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D 132058 (Pages : 2) Name.....................................

Reg. No.................................

THIRD SEMESTER M.Sc. DEGREE [REGULAR/SUPPLEMENTARY]

EXAMINATION, NOVEMBER 2025

(CBCSS)

Physics

PHY 3C 09—QUANTUM MECHANICS—II

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

Answer all questions, each question carries weightage 1.

1. What is hyperfine splitting in hydrogen atom ?

2. Explain briefly the principle of time independent perturbation theory.

3. List the connection formulas in WKB approximation.

4. Explain briefly the variation method for excited states.

5. Discuss validity of Born approximation.

6. What do you mean by condition of detailed balancing ?

7. What are spinors ?

8. Write down Weyl equation for neutrino.

(8 × 1 = 8 weightage)

Section B

Answer any two questions, each question carries weightage 5.

9. Discuss the fine structure of hydrogen atom. Obtain the complete fine structure formula by

considering the relativistic correction and spin orbit coupling.

10. Discuss the time dependent perturbation theory. Derive the transition probability for harmonic

perturbation.

713446

713446

1105

1105

1105
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11. What are Partial waves ? Obtain optical theorem.

12. Write an essay on nonrelativistic limit of an operator in Dirac theory.

(2 × 5 = 10 weightage)

Section C

Answer any four questions, each question carries weightage 3.

13. Discuss stark effect in hydrogen atom.

14. Optimize the trial wave function e–ar and evaluate the ground state energy of hydrogen atom.

15. What is dipole approximation? Also define electric dipole transition moment.

16. What is scattering amplitude? How is it related to scattering cross section?

17. Derive Klein Gordan equation.

18. Discuss hole theory.

19. Obtain the first order correction to the energy eigen value of an anharmonic oscillator.

(4 × 3 = 12 weightage)

713446

713446

1105

1105

1105
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Reg. No.....................................

THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, NOVEMBER 2024

(CBCSS)

Physics

PHY 3C 09—QUANTUM MECHANICS—II

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

Answer all questions.

Each question carries weightage 1.

1. Why the hydrogen atom in the ground state does not show a first order stark effect ?

2. Explain briefly the variation method for excited state.

3. Briefly discuss optical theorem.

4. Explain Fermi’s golden rule.

5. What do you understand by classical turning points ?

6. Distinguish between normal and anomalous Zeeman effect.

7. Explain quadratic stark effect.

8. What are negative energy states ? What are holes ?

(8 × 1 = 8 weightage)

Section B

Answer any two questions.

Each question carries weightage 5.

9. Discuss the first order time independent perturbation theory for non-degenerate stationary state.

Obtain the corrected eigen value and eigen function.

10. What are Einstein’s transition probabilities ? Outline the way in which absorption and emission of

radiation is explained in quantum mechanics. Explain how the selection rules follow naturally.

549976

549976

1105

1105

1105
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11. What is scattering cross section? Obtain an expression for scattering cross section using Green’s

function method.

12. Write an essay on nonrelativistic limit of an operator in Dirac theory.

(2 × 5 = 10 weightage)

Section C

Answer any four questions.

Each question carries weightage 3.

13. Work out the splitting of the 1 1P S→   transition of an atom placed in a magnetic field B along the

z axis.

14. A particle of mass m moving in the potential ( ) ( )V , 0 and V infinity, < 0.z mgz z z z= > =  Optimize

the trial wave function = A ,axz e−φ  where a is the variable parameter and estimate the ground

state energy of the system.

15. Explain the Dirac particle in an electromagnetic field.

16. Write a note on Born approximation.

17. Explain how the Klein Gordan equation leads to positive and negative probability density values.

18. Obtain Dyson Series. Define transition probability.

19. Obtain the first order correction to the energy eigen value of an anharmonic oscillator.

(4 × 3 = 12 weightage)

549976

549976

1105

1105

1105
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, NOVEMBER 2023

(CBCSS)

Physics

PHY 3C 09—QUANTUM MECHANICS—II

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

Answer all questions, each question carries weightage 1.

