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

EXAMINATION, APRIL 2025

(CBCSS)

Physics

PHY 4C 12—ATOMIC AND MOLECULAR SPECTROSCOPY

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

(8 Short questions, each answerable within 7.5 minutes)

(Answer all questions, each question carries weightage 1)

1. Draw the schematic diagram of a microwave spectrometer

2. What are the parts of Raman spectrometer ?

3. Define mono chromator ?

4. Define depolarization ratio of Raman scattered light

5. What are the two directions of rotations of a symmetric top ?

6. List out some industrial applications of Raman spectroscopy.

7. Explain the importance of Raman effect for phase transition studies.

8. What is isomer shift ?

(8 × 1 = 8 weightage)

Section B

(4 Essay questions, each answerable within 30 minutes)

(Answer any two questions. Each question carries weightage 5)

9. Define Raman effect. Derive and explain rotational Raman spectra with figure

10. Explain diatomic vibrating rotator.

625288

625288

1105

1105

1105
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11. Explain rotational fine structure of electronic vibration spectra. Explain P, Q and R branches.

12. Explain with figure the instrumentation of IR spectrometer. Explain the techniques used for

recording the spectra ?

(2 × 5 = 10 weightage)

Section C

(7 problem questions, each answerable within 15 minutes)

(Answer any four questions. Each question carries weightage 3)

13. Draw and explain Fortrat parabola.

14. Explain nuclear magnetic resonance condition.

15. Rotational and centrifugal distortion constants of HCl molecule are 10.593 cm–1 and

5.3 × 10–4 cm–1 respectively. Estimate the vibrational frequency and force constant of the molecule

16. Derive the expression for the frequencies of stark components of J = 1 to J = 2 states.

17. Irradiation of carbon tetrachloride by 4.358Å radiation gives Raman lines at 4400, 4419, 4447 Å

Calculate the Raman shift for each of these lines in cm–1.

18. With figure write a note on Raman microscopy.

19. With necessary details explain Paschen back effect ?

(4 × 3 = 12 weightage)
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FOURTH SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, APRIL 2024
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Physics

PHY 4C 12—ATOMIC AND MOLECULAR SPECTROSCOPY

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

8 short questions, each answerable within 7.5 minutes.

Answer all questions.

Each question carries weightage 1.

1. Define Shark effect.

2. Figure the normal modes of water molecule.

3. Draw the schematic diagram of IR spectrometer.

4. What are the selection rules for the parallel vibrations ?

5. What is the principle of ESR ?

6. Define nuclear magneton.

7. What is the principle of FTIR ?

8. What is chemical shift ?

(8 × 1 = 8 weightage)

Section B

4 Essay questions, each answerable within 30 minutes.

Answer any two questions.

Each question carries weightage 5.

9. Explain rotational fine structure of electronic vibration spectra. Explain P,Q and R branches

Explanation, figure.

10. Explain vector atom model. With necessary figure briefly explain :

(a) L-S coupling.

 (b) J-J coupling ?

505572

505572

1105

1105

1105
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11. Explain diatomic vibrating rotator.

12. Explain with figure Vibrational Raman spectra.

(2 × 5 = 10 weightage)

Section C

7 problem questions, each answerable within 15 minutes.

Answer any four questions.

Each question carries weightage 3.

13. Rotational and centrifugal distortion constants of HCl molecule are 10.593 cm–1 and

5.3 × 10–4 cm–1 respectively. Estimate the vibrational frequency and force constant of the molecule.

14. Explain dissociation.

15. Explain with figure vibrational coarse structure.

16. The band origin of a transition in C2 is observed at 19,378 cm–1 while rotational fine

structure indicates that the rotational constants in excited and ground states are respectively

B’ = 1.7527 cm–1 and B’ = 1.6326 cm–1 Estimate the position of the band'head

17. Derive the classical theory of Raman scattering.

18. Draw and explain Fortrat parabola.

19. Explain nuclear magnetic resonance condition.

(4 × 3 = 12 weightage)

505572

505572
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PHY 4C 12—ATOMIC AND MOLECULAR SPECTROSCOPY
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Section A

8 Short questions answerable within 7.5 minutes

Answer all questions, each carry weightage 1.

1. Give the features of Paschen-Back effect.

2. IR and Raman measurement complement each other and the complete picture of the vibrational

problem can only be obtained by using both the techniques. Substantiate.

3. The observed rotational spectrum of HF shows decrease in the line separation on the high frequency

side. Why ?

