
 

 

SEMESTER 2  

MEASUREMENTS AND INSTRUMENTATION 

(ELECTRICAL AND ELECTRONICS ENGINEERING) 

Course Code MAI205 CIE Marks 40 

Teaching Hours/Week 

(L: T:P: R) 
3-1-0-0 ESE Marks 60 

Credits 4 Exam Hours 2 Hrs. 30 Min. 

Prerequisites (if any) Nil Course Type PC -Theory 

Course Objectives: 

1. To introduce the concepts of electrical measurement systems and instrumentation. 

2. To discuss the principles of operation and construction of basic instruments for measuring circuit 

parameters, magnetic quantities, and passive parameters using bridge circuits, sensors, and 

transducers. 

3. To introduce modern digital instrumentation systems. 

SYLLABUS 

Module 

No. 

Syllabus Description Contact 

Hours 

1 Functional Elements of Measurements Systems- Block 

Schematic and brief operation of building blocks Standards of 

Measurements- Static characteristics (accuracy, precision, 

linearity, resolution), Need for calibration, Types of errors 

Instruments- Classification; Operating Forces and Torques: 

deflecting, controlling and damping torques- Gravity and spring 

control; air, fluid friction and eddy current damping. 

Measurement of Voltage and Current- Moving Coil and Moving 

Iron types., Range Extension – shunts and multipliers (Include 

simple problems of range extension) 

 

 

11 



 

 

2 Magnetic Measurement- Flux Meter, Determination of BH 

Curve - hysteresis Loop (Method of Reversal). Measurement of 

Resistance, Wheatstone’s Bridge, Kelvin’s Double Bridge 

(Simple Problems), Loss of Charge Method, Measurement of 

Earth Resistance. 

Measurement of Inductance- Maxwell's Inductance Bridge, 

Measurement of Capacitance - Schering's Bridge, Measurement 

of Frequency- Wien Bridge (Include Simple Problems) 

Q-meter, LCR Meters (Description only) 

 

 

11 

3 Measurement of Power and Energy: Measurement of Power 

using Dynamometer type wattmeter, Three phase Power 

Measurement using Two Wattmeter Method (Include Phasor 

Diagrams and Expressions, Include simple problems of two 

wattmeter method) 

Measurement of Energy Using Induction type Energy Meter, 

Two Element Energy Meter 

Instrument Transformers-CT and PT- Principle of Operation- 

Range Extension 

Basic Principles of Electronic Multimeter, Digital Voltmeter 

Digital Energy Meter, TOD Meter, Smart Metering, 

Bidirectional Meters 

(Description Only) 

11 

4 Block Schematic of electronic instrumentation system – role of 

sensors and transducers Classification of Temperature 

transducers- Principle of operation of Thermistors and RTD 

Classification of flow transducers- Principle of operation of 

Electromagnetic and ultrasonic types Strain gauge: Basic 

working principle, types and applications; Measurement of 

angular speed and luminous intensity Principles of Digital Data 

Acquisition systems - Role of Signal conditioning systems 

 

 

11 



 

 

(Basic Principles only)- Phasor Measurement Unit (Block 

Schematic and Description Only) CRO, DSO and Harmonic 

Analysers: Block Diagram, Basic Principles and applications 

only Virtual Instrumentation Systems: Block schematic and 

Description only IOT and Data analytics for Industrial Process- 

Case study on Smart Grid 

 

 

Course Assessment Method 

(CIE: 40 marks, ESE: 60 marks) 

Continuous Internal Evaluation Marks (CIE): 

Attendance 
Assignment/ 

Microproject 

Internal 

Examination-1 

(Written) 

Internal 

Examination- 2 

(Written) 

Total 

5 15 10 10 40 

 

End Semester Examination Marks (ESE)  

In Part A, all questions need to be answered and in Part B, each student can choose any one 

full question out of two questions 

Part A Part B Total 

• 2 Questions from 

each module. 

• Total of 8 

Questions, each 

carrying 3 marks 

 

(8x3 =24marks 

• Each question carries 9 marks. 

