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                   B.Sc. III Year Math's scheme     

Sunrise university, Alwar 

Subject Code Name of Subject 
Duration  

(Hour)  
   Internal  External      Total 

 Chemistry 

BSCCH301 Inorganic Chemistry 3 40 60 100 

BSCCH302 Organic Chemistry 3 40 60 100 

BSCCH303 Physical Chemistry 3 40 60 100 

PHYSICS 

BSCPH301 

Quantum Mechanics and 

Spectroscopy 3 40 60 100 

BSCPH302 

Mathematical physics and 

special theory of relativity 3 40 60 100 

BSCPH303 

Nuclear and Solid state physics 
3 40 60 100 

MATHEMATICS  

BSCMT301 Algebra 3 40 60 100 

BSCMT302 Complex Analysis 3 40 60 100 

BSCMT303 

Dynamics and computer 

programming in c  3 40 60 100 

  PRACTICALS & Sessional         

  Chemistry LAB  5 60 40 100 

  Physics Lab 4 60 40 100 

  

Solution by programming in c 
2 60 40 100 

        Total 1200 



PAPER- I   :  INORGANIC CHEMISTRY 

PGDCA 

Unit  Particulars 

I  Hard and Soft Acid and Bases (HSAB) 
/ƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ŀŎƛŘ ŀƴŘ ōŀǎŜǎ ŀǎ ƘŀǊŘ ŀƴŘ ǎƻŦǘ ΦtŜŀǊǎƻƴΩǎ I{!. ŎƻƴŎŜǇǘ ΣŀŎƛŘ-base strength and 
hardness and softness. Symbiosis ,theoretical basis of hardness and softness ,electronegativity and 
hardness and softness. 

II  Metal-ligand Bonding in Transition Metal complexes 
Limitations of valence bind theory, an element idea of crystal ςfield theory, crystal-field splitting in 
octahedral, tetrahedral and square planar complexes, factors affecting the crystal-field 
parameters.Magnetic Properties of Transition Metal Complexes  Type of magnetic behavior, 
methods ofdetermining magnetic susceptibility, spin-only formula, L-S coupling, correlation of µs 

ŀƴŘ ҡeff values, orbital contribution to magnetic moments , application of magnetic data for 3d 
mental complexes. 

III  Electron Spectra of Transition Metal Complexes 
Type of electronic transitions, selection rules for d-d transition, spectroscopic ground states, 
spectro chemical   series. Orgel-energy level diagram for d1 and d9 states, discussion of the 
electronic spectrum of [Ti (H2O)6]

3 complex ion.Thermodynamic and Kinetic Aspects of Mental 
Complexes.A brief outline of thermodynamic stability of mental complexes and factors affecting the 
stability, substitution reactions of square planar complexes. 
Organo metallic Chemistry 
Definition, nomenclature and classification of organo metallic compounds .Preparation, properties 
bonding and application of alkyls and aryls of Li, Al, Hg, Sn and Ti a brief account of metal ethylene  
complexes and homogeneous hydrogenation ,mononuclear carbonyls and the nature of bonding in 
metal carbonyls. 

Bioinorganic Chemistry 
Essential and trace elements to biological processes, metal-loporphyrins with special reference to 
haemoglobin and myoglobin, Biological rule of alkali and alkaline earth metal ions with special 
reference to Ca2+, , Nitrogen fixation. 
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PAPER II   :    ORGANIC CHEMISTRY 
  

PGDCA 

Unit  Topics 

I  SpectroscopyNuclear magnetic resonance spectroscopy (NMR). Proton magnetic resonance (H-NMR) 
spectroscopy, nuclear shielding and deshielding, chemical shift and molecular structure, spin-
spinsplitting and coupling constants, area of signals, interpretation of PMR spectra of simple 
organicmolecules such as ethyl bromide, ethanol, acetaldehyde,1,1,2- tribromoethane, ethyl acetate, 
toluene and acetophenone, problems pertaining to the structure elucidation of simple organic 
compounds using UV, IR and PMR spectroscopic techniques.Organometallic compoundsThe Grignard 
reagents-formations, structures and chemical reactionsOrganozinc compounds: formation and chemical 
reactions.Organosulphur compoundsNomenclature, structural features, methods of formation and 

chemical  reactions of thiols, thioethers,sulphonic acids, sulphoamides and sulphaguanidine. 
II  Heterocyclic compounds Introduction: Moleculer orbital picture and aromatic characteristics of pyrrole, 

furan, thiophene and pyridine.Methods of synthesis and chemical reactions with particular emphasis on 
the mechanism of eletrophilic substitution.Mechanism of nucleophilic substitution reactions in 
piperidine and pyrrole. Introduction to condensed 5 and 6- membered heterocycles.Preparation and 
reaction of indole, quinoline and isoquinoline with special reference to Fisher indole synthesis, Skraup 
synthesis and Bischler-Napieralski synthesis, mechanism of electrophilic substitution reactions of indole, 
quinoline and isoquinoline.  
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PAPER II   :    ORGANIC CHEMISTRY 
  

Unit  Topics 

III  Organic synthesis via enolates Acidity of hydrogens, alkylation of diethyl malonate and ethyl acetoacetate. 
Synthesis of ethyl acetoacetate, the Claisen condensation. Keto-enol tautomerism of ethyl acetoacetate. 
Alkylation of 1,3-dithianes.Alkylation and acylation of examines.Carbohydrates Classificationand 
nomenclature,Monosaccharides,mechanism of osazoneformation,intertconversion of glucose and fructose, 
chain lengthening and chain shortening of aldoses.Configuration of monosaccharides.Erythro and threo 
diastereomers.Conversion of glucose into mannose. Formation of glycosides, ethers and 
esters.Determination of ring size of monosaccharides.Cyclic structures of D(+)- glucose.Mechanism of 
mutarotation. An introduction to disaccharides (maltose,sucrose and lactose) and polysaccharides(starch 
and cellulose) without involving structure determination. 

