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Time Allotted: 2 Hours Fg&&&:

The question paper contains Section-A and Section-B. Candidate X
required to answer any one section from the swe sections a
should mention it clearly on the Answer Bo\

Y
SOLID STATE PHYSICS 7, j

,»»\KJ
GROUP-A / et/ wﬁk

1. Answer any five questions from the followm\ ./ 1x5=15

SECTION-A

fefefie @-ew 66 eiva Tea e
TADT P+ UIg THEDD! ITR a@m%
(a) What is a unit cell? 5; g
9T (P FIF A 2 : \Wﬂ{'

Unit cell & & ? Y . \

ttice T T3cT cubic cell f lattice points I T GISIE I |

onductor behaves as an insulator at

(11) — 273°C (ii1) 373 K (iv) None
b Rew SRS wwaE T I9RE IAE (@ SN ol 25
A 1) 273 K (i) — 273°C (iii) 373 K (iv) (FIEBIR 71
USeT =RET semiconductor & insulator SR SR 6, G+ ATIHHAT 2
(1) 273 K (i1) — 273°C (11) 373 K (iv) ?"‘T glg
(e) Draw the planes for Miller indices (100).
T 35 (100) 939 FBESH & 34

Miller indices(100) T plane &% & o PIer |
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(f) What is Meissner effect?

(R T F o
Meissner effect & & ?

(g) What are the basic causes of Paramagnetism?

FRNBIFICGA o Fiaeref & & ¢
Paramagnetism &7 F%E HRUEH & & &7 ?

(h) Define Packing fraction.

NI TR @ W | \%
Packing fraction & & ? &

X
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GROUP-B / fFeni-2 / a5 ’ \&
Answer any three questions from the fo wing\
feferfee @-cam o’ avw Tea wie

TeTeT P T THEDDT ITR
Derive Curie’s law of Paramagnetism from Langevin’s'theory.

TS ©F (AF RBIETE WEFE IR 7@ fo @‘
Langevin ®' Rigr< 2Ra Curie 71 P e T G |

What is Mobility? Establish a relatig*®gtWeen Conductivity and Mobility in an
D & ectrons and holes.

. . . 15
extrinsic semiconductor con

sifeRenet Ie1Ce F @i 2 8 (@ YRRl @3 weE SieEaRe sfFTe ¢
sifeMeTola 0H F=F 294 T4

Mobility & & ? Elec n\@ holes g% U TIT extrinsic semiconductor HT
Conductivity'ﬂﬁ'Mdhﬂ ty, TSI T G |
»

Geomettical structure factor & & ? Geometrical structure factor @1 TwEHT
atteting amplitude TR0 GISJEN |

What is phonon? Derive an expression for the momentum and energy of phonon.

i 5 ¢ cEpreTCeTa el @ e e fRefy <)
Phonon & & ? TIET Phonon &' momentum 3ff ISifepT araraier GIIe |

Draw and discuss B-H curve. Explain hysteresis and energy loss in terms of B-H
curve.

B-H I 9%q 39 ¥} Wb 91 B-H Fiteq ~fefFre Resttm ¢ =fewy
TG 4|

%3 =5

23

243

1+4

k141




UG/CBCS/B.Sc./Programme/6th Sem./Physics/PHYSPDSE2/2023

B-H curve ®1& Ui T | B-H curve T T=AT hysteresis 31 energy loss @1
o e |

GROUP-C / fFetal-ot / s@-T

Answer any fwo questions from the following

Ffafe @-Fm 76 emm e we
TeTepT P GE THEOD! STR CTCIE N

7. (a) What do you mean by dielectric polarisation and dipole moment?

10x2 =20

oA foes el @ faraee @ 3es R G 2 @
Dielectric polarisation 31 dipole moment H=iTeT & gf3F+8 ? &

(b) Explain how the dielectric constant of a ferroelectric crystal 8@ 3+2+3
temperature. Name two ferroelectric materials. What are the appli&
ferroelectric materials?

AR @R SRARET & Sy WE e AR | T4
ﬁmwmmwnmwmmﬁmw

P o7

8. (a) What is the Hall coefficient? Shqw that 0 type semiconductor the Hall
coefficient Ry is given by R, =

WWWW9@W@;:—W T T oE T R, —%
Hall coeﬁicient Fa? e semiconductor @I AT Hall coefficient
R, a‘fﬁ:ff g7
/00\
(b) What are Brillouin zh&es?’\
et cote T >
Brillouin 2 ne%, 1?

yeis T>-law. Discuss the limitations of Debye-model.

