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B.Sc. Programme 6th Semester Examination, 2022

DSE1/2/3-P2-PHYSICS

The figures in the margin indicate full marks.
All symbols are of usual significance.

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

Time Allotted: 2 Hours Full Marks: 40
GROUP-A
e+
-5
1. Answer any five questions from the following: Ix5=5

fasfeie @-iw 2iele aves Teg mes
el faguaT § Uld UTiendl ISR a8y

(a) What do you understand by the term semiconductor?
‘SRR Feice & @R 2
‘Semiconductor’ ATl & I3 ?
(b) Find the Miller indices for the plane (3a, 3b, 2¢).
(3a, 3b, 2¢) SR & &R 5 7 341
(3a, 3b, 2¢) FFAADT Miller indices @oIaN |
(c) What is Hall effect?
‘a0
Hall effect & &I ?
(d) What is a phonon?
“ome o
Phonon ¥=TTel & 30 ?
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(e)

®

(2
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What is reciprocal lattice?
“abrceie it & 9
Reciprocal lattice @ &I ?
Which of the following is true:
AR FIH{G FFoy3

el feguar ¥ g 9 8 ?

(i) D=g,(e,-1)E

(i) F=¢g(e
(i) P=¢g, (e, —
(iv) & =(r-1).

What is forbidden energy band?
Tl =Ife #{51 & ¢

i Il AHe™T & BT ?

GROUP-B
er-4
e
Answer any three questions from the following

Faferide @-@ foaft etse Ted nie
el fagus! g dF Uegwdl SR a8y

Give a comparative study of Einstein’s and Debye’s theory of specific heat of
solid.

o smida weeifFe ©iet i WZPHIR (Einstein) € &1 (Debye)-a9 ©CEd
Qo7 1

Einstein 31 Debye &I falR¥re e Rigrae! qaicad faavor fGgar |

What is Meissner Effect? Show that a superconductor is a perfect dia-magnetic
material.

AN (Meissner) aCFE [ 9 @wid 77 o712 201 Rwm foaedims )

Meissner Effect @& 8 ? U offddiedd YUiedel fdvd Faaid g w940
e Gﬂ% |

Define magnetisation and show that B =y, (H +M).
PRI (SANCADIZCE™IN)-97 FRE WS | @ F7 B = 11, (H + M) |
BT D Bl ? B=p,(H+M) T 9 qESI8 |

5x3=15
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6. (a)

(b)
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What is doping? What are the extrinsic semiconductor? Describe n-type and 1+1+3
p-type semiconductor in terms of donor and acceptor.

@R & ¢ Sum TR F 2 1-5i29 @ p-Biz TARRIRE “wo” € “agel”
Al SiEfed =Rl i 91

JUfdsoT & B ? Extrinsic semiconductor & & ? n-type 3 p-type
semiconductor g ITAT A WHREBAT Bl wUHT [IaR0T TBN |

What do you mean by di-electric susceptibility? 2

“ofq) (Ao ageilierel” w@ice 6 @l 9
UREfIh FaaTeedl ATt & gfers ?

For dielectric material, derive the Clausius-Mossotti relation. 3

77 @ M cwea FHR-SeES R et w91
UREfId UaTIdT MR Clausius-Mossotti BT ==l FIoIay |

GROUP-C
e«
-1
Answer any fwo questions from the following 10x2 =20

fwfeiie @-@iF 76 etis Tea wis
ael faSUdl g g3 URTEwdl SR fAger]

Distinguish between metals, semi-conductor and insulator. Write down the 6+4
difference between ‘hole’ current and electron flow.

g+, SRR 8 FARRY-9r@ T AL T C@RE-2RR @ FERET
feeriEg g A i & 9

qeAd  SRfATAd A el A =TT garsde | ‘hole’ current 3
SCIFg P YATEAT A=TaT 9arsded |

What is Bragg’s Law? Derive the Bragg’s Law of diffraction. Explain Type-I and 1+4+5
Type-II superconductor.

Q995 (Bragg’s Law) & ? oS W ot J@t T F1 BiEA-d @ Bigsi-y
wferifaiiRe! A T4

Bragg @I ¥ & & ? Diffraction AT Bragg &I 9 @rieqa | I 31 11
JHRET AT ATAdhewd! ool e |
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9. (a) In case of a BCC lattice, find: 3

(i) the volume of the primitive cell
(i) the lattice point per unit cell
(iii) the number of nearest neighbour.

