ground wave propagation, which component of electric field is short circuited when it’s 
in contact by earth? 

 

a) .Horizontal 

b) Vertical 

c) Both horizontal and vertical 

d) Neither horizontal nor vertical 

 

4.During ground wave propagation earth behaves like a __________ 

 

a). Leaky capacitor 

b) Leaky Inductor 

c) Series combination of capacitor and inductor 

d) Parallel combination of capacitor and inductor 
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Introduction: 

The electronic instrument used to analyze waves is called wave analyzer. It is also called signal 

analyzer, since the terms signal and wave can be interchangeably used frequently. 

We can represent the periodic signal as sum of the following two terms. 

 DC component 

 Series of sinusoidal harmonics 

So, analyzation of a periodic signal is analyzation of the harmonics components presents in it. 

Basic Wave Analyzer 

Basic wave analyzer mainly consists of three blocks − the primary detector, full wave rectifier, and 
PMMC galvanometer. The block diagram of basic wave analyzer is shown in below figure  

 
 

The function of each block present in basic wave analyzer is mentioned below. 

 Primary Detector − It consists of an LC circuit. We can adjust the values of inductor, L and 
capacitor, C in such a way that it allows only the desired harmonic frequency component that 

is to be measured. 

 Full Wave Rectifier − It converts the AC input into a DC output. 

 PMMC Galvanometer − It shows the peak value of the signal, which is obtained at the output 
of Full wave rectifier. 

We will get the corresponding circuit diagram, just by replacing each block with the respective 

component(s) in above block diagram of basic wave analyzer. So, the circuit diagram of basic wave 

analyzer will look like as shown in the following figure  
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Types of Wave Analyzers 

Wave analyzers can be classified into the following two types. 

 Frequency Selective Wave Analyzer 

 Superheterodyne Wave Analyzer 

Now, let us discuss about these two wave analyzers one by one. 

Frequency Selective Wave Analyzer 

The wave analyzer, used for analyzing the signals are of AF range is called frequency selective wave 

analyzer. The block diagram of frequency selective wave analyzer is shown in below figure. 
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Frequency selective wave analyzer consists a set of blocks. The function of each block is mentioned 

below. 

 Input Attenuator − The AF signal, which is to be analyzed is applied to input attenuator. If the 

signal amplitude is too large, then it can be attenuated by input attenuator. 

 Driver Amplifier − It amplifies the received signal whenever necessary. 

 High Q-filter − It is used to select the desired frequency and reject unwanted frequencies. It 

consists of two RC sections and two filter amplifiers & all these are cascaded with each 

other. We can vary the capacitance values for changing the range of frequencies in powers of 

10. Similarly, we can vary the resistance values in order to change the frequency within a 

selected range. 

 Meter Range Attenuator − It gets the selected AF signal as an input & produces an attenuated 
output, whenever required. 

 Output Amplifier − It amplifies the selected AF signal if necessary. 

 Output Buffer − It is used to provide the selected AF signal to output devices. 

 Meter Circuit − It displays the reading of selected AF signal. We can choose the meter 
reading in volt range or decibel range. 
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Superheterodyne Wave Analyzer 

The wave analyzer, used to analyze the signals of RF range is called superheterodyne wave analyzer. 

The following figure shows the block diagram of superheterodyne wave analyzer. 

 
 

 

 

The working of superheterodyne wave analyzer is mentioned below. 

 The RF signal, which is to be analyzed is applied to the input attenuator. If the signal 

amplitude is too large, then it can be attenuated by input attenuator. 

 Untuned amplifier amplifies the RF signal whenever necessary and it is applied to first mixer. 

 The frequency ranges of RF signal & output of Local oscillator are 0-18 MHz & 30-48 MHz 

respectively. So, first mixer produces an output, which has frequency of 30 MHz. This is the 

difference of frequencies of the two signals that are applied to it. 

 IF amplifier amplifies the Intermediate Frequency (IF) signal, i.e. the output of first mixer. 

The amplified IF signal is applied to second mixer. 

 The frequencies of amplified IF signal & output of Crystal oscillator are same and equal to 

30MHz. So, the second mixer produces an output, which has frequency of 0 Hz. This is the 

difference of frequencies of the two signals that are applied to it. 

 The cut off frequency of Active Low Pass Filter (LPF) is chosen as 1500 Hz. Hence, this 

filter allows the output signal of second mixer. 

 Meter Circuit displays the reading of RF signal. We can choose the meter reading in volt 

range or decibel range. 
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So, we can choose a particular wave analyzer based on the frequency range of the signal that is to be 

analyzed. 

 

Application of wave analyzer: 

 

 

1. Electrical measurements 

2. Sound measurements 

3. Vibration measurements. 

 

 

In industries there are heavy machineries which produce a lot of sound and vibrations, it 

is very important to determine the amount of sound and vibrations because if it exceeds the 

permissible level it would create a number of problems. The source of noise and vibrations is first 

identified by wave analyzer and then it is reduced by further circuitry. 

 

 

 

Heterodyne wave analyzer 

 

A wave analyzer, in fact, is an instrument designed to measure relative amplitudes of 

single frequency components in a complex waveform. Basically, the instrument acts as a 

frequency selective voltmeter which is used to the frequency of one signal while rejecting all 

other signal components. The desired frequency is selected by a frequency calibrated dial to the 

point of maximum amplitude. The amplitude is indicated either by a suitable voltmeter or 

CRO.This instrument is used in the MHz range. The input signal to be analysed is heterodyned 

to a higher IF by an internal local oscillator. Tuning the local oscillator shifts various signal 

frequency components into the pass band of the IF amplifier. The output of the IF amplifier is 

rectified and is applied to the metering circuit. The instrument using the heterodyning principle is 

called a heterodyning tuned voltmeter. 
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The block schematic of the wave analyser using the heterodyning principle is shown in 

fig. above. The operating frequency range of this instrument is from 10 kHz to 18 MHz in 18 

overlapping bands selected by the frequency range control of the local oscillator. The bandwidth 

is controlled by an active filter and can be selected at 200, 1000, and 3000 Hz. 

Wave analyzers have very important applications in the following fields: 

 

1) Electrical measurements 

2) Sound measurements and 

3) Vibration measurements. 

 

The wave analyzers are applied industrially in the field of reduction of sound and 

vibrations generated by rotating electrical machines and apparatus. The source of noise and 

vibrations is first identified by wave analyzers before it can be reduced or eliminated. A fine 

spectrum analysis with the wave analyzer shows various discrete frequencies and resonances that 

can be related to the motion of machines. Once, these sources of sound and vibrations are 

detected with the help of wave analyzers, ways and means can be found to eliminate them. 
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Harmonic distortion : 
 

The total harmonic distortion (THD) is a measurement of the harmonic distortion present 

in a signal and is defined as the ratio of the sum of the powers of all harmonic components 

to the power of the fundamental frequency. Distortion factor, a closely related term, is 

sometimes used as a synonym. 

In audio systems, lower distortion means the components in a loudspeaker, amplifier or 

microphone or other equipment produce a more accurate reproduction of an audio recording. 

To understand a system with an input and an output, such as an audio amplifier, 

we start with an ideal system where the transfer function is linear and time-

invariant. 

When a signal passes through a non-ideal, non-linear device, additional 

content is added at the harmonics of the original frequencies. THD is a 

measurement of the extent of that distortion. 

When the main performance criterion is the ″purity″ of the original sine wave (in 
other words, the contribution of the original frequency with respect to its 

harmonics), the measurement is most commonly defined as the ratio of the RMS 

amplitude of a set of higher harmonic frequencies to the RMS amplitude of the 

first harmonic,or fundamental, frequency 
 

 

 

 

 

 

where Vn is the RMS voltage of the nth harmonic and n = 1 is the fundamental frequency. 
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Spectrum Analyzer 
 

A spectrum analyzer measures the magnitude of an input signal versus frequency within the 

full frequency range of the instrument. The primary use is to measure the power of the spectrum of 

known and unknown signals.  Given the challenge of characterizing the behavior of today’s RF 
devices, it is necessary to understand how frequency, amplitude, and modulation parameters behave 

over short and long intervals of time. 

 

Types of Spectrum Analyzers 

We can classify the spectrum analyzers into the following two types. 

 Filter Bank Spectrum Analyzer 

 Superheterodyne Spectrum Analyzer 

 

Now, let us discuss about these two spectrum analyzers one by one. 

Filter Bank Spectrum Analyzer 

The spectrum analyzer, used for analyzing the signals are of AF range is called filter bank spectrum 

analyzer, or real time spectrum analyzer because it shows (displays) any variations in all input 

frequencies. 

The following figure shows the block diagram of filter bank spectrum analyzer. 
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The working of filter bank spectrum analyzer is mentioned below. 

