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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt
of this question paper.

2. Attempt four questions in all.

3. Question No. 1 is compulsory.

1. Attempt any five questions,

(a) The displacement y of 4 particle executing periodic
motion is given by,

i el waard pro,
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y = 4 cos? (-;— t) sin(1000 t)

Show that this expression may be a result of the

superposition of three independent harmonic

motions.

(b) Explain the conditions for obtaining a straight line
as a Lissajous figure on an oscilloscope.

(c) A particle of mass 3 moves along the axis attracted
toward origin by a force whose magnitude is
numerically equal to 12x. The particle is also
subjected to a daniping force whose magnitude is

~ numerically equal to 12 times the instantaneous
speed. If it is initially at rest at x = 10, find the

position and the velocity of the particle at any

time.

(d) Explain qualitatively the normal coordinates and
normal modes of a coupled oscillatory system.

(e) Distinguish between stationary and progressive

waves.

(f) Find the quality factor Q for the damped oscillations
| of an object with a frequency of 1 Hz, and whose

amplitude of vibration gets halved in 5 s.
(3x5=15)

eslferal qEIfdeTery
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1403 3

2. (a) A uniform spring of spring constant K and 2 fini’fe
mass ‘ms’ is loaded with a magg ‘M’. If ‘ms’ 15
not negligible compared to ‘M’, show that the
period of oscillations of mass spring system is,

M+ s

= prd 3.
I T21rK

(b) Two vibrations at right angles to each other
are described by the equations x = 10 cos(57t),
y =10 cos(10nt-n/4). Draw graphically the
Lissajous figure of the resulting motion.  (10,5)

3. (a) Two collinear simple harmonic motions of nearly
equal frequencies and different amplitude are
superimposed on each other. Find out resuitant

equation and explain the formation of beats.

(b) An alternating emf of peak-to-peak value 40 volts
is applied across the series combination of an
inductor of inductance 100 mH, capacitor of
capacitance 1pf and resistance 100 Q. Determine

resonance frequency, quality factor and bandwidth.
- (10,5)

4. (a) Show that for a forced and damped harmonic
oscillator in steady state, the average power is

equal to the average power dissipated by system.

DI Helfdemery gaered P.T.O.
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9
tical masses of mass ‘M’ are connected
springs of same spring constant
face as shown in

(b) Two iden
with three identical
‘K’ and placed on a smooth sur
Fig. 1. Find out the normal mode frequencies and

corresponding configuration/shapes. (10,5)

Fig. 1

5. (a) Find the expression for the normal mode of
vibration and displacement for a string fixed at

both the ends having tension T and mass per unit
length p.
(b) A string of length I = 0.5 m and mass per unit

length 0.01 kg/m has a fundamental frequency of

250 Hz. What is the tension in the string?
(10,3)

Fifer<l WEIIRITE raTerg
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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt

of this question paper.

o

Attempt.'fi.ve questions in all.

Al! questions carry equal marks.

(V8]

4. Question number 1 is compulsory.

5. The principal branch of argument of complex number

is to be taken as 0 £ 0 £ 27w

RRER JeranTery P.T.O.
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5 Use the following definition for the Fourier transfofm

of f(x):

@l = g [ F e

6. Use the following definition for the Fourier sine

transform 'Qf 'f(x)' D
CEpml= i@ s &

7 Use the following definition for the Fourier cosine

transform " of f(x) :

RIF) = 2 I G0 costled d

8. .  Use 'th-e"f_ollb&yiﬁg_ def'i‘ni'tic‘m_.for the convolution of

two functions f(x) and.- g(x) : i

e ) = 2= 7 FD gx =) D

9. Some useful formulae arce given at the end.

HTfer<] HEIRIay FaaTey
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1. .
Attempt any Six qucSliOHS: (6)(3:]8)

. (a . :
_( ) tham all the roots of the equation :

142z
1—2z

(b) Show that tanh~1(z) i%ln

(c) In the finite z-plane, determine and classify the

singulariti_es of the function:

f(z) =tan~Y(z* + 4z + 5)

() Solve —— ¢ &% Cis|z—1|=2.

2mi “C z—-1"

. - | h
(e) Find the residue at z= 0 fqr f(z) = C_O;(i)

Frfer<l HEIIRIeR Swr@Terg 5
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() 1f F-F(k)] = f(x), show that
FAUE(k — a)] = e[ (x);a>0.

(g) General solution of 1-d wave equation is given

as:

y(r t) = Zn =1 cn sm( :x) .cbs_ (n:t)

If 0<x <L and y(x,0)=x, determine c_...

—

2. (a) If z = 4673, evaluate [e?]. (@)

(b) Given tan(x + iy) - ﬁ+ 1v, show that

= sin(2x)
== B " cos(2x) + cosh(2y)

sinh(2y) (é) |

and LU= cos(2x) + cosh(2y)

FTterl AEIRRIE e
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: (¢) Prove that the function u(x, y) = 2x(1 =)
1s harmonic and “hence find v(x.,y) such that

f(z) = u + iv g am]vtlc Also, express f(z) in

terms of z, \Vhere Z= X+ iy, = - ' (8) .

-3' (2) State and verify Cauchy’s theorem for the function:
f(z) =3z + 2i - -

cand Cis a triangle with vertices 1 +1, =1 £ 1.

(8)
(b) Solve the integral
o) Ml . Cis)z| =1 (5)
C (z2+9)(z2+4)2° _ o

2.(¢) .Expand

Z

f(2) T Z+D(z-2)

in a Laurent series valid for-the annular domaip

0<|z-2k<3. | (5).

"

R *a%mmr gv?m?—m P.T.O.
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y .
a4 4. U

/ ’sing residue theorem

/ two real integrals :
Fou

and suitable contour, 5oy, any
v (2x9=18g)

0o 52

g ey

—

cosO + 2 sin@ +3

5. (a) Find ?—“‘1:( 1 ) :

k? — 4k + 29 ®)
ko A EE iR

(c) Obtain the function q(x), if Flq(x)] = e~2k. |

Fifer<t Teifdenerg IRIHTT
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6'.. (a) Using the method of separation of variables, find
- the solution of the following partial differential

~ equation :

3u ’ 611 |
3u

ety T
such that u(0,y) = 3e™. (4)

(b) Solve one-dimensional heat equation: |

du 3%u
= e (@=x =L

and u(x, 0) = x(L-x) | A (14)

Some useful formulae: —

© g _om _ 1 n+1y,
e 0 (n+1)/m 3
! : f x exp_( ax™) dx " ma r m

—

-

n>-15am>0

R AmRen EEed - pT.0.
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5':_1( 1 ):mc—.ulxl; a>0

k2 + a2 20

F-1a g(k) + b h(k)] = a F = [gUO] + b F [h(k)]

~ (aand b are constants) .
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Instructions for Candidates

1.

o

S oW

Write your Roll No. on the'top immediately on reccipt of this qusti_(m"papcr,

Attémpt total of |[fivé questions out of which Question 1 is compulsory.

Use of non-programmable scientific calculator is permissible.

Some useful constants are given at the end.

Attempt any six , : : & (18)
(a) How does Zeroth law of thermodynamics lead to concept of temperature ?
(b) How does the first-order differ from the second-order phase transitions? .

(oU .
{c) Show that | ;| = 0 for an ideal gas.
At \aev )

(d) Explain the need for the second law of thermodynamics when the energy

' |conservation law exists.

(e) Can the challlge in entropy be a negative quantity? Support ydur_a'nswer.

6] _ Calculate the root mean square speed of oxygen molecules at 300K. Take
mass of oxygen molecule as 5.31x10°2¢ kg, '

(g) Discuss the limitations of van der Waal’s equation of state.

