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GROUP-A

Answer any ten of the following :
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1.    /a/  A  synchronous  generator and  a synchronous  motor  each rated
25 MVA,  11 kv having 15% sub-transient reactance are connected
through  transformer  and  a  line  as  shown  in  the  figure.  The
transformers    are    rated    25    MVA,    11    kv/66    kv   and
66  kv/ 11  kv with leakage  reactance  of  10%  each.  The  line has
a  reactance  of  10%  on  a base  of 25  MVA,  66  kv.  The  motor is
drawing  15  MW  at  0.8  pf.  leading  and  a  terminal  voltage  of
10.6  kv.  When  a  symmetrical  three-phase  fault  occurs  at  the
motor  terminal,   find  the   sub-transient  current  in  the
generators,  motor  and  fault  current.                                              10
qQ  a6gi@q\  (synchronous)   6@6G`6Q6'Q  qQo  a66iG`q  6qiG'Q  g6owQ

25 MVA,  1 1  kv 6Q  i5% qQ`~giG`©q® g6§ai  qQi  giQon<Q <Qo 696Q

6Q6iiaiG\qQi   6Q6H   fliem6Q   qoq®   I   giqicrfl<Q   q6®   25   MVA,

11  kv/66  kv  qQo  66  kv/11   kv  6QG'`  6@iQ§   ai®i   g6©iQ6Q   io%
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fi6QG`` g6§ai  a§  I  25 MVA, 66 kv aitliQ6Q q® QiQo6Q  io% g6§ai

zi§  I 6qi6IQa 0.8 pf a96ii6Q  1 5 6qGii@iGi <QO  io.6 kv a 6.fiQiQ 6QiG\66®`

§9  Qq§  I  6a6Q6Q6Q  6fliG'Q  G'fiG`iQ6Q  <Q  qq;a  6a-aa<iia  9a  a6GI,

6®6fl6QG`Q, 6fliGi6! tier gfB asQasQ Qas6i qiai asQ®Q 66Iia Qi9iQ cO I

Gqu
One-line diagram of the system

/b/   A  coil  is  tuned  to  resonance  at  1.5  MHz  with  a  resona.ting
capacitance  of 450  pF`.  At  2.5  MHz,  the  resonance  is  obtained
with  a  resonating  capacitance  of  loo  pF.  Determine  the  self-
capacitance  of the  coil,  true  and  indicated  value  of  0 when
A =  15 f2  for  both  the  measurements.                                                 5

450  pF`  a6®16G`a°  ®ula6'lQ  (resonating  capacitance)  q§0   1.5  MHz

6Q  vie  6GtiG`Q 6Q6®iGtQ6Q  aa6i®  6@iG`a  1866fla  2.5 MHz 6Q  loo pF

6Q6qlG`lQ   capacitance  q®   qlg  6®Q§  16)6\aflla   alQ®  A  =   15Q

6a6esQ6Q GrqQQ qsq®i a®<a cO,  a a q6H qQO q§© qQw @diQ6i cog I

2.    /ci/   A  closed-loop  control  system  with  unity  feedback  is  shown  in
the  figure.  By using  derivative  control,  the  damping ratio  is  to
be  made  0.7.  Determine  the  derivative  rate  feedback -Kt.  Also
deterlnine peak time, steady state error, rise time and maximum
overshoot with and without feedback for unit ramp input.      10

qQ 6oGiuiQ qao qe  6Qi®®`-qq`  (closed-loop)  asgiQ  aen  qGi §96Q

gG€®  6®iQ§  I  6®6i66\aG\  (derivative)  Q69iQ QHQ®iQ  C}a,  Gfio  aQd.ale

0.7  ©aG`iQ 6®Q  I  -Kt a  6©§6Q86\  6Q6i` 6G.a.HIS a€<a  OQq I  qa6I` 6`ifl

G\Qq6I aiQ. q©ici® aG`i qQO a6iQ qfla aQa6 ga,  Qoa qqa qQO qdiqG

@QQq6i` a€a cog I
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/b/   What  are  the  types  of lithography used  in  IC  manufacturing?
What is optical lithography? Write the processing steps of optical
lithography  in  detail.                                                                                5

