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PREFACE 
 
 

Engineering and technology would not exist without physics. Any technology 
involving energy (heat, light, sound, electromagnetic, mechanical),involves physics! 
All manufactured items originate in physics-based technology. 

In Engineering Physics you will learn about the physics concepts that form 
the foundation of any mechanical design.   To be an engineer, you not only have to 
be able to come up with the ideas, but you must also understand the physics behind 
those ideas so that you can design and manufacture a successful product. 

This study material is designed to provide students in Pure & Applied Science 
who wish to study engineering or physical sciences at university with an enhanced 
background in order to improve their chances of success in their chosen program. 
The material will be presented using the normal mix of lectures and problem- 
solving sessions. Some useful data and information are given in the appendices. 

I hope that the study material will prove helpful and will meet the needs of 
the students at undergraduate level. 

Suggestions and criticisms for further improvement of the study material are 
most welcome. 

  

Bikram Kumar Sahu 
                                DEPARTMENT OF PHYSICS   
GANDHI ACADEMY OF TECHNOLOGY AND ENGINEERING 

BERHAMPUR 
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Th.2a. Engineering Physics (1ST / 2ND  Sem Common) 
Theory: 4 Periods per Week                                                                                        I.A: 20 Marks Total Periods: 60 Periods                                                                                            End Sem Exam : 80 Marks Examination: 3 Hours                                                                                                  TOTAL MARKS : 100 Marks UNIT 1 - UNITS AND DIMENSIONS 1.1 Physical quantities - (Definition). 1.2 Definition of fundamental and derived units, systems of units (FPS, CGS, MKS and SI units). 1.3 Definition of dimension and Dimensional formulae of physical quantities. 1.4 Dimensional equations and Principle of homogeneity. 1.5 Checking the dimensional correctness of Physical relations. UNIT 2 - SCALARS AND VECTORS 2.1 Scalar and Vector quantities (definition and concept), Representation of a Vector – examples, types of vectors. 2.2 Triangle and Parallelogram law of vector Addition (Statement only). Simple Numerical. 2.3 Resolution of Vectors – Simple Numericals on Horizontal and Vertical components. 2.4 Vector multiplication (scalar product and vector product of vectors). UNIT 3 - KINEMATICS 3.1 Concept of Rest and Motion. 3.2 Displacement, Speed, Velocity, Acceleration & FORCE (Definition, formula, dimension & SI units). 3.3 Equations of Motion under Gravity (upward and downward motion) - no derivation. 3.4 Circular motion: Angular displacement, Angular velocity and Angular acceleration (definition, formula & SI units). 3.5 Relation between –(i) Linear & Angular velocity, (ii) Linear & Angular acceleration). 3.6 Define Projectile, Examples of Projectile. 3.7 Expression for Equation of Trajectory, Time of Flight, Maximum Height and Horizontal Range for a projectile fired at an angle, Condition for maximum Horizontal Range. UNIT 4 – WORK AND FRICTION 4.1 Work – Definition, Formula & SI units. 4.2 Friction – Definition & Concept. 4.3 Types of friction (static, dynamic), Limiting Friction (Definition with Concept). 4.4 Laws of Limiting Friction (Only statement, No Experimental Verification). 4.5 Coefficient of Friction – Definition & Formula, Simple Numericals. 4.6 Methods to reduce friction. UNIT 5 - GRAVITATION 5.1 Newton’s Laws of Gravitation – Statement and Explanation. 5.2 Universal Gravitational Constant (G)- Definition, Unit and Dimension. 5.3 Acceleration due to gravity (g)- Definition and Concept. 5.4 Definition of mass and weight. 5.5 Relation between g and G. 5.6 Variation of g with altitude and depth (No derivation – Only Explanation). 5.7 Kepler’s Laws of Planetary Motion (Statement only). UNIT 6 - OSCILLATIONS AND WAVES 6.1 Simple Harmonic Motion (SHM) - Definition & Examples. 6.2 Expression (Formula/Equation) for displacement, velocity, acceleration of a body/ particle in SHM. 6.3. Wave motion – Definition & Concept. 6.4 Transverse and Longitudinal wave motion – Definition, Examples & Comparison. 6.5 Definition of different wave parameters (Amplitude, Wavelength, Frequency, Time Period. 6.6 Derivation of Relation between Velocity, Frequency and Wavelength of a wave 6.7 Ultrasonics – Definition, Properties & Applications. UNIT 7 - HEAT AND THERMODYNAMICS 7.1 Heat and Temperature – Definition & Difference 7.2 Units of Heat (FPS, CGS, MKS & SI). 7.3 Specific Heat (concept, definition, unit, dimension and simple numerical) 7.4 Change of state (concept), Latent Heat (concept, definition, unit, dimension and simple 