4. State and explain Franck Condon Principle.

5. Obtain the resonance condition in NMR spectroscopy ?

6. Why microwave source and techniques have to be applied for the observation of ESR ?

7. What is the significance of spin-spin coupling ?

8. Explain how Mossbauer spectrum is useful in understanding electronic structure of molecules.

(8 × 1 = 8 weightage)

Section B

4 essay questions answerable within 30 minutes

Answer any two questions, each carry weightage 5.

9. Explain the concepts underlaying vector atom model and discuss in details LS and JJ coupling

schemes in many electron atoms. Give examples

10. Describe normal modes and vibration of H2O and CO2 molecules and explain the principle of

Fourier transformation Infrared Spectroscopy.

376996

376996

1105
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1105
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11. Explain the basic principle of stimulated Raman and Inverse Raman scattering.

12. Explain Recoilless emission and absorption of γ-rays and briefly explain the use of chemical shift

in understanding molecular structure.

(2 × 5 = 10 weightage)

Section C

7 problems answerable within 15 minutes

Answer any four questions, each carry Weightage 3.

13. The red line of cadmium splits into three components separated by 120 MHz when the source is

placed in a magnetic field of flux density 8.6 mT, the light being examined in direction perpendicular

to the magnetic field. Calculate the ratio of charge to mass (e/m) of the electron.

14. The first line in the rotational spectrum of carbon monoxide has a frequency of 3.8424 cm–1.

Calculate the rotational constant and hence the C-O bond length in carbon monoxide. Avogadro

number is 6.022 × 1023/mol.

15. The first three rotational Raman lines of a linear triatomic molecular are at 4.86, 8.14 and

11.36 cm–1 from the exciting Raman lines. Estimate the rotational constant B and the moment of

inertia of the molecule.

16. The spectroscopic bond dissociation energy of Cl35  O16 radical is 1.9 eV. Calculate the equilibrium

bond dissociation energy of ClO , if the fundamental vibrational frequency is 780 cm–1.

17. In the NMR spectrum of N14 with I = 1, how many spectral lines will be observed ? Calculate the

frequency required for the NMR line at an external field of 1.4T (g = 0.403).

18. Calculate the recoil velocity and energy of the free Mossbauer nucleus 119Sn
 when emitting a γ-ray

of frequency 5.76 × 1018 Hz. What is the Doppler shift of the γ-ray frequency to n outside

observer ? Avogadro number is 6.02 × 1023 mol–1.

19. Electron spin resonance is observed in atomic hydrogen at a magnetic field B = 0.34T. Calculate g

value for the electron in the hydrogen atom. If the operating frequency is 9.5 GHz.

(4 × 3 = 12 weightage)
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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

8 Short questions answerable within 7.5 minutes.

Answer all questions, each question carries weightage 1.

1. Explain clearly the phenomenon of normal and anomalous Zeeman effect.

2. Mention the concepts underlaying vector atom model of the atom and the different quantum

numbers associated with it.

3. Explain the principle of Fourier transformation I R Spectroscopy.

4. With the help of a diagram, explain fortrat parabola.

5. Obtain a simple relation for the relative intensity of Stokes lines and anti-Stokes lines. How does

the intensity vary with temperature ?

6. Briefly explain recoilless emission and absorption of γ-rays.

7. Distinguish between spin lattice and spin-spin relaxation.

8. Explain the basic principle of Stimulated Raman Scattering.

(8 × 1 = 8 weightage)

201519

201519
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Section B

4 essay questions answerable within 30 minutes.

Answer any two questions, each question carries weightage 5.

9. Discuss the theory of the rotational spectrum of symmetric top molecule, what is the information

derived from Rotational Spectrum ?

10. Describe the rotational Raman spectrum of symmetric top molecules. Bring out the salient features.

11. Discuss the rotational fine structure of the electronic vibrational transitions. Explain band head

formation.

12. Explain the Bloch equations and the steady state solutions in the case of NMR.

(2 × 5 = 10 weightage)

Section C

7 problems answerable within 15 minutes.

Answer any four questions, each question carries weightage 3.

13. Consider a hydrogen atom in the 3
2

D  state, (i) Find the possible values of IZ. (ii) What are the

different orientations of the J-vector in space.

14. Rotational and centrifugal distortion constants of HCl molecule are 10.593 cm–1 and

5.3 × 10–4 cm–1 respectively. Estimate the vibrational frequency and force constant of the molecule.

15. If the bond length of H2 is 0.07417nm, what would be the positions of the first three rotational

Raman lines in the spectrum ?

16. The vibrational structure of the absorption spectrum of O2 becomes a continuum at 56876 cm–1. If

the upper electronic state dissociates into one ground state atom and one excited atom with excitation

energy 15875 cm–1, estimate the dissociation energy of the ground state of O2  in cm–1 and in

kJmol–1.