IV  Amino acids, Peptides, Protiens and Nucleic AcidsClassification , structure and stereochemistry of amino 
acids. Acid-base behavior,  isoelectric point, electrophoresis. Prepration and  rections of -hamino acids. 
Structure and nomenclature of peptides and proteins. Classifications  of proteins. Peptide structure 
determination end group analysis, selective hydrolysis of peptides. Classical peptide synthesis, solid phase 
peptide synthesis, structure of peptides and proteins, levels of proteins structure. Protein denaturation/  
renaturationNucleic acid: introduction, constituents of nucleic acids, Ribonucleosides and Ribonucleotide. 
The double helical structure of DNA 
 

V Fats, oils and detergents, Natural fats, edible and industrial oils of vegetable origin, common fatty acids, 
glycerides, hydrogenation of unsaturated oils. Saponification value, iodine value, acid value, soaps, 
synthetic detergents, alkyl and aryl sulphonates.Synthetic PolymersAddition or chain growth 
polymerization. Free redical vinyl polymerization, ionic vinyl polymerization, Ziegler-Natta polymerization 
and vinyl polymersCondensation or step growth polymerization. Polyesters, polyamides, phenol-
formaldehyde resins, epoxyresins and polyurethanes. Natural and synthetic rubbers.Synthetic DyesColor 
and constitution (electronic concept). Classification of dyes. Chemistry and synthesis of methyl orange. 
Congored. Malachite green. Crystal violet. Phenolphthalein. Flourescein. Alizarian and Indico 
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Paper-III    :  Physical Chemistry 
 
  Unit  Topics 

I  ELEMENTRY QUANTUM MECHANICS 
Black-body, radiation, ǇƭŀƴŎƪΩǎ radiation law, photoelectronic ŜŦŦŜŎǘΣ ƘŜŀǘ ŎŀǇŀŎƛǘȅ ƻŦ ǎƻƭƛŘǎΣ .ƻƘǊΩǎ ƳƻŘŜƭ ƻŦ 
hydrogen atom (no derivation) and its defects.Compton effect.De .ǊƻƎƭƛŜ ƘȅǇƻǘƘŜǎƛǎΣ ǘƘŜ IŜƛǎŜƴōŜǊƎΩǎ 
uncertainty principal, Sinusoidal wave equation, Hamiltonian operator, Schrodinger wave equation and its 
importance, physics interpretation of the wave function, postulates of quantum mechanics, particle in a one 
dimensional box.Schrodinger wave equation for H-atom, separate into three equation (without derivation), 
quantum numbers and their importance, hydrogen like wave functions,radial wave functions, angular wave 
functions. 
 

II  Molecular orbital theory, basic ideas-ŎǊƛǘŜǊƛŀ ŦƻǊ ŦƻǊƳƛƴƎ aΦhΦ ŦǊƻƳ !ΦhΣ ŎƻƴǘǊŀŎǘƛƻƴ ƻŦ aΦh Ψǎ ōȅ [/!h-H2+ ion, 
calculation of energy levels from wave functions, physical picture of bonding and antibonding wave function, 
ŎƻƴŎŜǇǘ ƻŦ ˋΣ ˋϝΣΣ  ƻǊōƛǘǎ ŀƴŘ ǘƘŜƛǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ IȅōǊƛŘ ƻǊōƛǘǎƭŀ-sp,sp2 , sp3, calculation of coefficients of 
!ΦhΩǎ ǳǎŜŘ ƛƴ ǘƘŜǎŜ ƘȅōǊƛŘ orbitals.Introduction to valence bond model of H2, comparison of M/O and V.B 
models. 
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Paper-III    :  Physical Chemistry 
 
  

PGDCA 

Unit  Topics 

III  Spectroscopy 
Introduction: Electromagnetic radiation of the spectrum, basic features of different 
spectrometers,statement of the Born-Oppenheimer approximation, degrees of 
freedom. 
Rotational Spectrum 
Diatomic molecules, Energy levels of a rigid rotor (Semi-classical principal), selection 
rules, spectral intensity, distribution using population distribution (Maxwell-
Boltzmann distribution), determination of bond length, qualitative description of non-
rigid rotor, isotope effect. 
Vibration Spectrum  
Infrared spectrum : Energy levels of simple harmonic oscillator, selection rules, pure 
vibrational spectrum, intensity, determination of force constant and qualitative 
realtion of force contant and bond energies, effect of enharmonic motion and isotope 
on the spectrum, idea of vibrational frequencies of different functional groups.Raman 
Spectrum concept of polarizability, pure rotational and pure vibratioanl Raman spectra 
of diatomic, selection rules. 
Electronic Spectrum 
Concept of potential energy curves for bonding and antibonding molecular orbitals, 
qualitativedescription of selection rules and Frank Condon principal.Qualitative 
ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ˋΣ  ŀƴŘ  ƴ aΦhΦ ǘƘŜƛǊ ŜƴŜǊƎȅ ƭŜǾŜƭǎ ŀƴŘ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ tranitions. 
  
