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Preface 

This Book Electrical and Electronic Measurements is intended to be a 

textbook for students of Diploma of MSBTE. In most sciences, one generation 

years down what another has built and what one has established another 

undoes. In Electrical and Electronic Measurements, each generation adds a 

new story to the old structure. Keeping this in mind, this book is written to have 

a better introduction of the Electrical and Electronic Measurements. This book 

is presented with simple but exact explanation of subject matter, application of 

each topic to real life, engineering problems, large number of illustrative 

examples followed by well graded exercise. We have tried to be rigorous and 

precise in presenting the concepts in very simple manner. We hope that the 

students will not only learn some powerful concepts, but also will develop their 

ability to understand the concept and apply it properly to solve engineering 

problems. We feel that faculty member will also enjoy reading this book which is 

enriched with application of each topic.  
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SYLLABUS 
 

The following topics are to be taught and assessed in order to develop the sample UOs given below for 

achieving the COs to attain the identified competency. More UOs could be added. 

Unit 
Unit Outcomes (UOs) 

(in cognitive domain) 

Topics and  

Sub-topics 

Unit – I 

Fundamentals of 
measurements 

1a.  Describe the significance of 
the given measuring 
instrument. 

1b. Classify the given measuring 
instruments. 

1c.  Determine static and dynamic 
characteristics of the 
measuring instruments with 
the given data. 

1d. Explain the procedure for 
calibration of given device. 

1.1 Measurement: Significance, units, 
fundamental quantities and 
standards. 

1.2  Instruments : 

 (a)  absolute and secondary 
instruments. 

 (b)  analog and digital 
instruments. 

 (c)  mechanical, electrical and 
electronic 
instruments. 

1.3 Static and dynamic characteristics, 
types of errors. 

1.4  Calibration : need and procedure. 

Unit – II   

Measurement of 
voltage and 

current. 

2a. Explain with sketches the 
construction and working 
principle of the specified 
Instrument. 

2b. Convert the PMMC instrument 
into DC ammeter for the given 
range. 

2c. Convert the PMMC instrument 
into DC voltmeter for the 
given range. 

2d.  Explain with sketches the 
working of given type of 
voltmeter. 

2.1 Analog meters: Permanent magnet 
moving coil (PMMC) and 
Permanent magnet moving iron 
(PMMI) meter, their construction, 
working, salient features. 

2.2 DC Ammeter: Basic, Multi range, 
Universal shunt. 

2.3 DC Voltmeter: Basic, Multi range, 
simple numerical based on Rs, 
concept of loading effect and 
sensitivity. 

2.4 AC voltmeter: Rectifier type (half 
wave and full wave). 

2.5  Ohm meter: Series and shunt. 

2.6 Clamp-on meter.   

Unit – III   

Measurement of 
Electric Power  

3a.  Describe with sketches the 
construction of the given 
Wattmeter. 

3b. Determine multiplying factor 

3.1 Dynamometer type wattmeter: 
Construction and working. 

3.2  Range: Multiplying factor and 
extension of range. 



 

for the given meter.  

3c. Connect wattmeter for power 
measurement of the given 
circuit. 

3d.  Determine the electrical power 
and power factor of the given 
circuit. 

3e. Describe the selection 
procedure of the meters for 
measuring the given 
parameter. 

3.3 Errors and compensations. 

3.4 Active and reactive power 
measurement : One, two and three 
wattmeter method. 

3.5 Effect of Power factor on 
wattmeter reading in two wattmeter 
method. 

3.6 Maximum Demand indicator. 

3.7 Four quadrant meter. 

3.8  Phase sequence. 

 

Unit-IV 

Measurement of 
Electric energy 

 4a. Describe with sketches the 
construction of  the given 
energy meter. 

4b.  Describe with sketches the 
connection of the given single 
phase energy meter for 
electrical energy measurement. 

4c.  Determine the errors in the 
given energy meter. 

4d.  Select energy meter for the 
given application with 
justification. 

4e. Calibrate the given type of 
meter. 

4.1 Single and three phase electronic 
energy meter: Constructional 
features and working principle. 

4.2  Errors and their compensations. 

4.3 Calibration of single phase 
electronic energy meter using 
direct loading. 

 

Unit –V  

Measuring 
Instruments 

5a. Choose the method for 
measurement of resistances for 
given application with 
justification. 

5b. Describe with sketches the 
specified blocks and working 
of the given type of 
oscilloscope. 

5c.  Describe with sketches the 
procedure to measure the 
given parameter using the 
CRO. 

5d.  Describe with sketches the 
various blocks and working of 
the given type of 
signal/function generator. 

