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UNIT-I 

 

                                                              UNIT-I 

 

TWO MARK QUESTIONS 

1. What is frame of reference? 

2. What is inertial frame of reference? 

3. What is non-inertial frame of reference? 

4. State Newton’s first law of motion 

5. State Newton’s second law of motion 

6. State Newton’s third law of motion 

7. State the law of conservation of linear momentum 

8. State the law of conservation of angular momentum 

9. State the law of conservation of energy 

10. Define torque 

11. Define conservative force 

12. Define work done by force 

13. What are the holonomic constraints? 

14. What are the non-holonomic constraints? 

15. What are the scleronomic constraints? 

16. What are the rheonomic constraints? 

17. What is degree of freedom? 

18. State the principle of virtual work 

19. State D’Alembert’ principle 

 

UNIT I 

Introduction to Newtonian Mechanics: Frames of references, Newton’s laws of motion, inertial 

and non-inertial frames. Mechanics of a particle, Conservation of linear momentum, Angular 

momentum and torque, conservation of angular momentum, work done by a force, conservative 

force and conservative energy. Lagrangian formulation: Constraints, Holonomic constraints, non-

holonomic constraints, Scleronomic and Rheonomic constraints. Generalized coordinates, degrees 

of freedom, Principle of virtual work, D’Alembert’s principle, Lagrange equations. Newton’s 

equation of motion from Lagrange equations, simple pendulum, Atwood’s machine and linear 

harmonic oscillator. 
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FOUR MARK QUESTONS 

1. State and prove the law of conservation of linear momentum 

2. State and prove the law of conservation of angular momentum 

3. State and prove the law of conservation of energy 

4. Write a note on constraints 

5. Explain the generalized coordinates  

6. Explain the generalized displacement and velocity 

7. Explain the generalized force 

8. Explain the generalized potential energy 

9. Derive Newtons equation of motion from Lagrange’s equation 

10. Derive equation of motion of simple pendulum from Lagrange’s equation 

11. Derive the equation motion for linear harmonic oscillator from Lagrange’s equation 

12. Derive the equation of motion for Atwood machine using Lagrange’s equation 

EIGHT MARK QUESTIONS 

1. Explain the generalized coordinates displacement and velocity 

2. Derive Lagrange’s equation from D’ Alembert’s principle. 
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UNIT-II 

 TWO MARK QUESTIONS 

1. What is fictitious force 

2. What is the outcome of Michelson’s experiments? 

3. State the postulates of special the theory of relativity 

4. What is length contraction? 

5. What is time dilation 

6. State the relativistic transformation of velocity 

7. State the relativistic transformation of frequency 

8. State the relativistic transformation of wave number 

9. Write the mass energy relation and explain the notations 

10. Write the expression for the variation of mass with velocity 

 FOUR MARK QUESTIONS  

1. Explain Newtonian principle of velocity 

2. State and explain uniformly rotating body 

3. Derive an expression for the length contraction 

4. Derive an expression for the time dilation 

5. Derive relativistic addition of velocities 

6. Derive Einstein mass energy relation 

7. Write a note on relativistic Doppler effect 

8. Write a note on transformation of energy and momentum 

 EIGHT MARK QUESTIONS 

1. Describe Michelson –Morley experiment 

2. Derive Lorentz transformation equations 

3. Derive variation of mass with velocity 

                                                            

UNIT II 

Relativity: Newtonian principle of relativity. Non-Inertial Systems: Non-inertial frames and 

fictitious forces. Uniformly rotating frame. Special Theory of Relativity: Michelson-Morley 

Experiment and its outcome. Postulates of Special Theory of Relativity. Lorentz Transformations. 

Simultaneity and order of events. Lorentz contraction. Time dilation. Relativistic transformation of 

velocity, frequency and wave number. Relativistic addition of velocities. Variation of mass with 

velocity. Massless Particles. Mass energy Equivalence. Relativistic Doppler effect. Relativistic 

Kinematics. Transformation of Energy and Momentum. 
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TWO MARK QUESTIONS 

1. What is photoelectric effect? 

2. What is Compton effect? 

3. Write the expression for Compton shift 

4. What are the matter waves? 

5. Give the expression for de-Broglie wavelength in terms of momentum and energy 

6. Give the relation between group velocity and phase velocity 

7. What is uncertainty principle 

8. Give the expression for uncertainties in a) momentum and position b) Energy and time 

FOUR MARK QUESTIONS 

1. Explain the failure of classical physics to explain black body radiation 

2. Derive an expression for de-Broglie wavelength in terms of momentum and energy 

3. Write a note on electron microscope 

4. Derive the relation between the group velocity and phase velocities 

5. Describe the evidence of matter waves by Davisson –Germer experiments  

6. Describe the evidence of matter waves by G P Thomson experiments  

7. State and explain Heisenberg uncertainty principle 

8. Explain illustration of uncertainty principle by Gamma ray microscope 

9. Explain illustration of uncertainty principle in case of diffraction at a single slit  

 

 

UNIT III 

Introduction to Quantum Mechanics: Brief discussion on failure of classical physics to explain 

black body radiation, Photoelectric effect, Compton effect, stability of atoms and spectra of atoms. 

Compton scattering: Expression for Compton shift (With derivation). Matter waves: de Broglie 

hypothesis of matter waves, Electron microscope, Wave description of particles by wave packets, 

Group and Phase velocities and relation between them, Experimental evidence for matter waves: 

Davisson- Germer experiment, G.P Thomson’s experiment and its significance. Heisenberg 

uncertainty principle: Elementary proof of Heisenberg’s relation between momentum and position, 

energy and time, Illustration of uncertainty principle by Gamma ray microscope thought 

experiment. Consequences of the uncertainty relations: Diffraction of electrons at a single slit, why 

electron cannot exist in nucleus? Two-slit experiment with photons and electrons. Linear 

superposition principle as a consequence. 



 

  

KSG & PDE-SVM COLLEGE ILKAL 5 

 

QUESTION BANK B.SC-5 SEM PHYSICS PAPER-I&II 

 EIGHT MARK QUESTIONS 

1. What is Compton effect?  Derive an expression for Compton shift 

2. Describe the experimental evidence of matter waves by Davisson –Germer experiments 

3. Describe the experimental evidence of matter waves by J P Thomson experiments and its 

significance. 

4. State and explain Heisenberg uncertainty principle and derive the relation for a) momentum 

and position b) Energy and time. 
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TWO MARK QUESTIONS 

1. State the condition for normalization and orthogonality of wave function  

2. State the probability current density 

3. Give the equation of continuity 

4. Write the Schrodinger time dependent wave equation 

5. What are the eigen values and eigen functions 

6. What is Tunnelling  

7. What is Tunnelling effect  

8. What is zero-point energy  

9. What is STM 

FOUR MARK QUESTIONS 

1. State admissibility condition on a wave function 

2. Derive Schrodinger wave equation for free particle  

3. Derive Schrodinger time dependent wave equation 

4. Derive Schrodinger time independent wave equation  

5. Explain the equation of continuity and its physical significance  

6. State the postulates of quantum mechanics 

7. Give the construction and working of scanning Tunnelling microscope 

EIGHT MARK QUESTIONS 

1. Derive Schrodinger time dependent and independent wave equation  

2. Derive Schrodinger wave equation for a particle in one dimensional box 

3. Derive Eigen values and Eigen functions for infinite potential well  

UNIT IV 

Foundation of Quantum Mechanics: Probabilistic interpretation of the wave function - 

normalization and orthogonality of wave functions, Admissibility conditions on a wave function, 

Schrödinger equation: equation of motion of matter waves - Schrodinger wave equation for a free 

particle in one and three dimension, time-dependent and time-independent wave equations, 

Probability current density, equation of continuity and its physical significance, Postulates of 

Quantum mechanics: States as normalized wavefunctions. Applications of Schrodinger’s equation 

– for free particle, particle in one dimensional box derivation of Eigen values and Eigen function 

for infinite and finite potential well. Tunnelling. Transmission across a potential barrier, the 

tunnelling effect. Scanning tunnelling microscope (STM). Development of Schrodinger’s equation 

for One dimensional Linear harmonic oscillator. Concept of zero - point energy. 
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4. Derive Eigen values and Eigen functions for finite potential well  

5. Derive Schrodinger wave equation for one dimensional linear harmonic oscillator. Explain 

the concept of zero-point energy 
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Paper-II: Elements of Atomic, Molecular & Laser Physics (Theory) 

UNIT I-Power supply 

 

 

 

 

 

 

 

 

 

Basic Atomic models 

2 Marks Questions 

1) What is Thomson’s atom model? 

