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Foreword 
Dear Students,
 The present Hand Book on Instrumentation 
Engineering is an outcome of an attempt to have a single 
book on basic concepts and important formulae useful 
for Instrumentation Engineering students those who are 
preparing for various competitive exams such as GATE, ESE,  
PSUs & Other Competitive Examinations. 

 This book has been prepared by our subject experts by compiling it subject 
wise and chapter wise to help the students for quick revision of the subject, to 
recollect the basic concepts and formulae before going to exam.

 What sets this book apart, from the similar books available already, is 
the inclusion of popular technical interview questions at the end of each subject, 
which will help the students before going to a technical interview.   

 I’m thankful to all the Professors who have extended their valuable services 
in the preparation of this Book. 

With best wishes to all those who wish to go through the following pages.   

Y.V. Gopala Krishna Murthy,

M Tech. MIE,

Chairman & Managing Director,

ACE Engineering Academy,

ACE Engineering Publications,

Frost Interactive Service Pvt. Ltd. (ACE ONLINE).



CONTENTS
Name of the Subject Page No.

I Electricity & Magnetism (1 - 27)

01. Vector Analysis ..................................................................................... 1

02. Coordinate Systems ............................................................................. 4

03. Electrostatic Fields ............................................................................. 11

04. Maxwell’s Equations .......................................................................... 17

05. Dielectrics and Capacitance ........................................................... 18

06. Poisson’s and Laplace’s Equations .............................................. 20

07. The Steady Magnetic Field ............................................................... 21

08. Transmission Lines .............................................................................. 25

 Popular Interview Questions ............................................................... 27

II Electrical Circuits (28 - 68) 

01. Basic Components .............................................................................. 28

02. Voltage and Current Laws ............................................................... 31

03. Basic Nodal and Mesh Analysis ..................................................... 35

04. Circuit Theorems ................................................................................ 36

05. Capacitors and Inductors ................................................................ 42

06. Sinusoidal Steady State Analysis .................................................. 44

07. Laplace Transform Analysis & Circuit Transients  .................   46

08. Analysis of coupled Circuits ........................................................... 52

09. Resonance .............................................................................................. 55

10. Two Port Networks ............................................................................ 57

11. Graph Theory ....................................................................................... 60

12. Duality ..................................................................................................... 62

13. Three Phase Circuits .......................................................................... 63

 Popular Interview Questions ............................................................... 67



III Machines (69 - 94)

01. Transformers ........................................................................................ 69

02. Induction Machines ........................................................................... 84

 Popular Interview Questions ............................................................... 93

IV Signals & Systems (95 - 140)

01. Introduction to Signals ..................................................................... 95

02. Linear Time Invariant Systems ..................................................... 102

03. Fourier Series ....................................................................................... 104

04. Fourier Transform .............................................................................. 108

05. Laplace Transform ............................................................................. 115

06. DTFT ........................................................................................................ 118

07. Z-Transform .......................................................................................... 119

08. Sampling Theorem ............................................................................. 121

09. DFT & FFT .............................................................................................. 122

10. Digital Filter Design ........................................................................... 126

 Popular Interview Questions ............................................................... 139

V Control Systems (141 - 200)

01. Basics of Control Systems ................................................................ 141

02. Transfer Function and Impulse Response ................................ 142

03. Mathematical Models of Control Systems ................................. 144

04. Block Diagram Representation ..................................................... 148

05. Signal Flow Graph Representation .............................................. 151

06. Time Response Analysis .................................................................. 153

07. Stability Analysis ................................................................................. 164

08. Root Locus ............................................................................................. 167

09. Frequency Domain Analysis ........................................................... 173

10. Controllers and Compensators ..................................................... 190

11. State Space Analysis ........................................................................... 194

 Popular Interview Questions ............................................................... 197



VI Process Control (201 - 234)

VII Analog Electronics (235 - 283)

01. Diode Applications ............................................................................. 235

02. Bipolar Junction Transistor ............................................................ 248

03. Field Effect Transistor ....................................................................... 262

��������	
���
������������������������������������������������������������������������������������ 267

������������
����
��
����������������������������������������������������������������������� 269

����������
������������������������������������������������������������������������������������������ 274

07. Oscillators & Multivibrators ........................................................... 275

08. Sources   &    effects    of    noise    and    interference    in 

       electronic circuits ...............................................................................
280

 Popular Interview Questions ............................................................... 283

VIII Digital Electronics (284 - 330)

01. Number Systems and Codes ........................................................... 284

02. Boolean Algebra .................................................................................. 290

03. Digital Logic Gates .............................................................................. 292

04. K-maps .................................................................................................... 295

05. Combinational Circuits ..................................................................... 297

06. Sequential Circuits ............................................................................. 305

07. Registers and Counters .................................................................... 312

08. Logic Gate Families ............................................................................ 314

09. Semiconductor Memories ............................................................... 316

10. A/D and D/A Converters ................................................................. 319

11. PLC ............................................................................................................ 323

12. DCS ............................................................................................................ 328

 Popular Interview Questions ............................................................... 329

IX Microprocessor (331 - 348)

01. Architecture of 8085 ......................................................................... 331



02. Instruction Set of 8085 ..................................................................... 335

 Popular Interview Questions ............................................................... 347

X Measurements (349 - 390)

01. Error Analysis ...................................................................................... 349

02. Basics of Electrical Instruments ................................................... 355

03. Electromechanical Indicating Instruments ............................. 359

04. Measurement of Power .................................................................... 362

05. Measurement of Energy ..................................................................... 366

06. Measurement of R, L, C ..................................................................... 368

07. Potentiometers .................................................................................... 375

08. Instrument Transformers ............................................................... 376

09. Units and Dimensions ....................................................................... 377

10. Cathode Ray Oscilloscope (CRO) .................................................. 378

11. Analog and Digital Electronic Voltmeters ................................. 381

12. Q - Meter ................................................................................................. 383

13. Linear & Weighted Regression, Standards ............................... 384

 Popular Interview Questions ............................................................... 388

XI Sensors & Industrial Instrumentation (391 - 467)

01. Basics of Transducers ....................................................................... 391

02. Resistive Transducers ....................................................................... 396

03. Variable Inductive Transducer ...................................................... 401

04. Capacitive Transducer ...................................................................... 405

05. Piezoelectric Transducer ................................................................. 411

06. Flow Measurement ............................................................................ 416

07. Measurement of Temperature ....................................................... 432

08. Pressure Measurement .................................................................... 443

09. Level Measurement ........................................................................... 454

10. Measurement of pH ............................................................................ 460

11. Measurement of Velocity & Vibration ........................................ 462



XII Communication (468 - 503)

01. Introduction .......................................................................................... 468

02. Amplitude Modulation ..................................................................... 468

03. Sideband Modulation Techniques ............................................... 472

04. Angle Modulation ............................................................................... 475

05. Radio Receivers ................................................................................... 478

06. Random Variables & Noise .............................................................. 479

07. Noise in Analog Communication .................................................. 485

08. Baseband Data Transmission ........................................................ 486

09. Bandpass Data Transmission ........................................................ 489

10. Noise in Digital Communication .................................................. 491

11. Information Theory & Coding ....................................................... 494

12. Error Correcting Codes .................................................................... 498

 Popular Interview Questions ............................................................... 501

XIII Optical Instrumentation (504 - 535)

1. Optical Sources & Detectors ............................................................. 504

2. Optics .......................................................................................................... 516

3. Fiber Optics .............................................................................................. 518

4. Interferometer ........................................................................................ 524

5. Mass Spectrometer ............................................................................... 528


