Central University of Himachal Pradesh

Department of Physics and Astronomical Science

B. Sc. Physics (Hon’s)
2"d Semester

Syllabus

2020

Page 1 of 11




Course Code : PAS 103

Course Name: ELECTRICITY AND MAGNETISM
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures

Electric Field and Electric Potential
Electric field: Electric field lines. Electric flux. Gauss’ Law with applications tocharge
distributions with spherical, cylindrical and planar symmetry. (6 Lectures)

Conservative nature of Electrostatic Field. Electrostatic Potential. Laplace’s and Poisson
equations. The Unigueness Theorem. Potential and Electric Field of a dipole. Force and
Torque onadipole. (6 Lectures)

Electrostatic energy of system of charges. Electrostatic energy of a charged sphere.
Conductors in an electrostatic Field. Surface charge and force on a conductor.
Capacitance of a system of charged conductors. Parallel-plate capacitor. Capacitance of
an isolated conductor. Method of Images and its application to: (1) Plane Infinite Sheet
and (2) Sphere. (10 Lectures)

Dielectric Properties of Matter: Electric Field in matter. Polarization, Polarization
Charges. Electrical Susceptibility and Dielectric Constant. Capacitor (parallel plate,
spherical, cylindrical) filled with dielectric. Displacement vector D. Relations between
E, P and D. Gauss’ Law in dielectrics. (8 Lectures)

Magnetic Field: Magnetic force between current elements and definition of Magnetic
FieldB. Biot-Savart’s Law and its simple applications: straight wire and circular loop.
Current Loop as a Magnetic Dipole and its Dipole Moment (Analogy with Electric
Dipole). Ampere’s Circuital Law and its application to (1) Solenoid and (2) Toroid.
Properties of B: curl and divergence. Vector Potential. Magnetic Force on (1) point
charge (2) current carrying wire (3) between current elements. Torque on a current loop
in a uniformMagnetic Field. (9 Lectures)

Magnetic Properties of Matter: Magnetization vector (M). Magnetic Intensity(H).
Magnetic Susceptibility and permeability. Relation between B, H, M. Ferromagnetism.
B-H curve and hysteresis. (4 Lectures)

Electromagnetic Induction: Faraday’s Law. Lenz’s Law. Self Inductance and Mutual
Inductance. Reciprocity Theorem. Energy stored in a Magnetic Field. Introduction to

Maxwell’s Equations. Charge Conservation and Displacement current. (6 Lectures)

Electrical Circuits: AC Circuits: Kirchhoff’s laws for AC circuits. Complex Reactance
and Impedance. Series LCR Circuit: (1) Resonance, (2) Power Dissipation and (3)
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Quality Factor, and (4) Band Width. Parallel LCR Circuit. (4 Lectures)

Network theorems: Ideal Constant-voltage and Constant-current Sources. Network
Theorems: Thevenin theorem, Norton theorem, Superposition theorem, Reciprocity
theorem, Maximum Power Transfer theorem. Applications to dc circuits.

(4 Lectures)

Ballistic Galvanometer: Torque on a current Loop. Ballistic Galvanometer: Current
and Charge Sensitivity. Electromagnetic damping. Logarithmic damping. CDR.
(3 Lectures)

Reference Books:

e Electricity, Magnetism & Electromagnetic Theory, S. Mahajan and Choudhury,
2012, Tata McGraw
Electricity and Magnetism, Edward M. Purcell, 1986 McGraw-Hill Education
Introduction to Electrodynamics, D.J. Griffiths, 3rd Edn., 1998, Benjamin Cummings.
Feynman Lectures Vol.2, R.P.Feynman, R.B.Leighton, M. Sands, 2008, Pearson Education
Elements of Electromagnetics, M.N.O. Sadiku, 2010, Oxford University Press.
Electricity and Magnetism, J.H.Fewkes & J.Yarwood. Vol. I, 1991, Oxford Univ. Press.

