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The symbols used in this question paper have their usual meanings.

Section A (Short Answer Type)

Answer all questions in two or three sentences, each correct answer carries a maximum of 2 marks.

1. What are the key assumptions of Bose-Einstein statistics ?

2. Define crystal symmetry and give an example.

3. What is a unit cell, and how does it differ from a primitive cell ?

4. What is the importance of Miller indices in crystallography ?

5. Define resolving power of a spectrometer.

6. What do you mean by intensity of spectral transitions ?

7. What is meant by a diatomic vibrating rotator ?

8. Explain the concept of hot bands in IR spectroscopy.

9. What is light amplification ?

10. What is pumping ? Give two examples of pumping mechanisms.

11. What are the applications of lasers in modern technology ?

12. Explain the quantum theory of the Raman effect.

(Ceiling 20)

723234

723234

1105

1105

1105



2 D 140215

Section B (Paragraph/Problem Type)

Answer all questions in a paragraph of about half a page to one page, each correct answer carries a

maximum of 5 marks.

13. Discuss the role of blackbody radiation in understanding quantum statistics.

14. Find the lattice spacing of a cubic crystal with lattice parameter 4.2 Å for (1, 1, 1) planes.

15. Explain how Bragg’s X-ray spectrometer works and its application.

16. The rotational constant of CO is 1.93 cm–1. Find its bond length.

17. Discuss the effect of anharmonicity on vibrational spectra.

18. A He-Ne laser emits radiation at 632.8 nm. Calculate its energy.

19. Explain the working principle of a semiconductor laser.

(Ceiling 30)

Section C (Essay Type)

Essays - Answer in about two pages, any one question. Answer carries 10 marks.

20. Compare classical and quantum statistics and discuss their significance in physics.

21. Explain the construction and working of a Nd:YAG laser and its applications.

(1 × 10 = 10 marks)
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Section A

Answer in word or a phrase each.

Answer all questions.

Each question carries 1 marks.

1. The process of determination of crystal structure is called —————.

2. X-rays are produced when an element of high atomic weight is bombarded by high

energy —————.

3. The vibrational energy of lowest energy state is called —————.

4. In Raman scattering, if the scattered photon have energy h(v0 + vm) that corresponds to

————— line.

5. If the number of atoms in the excited state is greater than that in the lower energy level, it is called

Questions 6 to 10 : Write True or False :

6. Crystalline solids are anisotropic.

7. In an asymmetric top molecule, all the three moment of inertia are distinct.

8. Soft superconductors show Meissner effect.

9. X-rays have electromagnetic wave nature as ordinary light.

10. In superconductors, the critical field depends on temperature.

(10 × 1 = 10 marks)

Section B

Answer in two or three sentences each.

Answer all questions.

Each question carries 2 marks.

11. Define crystal lattice.

12. What is Meissner effect ?
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13. What is Doppler broadening ?

14. Write down Bragg’s equation.

15. Why anti-stokes lines are less intense than stokes lines ?

16. Distinguish between stimulated emission and spontaneous emission.

17. Write any 4 medical applications of laser.

(7 × 2 = 14 marks)

Section C

Answer in a paragraph of about half a page to one page each.

Answer any five questions.

Each question carries 4 marks.

18. Write a brief note on crystal systems.

19. Distinguish between Type I and Type II superconductors.

20. Write a note on Absorption instruments.

21. Outline the effect of isotopic substitution on the rotational spectra of molecules.

22. Write a note on vibrational Raman spectra.

23. Which are the factors that affect the intensity of spectral lines ?

24. What are Einstein’s co-efficients ?

(5 × 4 = 20 marks)

Section D

Problems : write all relevant formulas, all important steps carry separate marks.

Answer any four questions.

Each question carries 4 marks.

25. A Raman line is observed at 4768.5A° when acetylene was radiated by 4358.3A° radiations.

Calculate the vibrational frequency that causes this shift.

26. An atom has two atomic levels spaced by 3eV in energy. Calculate the ratio of population in higher

and lower energy at 50°C. Boltzmann’s constant = 1.38 × 10–23J/K.

27. What is the minimum voltage applied to an X-ray tube to produce X-rays of 0.5A° .

28. Electrons are accelerated to 728 volts and are reflected from a crystal. The first reflection maximum

occurs when glancing angle is 8°. Determine the interplanar spacing of the crystal.

29. Copper has fee structure with the lattice constant 0.361nm.Calculate the interplanar spacing for

(112) and (120) planes.
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30. If the bond length of H2 is 0.07417nm, what would be the positions of the first three rotational

Raman lines in the spectrum? What is the effect of nuclear spin on the spectrum ?
1H = 1.673 × 10–27 kg.

31. The frequency of OH stretching vibration in CH3OH is 3300cm–1. Estimate the frequency of OD
stretching vibration in CH3OD.

(4 × 4 = 16 marks)

Section E

Essays - answer in about two pages each.

Answer any two questions.

Each question carries 10 marks.

32. Explain the close-packed structures in crystal.

33. Explain the rotational spectra of rigid diatomic molecule with energy level diagram.

34. Explain the working of Infrared spectrophotometer.

35. Describe a semiconductor laser and explain its working.

(2 × 10 = 20 marks)
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Section.A

e;rlsurer all questions.

Each question canies L mark.

Answer in word or a phrase :

1. The two dimensional lattice with highest rotational symmetry is

2. fn Raman scatterlng, if the scattered photon have energy h(uo - u^) that corresponds to
line.