• Two questions will be given 

from each module, out of which 

1 question should be answered. 

• Each question can have a 

maximum of 3 sub divisions. 

(4x9 = 36 marks) 

60 

 



 

 

Course Outcomes (COs)  

At the end of the course students should be able to: 

Course Outcome 

Bloom’s 

Knowledge 

Level (KL) 

C01 
Classify various parameters and errors associated with 

measuring instruments. 
K2 

C02 
Apply suitable methods for the measurement of current, 

voltage, power and energy. 
K2 

C03 
Understand suitable methods for the measurement of magnetic 

quantities, resistance, inductance and capacitance. 
K2 

C04 

Describe the working principle, selection criteria and 

applications of various sensors and transducers in relation to 

measurements systems. 

K2 

C05 Explain the operation of digital measurement systems. K2 

C06 
Discuss the applications of modern instrumentation schemes 

for industrial process 
K2 

Note: K1- Remember, K2- Understand, K3- Apply, K4- Analyze, K5- Evaluate, K6- Create 

 

 

 

 

 

 

 

 

 



 

 

CO-PO Mapping Table: 

 PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 

CO1 3 2 - - - - - - - - 2 

CO2 3 3 - - - 2 - - - - 2 

CO3 3 3 - - - - - - - - 2 

CO4 3 2 - - 2 -  - - - 2 

CO5 3 2 - - 2 -     2 

CO6 3 2 3 - 3 2     2 

Note: 1: Slight (Low), 2: Moderate (Medium), 3: Substantial (High), -: No Correlation 

Text Books 

Sl No. Title of the book Name of the Author/s 
Name of the 

Publisher 

Edition and 

Year 

1 

A course in 

Electrical and 

Electronic 

Measurements & 

Instrumentation  

K. Sawhney 
Dhanpat Rai & 

Co. 
2023 

2 

A course in 

Electrical & 

Electronic 

Measurement & 

Instrumentation  

J. B. Gupta 
S K Kataria & 

Sons 
14th Ed., 2014 

3 

Electrical 

Measurements & 

Measuring 

Instruments  

Golding E.W and 

Widdis  
Wheeler Pub. 3 rd Ed.,2011 



 

 

4 
Electronic 

Instrumentation 
H. S. Kalsi  

McGraw Hill, 

New Delhi 
4 th Ed., 2019 

5 

Principles of 

Electrical 

Measurement 

S Tumanski Taylor & Francis. 2006 

6 

Electronic 

Instrumentation 

and 

Measurements 

David A Bel Oxford 3 rd Ed,, 2013 

 

Reference Books 

Sl 

No. 
Title of the book 

Name of the 

Author/s 

Name of the 

Publisher 

Edition and 

Year 

1 

Modern Electronic 

Instrumentation and 

Measurement Techniques  

Albert D. Helfrick, 

Cooper William D 

Prentice Hall of 

India  
2016 

2 
Basic Electrical 

Measurements  
Stout M.B Prentice Hall  2012 

3 
Electronic Measurements 

& Instrumentation  
Oliver & Cage McGraw Hill 2017 

4 
Doebelin’s Measurements 

Systems 

E.O Doebelin and 

D.N Manik 

McGraw Hill 

Education (India) 

Pvt. Ltd. 

7 th Ed., 2019 

5 

Electrical and Electronics 

Measurements and 

Instrumentation 

P.Purkait, 

B.Biswas, S.Das 

and C. Koley 

McGraw Hill 

Education 

(India) Pvt. Ltd., 

2013 

 



 

 

Video Links (NPTEL, SWAYAM…) 

Module No. Link id 

1 https://archive.nptel.ac.in/courses/108/105/108105153/ 

https://archive.nptel.ac.in/courses/108/108/108108147/ 

2 https://archive.nptel.ac.in/courses/108/105/108105153/ 

3 https://archive.nptel.ac.in/courses/108/105/108105153/ 

4 https://archive.nptel.ac.in/courses/108/108/108108147/ 

https://archive.nptel.ac.in/courses/106/105/106105166/ 

 


