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Content- Modern Physics 

1. Special Theory of Relativity  

1.1 Galilean Transformations     

1.2 Lorentz Transformation  

                    1.2.1 Postulates of Special Theory of Relativity  

                    1.2.2 Derivation of Lorentz Transformation 

1.3 Consequences of Lorentz Transformation  

                    1.3.1 Length Contraction 

                    1.3.2 Time Dilation 

1.4 Relative Velocity 

1.5 Relativistic Mass and Momentum 

1.6 Relativistic Second Law of Motion     

1.7 Relativistic Energy 

1.8 The Doppler Effect in Light 

                    1.8.1 Transverse Doppler Effect in Light 

                    1.8.2 Observer and Source Moving Apart  

                    1.8.3 Observer and Source Moving Together  

1.9 Four Vectors and Relativistic Invariance  

2. Modern Physics 

2.1 Black Body Radiation 

                    2.1.1 Wien’s Distribution Law 

                    2.1.2 Rayleigh’s Energy Density Distribution  

                    2.1.3 Planks Radiation Formula  

2.2 Photo Electric Effect  

                    2.2.1 Threshold Frequency and Work Function 

2.3 Compton Scattering  

2.4 Bohr Atomic Model 
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2.5 Wave Particle Duality  

  2.5.1 De Broglie Wave 

  2.5.2 Uncertainty principle  

  2.5.3 Superposition Principle  

Questions and Solutions 

3. Tools and Postulates of Quantum Mechanics 

 3.1 The Linear Vector Space   

  3.1.1 Scalar Product 

  3.1.2 Hilbert Space 

   3.1.3 Dimension and Basis of a Vectors.  

  3.1.4 Square Integrable Function   

3.2 Dirac Notation   

3.3 Operator 

  3.3.1 Linear Operator 

  3.3.2 Matrix Representation of Operator 

  3.3.3 Eigen Value of Operator 

  3.3.4 Correspondence Between Ket and Bra 

  3.3.5 Hermitian operator 

  3.3.6 Commutator 

  3.3.7 Set of Commuting Observables 

  3.3.8 Projection operator 

3.4 Postulates of Quantum Mechanics 

  3.4.1 Expectation Value 

  3.4.2 Fourier transformation 

Questions and Solutions 
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4. Application of Quantum Mechanics in Cartesian coordinate 

4.1 One Dimensional System 

4.2 Current Density (J) 

4.3 Free Particle in One Dimension 

4.4 The Step Potential  

4.5 Particle in a One Dimensional Box 

4.6 Infinite Symmetric Potential Box 

4.7 Square Well Finite Potential Box 

4.8 Harmonic Oscillator (Parabolic potential) 

4.9 Multiple Dimensional System    

4.10 Two Dimensional Free Particle  

4.11 Three Dimensional Free Particle  

4.12 Particle in Two Dimensional Box 

4.13 Particle in Three Dimensional Box   

4.14 Two Dimensional Harmonic Oscillator  

Questions and Solutions 

 

5. Statistical Physics  

5.1 Basic Definition, Mathematical Tools and Postulates of Statistical Mechanics 

5.2 Postulates of statistical mechanics  

  5.2.1 Micro canonical ensemble  

   5.2.1.1 Entropy 

  5.2.2 Canonical Ensemble 

   5.2.2.1 Partition Function for Canonical Ensemble  

5.2.2.2 Relation between Macroscopic Variable and Canonical 

Partition Function Z  

   5.2.2.3 Relation between Entropy and Probability 

  5.2.3 Grand canonical ensemble 
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5.3 Maxwell-Boltzmann distribution 

  5.3.1 Energy Distribution Function 

5.4 Bose Einstein distribution  

Questions and Solutions……………………………………………………………….. 

 

Nuclear Physics 

6. Basic Nuclear Properties 
6.1 Size and Density 
6.2 Spin and Magnetic Moment 
6.3 Angular Momentum of Nucleus   

6.4 Stable Nuclei 

6.5 Binding Energy 
6.6 Salient Features of Nuclear Forces 
7. Radio Active Decay 
7.1 Alpha Decay 

7.2 Beta Decay 

7.3 Gamma Decay 

                    7.3.1 Various Processes by which -rays can lose its Energy 

                    7.3.2 Internal Conversion 

                    7.3.3 Pair Production (Energy into Matter)  

                    7.3.4 Pair Annihilation 
                    7.3.5 Massbauer Effect 
7.4 Activity 
                    7.4.1 Successive Growth and Decay Process 

                    7.4.2 Branching 

                    7.4.3 Determination of the Age of the Earth 
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8. Nuclear Reaction 
8.1 Conservation Laws 

8.2 Nuclear Reaction Kinematics  ValueQ  

                    8.2.1 General Solution of Q -Equation 

                    8.2.2 Exothermic Reaction  0Q   

                    8.2.3 Endothermic Reaction  0Q   

8.3 Nuclear Fission 
8.4 Nuclear Fusion in Stars 
                    8.4.1 Proton– Proton Cycle 
                    8.4.2 Carbon-Cycle 
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