3: Itr electromagnetic spectrum, the region corresponding to the wavelength 100pm-1pm

4. The volume of a primitive unit ceil of,a fcc structure with lattice constant "o" is

5. A hot band will increase in intensity as temperature of the sample

Write True or False

6. Amorphous solids are isotropic.

7. In superconductivity critical field depends on temperature.

8. In a symmetric top two of the principal moment of inertia is equal and all the three are non-zero.

9. Unit cell is the building block of a crystal lattice.

10. Molecular absorption takes place at a single frequency.

(10x1=10marks)

l&r oq,1v, o, .,,, ' ;
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Seetion B :

1,,

Answer at least six questions'

Each questinn carries 2 marhs.

All questions can be attended.

Overall Ceiling 12'

11. What is pumping ? Name two different methods of pumping'

L2. What is superconductivitY ?

1g. Vibrational spectra are observable only in the case of heteronuclear diatomic molecule. Why ?

14. What is Tlpe II suPerconductor ?

15. Explain Raman effect.

16. What is Doppler broadening ?

L7. What are hot bands ? Why,are they called so ?

(6x2=12marks)

Seetion C

Answer at least foat questions'

Each question earries 5 marks-

All questinns can be attended.D00 u@ooow

1g. Make drawing of the unit cells and the primitive unit cells for the rutile(TiO2) and cuprite(Cu2O)

structure.

19. Write a note on BCS theory.

)ectra in the order of their increasing frequency.t 20. Name the different regions of electromagnetic str

21. Write a note on the vibrational Raman spectra.

ZZ. Draw the block diagram of a laser system and explain the components .

Zg. Explain the effect of anharrnonicif on the vibrational spectra of diatomic molecule.

24. Explain rotational Rarnan spectra of symmetric top molecule.

(4x5=20marks)
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Section D

Answer at least three que:stions.

Each question camies 6 inrks.

25. Find the relative population of the two states in a ruby laser that produces a beam of wavelength
6943A'at 300 K, Boltzmann's constant = 1.38 x 10-23J/I(

26. Electrons are accelerated to 728 Volts and are reflected from a crystal. The first reflection maximum
occurs when glancing angle is 8o. Determine the interplanar spacing of the crystal.

' 27. Irradiation of carbon tetra chloride by 4SSSA radiation gives Raman lines at 4400, 44Lg and.

M47A. Calculate the Raman shift for each of these lines.

28. Find the radius of the interstitial sphere that can just fit into the void at the body centre of the fcc

structure co-ordinated by the facial atoms.
:

29. The frequency of OH stretching vibration in CH,OH is 3300 cm-l. Estimate the frequency of OD
stretching vibration in CHTOD.

30. The first rotational line of 12g 169 is observe d at 3.84235 cm-I and that of l3C 160 at
3.67837 cm-l. Calculate the atomic weight of 13C , assuming the mass of 160 to be 15.9949.

31. An atom has two atomic levels spaced by 3eV in energy. Calculate the ratio of population in higher
enerry and lower energy at 50'C. Boltzmann's constant = 1.38 x l:O'2eJtK

Section E (Essays)

Answer any two questions.

Each question carcies LA marhs.

32. Write notes on crystal structures of sodium chloride, diamond and zinc sulphide.

33. State and explain Bragg's law. Explain the working of Bragg's spectrometer.

34. Explain the information derived from rotational spectra about molecular structurc.

35. Explain the working of He-Ne laser.

(2 x 10 = 20 marks)
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19.
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L4. What is mean by coherence length ?

15. Differentiate,spontan€ous and,stiniulated emission

1,6. Define critical magnetic freld.

t7. What is zero point energy ?

(t 14 marks)

Section C

Answer iz a paragraph of about half a page to one pagei
Answer any five questbns ; each question carries 4 marks.

Explain how X- rays are used for determining the crystal strlrcture.

. Define the terms : lattice, basis, crystal structure and unit cell.

20. Show that the packing factor of bcc lattice is n {e/a. ,

21. Dir..r.s medical applications of laser ?

22. Give the salient features of BCS theory of superconductors. i'

23. Explain Raman effect.

ectipn D

(Problems - write all releuant fonnulas. All important steps carry separate marks )
Answer any four questions ; each questjon carries 4 mnrhs.

25. In the microwave spectrum of identical rigid diatomic molecules, the separation between the spectral

lines is recorded to be 0.7143 cm-1. Find the moment of inertia of the molecule.

26. Calculate the inter planar spacing for (321) plane in simple cubic.lattice with inter atomic spacing

o = 4-21 Ao-

27. Calculate the critical current which can flow through a long thin superconducting wire of A1 of
diameter 10-3 m. The mitical magnetic field for ef il z.g * f6sA/m.

28. Derive the expression for volume of unit cell in body centred cubic structure.

29. Derive London's equations and explain how it solution explains Meissner effect.
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80' The critical temperature, Tc for mercury with isotopic mass lgg.E is 4.1g8 K. Calculate its critical

81' Calculate the angle of incidence at which electrons of energy 100 eV must be incident on the lattice
planes of a metal crystal in order to give a strong Bragg reflection in the first order, ui""" gr.iit -

(4x4 =16marks)

Section E"

.Esscys - Answer in about two pages
, Arsuer any two questions ; each questinn carrics ro marks.

82. Explain Bragg,s law and Braggt X-ray spectrometer. i

88. Explain the theory and working ofpemiconductor laser.

84. Explain the crystalsystem in detailwith examples.

35' Describe an experimental alTangement to study Raman effect. How is Raman scattering different
from Compton scattering ?

(2 x l0 = 20 marks)

I
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1,.

'2.
3.

4.

b.

6.

7.

8.

9.

10.

. Section A

Answer in word ot phrase.

Answer all questions.

Each question carries I mark.

The number rf molecules present in the unit cell of sodium chloride is 

-

Ramagr spectimm appears due to the scattering of radiation by the 

- 

molecules.

The miller hldices of the plane parallel to'Y and Z axes are 

-.

Soft supercoriductors observe 

- 

effect

Expand SQ{m.

