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U.G. 4th Semester Examination - 2022
PHYSICS
[HONOURS]
Generic Elective Course (GE)
Course Code : PHY-H-GE-T-2(A-C)
Full Marks : 40 Time : 21 Hours

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-2A
(Thermal Physics and Statistical Mechanics)

GROUP-A
1. Answer any five questions: 2x5=10

a) What do you mean by equations of state?
How do they help build the knowledge of a

system’s thermodynamic properties?
b) Prove the relation (B_U) :T(a—P) -P,
oV J; aT ),

where symbols have their usual meaning.

[Turn over]

g)
h)

i)

594/Phs.

State and explain briefly the basic concept of

the ‘third law of thermodynamics’.

The existence of the internal energy can be
inferred from the first law of thermodynamics.

— Discuss.

Define compressibility and Expansion Co-

efficient.

An inventor claims to have developed an
engine working between 600K and 300K
capable of having an efficiency of 52%.

Comment on his claim.
State the principle of increase of entropy.

Calculate the mean free path of Argon at STP.
Atomic weight of Ar =39.94, Average thermal
velocity ¢ = 3.8x10% m/s, viscosity

N=2.1x10"Pasec.

Show that the Rayleigh-Jeans law is a particular

case of Planck’s law of black body radiation.

The Fermi energy for sodium at 7= 0 K is
3.1 eV. Calculate its value for aluminium.
Given that the free electron density in

aluminium is about 8 times that in sodium.



GROUP-B

2.  Answer any two questions: 5x2=10

a)

b)

d)

594/Phs.

Write down the Planck’s quantum postulates.
What is the wavelength of the maximum
intensity of the radiation radiated from a

source at temperature 3000°C? 2+3

M gm of water at temperature T’ is isobarically
and adiabatically mixed with an equal mass of
water at 7,. Show that the entropy-change of
the universe is

2Mcp ln—(]; il Tz)/2
IT,

and is positive. (¢, is specific heat at constant

pressure). 5

Prove that the first law of thermodynamics is
a mere statement of conservation of energy.
Show from the first law of thermodynamics
that the temperature remains constant during
an adiabatic and free expansion of a perfect
gas. 2+3

What is Fermi energy level? Calculate the
Fermi energy in eV for a monovalent solid of
density 0.97 g/cc and atomic weight 23 at
T=0K. 1+4
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GROUP-C

Answer any two questions: 10x2=20

3. a)

b)

b)

594/Phs.

The equation of state of a van der Waals gas is

given as (P+%j(v—b) = RT where a, b and

N
R are constants. Calculate the quantities:

(0P/dv), and (0P/0T)
Show that the work done by an ideal gas during

Ve

the quasi-static, isothermal expansion from an

initial pressure P, to a final pressure P, is given
by W= nRTln(Pf /R) . Calculate the work

done when the pressure of 1 mol of an ideal
gas is decreased quasi-statically from 20 to
1 atm, the temperature remaining constant at
20°C (R = 8.31 J/mol.deg).

Considering the entropy of a pure substance
as a function of 7 and V, derive the first 7dS
equation. (2+2)+(2+D)+3
Write down the Bose-Einstein distribution law
explaining each term. Show that for a photon
gas, the density of states is proportional to E,
where E corresponds to energy.

Calculate the Fermi energy in eV for a
monovalent solid of density 0.97 g/cc and
atomic weight 23 at T = OK. (I+4)+5

[4]



b)

d)

594/Phs.

Starting from Maxwell’s velocity distribution
law, show that the number of molecules dN_
with translational kinetic energy between €

and € +d € is given by

1
AN = 2]\73 (E)Z e ] ¢
(kT)2 N T

Let /() be the probability of a molecule having

free time ¢ and be given by e, where o is a
constant. Calculate the mean time interval
between successive collisions.

If pressure remains constant, calculate the
temperature for which the nm.s. velocity of a
gas will be half its value at 0°C. 4+3+3
What is Joule-Thomson coefticient?

What is inversion curve? Mention the region
of cooling and the region of heating
corresponding to this curve.

Show that the initial and final temperatures are
the same under all conditions for an ideal gas
in Joule-Thomson expansion.

Write down the differences between cooling
produced by J-T process and adiabatic

expansion. 2+(1+2)+3+2
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OPTION-B
PHY-H-GE-T-2B

(Waves and Optics)
GROUP-A

1. Answer any five questions: 2x5=10

@I 26 ariF Ted wie ¢

a)

b)

d)

594/Phs.

What is Reynold’s number?

(TS A Fl 2

Why light is called electromagnetic wave?
SIEARRE (o OGP O FeTl 2 2

A progressive harmonic wave is represented
by y(x,t)=5 sin(0.5x—10t) where, x is in meter

and ¢ 1s in sec. Calculate the wave velocity.

@3B 59T y(x,t)=5 sin(0.5x—10t) AT
T SIS T @AE x o 9 @R + (TS
G e = | wamE siferst e et |

What is beats?