(a) What is Adiabatic Lapsc Rate ? Derive an expression for the cate of change
of temperature with height during the adiabatic gas expansion. How does
the presence of water vapour in air url'ﬂ:ct this process? ‘ (6)

(b) ‘Onc mole of an ideal gas (y = 1.4) initially Kept at 27 C is adiabatically
compressed so that its pressure becomes 10 times its original value. Calculate
Its temperature after compression and work done on the gas. (6)

(c) S.how that the 100% efficiency of a reversible Carnot’s heat engine violates
laws of thermodynamics. < (6)

(a)

Iitw(;) Carnot quincs A and B are operated in series such that engine A
absorbs heat at temperature T]_and reJe-cts heat to the sink at temperature:

PR i ¢ £T.0.
CUALITHY TS
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4. (a)

2

T while engine B absorbs half of the heat rejected by engine A and rejects
hé.u {0 the sink at temperature T, If the work done in both cases:is equal,
show that T, = 3T, - 2T, . . ' ; (6)
The heat capacity of a given crystal of mass it at very low temperature
varies like T3 Calculate the entropy of the crystal ag a fuhction of temperature.

(©6)
Show 'tﬁal transfer of jicat from a body at highdr temperature to a body at
lower temperature or vice versa leads to increase of entropy of the interacting
svstem. ; ' (,6)

Usine Maxwell’s €quation to prove (any two) : (2%6)

_Ta ‘v
Py

() GGy

_ (ii)  Ratio of isentropic to isochoric pressure coefficients of expansion is

(b)

(a)

(b)
(c)
(a)

(b)

y/(y=1) .-
(i) TdS=C.dT-TV o« dP

Where, S stands for entropy, C_and Cp specific heat at constant volume and

pressure, respectively. o is the coefficient of volume Expansion and By is
the isothermal compressibility. :

Use the path-independent nature of thermodynamic potentials to obtain and
derive corresponding Maxwell’s thermodynamic relations. A (6)

Show using Clausius-Clapeyron’s latent heat equation that substances which
expands on melting have their melting point raised by the increasing pressure,

whereas those that contract on melting get their melting points lowered by
the increase of pressure. \ " (6)

Draw the pressure-volume isotherms obtained by Andrew’s experiments on
CO,.Discuss the deviations observed from expected ideal gas behavior. (6)

How can van der Waals's equation of state can explain Andrew’s experiment

results 7 : (6)
Obtam the coefficient of thermal conductivity (K) of a gas. Discuss the
effect of temperature and molecular diameter on ?, (745

Calculate the'mean free path of the molecules of a gas of diameter 3 angstrom
at STP. How does the mean free path change if the temperature is reduced
to half of its original value and pressure is doubled. | . (6)

Some useful constants

Boltzmann constan( 1.38x10 J/K, Gas constant 8.3 1 J/mole-K Avagadro’s

~number 6.02x10** mol! or 6.02x10% kmol™' , 1 amu = 1.67x10" kg The
symbols like U, V, T, p, v stand for standard notations. 6)

S
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Maximum Marks
nstruction for candidates

1.
2.
3.
4.

(Write your Roll No. on the iop immediately on receipt of this question paper)

Altt'empt only four (4) questions.

Question No. 1 is compulsory.

'Use of non-programmable scientific calculator is allowed.

"5x3=15

1. Attempt any five questions.

0)

(ii)
- (iii)

(iv)

(vi)

What is Compton effect? Write the expression for the ‘Compton wavelength of

scattering particle.
What are the conditions for observing sustained inter ference pattern?
Iaidinger and Fizeau fringes. W] hat kmd of ﬁ’mges are seen in

Distinzuich be‘.v'ecu HH

a Newton’s rmgs setup"

‘An exceedmgly thin film appears to be perfectly black when seen by reﬂected light.

Why? ;
Dlstmgmsh between Fresnel and Fraunhoffer class of dlfﬁactlon The diffraction of

star light in a telescope is an example of what kind of dlffl action?
"Compare the double slit- diffraction pattern obser ved in reality with the theory of

Young’s double slit expemment in terms of slit width and slit spacing.

2. (a) Whatis Photoelectrlc Effect? What are the observatlons that cannot be e\plsuned

(b)

(c) Ultravi
is 2.28 eV. What is the maximum po

3; (@) Derive an expression

apparatus.

by the wave theory of light? How did Emstem explain photodectﬂc effect‘?

Show that the group velocity of De-Broglie waves associated with a moving

particle is equal to the particle velocity.
olet light of wavelength 3000 A is fallmg on a surface whose work functxon
ssible speed of the emitted elcctrons in m/s‘7

54+5+5=15

for the diameter of the n® bright ring in Newton’s rings

Caral M OANLL ECE T IRDADY



(b) Explain how the rcﬁ-nctivelindex of a liquid can be determined by Newton’g rings

* method.

. (©) In aNewton s rings experiment, the diameter of 15 ring was found to be 0.50

om and that of the 5" ring was 0.336 cm. If th radius of plano-convex lens is

100 cm, calculate the wavelength of the light usc‘:d. 6+4+5=] 5

4, (a) Derivean cxpression for the focal length of a zone plate.
(b) Explain multiplc focii of a zone plate. ‘ oo | y
(c) The diameter of the first ring of a zone plate is 1.2 mm. If a plane wave of

wavelength 6000A is incident on the plate normally, whcrc should the

screen be phced so that the light is focused to the brlghtest pomt?

8+4+3..1 5

5. (@) Derivethe mtensnty distribution formula for Fraunhoffer diffr action by a grating
\
of N slits given below.

i auhie _ .
sin‘a sin*(N«) wa sind . wd sind

. = =Y . =~

a?  osin?y A TN ot A

= Iy

Here the grating eiement d=a+b and other eymhol:: have t!l)elr usual meanmg
- (b)  How many orders will be visible if the light of wavelength 5000 A is normally
| incidenton a g{atmg having 2620 lines per inch,(1 1nc_;h 2.54 cm).’
= (¢) Discuss the concept of missing orders. What orders will be missing if b=a.
' | B 743+5=15

o —— o v a-

Wlf’" = Wﬁimﬂu YIHTTd

:  KALINDI COLLEGE LIBRARY.



SL No of QP : 6307

Name of the Course: B.Sc. Physical Sciences - Core - CBCS
Semester: 111

Name of the Paper: Thermal Physics and Statistical Mechanics

Unique Paper Code: 42224303

Duration: 3 Hours Maximum Marks: 75

Instruction for candidates

Attempt any five questions in all. Question No.1 is compulsory. All questions carry equal

marks.
1. Attempt any five of the following: 5x3 =15

(a) Write the Zeroth law of thermodynamics and give its physical significance.

(b) Derive an expression for work done during an adiabatic process.

(c) At what temperature, pressure remaining constant, will the rms velocity of
hydrogen gas be double of its value at NTP?

(d) Derive any one of the TdS equations. B e

(¢) Using the first law of thermodynamics, establisii Cy =Tp =R/

(f) Distinguish M-B, B-E and F-D statistics in tabular {orm.

o

(a) Describe the construction and working of Carnot’s reversible heat engine and find
an expression for its efficiency.

(b) The efficiency of Carnot engine is 1/ 6 On reducing the temperature of the sink by

60 °C, The efficiency increases to 1/3. Find the temperatures of the hot and cold
reservoirs between which the cycle is working. 10,5

3. (a) What are the limitations of first law of thermodynamics? Give Kelvin-Planck and

Clausius statements of the second law of thermodynamics and show the equivalence of
the two statements.

