
INSTRUMENTATION 
ENGINEERING

Section A
Sensors and 

Industrial Instrumentation
Section B

Optical Instrumentation

Comprehensive Theory  
with Solved Examples and Practice Questions

www.madeeasypublications.org



Section A : Sensors and 
Industrial Instrumentation

Section B : Optical Instrumentation

Copyright © by MADE EASY Publications Pvt. Ltd.

All rights are reserved. No part of this publication may be 

reproduced, stored in or introduced into a retrieval system, 

or transmitted in any form or by any means (electronic, 

mechanical, photo-copying, recording or otherwise), 

without the prior written permission of the above mentioned 

publisher of this book.

MADE EASY Publications Pvt. Ltd. has taken due care 

in collecting the data and providing the solutions, before 

publishing this book. Inspite of this, if any inaccuracy or 

printing error occurs then MADE EASY Publications Pvt. 

Ltd.  owes no responsibility. We will be grateful if you could 

point out any such error. Your suggestions will be appreciated.

MADE EASY Publications Pvt. Ltd.
Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro

Station), New Delhi-110016 | Ph. : 9021300500

Email : infomep@madeeasy.in | Web : www.madeeasypublications.org

ED
IT

IO
N

S

First Edition : 2019

Second Edition : 2020

Third Edition : 2021

Fourth Edition : 2022

Fifth Edition : 2023

Sixth Edition : 2024



Sensors and Industrial IN : Section-A

CHAPTER 1

Introduction to Transducers ........................ 1-12
1.1 Transducers ............................................................................... 1

1.2 Mechanical Transducers ....................................................... 1

1.3 Electrical Transducers ............................................................ 4

1.4 Characteristics of Transducers ............................................ 7

1.5 Input Characteristics ............................................................10

1.6 Output Characteristics ........................................................10

 Objective Brain Teasers .........................................................12

CHAPTER 2

Resistive Transducers ................................. 13-37
2.1 Resistive Transducers ...........................................................13

2.2 Strain Gauges .........................................................................19

2.3 Null Mode ................................................................................24

2.4 Resistance Thermometer (RTD) .......................................29

2.5 Thermistors .............................................................................32

 Objective Brain Teasers .........................................................36

CHAPTER 3

Capacitive Transducers ............................... 38-51
3.1 Capacitive Transducers .......................................................38

3.2 Differential Arrangement ...................................................47

 Objective Brain Teasers .........................................................49

CHAPTER 4

Inductive Transducers .................................52-64
4.1 Inductive Transducers .........................................................52

4.2 Linear Variable Different Transformer (LVDT) .............53

 Objective Brain Teasers .........................................................63

CHAPTER 5

Piezoelectric Transducers .......................... 65-74
5.1 Piezoelectric Transducers ...................................................65

 Objective Brain Teasers .........................................................73

CHAPTER 6

Measurement of Flow ................................ 75-101
6.1 Measurement of Flow .........................................................75

6.2 Variable Head Flow Meters ................................................76

6.3 Variable Area and Variable Head Flowmeters
 (Weirs and Flumes) ...............................................................85

6.4 Variable Area Type Flowmeters ........................................87

6.5 Electromagnetic Flowmeters............................................90

6.6 Turbine Flowmeter ...............................................................92

6.7 Vortex Meters .........................................................................94

6.8 Ultrasonic Flowmeters ........................................................94

 Objective Brain Teasers .........................................................99

CHAPTER 7

Measurement of Pressure ...................... 102-123
7.1 Measurement of Pressure ............................................... 102

7.2 Measurement of Pressure using
 Elastic Sensing Elements ................................................. 104

7.3 Manometers......................................................................... 104

7.4 Manometric Fluid ............................................................... 105

7.5 Well Type Manometer ...................................................... 107

7.6 Inclined Tube Manometer .............................................. 108

7.7 Ring Balance Manometer ................................................ 110

7.8 Knudsen Gauge .................................................................. 116

7.9 Thermal Conductivity Gauges ...................................... 118

 Objective Brain Teasers ...................................................... 123

iii

Sensors & Industrial Instrumentation 
+ Optical Instrumentation



CHAPTER 8

Measurement of Temperature............... 124-141
8.1 Measurement of Temperature ...................................... 124

8.2 Thermistor ............................................................................ 125

8.3 Thermocouples ................................................................... 125

8.4 Various Connections of Thermocouples ................... 130

8.5 Measurement of High Temperature ............................ 138

 Objective Brain Teasers ...................................................... 139

CHAPTER 9

Measurement of Force ............................ 142-151
9.1 Measurement of Force ..................................................... 142

