
Post Code TA-05 (Bioanalytical instruments) 

 

Essential qualification and 

experience, if any, as per 

advertisement. 

B. Tech or equivalent with 55% marks in Instrumentation 

Engineering / Biomedical Engineering / Pharmaceutical Sciences / 

Analytical Chemistry / Quality Assurance / Pharmaceutical Analysis 

/ Pharmaceutical Biotechnology 

Desirable qualification as 

per advertisement  

Experience of working in Sophisticated Analytical Instrument 

Facilities and biomedical instrumentation facilities including NMR / 

Mass / Electron Microscopy  

Job requirement as per 

advertisement 

To be deployed in the Sophisticated Analytical Instrument Facility. 

Job specification include quality control and sample analysis and 

report generation of sophisticated Instruments and technical 

maintenance support. Candidate will also carry out other tasks 

assigned by superiors. 

 

Syllabus for written examination  
 

Engineering Mathematics  

Linear Algebra: Matrix algebra, systems of linear equations, consistency and rank, 

Eigenvalue and Eigenvectors.  

Calculus: Mean value theorems, theorems of integral calculus, partial derivatives, maxima and 

minima, multiple integrals, Fourier series, vector identities, line, surface and volume integrals, 

Stokes, Gauss and Green’s theorems.  

Differential Equations: First order equation (linear and nonlinear), second order linear 

differential equations with constant coefficients, method of variation of parameters, Cauchy’s 

and Euler’s equations, initial and boundary value problems, solution of partial differential 

equations: variable separable method.  

Analysis of Complex Variables: Analytic functions, Cauchy’s integral theorem and integral 

formula, Taylor’s and Laurent’s series, residue theorem, solution of integrals.  

Probability and Statistics: Sampling theorems, conditional probability, mean, median, mode, 

standard deviation and variance; random variables: discrete and continuous distributions: 

normal, Poisson and binomial distributions.  

Numerical Methods: Matrix inversion, solutions of non-linear algebraic equations, iterative 

methods for solving differential equations, numerical integration, regression and correlation 

analysis.  

 

Electricity and Magnetism  
 

Coulomb's Law, Electric Field Intensity, Electric Flux Density, Gauss's Law, Divergence, 

Electric field and potential due to point, line, plane and spherical charge distributions, Effect 

of dielectric medium, Capacitance of simple configurations, Biot‐Savart’s law, Ampere’s law, 

Curl, Faraday’s law, Lorentz force, Inductance, Magnetomotive force, Reluctance, Magnetic 

circuits, Self and Mutual inductance of simple configurations.  

 



Electrical Circuits and Machines  

Voltage and current sources: independent, dependent, ideal and practical; v-i relationships of 

resistor, inductor, mutual inductance and capacitor; transient analysis of RLC circuits with dc 

excitation. Kirchoff’s laws, mesh and nodal analysis, superposition, Thevenin, Norton, 

maximum power transfer and reciprocity theorems. Peak-, average- and rms values of ac 

quantities; apparent-, active- and reactive powers; phasor analysis, impedance and admittance; 

series and parallel resonance, locus diagrams, realization of basic filters with R, L and C 

elements. transient analysis of RLC circuits with ac excitation. One-port and two-port 

networks, driving point impedance and admittance, open-, and short circuit parameters.  

Single phase transformer: equivalent circuit, phasor diagram, open circuit and short circuit 

tests, regulation and efficiency; Three phase induction motors: principle of operation, types, 

performance, torque-speed characteristics, no-load and blocked rotor tests, equivalent circuit, 

starting and speed control; Types of losses and efficiency calculations of electric machines.  

 

Signals and Systems  

Periodic, aperiodic and impulse signals; Laplace, Fourier and z-transforms; transfer function, 

frequency response of first and second order linear time invariant systems, impulse response 

of systems; convolution, correlation. Discrete time system: impulse response, frequency 

response, pulse transfer function; DFT and FFT; basics of IIR and FIR filters.  

 

Control Systems  

Feedback principles, signal flow graphs, transient response, steady-state-errors, Bode plot, 

phase and gain margins, Routh and Nyquist criteria, root loci, design of lead, lag and lead-lag 

compensators, state-space representation of systems; time-delay systems; mechanical, 

hydraulic and pneumatic system components, synchro pair, servo and stepper motors, servo 

valves; on-off, P, PI, PID, cascade, feedforward, and ratio controllers, tuning of PID controllers 

and sizing of control valves.  