(b) Find the total change in entropy upon the conversion of 10 g of ice at =20 °C into

steam at 100 °C. Given: specific heat of ice = 0.5 cal/g/K, latent heat of ice = 80 cal/g,
latent heat of steam = 539 cal/g. i

10,5

-

4.(a) Deﬁfle the four thermodynamic potentials. Derive Maxwell’s four thermodynamic
relations by using them.

(b) Using suitable thermodynamic relations, derive the two energy equations.

10,5

KALINDI COLLEGE LIBRARY
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5 (a) Der_l\fe Maxwell’s distribuiion law of molecular velocities. Hence derive the
probability of finding the number of molecules having velocity between v and v + dv.

(b) Prove that the root mean square speed of the gas molecule obtained on the basis of
3kT

Maxwell’s distribution law is m

10,5

6. (a) Give a brief account of quantum theory of radiation. Based on this theory, derive
the Planck’s law of black body radiation.

(b) Show that Wein’s law and Rayleigh Jean’s law are special cases of Planck’s law.

10,5

7. (a) Beginning with basic assumptions, derive an expression for the Bose- Einstein
distribution function.

(b) Derive the relation S = k logl” where S represents entropy, IV is thermodynamic

probability and k is Boltzmann constant.
10,5

e ey
m&’} i "ff'iﬁ\'f{.»’f?‘"

»
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Semester : A% -

Na{ne of the Paper : Electromagnetic Theory
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Duration: 3 Hours Maximum Marks: 90

(Write your R"” No. on the top immediately on receipt of this question paper.)

Question No. 1 is compulsory.
Answer any four of the remaining five.
Use of non-programmable calculator is allowed.

1. Attempt any 6 parts of the following: 6x3=18
(i) Show that the time average Poynting vector for time varying fields is given by:
- 1 - -—
(S) =2 Re (E x H*)

(i) The electric field intensity for an electromagnetic wave is expressed as
' E =120sin(10*¢)tV/m
Calculate the magnitude of displacement current density and the conduction current
density. Given: 6 =8.0 S/m and e~=1.

(iii) A Tight beam is incident from denser medium (n;=2.0) on a rarer medium (n>=1). Plot the
reflection coefficients for the parallel and perpendicular components as a function of the
angle of incidence.

(iv) What will be the minimum thickness of a calcite plate that would convert a plane
polarized light of wavelength 8000 A into circularly polarized light? (Given: no=1.5533 and
ne =1.5443).

(v) Show that if the electric fizld ¢fthe incident wave lies in the plane of incidence, the electric
fields of the reflected and trin:miii > vwaves will also lie in the plane of incidence.

(vi) The refractive indices ot'quari: i -ight fv:eled and ieft-handed circularly polarized
light of wavelength 7000 A arc 1.6-2¢7 antt .65201 respectively. Calculate the rotation of
plane of polarization of light produced by a pla.e of thickness 0.9 mm.’

(vii) Show that a beam of plane polarized light may be regarded as composed of two equal
and opposite circularly polarized light.

2. (a) State and establish Poynting’s theorem for electromagnetic fields. Compare it with the
equation of continuity and give an interpretation of the Poynting vector. 10)

(b) What are electroinagnetic potentials? Discuss their non-uniqueness and hence explain the
significance of gauge transformation. )

3. (a) Starting from Maxwell’s equations in an isotropic, homogeneous dielectric material,
show that electromagnetic waves are transverse in nature. Calculate the time average of

PRI T
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momentum density stored in these ficlds. (12)
ulate the intrinsic impedance and wave velocity for a conducting medium with o= 60

(b) Calc
6)

MS/m and pe=1, at frequency of 120 MHz.

4.(a) Derive Fresnel’s relation for reflection and transmission of plane clectromagnetic waves
at an interface between two diclectric media when an electric vector of the incident wave is
perpendicular to the plane of incidence. (10)

(b) A uniform plane wave is incident on planar boundary separating regions 1 and 2, with
01=02=0 and pn=pr2=1. Find the ratio of en/en, if 20 % of the incident wave energy is (a)
reflected and (b) transmitted. (Assume normal incidence). 8) ,

5.(a) Distinguish between positive and negative crystals in terms of double refraction. How are
these cx_'ystals used to make quarter wave plates? Explain how the quarter wave plate is used in
producing elliptically and circularly polarized light. (12)

(b) Show that in an electrically anisotropic dielectric medium, the permittivity tensor is
symmetric in nature. 6
6. (a) Derive wave equation for E of electromagnetic wave in a symmetric planar dielectric
wave guide with refractive index profile as: :

-d/2<x<d/2

n=nz, -d2>x>d/2
(n2 < ny) where d is the width of the guide.
igenvalue equation for symmetric TE modes. (12)

Using the boundary conditions, obtain the el

n=n,

) Find the state of polarization of electromagnetic wave having electric field vector:
T
j ©6)

(b
E= 2cos(wt—kz)i—Zcos(a)t—kz-—;)}

Physical Constants : ’ .
g = 8.85x10712 Farad/m, ~ po =4nx1 07 enry/m
c=3x10% m/s, me=9.11x10~" kg

KALINDI COLLEGE LIBRARY



®

[This question paper contains 4 printed pages.]

Your Roll NO.eesseeesesse

Sr. No. of Question Paper : 1104 I
Unique Paper Code 2222013502

Name of the Paper . Quantum Mechanics —1
Name of the Course . B.Sc. Hons. — (Physics)_

NEP: UGCF-2022

Semester .V

Duration : 3 Hours Maximum Marks : 90

Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt

of this question paper.

2. Attempt only five (5) questions.

3. Question No. 1 is compulsory.

All questions carry equal marks.

5. Use of non-prOgrammable scientific calculator is

allowed.

- wfe wEifdared qRdlerg  P.T.O.
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1.  Attempt any six :

®

(i1)

(iii)

(iv)

(v)

(vi)

(vii)

(6%3=18)

Write the conditions required for physical

acceptability of wave function.

What are stationary states? Why are they called

so?

Let y,(x) and y,(x) are the ground state
and second excited state energy eigen-
functions of a particle moving in a harmonic
oscillator potential with frequency w. At
t = 0, the wavefunction of the particle is

w(x,d)z%wo(X)+w2(X). Find wy(x,t) for

t=0.

List the four quantum numbers needed to describe
an atomic electron? What is their physical

significance?

For 6g state of hydrogen atom, what are the

- values of quantum number n, |, m, and energy of

the state?

Compute the commutator [x p?2].

Show that (a) [Lx £]=0 (b) [, §]=inz

KALINDI COLLEGE LIBRARY
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2. (1)

(11)

3

Solve the Schrodinger equation for a particle
having energy E < V, for a square well potential
of finite depth V,. Discuss the graphical
representation of the transcendental equations.

Obtain the mathematical form of position operator
in momentum space. (15,3)

3. The potential energy of a simple harmonic oscillator

of mass m, oscillating with angular frequency o is

Vx) = %ma)zxz.

(1) Write the time independent Schrodinger equation.

Using the time independent schrodinger equation,

evaluate the energy for the eigenstate

Pol(ax) = !1:/2 e~ ;@ = |22 where » is

the angular frequency of the oscillator.

(i) Find (p) for \po..

(iii) If the harmonic oscillator is in the ground
state at t=0, what will be the wavefunction

T
t t=—v». 18
a 2m (18)

Fifer<] TEIfdarad RAaT
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4.

5.

Write the Schrbdinger equation for a 3D hydrogen
atom in spherical polar coordinates. Derive three

separate equations for r, 0, ¢ using the method of
separation of variables. Solve the equation for 0 to

obtain the normalized eigenfunctions. (18)

(i) What is spin angular momentum? Discuss the
experimental observations which could not be
accounted for without introducing the spin

angular momentum.