The expressian for London penetration depth is 

-'

The lines on{he low frequency side of Ranran spectra are called

The expressisr for rotational constant B;is 

-

,r- -- - 
^l^^--I^Give an exanrlrle for linear molecule.

Give an example for high temperature sr4)erconductor.

(10x1=l0marks)

Section B

Answer in a short poragiaph-three or four sentences.

Answer ettl questions.

Each questiantarries 2 marks.

11. Tfrlhat is coordination number ?

t2. State vectorform of Braggls Law.

13. Sketch the magnetic phase diagram of a type II superconductor.

I\rrn over
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L4. Distinguish between symmetric top and sperical top molecules. '

15. What are hot bands ?

16. Discuss population inversion associated with LASER.

' !7. Sketch the unit cell of a NaCl crystal.

(7 x2 = 14marks)

Section C

Answerin a paragra ph of about half a p@ge to one page.

Answer any five questions.

Each question carries 4 mnrks.

18. Discuss the applications of LAIIER.

19. Discuss breakdown of Born Oppenheimer approximation.

20. Compare Raman spectroscopy and Infrared spectrscopy.

21. Give an idea about optical pumping in Lasers.

22. Explain isotopic effect with suitable examples.

23. Explain interaction of radiation with rotating molecules. - :

24. Discuss vibrationil enerry of an anharmonic oscillator.

(5x4=20marks)

Section D

Problem.s - wriie all releuant formulasi,.

All important steps carry sepcrra.te marks.

Answer any fottt questions.

Each question carrins 6 marks.

. 25. The lattice parameter and the atomic mass of a diamond crystal are 3.5? A0 and 12 respectively.
' Calculate the density of the same.

26. Show that the packing factor of fcc lattice is n,til6 .

27. What does the equation dB/dt = 0 tell us ? Is this equation adequate to explain superconductivity?

If not, why ?

28. What is the frequency of the electromagnetic waves radiated by a Josephson junction having a

voltage of 650 pV across its terminals ?

29. The London penetration depths for Pb at 3K and ?.IK are respectively 39.6 nm and 173 nm.

Calculate its transition temperature as well as penetration depth at OIL
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30. Consider a He-Ne Laser with cavity life time tc = E x 104 s. If Ri = 1.0 and Ez = O.gg, Calculate the
gavity length d ; assume Do = 1.

31. In a material at 300K tuio energy levels have a wavelength separation of 1 pm. Determine
(a) The ratio of upper to lower level oceupation densities when the material is in ttrermal

equilibrium.

ft) The effective temperature when the levels are equally populated.

(4x4=16nrarks)
. Section E @ssays)

Answer dny two questians.
Each guestion cwrics LO rnorks.

32: Erplain the spectrumofnon- rigid notator in detqil.

8& Eiplain the theory and working of Buby Laser with suitable diagram

34. Discuss Brgggls Law in detail. Discuss Braggls x ray speetrometer.

36. ' Explain rotational Baman speetrum of symmetric top molecule with example.

(2 x l0 = 20 marks)
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Section A (Answer in a Word or a phrase)
Maximum: 80 Marks

(P-aees, A)

--: . - '- 
Egg. I.[o.........;...........sIxrII SBIITESTER B.sc. DEGnun EXAMINATT-oN, IwAncrvaprur_ ;o;,

(CUCBCSS-UG)

PHY 6B illAPY 68 l2_SOLID STAIIE PHYSICS, SPECTR,OSCOPY AND LASER- 
PHYSIC.S

Time : Three Hours

Answer all questions.
Each question carries I mark.

': 
Name the theory rvhicrr exprains t,e phe,omenon of superconductivity.-

3' Give the relation betrveetr atomic radius and Iattice constant in fcc 
"t"rr.t.r"".4. Expand LASER.

5' The transition temperature of mercury is 

-

'-"J'v '

euestions 6 to L0 : write True or False
6' For a spherical top molecule, all the three principal moment of inertia are equal.
7 ' The intensities'of antistoke lines are greater than stokes lines.
8' The population inversion in Ruby raser is achieved by erectricar pumping
9. The vibrationar energy at the rowest vibrational lever is zero

I0. Super conductors are diamagnetic.

SectionB,(Answerintwoorthreesentences)

Answ,er all questions.
Each question camies 2 marhs.

11. What are Miller indices ?

1,2. What is meant by population inversion ?

L3. How cooper pairs are formed in superconductors ?

14. What is co-ordination number ?

15. Give the advantage of using laser as a Raman source.

Turn -ovel
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16. What are hot bands in vibrating diatomic molecule ?

17. State mutual exclusion principle.

D 40050

(7 x2 = 14 marks)
Section C

nsuer in a para*raph:l;,;::l::{,r{:;1, fo one pase.

Each question carries 4 marks.
18. Discuss the crystal structure of diamond.

19. Derive Bragg,s law for X ray diffraction in crystals.

20. Discuss type I and type II sgperconductors.

27. Discuss normal vibrations of CO, and HrO molecule.

22. obtain Einstein's coefficients related to emission and absorption. ,

23. Discuss electromagneticspectrum.

24. Briefly explain the working of semiconductor raser.

(5x4=20marks)
Section D

Problems'write all releuant formulas, all important steps canry separate marhs.Answer any four'questions; each question ca*ies 4 marhs
25' The Raman line associated with a vibrational mode which is both Raman and infrared active is

found at 4600 A when excited by a light of wavelength 4B5g A. catbulate the wavelength of the
corresponding infrared band.rrur-areq Dand.

26' 
]he 

critical temperat!'u, T. for mercury with isotopic mass 1g9.8 is 4.1g5 K. calculate its critical
temperature when its isotopic mass changes to 280.4.

27' The first three rotational Raman lines of a linear triatomic molecule are at 4.g6, g.14 and

11 
36 cm-r from the exciting Raman line. Estimate the rotational constant B and the moment of

rnertia of the molecule.

