
SEMESTER -  5 
Comprehensive Lesson Plan: Elements of Modern Physics 

This lesson plan outlines a 60-hour course covering fundamental concepts in 
Elements of Modern Physics  

Overall Learning Objectives: 

• Knowledge:  
o Understand the concept of quantization and Planck's hypothesis. 

o Understand the photoelectric effect and Compton scattering. 

o Understand the concept of wave-particle duality and de Broglie's hypothesis. 

o Understand the limitations of the Rutherford model and the Bohr model of the 
atom. 

o Understand the Heisenberg uncertainty principle and its implications. 

o Understand the Schrödinger equation and its interpretation. 

o Understand the concept of quantum states and energy levels. 

o Understand the basic principles of quantum mechanics in one dimension. 

o Understand the structure and properties of the atomic nucleus. 

o Understand the phenomenon of radioactivity and its types. 

o Understand nuclear fission and fusion. 

• Skills:  
o Apply the concepts of quantization and Planck's hypothesis to solve problems. 

o Analyze and interpret experimental data related to the photoelectric effect and 
Compton scattering. 

o Calculate energy levels for hydrogen-like atoms. 

o Apply the Heisenberg uncertainty principle to estimate uncertainties in position 
and momentum. 

o Solve the Schrödinger equation for simple one-dimensional systems (e.g., infinite 
square well). 



o Analyze and interpret the wavefunction and probability density. 

o Understand and interpret nuclear reactions. 

o Calculate binding energies and predict nuclear stability. 

Materials and Resources: 

• Whiteboard or projector 

• Markers or pens 

• Rulers 

• Graph paper 

• Handouts with practice problems 

• Textbook (relevant chapters) 

• Calculator (optional) 

• Physics simulations (e.g., PhET simulations) 

 
Lecture 1-8: Quantum Foundations 

• Learning Objectives:  
o Understand Planck's hypothesis: Quantization of energy, Planck's constant. 

o Understand the photoelectric effect: Einstein's photoelectric equation, experimental 
verification. 

o Understand Compton scattering: Compton shift, experimental verification. 

o Understand de Broglie's hypothesis: Matter waves, de Broglie wavelength. 

o Understand the Davisson-Germer experiment: Experimental verification of 
electron waves. 

• Content:  
o Blackbody radiation: Ultraviolet catastrophe, Planck's hypothesis. 

o Photoelectric effect: Experimental observations, Einstein's photoelectric equation, 
work function, stopping potential. 



o Compton scattering: Compton shift, photon momentum. 

o de Broglie's hypothesis: Matter waves, de Broglie wavelength. 

o Davisson-Germer experiment: Experimental verification of electron diffraction. 

• Activities:  
o Problem-solving on photoelectric effect and Compton scattering. 

o Discussion on the implications of wave-particle duality. 

 

Lecture 9-12: Bohr Model of the Atom 
• Learning Objectives:  
o Understand the limitations of the Rutherford model. 

o Understand Bohr's postulates of atomic structure. 

o Calculate energy levels for hydrogen-like atoms. 

o Understand the origin of atomic spectra. 

• Content:  
o Rutherford model of the atom and its limitations. 

o Bohr's postulates: Quantization of angular momentum, energy levels. 

o Calculation of energy levels for hydrogen-like atoms. 

o Atomic spectra: Emission and absorption spectra, spectral series. 

• Activities:  
o Problem-solving on energy levels and spectral lines of hydrogen-like atoms. 

 
Lecture 13-16: Heisenberg Uncertainty Principle 

• Learning Objectives:  
o Understand the concept of position measurement and its limitations. 

o Understand the Heisenberg uncertainty principle: Position-momentum uncertainty 
relation. 

o Understand the implications of the uncertainty principle: Impossibility of a particle 
following a trajectory. 



o Understand the energy-time uncertainty principle. 

• Content:  
o Position measurement: Gamma-ray microscope thought experiment. 

o Heisenberg uncertainty principle: Position-momentum uncertainty relation, 
derivation and implications. 

o Energy-time uncertainty principle: Applications and implications. 

• Activities:  
o Problem-solving on applications of the uncertainty principle. 

o Discussion on the philosophical implications of the uncertainty principle. 

 
Lecture 17-27: Introduction to Quantum Mechanics 

• Learning Objectives:  
o Understand the concept of wave-particle duality and its implications. 

o Understand the Schrödinger equation for non-relativistic particles. 

o Understand the concept of wavefunction and its physical interpretation. 

o Understand the concepts of probability and probability current density. 

o Understand the concept of stationary states and energy eigenvalues. 