17. What is the nuclear gN factor for F19 nucleus which has a magnetic moment of 2.6273 µN. Nuclear

spin quantum number 1I = .
2

18. Calculate the recoil velocity of a free Mossbauer nucleus of mass 1.67 × 10–25 kg

(equivalent at wt. 100) when emitting a γ-ray of wavelength 0.1 nm. What is the Doppler shift of

the γ-ray frequency to an outside observer ?

19. A free electron is placed in a magnetic field of strength 1.3T. Calculate the resonance frequency if

g = 2.0023.

(4 × 3 = 12 weightage)
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PITY 4C l2_ATOMIC AND MOLECULAR SPECTROSCOPY

( 2019 Syllabus Year)

Time : Three Hours Maximum : 30 Weightage

General Instructions

1. In cases where choi.ces are provi.d.ed, stud.ents can attend ",ll questions in each sectian.

2" The minimum number of questions to be attend,ed, ftom the Sectinnl Part slwtt remain the same.

3. 
lhere 

will be an ouerall ceiling for e:ach Sectionl Part that is equiualent to the marirnum weightage
of the SectionlPart.

Section A
(8 Shon qucstians answemble within 7ll minutes)

Ansuer all quzstions, each carry weightage l.
l. Explain spin-orbit coupling.

2. Iron could not be heated with a Microwave oven.. But microwave oven can be used to heat food
materials.lVhy ?

3. Explain Born -Oppenheimer approximation.

4. What is Invense Raman effect ?

5. Explain briefly the information one can get fnom vibrational analysis of electrcnic spectra.

6. Explain the factors responsible for the hlperfine structure in ESR speetra.

:hi* ? trlvnlqin wiflr qn avomnta7. What is isomer.shift ? Explain with an example,

8. Explain Lamour precession. What is Lannour @uency ?

(gxl=gweightage)
Section B

(4 essay questinns onswerblc within gO minutes)
Answer any two questions, each carry weightoge 5.

Discuss the theory of Zeeman effect and Explain Stark effect on one electron system.

Explain the basic principle of Non-Iinear Raman effect and H5per Ramah effect.

Tnrn over

9.

10.
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' 11. (a) Discuss Franck Condon Principle.

(b) E:xplain fortrat parabola, dissociation and pre dissociation enerry.

12. Explain in detail :

(a) Relaxation process in NMR.
(b) Theory of Chemical shift with an example.

(2xb=l0weightage)
Section C

(7 problems answerabLe within tS rniinutes)
Answer any four questions, each carry weightage 8..

13. Electron spin resonance is observed fqr atomic hydrogen with an instrument operating at g.bGHz.
If the g value for the electron in the hydrogen atom is 2.oo21, what is the magqetie field ?

Bohr mag4etron pB = g.274xly-24 JtK

L4. A Mossbauer nucleus Fe57 makes the transition frorri the excited state of energy L4.4keV to the
ground state. What is its recoil velocity ?

;he rotational fine structure
indicates that the rotational colstants in excited and ground states ";; ;;;o"ctively

7 cm-r and B" = 1.6826 cm'i. Estimate the position of the band head.

16. The first Stokes line in ttre rotational Raman Spectrum og 1114515 is observed at 1l.E4l6 cm-r.
What is its B value ? Calculate its bond length. 

:
''. . ; . t.

17. Given that the spacing between the vibrational levels of a CO molecule is 8.4b x 10-2 electron volt
andthe reduced mass is 1.14 x LO-2a kg. Calculate the valqe of lhe force sonstant ft of the bond in
a CO molecule.

18. Calculate the wavelength separation behveen the two.component lines which observed in thei - 
_ --_r __:_-._ .:_-._: ,: -:-_-i

nofral Zecman'effect- the magnetic field used is 0.a weilr/mz specific .ti."g" =l.le x 1011 Ckgl

.1: '..:,1, -.

19. What is the average period of rotation of HCI molecule ifit is the in ttre y = 1 state?.fire internuclear
distance of HCI iso.1274nm. Given'the mass;ttiA"og"n and Ctioitne atom are r.oig , lg.2fikg
and 58.06 x lO-2fug respectively

iiirli'i'r 
(4 x B = l2weightage)
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(CUCSS)

Physics

P}IY 4C 1z-ATOMIC AND MOLECUI,AR SPECTROSCOPY

(20L2 Admissions)

Time : Tbree Hours Maximum:36 Weightage

Section A_

Answer all questinns from sectian A-
Each question carries a weightage of t

1. What is L-S coupling scheme ?

2. What is Zeeman effect ?

3. Why NMR spectroscopy is used in biological applications ?

4. What are merits of FTIR spectrum ?

5. With neat diagram give the normal modes of HrO ? What are its frequencies ?

6. Describe the vibrational coarse structure of electronic absorption from the ground state.

7. What is meant by inrrerse Raman effect ?

8. What is u" progression ? l

9. Explain Larmour precision ? '

10. What are the important apflications of ESR Spectroscopy ?

11. What are the merits of LASER as an excitation source for recoding Raman spectra of a
samples ?

L2. What is the basic principle of M0ssbauer spectroscopy ?