1. The WKB is valid for systems in which the potential is slowly varying. Why ?

2. Briefly discuss hyperfine splitting.

3. Briefly explain Rayleigh - Ritz method.

4. What is spin orbit interaction ?

5. The result of variation method always gives an upper limit for the ground state energy of the

system. Why ?

6. What are partial waves ?

7. Discuss the validity of Born approximation.

8. Define helicity operator. What are the eigen values of helicity operator ?

(8 × 1 = 8 weightage)

Section B

Answer any two questions, each question carries weightage 5.

9. Write an essay on Zeeman effect.

10. Explain WKB approximation. Obtain connection formulae.

Turn over
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11. Distinguish between spontaneous and stimulated emission. Prove that spontaneous emission is

completely a quantum effect.

12. Derive the Dirac equation for a free particle. Find out the Dirac matrices. Obtain the Dirac equation

in covariant form.

(2 × 5 = 10 weightage)

Section C

Answer any four questions, each question carries weightage 3.

13. Write a note on two fold degeneracy using degenerate perturbation theory.

14. Estimate the ground state energy of a one dimensional harmonic oscillator of mass m and angular

frequency ω using a Gaussian trial function.

15. Obtain the transition probability for a constant perturbation.

16. Write a note on stark effect in hydrogen atom.

17. Obtain the Hamiltonian operator for a charged particle in an electromagnetic field.

18. Explain how Klein Gordon equation leads to positive and negative probability density values.

19. What is scattering amplitude ? How is it related to scattering cross section ?

(4 × 3 = 12 weightage)

428606

428606

1105

1105

1105
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D 31197 (Pages : 2) Name.........................................

Reg. No.....................................

THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, NOVEMBER 2022

(CBCSS)

Physics

PHY 3C 09—QUANTUM MECHANICS—II

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

Answer all questions.

Each question carries weightage 1.

1. Explain the consequence of linear stark effect in hydrogen atom.

2. What is the principle of non-degenerate time independent perturbation theory ?

3. What are the limitations of WKB approximation ?

4. Describe the principle of Variational method.

5. Briefly discuss detailed balancing. Explain why the intensity of stimulated emission between two

atomic levels is much less than that of stimulated absorption.

6. What is differential scattering cross section ? How is it related to number of particles scattered ?

7. What is Weyl equation ? Give its significance.

8. Give Klein Gordon equation. Give its features.

(8 × 1 = 8 weightage)

Section B

Answer any two questions.

Each question carries weightage 5.

9. Discuss time independent perturbation theory and apply it to find the shift in energy levels of an

atom when placed in weak and strong magnetic fields.

10. Discuss WKB approximation with respect to tunnelling a potential barrier and hence explain

alpha decay from the nucleus.

305483

305483

1105

1105

1105
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11. Discuss scattering by a central potential and hence state and prove optical theorem.

12. Find the nonrelativistic limit of Dirac equation and hence show that the positive energy Dirac

particles are electrons.

(2 × 5 = 10 weightage)

Section C

Answer any four questions.

Each question carries weightage 3.

13. Apply stationary perturbation theory to find the energy levels of Anharmonic oscillator.

14. Using Variational principle find the ground state energy of one dimensional harmonic oscillator.

15. Give an account of electric dipole approximation and obtain expression for transition probability

for unit time.

16. Apply Time dependent perturbation theory in the case of Harmonic perturbation to find the

transition probabilities.

17. Show that the scattering cross section is independent of energy and scattering angle for scattering

by square well potential.

18. Find the equation of continuity for the Dirac particle and hence derive the expression for conserved

current from Dirac equation.

19. Show that the orbital angular momentum is not conserved for Dirac particles.

(4 × 3 = 12 weightage)

305483

305483

1105

1105

1105
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Reg. No.....................................

THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, NOVEMBER 2021

(CBCSS)

Physics

PHY 3C 09—QUANTUM MECHANICS—II

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

General Instructions

1. In cases where choices are provided, students can attend all questions in each section.

2. The minimum number of questions to be attended from the Section/Part shall remain the same.

3. The instruction if any, to attend a minimum number of questions from each sub section/sub part/

sub division may be ignored.

4. There will be an overall ceiling for each Section/Part that is equivalent to the maximum weightage

of the Section/Part.

Section A

Answer all questions.

Each question carries 1 weightage.

1. What is the difference between the Zeeman correction to energy in weak magnetic field and in

strong magnetic field ?

2. Explain why non degenerate time independent perturbation theory cannot be applied to degenerate

cases.

3. Describe the principle of Variational method.

4. Describe the connection formulae for WKB approximation.

5. What is meant by Dyson’s series ?

6. What is optical theorem ? What does it imply ?

7. What are the properties of Dirac matrices ?

8. What is Weyl equation ? Give its significance.

(8 × 1 = 8 weightage)

87860

87860

1105

1105

1105
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Section B

Answer any two questions.

Each question carries 5 weightage.

9. Discuss time independent degenerate perturbation theory and apply the same to explain the fine

structure of the Hydrogen atom due to the relativistic correction.

10. Describe the method of WKB approximation. Apply it to find the wave function and energy inside

a potential well with two vertical walls.

11. Deduce the expression for transition probability for induced emission for an atom placed in an

electromagnetic field.

12. Discuss the method of partial waves with respect to the scattering by central potential. Find the

total scattering cross section.

(2 × 5 = 10 weightage)

Section C

Answer any four questions.

Each question carries 3 weightage.

13. Find the wave function and energy levels of anharmonic oscillator.

14. Using Variational principle find the ground state energy of one dimensional harmonic oscillator.

15. Apply Time dependent perturbation theory to find the absorption energy from the field in the case

of Harmonic perturbation.

16. For scattering by square well potential show that the scattering cross section is independent of

energy and scattering angle.

17. Derive the Klein Gordon equation. Find the corresponding probability density.

18. Show that the total angular momentum is a constant of motion for Dirac particles.

19. Using time independent perturbation theory find the first order correction to the energy of n = 2

state of hydrogen atom in the presence of electric field.

(4 × 3 = 12 weightage)

87860

87860

1105

1105

1105
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THIRD SEMESTER M*A..[VI.Sc./Nf.Com. DEG

HGTVTINATTON, NO\ryMBER 2A2O

(CBCSS)

Physies

PIIY 3C Og-QUANTUM MECHANICS-II

(zOLg Syllabus Year)

Time : Thfee Hours Maximum : 30 Weightage

. General Instructions

L. In cases where choices are proui.d.ed, students can attend all questions irt each Sectionl Part-

Z. The minirnunt nutnber of questions to be attended from the Sectionl Part shall remain sanle.

B. 
'Tl*re 

witl be an ouerall ceiling for each SectianlFart that is equiualent to maximum uteightage of
the Sectionl Part.

Section A

Answer all questions.

Each question carrics weightage L.

1. Give the WK B wave function in a classical region. Explain its features.

2. What is intermediate freld Zeemaneffect ?

3. Give the general formulation of time independent perturbation theory.

4. Give the criteria for choosing the trial wave function for the first excited excited states for the

Variational method.

5. What is electric dipole.approximation

6. What is scattering amplitude and differential sdattering cross section ? How are they related ?

7 . Explain hole theory. State the hypotheses which form the basis of the hole theory ..: 
.

8' what are tfre draw backs of Klein Gordon equation' 
,g x 1 = g weightage)

Turn over
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' Each question cdrries weightage 5'

g. Using time independent perturbation theory discuss lYeak freld and strong field Zeeman effect.