ziiQ. a. 6iqica 6s96Q enGq© fi6eligiaQ 8Qi6`qa® ®'6i7 aqG]iQ fi6ai8ia

Gp'6i7  ziqGtifi\ a6eiitai6Q g§aiQQ6iQ a06saq©q §gooQi6Q 6Q6iq I

3.    /c!/  The  JJ-K range  vector  components  for  a  certain  satellite,  at
GST  =  240°,  arc  as  given  below.  Calculate  the  corresponding
range  and  the  look angles  for an  earth  station  the  coordinates
for which  are  -  latitude  48.42°  N,  longitude  89.26°  W,  height
above  mean  sea  level  200 in.  p, =  -1280  kin,  p, =  -1278  kin,
PK=  66km.                                                                                                              10

GST  =  24oo  66`  `i®  a6eg  Qag®  aiQ° ju-K a§qQ  66\6iQ  QaioiG`q6®

aq6Q  6alalG\§  I  q®  aoqQ1  6qq@  alQ®  qflo®  a§qQ  qQa  look angles

Gi6ifli  QQ,  6aQ® qa`Q aiQ. asi06i  48.420  N, 9iafli  89.260  @i6i  (w)  qqLQ

a®QoiQ  QO®i  200  fiGIQ,  a.ale  p, =  _1280  a.a.,  p, =  -1278  a.a.,

pjf -66 a.fi.  ,

fry   The  X-deflecting  plates  in  a  cathode  ray tube  are  10  mm  apart
and  30  mm  long.  The  center  of the  plates  is  20  cm  from  the
screen.  The  acc`elerating  voltage  is  3000  V.  F`ind  the  r.in.s.
value  of the  sinusoidal  voltage  applied  to  X-deflecting  plates  if
the  length  of  the  trace  obtained  on  the  screen  is   12  cm.
Find  also  the  electrostatic  deflection  sensitivity  of the  above
CRT.                                                                                                                           5

Qul6al®` Q®6Q qQi q©-66c#ao 6qiG`q6Q  io mm aG\Gii qQo 3o mm G\fi

a6G'  I  6qGiq6oQ  6oa  aQoioiq 2o  cm a66I  I  QQia®  6QiG\66i@` 6ee§

3000  v  I   q9-66qLeo   6q6i6Q   86fli6i   GtQiaiQqQi   qiQ6G`iqq@iQ`

(sinusoidal)  6G\iQ6G'G``Q  r.in.s.  qLQw  6611®  I  aa  aQoi6Q  fiaqQl  69Q

6aacw  12 cm aiq  I ®a6Qi© CRT a G\6Q6eiqi6Q 66qso` q06QGiG.€iooi

qei  66li§  Qi®iQ co  I

4.   Dynamic  response  of uncontrolled  two-area  system  :

Assumption-1  :   Consider the  case  of two  equal  areas.
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Assumption-2  :   Consider the turbine  controller /dst relative to the
rest of system,  so that we can set  TG =  Tr =  0  and
therefore  use   GGT]  = GGT2  = 1 .

A8sumption-3  :   Neglect  the  system  damping.  This  means  that we
assume  the  loads  not  to  vary  with  frequency;
i.e.  we  set  Di  =  D2  =  0.
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Prove  that  Apt]ei(S) =
APD2(S)

Zlaaao  (uncontrolled)  a.a-6S9  ZIQ8lQ  g§§fll  :

aG.ifliGi-e    :      o*Qe  qqiG`  6sgQ  case a aQiQq 6G`Qi  I

tlG.ifliGi-9    :      Qi@ acai q§® 6idiQG` aa6Gq6Ii8  aQiQ cO©ai©ico6Q ai6fl

TG  =  Tr =  o  6q6'`  G©aiaQi  qGp  6qqalQo  GGGT]  = GGT2  = 1

GVG@IQ  Gfroi@Qi  I

8®.fliq-in   :       aen  O@OQ  ziQ6coi  GIQq  I  q@iQ  ae<]<  6en§  6q  zii6q  zl@d.fliG`

Giq 6a  QiQq6G  e6@6  q§®  6iG!  6®Q  c`ig;  ae<I<i®  ai6q  D]  =

D2  = 0  I  8fll6I  cO

Aptlel (S) -

5.    /a/   F`or the  control  system  shown  in  the  figure  -

Q6giG\  aqsfl  aiG\. §96Q  606iiaiGi§,  aq§  fia&

/I./   determine peak overshoot,  Mp for unit ramp  input;

aQ OG\QqG.`,  qa6i` Qifl  QG``qGi  aiQ- Mp ;

/I.i/  determine  steady  state  error,  ess  for unit ramp  input;

6q©  6q61  9e,  aa6i` Qifl  QG``qG`  aiQ®  ess;

/{ij/   calculate  the  steady  state  value  of the  output  when  the
input shaft is held fixed and a sudden torque  rz, =  1  Nm is
applied.