(12x1=12weightage)

Section B

Answer any two questions from section B.
Each questibn earries a weightage of 6.

13. Draw the block diagram of Raman spectrometer and explain its working. 
",

L4. Describe with necessary theory account for the splitting of spectral lines in the presence of strong
magnetic field.

Turn over
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15. Describewith neat diagrarn the dissociation and predissociation of molecules

16. Derive the Bloch equations by considering nucleus posses magnetic moment and angular
momentum

(2x6=12weightage)
Section C

Answer any fo:ur questibns ftont section C.
Each questinn carrics a weightage of B.

L7. The reduced mass of a moleeule is 13 x L0'27 kg. and its equilibrium vibration frequency is
1900 cm-1, determine the force constant. c = B x 108 rnls.

18. Bands in the absorption spectrum of a diatomic molecule ceases its continous bands at 1261A. Ttre
ground state zero point enerry is 793 cm-l and the difference in potential energy minima for the
two electronic states corresponds to 49,800 cm-l . Find out the D'" of the diatomic molecuh.

19. Determine the frequency ofan unpaired electron when it is subjected to a magnetic field of strength
of 0.45 Tesla.p = 9.274 * 19-24;11. h = 6.62 x 1O-BaJ.

20. Raman line at 4570'A' is observed from a material when the exciting line is at 4BS8 A. Dete.mine
the positions of Stokes and anti-stokes lines if the wavelength of the exciting line is changed
to 488 nm.

2L. Deterrnine the Zeemari components in A unit, when a speetral line of wavelength 4500 A, is
subjected to a magnetic freld of strength 0.3 Tesla. Mass of the electron is g.1 x 1041 Ikl ;

c = I x 108 nr/s.; charge of the electron is l.G x 10-19 C.

22. A system ofprotons at a temperature of 25 "C is placed in magnetic field ofstrength BT. Determine
the ratio of number of proton spins in the lower to the upper state.

& = 1-.381 x 10-23JK-t g* = S.b8b, lrN = S.0SZ x Lt-27T.

(4x3=12weightage)
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FOTIBTH SEMESTER If,.Sc. DEGREE EXAMINATION, II{ARCIff 2O2O

(CUCSS)

Physics

PHY 4C L}=r'frcMIC ^AND MOLECI.ILAR SPESIB,OSCOPY

{2017 Admission onwards)

Time:Ihr@ Hours Maximum : 36 weightage

i'l Ansup, all q*"tio*, each corries weighfoge L

1. Explain:Stark effect.

2. State and explain Hund's ruIe. Give an example.

4. What are hot bands ? IIow are they formed ?

,5. Itro-v do q3r find ou-tjbg-bqEf,Jq#Sp$ pBsks tqo4g,S,9_ lo!*.tj.o,Bql spectra for q q}lElq@9_@p__-' , ,- .,

molecule ? Give the relevant equations,

6. Explain'Muhral exclusion principle. In which t5peof molecule it is obsend and why ?

7. Distinguish betu'en AntiStokes Raman scattering and inverse Anti-stokes Raman Scattering.
Give the for them to mur.

8. Explain the intensity variatim of vibrational electronic spectra on the basis of Franck -Condon
principle. i .

9- Whatare p*glto"io* and sequences in ths vibrational analysis of a spt*trum ?

10. Briefly explain recoilless emission and absorption of gamma ra5rs.

11. Wbat is ctremical shift ? Describe its nelevance.

L2. Derive the resonaaoe condition in BSB spe*t**py.
(12 x 1= 12 weightage)

Section B

Answer any two qtrc.stions, wrh carrics weightage d
13. Compare PascilrsrBack'Effect and Zeeman efec't Illustratewith the example ofa principal series

doublet.

L4. Discuss in detail the spectra of a diatomic vibrating rotator. E:rylain the break down of the Born
Oppenheimer apprCIximation.

Turn over
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15.

16"

c 80?20

Describe with the diagre,ms the Raman Spectrometer and the sample handling teehniques for the
sarne.

Derive Bloch equations in NMR spectroseopy. Describe how they can be used to define the
susceptibilities.

section c 
{2x6 = 12weig'htage)

Answer any four qu.estions, each carries weightage B.

Compute the interaction energies for pd electrons in LS coupling.