2) What are merits and demerits of Thomson’s atom model. 
3) Write any two major limitation of Thomson atomic model. 

4) What is Rutherford’s atom model? 

5) What are merits and demerits of Rutherford’s atom model. 

6) What is critical potential? 

7) What is excitation potential? 

8) What is ionisation potential? 

9) Mention main ways of exiting an atom. 

4 Marks Questions 

1) Explain Bohr postulates of hydrogen atom. 
2) Derive an expression for radius of electron. 
3) Derive an expression for total energy of electron. 

4) Explain the Spectra series of the hydrogen atom. 

5) Derive an expression for Ritz-Rydberg combination principle. 

6) State and explain Correspondence principle. 
7) Explain Sommerfeld’s relativistic theory. 

8 Marks Questions 

1) Explain the theory of alpha particle scattering. 

2) Derive an expression for Rutherford scattering formula. 

3) Discuss Effect of nuclear motion on atomic spectra. 
4) Describe Frank-Hartz experiment for determining the critical potentials. 
5) Derive an expression of condition for allowed elliptical orbits. 

UNIT I 

Basic Atomic models 

Thomson’s atomic model; Rutherford atomic model – Model, Theory of alpha particle scattering, 

Rutherford scattering formula; Bohr atomic model – postulates, Derivation of expression for radius, 

total energy of electron; Origin of the spectral lines; Spectral series of hydrogen atom; Effect of 

nuclear motion on atomic spectra - derivation; Ritz combination principle; Correspondence 

principle; Critical potentials – critical potential, excitation potential and ionisation potential; 

Atomic excitation and its types, Franck-Hertz experiment; Sommerfeld’s atomic model – model, 

Derivation of condition for allowed elliptical orbits. 
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Vector atomic model and optical spectra 

2 Marks Questions 

1) Who proposed the first atomic model? 

2) What is the size of an atom? 

3) Which is the first nuclear model? 

4) What is the space quantization? 

5) What is electron spin? 

6) What is the magnitude of the orbital angular momentum? 

7) What is the magnitude of the spin angular momentum? 

8) What is orbital quantum number? 

9) What is spin quantum number? 

10) What is total angular quantum number? 

11) What is magnetic orbital quantum number? 

12) What is magnetic spin quantum number? 

13) What is LS coupling? 

14) What is jj coupling? 

15) State Pouli Exclusive Principle. 

4 Marks Questions 

1) Explain the terms a) Space quantization   b) Electron spin. 

2) Write a note on quantum number associated with vector model of the atom. 

3) Obtain an expression for the magnetic movement due to orbital motion. 

4) Obtain an expression for the magnetic movement due to spin motion. 

UNIT II- Vector atomic model and optical spectra 

Vector atom model – model fundamentals, spatial quantization, spinning electron; Quantum 

numbers associated with vector atomic model; Optical spectra – spectral terms, spectral notations, 

selection rules. Spin-orbit coupling/Spin-Orbit Interaction (qualitative). Coupling schemes – L-S 

and j-j schemes; Pauli’s exclusion principle; Magnetic dipole moment due to orbital motion of 

electron – derivation; Magnetic dipole moment due to spin motion of electron; Stern-Gerlach 

experiment – Experimental arrangement and Principle; Fine structure of spectral lines with 

examples.  

Zeeman effect: Experimental study, Types: normal and anomalous Zeeman effect, Quantum 

theory of normal Zeeman effect. Energy level diagram for Sodium-D lines. Paschen back effect 

and Stark effect (qualitative). Lande g-factor and its calculation for different states 
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8 Marks Questions 

1) Describe with theory of Stern-Gerlach’s experiment. 

2) Mention the salient features of vector model of atom. Explain the different quantum 

numbers associated with it. 

3) State and explain Pauli Exclusion Principle. 

4) Explain Electron Configuration of a Single valency electron and Two  valency electron. 

Zeeman effect 

2 Marks Questions 

1) What is Zeeman effect? 

2) Mention the types of Zeeman effect. 

3) What is Normal Zeeman effect? 

4) What is Anomalous Zeeman effect? 

5) What is Larmor precession? 

6) What is Paschen back effect? 

7) What is Stark effect? 

8) Distinguish between normal Zeeman effect and anomalous Zeeman effect 

9) What is Lande g factor? 

4 Marks Questions 

1) What is Larmour’s precession? Mention the expression for Larmour frequency? 

2) Outline the theory of normal Zeeman Effect. 

3) Outline the theory of anomalous Zeeman Effect. 

8 Marks Questions 

1) Describe the experimental setup to observe the Zeeman Effect. Hence derive an 

expression for Zeeman Shift. 

2) Give the quantum theory of normal Zeeman effect. 

3) Explain Larmor’s precession. Derive an expression for magnetic moment due to 

orbital motion of electron. 

4) Explain the energy level diagram of Sodium D- line. 
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Molecular Physics 

2 Marks Questions 

1) What is band spectra? 

2) Mention the types of molecular spectra. 

3) What is electronic spectra? 

4) What is vibrational-rotational spectra? 

5) What is pure rotational spectra? 

6) What is Zero-point energy? 

4 Marks Questions 

1) Distinguish between line spectra and band spectra 

2) Find the expression for reduced mass of rigid diatomic molecule. 

3) Explain the of molecular spectra. 

4) Explain the types of molecular motion. 

5) Explain the types of molecular energies. 

UNIT III- Molecular Physics & Laser 

Molecular Physics 

Types of molecules based on their moment of inertia; Types of molecular motions: Rotational and 

Vibrational motions and energies. Microwave Spectra: Theory of rigid rotator – energy levels and 

spectrum. Infra-Red Spectra: Theory of vibrating molecule as a simple harmonic oscillator – 

energy levels and spectrum.  

Raman effect – Stoke’s and anti-Stoke’s lines, characteristics of Raman spectra, classical and 

quantum theory of Raman effect. Experimental set up of Raman Effect. Applications of Raman 

effect. 

Laser Physics 

Interaction of radiation with matter: Induced absorption, spontaneous emission and stimulated 

emission. Einstein’s A and B coefficients – Derivation of relation between Einstein’s coefficients 

and radiation energy density; Condition for amplification of light; Population inversion; Methods 

of pumping; Requisites of laser – energy source, active medium and laser cavity; Three level 

energy diagram. Construction and Working principle of Ruby Laser. Characteristics of laser light 

and its applications. 
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6) Explain the of Selection rule governing a pure rotational spectra of diatomic molecule 

as rigid rotator. 

7) Explain the of Selection rule governing a pure rotational spectra of diatomic molecule 

as non-rigid rotator. 