10. Describe the WKB method with respect to connection formulae and apply it to find the wave

function inside and outside of a.potential well with no vertical walls.

I1. Describe briefly the Time dependent perturbation theory and apply it to find the scattering cross

section in the Born approximation.

L2. Show that the Dirac particles have spin 14.

(2x5=l0weighlage)

Seetion C

Answer anY fout questians'

Eaeh questinn carri.es weightage 3.

18. Apply time independent perturbation theory to frnd the exact wave function and energy of linear

harmonic oscillator.

14. Apply variational method to find the ground state wave function and the ground state energy of

Helium atom.

18. Discuss the theory of constant perturbation and deduce Fermi-Golden rule.

16. Deduce the expression for scattering cross section by the method of partial wave expansion for

scattering by central Potential.

t7. For a square well potential show that the scattering cross section is independent ofenergy and

scattering angle.

18. Derive the expression fo, conserved current from Dirae equation.

19. From the relativistic expression for the Hamiltonian derive the Klein Gordon equation

(4x3=12weightage)
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D 90744 (Pages:2)

THIRD SEMESTER M.Sc. DEGREE (St PPLEMBNTARY)
NO\MMBER 2O2O

(CUCSS)

Physics

PIIY 3C og--QUANTUM MECr{ANTCS-I

(20t7 Admissions)

TION /

Time : Three Hours Maximum : 36 Weightage

Section A

,4nswer sll questions.

Each questian ear-rics wei.ghtage L,

Give the criteria for validity of WKB approximation.

Describe removal of degeneracy on application of magnetie field in the case of hydrogen atom.

TVhat is 
-Bafleilgh Ritz metEod? - -- --

1.

2.

3.

4.

b.

6.

7.

Give the connection formulae for WKB approximations.

How the trial wave funetion for excited states is chosen for the Variational method ?

What is meant by Dyson's series ?

Give an account of electric dipole approximation and obtain expression for transition pnobability

for unit time.

8. Give Dirac equation and hence give Dirac Hamiltonian. Give the matrices involved in the equation.

9. What are the draw backs of Klein Gordon equation ?

10. What are the differences between Weyl equations and Dirac equations ?

11. Define conjugate field and Hamiltonian density with respect to fields.

L2. What is second quantization ? Give the features of second quantization.

(12x1=12weightage)

Turn over
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Section B

Each question carrics weightage 6.

13. Discuss the method of fime independent perturbation theory in the case of non-degenerate states
and apply the same to find the energy states and wave functions of anharmonic oscillator.

L4. Describe brieflythe fime dependent perturbation theory and apply it to find the absorption energy
from the field in tlre case of Harmonic perturbation.

15. Discuss spin orbit coupling. Also deduce the Hamiltonian corresponding to the non-relativistic I

limit of the Dirac equation. Give the interpretations to eaih term.

16. Derive Euler-Lagrange equation for the fields.

(2 x 6= 12 weightage)

Section C

Answer any foar qtnstions.
Eath questinn carries weightoge B.

17 - Appiy WiiB approximaiiorr meihod to fiud the transmissioa eo-effEcient of a poteiltial barrier.

18. Using Variational principle to find the ground state energy for Helium atom.

19. Find the transition probability per unit time for absorption when an atom is placed in electromagnetic
field.

20. Derive the quantization rules for bosons.

2L. Show that the total angular m.omentum is a constant of motion for Dirac particles.

22. Derive the Hamiltonian form of the Klein Gordon equation.

(4xB=12weightage)
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Physics

PHYWMffiITASIICLII
(s/Ll Admisslons)

fime: Itreellourc Maximum : 86 tr/eightage

Section A
' Answer allqxsf;ions, anh carrie.s uaigl*agq L,

I. Describe how @eneracy is removed in Sta* effwt.

2. , Describe the pripciple'ofWKB

8. How does the hsight and width of the potential barrier affect the probability of penetration of
pqSticles ttrougbthe bamier ?

