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M ORCI W VA E D DOI SE   

 
TR SNA F RE  E CEL T NOR  DE CIV ES  
 
 

ORTNI D TCU I :NO   

ehT  a ilpp cati no  of owt - et r lanim  se udnocim tc ro  cived es ta  im c wor a ev  f seicneuqer   

sah  neeb  ni c aer des  su ga e gnirud  t eh  tsap  de sedac . ehT  CW, va e ar eg , dna   kaep  

rewop  o tuptu s of ht se e ecived s ta  h gi her im c evawor  f icneuqer es are cum h gral er  

naht  esoht  bo t nia a lb e wi ht  eht  tseb  p wo er rt a rotsisn . ehT  oc nomm  c rah a citsiretc  of  

lla  vitca e owt -ter anim l dilos - tats e cived es is th rie  tagen i ev  ser i nats ce. ehT  aer l trap   

of rieht  depmi an ec  is ne evitag  revo  a egnar  fo  f icneuqer es. nI  a evitisop  r cnatsise e  

eht  ruc r ne t ht or u hg  the natsiser ce na d eht  v egatlo  rca o ss  it are in esahp . hT e  

egatlov  pord  ssorca  a tisop ive cnatsiser e is evitisop  dna  a ewop r fo  1( 2 R) si   

detapissid  ni  eht  re sis tance.  

nI  a agen evit  ser i nats c ,e  revewoh , ht e c nerru t dna  egatlov  a er  out of  esahp  

yb  081 °. hT e ov l at eg  d por  ssorca  a vitagen e re ecnatsis  si  evitagen , and a rewop  of  

(-I!R) si  eg n re deta  by t eh  rewop  s ppu ly as cos i deta  htiw  t eh  ne tag i ev  r ecnatsise . nI   

op evitis  r natsise c se  ab bros . p wo re  (p vissa e d ,)secive  w aereh s tagen ive siser ta cn es  

neg tare e wop er ( tca ive cived es). In this hc a tp er eht  snart ef err d ele c nort   

ed v seci (TED )s  era  analy ez d.  

ehT  d fi f nere ces neewteb  rcim o evaw  isnart ts sro  dna  snart f derre  ele c  nort  

cived es (T DE )s  are f dnu ame latn . isnarT s rot s o etarep  iw th e hti er cnuj t noi s ro  ga et ,s   

tub  DET s a er  b klu  ed civ es vah i gn  on  ju noitcn s ro  setag . The ma iroj ty of  

rotsisnart s era  f cirba a det  f mor  ele tnem al mes i cudnoc t ro ,s  hcus  sa  nocilis  or  

eg r inam um, rehw eas 1 Dt s a er  f cirba ated f mor  co opm u dn  se dnocim u ,srotc  us ch as  
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illag um ars dine e ( A.r s) i, dn ium hp so p edih  (l Pn ), or ac d im um et ll ediru  (Cd eT )  .  

rT ansistors etarepo   

sA  " aw rm" ele rtc o sn  w esoh  rene gy si  ton  um ch retaerg  ht an eht  ht re mal rene gy  

0. Ve620 ta  room te pm era erut ) of nortcele s in t eh  semi oc n rotcud s.  
 
 

NNUG  EF TCEF  ID O SED  – Ga sA  oid de  
 
 

nnuG  eff tce  era  man ed after .J  B. nnuG  ohw  si  3691  revocsid ed a  cidoirep  

f noitautcul  of tnerruc  gnissap  ht r hguo  the n- type illag um sra en di e . w neh   eht  

deilppa  ov l egat  ecxe ed de  a niatrec  cr laciti  v la eu .  
 
 

lkcohS ey in 591 4 us g detseg  aht t ht e two t lanimre  en g evita  re is sta ecn  cived e  s  

gnisu  semic cudno t sro  h da  gatnavda es revo  tra srotsisn  ta  hgih  f euqer nc sei .  
 
 
nI  1691  , R ldi ey and Wa snikt  de debircs  a wen  htem od f ro  atbo i gnin  tagen i  ev  

fid f laitnere  om b ili ty in cimes o otcudn rs. ehT  elpicnirp  ovni l dev  si  ot  taeh  reirrac s  

ni  a thgil  ssam  , low mo ilib ty , ih g reh  ene rgy s bu  dnab  wh ne  ht ey ah ve a gih h  

rutarepmet e.  
 
 

laniF ly orK e rem  tats ed taht  eht  nigiro  of eht  evitagen  id ff laitnere  mo ilib ty is  

ldiR ey taW k sni  liH sum’s nahcem si m of nortcele  snart f re  otni  the llav e sy  aht t  

rucco  ni  oc n ud c oit n ba sdn .  
 
 

nnuG  ffe ect:  
 
 

ehT  leb ow f erugi  s oh ws eht  gaid ram of a u in form n-type G sAa  oid de tiw h oh im c  

stcatnoc  at eht  dne  us rf .seca  G nnu  ats ted th ta  “ bA ove so em  irc ti lac  gatlov e  ,  

dnopserroc i gn  to na  el cirtce  f dlei  of 0002  to 0004  /stloV c ,m  ht e cu tnerr  ni  eve r  y  

ceps i nem  beca em  a flu gnitautc  f noitcnu  of ti .em  
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nnuG  Di sedo   

elgniS  eip ce of sAaG  or pnI  a dn  co sniatn  no j snoitcnu   
 
 

stibihxE  n evitage  diff laitnere  siser t ecna   
 
 

itacilppA o :sn   

wol - esion  l laco  so c alli t sro  for im x sre  (2 to 140 )zHG .  

woL - op ew r nart smi ett rs a dn  ediw  dnab  tu ban le secruos   
 
 

ounitnoC us- evaw  (CW) wop er slevel  of pu  ot  reves al derdnuh  im ll sttaw  nac  be  

deniatbo  in eht  X-, uK -, dna  Ka-ba .sdn  A wop er o tuptu  of 30 Wm  nac  be  

deveihca  from co mm er laic ly liava a elb  ived ces ta  49  zHG  .  
 
 

rehgiH  po rew  nac  be veihca ed by combi gnin  reves al cived es ni  a rewop   

co nibm er.  
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nnuG  icso l srotal  e bihx it ev ry wol  cd - ot -RF ef icif ency of 1 ot  %4 .  
 
