Lesson plans on Vector Analysis, Mathematical Physics-I in UG semester I Physics Hons Paper 101

By Shri Pankaj Sarkar

Lecture Number

Plan of action

Students” participation

1 Recapitulation of vectors: Introduction to Vector, types, its importance Revision and clearing doubts
2 STAIar FTOUUCT, TLS BEOTTETITCdT STZMITTCAICE, EXAIMpPIES, appPIicatiorns doing exer‘cises
Properties of vectors under rotations. Scalar product and its invariance recapitulation and clearing
3 under rotations. doubts
4 Vector Product, its geometrical significance, examples, applications to perform the relevant tasks
5 Scalar triple product, its geometrical significance, relevant exercises
corncept O1 Tield, ocdidr 1rerd, vecror r1ield, Trierr exammpres, mrroauction 10
6 the particial differentiation and vector operator clearing doubts
7 Directional derivatives and normal derivative
8 Gradient of a scalar field and its geometrical interpretation, exercises clearing doubts
9 Divergence of a vector field and its geometrical interpretation, exercises
10 Curl of a Vector field and its geometrical interpretation, exercises
11 Del and Laplacian operators. Vector identities.
12 Vector identities continued
13-14 Class Test- 1
15 Concept of integration, Vector integration
16 Ordinary Integrals of Vectors, Multiple integrals, applications to perform the relevant tasks
17 Jacobian, its applications
18 line integration-examples
19 Surface integration, examples clearing doubts
20 Application of surface integration to perform the relevant tasks
21 Volume integration, examples
22 Applications of volume integration to perform the relevant tasks
23-24 Class Teest-2
25 Flux of a vector field,
26 Gauss's Divergence theorem, applications clearing doubts
27 Application of Gauss's theorem continues to perform the relevant tasks
28 Green's theorem, its applications clearing doubts
29 Application of Green's theorem continues to perform the relevant tasks
30 Stokes Theorems and its applications clearing doubts
31 Applications of Stokes theorem continues to perform the relevant tasks
32-33 Class Test-3
Introduction to Orthogonal Curvilinear Coordinates, scale factors, Covariant
34 & Contravarient vector components clearing doubts
determination of scale factors in Cartesian, Cylindrical and Spherical
35 coordinate systems
36 Derivation of Gradient, Divergence, del operator
37 Derivation of curl, Laplacian
38 Del operator, Laplacian in to perform the relevant tasks

Cartesian, Spherical and Cylindrical Coordinate Systems.

39-40

Class Test-4




Course Name: |Classical Dynamics

Course Code: BPHSDSHT504 |

Module Name: Classical Dynamics
Name of the teacher: Dr. Saptarshi Chakraborty|
Alloted Lectures: 20 (Additional Tutorial Classes Required = 3)

Objectives of the module:

Students will be able to answer the questions related to normal modes of
oscillations and fluid motion and also able to solve the various numericals

based on them.

Class Topics to be Covered Mode of Teaching
1 Minima of potential energy and points of stable equilibrium Online
2 Expansi!)n of thelpotential energy lround alminimurln Online
3 Small arlnplitude |oscillatio|ns aboutI the minilmum Online
4 Calculatlions of frlequenciels of norrr|1a1 models of oscillations of N-oscillators system Online

T-1 |One ’I‘utolrial Requlired to dislcuss the !nvolved rlumericallpart Online
E-1 |CLASS TEST/PRESENTATION/QUIZ Online
5 Density Iand preslsure in a fluid Online
6 An elemlent of ﬂulid and itsI velocity Online
7 Continulity equat!on and rLass conservation Online
8 Stream llined rnotlion Online
9 LaminarI flow Online
10 Poiseuillle‘s equation for a flow of a liquid through a pipe Online
T-2 |One ’I‘utolrial Requlired to dislcuss the Iinvolved r!umerical part Online
11 Navier-Stokes equation Online
12 Qualitatlive descrliption of turbulence Online
13 |Reynolds numbel Online
T-3 |One ’I‘utolrial Requlired to discuss the involved numerical part Online
E-2 |CLASS TEST/PRESENTATION/QUIZ Online




Course Name: ELECTRICITY & MAGNETISM

Course Code: BPHSCCHC201 |

Module Name: Electricity & Magnetism

Name of the teacher: Moumita Patra

Alloted Lectures: 60 (Additional Tutorial Classes Required = 10)

