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B.Sc. Programme 6th Semester Examination, 2023
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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 swo sections and they
should mention it clearly on the Answer Book.

SECTION-A
SOLID STATE PHYSICS

GROUP-A / i3 / 555
L; Answer any five questions from the following:
frafafe @-@w #i5f e Tea we:
DT 1 UTe THEHD! STR ACTEN |
(a) What is a unit cell? :
GTF (7 PP A 9
Unit cell & & 2
(b) What do you mean by Curie temperature?
TR S @ e & @R e
Curie temperature & &I ?
(¢) Find the number of lattice points in the cubic cell of F.C.C.-lattice.
F.C.C @& @36 werieeia (1ea #iios ’Rmga et fadfa =11
lQEET F.C.C. lattice T T3eT cubic cell ¥ lattice points P F&IT WSTE |
(d) A pure semiconductor behaves as an insulator at
(i)273 K (ii) — 273°C (iii) 373 K (iv) None
@l Rwm SRR e 9 JIF FAE @ SIEEE ©f 25
(1)273K (i) — 273°C (iii) 373 K (iv) (02 77
TIET ANET semiconductor & insulator SR ZEAER T8, P ATIHTAT ?
(i)273K (ii) —273°C (iii) 373 K (iv) T B1g
(e) Draw the planes for Miller indices (100).
iz 5% (100) @ FeETea W 41
Miller indices(100) T plane &% &) 2 DA |
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&)

(2)

(h)
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What is Meissner effect?
IR GrFE 5 9
Meissner effect 3 &7 ?

What are the basic causes of Paramagnetism?
ARG & PR 5 /o
Paramagnetism &7 & HRUEH FF g7
Define Packing fraction.

1R TR R@I 7S )

Packing fraction % & ?

GROUP-B / fAeti-4/ w53
Answer any three questions from the following
Frafefe a-cm oAl emim T we
T P I THESDT ITR SETerd
Derive Curie’s law of Paramagnetism from Langevin’s theory.
FCHSH ©F (ACE ARGIFRY RS Fide 7@ ek )
Langevin & i@~ 2R3 Curie ®' Paramagnetism @1 g9 @Gﬁﬁﬂ I

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

sfeReTel Fo0e F @RI 2 TEE ¢ @1F YRR «a b Suw wEeRAER 2Raider ¢
SRR Ny 7= o T4

Mobility @ & ? Electron 3 holes & 9T TSl extrinsic semiconductor AT
Conductivity 3 Mobility HTS7e! T8 G{eH |

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

wififes som wFEa W we) witfes q wEEw sfefe [Reeee
e wfmE fd 1

Geometrical structure factor & & ? Geometrical structure factor @ T T

scattering amplitude FHIHRU GISTET |

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

CFI 1 9 (oI Sl ¢ *fes aifme e =)
Phonon & & ? TSeT Phonon &' momentum 31 ST aTaraier @I |

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

B-H FI€ %« $9 @R SC=6A1 F9| B-H Ieq *feifrre ZooRhm ¢ »fewy
A A

5x3=15
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7. (a)

(b)

8. (a)

(b)

(©)

9. (a)

(b)
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B-H curve @& a0 TR | B-H curve ®T AT hysteresis 3 energy loss Gal
U THEN |

GROUP-C / fastal-ot /| T8
Answer any fwe questions from the following
Fwfefe @-em 7o aniE Tee e
DT P71 G5 THEHD] IR ACEN
What do you mean by dielectric polarisation and dipole moment?
sRaies crEaadt ¢ e g Fere & @2
Dielectric polarisation 3% dipole moment H=Tet & 36 ?

Explain how the dielectric constant of a ferroelectric crystal varies with
temperature. Name two ferroelectric materials. What are the applications of
ferroelectric materials?

FREEET @ACE *RiEapies s wemae W [Feir R @ it 9
S ERREES Hwida N 99| @RREES Amrda el & e

TSeT ferroelectric crystal @7 dielectric constant TTIEFARIT BN FaferD, o
THERT | g g ferroelectric URTeERTenT A1 R8I | Ferroelectric TRTeiEwma IuarT
BB ?

