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UNIT-I                                                                                                   

Mechanics: - Velocity and acceleration along radical and transverse direction, 

tangential and normal acceleration, motion under variable forces, motion in a resistive 

medium, Newton’s law of motions frame of reference, inertial and non-inertial frames, 

Rotating frame of reference, center of mass frame, rotational motion of rigid bodies, 

moment of inertia, products of inertia, conservation of angular momentum. Gravitation 

& Central forces of motion. Projectile motion.  

Oscillations, simple harmonic motion, damped harmonic motion, forced oscillation and 

resonance.  

Fluid Mechanics: - General introduction of Fluid dynamics. Kinematics of flow fields, 

conservation of momentum, irrolational motion, equation of continuity, Bernauli’s 

theorem, viscous fluids, streamline and turbulent flow, Poiseuli’s law, Surface tension 

capillary tube flow, Raynold’s number, Stroke’s law.  

 

UNIT-II                    

Waves & Wave Optics:- Waves and their types (transverse and longitudinal), stationary 

waves, displacement relation in a progressive wave, speed of a travelling wave, 

superposition of waves, phase and phase difference, reflection of waves. 

Interference of light: conditions for interference, types of interference, interference in 

thin films, Newton's rings. Diffraction: Fresnel and Fraunhofer diffraction, diffraction 

by plane transmission grating. Polarization: principle of polarization, methods of 

production of polarized light, applications of polarization. 

Sound:- Production and propagation of sound, range of hearing, beats, Doppler effect. 

 

UNIT-III                    

Geometrical Optics & Instrumentation: - Fundamentals of optics, principles of 

reflection and refraction, image formation through different lenses, resolving power of 

microscope and telescope.  

Microscopy: - Lenses, magnifiers, measuring instruments. Principle and working of 

Simple microscope, Stereo microscope, Zoom stereo microscope, Comparison 

microscope, Polarizing microscope. Light sources — UV, IR, transmitted, oblique light, 

spotlight.  

Advanced Microscopy: - Principles, theory and instrumentation, applications of SEM, 

TEM, Confocal microscope, Atomic Force Microscope (AFM).  
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UNIT-IV                                                                                                 

Electricity, Magnetism:- Electrostatics: Coulomb's law, electric field, electric potential, 

capacitance. Magnetism: magnetic field, force on a moving charge, electromagnetic 

induction.  

Atomic & Nuclear Physics:- Atomic structure, Bohr model, atomic energy levels. 

Radioactivity: types of decay, half-life. Nuclear reactions. X-rays: properties and 

characteristics, generation of continuous and characteristic X-rays. 

Electromagnetic Radiation & Quantum Physics:- General properties of electromagnetic 

radiation, wave and quantum mechanical properties, interaction of EMR with matter, 

electronic spectra and molecular structure. Wave-particle duality, De Broglie waves, 

Photo-electric effect, Compton effect. 

 

UNIT – V                    

Introduction, Theory, Principle, Instrumentation and Applications of Spectroscopic 

Techniques: Ultraviolet and Visible Spectroscopy, Infrared Spectroscopy, FT-IR, 

Raman Spectroscopy, Atomic Absorption Spectrometry and Atomic emission 

Spectrometry.  

X-RAY diffraction (XRD) and X-RAY fluorescence (XRF) methods.  

Thermal Analysis Methods: Basic principles and theory, differential scanning 

colorimetry and differential analysis, thermogravimetry.  

Basic principles, theory and instrumentation, applications of Nuclear Magnetic 

Resonance spectroscopy, neutron activation analysis.  

 

UNIT - VI                   

Basics of Forensic Science: Definition, history, principle, scope and development of 

Forensic science, Forensic Science Laboratories in India, Functions and responsibility 

of Forensic scientist.  

Crime: Definition, types of crimes, Modus Operandi, Law as per Bhartiya Sakshya 

Adhiniyam, Bhartiya Nagarik Suraksha Sanhita, Bhartiya Nyaya Sanhita. 

Court testimony: Admissibility of expert testimony, pre court preparation and court 

appearance, examination in chief, cross examination and re- examination. Ethics in 

Forensic Science.  

 

UNIT - VII           

Crime Scene Investigation: Introduction, types of crime scene, Evaluation and 

processing of crime scene, Securing and Documenting the crime scene (Note making, 

Sketching, Photography, videography of crime scene), role of the first arriving officer 

at the crime scene, Digital Imaging of Crime Scene, 3-D scanning technique, Searching 

techniques of Crime scene, Processing of physical evidence-discovering, recognizing 

and examination of physical evidences, Collection, Safety measures for evidence 

collection, Preservation, Packaging, sealing, labelling and forwarding of physical 

evidences, Maintaining the chain of custody, Probative value of physical evidences, 
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Reconstruction of scene of crime.  

Introduction to evidences, Types, Classification and Role of evidences in Criminal 

Investigations & Trails, Tele forensic Technology for crime scene investigation, Mobile 

kits and equipment, their utility on crime scene, Technology innovation in crime scene 

management, Report writing, Components of reports and report format in respect of 

crime scene and laboratory findings.  

