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U.G. 4th Semester Examination - 2022

PHYSICS
[HONOURS]
Generic Elective Course (GE)

Course Code : PHY-H-GE-T-4(A-C)

Full Marks : Option-A : 40 Time : 21 Hours
Option-B : 40
Option-C : 60

The figures in the right-hand margin indicate marks.

Candidates are required to give their answers in their
own words as far as practicable.

Answer all the questions from selected Option.

OPTION-A
PHY-H-GE-T-4A

(Solid state Physics)
GROUP-A

1. Answer any five questions: 2x5=10
- #A1ofs Qe Ted w6 ¢

a) Differentiate conductors, semi-conductors

and insulators based on their energy bands.

sfe-oifba Tom fefe wea “f7ad, sz «ag
THARAIRT W A1 S 79|
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b)

d)

g)

h)

594/1 Phs.

What do you mean by plasma oscillation and

plasma frequency?

A (AT QR 2TE| Fo{%F @IS FI (2
State Curie-Weiss law.

TA-SREER A6 (+12|

Which one is the integral characteristic of
all matter among diamagnetism and

paramagnetism? Why?

TRISISIEDE QIR 2NN SR N @0
AN oMiedd R ([I*Er e @2

What do you mean by phonon?
Pl eTCe 6 (e

What is a Bravias lattice? What is the

maximum number of possible bravais lattice?

ez Tl e TRy qreR TR AQHS
R T2

Explain Meissner effect in superconductivity

o o

wfesifFaifeite e ae) Ry 41

Define primitive cell and unit cell.

MY @FE 9R GTF (@FIET AL 1S |
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GROUP-B

Answer any two questions : 5x2=10

@I 76 &eE O wie 2

a)

b)

594/1 Phs.

What is meant by polarisation mechanism in
dielectrics. Discuss different polarization

mechanisms in dielectrics. 2+3

TRIEGT AT (e afew qee
@RI 2 BIR-3EES sl [fen aresaca e
DA Al |

Define specific heat and Debye temperature.
State Dulong-Petit law and comment on its
validity below room temperature. Plot the
variation of specific heat of solid with

temperature. 2+1+2

oS Olel @ T3 SIP @ ke 1 | Telk-
(55 @b (712 G3R AT SIPIN@E B 97 ([
HAE TG ! |

What are p-type and n-type semiconductors?
What do you mean by electrical conductivity
and mobility? Obtain the expression between
conductivity and mobility in an intrinsic
semiconductor. 1+2+2

215125t @R @=-5izel wAfAE e aqrfes
sAfFaifeel ¢ sifeRieTel w@ire F @RI 95
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d)

Answer any two questions:

faum Sz vfdaifzer ez sifeRierera s
ToiF Blole A |

State Bragg’s law for X-ray diffraction. Prove

that for a simple cubic lattice
d100:d110:d111=\/g:‘/§:\/§ 243

G PR AP AR @b (514 | A PSR
G G &N I @

digo 1dyy 1 dyy =V6:3:42 1

GROUP-C
10x2=20

@-(FIC 76 &F Ted wie ¢

3. a)
b)
594/1 Phs.

Find the Miller indices of a crystal plane that
makes an intercept of a on the a-axis, 2b on

the b-axis and 3¢ on the c-axis.

G (TP o q STHCP a GG, b @ 2D
V(Y 93 ¢ SFRE 3¢ YAY (M IR | €2 OER
et peefe i @i

Establish the relation between miller indices

and inter plane spacing in a crystal.

OB @FCT W@ b QR SS-SIFE OeErd
R S T4F Blol |
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4 a)
b)
c)
d)

5 a)

594/1 Phs.

Define reciprocal lattice and Miller indices.
(2+2)+3+3

@RI Sl @ e peed kel 7ie |

A magnetic material has a magnetization of
3500 A/m and flux density of 0.0046 Wb/
m?. Calculate the magnetizing field and

relative permeability of the material.

G35 BTFF 2MItdd sIBIsE™ 3500 A/m @38
FIH T 0.0046 Wb/m? | &€ (B15F (FFq 2w
G2 AT S (GIee-cewe! [T Tl |

What are the limitations of this theory?
&3 wrad AnEeiei Fe
What is antiferromagnet?

SilRTeRcNIRICIEEE,

Describe Langevin’s theory of paramagnetism

and obtain expression for susceptibility.
3+2+2+3

GRS AARISETEEE ©g I T 921

&

ANt sfegfe Fda s@

What is the difference between Normal

dispersion and anomalous dispersion?

Ao [ogae @R Afoee [Kmgae s 214y
Ie
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b)

c)

d)
6 a)
594/1 Phs.

