SEMESTER-IV

COURSE 4: MODERN PHYSICS
Theory Credits: 3 3 hrs/week

COURSE OBJECTIVE:

The course on Modern Physics aims to provide students with an understanding of the principles of modern
physics and their applications in various fields.

LEARNING OUTCOMES:

On successful completion of this course, the students will be able to:
1. Understand the principles of atomic structure and spectroscopy.
2. Understand the principles of molecular structure and spectroscopy
3. Develop critical understanding of concept of Matter waves and Uncertainty principle.
4. Get familiarized with the principles of quantum mechanics and the formulation of Schrodinger wave
equation and its applications.
5. Increase the awareness and appreciation of superconductors and their practical applications

UNIT-I: Introduction to Atomic Structure and Spectroscopy: (9 hrs

Bohr's model of the hydrogen atom -Derivation for radius, energy and wave number - Hydrogen spectrum,
Vector atom model — Stern and Gerlach experiment, Quantum numbers associated with it, Coupling
schemes, Spectral terms and spectral notations, Selection rules. Zeeman effect, Experimental arrangement to
study Zeeman effect.

UNIT-11: Molecular Structure and Spectroscopy (9 hrs

Molecular rotational and vibrational spectra, electronic energy levels and electronic transitions, Raman effect,
Characteristics of Raman effect, Experimental arrangement to study Raman effect, Quantum theory of
Raman effect, Applications of Raman effect. Spectroscopic techniques: IR, UV-Visible, and Raman

spectroscopy

UNIT-I11: Matter waves & Uncertainty Principle: (9 hrs

Matter waves, de Broglie’s hypothesis, Properties of matter waves, Davisson and Germer’s experiment,
Heisenberg’s uncertainty principle for position and momentum & energy and time, lllustration of uncertainty
principle using diffraction of beam of electrons (Diffraction by a single slit) and photons (Gamma ray

microscope).
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UNIT-1V: Quantum Mechanics: (9 hrs

Basic postulates of quantum mechanics, Schrodinger time independent and time dependent wave equations-
Derivations, Physical interpretation of wave function, Eigen functions, Eigen values, Application of
Schrodinger wave equation to (one-dimensional potential box of infinite height (Infinite Potential Well)

UNIT-V: Superconductivity: (9 hrs

Introduction to Superconductivity, Experimental results-critical temperature, critical magnetic field, Meissner
effect, London’s Equation and Penetration Depth, Isotope effect, Type I and Type II superconductors, BCS

theory, high Tc super conductors, Applications of superconductors
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Practical

SEMESTER-IV

COURSE 4: MODERN PHYSICS
Credits: 1 2 hrs/week

COURSE OBJECTIVE:
The course objective for a practical course in Modern Physics may provide hands-on experience with
experimental techniques and equipment used in modern physics experiments.

LEARNING OUTCOMES:

Apply experimental techniques and equipment to investigate and analyze phenomena related to
modern physics, such as quantum mechanics, relativity, atomic physics, and nuclear physics.
Demonstrate a deep understanding of the principles and theories of modern physics through
hands-on experimentation and data analysis.

Develop proficiency in using advanced laboratory instruments and techniques specific to
modern physics experiments, such as spectroscopy, interferometry, particle detectors, and
radiation measurement.

Analyze and interpret experimental data using statistical methods and error analysis, drawing
meaningful conclusions and relating them to theoretical concepts.

Design and conduct independent experiments or investigations related to modern physics,
demonstrating the ability to plan, execute, and analyze experimental procedures and results.

Minimum of 6 experiments to be done and recorded

1.

2
3
4.
5

e/m of an electron by Thomson method.

Determination of Planck’s Constant (photocell).

Verification of inverse square law of light using photovoltaic cell.

Determination of the Planck’s constant using LEDs of at least 4 different colours.
Determination of work function of material of filament of directly heated vacuum
diode.

Determination of M & H.

Energy gap of a semiconductor using junction diode.

Energy gap of a semiconductor using thermistor.
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SEMESTER-IV
COURSE 4: MODERN PHYSICS

STUDENT ACTIVITIES:
UNIT-I: Introduction to Atomic Structure and Spectroscopy
Spectroscopy Experiment:
Divide the students into small groups and provide each group with a spectrometer or spectroscope, a
light source, and different samples or elements for analysis.
Instruct the students to carefully observe the spectra produced by the samples using the spectrometer.
Encourage them to note the presence of specific spectral lines or patterns.
Data Collection:
Have the students record their observations in their lab notebooks or worksheets. They should note the
wavelengths or colors of the observed spectral lines and any patterns they observe.
Analysis and Discussion:
Guide a class discussion on the observed spectra and their significance. Discuss how the observed
spectral lines correspond to specific energy transitions in the atoms.
Ask students to compare the spectra of different samples or elements and identify any similarities or
differences.
Discuss the concept of energy levels and how electrons transition between them, emitting or absorbing
photons of specific wavelengths.

UNIT-1I: Molecular Structure and Spectroscopy

Begin the activity with a brief introduction to molecular structure, discussing concepts such as
chemical bonds, molecular geometry, and the importance of molecular structure in determining the
properties and behavior of substances.

Explain the principles of spectroscopy, focusing on vibrational and rotational spectra and how they
relate to molecular vibrations and rotations.

UNIT-I11: Matter waves & Uncertainty Principle:

Begin the activity by introducing the concept of matter waves and the uncertainty principle. Discuss
how the wave-particle duality of matter is a fundamental principle in quantum mechanics.

Provide a brief overview of the historical development of the uncertainty principle and its implications
for our understanding of the behavior of particles on a microscopic scale.

UNIT-1V: Quantum Mechanics:

Begin the activity by providing an overview of quantum mechanics and its significance in
understanding the behavior of particles on a microscopic scale. Discuss key concepts such as wave-
particle duality, superposition, quantization, and the probabilistic nature of quantum systems

UNIT-V: Superconductivity:

Begin the activity by providing an overview of superconductivity, including its definition,

properties, and significance in scientific and technological applications.

Discuss key concepts such as zero electrical resistance, Meissner effect, critical temperature,
and type | and type Il superconductors
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