6a6®6Q6Q   QQ`qGI  &iq  aQ   6@iQaiq   <QO   ®OiQ`  G'Gi   TL  =   1   Nm

96ai6I  &q,  6q6®6Q6Q  zliQGlq6i`Q  @Qa6  qQH  616iG`i  QQ  I
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rty   Determine  the  output  voltages  caused  by  each  bit  in  a  6-bit
ladder if the  input  levels  are  0  =  OV  and  1  =  +20 V.  Determine
the resolution and full-scale output of this circuit.  Find out the
voltage  from the  above  ladder for a digital  input of 110101.      5

6-661`  a66Q   96OH®  6Gi`  q}iQi   qa   69iG\qQi   69iQ6iqGt   66\iQ6Gi®`  as<a

QQq a6  QG`qGi` ©Q  0  = 0 v qQO  1  =  +20 v zl6GI  I  <a  q66I` 6Q6®iQqG`

(resolution)  viQ°  qQ6CalQ  a€<a  QQq  I   1 ioioi  Q  6§GiiQ  G\Q`qGi  aiQ°

Qa6Qi®  a§Q 66\iG\6GI®  66ii®  I

6.    /a/   Explain the working principle of dual slope integrating type DVM
with  a block  diagram  and  other relevant diagrams.                   10

q® qcp69 qQo elGtiiiG`u  giq6ie 69 q§® a.aiG\ 6qja` Q©6g6'` g®iQ DVM

a  Qia<@i6  Qiii6Iiii  ®Q  I

¢/   The base of an  n-p-n transistor has a doping of  jvA  = |oL7 / cm3,
where JVA is the number of acceptor ions in the base. Phosphorus
is  to  be  diffused  to  form  emitter.  How  long will  the  necessary
diffusion  take  at  1100  °C  if the  emitter-base  junction  is  to
be  at  depth  of  1   Llm.   Given  :   the  solid  solubility  limit  of
phosphorus  =   102L/cm3  and  the  diffusion  coefficient  of
phosphorus at  1100 °C  =  2 x  10-13 cm3/s and or = 2.75.                5

via  n-p-n 8lG``6@QQ  altllQ6Q  jvA  = iol7 / cm3  6`  6®la°  (doping)  a§,

6aQ®q6Q  jvA 6ca§  aiuiQ6Q  896IQiQi  aico  q06Iiii  I  crqcoq  aG<i<Q  6coi

aiQ®  6siQ  coiaiq  I   iioo  Oc  6Q  ziiGk&iiQ  6giQ  6as®  Qqa  G\iaQ  a6

emitter-base  ©GiqG``   1   Llm   6lG\1Q016Q   Q§Q   I   q6aloG`   G)Q6.

OqoQqQ  G}6G`  9Q61  qlql   =   1021/cm3  qG`°  diffusion  coefficient

OqcrQqQ  1100 °C = 2  x  |o-13 cm3/s qQo Ci =  2.75 I

7.    /c2/   Wind at  1  standard atmospheric pressure and  15 °C has velocity
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of  15  in/s.  Calculate-

/I./   the  total power  density in  the wind  stream;

/ti/  the  maximum  obtainable  power  density;

/{ii/   a  reasonally  obtainable  power  density;

ftL;/   the  total  power;

/LJ/   the  torque  and  axial  thrust.