Objectives of the module:

Give the students a clear & detailed idea about one of

the most important Chapter of physics and to make
them able to understand electric & magnetic properties

of matter and also a clear idea about electric circuits

Class Topics to be Covered
1 Introduction: Electric Field,Electric field lines Online
2 Electric fllux,Gausls' Law Online
3 Gauess' Law with Lpplications to charge distributions Online
4 Charge dlistributioln with splherical sylmmetry Online
5 Charge dlistributiolns with clflindricallsymmetrv Online
6 [Charge dlistributioln with plallner symrlnetry Online
T-1 |[One Tut(!rial Requlired to dilscuss the| involved numerical part Online
7 COl’lSGI‘VélltiVC natulre of electlrostatic f!eld Online
8 Electrostlatic Poterlltial Online
9 Laplace‘s| and Poislsion's equations Online
10 |The Uniqlueness tklleorem Online
11 |Potential and electlric field of a dipole Online
12 |Force an!:l Torque |on a dipolle Online
13 Electrostlatic Enerlgy of systtlem of charges Online
14 Electrostlatic Energy of a chlarged spllere Online
T-2 |One Tut(!rial Required to dilscuss the| involved numerical part Online

15

Conductors in an Electrostatic field




16 |[Surface charge and Force on a conductor Online
17 Capacitalnce of a slystem of |charged clonductors Online
18 Parallel—rl)late cape!citor Online
T-3 |[One Tut(lrial Requlired to discuss the involved numerical part Online
E-1 |CLASS TlEST / PRE|SENTATILN / QUIZ| Online
19 Capacitalnce of anlisolated clonductor| Online
20 Uniquenless theorelm Online
21 |Method c!f image alnd its application to plane infinite sheet Online
22 Applicatilon of Metlhod of image for a sphere Online
T-4 [One doubt clearinlg class Online
23 |Electric illeld in matter Online
24 Polarizat!on & pollrization charges Online
25 |Electric slusceptibillity and ]lielectric constant Online
26 |Parallel glate capalcitor ﬁlle<|i with diellectric Online
27 Sphericall and cyliLdrical calpacitors flilled with dielectrics Online
28 Discussitl)n on disllolacemenl vector Online
29 Relationsl betweenlE,P and ]lD Online
30 |Gauss' laltw in dielc!ctrics Online
T-5 |[One Tut(lrial Requlired to discuss the involved numerical part Online
E-2 |Class T elt on prevlious topil Online
31 Magneticl Force beltween cu1|"rent elements and definition of Magnetic Field |Online
32 |Biot Savaltrt's Law Online
33 Applicatilon of Biot savart law Online
34 |[Current lloop as a magnetic dipole and it's dipole moment Online




35 |Ampere's Circuital Law and its application Online
36 Calculatilon of B folr an inﬁnlite straith wire & a infinite planar surface cuiOnline
37 Solenoidland toroild Online
38 Propertiels of B: culrl & Divergence Online
39 |[Axial vecltor propelrty of B alld its consequences Online
40 |Vector pc|>tentia1 al!ld Magneltic Force Online
41 |Torque oln a currelnt loop inl a uniform magnetic field Online
T-6 |[One Tut(lrial Requlired to dilscuss the| involved numerical part Online
42 Magnetizlation Vecltor & Maglgnetic Int(lensity Online
43 Magneticl Susceptilbility & Plermeabili!cy Online
44 |Relations Between B,H,M Online
45 Ferromaglgnetism ,]|3—H curve and Hysteresis Online
T-7 |[One Doulbt Clearirllg Class Online
46 Faraday‘ls Law & Llenz"s Law Online
47 |Self Indulctance Online
48 |Mutual irllductance Online
49 Reciprocilty theorelm, Energy stored in a Magnetic field Online
50 Introduc‘lcion to Mallxwell‘s eclluations Online
51 [Charge clonservati!)n & Displlacement Current Online
E-2 |Class teslt on previlous topicls Online
52 Kirchoffsl, Laws for| AC circulits Online
53 Complexlresistancle and im]loedance Online
54 |Series LCllR Circuitl Online
55 |Parallel ].l,CR Circulit Online




