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(a) Evaluate V.(r" r), where 1= % +1.r:=.+-.fi 15 pasiion

yeolor

{b) Evaluate L: A, dr where A:f;}-}[-rx’_'i where C 15

the portion of the curve x = ¥ from (0.0) 10
{1, 1}
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(c) Find the electric potential at the center of the
square of side | m produced by the four point
charges +4, ~2q, +3q and +2q located at the camers
of the square where g = 1 = 10V .

{d) The electric potential in any region is given by
V=234 3y - 922 caleulate the electrie field
strenpgth

{e] Write down Maxwell equations in differential form.

{f} The magnetic susceptibility of iron oxide ix 7200,
Find the relative permeability.

(8) In a coil, an emf of 6V iz induced when the
current in the coil changes at the rale of 100
Als, Find coefficient of self-induction of the coil,

(] Find o wnit wvecior normal to ihe surfoace
X' = Gy + 6 = 0 oar the point (3,2.1),

{b} Evaluste ILA.GS. where, A=(d4xz)i- ]+ yak

and § is-the surfoee of the cube Bounded by x=0,
=2, y=0, ¥=2, z=f z=2 (6,9}

(a} Caleulate the electric field due to a unifarmly
charged non-conducting sphere of radius ‘s’ st a
poinl inside, outside and on the surface of the
sphere.

1834 3

{b} Two thin parallel conducting plates are placed
close 1o each other. The surface density of plate
| is +o0 and plate 2 is - where @ = 15 % (022
Ctm?. Caleulate the electric field strength to the
left of the plates, between the plates and right of
the plates. (9.6)

(a) Derive an expression for polential due to g
spherical shell of radivs *a" at & point outside and
on the surface of the spherical shell,

(b) Calculate the potential due to an electric dipole on
1% axis al & distance 3 em from it. The dipole
moment of the dipole is 6 © 10017 im, (57

{a) Derive un expeession for the eapacitance of a
spherical capaciton, with an inner metal sphere of
racius "¢’ and outer metal sphere of radiue *d’
Assume that the inner metal sphere is earthed

{b) Derive an éxpression for elecirostatic encrgy for
i system of n-poinl charges.

(e} A photographer uged capagilor of capacitance
20 uF and a charger which supplies . voltage of
300 V for flash pictures. Caleulate the chirge and
electrostatic energy for each flash. (6.6.3)
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{a) Explain why magnetic monopoles do not exist.

(b) Calculate the magnetic ficld at the center of the
current carrying circuler loop of radius ‘r° and
also ealculate the magnetic fiald at any point on
the axis of the cireular loop using Biot-Savart’s
law.

{¢) Derive an expression for magnetic field due lo an
infinitely long straight current carrying conductor
using Ampere’s circuital law. (3.8.4)

(w) What is self-inductance? Calculate the coefficient
of self-inductance of a coil having 2000 turns and
a length of 2 m. The arca of cross-section is § om
and permeability of the core 15 2000.

(b} What 15 magnetic vector potential? Denve Biot
Savari's law using magnetic vector potential,

(¢) Differentiate between paramagnetic and
ferromagnetic materials? Give two examples of
each. {(4,7.4)

Physical Constants :
g, = 5.854 = 1072 CHN-m?

o= 4o 1077 WhiA-m; e=31x 10* m's

(200}
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Evaliunte :f_fr' fds where 8 b i olised surfice

Express 7 F oand a ¢ in index notation.

Shaw that following equation 18 exact and solve it

(yoosx + diny + yide+ (sinx+xcosy +x) dy=10

Refer to the Probability distribution given below;

X -3 fi Q9
PiX-x} 1/6 142 13

Find E(X) and Eg(2%+173), {326

Show that following eguation is inexnct and then
sofve i

Ex7Tog xi— xyldy + 2.9id = 0 ()

A certun radiosctive material is known o degay
al & rate proportional to the amount present, I
initially there is 50 milligrams of the materinl
present and after two hours it is observed that
the material has [ost [0 percent of its ariginal
mass, With the belp of the differential equation
dMNidt - kN, N being the amoum of material
present al tme 1, find (a) an expression for the
mass of the material remaining ot any time t {b)
the mass of the material after' 4 hours.  (8)

1nzy

|ii|!l

{ii}

{if)

(i)

3
Solve by the method of Uadetermined
Coeflicients
Pyida? + 2 dyids oy =x - 6]

Salve the given differentinl equation :

i
ﬁ + Ly tuox = sinx
given that y =0 when x = a/3, ()

Solye by the method of Variation of parameters:

diyidx® + a% 'y = tam ax {61

Solve the differential equation:

Ardiylds? - dodvfde v Gy = 4200 (6]

Show that

%

¥ = nin)r"? where #e gl pfe 7 4
Show that

i:[ﬁxy-rz_’]i+{31=—z]j+f3:zz ~ylk

is ircotationsl. Find & such that A =T40 ()

Prove W ff’xiil .—-"-G"{‘E'EJ- VA (8}

A e
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4
Verily the diverpence theorem for

A=dxi-2y" j+ 2k
laken over the region bounded by xP+yd=g,
z=0and z+= 3. (9]

Lising Stake’s theorem, evaluate

J (X + IyMx + (x-z}y + (y-—2)dz

aver the contour C, where C is the boundary of
triangle bounded with vertices (2,0,00, (0.3.0) and
(0,0,6] oriented in anticlockwise direction and §
1% the surface of the plane

) <
- L)
Show that scalar product of two wvectors e
invarignt under rotation of axes. {4}
Find an expression for the mean and variance of

the Binomial distribution (B}

If F=2yi-2j+%°k.
and 5§ is the surface ¥* = Bx in the first octamt
bounded by the plane'y =4 and 2= 6. evaluate

J‘J'Fﬁu.s. (6}

(500)
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Attempt all parts of this question.