 

nnuG  osla  evocsid r de  t tah  ht e ht res dloh  le e tc ric f dlei  iliE  deirav  wi ht  eht  htgnel   

dna  t epy  fo  lairetam . He depoleved  na  bale ora et  apac c viti e eborp  f ro  gnittolp  the  

cirtcele  f dlei  birtsid u it on nihtiw  a ps ecimen of n-t epy  aG As of htgnel  L = 012  JL llI   

dna  ssorc - ces t lanoi  ar ae  5.3  x 01 -3 c 2m  w ti h a wol -f dlei  tsiser a ecn  of 61  .n   

tnerruC  i ilibatsn t sei  oc derruc  ta  ceps imen ov l segat  oba ve 95  ,V  whi hc  me na s aht t  

eht  ohserht ld f dlei  si   
 
 
 
 
 
 

YELDIR  AW T SNIK  DNA  HI MUSL  HT E :YRO  
 
 

aM ny e tanalpx i sno  ha ev  neeb  fo f re ed f ro  eht  nnuG  eff .tce  nI  4691  orK em re  [  ]6  

detseggus  taht  uG n 'n  s oitavresbo ns erew  in c etelpmo  ga r ee tnem  iw th eht  ldiR ey-  

aW t snik -Hi sl um R( )HW  oeht ry.  
 
 

fiD f aitnere l tageN i ev  cnatsiseR e: 
 
 

ehT  f nemadnu t la  noc c tpe  of eht  ldiR ey-Wat snik - sliH um (R )HW  t oeh ry is  eht  

fid fe laitner  evitagen  r se natsi ce eved l depo  in a klub  dilos - etats  III -V nuopmoc d  

nehw  rehtie  a gatlov e o( r cirtcele  f )dlei  ro  a c tnerru  si  ap deilp  ot  the et r slanim   fo  

eht  sa .elpm  ehT re era  owt  sedom  of evitagen - siser t ecna  ved ice :s  egatlov - 

c dellortno  a dn  rruc e tn  dellortnoc  sedoM .  
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nI  eht  ov l egat - oc n lort l de  edom  t eh  rruc e tn  de isn ty nac  eb  um l ulavit e ,d  aerehw s in  

eht  tnerruc - noc t dellor  mo ed  eht  egatlov  nac  eb  mu ulavit1 e .d  ehT  am j ro  eff tce   fo  

eht  ecnaraeppa  of a fid fe laitner  evitagen - ser i ts a ecn  noiger  ni  ht e c ru r tne  isned t  y  

f dlei  evruc  si  ot  redner  eht  elpmas  tcele r laci ly tsnu a .elb  sA  a luser t, ht e laitini l  y  

ho enegom o su  sa elpm  ceb o sem  irtcele c la ly h ete r oenego us ni  na  ta t tpme  ot   hcaer  

tilibats y. nI  the atlov ge- llortnoc ed n evitage -r natsise ce mo ed  hgih -f dlei  do niam s  

era  f mro ed, apes r nita g owt  low-f dlei  oiger ns. ehT  i retn fa sec  rapes a gnit  ol w na d  

hgih -f dlei  do niam s eil  gnola  iuqe  itnetop al ;s  t suh  ht ey ra e ni  alp nes pe ralucidnepr   

ot  eht  erruc nt rid tce i no  .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

desserpxE  htam ema it c la ly, eht  ne evitag  res si tance of eht  sa elpm  at a ralucitrap   
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noiger  si   
 
 
 
 
 
 
If na  cirtcele  f dlei  oE  ( ro  tlov age oV ) si  ap ilp ed ot  ht e sa ,elpm  f ro  xe amp ,el  eht   

tnerruc  isned ty si01  gene tar ed. sA  eht  a eilpp d f dlei  ro(  )egatlov  si  in desaerc  ot  1E  

ro(  V2 ,)  eht  tnerruc  den is ty si  rced e desa  ot  21 . Wh ne  eht  f dlei  ro(  v lo t )ega  si  ced r~  

ot  .£  ro(  VI ,)  eht  ruc r tne  isned ty si  ercni ased ot  ,1  . Th ese  hp enomena of  eht  

egatlov  rtnoc o ll ed gen a evit  re tsis a ecn  era  sho nw  ni  giF . 7-2-3(a). Si im l ra l ,y  f ro  eht   

c tnerru  tnoc r dello  om d ,e  eht  tagen ive- siser tan ec  orp f eli  si  sa  hs o nw  be ol w.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OWT  VA ELL Y MO LED  TH :YROE   

orK e rem  pr esopo d a n evitage  ma ss  cim rowa ev  a ilpm f rei  ni  1 859  [ ]Ol  dna  1 59 9  

[ ]II . gnidroccA  ot  eht  rene gy dnab  oeht ry of ht e n -t epy  Ga ,sA  a hgih - bom i il t  y  

rewol  llav ey si  apes ra det  by na  en re gy of 63.0  Ve  f mor  a wol -m ilibo ty pu p  re  

yellav   
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nortcelE  ed n seitis  in the rewol  dna  reppu  va ll eys re niam  t eh  sa em  nu d re  na   

irbiliuqE um co noitidn . nehW  eht  deilppa  le e cirtc  f dlei  si  rewol  naht  ht e irtcele c  

f dlei  of eht  rewol  va ll ey (E < Ee ,)  no rtcele no s lliw  snart f re  ot  the up rep  va ll ey.  
 
 
Wh ne  eht  ap deilp  le ect cir  fie dl  si  rehgih  th na  t tah  of ht e rewol  lav ley dna  ewol r  

naht  taht  of eht  pu p re  v lla ey (  eE < E < Eu ,))  le snortce  liw l nigeb  to  

snart f re  ot  eht  reppu  va ll ey  .  
 