T-8 [One Tutorial Required to discuss the involved numerical part Online
56 [Ideal conlstant voltlage & collstant culrent sou1|”ces Online
57 |Network |theorem: |Thevenin| theorem |& Norton| theorem Online
58 Superposlsition thetl)rem & Rleciprocity| theorem Online
59 Maximurln Power tlransfer tl'lleorem Online
60 Applicatilons to DCll circuits Online
T-9 [One Tutorial Requlired to discuss the involved numerical part Online
T-10 |Doubt Cllearing Selssion(WhLle Chaptler) Online
E-3 Terminal| Exam Online




Course Name: Mathematical Physics-II
Course Code: BPHSCCHC301 |
Module Name: Mathematical Physics-II
Name of the teacher: Dr. Saptarshi Chakraborty
Alloted Lectures: 28 (Additional Tutorial Classes Required = 3)
Objectives of the module:
Students will be able to solve the problems on the Power series solutions
and on the special integrals.
Class Topics to be Covered Mode of Teaching
1 Singular Points of Second Order Linear Differential Equations and their importance Online
Combin
2 Frobinus method and its application to differential equation ed mode
3 Legendre, Bessel, Hermite and Laguerre differential equations Online
4 Properties of Legendre Polynomials: Rodrigues Formula, Generating Functions, Online
Orthogonality, Simple recurrence relations & Expansion of a function in series of
Legendre Polynomials
5 Bessel functions of First kind, Generating function, Simple recurrence relation Online
zeros of Bessel functions & Orthogonality
T-1 |One doubt clearing class Online
E-1 |CLASS TEST/PRESENTATION/QUIZ Online
6 Beta and Gamma Functions and relation between them Online
T-2 |One Tutorial Required to discuss the involved numerical part Online
7 Error functions Online
T-3 [One Tutorial Required to discuss the involved numerical part Online
E-2 |CLASS TEST/PRESENTATION/QUIZ Online
8 Terminal Exmination Online




Course Name: Mechanics
Course Code: BPHSCCHC102
Module Name: Oscillations
Name of the teacher: Dr. Saptarshi Chakraborty
Alloted Lectures: 7 (Additional Tutorial Classes Required = 3)
Objectives of the module:
Students will be able to answer the questions related to osillations. They
will also be able to solve the numericals based on this.
Class Topics to be Covered Mode of Teaching
1 Simple Harmonic Oscillations (SHM) Online
2 Differential equation of SHM and its solution Online
3 Kinetic energy, Potential energy, Total energy and their time-average values Online
T-1 |One Tutorial Required to discuss the involved numerical part Online
E-1 |CLASS TEST/PRESENTATION/QUIZ Offline
5 Damped oscillation Online
T-2 |[One Tutorial Required to discuss the involved numerical part Online
6 Forced oscillations: Transient and steady state Online
7 Resonance & sharpness of resonance Online
8 Power dissipation and quality factor Online
T-3 [One Tutorial Required to discuss the involved numerical part Online
E-2 |CLASS TEST/PRESENTATION/QUIZ Online
9 Terminal Exmination Online




Course Name:

Solid State Physics

Course Code:

BPHSCCHC502 |

Module Name:

Solid state physics

Name of the teacher:

Dr. Saptarshi Chakraborty

Alloted Lectures:

32 (Additional Tutorial Classes Required = 10) 0)

Objectives of the module:

Give the students a clear & detailed idea about one of the most

important Chapter of physics and to make them able to

understand the structure of solids and its various properties, as

well as its response to external electric and magnetic fields

Class Topics to be Covered
1 Lattice vibrations and Phonons Online
2 Linear Mlonoatomilc and Dialtomic Chains Online
3 Acousticltl and Opltical Phorllons Online
4 Qualitatilve Descrilotion of tl’lle Phonon Spectrum in Solids Online
S Dulong alnd Petit's law Online
6 Einstein |and Debyle theories of specific heat of solids and T"3 law Online
T-1 |[One Tut(!rial Requlired to diLcuss the| involved |numerica|1 part Online
7 Sommerfleld's free |electron tlheory of rlnetals Online
8 Free elec!tron gas iln three dilmensionsl, Online
9 Fermi enlergy, temlperature, |velocity a!nd momentum Online
10 Concepts| of energy bands ir|1 solids Online
11 Periodic |:)otential |and Blocl’ll theorem (proof not required) Online
12 Qualitative discus!sion on Klronig—Penlny model| and enerlgy band structure Online
13 Conducttl)r, Semicl)nductor |(P & N ty}lJe) and Inlsulator Online
14 Conductilvity of m(letal and semiconductor Online
T-2  |One Tut(!rial Requlired to dilscuss the| involved numerical part Online
15 Hall effeclt and exl;!erimenta! measurelments of |Ha11 coffi!:ent Online