 

Analog Electronics  

Characteristics and applications of diode, Zener diode, BJT and MOSFET; small signal 

analysis of transistor circuits, feedback amplifiers. Characteristics of ideal and practical 

operational amplifiers; applications of opamps: adder, subtractor, integrator, differentiator, 

difference amplifier, instrumentation amplifier, precision rectifier, active filters, oscillators, 

signal generators, voltage controlled oscillators and phase locked loop, sources and effects of 

noise and interference in electronic circuits.  

 

Digital Electronics  

Combinational logic circuits, minimization of Boolean functions. IC families: TTL and CMOS. 

Arithmetic circuits, comparators, Schmitt trigger, multi-vibrators, sequential circuits, flipflops, 

shift registers, timers and counters; sample-and-hold circuit, multiplexer, analog-to-digital 

(successive approximation, integrating, flash and sigma-delta) and digital-to-analog converters 

(weighted R, R2R ladder and current steering logic). Characteristics of ADC and DAC 

(resolution, quantization, significant bits, conversion/settling time); basics of number systems, 

Embedded Systems: Microprocessor and microcontroller applications, memory and input-



output interfacing; basics of data acquisition systems, basics of distributed control systems 

(DCS) and programmable logic controllers.  

 

Measurements  

SI units, standards (R, L, C, voltage, current and frequency), systematic and random errors in 

measurement, expression of uncertainty - accuracy and precision, propagation of errors, linear 

and weighted regression. Bridges: Wheatstone, Kelvin, Megohm, Maxwell, Anderson, 

Schering and Wien for measurement of R, L, C and frequency, Q-meter. Measurement of 

voltage, current and power in single and three phase circuits; ac and dc current probes; true rms 

meters, voltage and current scaling, instrument transformers, timer/counter, time, phase and 

frequency measurements, digital voltmeter, digital multimeter; oscilloscope, shielding and 

grounding.  

 

Sensors and Bioinstrumentation  

Resistive, resistive, capacitive, inductive, piezoelectric, Hall effect, electro chemical, optical; 

Sensor signal conditioning circuits; application of LASER in sensing and therapy. Origin of 

bio potentials and their measurement techniques - ECG, EEG, EMG, ERG, EOG, GSR, PCG, 

Principles of measuring blood pressure, body temperature, volume and flow in arteries, veins 

and tissues, respiratory measurements and cardiac output measurement. Operating principle of 

medical equipment-sphygmomanometer, ventilator, cardiac pacemaker, defibrillator, pulse 

oximeter, hemodialyzer Electrical Isolation (optical and electrical) and Safety of Biomedical 

Instruments. 

 

Communication and Optical Instrumentation  

Amplitude- and frequency modulation and demodulation; Shannon's sampling theorem, pulse 

code modulation; frequency and time division multiplexing, amplitude-, phase-, frequency-, 

quadrature amplitude, pulse shift keying for digital modulation; optical sources and detectors: 

LED, laser, photo-diode, light dependent resistor, square law detectors and their characteristics; 

interferometer: applications in metrology; basics of fiber optic sensing. UV-VIS 

Spectrophotometers, Mass spectrometer. 

 

Human Anatomy and Physiology 

Basics of cell, types of tissues and organ systems; Homeostasis; Basics of organ systems - 

musculoskeletal, respiratory, circulatory, excretory, endocrine, nervous, gastro-intestinal and 

reproductive.  

 

Medical Imaging Systems 

Basic physics, Instrumentation and image formation techniques in medical imaging modalities 

such as X-Ray, Computed Tomography, Single Photon Emission Computed Tomography, 

Positron Emission Tomography, Magnetic Resonance Imaging, Ultrasound.  

 

Biomechanics 

Kinematics of muscles and joints - free-body diagrams and equilibrium, forces and stresses in 

joints, biomechanical analysis of joints, Gait analysis; Hard Tissues - Definition of Stress and 



Strain, Deformation Mechanics, structure and mechanical properties of bone - cortical and 

cancellous bones; Soft Tissues - Structure, functions, material properties, viscoelastic 

properties, Maxwell & Voight models; Biofluid mechanics - Flow properties of blood in the 

intact human cardiovascular system. 