8) Explain the of Selection rule governing a vibrational-rotational spectra of diatomic 

molecule as a simple hormonic oscillator. 

8 Marks Questions 

1) Obtain an expression for the rotational energy of a diatomic molecule  assuming it to 

be a rigid rotator. 

2) Derive an expression for the energy of diatomic molecule as a non-rigid rotator. 

3) Derive an expression for the vibrational spectra of diatomic molecule as a simple 

hormonic oscillator. 

Raman effect 
2 Marks Questions 

1) What is Raman Effect? 

2) What is Stoke’s line? 

3) What is antistoke’s line? 

4) What are Raman lines? 

5) What is coherent scattering? 

6) What is incoherent scattering? 

7) Mention two characters of Raman lines. 

8) Mention any two applications Raman Effect. 

9) Is scattered light polarized? 

10) State and explain Rayleigh law of scattering. 

11) What is Raman shift? 

4 Marks Questions 

1) Distinguish between Coherent scattering and Incoherent scattering. 

2) Distinguish between Stokes line and Antistoke’s line. 

3) Mention the application of Raman Effect. 

4) What is Raman Effect? Describe Raman Spectra. 

5) Discuss the Quantum theory of Raman Effect. 

6) Explain the Raman experimental setup and observations. 

7) Give the classical theory of Raman Effect. 

8) Write the characteristic properties of Raman lines. 
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8 Marks Questions 

1) What is Raman Effect? With a neat diagram explain the experimental setup of Raman 

Effect. Mention the two application of Raman Effect. 

2) Give the classical theory of Raman Effect and Write the characteristic properties of 

Raman lines 

3) (a) Distinguish between Coherent scattering and Incoherent scattering. 

(b) Mention the application of Raman Effect. 

4) (a) Write the characteristic properties of Raman lines 

(b) Distinguish between Stokes line and Antistoke’s line. 

Laser Physics 

2 Marks Questions 

1) What does LASER stands for? 

2) What is Stimulated absorption? 

3) What is Spontaneous emission? 

4) What is Stimulated emission? 

5) What is meant by optical pumping? 

6) What is metastable state? 

7) What is population? How it can be achieved? 

8) What is the average life time of an atom in a metastable state? 

9) Mention the important condition for laser action. 

10) Mention the applications of laser 

11) Mention the types of laser. 

12) What are Einstein coefficients?  

13) Explain the difference between Ordinary light and Laser light 

4 Marks Questions 

1) Explain Laser action. 

2) Explain the basic principle of laser. 

3) Explain the term population inversion and optical pumping. 

4) Derive an expression for Einstein coefficients relation. 

5) Explain the construction of Ruby laser. 

6) Explain the working of Ruby laser. 

7) Mention the characteristics of laser. 

8) Explain the three-level energy diagram for LASER action. 
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8 Marks Questions 

1) Discuss the important applications of LASER. 

2) Derive an expression for Einstein coefficients relation. 

3) Explain the construction and working of Ruby laser. 

 

 

 

 

Fourier Series 

 

 

2 Marks Questions 

1) What is Micro state & Macro state. 

2) What is Fermi energy? 

3) What is fermions? 

4) What is Ensembles? 

5) What is phase space? 

4 Marks Questions 

1) Explain MB Statistics. 

2) Explain BE Statistics. 

3) Explain FD Statistics. 

4) Distinguish between MB, BE & FD statistics. 

5) What is ensembles? Explain different types of enswmbles. 

6) Explain the limitations of MB statistics. 

8 Marks Questions 

1) Derive an expression for Maxwell-Boltzmann Distribution Law. 

2) Derive the distribution function of Bose- Einstein statics. 

3) Derive an expression for Fermi-Dirac Distribution Law. 

UNIT IV- Statistical Mechanics 

Concepts of thermodynamic ensembles (micro-canonical, canonical and grand canonical 

ensembles). Phase Space- Micro state & Macro state. Thermodynamic probabilities. Maxwell- 

Boltzmann Statistics. Derivation for Maxwell- Boltzmann distribution function. Limitations of 

Maxwell- Boltzmann Statistics. Concepts of Bosons and fermions. Bose-Einstein Statistics. 

Derivation for Bose- Einstein distribution function. Fermi-Dirac Statistics. Derivation for Fermi-

Dirac distribution function. Comparison of Maxwell- Boltzmann Statistics, Bose-Einstein 

Statistics, Fermi-Dirac Statistics. 
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Electronic Instrumentation & Sensors (Theory) 
UNIT I-Power supply 

 

 

 

 

 

 

 

 

 

 

 

Power supply 

2 Marks Questions 

1) What is Power supply? 

2) What is regulated power supply? 

3) What is Un-regulated power supply? 

4) What is rectifier? 

5) Mention the types of rectifiers. 

6) What is PIV? 

7) What is rectifier efficiency? 

8) What is ripple factor? 

9) What is voltage regulation? 

10) Mention the types of rectifiers. 

11) Define stability factor. 

12) What is filter? 

13) Mention the types of filters. 

14) Mention the types of IC voltage regulator. 

AC power and its characteristics, Single phase and three phase, Need for DC power supply and 

its characteristics, line voltage and frequency, Bridge rectifier.  

Filters: Capacitor and inductor filers, L-section and π-section filters, ripple factor, electronic 

voltage regulators, stabilization factor, voltage regulation using ICs.  

Basic electrical measuring instruments 

Cathode ray oscilloscope- Block diagram, basic principle, electron beam, CRT features, signal 

display. Basic elements of digital storage oscilloscopes. Generation of Lissajous figures. 

Basic DC voltmeter for measuring potential difference, Extending Voltmeter range, AC 

voltmeter using rectifiers. 

Basic DC ammeter, requirement of a shunt, Extending of ammeter ranges. 

Electrical fuses: different types. Circuit breakers: types, principle and applications . 
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4 Marks Questions 

1) Explain the block diagram of power supply. 

2) Why bridge rectifiers are preferred to other rectifier circuits? Explain the working of a 

bridge rectifier. 

3) Explain the working of power supply choke input filter with a neat diagram. 

4) Explain the working of power supply capacitor input (pi-section) filter with a neat 

diagram. 

5) Explain the working of power supply capacitor filter with a neat diagram. 

6) Distinguish between Capacitor filters, L-section and π –section filters. 

7) Explain Fixed voltage regulators. 

8) Explain Adjusted voltage regulators. 

9) Explain Regulated Dual Supplies.  

8 Marks Questions 

1) a) What is rectifier? Mention the types of rectifiers. 

b) With neat circuit diagram explain the working of bridge rectifier. 

  

2) Explain the working of bridge rectifier with a neat diagram.compare bridge rectifier 

with full wave rectifier. 

3) Explain the action of LC and Pi type filters  in case of a power supply.  

4) Discuss the IC voltage regulator.         

Basic electrical measuring instruments 

2 Marks Questions 

1) What is CRO? 

2) State the principle of CRO. 

3) Mention the uses of CRO. 

4) What is fuse? 

5) Mention the types of fuses. 

6) What is Electron gun? 

7) What is electrostatic focusing? 

8) What is persistence? 
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9) Define Luminescence. 

10) What is synchronization? 

11) What is the significance of CRO? 

12) Mention the advantage of CRO. 

13) Mention the disadvantages of CRO. 

14) What are Lissajous figures? 

15) What is voltmeter? 

16) Mention the types of voltmeters. 

17) What is ammeter? 

18) Mention the types of ammeters. 

19) What is electric fuse? 

20) Mention the types of fuses. 

21) What is circuit breaker? 

22) Mention the types of circuit breaker. 

23) What are the applications of circuit breaker. 

4 Marks Questions 

1) Explain the block diagram of CRO. 