 It has a set of band pass filters and each one is designed for allowing a specific band of 

frequencies. The output of each band pass filter is given to a corresponding detector. 

 All the detector outputs are connected to Electronic switch. This switch allows the detector 

outputs sequentially to the vertical deflection plate of CRO. So, CRO displays the 

frequency spectrum of AF signal on its CRT screen. 

Superheterodyne Spectrum Analyzer 

The spectrum analyzer, used for analyzing the signals are of RF range is called superheterodyne 

spectrum analyzer. Its block diagram is shown in below figure. 

 
 

 

 

The working of superheterodyne spectrum analyzer is mentioned below. 

 The RF signal, which is to be analyzed is applied to input attenuator. If the signal amplitude is 

too large, then it can be attenuated by an input attenuator. 

 Low Pass Filter (LPF) allows only the frequency components that are less than the cut-off 

frequency. 
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 Mixer gets the inputs from Low pass filter and voltage tuned oscillator. It produces an output, 

which is the difference of frequencies of the two signals that are applied to it. 

 IF amplifier amplifies the Intermediate Frequency (IF) signal, i.e. the output of mixer. The 

amplified IF signal is applied to detector. 

The output of detector is given to vertical deflection plate of CRO. So, CRO displays the 

frequency spectrum of RF signal on its CRT screen.So, we can choose a particular spectrum analyzer 

based on the frequency range of the signal that is to be analyzed. 

 

The RF input to be analyzed is applied to the input attenuator. After attenuating, the 

signal is fed to low pass filter. The low pass filter suppresses high frequency components and 

allows low frequency components to pass through it. The output of the low pass filter is given to 

the mixer, where this signal is fixed with the signal coming from voltage controlled or voltage 

tuned oscillator. This oscillator is tuned over 2 to 3 GHz range. The output of the mixer includes 

two signals whose amplitudes are proportional to the input signal but their frequencies are the 

sum and difference of the input signal and the frequency of the local oscillator. Since the 

frequency range of the oscillator is tuned over 2 to 3 GHz, the IF amplifier is tuned to a narrow 

band of frequencies of about 2 GHz. Therefore only those signals which are separated from the 

oscillator frequency by 2 GHz are converted to Intermediate Frequency (IF) band. This IF signal 

is amplified by IF amplifier and then rectified by the detector. After completing amplification 

and rectification the signal is applied to vertical plates of CRO to produce a vertical deflection 

on the CRT screen. Thus, when the saw tooth signal sweeps, the oscillator also sweeps linearly 

from minimum to maximum frequency range i.e., from 2 to 3 GHz. Here the saw tooth signal is 

applied not only to the oscillator (to tune the oscillator) but also to the horizontal plates of the 

CRO to get the frequency axis or horizontal deflection on the CRT screen. On the CRT screen 

the vertical axis is calibrated in amplitude and the horizontal axis is calibrated in frequency. 

 

FFT spectrum analyzer 
 

A spectrum analyzer, which uses computer algorithm and an analog to digital conversion 

phenomenon and produces spectrum of a signal applied at its input is known as digital Fourier or 

digital FFT or digital spectrum analyzer 
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Principle 

 

When the analog signal to be analyzed is applied, the A/D converter digitizes the analog 

signal (i.e., converts the analog signal into digital signal). The digitized signal, which is nothing 

but the set of digital numbers indicating the amplitude of the analog signal as a function of time 

is stored in the memory of the digital computer. From the stored digitized data, the spectrum of 

the signal is computed by means of computer algorithm. 

Description: 

 
The block arrangement of a digital Fourier analyzer is illustrated in the figure above .The 

analog signal to be ana1ysed is applied to the low pass filter, which passes only low frequency 

signals and rejects high pass spurious signals. This filter section is used mainly, to prevent 

aliasing. The output of low pass filter is given to the attenuator. The attenuator is a voltage 

dividing network whose function is to set the input signal to the level of the A/D converter. The 

use of attenuator prevents the converter from overloading. The function of A/D converter is to 

convert the samples of analog data into digital i.e. ., to digitize the analog signal. When the 

output of A/D converter is applied to the digital computer, the computer analyzes the digitized 

data and adjusts the attenuator setting accordingly in order to obtain the maximum output from 

the inverter without any 

overloading. As soon as the entire analog signal is sampled and digitized by the A/D converter) 

computer performs calculations on the data according to the programmed algorithm and the 
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calculated spectral components are stored in the memory of the computer.If the spectral display 

is to be viewed on the oscilloscope, the digital values of spectral components stored in the 

computer memory are converted into analog by using D/A converters and then applied to the 

CRO. Thus the spectral display of the input waveform is obtained on the CRT screen. 

 

Advantages 

 

 

 The use of computer avoids most of the hardware circuitry such as electronic switches,   

  Filters and PLLs. The use of less hardware reduces the cost of the analyzer. 

 More mathematical calculations can be carried-out on the spectral display. 

 The rate of sampling analog signal can be modified in order to obtain better spectral display. 
 

 

Radio Receiver: 

A radio receiver is the opposite of a radio transmitter. It uses an antenna to capture radio waves, 

processes those waves to extract only those waves that are vibrating at the desired frequency, extracts 

the audio signals that were added to those waves, amplifies the audio signals, and finally plays them 

on a speaker. 

 Antenna: Captures the radio waves. Typically, the antenna is simply a length of wire. When 

this wire is exposed to radio waves, the waves induce a very small alternating current in the 

antenna. 
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 RF amplifier: A sensitive amplifier that amplifies the very weak radio frequency (RF) signal 

from the antenna so that the signal can be processed by the tuner. 

 Tuner: A circuit that can extract signals of a particular frequency from a mix of signals of 

different frequencies. On its own, the antenna captures radio waves of all frequencies and 

sends them to the RF amplifier, which dutifully amplifies them all. 

Unless you want to listen to every radio channel at the same time, you need a circuit that can 

pick out just the signals for the channel you want to hear. That’s the role of the tuner. 

The tuner usually employs the combination of an inductor (for example, a coil) and a 

capacitor to form a circuit that resonates at a particular frequency. This frequency, called 

the resonant frequency, is determined by the values chosen for the coil and the capacitor. This 

type of circuit tends to block any AC signals at a frequency above or below the resonant 

frequency. 

You can adjust the resonant frequency by varying the amount of inductance in the coil or the 

capacitance of the capacitor. In simple radio receiver circuits, the tuning is adjusted by 

varying the number of turns of wire in the coil. More sophisticated tuners use a variable 

capacitor (also called a tuning capacitor) to vary the frequency. 

 Detector: Responsible for separating the audio information from the carrier wave. For AM 

signals, this can be done with a diode that just rectifies the alternating current signal. What’s 

left after the diode has its way with the alternating current signal is a direct current signal that 

can be fed to an audio amplifier circuit. For FM signals, the detector circuit is a little more 

complicated. 
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Audio amplifier: This component’s job is to amplify the weak signal that comes from the 

detector so that it can be heard. This can be done using a simple transistor amplifier circuit. Of 

course, there are many variations on this basic radio receiver design. Many receivers include 

additional filtering and tuning circuits to better lock on to the intended frequency — or to produce 

better-quality audio output — and exclude other signals. Still, these basic elements are found in 

most receiver circuits. 

 

RADIO RECEIVER IMPORTANT PARAMETERS: 

Receiver Sensitivity 

Receiver sensitivity is a measure of the ability of a receiver to demodulate and get 

information from a weak signal. We quantify sensitivity as the lowest signal power level from 

which we can get useful information. In an Analog FM system the standard figure of merit for 

usable information is SINAD, a ratio of demodulated audio signal to noise. In digital systems 

receive signal quality is measured by calculating the ratio of bits received that are wrong to the 

total number of bits received. This is called Bit Error Rate (BER). Most Land Mobile radio 

systems use one of these figures of merit to quantify sensitivity. To measure sensitivity, we apply 

a desired signal and reduce the signal power until the quality threshold is met. 

 

SINAD 

SINAD is a term used for the Signal to Noise and Distortion ratio and is a type of audio 

signal to noise ratio. In an analog FM system, demodulated audio signal to noise ratio is an 

indication of RF signal quality. In order to measure the audio signal to noise ratio, typically test 

equipment measures total audio power (Signal plus Noise plus Distortion) and then notch filters 
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the audio signal tone (typically 1 kHz) and measures the audio power again (Noise plus 

Distortion) and takes the ratio in decibels. Land Mobile radio industry standards typically use 12 

dB SINAD for the measurement of reference sensitivity. 

