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Section-A
Answer all Twelve Questions
Each question carries a weightage of |

Discuss Vacuum gauges.

Describe Baffle and isolation valves.

Discuss the variation of pumping speed with pressure for a rotary pump.

What is meant by liquid nitrogen traps in vacuum system?

QOutline the advantages of Neutron activation analysis.

Give the basic steps to deposit a thin films by physical evaporation technique with the
help of a schematic diagram?

Explain internal structure and morphology in thin films 2

How does a synchrotron overcome the difficulties experienced by a cyclotron?
Explain the principles of phase stability in a synchro cyclotron.

What are the various factors to be considered in choosing a particular nuclear
technique for the elemental analysis?

What is meant by energy straggling. How does it affect the spectrum of ion scattered

from a target.

. Explain the term kinematical factor and give its importance.

(12 x 1 =12 weightage)



Section-B
Answer any Two Questions
Each question carries a weightage of 6

. With the help of a diagram explain the various parts and working of an Pirani gauge,

s
('S ]

and penning guage

14. Discuss with the schematic diagram the working of sputtering technique for thin film
deposition: Explain sputtering yield.

15. Discuss the basic requirement for an elemental analysis, describe the experimental
requirement for it and the mathematical basis of the quantitative estimate.

16. Explain the principle of PIXE technique with a neat diagram. Describe the

experimental arrangement for PIXE also give the application.
(2 x 6 =12 weightage)

Section-C
Answer any Four Questions
Each question carries a weightage of 3

17. Derive Rutherford’s scattering cross section formula

18. Derive Brags law, Explain how XRD pattern can be uséd to determine the crystal
structure of an material and discuss grain size calculation using XRD

19. A vacuum pump with speed of 1000 liters per sec is connected a chamber with an out
gassing rate of 10 Torr liters s What is the expected ultimate pressure?

20. Describe the thickness measurements in thin films using any two methods

21. A quartz crystal monitor indicates a change in frequency of 1600Hz when an
aluminium film of density 2.7gm/cm’ is deposited on its face. Determine the film
thickness if the quartz crystal is 0.2mm is thick and the density of quartz is
2.3gm/cm’. Estimate the starting frequency of the crystal

22. Proton of energy 0.5MeV is injected in to a 50 MeV linear accelerator powered by &

200 MHz RF supply. Find the approximate length of the first and last drift tubes

(4 x3=12 weightage)
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Section A
‘Answer all questions
Ea‘ch question ha;s_weightage of 1.
1. WKB method is ca.lled a seml—classwa.l method Why ? =~

o o Expla.m quant.um mechamcal tunnelmg with exa.mples

3. Give any two problems that can be treated: w1th perturba.tlon theory Also
write the perturbed Hamiltonian. :

4. What is Zeeman eﬁ’ect 7 How can we .study it using perturbatioﬁ theory ? :

~ 5. Show ‘that the va.rla.tlonal equatlon is eqmva.lent to tlme 1ndependent '
Schmedmger equa.tlon 215

6. State and expla,m Fermzs Golden ru.le for transition to a contmumn

o

What is the cntenon for a dzpo‘le-approxzmatwn ?

‘oo

What are the hmitatzons of Klem-Gordon equa.tlon

o

Express Dirac equatmn in. covcm.ant form

10: Give any 4 propertles of Du:ac ma.tnces

- S
11. Compare the classmal ﬁeld equatlon in terms of Lagmngmn den.szty w1th

Euler- Lagra.nge equa.tlon in Classical Mecha.mcs

12. Explain the occupatzon -number re'presentatwn

(12x1=12 welrrhtage) '




Section B
Answer any two questions
Each question has weightage of 6.

13. Discuss the theory of WKB approximation. Obtain the connection formula.
Use it study the problem of barrier tumlehnd =

14. Using time dependent perturbamon theory, derwe the trzmsrclon proba.bmty,
under. harmonic pertuxbe,tlon :

‘ S ' 15. Show that Dirac paxtlcles possess spm ano‘ular momentum zmd ca.lcula.te the.
mametm dipole moment of Dirac partlcle '

| g 16. Denve the Klein-Gordon relat1v1st1c wave equation of a free partlcle De-
‘ " termine the current denmty and probabmty dens1ty : / =

(2 x 6= 12 welghtabe)

Sectlon C

Answer any four questzons
Each questzon h.as wezghtage of 3

17. Find the energy levels of a pa.rtlcle in'a potentlal Viz) = IIQ’-:],"-uSiilg-Bohf— o
Sommerfeld quantlsatmn rule : iveanggeT

18. Use the vanatmnal method to estn:na.te the g,mund state energ,r of harmomc
oscillator.Use the tna.l wave functlon as e”*% , where o is an adjustable scale

' R . pa.ra.meter

' o L Find the first order correctlon to energy a.nd waveﬁmctlon of one d,u:nensaonal
Wl e _ harmonic oscillator ground sta.te, Wheu & perturbmgfpotentla.l e~ isapplied

i s to it. ; : _ . _

.' W SRR 20 A s::mple harmomc oscﬂla.‘cor of mass mg and a.ngular frequency w is per- | ;

|. A e turbed by an a.ddltzonal potentlai bxa Evalua.te the second order correction -

L A e G e to the g;round state energ;y of the oscﬂlator Gwen that £ = ./ a’m (a 3 a’f) %

|

21, A system in an unperturbed 1n1tlal state i-is suddenly sub]ected to a gon}e: _.
‘stant perturbation V(r) which exists during time 0 — ¢. Find the prob- -
s _ . . ablhty for the transition from initial state i to f and show that it varies
bl || ool 2 et 0 A harmonically with anc'ular frequency {B; — E) /2R a.nd a.mphtude'
| A S MV — E:)*. - - | "
- 22, Show th at the proba,blhty assocmted Wlth a Dlrac pa.rtlcle 15 posxtwe deﬁmte
' (4 X3=12 wewhtacfe) :

—--—F..ﬁe;_.._—- : 2 |
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Section A
Answer ALL questions. Each question carries 1 weightage.