Rotational and centrifugal distortion coustants of HCI molecule are 10.EgB cm*I and

5.3 x 10+ cm-l respectively Estimate the vibrational frequency and the force constant of the

molecule. Given the mass of hydrogen and ctrlorine are 1.673 x 10-27 Eg. and 58.06 x 10-2? kg.

respectively.

D3scribe the methqd for the structure determination of triatomic molecules'using Baman

Spectroscopy.Illustrate with the example of CO2.

fire band origlr of a transition in Cz b observed at 19,3?8 cm-l while the rotational fine

stlrrcture indicates that the rotational constanLs in excited and ground states are respectively

B' = L.'1527 cm-l and B" ='1.6326 cm-l. Estimate the position of the band head. Which state has

the larger iirter nuclear distance ?

Ttre spectroscopie bond dissociation enerEJr of sC110O rafical is 1.9 eV. Calsulate the equilibri&n
borrd dissociation enerry of ClO, if the fundanental frequehcy'is 280 cm-l. Given Avagadro

number =6.W2x ld3mol-l, Plancks constant= 6.626 x 10+aJs.

Illustrate the decay scheme of 57Co in trFe with respect to Miissbauer transition.

(4x8=12weightage)

L7.

18.

19.

20.

2L.

22.
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Maxirnum:36 Weightage

FOURTH SEMESTER M.sc. DEGEEE ExAMrNATroN, JTINE 2019

(CUCSS_PG)

Physics

PHY 4C 1z_ATOMIC AND MOLECULAR SPECTROSCOPY

Time: Three Hours

(2017 Admissions)

Section A'
Answer all questinns.

Each questinn carri.es weiglttoge L.

1. Find Lande's g factor of 3p*.

2. Give the graphical represer.rtation of the Lande interval for a 3D term.

3. Give the intensity rule for the Zeeman effect.

' 4. With the help of schematic di4gram describe the normal modes of water molecule. 
'

5. What is Born Opfeqheirner approxigution ? - .. _ .--

6. Describe Hyper Raman effect.

7. CO, molecule obeys the mutual exclusion principle. Illustrafu. Why water molecule is active in
both IR and Raman ?

8. Whatisdissociationeaergyofadiatornicmolecule?Howdoesitdifferfrornequilibriunadissociation
energy ?

9. Illustrate progressions and se4uences in the vibrational analysis of a spectmm.

10. How does Mdssbauer spectrum sptit into due tn quadrupole interaction ?

. 
11. What is isomer shift ?

12. What is ESB_? Explain.

{lZ x l= 12 weightage}

Section B

Answer any two questinns.
- Each questinn carrics weightage 6.

13. With necessary theory, explain Stark effect in weak and strong fields for hydrogen atom.

14- Describe the instrumentation for Microwave and IB spectroscopy.

l

l

Turn ovcr
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1b. Describe with theory : (a) Rotational Raman spectrum of a symmetric top molecule ; and

(b) vibrational Raman sPectra.

16. Discuss the rotational structure ofelectronic-vibration spectra. 1e"! are the information derived

from vibrational analYsis ?

. (2x6=L?weightage)

Section C

Answer any forir questinns.

aupling. Give the schematic17 . Find the interaction energies between two sp (valence) electrons in LS c

rePresentation

' 18. Discuss the rotational spectra ofCI{, Cl molecule.

19. A molecuie AB, has the following IR and Raman spectra. Discuss the molecular structrrre and

assign the observed lines to molecular vibratiorrs.

Frequency 3750 cm-l is very strong in IR but absent in Raman'

Frequency 3650 is strong in IR and strong and polarizeri in ltaman.

Frequency 1595 is verY s.trong in IR but absent in Baman'

20.' Explain Fortrart parabolae and find band head aqd band o4gm.

Zt. In the NMB spectrum of 14N ryith I = 1, how maay spectral lines will be observed ?

Calc6late the &equency required for the NMR line at 4n exter:ral field of 1'4 T. Given g* = 0-403,

Fw= 5.O51 x 1ttr 27IT-t,planck's constant = 5'626 x 10€a Js'

ZZ. Describe the energy level diagram and the allowed transitions for an electron coupled to a nucleus

of spin I = l. Negtect I.B interaction. .

(4xB=1?weightage)



ff::-tr*:
a'n'" 1..r, . ii..

c 6L944 (Pages:2)

FOI'RTII SEMESTER M.Sc. DEGREE D(AIVIINATION, .IIINE 2org
(CUCSS_PG)

Physics

PTIY 4C 12-ATOMIC AND MOLECULAR SPECTROSCOPY

Time : Three Hours

(20L2 Admissions)

Section A

Answer all questians.
Each question carrics a weightage of L.