 

nehw  eht  ilppa ed tcele ric field si  rehgih  naht  t tah  of eht  reppu  va ll ey uE(  < E ,)  a ll   

snortcele  wi ll  snart fer to eht  reppu  llav ey.  
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Wh ne  a us ff tneici ly hgih  f dlei  E si  deilppa  ot  eht  ceps i ,nem  snortcele   era  

a arelecc et d dna  rieht  fe f evitce  epmet r ruta e sesir  voba e ht e ittal ce epmet ra rut e  

osla  rcni e sa es. uhT s le e nortc  isned ty/I dna  era  htob  f snoitcnu  of le e tc r ci  f dlei  E.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SEDOM  FO  OP RE A OIT N OF UG NN DI :EDO  
 
 
A nnug  di do e nac  o ep r eta  ni  f ruo  :sedom   
 
 

1. nnuG  so cil noital  dom e  

2. elbats  a pm lif noitaci  mo ed   

3. ASL  licso l noita  edom   

4. saiB  iucric t llicso at noi  mo ed   
 
 

nnuG  os itallic on om de: sihT  mo ed  si  ed f ni ed ni  eht  ger i no  rehw e t eh  tcudorp   fo  

f neuqer cy pitlum l dei  by tgnel h si  a tuob  107 c s/m  a dn  ht e orp ud tc  of  gnipod  

mu eilpitl d by tgnel h si  retaerg  ht an 10 /21 c 2m . nI  ht is ger i no  eht  devi ec  si  u tsn ab el   

esuaceb  of eht  c cilcy  for noitam  of ehtie r eht  ca cu italum on la rey  ro  eht  hgih  f  dlei  

do iam n.  
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Wh ne  ht e cived e si  op detare  si  a italer vely hi hg  Q ac vity and puoc l de  pr epo rly to  

eht  ,daol  the do am in I dehcneuq  or dela dey  bef ero  gnitaelcun .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

elbatS.2  a ifilpm c oita n edom : hT is dom  e si  def deni  ni  eht  noiger  whe er  eht   

p tcudor  of f neuqer cy times htgnel  si  oba ut 107 slmc  dna  eht  orp d tcu  of gnipod   

semit  gnel th si  eb t eew  n 0l 11 dna  O1 12 2mc/   

.3. ASL  o tallics i no  mo ed : sihT  edom  si  def deni  ni  eht  ger i no  hw e er  the pr tcudo  of  

f neuqer cy ti sem  el n htg  si  evoba  01 7 slmc  a dn  t eh  touq nei t of gnipod  d dedivi  by  

f neuqer cy is eewteb n 2 x 01 4 dna  2 x 105.  

4. saiB -ci tiucr  o llics a noit  om de: hT is om de srucco  only w neh  t ereh  si  ie th re   

nnuG  or LSA os llic at .noi  na d it si  lausu ly ta  ht e oiger n rehw e the orp duct fo   

f neuqer cy ti sem  el n htg  si  oot  s am ll ot  pa p rae  in ht e f erugi . nehW  a bu kl  edoid  si   

desaib  ot  th lohser d. ht e egareva  rruc e tn  dus ed nly spord  as nuG n icso l noital  geb i sn .  

 

www.getmyuni.com



sevaworciM  & radaR   45CE01  
 

ehT  pord  ni  rruc e tn  ta  eht  dlohserht  nac  dael  ot  cso snoitalli  ni  eht  bi sa  tiucric  aht t  

era  t lacipy ly 1 zHk  to 1 00  zHM  .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

deyaleD  do niam  m edo  601(  c s/m  < Lf  < 1 70  cm/ )s . ehW n eht  art n tis  t mi e si   

nesohC  so taht  ht e doma ni  si  elloc c det  ihw le E < htE  sa  sh nwo  in giF . 7-3- ,)b(4  a  

 

www.getmyuni.com



sevaworciM  & radaR   45CE01  
 

wen  do am in nac n to  f mro  litnu  t eh  f dlei  sir es evoba  rht e dlohs  iaga n. nI  siht  esac ,  

eht  tallicso i no  irep od is retaerg  naht  eht  art n is t time- taht  i ,s  oT  > T,. sihT  led a dey   

mo ed  si  la so dellac  hni i detib  edom . ehT  e ff neici cy of siht  edom  is ba o tu  %02 .  

dehcneuQ  d niamo  om de (fL > 2 X 701  c )s/m .  

If eht  saib  f dlei  spord  woleb  eht  iniatsus ng f dlei  sE  gnirud  eht  evitagen  lah f-c lcy e  

sa  ohs wn ht, e doma ni  c sespallo  eb f ero  ti  sehcaer  eht  ona .ed  ehW n eht  saib  f  dlei  

sgniws  kcab  ab evo  ht r dlohse  a,  en w do niam  si  detaelcun  dna  eht  pr sseco  staeper  .  

erehT f ero  eht  itallicso o sn  rucco  ta  eht  fre neuq cy of eht  noser a tn  tiucric  rehtar  naht   

ta  eht  art n tis - mit e f neuqer c ,y  tI  sah  eb en f dnuo  taht  the oser n tna  f neuqer cy of ht e  

tiucric  si  lareves  emit s eht  tr tisna -ti em  fr neuqe c ,y  is n ec  eno  elopid  seod  ton  vah e  

hguone  ti em  ot  re ujda st dna  a brosb  eht  v atlo ge of eht  rehto  selopid  . laciteroehT ly,  

eht  e ff neici cy of uq enc deh  domain llicso at sro  nac  r hcae  13%  
 
 

ASL  MO ED   

Wh ne  eht  f neuqer cy si  ev ry ,hgih  t eh  do sniam  od  ton  vah e us ff tneici  mit e ot  form  

Wh eli  eht  f dlei  si  above dlohserht . sA  a re tlus , tsom  of eht  do am i sn  are niatniam ed  

nI  eht  tagen i ev  noc d cu t ecna  etats  du gnir  a large fr noitca  of ht e atlov ge cyc el . ynA   

ccA u talum i no  of tcele r sno  raen  ht e dohtac e has ti em  ot  c espallo  lihw e eht  langis  si   

woleB  rht e dlohs . suhT  eht  ASL  edom  si  . eht  simp tsel  mo ed  of po e tar i no .  
 
 

ALAVA N EHC  TRAN TIS  TI ME  D CIVE E :S   
 
 

DAER  DI :EDO   

daeR  edoid  saw  eht  f tsri  soporp ed nalava c eh  edoid . ehT  cisab  arepo t gni  elpicnirp s  

of TTAPMI  id o ed  ac n eb  isae ly srednu t doo  by f tsri  u atsredn n gnid  the oitarepo n of  

daer  edoid .  

ehT  isab c daer  doid e stsisnoc  of f ruo  la ey rs na em ly n+ p I p+ layers. hT e  sulp  

tpircsrepus  ref sre  ot  v re y h hgi  od p gni  el vels a dn  ’i‘  toned es nirtni s ci  laye A.r  egral   
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esrever  saib  si  eilppa d ac ssor  edoid  . eht  ehcnalava  lpitlum i oitac n srucco  ni   eht  

niht  ”p“  ger i no  hw i hc  is osla  c ella d eht  ih gh f dlei  noiger  or nalava che noiger .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ehT  eloh s tareneg ed du gnir  eht  a hcnalav e orp c sse  ird ft ht r guo h eht  ni t cisnir  region  

elihw  vom i gn  wot a sdr  +p  atnoc ct. T eh  oiger n wteb e ne  +n  p itcnuj on a dn  eht  i-p+  

noitcnuj  is onk wn sa  spa ec  egrahc  er g oi n.  

