520/Phs UG/4th Sem/PHYH-GE-T-4(A-C)/20

U.G. 4th Semester Examination - 2020

PHYSICS
[GENERIC ELECTIVE]
Course Code : PHYH-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
PHYH-GE-T4A

SOLID STATE PHYSICS
GROUP-A

1. Answer any five questions: 2x5=10
-] A @ess Ted s ¢
a)  Define primitive cell and unit cell.
SIS (PF GR GFF (PIE T TG |

b)  What is a Bravias lattice? What is the maximum

number of possible bravais lattice?

[Turn over]

d)

g)

h)

520/Phs

ez Tiwz 2 T8y areizy awt [ ifHs
A P9 ?

What do you mean by phonon?
I oo 6 @i

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

paramagnetism? Why?

TRISTIEOE™ @R AN ENE W& @0
TNE AId e [ (@

State Curie-Weiss law.
ISR @ =74 |

What do you mean by plasma oscillation and

plasma frequency?
A (Tl G 2| FF @100 F @R ?

Explain Meissner effect in superconductivity

o o

wfesfFaifeite e ae) R 41

Differentiate conductors, semi-conductors and

insulators based on their energy bands.

sfa-oifba Tolm fofe s iR, sead e
SRR Wy N1 T F91

(2)



GROUP-B

2.  Answer any two questions : 5%x2=10

@-(FIC 76 &F Ted wie ¢

a)

b)

520/Phs

State Bragg’s law for X-ray diffraction. Prove
that for a simple cubic lattice

d1002d110:d111:\/g:\/§:\/§ 2+3

fa

G g0 ARG AR @0 (+74 | 7 PSR
GIFIE G el [ @&

dloo:dllo:dmZ\/EZ\/E:\/5 l

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

AR ©lvl @ i SivmigE AKw! e | Teik-
(o556 @it (14 @R I SPN@GIF [ 97 [l
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
539 @R @-5is SRR e apyfes
sAfFaifzel g sfefierel <@ce F @R 9
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d)

Answer any two questions:

g SRR Hfaifzer ¥k sfefeTe Tt
THoiE o I

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

mechanisms in dielectrics. 2+3

TRBEFGS AL (e A TeT0e @RI 2
TiR3EES Amide Rien creracea afe s
BI&N

GROUP-C
10x2=20

@I 76 A T e ¢

3. a)
b)
c)
520/Phs

Define reciprocal lattice and Miller indices.

@RI Sl @ e peed kel 7ie |

Establish the relation between miller indices

and inter plane spacing in a crystal.

G (@ET el o 9R Se-aF S
RN S T90F Zlo |

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. (2+2)+3+3

GO (eI O a STHE a YA, b S 2b AR
G ¢ OFRE 3¢ WA (20 (A | 82 OEld Werw
el e |
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b)

d)

520/Phs

Describe Langevin’s theory of paramagnetism
and obtain expression for susceptibility.

AGSE=a A TEET O I FE@ G-

&

ANeiiEha sfegfe Fd s@

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

SilRTeRcNIRICIEEE,

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. 3+2+2+3

GF BIFF AW oEtREE™E 3500 A/m @R
T 9% 0.0046 Wh/m? | & (BIFF (Fq Q<D
G2 AW oAFF GIFs-comrel @ et |

Explain internal-field in a solid dielectric.

G35 o TIREGS “vicda STeredle Fg A[ETd
BIINGER

Derive Clausius-Mosotti equation.
SPRP-GIEATG e dfew] e |

What is the difference between Normal

dispersion and anomalous dispersion?

(5) [Turn over]

d)
6 a)

b)

c)
520/Phs

Alel vgel @R AfoaEre Rugar s gy
e

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 THOF «FF AYATAE Bicol SFo ST
2.7x10% atoms/m’ 2R AT | 93 GG
MR Ao &< Aol 1|

What is Hall effect?
o foal e

Show that for a p-type semiconductor the Hall

coefficient R, is given by R :L.
pe
a3 #1529 wFRRIRE o @ald [ @ 9T
1

wi-ael% R, orewl 7P Ry =— |
pe

Define residual resistivity for a
superconductor. Plot the resistivity vs

temperature for a superconductor.

G35 wfeaAiFaE SE-@idEa Jewt e | i
SfeaFQIEE @idE I Sew! @12 S=e el |
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d)

520/Phs

Calculate the critical current which can flow
through a long thin superconducting wire of
aluminium of diameter 107°m. [Critical

magnetic field for aluminium is 7.9x10° A/m)].

2+3+(15+13)+2
@36 10°m i@ Speffaeiem ad ¢ 1=
wfeolfaaR eiwa W e a7ifee Tw6-exzal

el St | (STERRIGR 7&5-EreFrraaikey 2=
7.9x10° A/m)
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OPTION-B
PHYH-GE-T-4B

QUANTUM MECHANICS
GROUP-A

1. Answer any five questions: 2x5=10

@I 2iofb ariF Ted wie ¢

a)

b)

d)

520/Phs

Write down the quantum mechanical operators

for momentum P,, and kinetic energy T.

