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

o
‘wEral meas afdfn: e
UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 6th Semester Examination, 2023

DSE1/2/3-P2-PHYSICS

Time Allotted: 2 Hours Full Marks: 40

The question paper contains Section-A and Section-B. Candidates are
required to answer any one section from the two sections and they
should mention it clearly on the Answer Book.

SECTION-A
SOLID STATE PHYSICS

GROUP-A / [R@15-% / 9B

1. Answer any five questions from the following: Ix5=5
faferiie @-M 5l et Tex wies
TTeTehT i UTd FHEReD] ITIN BN |

(a) What is a unit cell?
GFF T I A 2
Unit cell & & ?
(b) What do you mean by Curie temperature?
TR O’ wice F @R 9
Curie temperature & &5 ?
(c) Find the number of lattice points in the cubic cell of F.C.C.-lattice.
F.C.C FACR @36 I0PR (I Tifoa R w2t ey 3401
T3eT F.C.C. lattice 3T ST cubic cell ¥ lattice points PT AT TIeIe |

(d) A pure semiconductor behaves as an insulator at

(1) 273 K (ii) — 273°C (iii) 373 K (iv) None

O Rem TR S T© 929 FAE@ @ O ©f 26

(i) 273 K (if) — 273°C (iii) 373 K (iv) CRIFBIE 7

T3 AET semiconductor of insulator ST IER T8, T TATAHHAT ?

(i) 273 K (if) — 273°C (iii) 373 K (iv) T &g
(e) Draw the planes for Miller indices (100).

TR 316 (100) @34 FEIEToe OF 1

Miller indices (100) @ plane &6 & o @ ﬂg 9 |

6106 1 Turn Over



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

®

(g)

(h)
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What is Meissner effect?

AR aFs F 9
Meissner effect & &l ?

What are the basic causes of Paramagnetism?

AANBIIIGA o1 Petefer [ 7 9
Paramagnetism T JY HRUEH HdH 817

Define Packing fraction.
7R I TR wie |
Packing fraction & &l ?

GROUP-B / Rei-4/ g

Answer any three questions from the following
Fwfeiie @-@m oo s Tea wie
TeTehT i I FHEwDT STR eI

Derive Curie’s law of Paramagnetism from Langevin’s theory.

R 0 (A0 “RIGTTFY K€ PR 4 el 11
Langevin @ g <R Curie ®T Paramagnetism & AT Eﬁﬂ%ﬁ? |

What is Mobility? Establish a relation between Conductivity and Mobility in an
extrinsic semiconductor containing both electrons and holes.

sfeReTo! 9610 & @RI 9 SEET € @ (RPN @6 STww WERAIEE R @
S SNTOI N2 T F R T4

Mobility & & ? Electron 317 holes gér NPT TIET extrinsic semiconductor T
Conductivity 37f Mobility HTSTe! T GoIeN |

Define Geometrical structure factor. Obtain an expression for the scattering
amplitude in terms of Geometrical structure factor.

wWRfeT 409 IR W@ we| wifes Ao wEE oARefFee [Rowed
SE B SreR A e w1

Geometrical structure factor & 8 ? Geometrical structure factor I TrayHT
scattering amplitude FHHRU WSIE |

What is phonon? Derive an expression for the momentum and energy of phonon.
@I F ¢ @I a8 *feq afme W 591
Phonon @& & ? U3CT Phonon & momentum 3T It ararier Tsﬂﬂ%ﬁ?? |

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

B-H 3¢ 9% 9 @R Ebal 761 B-H Ficed “fRefrre Reskbe ¢ *fewy
T 1

5x3 =15

2+3

2+3

1+4
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7. (a)

(b)

8. (a)

(b)

(c)

9. (a)

(b)
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B-H curve ®I quie ? ﬂg 3T | B-H curve @I G- hysteresis 31T energy loss @1
U TR |

GROUP-C / qetol-st / w1

Answer any ftwo questions from the following
fefefde -9 70 amiF Ted wis
Tl Pri G5 UHEHD] IR ICTE

What do you mean by dielectric polarisation and dipole moment?

ARNIPOF Grerae ¢ e A @1 & @[l 9
Dielectric polarisation 31T dipole moment T=TTet & §|ﬁ-3l:'€sf ?
Explain how the dielectric constant of a ferroelectric crystal varies with

temperature. Name two ferroelectric materials. What are the applications of
ferroelectric materials?

FRREES @E0R "RiEpes &< srpiak 7 [Foir ke =1 i 39
T EFERIEEAET Wi AN 9| @FEIEEET Wil e & o

TSl ferroelectric crystal @7 dielectric constant AMIHARTT HART Fafolrs, qui
e | P g3 ferroelectric UaTeiEme! M faIeRT | Ferroelectric YaTeigwmed! SUTNT
HPHBA?

What is the Hall coefficient? Show that for a p-type semiconductor the Hall
coefficient Ry is given by R, = % .
T @AF IS A 2 WAS @ p-5i2e SR &) 21 @ell® = R, :ﬁ

Hall coefficient & & ? TSel p-type semiconductor @I fAfid Hall coefficient
R, :ﬁ of faee w1 JeIfore eIy |

What are Brillouin zones?