BER 

Bit Error Rate is a measure of signal to noise ratio in a digital modulation system. In order 

to calculate the BER, a known repeating pattern must be transmitted to the radio. The receiver 

must demodulate the data and compare it to the known data pattern and determine the number of 

bits that are errors. The BER is then the ratio of bits in error to total bits received. The industry 

standard for Land Mobile radio is typically 5% BER for reference sensitivity. 

Calculate Receiver Sensitivity 

The sensitivity of a receiver can be calculated if one knows the following performance 

parameters: the noise figure (NF), the ENBW, and the carrier to noise ratio (C/N) required to 

achieve the desired quality signal. 

The sensitivity is as follows: 

Sensitivity=      10×log10(kTB)+NF+C⁄N 

This equation defines the signal power in dB·Watts that is present at the demodulator for a  

 

What is Noise Figure? 

The Noise figure is the amount of noise power added by the electronic circuitry in the receiver to 

the thermal noise power from the input of the receiver. The thermal noise at the input to the 

receiver passes through to the demodulator. This noise is present in the receive channel and 

cannot be removed. The noise figure of circuits in the receiver such as amplifiers and mixers, adds 

additional noise to the receive channel. This raises the noise floor at the demodulator. 
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What is Carrier to Noise Ratio (C/N)? 

In order to achieve the desired quality of demodulated signal, the signal power must be higher 

than the noise floor. The required ratio of signal power to noise floor is known for certain types of 

modulation. For an analog FM land mobile radio system using 25 kHz channels, the receiver must 

have approximately 4 dB more signal power than noise power. This represents a carrier to noise 

ratio 4 dB. 

 

What is Equivalent Noise Bandwidth? 

A filter’s equivalent noise bandwidth (ENBW) is defined as the bandwidth of a perfect 

rectangular filter that passes the same amount of power as the cumulative bandwidth of the 

channel selective filters in the receiver. 

 

 

 

Conclusion: 
   In this unit, the principles and structure approaches for the radio monitoring equipment 

described and are more conservative, to our mind, than the technological developments that will 

allow its application in further elaborations to come. Of course, we were not able to address all the 

current problems of radio monitoring, and various questions will certainly be raised in the mind of the 

interested reader. 
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Post Test MCQs: 
 

 1. Space wave propagates at which frequency band? 

a). VHF 

b) HF 

c) MF 

d) EHF 

2. Communication through LOS can be increased by decreasing the height of antenna. 

a) True 

b). False 

3. In which of the following mode of propagation the waves are guided along the surface of 

the earth? 

a). Ground wave 

b) Sky wave 

c) LOS 

d) Space wave 

4. What is the wavelength of Super high frequency (SHF) especially used in Radar & satellite 

communication? 

a. 1 m – 10 m 

b. 1 cm – 10 cm 

c. 10 cm – 1 m 

d. 0.1 cm – 1 cm 

5. Which among the following is an application of high frequency? 

a. SONAR 

b. Subsurface communication 

c. Radio navigation 

d.. Facsimile 
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UNIT – V  

TRANSDUCERS 

 

AIM: 

 

To make students familiar with the constructions and working principle of different types of 

sensors and transducers. 

  Pre-Requisites: 

 

        Basic Knowledge of Electrical and Electronics Engineering 

 

  Pre - MCQs: 

 

1. How many types of transducers are there? 

a). 2 

b) 4 

c) 6 

d) 8 

 

2. Electrical transducers generate ________ 

a) biological signals 

b) chemical signals 

c) physical signals 

d). electrical signals 

 

 

3. Electrical signals are easy to amplify. 

a) .True 

b) False 

 

4. The power needs of electrical transducers is ________ 

a) maximum 

b). minimum 

c) zero 

d) infinite 

 

 

5. Active transducers are classified into ____________ 

a) .4 types 

b) 2 types 

c) 6 types 

d) 8 types.  
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Introduction: 

A device which converts a physical quantity into the proportional electrical signal is called a 

transducer. The electrical signal produced may be a voltage, current or frequency. A transducer uses 

many effects to produce such conversion. The process of transforming signal from one form to other is 

called transduction. A transducer is also called pick up. The transduction element transforms the output 

of the sensor to an electrical output, as shown in the Fig. 

 

A transducer will have basically two main components. They are 

 

1. Sensing Element 

The physical quantity or its rate of change is sensed and responded to by this part of the transistor. 

 

2. Transduction Element 

The output of the sensing element is passed on to the transduction element. This element is responsible 

for converting the non-electrical signal into its proportional electrical signal. 

 

There may be cases when the transduction element performs the action of both transduction and sensing. 

The best example of such a transducer is a thermocouple. A thermocouple is used to generate a voltage 

corresponding to the heat that is generated at the junction of two dissimilar metals. 

 

Classification of Transducers 

 

The Classification of Transducers is done in many ways. Some of the criteria for the classification 

are based on their area of application, Method of energy conversion, Nature of output signal, According to 

Electrical principles involved, Electrical parameter used, principle of operation, & Typical applications. 

The transducers can be classified broadly 

i. On the basis of transduction form used 

ii. As primary and secondary transducers 

iii. As active and passive transducers 

iv. As transducers and inverse transducers. 

Broadly one such generalization is concerned with energy considerations wherein they are classified as 

active & Passive transducers. A component whose output energy is supplied entirely by its input signal 

(physical quantity under measurement) is commonly called a „passive transducer‟. In other words the 
passive transducers derive the power required for transduction from an auxiliary source. Active transducers 

are those which do not require an auxiliary power source to produce their output. They are 
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also known as self generating type since they produce their own voltage or current output. Some of the 

passive transducers ( electrical transducers), their electrical parameter (resistance, capacitance, etc), 

principle of operation and applications are listed below. 

Resistive Transducers 

1. Resistance Strain Gauge – The change in value of resistance of metal semi-conductor due to 

elongation or compression is known by the measurement of torque, displacement or force. 

2. Resistance Thermometer – The change in resistance of metal wire due to the change in 

temperature known by the measurement of temperature. 

3. Resistance Hygrometer – The change in the resistance of conductive strip due to the change of 

moisture content is known by the value of its corresponding humidity. 

4. Hot Wire Meter – The change in resistance of a heating element due to convection cooling of a 

flow of gas is known by its corresponding gas flow or pressure. 

5. Photoconductive Cell – The change in resistance of a cell due to a corresponding change in light 

flux is known by its corresponding light intensity. 

6. Thermistor – The change in resistance of a semi-conductor that has a negative co-efficient of 

resistance is known by its corresponding measure of temperature. 

7. Potentiometer Type – The change in resistance of a potentiometer reading due to the movement 

of the slider as a part of an external force applied is known by its corresponding pressure or 

displacement. 

Capacitance Transducers 

 

1. Variable capacitance pressure gage  

Principle of operation: Distance between two parallel plates is varied by an externally applied 

force Applications: Measurement of Displacement, pressure 

 

2. Capacitor microphone 

Principle of operation: Sound pressure varies the capacitance between a fixed plate and a 

movable diaphragm. Applications: Speech, music, noise 

 

3. Dielectric gauge 

Principle of operation: Variation in capacitance by changes in the dielectric. Applications: 

Liquid level, thickness 

Inductance Transducers 

1. Magnetic circuit transducer 

Principle of operation: Self inductance or mutual inductance of ac-excited coil is varied by 

changes in the magnetic circuit. Applications: Pressure, displacement 

2. Reluctance pickup 

Principle of operation: Reluctance of the magnetic circuit is varied by changing the position of 

the iron core of a coil. Applications: Pressure, displacement, vibration, position 

3. Differential transformer 

Principle of operation: The differential voltage of two secondary windings of a transformer is 

varied by positioning the magnetic core through an externally applied force. Applications: 

Pressure, force, displacement, position 
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4. Eddy current gage 

Principle of operation: Inductance of a coil is varied by the proximity of an eddy current plate. 

Applications: Displacement, thickness 

5. Magnetostriction gauge 

Principle of operation: Magnetic properties are varied by pressure and stress. Applications: Force, 

pressure, sound 

 

Voltage and current Transducers 

 

1. Hall effect pickup 

Principle of operation: A potential difference is generated across a semiconductor plate 

(germanium) when magnetic flux interacts with an applied current. Applications: Magnetic flux, 

current 

2. Ionization chamber 

Principle of operation: Electron flow induced by ionization of gas due to radioactive radiation. 

Applications: Particle counting, radiation 

3. Photoemissive cell 

Principle of operation: Electron emission due to incident radiation on photoemissive surface. 

Applications: Light and radiation 

4. Photomultiplier tube 

Principle of operation: Secondary electron emission due to incident radiation on 

photosensitive cathode. Applications: Light and radiation, photo-sensitive relays 

 

Self-Generating Transducers (No External Power) – Active Transducers 

 

They do not require an external power, and produce an analog voltage or current when stimulated by 

some physical form of energy. 

