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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination

December, 2014

PHYSICS
PHE-13 : PHYSICS OF SOLIDS

Time : 2 hours Maximum Marks : 50

Note : All questions are compulsory. However, internal
choices are given. You may use log tables or
non-programmable calculators. Symbols have their
usual meanings. The values of physical constants

are given at the end.

1. Attempt any five parts : 5x3=15

(a) The diamond crystal structure has the cube
edge of 3-56A. Calculate the distance
between the nearest neighbours and the
number of atoms in a unit cell.

(b) Draw the first Brillouin zone for the 2-D
oblique reciprocal lattice.

(¢) Compare ionic and metallic bonds. Give one
example of each.
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(d) State Meissner effect.

(e) Draw the energy band diagram of a
p-n  junction in thermal equilibrium,

labelling the various energy levels.

(f) Explain the concept of domains in a

ferroelectric material.

(g) What are nano structures ? Why are their
band structures different from those of bulk

materials ?

2. Attempt any two parts : 2x5=10

(a) Prove that the reciprocal lattice of bec is an

fee structure. 5

(b) The first order (100) reflection angle is 18°
for a cubic crystal using X-rays of
wavelength A =1-54 A. Determine the
distance between the (100) planes and the
(111) planes of the crystal. 5

(¢) The lattice constant of an fcc lattice is
6-38 A. Calculate (i) the distance between a
corner atom at the base and the atom at the
centre of the top face, and (ii) the largest
distance between two atoms in the cubic
cell. 243
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3. Attempt any one part : Ix5=5

(a)

(b)

(a)

(b)

(c)

Derive the dispersion relation for a chain of
identical atoms. 5
The interatomic spacing of a 1-D lattice of
atoms of mass 50 x 10727 kg is 4-0 A. The
force constant is 2-:0 x 102 Nm™L. Calculate
the maximum frequency which can be
supported by this lattice. 5

Attempt any two parts : 2x5=10

Starting with 1-D Schrodinger equation,
derive the expression for the energy of an
electron confined in a 1-D box. 5

For a 2-D square lattice of side 0-02 A,
calculate the momentum of electron
corresponding to the boundary of the first
Brillouin zone. 5
What is superconductivity' ? Explain type-I
and type-II superconductors with the help of
an appropriate diagram. 5

5. Attempt any two parts : 2x5=10

(a)

PHE-13

0% boron

A silicon crystal with doping of 1
atoms per em? is required. For initial silicon
melt load of 60 kg, calculate the mass of
boron added. Assume that the value of k,
remains constant throughout the growth
process. Take the density of silicon in melt
as 2-563 g em™3. It is given that atomic weight

of boron = 10-8 u. 5
3 P.T.O.



(b)

(e

Explain liquid phase epitaxy technique of
crystal growth.

A transformer core of volume 0-01 m? is

wound with a coil carrying AC at a
frequency 50 Hz. Assuming magnetisation to
be uniform throughout the core volume,
calculate the hysteresis loss. The hysteresis
loop has an area of 60,000 units when the
axes are drawn in units of 10°¢ Wb m™2 and
102Am™.

Physical constants :
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h =662 x 10734 Js

Ny = 6:02 x 1023 mol ™
e=16x10"1C
kp=138x 102 JK!

m, =91x 107! kg



¥t.ee.3.-13

fore e (sfht.ww )
e g
fea=r, 2014

wifas fagm
.0 8.-13 : g sraean Wifadhr

Y : 2 g2 SBT3 : 50

Z: T 37 FREAE &, frg st ey Ry g §
1Y T TR SroaT ITATHT Fegeiet] &1 5T
F GHEa 8 | B & 97 g st § 1 i
Tl & 517 37q & R g §

1. % g 9 5 FIRC 5%3=15

(%) e Trest G #§ 9 % HR A TEE
356 A | fashean wfoaeft womuedt % v gf
qAT Thh RIGHI H THA! 6l T gRenferd
o |

(@) Tk 2-D e sgehm e % fore wom foregan
&3 Mfad Fifdm |

(M) R v wifcie el ) gem AT |
Y% THER F AEY H CHIF  IE
IS

PHE-13 5 P.T.O.



(9) HIFER J919 s e T |

(¥) arffr G ® p-n R H S S M@
difvu | ffte oot =l o fafea i |

(3) ire-frgg et # wa i Hehed1 FHFET |

(8) FawEm w0 g ¥ 2 T T FEA T
Ty el geEedl @ v = gl ¥ 2

2. HE g 9 ' fINT 2x5=10

(=) fag AR % o HET T (bee) T H
S[eHE et GTEAT, Herh hid A (feo)
B 2 | 5

(@) & T e ¥ Y A = 154 A TR %
XA @1 SR HE W (100) 1 TAH B
fyads 0 18° ¥ | T fhwa ¥ (100) 3N
(111) Guaett & e i il whefea Ffdw 1 5

(71) TH el Higd TAE (fee) SR HI ST
o 638 A 3 | @R T Ffew °
G) e (eMER) werh % B F AT 3N
S0 Foreh o Hed § oo vy & ot B gl
3R (i) o e # s g W Q
et % e < g e it | 243

PHE-13 6



3.

4.

5.

HE TF W BA T Ix5=5

(%) TH & THR & WA H @ Sgaen & R
TRET TRy e T | 5
(@) 50 x 10727 kg oMM I wANRT & &
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(@) firea gfg # ga wEen IRAET THA
sy | 5

() 0-01 m3 T F TH FTHHE HE R TH
Feeh fadt g ¥, fd 50 Hz emqfa e
SearEd Ut AR | W | R S I §
ThEaH g W e e g aReferd
it | e T W SF%A 60,000 THE ¢,
afs s B @E 10* Wb m 3
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h =662 x 10734 Js

Nj =6-02 x 1023 mol™
e=16x10"1°C
kp=138x 108 JK™

m, =9-1x 1073 kg
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