T 2

Define the terms, bel, decibel and phon.
(36, (TR R e H<ee WS |

What are localised and non-localised fringes?

FNFS AR 8 F-FAIFe AT 52

[6]



g)

h)

What is grating element?

calfoe aferers e

Distinguish between surface tension and
capillarity.

RO QIR FRFOR W Sy Fo FEi

GROUP-B

Answer any two questions : 5x2=10

@-(FIC 76 &F Ted wie ¢

a)

b)

594/Phs.

What is a zone plate? The diameter of the
central zone of a zone plate is 2.3 mm. If a
point source of light (wavelength = 5893 A)
is placed at a distance of 6 meters from it,
calculate the position of the first image.

2+3
T TP 7 G0 TS T (FUR ST
™ 2& 2.3 mm IM 6 meter AT GHL K
ST T (ST = 5893 A) 191 77, O
2oy afefrea aze e |

Deduce a relation between surface tension

and surface energy. How does viscosity vary
with temperature and pressure? 3+2
O ¢ 77 Rfexfen T TF Zlom 1 |
SHNIE 9 BICAR A AES! Frei #Afes
237

Explain the effect of introducing a thin
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d)

594/Phs.

transparent plate of glass in the path of one
of the interfering light beams. A transparent
plate of thickness 10 cm is placed in the
path of one of the interfering beams of a
biprism experiment using light of wavelength
5000 A. If the central fringe shifts by a
distance equal to the width of 10 fringes,
calculate the refractive index of the material.

2+3
B STH-YNET W& @I G0 912l
G E Foz ATS S TN el SCEAIDl
1 5000 A wmmeid SERE o3 qfE-
ferers SISz ISBIR ST N @03 7t
103 q4a @(6 IRF Fo2 AT & FA 29 |
G2 TG A (FEE Tege A Sofb ATt
VECG ACH AR OCF €3 #micdq Ao el e |

If the displacement of a particle at any instant

is given by x=acos(mt)+bsin(wt), show
that the particle performs simple harmonic
motion. If a=3m, b =4 m and ® = 2 rad/
sec, find the time period, amplitude and initial
phase of the particle. 2+3
I (FEe s 9% FAlm A9
x = acos(ot)+bsin (wt) &, S (rAle @ I
e (SIS A~o{ve (1AM a = 3m, b =4 m
a3e ® = 2 rad/sec T, €3 T @leTIdre, e
=R 2 v el e |
[8]



GROUP-C

Answer any two questions: 10x2=20

- 76 23 Ted wie 2

3. a)
b)
c)
594/Phs.

A stretched string of length / and fixed both
ends is vibrating with one antinode at the

middle. Prove that the frequency of vibration

of is n:L l
m

GF 2 Al AGHIE @R [ MCIE B 41 O
(R TR OICR NLNC GG =i [
Teoly T | oY FE @ AT IAF 25

1 /T
n=—,—|
2/ \m

What are standing waves?

ERSHEEE

Write the differential equation of a damped
harmonic motion and explain each terms.
Solve the equation for damped oscillatory

motion and plot the displacement against
time. 2+3+(2+2+1)
OB SRS T SRPe ANFAAD (712 @R
2SS o i< Sl | SRre Jae @ieefed &=
@ EFIS A FCE AR AAED A A
(TR = Al |
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b)
c)
5 a)
b)
594/Phs.

In a Lloyd’s single mirror apparatus, the slit
is at a distance of 2 mm from the plane of
the mirror. The screen is kept at a distance
of 1.5 meter from the source. Calculate the
fringe width. [Wave length of light used :
5890 A].

ARG G5 WA TR feufls wofres
(A 2 W 7a0e SRfPS | SETs T (200 1.5
meter TACY G0 #%1 1R S0 | AT ([ e
IE | [TRZS SENRT SIHMCAT ¢ 5890 Al

Briefly describe the Lloyd’s single mirror
interferometer.

FRCFC? FARGA G ool THRCHRINOR Il
AT

Explain why colourful fringes are formed in
thin transparent films.

S{wer] Fog RFcw (e 6 fers (odl 2 o il
AT 3+5+2
Explain why water rises in a capillary tube.
@ @3 (SR A e Tt 610 Ol 1] A |
A sphere of water of radius 1 mm is sprayed
into 10° drops of same size. Find the energy
expended in doing so.

1 ffE P @ werwdies 100 6 s
IFI GERRAR (O (el T | GO FO @

RIE TR
[10]



c)
d)
6. a)
594/Phs.

What is meant by streamline motion and

turbulent motion of a fluid?