{i' A body of mass | kg and initial velocity 10 ms™!
fs sliding an @ horizomal surface. If the
coefficlent of kinetic friction between the hody
and the surfeee (10,5 then find the work done
by friction when the body has triversed o
distance of § m along the surface, {3}

Consider cireular orbits in o central fovec
potential U(r} = ~kr where K> D and 1 <n <2,
If the time perind af cireular orbit ol radjus R is
T, and tha of rading 2R i T,, find the value of

()

T
T (3
|

i) A nuelews indiintly ni rest decoys madicactively
b emitting two particles: an electron with
mamentom 1.2« 100 kg ms™! and'a neutrine
tlght angle to the eleciron with momentum
6.4 = 10" kg ms!. Find the direction nnd
mamentum of the recciled nucleus. [3)

(iv} Three masses coch of Zkg are sitiated ot l.h-i

vertices of an equilaternl triangle whose side
measure 0.1 m cach Chleulate the moment of

imertin of the svstem and 1% radiug of gyration

1048 3

3

with L1l i Erpe + fdane
LG
Espo AN -axiE srpendicu #l i

lerming Y Tangle slng rh I
de 13 he ng il PissIn I B
ang ol it vertices l
{2}
e 2 bl 3
Y] Ca Culute Liag speed of L
EIVED |.['|l||. the rest

4.5 MeV

MeV

BieCiron,
Mass o &0 electron is
{3)

[l A bucket g 5inig Valer iz lis o ne g
o | e 1 2
Eainne watey teed 1 LK, 1 of

il ik
ORe dnd rotated shoyy the other end
g H n &

1" & ™ 1

ertical circle of radiys 0,74 m. Find the minim

apced g

Peed W the tap ta ensure that no water apilis

out,
[3)

(1) Find the eenire ‘af mags of o ht a
i ng analed
trlangulor shaet of masn M, boge b, height &
small thickness 1, e
]

[II.] 5 ] i IIsly
el fnllg J'I‘Bm A Blation Ty I [.'IPLI' continung
L 1] i (ERa H|

om ' a fraj
Lght car which = moving with Unifo
urm

Find
e freight move wi

s 1N move witl
the same Eanstant velosity v

velockty v - f .
City v. The sand falls m the rate i
the force required 1o make th .
Alsa arove hat
the pow, e { i
pewer due 1o this force jg wice the rate of
intrease of 3 X e
Tease of Xinete ehergy of the svstem. (4
RYELE 3}

PiTioy
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X 01 A partiele-afl magy m moves in one dimension

along the' positive x sxis. It is acied on by a
condtant foree directed towards the erigim wilh
maghitude B and an inverse square low reptilnive

; A o
foree with magnitode w - Find the potential

cnergy function Uix) and the equihbrium position
%, ol the particle. What is the frequenay of small

oscillations abour x7 ()

{iii} A rope of mass M and length L is suspended g . e 1 |
from a ceiling as shown In the figire. Find the fif) A p:adlclc of mass m and initial velocity ¥ |
tension inthe rope as 3 fanction of the distance epliides elastically, with particle of unknawn
from the cetling and henee show that the tension ' mass M coming from the BT aceing
St ok on: snsatentsite. AlORRiNe SeSih BB % as shown in the dlagram, After the collikion, m

/ ngion in the rope Fl B |
ey i : 1 : hits velocity =% at right nirgles to 1he incident
the upper end where the rope ls fixed to the - i
ceiling (6} dirgetion, and M maves ofl in the dircetion FEp
I the figure. Find the ratio Mim. {6)

i i _—T M

Eﬁiﬁl‘a

Mﬂ/
. a5t

Hesnwelhe oo .-

i
bigl?
At ¢

P.T.0

e h:____ﬁ'ﬂ
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¥

{1)

8

lezation of the elock, with the durdtion batween
(hedr events mensored (6 e A by the elock.
Hetween these two events, the clock moves pasi
two identical clocks ol rest i frame ©, 1f the
duration between these events 13 A0 a8 measurcd
vy these clocks, startimg with Loréntz
transformatians, deduce a relationship between
AT and At (6]

Two spaceships approach each other, each
maving with the sami speed a5 messured by a
stationary observer on the Barth, Their relative
spead 15 0,7c. Determine the velgoities of each
spaceahip as messured by the stationary ohssrver
on Earthy =3

A simple pendulum consisting of & mass m
suspended by o string of negligible mass and
letirh ['is Ranging from the cefting of & tram
enr. Thic car 15 noceierating relative (o the road
with uniform acceleration of mapritude &,
Analyzing the dynamics in the frame of reference
of 1he car, derive an expression for the anpgle
(relative 1o the vertical dircetion) at which the
pandulum will be in sguilibritm. What will be
the lime period of small oseillutions of the
pendulum about thig squilibrivm pogition?  (6)

{500)

Ak
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Attempl all {5=3)}

{a) Prove that ﬁ'=3y'z=:+4x1213—3x’y4l‘: 15
solenoidal,

() Write short note on inertial and non-inertial frame
of reference.

(e) A particle of mass m moves along the curve

F=207 4 (¢ ~ 40~ (t + 5k . find its angular
marmentum,

(d} State and prove work-encrgy theorem,

le} Caleulate the period of revolution of Neptune
around the sun, given that the diameter of the
orbit i8 30 times the dinmeter of the carth's orbig
around the sun, Assume both orbits are circular.

