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Time Allotted: 2 Hours Full Marks: 40

The figures in the margin indicate Sull marks.

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@til-% | FE-F
1. Answer any five questions from the following;: 1x5=35

e @-cein o5l eltim Sea mes
FerT g e Rl IR R

(a) What do you understand by the term ‘semiconductor’? 1
weifEaIR) e fo @ e
Semiconductor F=Tiel & 3L ?

(b) Find the number of lattice points in the unit cell of a FCC lattice. 1
FOC Tiefia @ (Fia Foeferge &7 =ice ?
wel FCC lattice cell 3 lattice point ERe! T Wiee |

(¢) Define packing fraction. 1

sijifE TR 19 2
Packing fraction I ARHTST e |

(d) State the Bragg’s Law of diffraction. 1
FirRreT I fige +1
Difffaction ™ Bragg ®1 1aq Wﬂﬁ?{ I

(€) What is ionic polarisation? 1
o coeRIETE 16 ¢
lonic polarisation PET?

(f) Define the term “effective mass of an electron”. 1

BE -G TS OF Y T
TgeT electron @ effective mass BT R ﬁﬂé[ﬂ |

(g) Tick out the correct answer. 1
The ferromagnetic susceptibility is given by

i - =CT+T iv =
ToT, (i) x T (iif)y y=C(T+T) (V) 2 71,

i) y=
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wfoT Tealt Be vt
SR EFRT (SW| TH-

) C
i = 111 =C(T+T =
rere @ repg @r=CTiL) ) a=g

W3 ITR BE;
Ferromaguetic susceptibility TeTeT T expression af &7 ?

i) = i) y=C(T+7,) (iv) y=
7T, (i) x T+TC()Z (T+Tc) (v) g T_T.

@ x=

@) x=

(h) What is Curie Temperature?

TR e ¢
Curie 9T FH & ?

GROUP-B / Retil-4/ W95
Answer any three questions from the following
fnfie @-tn Raf6 ani Tea we
eIt P ol HAEwD! Y RAEINg

2. (a) Define unit cell. If a unit cell has the following characteristics a=5=10 A,

c=7A and a=pg=y=90°, identify to which crystal system does the unit cell
belong. Draw the crystal structure.

G (IR 2 @ 4 93T @R a=b=104,C¢=7A @R a=f=y=90°
T& IR0 7 4R (T 9 e o5 % 9 |

Unit cell 7=Tiel & §fe® ? TSelunit cell.T E¥oMT 39 YBR B9 a=h=10 A,
c=TA 3N a=p=y=90°, T unit cell T YBTI crystal B T T axey
o BIER |

(b) Define the geometrical structure factor. How it is related to atomic scattering factor?

rewifier Bieom g g W5Re Bt w3703 e @F sorF 7 9

Geometrical structuré factor 2 URTST RS98I | AT atomic scattering factor R #eR)
T B 2

3. (a) State DulongandPetit’s law of specific heat of solid.

TR R (B5-a9 HTeirs wivom s ib 9o w0
TJel Jareiepl Specific heat AT Dulong 31FT Petit @7 F17 a7 SRR |

(B), What is optical absorption and infrared absorption in a dielectric?

6106

G ORI G- TAbaTIET (e 8 BEIAe (et & 9
US<T Dielectric AT optical absorption 3 infrared absorption & & ?

Derive Curie’s law of paramagnetism from Langevin’s theory.
PRPGERI WL & i @ &fS1 9, Langevin theory-aa $2@ fofé wea)
Langevin &1 RIgFd <Ra paramagnetism ®T Curie BY e e |

Explain the terms “transition temperature” and “critical field” for a superconductor,
510 FPRTCRIGA-97 “transition temperature” © “critical field” & 7
USTT Super conductor @1 T transition temperature 3 critical field &7 aof T{ER |

2

x3=15
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6. (a)

(b)

7. (a)

(b)

(c)

8. (a)

(b)

0106

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

TR P & 2 B-H curve 20 GETA ¢ *f& %% e P Y ?
B-H curve AT hysteresis 31T energy loss @T qui ﬂﬂ@?{l

What is piezoelectricity? Give an example of a crystal that is piezoelectric but not
ferroelectric.