28' The lattice parameter and the atomic weight of a diamond crystal are B.b? A and 12 a.m.u.
respectively. calculate the density of the same. Given N = 6.028 x 102s /mol.

29' A monochromatic X ray beam of l, = 0.7 A undergoes first order Bragg reflection from the plane
(3 0 2) of a cubic crystal.at a glancing angle of Bb.. Calculate trr" ratti"c"" .orrrturrt.
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a0,'' €fupFw,has-fec struetu'is of a,tornic radius
plane.

0.l.278nm.,eakutrate the interplauql spacing fitr (g Z i)

(4 x 4.= 16 marks)
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32.

rfit-

' '94.

it}-'

,,,
id, He-Ne lasef is emilting'a,l 6r Lean ivrii}r-uc..evgl fower of 4 E mW; Find the number of
phottins emitted,persccond by the laser. The'w elei h of emit*d riaiatisn is OgZe A

Se'ctirin E. (ES*ays-a*.rs*9".,ib'pbout two,page si

i Answer any two Qy4e*tians; '.':.-',,' .

Eqeh questinn carti.es..tS itta;rJbs. r. ,

Discuss Bravaiq lattice and crystal systems witlr the help ofitrlnstrati;rs. , ' .

ExpIiinwithaictrgmaticdidgramthewor.ki1rg'l..fji:He.Nehser...:
Explain diatomic vibrating rstator. Discuss the spectrum and relevant selection rul,es.

Eiscuss'.rotatiolr4:Rqqdp€pe*ra of synryedft 'ffil B- ,GivereiampI6 . ,. ',
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Time : Three Hours

(Pages:3)

SDffII SEMESTER B.Se. DEGREE EXAMINATION,

Section A
(,4nswer in word or a phrase each,)

Answer afi questians ; each qtrcstion carrics L mark.
1.TheMillerindicesoftheplaneparalleltorandyaxesare

2' .The co-ordination number in the case of simFle cubic crystal structure is-.
3. The transition temperature of mercury is _
4. Expand LASER.

5- The general pumping meehanism in semiconductor laser is

6. For a linear molecule, atl the three principal moment of inertia are equal.

7. Ttre symmetric stretehingvibration in co2 molecule is IR active.

8. Ttre intensities of stokes rines are greater than anti-stokes lines

10. Soft superconductors show Meissner effect.

SPECTROSCOPY AND

Maximum : 80 Marks

(10x1=l0marks)

Section B

(Answer in two or three senterrces each.)
Answer ar questions ; each questinn ca*ies 2 marks,

11.. What are Miller indices ?

12. What is Meissner effect ?

13. Distinguish between symmetric top and spherical top molecules.
Turn over
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15.

16.

17.

18.

19.

20.

2L.

22.

23.

24.

2

What are hot bands in vibrating diatomic molecule ?

What is Raman effect ?

What are Einstein's coefficients ?

Mention two industrial applications of laser.

d-zfOZg

(Vx2=14marks)

Section C

(Answer in a paro.graph of obout half a page fo one page each.)

Answer any five questions; each questinn carrizs 4 marks.

Discuss sodium chloride crystal structure

Discuss type I and type II superconductors'

Discuss various regions of electromagnetic spectrum.

Discuss rotational spectrumof rigid diatomic molecule.

Diseuss vibrating diatomic molecule by considering th3 system as anharmonic.

Discuss rotational Raman spectra for linear molecules. '

Discuss population inversion and metastable state associated with I"ASER..

' (5 x4 = 20 marks)

Section I)

(Problems : write all releuant formulas, all important steps carry separate marks)

Answer any forrt questions ; each questi,on carries 4 marks.

25. Find the interplanar spacing for the lattice planes of Miller indices (3, 2, 1), (2, 1, 0) and (1, 1, 1)

for a cubic lattice with o = 5.62 A.

ZG. The interplanar spacing of (110) planes is 2.A, for a cubic crystal with fcc structure. Find out the

atomic radius.

27. The lattice parameter and the atomic weight ofa diamond crystal are 3.5?A and 12 amu respectively.

calculate the density of the same' Given Nl = 6'023 x 1023 /mol'

The first line in the rotation spectrum of carbonmoncjxide has a frequency of 3,8424 cm-l. Calculate

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

6.023 x 1023 /mol.

29. The normal modes of vibration of CO, molecule are Vl = 1330 cffi-l , Vz = 667 cm-1,

7s = 2349 
"*-1. 

Evaluate the zero point enerry of CO, molecule.
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The Raman line associated with a vibrational mode which is both Raman and infrared active is
found at 4600 A when excited by a light of wavelength 658A. Calculate t.Le wavelength of the
corresponding infrared band.

A He-Ne laser is emitting a laser beam with an average power of 4.5 mW. Find the number of
photons emitted per second by the laser. The wavelength of emitted radiation is 6328A.

Section E

(Essays-answer in about two pages each.)

Answer any two questians ; each qubstion caties LO marks.

Derive Bragg's law for X-ray diffraction in crystals. How is it verified ? Describe and explain X-ray

spectrometer method of determining 1, ofX-rays.

Explain diatomic vibrating rotator. Discuss the spectrum and relevant selection rules.

Explain rotational fine structure of vibrational Raman-spectrum. State mutual exclusion princrple.

Explain with a schematic diagram the working of a He-Ne laser.

(2 x t0 = 20 marks)

30.

31.

32.

33.

34.

35.
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fime : Three Hours

Each carries a weightage of l.

I. 1 The number of lattice points in a priinitiv" 
""U]ur" 

t

(Pages:3)

EIGMINATTON, II{ARCH 2Or7

(UG-CCSS)

' PhYsics.

