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5.      (a)  Find the value of current through the  10-a resistor

using  Mesh  analysis. (5)

(b)  Derive  an  expression  for  sharpness  of resonance
of  a  series  LCR  circuit,   driven  by  a  sinusoidal

source.                                                                                       (5)

(c)  Draw the Thevenin's equivalent circuit at terminals
ab  (R4)  for  the  given  network.                                (5)

(1500)
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1.      Attempt  all  questions.   Each  question  carries   equal
marks.                                                                                   (3x5=15)

(a)  Define  an  ideal  and a real voltage source with the
help  of  a  diagram.  Draw  their  V-I  characteristic

curves.

(b)  Determine  the  form  factor  and  peak  factor  for  a
full-rectified sinusoidal wave.

(c)  State  superposition  theorem  and  give  one .of  its
limitations.

(d)  What   is   the   difference  between   transient   and
steady  state  response  in  a  dc  network?  How  does
the   time   constant   affect   the   transient   state
response?

(e)  Convert Y  (star)  configuration  into  its  equivalent
A  (delta)  configuration.

lob              Zen

2.      (a)  Derive  an  expression  to  calculate  voltage  across

the  capacitor  at  any  given  time  during  charging

and  discharging  process  for  a  RC  network.     (8)

(b)  Find the voltage across the 2Q resistor using nodal
analysis  for  the  given  network.                               (7)

3

3n    .              4Q                in

3.      (a)  A   circuit   with   components   L,   C   and   R   are

connected  parallel  to  each  other  and  with  an  ac

voltage  source.  Given,  R = 10 f2,  L = 300  mH  and

v(t)=  10   cos   5000t.   Find   the   value   of   C   at

resonance,  when  the  value  of resonant  frequency

is   460   Hz.   Determine   the   voltage   across   C

and   the   current   i(t)   in  the   circuit  using   phasor

notation.                                                                                     (8)

(b)  A  series  RL  circuit  with  R =  560 a  and  L  =  350
mH  is  driven by  a  sinusoidal  voltage  source with

angular  frequency   (co)   =   1000   rad/s.   Determine

the equivalent impedance to  the series RL circuit.

Draw  its  impedance  diagram.                                   (7)

4.      (a)  State and prove Maximum power Transfer theorem

for  an  ac  network.                                                         (8)

(b)  Determine  z-parameters   of  the   given   two-port
network.                                                                                  (7)
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(b)  State  the  second  uniqueness  theorem  and  under
what  condition(s)  it will  reduce  to  the  first  one.

(3)

(c)  In  a  material  for  which  a  =  5.0  S/in,  8r  =  1  and
electric  field  intensity  is  E=250sin   10]°t  V/in.

Find  the   conduction  and  displacement  current
densities  and  the  frequency  at  which  they  have
equal magnitudes.                                                          (6)

6.      (a) An infinitely long cylinder,  of radius R,  carries  a
"frozen-in"  magnetization,  parallel  to  the  axis,

jz=krf where k is a constant and r is the distance
from the axis  (there is no  free current anywhere).
Find  the  magnetic  field  inside  and  outside  the
cylinder

(i)  Locate all the bound currents, and calculate
the  field  they  produce.

(ii)  Use Ampere's law to  find E,  and then get

a.                                                              (3+3+3+3)

(b) Two coaxial solenoids each carrying current I, but
in opposite directions. The inner solenoid of radius
a  has  N]  turns  per  unit  length  and  the  outer  of

radius  b  has  N2  turns  per unit  length.  Find  a  in
each  of  the  three  regions :   (i)  inside  the  inner
solenoid,  (ii)  between  them  and  (iii)  outside  the
outer solenoid.                                                        (2+2+2)

(1500)
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V  -- x2:2 + y2 +  72f2 .
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(c)  Show that equation of continuity is a consequence
of Maxwell's  equations.

(d)  Given that  F,=2i.+3}.+5ft  (V/in)  at the  charge-free
dielectric interface between two different dielectric

materials  of  2  and  5,  respectively.  Find  F2   and
=

D2.