PreREeEtl & ¢ oo o Se we @B Pieieele, O
(ARG |
Piezoelectricity & & ? TSl crystal P ISERT ﬁﬂ%ﬁ{ ST piezoclectric & T
ferroelectric B1ET |

GROUP-C / Jeiel-st / wHg-T
Answer any fwo questions from the following
frsfeie - 75 e Tea wie
T T 33 NHTHD! SR RTEN,

Obtain the Miller indices of a plane which intercepts at @, 5/3 and 2¢ in a simple
cubic unit cell.

G I A T (I (I @R SR PER e B 39, @ erEw
TORCTHRGT g, b/3 @R 2¢ ARG

TSl ATYRYT FHR unit cell AT a, b/3 ST 2c | die weken! T Miller indices
IR |

Prove that the packing fractions for simple cubic structure and BCC structure are
0.52 and 0.74, respectively.

@S (@ SC R BCC P19t »ifiR T+ T 0.52 9k 0.74 1

YR qfbR W1 T BCC GRa! T packing fraction @1 79 BH9eT 0,52
3T 0.74 §& St 70T B |

What is Debye T° law? Discuss the limitations of Debye-model.

Debye-9% T° 3@ & 2 Debye TR MRS SEEHA o |

Debye @1 T° {77 &8l ? Debye-model BT T &e% EIFIFF_@?‘[ I

What do. you mean by ferromagnetism? Discuss the Weiss field theory of
ferromagnetism. Discuss how magnetic susceptibility varies with temperature.

FPERIHEDN ®e [ @R 9 Weiss-€d (FANMISIALAN-GF ©F AN 4
SR AL IR (enrol T wfiea o 9

Rerromagnetism H=ilel & g3 ? Ferromagnetism AT Weiss field &' Rigra
FANSYEN | AT R T susceptibility ST gRORT g7es qufe TaRq |

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

coefficient Ry is given by Ry = % , where the symbols have their usual meaning,

Hall coefficient & 7 (P18 @, p-type GHRRFGRBER Hall coefficient Ry =i,

@I LSFUTH O 2RATS Siev I5+ a5 |

Hall coefficient & & ? TSI p-type BT semiconductor BT AT Hall coefficient

(Ry) T AT Ry, =% T W1 SENIIE, T8 Ielieena! 6y 31ef 55 |

3

2+1

1+1

10x2 =20
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1+3+1

2+3
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9. (a)

(b)

(c)

10.(a)

(b)

©)

(a)

(b)
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Explain soft and hard superconductors.
Soft €<® Hard Superconductor = <41
Soft 31t Hard superconductor &%en! qu {814 |

What do you mean by penetration depth for a superconductor? Write down its
value at the critical temperature.

GG HARFTCRH(A (E T TERS! & 9 T3 ST et oSae! 37 9
USeT superconductor BT AN penetration depth =TT & IS ? Critical TTIEHT AT
TEDT H TR |

Derive the acoustical and optical mode of vibration for one dimensional diatomic
lattice.

AFNGF CRBHREE Sior T F= <o g Sefbne oe @@ 91
T 313 diatomic lattice PY &9 acoustical 3T optical mode @ﬁ’aﬁ'x‘[ |

Why does the field seen by the dipoles in a solid differ from the applied field?

@ T SR T TR A ST ST A TS 2l T ST
oo fon 23 @ 9

Dipole TR 3R field T Tei-THT applied field 5 958 ?

Derive Clausius-Mossotti relationship.
Clausius-Mossotti %5 oo w41

Clausius-Mossotti &7 T4 Tei |

Silicon has dielectric constant 12 and edge-length of the conventional cubic cell
of silicon lattice is 5.43 A. Calculate the electronic polarisability of silicon.

et RRTeT &7 12 @ iR wiffr ebfre ¥ @ 2 5.43 A\
Pleca Seraie clmrRiRiEE B

Silicon @7 dielectric constant ® 79 12 © a1 U3ET conventional TN silicon
lattice cell @I TS 543 A B! Silicon ®T electronic polarisability T 79 @F_@?{I

SECTION-B
QUANTUM MECHANICS

GROUP-A / Rev-% / wig-®
Answer any five questions from the following:
fFrferRe @-com A6 alvin T wres
ADT P 1e THEwh! IR BRI,
What is a stationary state? Does it mean that the particle is at rest?
(FRIBIN <elwry o g e 6 @Rl » 92 58T & @ il 9 sty &g 4 e
Stationary State @ & ? ZRel & TICT BT 2R Ua! TS 2
Show that position and momentum operators do not commute.
(NS (T ELE R BRI FATIOR NS R A1
Position 31 momentum operator commute T 9T é@'ﬁ-}ﬂﬁﬁ[ |

4

1+1

Ix5=5
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(c)

(d)

(e)

(0

(g

(h)

2. (a)

What did the Stern-Gerlach experiment establish?

