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BPHY6B10 — Thermal & Statistical Physics
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SECTION A
(Answer all in a sentence; each question carries one mark)
State zeroth law of thermodynamics.

Give the differential form of first law of thermodynamics.

State the working principle of refrigerator.

What are the factors on which the efficiency of a heat engine depends on?
Write the working principle of a pressure cooker.

Explain the concept of entropy and available energy.

Define r.m.s. speed of gas molecule.

What are bosons? Give two examples.

State Stefan’s law.

_Is entropy a path function? Explain.

(10x1=10 marks)
SECTION -B
(Answer in two or three sentences)
(Answer all questions. Each question carries 2 marks)

. Distinguish between isothermal and adiabatic processes.
. Derive an expression for the work done during an isothermal process.
. Distinguish between intensive variables and extensive variables.

. Write the equations for rms speed, most probable speed and mean speed and explain the

symbols.

. What is a T.S diagram? What is its importance?

. Give the difference between internal combustion engine and external combustion engine.

. Show that adiabatics are steeper than isotherms.

(7x2=14 marks)
SECTION -C
(Answer in a paragraph of about half a page to one page)
(Answer any five questions: Each question carries 4 marks)

- Write a note on first order and second order phase transition.

- Explain quasistatic process with an example.

=U. Obtain Mayer’s relation for the specific heat of an ideal gas.

- Explain the effect of pressure on the melting point of substances using Claustus-

Clayperon equation.




r3

2. Write a note on thermodynamic scale of temperature.

(=]
[y

. Explain enthalpy, Helmholtz free energy and Gibbs potential.

b

4. Explain the entropy change in () reversible process (b) imeversible process.

(5x4=20 murky

SECTION-D
(Problems-write all relevant formulas, all important steps earry separate marks)
Answer any four questions; each question carries 4 marks.

K

5. A quantity of dry airat 27°C and pheric p is suddenly
original volume. Find the final pressure and temperaturs (y =1.4)

26, Find the efficiency of a camet engine working between steam point and ice point.

27. Caleulate the change in entropy when 10g of ice at 0'C is converted into water at 100"C

d 1o half s

Latent heat of fee is 336x10° 7Kg _
28. Find the increass in the boiling point of water at 100°C when the pressure |s increased by
| atmosphere. Latent heat of vaporisation of steam is 540 cal/gm and 1gm of steam

occupies a volume of 1677 cm’.
29, [f a blackbody at 3 temperature 6174K emits 4700 A® with maximum energy, calculate
the temperature at which it will emita wavelength of 1.4 x 16" m with maximum
30, Caleulate the value of rms speed of a molecule of hydrogen at NTP.
K=1.38x107 J/degree and Avagadro number is 6107 gm/mol,
31. The average kinetic energy of a gas le at a certain
Find the temperature. Boltzmann's constant K=138 x 107K

is 621 % 10711

{4x4=16 mar
SECTION - E
(Essay-answer in about twao pages)
Answer any two questions; each guestion earries 10 marks

32. Deseribe Carnot’s eyele and obtain an expression for the efficiency of an ideal heat
engine,

33, Distinguish betwesn Maxwell Boltzmann statistics, Fermi Dirac statistics. and Bose
Einstein statistics. A

34, Establish the following relation
Ce-Cy= ~T (8 VIETY o (ERIGV)r

35, Applying Fermi Dirac distribution law to an electron gas, show that the distribution

enerizy amonyg free electrons of a conductor is
{E)E={8vZavi’}m' B "B T
(2x10=20 n
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SECTION A
(Answer all in a sentence; each question carries one mark)

I, Explain the termbravais lattice.

2. What is the coordination number of a crystal?
3. What are point group symmetry operations?
4. Givean

ple of a high temy super cond
5. What is meant by population inversion in luser?

6. Define critical

e field in a sup Tuctor
7. Convert 2000 em™ to pm
& What is a spherical top molecule?
8. Write down the expression for rotational constant B.
LU What are Einstein’s coeflicients? (10=1=10 marks)
Section B
{Answer in two or three sentences)
Answer all questions.Each Question caries 2 marks

1. Explain the Meissner effect

12, Deseribe the interaction of mdiation with rotating molecules.

13, Why Anti-stokes lines are less intense than Stokes lines?

14, Write a shont note on coaper pair.