(i) What are Pauli Spin matrices. For s = % , obtain

the matrix form of S..

(iii) What is total angular momentum? After defining

ladder operator J, and J_ obtain (a) I:L: j_:l

® 3, 1,]. (6+6+6)

(i) Find (r) and (r?) for an electron in the ground
state of the hydrogen atom? Express the answer
in terms of Bohr radius.

(i) At a given instant of time, a system is in the

3 : )
state Y(B,t;l)):\/;b‘mf? sing. Determine the

expectation values of L and L2 | - (9,9)

4 - f

Sifor<] SN YIadiey - (2000)
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1. "Attempt any Six pacts (all parts carry equal marks)
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3.

(b) What are Passive and Active components in

electronics? Explain giving appropriate examples.

(c) Why JK Master-Slave flip flop is preferred over
level triggered JK latch?

(d) Explain the role of control voltage (pm 5) and
reset (pin 4) in IC 555 timer.

(e) Subtract (32),, from (12), using 2’s complement .
method in 8-bit representatlon

(f) Draw the circuit of a 5-bit even parity generator.
Use the binary number 1100 and 0111 to generate -
the output. |

(g) Realize a 2-input OR gate using diodes and
resistors and briefly explain its working.

(a) A four variable truth table has high output when"
at least two input variables are in the high state.
Draw the truth table and derive the minimized
expression using Boolean algebra. Realize the logic
circuit using 2-input NAND gates only.

(b) Determine the minimized Boolean expression_ for

the function: F(A,B,C,D) = ¥m(0,8,9,10) + d(1,2 1)
using K-map method and design the logic cireuit
using basic gates. (10,8)

(a) Implement and explain the working of a 4-bit binary
addmon and subtraction- ‘circuit that utilizes 2’s '

wfer TR qrwTer
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complement method for subtracting two numbers.
S‘UPPOSB the above circuit is used to subtract two
binary numbers and generate carry 0 output and a

Sum output of 11001100, Explain how this circuit
can be used to get the final answer.

(b) Implement a 16:1 Multiplexer using two 8:1
Multiplexers and explain briefly it’s working. (Use

" only the simple block diagram of 8:1 multiplexer
to implement the above). - (10,8)

4. - (a) Explain the Working of a positive level triggered
~ SR flip flop with the help of a circuit diagram and

truth table. Explain why for S=1 and R=1 the Q

output is unpredictable and lead to race condition.

‘Draw the output waveform for the following

conditions:

TS e PO e O e O e O e M
-4 I ] I

. f | [

~ (b) Using lthe method of excitation table design the
circuit of a JK flip flop using SR flip flop. Use
- block diagram of SR 'flip"t'd',_qr‘aw thefinal circuit.

. m%% l Wm‘ . _mq —— ’
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5. (a) Design a synchronous self-correcting MOD-6
~-count. down\countel using the method of excitation
table. Use negative edge triggered JK flip flop to

design the counter. The initial state of the counter
is 000.

(b) Explain the difference between Serial-in-serial-out
(SISO) and Serial-in-parallel-out (SIPO) shift
registers? Explain the working of a 4-bit SISO

shift regisper with suitable waveform, if the binary |
number 11002 has to be shifted from the LSB
side? ign (10,8)

6. (a) Draw circuit diagram of a' monostable multivibrator
asing IC 555 timer and explain it’s working. Derive

the expression for pulse width during which it is

in unstable state.

(b) IC 555 Timer is used to design a monostable

configuration with R = 3.3 MQ and C = 0.22 pF.

Determine the pulse width (time for which output

is high) of the output wave. Draw the ,_wavctorms

across capacitor and at the output it the time period

1

i . . 8 3 T~ th N YOV
of the applicd trigger npul s half the aopovs
. : . {10.8)
Jculated pulse wadin X
SN e S . 8 - — m AT
.mi(_'r “1iv] | Gt " %\..ﬁ‘gﬂ AN ] “JUU“'
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1. Attempt any five parts.

(a) Write three points of difference between
crystalline and amorphous solids. (3)

(b) Prove that for a SC lattice, d,,, ¢ d;jo ¢ dyyy =
N6 : V3 : V2; where ‘d’ represents interplanar
distance in a crystal, 3)

(c) Calculate the Debye vibrational frequency of
diamond. Assume the Debye temperature of
diamond is 2230 K. '

Given Plank’s constant (h) = 6.6x1073* J-s and
Boltzmann’s constant (ky) = 1.38x107>* J/K.
“ (3)

(d) Distinguish between conductors, semiconductors,
and insulators on the basis of the band theory of
solids, with suitable energy band diagrams. (3)

(e) State the difference between Diamagnetism,

Paramagnetism and Ferromagnetism. 3)

(f) Define 1% order and 2" order phase transitions

with examples (3)

(g) Differentiate between Type I and Type Il
superconductors with the help of diagram.  (3)

KALINDI COLLEGE LIBRARY
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1S
2. (a) Prove that the reciprocal lattice vector Gt lt
perpendicular to the crystal plane (h, k, 1) and tha

the inter planar spacing is

27
d = -
G

(b) Prove that reciprocal lattice of a FCC lattice is a
BCC lattice. Name a lattice which is self-

reciprocal.

(c) Determine Miller indices of a plane that makes
intercepts of 2 A, 3A and 4 A on axes of an

orthorhombic crystal with a : b : c =4 3:2.

3. (a) Derive Laue’s Equations to describe the scattering

of x-rays by crystal.

(b) A superconductor metal has a critical temperature
of 3.7 K at zero magnetic field and a critical field
of 0.0306 Tesla at 0K. Find the value of critical

field at 2K. (10,5)

4. (a) Derive an expression for the specific heat of a
solid based on the Debye model and demonstrate

that it varies as T3 at low temperatures.

Hrier wEIfdemey yeapTery ., PT-O.
: 2 Sk v 7 A 2
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5.

, ical
(b) Calculate the number of optical and acousticd

. i . O
phonon branches in a NaCl crystal containing tw

atoms per primitive unit cell. (10,§)

(a) Write down the basic. assumptions of Drude’s
model. for describing -clectron motion in metals.

o __Obtain the _expression for the Hall coefficicx_}iin a

-metal and explain-the information-it provides.

' (b)ﬁThe é‘n-ergy di'éperSion’rélation for an electron in

a one-dimensional crystal with a lattice constant - -

‘a’ is given by E(k) = a — f3 cos ka, where o and
B are constants, and_ k 1s the wave vector. Find

the effective mass (m*) of the electron at the

-

center of the first Brillouin zone (k=0).  (i0.5)

(a) Derive  the expression for- the magnetic
- susceptibility of a Diamagnetic material using

- Classical Langevin’s theory. - .

- (b) Show that the area of the B-H .curve -gives the

Hysteresis en'ergy 1oss - s (9, 6)

(a) Explain the various sources of polarizability?

(b) Find the cipressioh for the total polarizability of
solids. R , (6,9)

wmia=h weifdared _ QAT 7 700)
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2. Attempt five questions in all.
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4. Non-programmable Scientific calculator is allowed.

1. (a) Determine whether the set of real numberg
equipped with the binary operation * defineq by

forms a group or not. 5)

wiferd) weifdemed gdery PLT.0.
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2.