{4) Evalunte E x(—F-] where 7 =xi + }i + ik | {7y
=

(b} Solve the differential equation ;

¥Ry =0 sy =1, ¥y =—1 (5)

1010 3

(c) Find the speed at which the mass of an electron
is double of its rest mpss, {3)

nd Deduce an expression for the mament ¢f inertia
of a rectangular laming of length | und widih b
about an axis through its centre and parafiel (o
one side. Hence also find the moment of inertia
about an axis eninciding with one side; {7

ib) What are central forces? Give examples and show
that under the influence of o central force field
the angular momentum I8 conserved, (5}

(&) Expluin elastic and inelasiic collision, {3)

(a] What is the simple pendulum. Derive the
differentinl equution far simple pendulum having
mass.m and length 1. What are the drawbacks of
simple pendulum, {7

(b} IT we double the length of the pendulum, wha
effect will you see on the time period of simple
pendulum? Docs muss affect the time period also?

(5)

PN

[



1010 4

. =

(e)If F=(2xy+ £yi+x j+ Iz ko« delerming
whether is it conservative of non-conservative
farce. (3)

{a) State and deduce the mathematical expression for
the law of relativistic velocities, Show that the
cesultant velocity of a particle can never b gredter
than c. {7}

(b} A person in & train at a speed 34107 m/s sleeps af
10:00 pm by his watch and gets up at 400 am.
How long did he sleep according 10 the ¢clock at
the station? (5)

(¢} Four particles esch of mass m are kept ot the
four comers of a square of side ‘a’. Find the
moment of inertia of the system ghoul a line
perpendicular to the plane of the sguare and
passing through the center of sqoare. (3}

[Symbols ©
C: speed of light.]

(500}
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(i) Prove tha the four points #i+5j+k, -(j+k),
Ji+9j+4k und A(-i+j+k) are coplannr

(i} Shaw that torque acting on & particls under the
action of o central force is zdto

{rv)State the thearem of parallel and perpendicular
axes of moment of inertiz for o plane laminar
body

(%) State Hooke's law of elnsticity. Draw stresscstrain
curve far a mesal wire and mark elastic and plastie
region on the curve,

(viyWhat are inertisi and non-inertial frames of
reference?

2. (8} Solve the differential equation’ (%% - ay)dx +
(% » ax)dy = 0 (4

(b} State and prove work energy. theorem. Show that
for a conservative force (F)

() ¥* F =10 and

i) F = -y U where symbols hnve their usun

mieanings, (83

LETT 3

f) Explain Center of Mass for & system of purticles?
Show that in ahsence of externn] Torce the velooity
of center-of mans of a body remaing constant.

()

3. () Define moment of inertia and radivs of gymation
for a rigid body. Write their units and explain their -
physical significance. If the moment of inertin of
a circular dise of radiug 'R and mass ™' ahoul
an’ axis perpendicular to its surface and passing
through its center iz 4 MR then determine the
moment of inertin 0f the disc aboul an axis tangent
1o its citeumference and parallel 1o the surface of
the dise. 19

(b) State: Kepler's: laws of planetary motion, Show
that the areal velocity {8 constant for planels
revolving around sun, (6}

(¢} The distance of 4 planet from (he sun is.5 times
more than the distance of the ezrth fram the dun,
Calculdte the period of revalution of the planet
around the sun in vears, {3}

4. f{a) What is a harmonic ascillator? Establish its
differential equation and solve it fir its veloeity, o
displacement and fime period, [E2]

E.T.D
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(b) Obtain the expression for average polential energy
and-averape Kinelic snergy of @ particlg executing
SHM und hence show it is equal 1o half the 1otal
EMETEY. (&)

(2} Defin. different Eldstic Constants (&

{b) Define Poisson's ratio; Derive the expression lor
bulk modulus (K) in terms of Young's modulus
(Y) and Poisson's ratio (o). K= X/ 3{1-20)

12y

(a) Write Lorentz Transformation equations? Explamn
the contraction of length of a rod moving with &
relntivistic velocity. Caloulate the length of & Tod
of length Smeters in a frame of reference which
is moving with 0.6c veloeity 10 a direction making
30® angle with the rod ' (%)

(b) Obtain an expression for Einsten velocity addition,
Show that velocity cen never be greater than the
veloginy af lighe ey

f¢) Calcutate the velocity of particle at which i1s mass
becomes cight times of its rest mass, (3}

(500)



b g T (9
& This QUESHion paper contains T prioted pages |

Your Roll N s

Sr. No. of Questiog Paper : 1069 D

Unigue Paper Code 2 2232011103

Name of the Paper  Waves and Oscillatiaps
(B5C 3)

Name of the Courge © B.Se. Hons, {Physics)

Seinesiter v

Duration 2 Houry Moximum Margs - &0

Instructiony for g'&ndigutcx

Lo Write your Rell No. on the top :'rnmv:d:n[:i!y on receipt
of this question poaper,

bl

Altempt noy faur questions in gl

Fad

Question Ng, | is compuisory,

- Use of non. Programmable scientifie caloulator tjg

allowed













[This question paper contains 4 printed pages, |

Your Roll No. i

Sr. No. of Question Paper : 1429 C

Unigue Paper Code 32221303

Mame of the Paper ¢ Digital Systems and
Applications

MName of the Course B.S¢. (Hons) Physles
{(CBCS)

Semester = IE

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

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

2. Attempt any five questions in all Q. No. 1 is
compulsory. All questions carry equal marks

Afltempt any flve questions

| Altempt sny five parts (all parts carry eguel marks)
[(5=3=15)

(#) Represent (-56),, in signed magnitude and 1's
complement representation limited to 8-bits.
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(b} Define deflection sensitivity in Cathode Ray
Crcilloscope?