9 7afog W@ wie | TR WerER FREe! Wt 9|
327 9ATSHEINT | Debye model P HHT TASTRI |

a) What are superconductors?
- eI 3 0 2
Superconductors & §1 ?
(b) Derive London equation and define penetration depth.
TG FAST W98 T G (AL SO TR W |
London 3T S=1a¥9 @Ie< penetration depth T gfTaT R8N |

(c) Defing D
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(¢) Derive the acoustical and optical mode of vibration for one dimensional diatomic 5
lattice.

GG -2 Fer /N T g3 S FIFE I Wi Fe )

T 3MATIe diatomic lattice @7 3T acoustical and optical mode T HFI=DT
FHIEPRUT TSR |

10.(a) What do you mean by lattice and basis? 2
# @ @Fw 2w & @R &

Lattice 31 basis W1t & 33w ? @

(b) Calculate the radius of SC, BCC and FCC lattice structures. & 5
SC, BCC @& FCC #ifbea piiieda e faefy w1 c»Q
SC, BCC 31 FCC lattice structure 2T ST6eT ToIeI | § \

(c) Calculate the interplanar spacing for a (321) plane in a simple cubic 1 whose 3
lattice constant is 4.2x107'" m

9= e WP @EH TR vmm £ AN 4.2
GG YA W ey 327

T3 4.2x107'% m lattice constant WU c
interplanar spacing @' AT @WISIEN |

CO

\; SECTION-B
& M MECHANICS

UP-A!ﬁVSWI T/ WD
1 Answer any five om the following: 1x5=35
fasfere ®- E@a was
ERkich sr
(a) Is (i) d (i) w =L e* are acceptable wave functions?

(@ﬁ x® (i) =3 “aﬁww@ﬁsm_?
i) @ =ax® 31 (i) l,(/=—g-e'b fBRf wave function & ?

(b) Find whether the operators 4 =3x> and B =% commute or not? Why?
TrafRe Pt 96 4=3x7 @<k =:x AEiCaR A IHCS I3 F 9 IR v

g8 operators A=3x% Ffy §=i commute TE BT T T GIoJarT ? 7 2

&
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2
(¢) The eigenfunction corresponding to the operator 4 = %5 is ¥ =ae>*, Find the

eigenvalue.

”=-a‘l;5- A e SRt wrorma %y = ae 2 | wiRpw WD fe

2
USCT operator 4 = g;z— @ eigenfunction y = ge™>* Wﬂrﬂ?ﬁeigcnvalue @ﬁsﬁm

(d) What is the energy of a 1-D harmonic oscillator for its n-th quantum state? 6
4 GG 901 (R 1B DI Wz T 7 9
n-th quantum state AT 1-D harmonic oscillator @Y Fsif By FO? K@

(e) Define probability current density. 3 0
FERS! 2RI T TG WG | \ .

Probability current density TR g | \/

(f) What is Larmor precession?

A ferrem e B @R o

Larmor & precession &% & ? |
(8) Find the value of L, 5, J for the atomic state 25,,. @
28, *irerierRes e e 7, s,J-mmwﬁ-ﬁrw\\

USET 28y, atomic state @ AT L, 5, J @1

(h) What is the degeneracy of n-th state of drogeh atom?
QROBITE T 793 BLaw Ty won .
Hydrogen 37U[@ n-th state &t degei’ HE?

-B / Rett-4/ T9g-w
Ansy } Pt ’ ?e questions from the following 5x3=15
IS (-1 o5 e Tea whe
. Qa?ﬁr P dIF THEwDT ITR eiETERT
2. (a) What do y y normalisation of wave function? 2
T WS I @RI 9
, SMiinction BT normalisation ¥=ret % 2 ?
(b) N lise the following wave function 3
w(x) =4sin") |, 0<x<a
=80 , outside
[BEIGIECACEE A e Soines F|
px) = Asin(faf) , V€x<n
S RINCE B
6106 5 Turn Over




UG/CBCS/B.Sc./Programme/6th Sem./Physics/PHYSPDSE2/2023

f&3T®T wave function &T$ normalise TeT

X
w(x) =Asin(7) , O<x<a
=0 , outside
3. (a) What is a Hermitian operator? Prove that every eigenvalue of a Hermitian 3

operator is real.