(e) Determine  whether  the  following  elements   are
paramagnetic  or  diamagnetic  (i)  Chlorine  Atoms
(Atomic No.  =  17,  Atomic  Mass  =  35.43  u),  and
(ii) Copper atoms (Atomic No. = 29, Atomic mass
-63.55  u)

(I)  A  current  sheet  of  width  4  in  lies  in  the  z= 0
plane  and  contains  a  total  current  of  10  A  in  a
direction  from  the  origin  to  (1, 3, 0)  in.  Find  an

expression  for  R.

2.      (a)  Two   spherical   cavities,   of  radii   a   and  b,   are
hollowed  out  from  the  interior  of  a  (neutral)
conducting  sphere  of radius  R.  At  the  center  of
each  cavity  a point charge placed  qa  and  qb.  Find
the  surface  charge  densities  on the walls  of both
the cavities and the surface of the conductor. What
is  the  force  experienced  by  qa  and  qb?               (9)
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(b)  A block of iron (H = 5000 Ho) is placed in a uniform
magnetic field with  1.5  Wb/m2. If iron consists of
8.5  x  1028 atoms/m3, calculate (i) the magnetization
M  (ii)  the  average  dipole  moment.                        (9)

3.      (a)  A  point  charge  q  is  located  at  a  from  the  center
of a grounded conducting sphere of radius R along
y  axis  such  that  (a>R).   What  is  the  potential
outside the  grounded  conducting  sphere?           (9)

(b)  In spherical coordinates, V = 0 for r = 0.10 in and
V  =  100V  for  r  =  2.0  in.  Assuming  free  space
between  these  concentric  spherical  shells,  find  E
and  D.                                                                                    (9)

(

4.      (a)  Calculate  the.Laplacian  of electrostatic  potential
at  any  arbitrary  point  P  due  to  a  point  charge  q
located  at  r'  from  the  origin.                                  (9)

(b)  Is it true that in a uniform material with magnetic
susceptibility  xm  and  electric  conductivity  0,  the
bound  current  distribution  can  only  be  a  surface
current  (assume  no  time  dependence).  Justify.

(3)

(c) Using Ampere's law obtain magnetic flux density
B  inside  and  outside  the  toroid.                              (6)

(                 5.      (a)  A very  long  cylinder  of linear  dielectric material

is' placed in an uniform  electric field Eo.  Find the
resulting  field within  the  cylinder.  (The radius  is
R, the susceptibility %r and the axis is perpendicular
to  Eo.)                                                                                            (9)

P.T.O.
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(5,10)a)£jtsin,i::|daksi:£-::-Poefck5#£gean°df6fi:#nar[d°3£td:S:epsE:.;efcte°:ffujLwfyeF::Cdt]fhe:

maximumDCcurrentcomponentrmscurrentcomponent,Prvofthesemiconductor
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b)E:pfi::n'!*:threge[]:tj:E#g}i::9tr:fau#tfnthfi:rfozg::dj:dzee::rcgj:3:tog:ego![:i:r:

regulatol..   Derive  the  relations   fo.I  the  minimum  value  of  load  resistance,   the
minimunandthemaxinunvalueofthesupplyvoltagethat.,canberegulatedbya
givenZenerdiode,

4.` -                  . (9,3 ,3)
a)  3::iy[:tot.e  expresson  for  the  oscillation  frequency  of a  transistor  based  Hartley

b)A.transistorbasedColpittsoscillatorhasafrequencyofoscillation./=100feHz.If the

::i:epr°.fD¥:i::ngae¥#::nocfthdee#Fdj:;nfp:::nptonentsis£=100unandc[=

c)Calculatethefrequencyofoscillationforthetransistort)asedRCphaseshiftoscillator
having`Rc =,2fen, ji = 5ftQ and C = 0.01rf.

5.
(8',4,3)a)a:P;a:nb[g:sW=kofcnj:I::::thasfed;gg;nctj'i:Ertcir:u£:£esJgyeadreu::nc?jfi?e¥#:.p:axcpdf

differentiator.Explaintheresponsecurveforthecircui[

b)8heos]ge#ePcaraft;%Lr9E-u:£#eH¥torforthefroquencyrangefrom1to|okHz.