5
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Given  :  turbine  diameter  =   120  in  and  turbine  operating
speed  =  40  r.p.in.  at  maximum  efriciency.  (Propeller  type  wind
turbine)

1  qiQo Qiqq®Qia Qia6Q  aGk@ <Qo  15  oc a  6Qa   15 in/s 6®6Q  Gi6iG`i

QQq-

/I/   ace gQi@66\ qqoia 6i©Q  qQ®i;

/I.t./   qc5iqe QaG\6  &©  qlsQl;

/t.z'{/   <G q©qco  QiQ6Q  glga©  ql9Ql;

/!u/  qqo,a 6,6;

/LJ/   G'd  (torque)  qQ°  agla  gq  I

6o6iizi   :  6IdiG\fl`  Qiiiq  =   i2o  in  qQo  6idiG\Gt`  aa6Qao  a©`  =  4o  r.p.in.

qdiq®  Qsoi  I  (6gi6aQ6\ gQiQ  aQQ  G'Q<iQG`` )

/b/   Sketch the polar plot for the  types  `0' system
`0'  system alG\® <@  6alfllQ  qG'` §961  G`Q  I

a(s) -
(s + 1) (s + 2)

8.    /c2/  A  10  MVA,  6.6  kv,  30  star-connected  alternator  having  a
reactance  of 20%  is  connected  through  a  5  MVA,  6.6/33  kv
transformer  of  loo/o  reactance  to  a transmission  line  having a
resistance  and  reactance  per  conductor  per kilometer of 0.2  a
and 1 f2 respectively. 50 kin along the line, a short circuit occurs
between the  three conductors.  F`ind the current fed to the  fault
by  the  alternator.                                                                                   5

661laq  10 MVA,  6.6 kv,  3o @lQ-q°6al@O alternator,  2o%  a g6§ai

qQi   5  MVA,  6.6/33  kv  giQfffl<Q  qitlq6Q   i0%  g6§ai6Q  g16fiqG``

@iQG`` q§Q o.2 a 66QifiG.a g6 Gp®QQ g§ g66Qitl qQo g6§ai Q§eiiq  I

6Qfli qa®  1  a q§® 50 66QifiGIQ, §6G`ie ®®Q6\ qd6Q <Gt qd qa6i` &<  I

Altemator qldfl6Q  q§  9a  alQ® qla§Q  6®` 6611®  1'

/105 6

Candidate
must not
whte on

this margin.



/b/  What  are  electrical  transducers?  What  are  the  advantages  and
what  are  the  characteristics  that  should  be  considered  during
transducer  selection?                                                                            10

6aq6Q 8lQG|qQ (transducer) q©Q ®'61? Q'6I q§tli qQo 6cra. 6aae"q©®

qq66\ Q©§  al®l  8lQ®iqQ  (transducers) a QaQ qqa6Q 66ilQ colaQI

Q§®, ,

9.    /c{/  What are the main binary modulation methods? Draw the binary
digital modulation formats of a binary input of 101001  for OOK,
FSK,  BPSK and  DSB with  baseband  pulse  shaping.                      5

q6H   QIG\G`lQ1   6fll®|6QqG`   (binary  modulation)  a®6   G}'61?   6QqQlll®

zli®O§  q§® OOK,  F`sK, BpsK <QO DSB aiQo  ioiooi  a QiQG`iQi  Q@`q6i

QQiQGiiQi  6a6.iQ 6fli©i6QqG`` On<i6I  aGct  cog I

/b/   Explain  BPSK  and  QPSK with  the  required  diagrams.               10

aiQaiiQ §9  q§©  BpsK qQO QpsK a QLii6Iiii  cO  I

10.   Draw  the  timing  diagram  of the  following  instructions  :                  15

aqaq® a6d6i  aaqi6Q GliQfio 69  aGTG) Grog :

/a/   INRM

¢/   IN 80H

11.    /a/  The carier concentration in a material of conductivity 0.018/£2m
is  10]9  electrons/m3.  A voltage  of 0.16  V  is  applied  across  the
0.29  mm  thick  material.  Determine  the  drift  velocity  of  the
carriers.  Take  standard  values  of the  mass  of an  electron  and
electronic  charge.                                                                                      10

esQ§a  0.018/Qm a aQie<I`6Q Qi@® q®igoi  6co§  iol9 Q6QqG``/m3 I

0.29  mm  6fll6'l   aQle<l<6Q  o.16  V  a  q®  6G`lG\66'®`  86al61   C}QlalQell<   I

QieeqiGtGPQ§q66\6G\ia6a6acoqiq®Q6QaciQmassqerQ6G\6EiaQ

6ii®<Q  qiG`Q qG\I  aeiq I

/b/   Using the  Nyquist  stability criterion,  determine  the  stability  of
the  system  with                                                                                      5

Nyquist aQoi  qiQQ® QiiQ®iQ Q6i,  a®qQ aQ®i  aeda QQq

G(s)H(s) -
10(s + 3)

s(s - 1)
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12.   A  3¢  star-connected  alternator  is  rated  30  MVA,  13.8  kv  and  has
the  following  sequence  reactance  values

Xi = 0.25 p.u.,   X2 = 0.35 p.u .  and   Xo  = 0.10 p.u .