Maximum : 36 Weightage

1. What is Paschen Back effect ?

2. What are singlet and triplet state ?

3.'Find the bond length of nitrogen molecule, ffthe spacing between trvo adjacent Raman line is
8 cm-l.

4. what are differenJ typgs-g!rylaxation processes associated with EsR ?

5. Explain an asymmetric top molecule with an example ?

6. State the conditions for a molecule to be Raman active.

7. Give the fundamental modes of CO, molecule.

8. What are progressions ?

9. What is inverse Raman effect ?

10. Explain chemical shift.

Explain pre dissociation of a nrolecule.

Molecules such as CO and IIF show rotational spectrum, why ?

(l2x1-=12weightage)

. Section B

Answer any two questfans.
Each question carries a weightage of 6.

Explain LS and ji coupling schemes. Taking ps configuration as an example show that the number
of spectral terms arising from these schernes are the same.

Discuss the energy's and spectra of a diatomic vibrating rotator as an unharmonic oscillator. Explain
how different branches occur in the spec.tra.

11.

L2.

13.

74.

Name.....1 *.................. -l
o^r$frr;-t . :--^rrt

Turno. over
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15. Explain band origin and band effect formation for the rotational fine structure of electronic vibration

spectra.

16. Discuss in detail the principle ofESB. What is the effect ofhyperfine interactions. What is its effect

on the spectrum.

(2 x 6 = 12 weightage)

Section C

. " Answerczy four qucstions,

Each conins o weightage of 8.

L7. Ttre D, and D, lines of sodium atoms are 589 nm and 589.6 nm respeetively, evaluate the spin

orbit coupling constant for the upper state in cm-1.

18. fire mean intemuclear distance for HClss in the v = 0 and v = 1 levels is 1.293 A, calculate the

difference in cm-r between the R (0) and P (1) lines of the fundamental bond of HCl35.

f9. The first notational Raman line of H, appears at 346 cm-l from the exciting line. Calculate the

iond length of H2 molecule (lH = 1.6?3 x ld't<g).

20, Calculate the magnetic field strength required for a transition frequency of 60MHz for fluorine,

2t. The fundamental and firet overtone transitions of CO are centred at2l43.3 cm-l and 4260 cm-l,

calculate the equilibrium oscillation ftequency and the unharmonicity constant.

22. fire frequency separation between protons h CoHo and TMS is approximately 510 Hz when the

field is 1.65 T, evaluate the chemical shift (given 8N = 5.585)

(4xB = 12weightage)
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FOURTH Sr.MESTER M.Sc. DEGREE E)(AMINATION,
(CUCSS)

Physics
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Time: Three Hours Maximum : 36 Weightage

Section A

Answer all questions.

1. What are the possible values of z, I3nd m. if a hydrogen atom has mr = -2 ?

2. Explain the role of spin orbit interaction in fine structure splitting
3. Is the state 52D* eorrect or erroneous ?

4. What is centrifugal distortion ?

5. Outline the effect of isotopic'substation on the rotational spectra of molecules.
6. What are hot bands ? Why are they called so ?

7. Why anti-stocks lines are less intense than stocks line ?

8. Explain mutual exclusion principle with example.

9. What is predissociation ?

10. What is Larmour precession ?

11. Explainspin-lattice relanation.

t1

sectionB 
L2xL= l2weightage)

Answer any two qucstions.
Eacly questian canies a weightage of 6.

13. Describe normal Zeenarteffect and explain normal.Zeeman effect using quantum theory.
14. Explain Born-Oppenhemier approximation. Discuss on the normal modes and vibrations of

HrO and CO, molecules.

15. Discuss Raman spectra of diatomic molecules. Point out the similarity and differencbs in infrared
and Raman spectra.

16. Discuss the various rela:<ation processes for nuclei and derive Blosh equations.

(Zx6=l2weightage)

Turn over
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Section C

- Each qircstion carries a weigtrtage of B.

1l Obtain the terms for the sp electronic configuration in LS coupling scheme.
18. The IR spectrum o9g13"79 consists of a series of lines spaced 12 cm-l apirrt, find the inter nuclear

distance oggl3r?9.

19. Value of or, and orexe are 1580.36 and 12.073 cm-l respectively for the ground state of O, calculate
the zero point enerry (1 ev = 8068 cm-l).

20. Ttre fundamental and first overtone of CO occur at 2L48.3 cm-l and 4260 cm-l calculate the
dissociation enerry.

2L. A free electron gives resoitance at the frequency of g.5 GHz when the magnetic freld strength
is 0.34 T, at what frequency the resonan." o..*, if the magneti. n*fa L i.S t f

22. A mossbeaur nucleus 57Fe makes the transition from the excited state of en ergr L4..4IGV to the
ground state. Evaluate its recoil velocity. I - --- n - -:- -:-: ' -: * 

.