16 Introduction to Superconductivity Online
17 Critical thperatulre, criticall magnetic field Online
18 Meissner| effect Online
T-3 |One Tut(!rial Required to discuss the involved numerical part Online
E-1 |CLASS TlEST / PRE|SENTATI|ON / QUIZ| Online
19 Type I ar!d type 11 |supercon|ductors Online
20 London‘s| equation| and Pen<|3tration depth Online
21 Isotope elffect Online
22 Idea of B|CS theory (No derivation) Online
T-4 |One douLt clearinlg class Online
23 ReciprocLl lattice Online
24 Brillouin| Zones Online
25 Diffractic!n of X-rays by crystals Online
26 |Effective |mass of ellectron ccl)ncepts Online
27 Bragg's ILW and La!lue equatlion derivation Online
28 Concepts! of internlal force ir|1 solids Online
29 |Atomic alnd Geomtlatrical facltors Online
T-5 |One douLt clearinlg class Online
T-6 |[One Tut(!rial Required to discuss the involved numerical part Online
E-2 [Class Telt on tota! topic Online
30 Terminall examina!cion Online




Course Code: BPHSCCHC501 | |

Module name: Quantum Mechanics and Applications
Name of the teacher: Dr. Binoy Das | |
Alloted Lectures: | 22 (Additional tutorial classes required = 3)

Objectives of the module:

1. Angular momentum of electron in hydrogen like atom.

2. Concept of space quantization.

3. Space quantizationa and zeeman effect.

4. Introduction of electron spin and calculation of spin angular momentum.

5. Larmor's theorem and calculation of spin magnetic moment.

6. Stern-Gerlach experiment.

7. Electron magnetic moment and electron magnetic energy

8. Concept of gyromagnetic ration and Bohr magneton.

T1: One Tutorial Required to discuss the involved numerical part

E1: Class test on previous topics

9. Splittings of energy levels due to normal Zeeman effect.

10. Splitting of energy levels due to anomalous Zeeman effect.

11. Splitting of energy levels due to Paschen Back effect.

12. Concept of Stark effect.

E2: Class test on previous topics

13. Pauli's exclusion principle.

14. Symmetric and Antisymmetric wave function.

15. Periodic table.

16. Fine structure due to spin orbit coupling.

17.Spectral notations for atomic states.

18. Concept of total angular momentum.




19. Vector atom model: L-S coupling

20. Vector atom model: J-J coupling

21. Hund's rule

22. Spectra of Hydrogen and Alkali atoms.

T3: One Tutorial Required to discuss the involved numerical part

E3: Test Exam




Course Name: Mechanics

Course Code: BPHSCCHC

102

Module Name: Mechanics

Name of the teacher: . Dr. Binoy Das

Alloted Lectures: 5

(Additional

Tutorial Classes Requir

ed=1)

Objectives of the module:

Class Topics to be covered

1. Concept of elasticity, stress strain curve. Offline
2. Relation between elastic constants. Offline
3. Twisting torque on a Cylinder or Wire Offline
4.Concept of fluid motion. Offline
5. Poiseuille’s Equation for Flow of a Liquid through a Capillary Tube. Offline
T1. One Tutorial Required to discuss the involved numerical part. Online
E1- Class Test on previous topics. Online




Course Name: Thermal Physics
Course Code: BPHSCCHC302
Module Name: Thermal Physics
Name of the teacher: Dr. BINOY DAS
Alloted Lectures: 21((Additional Tutorial Classes Required = 4)
Objectives of the module: Give the students a clear & detailed idea about one

of the most important Chapter of physics and to

make them able to understand kinetic theory of

gases, molecular collisions and real gases.