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numerical) 7.5 Thermal Expansion – Definition & Concept 7.6 Expansion of Solids (Concept) 7.7 Coefficient of linear, superficial and cubical expansions of Solids – Definition & Units. 7.8 Relation between α, β & ϒ 7.9 Work and Heat - Concept & Relation. 7.10 Joule’s Mechanical Equivalent of Heat (Definition, Unit) 7.11 First Law of Thermodynamics (Statement and concept only) UNIT 8 – OPTICS 8.1 Reflection & Refraction – Definition. 8.2 Laws of reflection and refraction (Statement only) 8.3 Refractive index – Definition, Formula &Simple numerical. 8.4 Critical Angle and Total internal reflection – Concept, Definition & Explanation 8.5 Refraction through Prism (Ray Diagram & Formula only – NO derivation).. 8.6 Fiber Optics – Definition, Properties & Applications. UNIT 9 – ELECTROSTATICS & MAGNETOSTATICS 9.1 Electrostatics – Definition & Concept. 9.2 Statement & Explanation of Coulombs laws, Definition of Unit charge. 9.3 Absolute & Relative Permittivity (ε) – Definition, Relation & Unit. 9.4 Electric potential and Electric Potential difference (Definition, Formula & SI Units). 9.5 Electric field, Electric field intensity (E) – Definition, Formula & Unit. 9.6 Capacitance - Definition, Formula & Unit. 9.7 Series and Parallel combination of Capacitors (No derivation, Formula for effective/Combined/total capacitance & Simple numericals). 9.8 Magnet, Properties of a magnet. 9.9 Coulomb’s Laws in Magnetism – Statement & Explanation, Unit Pole (Definition). 9.10 Magnetic field, Magnetic Field intensity (H) - (Definition, Formula & SI Unit). 9.11 Magnetic lines of force ( Definition and Properties) 9.12 Magnetic Flux (Φ) & Magnetic Flux Density (B) – Definition, Formula & Unit. UNIT 10 – CURRENT ELECTRICITY 10.1 Electric Current – Definition, Formula & SI Units. 10.2 Ohm’s law and its applications. 10.3 Series and Parallel combination of resistors (No derivation, Formula for effective/ Combined/ total resistance & Simple numericals). 10.4 Kirchhoff’s laws (Statement & Explanation with diagram). 10.5 Application of Kirchhoff’s laws to Wheatstone bridge - Balanced condition of Wheatstone’s Bridge – Condition of Balance (Equation). UNIT 11 – ELECTROMAGNETISM & ELECTROMAGNETIC INDUCTION 11.1 Electromagnetism – Definition & Concept. 11.2 Force acting on a current carrying conductor placed in a uniform magnetic field, Fleming’s Left Hand Rule 11.3 Faraday’s Laws of Electromagnetic Induction (Statement only) 11.4 Lenz’s Law (Statement) 11.5 Fleming’s Right Hand Rule 11.6 Comparison between Fleming’s Right Hand Rule and Fleming’s Left Hand Rule. UNIT 12 - MODERN PHYSICS 12.1 LASER & laser beam (Concept and Definition) 12.2 Principle of LASER (Population Inversion & Optical Pumping) 12.3 Properties & Applications of LASER 12.4 Wireless Transmission – Ground Waves, Sky Waves, Space Waves ( Concept & Definition) RECOMMENDED BOOKS 1. Text Book of Physics for Class XI (Part-I, Part-II) N.C.E.R.T 2. Text Book of Physics for Class XII (Part-I, Part-II) N.C.E.R.T 3. Text Book of Engineering Physics by Barik, Das, Sharma, Kalyani Publisher 4. Concepts in Physics by H. C. Verma, Vol. I & II, Bharti Bhawan Ltd. New Delhi 
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A BRIEF INTRODUCTION OF ENGINEERING PHYSICS 
Physics is the study of the mechanical universe. It is the basic science that underlies all the natural sciences. It is a search for the basic rules of the behavior of matter and energy on every scale: from the interaction of subatomic particles, to the motion of everyday objects, to the evolution of galaxies. Physics consists of many sub-fields, including particle and nuclear physics, atomic and molecular spectroscopy, optics, solid state physics, biological and medical physics, computational physics, acoustics, astrophysics and cosmology. 
 Engineering physics is the study of the combined disciplines of physics, engineering and mathematics in order to develop an understanding of the interrelationships of these three disciplines. Fundamental physics is combined with problem solving and engineering skills, which then has broad applications. Career paths for Engineering physics is usually (broadly) "Engineering, applied science or applied physics through research, teaching or entrepreneurial engineering". This interdisciplinary knowledge is designed for the continuous innovation occurring with technology.  Unlike traditional engineering disciplines, engineering science/physics is not necessarily confined to a particular branch of science or physics. Instead, engineering science/physics is meant to provide a more thorough grounding in applied physics for a selected specialty such as optics, quantum physics, materials science, applied mechanics, nanotechnology, micro fabrication, mechanical engineering, electrical engineering, biophysics, control theory, aerodynamics, energy, solid-state physics, etc. It is the discipline devoted to creating and optimizing engineering solutions through enhanced understanding and integrated application of mathematical, scientific, statistical, and engineering principles.  It is a bridge between pure and applied science, utilizing fundamental concepts in today’s rapidly changing and highly technical engineering environment. An engineering physicist is motivated by the application of science for advancing technology and sustainability. The program emphasizes the solid foundations of modern scientific principles, mathematical rigor, technical know-how in designing, building and doing experiments, the knowledge essential for a successful professional career in science and technology. The program is recommended for students interested in newly developing areas of physics, modern technology, instrumentation, and experimentation. It also enriches a student with analytical skills of mathematics and scientific reasoning; technical skills of design, construction and operation of systems including nanotechnology, space instrumentation, particle accelerators and more; leadership skills as engineering physicists are called to manage projects involving electrical, mechanical or chemical components and tasks. They tend to be versatile 