Page 3 of 11




Course Code: PAS 103 L
Course Name: ELECTRICITY AND MAGNETISM LAB
Practical : 60 Lectures

Use a Multimeter for measuring (a) Resistances, (b) AC and DC Voltages, (c) DC
Current, (d) Capacitances, and (e) Checking electrical fuses.
To study the characteristics of a series RC Circuit.
To determine an unknown Low Resistance using Potentiometer.
To determine an unknown Low Resistance using Carey Foster’s Bridge.
To compare capacitances using De’Sauty’s bridge.
Measurement of field strength B and its variation in a solenoid (determine dB/dx)
To verify the Thevenin and Norton theorems.
To verify the Superposition, and Maximum power transfer theorems.
To determine self inductance of a coil by Anderson’sbridge.

. To study response curve of a Series LCR circuit and determine its (a) Resonant
frequency, (b) Impedance at resonance, (c) Quality factor Q, and (d) Band width.

. To study the response curve of a parallel LCR circuit and determine its (a) Anti-
resonant frequency and (b) Quality factor Q.

12. Measurement of charge and current sensitivity and CDR of Ballistic

Galvanometer
13. Determine a high resistance by leakage method using Ballistic Galvanometer.
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14. To determine self-inductance of a coil by Rayleigh’s method.
15. To determine the mutual inductance of two coils by Absolute method.

Reference Books
e Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia
Publishing House

A Text Book of Practical Physics, I.Prakash & Ramakrishna, 11" Ed., 2011, Kitab

Mahal Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4"

Edition, reprinted 1985, Heinemann Educational Publishers

Engineering Practical Physics, S.Panigrahi and B.Mallick, 2015, Cengage Learning.

A Laboratory Manual of Physics for undergraduate classes, D.P.Khandelwal, 1985, Vani Pub.
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Course Code: PAS 104

Course Name: WAVES AND OPTICS
(Credits: Theory-04, Practicals-02)
Theory: 60 Lectures

Superposition of Collinear Harmonic oscillations: Linearity and Superposition
Principle. Superposition of two collinear oscillations having (1) equal frequencies and

(2) different frequencies (Beats). Superposition of N collinear Harmonic Oscillations
with (1) equal phase differences and (2) equal frequency differences. (5 Lectures)

Superposition of two perpendicular Harmonic Oscillations: Graphical and Analytical
Methods. Lissajous Figures with equal an unequal frequency and their uses.
(2 Lectures)

Wave Motion: Plane and Spherical Waves. Longitudinal and Transverse Waves. Plane
Progressive (Travelling) Waves. Wave Equation. Particle and Wave Velocities.
Differential Equation. Pressure of a Longitudinal Wave. Energy Transport. Intensity of
Wave. Water Waves: Ripple and Gravity Waves. (4 Lectures)

Velocity of Waves: Velocity of Transverse Vibrations of Stretched Strings. Velocity of
Longitudinal Waves in a Fluid in a Pipe. Newton’s Formula for Velocity of Sound.
Laplace’s Correction. (6 Lectures)

Superposition of Two Harmonic Waves: Standing (Stationary) Waves in a String:
Fixed and Free Ends. Analytical Treatment. Phase and Group Velocities. Changes with
respect to Position and Time. Energy of Vibrating String. Transfer of Energy. Normal
Modes of Stretched Strings. Plucked and Struck Strings. Melde’s Experiment.
Longitudinal Standing Waves and Normal Modes. Open and Closed Pipes.
Superposition of N Harmonic Waves. (7 Lectures)

Wave Optics: Electromagnetic nature of light. Definition and properties of wave front.
HuygensPrinciple. Temporal and Spatial Coherence. (3 Lectures)

Interference: Division of amplitude and wavefront. Young’s double slit experiment.
Lloyd’s Mirror and Fresnel’s Biprism. Phase change on reflection: Stokes’ treatment.
Interference in Thin Films: parallel and wedge-shaped films. Fringes of equal inclination
(Haidinger Fringes); Fringes of equal thickness (Fizeau Fringes). Newton’s Rings:
Measurement of wavelength and refractive index. (9Lectures)