 

UNIT- VIII           

History and development of firearms, their classification. Concept of bore and caliber, 

relation between bore number of shotguns and internal cross-sectional diameter of their 

barrels, Parts of firearms.  

Introduction to pistol, shotgun, rifle, revolver. Different firing mechanisms: bolt action, 

lever action, pump action, automatic mechanisms used in small arms, blow back, 

retarded blow-back, short-recoil operated, long-recoil operated and gas operated 

mechanisms.  

Types and need of Rifling, methods to produce rifling, trigger pull, accidental discharge 

of firearms, cartridge firing mechanism.  

Ammunition: Types and constructional features of shotgun and rifle ammunition. types 

of primers and priming compositions, Propellants and their compositions-(black, 

smokeless and semi- smokeless powders.) various additives in propellants like 

stabilizers, chemicals for reducing flash.  

Different types and shapes of cartridge cases (rimmed, rimless, semi rimmed, belted 

and rebated). Various types and compositional aspects of pellets, shots and bullets 

(Jacketed, non- jacketed bullets, round nose, sharp-pointed, boat-tailed, streamlined, 

soft point, hollow point and other expanding bullets, dum-dum, pencil-point, armour-

piercing, tracer and incendiary bullets).  

Nomenclature of ammunition, head stamp markings and their forensic importance. 

Safety aspects for handling of firearm and ammunition.  

 

UNIT -IX                   

Concept of internal, external, terminal and wound ballistics.  

Burning of propellant, pressure-velocity curve, factor affecting muzzle velocity, effect 

of rifling, pitch, twist, recoil, jump, vibration.  

Behavior of projectile in flight, vacuum trajectories, factors affecting the trajectories. 

Air resistance, drag, drop, wind deflection, ballistics coefficient, ricochet, yaw.  

Effect of projectile impact on living and non-living objects, penetration, remaining 

velocity, permanent and temporary cavity.  

Nature and types of firearm injuries, characteristics of entry and exit wounds, gunshot 

pattern, forensic significance of firearm injuries.  

 

UNIT - X                   

Collection, packaging and forwarding of firearm evidence i.e., Firearm, bullets, 

cartridge case. Shots/pellets, slugs, wads, etc.  
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Gunshot Residue: Introduction, mechanism of formation, composition, nature of 

Gunshot residue. Different methods including color test and instrumental methods 

(SEM-EDX, XRF, AAS, Raman Spectroscopy, etc.) for detection and examination of 

Gunshot residue. Standards and guidelines for gunshot residue analysts e.g., ASTM, 

etc. Determination of range of fire.  

Tool Marks: Introduction and types of tool marks, mechanism of production of different 

marks on bullet and cartridge case, identification of origin, comparison of tool marks 

individual and class characteristics. Test firing IBIS and BDAS.  

Introduction to country-made/improvised firearms and ammunition and their forensic 

examination.  
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BALLISTICS DIVISION (M.Sc. MATHEMATICS)  

 
UNIT-I                     

Degree and order of differential equations, differential equations of first order and first 

degree, linear differential equations with constant coefficients, complementary function 

and particular integral, homogeneous linear differential equations of second order, 

normal form, transformation of the equations by changing the dependent/independent 

variable. 

 

UNIT-II                    

Measures of dispersion, moments, central moments, skewness, kurtosis, Pearson's 

coefficients. Probability theory: basic terms — events, trials, mutually exclusive events, 

favourable events, exhaustive events. Addition theorem, multiplication theorem, Bayes' 

theorem of probability. Binomial distribution, normal distribution, hypergeometric 

distribution. 

 

UNIT-III                  

Correlation coefficient, rank correlation coefficient, fitting of a line and quadratic curve, 

simple linear regression, properties of regression coefficients. Tests of significance of 

attributes: Z-test, small sample test, t-test, paired test, chi-square test, F-test for equality 

of variance, large sample test, normal test. Index numbers. 

 

UNIT-IV                   

Dynamics:- Rectilinear motion, simple harmonic motion, motion in a plane, projectiles, 

constrained motion, work and energy, conservation of energy, Kepler's laws, orbits 

under central forces. 

Statics:- Equilibrium of a system of particles, work and potential energy, friction, 

common catenary, principle of virtual work, stability of equilibrium, equilibrium of 

forces in three dimensions. 

Analytical Geometry:- Cartesian and polar coordinates in three dimensions, second-

degree equations in three variables and their reduction to canonical forms, straight lines, 

shortest distance between two skew lines, standard conic sections (ellipse, parabola, 

hyperbola) and their properties. 

 

UNIT-V                    

Analytical Mechanics:- Generalised coordinates, D'Alembert's principle and Lagrange's 

equations, Hamilton's equations, moment of inertia, motion of rigid bodies in two 

dimensions. 