 

1. Thermocouple and thermopile 

Principle of operation: An emf is generated across the junction of two dissimilar metals or 

semiconductors when that junction is heated. Applications: Temperature, heat flow, radiation. 

2. Moving-coil generator 

Principle of operation: Motion of a coil in a magnetic field generates a voltage. Applications: 

Velocity. Vibration 

3. Piezoelectric pickup 

An emf is generated when an external force is applied to certain crystalline materials, such as 

quartz Sound, vibration. acceleration, pressure changes 

4. Photovoltaic cell 

Principle of operation: A voltage is generated in a semi-conductor junction device when radiant 

energy stimulates the cell Applications: Light meter, solar cell 
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Primary Transducers and Secondary Transducers- Bourden tube acting as a primary detecter senses the 

pressure and converts the pressure into a displacement of its free end.The displacement of the free end 

moves the core of a linear variable differential transformer(LVDT) which produces an output voltage. 

Analog Transducers-These transducers convert the input quantity into an analog output which is a 

continuous function of time. ◦ Strain Gauge ◦ LVDT ◦ Thermocouple ◦ Thermistor 

Digital Transducers-These transducers convert the input quantity into an electrical output which is in the 

form of pulses. ◦ Glass Scale can be read optically by means of a light source,an optical system and 
photocells 

Transducers and Inverse Transducers- -A Transducer can be broadly defined as a device which converts a 

non-electrical quantity into an electrical quantity. Ex:-Resistive,inductive and capacitive transducers -An 

inverse transducer is defined as a device which converts an electrical quantity into a non-electrical 

quantity. Ex:-Piezoelectric crystals 

 

 
Advantages of Electrical transducers 

Mostly quantities to be measured are non-electrical such as temperature, pressure, displacement, 

humidity, fluid flow, speed etc., but these quantities cannot be measured directly. Hence such quantities 

are required to be sensed and changed into some other form for easy measurement. Electrical quantities 

such as current, voltage, resistance, inductance and capacitance etc. can be conveniently measured, 

transferred and stored, and, therefore, for measurement of the non-electrical quantities these are to be 

converted into electrical quantities first and ten measured. The function of converting non-electrical 

quantity into electrical one is accomplished by a device called the electrical transducer. 

Basically an electrical transducer is a sensing device by which a physical, mechanical or optical quantity 

to be measured is transformed directly, with a suitable mechanism, into an electrical signal (current, 

voltage and frequency). The production of these signals is based upon electrical effects which may be 

resistive, inductive, capacitive etc. in nature. The input versus output energy relationship takes a definite 

reproducible function. The output to input and the output to time behavior is predictable to a known 

degree of accuracy, sensitivity and response, within the specified environmental conditions. Electrical 

transducers have numerous advantages. Modern digital computers have made use of electrical transducers 

absolutely essential. 

Electrical transducers suffer due to some draw-backs too, such as low reliability in comparison to that of 

mechanical transducers due to the ageing and drift of the active components and comparative high cost of 

electrical transducers and associated signal conditioners. In some cases the accuracy and resolution 

attainable are not as high as in mechanical transducers. 

Some of the advantages are: 

1. Electrical amplification and attenuation can be done easily and that to with a static device. 

2. The effect of friction is minimized. 

3. The electric or electronic system can be controlled with a very small electric power. 

4. The electric power can be easily used, transmitted and process for the purpose of measurement. 
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Factor to be considered while selecting transducer: 

 

It should have high input impedance and low output impedance, to avoid loading effect. 

It should have good resolution over is entire selected range. 

It must be highly sensitive to desired signal and insensitive to unwanted signal. 

Preferably small in size. 

It should be able to work n corrosive environment. 

It should be able to withstand pressure, shocks, vibrations etc.. 

It must have high degree of accuracy and repeatability. 

Selected transducer must be free from errors. 

The transducer circuit should have overload protection so that it will withstand overloads. 

 

 
Requirements of a good transducers 

 

• Smaller in size and weight. 

• High sensitivity. 

• Ability to withstand environmental conditions. 

• Low cost. 

 

 

RESISTIVE TRANSDUSERS 

 

Resistance of an electrical conductor is given by, 

 

R=ρl/A 

 

Where , 

 

R = Resistance in „Ω‟ 

 

Ρ = Resistivity of the conductor (Ω - cm) 

l = Length of the conductor in cm. 

A = Cross-sectional area of the metal conductor in cm2 

 

It is clear from the equation that, the electrical resistance can be varied by varying, 

(i) Length 

 

(ii) Cross-sectional area and 

 

(iii) Resistivity or combination of these. 
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Principle:- 

A change in resistance of a circuit due to the displacement of an object is the 

measure of displacement of that object ,method of changing the resistance and the resulting devices are 

summarized in the following 

 

Method of changing resistance- 

Length - Resistance can be changed varying the length of the conductor,(linear and rotary). 

 

Dimensions - When  a metal  conductor  is subjected  to mechanical strain,  change  in dimensions  of  

the conductor occurs, that changes the resistance of the conductor. 

 

Resistivity - 

When a metal conductor is subjected to a change in temperature and change in resistivity occurs which 

changes resistance of the conductor. 

 

Resulting device:- 

Resistance potentiometers or sliding contact devices displacements ,Electrical resistance strain 

gauges.Thermistor and RTD 

 

Use:- 

the   resistive   transducer used   for   the   measurement   of linear and angular, and used for the 

temperature mechanical strain measurement. 

How Potentiometer works 

A potentiometer is a resistive sensor used to measure linear displacements as well as rotary motion. In a 

potentiometer an electrically conductive wiper slides across a fixed resistive element. A voltage is applied 

across the resistive element. Thus a voltage divider circuit is formed. The output voltage(Vout) is 

measured as shown in the figure below. The output voltage is proportional to the distance travelled. 

 

There are two types of potentiometer, linear and rotary potentiometer. The linear potentiometer has a slide 

or wiper. The rotary potentiometer can be a single turn or multi turn. 
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The important parameters while selecting a potentiometer are 

•Operating temperature 

•Shock and vibration 

•Humidity 

•Contamination and seals 
•life cycle 

Types of Potentiometer: 

Wire‐Wound type potentiometer 

• The resistance range between 10Ω and 10M Ω 

• The resistance increase in a stepwise manner. 

• It is possible to construct potentiometers with 100 –200 turns per cm length (The resolution range 

between 0.1 to 0.05 mm). 

• Linear potentiometers are available in many lengths up to 1m. 

• Helical potentiometers are commercially available with 50 to 60 turns (The angular displacement is 

between 18000 – 21600 degree) 

• Potentiometer life exceed 1 million cycles. 

Thin film type potentiometer 

• Higher resolution. 

• Lower noise. 

• Longer life (exceed 10 million cycles) 

• Resistance of 50 to 100 Ω/mm can be obtained with conductive plastic film. 

• Commercially available resolution is 0.001 mm. 
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Some of the advantages of the potentiometer are 

•Easy to use 

•low cost 
•High amplitude output 
•Proven technology 

•Easily available 

 
Some of the disadvantages of the potentiometer are 

•Since the wiper is sliding across the resistive element there is a possibility of friction and wear. Hence 
the number of operating cycles are limited. 

•Limited bandwidth 

• Inertial loading 

Some of the applications of the potentiometer are 

•Linear displacement measurement 

•Rotary displacement measurement 

•Volume control 
•Brightness control 
•Liquid level measurements using float 
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Strain Gauge 

 

Strain gage is one of the most popular types of transducer. It has got a wide range of applications. It can 

be used for measurement of force, torque, pressure, acceleration and many other parameters. The basic 

principle of operation of a strain gage is simple: when strain is applied to a thin metallic wire, its 

dimension changes, thus changing the resistance of the wire. Let us first investigate what are the factors, 

responsible for the change in resistance. 

 
 

Fig:Change of Resistance with strain 
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Thus, the Gage Factor of metallic strain gages varies in the range 1.8 to 2.6. However, the 

semiconductor type strain gages have a very large Gage Factor, in the range of 100-150. This is 

attained due to dominant piezo-resistance property of semiconductors. The commercially available 

strain gages have certain fixed resistance values, such as, 120Ω, 350 Ω, 1000 Ω, etc. The 
manufacturer also specifies the Gage Factor and the maximum gage current to avoid self-heating 

(normally in the range 15 mA to 100 mA). 

The choice of material for a metallic strain gage should depend on several factors. The material 

should have low temperature coefficient of resistance. It should also have low coefficient for thermal 

expansion. Judging from all these factors, only few alloys qualify for a commercial metallic strain 

gage. They are: 

Advance (55% Cu, 45% Ni): Gage Factor between 2.0 to 2.2 

Nichrome (80% Ni, 20% Co): Gage Factor between 2.2 to 2.5 
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Apart from these two, Isoelastic -another trademarked alloy with Gage Factor around 3.5 is also in 

use. Semiconductor type strain gages, though having large Gage Factor, find limited use, because of 

their high sensitivity and nonlinear characteristics. 

