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Question No. 1 is compulsory and answer any fwo from the rest

SR Pl SRMTF @3 T @ (ATF (- 76 2T Ted wie

I. Answer any ten questions from the following: 2x10 =20
feafere @-ieal 7if5 elteia Teq wies

(a) Amorphous solids are isotropic but crystalline solids are not. Explain.

Sfere Ffow omidf TS (isotropic) € @FEMIFR I smigf o 771 A
M

(b) What are ferromagnetic domains?
SRICHIFT ‘(O (ferromagnetic domain) 1 9

(c) Distinguish between polar and nonpolar dielectrics. Give examples.

GRERS! (polar) @R SICIERS! (nonpolar) SEFF (dielectric) *micda #Nefdy ot
TN TriRgd S|

(d) What do you mean by critical temperature and critical field of a superconductor?

wfeoifFI2% W6 Tl (critical temperature) € IRFG (Fq @@ (critical field)
e F @I 2

(e) Draw energy level diagrams for p-type and n-type semiconductors.

p @4 e n i wEfRRE =fewEm by i

() The primitive translation vectors of a two dimensional lattice are & =2/ and
b =i — j. Determine its reciprocal lattice.

@i fewifes siba-9 (e e (@Fa%fel (primitive translation vectors) Z&
a=2i @R b=i- 1 a7 R - (reciprocal lattice) e Tt

(g) The interplanar spacing between a set of parallel planes in NaCl crystal is 2.82A.
The first order Bragg reflection occurs at an angle of 10°. What is the wavelength
of the X-rays used?
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NaCl e G TEIE OrER S@eey 17g 2.82A1 22 TR qist elfowe
B2 10° @I | JIZe GF-ARE ST F© 9

Calculate the effective number of lattice points per unit cell in a bee structure.

bee WO 2fS @FF @I (unit cell) F RWF (lattice points) FEF IR el
I

Write down the Maxwell-Boltzmann distribution law. Define each symbol that
you use.

IS QLTI IGT @I | (O e 2ifSfl &l IReiRie wel|

An insulator has an optical absorption for all wavelengths shorter than 1800A.
Find the width of the forbidden energy band for this insulator.

[h=6.63x107*Js].

@36 wege ML 1800A-93 T Fhe OO Gl SERIT N KB €3
wsraqd fofim =& #f%7 (forbidden energy band) @4 (width) e S

What is Bohr magneton?
(@ 9B (Bohr magneton) 1 9

The dispersion relation of phonons in a monatomic linear lattice is given by

o (k) =w,|sin (k—za)|, where a is the lattice spacing. Show that the dispersion
curve «(k)meets normally Brillouin zone boundary at k =Z.
&6 q@imNge WRE wi-q ‘N -aq [ogd 71 =1 w(k) = o, |sin ()],

@A ¢ 25 i3 wag (Lattice spacing) | (e (@ f{oggel @14 (k) &eeml o=ee
(Brillouin zone) ST, k = Z® wfeeTgel ffTe 2

In a drop of water of radius 10°m, the molecular dipoles are pointing in the
Y p p g

same direction. If the dipole moment of the water molecule is 6x107° Cm,
calculate the polarization.

10°m IPMER @Fh s @O e faemeefe (molecular dipoles @33
e e Sz T Ted S9F e 6x 1070 Cm 2, OIRE @3 G
(polarization) foefe s

How does the specific heat of a crystalline solid (insulator) depend on its
temperature 7 (when T is low) within (a) Einstein model and (b) Debye model?

FEATIIR (STF) Tl 7 Ao w7l 67 Taeel 7-97 Tofg (I T )
Frei e T3 7t (a) W2 T 8 (b) fTAiT we 727 F41 27 2

Plot the magnetic susceptibility of a paramagnet as a function of its temperature.
G 2RIGIE GIFF 20T €7 TR S AN #74oeg o= el |

Define a crystal lattice. What is a primitive cell? Is it unique?

AR FOA-9F ke @Al v @& (primitive cell) F1 2 @6 & o
(unique) ?