(b) ﬁet T be the linear transformation on 92 defined

by
T(x,y) = (2x + 3y, 2x - 5Y)

and S, and S, be two bases of M? given by
s, = {(1,0), (1,1}, 5, = {(1,2), (2,1)}

Find the matrix representation of T w.r.t. bases
S, and S,. | _ (10)

-

(a) If H is a Hermitian matrix and T is the unit
matrix of the same order as H, determine whether
A = (I - iH) (I + iH)™ is a Unitary imatrix or
not. | ' (3)

(b) Given that eigenvalue of square matrix.A is A,
prove that eigenvalue of matrix adj(A) is l‘%l
(5)

(c) Find the values of x and y such that given matrix

B is orthogonal :

—

(1 Jlo
-5 A0y ©
Vo 4 10

wifors)
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3.

3

(a) lélnd the cigenvalyes and cigenvectors of the matrix
]

1 1 00
C=<|1
= 2 0
=3 § 2
Can C be diagonalised or not? Give reason(s)-
(10)
(b) State Cayley-Hamilton theorem. Verify it for the
matrix F and hence find F-1, where

2 _
F = A S
(a) Find eR for the matrix R, where
| 1[3 1 |
R=—
2[1 3] | 0
(b) Solve the coupled differential equations
y=—y+4y
z=3y—-2z
where, y(0) = 3, z(0) = 4 ' (8)

(a) Show that

€ijk Skpg T ‘Sfp 5jq - 5:‘:1 5jp

and hence prove that

€k Sijk ': 6

ﬁﬁ"iﬂ q‘e’lﬁamu YRIPTeTgy P.T.O.
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| ¥ %X |
(b) 1 S{ 2 ’22},

determine whether or not S is a Cartesian tensor
of rank 2 in 2-dimension, (7)

6. Using tensors, prove the following :
(a)Zx(ExC’):B(ﬁoé)_é(z.E) 0

) \‘?x(fx:g‘)=(§-V)f—(i-v)§+?(\7-§)—§(f/-f")
@®)

7. (a) Prove that divergence of a vector field fransforms
like a tensor of rank 2. (5)

(b) Obtain an expression for Moment of Inertia

tensor. Also, prove that it is symmetric tensor of
rank 2, (10)

8. (a) A covariant tensor has components (xy, 2y -2z%

xz). Find its covariant components in spherical co-
ordinates, (10)

(b) Find 8; and g corresponding to ds? = 5(dx!)* +
3(dx*)? + 4(dx*)? - 6 dxldx? + 4 dx*dx*. - (5)

afer<! Werfdarer e
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Name of the Department - : ) Depment of Physics and Astrophysics |
Name of the Course - :.' , "B'.s'c‘. Hons. ;(Physics)_NEP:'UGCF-zozz' Sealf
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Instructions for Candidates:

(a) Write your Roll No. on the top immediately on receipt of this question paper.
‘ (b) Attempt FOUR questions in all. Question number one is compulsory.
i _ (c) Non-programmable scientific calculator is allowed.

i Q1 Attempt any five par!;s from this question. All questions carry same mar (3x5=15)
(a) State the difference between analog and digital modulation. Give one example of each.

(b) Determine the percent power saving when the carrier wave and one of the sidebands is
suppressed in an AM wave modulated to a depth of 50%. .

(c) Explain the need for modulation in communication?
(d) Draw PPM and PWM wave forms for a sinusoidal modulating signal.

(e) Why is the uplink frequency kept higher than the downlink frequency in satellite
-communication?

(f) What information is contained in the SIM number?

Q2

(2) Define Amplitude Modulation (AM) and write mathematical expressions for AM. The
output signal from an AM modulator is. i
Van(t) = 5 cos(1800mt) + 20sin(20007t) — 5 cos(22001t)
Determine the following. '
® Frequency and amplitude of modulating signal
(i)  Frequency and amplitude of carrier signal
(iii) - Modulation index. «

' Page no..1
B HeildaT TRidbIer
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Gv)  Ratio of the power in the sidebands to the power in thecarrier. .. () |
(b) Define the two ty‘pés of angle modulation. 2)

' {9) A single tone modulating signal cos (15 7 10° £) frequency modulates a carrier of 10
* 7 MHz and produces a frequency deviation of 75 KHz. Find the modulation index.and
phase deviation. produced in FM wave. If another modulating signal produces a
. modulation index of 100 while maintaining the same deviation, find the frequency and
amplitude of the modulating signal. Assume kf=15K Hz [volt. ‘ (f;)

Q3

(2) State and prove sampling theorem. Calculate the Nyquist rate and sampling frequency '
for analog signal is expressed by the equation N )
x(t) = 5 cos(100mt) + 10sin(500mt) — 8 cos(3007t)

(b) What is Pulse Amplitude Modulation (PAM)? Draw the circuit of-a Pulse Amplitude
modulator and explain its working. List the disadvantages of PAM. ®)

Q4
(2) Sketch ASK, FSK and BPSK waveforms for the sequence: 1011011010. 3)

(b) Describe in detail the three basic operations involved in Pulse Code Modulatidn. ©)

(©) Disﬁnguisﬁ between Time Division Multiplexing (TDM) and Frequency Division
Multiplexing (FDM). ©6)

Qs

(2) Draw and explain the block diagram of transponder-in a communication satellite. What
are the advantages of a geostationary satellite? 8)

(b) Why is mobile phone called a cellphone? Explain the concept of cell sectorixig and cell
splitting in mobile communication? )]

w2
ﬁ ? ﬁ Page no
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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt
of this question paper. |

2. Attempt five questions in all.

3. Question no. 1 is compulsory.

4. All questions carry equal marks.

5. Use of Scientific Calculator is allowed.

1. Attempt any five of the following : (3x5=15)

(i) Show that the nuclear density is independent of
the mass number A, How can it be concluded
that nuclear density is very high?

m%?ﬁqf'ﬁamgvﬁm P.T.O.
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(ii)

(iii)

(iv)

(v)

(vi)

(vii)

2.

What are the nuclear magic numbers? State the

two basic assumptions of nuclear shell model.

A certain radioactive clement disintegrates for

an interval of time equals to its mean life.
What is the remaining fraction that does not

disintegrate?

Compare the photoelectric effect and Compton
scattering in terms of the interactions between

the incident photons and the target matters.

What are the advantages offered by the
semiconductor detectors over gas filled or

scintillation detectors?

Why are the cyclotrons cannot be used to
accelerate electrons? For a cyclotron, the r.f.
potential applied across the dees is 20 KV and
magnetic field of 1.10 T. If the maximum kinetic
energy acquired by the protons is 4.56 MeV,
then find radius of the dees.

Find the strangeness and hypercharge of a
neutral elementary particle whose isotopic spin
projection is % and baryon number is +1.

2. (a) Discuss Rutherford’s ¢ -scattering éxperiment for

the estimation of the nuclear size. Using the

presently accepted empirical nuclear radius

formula, determine the ratio of the nuclear radii
of 4H and %$U. (3+2=5)

KALINDI COLLEGE LIBRARY
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(b) Define the binding energy (BE) and average
binding energy (BE/A) of a nuclcon. Draw the
average binding energy versus mass number curve.
Write the main featurc?s of this curve.

(4+2+4=10)

3. (a) Explain the concept of nuclear force. Why is the
surface term more significant for the lighter nuclei
in the liquid drop model? (3+2=5)

(b) Write the semi-empirical binding-energy formula
and obtain the expression of the atomic number
Z,, the most stable isobar for a given mass number
A. Identify the most stable isobar from the given
isobars: ‘He,, Be, and SLi,.

