
Syllabus for Instrumentation Engineer (For written examination -

BE/B.Tech in Instrumentation Engineering) 

 

Measurements and Calibration: SI units and standards for electrical and 

physical quantities; systematic and random measurement errors with uncertainty 

analysis (accuracy, precision) and error propagation; use of linear and weighted 

regression for sensor calibration; AC/DC bridge methods (Wheatstone, Kelvin, 

Maxwell, Anderson, Schering, Wien) for precise measurement of resistance, 

inductance, capacitance and frequency ; Q-meter principles for inductance and 

capacitance; measurement of voltage, current, power, energy and power factor in 

single and three-phase systems; use of AC/DC current probes and true RMS 

meters for accurate readings; instrument transformers for high-voltage/current 

measurements; timer/counter instruments for time, phase and frequency 

measurements; proper use of oscilloscopes for signal visualization; principles of 

shielding and grounding to minimize interference. Calibration methods for 

instruments and sensors. 

 

Sensors and Industrial Instrumentation: Working principles and 

characteristics of sensors/transducers (resistive, capacitive, inductive, 

piezoelectric, Hall effect types) and their signal conditioning; selection of 

appropriate transducers for specific industrial applications based on range, 

accuracy and environment. Measurement of various process parameters with 

industrial instruments: displacement (linear and angular position sensors such as 

LVDTs, encoders), velocity and acceleration (tachometers, electromagnetic and 

piezoelectric accelerometers), force and torque (strain-gauge load cells, 

piezoelectric force sensors, torque transducers) , pressure (bourdon tubes, 

diaphragms, bellows, strain-gauge and capacitive pressure sensors; vacuum 

measurement with McLeod gauge, thermocouple gauge, ionization gauge; 

calibration using dead-weight testers), flow (variable-head flowmeters like 

orifice and Venturi, variable-area flowmeters/rotameters, electromagnetic 

flowmeters, ultrasonic flowmeters, turbine and mass flow meters) , level (float 

and displacer instruments, purge (bubbler) systems, resistive and capacitive level 

sensors, ultrasonic and radar level gauges), temperature (filled-system 

thermometers, bimetallic strips; thermocouples – types and materials; RTDs with 

3-wire or 4-wire configurations; thermistors; infrared and optical pyrometers; 

semiconductor temperature sensors), humidity (hygrometers, electrical humidity 

sensors), viscosity and density (capillary viscometers, rotational viscometers, 

vibration densitometers), pH and conductivity (electrochemical sensors and 



transmitters for liquid analysis). Implementation of standard 4–20 mA two-wire 

transmitters for industrial sensor outputs and introduction to smart sensors (with 

digital communication). Proper sensor installation, maintenance, and field 

calibration practices to ensure measurement accuracy. 

Control Systems and Process Control: Feedback control principles and 

modeling of control systems (transfer functions, block diagrams, signal flow 

graphs); time-domain response characteristics (transient response, steady-state 

error) and stability criteria (gain/phase margins from Bode plots, Routh-Hurwitz 

and Nyquist stability tests, root locus analysis). Design and tuning of controllers: 

on-off control, continuous PID controllers (proportional, integral, derivative 

actions and combinations PI, PD, PID); common PID tuning methods (process 

reaction curve, Ziegler-Nichols oscillation method, etc.) for effective loop 

performance. Industrial control actions and equipment: pneumatic and electronic 

controllers implementing P/PI/PID; final control elements including control 

valves (types such as globe, ball, butterfly; valve construction and characteristics 

– linear, equal-percentage; sizing calculations) and actuators (pneumatic 

diaphragm actuators, electric actuators, hydraulic actuators, positioners); 

auxiliary elements like servo valves. Introduction to advanced control strategies 

used in complex processes: cascade control, feed-forward control, ratio and 

selective control, splitrange control, and basic concepts of multivariable control 

(interaction of control loops, decoupling). Overview of state-space representation 

of systems and concepts of controllability/observability for modern control 

analysis; basics of digital control systems (sampling, Z-transform concepts, 

stability on the z-plane) for controllers implemented via microcontrollers/PLC. 

Industrial examples of control loops (level control in boiler drums, distillation 

column control, reactor temperature control). 

 

Industrial Automation: Components of automation systems and their roles: 

sensors and transmitters for feedback, actuators (control valves, motors, 

solenoids) for control action, and interfacing devices (signal converters, relays). 

Programmable Logic Controllers (PLC): architecture and operation basics, I/O 

modules, scan cycle; programming with ladder logic for simple automation 

sequences (relay logic, timers, counters). Distributed Control Systems (DCS): 

fundamental concepts of DCS in process industries, networked control 

architecture and human-machine interface (HMI) basics. Supervisory Control 

and Data Acquisition (SCADA): overview of SCADA systems for remote 

monitoring and control of processes. Introduction to industrial communication 

protocols relevant to instrumentation (4–20 mA analog signaling, HART, 



MODBUS, fieldbus basics). Data acquisition systems: principles of analog signal 

sampling, A/D conversion, and data logging; computer-based instrumentation 

and control (basics of interfacing sensors to DAQ hardware and industrial PCs). 