(-4 x 8'= 12 weightage)
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Section-A

Answer all questinns.
Each question carries a weightage of l.

1. Illustrate the fine structure transitions of sodium atom.

2. Distinguish between Zeeman effect and Paschen back effect.

3. Why nitrogen molecules do not show IR absorption or emission ?
4. A homo nuclear diatomic molecule does not respond to microwave radiation, why ?

5. Why a micro wave source and techniques are applied to observe ESR.

6. Explain Fronde-Condon principle.
-7. Wliat-IS-i EineET
8. Explain hyper Raman effect.

9. Deduce the condition for NMR.

10. Give the decay schemes of 57Co *6 11991 
.

11. Xxplain Morse curye.

12. What are P,Q and R branches ?

.(L2xL=l?weightage)
Section - B

Answer any two questinns.
Each questinn carrics a weightage of 6.

18. What are equivalent and nonequivalent electrons ? Using jj coupling scheme obtain the term
symbols of a ps configuration.

14. (A) With necessary theory-obtained the enerry levels of a rigid rotator.
(B) Explain the effect of nonrigidity and isotope substitutions on these levels.

15.. Diseuss the rotational fine structureof electronic vibrational transitions, what is Fortrat parabola.

16. Give an account of Mossbauer effect. Discuss isomer shift with example.
(2x6=12weightage)

I\rnn over
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' Section - C

1?. Evaluate the Lande'glfactors and the splitting factors'mgf for the doublet terms 2Puzand'2P^-'

1g. fire micro wave spectra of CN radieal shows a.series of lines spaced by a constant amount of 3'8

cm-1. What is the bond length of CN ? '

is obsefved at 4768.5A, when acetylene was irradiated by 4358'3 A radiation'

Calculate the 
:equilibriumwibrational frequency that causes the shift'

20. Itre fundarnental band for HCI centred at a 2886 cm-l assume that the inter nuclear distance is
=- 

!.276A. Calculate the wave number of the first two lines of each of the P and R tnanches of HCI'

zl. Given that the bond dissoeiation energT'of oxygen is'6eV and its vibrational frequenc5r is

1580em'1 estimate the maximum vibrational quantum number possible for Oxygen.

ZZ. Obtain the resonance frequency and the number of hyperfine components of the ESR spectrum

for the free radical cH3 in a magnetic field of0.34 T (given 9=2.0023).
' ' (4x3=l2weightage)

'i..! '.:ri:-:: :::,r.:--i'!-::::::i :: ::{3il r't}ir
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Section A
Answer all questions.

Eaclt questi.on carries L weightage'

1. Write a note on space quantisation.

2. Explain Ilund's rule with examples.

4. Outline the effect of isotopic substitution on the rotational spectra of a rnolecule'

S. Dia.tomic rnoleoule,{opotshowrllQq$o,34qpectgi {y,|l1fY t}e-9t1Jem:r!. 
, .,j *.-,,...,-_.,:. - . '.

6. State the conditions to be satisfied for a vibration to be Raman active considering the normai

vibrations of CO2 molecules as example

7. Explain inverse Raman scattering'

'8.' ftite a note on Franck-Condon principle'

9. Explain Fortrat diagrar4.

11. Deduce the condition for NMR'

12. with the help of a block diagram, explain l$ossbauer spectrorneter.

Section B .l

Answer anY two questiond'

Each question carries 6 weightage
i

18. (a) Derive an expression for Lande's splitting factor and explain the anamalous Zeeman

effect of sodium doublet lines D1 and Drwith its help'

(b) State rules of Zeeman components'

14. Discuss in detail the construction and working of a Microwave spectrometer.

.E"7":.'o':::::..:...r.:.,?!''.''-'-r-,: 
:

I ,' l! v t 1 r

t[6s.pm*.uio.............r*/.si' 
-, 

.'
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15.

16.

19.

20.

Describe with necessary theory hoy structure of diatomic and triatomic molecules can be

Explain the different relaxation processes from nuclei and derive Block equations'

(2x6=12weightage)

Section C

Answer anY fout questions'

Each question carcies 3 weightg'ge'

L7 . In an atom obeying 2-S coupling the components of a normal triplet state have separations 20

separations are ZZ cm'r and BB cm-1 respectively. Determine the terms for the two states

and show the allowed transitions on an energ"y level diagram.

1g. In the intra-red spectrum of HCI molecule the first line falls at 20-8 cm-l. Calculate the

momentofinertiareducedmassandthebondtengthofmolecule.