I5. Explain the formation of hat bands in vibrating diatomic molecules
16, Draw (101} and(111) planes in a cubic unit cell,

1T, Caleulage the packing fraction for a face centered cubic erystal lattice

{7%2=14 marks)
Section C
(Answer in a paragraph of about half a page o one page)
Answer any five questions: Each question carries 4 marks

18. Deseribe the erystal structure of sodium chioride
19, Explain the ffect of population of energy states an the intensity of spectral lines
200 Explain the working of o microwave spectrometer. 4

21 Describe the Josephson effect in P ductivity.,
22, Distinguish between type | and type 11 superconductars
. Derive Braga's law of X-ray difffaction

4, Explain the working of He-Ne laser (5%4=20 marks)




Section D
(Problems-write all relevant formalas.all important steps carry separate marks)
Answer any four questions: Each question carries 4 marks

. Copper has fee structure and its atomic radius is 0.1278 nm.Caleulate its density. The

atomic weight of copper is 63 5amu.

26, The eritical tempersture  for mercury with isotopic mass  [99.5amu s

4.185K Caleulate jts critical temperature when s isotopic mass changes 1o

203 Aamu. The o value is 0.5,

7. The first line in the rotational spectrum of carhonmeonoxide has @ frequency of
3.8424 cm” Caleulate the rotational constant and hence find C-0 bond length in
carbon monoxide. Avogadeo number is 6.022= 10%/mol

2%. The equilibrium vibration frequency of lodine mofecule is 215 em” and the
anharmonicity constant is (0003, What is the intensity of the hotband v =1 to v =2
relative to the fundamental v = 0 tov = |, if the emperature is 300K7

20, Irradintion of carbon tetrachloride by 43584 radiation gives Raman lines at

4400.4419,4447 A Calculite the Raman shift for cach ling in em”!

30, In o material at 300K, two energy levels have a wavelength separation of | um.

Determine the rtio of upper to lower level occupation densities when the material is

in thermal equilibrium.
31, Electrons are accelerated by 344 V and are reflected from a crystal. The first reflection
g of the crystal.
(4=4=16 marks)

maximum occurs at a glaneing angle 607, Determine the spa

Section |
(Essay-unswer in about two pages)
Answer any two questions; each question carries 10 marks

2, Explain the diatomis vibrating rotator, Discuss the spectrum and relevant selection

L
¥

rules
. Discuss the boe and 1o crvstal structure, Show that the packing factor for bee and fee

s
i)

structure are V3 1/8 and V2 w6 respectively

4. Explain rotational fine structure of vibrational raman spectra. State mutual exclusion

L

principle
35, Describe the mtational spectra of rigid diatomic molecules with example. Alse
explain the isotope effect in rotational spectra
(2= 10=20 marks)
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Symibols e in ihis question paper have their wsu mekningy
SECTION A
{Answer ALL in a sentence. Each question earries 1 mark)
1. How the mass number of & nueleus related 1o its radius?
2. What is the enerzy equivalent in MV of ane amu of mass?
3. Give the relationship between mdioactive decay eanstant and half Tife,
4. Which is the phosphor usually used in seintillation counters?
5 What is the arder oF magnituds of energy of cosmic rayvs?
6. Give the quark structure of a proton. )
7. Mame the earriers of colour force.
§ What are fermions?
9 What is the sbsolute magnitude of a star?
10, Write down the relation between the change in magnitude and brig|

slars,

(0 % 1= 10 marks)
SECTION B
{Answer in Two or Three sentences)
Answer ALE questions. Each question earries 2 miirks

11, Wharare isotopes; isobars and isotones?

2 P
12 List three reasons to show that electrons are nota part of the nueléus.

15, What are secandary gosmic rays?
14, Give !

¢ the one 10 one eomespondence between the symmetries and the laws of
COmSErvalion.

15, Whi wesalf
3« What are the propertios af neutrinos?

L, Wi (s meant by dark enepisy? .
17, Define i i
eline astronomical unit (ALY, Express one light vear in terms of AL

(7% 2= 14 marks)




SECTION C
(Amswier ina pasagraph of gbaut halfa paye te pne page)
Answer any FIVE questions. Euch questivn carries 4 marks
|8, Draw the binding energy curve, Explain the impartant teatures of the curve
19, Explain the properties of nuclear force.
30, Describe the method of carbon dating,
21, Explain any two peomagnetic elfects af Cosmic rEys.
2. What are the different quantum numbers associated witl elementary particies.
43, Explain briefly the principle of betatron.
74, Write a brief note on stellar constellations.
(5% 4 =20 muarky
SECTION D
{Problems- Write all relevant formulae, All important steps carry separite ma rks)
{Answer any FOUR questions. Each question carries 4 marks)
25 Caleulate the mass of deuterium nuéleus if its hinding energy per nucleon is | MeM
Givin that mass of 4 proton = 1.00758 u. mass of & neutron = | OOSGH 1.
26, Find the muximum height of the potential barier for alpha penctration through =
nclews, The radius of the daughter nucleus is 9.3 % 10-"" ¢
27 Caleulate the time required for 10% of a sample of thorium to disintegrate, assumi

that half life of thorjum:is 1.4 % 10" years.