Fluid Mechanics:- Equation of continuity, Euler's equation of motion for inviscid flow, 

streamlines, path of a particle, potential flow, two-dimensional and axisymmetric 

motion, sources and sinks, vortex motion, Navier-Stokes equation for a viscous fluid 
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UNIT - VI                   

Basics of Forensic Science: Definition, history, principle, scope and development of 

Forensic science, Forensic Science Laboratories in India, Functions and responsibility 

of Forensic scientist.  

Crime: Definition, types of crimes, Modus Operandi, Law as per Bhartiya Sakshya 

Adhiniyam, Bhartiya Nagarik Suraksha Sanhita, Bhartiya Nyaya Sanhita. 

Court testimony: Admissibility of expert testimony, pre court preparation and court 

appearance, examination in chief, cross examination and re- examination. Ethics in 

Forensic Science.  

 

UNIT - VII                       

Crime Scene Investigation: Introduction, types of crime scene, Evaluation and 

processing of crime scene, Securing and Documenting the crime scene (Note making, 

Sketching, Photography, videography of crime scene), role of the first arriving officer 

at the crime scene, Digital Imaging of Crime Scene, 3-D scanning technique, Searching 

techniques of Crime scene, Processing of physical evidence-discovering, recognizing 

and examination of physical evidences, Collection, Safety measures for evidence 

collection, Preservation, Packaging, sealing, labelling and forwarding of physical 

evidences, Maintaining the chain of custody, Probative value of physical evidences, 

Reconstruction of scene of crime.  

Introduction to evidences, Types, Classification and Role of evidences in Criminal 

Investigations & Trails, Tele forensic Technology for crime scene investigation, Mobile 

kits and equipment, their utility on crime scene, Technology innovation in crime scene 

management, Report writing, Components of reports and report format in respect of 

crime scene and laboratory findings.  

 

UNIT- VIII           

History and development of firearms, their classification. Concept of bore and caliber, 

relation between bore number of shotguns and internal cross-sectional diameter of their 

barrels, Parts of firearms.  

Introduction to pistol, shotgun, rifle, revolver. Different firing mechanisms: bolt action, 

lever action, pump action, automatic mechanisms used in small arms, blow back, 

retarded blow-back, short-recoil operated, long-recoil operated and gas operated 

mechanisms.  

Types and need of Rifling, methods to produce rifling, trigger pull, accidental discharge 

of firearms, cartridge firing mechanism.  

Ammunition: Types and constructional features of shotgun and rifle ammunition. types 

of primers and priming compositions, Propellants and their compositions-(black, 

smokeless and semi- smokeless powders.) various additives in propellants like 

stabilizers, chemicals for reducing flash.  

Different types and shapes of cartridge cases (rimmed, rimless, semi rimmed, belted 

and rebated). Various types and compositional aspects of pellets, shots and bullets 

(Jacketed, non- jacketed bullets, round nose, sharp-pointed, boat-tailed, streamlined, 
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soft point, hollow point and other expanding bullets, dum-dum, pencil-point, armour-

piercing, tracer and incendiary bullets).  

Nomenclature of ammunition, head stamp markings and their forensic importance. 

Safety aspects for handling of firearm and ammunition.  

 

UNIT -IX           

Concept of internal, external, terminal and wound ballistics.  

Burning of propellant, pressure-velocity curve, factor affecting muzzle velocity, effect 

of rifling, pitch, twist, recoil, jump, vibration.  

Behavior of projectile in flight, vacuum trajectories, factors affecting the trajectories. 

Air resistance, drag, drop, wind deflection, ballistics coefficient, ricochet, yaw.  

Effect of projectile impact on living and non-living objects, penetration, remaining 

velocity, permanent and temporary cavity.  

Nature and types of firearm injuries, characteristics of entry and exit wounds, gunshot 

pattern, forensic significance of firearm injuries.  

 

UNIT - X                      

Collection, packaging and forwarding of firearm evidence i.e., Firearm, bullets, 

cartridge case. Shots/pellets, slugs, wads, etc.  

Gunshot Residue: Introduction, mechanism of formation, composition, nature of 

Gunshot residue. Different methods including color test and instrumental methods 

(SEM-EDX, XRF, AAS, Raman Spectroscopy, etc.) for detection and examination of 

Gunshot residue. Standards and guidelines for gunshot residue analysts e.g., ASTM, 

etc. Determination of range of fire.  

Tool Marks: Introduction and types of tool marks, mechanism of production of different 

marks on bullet and cartridge case, identification of origin, comparison of tool marks 

individual and class characteristics. Test firing IBIS and BDAS.  

Introduction to country-made/improvised firearms and ammunition and their forensic 

examination.  

Pattern of Question Papers: 

1. Objective Type Paper 

2. Maximum Marks: 150 

3. Number of Questions: 150 

4. Duration of Paper: 2.30 Hours 

5. All Questions carry equal marks 

6. There will be Negative Marking 

7. The candidate has to choose either Physics or Mathematics 

 