Derive Clausius-Mosotti equation.
FPERP-EIENT A afeyl e |
Explain internal-field in a solid dielectric.

G5 T ©REIGF M Sreredld (g AKEnd
BIINGER

Argon gas contains 2.7x10% atoms/m’ at
0°C and at one atmospheric pressure.
Calculate the dielectric constant of the gas
at this temperature. [Diameter of Argon atom
is 0.384 nm] 2+3+2+3

0°C TR 43 AYIGA Bicol SRS oA
2.7x10% atoms/m’® 2T AT | G2 SloN@R
MR Ao &< Aol 1|

Calculate the critical current which can flow
through a long thin superconducting wire of
aluminium of diameter 103m. [Critical
magnetic field for aluminium is 7.9x10° A/
m].

@36 107 m [ o WY ¢ FF
Sfes{fIR et Wy e ifee F=G-eigsal

{91 a1 | (ST 7% G a2iey 2o
7.9x10° A/m)
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b)

d)

594/1 Phs.

Show that for a p-type semiconductor the Hall

coefficient R, is given by R :L.
pe
GG 21-5i27 S aay emel el (@ @S
1
2-9AE R, o7edl 76" Ry =— |
pe
Define residual resistivity for a
superconductor. Plot the resistivity vs

temperature for a superconductor.

G wfeslFaza SRRB-@aEa sgew e |
G5 wfeoifFaIET @ium I Tl @2fva o
|

What is Hall effect?
o foal e

2+3+(13+13)+2
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OPTION-B
PHY-H-GE-T-4B

(Quantum Mechanics)

GROUP-A

1. Answer any five questions: 2x5=10

@I 26 ariF Ted wie ¢

a)

b)

d)

594/1 Phs.

Calculate the normalisation constant for the

free particle wave function
Y (x) = Aexp (ikx) .
a6 @dla FNF S IX-TWAWET

v (x)=Aexp(ikx) »fsfiresad s fefa
What are the properties of a well behaved

wave-function?

Gl e SeE-eeRee [ 6 @iEy A
Prove that [%,p |=i%.

& I @ [R,p, | =in |

Write down the quantum mechanical

operators for momentum P,, and kinetic

energy T.

©a@a e afexfed T @FRoN EFifaFe
TeAIEcaef @1

What is the ground state energy of a one

dimensional quantum harmonic oscillator?

[8]



What does it imply?

G @F-NGF FBN A @IFT (oM
sfewg Fo2 it i Foxt a2

f)  What is meant by “entanglement”?

GGIISTEID F6100 1 (RN 2

g) Explain the terms Gyromagnetic Ratio and

Bohr Magneton.

TIREAADSE SIS @R (A TG
Aol = F@T

h)  For two linear operators ¢ and B prove that
6, B]+| B.a|=o0.
76 e WP G @R B 99 T A I @
(6, B]+[ B =01
GROUP-B
2. Answer any two questions : 5x2=10

@I 76 &eE O wie 2

a)  An electron is described by the wave function

v(x)=0 for x <0
=Ce* (l—e”‘) for x>0

Determine the value of C that normalizes

594/1 Phs. [9] [Turn over]

b)

594/1 Phs.

v (x). Where is the electron most likely to

be found? Calculate the average position <x>

for the electron. 1+2+2
G0 TEFER OTH AT
w(x) =0 for x <0

=Ce™ (l—e_") for x >0

v (x) & ARz gay C @31 I ol e |

FEFAOE (@FAW & AR ABRE TR (AT
@2 TG0 oI SEE e S|

Write down the Schrodinger’s equation for

hydrogen atom. Apply separation of variable

technique to obtain radial and polar equations.
243

DRGSR G @ IfgR AN 7 |
SR 2RI oiwts 2ol I @A 9]
CoffeT IR el el |

Write down the normalised ground state wave

function of a quantum harmonic oscillator.
Calculate (x),(x’) and Ax for the ground
state. 2+3

@Fh (RGN A7 MR SARNS (o w75-
AT (14 | (SRR G (x), (X°) @R Ax
@3 e fefy St |
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d)

Answer any two questions:

What is Zeeman effect? Calculate Larmor’s
precessional frequency for H=1 Tesla
magnetic field. Now calculate normal Zeeman
splitting of a spectral line of wavelength 5000
A 2+3

e s 52 H=1 ool (519 (g QR
ey SRR Yo IR ol S @2 5000
A 3% WEa @ @AR T R e
ferem fadfa |

GROUP-C

10x2=20

- 76 23 Ted wie 2

3. a)
b)
c)

594/1 Phs.