(Given, a,=0.7053MeV, a, =23.702 MeV)
(2+7+1=10)

4. (a) Establish the relation between the mass of the
parent atom and the mass of the daughter atom
for the spontaneous positron emission. State the
three differences of the electron capture from

positron emission. (2+3=5)

(b) Explain how the alpha decay process is a quantum
phenomenon. Write the decay equation of Z2Rn
to 22}8Po with the emission of a-particle. Calculate

the Q value of the decay and the kinetic energy

of the ¢ -particle in MeV. (4+1+5=10)

P.T.O.
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5. (a) Why are the deuterons and neutrons used as
bombarding agents in nuclear reactions? Write One
cach of deuteron induced and neutron induceq
nuclear reaction, (3+2=5)

(b) What is the significance of nuclear reaction Cross
section? The cross-section and the number of
atoms per cubic meter of Cd''* for capturing
thermal neutrons are 2x1072* m? and 5.58x10?7
atoms/m®. What thickness of Cd!!? is needed to
absorb 99% of the incident beam of thermal
neutrons? Is Cd!!3 an efficient absorber of thermal
neutrons? _ (3+6+1=10)

6. (a) How are the elementary particles divided into two
main categories? Distinguish between baryons and
mesons. (1+4=5)

(b) Give the qualitative description of Quark model of
clementary particles. Write down the quark

contents of protons, neutrons and pions.
(5+5=10)

Useful data:

1,= 1.4fm, mass of the proton = 1.67x10"2’kg, M(3He)
= 4.0028amu, M(??.Rn)=222.017531amu" and
M(?!8Po) = 218.008930amu

: (200)
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Instructions for Candidates

L

2

Write your Roll No. on the top immediately on receipt of this question paper.

Attempt Four questions in all.

Question number one is Compulsory.

Attempt any five : -

(@)

(b

(©)
)

(e)

®

What is the velocity of n-mesons whose observed mean life is 2.5x1077 sec.
The proper mean life of these m-mesons is 2.5%107® sec.

Find the value of a if the vector force field F = (y*z*-axz?) i + 2xyz’j +

(3xy?z? — 6x%z) k is conservative.
Write the formulp for Lorentz and inverse Lorentz transformations.

State the law of gravitational attraction and hence define the gravitational
constant G. Also write its dimensions.

A light and heavy body has equal kinetic energies of translation. Which one
has the larger momentum?

State Newton’s Laws of motion. Show that Newton’s first law of motion is
a special case of second law. (5%3=15)

diferl vigderery YivTey P
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2. (a)
(b)
3. (a)
(b)
4. (a)
(b)
5. (a)
(b)

Prove that V2 (In r) = 0. (8)

Solve : (D*+4)y = sin 3x. @)

What are central forces? Show that angular momentum of particle moving
under the influence of central forces is always conserved. (8)

A neutron moving with a velocity of 106 m/s collides with a deutron at rest.
After collision, the combined mass (titron) moves with a certain velocity.
Calculate the velocity, if the mass of neutron is 1.67x10-?” kg and the mass
of the deutron is 3.34x107?" kg. @)

Derive a general differential equation of motion of a simple harmonic oscillator
and. obtain its solution. (8)

State Kepler’s laws of planetary motion. Show that areal velocity of a planet
around the sun is constant. @)

Describe Michelson-Morley experiment with suitable mathematical
expression. : (10)

Atomic particles in the form of a beam have a velocity of 95% speed
of light. What is their relativistic mass compared with their rest mass?

)

B HEarer Tt
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Name of the Department: Physics

Unique Paper Code: 2222512301

Name of the Paper: Heat & Thermodynamics

Name of the Course: B.Sc. (Prog.) Physical Science—NEP-UGCF

Semester: IIT

Duration: 2 hours

Maximum Marks: 60

A

Instructions for Candidates
Write your Roll No. on the top immediately on the receipt of this question paper.

Question no. 1 is compulsory.
Attempt anv Four questions including Question no. 1.

All questions carry equal marks.
Use of non-programmable scientific calculators is allowed.

Attempt any S of the following. Each part carries equal marks.
Give the significance of T-5 «:szram of a Carnot’s cycle.
b. Define and obtain the 43 ;=380 for mean free path of a molecule of gas.

c¢. Deduce Clausius Clapsyson istit heat wuaiion from Maxwell’s thermodynamic

relation.
d. Define entropy of a system wiih its physical significance.
Derive Rayleigh Jeans law from Planck’s law of black body radiation.

f. Define Microstate and Microstate for a thermodynamic system.
(5x3=15)

(a) Describe the construction of Carnot Engine. Obtain the expression of efficiency of

Cammot engine in terms of temperature of source and  sink.

(10) . .
(b) A Carnot’s engine whose low temperature reservoir is at 7°C has an efficiency of 50%.

It is desired to increase the efficiency to 70%. By how many degrees should the temperature

of high-temperature reservoir be increased.  (5)

ch‘vr—vﬁ%ﬂ‘?mrm
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Your Roll No........
Sr. No. of Question Paper : 6463 I
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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt

of this question paper.

2. This question paper has six questions in all.

3. Attempt any two parts from each question.

4. All questions are compulsory.

¢ Ylaer a #0}. Show that G is

nder matrix multiplication.

1. (a) Let G=

an abelian group u

(6)

. _ P.T.O.
a'_)Tﬁ‘ ' RS ECHIE™ RO+ R g‘{ﬂm
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(b) Describe the symmetries of an equilateral triangle
and write the complete multiplication table for
D,. (6)

(c) Find orders of cach of the elements of U(10).
Show that it is cyclic and find all its generators.

(6)

2. (a) State and prove Lagrange’s theorem. Give
statement of Fermat’s little Theorem. (6.5)

(b) Prove that intersection of two subgroups is a
subgroup. Is the union of two subgroups a

subgroup? Justify your answer. (6.5)

(c) Define center of a group. Prove that center of a
group G is a subgroup of G. (6.5)

3. (a) Find the order of each of the following
permutations : (6)

(i) (124)(357)
123456
W 1215463
(b) Let H be a subgroup of group G, and let a and

b belong to G. Prove that aH = H if and only if
a e H. (6)

. KALINDI COLLEGE LIBRARY



6463
3

(c) Define a norma] subgroup. Let

H={[2 b].
{[0 d]'a'b'dER.adth}. Is H a normal
subgroup of GL(2, R)? Justify. (6)

4. (a) Let R be a ring with unity 1 and a is an element
of R such that a? = 1. Let S = {ara: r € R}

Prove that S is a subring of R. Does S contain
1? (6.5)

(b) Show that R®R is not an Integral Domain.
(6.5)

(c)Let S={a+ib:a,d € Z, b is even}. Show that
S is not an ideal of Z[i]. (6.5)

5. (a) Determine whether or not the set
2 110 111 I e 1 :
S={ 1 0 ,[1 2].[1 1]} is linearly independent

over Zs. (6)

(b) Find a basis and dimension for the subspace W of
R3 defined by W = {(a,b,¢c) € R3|2a—3b+¢= 0)

(6)

Hifer? T auird YTy P.T.0
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(c) Which of the following is a subspace of R3?
Justify. (6)

(l) W1 = {(a,b,c) e IR} l ﬂ+b=C}

(i) W, = {(a,b,c) € R | a2+b2=cl},

6. (a) Define a linear transformation. Determine whether
T: R? - R? given by

T([a, b]) = [2a - 3b, 3a+4b] is a linear
transformation or not. (6.5)

(b) Let T: R? — R? be a linear transformation such
that T([1,~1,0]) = [2,1], T([0,1,-1]) = [-1,3]
and T([0,1,0]) = [0,1]. Find T([a, b, c]) for any
[a,b,c] € R (6.5)

(c) Let T: R® > R3 be the linear transformation given
by T([a, b, c]) = [a,0,a—-b +c]. Find a basis for
ker(T) and a basis for range(T). Also, verify the
rank-nullity theorem. (6.5)
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Name of the paper: Elements of Modern Physics (DS er
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ll\)flnximum Marks: 60
uration: 2 hours

SL.Nood Q- 1HE8

Attempt four questions in all. Q1 is compulsory. All questions carry equal marks, Use of
‘mon-programmable scientific calculator is allowed. You may use the values of physical
constants provided in the end.