Plot resistivity of a normal metal and that of a superconductor as functions of
temperature 7.

@ AL 4 ¢ G SeARRIZ @iE TIes! 7-97 7= @Tba S|
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(c) What is Meissner effect? Plot magnetization of a type I superconductor as a
function of the applied magnetic field. Mark the critical field.
AN @ F 9 Bize-1 wfei7a2ld GITFe (magnetization) 2T& GIFF (F(AT
(S 20 EbcE S| P06 (% @RET (critical field) Hizse w

3. (a) For a monatomic linear lattice of lattice spacing a, the phonon dispersion relation
is given by @ = @), | sin (k—za) |. Find @ (k)as k — 0. Hence find the velocity of the
wave.

GFHRIF @RF wifbe, TR it waw (lattice spacing) a, ‘CFIFw [{vggel 7oR=E 251
®=a,|sin (A1 k — 0 T @ (k) P T @I e @0 @ e et

(b) How do the acoustic and optical branches of phonon dispersion differ in case of a
linear diatomic lattice? Why is the acoustic branch named so?

fevawige @RE TtF-a Fie Regaeed spwtos” (acoustic) € “eAbIE
(optical) =B 2N Ft 9 SHIFHTF” * N Tegdo! MAFACE Fi7el F 9
(c) (i) Define Miller indices of a plane in a crystal.
(IR (P O {EIF Ipeea el wie |

(i) Show that for a simple cubic lattice d,, :d,,, : d,,, = V6 :4/3 :4/2, where d,,
is the separation between adjacent (hkl) Parallel planes.

G T TIPS ST CFC WS dy, : d,, 2 dy,, =6 :4/3:42 @AE 4,
2a1 #APNATR (hkl) ST e fewd v |

4. (a) Write down the form of the potential used in the Kronig-Penny model. Sketch the
potential. Hence form the Schrodinger equation for finding the electronic energy.
Gerifasl-cofe (Kronig-Penny) Woel-9 Jaze FEfexife o SiwEf @l ate
Efog T e @A (AF TR #fE iR T o oA @ifae
TR NG FCAN

(b) Plot magnetization as a function of the applied magnetic field for a ferromagnet
above its Curie temperature.

P TG TR (FICA SACHIHEE (BT (magnetization) TS BIFF (F(II A
el »f=foe & @Tfog de s
(¢) The relative permittivity of argon at 0°C and one atmosphere is £, =1.000435.

Calculate the electronic polarizability of argon atom. Give, &, =8.854x107'%SI
units.

0°C Twol &Wd IS Bitel SRACE WA ofberenel (permittivity)
£, =1.000435 | SR AT FEFEAR (REAS®! (electronic polarizability) fae
FE | ATE, £, =8.854x 1072 G IR G|

5. (a) What is the origin of paramagnetism? Explain, why the inert gases do not exhibit
paramagnetism.

FRIGTTFCRA TG Fei@ 96 ¢ WiEr e @ *RicTee AR =, [ FE@i
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A paramagnetic material has 10%* atoms/ m’ . The magnetic moment of each atom

is 1.8x107 Am’. Calculate the paramagnetic susceptibility at room temperature
(300K). If a bar 0.1m long and lcm” cross-section, constructed from this material,

is placed in a field 8x10* A/m , determine its dipole moment.

@I RS omied efo TR 102 7w Sitz| AtoF AR G e
1.8x10%Am? | W& SoR (300K) «@F RIS @=99® (paramagnetic
susceptibility) f45 @ 0.1m € lem® 2w @3 we I @3 smid facw o
T 2 O@ 8x10* A/m 2RI (BIFF (F(T 87 (BIFF AP PO 2(J 9

What are the basic assumptions in Einstein’s theory of specific heat of a solid?
What is the major drawback of this theory?

1o S AT Oi7 FEIE SEPHIRCR ©Cgd o T F F 9 9 e
I @ F 9

N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp
to their own respective colleges on the same day / date of examination within 1 hour after
end of exam. University / College authorities will not be held responsible for wrong
submission (at in proper address). Students are strongly advised not to submit multiple
copies of the same answer script.
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