Wh ne  siht  edoid  si  r ve esre  ib a des  dna  alp ced edisni  na  tcudni i ev  im c evawor  ca iv ty  

im c evawor  icso l noital s a er  decudorp  eud  ot  eht  re tnanos  noitca  of ht e viticapac e  

ecnadepmi  of eht  doid e dna  c iva ty cudni t ecna . ehT  cd  bias po rew  si  c vno e detr  int  o  

im cr evawo  rewop  by t tah  daer  id o ed  licso l ta or.  
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vA a ehcnal  lpitlum i tac i no  co c sru  nehw  the ap deilp  rever se saib  lov t ega  si  aerg t  re  

neht  eht  dkaerb o nw  v gatlo e os  taht  eht  ps a ec  ahc r eg  noiger  txe e dn s f mor  +n p  

noitcnuj  th hguor  the p dna  I re oig n ,s  ot  the i to +p  nuj cti no .  
 
 

TTAPMI  OID DE:  

ttapml  doid es era  am nuf derutca  gnivah  id ff tnere  f smro  su hc  sa  n+ ,+pip  nin+p +,  

+nn+p  rba u tp  uj n oitc n dna  +p  i n+ d edoi  c no f ugi r .noita  hT e am ter lai  esu d f  ro  

ma un fa erutc  of eseht  mo sed  era  ei reht  eG rma in u ,m  S ,nocili  G la lium nesrA ide  

)sAaG(  ro  I idn um ohP s edihp  nI(  P).  

tuO  of eseht  slairetam , tsehgih  fe f neici c ,y  hi rehg  po e gnitar  f euqer cn y dna  wol er  

esion  si  deniatbo  iw th .sAaG  tuB  eht  egatnavdasid  htiw  aG As si  lpmoc ex  

f ba r noitaci  ssecorp  na d neh ce ih g reh  c tso . ehT  f erugi  woleb  sho sw  a  esrever  

desaib  +n  ip  +p  edoid  htiw  cirtcele  f dlei  ,noitairav  gnipod  cnoc ent noitar  ev r us s  

ecnatsid  lp o ,t  ht e rcim ow eva  atlov ge niws g and eht  nerruc t va itair on  .  
 
 

CINIRP P EL  FO  EPO RA IT :NO  

Wh ne  a ever r es  saib  v egatlo  eecxe d gni  eht  b er a nwodk  v egatlo  si  a ,deilpp  a hi  hg  

e cirtcel  f dlei  sraeppa  ssorca  eht  +n  p tcnuj i .no  sihT  ih gh f dlei  isnetni ty i apm rts  

fus f tneici  rene gy ot  the ecnelav  ortcele ns ot  esiar  ht e esm l sev  otni  the udnoc c it o  n  

nab d. sihT  luser ts va a hcnal e pitlum l noitaci  of eloh - nortcele  iap rs. htiW  us i  elbat  

gnipod  prof eli  ,ngised  it si  sop s elbi  to ma ek  el cirtce  fie dl  ot  have a v re y prahs  aep k  

ni  eht  esolc  iniciv ty of eht  noitcnuj  re us l gnit  in tcapmi"  nalava che itacilpitlum o "n .  

hT si  si  a umuc l evita  ssecorp  itluser ng ni  dipar  esaercni  of rac r rei  isned t .y   

tneverp  eht  d edoi  from ,gninrub  a c tnatsno  ib as cruos e si  u des  ot  ma niatni  areva ge  

tnerruc  ta  as fe li tim  ,01  ehT  id ode rruc ne t si  irtnoc b detu  by the udnoc c it o  n  

snortcele  ihw ch m vo e ot  eht  +n  noiger  na d eht  detaicossa  oh les hcihw  ird f  t  

hguorht   

eht  aets dy f ei ld a dn  .c.a  f .dlei · ehT  doid e gniw~ s tni o na d uo t of lava a  ehcn  

noitidnoc s dnu er ht e inf ecneul  of taht  ever rse saib  aets dy f lei d na d eht  a.c. f lei d.  

oT   
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uD e ot  eht  ird ft emit  fo  seloh  'gnieb  s ,llam  ac r eir rs ird ft ot  ht e dne  atnoc c st  eb f ero   

eht  .c.a  tlov a eg  iws ngs eht  edoid  tuo  of ht e ehcnalava  D eu  ot  b gnidliu  pu   fo  

oitallicso n ,s  eht  a c. . f dlei  sekat  rene gy from t eh  ilppa ed saib  dil  the oitallicso ns  ta  

im c vawor e f eicneuqer s era  sus t denia  ac ssor  t eh  edoid . euD  ot  ht is .c.a  f ,dlei   eht  

eloh  tnerruc  sworg  exp laitneno ly to a am ix mum a dn  iaga n ced a sy  ex laitnenop ly ot   

eZ or .  

gniruD  ht is eloh  drif gnit  pr ,sseco  a tsnoc ant nortcele  rruc e tn  si  in decud  ni  ht e  

e tx e lanr  riC cu ti  ihw ch strats  f gniwol  ehw n eloh  tnerruc  aer c eh s sti  kaep  na d  

eunitnoc s f ro  lah f c cy le oC r er s nidnop g to n evitage  s niw g of eht  a .c.  atlov ge as  

nwohs  ni  f erugi  suhT  a 081  seerged  hP a es  s ih ft neewteb  eht  xe ret n la  tnerruc   dna  

a c. . worcim a ev  tlov age sedivorp  a vitagen e Re cnatsis e f ro  iatsus n de  o snoitallics .  
 
 

ehT  rotanoser  si  u us ally tu den  ot  siht  f er q neu cy os  taht  eht  IM AP TI edoid s  

edivorp  a H hgi  po rew  c suounitno  evaw  (C )W  a dn  deslup  cim row eva  slangis .  

 
 
 
 
 
 
 
 
 
 
 

tacilppA i sno  fo  PMI A TT  doiD es  

)i(  esU d ni  t eh  f lani  op w re  gats e of los id etats  worcim a ev  tr na s rettim s f  ro  

co cinumm a noit  up r op se.  

)ii(  desU  in eht  art sn rettim  o  f VT  s tsy em.  

)iii(  desU  ni  DF M T/ DM s tsy e sm .  