C)fo#:*:a::feets°ouft:#,t:::ag:df°:s¥t:Ps-:amp.basedinvertings~inganplifierforthe

(i)v[-=iv,v2=2v,v3=3v,R]=5ooftirR2=i"flR3.=iMfiandRF=1MQ
(ii)V]=-2V,V2=3V,V3=1V,Ji[=2oounR2.=5oo*nR3=.1MQandRF=

ilunqu

b)Definethefourh-parameterswithreferencetoaCEtlunsistorconfiguration.Explain
how these parameters  can  be  determined  from  the  Static  characteristic  curves  of the
configuration.

(5,10)\-,JV,a)£j&nT;:|d¥esi:i-i:-Poefck5oV£[8gean°f6fi:#:r[d°°dirotd:S:epsT:i::ct::ffu;]oW£YeF::Cdt:fiine:

maximumDCcul.rentcomponenLmscurrentcomponentPIVofthesemiconductor
diode,ripplefactorandrectificationefficiency.

b)Definelineregulationandload,regulationforaZene`rdiod;basedvoltage.regulator.
Explain  with  lielp  of a  circuit  diagun  the  working  of Zener  diode  as  a.voltage
regulator.   Derive   the  .relations   for  the   mipgivun}   value   of  load   resistance,   the'minimum  and the meximun value of the supply voltage that can be regulat.ed by  a

given Zener diode.

4.                                                                                                                                             .(9,3,3,
a)  Derive .the  expresson   for  the  oscillation  frequeney  of  a  transistor  based  IIartley

Oscillator.        .

b)Atransistorba§edColpittsoscillatorhasafrequencyofoscillationf=100*Hz.If the
value  of.two  of the  frequency  determining  components  is  I = 100mH  and  C] =
0.01#F.Deteminethevalueofthethirdcomponenl

c)Calculatethefrequencyofo.scillationforthetransistorbascd.RCphaseshiftoscillator
having Rc = 2ftn, Ji = 5kn and C = 0.01pr.

(8,4,3)ExplainthewoikingofabasicdifferentiatorcircultdesignedusingOp-.amp.Explain
theproblemsassociatedwiththebasicQircuitandhowtheyarer€ctificdinapractical
differentiator.ExplaintheresponsecurvbfortbecircuiL

b)8£:!ogeffeP:;at;:tgr:a-u¥£oTjepr¥torf°rthefrequeneyrangefrom|toiokHz.

c)Calculateineoutputvolfageforanop-ampbasedinvertingsunmingamplifierforthe
following sets of voltages and resistors:'(i)V]=1V,V2=2V,V3=3V,R]=500kQR2=1MnR3=1MftandRF=1Mn

(ii)VL. = -2V,V2  = 3V,V3  = |V,  R]  = 2oofrn  fi2  = 5oofen  R3  = 1Mn  and  RF =
1„n
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(ii)  V]  = -2V,  V2 =  3V  and V3  =  1V,  R[  =  200

KQ,  R2  =  500  KQ  and  R3  =   1  MQ

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

(a)  State   law   of  mass   action.   A   silicon   sample   is

doped  with  5  x   1022  cm-3.  Find  the  concentration

of  electrons   and   holes   in   the   sample.   Given

n£  =  2   x   |013   cm-3.

(b)  What  is   `Early'   effect  in  transistor?   Draw  the

input  characteristics  of  an  n-p-n  transistor  in  a

common-emitter  (CE)  configuration.

(c)  Draw  the  I-V  characteristics  of  a  Solar  cell  for

different intensities  of light.

(d)  Draw  the  output  characteristics  of a  transistor  in

CE  mode   and   identify  the   active,   cut   off  and

saturation  regions.

I

I

\
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7.

7

is  20  and  input  to  the  third  stage  is  15  V  peak  to

peak,  determine

(i)  The  overall  voltage  gain

(ii)   Voltage  gain  of  2nd  and  3rd  stages.

(iii)  Input  voltage  of  the  2nd  stage.                   (5)

(a)  Describe   the   working   of  an   op-amp   based

integrator  and  hence  design  a  practical  op-amp

integrator  to  integrate  an  input  signal  that  varies

in  the  frequency  range  of  1  KHz  to  15  KHz.

(10)

(b)  Calculate  the  output voltage  for  an  op-amp  based

inverting summing amplifier for the following sets

of voltages  and resistors with RF =  1  Mr2 for both

the   cases

(i)  V]  =  1V,  V2  =  2V  and  V3  =  3V,  R[  =  500

Kr2,  R2  =   1   Mr2  and  R3  =   1   MQ

P.T.O.
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5.      (a)What   factors   affect   the   bias   stability   of   a

transistor?   Obtain   the   general   expression   for

stability  factor  of common  emitter  configuration.