The  neutral  of the  alternator  is  solidly  grounded.  Determine  the
alternator line  currents when  a  double  line  to  ground  fault  occurs
on  the  terminals.  Assume  that  the  alternator  is  unloaded  and  is
operating  at  rated  voltage  when  the  fault  occurs.                               15

qGp 30 qiQ-q06aiao 6esQ 30 MVA,  13.8 kv 6Q€O ®QiaiG\§ I q9iQ aqfiq®

9q6Q g6§aiQ qiG\u  x] = o.25 p.u.,  x2 = o.35 p.u . qQo  xo = o. io p.u .

Q§§  I  §@©Q  aQ6as®i  OO@6\i6Q  Giao  69iQ§  I  G16G`iQ  q6®6Q  9a  66iiaQiQ

<Q  ©QQ G\iQQ` aiQflii®  a6®  6q606Q6Q 6Q©  G\iQQ` 9a  a;uiaQiQ 6GieliGp6Q  I

fl6G`©Q   6a   6®@a   aG``6Qi©`  6®iG\§   viQO   9a   a@6Q   66\iQ6G`G``  66\6i`  6@iQ§,

6®6Q  8@6  Gen.6  6®iG\§  I

GROUP-B

Answer  any five of the following  :

13.    /a/  An  LFC  control  system has  the  following parameters -
rr =  0.5 see

Tf| =  0.25  sec

H - 8 see
Governor  speed  regulation  =  A per unit

The  load  varies  by  1.6  percent  for  a  1  percent  change  in
frequency,  i.e.,  D  =  i.6.  Use  the  Routh-Hurwitz  array  to  find
the range  of A for control  system  stability.                                   10

q® LFc aaQ6i a®q6Q aqaqo aiQia6IQ q6O a© -

rr =  0.5 sec

TH =  0.25  see

H - 8 sec

616\QG``Q  81®`  aflfllQG`1  =  R per unit

e6®Qa6Q   1  96®©  a6iQ6<!G`  aiQo  6G\i®`  1.6 g§G®  Qoa  eii<,  a8<I<io

D =  1.6  I  Q69iQ a@q aQ®i  aiQ® A a§qQ  66Ii§Qi  aiQ® QiQq-&€®` ai6Q

(Routh-Hurwitz  alTay)  QllQ©lQ  G}Qq  I
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XLl-O.8

¢/  A  60  Hz  synchronous  generator  has  a  transient  reactance  of
0.2  per  unit  and  an  inertia  constant  of  5.66  MJ/MVA.  The
generator is  connected to an infinite bus through a transformer
and  a double-circuit  transmission  line,  as  shown in  the  figure.
Resistances  are  neglected  and  reactances  are  expressed  on  a
common  MVA  base  and  are  marked  on  the  diagram.  The
generator  is  delivering  a  real  power  of  0.77  per  unit  to  bus
bar  1.  Voltage  magnitude  at  bus  bar  1  is  V =  1.1.  The  infinite
bus   bar  voltage   V=1.OZ0°  p.u.   Determine  the  generator
excitation  voltage  and  obtain  the  swing  equation.                      10

qGp  60 Hz a66iGtq 6®6G`66\6iQ6Q  qa6.  a©i  0.2  a  fl6iqiai  96§ai  <QO

5.66  Mj/MVA  a  <Q  a6a®i  aQ®i   zi§   I  696Q   606iiaiQqQi   a§

6®6G`6Q6'Q qo giQcm<Q qQo oGtG\ q66'` giQfi6'Q QiQQ` fliem6Q q® aqm

Qq` q§o qoq®  I  g66Qitl  q6® zjQ69@® qQo g6§ai  qQ qiuiQ6i  MVA

ziitliQ6Q  geld  QQiaiQeliq  qQo  §g6Q  §§®  69iQeliq  I  6G`6ci6QG'Q  gQo®

qa6' a8l 0.77 §6H@6I eQ.a  1 a.a G`lQ  1 66` 66\iQ6G'Q` ml©q®` (magnitude)