2) Mention the uses of CRO. 

3) Explain Construction of CRT. 

4) Explain working of Electron gun. 

5) Explain Construction of Electron gun. 

6) Explain Time base operation of CRO. 

7) Explain Specifications of a CRO. 

8) Explain block diagram of digital storage oscilloscope. 

9) Explain the measurement of voltage. 

10) Explain the measurement of frequency. 

11) Explain the measurement of phase angle. 

12) Compare an ammeter with voltmeter. 

13) Explain the principle of Circuit breaker. 

8 Marks Questions 

1) Explain Front panel controls of a CRO. 

2) Explain measurement of voltage, frequency & phase using Lissajous figures. 
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Wave form generators and Filters 

 

2 Marks Questions 

1) What is signal generator? 

2) What is Cut-off frequency? 

3) What is symmetrical T-network? 

4) What is image impedance 

5) What is characteristic impedance? 

6) Define a filter. How are filters classified? 

7) What is frequency response? 

8) What is pass band &  a stop band? 

9) What is Passive filter? 

10) What is Active filter? 

11) What is Low pass? 

12) What is high pass? 

13) What is band pass? 

14) What is constant k type filter? 

4 Marks Questions 

1) Explain block diagram of Signal generator. 

2) Explain basic Wein bridge network. 

3) Explain triangular wave generator. 

4) Explain sawtooth wave generator. 

8 Marks Questions 

1) With neat circuit diagram explain AF Sine and Square Wave Generator. 

2) Discuss the Mathematic proof of fundamental theorem of filter. 

3) Derive an expression for cut-off frequency of the Constant k Type Low Pass Filter. 

UNIT II-Wave form generators and Filters 

Basic principle of standard AF signal generator: Fixed frequency and variable frequency, 

AF sine and square wave generator, basic Wein-bridge network and oscillator configuration, 

Triangular and saw tooth wave generators, circuitry and waveforms. Passive and active filters. 

Fundamental theorem of filters, Proof of the theorem by considering a symmetrical T-network. 

Types of filters, Circuitry and Cut-off frequency and frequency response of Passive (RC) and 

Active (op-amp based) filters: Low pass, high pass and band pass.  
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4) Derive an expression for cut-off frequency of the Constant k Type High Pass Filter. 

5) Derive an expression for cut-off frequency of the Constant k Type Band Pass Filter 

6) Derive an expression for cut-off frequency of First order Low pass filter and draw is 

frequency response. 

7) Derive an expression for cut-off frequency of First order High pass filter and draw is 

frequency response. 

8) Derive an expression for cut-off frequency of First order Band pass filter and draw is 

frequency response. 

 

 

 

 

 

 

2 Marks Questions 

1) Define transducers. 

2) Mention the types of transducers. 

3) Mention any two applications of transducer. 

4) What is active transducer? 

5) What is resistive transducer? 

6) What is inductive transducer? 

7) What is strain gauge? 

8) What is LVDT? 

9) What is thermistor? 

10) Mention the types of thermistors. 

11) What are the application of thermistor. 

4 Marks Questions 

1) Write the characteristics of transducer. 

2) Write a note on resistive transducer. 

3) Mention the types of Strain gauges. 

UNIT III- Transducers and sensors 

Definition and types of transducers. Basic characteristics of an electrical transducer, factors 

governing the selection of a transducer, Resistive transducer-potentiometer, Strain gauge and types 

(general description), Resistance thermometer-platinum resistance thermometer. Thermistor. 

Inductive Transducer-general principles, Linear Variable Differential Transducer (LDVT)- 

principle and construction, Capacitive Transducer, Piezo-electric transducer, Photoelectric 

transducer, Photovoltaic cell, photo diode and phototransistor – principle and working.  
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4) Explain Resistance thermometer. 

5) Explain principle & working of Capacitive transducer. 

6) Explain principle & working of Photo electric transducer. 

7) Explain principle & working of Photovoltaic cell. 

8) Explain principle & working of Photo diode. 

9) Explain principle & working of Phototransistor. 

8 Marks Questions 

1) Explain the construction and working of LVDT. 

2) Explain the principle & working of Piezo electric transducer. 

 

 

 

 

 

 

 

 

Fourier Series 

2 Marks Questions 

1) Define periodic function with examples. 

2) Write any two examples of periodic function for Fourier series. 

3) Find the Fourier transform of 
1

.
t

 

4 Marks Questions 

1) Write the Dirichlet’s conditions for Fourier series. 

2) Find the Fourier sine & cosine transform of ( ) .atf t e−=  

3) Find the Fourier transform of 
1

( )
0

x a
f t

x a

 = 


 

UNIT IV-MATHEMATICAL PHYSICS 

Fourier Series: Periodic functions. Orthogonality of sine and cosine functions, Dirichlet 

Conditions (Statement only). Expansion of periodic functions in a series of sine and cosine 

functions and determination of Fourier coefficients. Complex representation of Fourier series. 

Expansion of functions with arbitrary period. Expansion of non-periodic functions over an 

interval. Application. Summing of Infinite Series. 

Laplace transform: Definition, transform of elementary functions, inverse transforms, 

transform of derivations, differentiation and integration of transforms. Difference  between 

Laplace and Fourier transform. 
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ASSIGNMENT QUESTIONS B.SC-6 SEM PHYSICS PAPER-II 

4) Find the Fourier transform of
2

( )
0

t t a
f t

t a

 = 


 

5) Find the Fourier transform of
21 1

( )
0 1

t t
f t

t

 − = 


 

6) Find the Fourier transform of 2 3( ) 4t tf t e e− −= + . 

7) Find the sine transform of
sin 0

( )
0

t when t a
f t

when t a

 
=  

 

8) Define and prove complex representation of Fourier series. 

8 Marks Questions 

1) Find the Fourier series of ( )f x x= and sketch this graph from 4 4x to x = − = . 

2) Represent the function ( ) 1 1 1 1 1 1
( ) , , 1

4 3 5 7 9 11 13
f x x then

 = − − − + − + − + −−−−− , 

3) Determine Fourier coefficient 
0 , ,n na a b . 

 

4) Explain Orthogonality of sine & cosine functions 

. 

Laplace transform: 

2 Marks Questions 

1) What do you mean by Laplace transform? 

2) Find the Laplace transformation of ate  

3) What do you mean by Inverse Laplace transform? 

4) Find the Laplace transformation of  1 ate

t

 −
 
 

 

5) Find the Inverse Laplace transformation of 
2 16

s

s

 
 − 

. 

6) Find the Inverse Laplace transformation of 3

( 2)s

 
 − 

 

7) Find the Inverse Laplace transformation of
2

1

25s

 
 + 

 

8) Find the Inverse Laplace transformation of
( 6)

s

s

 
 − 

 

4 Marks Questions 

 

1) State and explain linear property of Laplace transform. 

2) State and explain change of scaling property of Laplace transform. 

3) State and explain any two properties of Laplace transform. 

4) State and explain Convolution theorem for Laplace transform. 
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ASSIGNMENT QUESTIONS B.SC-6 SEM PHYSICS PAPER-II 

5) Find the Laplace transformation of sin 2 sin3t t . 

6) Find the Laplace transformation of  sinhatL e bt . 

7) Find the Laplace transformation of
2

120

( 1)( 2)( 2 3)

s

s s s s

 
 − + − − 

. 

8) Explain Laplace transform of derivative. 

9) Find the Laplace transformation of 2( )f t t= using the transform of derivative. 

10) Find the solution of " 4 ' 13 20 , (0) , '(0) 3.ty y y e y t y−+ + = = =  

11) Discuss the difference between Laplace transform & Fourier transform. 