PH 68 17-SOI,ID-STATE PITYSICS, SPECTROSCOPY AND LASER PHYSICS

(2013 Admissions)

Maximum: 30 Weightage

Section A

Answ er aill: que sti.ons.

Objectiue Type Questions, in bunches of four questi.ons-

2 The packing factor of diamond cubic crystal structure is :

(a) 1.

(c) U2.

(a) 60?o.

(e) 9O7o.

G) 2.

@) 3t2.

(b) 56 Vo.

(d) None of these.

4 The co-ordination number in the case of simple cubic crysthl structure is :

&) (010).

(d) (111).

&) 6.

(d) 2.

(b) Lp =?"o14'

(d) Lo = 4?'o'

(b) 1.14 K.

(d) e.22K.

(b) symmetric tops.

(d) asymmetric tops.

(a) Lp=Nol2'
(c) \p = 27'o.

6 The transition temperature of mercury is :

T When all the three principal moments of inertia of a molecule are equal, it is called a :

ffi;;:,tq*
ffqdi......e.".. -,,.......... -).:1.1x,\

3 The Miller indices of thg plane parallel to r andy axes are :

(a) (100).

(c) (001).

(a) L2.

(c) 1.

(a) 1K.

(c) 4.12I/-.

(a) linear molecule.

(c) spherical toPs.

11. b A proton and an (cr. particle has the sa'me kinetic enet'ry. If the mass of the (c particle is four
times that of proton, how do their de Broglie wavelength compare :

Turn over
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Itional level give sPectrum iP the 
'Transitionsbetweenrotational'levelswithinthesamevibra8

' (a) visible region'

. | (") Infrared regron'

UI. 9 Laser light is ; .

(a) Coherent,

(b) Ulttaviolet reglon'

(d) Far infrared regron'

(b). Non coherent'

,(d) Unqqrdinated source.

(b) EllipticallY Polanzed

(d) Unpolarised.

10 The intenbities of the anti stoke lines are much 
ri

(a) weaker than the stbkes lines. G) much greater than the stokes liqes'

(c) same as stokes lines. (d) None of these.

11 The population iniersion in Ruby laser is achiwed by :

, (a) Electrical discharge. (b) Optieal'PumPing.

(c) Inelastic atomic collision' . (d) Direct converslon'

L2 Raman scattering is :

(a) CirgularlY Polarized.

(c) Plane Polarized.
.i.

(lZx'Y*= 3 weightage)

(9x 1=gweightage)

Section B

AttsrPer all questiotts' i

. Eanh question carrips L weiqhto'ge'

14 What are Miller indices ?:

15 What is meant by atomic packing faetor ?

LTWhyanti-stokeslinesarelessintensethqnstokeslines?

18 \ilhat is meant by population inversion ? ' l

19 Outline the effect of isotopic substitution on the ptational spectra of moleqrles-

20 How cooper pairs are formed in superconductors ?

21 State Bragg's law for )Gray difraction in crystals'

Section C

Answer atry fle questians'

Each questinn carrics 2 weightage'



v
' 23 The Raman line associated with a vibrational mode whigh is both Raman and infrared active

is found at 4600 A when excited by a light of wavelength 4358'A. Calculate the wavelength of
the corresponding infrared band.

24 The first line in the rotation spectrum of carbonmonoxide fuas a frequency of 3.8424 clrrr-L.

Calculate the rotational constant and hence the C-O bond length in carbo:rmonoxide. Avogadro

number is 6.022 x 1023.

25 Discuss d.c and a.c. Josephson's effects and explain their importance.

26 The critical temperature, T" for mercury with isotopic mass 199.5 is 4.185 Ii Calculate its
critical temperature when iis isotopic mass changesto 230.4.

27 A relative population, or Boltzmann ratio, of 1le is often considered representative of the
ratio of populations in two enerry states at'room temperature, T = 360K. Determine the
wavelength of the radiation emitte{ at that temperature. l,

28 Determine the wavelength associated with an electron having kinetic enerry equal to 1 MeV.
(E(5x2=l0weightage)

Section D

Answer any two questinns.

Ea;ch question carries 4weightage

. 29 Derive Bragg's ldw forX-ray diffraction in crystals.'How is itverified ?Describe and explain

X-ray spectrometer method of determining l, of X-rays.

30ExplainwithaschematicdiagramtheworkingofaHe.Nelaser.-'
31 Describe an experimental arrangement to study Raman efrect. Ltrollv is Rauran seattering
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PH 68 I7_,SOCIAL STATE P}TYSICS, SPECTROSCOPY AND LASER P}TYSICS
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Time : Three Hours Maximum : 30 Weightage

Section A (Objective 1ype Questions)

1. Is Braggs law satisfied by visi'ble light for reflections from the different planeq in a crystal ?

2. The positions of four Cl atoms in a NaCl:ry-stal are,

(a) (!2, t{2,L12)(0,0,1) (1, O,o)(Ll},o, Llz).

(d) (az, a2,a4(a2,0,0)(Llz,o, a2)(0,0, v2).

3. The diamond structure unit cell is :

(b) bcc. . ,

(d) Base centered cubic.

4. Attractive elegtrons inside a superconductors are called :

(a) Yes,

(c) Depends on velocity.

'(a) fcc,

(e) Simple cubic.

(a) BCS qair.
(c) Coopbr pair.

(b) No.

(d) Data insufficient.

(b). Exitons.

(d) Magtrons.

(b) Symmetrictop.

(d) Asymmetrictop.

5. Which of the following does not affect the width of the spectral lines ?

(a) Collisionbroadening. (b) Dopplerbroadening.

(c) Heisenberg unsertainty principle. (d) None of these.

Water molecule is :

(a) Linear.

(c) Spherical top.

.\_-

furn over
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7. For rotational energ:y levels :

(b) The difference between successive levels form an arithmetic progression.