6cO§   v =   1.1   I  zlafl  Qq  QiQ  66`iQ6GI®`  v = 1.OzOO  p.u .  6Q6Q6QGiQ

6\6Q®G`i  66\iQ66.@` a€<a  GQq qQO  qQGf qflictQ6I  gig  QQq I

1                        __           _    _                       2

E,  Xt=0.158CH
X;=O.2

I  Vl  I - 1 . 1
Xz2=0.8

V-1.Oz:O

14.    /a/   Sketch  the  root  locus  of the  system  whose  open  loop  transfer
function is  given by                                                                                  10

aqflQ qQ qiQa 6QLQ` Grog ai9iQ 66IiQi QQ 8iQcO Ocao azliaiQ§

G(s)H(s) -
K(s + 7)

(s + 2)  (s + 6)

/105

/I)/   Determine  the  average  value  of solar  radiation  (both  in  SI  and
MKS  units)  on  a  horizontal  surface  for  LJune  22  (172  days),  at
the latitude of loo N,  if constants  a and  b are given as equal to

0.30  and  0.51  respectively  and  the  ratio   E=o.55.   (Given
JV

declination  for LJune  22  =  +23.5°,  Jsc =  4871  kJ/m2hr)              10

loo N a€i06i6Q qo 22 (172 aQ) aiG\® vie qqqi6QiQ q;®6Q aco6I ®iQi®i6

qG\H a€a cog (Gi6\a sl qQO MKs q§6.), a6  a <QO b a aQ©i  0.30 qQO

O.51  qfliQ  6\iQ6Q  6aiai<  qQO  6QqQ`  #= o.55  I  (qo  22  =  +23.50,

Jsc = 4871  kJ/m2hr)

9
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15.    /a/  A small generating station has two alternators of 3000 kvA and
4500  kvA and percentage  reactance of 7% and  8% respectively.
The  cirouit breakers  have  a breaking capacity of  150  MVA.  It is
desired  to  extend  the  system  by  a  supply  from  the  grid  via a
transformer of 7500 kvA and 7.50/o reactance. F`ind the reactance
of the  reactor  connected  in  the  bus  bar  section  to  prevent the
circuit breaker being overloaded,  if a short circuit occurs on an
outgoing feeder  connected  to  it.  Assume  bus  voltage  =  3300  V.

10

q®  6©iGi  6iqioG`QiQi  6qqG}66\  3000  kvA {QO  4500  kvA a  qQa  6®a

<QO a2ii96fl 7% qQO 80;0 a 96§ai a§  I qaG'` 69QQ  150 MVA Q 6s6er

sfl®i  a§  I  75oo  kvA  6`  giQOQqQ  tier  7.5  96§ai  flidfl6Q  gi®q

6aiGii6i  qiQi  a@qQ a©iQ  Q6\QiQ Q8i  @6\iai<  I  q6Giq 6Qi6Qi  aiG\® Qq`-

QiQ  66\iGi6Q  aoq®  aaiGiQQ  g6§ai  66iiG`  I  69e6!  a©Hqe  6Qi®` 69Q§,

aa q9i q§® qoq® <® aiQqQi a®`Q Qa66\ <e qd q6G`` &vi  I Oq 66\iG\66iGt`

=  33oo v a@d.flio  QQg I

3000 kvA 4500 kvA

/105

¢/     /I./   Obtain  Miller indices  of a plane whose  intercepts  are  cb  b/2
and 3c on x, gr and z axes respectively in a simple cubic unit
cell.                                                                                                                          4

fiQQ q@ 6qa  (plane)  q6tlQ ellq  al®lQ  Qlulq©G}  aell96fl  <® q6\Q

G]G`  qaGI` ®g6Q  aeii©6q  :I:,  g viG`o  z zlfl6Q  a,  b/2  qQ.  3c zl6Gi  I

/t.i/   Determine  the  Miller  indices  of  a  plane  that  makes
intercepts  of 2A°,  3A°  and  4A°  on  the coordinate  axes  of an
orthorhombic crystalwith  cz:  b:  c=  4  :  3  :  2.                            3