)vi(  desU  as a rcim owa ev  ecruos  in al arob tory f ro  rusaem e tnem  up rpo ses .  
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APART TT ID OD :E   

nociliS  is usu ally u es d f ro  eht  ma un f rutca e of TAPART T doid es dna  have  a  

noc f noitarugi  of p+ n n+ sa  ohs wn ehT.  p-N j nu c noit  is r esreve  aib sed be noy d ht  e  

nwodkaerb  er g ,noi  os  t tah  ht e tnerruc  ned sity si  regral . sihT  rced e sa es ht e ele c cirt   

f dlei  ni  eht  ecaps  egrahc  noiger  a dn  saercni es eht  reirrac  tisnart  ti .em  uD e ot  siht ,  

eht  f neuqer cy of repo a noit  steg  derewol  to ssel  naht  01  GH .z  tuB  the fe f neici c  y  

steg  rcni e sa ed eud  to low rewop  di itapiss on.  

edisnI  a oc -ax lai  oser n ,rota  eht  TR PA A TT  di edo  si  on r lam ly mo nu t de  ta  a niop t  

erehw  xam imum RF egatlov  sw gni  si  iatbo n .de  hW en eht  nibmoc ed cd  saib   dna  

FR  tlov a eg  cxe ee sd  br nwodkae  egatlov , ava l ehcna  cco u sr  na d a plas am  of loh se   

a dn  snortcele  are neg e detar  hcihw  g ste  part pe .d  nehW  eht  e nretx al tiucric  ruc r ne t  

f ,swol  eht  atlov ge sir es dna  ht e ppart ed alp sma steg  r desaele  orp d gnicu  ruc rent  

eslup  orca ss eht  d ir ft .ecaps  ehT  t lato  art n tis  emit  si  the sum of eht  ird ft emit  and  

eht  led ay rtni o decud  by t eh  esaeler  of eht  deppart  alp s .am  euD  to siht  gnol er  

tisnart  ti ,em  ht e repo a nit g f neuqer cy is lim ti de  ot  10 zHG . aceB use ht e uc rr  tne  

eslup  si  detaicossa  wi ht  wol  ,egatlov  eht  rewop  itapissid on si  wol  gnitluser  in  

rehgih  e ff neici cy.  

ehT  navdasid t sega  of APART TT era  hgih  n esio  f erugi  dna  reneg a noit  of  gnorts  

ah r scinom  eud  ot  s troh  noitarud  of eht  rruc e tn  eslup .  

APART TT edoid  f sdni  a noitacilpp  ni  S- ab nd deslup  nart s srettim  f ro  deslup  rra a  y  

radar  s tsy e sm .  
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ehT  cirtcele  f dlei  si  exp desser  sa   

 
 
 
 
 

TIRAB T OID DE ( Barr rei  itcejni on art ns tim  ti em  ved i sec  :)   

TTIRAB  secived  era  an i vorpm ed srev i no  of TTAPMI  cived es. MI P TTA  cived se   

lpme oy i capm t inoi z ta i no  hcet n euqi s cihw h is oot  on isy. cneH e ni  o dr re  ot  eveihca   

wol  esion  f ,serugi  imp tca  zinoi a noit  si  a dediov  ni  B IRRA TT .secived  hT e  

mi iron ty i noitcejn  is dedivorp  by cnup h- hguorht  of eht  etni rme etaid  ger i  no  

oitelped( n oiger n). T eh  secorp s is lacisab ly of ewol r sion e aht n i pm a tc  azinoi t oi n  

lbisnopser e f ro  c rru e tn  itcejni on in na  I PM TTA . ehT  n itage ve r natsise ce is  

deniatbo  on nuocca t of eht  ird ft of eht  tcejni ed seloh  ot  ht  e lloc e tc or e dn  of eht   

p- airetam l.  
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ehT  rtsnoc u noitc  of a B TTIRA  ed v ci e noc s tsi i gn  of time t ,re  ab ,es   

etni r etaidem  ro  ird ft or detelped  ger i no  dna  oc rotcell . nA  e laitness  er riuq e tnem  f ro   

eht  AB R TTI  d ecive  is ht e er f ero  aht t eht  i etn r taidem e ird ft regi no  be e eritn l  y  

detelped  ot  esuac  p nu hc  ht r hguo  ot  eht  e ttim er- esab  cnuj t noi  iw t tuoh  nisuac g  

hcnalava e bre wodka n of eht  esab - rotcelloc  jun noitc .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ehT  ap r citisa  s dluoh  be tpek  sa  wol  sa  p bisso le. ehT  laviuqe e tn  cric u ti  sdneped  o  n  

eht  type of noitaluspacne  dna  mo gnitnu  am ek . roF  am ny ap oitacilp n ,s  eht re luohs d  

eb  a egral  cnaticapac e ,noitairav  sma ll  va ul e of nim imum pac ac ti a ecn  dna  eires s  

ecnatsiser  Rs' tarepO oi n si  on r lam ly li tim ed ot  f 0l/  [ 52  zHG  f ro  iS  dna  09  GHz f ro   

sAaG ]. qerF u ne cy of noitarepo  beyo dn  (f )01/  sdael  ot  esaercni  ni  ,R  esaerced  in  

fe f neici cy and aercni es  ni  esion .  
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ARAP ME CIRT  AMP EIFIL R :S   
 
 

ehT  rap a cirtem  a ilpm fier si  na  ilpma f rei  isu ng a ecived  esohw  caer t ecna  si  va eir d  

ot  ecudorp  a ilpm f itaci on. rotcaraV  di edo  si  t eh  mo ts  ediw ly desu  ca it ev  le e tnem  ni   

a rap a cirtem  a ilpm f rei . tI  si  a wol  esion  a ilpm f ei r esuaceb  on  tsiser na ec  si  devlovni   

ni  eht  ilpma f gniy  orp c .sse  erehT  lliw  eb  on  eht r lam  ,esion  sa  eht  evitca  le e nem t  

desu  devlovni  si  er a tc i ev  c( a )eviticap . Amplif noitaci  si  niatbo ed if eht  aer c ecnat  si   

deirav  rtcele o lacin ly ni  so em  derp e et r nim ed f noihsa .  

euD  ot  eht  ad atnav ge of wol  ion se a pm lif ci a ,noit  rap a rtem ic ilpma f srei  ra e  

evisnetxe ly esu d ni  s tsy e sm  us ch sa  gnol  ra gn e sradar , lletas ite gr dnuo  ats t snoi ,  

oidar  ,sepocselet  itra if laic  ,setilletas  im cr wo eva  dnuorg  co mm u in c noita   ,snoitats  

oidar  ortsa mon y etc.  
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isaB c raP a cirtem  mA reifilp   

A tnevnoc i lano  a ilpm f rei  sesu  a av ria elb  ser ist ecna  dna  a d.c. ewop r s ppu ly. oF  r  a  

rap a cirtem  a ilpm f ,rei  a elbairav  tcaer a ecn  dna  na  ca  rewop  ppus ly ra e dedeen .  