G6 TAETE MG 29T GR TG 81T 0O
QR 2

Water flows in a horizontal tube of length
13.6cm and diameter 2mm. The pressure
difference between the two ends is balanced
by the pressure of 10 cm of Hg column. Find
the volume of water coming out of the tube
in 1 minute. [Density of Hg : 13.6x10° kg-
m—3
S.I unit] 2+3+2+3
g 13.6 oI ol @3x 2 [l ey i3
SR T K fred oo gRifze 2o | it e
ey Bico 2L 10 GIfFBRGHE sameess bieeis
Bl fafge | 95 MNE T wred & fofe 2@
e S [+ 919 ¢ 13.6%10° kg-m?, =T
Aers! @FE : 0.1 S.I unit]

, coefficient of viscosity of water : 0.1

Refractive index of glass is 1.5. Calculate
the Brewster’s angle and angle of refraction

for it.

FIHT AfSTA=E].5 GF T FIOOIEE @FId @R
eforel @9 Wofm et
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b)

594/Phs.

Describe a method of producing polarised
light.

RIS T Teotine F GG “mfe Ik 3 |

What is meant by circularly polarised and
elliptically polarised light? 2+5+3

6 MRRS® G TAgE TRfEw B @ e
G 2

[12]



OPTION - C
PHY-H-GE-T-2C
(Nuclear and Particle Physics)
GROUP-A
Answer any five questions: 2x5=10
-] A @ess Ted s ¢
a)  Which nuclei is expected to be more stable

A 81 :
: yLior ;Li ?

i T @ io®eT 263 ¢ 1Li or SLi?
b)  What is a particle accelerator? Name at least

four types of particle accelerators.

TN QfFeTicasq F12 INACEF BIF 4T I
GfFIEGET JIN @ T |

c) Define mass defect and packing fraction.

g @b ¢ AR SAREE FKE 7S |
d) What do you mean by Compton wavelength?
TG CHHOTES IS (AR 2
e) State Geiger Nuttall law relating to the ranges
of ¢ particles.
o TR I AEI® afi2ai AIETE qab @12 |
f)  What is meant by parity of nuclei?

fSeiEa “ifafe Toe J @RI

g) What is artificial radioactivity?
Flaw (oaigrel 17

594/Phs. [13] [Turn over]

h)  Write down the quark content of proton and

neutron.

@5 @3 FCHER @RIE olon @14 |

GROUP-B

Answer any two questions : 5x2=10
@-(FI K5 & T wis ¢

a) 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

! BETES (i Fio-orF Rrcsiaim =i
T2 | (FNS 4y (A *= AO@Cs 90 3EE
250 nm SIRWCI GF0 (FoA ARG | TW
200 nm SR o €2 A9ce SHifew 27,
O[5t TEgeEe ofew@a Fo z@e

b)  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 AR (A1 93 FraMfer ICe F (@R 2 FreIC
Y TR o 2 R el i Awiela Al feri-
efsfezl F@ o 31 S|

594/Phs. [14]



d)

594/Phs.

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

by resonance condition in a cyclotron. 4+1

HBFIG AREEsEE Al Afe ad@ T
ARG Seaee 2z e Ft @R e

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

& QU-FITTIE FreR (e Aga Fa1 232
9 MeV 93 Sl FoNesle] @i SIR=IAe0 GRIER
T W@ A 9R) owE Jfe s 2
EER 49g 10 pF T W90 2AT1-7126
ool I | QF0 TR (2T T FACO 35
eV & ared 27|

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 2He are 7.01823,

1.00814 and 4.00387 amu respectively]
2+3
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frefga Riew @i @i el srafre 232
TLi+| H —2 He+2 He 92 (p, o) Rz Q

I Sl ST [ILD, (H€ JHe @9 ©F IAFE

7.01823, 1.00814 @<k 4.00387 amu]

GROUP-C

Answer any two question : 10x2=20

@i 7o er Tex wie ¢

3. a)
b)
c)
594/Phs.

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

their Q-value.

frefga ffem Q- Fe7te F @RIF 2 Q-

Tor fefe o olga [ @dies st

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

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

What are the advantages and limitations of a
semiconductor counter (detector)?
(2+2)+(2+1)+3

PR =

S AfFAE FeTIF (TGF) 93 A @3

Ametels J Fie

[16]



b)

b)

d)

594/Phs.

Explain the salient features of nuclear shell
model. Discuss the limitations of this model.
Sl (et oeteTs agie CafiRrefer i e
ﬁi R[ACICOE é\ll)ﬂﬂ'?n!ﬂ [CeTIo <A1 |

Write a short note on Cerenkov radiation.
GEES (@GR ToiF @6 A BIFl @14 |
Why pair production cannot occur in absolute
vacuum? (3+2)+3+2
AT XTSRRI TAMA GHCS A0 1 (el 2
Explain with the energy level diagram the fine

structure of o spectrum.

*few Brad AR o G Tz FFOR
I AT

Describe the theory of o decay.

o fJfSa0@ o€ @4

What is the unit of radioactivity?

(THGTO GFF J 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. 3+4+1+2
5.3 MeV offexifeq o 9 @re@ 1 Gl
OTFP (FFCa A FANE PeNeflers sifosices qes
L F© T ] TR |