Quantitatively   show   that  the  emitter  resistance

improves  the  stability  of the  fixed  bias  circuit.

(10)

(b)  In  a  Colpitt's  oscillator  C[  =  0.1  LIF,  C2  =  0.01  HF

and L = 50  mH,  find the  frequency  of oscillation.

(5)

6.      (a)  Draw  the  circuit  diagram  of  an  RC  phase  shift

oscillator using transistor and state the Barkhausen

criterion   for   sustained   oscillations.   Derive   an

expression  for  its  frequency. (10)

(b)  Three amplifier stages are working in cascade with

P.05V peak to  peak input providing  150 V peak to

peak  output.  If the  voltage  gain  of the  first  stage

3118

(e)  What  are  the  roles  of DC  load  line  and  Q-point?

Where  should  be  the  location  of  operating  point

for designing  an  amplifier?

(f)  Draw  the  frequency  response  curve  of a practical

op-amp  differentiator  circuit.

(g)  Establish   the   relation   lc=Ch/(1-a)   Ib+1/(1-a)   Icbo

where  the  symbols  have  their  usual  meaning.

2.      (a)  Explain  the  formation  of  depletion   layer  in  pn

junction diode. Derive an expression for the electric

field and potential in pn junction diode.  slow the

variations   of  electric   field   and   potential   in   pn

junction diode. (10)

P.T.O.
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a)  For tbe zener diode circuit show below, determine

(i)  VL  (across  RL),  (ii)  VR  (across  R),  (iii)  Iz  and

(iv)  pz.                                                                                         (5)

3.      (a)Explain   the   working   of  a   full   wave   bridge

rectifier  using   suitable   diagrams   and  obtain  the

expressions    for    (i)    ripple    factor    and    (ii)

rectification  efficiency.                                                (10)

3118

(b)  In  a  centre  tapped  full  wave  rectifier,  the  load

resistance   RL=  1KQ.   Each   diode  has   a  forward

dynamic  resistance  rd  of  10f2.  The  voltage  across

half the  secondary  winding  is  220  sin  31`4t.  Find

(a)  peak  value  of  current  (b)  the  dc  or  average

value  of current  (c)  the  rms  value  of current  (d)

the  ripple  factor. (5)

4.      (a)  Using   `h'   parameters,   obtain   expressions   for

current   gain,   voltage   gain,   input   impedance

and   output   impedance   for   transistor   in   CE

configuration. (10)

a)  Plot  the  output  characteristics  of  a  transistor  in

CB  configuration and indicate the various regions

of operation  on  it.  Also  explain  the  shape  of the

characteristics  thus  obtained. (5)

P.T.O.
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V(x) =

x=-a/2
-el/2<-x=-e`/2

x = a/2
Find the wave function associated with the particle
and  its  energy  E.

(b) What  are  quantum  dot  particles?  How  are  they
related  with  quantum  mechanics?                    (10,5)

6.      (a)  On thebasis of the liquid drop model ofanucleus,
explain the various  terms  of semi-empirical mass
formula  for  calculation  of  binding  energy  of  a
nucleus.

(b)  Gold  ;37Au  is the most ductile metal.  Calculate is

average   radius,   nuclear  volume   and  nuclear
density.                                                                                 (10,5)

7.      (a)  Discuss the variation of binding energy per nucleon
with  mass  number,  A,   and  hence  explain  the
concept of (i) nuclear stability, (ii) nuclear fission,
and (iii) nuclear fusion.

(b)  Consider  the  following  decay process:
2;2 U i2;3 Th +: He + Q

Determine  the  kinetic  energies  of the  or-particles
and  the  daughter  nuclei.                                       (10,5)

(500)
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(b)  What is the number of photons that strike a surface
of  lcm3  in  one  second  if  the  incoming  light  of
650nm  wavelength has  an  intensity  of  100  watts/
m2?

(c)  What  are  spontaneous  and  stimulated  emissions?
Why  stimulated  emission  is  necessary  for  lasing
action?