 

IV  
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Paper-III    :  Physical Chemistry 
 
  Unit  Topics 

IV  PHOTOCHEMISTRY 
Interaction of radiation with matter, difference between thermal and photochemical process. Laws of 
photochemistry: Grothus ς Drapper law, stark-Einstein law, Jablonski diagram depicting various process occurring 
in the exited state, qualitative description of fluorescence, phosphorescence, non-radiative process (internal 
conversion, intersystem crossing), quantum yield, photosensitized reaction ς energy transfer process (Simple 
examples). 
Physical Properties and Molecular Structure 
Optical activity, polarization ς(Clausius-Mossotti equation), Orientation of dipoles in an electric field, dipole 
moment temperature method and refractivity method, dipole moment and structure of molecules, magnetic 
properties-paramagtism, dimagnetism and ferromagnetic. 

V Solution, Dilute Solution and Colligative Properties 
Ideal and non ς ideal solution, methods of expressing concentration of solution, activity and activity 
coefficient.Dilute solution, colligative properties, wŀƻǳƭǘΩǎ law, relative lowering of vapour pressure, molecular 
weight determination. Osmosis,law of osmotic pressure and  its measurement,determination of molecular 
weight from osmotic pressure, elevation of boiling point and depression in freezing point. Thermodynamic 
derivation of relation between molecular weight and elevation of boiling point and depression in freezing 
point.Experimental method for determining various colligative properties. Abnormal molar mass, degree of 
dissociation and association of solutes. 
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Paper I : Elementary quantum mechanics and spectroscopy 
Unit  Topics 

I  Development   of quantum theory ςHistorical development and experimental evidence for quantum 
theory. Black body radiation, Planks radiation law, photoelectric effect, Compton effect, Davissions 
Germer   Experiment, Uncertainty Principles and its applications such as(Non existence of electrons 
in nucleus,(ii)Ground state energy of H-atom(iii) Ground state energy of harmonic 
oscillator(iv)Natural width of spectral line; SCHRODINGER EQUATION-its need and justification, time 
dependent and time independent  forms, physical significance of the  wave function and its 
interpretations, probability current density, wave packet, group and phase velocities , principles of 
superposition , diffraction at a single slit. 
 

II  Operators in quantum mechanics, definition of an operator, linear and Hermitian operators; state 
functions, expectations value of dynamical variables ςpositions, momentum and energy: 
fundamental postulates of quantum mechanics: Eigen functions and Eigen values, degeneracy; 
Orthogonality of Eigen functions ,commutation relation ,9ƘǊŜƴŦŜǎǘΩǎ theorem and complimentarity; 
{ƛƳǇƭŜ ǎƻƭǳǘƛƻƴǎ ƻŦ {ŎƘǊǀŘƛƴƎŜǊΩǎ Ŝǉǳŀǘƛƻƴǎ ΥǘƛƳŜ ŘŜǇŜƴŘŜƴǘ {ŎƘǊǀŘƛƴƎŜǊ Ŝǉǳŀǘƛƻƴ ŀƴŘ ǎǘŀǘƛƻƴŀǊȅ 
state solutions, boundary and continuity conditions on the wave functions, particle in one 
dimensional box, Eigen function and Eigen values, discrete energy levels, generalization of three 
dimensions and degeneracy of levels. 

III  Unit-III 
Potential steps and rectangular potential barrier, calculation of reflection and transmissions 
coefficients, qualitative discussions of application to alpha decay; square well potential problem, 
reflection and transmission coefficient, and resonant scattering; Bound state problems: Particle in 
one dimensional infinite potential well and finite potential well, energy Eigen values and Eigen 
functions, transcendental equation and its solutions. 
 

IV  
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9 

Unit  Topics 

IV  Quantum Statistics: 

Black body radiation and failure of classical statistics; Postulates of quantum statistics 

;Indistinguishibility,wave function and exchange degeneracy, a priori-probability; Bose-Einstein statistics 

and its distribution function ;Plank distribution function and radiation formula ;Fermi -Dirac statistics and 

its distribution function  ;Contact potential , thermionic emission ;Specific heat anomaly of metals; 

Nuclear spin  statistics (Para-and ortho- hydrogen). 

V . Quantum features of spectra of one electron atoms; Spectral results and the comparisons with spectral 

energy values calculations with H-atom; Examples of rotational and vibration spectra and their qualitative 

comparison with rigid rotator and harmonic oscillator; Stern Gerlach experiment and electron spin, spin 

and magnetic moment, spin orbit coupling and qualitative explanation of the fine structure; Atoms in 

magnetic field, Zeeman effect.   

