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BACHELOR OF SCIENCE (B. Sc.)

Term-End Examination

December, 2025
(PHYSICS)

PHE-13 : PHYSICS OF SOLIDS

Time : 2 Hours Maximum Marks : 50

Note : (i) All questions are  compulsory.

However, internal choices are given.
(it) You may use a calculator.

(iti) Symbols have their usual meanings.

(iv) The values of physical constants are

given at the end.

1. Attempt any five parts : 5x3=15

(a) Draw the First Brillouin Zone (FBZ) of

a 2-D rectangular reciprocal lattice.
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(b) Differentiate between the unit cell
characteristics of hexagonal and cubic

crystal lattices.

(c) State the properties of a metallic bond.

Give one example of this bond.

(d) Distinguish  between optical and
acoustic branches of the wuvs.k curve of

a linear diatomic chain.

(e) The ground state energy level for an
electron in a 1-D box i1s 10 eV. In which
energy level the electron has an energy

equal to 250 eV ?

() What 1s the critical magnetic field of a
superconductor ? Distinguish between

Type-I and Type-II superconductors.

(g) What are diamagnetic materials ? Give

two examples.

(h) What are nano-structures ? Why are
their properties different than their

bulk counterparts ?
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Attempt any two parts : 2%x5=10
(a) Prove that for a hexagonal close packed
(hcp) lattice, 5

c_ |8

a 3

(b) Write down the expression for the
geometric structure factor for an fcc
lattice and obtain the conditions
governing the structure factor. 5

(¢) The primitive translation vectors of a
lattice are :

—> A > A A > R
ay = 2ai, ag = 3ai + 2aj, ag = 3k

Determine the primitive translation
vectors in reciprocal lattice. 5
Attempt any one part : 1x5=5
(a) Derive an expression for the heat

capacity of a solid on the basis of

Debye’s theory. 5
(b) If the potential energy function is
expressed as 3+2
—-a
Ur)y=—+—=
7'6 7‘1
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(i) Calculate the  inter-molecular

distance (r,) for which the

e
potential energy is minimum.
(1) Show that the minimum potential

energy 1s given by,

2
—a
Umin = (4_1)]

4. Answer any two parts : 2x5=10

(a)

Obtain the expression for the built-in

potential (Vp;) in terms of the donor

and acceptor dopant concentrations for

a p-n junction. 5

(b) Calculate the density of energy states
with energy below 3 eV for electrons in

a metallic specimen. 5

(¢) Derive an expression for the Hall
coefficient. 5

5. Attempt any two parts : 2x5=10
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(a) With the help of a diagram, explain the
directional freezing technique of crystal

growth. 5

(b) What is a transducer ? Describe the
working of a polymer capacitor as a

humidity transducer. 1+4

(c) Calculate the magnetic moment of
magnetite (Fe304) in units of Bohr

magneton. 5

Physical constants :

h=6.62x10"*Js

N, =6.02 x10%3 mol !
e=1.6x10"2C

kp =1.38 x1023 Js

m, =9.1 x10731 kg
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PHE-13
fam Eaes (=i, Ta-H)
R EIGRCRIE |}
fegwT, 2025
(Wiferes famm)

U= E.-13 ;O v wifdent

gug ;2 §u2 SIfeHaH 37%F : 50

M (i) GH T ST &, g TR fadey 7T
TqE |
(ii) 379 HoFHIR HT I FT GHd & |
(iii) Fdihl & 3797 T 37 &1
(iv) sifae il & a7 37d 9 feg 713 &/

1. Tor=gl ufar 9M &1 g SHifST ; 5x3=15

(F)TH 2-D AR FchH STedsh H1 FoH
fsreqat & (FBZ) sTRfEd sifeg |
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(@) TEhIg AR T fohed STashl i Th
ShifsaaRTaT i fafemsedrsti # S sy |

(77) =fcaeh STEEd & TOTHH ST | $9 STE A &
Teh 3QTRLT ETSIT |

(%) fg-xmtvae: & g@e & w 9 k 9% H
TRt ST TR Tmensti § $Ta’ osy |

(%) Tsn-faita s | SoieeM & =IAaq &R i

Sl 1AM 10 eV ¥ g o1 T # e

1 et 250 eV B ?

(7)) et 1 wifdew Jreha & 5 A T ?
T&9-1 31X T&9-11 Sfderereh] § Sid oarsy |

(®) Wergrema el 2 ¥ 2 & S
ERi

() ¥ GT=AE . Bl € ? g OEH H
Loyt Teredf o T Y R R e ¥ 2
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2. Tafafea A9 fedi I sad wifSlw ;. 2x5=10

(%) fag =wifvw f& wewviEa gagfad  (hep)
eteh @ forg 5

c 8

a 3

(@) FCC Ve & A S0l Uk ol

o fafen SR 9= U & g faeifa

A 9T Ifqee g Shifs | 5
(1) TH HHEM STelsh & A9ST TR0 |iewl
frefefed € :

g A ~ A n
ap =2ai, ay = 3ai + 2aj, ag = 3k

T SO o A FGhH ek o AN

T wiget feifa swifsw ) 5

3. fweh weR Wi = T HITC 1x5=5
(%) feard fagra & TR W Sl &1 or-wifan

Py

1 sTeh cd It |
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(@) ferfas o1 wom &) feeq frefaa fean @

—-a b
Ur)=—+—=
7‘6 1"12

() 39 aU-STH U (r) I dfehferd

ity fogs fau feafas <t 1 o=

=FqH B |
(i) foag =iNT fF = fafas =t @@

2
=S U = (4;';] 2 3+2

4. Trefefed # 9 6=l &t &l g1 HIfSIT : 2x5=10
(%) p-n EfY & T g 3R U Awwes wgansd

% we § fafda fawa (V) &1 =9 9

IS | 5

(@) wifcas Ffaesl & SoieeHl & fad 3 eV ¥ &Y

Sl ool ol ST hl O Uehfold

hITSTT | 5
(7T) TS T[UITh 1 SSTeh U ohifeTl | 5
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5. frafafeadafefi A sa sifcie ;. 2x5=10

(%) 3@ &I FeEdl 9 foreea gfg =1 i

TeHTeR T dehviteh THSST | 5

(@) TESIER F1 T € ? 3Tl JHSIER & &9
¥ SgeTeh WS 1 H qHesy | 1+4

() IR HEH & e H HeEe (Fes04) H
T S0 IRERfAd i | 5

sifferen fremien :

h=6.62x107%* Js

N, =6.02 x10%2 mol !

e=1.6x10"19C

kp =1.38 x10" 22 Js

m, =9.1x10 31 kg

X X X XX
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