Answer any five of the following:

(1)
(i)

(iii)
(iv)
)
(vi)
(a)

(®)

(@)

(®)

(2)
(®)

(c)

(2)

(®)

What is Compton wavelength? Obtain its valye,

Define work function of a metal. Radiation of wavelength 5400 A falls on a
metal plate with work function 1.9 eV. Find the kinetic energy of emitted
photoelectrons and their stopping potential, ‘
Which law explains the continuous spectrum emitted by a Blackbody? Write
its expression. Draw the energy distribution curve between wavelength (1)
and energy density (EadA) at two different temperatures.

Evaluate the commutator of position and momentum operators.

Define mass defect and binding energy. Draw the graph between Binding
energy per nucleon and atomic mass number.

State Moseley’s law and write its significance. . [5x3]

State Heisenberg uncertainty principle and derive it for position and
momentum, using the concept of matter wave packet. An electron moves with
a speed of 300 m/s with an accuracy of 0.01%. Find the accuracy with which
position of electron can be located.

Describe gamma ray microscope thought experiment to validate Uncertainty
principle. : ' [9,6]

The wave function for 2 free particle is given by
PY(x,t) = Adexpl—i/h(Et — px)],
where symbols have ths..r usal rneanings. Obtain momentum (p), energy (E)
and Hamiltonian (H) opérstors tased on this wvve function and hence obtain
one- dimensional tin 2 dependent Schrodinge: «.quation. [91
What is Normalized wave function? Obtain the normalisation constant for
wave function (W) of a particle confined to a box of width L. Given
Pui=Asin(nnx/L) and 0<x<L [6]

Explain how Sommerfield theory could overcome the limitations of Bohr’s
atomic theory. ’ 71

Write a relation between wavelength and Rydberg Constant (R) for hydrogen
spectra and hence find and name the series whose wavelength lies in the
visible region of electromagnetic spectrum. Also find the shortest and longest

wavelengths of this series. : ' N B
State Bohr’s correspondence principle. [3]

Deécﬁbé in detail the conétruction and working principle of Van de Graaff

generator using a well labelled diagram (71
Obtain semi-empirical mass formula to calculate the binding energy of a
nucleus. Describe all the five terms used in the formula. [8]

Useful physical constants
h=6.62x 103 Jg,

Rest mass of electron, me.= 9.1 x io 3l kg
c=3x108 m/s

Rydberg’s constant ®) = 1.097 x 107 m!
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. (Write your Roll No. on the top immediately Qn receipt ‘of this question paper.)<

1 (a)
(b
()
2. (@

Attempt any fwo parts .frorr‘;'-eéch qﬁeé:tipn.

- Use of simple calculator is allowé(.‘i.. -
Determine the consitanf A such that the equation : -
‘_ (x2 + 3xy)dx + (Ax? -lj‘4y)éiy =0

is exact. Solve the resulting exact equation.

Lo dy y_ ¥
Solve the dxﬁ'er;:ntnal equation D % -
2) dy : 2 . _
Solve the differential equation (1-= g TR 6o

Find the orthogonal trajectories of the family of curves y = ax”’, a being the p@neta.

- PTO.
wfer< HEIETeTy qeaaTery
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®)

©

(a)

®)

©

@

6344
(2)

2y ay x)y =0,
Prove that if /1) and f5(x) are two solutions of a, (x) L + al(x) +ay(x)y =

bi
then ¢fy(x) + cof5(x) is also a solution of this equation; where c| and c, being ar itrary

constants,
Ify=xisa solution of the équation :
N2y dy
(xz‘—x+1)a—2‘-(x2 +x)d—x+(x+1)y =0,

find a linearly indépénd‘ent solution by reducing_thé order. Write the general solution.
6+6
Solve the initial value problem :

3 2
d’y 5dy 7

dy 4., _ 1 O) = O D) —
ax® ° dx? 3y—0,y(0)—1,y(0)—0,y (0) =

Use the method of variation of parameters to solve the equation :

2 .
Q—Z—y=e"Sinx_

dx?  *dx

dy | |
Find the general solution of (2x +1) (x + 1) + 2x E ~2y=(2x+1)?, given that
y=x and y = (x + 1)7! are linecarly mdepcndent solutions of the corresponding
homogenous equation. : 6+6

| 2 A%y dy
Find the general solution of the equation *° P 2x 2 t2y =t

et werfenara RESEAE
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6345 2

1. (a) Three forces of equal magnitude P act on a
particle such that their directions are parallel to

the sides BC, CA4 and AB of a triangle 4BC. Show
that the magnitude of their resultant R is

R = P(3 —2cosA—2cosB —2cosC)Y2.
(7.5)

(b) Find the centre of gravity of a sector of a circle
subtending an angle 2o at the centre. (7.5)

- (¢) Two light rings can slide on a rough horizontal
rod. The rings are connected by a light inextensible
string of length a, to the mid-point of which is
attached a weight W. Show that.the greatest
distance between the rings, consistent with the

ua
. equilibrium of the system is W » where p is
the coefficient of friction between either ring and
the rod. | (7.5)

2. (a) A particle travels along a straight line with constant

acceleration 'a'. Prove that, v = wu+tat, s =

ut+"£ at? and v? = u? + 2as, where s is the

EHer<l HElldERl qraaTery
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6345 3

distance covered from the instant t = M 1.5)
initial velocity and v is the final veloc

inged at B and
ight string -
s and

(b) A uniform bar 4B, 10 feet long i8 h
is supported in a vertical plane by al
AC 10 feet above B. If AB weighs 20 1b
AC = 15 feet, find the tension in AC and the
reaction at B. ' (7.5)

(c) A light ladder is supported on a rough floor and
leans against a smooth wall. How far up the ladder
can a man climb without slipping taking place?

(7.5)

3. - (a) (i) The speed of a particle moving along x-axis is
given by v? = 16 — x2. Prove that the motion is
simple harmonic and find its amplitude. @

(ii) A point moving in a straight line with SHM has
velocities v, and v, when its distance from the
centre are x; and x, respectively. Show that the

period of motion is 27T

afer<) e RAdTery
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(b) Define a bipartite graph and a complete bipartite
graph? Determine whether the graph given below
is bipartite. Give the bipartition setg or explain
why the graph is not bipartite,

If bipartite then determine whether it is complete
bipartite. (7.5)

(c) Define vertex connectivity K(G) and edge
connectivity AG). Find k(G) and A(G) for the
following graph and hence verify the relation K(G)

< AG).

%T‘W W ‘3"\'*': mivig
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(7.5)

1 S
4. (a) (i) Define sub-graph of a graph. Draw p1ct:1re}
of the sub-graphs of G\{e}, G\{v} and G {u

of the following graph G.

(4.5)

P.T.O,

aifor<l qeifdeney ,
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(ii) Define a complete graph. Does there exists
2 graph G with 32 edges and 14 vertices;
each of degree 6 or 79 Justify your answer.

3)

(b) Define strongly connected and weakly connected |
graph. Determine whether the following graph is

strongly connected and if not, whether it is weakly
connected. Justify your answer.

(7.5)

(c) Define degree of a vertex. Draw the following
graphs:

D) X,

(i) X,



6345 | 7

(i) W,

— 7.5)
Also find degree of each vertex. (

: a
5. (@) Use Dijkstra's algorithm to find the length O'f
shortest path between a and z in the follow1ng
weighted graph.

