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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 3rd Semester Examination, 2019

GE-PHYSICS
Time Allotted: 2 Hours Full Marks: 40
The figres in U margin fadicate fll morks,

Crnelidares showld answer in their cnvn words and adbere to the word lmil gz praciicable,
Al .'l}mllml.'i‘ are q,l"l.l:un'.' mm

The question paper contains GE3A and GE3B.
The candidates are required to answer any ore from fwo courses.
Candidates should mention it clearly on the Answer Book.

GE3A
MECHANICS

GROUP-A
1. Answer any five questions from the following: 1x5=35
() What is Geosynchronous orbit? L
(b} Define shearing stress. 1
{¢) What is solenoidal vector? 1
(d} Explain the term *Ether’ in Michelson-Morley Experiment, 1
(e} Define the term Resonances 1
(f) What is the difference between impulse of force and impulsive force? i
{g)} Write the dimension of (orgue. 1
{h} Write down the most general form of a homogencous first order differential 1

equation,
GROUFP-B
Answer any three questions from the following S=3=15
2.(a)"A linear harmonic oscillator is characterized by y=acosar. Calculate the 2
displacement at which K.E. is equal to its P.E.
{b) What is damped vibration? How does it differ from free vibration? 1+2=13
1. (a) Show that the vectors @=1~2]+3€, §=-2+3]-4k and &=-]+2k are 2
coplandr,
(b) Pind the gradient of the sclsr function @(xynz)=de® 7w the 3

paint (1, 1,-1).
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4. {a) State Kepler's laws in connection with planetary motion.

P : acily 3 cm's,
(B) A disc of mass 50 g and radius 2 cm is rolling down with lincar i :
Find out its linear and rotational kinetic eneTgy.
, - Ry P e 1
5. () Find the general solution of differential equation == =37 ™™

ativistically

b

I
{b) Establish the relation between total energy and momentum of @ re
moving bady.

[ 2% ]

4 i ; in the case of
6. (a) Derive an expression for the energy stored in an glastic body in

longitudinal strain.

(b} The compressibility of water is 44107/ atm, if 125 atm pre
200 ce of water, then find the volume compressed.

ssure is applicd to 3

GROUP-C
Answer any fwa questions from the following 02 = 20
7. {a) Write down Lorentz transformation equations. ;!
(b) On the basis of Lorentz transformation, discuss * Time dilation”, )
(c) A spaceship of rest length 120 m passes an obscrver on earth in 4.5 us. Find the 4
velocity of the spaceship with respect to the carth.
8. (a) A force F=3+ 2}'-#3 s applied at the point (1, -1, 2). Find the moment of the i
foree about the point(2, =1, 3).
(b} Determine the hzight of'the Geosynchronous Satellite from the earth surface. 4
{E-:I- Prove MNewton's 3" law of motion from the conservation Pl'mﬂplﬂ of linear 1
momentum.
9, (a) If the distance ]J_'Emﬂﬂ the Sun and Earth is reduced to half of their present 3
distance. What will be the length of the year?
{b) I 'the length of a simple pendulum is increased by 75%. Find i
increase in its time period. by the percentage
(c) Prove that the resultant motion of two Simple Harmonie Motion's having < r
period and amplitude but a phase difference of 23S clroular. n's having same
10.(a) Show that the torsional couple per unit twist of a e ﬂﬂi e i

symbuols are their usual meanings.
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(b) A wire of 50 cm len

| .
124 ml: :i}'nu.rgmqlgih and | MM oress=sectioml nrea has vﬁunﬁ'ﬁ modulus of 3

Find out workdone 1o mecrease its length by | mm.

{c) Show that Poisson's ratio & fjes between —| 1o 1 3
5
GE3B
THERMAL PHYSICS AND STATISTICAL MECHANICS
GROUP-A
I Answer any five questions from the following: Ll

(a) State the principle of equipartition of energy. |
(b) What is the change of interal encrgy in a reversible cycle? I
(c) State Wien's displacement law, I
{d) What is the dimension of the entropy? !
{e) State the Carmot theorem. |
() What is the reflective power of a perfect black body? I
(2) Write down the expression for “pressure of radiation™ 1
(h) What is the value of Inl0! according to the Sli:ﬂhg"s formula? |

GROUP-B
Answer any ihree questions from the following %= |5
3. (a) What is free expansion? 18t an adiabatic process? 1+1
(b) Show that for an ideal'\gas, the internal energy depends only on the temperature 3
not on pressure and/or yvolume.

1, {a) What is the megning of mean free path of the molecules of a gas? Show that it is I+3
equal 1o = , where n is the number of molecules per unit volume and o is the
dismeter of each molecules. o

(h) Write down the relation between the cocfficient of viscosity and thermal |
. conductivity of a gas?
hosons? Gi amples 1+l
4 (a) What are bosons’ LIVE €X . o . o
i b; [Discuss the difference between the Fermi-Dirac and the Rose-Einstein stistics. 3
v = i = " 2
5. (a) Mention the physical significance ol the Ciibb's potentinl . :
(b) Show that the ratio of the adiabatic 1o 'ltiulllmrmull -Ellth'lll.:h‘}' is ]
{c) Write down the Clausius-Clapeyron equation of stale.
Tam Over
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6. (a) State Kirchhoff"s law of radiation.

