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SOLID STATE PHYSICS

Time Allotted: 2 Hours Full Marks: 40

The figures in the margin indicate Sull marks. 25 M vy ot PV [ I
Candidates should answer in their own words el [Fre SR I T VR Vo
and adhere to the word limit as practicable. Sav sfara

Question No. 1 is compulsory and answer any mwo from the rest
3% et Wi e o e s cucat #f% emara Baa we
1. Answer any ten questions from the following: 2x10 =20
frfefRe @-cret pof eicen ag we:

(a) A crystal plane makes intercepts of 1, 2, and 0.5 A on the crystallographic axes of

a simple cubic crystals with a:b:c=1:]:1. Determine the Miller indices of this
plane.

a3 T I @R (a:b:c=1:1:1) @FAR-TBET @A @ o
C=WOIR™ (intercepts) 271 T 1, 2 @ 0.5 A1 6% wrora fiom peefn ol an
(b) Show how to construct the first Brillouin zone for a square lattice.

a3 2fPf® afbs-aa eww Gremal @@ (Brillouin zone) ¥R 3% @21 7Y ¥
8|
(c) Why X-rays are useful in observing the crystal diffraction?
(ARSI TR ) Q-2 @ Tofeard 9
(d) How is dielectric constant related to electric susceptibility?
"RANET 87 Frena wfe erverm 7 i 9
(e) Find the dimension of atomic polarizability.
ARIAE F2 Mo (atomic polarizability)-«€2 Tra fadfy zrar
(f) What is phonon?
@A H 9
(g) What do you mean by an intrinsic semiconductor and an extrinsic semiconductor?
RN (intrinsic) WEfarE) @ »zdy (extrinsic) S&»fzar%) zore & man ?
(h) What do you mean by a ‘hole’?
‘CRIE IS N Q@A 2
() Mention the main structural characteristics of crystalline solids.
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(j) What is a unit cell?
%% @ (unit cell) F ?
(k) State Bragg’s law of diffraction.
-9 IS @ S I
(I) What is the ferromagnetic Curie temperature?
SITHTEF (ferromagnetic) FE Taet F 7
(m) Draw a typical hysteresis curve for a ferromagnetic substance.
@%b STACHTEF (ferromagnetic) AR T “ESEE' (hysteresis) @ el
(n) The primitive translation vectors of a two dimensional lattice are @ =2 +}' and
b= 3j . Determine its reciprocal lattice.
@ faafae wpfa-ga Gfe 7 e320f (primitive translation vectors) ¥
a=2+j @& b=3j 1 a2 favfe and=-N (reciprocal lattice) e &tan
(o) State Dulong-Petit law.
ware-cAfS Sqafb fage @

-

2. (a) Show that the reciprocal lattice vector G 1s normal to the plane (hkl). 3
me @, ReRe-wns ceda (reciprocal lattice vector) G 59 (hkl) S0 Bo@ w1

(b) Deduce the phonon dispersion relation for a lincar monoatomic chain using the 4
mass-spring model.

AT QTN FW (lincar monoatomic chain)-4% ) B o Fer.gz wfsaw
AR I (I Fvgze 7@ (dispersion relation) e @7an)

(c) What is diamagnetism? Why diamagnetic materials have negative magnetic 1+2
susceptibility?

foardraay i 2 CACHTR *MIda G 239 < W @ 2

3. (a) Determine the inter-planar spacing for a simple cubic lattice with lattice constant 3
1.8 A for (110) planes and (111) planes, respectively.

@A e gl ibH-93 aNbH-42% 1.8 A 2 TS (110) To9z € (111)

THHYLZA T WSEA 2y fadfy @
(b) Draw typical dispersion curves for acoustic and optical phonons for ¢ — 0 ig one 3
dimension.
GFAT (W ¢ —0-93 TN WIFHE ¢ WAl @FES-g7 wel g
@iba it
(¢) The magnetic field strength in a piece of metal 1s 10° A/m. Find the flux density 4

(B) and the magnetization (M) i the metal Assume that the magnetic
susceptibility of the metal is - 0.5x107° .

I MIGLS BTFe CHILR® 10° A/m 1 €2 MY FIH-¥TY (5) © 7= (M) Ffn
I AR e WG BT @aErst —0.5x107 |
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a) A potassium crystal has a body-centered-cubic (bcc) lattice where each unit cell
contains two K atoms. Density of K is 0.856 g/cm’ and its atomic weight is 39.1.
Calculate the lattice constant.

IR (T IR (R-F T TP (bee) T 9 @toe G @IeT SR
¥ F@ K ) K-93 9% 0.856 g/em’ @R ARWIRT 9% 39.1 1 A-<< b

ffa T

(b) Derive an expression for the temperature dependence of the paramagnetic
susceptibility using the quantum theory.

Tarola B ~AITES Wi BTes @Reet el fea 36 o FfE fady s
(c) What do you mean by a forbidden energy gap?
faf¥m =& S=ee1 (forbidden energy gap) 6700 S (I 2

5. (a) Explain with the help of energy band diagrams the difference between metals and

insulators.

*f&-if6 (energy band)-«3 f6raa AW AN @ TAFT 2Ny T FERM

(b) Find the specific heat of a solid following Dulong and Petit. State the assumptions

made in Einstein’s theory of specific heat of a solid.
TR e CIf65-a SpRet R omiedy SeefEre et fAdfy s dw swmicd
AT O TP SZF012-97 O el Ky et

(c) State Curie-Weiss law for ferromagnetism. Hence plot the ferromagnetic
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susceptibility as a function of (7 — Tc)‘1 for T>T,.

SECSTEFOR $fE-Oi% W Rye Tl 9 RE 7'>7,-93 & (T-T,)"'-a7
owS IR SACHIES addeld @b it

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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