12) Establish the relation between Fourier transform & Laplace transform. 
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Molecular Spectra 

 

Introduction: A band of colours or a patch of a colours obtained by dispersion of light is called 

spectrum. 

 

An emission or absorption produced in some group of frequencies overlap over short range is called 

band spectrum 

Origin of Molecular Spectra       

     Molecular spectra result from either the absorption or the emission of electromagnetic radiation as 

molecules undergo changes from one quantized energy state to another. The mechanisms involved are 

similar to those observed for atoms but are more complicated. 

 (The molecular spectra aeries due to transitions between allowed energy states of molecules. Molecular 

Spectra (band spectra) are produced due to excitation of a substance in the molecular state.) 

     The transition between two energy states of a molecule, as a result of absorption or emission of energy 

will give rise to a spectral line. When a molecule suffers a transition from higher energy state with energy 

E to a lower energy state 1E ,the difference of energy )( 1EEE −= is emitted as radiation frequency v 

given by  

                                                   
h

EE
v

1−
=  

    For each allowed transition, we get one line in the spectrum of the molecule. Similarly, we have the 

frequency in the absorption spectrum when the molecule suffers a transition from lower energy state to 

higher energy state. 

 

Types of Spectra: Continuous, Emission, and Absorption. 

The three types of molecular spectra are:  

1. Pure rotational spectra.  

2. Vibrational rotational spectra.  

3. Electronic band spectra. 

Pure Rotational spectrum 

The spectrum obtained in the far infrared region is called pure rotational spectrum. This spectrum is 

obtained when the molecule is in its ground state level of electronic and vibrational energies and it 

suffers transition between different rotational energies. 

UNIT -III 

Molecular Physics 

Types of molecules based on their moment of inertia; Types of molecular motions: Rotational and 

Vibrational motions and energies.  

Microwave Spectra:  Theory of rigid rotator – energy levels and spectrum.  

Infra-Red Spectra: Theory of vibrating molecule as a simple harmonic oscillator – energy levels 

and spectrum.  
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Vibration-Rotation spectrum 

 

   The spectrum obtained in the near infrared region is called vibration-rotation spectrum. This spectrum 

consists of a large number of bands and band consists of equally spaced closed lines when observed 

under high resolving spectroscope. The spacing between the lines is the same as in pure rotational 

spectrum. 

  This spectrum is obtained if the molecule remains is its ground state and if transitions occur between 

different vibrational and rotational energies. 

 

Electron spectrum 

 

   The spectrum obtained near visible or ultraviolet region is called electron spectrum. It consists of 

bands and each system has number of bands. 

The internal energy of the molecule is due to electronic, rotational and vibrtional energies and is given 

by 

                                       vrc EEEE ++=  

   The electronic system is obtained when the transitions occur between different electric rotational and 

vibrational energy levels as a result of absorption and emission of radiation. 

 

 General feature of molecular Spectra 

  

The spectra given by atoms due to energy changes in their electronic system are known as atomic 

spectra. Similarly, the spectra emitted by molecules are known as band spectra or molecular spectra. The 

molecular spectra arise from 

1. The rotation of a molecule about its center of mass. 

2. Vibration of the atoms about the equilibrium position along the line joining the two atoms and 

3. Electronic configuration of the electrons in the molecule. The molecular spectra occur in three 

regions. 

Comparison between Line Spectrum and Band Spectrum 

 

  Line Spectrum Band Spectrum 

Short 

description 

A spectrum of radiation in which the 

quantity is studied, such as frequency 

or energy, takes on discrete values. 

A spectrum consisting of groups or bands 

of closely spaced lines in emission or 

absorption, characteristic of molecular 

gases and chemical compounds. 

Also known as Atomic spectra. Molecular spectra. 

View 
Appears as parallel lines when viewed 

from a slit. 

Appears as continuous form of bands when 

viewed from a spectroscope. 

Nature They are distinct and unique. 
They are continuous and closely spaced 

with one another. 
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Rotational Spectra of a Diatomic Molecule as a Rigid Rotator 
 

 Rotational spectra arises due to transition of molecules between allowed rotational energy.            

  

Consider a diatomic molecule consisting of atoms of masses 
1m  and 

2m  a distance R apart. The diatomic 

molecule can rotate about its center of mass as shown in fig.    

    The moment of inertia of this molecule about an axis 

passing through its center of mass and perpendicular to a 

line joining the atoms is      

                    2

22

2

11 rmrmI +=  ---------- (1) 

Where 
1r and 

2r are the distances of 
1m  and 

2m respectively 

from the center of mass    

        As the center is balanced about its center of gravity, we 

have 

                              
2211 rmrm =  ------------------------- (2)    

                            
21 rrR +=    ------------------------- (3) 

Solving the equation (2) and (3) we have 

                                                      R
mm

m
r

21

2
1 +
=     and        R

mm

m
r

21

1
2 +
=                                       

Substituting this value of 
1r and 2r in the equation (1) 

                                           
2

22

2

11 rmrmI +=  

                                             =
2

2

21

2

21

)(
R

mm

mm

+
+

2

2

21

2

12

)(
R

mm

mm

+
 

                                             = 2

21

21

)(
R

mm

mm

+
 

                                            2I R= ------------------------------ (4) 

  Where the reduced mass μ is defined as 

                                                  μ=
)( 21

21

mm

mm

+
 

 

Kinetic energy  2 2

1 1 2 2

1 1
(5)

2 2
E m v m v= + −−−−−−  

 

Where v1 & v2 on the linearity velocity of masses m1 & m2 respectively. 

 

Kinetic energy E of rotating molecules in terms of angular velocity. 

( )

2 2 2 2

1 1 2 2

2 2 2

1 1 2 2

2

1 1

2 2

1

2

1
(6)

2

E m r m r

E m r m r

E I

 





= +

= +

= − − − − −
 

Angular momentum L of rotating molecule from classical mechanics given by L = Iω------(7) 

  Substituting ω from equation (7) in equation (6) we get, 

                                                
2

2

1 IE =  
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                                                    =

2

2

1








I

L
I              

I

L
=  

                                                
2

2

L
E

I
= -------------------- (7) 

The angular momentum of the rotating diatomic molecule is quantized according to  

                                       ( ) ( )1 1 (8)
2

h
L J J J J


= + = + −−−−−−    Where J=0, 1, 2, 3, 4 … 

Where J is called the rotational quantum number. 

 

( ) ( )
2

2 2 2

2
1 (9)1

4
L I J J

h
J J


 = = + − − − − − − − − −
 

+ =  

As there is no potential energy & KE may be represented 

by E, the energy of rotating molecule is given by, 

2

2

1

2

2
(10)

J

J

E I

E

I





=

= − − − − −
 

Substituting the value of ω2 in the equation (9) we get, 

( )

( )

( )

2
2 2

2

2
2

2

2

2

1

2
1

1 (11)

4

4

8

J

J

I J J

E
I J J

I

E J J Joule
I

h

h

h








= +

= +

= + − − − − − −

 

Above equation gives the rotational energy level allowed to rigid atomic molecule. 

W.K.T 

           
_ 1

(12)

J

J

c
E h h hc

E hc

 


 


−

−

= = =

 = −−−− = 
 

 

( )2
1

2

1
(13)

8
J

J JE
cm Wave number

hc hcI

h 


− −
−+  = = −−− = 

   
 

If we divide the expression for the energy EJ by the ‘hc’ to the equation (12) and substitute the above 

value 
−

 from equation (13) we get what is known as the term value of the molecular level. Thus, we have 

( )

( )

2
1

2

1

2

(12)

1

1 (14)

8

8

J

J

J

E hc

J JE
hc cm

hc hcI

E J J cm
Ic

h

h







−

−

−

= − − − −

+
=

= + − − −

 

When energy is expressed in cm-1it is expressed by the name epsilon  . 