Class Topics to be covered
1. Derivation of Maxwell-Boltzmann Law of Distribution of Velocities in an Ideal Gas . Online
2. Derivation of Maxwell-Boltzmann Law of Distribution of Velocities in an Ideal Gas, Evaluation of A and b terms.|Online

3. Experimental Verification of Maxwell-Boltzmann Law of Distribution of Velocities, Doppler broadening of spectr

Online

4, Experimental Verification of Maxwell-Boltzmann Law of Distribution of Velocities, Stern's experiments. Online
5. Derivatiorl‘n of Mean, RlMS and Mosl Probable Spleeds. Online
6. Concept olf Degrees olereedom. La!/v of EquiparLtion of Energy . Online
7. Concept olf Specific heelats of Gases. Online
T1.One Tutclnrial Require<|:l to discuss the involved numerical part. Online
8. Concept alnd estimatioln of Mean Frlee Path. Online
9. Deductior! of coefficielt of viscosit\!. Online
10. Deductioln of thermal| conductivity| and coefficient of diffusion. Online
11. Conceptlof Brownianlmotion and ilts significancle. Online
T2.One Tutclnrial Require<|:l to discuss tlhe involved nlumerical part. Online
E1- Class Telt on previouls topic Online
12.Behavior|of Real Gasels: Deviations from the Ideal Gas Equation. Online
13.The Viriall Equation. Online
14. Andrew'ls Experiments on CO2 Gas. Online
15. Conceptlof Continuityl/ of Liquid anld Gaseous State. Online
16.Deductio|n of Van derl\NaaI’s Equatlion of State lor Real Gases. Online
17. Values o!‘ Critical Conlstants and LLW of Corresrlaonding Stattles Online
18. Joule’s Elxperiment ald Free Adiak!atic Expansiclnn of a Perfetl:t Gas. Online




19. Joule-Thomson Porous Plug Experiment. Online

20. Joule- Thomson Effect for Real and Van der Waal Gases. Online
21. Temperalture of Invelrsion. Joule- '|I'homson Cocl)ling. Online
T3. One Tut(l)rial Requireclj to discuss tLe involved r!umerical part. Online
T4. Doubt Cllearing Sessioln(Avove top!cs) Online

E3-Terminal Exam Online




Course Code:

BPHSCCHC501

Module name:

Quantum Mechanics and Applications

Name of the teacher:

Dr. Nityananda Das

Alloted Lectures: 38

(Additional tutorial classes required = 5)

Objectives of the module:

atom.

Students will be able to answer the questions related to the Quantum
mechanical approach and its application. They will also be able to
describe/ explain the various physical phenomena related bound
states in arbitrary potentials and quantum theory of hydrogen like

topic to be covered

1. Concept of wave function and Discussion Properties of wave function Online
2. Concer!t of time d!pendent anld time indelpendent Schodinger eLuation. Online
3. concerl)t of dynamlical evaluatilon of quantlum state ar!d wave funlction probability and probability current density Online
4, Concer!t of physicall acceptibili!cy of wave flunction and| its normalilzation and |Linearity anld Superposition principles  |Online
5. Concer!t of positior|1, momentulm and operltors and exlpectation ve|1Iues of pos!tion and m(lamentum. Online
6. Wave flunction of flree particle.| Online
T1:0ne Ttljtorial Requlired to discLss the involved numerical part. Online
7.Time inldependent|Schrodinge|r equation alnd introduction to Hamiltonian operator Online
8. Concer!t of sationalry states anld energy eiglgen values. Online
9. Expanslion of an arlbitrary wavelz function. Online
10. Conc!pt of Iinearlcombinatioln of energy eigen functions. Online
11. Solutilon of the tirLe dependelnt Schrodinlger equatioln. Online
12. Spreald of Gaussia!n wave-paclket for freelparticle in 1D. Online
13. Introc!uctory con<|:ept of wav:.le-packet. Online
14. Conc!pt of moml.ntum spacl.. Online
15. Fourielzr transforn’! of positon |space and momentum space. Online
16. Conc!pt of uncer!cainty princilple. Online
T2: One Tlutorial Reqlljired to discluss the involved numerical part Online
E1l: Class ’lcest on prevlious topics Online
17. Conc!pt of discrelte energy levels and its wave funtions. Online
18. Eigenlfunctions olf one-dimensional potential box. Offline