(c) They are unevenly sPaced.

(d) None of these.

8. For a vibrating rotor, which expression is correct ?

' (a) Etot l = Erot Eriu. (b) Etot"l = E"ot + Eriu.

- (d) Etot t = E.o1(Er;5)2.

(b) a J =2'

(d) zi J= Oor+l=2.

(b) Coherent.

(d) High divergence.

Section B (Short Answer Type Questions)

Answ er all. questions.'1,.'
Each question carries L weightage.

13, Give two s_ymmetry elements of a cubic crystal.

L4. What is a primitive lattice ?

15. Write any application of superconductivity.

' (c) Etot l = (E"or)2 E65.

9. The seki:ction rule of pure rotational Raman spectra of linear molecules is :

(e) a J=0

(c). a J=-2,

10, Which of the following is not a property of LASER beam ?

(a) Monochromatic.

(c) Highly intense.

(a) v.

(c) u3.

t2. Spectrumof ssdiumis an:

(a) Emissionspectrum.

(c) Band spectium.

11. The value of ratio of Einstein's coeffrcients A,@2, is proportional to :

(d) None of these.

(b) Absorptionspectrum.

(d) None of these.

c L7il

(l2xrA=Sweightage)
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16. Explain how a spectrum is produced ?,:
77. Give any oze information that can be obtained from a rotation spectrum.
18. What is Born-Oppenheimer approximation ?

19. What is meant by polarizability ellipsoid ?

20. Explain the concept of stimulated emission. l

27. Write any two applications of LASER beams.

c 1764

(9x 1=gweightage)

24.

25.

26.

27.

28.

Section C (Short Essaylparagraph euestions)
Answer any fle questions.

Each question carri"i z *rtiiiosri.
22' Find the interplaner distance of Nacl crystal which produces rst order diftaction pattem at an

,ansle30"whenX-raysofwavelengtho.o5nmareused.
23' 

-o ""1r-'" of chromium is analysed by X-ray diffraction using cu-Kc radiation with
iy :1'*_tt 

A'' Determile.the Miller indices of the plane from which the angle or,"g".uoo i.
31.4'. The lattice constant of Chromium is 2.g6 A..

The cntical temperature for mercurSr with isotopic masq lgg.E amu is 4.lg5 K. Calculate iti critical
fumFerature when its isotopic mass changes to 203.4 amu. The isotopic effect*coeffi.i"rrt i, oi.
An excited electronic state has a life time of 10J s. Find the uncertainty in the radiation frequency.

lvhichofthefollowingmolecules shows a microwave rotation spectrum ?H2, HCl,cIr+,Hzo.Explain.
Calcu1atetherotationalconstantHCImoleculehavingbondlength136picometer._

Draw the first frve vibrational levels of a molecule, assuming its vibrations are of harmonic nature.

(5x2= l0weightage)
Section D (Essay euestions)

Anr*""' ony tt* o ques;tions.
Each question carries 4 weightage:

of BCS theory of superconductivity. Describe the Meissner effect in

Discuss, the inqtrumentation used for microwave spectroscopy.

Expliin the principle and working of a ruby laser.

(2x4=Sweighthge)

29. Explain the basic ideas

super-conductors

30.

31.



r

l

cirzrs (Pages: S)
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Part A

' Answer all questinns. \
Each questi.on carries Yt weightage-

The number of lattice points in a primitive cell are :

(b) 1.

(d) Llz.

2. Which of'the following metal crystallizes in fcc structure ?

(a) 2"

(c) 8n.

(a) Sodium.

(c) Aluminium.

(a) (001).

(c) (111).

4. Soft super conductors observe:

(a) Meissner effect.

(e) Both (a) and ft).

(a) KsTc.

(c) 0.

(b) Calcium.

(d) Zinc.

(b) (100"

(b) Silsbee'srule.

(d) Braggls law.

(b) 3.5 KBTC.

(d) 2 KBTC.

Name

Beg.

*ref,C*rop*lr,
r\\.i,L.-r, -

.ir'\;

I,ASIER PITYSICS
..-

Maximum : 30 Weightage

T\rn over

rl
,.'",

PH 68 I?-SOLID

Time : Three Hours

1.

3. Ttre miller indices of the plane parallel to r and y-axes are :

5. The width of the energy gap of a superconduetor at OK ii :

6. A superconducting material when placed in a magnetic field wiltr :

. - (a) Does not influence the magnetic field.

(b) Attract the magpetie field towards the centre.

(c) Attract the magrretic field but transfer it into a concentrated zone.

(d) Repel all the magnetic lines of force passing through it.

,o)
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8. Infrared spectroscopy provides valuable information about :

2

7. The spontaneous emission is prominent the :

(a) Ultravioletregion.

(c) Infrared region.

(a) Molecular weight.

(c) Conjugation.

(a) Zero.

(c) Not zero.

(b) Visible region.

(a) Far infrared region.

(b) Melting Point.
(d) Functional groups.

(b) 13.6 eV.

(d) InfinitY.

9. At the lowest vibrational level, the vibrational energy is :

10.

11. The typical wavelengths emitted by diatomic molecules in the purely rotational transitions lies in

the region of --------:.

(l2xV+=Sweightage)

Part B

Answer arll questians'

13. Define crystal lattice, basics and crrystal structure'

14. Explain the terms Primitive cell and Unit cell'

^+i^-o ^f o.r-o-nnnrlr
15. what are super conductors? Give the important applications of superconductivity

16.Howdoessuperconductingtransitiontemperaturevawwithmagneticfield?i

L7. What is a s5rmmetric top ? Give an example

18. What is nuclear quadrupole moment ? Give its significance'

19. why are the alternate lines of P and R branches of acetylene less intense

20. What is Raman scattering ? 
,

(9x1=gweightage)2L. ExPlain oPtical PumPing'

Part C

Answer an! fw1 AYestinnl'

Each question carrins 2 weightage'

22. Describe the characteristics of the four lattice types of the orthorhombic system'

2g.Explainthecharacteristicsofbccandfcclatticeswithexamples.
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24. What is lattice eonstant ? Calculate the lattice constant of NaCl given molecular weight of
NaCl = 58.45 and density ='i.tl x 103 kg/m3. Avogardo Number = 6 x 1026.