9.2 Direct Measurement of Force ........................................ 147

 Objective Brain Teasers ...................................................... 151

CHAPTER 10

Measurement of Torque ......................... 152-158
10.1 Measurement of Torque .................................................. 152

10.2 Inductance Torque Transducer...................................... 156

10.3 Magneto-Strictive Transducers ..................................... 157

 Objective Brain Teasers ...................................................... 158

CHAPTER 11

Vibrations and Shock ............................. 159-164
11.1 Vibrations and Shock ........................................................ 159

11.2 Accelerometers ................................................................... 160

11.3 Displacement Mode Working of Seismic Transducer ...162

 Objective Brain Teasers ...................................................... 164

CHAPTER 12

Measurement of Liquid Level .................165-170
12.1 Measurement of Liquid Level ........................................ 165

12.2 Measurement of Liquid Level with Gamma Rays ... 168

 Objective Brain Teasers ...................................................... 169

CHAPTER 13

Measurement of Velocity ........................ 171-177
13.1 Measurement of Velocity ................................................ 171

 Objective Brain Teasers ...................................................... 177

CHAPTER 14

Measurement of Viscosity ......................178-184
14.1 Viscosity ................................................................................. 178

 Objective Brain Teasers ...................................................... 184

CHAPTER 15

Measurement of pH Value ..................... 185-189
15.1 Measurement of pH Value .............................................. 185

 Objective Brain Teasers ...................................................... 189

CHAPTER 16

4-20 mA Two-wire Transmitter ............ 190-194
16.1 Introduction ......................................................................... 190

Optical Instrumentation : Section-B

CHAPTER 1

Basic Optics ............................................. 195-203
1.1 Basic Optics .......................................................................... 195

1.2 Reflection .............................................................................. 195

1.3 Refraction ............................................................................. 196

1.4 Snell’s Law............................................................................. 196

1.5 Brewster’s Law ..................................................................... 199

1.6 Reflection Loss .................................................................... 200

1.7 Critical Angle ....................................................................... 201

 Objective Brain Teasers ...................................................... 202

iv

Sensors & Industrial Instrumentation + Optical Instrumentation



CHAPTER 2

Fiber Optics .............................................. 204-220
2.1 Fiber Optics .......................................................................... 204

2.2 Numerical Aperture .......................................................... 205

2.3 Based on R.I. ......................................................................... 209

2.4 Based on Mode ................................................................... 210

2.5 Characteristics of Optical Communications ............. 212

2.6 Modewise Comparison .................................................... 216

2.7 Materialwise Comparison ............................................... 216

 Objective Brain Teasers ...................................................... 218

CHAPTER 3

Lasers ........................................................ 221-233
3.1 Lasers ...................................................................................... 221

3.2 Principle of Laser ................................................................ 221

3.3 Directionality ....................................................................... 223

3.4 Intensity ................................................................................. 225

3.5 Monochromaticity ............................................................. 225

3.6 Coherence ............................................................................ 226

3.7 Spatial Coherence .............................................................. 227

3.8 Temporal Coherence ........................................................ 227

3.9 Gas Laser ............................................................................... 228

3.10 Semiconductor Diode Laser .......................................... 228

3.11 Solid Lasers........................................................................... 228

3.12 He-Ne Laser .......................................................................... 228

 Objective Brain Teasers ...................................................... 231

CHAPTER 4

Light Emitting Diode (LED) .....................234-237
4.1 Light Emitting Diode (LED) ............................................. 234

 Objective Brain Teasers ...................................................... 237

CHAPTER 5

Photodiode ............................................... 238-243
5.1 Photodiode .......................................................................... 238

5.2 Sensitivity ............................................................................. 238

 Objective Brain Teasers ...................................................... 243

CHAPTER 6

Photoresistor ........................................... 244-246
6.1 Photo-Resistor ..................................................................... 244

6.2 Dark Resistance .................................................................. 244

6.3 Sensitivity ............................................................................. 245

 Objective Brain Teasers ...................................................... 246

CHAPTER 7

Interference ..............................................247-261
7.1 Interference.......................................................................... 247

7.2 Interferometer..................................................................... 248

7.3 Metrology ............................................................................. 255

 Objective Brain Teasers ...................................................... 260

CHAPTER 8

Mass Spectrometer and UV-Vis 
Spectrophotometer ................................. 262-264
8.1 Mass Spectrometer ........................................................... 262

8.2 UV-Vis Spectrophotometer ............................................ 263

Sensors & Industrial Instrumentation + Optical Instrumentation






