  

Biomaterials and bioanalytical tools  

Basic properties of biomaterials - Metallic, Ceramic, Polymeric and Composite; Fundamental 

characteristics of implants - biocompatibility, bioactivity, biodegradability; Basics of drug 

delivery; Basics of tissue engineering. Biomaterial characterization techniques - Rheology, 

Atomic Force Microscopy, Electron Microscopy, Transmission Electron Microscopy Fourier 

Transform Infrared Spectroscopy. 

Analytical Tools: Principles of microscopy - light, electron, fluorescent and confocal; 

Principles of spectroscopy - UV, visible, CD, IR, fluorescence, FT-IR, MS, NMR; 

Electrophoresis; Microarrays; Enzymatic assays; Immunoassays - ELISA, RIA, 

immunohistochemistry; immunoblotting; Flow cytometry.  

Computational Tools: Bioinformatics resources and search tools; Sequence and structure 

databases; Sequence analysis - sequence file formats, scoring matrices, alignment, phylogeny; 

Genomics, proteomics, metabolomics; Gene prediction; Functional annotation; Secondary 

structure and 3D structure prediction; Knowledge discovery in biochemical databases; 

Metagenomics; Metabolic engineering and systems biology 

 

Bioprocess Engineering and Process Biotechnology  

Bioreaction Engineering: Rate law, zero and first order kinetics; Ideal reactors - batch, mixed 

flow and plug flow; Enzyme immobilization, diffusion effects - Thiele modulus, effectiveness 

factor, Damkoehler number; Kinetics of cell growth, substrate utilization and product 

formation; Structured and unstructured models; Batch, fed-batch and continuous processes; 

Microbial and enzyme reactors; Optimization and scale up.  

Upstream and Downstream Processing: Media formulation and optimization; Sterilization of 

air and media; Filtration - membrane filtration, ultrafiltration; Centrifugation - high speed and 

ultra; Cell disruption; Principles of chromatography - ion exchange, gel filtration, hydrophobic 

interaction, affinity, GC, HPLC and FPLC; Extraction, adsorption and drying.  

Instrumentation and Process Control: Pressure, temperature and flow measurement devices; 

Valves; First order and second order systems; Feedback and feed forward control; Types of 

controllers – proportional, derivative and integral control, tuning of controllers. 

 

Pharmaceutical analysis   

Pharmaceutical impurities; Monograph and its importance; Various classes of therapeutic 

agents; Introduction to dosage form; Introduction to Pharmacopoeia with reference to IP, BP, 

USP and International Pharmacopeia and other sources of drug information; Pharmaceutical 

Plant, location, layout; Preformulation studies; Dosage form necessities and additives; Stability 

of active pharmaceutical ingredients and formulated products; Prolonged action 

pharmaceuticals; Novel drug delivery systems; GMP and validation; Packaging materials.  

   

 



Pharmacology 

Detailed pharmacology including classification, mechanism of action and therapeutic uses of 

different classes of drugs; Pharmacology of chemotherapeutic drugs; Principles of toxicology; 

Classification of crude drugs; Introduction to phytoconstituents; Pharmaceutical aids.    

   

Pharmacokinetics  

Compartmental and non-compartmental pharmacokinetics; Biotransformation, drug 

disposition-distribution, drug disposition-elimination; Variability-Body weight, age, sex and 

genetic factors.  

Pharmacokinetic variability diseases; Pharmacokinetic variability-drug interactions; 

Individualization and optimization of drug dosing regimens.  

  

Bioavailability and bioequivalence  

Quality parameters of dosage forms. Assay methods & its validation; Physicochemical 

properties of drugs & added substances and its effect on preparations and biological availability 

of dosage forms. Pharmaceutical properties of dosage forms, disintegration, dissolution rate. 

Biological, pharmacological effects of dosage forms. Factors affecting Bioavailability, 

Determination of bioavailability; Significance of bio-equivalence studies. Statistical analysis 

of bioequivalence studies. Development, scale up & post approval changes [SUPAC] & in vitro 

[dissolution] in vivo [plasma concentration profile] correlation or IV/IV correlation (IVIVC). 

Multi stage - Bioequivalence studies. Therapeutic equivalence. Titration design for clinical 

rationales. New Drug Application [NDA].   

  

  

  

  

  

   
  

  

  

 

 