qQ  6qQ  (plane) Q  fiQQ  Q©q` (indices)  q6Q a®<a G}6l  ql@l  a :  Z7 :

c = 4  :  3  :  2 qao <® ai6eiT6QiaQ ca@cO  q06ai@Gti  asi6Q  2AO,  3AO

qQ° 4A°  Q Q|tll  q:a  G?6Q  I

10
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/c/   Calculate  the  energy  levels  between  nx = ng = riz = 1  and  next

higher level  nx = 2, ng = nz = 1  for free  electrons  in  a  solid  cube

of 20  mm  side  and  show  that  the  successive  energy  levels  are
so  close  to  one  another  that  assuming  E  to  be  varying
continuously  with  k  is  justified.  Take  standard  values  of
hand in                                                                                             3

2o fifiaGtQ aiq<6Q qQi qe Q60 G|Q6Q a Q6QsuG`` alQ. nx = nay = nz = 1

qQ° aQQ6)<)1  QG`a6\6Q  nx  = 2,  7ig  = nz  = 1  qtl6Q d©©Q 616IG`l  cog,  <Q°

G`6i<iq 6a  gfli6I® a©gQ  aG\u  qe @@6'®Q  a6G'  6a  E q§©  k q§o 9fli6i©

6\iQ6Q  a6iQ6<)<G`  6coi  zlQCLqiQ  GPQiai<  h qQo  in fliQGr qQi  aziq I

16.    /a/   What  is  Direct  Broadcast  Satellite  (DBS)  service?  Draw  the
block  diagram  for  a  home  terminal  for  DBS  TV/FM  reception.

10

atliqQ6i  8qiQ6i  (DBs)  6qQi  ®'617  DBs rv/FM §6qqG`` aiGo\® qQ 69iq

G`fiQiQ  aiQ® QQ §g  alGFq I

/b/  The  open  loop  transfer  function  of the  unity  feedback  control
system  is  given  by                                                                                     10

6Giiaq 6coHiQ Q6giQ aqflQ oaGi` QQ giQco aGqG`` 6eliaiQ§  I

G(s) H(s) =
K

s(1 + 0.1s) (1 + s)

Using a Bode plot with K =  1  -

K =  1  qa® qQ 6Qi® qGI` (Bode plot) QiicoiQ ea -

/I)    find  gain margin  and  phase  margin;

Qi6\  fliaG`` qQO 6asi fliafl 66ii®;

/I.I./   determine  the value of A,  so that the gain margin is  20  Db;

KQ  qG\u  §q]<a oQ,  qi@i  oQ6Q 6GiG`` qi6G`` 2o  Db a6G'  ;

/Zti/  determine the value  of K,  so that the phase margin is  60°.

KQ qG\H  aeda eQ,  ai9i  cO6Q 6cO qiaQ` 600 zi6GI  I
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17.    /a/   In  a  short  circuit  test  on  a  3-pole,110  kv  circuit  breaker,  the
power factor  of the  fault was  0.4,  the  recovery voltage was  0.95
times the full line value. The frequency of oscillation of restriking
voltage  was  15000  cycles/second.  Estimate  the  average  rate  of
rise  of restriking  voltage.  The  neutral  is  grounded  and  fault
involves  the  earth.                                                                                     5

6G116q   3-pole,110  kv  circuit  breaker  6Q  short  circuit  test  6Q

power factor of the  fault was  0.4,  the  recovery voltage was  0.95
times  of the  full  line  value.  Restriking  voltage  a  oscillation  6\

frequency qQl  15000  cycles/second.  Restriking voltage a  @lQl@16i

G`o§9lQ  Cilcofl  G}Q  I  The neutral is grounded <Q° fault involves the
earth.