RN 9AEET I0e J @RI ¢ 299 39 (@ 93 LFRENE SEsEe et

SR A | '
Hermitian operator & & ? Hermitian operator @' S9®! eigenvalue aaI® R

T ST e |
(b) Show that two eigen functions of a Hermitian operator belonging to different 2
eigen values are orthogonal.
-
2w 39 (@ PR SR o iR Ao 4 g ww\
e SrdieeE 2
UJeT Hermitian operator &' Y= eigen values fa gwafoyd gﬁ eigen fufiction 6

orthogonal &8 ¥ FEEN |

4. A particle of energy E <V, is incident from the lef tential step of the 5
form
V= {0 for x<0 \\

V, for x>0

Obtain an expression for the transmis: i0
E<V, *fen o= =1 ST RTINS TR RS Potential step-aw Tow
wioife® 27|

ee edrEs
Q3cT E<V,

&
or x>0
T ' coefficient @ expression @ﬁﬁﬂ |
ta Zauli’s exclusion principle. 2
e Aite I 41
Pauli @' exclusion &I g ST |

(b) Explain how Pauli’s exclusion principle assists in the interpretation of the 3
periodic table.

PifaefCe GRE A1 T ~TfR S7REE A Fe ALY I@ © I 741
Periodic table T ITEIT AT Pauli 3T exclusion principle of TRY T&EINT T 2 qui

TR
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6. Using quantum theory, explain normal Zeeman effect.
PRI ©F &AMt 7fieT Zeeman effect 171 3411
Quantum theory %! W8NS normal Zeeman effect Y g THERT |

GROUP-C / mepi-at / weg-r
Answer any two questions from the following

e @-@ W 7 eniw Sea we
AT Pt 3¢ THEHDT ITN SIGTERT

7. (a) What is position-momentum uncertainty principle? Write down one application

10x2=20

@

of it. \
TE SRR SlsToR OGS B 9 @7 G el o | 0% :
Position-momentum uncertainty principle % & ? TP 7 TSeT SUANT Y
(®) If % and p are position and momentum operators, show that [, ﬁ2]=2i ) 4
AR &8 p TN T @ A TS T, e @ [, ff@ |
X 3 p IR position 3 momentum operator Y [£, p ihp &B 9
g &~
(¢) A beam of identical particles going in the x-directi \presented by the wave 3
function y(x, r) = 4" P*E)  Calculate s bability current density.
x FE wifen PR awf R et w9 AR v e T e
FAIR y(x, 1) = 4" PE | @7 gyl Mﬂﬁwg a2
USCT x-direction % TEWEHT bea (TR (%, 1) = A PE) yave function o
ST Gib7 | TSI probability Gurrent density GIGIENT |
8. (a) Derive the expression for @alised wave functions of a particle confined in 4
a one dimensional bo ¥
o eTFaEE TR THAREE w7 wroma AR f w1
R 90! U@ normalised wave function & Getewur
(b) Find, bily that a particle in one dimensional box of length L can be 1+1+1

tWeen 0.4 L and 0.6 L (i) for the ground state, (ii) for the first excited
¥ 93T TGS AT ST T 0.4 7 € 0.6 L-49 W&y AT @] ey 77
) R, (ii) 2w Srafere @, (jii) e Srafere W)

U3 0.4 L 3Ry 0.6 L B a1€ wwar 1D TGH TIST FUATE UeT Qi
probability TSEN ;

(i) Ground state &T ff2g

(ii) First excited state
(1i1) Second excited state
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(¢) Explain why the minimum energy for a particle in a box cannot be zero. 3
GFNIAE A WRG FNA (g FE e =fese A [0 O 2R 7 — TGt 341
TIET ATHET WUEBT HUD B § P I febeT I G A 7

9. (a) Write down the Schrédinger’s equation for hydrogen atom in spherical polar 2
coordinates.

CTRIT (IR AR QR@EH R CFea el ZFeEHn @

Spherical polar coordinate T hydrogen 3T ffF Schrodinger @I HHidwwr %
SRR | {
(b) What are the quantum numbers for the hydrogen atom? What values can

quantum numbers assume?

ZIRTEITE SIHCE G (SO wraRef i Fi o oo wawiEe W

T3eT hydrogen 310! A quantum number &6 & & &1 ? 4T number a4
for T @ ? %

(c) Explain the term degeneracy. 2
ereaicaf *=f T F31 @
Degeneracy @1 U Terq |

(d) Discuss about the zero point energy of line lator. 2
9% AR (TR Al s Gwifer e
Linear harmonic oscillator @7 zefo poing qui ﬂiﬁrxﬂ[l

10. Describe Stern-Gerlach e;g,perlm th necessary theory. Can Stern-Gerlach 8+2

experiment be performed ions rather than neutral atoms?

*Fwl 3t T2 FrE-sRETE A= &
4l 7§ ¢

X
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