TRl (&l I e 9

Brillouin zone & g17?

Define Debye’s T*-law. Discuss the limitations of Debye-model.
31293 T° saiba kel wie | G2 qrecer Aaars! ScEtbl 741
Debye @1 T° f4a9 El?l'lt-!fl}ﬁ?? | Debye model @7 4T El?lﬁﬂ%ﬁ?? I

What are superconductors?
RICKIESIEE (e (G

Superconductors & g7

Derive London equation and define penetration depth.

T TN T 9 @R (AT SreeiR KTl Wi |
London &1 FHIERUT WIS penetration depth BT GRS ﬁﬂ%ﬁ? |

10x2 =20
2
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(c) Derive the acoustical and optical mode of vibration for one dimensional diatomic
lattice.

GFET fE-7mgF TMBER /i RET @R AT REFE TR 7l [T 741

U S diatomic lattice T ST acoustical and optical mode @1 FHFI-TDH!
THIRU TAISE N |

10.(a) What do you mean by lattice and basis?
=IO ¢ @FFT Fice [ @I 9
Lattice 37 basis =Tel & §|ﬁ?l:€6 ?
(b) Calculate the radius of SC, BCC and FCC lattice structures.
SC, BCC @ FCC whifbem ypiicda Siw fofa w11
SC, BCC 31 FCC lattice structure ! NW@T@@F I

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

G IR TFIPE @R AR FIOA L@F AF 4.2x107"° m ©F (321) OER
B AR T fely 411

T3eT 4.2x107'% m lattice constant U@ ATRIRYT GBHR crystal BT (321) plane HTeTd!
interplanar spacing &I 99 & \r_jog |

SECTION-B
QUANTUM MECHANICS

GROUP-A / [{@ll-3 / g

1. Answer any five questions from the following:
faferiie @-M 5l et Tex wies

P Uld THEwD] ITR ACTEN |

(@) Is() v = ax* and (ii) v = %eikx are acceptable wave functions?
() v = ax® @R (i) w = %e”‘x a3 &% oS Uit [ argeay 9

& (i) v =ax® (i) w = %eikx Efprf wave function g7

(b) Find whether the operators 4 =3x> and B = d commute or not? Why?
p P y
X

Trafe G 76 4 =3x7 @R B = d AR A IS I [ 9 Figel wefija |

dx

3 operators 4 =3x” 31 é:di commute & HT T HT GIoJerg ? fbT 2
X
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(©)

(d)

(e)

®

(g

(h)

2. (a)

(b)
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2

2

The eigenfunction corresponding to the operator A :d_ is ¥ =ae . Find the
X

eigenvalue.

=4 SACEGADR IRET SNE SFFO 25y = qe > | WA WD 97 7401

dx*

2
U3CT operator A4 = % @ eigenfunction y = ge ™ Y THMT eigenvalue @\r_jﬁ?ﬂ
X

What is the energy of a 1-D harmonic oscillator for its n-th quantum state?

G GFNGSF AT METFS 1-9F (FIAFON BES *If & o 2
n-th quantum state AT 1-D harmonic oscillator @7 IS T 57 2

Define probability current density.

MOl &R I 0 IR 1S |

Probability current density TR "Iﬂ%ﬁ? I
What is Larmor precession?

AT R TeTCe T @RI 9

Larmor &! precession & & ?

Find the value of L, S, J for the atomic state 25, .
25, NN O & L, S, J- i el )
T3CT 28y, atomic state BT L, S, J A TIS]er |

What is the degeneracy of n-th state of Hydrogen atom?

Hydrogen 340055 n-th state @ degeneracy & & ?

GROUP-B / Rei-4/ Tg-@

Answer any three questions from the following
Fwfeiie @-@m o etsa Tea wie
TeTehT i I FHEDT STR e

What do you mean by normalisation of wave function?
O T NN 00 Bl QIR 9
T3eT wave function @1 normalisation 9+=TTet & ﬁﬁFﬁf ?

Normalise the following wave function
w(x) =4sin’) , 0<x<a
= 0 , outside
fsffe o st TieEs 341
p(x) =Asin(o) , 0<x<a
= 0 RCE K Bl

5x3 =15
2
3

Turn Over



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

3. (a)

(b)

5. (a)

(b)
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ﬁs’QEbAf wave function T normalise ? :lg 3

. T7TX
v (x) :As1n(7) , O<x<a

=0 , outside

What is a Hermitian operator? Prove that every eigenvalue of a Hermitian
operator is real.

QAR WA S F @RI 2 & 9 @ G0 RN FANCBCE Ao
SRS % 27|
Hermitian operator & & ? Hermitian operator &I ST eigenvalue IRd O
T TATTOT B |

Show that two eigen functions of a Hermitian operator belonging to different
eigen values are orthogonal.