How do you interpret wave function in terms

of probability?

OIH SAFRE IO TSN AR W7
A2
Write down the fundamental postulates of

quantum mechanics.
PRGN @i (Tifers AR @ |
What is probability current density? Show

that the probability current density is

conserved

AYR dJEiEl 9oy fFe orate @ TSIk
2AZGl TG AR 2 | 3+2+(1+4)
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4. a)
b)

5 a)
b)
c)

594/1 Phs.

A particle with mass m is in an one
dimensional box with perfectly rigid walls at
x = -L/2 and x = L/2. Write down the time
independent Schrodinger’s equation and solve
it to obtain the first three eigen functions
and corresponding energy eigen. Plot the

eigen functions.

OEA @I TN 9F® G0 (reIe 7|l oI
aFfgs AT Sm A @eqe qo x= —L/2
GR x = L2 (o SRfFe| w1 wog ™ifteg
AT @18 @R @3 T FE adw o
RS-SRS @ AT SiRrse-ifie e Fel |
SRR @1fbe wE S|

Calculate the expectation value <x>and <p >

for the ground state.

(ST <x> R <p >-43 LIRS 5G| fojefz]
3| (1+4+2)+(1+2)

Explain Pauli’s exclusion principle.

sflefer Soes el i w el

Briefly discuss the L-S and J-J couplings.
FLCCP GET-G G (&7 ~(& AT ST |

What is meant by space quantization?

o (SFIITGRIE 0o @RI ?
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d)

b)

594/1 Phs.

Using vector atom model determine the
possible values of the total angular

momentum of a d electron.

(SF 21T NCTALT IR I G0 d BERGE
@6 @i sfen selRy saefe Fdwd s

2+(2+2)+2+2
Prove that [I:X,I:z ] = [I:y,l:z ] = [I:Z,I:z }: 0
g et @ [ L, 02 | =[L,.02 [=[L,. ]=0

Obtain expression for L ,L and L, in

Cartesian coordinate system.

FGPRN gE L,L, ¢ [, 93 & wfesie
[GRERS&

Briefly discuss the Stern-Gerlach

Experiment.

- AT FACFE S ! |
3+3+4
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OPTION-C
PHY-H-GE-T-4C

(Nuclear and Particle Physics)
GROUP-A

1. Answer any five questions: 2x5=10

@I 26 ariF Ted wie ¢

a)

b)

594/1 Phs.

What is a particle accelerator? Name at least

four types of particle accelerators.

TN QfFeTicasq F12 INACEF BIF 4T I
GRIEGE N B I |

Define mass defect and packing fraction.
o @6 ¢ AR SARER e TS |

What is artificial radioactivity?

Flaw (oaigrel 17

State Geiger Nuttall law relating to the ranges

of o particles.

o TR I AEI® afi2ai AIET @t @19 |
Which nuclei is expected to be more stable
: JLior {Li ?

@ ST @ RfeRel 7@ 2 JLi or SLi?
What is meant by parity of nuclei?

fefFn #nfal were F @R
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g)

h)

Write down the quark content of proton and

neutron.
(@5 @32 WG @FF s1oe @2 |

What do you mean by Compton wavelength?
TG CTHOTES IS (AR 2

GROUP-B

Answer any four questions : 5%x4=20

@-CFI BIE A4 Ted e ¢

a)

b)

594/1 Phs.

On what factors does the stability of a
nucleus depend? What are magic numbers?
Graphically show how does the binding

fraction change with mass number. 2+1+2

wifes w2y e @2fbcaa wm @Al e
Jiefe] el SR A AfFfEe w7

What are the quantities that are conserved in
a nuclear reaction? Compute the Q value of
the (p, o) reaction [Li+ H—2 He+; He
[Mass of [Li, [H and 2He are 7.01823,

1.00814 and 4.00387 amu respectively]
243

[15] [Turn over]

d)

594/1 Phs.

iz R @i @ A ek wcafre 222
TLi+ H—J He+: He <2 (p, o) Rfexiba Q
S S ST [JLL, (He JHe 99 ©F IAFE
7.01823, 1.00814 @<k 4.00387 amu]

What is meant by range and straggling of ¢
particle? Describe how Y rays are originated
and how they interact with matter.

2+(1+2)

o T (Ag 93R Flafelk @100 F @RI 2 FreiE@
Y I B T G3R FSIE O A e -
efsfan @ o 3969 @t

Briefly discuss the semi-empirical mass
formula and significance of its various terms.
5

FEH G-I ©F ad [y smafer
WP IAETH R

How quenching achieved in a GM-counter?
Alpha particles of 9 MeV pass through an
ionisation chamber and lose their energy
completely. The capacity of the system is 10
pF. Calculate the height of the output pulse.
Given that 35 eV of required to produce an
ion pair. 2+3

& GI-FTTI@ Ireld @i Ay T4 372
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g)

594/1 Phs.