  

  

 

Physics 
Elementary quantum mechanics and spectroscopy 



Paper II : Mathematical Physics and Special Theory of Relativity 
 

PGDCA 

Unit  Topics 

I  Orthogonal curvilinear coordinate system , scalar factors, expression for gradient, divergence, curl and their 

application to Cartesian, circular cylindrical and spherical polar coordinates. Coordinate transformation and 

jacobian, transformation of covariant, contra variant and mixed tensor and its use in transformation of 

tensors. Dirac delta function and its properties. 

II  Lorentz transformation and rotation in space time, time like and space like vector, world line, and macro-

causality. Four vector formulation, energy momentum four vector, relativistic equation of motion, invariance 

of rest mass, orthogonality of four force and four velocity, Lorentz force as an example of four force, 

transformation of four frequency vector, longitudinal and transverse Doppler  

III  Transformation between Laboratory and center of mass system. Four momentum conservation, kinemations 

of decay product of unstable particles and reaction thresholds; pair production, inelastic collisions of two 

particles, Compton effect. Transformation of electric and magnetic field between two inertial frames. 

IV  The second order linear differential equation with variable coefficients  and singular points, series solution 

method and its application to the Hermitôs  ,Legendreôs and Leaguerôs differential equations; basic 

properties(without proof) like orthogonality, recurrence relation, graphical representation and generating 

functions of Hermit, Legendre and Associated Legendre function(simple applications). 

V Techniques of separation of variables and its application to following boundary value problems (i)Laplace 

equation in three dimensional Cartesian coordinate system-line charged between two earthed parallel 

plates,(ii) Helmholtz equation in circular cylindrical coordinates-cylindrical resonant  cavity,(iii)wave 

equation in spherical coordinate polar coordinates-the vibrations of a circular membrane, 
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Paper III Nuclear physics  
  Unit  Topics 

I  Solid state structure and properties: 

Various types of binding; cohesive energy and compressibility of ionic crystals; lattices, basis, lattice 

translation vector, miller indices, simple crystal structures-SC, FCC, BCC and HCPS (Packing 

fraction, volume of unit cell).Thermal properties of solids: normal modes spectrum of a lattice, spectral 

distribution function, concept of phononons, Debye model for the heat capacity of solids, contribution 

of solids, contribution from electron gas in metals. 

II  Electrical and magnetic properties: 

Equilibrium state of electron gas in a conductor in the absence of electric field, electron drift in electric 

field, relaxation time and mean free path; electrical conductivity of electron gas, Wiedemann -Franz 

law, temperature dependent electrical conductivity of metals, mobility and drift motion. Origin of 

magnetism in materials, classical theory of diamagnetism and paramagnetism; Ferromagnetism, 

magnetic susceptibility and Curie law. 

 

III  Experimental techniques: 

X-Ray diffraction-Laue equation , Debye Scherrer and Laue camera;  Importance of Rutherford 

scattering; Thomason and Bainbridge mass spectrometers and Hoff deter experiment for estimating 

charge and nuclear density charge distribution and radius; Principles of radiation detection ,GM,BF3, 

and scintillation counters; Particle accelerators-cyclotron and Linac; 

 

IV  Nuclear Structures and properties: 

Constituents of nucleus ,properties of nuclear forces, binding energy, semi empirical mass formula, 

mass defect and packing fraction, saturation characteristics; magnetic dipole moment and electric 

quadrupole moment and angular moment and parity; variation of size of nucleus with mass number; 

stable nucleus and conditions for stability(e.g. beta emissions for different isobars). 
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Nuclear physsics 
  

Unit  Topics 

V Nuclear energy and particles: 
Liquid drop model and fissibility, fission and potential barrier, chain reaction, nuclear reactors(basic 
principles) ,nuclear fission, properties of particles, classification into leptons, mesons, and baryons, 
matter and antimatter, conservation laws(Qualitative discussions) of isospin, strangeness, charge 
conjugation and parity, fundamental quark structure of particles. 
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Unit  Topics 

I  Definition and simple properties of groups and subgroups. Permutationgroup, cyclic group. , 

Lagrangeôs theorem on the order of subgroups of a finite order group 

II   Morphism of groups,Cayleyôs theorem .Normal subgroups and Quotient groups, Fundamenta 

theorems of Isomorphism. 

 
III  Definition and simple properties of Ring and Subrings. morphism of rings. Embedding of a 

ring,Integral domain and field. Characteristics of a ring and field. 

 

IV Ideal and Quotient Ring .Maximal ideal and primeideal.Principal ideal domain. field of 

quotients of an integral domain.Primefields.Definition, Examples and simple properties of 

Vector spaces and subspaces 

V   Linear combination, Linea dependence and linear independence of vectors.Basic 

andDimension.Generation of subspaces.Sum of subspaces.Direct Sum and complement of 

subspaces.Quotient space and its dimension. 
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Mathematicas 
Paper-I  

 



Unit  Topics 

I  Complex plane. Connected and compact sets.Curves and Regions in complex plane. Jordan 

Curve Theorem (statement only).Extended complex plane .Stereographic projection .Complex 

valued functionïLimits. Continuity and Differentiability .Analytic functions, Cauchy-Riemann 

equations (Cartesian and polar form).harmonic functions, construction of an analytic function. 

II  

  

Complex integration ,Complex line integrals Cauchy integral theorem ,Indefinite integral 

,Fundamental theorem of integral calculus for complex function .cauchy integral formula, 

Analyticity of the derivate of an analytic function,Morera's theorem, poisson integral formula. 