(b} Using dimensional analysis establish the Stefan-Boltzmann law. 3
{c) What is the limitation of Newton's law of cooling? |
GROUP-C
Answer any fwo questions from the following 102 =20
7. (a) Distinguish between extensive and intensive variables. Give examples. 2
(b} Represent (i) an isobaric process and (ii) an isochoric process on a P-V diagram. ¥
(c) Show that for an adisbatic process T97~'= constant, where the symbols have 3
their usual meaning.
(d) Find the work done in compressing 1 gm of air adiabatically at NTP {iui‘tinll}r} 1o 3
half of its original volume. The density of air at NTP = 0.00012% gm/ce and
F=ld4.
8. (a) If "cdr’ be the probability of a gas molecule making a-gollision in the time 3
interval ‘dr’, then find the probability of a molecule expérigncing no collision
during the interval *t’.
(b) At what temperature will average speed of molecules of hydrogen gas be double 3
the average speed of oxygen at 300 K.
{c) Calculate the degrees of freedom of a lincar tatomic molecule. 2
(d) Show that r=1+},wher=the _s;.rmbﬁlshmrcmcirusnal meaning. 2
9. {a) Calculate the change inentropy When 2 gm of ice melt's into water at the same 3
temperature, The latentheat of ice B0 caligm.
(b) Using Maxwell's thegmodynamical relation, prove that for a Van der Waals gas 4
C,~Cy=Rfi+ 1?;19;7}
{¢) Give two statements of second law of thermodynamics and show that they are 3
equivalent:
10(a) Discuss on the conditions for the application of Maxwell-Boltzmann statistics. 7
(k) The Fermi velocity of the electron in & metal is 0.7x10°m/s. Calculate the Fermi 3
welocity.
() Show that adiabatic curves are steeper than the isothermal ones. 2
(d) Using Maxwell's thermodynamic relations show that the ratio of adiabatic to 3

isoharic volume expansivity is I_lF :

M
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UNIVERSITY OF NORTH BENGAL
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DSC-Puysics (PAPER-IIT)

THERMAL PHYSICS AND STATISTICAL MECHANICS
Time Allotted: 2 Hours Full Marks: 40

The figures in the margin indicate full marks
Candidiates should answer in their own words and adhere to the word limit as praciicable

Al symbols are of usual significance.

GROUP-A / Frem-= / [aar-&

I Answer any five questions from the following:
FergftiRre o= off6fh e Taa Wes
T o weEwE I e -
() State Zeroth law of thermodynamics. I
e Faea ST (Zeroth)-4% T T8 =41
Su R W SRk P we HEN
(b) What is cyclic process?
e (Cyclic) =& IS 1 7
e i WA P 8 7
{c) Which one has greater slope
wEe (Adiabatic) <% FAME (isothermal)
@ 7
R A e, SEEE A T ahe d gEl 5O 7
(d) State the principle of equipartition of energy.
i A (Equipartition of energy)- e 4
FaTE w1 fET e T
(e} Writedown the Stefan-Boltzmann's Law.
PHRI-(AFhEr fELﬂfﬁnrﬂ-ﬂirxmann]Aﬂﬁ‘EEﬁ Gl
s e fram oregeT |

follows Bose-Einstein Statistics.
insteln Statistics) CIEA BT @I (6 TR e

Ix5=5

between the two curves — isothermal or adiabatic?
sfrm e wog cemg w8 (Slope)

(f) Name one particle that
- A e (Bose-E
=
TS AenTE e T ger TR A R |

(g) What is thermodynamic probability?
wiorsr 3@ ( Thermodynamic probability) ICE 901 ¢

TR T WS @ 7
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GROUP-B / fa=tsa ) femr-a

Answer any fhree questions from the following
Frafrfie - T R Bea we

o i W IR e
Z. (a) What iz a Camol engine?
i (Camot) Zam (engine) T Ll

Fle T WIE W w7
(b) Calculate the work done at different stages of a Camot cycle,

16 528 (Carnot cyele)-a17 flm aimer o0 o5 (99 T (1406
e et fift avvew wfee el-ata o THEN |

3. (a) What is Enthalpy of system?

CFICA 7% (System)-2 wRuef™ (enthalpy) T ) a1 ¢

HeTTeTY i enRar et @ w7
() Write down the four equations of Maxwell in thermodynamies.

e (Thermodynamics) FFFR TERETEA (Maxwell ) -4 BETG 73 #14)

] FARTRIA] P AR SNAE] e e |
(e} What is Joule-Thomson effect?