9 MeV 93 Sl FoNesle] @i SIRI=Iea0 (GRS
T i TR @R sioE #fe osfy 2
PIEEER 4isrg 10 pF 20T SSo5G oNemi-236
ool I | QF0 TR (2T TeAW FACO 35
eV *i& e 27|

Describe the principle of operation of a
cyclotron accelerator. Explain what is meant

by resonance condition in a cyclotron.
4+1

BT AREEsEa Al i ad@ T
ARG Seaee 2z e Ft @R e

Explain the existence of cut-off frequency
in photo electric effect. A metal requires a
photon of wavelength 250 nm to just eject
an electron with zero kinetic energy. If a
photon of wavelength 200 nm strikes the
metal, what will be the velocity of the ejected
electron? 2+3

05! BT T io-Sr i oy e
39| (FNS 4y (A *7 AS@Cs 9o 3EE
250 nm SIHRMCAT GFT (Foa aEre | qfn
200 nm STHMCA FFiG €3 4grs wiofew 23,
@ 5fe TEgeEe ofe@a Fo z@e
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Answer any three questions :

GROUP-C
10x3=30

@-(Fie fofB e Teg wie ¢

3. a)
b)
c)

4 a)

594/1 Phs.

Define binding energy of a nucleus. How
binding energy of a nucleus is related to its
stability?

G5 eFIeR 39 wfe wicw! vie | e iFaeE
TmeifE @ BIficega S T o

Distinguish between nuclear fission and

nuclear fusion.

fTSfgy fmile @3k SfEa fre=a «@a sty =iiefs
fdiaa |

Calculate the Mass defect, binding energy per
nucleon and packing fraction of ®O. [mass
of the hydrogen atom and neutron are
1.008142 and 1.008982 amu respectively]

160 3 & &, i afeama *ife g nfe

Sl oy S (T GIcE ¢ fehea ©9

Y@ 1.008142 @3k 1.008982) |
(2+2)+3+3

Explain the salient features of nuclear shell

model. Discuss the limitations of this model.

e o1 SreEa agie @AREratE e St
3 (O ATl S Tl |
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b)

b)

d)

594/1 Phs.

Write a short note on Cerenkov radiation.
cEFe G@CEHET Tog @it 7Y Bl @19 |

Why pair production cannot occur in absolute

vacuum?
AT XTSRRI TAMA GHCS A0 1 (el 2
(3+2)+3+2

o particles of kinetic energy 5.3 MeV are
subjected to o magnetic field of 1 Tesla.
Calculate the radius of curvature of their

tracks.

5.3 MeV sifosifed o 909 @eE 1 G
OTEF CFq AT FAICH Il sifesidd @t
IS F© ZE Sl I |

Describe the theory of o decay.
o RfSacs <€ @12

Explain with the energy level diagram the fine

structure of o spectrum.

“fewa Brad AN o CHRFFITR Tz BIFHI
[T AT

What is the unit of radioactivity?

(CTHIORF GFF 1 2 2+4+3+1
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b)

b)

594/1 Phs.

Define cross-section of a nuclear reaction.
What is its unit?

ey [RiTw T91-EReiEme s 118 | 99 93
Jre

What is meant by Q-value of a nuclear
reaction? Classify nuclear reactions based on

their Q-value.

frefga ffem Q= Fe1te F @RIF 2 Q-

Tor fefe o olga [ @dies st

What are the advantages and limitations of a

semiconductor counter (detector)?

PR =

S AfFAE FCTIF (TGFA) 93 A @3

Ametafe F Fie (2+1)+(2+2)+3

What are strange particles and strangeness

quantum number?
(3% I 8 (BGEA RGN 7Ry FHe

How are the elementary particles classified

based on their mass? Explain with examples.

GFEEGIR Tl el wime oE@a fofere
Vw41 272 Sriggd @ g S|

Write a short note on the standard model of

particle physics.

- BT NeeeETd B W Bl @1 |
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d)

594/1 Phs.

Explain which of the following reactions are
allowed/not allowed by the conservation of

charge, spin and strangeness?

frgferie @ Rfeme vie, Fom a3 g™
FRLJ] IR BT SRS /SRS i<
34|

i) K +p"—ZE"+K’
ii) K +p"—>n’+K’

iii) " +p" =X’ +n’

2+2+3+3
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