Emphasis on practical application of automation: safety interlocks, alarm 

management, and instrumentation system troubleshooting in an industrial 

context. 

Communication and Optical Instrumentation: Basic principles of analog and 

digital communication as relevant to instrumentation systems. Analog 

modulation: amplitude and frequency modulation/demodulation for signal 

transmission; Sampling theorem (Shannon’s criteria) and Pulse Code Modulation 

(PCM) for digitizing analog signals. Multiplexing: frequency-division and time-

division multiplexing techniques for transmitting multiple sensor signals. Digital 

modulation basics: binary modulation schemes such as ASK, FSK, PSK and 

QPSK and their significance in digital fieldbus communications. Optical 

instrumentation: optical sources and detectors used in instruments – light emitting 

diodes (LEDs), laser diodes, photodiodes, phototransistors, light-dependent 

resistors (LDR) and their characteristics; basics of fiber-optic sensing (fiber optic 

cables for signal transmission and sensors, e.g. for temperature or pressure) and 

interferometry techniques with applications in precision measurements. 

Analytical instruments: working principles of spectroscopic instruments such as 

UV-Visible spectrophotometers and mass spectrometers used for chemical 

analysis, and their industrial application (e.g. gas analyzers). 

 

Circuit Theory: Fundamentals of electric circuits – resistors, inductors, 

capacitors and their V-I relationships; independent and dependent current/voltage 

sources (ideal and practical). Ohm’s law, Kirchhoff’s Current and Voltage Laws 

(KCL, KVL) for circuit analysis; techniques for circuit solving including mesh 

and nodal analysis. Application of network theorems: superposition, Thevenin’s 

and Norton’s equivalents, maximum power transfer, and reciprocity theorem. DC 

transient analysis of simple R-L, R-C, and R-L-C circuits. AC circuit analysis in 

steady state: use of phasors, impedance and admittance for sinusoidal excitation; 

calculation of RMS, average values of AC signals, and power in AC circuits 

(active, reactive, apparent power and power factor). Frequency response of 

circuits: series and parallel resonance in RLC networks (sharpness of resonance, 

bandwidth) and basic filter realization using R, L, C components (low-pass, high-

pass, etc.). Two-port network parameters (driving point impedance, open-circuit 

and short-circuit admittance, etc.) for modeling interconnected circuits. 

 



 

Analog Electronics: Semiconductor device fundamentals and applications – p-n 

junction diode and Zener diode (characteristics, rectifier circuits, voltage 

regulation); Bipolar Junction Transistor (BJT) and MOSFET operating principles, 

biasing configurations and use as amplifiers or switches. Small-signal analysis of 

transistor amplifier circuits and the effect of feedback on amplifier performance 

(basic feedback topologies, gain stability). Operational Amplifiers: ideal vs 

practical characteristics (input bias, offset, slew rate, CMRR); linear op- amp 

applications including summing and difference amplifiers, integrators and 

differentiators, instrumentation amplifier for low-level sensor signals, precision 

rectifiers. Active filter design using op-amps (first/second-order low-pass, high-

pass, band-pass filters); sinusoidal oscillators (principle of Wien bridge, phase 

shift oscillators) and signal generators; voltage- controlled oscillators and phase-

locked loops (basics of PLL operation). Considerations of noise and interference 

in analog measurement circuits (sources of electronic noise, grounding and 

shielding techniques to improve signal quality). 

Digital Electronics and Embedded Systems: Boolean logic fundamentals, 

binary number systems and codes; logic gates and combinational logic circuit 

design; simplification of Boolean functions (using algebraic manipulation or 

Karnaugh maps). Familiarity with logic families (TTL, CMOS) and their 

characteristics. Design of common combinational circuits: adders/subtractors, 

comparators, encoders/decoders, multiplexers/demultiplexers. Sequential logic 

elements: latches and flip-flops (SR, JK, D, T); design of counters (synchronous, 

asynchronous) and shift registers; timers and basic multivibrator circuits (astable, 

monostable configurations using IC timers or logic gates). Data converters: 

sample-and-hold circuits for analog sampling; Analog-to-Digital Converters 

(types such as successive-approximation, integrating (dual-slope), flash, sigma-

delta) and Digital-to-Analog Converters (R-2R ladder, weighted resistor type) – 

understanding their architectures and key performance specifications (resolution, 

quantization error, conversion time). Microprocessor and microcontroller basics: 

CPU architecture fundamentals, use of microcontrollers in instrumentation for 

tasks like sensor reading and control output; memory and I/O interfacing concepts 

(GPIO, ADC/DAC interfacing, communication interfaces like UART/SPI/I2C). 

Introduction to embedded systems programming for measurement and control 

applications (basic idea of firmware controlling instruments). Basics of data 

acquisition hardware and computerized control: using interface cards or 

microcontrollers to collect sensor data and implement control logic. 