Equation (13) is abbreviated as 1( 1)J BJ J cm −= +  

Where                    
Ic

h
B

28
=      

B is called the rotational constant. 
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To find the energy level Substituting equation (8) in equation (7) we get 

( )( )

( )( )

( )

( )

2

2

2

2

2

2

2
(15)

1

2

1

2

,

1

2

1

2
JE

J J
E

I

J J
E

I

put I R then

J J
E

R

J J

R






 = − − − − − − −

+
=

+
=

=
+

=

+

 

For different value of J Kinetic energy E due to rotation is given by
( ) 2

2

1

2
JE

J J

R
=

+

 
Substitute J=0,1,2,3,4 

  

For J=0 For J=1 For J=2 For J=3 For J=4 

0 0E =  
1

2

2

2

2
E

R
=  2

2

2

6

2
E

R
=  2

2

2

12

2
E

R
=  2

2

2

20

2
E

R
=

 
 

                               A rotational transition occurs only in those molecules having permanent electric 

dipole moment. Thus, homopolar molecules i.e., diatomic molecule with two identical nuclei such as 

42222 &,,, CHCONHO do not exhibit rotational spectra. 

Selection Rule for rigid rotator: 

For a given molecule only those transitions are possible between allowed rotation energy levels for 

which 1J =  .+1 is for absorption of energy & -1 for emission of energy. 

1 (11)J =  −−−−−−−−−−−−−−−  

 

Thus, a transition between two rotational states differing in value by 1 gives rise to a rotational spectral 

line. The wave number of such line is given by  

                                                       )]1()2)(1[( +−++= JJJJBv  

                                                       )1(
8

)1(2
2

+=+= JJ
Ic

h
JBv


----------------------- (12) 

The spacing between two consecutive rotational lines is therefore  

                                                    
Ic

h
Bv

24
2


== ----------------------------- (13) 

The expression is independent of J. This means that pure rotational spectral lines are generally spaced.  

 

Frequency of spectral line: 

       In practical situation the rotational spectra are always obtained in absorption when a molecule 

makes transition from initial state of quantum number J to next higher state of quantum number J+1 

 

Let 1JE + =Energy of higher state with quantum number J+1 

      

      JE = Energy of higher state with quantum number J 
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( )( ) ( )

( )

( )

( )

( )

( )

1

2 2

2 2

2

2

2

2

2

2 2

2

2 2

0 0 2 2

1 1 1 1

2 2

1
2

2

1

2

1

4

1

4

1
4

J Jh E E

J J J J
h

R R

J
h J J

R

J h
h put

R

J h
h

R

J h

h R

h
J where

R




 








 


 

  
 

+= −

+ + + +
= −

  

 
  
 

+
= + −

+
= =

+
=

+
=

= + =

 

( )

( )

( )

( )

( )

1

0 1

1 2

2 3

3 4

0

0 0

0 0

0 0

0 0

(1) 0

(2) 1

2

(3) 2

3

(4) 3

4

1

1

2

3

4

J J

For J

For J

For J

For J

J 

  

  

  

  

→ +

→

→

→

→

=

=

=

=

=

=

=

=

= +

=

=

=

=

 

Thus, Rotational spectra of diatomic molecule (a Rigid rotator) consists of equally spaced lines. 

The frequency of the lines is given by  

                                            )1(
4 2

+= JJ
Ic

h
v


--------------------------------- (14) 

The energy corresponding to the spectral line is  

                                            )1(
8 2

2

+== JJ
Ic

h
hvE


----------------------- (15) 

Where I is the moment of inertia of the molecule about the axis of rotation and J is the rotational 

quantum number which can take value 0, 1, 2, 3…Rotational transitions are restricted to those in which J 

changes by 1. Rotational energy changes are comparatively small, being of the order of 0.005eV 

compared to 0.1 eV for a vibrational change and 5 eV for an electronic change. For a given vibrational 

change a number of rotational lines are thus possible and those constitute a band. The series of band for 

a given electronic transition is called a band group or band system. The whole series of band groups 

corresponding to the various electronic constitute the electronic band spectrum. 
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Rotational Spectra of a Diatomic Molecule as a Non-Rigid Rotator 
 

 

Rotation bond length between two molecules is change, it is called non-rigid rotator. 

                                         

 
 

Consequences of the change in bond length with J  

 

I. When a bond is elastic, it will stretch and compress periodically with a certain functional 

frequency dependent upon the masses of the atoms and the elasticity (or force constant k) of the 

bond. This means that the molecule may have vibrational energy. 

If the vibrational motion is simple harmonic, the force constant k is given by 2 2 24k c  =  

Here ω is the vibrational frequency (in m-1), µ is the reduced mass of the molecule. The variation 

of B with J is decreased by the force constant, i.e., the weaker the bond, more readily will it 

distort under centrifugal forces.  

II. The second consequence of elasticity is that the quantities R and B vary during a vibration.   

 

Energy Levels 

 

Consider a single particle of reduced mass µ rotating about a fixed point with an angular velocity, ω. 
Let the particle be at a distance r0 from the fixed point when there is no rotation. Let this length increases 

to R, when the particle rotates.  

                          

 Centrifugal force during rotation 2
CF R = . 

 Restoring force due to bond stretching ( )0r R rF k −=  

  The above two forces balance each other at any instant of rotation. 

 

( )

( )

( )

0

0

0

0

0

2

2

2

2

2

rC

k R r

kR kr

kR kr

R k kr

kr
R

k

F F

R

R

R

 
 

 





= −

= −

− =

− =

 =
−

=

 

 This gives the distorted bond length. 

 

Total energy of the rotating system =K. E+P.E 

                                                   
2

0

2 )(
2

1

2

1
rRkIE −+=   
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2 2 4

2

2

1 1

2 2

R
E I k

k

 = +                   
2

0( )
R

R r
k

  
− = 

 
 

                                                  
2 2

2 2

2

( )1 1

2 2

I
E I I R

kR

   = + =  

                                                 
2 4

2 22 2

L L
E

I I kR
= +  

                                                

The quantum restriction that the angular momentum L= Iω be quantized according to ( 1).L J J= +  

will convert this classical result to a quantum mechanical result. ( 1) ( 1)
2

h
L J J J J


= + = +  

The corrected allowed energies are 

                                        
2 4

2 2

2 2 2 2
( 1) ( 1)

8 32

h h
E J J J J

I I kR 
= + + +  

In the above equation the first term is major importance. The second is a minor term. It is finally 

necessary to relate the distorted R in the first term to r0 by means of equation 
)( 2

0

mk

kr
R

−
= .In this way, 

and approximating R by r0 in the second term, we get 

                  
2 4

2 2

2 4 2 2
( 1) ( 1) ( )

8 32
J

h h
E J J J J Joule

I I R F 
= + − +  

 

2 2 2

tan

4 ( )

F Force cons t

F c Vibrational frequency   
=
= =

 

_

1

int

E hF

hc c
E F

E

hc

E
erms of wavenumber

hc

 





=

= =

=

=

 

We are interested in the wave number  
hc

E
v


=  of the radiation emitted or absorbed as a consequence of 

change between energy levels. So, we consider energies in these units. 