/a/  What is  an interrupt?  Explain the types  of interrupts.  Write all
the  software  and  hardware  interrupts  in  detail.                        10

Interrupt  ®'61?  Interrupts  a  8®lQq Q1116llll  @Q  I  qq©  software  <Q°

hardware  interruption q6G}  6goo  G116Q  6Q6l  I

/c/   A  two-area  system  connected  by  a  tie  line  has  the  following
parameters  on a  1000  MVA common base  :                                      5
qG}  tie  line  Q16\l  q°q®  a.a-6fl9  ae!fl6Q  1000  MVA qltllQ61  ZlltllQ6Q

aqfiqo aiQifi6IQ q§e a§  :
Area
Speed  Regulation
Frequency-sens.  Load  coeff.
Inertia  constant
Base  power
Governor  time  constant
Turbine  time  constant

12

RL  =  O.05              R2  =  0.0625

Di  =  0.6                D2  =  0.9

H\-5                 H2-4
1000  MVA            IO00 MVA

rg]  =  0.2  sec      Tg2  =  0.3  sec
rri  =  0.5  see     TT2  =  0.6  sec

Candidate
must not
whte on

this margin,

/105

The  units  are  operating in  parallel at the  nominal frequency of
60 Hz.  'The  synchronizing power coefficient is computed from the
initial operating condition and is  given to be  Ps =  2.0 per unit.  A
load  change  of 200  MW  and  150  MW  simultaneously  occurs  in
area  1  and  area 2  of two  two-area systems.  Determine  the  new
steady  state  frequency  and  the  change  in  tie  line  flow.

q§G'` q©Q qfll6QIQ 6\lQ6Q 60 Hz a 6G`lfiG`lG\ e6Sa (nominal frequeney)
6Q  ©la<u  Gq©6  I  Synchronizing  power  coefficient  glQaQ  aa6Qeo

a6q G'6iG}i  GPQiaiq  <QO  qa6I`  asi  ps =  2.0  6®Qiq aziiai<  I  200  Mw

qer  i5O Mw a qe QiG\ a§GrdG` <caiGr6Q qQa  6s96Q qer  2 aaaiq  I

qoG` aQ-a§  66Qa  <QO GiiQ-G\iQG`` gQi©6\ aaQdQ aeda ctQ  I

12



18.    /a/   Find  the  components  of the  radius  vector  to  the  earth  station
at  Thunder  Bay,  given  that  the  latitude  is  48.42°,  the  height
above  sea level is  200 in and the  LST is  167.475°.                         5

ziffliod 48.42o, qqg aQQoiQ Qe®i 2oo in <Q° LST 167.4750 6ZllalQ§,

Thunder Bay 6Q  qqQIQ a6Q radius vector a   6)alQIG' q6G} 6611®  I

/b/   A  silicon  sample  is  doped  with  1017  arsenic  atoms  per  cubic
centimeter.  Calculate  the  hole  concentration  at  300  K.  What
will  be  the  location  of the  Fermi  energy  level  relating  to  the
intrinsic  energy  level?  Take  intrinsic  carrier  concentration  as
1.5 x  |01°/cm3  at  room  temperature.                                                   5

qQ  silicon  sample   1017  q§®  aG`   6q©aG'Q   arsenic  atoms  dope

G}QlalQ§  I  300  K 6Q  hole  concentration  G161G`  G€)  I  Intrinsic energy

level  q§®   Fermi  energy  level  a   location  ®'61   69Q?   Room

temperature   6Q     1.5x  10]°/cm3   6\16Q    intrinsic   carrier

concentration a a2lQ.  I

/c/  The  Seebeck coefficient of a junction  is  55  uv/K  at 373  K and
50 prv/K at 273  K.  F`ind  the  Peltier heats  absorbed  and rejected
when  the  thermocouple  is  operating  between  these  heat
reservoirs  and  is  supplying a current  of  10  rnA.                             5

q® junction 6Q  Seebeck coefficient 6cO§  373  K 6Q  55 HV/K <Q°

273 K 6Q  5o Hv/K 6a6®6Q6o q§ QQia  G`oG\®iQ  qtl6Q a6qfQG\  oia<u

GreQ  qQ°  10  rnA  culTent  6fll61lq  6q6®6Q6Q  Peltier  heat  aQ6dla®

qQo  g®ui6iuio  GreQ  I

/d/   For a thermoelectric  power generator  following parameters  are
given  :                                                                                                                    5

Thermoelectric  power generator  alG\.  §qfiq©  parameters  q6e
6a'alQ§  :

Temperature  of the  hot  reservoir  of source  =  600  K

Temperature  of the  sink  =  300  K

Figure  of merit  for  the  material  Z =  2 x  |o-3K-1

Determine  the  efficiency  of  the  thermoelectric  generation.
Wha.t  will  be  its  Carnot  efficiency?

***
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