©qed9 pye sfexfea T @GN EifaFe
SGIERIENGE]

What are the properties of a well behaved wave-

function?

g6 e SxE-seRCe [ 6 @i ey e
Prove that [&,p |=i%.

g S @ [R,p, | =ih |

Calculate the normalisation constant for the
free particle wave function v (x)= Aexp (ikx).
a6 fFis FAE e IH-SAH ST
\p(x) = Aexp (ikx) sAfafrosae g5 e @1

What is the ground state energy of a one
dimensional quantum harmonic oscillator?
What does it imply?

G -G (PIRT e @A (O AT
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Fo? @b & Mo e

f)  For two linear operators ¢ andfi prove that
(6, B]+[B.a|=0.
b T WIEF G @R B 99 T AN I @
(6, 8]+ B.a]=01

g) Explain the terms Gyromagnetic Ratio and

Bohr Magneton.

SIREENAEGF Tole a3k (AT 6
sAfereriel = we |

h)  What is meant by “entanglement”?

GGIISTEID F6100 1 (RN 2

GROUP-B
2.  Answer any two questions : 5x2=10
@-(FIC 76 &F Ted wie ¢

a)  An electron is described by the wave function

w(x):O for x <0
=Ce” (l—e_") for x>0

Determine the value of C that normalizes

520/Phs (9) [Turn over]

b)

520/Phs

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

found? Calculate the average position <x> for

the electron. 1+2+2
OF S(FAFET OIS
v(x)=0 for x <0

=Ce” (l—e_") for x>0

y(x) & AfRROwaeE g C 93 = e e |

BETZALCE (IR L0 AR AR A (A @ 2
AL 9IC SR/E o 1|

Write down the normalised ground state wave

function of a quantum harmonic oscillator.

Calculate <X>,<X2> and Ax for the ground
state. 2+3

G RGN 7o @ RS e o95%-
o (@741 (ST T (), (x7) IR Ax
O3 W o e |

Write down the Schrodinger’s equation for
hydrogen atom. Apply separation of variable
technique to obtain radial and polar equations.

2+3

BIRGIEH AT & (=g AT @19 |
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d)

Answer any two questions:

SRS 7RSS AN T (RGBT G-
Coller Ssiael feref el |

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

o s 2 H=1 G0al (519 (Fq ARGET
el SRR GO FoA1F aleiell 1 | @2 5000 A
O (AR I (@A e AliEe e [eiee
[GRERS&

GROUP-C
10x2=20

@I 76 A T wie ¢

3. a)
b)
c)
520/Phs

Write down the fundamental postulates of

quantum mechanics.
PRGN @i (Tifers AR @ |

How do you interpret wave function in terms

of probability?

O SRS P TSI AR I FAE 2

What is probability current density? Show that

the probability current density is conserved

(11) [Turn over]

4 a)
b)

5 a)
b)

520/Phs

MG AT Golg F 2 (N8 @ A 2Eq!
g AR 7 | 3+2+(1+4)

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.

TEA GF0 N GFE G (reTe 7l o aFwifas
A SR TE eFe 7o x = —L/2 @3k x = L/2
(S SREFS | T 7oy g ANFa0 @72 @)
Q3 AT FCH AL TG SBoF-S 2 '@ FLB
sEtam-fe T s SiRem-serss e
@14fbg oIF A |

Calculate the expectation value <x> and <p >

for the ground state.

(ST <x> @R <p >-47 AGIHG 2T N R
Sl (1+4+2)+(1+2)

What is meant by space quantization?
G (PRIFGIZIE™A @I F (R 2
Briefly discuss the L-S and J-J couplings.

T GFT-A AR (& - (& FioAfeTe S S |
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d)

b)

520/Phs

Explain Pauli’s exclusion principle.
AMefera wioRe Sifsit i |

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

of a d electron.

(ST 2 ATALA IR I G0 d ERGE
@5 Ffds sfox e Tmefe N st

2+(242)+2+2

Obtain expression for I:X,I:y and L in

Cartesian coordinate system.

FIGPRE BAE L,L, ¢ [, 97 &= wfeafe
[GRERS&I

Prove that [I:X,I:Z ]:[I:y,ff ]:[I:Z,I:Z ]:O
gl et 1 [ L0 ]=[L,.0 |=[L,.L* ]=0

Briefly discuss the Stern-Gerlach Experiment.

Sl -afeAfFe ANFID FALCHCH SN T |
3+3+4
(13) [Turn over]

OPTION-C
PHYH-GE-T4C

NUCLEAR AND PARTICLE PHYSICS

GROUP-A

1. Answer any five questions: 2x5=10

@I 2iofb ariF Ted wie ¢

a)

b)

c)

d)

520/Phs

What is meant by parity of nuclei?

el il <w=e N @R

Define mass defect and packing fraction.

© @ ¢ 2R SARE A Me |

Which nuclei is expected to be more stable :
TLior iLi ?