A Raman line is observed at 4268.b A when acetylene was irradiated by 4358.3 A radiations'

;;;i;;" the equilibrium vibrational frequency that causes their shift'

ttre iotaUonal l,ines of a band system of electronic vibration spectra is given by

u = (24,762+ 25 m -, .?.1 
m2) cm-1. m = +,1, L 2, ..:;1.."": 

feduce !!e valueq of B, B" 
TU ::"

position of the band head. comment on the inter nuclear distance of the two states and on the
!

degradation of the band sYstem'

The band origin of a transition in C, is observed at 19378 cm-l, 
thile 

the'rotatio'al f"t"

struiture indicates that the rotational constatrts in excited and ground states are, respectively,

Bt = l.|bZZ cm:1 and B11= 1.6g26 cm-1. Estimate the position of the band head. Which state

has the larger internuclear distance ?

22. Consider the ESR spectrum cif the free radicle CHr'observed in a'ma*":t: 
1"t1 "1.1'11 

t
(i) If g = 2.0023 for free electron, find the frequency at which resonance is obtained ; (ii) How

many hypelfine compo4ents are observes? (iii) Represent the transitions in an energy level

diagram' Given ps= 9'274 x L0-2a Jr1'
(4x3=L}weightage)

2L.



(Pages:2)

FOLIRTH SEMESTER M.Sc. DEGREE EXAMINATION, J{INE 2OL5

(CUCSS)

Physics

PHY 4C 12-ATOMIC A}ID MOLECULAR SPECTROSCOPY

(20L2 Admissions)

Time : Three Hours Maximum : 36 Weightage

Section A

Answer all questions, each lws weightage !.

1. Explain singlet and triplet states with examples.

2. Distinguish between Paschen-Back, normal and anamalous Zeeman effect.

3. How will you classiff the notation of a three dimensional molecule based on the relative values of

principal moment of inertia ?

4. What are the salient features of vibrational-rotational spectra ?

5. Briefly outline the advantages ofEIIR spectroscopy over the conversional procedure.

6. Illustrate mutual exclusion principle with example. 
-

7. \[hat is hyper-Raman effect ?

8. What is Fortrat parabola ?

9. Distinguish between u' and u' progression. Explain why the wave number separation of bands in

u, progression decreases towards longer wave length whereas that in u' progtession decreases

towards shorter wavelengths.

10. Deduce the condition for NMR.

11. What is chemical shift ? Explain it with an example,

L2. Outline the principle of ESR.
(12x1=12weightage)

Section B

.4nswer any two queitians, each has weightage 6,

13. (a) Discuss in detail rotational spectra of a diatomic molecule, considering it as a non-rigid rotator.

(b) How will you account the isotope effect in the above spectrum ?

L4. With the help of a schematic diagram, describe the construction and working of a Raman

spectrometer.

I\usr over
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15. (a) Discussindetailtherotationalfineitructure.ofelectronicvibrationaltranSitibns. '''"'

(b) Explain conditions under which the band heads are degraded towaqds violet and red in the

electronic spectra.

16. Explain the different relafation processes for nuclei and derive Bloch equatibns.

(2x6=12weightage)

Section C

Answer ony four questions, eoch lws weightage 8.

17. Suppose that the separation between two components of normal Zeeman pattern is

4 x 10ro cycles / sec . What should be the value of magnetic field B so that their lines may be resolved

o

by a spectrometer capable of resolving liues separated by 0,05 A'

o

18. The spin'orbit effect splits the 3P + 3S transitions into two lines' 5885 A corresponding to

ZPsn + 25* and 5890 Acorresponding tn ZP,o )2r, r. Calculate, by using then wavelengths,

the effective mignetic induction experienced by an outer electron in the sodium atom as a result of

its orbttalfiotiOn.

19.

I

;

I

:

:

20.

2L.

22.

a

:'r1.. .:<.:\ -

The force eonstant of the bond in CO molecule is 1870 N/m and its reduced mass is 1.4 x"10-26 kg'

Calculate the frequency ofvibration of the moleculeand the spacing between its vibrational energy

The first rotational Bapan line of H, appears at 346 cm-l from the exciting line. Calculate the

bond length of H, molecule. rH 
= 1.6?3 x 10-2? kg.

The freguency separation.between protons in C6H6 and TMS is 510.5 Hz when the field is 1'65 T'

What is the chemical shift ? (Given 8r.r = 5.585). r

For 3eK nucleus 1= 9 and Br = 0.2606 :

2

(a) Draw all possible energy levels'in a magnetic field.

(b) Calculate the transition frequency from one of these'orientations to arr adjacent one in

magnetic field of 0.1T (0.2 MHz).
(4x3=12weightage)

,;.