(d)  The  wave function  associated  with  a  particle  is

given  as  v(x)  = A cos (
n7TX

L )
in region  0 S x < L.

Find  the  value  of normalization  constant A.

(e). The  position  and  momentum  of a  1 Kev  electron
are  simultaneously  measured,  if  the  position  is
located  within  0.1  nm,  what  is  the  percentage  of
uncertainty in momentum?

(I)  The binding energy of 24Mg,2 is  198.28 Mev. Find
its   atomic  mass,   (take  mass   of  neutron  to  be
1.674  x  10-27kg  and  mass  of proton  to  be  1.672  X

10-27kg)

(g)  The half-life of 24Na is  15 hours. How long will it
take  for  70%  of sample  of this  nuclide  to  decay?

2.      (a)What   is   photoelectric   effect?   Discuss   the
observations   of  the   experiment   illustrating

photoelectric   effect.   How   does   the   classical
electromagnetic theory fail to explain these results?
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(b)  If blue light of wavelength 460 nm impinges on a
metal  surface,  a  stopping  potential  of  1.1  ev  is

obtained.  What  will  be  the  work  function  of the

given  metal?                                                                  (10,5)

3.      (a)  State Heisenberg's uncertainty principle for position

and momentum  and illustrate  it using gamma ray

microscope thought experiment.

(b) A photon is  emitted in a process characterized by
a  time  interval  of  1.0  millisecond.  What  will  be

the   inherent  uncertainty   in   the   energy   and

frequency  of the  emitted photon.                       (7,8)

4.      (a)  Obtain  the  time  independent  Schrodinger's  wave

equation  from  the  time  dependent  Schrodinger

equation.

(b)  Prove the relation ap/at + V.J =  0, where J is the

probability current density and P is the probability
density.   Give  the  physical  interpretation  of  the

equation.   What  are  the  states  called  for  which

V.J-0.                                                                               (5,10)

5.      (a)A  particle   of  mass   in   is   confined   in   a   one

dimensional infinitely rigid box _having potential

P.T.O.















































4022

5.      (a)  A  set  of 8  tuning  forks  is  arranged  in  a  series  of

increasing  frequencies.  If each  fork  gives  4  beats

per   second   with   the   preceding   one   and   the

frequency  of  tbe  last   fork  is   an  octave   of  the

first,  find  the  frequencies  of the  first  and  the  last

fork.                                                                                           (5)

(b)  Give Stokes treatment of reflection and refraction.

(5)

(c)  A  parallel beam  of light  of wavelength  5890 A  in

incident   on   a   glass   plate   (H=1.5)   such   that   the

angle  of refraction  into  the plate  is  60°.  Calculate

the smallest thickness of the plate which will make

it  dark  by  reflection.                                                       (5)

(2000)

[This  question  paper  contains  4  printed  pages.]

Your  Roll  No ...............

Sr.  No.  of  Question  paper  :    4022                                  H

Unique  paper  code                :    2222512401

Name  of  the  Paper               :    Waves  and  Optics

Name  of  the  Course              :    B.Sc.  Physical  Sciences

Semester                                       :    IV

Duration :  2  Hours

Instructions  for  Candidates

Maximum  Marks  :  60

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

of this `question  paper.

2.      Attempt  FOUR  questions  in  all.

3.      All  questions  carry  equal  marks.

4.       Question  No.1  is  compulsory.

5.      Use   of  non-programmable   scientific   calculator  .is

allowed.

P.T.O.



4022

i.      Attempt   all   questions.   Each   question   carries   equal
marks.                                                                                     (5x3=15)

(a)  Show  that  superposition  principle  is  true  only  in
case  of homogeneous  linear  equations.

(b)  What are stationary waves? How are they formed?

(c)  In Young's  double  slit  experiment,  the  separation
of four bright  fringes  is  2.5  mm  and  the  distance

from  the  slit  to  the  screen  is  80.0  cm.  Calculate

the   separation   between   two   slits   when   the

wavelength  of the  light  used  is  5896 A.

(d)  Distinguish  between  Division  of  amplitude  and
Division  of wave front  categories  of interference.

(e)  What is the highest order spectrum which may be
seen  with  a  monochromatic  light  of  wavelength

500`0 A with a diffraction grating having 5000 lines/

cm?