4. Describe the princrple ofVariational method.

5. lVhat.is dipole moment operator ? What are the rrrles that are to be satisfied for tlre transition
pmbabilitybetween two states to be non z*lro?

6. What is principle of detailed balaace ? Explain why the intensity of stimulated emission behveen
two atorric l,evele lis'much less than that of stimulated absorption ?

7. Give the properties of Diras lWstrices.

8. Explain hote theory. State the hypdheses which form the basis of the hole theory

9. Disrlrss the'features of Klein Gordoa equation.

10. Describe the principle of canonical quantization of the field ? 
.

11. Distinguish between function and functional with respect to Lagrangian density.

L2, Ttre orbital angular momentum ofDirac particle is not constant of motion. Examine the statement.

{L2 x 1= L2 weightage)

Section B

Answer any two qtnstinns, mch carries weightage 6.

18. Discuss the method of Time independeat perturbation theory in the case of degenerate states and
apply the same to find the energy states end wave funetions to illustrate Zeeman effect in hydrogen
atom.

14. Describe briefly the Tlme depende,nt perturhation theory and apply it tb find the scattering cross

section in thefiret order Eom apprcximation.

Turn over
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THIRD SEMESTER M.Sc. DEGREE (REGUI,AR)

NOVEImER 2019

Physics

PHY 3C 09-QUANTUM MECIIANICS-II

(20L2 Admissions)

Time: Three Hours Maximum : 36 Weightage

Section A

Answer all questions.

Each questinn carries L wei,ghtage,

1. What you mean by bound states in quantum mechanics ?

2, What is the importance of Klein Gordan equation over Schrodinger equation ?

3. Write the WKB solution of a radial wave equation.

' 4. \'v'hat is spin-orbit coupiirigir HydrqErratvnr--ad har ffrflFre
theory ?

5. What is dipole approximation ?

6. Write the Hamiltonian of a particle in an anharmonic oseillator potential and discuss the methods

to solve this quantum meehanically.

7. Write down the Pauli's spin matrices and discuss its eigen values.

8. Discuss the nature of wave-functions of a particle suffering a repulsive potential barrier.

9. What you meant by large and small components in the context of relativistic quantum
mechanics ?

Write down the Euler - Lagrange equation,for,fi.elds.

Discuss sudden and adiabatic approximation.

Whatis Fer,mi's Golden rule.

(12x1=12weightage)

Seetion B

Answer any two questions.

Each question carries 6 weightage.

13. Discuss Stark effect with perturbation theory .

to

10.

11.

L2.

Turn over
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L4. Quantize the Klein4ordon field with necessary theory

15. Discuss time dependent perturbation theory. What is the transition probability when a system is
subjected to a harmonic perturbation ?

16. Using variational principle find the ground state energy of a one dimensional Harmonic oscillator

(2x6=12weightage)

, Section C

,,ffitr:;Y:#:rffiT;"r,
L7. Find the enerry Eigen values of a particle using WKB method for a one dimensional potential

Y (x) = qfra.

18. A particle of mass 'm'is confined in a one dimensional infinite potential well (from 0 to L). When
it is perturbed by a potential V(r) = Vo in the same region (O tnUl).Find the first order correction
in enerry.

19. Show that Dirac matrices are anti- commuting.

20. Which of the following transitions is electric Dipole allowed ?

(a) 1s -> 2s. '

(b) 1s -> 2p.

(c) 2p -> 3d.

(d) 3s -> 5d.

21. What are bilinear covariants ?

22. IIow the vector cur,rent does transforms under the operation of charge conjugation ?

(4x3=12weightage)



D 52332 (Pages:2) Name......