 In term of wave number units, 

 
2 4_

2 2 1

2 4 2 2

3_
2 2 1

2 4 2 2

_
2 2 1

( 1) ( 1) ( )
8 32

( 1) ( 1) ( )
8 32

( 1) ( 1) ( )

JE h h
J J J J cm

hc Ihc I R Fhc

h h
J J J J cm

Ic I R Fc

BJ J DJ J cm


 


 



−

−

−

= = + − +

= + − +

= + − +
 

3

2 4 2 2
&

8 32

h h
Where B D

Ic I R Fc 
= =  

Thus. the expression for the rotational energy levels is,  22 )1()1( +−+= JDJJBJJ  

Here, D is called the centrifugal distortion constant. 
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When diatomic molecule jumps to J+1 then wave number is 
_

2 2 1

_
2 2

1

2 2

1

( 1) ( 1) ( )

1

( 1)( 1 1) ( 1) ( 1 1)

( 1)( 2) ( 1) ( 2)

J

J

BJ J DJ J cm

J J

B J J D J J

B J J D J J







−

+

+

= + − +
→ +

= + + + − + + +

= + + − + +

 

_
2 2 2 2

1

_
2 2 2 2

1

_
2 2 2 2

1

_
2

1

( 1)( 2) ( 1) ( 2) ( 1) ( 1)

( 1)( 2) ( 1) ( 2) ( 1) ( 1)

( 1)( 2) ( 1) ( 1) ( 2) ( 1)

( 1) ( 2) ( 1) (

JJ

JJ

JJ

JJ

B J J D J J BJ J DJ J

B J J D J J BJ J DJ J

B J J BJ J D J J DJ J

B J J J D J J

 

 

 

 

+

+

+

+

      

  

− = + + − + + − + − +

− = + + − + + − + + +

− = + + − + − + + + +

− = + + − − + 2 2

_
2 2 2 2

1

_
2

1

_
2

1

_
3

1

2)

( 1) 2 ( 1) 2 2( )(2)

( 1) 2 ( 1) 4 4

2 ( 1) ( 1) 4 1

2 ( 1) 4 ( 1)

JJ

JJ

JJ

JJ

J

B J J J D J J J J

B J D J J

B J D J J

B J D J

 

 

 

 

+

+

+

+

  

     

      

  

+ −

− = + + − − + + + −

− = + − + +

− = + − + +

− = + − +

 

3

2

4B
D


= , D is very small compared with B.        

 

 
Fig shows the lowering of rotational levels when passing from the rigid to the non rigid diatomic 

molecule. The difference between the energy levels increases with increasing value of J. 

Selection Rule for non-rigid rotator: 

 

The rotational absorption spectrum is produced due to molecular transition from the state J to the (J+1). 

The selection rule is   ∆J=+1. 

                                  vvv JJ =−+1  

                                           ])1()2()1[()]1()2)(1[( 2222 +−++−+−=+= JJJJDJJJJBv  

                                          13)1(4)1(2 −+−+= mJDJBv  
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            Thus, we see that the spectrum of a non rigid diatomic molecule is similar to that of the rigid 

rotator except that each line is displaced slightly to low frequency as show in fig below. 

 

                         
    

We note from the equation 13)1(4)1(2 −+−+= mJDJBv that the lines are no longer exactly equidistant 

but their separation decreases slightly with increasing J. The effect, however, is small owing to the 

smallness of D as compared to B. 

 

Vibrational energy level & Vibrational Spectra of a Diatomic Molecule as a 

Simple Hormonic Oscillator 
 

 

Consider vibrational motion of diatomic molecule. 1m  and 2m  be the masses of a atoms forming the 

diatomic molecule. Let, the atoms are separated by equilibrium distance r0. As the molecules vibrate 

along the line joining the atoms the distance between them changes. Let at any instant of vibrational 

motion the separation between two atoms be ‘r’ the 

 Restoring force α displacement (Hook’s 

law) 

 

( )
( )

0

0 (1)

r r

r r

F

F k

 −

− − − − − −=
 

Where k is force constant 

( )0

(2)

r r x

F ax

− =

− − − − −= −
 

 1Let m  and 2m  be the masses of a atoms forming the diatomic molecule. 

 The reduced mass µ is given by,

 

1 2

1 2

(3)
( )

m m

m m
 −−−−−−−=

+
 

According to Newton’s Second law of motion F = ma 

2

2
(4)

d x

dt

F ma

F  − − − − −

=

=
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Comparing equation (2) & (4) we get                           

 
2

2

2

2

2

2

2
2 2

2

0

0

d

d

d

d

x
kx

dt

x k
x

dt

x k
x

dt

x k
x Where

dt





 


 = −

= −

 + =

+ = =

 

 

This is the differential equation of simple harmonic oscillator. 

Angular frequency of vibration of molecule is given by 

0

0

2

1

2

k

k

k













=

=

=

  

Quantum mechanical treatment of the above equation is (5)
dv

F
dx

−−−−−−−= −  

Where v is the potential energy of vibrational molecules 

From equation (2) F kx= −  

Comparing the above equation we get, (6)
dv

dv kx dx
dt

kx  = −−−−− = −  

Integrating both sides of equation (6) 

 

0

0

2

0

2

2

1
(7)

2

x

x

x

dv kx dx

v k x dx

x
v k

v kx

 
  
 

=

=

=

= −−−−

 


 

Now Schoedinger time dependent wave equation in 1-D is given by  

 

( )
2

2 2

2
0 (8)

m
E v

x

  


+ − = −−−−−−  

 

Using (7) in (8) we get 

 

2
2

2 2

1

2

2
0kx

m
E

x

  


 
 
 

+ − =  

On solving above equation, eigen value for simple hormonic oscillator is given by 

 

0

1
(9)

2
nE n h 

 
 

= + −−−−−−−  
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Where n = vibrational quantum number 

           0 = vibrational frequency 

Now n =0,1,2, 3………….is the vibrational quantum number 

0

1

2

k
 

=  

Vibrational energy level is equally spaced  

0 0

1 0

2 0

3 0

(1)    0

   1

1
( int )

2

3
(2)

2

5
(3   )

2

7
(4

 2

   3)
2

Zero po energyFor n

For n

For n

For n

E h

E h

E h

E h









=

=

=

=

=

=

=

=

 

He vibrational energy of level of diatomic molecules are equal distances & quantized. 

  

1 0 0 0 0

2 1 0 0 0

3 1

2 2

5 3

2 2

E E h h h

E E h h h

  

  

− − =

− = − =

=
 

Hence vibrational energy is equally spaced. 

 

Selection Rules for Vibrational spectra: 

Between variation in discreate vibrational energy level of diatomic molecule only those transitions are 

allowed for which difference in vibrational quantization number n of two level is 1n =   

  

Frequency of Vibrational spectra: 

Let molecule makes transition from higher level having quantum number (n+1) to lower energy level 

having quantum number n, then  

 

0 0

0

0

0

1

1 1
1

2 2

1 1
1

2 2

1

2

nn
h

h n h n h

h h n n

h h

k

E E

  

 

 
 


 

+

   
   
   

 
 
 

=

= + + − +

= + + − −

=
=

=

−

 

 

This gives the frequency of spectral line in vibration emission spectra. Similarly, the frequency of spectral 

line in vibrational absorption spectra is 0 . 

Region of spectrum: 

The frequency of lines in vibrational spectra lies in infrared region. 
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Problems 
 

1) The frequency difference between two successive lines on the pure rotational spectrum of CO   

  molecule as a mean value of 11.52x1010 per sec. Calculate the M.I of the molecule & hence   

  calculate CO bond length. 

 

 Mass of C –atom =12 amu 

Mass of O--atom =16 amu 

                      ∆ v =11.52x1010/sec 

                         I=?,             &             r=? 