What is the Hall coefficient? Show that for a p-type semiconductor the Hall
= 1
=

T@T @eIE PICE A0 9 (TS (@ p-HiRel WeeIfaIRE Ty 21 @% T R, :ﬁ

Hall coefficient & & ? USCI p-type semiconductor @1 fAffd Hall coefficient
1

Ry =—5¢ o foms it wemfor ey |

What are Brillouin zones?

et coe it A 9

Brillouin zone & & ?

coefficient Ry is given by R,

Define Debye’s T -law. Discuss the limitations of Debye-model.

feaiz-az T @ et ve ) R wrers ANRES! WEb 39
Debye &1 T* 17 SAISTENT | Debye model 1 HHT SATSTEN |

What are superconductors?

eI PIF 30T 2

Superconductors ® g17

Derive London equation and define penetration depth.

Tew A e 9 GR AT STSIHel R 7e |
London @\ GHeRur @Ied penetration depth T aR¥TT R=ERT |
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(c) Derive the acoustical and optical mode of vibration for one dimensional diatomic
lattice,

G B-srmgE wnfom @R mee g s s T w Re )
U S diatomic lattice P AT acoustical and optical mode @7 FHFeHT
FHIBRT BRI |

10.(a) What do you mean by lattice and basis?
#7155 @ @ T B @R 9

Lattice 31 basis %=t & 3o 7

(b) Calculate the radius of SC, BCC and FCC lattice structures.
SC, BCC @& FCC #ifbem ymmda i ey 2
SC, BCC 3 FCC lattice structure P e GIeENT |

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

G 7w R @A W Wl e W 4.2x1070 m R (321) W
W wH YU W [efw 771

TSeT 4.2%107'% m lattice constant &Y HTHRT G crystal B (321) plane HTE®!
interplanar spacing @ JT7 GG |

SECTION-B
QUANTUM MECHANICS

GROUP-A / en-& / wyg-o

1. Answer any five questions from the following:

fsfiRe @-m 2iofe e Tea wes
P UTT FHED] ITR NEEN |

(a)' Is (i) w = ax® and (i) y = %e’h are acceptable wave functions?
(i) ¥ = ax’ @ (ii) y ége""’faﬁw oS i & arzeea 9
B (i) w=ax® A (i) p = %e”" i wave function g7 ?
(b) Find whether the operators 4=3x> and 8 = % commute or not? Why?

Trafe SeiiEna 46 4=3x7 9w B:% TR A TS $0a [F 9 Fraet weffe |

§'§ operators A=3x" afy 5’,: gx- commute T &Y TS H=T @ﬁéﬂ 22
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. 2
(c) The eigenfunction corresponding to the operator A= dix? is w =ae™*. Find the

eigenvalue.

3:%’2_ TR A SR o T = e | g Wl el

2
USET operator A = % @1 eigenfunction y = ae™* WY D! eigenvalue TR

(d) What is the energy of a 1-D harmonic oscillator for its n-th quantum state?
@b G T DR -GN @O WEE * T ¢
n-th quantum state T 1-D harmonic oscillator &Y I Bfy &7 7

(e) Define probability current density.
FEITO! 2T TS IR G |
Probability current density IR & |

(f) What is Larmor precession?
ez e 2o F @R 9
Larmor T precession 3 & ?

(8) Find the value of Z, S, J for the atomic state 28, ,.
25, ), *rmeRe w@Em e L, S, J-a7 9w Ry 3=
TSTT 28, atomic state BT AfT L, S, J BT A @oIEN |

(h) What is the degeneracy of n-th state of Hydrogen atom?
ZIEEIE 2GR 5-OF GRS eraE e ¢
Hydrogen 34@' n-th state BT degeneracy & & ?

GROUP-B / faemi-2 / wyg-a

Answer any three questions from the following 5x3=15
fefefie a-em a6 emim e we
TqeTepT P I HHEHD! ITR AR
2. (a) What do you mean by normalisation of wave function? 2

S LA FANFABEH TS F| (@R 9
TJeT wave function @Y normalisation 9=iTer & EIERN

(b) Normalise the following wave function 3
_ . 7

w(x) = Asm(T) , 0<x<aqg

= 0 . outside
[GEIGIECACEE R i SaieduiGict A o

w(x) =Asin(i;£) T

= 0 ENCE K
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3. (a)

(b)

5. (a)

(b)
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f&3U®r wave function &1$ normalise TH&RT

w(x) =Asin(§) , O<x<a

= 0 , outside

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

ZARREE SEET IS T @A ¢ &N 9 @ 9 R et atorat
GRS AV 2|

Hermitian operator & & ? Hermitian operator &I SH®I eigenvalue IRII® &6
AT FATIOTT eI |