Stern-Gerlach <3ioifF s & 2fodt = ?

Stern-Gerlach DT UfR&TTer 3 e T ?

What is Larmor Precession?

s e & ¢

Larmor Precession 3 & ?

Tick out the correct answer.

The momentum of a photon of energy E is

(i) Ec (i) Ec (iii) E/c (iv) E/c?
Hos Tealt e vt

E *f&7T 9o rita-«3 o= =5-

(i) Ec (i) E%c (iii) E/c (iv) E/c?
e TTRHT & TSTEIY;

F. 3917 U&7 photon @ I

(i) Ec (ii) E’c (1i1) E/c (iv) E/c2 5O |

Let f and £, be the two ortho-normalised states of two electrons. Construct the
two electron state keeping Pauli’s exclusion principle in mind.

@ AT f, GR £, IO LERER 70 LN S A Sty NS @ @Y
93 2-TETPTA TR Ao 4|

% electron ol g% ortho-normalised state 3%, £ I f, B | Pauli @ exclusion
principle TS EATTAT G g’:f electronstate T FRTT Hﬁ |

What is the origin of fine structures in the Hydrogen atom spectrum?

PEEiTE 2Rl AfHTe FENRRHIE T F 9

Hydrogen Gilﬂﬂﬁ spectrum AT fine'structure 5@ HITEw B & ?

What is the energy of 1D harmonic oscillator for its #™ quantum state?

G0 9T Bf7S =AM 5-B FRFD TE *if e 30 ¢

1D harmonic osgillater @™ quantum state @ fAfeq I iy U7

GROUP-B/ fReti-4/ wig-a
Answer any three questions from the following
fmfefie - fo7f5 avim Sea we
STeTeRT e 1T STATEHT I FATEY
What are the conditions for a valid wave function?
5 (34 ST WA 2 & 6 9
TJCT 97T wave function Eﬁﬁﬁﬁ?ﬁ?ﬁ%ﬁ?gﬂ?

(b) Check whether the following function is valid wave function.

6106

NP @ (72, el wam wrerws Ay A
deT fSgTeT wave function TFI B ?
w(x)= Ae™¥* for x>0

=—Ae™?  for x<0

5

5x3 =15

2+3
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3. (a)

(b)

4. (a)

(b)

5. (a)

(b)

6.:(a)

(b)
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d : .
An operator x+d— has an eigen value cqual to A. Obtain the corresponding
X

eigen function.

& fb S x+%-«ﬂ§<§fﬁtﬁﬂ‘m A1 SRR WA Qoo el 9

d . A :
Q3T x +a operator U3eT eigen value AP SRR © | TSI 30U eigen function

Calculate the normalisation constant for the wave function y(x)= Ae~o ik

3

where o is a constant.

IGEGIECACEE A kb e b & B nl o CROOH K b
w(x)= Ae T F 2ol it o - #fB &1 )

2.2 .
g:/(x):Ae_“’*/zem wave function @ &M normalisation constant @V H
LY hY L]
v &N gl o T3CT constant =l

State and explain Heisenberg’s uncertainty principle.
gErmal-ag wisTel Gife fge 9 e 79
Heisenberg T uncertainty @ g garag qui= ‘I'ia\N-L I

A nucleon is confined to a nucleus of radius 5107 m. Calculate the minimum
uncertainty in the momentum of the nucleon. Also calculate minimum kinetic
energy of the nucleon.

g% FeEm @3 5107 m I TR ovw Witz TgE wwacn N
wieset foef 791 e fFabe s sfoxfes ffa =)

TIeT nucleon 5x107° m g™ WU nucleus B FRT & | T nucleon F
momentum HT =4 uncertainty @ A @F\@H | <9 nucleon T AT TR

@1 I AT BIoe |

What do you mean by Zegman effect?

& s 9

Zeeman effect STel & 30 ?

Derive an expression for normal Zeeman effect using quantum theory.
IBRege T e wm Freiike Gwm TwrET wfeale afen! o)
Quantum ¥ g UeTIIR AR Zeeman effect BT FHIHRIT @T:@i{ |

What is a Hermitian operator? Prove that a Hermitian operator is real.