5.1  Measurement of resistance : Low, 
Medium and High; Megger and 
earth tester; Multimeter and L-C-R 
meter. 

5.2 Frequency meter. 

5.3 Phase sequence and Phase sequence 
indicator. 

5.4 Synchroscope and Infrared meter. 

5.5 Single beam/single trace CRO, 
Digital storage Oscilloscope: Basic 
block diagram, working, Cathode 
ray tube, electrostatic deflection, 
vertical amplifier, time base 
generator, horizontal amplifier, 
measurement of voltage / 
amplitude / time period / frequency 
/ phase angle delay line, 



 

specifications. 

5.6 Signal generator: need, working 
and basic block diagram. 

5.7  Function generator: need, working 
and basic block diagram, function 
of symmetry. 

5.8  Tri-vector meter. 

Suggested Specification Table for Question Paper Design 

Unit 
No. 

Unit Title 
Teaching 

Hours 

Distribution of Theory Marks 

R 

Level 

U 

Level 

A 

Level 

Total 
Marks 

I 
Fundamentals of 
measurements 

08 02 04 04 10 

II 
Measurement of voltage 
and current.  

10 02 04 06 12 

III 
Measurement of Electric 
Power  

10 01 04 06 11 

IV 
Measurement of Electric 
Energy 

14 01 04 06 11 

V Measuring Instruments 22 04 10 12 26 

Total 64 10 26 34 70 

 

Legends : 

R = Remember, U = Understand, A = Apply and above (Bloom’s Revised taxonomy) 

Note : This specification table provides general guidelines to assist student for their learning and to 

teachers to teach and assess with respect to attainment of UOs. The actual distribution of marks at 

different taxonomy levels (of R, U and A) in the question paper may vary from above table. 
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Text Books : 

Sr. No. Title of Book Author Publication 

1 A Text Book of Electrical 

Technology Vol-I (Basic 

Electrical Engg.) 

Theraja B. L., Theraja A. K. S. Chand and Co. New Delhi, 2014, 

ISBN: 9788121924405 

2 Basic Electrical Engg. Mittle V. N. Tata McGraw-Hill New Delhi, 2005, 

ISBN : 978-0-07-0088572-5, 

3 Electrical Technology Edward Hughes Pearson Education, New Delhi, 2003, 

ISBN – 13: 978-0582405196 
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Instrumentation 
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Measurements and Instru-

mentation. 
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Software/Learning Websites : 

a.  www.youtube.com 
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e.  www.howstuffworks.coms 

f.  www.electrical4u.com 
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1.1 Measurement   

1.2 Standards 

1.3 Instruments  

 1.3.1 Absolute Instruments  

 1.3.2  Secondary Instruments  

 1.3.3 Indicating Instrument  

 1.3.4 Recording Instruments  

 1.3.5 Integrating Instruments  

 1.3.6 Electromechanically Indicating Instruments  

1.4 Static and Dynamic Characteristics of Measurement  

1.5  Analogue Instruments  

1.6 Digital Instruments  

 1.6.1 Comparison between Analog and Digital Instruments  

1.7 Type of Error  

 1.7.1  Gross Errors  

 1.7.2  Systematic Errors  

 1.7.3 Random Errors  

1.8  Calibration  

 1.8.1 Need of Calibration  

 1.8.2 Procedure of Calibration  

1.9  Purposes of Calibration of Measuring Instruments  

  

2.1  Analog Meter  

 2.1.1 Permanent Magnet Moving Coil Instruments (PMMC)  

 2.1.2 Permanent Magnet Moving Iron Instruments (PMMI)  

2.2  Extension of Ammeter and Voltmeter by using Shunt and Multiplier  

 2.2.1  DC Ammeter  

 2.2.2 DC Voltmeter  
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2.3  AC Voltmeter (Half Wave & Full Wave Rectifier)  

 2.3.1  Half Wave Rectifier Circuits of Rectifier Type Instruments  

 2.3.2  Full Wave Rectifier Circuits of Rectifier Type Instruments  

2.4  Ohm Meter  

 2.4.1  Series Type Ohmmeter  

 2.4.2  Shunt Type Ohmmeter  

2.5  Clamp on Meter  

 

3.1  Dynamometer type Wattmeter  

 3.1.1 Construction 

 3.1.2 Working Principle 

3.2 Range: Multiplying Factor and Extension of Range  

 3.2.1 Multiplying Factor  

 3.2.2 Extension of Range  

3.3 Error in Wattmeter and Their Compensation  

3.4  Active and Reactive Power Measurement  

 3.4.1 One Wattmeter Method 

 3.4.2 Two Wattmeter Method  

 3.4.3 Three Wattmeter Method  

 3.4.4 Reactive Power Measurement using One Wattmeter Method  

 3.5.5 Reactive Power Measurement using Two Wattmeter Method  

3.5 Effect of Power Factor on Wattmeter Readings in two Wattmeter Method  

3.6 Maximum Demand Indicator (MDI)  

3.7 Four Quadrant Meter  

3.8 Phase Sequence  

 