Liouville theorem. 

III  

 

Taylorôs theorem. Laurentôs theorem.Maimum modulus theorem.Power series-Absolute 

convergence, Abelôs theorem, Cauchy-Hadamard theorem. Circle and Radius of convergence, 

Analyticity of the sum function of a power series. 

IV  Singularities of an analytic function ,Branch point , Meromorphic and Entire functions, 

Riemannôs theorem, Casorati-Weierstrass theorem.Residue at a singularity ,Cauchyôs residue 

theorem .Argument principle .Roucheôstheorem.Fundamental theorem of algebra. 

 

V Conformal mapping .Bilinear transformation and its properties. Elementary mapping 

:w(z_=1/2(z+1/z),z2,ez,sinz,cosz and logz.Evaluation of a real definite integral by contour 

integration.Analytic continuation.Power series method of analytic continuation. 
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Paper-II:  



Unit  Topics 

I . Velocity and acceleration- along and transverse directions, along tangential and 

normaldirections. S.H.M., Hookeôs law, motion along horizontal and vertical elastic 

strings. 

II 
  
 

 Motion in resisting medium- Resistance varies as velocity and square of velocity. 

Work andEnergy. Motion on a smooth curve in a vertical plane. Motion on inside and 

outside of a smoothvertical circle. 

 

III Central orbits-p-r equations, Apses, Time in an orbit, Keplerôs laws of planetary 

motion, Moment of intertie- M.I. of rods, Circular rings, Circular disks, Solid and 

Hollow spheres, Rectangular lamina, Ellipse and Triangle, Theorem of parallel axis. 

Product of inertia. 

IV  Programming languages and problem soling on computers, Algorithm, Flow Chart, 

Programming in C-Constants, Variables. 
 

  
V 

Arithmetic and logical expressions, Input-Output, Conditional statements, 

Implementing loops in Programs, Defining and manipulation arrays and functions. 
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Paper-III:  
  

paper III Dynamics and computer programming 



SUNRISE UNIVERSITY, ALWAR, RAJASTHAN 
Department of Applied Science 

 
 

Course: B.Sc., Third Year  

Subject: Elementary Quantum Mechanics & Spectroscopy  
Subject Code:BSCPH301 



Unit No Description 

I Quantum Theory 

II Operators in Quantum Mechanics 

III Potential Barrier 

IV Harmonic Oscillator 

V Spectral Energy Values 

Elementary Quantum Mechanics & Spectroscopy 

Subject Code :BSCPH301 Course Name:  B.Sc. Third Year, Quantum Mechanics & Spectroscopy 

Aim and Objective: To achieve the target and goals in an organization, it is essential 

to co-ordinate the entire system. For this purpose a B.Sc. holder  should have the 

knowledge of the Principles, applications & uses of the terms of Physics in Social, 

Industrial and Environmental life etc. 



 

Unit-I 

Quantum Theory 
 Å Quantum theory is the theoretical basis of modern physics 

that explains the nature and behavior of matter and energy 

on the atomic and subatomic level. The nature and behavior 

of matter and energy at that level is sometimes referred to as 

quantum physics and quantum mechanics. 

Å An object that absorbs all radiation falling on it, at all 

wavelengths, is called a black body. When a black body is 

at a uniform temperature, its emission has a characteristic 

frequency distribution that depends on the temperature. Its 

emission is called black-body radiation . 

Å The wavelength of the emitted radiation is inversely 

proportional to its frequency, or ɚ = c/ɜ. The value of 

Planck's constant is defined as 6.62607015 Ĭ 10ī34 joule 

second. 

Å Planckôs radiation law, a mathematical relationship in 

1900 to explain the spectral-energy distribution of radiation 

emitted by a blackbody. Planck assumed that the sources of 

radiation are atoms in a state of oscillation and that the 

vibrational energy of each oscillator may have any of a 

series of discrete values.  
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Å The photoelectric effect is the emission of electrons when 

electromagnetic radiation, like light, hits a material. Electrons 

emitted in this manner are called photoelectrons.  

Å It is most commonly found in solar panels. it works on the basic 

principle of light striking the cathode which causes the emission 

of electrons, which in turn produces a current. In the related 

field of astronomy, the photo-electric effect is used in the form 

of photo-multiplier tubes and charge coupled devices (CCDs). 

Å The photoelectric effect using a concept first put forward by 

Max Planck that light waves consist of tiny bundles or packets 

of energy known as photons or quanta.  

  The maximum kinetic energy 

where h is the Planck constant and f is the frequency of the incident 

photon. The term ű is the work function. 

Å Compton effect: when an electromagnetic wave is scattered off 

atoms, the wavelength of the scattered radiation is expected to 

be the same as the wavelength of the incident radiation. 

 

Å when X-rays are scattered off some materials, such as graphite, 

the scattered X-rays have different wavelengths from the 

wavelength of the incident X-rays. 
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Å The DavissonïGermer experiment (1923-27) 

experiment in which electrons, scattered by the 

surface of a crystal of nickel metal, displayed a 

diffraction pattern. 

Å An electron gun is a Tungsten filament that emits 

electrons via thermionic emission i.e. it emits 

electrons when heated to a particular temperature. 