Pu gnipm  langis  at f neuqer cy fp dna  a sma ll  edutilpma  langis  at f neuqer cy fs  era  

deilppa  is atlum n suoe ly ot  ht e ived ce (vara otc r). ehT  pump cruos e su ilpp se  en re gy  

ot  ht e angis l a( t eht  is g lan  f neuqer c )y  itluser ng ni  a ilpm f noitaci . hT is rucco s at ht  e  

evitca  cived e erehw  the c eviticapa  re natca ce v seira  ta  eht  up pm  fr qe u ne cy.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ehT  egatlov  ca r sso  ht e rotcarav  si  ercni a des  by t eh  pu pm i gn  angis l ta  ea hc  angis l  

egatlov  pe ka  as wohs n evoba  .e.i , rene gy si  at nek  f mor  eht  up pm  os u ecr  dna  a dedd   

ot  eht  langis  ta  eht  si lang  f uqer enc .y  Wi ht  na  tupni  tiucric  dna  lo da  detcennoc ,  

ilpma f noitaci  luser ts.  

enO  trop  n no - ged ene etar  a ilpm f rei  si  ht e m tso  co nomm ly us de  para rtem i  c  

a ilpm f ei r. nO ly ht r ee  seicneuqerf  era  ovni lved - eht  ,pmup  eht  si ng al dna  eht  reldi   

www.getmyuni.com



sevaworciM  & radaR   45CE01  
 
f eicneuqer s. If pump f neuqer cy si  f 'p  ht e angis l f neuqer cy is f 's  ht en ldi er  

f neuqer cy is fj = fp - f 's   

If fi = f 's  neht  ti  si  llac ed tarenegeD e a ilpm f ei r dna   

if fi si  ton  lauqe  ot  f 's  neht  ti  si  non-degen re ate a ilpm f rei .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sL  sC  ~ denut  tiucric  at ngis al f uqer ency fs  

jL  jC  ~ ut n de  cric u ti  ta  reldi  f neuqer cy fj (pu pm  f neuqer cy t enu d tiucric  is on t  

,)nwohs   

ehT  uo t tup  can be at k ne  ta  i reld  f neuqer cy fr iaG n si  p lbisso e iw th iht s t py e of  

a ilpm f ei r. esuaceB  t eh  pu pm  uos r ec  sevig  om re rene gy  
 
 
 
 
 
nI  non - eneged r eta  t py e, lausu ly fj > fs gnitluser  ni  .niag  ehT  ldi re  cir tiuc  ep r tim s  

rene gy ot  eb  kat en f mor  the pu pm  so .ecru  T sih  rene gy si  co trevn ed otni  angis l  

f neuqer cy dna  i reld  f neuqer cy e ren gy dna  amp il f dei  uptuo t nac  be niatbo ed at  

rehtie  f neuqer cy.  
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LNAM EY – RO EW  R TALE I :SNO   
 
 

roF  eht  ted er tanim i no  fo  xam imum ga ni  of eht  para cirtem  a ilpm f ,rei  a tes  of rewop   

itavresnoc on italer o sn  nwonk  sa  lnaM" ey-Ro "ew  italer o sn  era  qu eti  esu f lu .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

owt  nis u ladios  langis s fp dna  fs a deilpp  a orc ss a ssol l sse  ti em  av ryi gn  non -li  raen  

c ecnaticapa  jC  )t( . tA  t eh  tuptuo  of siht  av ryi gn  apac c ,ecnati  ah rmo scin  of eht  owt   

f seicneuqer  fp dna  fs ra e detareneg .  

esehT  ah r cinom s are etarapes d su i gn  band-pa ss  f tli e sr  nivah g ev ry an r or w  

tdiwdnab h.  

ehT  rewop  at ht e es  ha cinomr  fre seicneuq  is detapissid  in eht  er spe evitc  tsiser i  ev  

daol s.  
 
 

rF om eht  law of snoc er noitav  of ene rg ,y  we ha ev   
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ehT  voba e italer o sn  are dellac  lnaM" ey-Ro "ew  pow re  noc s tavre i no  tauqe i sno  .  

Wh ne  hT e ewop r si  su deilpp  by eht  t ow  neg e ,srotar  ht en Pmn si  po .evitis  nI  ht si   

c ,esa  rewop  wi ll  f wol  otni  eht  non -l aeni r ac p .ecnatica  If ti  si  eht  ot reh  wa ,y  eht n  

P nm  si  nega vit e.  
 
 
 
 
 
 
 
 
 
 
 
 
 

sA  an xe a pm l ,e  let su  disnoc re  eht  ca es  w eh n eht  p rewo  uptuo t f wol  si  la l ewo d at  

eht  sum f neuqer cy fp + fs no l ,y  w hti  lla  t eh  re am i gnin  ah r cinom s eb i gn  nepo   

c etiucri d. htiW  eht  ab evo  ser t itcur o ,sn  the eititnauq s ‘ 'm  na d ‘n' nac  at ke  no  

seulav  - 0,1  dna  ser p tce ively.  

 
 
 
 
 
 

ehT  op srew  P0 dna1  01P  era  c isno der de  p ,evitiso  rehw e sa  11P  si  disnoc e er d  

vitagen e. :. hT e wop re  niag  def deni  sa  ht e rewop  uptuo t f mor  t eh  non -li en ra   

roticapac  ed l derevi  to eht  daol  ta  sum fre euq cn y to taht  p rewo  er cei dev  by ti  ta   a  

f neuqer cy fs si  vig en by  
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suhT  eht  rewop  iag n si  eht  ra oit  of ptuo ut ot  pni ut f neuqer c .y  sihT  t py e of  

rap a cirtem  ecived  is dellac  S" um-f neuqer cy rap a cirtem  a lpm if "rei  ro  pu" - 

c trevno er".  

nO  ht e ehto r dnah , if ht e angis l f neuqer cy si  fp + fs dna  uo t tup  f neuqer cy is fs'  

neht   
 
 
 
 
 
 
 

sihT  t epy  of rap a rtem ic ecived  wi ll  on w eb  llac ed ap" ra cirtem  down- evnoc rte  "r  

a dn  eht  pow re  niag  eb c semo  wop er a unett a it on.  
 