19. Eigenvalues of one-dimensional potential box.

Offline

20.Eigen functions of step potential. Offline
21. Eigen\llalues of stl.p potential! Offline
22. Eigenlfunctions olf one dimenlsional rectangular potential barrier. Offline
23. Eigen\llalues of onle dimensior|1al rectangullar potential barrier. Offline
24. One dlimensional |rectangularlpotential well. Offline
25. Derivz!\tion of enelrgy eigenfur|1ctions of hlrmonic oscillator. Offline
26. Energly levels of hlarmonic oscl:illators. Offline
27. Conc!pt of grounld state and |zero point energy. Offline
28. Uncerltainty reIatilon for the olscillator. Offline
T3: One Tlutorial Reqlljired to discluss the involved numerical part Offline
29. Time ilndependenlt Schrodingler equationlin three dinlﬁensional spherical polar coordinate. Offline
30. Wavelfunctions olf particle in| a three din!nensional bc|>x. Offline
31. Conc!pt of angullr momentL!m operator| and quantLljm numbers. Offline
32. Contir|1uation of alngular morr!entum opelrator and qtlJantum numbers. Offline
33. Introc!uction of cl.ntral field F!roblem. Offline
34. Derivz!\tion of wavle functionslof hydrogen-like atom using Frobenius method. Offline
35. Contir|1uation of tLe derivatioln of wave flnctions of Lydrogen-lille atom using Frobenius method. Offline
36. Shape| of the prot|>ability denslities for grolund and firlt excited stLtes. Offline
37. Conc!pt of orbitall angular mLmentum. Offline
38. Conc!pt of s, p, d| shells. Offline
T4: One Tlutorial Required to discuss the involved numerical part Offline
T5:Doubt|clearing clalsses( Whole! chapter) Offline
E2: Class ’lcest on prevlious topics Offline




Course Name:

Mechanics

Course Code:

BPHSCCHC102

Module Name:

Mechanics

Name of the teacher: Moumita Patra.

Alloted Lectures:

25 (Additional Tutorial Classes Required = 3)

Objectives of the module:

Students will be able to answer the questions related to centre
of mass and moment of inertia of different types of bodies.
They will also be able to describe/ explain the various types of
motion.

Class Topics to be Covered
1 |Review of Newton's laws of motion,Reference Frames Online
2 |Galilean t1|*ansformat|ion & Galillean invarilance Online
3 Momentul!n of variablle mass sylstem:Rocklet motion Online
Online

4 |Motion of projectile in uniform gravitational field

5 |Dynamics of a system of particles,Centre of mass

Combined mode

T-1 [One Tutorial Required to discuss the involved numerical part Offline
6 |Principle cl)f conservaltion of molnentum,lnllpulse Offline
7 |[Work andlKinetic en!srgy theorc!m.Conser\l/ative and non conservative forces Offline
8 |Potential elnergy,Qua!Iitative stuldy of 1-D |motion frorln potential energy cu"rve Offline
9 |Stable an(!l unstable |equilibriur|n,work & ;l)otential erllergy Offline
10 Workdone| by non—colnservative|forces.LaV\|7 of conser\lfation of energy Offline
11 |Elastic anld inelasticlcollision bletween pal!ticles in lalboratory frame Offline
12 (2-D elastilc collision !n centre olf mass frarlne Offline
13 Introductilon to rotatlional dynalmics Offline
14 |Angular rrllomentum |of a particle and syatem of particle Combined Mode
15 |Torque orlmoment 01|° force Offline

T-2 [One Tutorlial Requireld to discuss the involved numerical part Offline

E-1|CLASS TE|ST/ PRESEl,NTATION /| QUIZ Offline

| | |




16 [Principle of Conservation of angular momentum Offline
17 |Rotation albout a fixeld axis Offline
18 [Moment olf inertia,Pa!rallel and perpendicular axis theorem Offline
T-3 [One Tutorlial Requireld to disculss the invollved numerical part Offline
E-2 |CLASS TE|ST/ PRES}?l,NTATION/| QUIZ Offline
19 Calculatioln of momelnt of inertila for uniform bodies Offline
20 calculatior|1 of momerllt of inertill for rectar|1gular,cylindrical and spherical bodies Offline
21 [Motion in |a vertical clircle Offline
22 [Kinetic enlergy of rotlltion Offline
23 |Motion imliolving botL translational and rotational Offline
24 |pure rollir!g on inclir!ed plane Offline

25

Terminal Exmination

Offline




