Q1(a) Show that the following operat, B i A is skew-Hermitian.

. on that
iy (6 marks)

B— (,+ A)(] i /1),|

Q1(b) Find the value of the following COmpley

4 9.4 2
f?z cxp(w)dz

integral
' (4 marks)

‘

where the contour is taken OVer a circle in the complex plane with [z| — 3,
traversed once in an ant;- clockwise manner

/Q)’pu an n-channel enhancement mode )

AOSFET, the drain current Ip — dmA for Vog — 8V

. determine the Ve

if th - ot P .
il the threshold voltage is 4 >§ to obtain a drain current of 25 m A

(3 marks)

Q 3(a) Consider N number of spin-one, non—in’(eracting, distinguishable dipoles each having a magnetic

moment of magnitude x and placed in an external magnetic field [ = H2 attemperature T The ;4

dipole has an energy —pH s;, where s; can take the valyes — 1,0 and 1. Find the average magnetization

per dipole (m) for this system. What would be the behaviour of (m) for kpT > pH 2

(& marks)

Q 3(b) Write down the energy eigen states of a two-dimensional quantum harmonic oscillator of anqular

frequency w. Further, compute the change in entropy when the oscillator makes a transition from

FE=6butoE = 3hw. (4 marks)
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Q 4:3) Find the Laurent series fof
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 jagrom 919 3 )i (5 marks)
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ing the : . iyiing The
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y & with . :
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[t marks)

ourety p-WaY o

mo=TJue
incident plané wave of wave number k undergoes a
; iment an in - ;
Q5sb) in2 scattennd expenme_ ction of 3% find the phase€ chift 81- 3 marks)
ccamenng with 8 total scattenng cross € %
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Qe ™e Lagrangian for 3 system can be written 35
! Cigh y L s ¥
Sty fy 2E LT k2 + Y
i
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where a. b.c. f.g. k are constants. Write the Hamiltonian of this system. What quantities are conserved fo
i (10 marks)
of atomic hydrogen in our galaxy.

cmn is used to map the concentration

he energy gap between the upper and the lower levels of this

Q7. The spectral line of wavelength 21

what is the origin of this line? Determine t

cransition in terms of a coupling constant A

. . | cafmnd ; A
is accelerated through a potential of 200 kV . Post-acceleration the ion Ne ™ is

Q 8. An ion beam of Ne®”
al to the direction of the ion beam. Determine the value of the

selected by applying a magnetic field norm
magnetic field that will bend the ion through a radius of 460 mm. A Hall probe is used to measure this
S i

etic field. Determine the Hall voltage when a current of 25 m A is passed through the probe. Th
. The

magn
thickness of the probe is 2 mum and the electron concentration is 516 x 104 13 Gi
<A . Given mass of Neos w.'l/
A i
\ s/ \-/
7,

(3)




Q9. A photon of energy 0.7 MeV Scaty
SCattere

hoton is scattered at an angle of
60", determine the momentum of y, A by an clectron 2

(MeV/e). (10 marks)

e . nits of
COI||nq clectron i ynits 0

10. Sh s |:
Q10. Show that the Faraday's law can be obtained by ysi gthe following four-vector form of Maxwell's
' by usin

equations G )
drv (10 marks)

Here G re
re G represents the dual tensor of the field tensor F™"

Q. Writean e ' ; ; .
Xpression for the power radiateq by an accelerated charged particle moving at relativistic
speed. A circul - :
; ar electron storage ring is used to store electrons of 0.5 GeV' energy. The radius of the
circular motion | . . .
nis9.1 m and power is continuously supplied to keep the electrons at constant energy.

3 L _
ow much power is required to maintain this circular orbit? (10 marks)

12. Which ty i

Q ich type of spectroscopy is used to determine the bond lengths of the diatomic molecules
CO and N1 If the spacing between two adjacent lines of the spectrum (which is used to
determine the bond length) is 3.844 e ! for CO and 7.992 ern ™! for N,

determine the bond lengths of these molecules. (10 marks)

Q 13. Find the frequency of normal modes of vibration of a linear CQ- molecule. (10 marks)

Q 14. A piece of metal with = 1 is placed in a static magnetic field B.= B3
The metal can be treated as a free electron gas with a scattering time T and

number density 1. Derive an expression for resistivity tensor of this metal. (10 marks)

Q15(a) Use two ideal operational amplifiers to implement the following summing function

Vy— Vi +2Vp - 3V - 8Va-
(5 marks)

QlS(iJi Show whether the following reactions/decays are possible or not and state which interaction is

involved. (5 marks)
(Fp -1 7T”"+7r"+7r“+7r‘+7r'

ipt K- oSN +r 4T +

jip+a=— A"+ E
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