UG/6th Sem (G) /22 (CBCS)
U.G 6th Semester Examination 2022
PHYSICS (General)
Paper Code : DSE 4 - A, B. C & D
Full Marks ; 32 Tz ; Tivo Hours
The figures in the margin indicate full marks.

Cemdidates are requived to gnve their avimwers
in their own words as far a= graciicadie.

DSE 4 - A

(Advanced Mathematical Methods - II)

1. Answer any siv questions from the followng 2xg=12
(2) What 15 & metric tensor 7
(b) Prove that the negative gradient of a scaler ficld 15 a first rank tensor
{c) What 15 Abelian group 7
(d) Show that the identity of 2 subgroup 15 same as that of the group.
(e} Whar s Liz group 7 Goive one apphcation of it
(fi What do you kmow about SO(3) group 7

(g Show that the unt element (the idemity element) m a oroup 15 wique.
) Given ds®=3(d') +3(a) +4( x| —6adad =4aey

Find the value of [£]

(1) Esaluate &_.f AT

2. Answer any_fouwr questions from the fllowng F=4=20
(7) Show that anv tensor can be wntten as the sum of symmetic and anb-svmmstnic tensols.
Show that the process of contranon of an N™ order tensor producss another tensor. of

order N-2. +3
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(b) Show that the kinetic energy of a rotating system 13 orven by Z’:_}EI_*E}_;(-),_ Define
vector in the light of tensor. 41
(c)] Caleulate the elements g, of the metric tensor for cylndneal coordinates. Henee find
lhesqum?eaf!izinﬁnmmlm]ﬂigdildﬂ} for this coonhinate system. 4+1
(d) Wmie down the expression for Chnstoffel symbols. Calfulate the Chnstoffe]l symbols for
sphencal coordmarss. 32
{2} Define the order of an element of 2 group. Prove that the order of an slemem of a
oroup 15 the same as that of its imvers= 243
(f) Show the set of complex mumbers 1, 7, —1 and — forms a group of order four under
praltplication 5
fg) Classify the real connected Abelian Lie group. 3
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DSE 4 - B
(Classical Dynamics )
L Answer any six questions of the following Ix6=12

[

{a)
(b)

e}

(d)

()

What 5 a cyelic coerdmate 7

Write dovwn the Lasranman for a charee particle moving m an electromagnene Seld

i o 1 - =7 B, ) .
Lagrangian for a system 35 L=—m|7* +7°6 +r" 50" 89" |- (r|. Find owt the cylic

coordinats
What 15 meant by the stable and unstable sgmbibnum 7 Grve stample of =ach

{f) What ar= the chamactenstics of a central force 7

(2} Write dovwn the postulatss of Einstein's special theory of relatminy

(k) What are the four components of the velocty four-wector 7

(1) What 5 mmemial and non-inertial reference frames 7 Give example of each

Answer any four questions : Sx4=20

(a) Wite down the Lacranman for a simple harmonic oscillstor From that, denve s equation
of motion. 4=1

(b) Write down the Lacranman for a pamcle moving i a central force fisld From thar,
find out the cvclic coordinaie and the conserved guantmy: 1+2+2

(¢) The Hamltomzn of a sstem s orven by & :f;e"’ ;émﬂlx"e"_ Frmil out 13 eguation

’ ¥l /1 =

of mohon 5

(d) Wnie down the [orentz transformation relations. Under what condibon do they transform
to Gabhlean transfonmantion relation 2 32

(e} Consider two mertial reference frames S and 8 The lenoth of an object with respect
to the frame § 5 10 cm. The frame & is movine with g speed v = 0.8 ¢ (where c =
speed of lipght) What will be the lensth of that obyect with respect to the frame S 7
Explam trmeditahion. 243

{f) Write dovwn Powsawilles equation for the flow of laud throuzh a capillary mbe What 15

Rewmolds mimber 7 Wrte down 15 siomificance 2+1+2
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DSE 4 - C
(Astronomy and Astrophysics)

L Answer any siv questions 2x6=]2

(a) The apparent magniude of the full moon 15 —1273 and that of venus s 422 Caleulate
their bnghmass rato:

(b) What are the differences between absorphon and-emussion spectra of stars 7
{c) Whar are solar flares 7 What 15 the source of energy m solar flarss 7
(d) Dhstnowish between an evolving and a steady-state univesse.

fe} What 1z the resolving powsr of a 20 m telescope if observaton are made at

»=330nm
{f) State the importance of cosmic backsround mdiahon

(2} Draw black body radianon curves for an object with mean temperatures T, T, and T,
respectively, such thaet T, = T. > T,

(h) State the vinal theorem and discuss s importance.
(1) Tast three common feamras of terrestrial and jovian plansts.

2. Answer anv four questons : Ixd=20
fa) What are cosmic abundances 7 The luminosty of a star 15 10 times of the lummosity of
the Sun Calculate the differences m thetr absoluie maomitudes 2%3

(b) Discuss the nebular modsl for the formation of the solar system 3

(¢} What is meant by circumpolar star * Explain when the sun would be cucumpolar. star
for observers located ar the South Pole 2+3

(d) State Hubble's law If the valus of the Hubblz constant s 70 kmn S M PC . estimate
the ape of the unrverse. 243

{2} What are sunspots 7 Why 15 the temperature of simspots Jower than ther surroundine ?
243

(f) Supposs that a supemova explosion takes place at the distance of proxima cemtun
(~ 3PC). its nminosity equals the lummosity of cur galaxy (~ 107 L,). Show that it
would appsdr as bright as sun  Take the absoluie magnitude of sun as 5 and 15 apparent
magniude as —27 3

(g8 Dsraw mass-radus graph for white dwarf stars and discuss the sigmificance of
Chandrasekhar miass homt 3+2
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(2)
DSE 4-D

(Nano Materials and Applications )

L Answer any six questions of the following Ix6=12

Ir'-l

{a)
(b)

e}

Whar 15 the diffsrence betnesn a quantum dot and quantum wire 7

Explam 1D, 2D and 3D panodtruciue=s

Show that the surface to volume mto of a nanopamicle 15 greater than that of the bulk
particle of the same matenal

(d) What do vou mean by XRD method.

(e Whar 13 CVD method 7 Draw the schemahc diagram of a graphens Iathice strucius

(£} How doss the size change affect the optical properties of nanoparticles 7

(g) What 15 the difference between the quasi-particles and real particles 7

(h) Mennon two apphcanons of mﬁdmuing__&:

(1} Why are the quantom dots identified-as attractive candidates to be-apphed for LED
devess 7

Answer any fotr guestions F=4=20

(2} Why band zap of nanomatenals mereases with size reduction ? How doss the density
of states (DOS) change wath the degree of confinement m low demensional matetinls 7

243

(b} Dhiscuss the advantages and basic principles of nanosensars 7 Discuss abowt the defecs
and mpimtiss it pAnoRTILCgES +2

(¢) What do vou mean by the top-down and bottom-up approaches of nanomatenal
synthesis 7 Give examples of each case. Compars the two approaches. 3+1+2

(d) Why optical microscope 1s not suitable for charactenzation of nanomatenals 7 Meation
the differenices between resolution and mapnification 243

e} Descobe the basic stuchure of quantum dot LED with surtable disgram 3

{f) Expldin the Coulomb bloeckads effert What conditions must be satisfied for this =ffect
to be observed 7 342

fz) Describe how energy bands are formed m a matenal ? How one can identity a

conductor. a semconductor and an msulator fromi the pednt of view of the band structurs
of the matenal 7 1+2
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