 

NIP  ID O ED  AND ITS LPPA I TAC I :NO   
 
 

ehT  IP N oid de is a p-t ,epy  irtni n ,cis  n-t py e id o ed  c sno i gnits  of a rran ow la ey r of p- 

type se im c tcudno or and a orran w la rey  of n-type se im c tcudno o ,r  w hti  a iht cke  r  

noiger  of irtni n cis  or ev ry gil htly n- epod d se udnocim c rot  iretam al iwdnas c  deh  

neewteb  ht em.  
 
 

nociliS  si  t eh  se cim o rotcudn  on r am lly used esuaceb  of sti  wop er nildnah g  

ilibapac ty dna  ti  off sre  hgih  evitsiser ly f ro  the cisnirtni  oiger n. ,tuB  won -a-da sy   

illaG um nesrA i ed  G( a )sA  si  a osl  gnieb  desu . lateM  la srey  era  atta c deh  f ro  tcatnoc   

soprup es. I st  niam  acilppa snoit  era  ni  rcim owa ev  ihctiws ng dna  dom u noital .  
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NIP  id o ed  ca ts as a mo er  or sel s nidro ary edoid  at f seicneuqer  u otp  oba ut 01 0  

HM z. tA  h hgi  f neuqer c ,sei  ti  saec es ot  re itc fy dna  neht  ca ts sa  a v ira a elb  atsiser n ec   

htiw  na  uqe i tnelav  tiucric  dna  a re tsis a ecn - tlov a eg  c tcarah eri scits  nI.  ' ht e  

e tnelaviuq  c ,tiucri  Land C re serp e tn  eht  pa kc a eg  udni c nat ce dna  capa ecnatic  p p  

levitcepser y. R is ht e klub  se im c cudno t ro  lay re  dna  c tcatno  re tsis a .ecn  R. a dn  C  .  

tneserper  eht  cepser tive noitcnuj  atsiser n ec  dna  ticapac a ecn  of eht  cisnirtni  la rey  .  

Wh ne  ht e saib  si  va ir ed no  ht e IP N edoid , its cim r wo a ev  resi nats ce .R  hc a egn s  

f mor  a t ipy c la  eulav  of 6 K rednu  J  

evitagen  saib  to hrep a sp  5 Q ehw n eht  ib as si  evitisop  T. h ,su  if eht  edoid   si  

mo detnu  a ssorc  a 05  Q oc - laixa  l ,eni  ti  lliw  n to  ingis f tnaci ly l dao  ht is enil  wh ne  ti   

si  kcab - ib a ,des  so taht  eht  rewop  f wol  w lli  not eb  tni erfer de  iw t .h  H ,revewo  if ht e  

edoid  si  now f drawro  ,desaib  sti  re is ecnats  rd spo  ingis f tnaci ly ot  5Q, os  taht  om s  t  

of eht  rewop  si  er f detcel  dna  drah ly any is t nar s ;dettim  t eh  edoid  is gnitca  sa   a  

ctiws h.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ILPPA C OITA N FO  NIP  ID ODE AS IS N ELG  PO EL  S CTIW H:  
 
 
A NIP  edoid  can be desu  ni  rehtie  a eires s ro  a s tnuh  noc f noitarugi  ot  f mro   a  

elgnis - elop , is n elg - rht ow RF tiws ch. Th ese  ci stiucr  are hs o nw  htiw  saib  en t row ks  

oleb w.  
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nI  eht  seires  noc f noitarugi  eht  hctiws  si  NO  nehw  leht  edoid  si  f drawro  desaiB  dna   

FFO  nehw  ti  si  re srev e .desaib  ,tuB  ni  sh tnu  noc f noitarugi  of for draw  gnisaib  ht e  

doid e stuc" - ffo ' ht e oissimsnart n na d r sreve e nisaib g ht e doid e serusne   

nart s ssim i no  f mor  ni p tu  ot  ptuo u .t  ehT  DC skcolb  s dluoh  h va e a ev ry ol w  

ecnadepmi  at RF o ep r gnita  f neuqer cy na d RF ekohc  in rotcud s hs o dlu  evah  ver  y  

hgih  FR  i nadepm ce.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

laedI l ,y  a hctiws  shou dl  ha ev  z ore  sni e itr on ssol  ni  eht  NO  tats e dna  ni f  etini  

a noitaunett  ni  eht  OFF .etats  Re citsila  s iw tc gnih  eleme ,stn  of co ,esru  luser t  ni  

so em  sni e itr on ssol  f ro  eht  ON etats  a dn  f etini  noitaunetta  f ro  eht  OFF tats e eud  t  o  

non - orez  f drawro  ib as r ecnatsise .  

Si ralim l ,y  f ro  esrever  b sai  tnuhs  ac p rotica  si  n to  ni f etini  & non - orez  noitresni  lo ss   

tluser s. aceB u es  of eht  gral e br odkae wn vo egatl  ( 005=  lov t )s  comp dera  ot   na  

anidro ry ,edoid  NIP  di edo  nac  be ib a des  at hi hg  tagen ive ger i no  so t tah  gral e .a c.  

,langis  us p re i pm o des  on c.d . nnac ot ekam  the ived ce f drawro  saib e .d  
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roF w dra  :saiB  hW en eht  NIP  oid de si  f drawro  ib a ,des  eht  icapac t sro  C dna  C  .  

tsomla  evaheb  sa  o nep  stiucric  os  taht  eht  equi lav e tn  c tiucri  can now be si ilpm f dei   

erehw  Rf si  eht  tot al f drawro  siser t ecna  of eht  NIP  edoid  nevig  by  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
..  ehT  doid e i depm a cn e dZ  of eht  NIP  id o ed  si  nevig  by  

 
 
 
 
 
 

esreveR  :saib  nehW  eht  NIP  edoid  si  ver e esr  ,desaib  eht  capac itance of  eht  

cisnirtni  layer .C  bec semo  ingis f tnaci  and rR  lliw  eb  eht  uqe iv tnela   esrever  

ecnatsiser  dna  eht  is mp il f dei  tnelaviuqe  c cri iu t for esrever  desaib  IP N edoid  can eb   

c detcurtsno  as hs o nw .  

