
MCT-301: SIGNALS AND SYSTEMS     3(2, 

1) 

Course Objectives 

Signals and Systems is an introduction to analog and digital signal processing, a topic that forms 

an integral part of engineering systems in many diverse areas, including communications, speech 

processing, image processing, electronics, and digital control systems. 

The course presents and integrates the basic concepts for both continuous-time and discrete-time 

signals and systems. Signal and system representations are developed for both time and 

frequency domains. These representations are related through the Fourier transform and its 

generalizations, which are explored in detail. 

Topics Covered 

Introduction: Signals and their properties, exponential signals 

Basic Signal Operations: Addition, Subtraction, Shifting, Scaling, Time Reversal 

LTI systems: Analysis of linear time invariant (LTI) systems, convolution and time domain 

response of systems 

Frequency Domain Representation: Time and frequency domain representation of linear signals 

and systems, Fourier series, continuous and discrete time Fourier transform, 

Sampling: Sampling and sampling theorem 

 

Suggested Text: 

1. Signal and Systems by AV Oppenheim, AS Willsky and SH Nawab 

Course Pre-requisites: 

▪ MA-225: Differential Equations and Transforms 

 

MCT-331: MODELING AND SIMULATION    4(3 

,1) 

Course Objectives 

The course provides basics of system modeling, system representation and simulation techniques 

to various types of inputs. The students will learn the development of mathematical models of 

mechanical, electrical, hydraulic/pneumatics, thermal and mixed disciplinary systems. By the end 



of the course, they will be able to model complex engineering system using basic principles and 

simulate it using computer softwares. 

Topics Covered 

Fundamentals of Modeling and Simulation: systems, states, inputs, outputs and dynamics, 

linearization, schematic and block diagrams 

System’s Representation: differential equations, state-space models, transfer functions 

Simulation Techniques: ODE solvers, fixed and variable step integrators, Simulink/LabView 

Mechanical Systems: building blocks, translational, rotational, geared and levered systems, free 

body diagram and system modeling. Energy based method for mechanical system modeling 

Electrical systems: building blocks, mathematical modeling of active and passive circuits, analog 

devices, operational amplifiers, summers, comparators, integrators and analog computing devices  

Hydraulic and Pneumatic Systems: Modeling of various types of hydraulic and pneumatic 

systems, characteristic curves and system response. 

Thermal systems: 

Mixed Disciplinary Systems: Electro-mechanical and Electro-Hydraulic/Pneumatic Systems 

Energy-Based Modeling Techniques: bond graphs  

 

Suggested Text:  

1. Modeling and Simulation of Dynamic Systems by RL Woods and KL Lawrence 

2. Introduction to Physical System Dynamics by RC Rosenberg and D Karnopp 

 

Course Pre-requisites: 

▪ MA-234: Linear Algebra 

▪ MA-225: Differential Equations and Transforms 

 

MCT-332: INSTRUMENTATION AND MEASUREMENTS  4(3, 

1) 

Course Objectives: 

This course provides an introduction to measurements and instrumentation with applications. The 

course is aimed to explain the role of sensors and instruments in a control process; explains sensor 

principle, design and operation. To make students understand design, interfacing and signal 



conditioning for each sensor type. Upon completion of this course students will be able to select, 

interface and calibrate various types of sensors or instruments. 

Topics Covered: 

Introduction: applications of instrumentation and measurement, electronic instrumentation 

systems, sensors and transducers, measurement sensitivity, range, accuracy, precision, 

accumulated errors of measuring devices, calibration 

Sensors and Transducers: potentiometer, differential transformer, resistive strain gauge, 

piezoelectric, piezoresistive, photoelectric sensors, RTD, thermistor, thermocouple 

Force, Inertia, Torque and Pressure Measurement: force measurements, torque measurements, 

pressure measurement with pressure transducers, IMUs and Gyros. 

Displacement, Velocity and Acceleration Measurement: seismic transducer model, seismic 

motion transducer, optical displacement measurement, velocity measurement,  

Temperature Measurement: resistance thermometers, integrated circuit temperature sensor, 

radiation methods 

Fluid Flow and Level Measurements: flow velocity (insertion type transducer), flow rates in 

closed system by pressure variation measurements, other flow transducers, Level measurements 

Data Acquisition and Conditioning: Analog to digital conversion. Systems for signal processing, 

transmission, shielding and filtering. Data recording and data acquisition systems. Microprocessor 

based instrumentation circuits. 