(£} The accumulalor of ROBS microprocessor contains
AAH and carry is gel. Whiat will sceumulator and
cafry contain after the execulion of “XRA A'
instruction?

(d) Realize OR gate using diodes and resistors.
{e) Why is D Flip-flop referred to as transparent latch?
(] Draw the circuit for d-bit even parity generator,

(g} Subtract 23, from 39, using 2's complement
method,

2. {a) Draw the labelled block diagram of a Cathode
Ray Tube (CRT)? Explain the role of the
following | (8}

{1} Agqua Dag costing

{11} Control Grid

(b} Minimize the following logic expression using
K - map and realize it ysing NAND gates only
FA, B.CD)=Em (1, 3 7, 11, 15) +d (0,2, 5)

N

1429 3 =

3. (a) Draw the circuit diagram of Serial Shift Register
and hence describe its working in serial in
serial out (SIS0 and serfal in parallel out (SIPO)
maodes, (8)

(b) Distinguish between u 4-bit multiplexer and an
encoder using approprinte disgrams, Using hlock
dingrams realise Bx1 multiplexer using two 4%
multiplexers and an OR pate and explain its
functioning? 3 (n

4. (n) Write an assembly language program to multiply

iwg 8 bit numbers, one of which is stored in
memory focation 2050H and other one in memary
location 2051H. Store the prodict in memory
locations 2053H and 2054H. (&)

{b) Explain the working of & 2's complement 4-bit
adder - subtractor with an appropriate logic circuit
dingram. (7

5. (a) Describe the phenomena of racing in JK flip-flop.

Hence explain how this condition can be avoided
with the use of master-slave JK flip-flop.  (£)

(k) Describe the working of a decade counter
(MOD-10) with a suitable diagram? {7}

P.T.O.
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. (a) Draw the circult diagram of 333 nmer IC in
Astable configuration and hence explain its working
in terms of the charging and discharging of it
{iming capacitor by drawing the relevanl Wwave
diagrams. (8)

() Write an sssembly langusge programme to divide
two hexadecimal numbers. (7}

7. (a)Draw the logic pin out diagram of BOB3
microprocessor wherein gll the different
signals are depicted and classified in different

groups. {8)

{b) What are flags? Describe various flags (in detail)
for 8085 microprocessor. L7

{2000)



L

[This gquestion peper sonising & printed pajges.|

Your Roll Mo
Sr. No, of Question Paper : 1382 C
Unique Paper Code - 32221301
Mame of the Paper : Mathematical Physics — Il
Name of the Course . B.Se. (H) Physics
Semestar 11
Duration : 3 Hours Maximum Magks © 75

\ ,

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

2 Attempt five questions in all.

3. Q. No. 1 gompulsory.

. Autempt any five guestions: [5=3=15]

{a) Prove thal even [unciion can he¥e po $0e {Erms

in {ts Fourier expansion.

P.T.O










Ijﬂ! 'i i “ : ; :.

:
(b) A homogencous rod of conducting mate ialof ‘1
length 100 cm has its ends kept ot zero tempe

and the initial wﬁp&nxum is- =
iyl A 0sx<30
.-ﬁﬁﬂi[m_..-g.. 505x2100
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(B Elassife the folloswmg procostes R g - ¢

st irseversible processes and grve theifd

i1 iothermal exXpanson of £a8

i) diffusion of gasec

loy A has The fallivwipg equatinn ol staje

i85

Pl%= '1—_ =nlkT
W

What i% the work. done by the gas when 1

cxpanded isothermally?

(di Twe moles of an iden]l gas cxpand jsothermally

0 four times its initial volume. Caleulate the

entropy change in terms of R, the universal gas

gonstimt

(1 The radiis of argon atomois 0128 nm Lalowiate
thear mean free path at temperature I5°C and

pressute | atmosphere. Given kK, = | 38 = L0 FK

.

"
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Hi Lalcnlnte the deviatirn of Yan der Wanis shas

from adeal rax low-ar the eritical pums

fg) e the Hasid of third |law of thermodynarice
prove the unattamabilicy of akssfuce- zorn

temperatuty L

(il Garve the mathemutedl orm o of e (=t 1
thermodynemecs ong explare 3% significinee |

uly 1desl gas, detive the relations
Gy - €= RT foran mebatic process

inl PY* = Constarm Tor on adiaboic rocizes

th} A process for an ideal pas 1s defined by the relunon
P=ATY Calculate the isobiriec soaefficient

01 ¥olume cxpansion (o) @ad |sorhermal

compressibibity (K}

FIo
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Vet e vioburme of g mole ol 4 gas Hlled in 4 containe

at seindard prepsure ) - 10 % Rl and lemperotures

A TS = K8 1) SR Phe volume of the gas (s

reduied 1o half s onginat value b mncrensing the

FrEsstre. () 1sathermodly (1) adinhatically. 1n ench

Cage cileulate the final pressiire of the Eas ang
SO ol work don 48 e B8 1 mo)

K |

e &5 4

ray Show that e efficiency o

il revessible -heoar

|

LA | PSS 3 dporatiny bSetwiepgs Lhe SAMe Twop

RINPEEETHTeS 18 sam:

thi Give Kelvin Planclh gnd | IsfuN SIS MenTs. §f

the’ second low af ihertiils nzmecs and hence

discuss therr equivalvnce.