R S@licsGd 9 ¢ @i o9 PR Seicabaete %)
Hermitian operator &1 & ? Hermitian operator real R T JHTOTT ‘Ifﬂ_é 9 |

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

2w w9 (T SRR Sl 1 fon wiEe wiw [ SiEem steres 1
T TR LI |

gﬁ =T eigen value HRIT THI"e Hermitian operator @ eigen function &9
orthogonal §7& I <% I\dfﬁ?{ |

2+3

2+3

1+4

(1+2)+2
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7. (a)

(b)

(©)

8. (a)

(&)

()
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GROUP-C / faetoi-4t / W
Answer any fwo questions from the following

foafie -oim 15 @i Bea wie
TP T+ G THEHS) SR RgeIN

Explain probability density and probability current density.
LRI w7y oR 2RRES 2=z T < T
Probability density 3™ probability current density @ Ui e |

Prove the relation % +V-J =0, where P is the probability density and J is the

probability current density.

e 74 i—}:+§-}=o,mmpﬁmﬁ1%ﬁw =R J 2w 2RIRETD 2[R Ty

PHTIOT TE] %I:- +V-J =0, S8l P probability density 3 7. probability current
density BT |

Caleulate the probability current density of a quantum mechanical system of mass

‘m’ desctibed by the state function y = %e”‘".

<G S Greifrme B, w:%ei*” O SIS Tl S T T R
T2l o m, FiSom eRifaff e vy fae

UICT ‘m’ SXIERDT mass HUPT 3T W:%e”‘” state function & U T quantum
mechanical system @I =T probability current density 1 7 @F\Eﬁ?{ I

What is a Linear harmonic oseillator?
93T i 2 oibene & ¢
T3cT Linear harmonic oscillator & g7 ?

Express the energy quantum states of a linear harmonic oscillator. What is its zero
point energy?

g3l AT 2T RTEGEE @RIGN «fE WiEe S]E ok 3 @b Bl
0 e 5 9

USET Linear Harmonic Oscillator @7 energy quantum state @7 THigor GIoE R |
Zero point energy 3 8 ?

Show that the Lande g-factor for the pure orbital angular momentum and pure
spin angular momentum are 1 and 2 respectively. Also evaluate the g-factor for
the state °p.

(e @ Rom sxibm @FT oI o Rwm PR @RT S R
Lande g-factor-43 N TR | 4R 21 p; S &5 g-factor-47 T+ 76 7411

Pure orbital angular momentum 31 pure spin angular momentum @7 SIfT

Lande g-factor ®1 T #RY 1 A 2 §78 T SGNTEN | *p, state 1 T ofy
g-factor Y 7 WaN |

10x2 =20

24642

2+1

3+2
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9. (a)

(®)

10.(a)

(b)
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Discuss quantum mechanically, a particle is confined in a onc dimensional
infinite potential well. Find the energy eigen values and normalized wave
function.

PRGN FTREl Tor fofe v «Ffs et wiw Rew o wiaw T4m o7
R T G R “ w8 TR wa S e 99

T ST SRR potential HaHT TGB! Hokb! AT quantum mechanics SRT o
‘ﬁ%ﬁ{l TP energy eigen value 3T normalized wave function ﬂ#qﬁ@ﬁ%ﬁﬂl

The onc dimensional wave function is given by w(x)=+ae™*. Find the

probability of finding the particle between x = % and x =

Q= ol

G GTRRET T WEFF ()= Vae o, FUD x=~ @R x:%-@a (TSR
SE R TORA! T )

U3eT U6 AR wave function y(x)=+vae ™ & ”ro | x:% AT x=
TTSHT HUIATE, U AT Grogerd |

o)

o

State and explain Pauli’s exclusion principle. How does our knowledge of
symmetric and anti-symmetric wave functions lead to this principle?

siefm wvkelq Tfe fkge ¢ 3 w91 efeww g wefom) o= o el
frem a2 Mo aitre < ¢

Pauli ®T exclusion principle 9% aUi T8RE| Symmietric 37T anti-symmetric a7
BT STHeT et A1 RIGIafers Sober T8 2

Prove that the total wave function of two identical Fermions is anti-symmetric.

o 9 (A 40 Sies TRAEA 77l 53 oa% sremra sefens )

§8 99 Fermion %! 9T wave function anti-symmetric §7 91 TR TER |

X

6+4

(3+3)+4