BCC #fif6o-«3 (03
(i) fififos cer-aa siree e 1
(i) &0oF -« wifoer R sk Ty 52
(iii) feoon efera M srmiem Rkt ey 341
T3el BCC Saa! i FeafeiRad disds g
(i) dfeel da (primitive cell) &1 TRHATT|
(i) lattice fa=g ufcT yapIs A
(iii) TSiBD! BHHR g
(b) Draw the crystal plane in case of an FCC structure having Miller indices 6
(i) (100) (i) (110) (i) (112)
@36 FCC (@1 i3 et 5 2613
(i) (100) (i) (110) (i) (112)
@3 FEIET O OF 4|
f=feRad Miller indices WgaT FCC foheeaa! kT fihee T9ad @iogsg
(i) (100) (ii) (110) (i) (112)

(c) What is unit cell? 1
9T FRRF 9
TP A & Bl ?
SECTION-B
QUANTUM MECHANICS
Time Allotted: 2 Hours Full Marks: 60
GROUP-A
eta-5
AE-B
1. Answer any four questions from the following: 3x4=12

feafere @-i9 51fe eltaa Tex mies
frfeiRad g TR UeTEwe! SR fAgery

(a) What are the conditions for a valid wave function?
O T-TrFS I 17 el F F o

TRITBET AR GABIATRT AIRID 8w D D g ?
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(b)

(c)

(d)

(e)

©)

3. (a)
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Using the uncertainty principle, show that an electron CANNOT exist inside an
atomic nucleus. (Nuclear diameter ~ 2 x 10™'* m)

ool ifed AR &Nid F7 (@ AF0 ERE, WOFANER N AFCe 2NE |
(NeIeR A ~ 2 x 107 m)|

Fff¥ED g =R, WRAvIde e 3 selag-al AR gad 9l
SESIER] | (TRHATIDT &RT ~ 2 x 107" m)

Show that [x, p]=ih, where the symbols have the usual meanings.

oMl 9 [, pl=ih, @I ol quwe s 727 F@)

[, pl=ih T WA YA BN S8l Fdihend] AMed 3 g6 ?

What are L-S coupling and J-J coupling?

L-S e @ J.J Siefer & ¢

L-S coupling 3 J-J coupling H=Tel & i35 ?

An atomic state is denoted as 4D5/2 . What are the values of L, S, J?

G SMARE TR Dy, A BT FA 2L, S, ¢ J -9 Ml T ¢

UGS URAIIEN HaReATes  ‘Ds, of gHST Al W L, S, J Bl AT Bid
g ?

What are the conditions for an anomalous Zeeman effect to occur?

Jfowre Gia-fene *eef [ & 9
T3l AT Zeeman effect T AT Icie® & & g ?

GROUP-B
er-4
-
Answer any four questions from the following 6x4

i - oAl @tz e wie
Explain how you get probability from a wave function, and the probability
current density. Derive the relation between the two.
CIE-SHS (AT O Tl ¢ FSRTol 2RR-qg 7 T4l = 9 @@ W&
o el 74

UIC] FHEAT I HHEaAT fAgRiia ee@dl A ORI Weld qRg BRI uTsd
A= ? IR T4 | faviiew gSa! I Ul @oga |

Use the method of separation of variables to get the TIME-INDEPENDENT
Schrodinger’s equation from the time-dependent Schrodinger’s equation in ONE
dimension. (Assume the potential energy is independent of time).

aFfes TR-fTea @iEfRaE TNFe (A Separation of variable & 72
I TR TR GEICafraia e Ay 311 (@I e swr-fameers) |

=24

2+4
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(b)

5. (a)

(b)

6. (a)

(b)

6106

Uh AW gRadl IR fa9roel dRieT gdgR 97g R aifss Rt
AR SRg T WR FIST RG] FHIGRT Aioge | (ReRSS &1 A
FHIGRY @R g7)

Show that the time-dependent part of the wave function (') is given by
f@©=f(Oe .

2l FF STH-SFS -7 TE-fFeq AT 2= £ (1) = f(0)e EIM

TSl RTheTdl T7g 1R B £(1) = £(0)e E" o fams v+ S@rsIeN |

Write down the first three normalized wave functions for a one-dimensional
harmonic oscillator, and draw EACH state graphically.

36 NS 76T eTF-ae 2”5 S TR swm-SerFesl @79 R "
erersioe fage F41

Uh SRITMHT  harmonic oscillator &7 Ufeall &F TIMRIT ORI Ho8®
ST A U SfaRATdh] Y@ Ui BIjar |

Why do we normalize a wave function?

S| S-S (T A[ALE B (A 9

U3CT O’V BA-alls g™l fod gamm=i st ?

Define the gyromagnetic ratio and the Bohr Magneton.
Gyromagnetic-S("1® € (JIF-Magneton-4< el W€ |
Gyromagnetic 37dTd I Bohr Magneton =Tl & (ST ?

In a Stern-Gerlach experiment, silver atoms traverse a distance of 0.1 m in a non-
homogeneous magnetic field with a gradient of 55 Tm'. If the velocity of the
silver atom is 450 ms ', then calculate the separation between the two traces on
the collector plate. (Mass of silver atom = 1.79 x 10 kg, Bohr Magneton
=927 x 10721 JT™).