Interferometer: Michelson Interferometer-(1) Idea of form of fringes (No theory
required), (2) Determination of Wavelength, (3) Wavelength Difference, (4) Refractive

Page 5 of 11




Index, and (5) Visibility of Fringes. Fabry-Perot interferometer. (4 Lectures)

Diffraction: Kirchhoff’s Integral Theorem, Fresnel-Kirchhoff’s Integral formula.
(Qualitative discussion only) (2 Lectures)

Fraunhofer diffraction: Single slit. Circular aperture, Resolving Power of a telescope.
Double slit. Multiple slits. Diffraction grating. Resolving power of grating.
(8 Lectures)

Fresnel Diffraction: Fresnel’s Assumptions. Fresnel’s Half-Period Zones for Plane
Wave. Explanation of Rectilinear Propagation of Light. Theory of a Zone Plate: Multiple
Foci of a Zone Plate. Fresnel’s Integral, Fresnel diffraction pattern of a straight edge, a
slit and a wire. (7 Lectures)

Holography: Principle of Holography. Recording and Reconstruction Method. Theory
of Holography as Interference between two Plane Waves. Point source holograms.

(3 Lectures)

Reference Books
Waves: Berkeley Physics Course, vol. 3, Francis Crawford, 2007, Tata McGraw-Hill.
Fundamentals of Optics, F.A. Jenkins and H.E. White, 1981, McGraw-Hill
Principles of Optics, Max Born and Emil Wolf, 7™ Edn., 1999, Pergamon Press.
Optics, Ajoy Ghatak, 2008, Tata McGraw Hill
The Physics of Vibrations and Waves, H. J. Pain, 2013, John Wiley and Sons.
The Physics of Waves and Oscillations, N.K. Bajaj, 1998, Tata McGraw Hill.

Fundamental of Optics, A. Kumar, H.R. Gulati and D.R. Khanna, 2011, R. Chand
Publications.
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Course Code: PAS 104 L
Course Name: WAVES AND OPTICS LAB

Practical : 60 Lectures

. To determine the frequency of an electric tuning fork by Melde’s experiment and
verify A2 —T law.

. To investigate the motion of coupled oscillators.

. To study Lissajous Figures.
Familiarization with: Schuster’s focusing; determination of angle of prism.

. Todetermine refractive index of the Material of a prism using sodium source.

. To determine the dispersive power and Cauchy constants of the material ofa
prism using mercury source.

. Todetermine the wavelength of sodium source using Michelson’s interferometer.

. Todetermine wavelength of sodium light using Fresnel Biprism.

. Todetermine wavelength of sodium light using Newton’s Rings.

. To determine the thickness of a thin paper by measuring the width ofthe

interference fringes produced by a wedge-shaped Film.

11. To determine wavelength of (1) Na source and (2) spectral lines of Hg source using plane
diffraction grating.

12. To determine dispersive power and resolving power of a plane diffraction grating.

Reference Books
e Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia

Publishing House
A Text Book of Practical Physics, I. Prakash & Ramakrishna, 11" Ed., 2011, Kitab
Mabhal
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4™ Edition,
reprinted 1985, Heinemann Educational Publishers
A Laboratory Manual of Physics for undergraduate classes, D.P.Khandelwal, 1985, Vani Pub.
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Course Code: CCS 102

Course Name: CHEMISTRY I
(Credits: Theory-04, Practicals-02)
Theory: 40+Lectures

Objectives & Academic Requirements: The emphasis of course is to provide students
with the basic foundation in physical, organic and inorganic chemistry needed to
develop an understanding of materials at a molecular level. The students are to be
examined entirely on the basis of problems (seen/unseen) and assignments. Students are
expected to attend all lectures in order to be able to fully benefit from the course. A
minimum of 75% attendance is a must failing which a student may not be permitted to

appear in the examination.