=

i R @ ffe®er 263 ¢ ILi or SLi 2

State Geiger Nuttall law relating to the ranges

of ¢ particles.
o I I g wAfZale FGIceTa @b &1 |

What is artificial radioactivity?

Flaw (oaigrel 17

What is a particle accelerator? Name at least

four types of particle accelerators.

T4 Qi FAIE5T Fl2 IAATF BIF 4IT N
GfFIEGET JIN @ T |
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g)

Write down the quark content of proton and

neutron.

@5 @3 FCHER @RIE olon @14 |

h)  What do you mean by Compton wavelength?
TG CTHOTES IS (AR 2
GROUP-B
2.  Answer any four questions : 5%x4=20

@-CFI BIE A4 Ted e ¢

a)

b)

520/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

Wifegs ey fF2 @72fbcas Tigw @ate (e
Jiefe] el SR A AfFfEe w7

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

FEFCA CI-AIRTE e qraq /ey smafem
BPF] O Il |
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d)

520/Phs

What is meant by range and straggling of o
particle? Describe how Y rays are originated
and how they interact with matter. 2+(1+2)

o I (@6 9R Felferk To0e F @RE e el
Y I TG T R FIE i “wiedfd e Tl
efsfaat a5 o 3991 e |

What are the quantities that are conserved in a

nuclear reaction? Compute the Q value of the
(p, o) reaction Li+, H—; He+; He [Mass of
'Li, (H and jHe are 7.01823, 1.00814 and
4.00387 amu respectively] 2+3

iz Riar @i @i aifkel safre w0
TLi+ H —2 He+2 He 92 (p, o) Rieifoa Q 1w
sl AN [ILi, (HE 2He @9 @ IU@H
7.01823, 1.00814 93 4.00387 amul]

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-ITBIF Freld (IR MY a1 279
9 MeV @3 SieTer! Feiwfe] @b SR (GRIET
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g)

520/Phs

Tty T TR =R O *fe oJ@e)fE 2[R | Peser
qI7Fg 10 pF 20 W75 SART-36 sl Il |
GG ST (A TA T 35 eV *If& e
23|

Describe the principle of operation of a

cyclotron accelerator. Explain what is meant

by resonance condition in a cyclotron. 4+1

TFG AREEsEa AR Aife 9@ 91
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

00! ZEGS (R Fio-SrF eI ey i
T (@FINe 4y (AT *7 oAfocacel @Fb  FETgA
250 nm SIHWCHA G oA e | A
200 nm STHFCL G 68 AYCe HHifoe 27,
o[ 5t TEgeEe ofe@a Fo z@e
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Answer any three questions :

GROUP-C
10x3=30

@-(Fie foxlB e Teg wie ¢

3. a)
b)
c)

4 a)

520/Phs

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

G5 TCiFaER a9 =ifew sk vie | Feigner
TmeifE @ BIfced e w0

Distinguish between nuclear fission and

nuclear fusion.

TS el a3k Sig 5= «a sug N4y
fdiae s

Calculate the Mass defect, binding energy per
nucleon and packing fraction of '°0. [mass of
the hydrogen atom and neutron are 1.008142
and 1.008982 amu respectively]

100 7 o @b, Noigw afoam =ife gag #hifs

SRl el et | (BT @ NG o TG
1.008142 €<% 1.008982) | (2+2)+3+3

Explain the salient features of nuclear shell

model. Discuss the limitations of this model.

o

e 6T reEd agie @RSl i I
&3 ST ARG S T |
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b)

d)

520/Phs

Write a short note on Cerenkov radiation.
OEFe G@CEHET Tod O AR Bl @12 |

Why pair production cannot occur in absolute

vacuum?

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

What is the unit of radioactivity?

(THGTO GFF J 2

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

Explain with the energy level diagram the fine

structure of o spectrum.

“fowd Braad TR o CHIFIER Tz FF6E
IR AT

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 aifexfea o I @ 1 Gl GTEF
CFCG A FAIE Ffera aifooies Il g
PO BT 9 A 1+4+3+2
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b)

b)

520/Phs

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

their Q-value.

frefga fRfgan Q- e § @R? Q-Swa

Tor fefe o olga [ @dies st

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

eV aX o~

eigy [T -G K@l e | @3 OFF
Jre

What are the advantages and limitations of a

semiconductor counter (detector)?

PRt = —_

S AL FCTR (TTHF) 93 R 9%
Ametafe F Fie (2+2)+(2+1)+3

How are the elementary particles classified

based on their mass? Explain with examples.

S a

GBI el Frer s o fefers
Vw41 272 Sriggd @ g S|

What are strange particles and strangeness

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

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

charge, spin and strangeness?

(20)



d)

520/Phs

frsferiie @ Rieme oo, Pm g Beem
AT AR R SIS /SIS 25y
34|

i) K +p"—=Z2"+K’
ii) K +p"—=n’+K°
iii) 7 +p" >’ +n’
Write a short note on the standard model of

particle physics.

FN-RE IHISIC NeEd Tod WY Bl @12 |
2+2+4+3+3
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