@3 Stern-Gerlac 21, 55 G3ET/RGR TSRS 7™, SI-7Tg TIF GG T
fr Prrer-srmidel 0.1 fotR @y ofeews 3@ I Prerer smeiqelr few@s

450 RBR/CTTS 27, OIRE TRATE OER B9 SRS Yt @R N0 341w e 51
(Mass of silver atom = 1.79 x 10> kg, Bohr Magneton = 9.27 x 102" JT ™)

Stern-Gerlach TIETOTT silver GRATY] 0.1 m &1 G 55 Tm' ' &1 STAT TS
SRTA FHIOTT &5H TF T8 | AR silver TRATIHT AT 450 ms ' Y G
collector plate <! IS WIS |

(silver URATI®T GIAM = 1.79 x 10 kg, Bohr Magneton = 9.27 x 102 JT™)
Can the Stern-Gerlach experiment be performed with ions instead of neutral
atoms? Explain your answer.

Stern-Gerlach #rFiT fsfie srmieg +fface ofbeaw “imig 727 Fat aw & ¢
(oI TSR HICF I wiS |

T3CT we URHATIRT el AFFDHI YA TR & Stern-Gerlach &I gRefor T+
Al ?
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7. Using quantum theory, explain the effect of an external magnetic field on the 4+2
energy levels of an atom. Hence explain the splitting of spectral lines observed in
the normal Zeeman effect.
AE *fevaef g prerEEs 7 FeiR el 23 ©f (@RIBN Ored AR
Y 9 GR ©IF 7 T Zeeman GFF-a I @2iE Rerem i< 11

FareH RIGID! TANT TR URANH! ISD] WRAT dfe] FEGI aTdaD]
IR JATSIBN | IAAIC A Zeeman effect AT spectral &IHhidI 4T &l

IR e |

GROUP-C
e«
-1
Answer any fwo questions from the following 12x2 =24

fwfeiie @-iF 76 etis Tea wis
el fasual g g3 URTEwd! SR Qe

8. (a) Derive the expressions for the energy eigen values and the NORMALIZED Eigen 4+4
functions of a particle confined in a one-dimensional box.

a3 @FNGF T T A7 FAG THATSTC Sa%-S(2FF ¢ O *f&d Eigen
value T4 T

U JTATDI JaaTHT RIHAT TIeT HordhT AT eigen ISl AM A TR
Eigen UfTheTdl FHIART Wioderd |

(b) What is the “Tunneling effect”? Give an example of the phenomena. 4

“Tunneling effect” /& ¢ @2 effect-93 Twizzel wie |

“Tunneling effect” @& & ? JADI UICT IATERV (&I |

9. (a) What is the value of £ that makes e an Eigen function of the operator 4
=
[-A3 (&I T S e e (%—ﬂxzj S#CA69-93 Eigen function -4
e 21 9
T3 YATAD (%Z—ﬂxzj d eigen B BRI AT @ 275 W BB AF

Did g ?
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(b)

(©)

10.(a)

(b)

11.(a)

(b)
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Given that w(x)zx/a e *" where 0<x<o and o is a constant, what is the

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

T ST Y (x) =ore™™ , @A 0< x oo IR o G &7F 1 O 2= | 4
x =2 G I G 0 SR TS T 9

fesudl B y(x)=Jae ™ TEl 0<x<w B AN a® 79 ReRr B 9o
TICT HUTeTS x:%aﬁx:%mtrmﬁmﬂwaoﬁ@?

Calculate the expectation values for the position and the kinetic energy.

TARNG S-S 7FP-GF (g 907 9% (Expectation) SE 8 51G (Expectation)
sfoxfe fafa 311

Rerfar «1fy 1fires ISt smerdr A9 Wioge |

Derive an expression for the total magnetic moment of an electron in an atom due
to the interaction of its orbital and spin angular moments. Hence find the value of
Lande’s g-factor.

FEFLEE TR IF 8 T ANEA TR (T v Teom @i pEei ans
Afren 97 F91 @3 M2 Lande-g factor-43 Wi e 3411

FHE S gATGHI DIV SMThT  FRIBATH! BRI A~ g1 GO
FEHT  IMMATD! FHIBIUT WIoeq | TFae Lande’s g-factor &I AF Ui+

e |

Calculate Lande’s g-factor for a ‘p’ state electron.

‘p’ state FFFGCT Lande-g factor 16T 341
P-®R gelaga!l MRT Lande’s g-factor FFabTegaNy |

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

AT Soie ife 69 © A T4 OH-SHH R Afesre] A Sefersel 4GE
77 FeiE ¥ Mifsre it T

Pauli &I exclusion & RiGFT @S UM T8 | Symmetric 3
antisymmetric TR HATD] STt HExl AT NG Thes ?

Prove that the total wave function of two identical Fermions is antisymmetric.
el 39 g6 S Fermion-@3 70 Sm-Siorwao Sieifos |
gEECICI Uhwd YUHT Fermions &I ‘IUSF d¥T Wold  antisymmetric g YT

CRCISH T
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