THIRD SEMESTER M.Sc. DEGREE ExAIvrrNATroN, DECEMBER z0t8
(CUCSS_PG)

physics

Pr{Y 3C 0HUANTL]M MECHANTCS-rr
\

(20L2 Syllabus Year)

Time : Three Hours Maximum : 36 Weightage

Section A

,4nswer all qucstions.

h questinn carrics L weightage,

1. What is the approximation involved in WKB approximation ?

2. Explain the necessity of field quantization

8. How functional derivatives differed from normal derivatives ?

4. How can **..:::1.:.igpirac aqlri-ces from Pauli's spin matrices ?
, I.,

5. Write any two bilinear covariants ?

6. What is the basic idea behind variational mettrods ?

7. Why we treat degenerate perturbation separately in the perturbation theory ?

8. Distinguish Klein Gordon equation from Schr6dinger equation.

9. Write the differences between Schr0dinger picture and Heisenberg picture.

10 Discuss sudden and adiabatic approximation.

11.' What is Fermi's Golden rule ?

12. Write the Gaussian wave-function in one dimension. Explain why it is a suitable choice of trial
wave-function in many problems ?

(t2xt = 12weightage)
" Section B

Answer ony two questions.
B 

' 
..Eoch questian carries 6 weightage.

13. In the Dipole approximation, discuss the Semi - classical treatment of interaction of an atom with . i

electromagnetic field.

14- How Dirac formulated relativistic equation for equation ? Prove Dirac matrices are trace-less and
Eigen values are + L or - 1' 

r\rnr over
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15.

16.

Discuss first order time independent perturbation theory in detail.

Using variational principle find the ground state ener.gy of the electron,in Hydrogen atom.

(2xG = 12weightage)

Section C

Answer any fotrr qu.estions.

Eanh questi.on carrics g weightage.

L7 t w-hich of the following transitions is electric Dipole anowed ?

(a) ls -+ 2s.

(b) 1s + 3d.

(c) 2p+5s.

(d) 3s -+ 5d.

18. State and prove Noetherrs theorem for internal symmetry.

jlt

1:ir
a

'i.
i

I

20.

2t.

22.

19. Cheek the probability conservation in fn.:liit$ta'ffiffiffi@.t*isffi$is;:=+€''t*+ 'rr, iiii. ,:,

n" is confined in a one dimensional infinite potential well ( from 0 to L). \jVhen

it is perturH by:a potentiat V (r) = a r inthe same region (0 to'L). Find the first order corection
in energy- (where'o" is a small constant with apprcpriate dimension)

j

Find the ground state energy of a One Dimensional Harmonic oscilla.tor'using the trial
wave-function , r1r (r) = N * " 

-b*' 
.(N is thc rnrmalizatian constont).

't
Show that free electrons can neither emit nor absorb phtons.

(4x3=I2weightage)
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Reg. N

THIED SEMESTER M.Sc. DEGREE E)(A1VIINATION, DECEMBER 2018

(CUCSS_PG)

Physics

Maximum : 36 Weightage

Ptry 3C bg-QUANTTTM MECIIANTCS-rr

Time : Three Hours

(20\7 Syllabus Year)

Section A

Answer all qu.gstinns, eoah questinn carrics weigl*age L.

Describe the conrieetion forrrulae for WKB approximation.

Find the energy levels which become non-degenerate under the influence'of electric field under

first order corrections.

3. Describe the principle ofWKB approximation.

4. Describe the principle ofVariational mehod.

5. Give the criteria for choosiag the trial wave furiction for excited states for the Variational rnethod.

6. What is electric dipole approxirnation ?

7. Which of tlre folowiqg transitions is electric dipole allowefl ?

(i) 1s-r2s. (ii) ls-+2p. (iii) 2.p-+3d. (iv) 8s-+5d.

8, Explaia lapge snd small components of solutions of Dirac equation.

9. Is spin augular momentum is oonstant of motion with r.espect to Dirac Ilamiltonian ?

11. Explain functional derivatives

L2. What is Hamiltonian and Hamiltonian density of the field in the continuum limit ? Explain the

symbois.