ehT  edoid  i nadepm ce dZ  of eht  NIP  oid de un red  ever r es  b ,sai  si  t eh n nevig  by  
 
 

esreveR  :saib  nehW  eht  NIP  edoid  si  ver e esr  ,desaib  eht  capac itance of  eht  

cisnirtni  layer .C  bec semo  ingis f aci tn  and rR  lliw  eb  eht  uqe iv tnela   esrever  

ecnatsiser  dna  eht  is mp il f dei  tnelaviuqe  c iucri t for esrever  desaib  IP N edoid  can eb   

c detcurtsno  ;  

ehT  edoid  i nadepm ce dZ  of eht  NIP  oid de un red  ever r es  b ,sai  si  t eh n nevig  by  
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NIP  OID DE SA  TDPS  S :HCTIW   
 
 

elgniS - elop  do elbu  ht r wo  )TDPS(  noitca  ac n eb  deniatbo  by isu ng a riap  fo   NIP  

sedoid  htie er ni  ires es noc f noitarugi  ro  ni  s tnuh  noc f noitarugi  as nwohs  nI.  t  eh  

seires  noc f rugi oita n of f erugi  ,)a(92.3  ehw n DI si  f ro w dra  desaib  a dn   zD srever e  

,desaib  c tcenno i no  si  dehsilbatse  teb w nee  RF tupni  dna  tuptuo  I dna  on  tuptuo   ta  

TUPTUO  II .  
 
 
Wh ne  eht  ib a gnis  cond noiti  si  re ev r des  (D(  re esrev  ib a des  a dn  zD  of drawr  esaib d),  

c noitcenno  si  batse l si h de  neewteb  FR  ni p tu  a dn  tuptuo  II.  
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nI  eht  tnuhs  noc f noitarugi  nehw  3D  si  f drawro  ,desaib  ti  eb co sem  s troh   detiucric  

gniworht  an nepo  circ tiu  ta  FR  in tup  enil  ju noitcn  eud  to IA(  )4  sec .noit  4D  i  s  

esrever  desaib  os  ht at ti  ceb o sem  o nep  c tiucri  hgih(  i nadepm ce )etats  na d  

c noitcenno  si  lbatse ish de  wteb e ne  FR  tupni  dna  tuptuo  .II  nehW  3D  si   esrever  

desaib  na d 4D  f awro rd saib e ,d  nnoc e tc i no  is ilbatse shed eb t neew  RF upni t na d  

tuptuo  I.  
 
 

OHCS T YKT  B RRA I RE  ID O :ED  
 
 

ttohcS ky b reirra  di edo  si  a ihpos s detacit  v sre i no  of eht  tniop - noc t tca  nocilis  crys lat   

,edoid  wh niere  t eh  em t la -se nocim d rotcu  j cnu t noi  os  formed si  a us rf eca  rehtar  t ah n  

a tniop  conta tc .  

ehT  navda t ega  of ohcs ttky doid e revo  tniop  oc tcatn  cr tsy al oid de si  ht e le i nim ati no   

of ironim ty ac r reir  f wol  ni  eht  r esreve - saib ed noitidnoc  of eht  id o .ed  euD  ot  iht s  

le i oitanim n of seloh , t ereh  is on  led ay eud  to loh e- le ec nort  cer o bm i noitan  ( cihw h  

si  tneserp  ni  cnuj noit  d )sedoi  dna  ecneh  eht  o ep r noita  si  f .retsa  esuaceB  of  regral  

tcatnoc  ra ea of itcer fyi gn  atnoc ct co apm red to cr atsy l edoid , ht e f drawro  siser t cna e  

si  ewol r sa  a osl  esion . N esio  f serugi  sa  low as d3 B vah e neeb  atbo i den  tiw h seht e  

doid es. tsuJ  ekil  cr tsy al edoid s, ht e ohcs ttky sedoid  are la so su ed in itceted on na d  

nixim g.  
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ehT  curtsnoc t noi  of ttohcs ky oid de si  sulli t tar ed ni  f erugi  (03.3 a .)  hT e doid e  

snoc stsi  of +n  nocilis  s rtsbu a et  pu on hcihw  a niht  la rey  of nocilis  of 2 ot  3 orcim  n  

ssenkciht  is ixatipe ally .nworg  hT en a niht  i gnitalusn  layer of ilis c no  edixoid  i  s  

nworg  lamreht l .y  After gninepo  a wodniw  t hguorh  ma iks ng corp e ,ss  a me lat - 

se udnocim c rot  uj itcn on si  f demro  by oped si gnit  me lat  revo  iS O2. ttohcs ky  edoid  

hcihw  si  tsomla  id itne cal htiw  aht t of cr sy t la  d edoi .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.getmyuni.com



sevaworciM  & radaR   45CE01  

 
 

DEDNEMMOCER  QU TSE OI NS NO  TINU - 3  

 
1. tahW  si  “ nnuG  ceffE t ?”  htiw  a taen  margaid  ex nialp  eht  curtsnoc it ano l de sliat   

d NNUG fo i edo .  
2. Ex nialp  eht  tnereffid  sedom  fo  noitarepo  fo  nuG n edoid  cso li al t ro .  
3. Ex nialp  RWH yroeht  rof  refsnarT  nortcele  ived ec s.  
4. nialpxE  eht  owt  yellav  oeht ry ledom .  
5. tahW  era  sedom  fo  noitarepo  fo  nnuG  ,edoid  ex nialp .  
6. htiW  taen  margaid  ex nialp  eht  noitcurtsnoc  dna  op noitare  fo  DAER  di edo .  
7. htiW  taen  margaid  ex nialp  eht  noitcurtsnoc  dna  op noitare  fo  TTAPMI  oid de.  
8. htiW  taen  margaid  ex nialp  eht  noitcurtsnoc  dna  op re noita  fo  TTAPART  di edo .  
9. htiW  taen  margaid  nialpxe  eht  noitcurtsnoc  dna  noitarepo  fo  AB R TTI  oid de.  
10. htiW  taen  margaid  ex nialp  eht  noitcurtsnoc  dna  op noitare  fo  YKTTOHCS   

reirrab  edoid .  
11. nialpxE  eht  noitarepo  fo  a cisab  cirtemarap  reifilpma  htiw  erauqs  evaw   

gnipmup .  
12. tahW  era  YELNAM  –R EWO  snoitaler ? woH  era  yeht  lufesu  ni  srednu tandi gn   

rtemarap ic sreifilpma .  
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