4.1  Single Phase Electronic Energy Meter  

 4.1.1 Construction and Working  

 4.1.2 Salient Features / Merits of Electronic Energy Meter  

 4.1.3 Three Phase Electronic Energy Meter  

 4.1.4 Salient Features (merits) of Three Phase Electronic Energy Meter  
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4.2  Errors and their Compensation in Energy Meter  

 4.2.1 Errors Occur in Electronic Energy Meter  

4.3  Calibration of Single Phase Electronic Energy Meter using Direct Loading  

 

5.1   Measurement of Resistance: Low, Medium and High  

 5.1.1 Classification of Electrical Resistance  

 5.1.2  Megger  

5.3  Phase Sequence  

5.4  Synchroscope and Infrared Meter  

 5.4.1  Synchroscope  

 5.4.2  Infrared Meter  

5.5  Single Beam/ Single Trace CRO  

 5.5.1 Digital Storage Oscilloscope  

 5.5.2 Cathode Ray Tube (CRT)  

 5.5.3 Terms Related to CRT  

 5.5.4 Measurement of Electrical Quantities using CRO  

5.6  Signal Generator  

5.7  Function Generator  

5.8  Tri Vector Meter  

   

 

 
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 Unit  1 

 

Syllabus : 

1.1 Measurement: Significance, units, fundamental quantities and standards. 

1.2  Instruments : 

 (a) Absolute and secondary instruments. 

 (b) Analog and digital instruments. 

 (c)   Mechanical, electrical and electronic instruments. 

1.3 Static and dynamic characteristics, types of errors. 

1.4  Calibration : need and procedure.  
 

  

 Q. 1 What is measurement? 

 Q. 2 Define the term measurement? 

 Q. 3 What is Purpose of measurement? 

 Measurement is a process by which one can convert physical parameter to meaningful 

numbers. Measurement is the activity of obtaining and comparing physical quantities of real-

world objects and events.  

 There are two major function of all branches of engineering design of equipment, 

process, proper operation and maintenance of equipment and process, both this function are 

required for measurement. 

 The device used for comparing the unknown quantity with the unit of measurement or 

standard quantity is called as measuring instruments. 

 Q. 1  State the concept of standard? 

 Q. 2 Explain different type of standard? 
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 A standards of measurement is a physical representation of unit of measurement. 

 It is used to identify the value of other physical quantity by comparing with them. 

  There are different type of standards on the basis of their application and function. 

1. International standards :  

It represents the certain unit of measurement by available. These standards are 
periodically evaluated and checked by absolute measurement in terms of fundamental 
units.  

2. Primary Standards :  

These standards are maintain by national laboratory. It has high accuracy and mainly 
used for calibration and verification. 

3. Secondary Standards :  

It is a basic reference standards which is used in industrial measurements. The standards 
available in the area are maintain as their calibration is checked by that particular 
industrial laboratory. 

4. Working Standards :  

 It is used to check accuracy, performance and calibration of laboratory instruments.  

 Q. 1  How the instrument are classified? 

 Q. 2 State desirable qualities of measuring instruments? 

 Q. 3 Explain absolute and secondary instruments? 

 Q. 4 Explain different type of secondary instrument? 

 An instrument is a device in which it is used to determine the magnitude or value of the 
quantity to be measured.  

 The measuring quantity can be voltage, current, power and energy etc. Generally 
instruments are classified in to two categories 

 

 Following are the desired qualities of measuring instruments: 

1. Accuracy :  

Ability of system to respond to true value of measured variable under reference 
condition. 

2. Sensitivity :  

The ratio of change in output to the change in input. 
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3. Precision :  

It is a measure of repeatability of measurements. 

4. Reproducibility :  

It is the closeness among the number of repeated measurement of output for same value 
of input.  

5. Drift :  

It is an undesired change in the output input relationship over a period of time. 

6. Resolution :  

Least incremental value at input or output that can be detected by device. 

7. Dead zone :  

It is maximum value of quantity under measurement to which the instrument does not 
respond. 

8. Error :  

It is deviation of true value from the desired value. 

 An absolute instrument determines the magnitude of the quantity to be measured in 
terms of the physical constant of instruments.  

 This instrument is really used, because each time the value of the measuring quantities 
varies. So we have to calculate the magnitude of the measuring quantity, analytically 
which is time consuming. These types of instruments are suitable for laboratory use. 

 Example : Tangent galvanometer, current balance meter 

 This instrument determines the value of the quantity to be measured directly.  

 Generally these instruments are calibrated by comparing with another standard 
secondary instrument which has already calibrated with another absolute instruments. 

 

 This instrument uses a dial and pointer to determine the value of measuring quantity. 
The pointer indication gives the magnitude of measuring quantity. 

 It is a instrument which indicate the magnitude of an electrical quantity at the time when 
it is being measured. The indication are given by a pointer moving over a graduated dial. 

Example : Ammeter, Voltmeter, Wattmeter  
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