Å Collimator: The accelerator is enclosed within a 

cylinder that has a narrow passage for the electrons 

along its axis. Its function is to render a narrow and 

straight beam of electrons ready for acceleration. 

 

 

Å The path difference is                so that the minimum 

intensity occurs at an angle ɗmin given by  
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Uncertainty Principle & its applications 

Å The Heisenberg uncertainty principle is a physical law that forms part of quantum 

mechanics. It says that the more precisely you measure the position of a particle, the less 

precisely you can know it's motion (momentum or velocity). It may not be easy to 

understand this principle, but it is even harder to explain it. 

Å Non existence of electrons in nucleus: Electron can not exist inside the nucleus is that 

experimental results show that no electron or particle in the atom possess energy greater 

than 4 MeV. Therefore, it is confirmed that electrons do not exist inside the nucleus.  

Å let us assume that electrons exist in the nucleus. As the radius of the nucleus in 

approximately 10-14 m. If  electron is to exist inside the nucleus, then uncertainty in the 

position of the electron is given by  æx= 10-14 m , According to uncertainty principle, 

æxæpx =h/2Ø 

Å Ground state energy of the harmonic oscillator: The energy of the quantum harmonic 

oscillator must be at least  
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Schrodinger Equation 
Å According to the de Broglie hypothesis, every 

object in the universe is a wave, i.e., a situation 

which gives rise to this phenomenon. The position 

of the particle is described by a wave function Ɋ ( x 

,t ).The time-independent wave function of a single-

moded plane wave of wavenumber k0 or 

momentum p0 is 

 

 

 

Å The Schrodinger equation is used to find the 

allowed energy levels of quantum mechanical 

systems (such as atoms, or transistors). The 

associated wave function gives the probability of 

finding the particle at a certain position. 

Å The wave function óꜝô has no physical meaning. it 

is a complex quantity representing the variation of a 

matter wave. 

Å   The wave function ꜝ(r,t) describes the position of 

particle with respect to time . 
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Å The existence of electron spin changes the equation for the probability current density in the 

quantum-mechanical continuity equation.  

Å A spinful electron moving in a potential energy field experiences the spin-orbit interaction, 

and that additional term in the time-dependent Schrödinger equation places an additional 

spin-dependent term in the probability  current  density.  

Å Wave packet is a group of matter waves associated with a moving matter particle. Each 

component wave has its own velocity and phase. Each component evolves in space and time 

individually and is a possible state of the matter particle. The wave packet travels with the 

velocity of the particle and is commonly referred as group velocity.  

Å Wave packets do not normally move with the phase velocity. The velocity that they do move 

with is called the "group velocity." For a particle in free space, you can infer that the group 

velocity is the same as the classical velocity from Ehrenfest's theorem, but that does not work 

for more general systems. The approach will  therefore be to simply define the group velocity 

as  

 

 

Å The phase velocity of a wave is the rate at which the wave propagates in some medium. This 

is the velocity at which the phase of any one frequency component of the wave travels. For 

such a component, any given phase of the wave (for example, the crest) will  appear to travel 

at the phase velocity. The phase velocity is given in terms of the wavelength ɚ and time 

period T as 
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Unit-II 
Operators in Quantum mechanics 

Å Operator is a function over a space of physical states to another space of physical states. 
The mathematical formulation of quantum mechanics (QM) is built upon the concept of 
an operator. 

Å The most common kind of operator encountered are linear operators. Let U and V be 
vector spaces over a field K. A mapping A: U Ÿ V is linear if  

Å For all x, y in U and for all Ŭ, ɓ in K. This means that a linear operator preserves vector 
space operations, in the sense that it does not matter whether you apply the linear 
operator before or after the operations of addition and scalar multiplication. 

 

 

Å An operator is called Hermit ian when it can always be flipped over to the other side if  it ap-
pears in a inner product. 

Å The state function is a (normalized) vector in a vector space with dimension equal to the 
number of distinguishable states of the system over the complex numbers.  

 

 

 

Å A pure state here is represented by a two-dimensional complex vector ( Ŭ , ɓ ) with a length of 
one; that is, with  
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Å The expectation value is the probabilistic expected value of the result (measurement) of an 

experiment. It is a fundamental concept in all areas of quantum physics.  

Å Mathematically, A is a self-adjoint operator on a Hilbert space. In the most commonly used case in 

quantum mechanics, ů is a pure state, described by a normalized [a] vector ɣ in the Hilbert space. 

The expectation value of A in the state ɣ is defined as  

 

Å The wave function ɣ(x,t), Position expectation 

 

 

Å To calculate the expectation value of any dynamical quantity , first express in terms of operators x 

and p, then insert the resulting operator between ɣ* and ɣ, and integrate 
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Postulates of Quantum Mechanics 

1. The state of a quantum mechanical system is completely specified by a function                  

that depends on the coordinates of the particle(s) and on time. This function, called the wave function or state 

function, has the important property that                       is the probability that the particle lies in the volume 

element        located at      at time   .  

2. To every observable in classical mechanics there corresponds a linear, Hermitian operator in quantum 

mechanics. 