Course Contents:

Unit I: Atomic Structure: Review of: Bohr’s theory and its limitations, dual behaviour of
matter and radiation, de Broglie’s relation, Heisenberg Uncertainty principle. Hydrogen atom
spectra. Need of a new approach to Atomic structure. What is Quantum mechanics? Time
independent Schrodinger equation and meaning of various terms in it. Significance of y and
w2, Schrédinger equation for hydrogen atom. Radial and angular parts of the hydogenic
wavefunctions (atomic orbitals) and their variations for 1s, 2s, 2p, 3s, 3p and 3d orbitals
(Only graphical representation). Radial and angular nodes and their significance. Radial
distribution functions and the concept of the most probable distance with special reference to
1s and 2s atomic orbitals. Significance of quantum numbers, orbital angular momentum and
guantum numbers miand ms. Shapes of s, p and d atomic orbitals, nodal planes. Discovery of
spin, spin quantum number (s) and magnetic spin quantum number (ms). Rules for filling
electrons in various orbitals, Electronic configurations of the atoms. Stability of half-filled
and completely filled orbitals, concept of exchange energy. Relative energies of atomic
orbitals, Anomalous electronic configurations. [10 hours]

Unit I1: Chemical Bonding and Molecular Structure

lonic Bonding: General characteristics of ionic bonding. Energy considerations in ionic
bonding, lattice energy and solvation energy and their importance in the context of stability
and solubility of ionic compounds. Statement of Born- Landé equation for calculation of
lattice energy, Born-Haber cycle and its applications, polarizing power and polarizability.

Fajan’s rules, ionic character in covalent compounds, bond moment, dipole moment and
percentage ionic character.

Covalent bonding: VB Approach: Shapes of some inorganic molecules and ions on the basis
of VSEPR and hybridization with suitable examples of linear, trigonal planar, square planar,
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tetrahedral, trigonal bipyramidal and octahedral arrangements. Concept of resonance and
resonating structures in various inorganic and organic compounds. MO Approach: Rules for
the LCAO method, bonding and antibonding MOs and their characteristics for s-s, s-p and p-
p combinations of atomic orbitals, nonbonding combination 10 of orbitals, MO treatment of
homonuclear diatomic molecules of 1st and 2nd periods (including idea of s-p mixing) and
heteronuclear diatomic molecules such as CO, NO and NO-+. Comparison of VB and MO
approaches. [10 hours]

Unit 111: Fundamentals of Organic Chemistry
Physical Effects, Electronic Displacements: Inductive Effect, Electromeric Effect,

Resonance and Hyperconjugation. Cleavage of Bonds: Homolysis and Heterolysis.
Structure, shape and reactivity of organic molecules: Nucleophiles and electrophiles.
Reactive Intermediates: Carbocations, Carbanions and free radicals. Strength of organic
acids and bases: Comparative study with emphasis on factors affecting pK values.
Aromaticity: Benzenoids and Hiickel’s rule. Stereochemistry: Conformations with respect to
ethane, butane and cyclohexane. Interconversion of Wedge Formula, Newmann, Sawhorse
and Fischer representations. Concept of chirality (upto two carbon atoms). Configuration:
Geometrical and Optical isomerism; Enantiomerism, Diastereomerism and Meso
compounds). Threo and erythro; D and L; cis — trans nomenclature; CIP Rules: R/ S (for
upto 2 chiral carbon atoms) and E / Z Nomenclature (for upto two C=C systems).
[10 hours]

Unit IV: Aliphatic Hydrocarbons
Functional group approach for the following reactions (preparations & reactions) to be

studied in context to their structure.