2.      (a)  What  are  Lissajous  figures?  Give  a  mathematical

analysis to trace graphically the motion of a particle

subjected  to  two  perpendicular  simple  harmonic

motions of equal frequencies, different amplitudes

and  phase  differing  by  (i)  zero  and  (ii)  11/4.

(10)
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(b)  All   simple  harmonic  motions   are  periodic  but

all,  periodic   motions   are   not   simple   harmohic.

Exp lain.                                                                                     (5)

3.      (a)  Explain the theory offormation ofNewton's rings

and  derive  an  expression for the  diameter of dark

rings  formed  by  reflected  light.                              (10)

(b)  Newton's  rings  are  observed  in  reflected  light  of

wavelength  5900 A.  The diameter of the  10'b dark

ring  is  0.5  cm.  Find the radius  of curvature of the

lens.                                                                                                    (5)

4.      (a)  Give the theory ofFraunhofer diffraction due to  a

single slit. Discuss the intensity distribution pattern

obtained  in  it.                                                                       (10)

(b)  For  Fraunhoffer  diffraction  with   a   single   slit

of wi'dth  0.2  mm  and  screen  placed  at  a  distance

of  3.0  in  from  the  slit,   find  the  total  width  of

the  central maximum,  wavelength  of light used is

5000 A.                                                                                          (5)

P.T.O.
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(b)  If two  capillaries  of radii  r,, r2  and  length  LL, L2

respectively   are  joined   in   series,   derive   the

expression  for  the  rate  of flow  of liquid  through

this  arrangement using  Poiseuille's  formula.

(7)

(1 000)
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(b)  With  the  help  of diagram  explain  the  difference

between

(i)  steady  and  unsteady  flow

(ii)  uniform and non-uniform flow.

(c)  What do you mean by length contraction.  The rest

radius  of the  earth  may be  taken  as  6400  kin and

its  orbital  speed  about  the  sun  as  30  kin/see.  By

how  much  would  the  earth's  diameter  appear  to

be  shortened  to  an  observer  on  the  sun,  due  to

earth's  orbital  motion?

(d)  Show   that   motion   of  a   charged   particle   in

crossed   electric   and  magnetic   field   is   cycloid.

Also  determine  the  maximum  height  of a  cycloid

path.

i
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(a)  Choosing  the displacement of each block  from its

equilibrium   position   as   generalized   coordinates

(xt,x2),  obtain T  (kinetic  energy)  and V  (potential

energy)   matrices   and   hence   find   the   angular

frequencies  of small  oscillations.                      (2,2,2)

(b)  Find  the  relations  between   (x,,x2)   and  normal

coordinates    (q],q2)    and    hence    obtain    the

expressions  for  T  and  V  in  terms  of  (q„ q2).

(5,3,3)

7.      (a)  A  charged  particle  (mass  in,  charge  q)  is  at  rest

at  origin and  at t =  0,  fields  are  applied  such that

E=Eoy    and   B=Bo2.   Find  its   position   at  time

t>0.                                                                                                 (10)

P.T.O.
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5.      (a)  Using   the  invariance   of  the   quantity   cot-i.i:,

obtain   transformation   rule   for  4-wavevector,

kH =(co/c,i)   and  hence  derive  the  expression  for

transverse   Doppler   effect.                                       (6,3)

a)  An  unstable  atom  at  rest  (rest  mass  Mo)  decays

into smaller atom  (rest mass mo)  and photon.  Using

4-vector  approach   or  otherwise,  prove  that  the

M
speed  of smaller  atom  is  given  by  u=c 6_m6

M:+m3  '

(8)

6.      Two blocks and three springs are con figured as shown

below.  These  blocks  can  execute  longitudinal  simple

harmonic  oscillations  only.  When  the  blocks  are  at

rest,  all  springs  are  unstretched.

3084

(e)  What   do   you   mean   by   degrees   of  freedom.

Determine  degrees  of freedom  for  the  following

systems :

(i)   four  particles  moving  freely  in  a  space.

(ii)  two   particles   falling   under   gravity   in

Space.