(7.5)

(b) (i) Define Hamijltonian Path with example.
(2.9)
(ii) Define Hamiltonian Cycle with example,
(2.5)

(iii) Define weighted graph with example, (2.5)

| P.T.0.
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(c) Determine whether the given graph has an Euler
circuit. Construct such a circuit when one exists.
If no Euler circuit exists, determine whether the

graph has a Euler path and construct such a path
if one exists.

"

(7.5)

ofordl Hefamed [Rade (500)
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. Attempt any fwo parts from each question.
Use of simplé calculator is allowed.
Solve the differential equation (x2 + y2)dx — 2xydy = 0.

Solve the differential equation xdy + (xy + y — 1)dx = 0.

d ‘ .
Solve the initial value problem xy? Ey -2y3 =2x3 when y(1) = 1. 6+6

Find the orthogonal trajectories of the family of rectangular hyperbolas xy = ¢2.

Show that ¢* and xe* are linearly independent solutions of the differential equation

d? dy . '
E’Z - Z'd—x' +y =0 on the interval —co < x < 0. Write the general solution. Find the -

particular solution for which »(0) = 1 and y'(0) = 4.

- P.T.0.
iferdt e TR
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(©)

(@

(b

(©

(@)

(b)

(©)

6447
(2)
& : . Y _gpsn o @+ly=0,
If y = ¢* is a solution of the differential equation * " 5 = (2x+ Y gy
find a linearly independent solution by reducing the order. Write the general solution.

6+6
Solve the initial value problem :
d3y ‘dzy d ’ ”
3255142 -8y=0, y0=2 YO=0, 7 (0) = 0.
Use the method of variation of parameters to' solve the equation
d?y . ,dy .
Py +3 Ix + 2y = 2e*,
, given that

. . 2
Find the general solution of (x2 + 2x) gx%’ -2x+1) % +2y = (x+2)?

y=x+landy=(x+ 1)2 are linearly independent solutions of the corresponding
homogeneous equation. 6+6

d? d
Find the general solution of the equation 2x ?dx_z’ +3x Ey- -3y =x3,
, x

Solve the following linear system of equations :

dx dy

) Yo A -
dt+ It x+y=0
dx dy

2—+—+2 = 3et-
dt+dt+ x+y=23e"

Show that x = 2¢5, y = ¢’ and x = ¢, y = —¢! are two linearly independent

solutions on every interval a<t<b of the linear system

d .
dx 3 + 4Y; 4Y _ 9x + y. Write the general solution.
o t 6+

Pl Heifdemsrg Ui dice.
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5. (a)

é ()
i.;

b ©

6. (@

®)

©

6447

(3) . | 6447

~ Solve the following by the method of characteristic$ i

xu(u? + xy)u, — yu(u? + Xy, = A
U,se's.ep‘a_ration of variables u(x, y) = fix).g(y) to solve the folloWiflg equ’altion :
e N yzyxz'+ xzuy-2 = (iyu)Z.
Find thé partial differential equation éﬁsing from the following surface : '6'.5+6.-5
: emrfR e
Classify the following equatidn’ and obtain the genénﬂ solution by reducing‘ it to caﬁonical

form :

-

x2u, +‘2xyux}; + yzuyy + xyu, + y2uy = 0.

Reduce the following equation to canonical form :

Find ‘the solution of the following initial value system : u, + 3uu, = v — x; iz, =cv

X
“with u(x, 0) = x and v(x, 0) = x. ¥ S
3
PICTST TR Gre .
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- light. » B
(c) The wavelength of first spectral line of Balmer series of hydrogen-atom is 656.3 nm. Estimate Rydberg

constant and hence calculate the wavelength for the second spectral line, - - , —

@

Sr. No. of Question Paper: 6461
Name of the Course :B.Sc. (Prog.) Physical Science- CBCS (DSE)

Semester 'V

Name of the Paper :Elements of Modern Physics re
Unique Paper Code :42227929 .
Duration :3 Hours Maximum Marks : 73

Write your Roll No. on the top immediately on receipt of this question paper.
Attempt five questions in all.
Question No. 1 is compulsory.
All questions carry equal marks.
Non-programmable scientific calculators are allowed.

1. All parts are compulsory: [3x5=15]

(a) Explain zero-point energy with one example.
(b) Give the name of electromagnetic regions of Balmer, Lyman and Paschen Series of hydrogen spectrum.

(c) An electron has a speed of 600 m/s with an accuracy of 0.005 %..Calculate the certainty with which we
can locate the position of the electron. [Given: h=6.6 x 10%*)s and m=9.1 x 10! kg.]

(d) What are quantum dots? How are they related with quantum mechanics?
(e) The radius of nuclei having mass number 27 is 3.6 fermi. Calculate-the -tadius-of nuclei having mass

number 216.

.

2. (a) Name an experiment which verifies existence of matter waves. Show that the wavelength of matter
waves obtained from this experiment matches with the wavelength determined using de-Broglie hypothesis. ‘
|

(b) When two ultraviolet beams of wavelengths A, = 80 nm and 1, = 110 nm fall on-a-ead surface, they
produce photoelectrons with maximum energies 11.39 eV and 7.15 eV, respectively. Estimate the numerical

value of the Planck constant.

(c) In Compton Effect experiment, the wavelength of the X-ray scattered at an angle of 45% is 0.022 A.
Calculate the wavelength of incident X-ray.

.- 5,5,9)

3. (a) What are the shortcomings of Rutherford’s atomic model and explain how Bohr’s model overcomes

these discrepancies.

(b) Show that the velocity of electron in first Bohr orbit is (1/137) times c, where ‘¢’ is the velocity of the . -

(3,5,3)

| KALINDI COILEGE LIBRARY



Y -_Constantsz L
. h=662x10%Js

) Expliin Heisenberg’s energy-time uncertainty relation. The lifetime of an excited state of an atom is
about 10™ sec. Calculate the minimum uncertainty in the determination of the cnergy of the excited state.

(c) Calculate the de Broglie wavelength of an q- particle accelerated through a potential difference of 4 kV.

) . (5,5,5)
5:(2) In the double sljt experiment of electrons, the diffraction pattern of only slit one opened is 1, =
Mze_i(ky_wt)/\fl +»? and when the only second slit is opened is y; = My e~Hky+my-wt) [ [17452,
where M, and M;; are the normalization constants that need to be found. CalcuTate the intensity detected on
the screen when: :

(1) both slits are open and a light source is used to determine which of the slits the electron went
through, and _
(i1) both the slits are open and no light source is used.

] E . 2
(®) If fix) = e™, where a is some constant, show that f{x) is an eigen function of the operator % . Also

find the eigenvalue.
(10, 5)

6. (a) Obtain the reflection and transmission coefficients of electrons incident on a potential step when the
energy of the incident particles is relatively more than the energy of the potential step.
(b) Calculate the permitted energy levels of an electron trapped in a box of 1 A width.

(10, 5)

7. (a) Show that pair production cannot occur in empty space.
(b) Calculate the energy released in MeV for the following fusion reaction:

Hy +H, - 'H, +°H, + Q-
Given: Mass of °H, = 2.014102 amu,
Mass of 'H; = 1.007825 amu,
Mass of *H;=3.016040 amu

 (c) Orie gram of radioactive substance disintegrates at the rate of 3.7 x 10'° disintegrations per second. The

atomic weight of the substance is 226. Calculate its mean life,

(5,5,5)
c=3x10% m/s

e=16x10"°C

me=9.1 x 10*' kg
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