Suggested Text: 

1. Sensors and Actuators in Mechatronics: Design and Application by Andzej M Pawlak 

2. Klaas B. Klaassen and Steve Gee “Electronic Measurement and Instrumentation”, 

Cambridge University Press 

3. Kevin James, Newness “PC Interfacing and Data Acquisition Techniques for 

Measurements, Instrumentation and Control” 

4. Mechanical Measurements by Thomas G Beckwith, Roy D Marangoni and John H 

Lienhard 

Course Pre-requisites: 

▪ MCT-122: Electronic Devices and Circuits 

 

MCT-311: DESIGN OF MACHINE ELEMENTS AND CAD/CAM 

            4(3, 

1) 

Course Objectives: 



To provide detailed conceptual understanding to design, build and analyse machine elements using 

computer-aided tools. This course provides students with an opportunity to familiarize with 

different CAD packages (e.g. Pro Engineer (Creo) / SolidWorks / CATIA / NX / ANSYS) and its 

connection to CAM. 

Topics Covered: 

Theory Portion: 

Introduction: basic criteria of the performance and design of machine parts 

Design of Machine Elements: shafts, keys, couplings, belts, pulleys, transmission screws, 

mechanical springs, welded, riveted and bolted joints, sliding bearings, roller contact bearings, 

spur, helical, bevel and worm gears, clutches, brakes 

Design of Systems: design, analysis and synthesis of complete systems/assemblies using 3D-CAD 

case studies 

Lab Portion:  

3D Modelling, Assembly and drawing using CAD packages (e.g. Pro Engineer(Creo)®, Solid 

Works®, Solid Edge®), CAM tools (e.g. G-Simple) 

Suggested Text: 

1. Mechanical Engineering Design by JE Shigley and CR Mischke 

2. Machine Elements in Mechanical Design by Robert L Mott 

3. Design of Machine Elements by MF Spotts 

4. CAD/CAM Principles and Applications by P. N. Rao, McGraw Hill 

Course Pre-requisites: 

▪ MCT-112: Engineering Statics 

 

MCT-312: FLUID MECHANICS, HYDRAULICS AND 

PNEUMATICS          4(3, 

1) 

Course Objectives: 

The objective of this course is to introduce the preliminary concepts of fluid mechanics and 

hydraulics, and pneumatics. It  aims to enable students to; understand key concepts and 

fundamental principles of fluid mechanics, together with the assumptions made in their 

development, pertaining to fluid behavior, in flowing conditions; understand the principles of 

continuity, momentum, and energy as applied to fluid motions; recognize these principles written 



in form of mathematical equations. Students will apply these equations to analyze problems by 

making good assumptions and learn systematic engineering method to solve practical fluid 

mechanics problems. This course also provides a theoretical as well as practical approach of 

hydraulics and pneumatics. The students would be imparted with the knowledge; ranging from 

design issues of such systems to their application aspect and application of hydraulics and 

pneumatics in Mechatronics systems. 

 

 

 

Topics Covered: 

Fluid Mechanics: 

Introduction: Fluid properties and basic laws, Hydrostatics: Pascal’s law, Pressure measurement, 

buoyancy. 

Motion of Fluid Particles and Streams: compressible and incompressible flows, continuity 

equations, Bernoulli, Euler and Energy equations with applications. Laminar and Turbulent Flows: 

Reynolds demonstration of flow regimes; criterion for laminar/ turbulent flow; Reynolds number. 

Flow in pipes, orifices, friction factor, friction losses, and other losses and drag and lift. 

Hydraulics and Pneumatics: 

Components: Hydraulic and pneumatic actuating devices, hydraulic valve types, configuration 

and characteristics responses, Pneumatic valve types, configuration and characteristic responses, 

Circuits: Design and application of hydraulic and pneumatic systems. Electro hydraulics/ electro 

pneumatic circuits 

 

Suggested Text: 

1. Fundamentals of Fluid Mechanics by Bruce R. Munson, Donald F. Young and Theodore 

H. Oliishe, Wiley 

2. Pneumatics and Hydraulic Systems, by W. Bolton, Butterworth Heinemann Ltd.  

3. Fluid Mechanics by John F Douglas, Janusz M. Gasiorek, John A. Swaffield and Lynne B. 

Jack 

Course Pre-requisites: 

▪ MCT-112: Engineering Statics 

 

 