 3. In any measurement of the observable associated with operator      , the only values that will  ever be observed 

are the eigenvalues      , which satisfy the eigenvalue equation 

 4. If  a system is in a state described by a normalized wave function       , then the average value of the observable 

corresponding to         is given by  

 

5. The wave function or state function of a system evolves in time according to the time-dependent Schrödinger 

equation 

 

6. The total wave function must be antisymmetric with respect to the interchange of all coordinates of one fermion 

with those of another. Electronic spin must be included in this set of coordinates.  
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Å Degeneracy: Two or more different states of a quantum mechanical system are said to be 

degenerate if  they give the same value of energy upon measurement. 

Å A term referring to the fact that two or more stationary states of the same quantum-mechanical 

system may have the same energy even though their wave functions are not the same. 

Å Orthogonality  of Eigen functions: Eigen functions of a Hermitian operator are orthogonal if  

they have different eigenvalues. Because of this theorem, we can identify orthogonal functions 

easily without having to integrate or conduct an analysis based on symmetry or other 

considerations. 

Å  It is common to use the following to define the inner product of two functions f and g with 

respect to a nonnegative weight function w over an interval [a, b]:  

 

Å Ehrenfestôs Theorem: The Ehrenfest theorem relates the time derivative of the expectation 

values of the position and momentum operators x and p to the expectation value of the force F 

= ī V ǋ ( x ) on a massive particle moving in a scalar potential V ( x ),  

 

 

 

Å The Schrödinger equation is a linear partial differential equation that describes the wave 

function or state function of a quantum-mechanical system. 

Å The form of the Schrödinger equation depends on the physical situation (see below for special 

cases). The most general form is the time-dependent Schrödinger equation (TDSE), which 

gives a description of a system evolving with time 
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Boundary conditions on the wave functions 

Å The wave function of the particle is identically zero behind the wall (and, assuming 
continuity, on the wall). Hence an impenetrable barrier can be interpreted as a boundary 
condition. but which is defined on a domain restricted by the boundary condition. 

Å After applying the boundary conditions, we have our wave function as  

 

 

Å Schrödinger's Equation for a one-dimensional system (Particle in a box) is given by 

 

  

 

 

Å The discrete energy levels of an atom means the different energies by different electron paths. 
A hydrogen atom for instance has the energy 13.6eV for the electron path n = 1. 

 

Å Three-dimensional space is a geometric setting in which three values (called parameters) are 
required to determine the position of an element / point. This is the informal meaning of the 
term dimension. 
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Unit-III 
Potential Barrier 

Å In quantum mechanics and scattering theory, the one-dimensional step potential is an 

idealized system used to model incident, reflected and transmitted matter waves.  

Å A potential step for the case 

 

 

                 ,    

Å The rectangular (or, at times, square) potential barrier is a standard one-dimensional problem 

that demonstrates the phenomena of wave-mechanical tunneling (also called "quantum 

tunneling") and wave-mechanical reflection. 
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Å The reflection and transmission coefficients describe the behaviour of the matter wave 

incident on a potential barrier. They can be expressed in terms of the probability with which 

the matter   wave can be reflected or transmitted. The central equation accounting for the 

behaviour of the matter wave is the Schr ↓odinger equation. The Schrodinger equation is the 

second order partial differential equation. 

Å Scattering and tunneling can be described in terms of so-called "reflection and transmission 

coefficients."  

 

 

 

 

 

 

 

Å Alpha decay can provide a safe power source for radioisotope thermoelectric generators 

used for space probes and were used for artificial heart pacemakers. Alpha decay is much 

more easily shielded against than other forms of radioactive decay. 

 

Å Square well Potential: It is an extension of the infinite potential well, in which a particle is 

confined to a box, but one which has finite potential walls. Unlike the infinite potential well, 

there is a probability associated with the particle being found outside the box.  
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Energy Eigen values 

Å The wave function with the quantum mechanical operator 

associated with that parameter. The operator associated with 

energy is the Hamiltonian, and the operation on the wave 

function is the Schrodinger equation. Solutions exist for the 

time independent Schrodinger equation only for certain 

values of energy, and these values are called 

"eigenvalues*" of energy. 

Å An eigen function of a linear operator D defined on some 

function space is any non-zero function f in that space that, 

when acted upon by D, is only multiplied by some scaling 

factor called an eigenvalue. As an equation, this condition 

can be written as  

 

 

for some scalar eigenvalue ɚ. The solutions to this equation may 

also be subject to boundary conditions that limit  the allowable 

eigenvalues and eigen functions. 

Å An eigen function is a type of eigenvector.  
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Transcendental equation & its solutions 

Å A transcendental equation is an equation containing a transcendental function of the 

variable(s) being solved for. Such equations often do not have closed-form solutions. 

Examples  
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Unit-IV 
Harmonic Oscillator 

Å A simple harmonic oscillator is an oscillator that is neither driven nor damped. It consists of a 

mass m, which experiences a single force F, which pulls the mass in the direction of the point x 

= 0 and depends only on the position x of the mass and a constant k. Balance of forces 

(Newton's second law) for the system is  

 

 

Å Solving this differential equation, we find that the motion is described by the function 

              

 

                                         Where  

 

Å A Harmonic oscillator is a system that, when displaced from its equilibrium position, experiences a 

restoring force F proportional to the displacement x: F = ī k x,  

Å The Hamiltonian of the particle is 

 

 

  

where m is the particle's mass, k is the force constant, ɤ = k m is the angular frequency of the oscillator, x 

is the position operator, and p ^ is the momentum operator.  
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Å A common property of the states called "bound states" in quantum 

mechanics. Such specific discrete (step-like) energies are called 

energy eigenvalues.  