. Give the relationship between the radius of a nucleus and its mass number. How the matter

density in a nucleus varies with its mass number?

Draw the binding energy curve. What is its importance?

Write down the semi-empirical mass formula and explain the origin of asymmetry energy
Describe the spin dependence of nuclear forces, giving an example.

Define scattering cross section. Explain its significance.

Why there are no magic numbers that are odd?

Write a note on collective model of nucleus.

Distinguish between allowed and forbidden decays?

Explain the multipole moments associated with radiations emitted during gamma decays.

. What are compound nucleus reactions?

. What are D-D and D-T reactions? How much energy is released in these reactions?

. State end explain the TCP theorem.

(12x1=12 Weightage)

Section B
Answer any TWO questions. Each question carries 6 Weightage.

. Give evidences for the existence of shell structure in a nucleus. Describe with theory how

nuclear shell model accounts for magic numbers.

- Give a detailed account of the Fermi’s theory of beta decay.

- Explain the important features nuclear fission process. Describe the working of a nuclear

fission reactor that operates with natural uranitm fuel.

-(a) Describe the fundamental forces in nature. Explain the characteristic features of each

force.

(b) Describe the classification of elementary particles.

(2x6=12 Weightage)




Section C
Answer any FOUR questions. Each question carries 3 Weightage.

17. Calculate the distance of closest approach of a 4 MeV proton to a " Au nucleus.

18. Obtain a relationship between the depth and width of the well and binding energy in the
square well model of deuteron.

19. Using shell model, predict the spin and parity of the nuclei O (2 =8 )and WN(Z=17

20. C'"" decaysto sB'' by B~ emission. Calculate the maximum and minimum energies of t
neutrino emitted. Given atomic masses of 5C” =11.011433 u, 5B“ =11.00935 uand
mass of electron = 0.0005 u.

21. Calculate the energy liberated when a helium nucleus is formed by the fusion of two
deuterons. Given the mass of H” = 2.01478 u and mass of >He' = 4.00388 u.

22. Analyse the following decays or reactions for possible violations of the basic conservati
laws :
(@n +n = A"+ K
p)n" +n - K+ K
() +p — A"+ K°

(K +=p —2h+ T

(4x3=12 Weightage
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PART A
Answer all questions.
Each question carries 1 weightage

What are Miller Indices? How are they determined?

What do you mean by Brillouin zones?

. Differentiate between direct band gap and indirect band gap semiconductors.
_ State and explain Weidmann and Franz law.
_ Define relaxation time and collision time of free electrons in metals.

4
5
6.
3
8
9

What are ferrites?

. What do you mean by polarization catastrophe?
. Write a note on ferroelectric domain.

. Explain NeeI’s theory of antiferromagnetism.

10. How does the specific heat capacity in a superconductor vary of with temperature?

11. Write a short note on high temperature superconductivity.

12. What is the origin of energy gap in super conductors?

(12x1=12 weightage)

PART B
Answer any 2 questions.
Each question carries 6 weightage

13. Discuss the Debey model for specific heat capacity and derive an expression for

the lattice heat capacity. How it agrees with experimental results at high and low
temperature?

14. Discuss the Kronig-Penney model for the motion of an electron in a periodic

potential. What is meant by density of energy states?

15. Discuss the Landau theory of ferroelectric phase transition.

16. Discuss ac Josephson effect. Derive an P:xpression for the frequency of current

oscillation.

(2x6=12 weightage)
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18

19
20

21

22

PART C
Answer any 4 questions.
Each question carries 3 weightage

The Bragg angle for reflection from (111)Iplémes in Al is 19.2° for an x-ray beam of
wavelength 1.54 A" Calculate (a) the lattice constant of Al and (b) the interplanar
spécing for these planes.

The thermal conductivilty maximum of a synthetic sapphire sample of 3 mm diameter
is observed at 30K. The measured maximum value is 2.7X10* Wm K. If the speed
of sound in sapphire is 10* ms™, calculate the heat capacity of the sapphire at 30K.
Prove that the reciprocal lattice for a bec lattice is a fec structure.

The intrinsic resistivity of Ge at 300 K is 47 Q cm. What is the intrinsic carrier
concentration, when éiéctron and hole mobilities in Ge at 300 K are 3900 cm*/Vs and
1900 cm?/Vs respectively?

A magnetic material has a magnetization of 3200 A/m and flux density of 0.0042
Wb/m?. Determine the magnetic field and relative permeability of the material.
Calculate the critical current for a wire of lead having a diameter of 1 mm at 42 K
The critical temperature for lead is 7.18 K and H(0)= 6.5X10% A/m

(4x3=12 weightage