| - 5 - 

 

and adaptable to the projects as they evolve.  Undergraduate program in engineering science focuses on the creation and use of more advanced experimental or computational techniques where standard approaches are inadequate (i.e., development of engineering solutions to contemporary problems in the physical and life sciences by applying fundamental principles).The study of Engineering Physics emphasizes the application of basic scientific principles to the design of equipment, which includes electronic and electro-mechanical systems, for use in measurements, communications, and data acquisition. 
The program is recommended for students interested in newly developing areas of physics, high technology, instrumentation and communications. Our program is fully accredited by the Canadian Engineering Accreditation Board so graduates will be eligible to be certified as a professional engineer. Graduates are also qualified for entry into graduate schools in Physics or other disciplines.  Engineering Physics Educational Outcomes: 
 CO1- To understand and apply the concepts of physical quantities, units, and dimensions, including dimensional analysis and the principle of homogeneity. They will also solve problems related to scalars, vectors, and kinematics, including motion, projectile trajectories, and circular motion. 
CO2- To Explain the concepts of work, friction, and gravitation, including types of friction, the laws of limiting friction, and the coefficient of friction. They will also gain knowledge of gravitation, Kepler's laws, oscillations, wave motion, and ultrasonics, and be able to apply these concepts to solve related problems. 
CO3- To apply  the concepts of heat, temperature, thermal expansion, and thermodynamics, including specific heat, latent heat, and the first law of thermodynamics. They will also learn the principles of optics, including reflection, refraction, refractive index, total internal reflection, and fiber optics, and be able to solve related numerical problems. 
CO4- To analyse the fundamental concepts of electrostatics and magnetostatics, including Coulomb's law, electric potential, electric fields, capacitance, and magnetic properties. They will also learn to solve problems involving the series and parallel combinations of capacitors and resistors, Ohm’s law, and Kirchhoff's laws, and apply these concepts in real-world electrical circuit analysis. 
CO5- To describe the concepts of electromagnetism and electromagnetic induction, including the force on a current-carrying conductor, Fleming’s Left and Right Hand Rules, and Faraday’s and Lenz’s laws. They will also gain knowledge of lasers, their principles, properties, applications, and wireless transmission types, including ground, sky, and space waves. 
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Engineering Physics offers a wide range of exciting opportunities for students who are curious about the way things work and who want to use their talents to make the world a better place. Engineers are inventors and problem-solvers. They use science and technology to find faster, better, and cheaper ways of doing things. They take ideas and raw materials and design machinery and systems that increase efficiency and productivity. They develop new products to simplify household tasks. They find new energy sources and ways to protect the environment. Almost everything we use today has been designed and produced by engineers.  Discoveries by physicists, like quantum phenomena and the theory of the Big Bang, have literally transformed have literally transformed our view of the natural world. Inventions like the transistor and the laser have fuelled the modern technological revolution. We can look forward to even more exhilarating breakthroughs in the future - a future that holds exciting opportunities for the physics students of today.  


















































































































































































































































































