2 9 @ AR SAEGER fo SR 7504 qio SR S AT
et SN 271

T3el Hermitian operator @I AT eigen values Rid FrafFer g?; eigen function g%
orthogonal & W SETSTENT |

A particle of energy E <V is incident from the left on the potential step of the
form

0 for x<0
- {VO for x>0
Obtain an expression for the transmission coefficient.
E <V, *feq @36 3 awmz (€ oivfe 2@ Walis Potential step-a3 7R
wioffew 251

0 TI¥F x<0
Vo A9 x>0

Tz welicwa AE N w1
USTI E < V,, oI 9T HUT TS potential step BT IISRT Slfhees, STar

B 0 for x<0
- V, for x>0

Transmission coefficient @7 expression @Fjﬁﬁ |

State Pauli’s exclusion principle.
AT Soe Fifo 36 T4

Pauli &7 exclusion T RIgFT AT |

Explain how Pauli’s exclusion principle assists in the interpretation of the
periodic table.

PifRefbs GRe i Face TR wREw Fife FIeT MR FE ©f I 741
Periodic table T SR ‘TtTﬁT Pauli @1 exclusion principle e FHART TEINT TS ? JU
THEN |
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6.

7. (a)

(b)

(©)

8. (a)

(b)
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Using quantum theory, explain normal Zeeman effect.
RGN ©F STl 73161 Zeeman effect 1T T
Quantum theory T &INTel normal Zeeman effect BT Jof 7 ﬂg Tl

GROUP-C / qetol-st / w1

Answer any fwo questions from the following
fwfeide - 716 eoie Tex wie
Tl Pi G5 UHEHD] IR ICTE

What is position-momentum uncertainty principle? Write down one application
of it.

TREI S 6T OGH F 2 GF GF AT F=HF @Y
Position-momentum uncertainty principle & &l ? J=Fe gﬁ T3l SUANT & SRESE

If X and p are position and momentum operators, show that [, p*]=2ifip .

IM 3 8 p IAGCE OB € SARER SN0 2, A8 @ [£, p2]=2ikp |

% 3 p IR position 3 momentum operator WU [%, p*]=2ikp g0 =T
SR |

A beam of identical particles going in the x-direction is represented by the wave
function y(x, t) = A" PE) Calculate the probability current density.

x TRIRE Sfon FApTced 9 [ A9 T2 AT FEFRS o Sierse a9 e
FA T p(x, ) = Ade'/" P | @7 TRl @ Ty T T

T3eT x-direction d% TREH beam 5 w(x, t):Aei/h(Px_E’) wave function o
REUSEAL &~ | TFD! probability current density @hﬂﬁm

Derive the expression for the normalised wave functions of a particle confined in
a one dimensional box.

36 GFNTET AT T Sz FellT THNIETC O SCAFRS AR el 54

U3CT U JTATHD § DY ¥ RIS YUeT HUThT normalised wave function T FHIHROT
GoIed |
Find the probability that a particle in one dimensional box of length L can be

found between 0.4 L and 0.6 L (i) for the ground state, (ii) for the first excited
state, (ii1) for the second excited state.

L a3 @36 @I iGE A Si9m F90K 0.4 L € 0.6 L-93 S AP TR el T2
(i) S, (i) @es Trefere e, (iii) @SR Srefere B |

TSI 0.4 L 2Rg 0.6 L B 1S 0@ 1D TIHARE TSl dules urs+ dfd
probability TSIa ;

(i) Ground state @7 ffeq

(i1) First excited state
(i11)) Second excited state

10x2=20

2+1

I+1+1
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(c)

9. (a)

(b)

(©)

(d)

10.
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Explain why the minimum energy for a particle in a box cannot be zero.
GFGF ACH SN FON (g SF *G AT ¥+ 209 @ 1 — 0t F91
TS TG T U] B 3 ¥ ST ol I & T ?

Write down the Schrodinger’s equation for hydrogen atom in spherical polar
coordinates.

CHRPI (AR FISAGCAD QBT 2GR G @GR SFER0 @141
Spherical polar coordinate HT hydrogen 3@?{% 4T Schrodinger @ FHiawuT
RN |

What are the quantum numbers for the hydrogen atom? What values can these
quantum numbers assume?

QUGS SHGCR &) (PRGN ARt F 2 Siws SNgalifae M @74

U3CT hydrogen 31?1}#[ fAffT quantum number &5 & & g7 It number el DT AT
o T 2

Explain the term degeneracy.

Toreicaf! == i F21

Degeneracy @1 o "I':i%ﬁ?:[ I

Discuss about the zero point energy of linear harmonic oscillator.

GG FINRRS (T &Rl 28 Geifer S7HCsh SEmal 3911

Linear harmonic oscillator @T zero point energy @I Jui ‘T:Tﬁ?{ I

Describe Stern-Gerlach experiment with necessary theory. Can Stern-Gerlach
experiment be performed with ions rather than neutral atoms?

AEAT ©GIHZ B9 € SNTENIFa A0 el T4 FBl-aNTeTiws A’ &
SR 2l 2RSS B[ F9 TS 9

SesT RigT=d afed Stern-Gerlach @7 GiRemureT gui= ‘Tﬂ%ﬁ?:r | Neutral atom &7 TgHT
jons TATR P Stern-Gerlach DT TREU T B ?

2+2

8+2