Å Suppose an example that f(t) is subject to the boundary conditions f(0) 

= 1 and df /dt | t = 0  = 2. We then find that f ( t ) = e 2 t , where ɚ = 2 is 

the only eigenvalue of the differential equation that also satisfies the 

boundary condition. 

Å The lowest allowed harmonic oscillator energy, E0, is ɤ2 and not 0, 

the atoms in a molecule must be moving even in the lowest vibrational 

energy state. This phenomenon is called the zero-point energy. 

 

Å According to modern physics, the universe is not made of isolated 

particles, but continuous fluctuating fields: matter fields, whose quanta 

are fermions (i.e. leptons and quarks), and force fields, whose quanta 

are bosons (e.g. photons and gluons). All  these fields have zero-point 

energy. 

Å Symmetric wave function states have the form 

 

 

Å Antisymmetric wave function states have the form 
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Å The rigid  rotor  is a mechanical model of rotating systems.  

Å An arbitrary  rigid  rotor  is a 3-dimensional rigid object, such as a top. To orient such an 

object in space requires three angles, known as Euler angles.  

Å A special rigid  rotor  is the linear rotor requiring only two angles to describe, for example of 

a diatomic molecule. More general molecules are 3-dimensional, such as water (asymmetric 

rotor), ammonia (symmetric rotor), or methane (spherical rotor).  

Å Spherical harmonics are basis functions for irreducible representations of SO3, the group of 

rotations in three dimensions, and thus play a central role in the group theoretic discussion of 

SO3. 

Å Spherical harmonics originates from solving Laplace's equation in the spherical domains. 

Functions that solve Laplace's equation are called harmonics.  

 

Å Quantization  is the process of transition from a classical understanding of physical 

phenomena to a newer understanding known as quantum mechanics.  

Å This is a generalization of the procedure for building quantum mechanics from classical 

mechanics. Also related is field quantization, as in the "quantization of the electromagnetic 

field", referring to photons as field "quanta" (for instance as light quanta).  
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Energy Levels of H-atoms 

Å The electron in a Hydrogen atom can only have certain energies. These energies are called the 

Hydrogen's ñenergy levelsò. 

Å The different energy levels of a Hydrogen atom are given by the equation:            E = - 

 E0/n2 

Å where E0 = 13.6 eV (1 eV = 1.602Ĭ10-19 Joules) and n = 1,2,3é and so on so that the ground 

state has energy E1= -13.6 eV and the second energy level (the first excited state) has energy 

E2 = -13.6/4 eV = -3.4 eV. 

Å The Bohr radius (a0 or rBohr) is a physical constant, equal to the most probable distance 

between the nucleus and the electron in a hydrogen atom in its ground state. 

 

Å Its value is 5.29177210903(80)Ĭ10ī11 m. By The Bohr radius is  

 

 

 

Å Bohr derived the energy of each orbit of the hydrogen atom to be 
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Unit-V 
Spectral energy values  

Å Niels Bohr obtained the energy levels and spectral frequencies of the hydrogen atom after 

making a number of simple assumptions in order to correct the failed classical model. The 

assumptions included: 

1. Electrons can only be in certain, discrete circular orbits or stationary states, thereby having a 

discrete set of possible radii and energies. 

2.Electrons do not emit radiation while in one of these stationary states. 

3. An electron can gain or lose energy by jumping from one discrete orbital to another. 

Å Bohr's predictions matched experiments measuring the hydrogen spectral series to the first 

order, giving more confidence to a theory that used quantized values. 

Å For n = 1, the value 
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The spectral series are important in astronomical spectroscopy for detecting the presence of 

hydrogen and calculating red shifts. 

 

 

 

 

 

 

 

 

Å The energy spectra of hydrogen-like atoms must depend on the nuclear mass. And since 

hydrogen atoms have a nucleus of only one proton, the spectrum energy of an hydrogen 

atom depends only by the nucleus. 

 

 

 

 

 

Å   
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Å Molecular spectroscopy concerned with infrared and Raman spectra of molecules in the gas 

phase. Transitions involving changes in both vibrational and rotational states can be abbreviated 

as  ro-vibrational transitions.  

Å When such transitions emit or absorb photons (electromagnetic radiation), the frequency is 

proportional to the difference in energy levels and can be detected by certain kinds of 

spectroscopy. 

Å Light-matter interaction ,Rigid-rotor model for diatomic molecules 

Å Non-rigid rotation, Vibration-rotation for diatomics. 

 

Subject 

Code:BSCPH301 

Course Name : B.Sc. Third Year, Quantum Mechanics & 

Spectroscopy  



Å The SternïGerlach experiment demonstrated that the spatial orientation of angular momentum 

is quantized.  

Å In the original experiment, silver atoms were sent through a spatially varying magnetic field, 

which deflected them before they struck a detector screen, such as a glass slide.  

 

 

 

 

 

 

 

 

 

 

Å Quantization of angular momentum had already arisen for orbital angular momentum, and if  

this electron spin behaved the same way, an angular momentum quantum number s = 1/2 was 

required to give just two states. This intrinsic electron property gives: 
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