 

 

Metallic Strain Gage 

Most of the strain gages are metallic type. They can be of two types: unbonded and bonded. The 

unbonded strain gage is normally used for measuring strain (or displacement) between a fixed and a 

moving structure by fixing four metallic wires in such a way, so that two are in compression and two 

are in tension, as shown in fig. 6 (a). On the other hand, in the bonded strain gage, the element is 

fixed on a backing material, which is permanently fixed over a structure, whose strain has to be 

measured, with adhesive. Most commonly used bonded strain gages are metal foil type. The 

construction of such a strain gage is shown in fig. 6(b). The metal foil type strain gage is 

manufactured by photo-etching technique. Here the thin strips of the foil are the active elements of 

the strain gage, while the thick ones are for providing electrical connections. Because of large area of 

the thick portion, their resistance is small and they do not contribute to any change in resistance due 

to strain, but increase the heat dissipation area. Also it is easier to connect the lead wires with the 

strain gage. The strain gage in fig. 6(b) can measure strain in one direction only. But if we want to 

measure the strain in two or more directions at the same point, strain gage rosette, which is 

manufactured by stacking multiple strain gages in different directions, is used. Fig. 7 shows a three- 
0 

element strain gage rosette stacked at 45 . 
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The backing material, over which the strain gage is fabricated and which is fixed with the strain 

measuring structure has to satisfy several important properties. Firstly, it should have high 

mechanical strength; it should also have high dielectric strength. But the most important it should 

have is that it should be non-hygroscopic, otherwise, absorption of moisture will cause bulging and 

generate local strain. The backing materials normally used are impregnated paper, fibre glass, etc. 

The bonding material used for fixing the strain gage permanently to the structure should also be non- 

hygroscopic. Epoxy and Cellulose are the bonding materials normally used. 

 

Semiconductor type Strain Gage 

 
Semiconductor type strain gage is made of a thin wire of silicon, typically 0.005 inch to 0.0005 inch, 

and length 0.05 inch to 0.5 inch. They can be of two types: p-type and n-type. In the former the 

resistance increases with positive strain, while, in the later the resistance decreases with temperature. 

The construction and the typical characteristics of a semiconductor strain gage are shown in fig.8. 

MEMS pressure sensors is now a days becoming increasingly popular for measurement of pressure. 

It is made of a small silicon diagram with four piezo-resistive strain gages mounted on it. It has an in- 

built signal conditioning circuits and delivers measurable output voltage corresponding to the 

pressure applied. Low weight and small size of the sensor make it suitable for measurement of 

pressure in specific applications. 

 

 

Thermistors: 

Basically thermistor is a contraction of a word 'thermal resistors', The resistors depending on 

temperature are thermal resistors. Thus resistance thermometers are also thermistors having positive -

temperature coefficients. But generally the resistors having negative temperature coefficients (NTC) are 

called thermistors. The resistance of a thermistor decreases as temperature increases. The NTC of 

thermistors can be as large as few percent per degree celcius change in temperature. Thus the 

thermistors are very sensitive and can detect very small changes in temperature too. 
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Construction of thermistor: 

Thermistors are composed of a sintered mixture of metallic oxides, such as manganese, nickel, 

cobalt, copper, iron, and uranium. Their resistances at ambient temperature may range from 100 n to 

100 ill. Thermistors are available in a wide variety of shapes and sizes as shown in the Fig. Smallest in 

size are the beads with a diameter of 0.15 mm to 1.25 mm. Beads may be sealed in the tips of solid 

glass rods to form probes. Disks and washers are made by pressing thermistor materia~ under high 

pressure into Hat cylindrical shapes. Washers can be placed in series or in parallel to increase power 

dissipation rating. 

 
 

Thermistors are well suited for precision temperature measurement, temperature control, and 

temperature compensation, because of their. very large change in resistance with temperature. They are 

widelyused for measurements in the temperature range -1000 C to +2000 C. The measurement of the 

change in resistance with temperature is carried out with a Wheatstone bridge. 

 

 

Inductive Transducer 

 

Inductive transducers work on the principle of inductance change due to any appreciable change in the 

quantity to be measured i.e. measured. For example, LVDT, a kind of inductive transducers, measures 

displacement in terms of voltage difference between its two secondary voltages. Secondary voltages are 

nothing but the result of induction due to the flux change in the secondary coil with the displacement of 

the iron bar. Anyway LVDT is discussed here briefly to explain the principle of inductive transducer. 

LVDT will be explained in other article in more detail. For the time being let‟s focus on basic 

introduction of inductive transducers. Now first our motive is to find how the inductive transducers 

can be made to work. This can be done by changing the flux with the help of measured and this changing 

flux obviously changes the inductance and this inductance change can be calibrated in terms of measured. 

Hence inductive transducers use one of the following principles for its working. 
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1. Change of self inductance 

2. Change of mutual inductance 

3. Production of eddy current 

 
Change of Self Inductance of Inductive Transducer 

 

 

We know very well that self inductance of a coil is given by Where, N = number of turns. R 

 

 

= reluctance of the magnetic circuit. Also we know that reluctance R is given by 

 

 

where μ = effective permeability of the medium in and around the coil. 
 

Where, G = A/l and called geometric form factor. A = area of cross-section of coil. l = 

length of the coil. So, we can vary self inductance by 

 

 Change in number of turns, N, 

 Changing geometric configuration, G, 

 Changing permeability 

For the sake of understanding we can say that if the displacement is to be measured by the inductive 

transducers, it should change any of the above parameter for causing in the change in self inductance. 

Change of Mutual Inductance of Inductive Transducer 

Here transducers, which work on change of mutual inductance principle, use multiple coils. We use here 

two coils for the sake of understanding. Both coils have their self inductance as well. So let‟s denote their 
self inductance by L1 and L2. Mutual inductance between these two coils is given by 

 
 

Thus mutual inductance can be changed by varying self inductance or by varying 

coefficient of coupling, K. The methods of changing self inductance we already discussed. Now 

coefficient of coupling depends on the distance and orientation between two coils. Thus for the 

measurement of displacement we can fix one coil and make other movable which moves with the source 

whose displacement is to be measured. With the change in distance in displacement coefficient of 

coupling changes and it causes the change in mutual inductance. This change in mutual inductance can be 

calibrated with the displacement and measurement can be done. 
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Production of Eddy Current of Inductive Transducer 

We know that when a conducting plate is placed near a coil carrying alternating current, a circulating 

current is induced in the plate called “EDDY CURRENT”. This principle is used in such type of 
inductive transducers. Actually what happens? When a coil is placed near to coil carrying alternating 

current, a circulating current is induced in it which in turn produces its own flux which try to reduce the 

flux of the coil carrying the current and hence inductance of the coil changes. Nearer the plate is to the 

coil, higher will be eddy current and higher is the reduction in inductance and vice versa. Thus inductance 

of coil varied with the variation of distance between coil and plate. Thus the movement of the plate can be 

calibrated in terms of inductance change to measure the quantity like displacement. 

Real Life Application of Inductive Transducer 

Inductive transducers find application in proximity sensors which are used for position measurement, 

dynamic motion measurement, touch pads etc. Particularly inductive transducer is used for the detection 

of type of metal, finding missing parts or counting the number of objects. 

Linear variable differential transformer (LVDT) 

 

When an externally applied force moves the core to the left-hand position, more magnetic flux links the 

left-hand coil than the righthand coil. The emf induced in the left-hand coil, ES], is therefore larger than 

the induced emf of the right-hand [oil, Es2' The magnitude of the output voltage is then equal to the 

difference between the two secondary voltages and it is in phase with the voltage of the left-hand 

coil. The term LVDT stands for the Linear Variable Differential Transformer. It is the most widely 

used inductive transducer that converts the linear motion into the electrical signal. 

The output across secondary of this transformer is the differential thus it is called so. It is very 

accurate inductive transducer as compared to other inductive transducers. 

Main Features of Construction 

 The transformer consists of a primary winding P and two secondary windings S1 and 

S2 wound on a cylindrical former (which is hollow in nature and contains the core). 

 Both the secondary windings have an equal number of turns, and we place them on either 

side of primary winding 

 The primary winding is connected to an AC source which produces a flux in the air gap and 

voltages are induced in secondary windings. 

 A movable soft iron core is placed inside the former and displacement to be measured is 

connected to the iron core. 