Explain the factors affecting the width and intensity of spectral lines.

Explain why anti stokes lines are less intense than stoke's lines. Giv'e the advantages of using

laser on Raman source.

25.

26.

27.

28.

Explain why a two level laser is not possible.

What are hot hands ? Why are they called so ?

(5x2 = l0weightage)

Part D

. Answe" anY two questions.

Each questbn carries 4 weightage.

miller indices of the important planeWhat are rniller indices ? Draw neat diagrams to indicate :

systern in a simple eubic crysta}. Obtain the relation between the interplanar spacings and cube

Describe the Braggls spectrometer and explain how it is used to deter.sline the wavel.ength of

X- rays. Calculate the wavelength of X- ray beam incident at 12 degrees for the first order reflection

from a calcite crystal if the inner atomic spacing'd'fot the crystal is 3.036 A degrees.

Explain the construetion and working of : (a) Ruby laser ; and (U Semieonduetor laser.

<z)+=Sweightage)

29.

30.

31.
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Section I
Answer all questions.

Each questian carries Y+ weightage'

1. Solids that have no periodic structure are called :

(a) Amorphous. &) Liquidcrystals'

(c) Simple cubic. (d) None of the above'

2. An example of a hexagonal system is :

(a) NaCl.

(c) Quartz.

(b) CuSOo. -

(d) Niso4.

A. Planes with equal intercepts on o and b axes and parallel to c axes are designated by :

(Pages:8)

(b) t0 101.

(d) [1 1 0].

(a) t0 0 11.

(c) t0 1 11.

4. Braggls reflection can occur only fo: wavelength :

(a) L<zd.

(c) l. >
d
Jz

SQIIIDS are used to defect :

(a) Radiation from human bodY.

(b) Small magnetic fields in a human brain.

(c) Small electric fields in a human brain.

(d) Heart beat.

6. Molecular absorption takes place :

" (a) At a single frequency.

(c) At a discrete enerry level.

(b) 
^.>2d.
^ -d(d) n=G.

5.

(b) Over a spread offrequencies.

(d) None of the above.

Turn over
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7. When all the three prinbipal moments of inertia of a molecule are equal, it is called ?

(a) Symuretrictop.
(c) Spherical top.

8. Raman lines are strongly

The method of producing population inversion is called

At the lowest vibrational level;,the vibrational energy is :

(b) Infrnity.
(d) Non zero.

The three dimensional high speed photography niethod developed using lasers is called

In Born oppenheimer approximation, we consider that a diatomic uiolecule can execute :

(a) Rotations alone.

(b) Vibrations alone.

(c) Rotations and Vibrations independently. 
:

(d) None of the above.

(12x r/4 = 3 weightage)

Section II
Answer all questians.

Eaah question carrics L weightage.

a = 3.614 . Calculatg the radius of the copper

What is a body-centered cubic crystal ?

How can super conductivity be destroyed ?

What is centrifugal distortion ?

What is Baman resonance spectroseopy ?

Give the principtre of working of a maser.

\Mry don't homonuclear diatomic molecules show vibrational speetra ?

(9x 1=9weightage)
Section III

Amswer any five questians.

Each question caties 2 weightage.

22. What is miller indices ? Explain the rules to frnd the miller indices of a plane.

(b) Linear molecule.

(d) Asymmetrictop.

9.

10.

11.

t2.

(a) Continuous.
(c) Zero.

13. What is a unit cell ?

L4. Explain Bravais lattice in two dimensions.

15. Copper has an fcc structure with lattice constant

atom.

16.

77.

18.

19.

20.

2L.



t- \.

I

I

I

c 80034

23. What do you understand by space lattice ? Enumerate the crystal systems.
24. Distinguish between type I and type II superconductors.

25. Ttre moment of inertia of the Co molecule is 1.46 x 10a6 kg-mz. Calculate the energlr in eV.
26' Explain the effect of anharmonicity on the vibrational spectra of diatomic molecules.
27' The lines in the pure rotational 341 Mu spectrum of HCI are spaced at20.gx 108 per metre.

Calculate the moment of inertia and internuclear distarr-ce. Mass of chlorine = b8.5 x tO-zz t<g and
mass of proton = l.GZ x 10-27 kg.

28. what are Einstein's coefficients ? Give the relation between them.

(bx2=l0weightage)
Section fV

Answer any two' questions.

What is Raman effect ? Explain theoretically the observed characteristics of the Raman spectra of
a diatomic molecule. Bring out the similarity in infra red and Raman specJra.

UhI is super conductivity ? Explain Meissner effect of superconductivity. Give two important
applications of superconductivity. The critical temperaturp of a superconduetor when no magnetic
field is present is T". Find the temperatrrre at which the critical field becomes half its value of OK.
Derive expressions for the enerry and frequency of diatomic molecule. Show the vibrational enerry

(2x4=8weightage)

29.

30.

31.
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(a) L2.

(c) 2.

2 X-rays can be deflected by:

(a) Magnetic freld.

(c) None of these.

(a) OJ.

(c) l KBT..

(a) Population inversion.

(c) Meissner effect.

(a) Bx1olo -8x1012.

(c) BxloIa -8x1016.

8 For a linear molecule :

(a) Io <Ia <I..

(c) I^ * 16 *I".

6 Choose the term which is not related with laser :

(Pages:8)

(b) 6.