. Deuterons are acgelerated using a cyelotron of dees radius 0.80m. 1f the magnetic

density applied is 1.4 T. caleulate the enerigy of the emeruing deuterons. Also culoylalg

the frequency of the oscillator. Mass of deuteron = 210636 1.

. Caleulste the Qevalue in MeN of the reaction JHE o HE = oHe + n' . Given massa
of (M= 20114 u.sHe? = 301603 v, ' = 1008665 1.

 Check the possibility of the fallowing resctions. State the conservation principle
involved: (i) A" =2tz fin +p— AR

(i) p—=nte"+v (i) prp—ntp-®

_ The apparent magnitude of a star is +3.3 gnd its parafla |s 0.015 Caleulate the absolul
magnitude of the s

{4 = 4= 16 mark

SECTION E
(Exsays — Answer in about two pages)
{Answer any TWO guestions. Each guestion earries [ marks)

53 O thie basis of the liquid drop model, derive the semi-empirical mass formuby,
. Duseribe the specisl features of the ‘beto ray spectrum, Explain how Pauli’s neutring

hypathesis explained the spectrum.

34 Explain the important features of nuclear fusion, Discuss the different fusion cyeles for

the arizin of stellar energy,

35, Explain the construction and working of a linsar What are its limitations?

(2 = 10 =20 marks)
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16.
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Section A
Answer all questions
Who created the python programming language.
What gets printed if we type in python
>>> print type(1/2)

In python the result of floor division 14.8//2 is .......

The conversion of high level language to machine language is done by....

Human readable form of programming language is known as.............
Extracting a part from string is known as...........
What is the output of the following python program

>>> A=[1.2.3.None.().[].]

>>>printlen(A)

In difference table f;_\ly] = e W

Give an example of compound data type.

[fs is string and s='10", what is the data generated by the statement s*2

Max. Marks:80

(10 x1 =10 Marks)

Section B
Answer all questions

What are the supported data types in python.

- Write a short python program to check given number is even or odd.

What are the source of error in numerical computation. Explain
Explain how 'infinite looping' is achieved in python language .

Briefly explain the use of range ( ) function in python.

Write a python program to add an element 6 to a list x=[1,3.5.8] and to print that element.

Write a program to print the sum of the following series,

'
]+%+%+%+%++ ’”

(7 x2 =14 Marks)




18.

19

21.
2

26.

Section C

Answer any five
llustrate the different types of control flow statements available in python with

flowcharts.
Differentiate user defined functions and built in functions associated with python

language. Give examples.

How to create a list in python. lllustrate the use of negative indexing of list with

examples.
What is the difference between a module and a package in python.

Discuss dynamic type system associated with python language.

. Explain the Runge-Kutta method to solve first order differential equation.

24

llustrate how the break and continue statements can be used in Python?
G3x4=20W

Section D
Answer any four

. Using Euler's method find the approximate value of'y when x= 0.4

L 2

—=x+

I3
dx y(0) =1 and h=0.1

Estimate % at x=0.26from the following table:

x 035 (026 [027 028 1029 |
y \0.2474'0.25?1 0.2667 | 0.2764 0.28:3‘

. The population of a city in a census taken once in ten years is given below. Estima
population in the years 1925.
r\’ear 1921 1931 | 1941 | 1951 ‘ 1961 1971 198
Population in | 35 42 58 84 120 165 220
thousands

_ Using Taylor series evaluate cos</x to 4 significant digit of accuracy for x=5.8

_Find an approximation of J5 correct to within 107 by using the bisection method
_ Write a program to obtain multiplication table upto 15 of a given number.

. Write a python program to simulate two dimensional projectile motion of a body

under gravity. Use Euler method.

(4 x 4 =I¢



Section E
Answer any two
. What is curve fitting ? Discuss the principle of least squares and straight line fitting . Find

(5]
[R®]

_ the equation of the best fit straight line for the following data points:

X | 2 - 5 6 8 9

v > 5 7 10 12 ‘IS 19

(W5
(5]

. (a) Explain the Trapezoidal and Simpson’s 1/3 rule of integration with the help of
suitable diagram
(b) A rocket is launched from the ground. Its acceleration measured every 5 seconds is
tabulated below. Find the velocity of the rocket at t=40 seconds. Use Trapezoidal and

Simpson’s rules. Compare the answers

t 0 5 10 13 20 25 30 35 40

a(t) | 40.0 | 45.25 | 48.50 |51.25 |54.35 | 5948|615 | 643 |68.7

34. (a) Explain the Newton-Raphson method
(b) Find all the three roots of the equation using f(x)= x' —x° —15x + 1 using Newton-
Raphson method.

35. Write a python program to obtain the numerical solution for the motion of a body falling

in a viscous medium.

(2x 10 =20 Marks)