(12x 1=lZweightage)
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Section B

Answer any two questions, each qucstion carries weightoge 6.

inciple ofWKB apnmximation. Applvthe method to find the transmission coefficient18. DescribetheprincipleofWKBappmximation.Applythe - -- --- ---- -l

through a potential barrier.

14. Discuss the plane wave solutions of Dirac equation. i

15. Deduce the expression for transition probability for induced emission for an atom placed in an

16. Derive Euler - Lagrange equation for the fields.

(2x6 = 12weightage) "

Section C

L7 . Apply time independent perturtation theory to find the first order cornectioar for euergy lerrels and

18. Use the Variational method to estimate the ground state eneqgr of the hydrogen atom.

19. Apply fime dependent perturbatiou tbeory to find the liion pmrygy qqee.ryF, 'it,#e'ft .!j':i:."'i 
' 
:' :

of Harmonic perturbation

20. Derive the Hamiltonian form of Klein Gordon Equation.

21. Find the consenred current due to Dirac equation.

22. Discuss the quar-rtization of femions.

(4xg=12weightagp)



fime: Three Hours

c 31289 (Pages:2)

TI{IRD SEMESTER M.SC. DEGREE

(CUCSS)

PhYsics

plrY 3c 09-QUATVTUIVI MECHANICS-II

(2012 Admissions)

Maximum : 36 Weightage

Section A (Short Answer type Questions)

Answer all questions'

Each question canies a weightage of l'

1. Explain Bohr-sommerfield quantization theory'

Z. Show that the variational method always gives an upper timit to the ground state enerry of the

system.

B . What is the effect of the application of an electric field in the linear Stark effect ?

.4. Write a note on second Quantization.

5. Give the magnitude of the fisrt order perturbation theory'

6. Illustrate the princrple of WKB method.

7. What you mean by electric dipole approximation ?

8. Explain Hole theory ?

9. Write KG equation in electromagnetic field'

10. Write the magnetic moment of electron as obtauled by Dirac's equation'

11. Explain the WeYl eq-uation.

L2. Write weak field interaction Hamiltonian in electromagnetic field'
(12 x1 =12 weightage)

Section B (Essay t5Pe Questions)

Answer anY two questinns'

Dach question eiutc, a weightage of 6'

18. Outline the variational method used for obtaining the approximation value of the ground state

enerryofa system. And obtaingroundstate enerryfor ahydrogen atomusingvariational method'

L4. Discuss the time independent perturbation theory for a nondegenerate system'

Tur:n over
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Discuss the Firlt order time dependant perturbation theoryand.derive Fermi-Golden Bule 3 ?

Dtjriie Dirac's Relativistic wave equation, obtain it froEi the equation of continuitp
(2x6=l2werghtage)

Section C

Each questiam corries'o weiglrtage of 3'

(i) Tlace Tp = 0

(ii) Det Yp = * 1
,.-r

Estima!4 the ground state energ5r of a one dimensimal'b;i ic osqillator of mass m and angular

frequefi-iy co using a Gaussian trial function ;,

Iheluieperturbed wave functions of a partiele trapped iil an infinite square well of bottom are

*'. =eYsin nffi. If th€ system is perturbed by raising the floor by a constant amount \,

evaluate-the first and second order corrections to the energy eigen values ofnth state.

Obtain the selection rule for e!

' -' ii'"' .

Find tiandffission coefficient usingWKB method.

Show that the Dirac's particles have spin %.
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6.14 =-12 weightage)
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THIRD SEMESTER M.Sc. DEGREE EXAIT{INATION, DECEMBEB AOU

(CUCSS)

Pr{Y 3C 09-QUANTLTM MECHANICS

. (2012 Admission onwards)

Time : Three Hours Maximum : 36 Weightage

Part A

.4nswer all questions.