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

e 9 (3 PR S fon SRemsw o g iR e HEE
o St &4 |

TSl Hermitian operator @ fAfY=T eigen values R w=aftua g‘s{' eigen function 8%
orthogonal % ¥+ SEISTE |

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

|0 for x<0
%, for x>0

Obtain an expression for the transmission coefficient.
E <V, *fea a3 4 aufe @ wre T W5 Potential step-93 Toa
wivifee z#|
0 T x<0
L {V(, T4 x>0
faesme edirez aifmEt R w3
TSel E <V, I1 9T & TIET potential step BT I8Re 3o, TTar
e {0 for x<0
V, for x>0

Transmission coefficient @I expression WISaRT |

State Pauli’s exclusion principle.

2T Soree Aife 3¢ 4 |
Pauli @I exclusion &7 ﬁl@?aﬁlﬂf@ﬂ |

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

Pfaefts GRe i T30 ~1BRm werREy A I AL FE ©f A 37|
Periodic table @ &7 THT Pauli 7 exclusion principle & T HEIWT TE ? gui

TR
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6.

7. (a)

(b)

(¢)

8. (a)

Using quantum theory, explain normal Zeeman effect.
(FIIFBI ©F &I 751 Zeeman effect T4 341
Quantum theory @V GEFTT normal Zeeman effect &1 JUH THERT |

GROUP-C / ferl-at / FqE-1
Answer any fwo questions from the following
ffefee @-@m 76 @i Tea we
TToTehT P G5 THEHD! IR TG

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

S AR TSR OElt F 7 7 G ST FHARE @7 |
Position-momentum uncertainty principle & & ? JHe! I TICT ITIN TASTE |

If X and p are position and momentum operators, show that [£, p*]=2ihp .
T & 8 p TAFCT TFE @ SHERCA FAANRCA 27, (A8 @ [£, p°]=2ihp |
* %M p afR position I momentum operator WY [%, p*]=2inp TV FH

AT | -

A beam of identical particles going in the x-direction is represented by the wave
function y(x, 1) = Ae" " 59 _Calculate the probability current density.

x kT wfed I a3t 7w o Face 1 FEEie s seoms wial g
A IR y(x, 1) = Ae!"PED | @7 TRy e[ 9oy e w9

U3eT x-direction % TERED! beam &S w(x, 1) = de’" ) wave function &
ATST Hfd=e | TFP! probability current density @ﬁﬁﬂ l

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

@b «FNEF AT MY T T TR wa% e e 6w 359

- UICT Uah 3frafies aigfa R Yot Sur! normalised wave function @7 FHRoT

(b)

6106

GIIE |

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 Td @@ GG ACH = 907 0.4 L € 0.6 L-4F W1y A FeRA! el 71
(i) SfiwE@, (ii) @ Srefere @, (iii) feer Srefere @A |

Tser 0.4 L 2Rg 0.6 L 9 oa$ 9ua! 1D STl USeT dulells Ure+ A
probability @u_j@'ﬂ ;

(i) Ground state @I Ffeq

(ii) First excited state

(111) Second excited state

10%2=20
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(c)

9. (a)

(b)

(c)

(d)

10.
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Explain why the minimum energy for a particle in a box cannot be zero.
CFNIEE ACH T R O AR =T [T W 20O AR T — A IR
TS ST HUeh! BHUIh! BH & B It o e B Harae ?

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

colaae il (Preafrat 2Rmeite= ~awa cw @t Femmh @)
Spherical polar coordinate AT hydrogen 3411]'35} fffe Schrodinger @' Ftawor
i I

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

QRIS SR G (@FEro araae I o o wiwifae smeR @)

TSeT hydrogen 31T A quantum number &6 & & &7 ? A number &%er T
for w2

Explain the term degeneracy.

fererizaf == e 32|

Degeneracy T qui &R |

Discuss about the zero point energy of linear harmonic oscillator.
a6 FReafRe (EEa o s wifE e S 37
Linear harmonic oscillator @I zero point energy @1 auf THER |

-

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

AAGAT TGHE B € NFEEA KA W T B Rt &
FIAE HRAE A0S W 7 FA 7S 9

Srext g Gfed Stern-Gerlach @1 aRerure! aof Tl | Neutral atom @7 HgT
ions TR & Stern-Gerlach BT GRe0T T99g & 2

2+2

8+2