A reversible heat copine: converts ooe fifth of

the inpor heat imio work

Lin reducing ihe




gt pitieienay

v of thie sk b

led Find the Jemperatures ot ‘e sodrce and '
' H‘I,"-..‘_‘ ]

wirih

o With ihs help 03 B gxpmple 1o pach procoss
chow that There 1 abways an (ncredse in patrapy
during- ot rreversible process ohile it pemens
copstan) during @ reversibie process. Hence.

discins Clausins jnequality

(R} Obrain a7 gxprosslon far change 18 gatrapy @1
ap vdedl BEs hsving m Tmeles 1epms Of pEssuTe
g shermody R state

At perieraturt WhHET
mlP  CS TR L ipWe T-

Lhanges {ro

entropy when (01 ki

o Calenlate thE change 10
IgE K is ™

pestfic heal’ ©

pxad with 0.02 iz o

walce al
watct al 313 'K, Toke %

TR

f walel 45

(6.6.5)
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) Define fonr thefisadvmoes POl TS AT S i
acrivE. Maxweil 't Fhermindenarge relations Do
REm

(b)) Using Maxwell's relatione prove
[FEvIaVY, Wit sl 58

Hente show that iF 15 eaun] o sge for bath deal

and van der Waald gases

¢} Caletdabe’ the change-in melting point of ice a
STHF. when 11 = subjected to g pressure of 90
armusphere. For lce. densiiy i y S and

latent lrear of Dision = 30 cal'g idh

iaf Derive the Mazxwell's faw or distnibunion
of welocity. Discuss hrieffy 11+ graphical

representation




Tyt =7l gxplzin the lav

thay 1he N

AT

god hEnCE ARV
=IO diatommic 3nd TS TG EEET

1.4, 133 respectvely

ey Cateulate the (ool medn SQURIE i
f--pas ahpse dened

ohahie specd o

LiErL Bk = precasule o1

(o) DescraBe {aulesThomson 0
experiment Perive W EXPrESAIE
[ hmsiin. 3 poflictent Lt
'!.'!'.'I‘l".llllll: for. A ol mas TR

s tion Explain she stk ficancs

gralure
the telatinm Bl WeET

Meye, DoOVies temperature

af inveTslod For & wam det

= i ;IJT'[CEFII'.II'I.dmg L1

Eal]

jR-fHiEE
i
¥ s
ifl
Agals
L 2wl 0T

il iseal
:Il—n.l 1hf

Wasls gas




1411

() The critical Temperatuere ol 0L ¥ 30°0 and -its

eritical pressure i 73 atmospheres. Assuming thaos

€0, obeys van der Waals equation, compute the

criiteal volume of CC,

1%l
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CQuestion no. 1 is compulsory

3. Attempt any five questions in all

4, Use of non-programmahle scientific caleulator s
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1. Attempt any five of the following :

[5=3)

{a) Define the concep! of temperature and the law

that defines it
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(b} Caleulate average energy of Plenck’s aseillator
vibrating with frequency 1.5= 10™ He at temperature
100K

{c) Find expression for work gone durning adiabatic
Process,

(d) Find the atomicity of s monoatomic gas using law
of equipartition of energy.

{e] Draw T-8 dingram of Camat cyocle. What is its
advaniage?

{1} Define thermodynamic probability of a thermal
sysiem.

{g) The radius of argon atoms is 0.1 28nm. Caleulate
their mean free path st 25°C and one atmospheric
pressure. Given ky = 1.38 = LKL

2 (a) Describe the porous plug experiment and obtain
the expression for Joule Thompson change
in temperature. Why do hydrogen and Helium
exhibit risg in temperature during the throttling
process?

{b) Caleulute the change in tempetature when helium
is made to undergo Joule-Thomson expansion at
~173°C and the pressgure difference across the

1708 i )

plug is 20atm. Given R = &.3K 'mol™, & =
3.41 = 10 Nm*mol-% b =23.7 = 10-*m'mol and
€, = 2.5R: Take 1 stm = 10°Nm, (10,5)

1. {a) State the second law of thermodynamics and
explain its physical significance. Prove thet the
Kelvin Pianek and Clausius statements are
equivalent.

(b) State and prove Carnot theorem.

{c} Explain the concepl of Thermodynamic scale of
temperalure (6.6.3)

4, (a) Derive the Cleussins Clayperon equation for
change of stote. Discuss offect of pressure on
boiling point amd melting point,

(h) What are TdS equaticns? Derive the two Tds
equations. [6.9)

5. (a) Define thermodynamic potentials and explain their
physical significance,

{b) Using appropriste Maxwell's thermodynamic

relations, prove
Cp--Cv = TIdp/dT)v(dV/dT)p : (9,6)
PITD0

t
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. (&) Whatare iransport phenomena’ Deduce expression
for coefficient of ihermal conductivity K and
coefficient of viscosity Tl of gas on basis of kinetic
theory

i) Establish relation between K and 1 (10.5)

7 f{a) Give the galient features of Blackbody radiatson.
What was Planck hypothesis 10 explain the
biackbody radiation?

ih) Derive a@ axpression for tmepn energy of &
resonator using the Planck’s hypothesis. {6.9)

& (a) Distinguish between classical and quantum
gtatistics.

(b} Derive Fermi-Dirac distribution |aw for @ system
of ideal gas containing n molecules.