(I)  What  is   meant  by   stable,  unstable   and  neutral

equilibrium.   For   a   particle   moving-under   the

influenceofapotential,V=ikx2wherekisa

constant, determine the kind of equilibrium system

holds.                                                                            (4x6=24)

2.      (a)  Consider  a  particle   of  mass   in  moving   in   two

dimensions,  subject to a force  F = -erx£ + Py , where

or  and  a  are  positive  constants.

P.T.O.
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Using  x  and  y  as  generalized  coordinates,  obtain

the  Lagrangian  of this  system  and  hence  find  the

equation(s)  of motion.                                                (6,4)

(b)  A particle of mass in is moving in three dimension

close  to  the  earth's  surface,  Lagrangian  of  this

system   is   given   as   L=im(i2+y2+22)_mgz,

where  x,   y,   z  are  the  generalized   coordinates.

Identify   the   cyclic   coordinates   and   find   the

canonical  momentum  conjugate  to  the  remaining

generalized  coordinate.                                               (3,4)

3.      A particle  of mass  in is  moving  in  a  central  potential

V(r),  Lagrangian  of the  system  is  given  by

L=T-V=im(i2+r2¢2)_v(r)

where r and  dy  are the generalized coordinates.  Obtain

the Hamiltonian, H and using Hamilton's equations of

motion,  show  that

(i)    i(ur2S)=0,    I.   e.,   angular  momentum   (I)   is

constant.

3084

(ii)    i(T+V)=0,  i.  e.,  total  energy  (E)  is  constant.

(6,6,5)

4.      (a)  Derive  3-velocity  transformation  equations  using

4-velocity  transformation rule. (7)

(b)  A  car  (rest  mass  mo)   is  moving  with  the   speed

2c/J;  at 45° with x-axis in x -y plane.  Find the

(i)  4-momenum  of the  car

(ii)  norm  of 4-momentum. (8,2)

P.T.O.
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6.      (a)  Draw   a  block   diagram   for  a   Transponder  and

.explain  its  working.  Discuss  about  the  operating
frequency  of uplink  and  downlink  in  C-band.

(b)  Define  the  term  satellite  visit)ility?  Calculate  the

visibility o.f geostationary satellite for earth station

located  at  the  equator-.                                               (10,5)

7.      (a)  What  is   frequency  reuse?   Draw  the   frequency

reuse  patterns   for   the   following   cluster   sizes:

(i)  N=4  (ii)  N=7.  Determine  the  frequency  reuse
distance  for  a  mobile  system  of  cluster  size   10

and  radius  of each  cell  5  kilometres.

(b)  What  do  you  understand  I)y  the  SIM  and  IMEI
numbers in mobile communication?                     (8,7)

(700)
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(b)  What  is  multiplexing?  Define  TDM  and  FDM.

(c)  What is the function of 7"z.xer in a super heterodyne
receiver?

(d) The maximum peak-to-peak value of an AM wave
is 45  V. The peak-to-peak value of the modulating

signal   is   20V.   .What   is   the   percentage   of

modulation?

(e)  Write  the  statement  for  sampling  theorem.  What
is  aliasing?

(I)  Calculate the minimum bandwidth for a FSK signal
with  a  bit  rate  of 200  kbps  and  SIN  of  15dB.

(a)  Show  that there  are infinite numbers of frequency
bands   accommodated   in  Frequency  Modulated

Wave.

(b)  Find   out  the  carrier  and  modulating   frequency,
modulation index and the maximum deviation for a
frequency  modulated  wave  given  as:

E  =12Sin  (6x  l08t  +  5  Sin  l250t)                   (10,5)

(a)  Draw  the  circuit  diagram  for  the  generation  and
detection of single side band amplitude modulated

wave  and  explain  it's  working.

4.

5.

a)  Distinguish  between   amplitude   and   frequency
modulation.  Calculate the power developed by  an
AM   wave   in   a   load   of   100 Q   when   the.  peak

voltage of the carrier is  100 V and the modulation
(10,5)factor  is  0.4.

(a)  Enumerate   the   merits   and   demerits   of  digital
commtinication  system.  What  is  the  function  of
Encoder   in  PCM?   Explain   differ.ent  Encoding

schemes.