 

 

M&I

Dept. of ECE SCSVMV Page 115

https://www.electrical4u.com/inductive-transducers/
https://www.electrical4u.com/what-is-transformer-definition-working-principle-of-transformer/


 The iron core is generally of high permeability which helps in reducing harmonics and high 

sensitivity of LVDT. 

 The LVDT is placed inside a stainless steel housing because it will provide electrostatic and 

electromagnetic shielding. 

 The both the secondary windings are connected in such a way that resulted output is the 

difference between the voltages of two windings. 

 Principle of Operation and Working 

 

 As the primary is connected to an AC source so alternating current and voltages are 

produced in the secondary of the LVDT. The output in secondary S1 is e1 and in the 

secondary S2 is e2. So the differential output is, 

 
This equation explains the principle of Operation of LVDT. 

Now three cases arise according to the locations of core which explains the working of LVDT are 

discussed below as, 
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 CASE I When the core is at null position (for no displacement) 

When the core is at null position then the flux linking with both the secondary windings is 

equal so the induced emf is equal in both the windings. So for no displacement the value of 

output eout is zero as e1 and e2 both are equal. So it shows that no displacement took place. 

 CASE II When the core is moved to upward of null position (For displacement to the 

upward of reference point) 

In the this case the flux linking with secondary winding S1 is more as compared to flux 

linking with S2. Due to this e1 will be more as that of e2. Due to this output voltage eout is 

positive. 

 CASE III When the core is moved to downward of Null position (for displacement to the 

downward of the reference point). In this case magnitude of e2 will be more as that of e1. 

Due to this output eout will be negative and shows the output to downward of the reference 

point. 

Output VS Core Displacement A linear curve shows that output voltage varies linearly with 

displacement of core. 

Some important points about magnitude and sign of voltage induced in LVDT 

 The amount of change in voltage either negative or positive is proportional to the amount of 

movement of core and indicates amount of linear motion. 

 By noting the output voltage increasing or decreasing the direction of motion can be 

determined 

 The output voltage of an LVDT is linear function of core displacement . 
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Advantages of LVDT 

 High Range – The LVDTs have a very high range for measurement of displacement.they 

can used for measurement of displacements ranging from 1.25 mm to 250 mm 

 No Frictional Losses – As the core moves inside a hollow former so there is no loss of 

displacement input as frictional loss so it makes LVDT as very accurate device. 

 High Input and High Sensitivity – The output of LVDT is so high that it doesn’t need any 
amplification. The transducer posseses a high sensitivity which is typically about 40V/mm. 

 Low Hysteresis – LVDTs show a low hysteresis and hence repeatability is excellent under 

all conditions 

 Low Power Consumption – The power is about 1W which is very as compared to other 

transducers. 

 Direct Conversion to Electrical Signals – They convert the linear displacement to electrical 

voltage which are easy to process 

Disadvantages of LVDT 

 LVDT is sensitive to stray magnetic fields so it always requires a setup to protect them from 

stray magnetic fields. 

 LVDT gets affected by vibrations and temperature 
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 Both the secondary windings have equal number of turns and are identically placed on the either side 

of primary winding 

 The primary winding is connected to an AC source which produces a flux in the air gap and voltages 

are induced in secondary windings. 

 A movable soft iron core is placed inside the former and displacement to be measured is connected 

to the iron core. 

 The iron core is generally of high permeability which helps in reducing harmonics and high 

sensitivity of LVDT. 

 The LVDT is placed inside a stainless steel housing because it will provide electrostatic and 

electromagnetic shielding. 

 The both the secondary windings are connected in such a way that resulted output is the difference 

of the voltages of two windings. 

 

Principle of Operation and Working 

As the primary is connected to an AC source so alternating current and voltages are produced in the 

secondary of the LVDT. The output in secondary S1 is e1 and in the secondary S2 is e2. So the differential 

output is, eout = e1 - e2 This equation explains the principle of Operation of LVDT. 

Now three cases arise according to the 

locations of core which explains the working of LVDT are discussed below as, 

 
 CASE I When the core is at null position (for no displacement) When the core is at null position 

then the flux linking with both the secondary windings is equal so the induced emf is equal in both 

the windings. So for no displacement the value of output eout is zero as e1 and e2 both are equal. So it 

shows that no displacement took place. 

 CASE II When the core is moved to upward of null position (For displacement to the upward of 

reference point) In the this case the flux linking with secondary winding S1 is more as compared to 

flux linking with S2. Due to this e1 will be more as that of e2. Due to this output voltage eout is 

positive. 
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 CASE III When the core is moved to downward of Null position (for displacement to the downward 

of reference point) In this case magnitude of e2 will be more as that of e1. Due to this output eout will 

be negative and shows the output to downward of reference point. 

 

Output VS Core Displacement A linear curve shows that output voltage varies linearly with 

displacement of core. 

 

 

Some important points about magnitude and sign of voltage induced in LVDT 

 

 The amount of change in voltage either negative or positive is proportional to the amount of 

movement of core and indicates amount of linear motion. 

 By noting the output voltage increasing or decreasing the direction of motion can be determined 

 The output voltage of an LVDT is linear function of core displacement . 

 
Advantages of LVDT 

 High Range - The LVDTs have a very high range for measurement of displacement.they can used 

for measurement of displacements ranging from 1.25mm to 250mm 

 No Frictional Losses - As the core moves inside a hollow former so there is no loss of displacement 

input as frictional loss so it makes LVDT as very accurate device. 

 High Input and High Sensitivity - The output of LVDT is so high that it doesn‟t need any 

amplification.the transducer posseses a high sensitivity which is typically about 40V/mm. 

 Low Hysteresis - LVDTs show a low hysteresis and hence repeatability is excellent under all 

conditions 

 Low Power Consumption - The power is about 1W which is very as compared to other transducers. 

 Direct Conversion to Electrical Signals - They convert the linear displacement to electrical voltage 

which are easy to process 
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Disadvantages of LVDT 

 LVDT is sensitive to stray magnetic fields so they always require a setup to protect them from stray 

magnetic fields. 

 They are affected by vibrations and temperature. 

It is concluded that they are advantageous as compared than any other inductive transducers.  

Applications of LVDT 

1. They are used in applications where displacements ranging from fraction of mm to few cm are to be 

measured. The LVDT acting as a primary Transducer converts the displacement to electrical signal 

directly. 

2. They can also acts as the secondary transducers. E.g. the Bourbon tube which acts as a primary 

transducer and covert pressure into linear displacement.then LVDT coverts this displacement into 

electrical signal which after calibration gives the ideas of the pressure of fluid. 

Capacitive Transducers 

A capacitor consists of two conductors (plates) that are electrically isolated from one another by 

a nonconductor (dielectric). When the two conductors are at different potentials (voltages), the 

system is capable of storing an electric charge. The storage capability of a capacitor is measured 

in farads.The principle of operation of capacitive transducers is based upon the equation for 

capacitance of a parallel plate capacitor as shown in Fig. 

 

Where,  A = Overlapping area of plates; m2, 

d = Distance between two plates; m, 

 = Permittivity (dielectric constant); F/m. 

 

 

Fig. Parallel plate capacitor 
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The capacitance is measured with a bridge circuits. The output impedance Z of a capacitive 

transducer is: 

Z = 1/2πfC 

Where: Z = Impedance 

f = frequency, 50 Hz. 

C = capacitance 

In general, the output impedance of a capacitive transducer is high. This fact calls for a careful 

design of the output circuitry. The capacitive transducers work on the principle of change in 

capacitance of the capacitor. This change in capacitance could be caused by change in 

overlapping area A of the plates, change in the distance d between the plates and change in 

dielectric constant  . 

In most of the cases the above changes are caused by the physical variables, such as, 

displacement, force or pressure. Variation in capacitance is also there when the dielectric 

medium between the plates changes, as in the case of measurement of liquid or gas levels. 

Therefore, the capacitive transducers are commonly used for measurement of linear 

displacement, by employing the following effects as shown in Fig a and fig b. 

i) Change in capacitance due to change in overlapping area of plates. 

ii) Change in capacitance due to change in distance between the two plates. 

iii) Change in capacitance due to change in dielectric between the two plates 

Fig.a Variable capacitive transducer varies; (a) area of overlap, (b) distance between 

plates, (c) amount of dielectric between plates 

 

 

Fig.b Differential capacitive transducer varies capacitance ratio by changing: (a) area of 

overlap, (b) distance between plates, (c) dielectric between plates 
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As may be seen in Fig b, all of the differential devices have three wire connections rather than 

two: one wire for each of the end plates and one for the common plate. As the capacitance 

between one of the endplates and the common plate changes, the capacitance between the other 

end plate and the common plate also changes in the opposite direction. 

a) Transducers Using Change in Area of Plates 

Examining the equation for capacitance, it is found that the capacitance is directly proportional 

to the area, A of the plates. Thus, the capacitance changes linearly with change in area of plates. 