• Content:  
o Wave-particle duality and its implications. 

o Schrödinger equation: Time-dependent and time-independent Schrödinger 
equations. 

o Wavefunction: Physical interpretation, probability density. 

o Probability current density. 

o Stationary states: Energy eigenvalues and eigenfunctions. 

• Activities:  
o Problem-solving on the interpretation of wavefunctions and probability densities. 

o Discussion on the philosophical implications of quantum mechanics. 

 



Lecture 28-39: Quantum Mechanics in One Dimension 
• Learning Objectives:  
o Solve the Schrödinger equation for simple one-dimensional systems. 

o Understand the concept of quantization of energy in one-dimensional systems. 

o Understand the concept of quantum tunneling. 

• Content:  
o One-dimensional infinite square well: Energy eigenvalues and eigenfunctions, 

normalization. 

o Quantum dot as an example of a confined system. 

o Quantum mechanical scattering: Scattering from a step potential. 

o Quantum tunneling: Tunneling through a rectangular potential barrier, applications 
of tunneling. 

• Activities:  
o Problem-solving on one-dimensional systems (infinite square well, step potential, 

barrier potential). 

o Discussion on applications of quantum tunneling (e.g., radioactive decay, scanning 
tunneling microscopy). 

 
Lecture 40-45: Nuclear Physics 

• Learning Objectives:  
o Understand the size and structure of the atomic nucleus. 

o Understand the nature of the nuclear force. 

o Understand the concept of nuclear binding energy and its relation to nuclear 
stability. 

o Understand the semi-empirical mass formula. 

• Content:  
o Size and structure of the nucleus: Nuclear radius, nuclear density. 



o Nature of the nuclear force: Strong nuclear force, weak nuclear force, 
electromagnetic force. 

o Nuclear binding energy: Mass defect, binding energy per nucleon, stability of 
nuclei. 

o Semi-empirical mass formula. 

• Activities:  
o Problem-solving on nuclear binding energy and stability. 

o Discussion on the implications of nuclear binding energy for nuclear reactions. 

 
Lecture 46-56: Radioactivity 

• Learning Objectives:  
o Understand the phenomenon of radioactivity. 

o Understand the laws of radioactive decay: Radioactive decay constant, half-life, 
mean life. 

o Understand different types of radioactive decay: Alpha decay, beta decay (beta 
minus, beta plus, electron capture), gamma-ray emission. 

o Understand the concept of neutrino. 

• Content:  
o Stability of nuclei: Radioactive decay. 

o Laws of radioactive decay: Radioactive decay constant, half-life, mean life, 
radioactive decay law. 

o Alpha decay: Energetics of alpha decay, alpha particle emission. 

o Beta decay: Beta-minus decay, beta-plus decay, electron capture, neutrino 
emission. 

o Gamma-ray emission. 

• Activities:  
o Problem-solving on radioactive decay, half-life, and radioactive dating. 

o Discussion on the applications of radioactivity in medicine and other fields. 



Lecture 57-60: Nuclear Fission and Fusion 
• Learning Objectives:  
o Understand the process of nuclear fission. 

o Understand the concept of chain reaction and its role in nuclear reactors. 

o Understand the process of nuclear fusion. 

o Understand the applications of nuclear fission and fusion. 

• Content:  
o Nuclear fission: Mass deficit, energy release, chain reaction. 

o Nuclear reactors: Slow neutrons, fission of uranium-235. 

o Nuclear fusion: Thermonuclear reactions, conditions for fusion, applications. 

o Applications of nuclear energy: Power generation, nuclear weapons. 

• Activities:  
o Discussion on the implications of nuclear energy and its applications. 

Differentiation: 
• Advanced learners: Provide challenging problems involving quantum mechanics 

and nuclear physics. 
• Struggling learners: Provide additional practice problems, one-on-one assistance, 

and simplified explanations. 
Closure: 

• Summarize the key concepts covered in each lecture. 

• Answer any remaining student questions. 

• Encourage students to review the material and practice problem-solving. 

Reflection: 

• Were the learning objectives met? 

• Were the activities engaging and effective? 

• Were there any areas where the lesson could be improved? 

• What strategies can be used to enhance student understanding in future lessons? 



This lesson plan provides a comprehensive framework for teaching Elements of 

Modern Physics 
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