Each question eorrbs L weightage

1. Give the magnitude of the first order perturbation energT.

2. What is the effect of the application of an electric field in the linear stark effect ?

3. What are'turning points ? Give its significance.

4. What is meant by degeneracy ?

5. Distinguish between stimulated and spontaneous emission.

6 Why does spontaneous emission far exceeds stimulated emission in ttre visible region ?

7. What are the arguments used in deriving the Klein-Gordon equation ?

8. What do you mean by negative energ"y states ?

9. Explain what is meant by Pauli Spin matrices.

10. What are indistinguishable particles ? Give sxample.

11. What is Lamb shift ?

12. Explain Bohr Sommerfield quantum theory.

. (LZxL = l2weightage)

Part B

Answer any two questions.

Each question carries 6 weightage

1. Use the variational method to estimate the energies of a one dimensional harmonic oscillator in
the ground state and first excited state. 

.

2. Prove that the WKB approximation gives correct energy Eigen values of all the states of a harmonic
oscillator

3. Outline the Heitler-London theory of the hydrogen molecule and discuss the result.

4. Derive the plane wave solutions of Dirac equation. Write the equation for a Central field.

(2x6=12weightage)
Turn over
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THIRD SEMESTER M.Sc. DEGREE EXAIIIINATION, D

(CUCSS)

Physics

PHY SC Og-QUAI{TUM MECHANICS

(20L2 Admission onwards)

Time : Three Hours Maximum : 36 Weightage

Part A

Answer all qu'estbns.
Each questinn carries t wetglrtage;

1. A systemis subjected to a perturbationwhich lasts fromtime t = 0 to f = f0 and which is constant

during this time. What is the transition probability ?

Explain the principle of WKB approximation'

Distinguish between Normal and Anomalous Zeernan effects ?

Distinguish between Symmetric and antisymmetric functions-

5. what is electric dipole transition moment ? Give its significance.

6. Why is it easier to obtain laser actien at the infrared wavelengths compared to visible region ?

7. - Give tuo important properties of Dirac matrices.

8. Explair, what is meant by Dirac Spin rratrices.

9. Explain the concept of change conjugation

10. Define Symmetric and antisymmetric wave functions'

11. Discuss the principles of variational method.

12. Explain the basic principle of canonical quantization of fields.

L2xL = 12weightage)

Part B

Answer anY two qucstiotns.

Each questian-carrici 6 weightage

1. Use the variational method to estimate the ground state. energy of the Helium atom'

Z. Show that a hydrogen atom in its first excited state behaves as though it has permanent electric

dipole moment that can be oriented in three different ways.

2.

3.

4.

Turn over
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Obtain the Hamiltonia" operator for a charged particle in an electromagnetic field.

Discuss the Hartree's self consistent field method for a many electron system.

(2x6=12weightage)

Part C

Answer oiy fotr questinns. '

Eoch qu.estinn carrics 3 weightage.

1. Use the WKB approximation to calculate the energy levels ofa spin less particle ofmass rrz moving
in a one dimensional box withwalls at r = 0 and x =L.

;

2. An unperturbed trrvo level system has energy Ergen values E, and E, and Eigen functions

rO\ (E A\
*U 

[rJ 
When perturbed its Hamiltonian is represented by 

|.A - ,r)'Find the first order and

second order correction to Er.

3. Calculate the rates of stimulated and spontaneous emission for the transition 3P -+ 25 (Ha line) of
hydrogen atom, taking the atoms are at a temperature of 1000 K.

4, A harmonic oscillator in the ground state is subjected to a perturbation H1 = -r exp.

t = 0 to f, = o. Calculate the probabiHty for transition from the ground state, grven.

Explain the properties of Dirac matrices. : .

N non-interactingbosons arein ainfinite potentialwelldefinedbyV(r) = 0 for 0 < r<a.
V (*) = oo for r < 0 and for.r > o. Find ttre ground state enerry of the system. What would be the
ground state enerry if the particles are fermions

//(4x3=12weightage)
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