Hence this type of capacitive transducer is useful for measurement of moderate to large 

displacements say from 1 mm to several cm. The area changes linearly with displacement and 

also the capacitance. 

For a parallel plate capacitor, the capacitance is: 

Where,  l = length of overlapping part of plates; m, and 

w = width of overlapping part of plates; m. 

 

 

The sensitivity is constant and therefore there is linear relationship between capacitance and 

displacement. 

This type of a capacitive transducer is suitable for measurement of linear displacement ranging 

from 1 to 10 cm. The accuracy is as high as 0.005%. 

b) Transducers Using Change in Distance between Plates 

Fig. 17.2(b) shows the basic form of a capacitive transducer employing change in distance 

between the two plates to cause the change in capacitance. One plate is fixed and the 

displacement to be measured is applied to the other plate which is movable. Since, the 

capacitance, C, varies inversely as the distance d, between the plates the response of this 

transducer is not linear. Thus this transducer is useful only for measurement of extremely small 

displacements. 

 

 

Thus the sensitivity of this type of transducer is not constant but varies over the range of the 

transducer. The relationship between variations of capacitance with variation of distance between 

plates is hyperbolic and is only approximately linear over a small range of displacement. The 

linearity can be closely approximated by use of a piece of dielectric material like mica having a 

high dielectric constant, such as, a thin piece of mica. 
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c) Transducers Using Change in dielectric constant between Plates 

If the area (A) of and the distance (d) between the plates of a capacitor remain constant, 

capacitance will vary only as a function of the dielectric constant () of the substance filling the 

gap between the plates. If the space between the plates of a capacitor is filled with an insulator, 

the capacitance of the capacitor will change compared to the situation in which there is vacuum 

between the plates. The change in the capacitance is caused by a change in the electric field 

between the plates. 

The value of dielectric constant is initially set by design in the choice of dielectric material used to make 

the capacitor. Many factors will cause the  to change, and this change in will vary for different  

materials. The major factors that will cause a change in  are moisture, voltage, frequency, and 

temperature. The dielectric constant of a process material can change due to variations in temperature, 

moisture, humidity, material bulk density, and particle size etc. The  in the basic formula is  the effective 

dielectric constant of the total space between the electrodes. This space may consist of the dielectric 

material, air, and even moisture, if present. The figure shows that how in a capacitor the position of the 

dielectric is varied to vary the capacitance. Physical variables, such as, displacement, force or pressure 

can cause the movement of dielectric material in the capacitor plates, resulting in changes in the effective 

dielectric constant, which in turn will change the capacitance. 

 

 

Fig. Change in capacitance due to movement of dielectric between plates 

The major advantages of capacitive transducers are that they require extremely small forces to  

operate them and hence are very useful for use in small systems. They are extremely sensitive 

and require small power to operate them. Owing to their good frequency response they are very 

useful for dynamic studies. 

The disadvantages of capacitive transducers include their non-linear behaviour on account of 

edge effects and the effects of stray capacitances especially when the transducers have a low 

value of capacitance. Therefore guard rings must be used to eliminate this effect. The metallic 

parts of the capacitive transducers must be insulated from each other. In order to reduce the 

effects of stray capacitances, the frames must be earthed. 

Capacitive transducers can be used for measurement of both linear and angular displacements. 

The capacitive transducers are highly sensitive and can be used for measurement of extremely 
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small displacements down to the order of molecular dimensions, i.e., 0.1x10 -6 mm. On the other 

hand, they can be used for measurement of large displacements up to about 30 m as in aeroplane 

altimeters. The change in area method is used for measurement of displacements ranging from  

10 to 100 mm. Capacitive transducers can be used for the measurement of force and pressure. 

The force and pressure to be measured are first converted to displacement which causes a change 

of capacitance. Capacitive transducers can also be used directly as pressure transducers in all 

those cases where the dielectric constant of a medium changes with pressure. They can be used 

for measurement of humidity in gases and moisture content in soil / food products etc. 

 

 

Thermocouples 

Basically thermocouple consists of two different metals which are placed in contact with each other as 

 

 

 

 

 

 

 

 

 

 

 

shown in the diagram. 

 

First part is called the heater element because when the current will flow through this, a heat is produced 

and thus the temperature will increased at the junction. At this junction an emf is produced which is 

approximately proportional to the temperature difference of hot and cold junctions. 

 

The emf produced is a DC voltage which is directly proportional to root mean square value of electric 

current. A permanent magnet moving coil instrument is connected with the second part to read the current 

passing through the heater. One question must be arise in our mind that why we have used only a 

permanent magnet coil instrument? Answer to this question is very easy it is because PMMC instrument 

has greater accuracy and sensitivity towards the measurement of DC value. The thermocouple type 

instruments employ thermocouple in their construction. Thermocouple type instruments can be used for 

both ac and DC applications. Also thermocouple type of instruments has greater accuracy in measuring 

the current and voltages at very high frequency accurately. 

Now we will look how the temperature difference is mathematically related to generated emf at the 

junction in thermocouple type of instruments. Let us consider temperature of the heater element be Ta and 

the temperature of cold metal be Tb. Now it is found that the generated emf at the junction is related to 

temperature difference as: 
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Where a and b are constant whose values completely depends upon the type of metal we are using. The 

above equation represents parabolic function. The approximated value of a is from 40 to 50 micro volts or 

more per degree Celsius rise in temperature and value of constant b is very small and can be neglected if 

the air gap field of permanent magnet moving coil is uniform. Thus we can approximate the above 

temperature emf relation as e = a(Ta - Tb), here we have assume b = 0. The current flowing through the 

heater coil produces heat as I2R where I is the root mean square value of current, if we assume the 

temperature of cold junction is maintained at room temperature then the rise in the temperature of the hot 

junction will be equal to temperature rise at the junction. Hence we can write (Ta-Tb)is directly 

proportional to I2R or we can say (Ta - Tb) = kI2R. Now the deflection angle x in moving coil instrument 

is equal to; x = Ke or x = K[a(Ta - Tb)] hence we can write k.K.a.I2R = k1I2, where k1 is some constant. 

From the above equation we see that the instrument shows the square law response. 

Construction of Thermocouple Type Instrument 

Now let us look at the construction of Thermocouple type Instruments. Broadly speaking the 

thermocouple type of instruments consists of two major parts which are written below: (a) Thermo 

electric elements: The thermocouple type of instruments consists of thermo electric elements which can 

be of four types: 

 

1. Contact Type: It has a separate heater which is shown in the diagram. 

 

The action of thermocouple type instruments can be explained briefly as, 

 

o At the junction the electrical energy is being converted to thermal energy in the heater element. A 

portion of the heat is transferred to the hot junction while most of the heat energy is dissipated away. 

o The heat energy which is transferred to hot junction is again converted to electrical due to Seebeck 

effect. Only a portion of electrical energy is converted into mechanical energy which is used to 

produce a deflecting torque. The overall efficiency of the system is low thus the instrument 

consumes high power. So there is a requirement of highly accurate and sensitive DC instrument. 

M&I

Dept. of ECE SCSVMV Page 126

http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/thermocouple-type-instruments-construction-principle-of-operation/
http://www.electrical4u.com/seebeck-effect-and-seebeck-coefficient/
http://www.electrical4u.com/seebeck-effect-and-seebeck-coefficient/


2. Non Contact Type: In non contact type there is insulation between the heating element and the 

thermocouple i.e. there no direct contact between two. Due to this these instruments are not much 

sensitive as compared contact type. 

3. Vacuum Thermo-elements: These types of instruments are mostly employed for the measurement 

of electric current at very high frequency of the order of 100 Mega hertz or more as these 

instruments retain their accuracy even at such high frequency. 

4. Bridge Type: These bridges are manufactured on the ac ratings usually from 100 mili amperes to 1 

amperes. In this two thermocouple are connected to form a bridge which is shown in the figure given 
 

below: 

5. There is no requirement of heating element, the electric current which directly passing through the 

thermocouple raises the temperature which is directly proportional to the I2R losses. The bridge 

works on balanced condition at which there will be no current in the arm ab. The connected meter 

will show the potential difference between the junctions a and b. 

 

Advantages of Thermocouple Type Instruments 

 

 

Following are advantages of Thermocouple type of instruments, 

 
1. The thermocouple type of instruments accurately indicates the root mean square value of current and 

voltages irrespective of the waveform. There is a wide varieties of range of thermocouple 

instruments are available in the market. 

2. Thermocouple type of instruments give very accurate reading even at high frequency, thus these 

types of instruments are completely free from frequency errors. 