(d) 1.

(b) Electricfield.

G) 3.5 KBTC.

(d) 3oo KB Tc.

(b) Metastable state.

(d) Optical pumbing.

(b) Bx1o12 -Bxtola.

(d) 3x1016 -3x1018.

AND LASER P}IYSICS

Maximum : 30 Weightage

I. Objective fupe Questions : Answer o/l questions.

1 . The co-ordination number for the case of simple cubic crystal structure is :

3 How manJ molecules are there in the unit cell of NaCl ?

4 A superconductor which exhibit complete Meissner effect is called

5 The width of energy gap of a superconductor at OK is about :

7 Ttre frequency range corresponds to X-rayr spectrum is Hz.

(b) Io =o

(d) Io = 16

Ib = I".

< Ic.
Turn over
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9 In a diatomic vibrating rotator, spectral lines corresponds to A.I = +1 are called

l0 The line-s on the high frequency side of Raman spectra are called 

-.

11 Enerry of a photon of'frequency 1010 Hz is ----------.
12 The transition temperature of mercury is 

-

(LZxy+=Bweightage)

III. Short Answer T]rpe Questions : Answer all nincquestions :

13 Explain the term primitive cell.

14 What is meant by co-ordination number ?

pens to a superconductor'when a strong magnetic field is applied ?

16 What is zero point energy ?

17 Write down two applications of LASER.

18 Give two examples for linear molecules.

19 What is Rayleigh line ?

20 Write down the equation for frequency of transitions between two adjacent lines in a vibrational
spectra.

21 What is meaut by metastable state ?

(9x1=9weightage)

IIII. Short essay or paragraph questions : Answer any fiue questions from seven :

22 Calculate the atomic packing factor of fcc structure.

24 Write a note on symmetric top molecules.

25 Explain the properties of Laser beam.

26 Give a schematic representation of a microwave spectrometer.

27 What is the average period ofrotation of HCI molecule if it is in the J = I state. The internuclear
distance of HCI is 0.1274 nm. Given mass of Hydrogen and Chlorine atoms are
1.673 x lU-27 kS and 88. 06 x L0-27 kg respectively.
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28 The''fundamgqq!'band for HCI is centered at 2gg6 cm-I. Assulning thatithe internuelear
, dis@ceis t;2t16A", chlculate the wave number of the firsttwo.tiues of each of therp, md "fi,,

t'V.'' Essay questibus,, r ms-**" r*, questions fto;'thio,'''
29 Explain the width and intensity of spectrar transitions.

30 Explain Buby Laser with a neat diagram
::

31 Write a note on directions and planes of crystals and the deterrrination of Miller indices.

(2x4=gweightage)

(5x2 = l0weightage)

I

i
l
i
1

I

i
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Each question canies .y+ weightage.

I. Objective type questions : 
' 

:

1 The number ofrlattice points in a primittive cell is _

l
h

(Pages :3) Name.......-..;;;........ . *"
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Reg..No..;,....;.
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(b) 2.

*", hZ. (d) %,
2 The co-ordination number for the case of simple cubic crystal structure is :

(a) 1.

(a) LZ"

(c) 2.

(a) 0.25:nm.

(c) 00;01 nm.

(a) 3x106-3xl0lo.

(c) 3x1014-3x1016.

(b) 6.

(d) 1.

(b) 250 nm,
:

(d) 0.001 nrn.

(b) Metastable state.

(d) Optical Pumbing.

(b) 3x1012 -3x1014.

(d) 3x1016,=3x1018.

*.i**. :,

LASER PHYSICS

Maxirn-um : 30 Weightage

3 A superconductor which exhibit oomplete Meissner effect is called ,, I 
"

4 How many atoms are present in the unit cell of hcp strycture ? 
'

5 Coherence length ofpaired electrons is.

I

I

I

l

l

I

I

i

I

l

''1
i

6 Choose the term which isaot related with laser.
, (a) ,Population inversion.,

(c) Meissner effect.

7 The frequency range corresponds to IR spectrum is IIz.

Turn over



For a linear mblecule :

(a) Io <lb <lc.

(c) lo *16,rI".

(b) Ia=0;16=1r.

(d) lo =16 <I".

9

10

Inadiatomicvibratingrotator,spectrallinescorresporrdstoAJ=+larecalled

The value of rotational constant B is :

1t.The.linesinthelow.frequencysideofRanranspeetrunrarecalled

t2 The transition temperature of mercury is 

-
02xYe= 3 weightage)

Short answer type questions. (Answer allnine questions) i . . , ' '

13- lMhat is 4tomic packing factor ? ' ' l

2l write two differences bet*een laser beam:and ordinary light beam

(gx1=g weightage)
short essay or Paragraph questions. (Answer any fiue questions froni seveii) :

22 Calculate the packing factor of diamond cubic structure.

24 What are Miller indices ? What are their signifiiance ?
.

25 Explain the cryqtal structure of NaCl. i

26'GiveaSchematicrepresentatjonofamicrowavespeetrometer.

(a)

(c)
gn2l2c2

8n2lc

:

h

II.

III.



3. c 404{M

zz ,{fre fundamental band for rICl is eentered at 288G cm'l'Assur,,ingltnat 1te iot"r nuclear
, ,{ista1c" 

tt 
l_319,f cahulate the wave number of the first t r, il;;;;i:fft i"i;;.[,

branches of HCl.

ry.

28 Explain Collision broadening and Doppler broadening.
.l

Essay questions. (Answer fruo questions from thre"l I ' ,

29 Explain Bragg,s law and Brqggls X-"*y'Sp"*"o*"*".
30 Expl{n rotational' ener.gy levelsabd rotational vibrational t"rnsiUon s ora UiiLmic molecule.

,'

l

.l

j

,l

vi