Alkanes: (Upto 5 Carbons). Preparation: Catalytic hydrogenation, Wurtz reaction, Kolbe’s
synthesis, from Grignard reagent. Reactions: Free radical Substitution: Halogenation.
Alkenes: (Upto 5 Carbons) Preparation: Elimination

reactions: Dehydration of alkenes and dehydrohalogenation of alkyl halides (Saytzeff’s rule);
cis alkenes (Partial catalytic hydrogenation) and trans alkenes (Birch reduction). Reactions:
cis-addition (alk. KMnO4) and trans-addition (bromine), Addition of HX (Markownikoff’s
and anti-Markownikoff’s addition), Hydration, Ozonolysis, oxymecuration-demercuration,
Hydroboration-oxidation.

Alkynes: (Upto 5 Carbons) Preparation: Acetylene from CaC2 and conversion into higher
alkynes; by dehalogenation of tetra halides and dehydrohalogenation of vicinal- dihalides.

Reactions: formation of metal acetylides, addition of bromine and alkaline KMnO4,
ozonolysis and oxidation with hot alk. KMnO4. [10 hours]

Reference Books:

1. Lee, J.D. Concise Inorganic Chemistry ELBS, 1991.

2. Cotton, F.A., Wilkinson, G. & Gaus, P.L. Basic Inorganic Chemistry, 3rd ed., Wiley.
3. Douglas, B.E., McDaniel, D.H. & Alexander, J.J. Concepts and Models in Inorganic
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. Huheey, J.E., Keiter, E.A., Keiter, R.L. & Medhi, O.K. Inorganic Chemistry: Principles of
Structure and Reactivity, Pearson Education India, 2006.

. Graham Solomon, T.W., Fryhle, C.B. & Dnyder, S.A. Organic Chemistry, John Wiley & Sons
(2014).

. McMurry, J.E. Fundamentals of Organic Chemistry, 7th Ed. Cengage Learning India Edition,
2013.

. Sykes, P. A Guidebook to Mechanism in Organic Chemistry, Orient Longman, New Delhi
(1988).

. Eliel, E.L. Stereochemistry of Carbon Compounds, Tata McGraw Hill education, 2000.

. Finar, I.L. Organic Chemistry (Vol. | & Il), E.L.B.S.
10. Morrison, R.T. & Boyd, R.N. Organic Chemistry, Pearson, 2010.

11. Bahl, A. & Bahl, B.S. Advanced Organic Chemistry, S. Chand, 2010.

Evaluation Criteria:
Mid Term Examination [50 marks/25% weightage]
End Term Examination [100 marks/50% weightage]

Internal Assessment [25% weightage]: Aassignments/Problems solving/Quizzes.
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Course Code: CCS 102 L
Course Name: CHEMISTRY LAB |1

Practical: -40 Lectures

Faculty will plan the experiments as per convenience and availability of instruments and other
materials.

Section A: Inorganic Chemistry - Volumetric Analysis

1. Estimation of sodium carbonate and sodium hydrogen carbonate present in a mixture.
2. Estimation of oxalic acid by titrating it with KMnO4.

3. Estimation of water of crystallization in Mohr’s salt by titrating with KMnOA4.

4. Estimation of Fe (I1) ions by titrating it with K2Cr207 using internal indicator.

Section B: Organic Chemistry

1. Separation of mixtures by Chromatography: Measure the Rf value in each case
(combination of two compounds to be given)
(b) Identify and separate the components of a given mixture of 2 amino acids (glycine,
aspartic acid, glutamic acid, tyrosine or any other amino acid) by paper chromatography

(c) Identify and separate the sugars present in the given mixture by paper
chromatography.

Reference Books:
e Svehla, G. Vogel’s Qualitative Inorganic Analysis, Pearson Education, 2012.
e Mendham, J. Vogel’s Quantitative Chemical Analysis, Pearson, 2009.

e VVogel, AL, Tatchell, A.R., Furnis, B.S., Hannaford, AJ. & Smith, P.W.G., Textbook of
Practical Organic Chemistry, Prentice-Hall, 5th edition, 1996.

e Mann, F.G. & Saunders, B.C. Practical Organic Chemistry Orient-Longman, 1960.
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