3. The measurement of quantity under these instruments is not affected by stray magnetic fields. 

4. These instruments are known for their high sensitivity. 

5. Usually for measuring the low value of current bridge type of arrangement is used i.e. ranging from 

0.5 Amperes to 20 Amperes while for measuring the higher value of current heater element is 

required to retain accuracy. 
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Disadvantages of Thermocouple Type Instruments 

Instead of many advantages these type of instruments posses one disadvantage, The over load capacity of 

thermocouple type of instrument is small, even fuse is not able to the heater wire because heater wire may 

burn out before the fuse blows out. 

Synchro Position Transducer Working Principle 

We know that Syncro is an inductive device which works on the principle of rotating transformer. Here 

the term rotating transformer means the primary to secondary coupling can be changed by physically 

changing the relative orientation of the winding. So based on this working principle of syncro we can use 

it as position transducer. 

Construction Of Position Transducer: 

 

Position transducer is one of the basic application of the Synchro. It uses dumb-bell shaped rotor. Single 

phase ac supply is given to the rotor of the Synchro. This rotor is mechanically coupled with the shaft of 

rotating element whose angular position is to be determined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Position Transducer Working Principle: 

 

We know that the stator of the synchro has three windings. These three winding of the stator are 

connected in star connection. Remaining ends of each winding are taken out to connect them with 

the voltmeter as shown in the figure. When the angle of the rotor changes the output voltage i.e. the stator 

voltages of each winding is given by, 

E1 = Eom cosθ sin wt = instantaneous voltage for stator windings S1. 
 

E1 = Eom cos(θ+120) sin wt = instantaneous voltage for stator windings S2. 
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E1 = Eom cos(θ+240) sin wt = instantaneous voltage for stator windings S3. 
Where 

 θ= angular position of the rotor 

 Eom = peak value of voltage of each winding 

 w= 2πf 

 f= frequency of the rotor 

 t = time in seconds. 

 

All instantaneous voltages are sinusoidal in nature. But they give different values of voltages at different 

position of rotor. 

 

Thus using these three values of stator voltages we can easily measure the position of the rotor. Hence 

Synchro can be used as a position transducer. 

Applications Of Position Transducer: 

 

1) For measuring the angle of the rotating machine like antenna platform. 

2) Position transducer can be used as ratary position sensor for aircraft control surfaces 

 

 

Piezoelectric transducer: 
 

A piezoelectric quartz crystal is hexagonal prism shaped crystal, which has pyramids Jt both ends. This is 

shown in the Fig. (a). The marking of co-ordinate axes are fixed for such crystals. The axis passing 

through the end points of pyramids is called optic axis or z axis. The axis passing through corners is 

called electrical axis or x axis while the aXIs passing through midpoints of opposite sides is called 

mechanical axis or y axis. The axes are shown in the 
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Photovoltaic cell: 

Fig shows structure of photovoltaic cell. It shows that cell is actually a PN-junction diode with 

appropriately doped semiconductors. When photons strike on the thin p-doped upper layer, they are 

absorbed by the electrons in the n-layer; which causes formation of conduction electrons and holes. These 

conduction electrons and holes are separated by depletion region potential of the pn junction. When il 

load is connected across the cell, the depletion region potential causes the photocurrent to flow through 

the load N 

 

 

 

Phototransistor: 

The photo transistor has a light sensitive collector to base junction. A lens is used in a transistor package 

to expose base to an incident light. When no light is incident, a small leakage current flows from 

collector to emitter called IeEO, due to small thermal generation. This is very small current, of the order 

of nA. This is called a dark current. When the base is exposed to the light, the base current is produced 

which is proportional to the light intensity. Such photoinduced base current is denoted as I)...The resulting 

collector current is given by, The structure of a phototransistor is shown in the Fig. (a) while the symbol  

is shown in the Fig. 
 

 

To generate more base current proportional to the light, larger physical area of the base is exposed to the 

light. The fig .shows the graph of base current against· the radiation flux density measured in mW/ cm2. 

The Fig. (b) shows the collector characteristics of a phototransistor. As light intensity increases, the 

base current increases exponentially. Similarly the collector current also increases corresponding to the 

increase in the light intensity. A phototransistor can be either a two lead or a three lead device. In a 

three lead device, the base lead is brought out so that it can be used as a conventional BJT with or without 

the light sensitivity feature. In a two lead device, the base is not electrically available and the device use is 
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totally light dependent. The use of phototransistor as a two lead device is shown in the Fig. (a) while the 

Fig. (b) shows the typical collector characteristic curves. 

 
 

Each curve on the characteristic graph is related to specific light intensity. The collector current level 

increases corresponding to increase in the light intensity. In most of the applications the phototransistor is 

used as a two lead device. The phototransistor is not sensitive to all the light but sensitive to light within a 

certain range. The graph of response against wavelength is called spectral response. A typical spectral 

response is shown in the Fig. 

DIGITAL TRANSDUCERS 
Encoders are used to translate rotary or linear motion into a digital signal. Usually this is for the 

purpose of monitoring or controlling motion parameters such as speed, rate, direction, distance or 

position.The Optical Encoders typically consist of a rotating and a stationary electronic circuit. The 

rotor is usually a metal, glass, or a plastic disc mounted on the encoder shaft. The disc has some 

kind of optical pattern, which is electronically decoded to generate position information. 

The rotor disc in absolute optical encoder uses opaque and transparent segments arranged in a gray-

code pattern. The stator has corresponding pairs of LEDs and photo-transistors arranged so that the 

LED light shines through the transparent sections of the rotor disc and received by photo-transistors 

on the other side. After the electronic signals are amplified and converted, they are then available 

for the evaluation of the position 
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What does the word encoder mean? The encoder is an electromechanical device that can measure 

displacement. Encoders are normally digital displacement transducers, consisting of a mechanical 

element and a sensing head, typically of optical type. The mechanical element can be a disc (for 

rotary type encoders) or a ruler (for linear type encoders) with deposited or carved patterns. The 

sensing head includes a light source (LED) and a light sensor (photo detector) to read the generated 

code (the encoder output). 

How can the disc angle rotation be measured? 

With this encoder, the displacement is obtained by counting the number of times that transitions 

occur between logical values “0” and “1”. This allows the transformation of physical quantities by 
converting the angular displacement variations into electrical type signal output that is translated 

into logical values by suitable electronics. The counting of the number of transitions that occur in 

the (reflective / opaque and non-reflective / transparent) disc sectors is related to the concept of 

resolution. The resolution may be defined as the smallest change in a quantity under measurement 

that causes a noticeable change in the corresponding outcome. In this case, the resolution of the 

disc corresponds to its minimum angular variation that causes a transition at the logical output 

level. As there are nine 0 to 1 transitions in a complete rotation of the disk. 

 

What different types of encoders exist? 

The most widely used classification refers to the type of movement (linear or rotary). In both cases 

they can be incremental, semi-absolute or absolute. Incremental information is obtained by simply 

counting the pulses. Therefore, it depends on the previous state and the value of the transition. Its 

biggest drawback consists in the need for defining a starting position reference: this information is 

lost whenever the system is powered down or is turned off. In contrast, in absolute encoders (of 

angular or linear type) each position is properly referenced with a unique code,  Above Figure, 

corresponding to a unique pattern of bits in the various tracks. So, the position is always known and 

it is not necessary to define a reference if the system is powered down or is turned off.  The semi-

absolute encoders are typically rotary and are used when it is necessary to measure displacements 

that exceed the measuring range of the absolute encoder. In this case it is necessary to use an 

additional procedure to count the number of disc turns during the measurement. 
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Conclusion: 
  In this chapter, All the transducers are very useful in all the application such as microphone, 

speaker etc. Development occurs very fast and these technical equipment parameters, which today seem state-of-

the-art, after several years will be standard for this field. 
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Post Test MCQs: 
 

1. How do passive transducers develop electrical signals? 

a) using a transformer 

b) using internal source 

c). using external source 

d) using a diode 

 

2. Capacitive transduction involves ___________ 

a) change in resistance 

b) change in inductance 

c) .change in resistance 

d) change in capacitance 

 

3.  In electromagnetic based transduction measurand is ___________ 

a) converted into mechanical force 

b) .converted into electromotive force 

c) converted into chemical force 

d) converted into physical force 

 

4. Inductive transduction involves ___________ 

a). change in self inductance 

b) change in capacitance 

c) change in mutual inductance 

d) change in resistance 
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5. Photovoltaic transduction involves ___________ 

a) voltage generation heat 

b) voltage generation through sound 

c) .voltage generation through light 

d) voltage generation current 

 

6. Analog transducers convert input into ___________ 

a) voltage 

b) current 

c) digital 

d). analog 

 

7. Inverse transducer converts electrical into a physical quantity. 

a) .True 

b) False 

 

8. Digital transducers produce analog output. 

a) True 

b) .False 
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