T (Joule)-%=#1 | Thompson) 551 (effeet) T 001 41

TE-ATEA WG A B B 7

4. (a) Define root mean square (r.m.s.) velocity of gas molecule.
ANCHR W0 CFG 515 3 @ (ram s, velocity) 108 %) @t 5
T vt ge-aien-at 4 (rm.s) e TeER |

(b) Using Kinetic Theory of gases, show that pressure of a gas P = .;_ pet
Where p is the density of the gas and ¢ is r.m.s. velocity of gis molecules,
TR 122 B (Kinetic Theory of pas) (40% i #31 waft v sva 5719
F=%F¢-1, @A o 9 G o (density) 9% ¢ R B92RR % = @ (rm.s.

vielocity)

wrgen e FaaErsn wa TN TS gae P—-%,m.-z B Wi duraety |

qei p TOTHE! W B ¥ o WETUE & )

& Write down the expression of Planck's black body radiation, hence derive the

Wien's displacement law from il

#7078 494 (Blackbody radiation) % g (Planck)-a 21 @ w2t orem o

UM (Wien )-8 %293 (displacement law)-B3 afed) 74,
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6. (a) Write down the Maxwell's velocity distribution of

(b)

7. (a)

(b)

3. (a)

(b)

()

1138

gas molecules. Explain it
praphically.

T e 5 o et SITAGTRTeT TG (7 T (Tt ey it 1
Wmmwﬁﬁhﬁmmlmﬁﬁﬂuwrm
Ter |

Discuss the limitations of Maxwell-Boltzmann's statistics.

AT BRI PR AR A S =

- AreeerRTTE TeaTa e sere TR |

GROUP-C / fasta-ot 1 Fammr-

Answer any fwo questions from the following
FufERE a-cem 5t e T e
7 A weEns Soe e

Explain why there are two different specific heats of a gas and establish the relation
between them.

GFITAI ST 16 =ieTes w1ef (Specific heat) 9I0F G54 I $3 O TI0H A T
" F4)

wrEwr F gieer sEvewn ffie ovEwew gEeder @ g Rl
ATIEw T WA THE |

What do you mean by degree of freedom of a gas molecule? Hence show that

r=|+%* where x is the degree of freedom of the gas and ¥ is the ratio of the tweo

specific heats of the gas.

IR wE FAAeE W4 (Degree of freedom) 0T F G ¢ FWd 1, ORI Ao

g SR W x TR, pal + =, GO p % A T s wie e

?1

T ST AT, B A B AReT 7 T SEeTEN o1+ 2, o

X

TTES! wdEae), $E 8 ¥y 58 Rfire auews) s ey

What da veu mean by thermodynamic potential?

F1=s55H &= (Thermodynamic potential) F5708 ) (IR ¢

w Afvn G AT # g 7

Derive Clausius-Clapeyron's equation,

FfmE-EmneE= (Clausius-Clapeyron)-&2 il afetm ==

gerafirra- ety wieen apgg )

What arc internal and external latent hemt? Explain,

WEFA { Internal) @ A8 (external ) T (latent heat) 0 T2 3 10 2|
AR T el ST I S @ B ? quraEr |

10=2 =20

2+3

2+3

Bt
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(d) What is mean free path?

S S 7 T 9 (mean froe path)-E9 T30 &)
alfrm v ARl WY & 8 7

9, (a) A reversible engine converis one-sixth of heat into work. When the temperature of
the sink is reduced by 62 K, its efficiency is doubled. Find the temperature of the
source and sink.

30 senads (Reversible) 5fam o8 16 B wiein 0f =i o) ey Pud
(sink 413 W1 62 K EF o T WS fRed o Hele e (source) @ BT
et e

TF woedm TS e %mﬂmmmm| a4t AT
62 K 50, See dud T SYER g6 | g ¥ Ris w, ongnr weEe |
(b} What is entropy? What is the physical significance of it?
A TR R e G ¢ R ST S T
TEERH-AIY WA & B 7 OEE diee A @ wn
() Write down the third law of thermodymamics. What is'its importance?

eI wEr Rl o @ TR

w wAT w e fram creggg| TR W @ A

10.(2) Define and explain the terms Macros and Micro- state with suitable example.
Borer EEATE TS Macro ) R FIEGE (Micro) T (State) FI58 507 (AR1e
T SR W W T R e oo e o e |

(b) What is the difference between classical statistics and quantum statistics? Explain,

ISR (Classical) € GRS (quantum) HFRFRT (statistics)-<7 T T e
e T
srelin < qEren mared A @ e B e THEN |

(c) Write down the distribution function of Fermi-Dirac distribution and plot the
distribution  function for different temperatures. From this plot, define

Femmi-energy.

o fi-fisa (Fecmi-Dirac) 31 F-D F@R (Disteibution)-4r 7l o4 «=x Fifew S
SR EorHs (Function)-Ba G (plot) W w1 @} orf o @l
(Fermi-energy -9 Fee| HiG|

GFffate R freeer werl repErg ¥ R st sl R e
mmnﬁﬂlmamtﬁﬁwﬁqﬁmmﬁn@ﬂl
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