{c) Show lhat Fermions have tendency 1o DCCUPY
higher encrgy statess than bosons. [3.9.3)

{3000)



-

[This question paper contains 4 printed pages.|

Your Koll No. e

Sr. Mo, of Question Paper : 1969 C
Unigue Paper Code ;32225310

Name of the Paper : Wave and Optics

Name of the Course - B.Sc. (Hons,)

Scmester . I GE .

Duration . 3 Hours Maxrmam Marks = 75

lustructions for Candidates
i Weite vour Roll Mo, on the top immedialely on reccipt

ol this queshion EpeT

3 Question po. | s compulsory Attempt any lour [rdan

the rest Attempl five guestions n all

3 Non- pragrammable scentific calculatiors arc | fowecd

| Attempt any three of the following

{a) What are Lissajous figures and 1ts uses

{h) What is meant by “degrees af frecdom”™ and

“Coordinates”. Explain with the belp of examples.
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1

{c) What is zone plate? Whal are phase reversal zone
plate?

(d) Drefine 1ognrithmir.' decrement for a damped
harmonie oseillator.

() Explain the terms “plane of vibration” and “plane
ol polarieatoon’. {Ix5=|5)
() Expluin the Simple harmonic mation with the
help of a Simple ponduliam: Derive its time
period and frequency expression, What e the
effect of bmplifude of oszillution on its lime

periud”

(b A& smooth stralght tamiel 18 bored through the
comter of the earth. A particle of mass m s
dropped ioto this tunnel. Prove that the molibn s
simple harmonlc (10e%)

{n) l.'i;lﬂ from a monochromatic source is Incident oy
a thin wansparent film 1 underzoes multiple
rellectons. Show that the imierference patterns of
rellevied end  tpopsibtted  owives  pre

complementiry,

e

1 969 . 3

(b) Two waves having same frequency, constant phase
difference and intensities in the ratio 25 1 1 are
superposed. Caleulate the ratio of maximum and
minimum intensitics obtained in the interference
pattern. {10+35)

(a) Derfve and finds the solutions of a damped
harmonie osciliator.

(b} A 2g particle 1s.under an clastic force of 10 dynes/
cm and a rictional force of | dynesicm per sec.
[F it 1= displaced through 2 em and then released.
frind wheriser the resulting motion oooscilfarery or

wirt, 0T e0, Findd it perioad [10+5)

(&) In a Wewron's ring experiment. the dinmeter: of
the 1Oth ring changes From 140 am to | 27 cm
when o lguid 15 intreduced between the lens and
the plite. Caledlate the refractive index of the
Highai!

{b) Describe an experfmerntil setup and the necessary
Theory (o the Tind the wavelengih of @ menechard
b lHght souree by Newion's ring method

['{-u- !||“

PTG
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6. (a) Give the theory of plane transmission grating anmd

show how the wavelength of light is determined

(b} Dierive an expression for the half angular width ol

a principal maximum In 1he diffraciion phttern Ui

a4 grating having N slits [ 101%35)
7. Write Short notes on
(2} Normal modes of a strdg
by Half Period Lone
(¢} Spherical ' waves [5e5E
(700!
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Exploin the differcnce between accuracy and

precision of a measurement with an example.
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(b What i limiting ercor? A voltmeter reads 70 % on
its 100V range and an ammeler reads 80 mA on
it 150 mA range are used 1o determine the power
dissipated in a resistor. Both these instruments
ate gunranteed lo) he securste within £1.5% ot
full scale deflection, Determine the limiting error

ol the power. (5.5)

{a) Explain the principle of volinge mepsurement ol
an ¢ millivaltmeter with block disgrom. A basic
D Arsonval movement with a full-seale deflection
of 200 pA and internal rediziance of 100 0 s
uicd as @ volimeler. Determine the value ol the
multiplier resistance needed to measure a voltage

of runge 0-50 V.

() Explain the operation of full wave rectifier type

AC voltmeter with o suitable dingram. 15,5)

(o} Draw the block disgram of a Cathode Ray
(soilloscope (CROY and explain the functions of
eaeh block.

1353 3

L

(b} Distinguish between dual beam and dual trace
CRO. (5.5)

(4} Explain the operation of Schering bridge 1o
determing the unknown Capacitance and also

derive the relevant balancing equations.

(b A Wein bridge at balance has the following
components given as; Rl =R2 =820 02, Cl =0.2
pF, C2=0.4 uF, and R3I = [35 k . Determine
the frequency of the hridge, (5,5}

{a) Describe the working of a Q-meter for

measurement of high impedance value.

{by What is distortion [sctor meter. Explain its

working. {5,5)

() Draw the block diagram of a pulse generator and

explain i3 operation,

(b} What iz a univerzal counter? How can il be used
to measure the frequency, Hme and period,

(3.5)
=

p.T.0O,
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T Write short notes on the followings

{a) Digital storage Oscilloscope

(b} Digital multimeter

(1500)
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surface defined by

B2y =10 C

3. (a) Prove that g is 8 covariant 1ensor of rnk 2.

(b 11 = 3R = SR+ 4GP - B+ 4.
Find the matrices
@
(0N
(i) the product of (g} and (2")
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Attempt any five gquestions in all.