(b)  For  a  PCM  coding  scheme  for  3-bits:  determine
the  quantization  voltage,  quantization  error  (eq)
and  PCM  code  for  the  analog  sample  voltage  of
+1.07V. (10,5)

(a)-Describe  in  detail  the  modulation  techniques  of
Pulse Amplitude Modulation (PAM), Pulse Width
Modulation (PWM) and Pulse Position Modulation

(I'PM)  with suitable proper diagrams.  Explain the
advantages  and  disadvantages  of  PCM  over  the
Pulsed  Modu.1ation  scheme.

(b)  A  FDM   channel  having  total  bandwidth  of .100
MHz   requires    20    kHz   bandwidth   for   the
transmission  of  single  signal.  How  many  signals

can  be  transmitted  simultaneously  using  a  FDM
scheme  if the  guard  band  frequency  is  2

kHz?

(10,5)

P.T.O.























3538

(b)  Calculate  the Debye  specific  heat of copper  at  10
K,  given  that  the  Debye  characteristic  frequency
is   6.55   x   l012Hz.                                                                    (3)

5.

7.

(a)  What is meant by local field in a dielectric? Obtain
an  expression  for  the  local  field  for  an  atom  in  a

dielectric  medium.                                                              (8)

(b)  Explain  Meissner  Effect  in  superconductors  with
suitable  diagram.                                                                (7)

(a) Obtain an expression for paramagnetic susceptibility
on  the  basis  of  Classical  Langevin's  theory.  (10)

(b)  Discuss   difference  between  Type-I  and  Type-II
superconductors                                                                 (5)

(a)   State  all  the  assumptions  of  the  Kronig-Penney
model  for  an  electron  in  a  crystal.  Draw  the  E-K

relation  of an  electron for this  model  and  explain
the  origin  of the  observation  of forbidden  gap  in

solids.                                                                                              (9)

(b)  What  is  Hall  Effect?  Explain  with  the  help  of  a
suitable  diagram the  generation  of hall  voltage  in

n-type  semiconductor.  Mention  two  uses  of Hall

Effect.                                                                                (6)

(700)
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(b) What are phonons? Mention any one experimental
fact  which  indicates  the  existence  of phonons  in

solids.

(c)   At   optical   frequencies   how   does   the   dielectric
constant of a polar dielectric depend  on  the  index

of  refraction?   Explain   which   polarizibility

component  contributes  to  the  dielectric  constant

at  optical  frequencies.

(d)  Distinguish  between  dia-,  para-,  ferro-  magnetic
materials

(e)  The  critical  field  and  critical  temperature  of lead

(Pb)  are  6.5xl04j4/in  and  7.18  K,  respectively.  To
what  temperature  it  must  be  cooled  to  become  a

superconductor  in  a  magnetic  field  of 2xl04j4/in.

(D  Distinguish  between  conductors,   semiconductors
and insulators on the basis of band theory of solids.

(g)  How  does  a  superconductor  differ  from  a  perfect
conductor?

2.      (a)  Show that the reciprocal lattice  ofa face centered

cubic  lattice  is  a  body  centered  cubic  lattice

(6)
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a)  X-ray  of wavelength  1.54  A  are  used to  calculate
the  spacing  between  (200)  planes  in  aluminium.

The first order Bragg's angle corresponding to this

reflection  is  22.40.  Determine  the  value  of lattice

parameter  of the  aluminium  crystal.                      (4)

(c)  Construct  first,  second  and  third  Brillouin  Zones
for  a  2D  square  lattice.                                                (5)

3.      (a)   Draw   and   discuss   the   dispersion  relation   for  a

linear chain of diatomic crystal. How it is different

than   the   linear  cbain   of  monoatomic   crystal.

Discuss the characteristics of the various branches

and why they are names acoustic and optical ones.

(7)

a)  What  is  Dulong-Petit's  law  for  heat  Capacity  of
solids?  How  it is  different  than  the  observed  heat

capacity   of  solids.   Draw   the  necessary  plots   to

explain  the  difference.  Explain  what  is  wrong  in

the classical theory of crystal heat capacity that it

fails   miserably   at   low   temperatures.   What

modifications are required in the model to  explain

the  experimentally  observed  behavior?                 (8)

4.      (a)  What   are   the  main   assumptions   of  the  Debye`s

theory  of specific  heat  of  solid?  Obtain  its  high

and  low  temperature  limits  of  the  specific  heat

and  show  how  far it  agrees  with  the  experimental

results.                                                                                          ( 12)
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