                                               μ=
)( 21

21

mm

mm

+
 

                                                = 574.6
28

192

1612

1612
==

+


amu 

                                            ( )vc

h
I


=

24
 

                                              =
( ) 1082

34

1052.11103142.34

1063.6


 −

=
108

34

1052.1110387216.94

1063.6


 −

 

                                             =
7273.1364

1063.6 1834−−
 =0.004858113x10-52         

                                           I=0.4858x10-54kgm2 

                                          µ=6.857amu 

                                   1amu=1.67x10-27kg 

                                         µ=6.857x1.67x10-27kg =11.45119x10-27kg 

                                          r=
27

54

1045.11

104858.0
−

−




=

I

= 271009242.0 − =0.6493x10-14m 

2) The line in the pure rotational spectrum of HCl are spaced as 20.8x1012/sec.Calculate M.I &    

    intermolecular distance when reduced mass of HCl is 1.62x10-27kg. 

                                          µ=1.62x10-27kg 

                      ∆ v =20.8x1012/sec,     I=?  ,r=? 

                                            ( )vc

h
I


=

24
 

                                              =
( ) 1282

34

108.20103142.34

1063.6


 −

=
108

34

108.2010387216.94

1063.6


 −

 

                                             =
3637.821

1063.6 2034−−
 =0.00269064x10-54 

                                          I=2.6906x10-57      

                                         r=
27

57

1062.1

106906.2
−

−




=

I

= 30106608.1 − =1.2887x10-15m 

3) The line in the pure rotational spectrum of HCl are spaced as 20.8x1012/sec.Calculate M.I &    

    bond length of proton is 1.67x10-27kg, mass of Cl=68.5x10-27kg. 

    

   Given           m1=1.67x10-27kg,       m2=58.5x10-27kg,      ∆ v =20.8x102/sec, 
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                                               μ=
)( 21

21

mm

mm

+
 

                                                 

27

2727

2727

106236.1
105.581067.1

105.581067.1 −
−−

−−

=
+


=
 

                                               µ=1.6236x10-27kg 

                                     
 

12108.20
2

−== m
Ic

h
v


                

                                             ( )vc

h
I


=

2
 

                                              =
( ) 282

34

108.20103142.32

10054.1


 −

=
28

34

108.2010387216.92

1054.1


 −

 

                                             =
0455.1232

1054.1 1034−−
 =0.001249538x10-44 

                                          I=1.249538x10-47      

                                         r=
27

47

1062.1

1024958.1
−

−




=

I

= 20106608.1 − =1.2887x10-10m 

 

4) In the CO molecule the wavelength difference between the successive absorption lines in the pure   

  rotational spectrum is 384 m-1. Calculate the moment of inertia of the molecule and the equilibrium 

  bond length of the molecule. Masses of the C12and O16atoms are respectively 1.99x10-26kg   and   

 2.66x10-26kg. 

   

                                           

1384
2

−== m
Ic

h
v

  

                                         246

8

34

10456.1
384)103(2

10054.1

2
kgm

vc

h
I −

−

=



=


=


 

  

                   The reduced mass µ of the CO molecule is 

 

                                               μ=
)( 21

21

mm

mm

+
 

                                               = kgkg 2626 10138.110
66.299.1

66.299.1 −− =





+


 

 

            Bond length=r= nm
I

1131.0
10138.1

10456.1
26

46

=



= −

−


 

5) Calculate the reduced mass in kg of HCl molecule. Given mass of H-atom=1 amu. 

     Cl atom=35amu; 1amu=1.67x10-27kg 

 

   Mass of H –atom m1=1 amu 

  Mass of Cl--atom m2=35 amu 

                                               μ=
)( 21

21

mm

mm

+
 

                                                = amu9722.0
36

35

351

351
==

+
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                                         µ=0.9722x1.67x10-27kg =1.6235x10-27kg 

 

6) Reduced mass of CO molecule is 11.38x10-27kg.If mass of oxygen atom is 26.56x10-27kg.Calculate    

    the mass of carbon atom. 

       Mass of C –atom m1=? 

      Mass of O--atom m2=26.56x10-27kg 

     Reduced mass of CO molecule is µ =11.38x10- 27                

                                               μ=
)( 21

21

mm

mm

+
 

                                   


21
21

mm
mm


=+

 

                                          
2

21
1 m

mm
m −


=


 

                       
2

21
1 )( m

mm
m −=


−


 

                            

27

27

27

1 1058.26)
1038.11

1056.26
1( −

−

−

−=



−m

 
 

27

27

2727

1 1058.26)
1038.11

1056.261038.11
( −

−

−−

−=


−
m

 

                   

27

27

27

1 1058.26)
1038.11

1018.15
( −

−

−

−=



−m

 
                   

                  

2727

1 1058.26)103339.1( −− −=−m

 

                                             
27

27

1
103339.1

1058.26
−

−

−


−=m

 
                                              

                                            

27

1 10926.19 −=m  

 

7) Calculate inter atomic distance of a molecule 

    Given  

                 M.I of the molecule I=1.38x10-47kgm2 

                 Reduced mass the molecule µ=1.58x10-27kg 

                                         r=
27

47

1058.1

1038.1
−

−




=

I

= 20108734.0 − =0.934 5 x 10-10 

 

8) Calculate the rotational constant for HCl molecule, if its moment of inertia is 2.7x10-47kgm2.Also 

   Calculate the moment of inertia of HF molecule, if its rotational constant is 2025m-1. 

     Given h=6.63x10-34Js 

    Moment of inertia of HCl molecule is I=2.7x10-47kgm2 

    Rotational constant is B= 2025m-1 

                                                    Ic

h
B

28
=
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                                                 ( ) 4782

34

107.2103142.38

1063.6
−

−




=B  

                                               
478

34

107.2103872.98

1063.6
−

−




=B

 

                                              
39

34

10705.639

1063.6
−

−




=B

 

                                             
705.639

1063.6 5
=B

 

                                            

51001036.0 =B

 

                                            

1310036.1 −= mB

  

The moment of inertia of HF molecule   I=?    

Rotational constant is B= 2025m-1 

 

                                       
Ic

h
B

28
=               

                                       
Bc

h
I

28
=

 
 

                      ( ) 2025103142.38

1063.6
82

34




=
−

I

 

                     
2025103872.98

1063.6
8

34




=
−

I

 

                    
8

34

102.479779

1063.6




=
−

I

 

                   

42100000138.0 −=I

 

                  

247 /1038.1 mkgI −=  

  9) Calculate the minimum rotational energy for CO molecule.

 

     Given Reduced mass of CO molecule µ =11.38x10-27kg 

    Bond length r=0.15nm 

                       h=6.625x10-34Js 

 

 

 

 

On the wave number scale, the frequency difference between two successive lines in the pure rotational 

spectrum of diatomic molecule is given by  

                                     
 2

v
Ic

 =  

    The rotational spectrum can be recorded. The absorption lines are equispaced. The separation 

between adjacent lines is identified as 2B.  

                                                               2
2

v B
Ic

 = =  

                                                                
2 24

h h
B

Ic 
 = = 
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By measuring ∆ v , the rotational constant B can be calculated. From this the momentum of inertia of the 

molecule I can be calculated. 

µ=IR2, µ is the reduced mass of the molecule and r the bond length. Knowing the value of µ, we can 

calculate R. 

    Experimental investigation have shown that the successive lines in the far infra-red spectrum are not 

evenly spaced, but that the frequency separation decreases slightly with increasing value of J. 

It shows that bond length (R) increases with J. Therefore, our assumption that the molecule is a rigid  

rotator is false. In fact, all bonds are elastic to some extent. More quickly a diatomic molecule rotates; 

the greater is the centrifugal force tending to move the atom apart. 

 




















