3. Question Mo. 1 is compulsory.

l. Attempt any five guestions. (3=5})

{#) A source of light of wavelength 300 nm with an

intensity of 1.0 Wim® is incident normally on' a
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(i) 26Ra — *5ERn +

(i) HENa - jgNe+-+ (5)

(b} What do you mecan by activity of m sample? Give
its units and write their relation. Delerming the
activity of 1.0 g of #igy whose half-life against

f — decay is 25 years. (3.3.4)

Civen: massof € = 12.000000 v, mads of 4He =4.002603 4,
mass of 0o = 58933158,
mussof IH = LOOTES u, mass of 1H =2014102 1,
m, = 10072760, M. = | DOB66S U,  me= DODOSA8 .
Lu = 166054 % 107 kg, B= 662 = 105,

=885 % 10" Fim

{2500)
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Attempt five questions in all. Question Mo, 1 i
compulsory

All questions carry equal marks.
Uge of Scientific Caleulator is allowed,

Values of required constanis have been given al the
end:

Answer any five {3=5=135)
{a) Detcrmine the radius of “'Pb

(b} What are magic numbers? What & theElr
stgnificance?

(¢} Give three main differcnces between direct and
campound-nucleus reactions.

P.T. G
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(¥

() What ls stripping reaction? Give one example of
SIFIpPINE reaction.

(#) Differentsate between pair production end internal
pair conversion.

{f} Why is (.M, counter not suitable for cnergy and
charge speciroscopy applications?

(e} What would be the energy that is required to
annihilite proton and antiproton?

th} Why photoelectric effect is not possible with free
electrons!

{a) Plot the hinding energy per nucleon vs mass
fumber. Explaif with its help the release of encrgy
in the processes of fission and fusion

{b) Calculate de Broglie wavelength for an eleciron
having energy 15 MeV. Show that electron does
not exist inside the nucleus,

ic) Find the energy required to knock outl nucleons
from the He nucleus, [(T+3+5)

[#) Exploin lquid drop model. Obinin semi-empirical
mass formula, Give eny two achievements of the
model

{b) Caleulate the coulamb energy of 23U

{c} State’ the assumptions of Fermi gas model of
nugleus. (B+5+2)

1240 3

4.

{#) What conservation laws were apparently violated
due to typical continuous energy distribution of
the f-decay electrons? How did Pauli proposal of
new particle overcome on these violations?

(b} The total energy liberated in the a-decay of *1iRa
is 4.E7 MeV, (i} Identify the davghier nucleus, (i)
caleulate the kinetic energy of a-particle and (iii)
calculate the recoil energy of the nucleus.

e} Explain secular and transient equilibriom.
(7T+4+4)

{a) How does o heavy charged particle interact with
matter? Derive an expression for the energy loss
per unit path length travelled by the heavy charged
particle.

(b} Dafine the Q-value for o nuclear reaction, What
15 s significance. If the Q-value for the reaction
MNa{o.p) 'O s -1.20 MeV, find the minimum
kinetic energy in the lab system required by an a
particle to cause this reaction. (10+5)

(8} Explain the procedure by which high potential of
the order of MV is penerated in & Tandem
seceleratar. Explain the purpose of using SF, gas:
in Tandem accelerator tank,

(b} Define quenching in GM counters, A GM counter
consigts of o 50 mm diameier grounded tube with

FT0.
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a wire of 28 pm diameter ai +700 Y in the centre-
What i the electric field at the wire?

{c} A cyclotron with Dee’s of diamerer 1.8 m has a
magnetic field of 0.5 1. Calculaie the energy Lo
which the doubly ionised helidm ion He™ can he
accelerated. Also calculate the number of
revelutions the particle makes in pitaiming this
energy. [Mass of He™™ = 6.68 = 10-T"kg]

(5+5+5)

7. {a) Give the quark structure of & ncutron and based
upon quark structure gIve the correct charge
aumber, spin, baryon number and strangencss.

(h) Check whether sirangeness and baryon number of
ihe following decay is conserved or not?

{'i':|p+p—+p+h['+2'
(i) -+ pf& =V
{c) What are strange particles? Find the charge

number, baryon number and SiFangeness of B
particle described by the quark structure

{sss). Identify the particle. {6+A+5)
HY ONSTANTS
m,, = 1007825 u, m, = 1 008665 u
m, = 0.00055 u. mi4He) = 4,002603 u
1u= 166 = 107 kg, R, = 12 fin
g = 8:85 = 107} Nm’, h=66= 10318
c=3x 10 mis, . | eV=16 = 10°-"]
{1500)
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of this question paper.

Attempt FIVE questions in all. Question Na. 1 is
compulsory,

All questions carry equal marks.

Non programmable caleulators are allowed,

Attempt any FIVE of the following:
{a) Caleulate the commutator [[5 53], (given [2.F] = ih).

{h) The wave-function of a pariicle is @ix) = Jri: sm%

for 0 =< % < L. Determine the probability of finding
the particle at x = L/3 for n = 3 state.

P.T.0.
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{e) Derive the relation between ‘magnetic dipole
moment' and ‘orbital angular momentum® of an
electron revolving around & nucleus.

{d) Write the quantum numbers {or the state
represented by 421:“.

{e)} Normalize the wave function e** in a one-
dimenzional space.

{fj A [ree particle of mass m' is described by the
wave-function yi(x) = A exp(ipx) where A and p
are constants. Determine the probability current
density for this particle

(g) Determine the unceripinty in position for the

14 4
normalized wave-funetion wix) = {—] e for
®

e T A - = 1 [51“3':]5}

2, {a) Explain the concept of expecilation values. Give
expressions for the expectation values of velocity,
momenium and energy in terms of respective
operators in three dimensions. Mention the
difference between expectation values and
cigenvalues of an operator corresponding to a
dynamical varinhle,

{b} The wave-function of a particle of mass m is given
by

o= (B e e cx

1015 3

Determine the total energy of the particle, if
potential encrgy is V(x) i%nm’:’. (7.8}

3, The Gaussian wave packet [or a free particle is
defined by the wave [unction

W(x,0) = Nesp (=25 4 eox).
Prove that the centre of this Gaussian wave packet

| . B
travels with o velocity v =2

(Use [ ™" dx = gv/mand [ o7{™"20) dy = J—Ee“""" ).
(13)

4, (a) Solve the Schrodinger equation for a linear
Harmonic Oscillater and obtain first two
cigenfunctions. {109

(b} Find AX and AP for the ground state eigenfunction
aof linear Harmoni¢ Oseillator and obtain the
uncertainty principle. (%)

5. (&) The "8° equation obtained after applying separation
for varfables to the Schrodinger equation for a 3D
hydrogen atom in spherical pelar coordinates, is
given by

1d a8 _omi A
wind @i {““_E_‘m ¥ (‘1 pee A g

Solve the sbove equation for my = 0 {or otherwise)

to show that |

. ¢
i=llie 1), il ot {12}
PT.O.
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(b) An electron in s hydrogen atom is in a state
described by

o= ;%{ﬂfmn T Wi + Wiz ]
Calculate the expectation value of L, in this state.

{Given [ e *dr = 2 and

Wion = ;E [:f.';]{ e fay

o (3)
e ?El._‘ﬁ"ﬁ’-”m sing et )

6. (a) What is. Larmor Precession? Draw the relevani
diagram ‘and derive the expression for Larmor
frequency.

(b} A beam of silver atoms moving with a velocity
107 cm/s passes through a magnetic field of
gradient 0.5 Whim*/em for [0 em. What is the
separation between the two components of the

beam &5 it comes out of the magnetic field?
(8,7}
7. {a) What is spin orbit coupling? Explain the fine
structure splitting in the energy levels due to
this. For the 2p level of the hydrogen atom with
E,=-3.14 eV, evaluate the fine structure splitting.

(b) Consider a two-clectron sysiem with fhy=1,1,=1
Explain the L8 coupling scheme in such a case.
Write the spectral notation for each state. (10,5)

{2000)
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(a) Prove that for 8 SC lattice, d, . d;  d,,, =%
%3 @ I where “d' représents interplanar distance

in a crystal

PTG
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ih) An element has o cubie structure having latice
consianr ps 4,28 A, and with two of its atoms in
ihe wnin cube an (00,00 and (142, 172, 1/2). Find
ol the disipnce berween neorest nesghbours: in
ihis elemeni,

{e] The Debye Temperature for Diamond is 2230 K.
Caleulate the highest possible wvibrational
frequency.

(d) The energy near the top of the valence bend of a
erystal 1s-given by E= -Ak*, where A = 10" Jm?
and k15 the wave vector. An electron with wave

vector k= [ h'x m " 11 removed from o orbital
in a completely filled valence band. Find the
effeetive maszs, momentum and energy of the hole,
Given Planck™s constant h=6.62 = 105,

{c

What are the basic assumptions of Drude’s model
for describing eleciron motico in metals.

(N Distinguish between dia-, para- and fermomagnetism,

Caleulate the electronic polarizability of Neon, The
radios of Neon atom {50,158 nm. (g; = §.854 =
10 7 Fim).

13

{h} Calculste the critical corrent which can flow
throwgh a long thin soperconducting wire of
aluminium of dinmeter 10+ m. The eritical field

for aldminium ts 7.9 = 10 Alm.

1051 3

{a) What is Geometrical structure factor? Derive its
expression for FOC structure having sdentical
atoms. Will reflection from (211) plane be possible
for this structure? (1

(b} Show that reciprocal Iattice of a BCC laitice is a
FCC structure (51

(a} Derive the expression for specific heat of a solhd
based on Einstein’s model, Explain why this model
was not successfol. (L3

(b) Deduce the dispersion relation for a linear
monstomic chain of atoms and show that the group
and phase velocities of & wave dre same in the
long wavelength limit, (7

(a) Find the expression for the Hall coefficient of a
semiconductor in which both electrony and holes
ure present in equal concentrations. How will this
exprossion change if the hole concentration s
twice the eleciron ¢oncentration and vice-veraa?
Also, explain how will this expression be modified
if the semiconductor is heavily doped with p-type
impurily or n-type impurity? (12)

(b) Distinguish between direct and indireot band gap
with the help of dipgram, (3}

P.T.0G
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5. {a) Derive the expression for Curlc-Weiss law using
Weigs theory of Ferromagnetism. {1}

(b} Discuss the concep! of hysteresis and ghow that
the B-H hysteresis loop gives the vajue of energy
dissipated per cubic meter of the material per cycle
of magnetization {6

(¢} A magnetic substance has 107 atoms/m’. The
magnetic moment of each atom is 1.8 % 102 Am*.
Caloulate the paramagnetic susceptibility at J00K.
What would be the dipole moment af a bar of this
material 0,1 m long and having cross-sectional ared
of 1 cm? in & field of 8= 10%Am, o= 4 = 107
henry/m, k= 1.38 % 1072 3/K {31

& (a) Explain the conccpt of Local Electric Field 10 &
dielectric and derive its expression for siricturcs
possessing cubic symmelry. (83

{b) Obtain Claustus-Mossotti’s relation betwecn
polarizability and dielectric constant of & sofid.
(7

7 {a) Explain the phenomenon of supercondustivilty.
Derive London's firsi and second equations and
discuss penetration depth in a superconductor with

the help of a diagram. (12}
(b) Show that the giseeptibility of superconductors Is
~1 and retative permeability 15 zere. (33
{2000}



