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TINU  – 1  
NOC T US LOR R EV Y GNI  

gnikroW  morf  w eloh  ot  trap  - latnoziroH  dna  ve lacitr  c lortno  me sdoht  -  
noitalugnairT  - slangiS  - esaB  enil  - stnemurtsnI  dna  serossecca  - erroC c snoit  -  

etilletaS  noitats  - noitcudeR  ot  ertnec  - mongirT e irt c levell gni  - S lgni e a  dn  
snoitavresbo lacorpicer  - sdnert nredoM  – ram hcneB k gni  

 
 
 
 

 & lortnoc latnoziroH i :sdohtem st  
ehT  latnoziroh  lortnoc  stsisnoc  of ecnerefer  m skra  of nwonk  nalp  ,noitisop  

morf  hcihw  tneilas  stniop  of dengised  serutcurts  yam  eb  tes  o tu . roF  egral  tcurts  seru  

yramirp  dna  yradnoces  lortnoc  stniop  era  .desu  ehT  yramirp  lortnoc  stniop   era  

noitalugnairt  .snoitats  ehT  yradnoces  lortnoc  stniop  era  ecnerefer  ot  eht  rp ima  yr  

s lortnoc t noita s.  

nerefeR c rG e i  d  

ecnerefeR  sdirg  era  desu  f ro  etarucca  gnittes  tuo  of skrow  of gral e m ga n uti de  .  

 :desu era sdirg ecnerefer fo sepyt gniwollof ehT  

 .1 ruS vey  dirG  

 .2 tiS e rG i  d  

 .3 urtS c rG larut i  d  

 .4 eS c radno y  dirG  
 
 

yevruS  dirg  is eno  hcihw  si  nward  no  a s vru ey alp n, f or m the o nigir al rt ave esr  .  

lanigirO  esrevart  snoitats  mrof  eht  lortnoc  stniop  of t eh  irg d. ehT  etis  dirg  desu  yb   eht  

rengised  si  eht  eno  htiw  eht  pleh  fo  hcihw  lautca  gnittes  tuo  si  .enod  sA  f ra   sa  

elbissop  eht  etis  dirg  dluohs  eb  tca u ylla  the su vr ey gr .di  llA  eht  ngised  po ni ts a  er  

detaler  ni  smret  of etis  dirg  nidrooc a .set  ehT  larutcurts  dirg  si  desu  nehw   eht  

larutcurts  fo stnenopmoc  eht  gnidliub  era  egral  ni  mun be sr  and a er  so op noitis ed th  ta  

eseht  stnenopmoc  tonnac  eb  tes  tuo  f mor  eht  etis  dirg  htiw  fus f tneici  a cc u .ycar  T eh   

larutcurts  dirg  si  tes  o tu  f mor  ht e tis e dirg  p .stnio  ehT  yradnoces  dirg  is  dehsilbatse  
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edisni  eht  ,erutcurts  ot  hsilbatse  lanretni  sliated  of eht  ,gnidliub  wh hci  a er  o  esiwreht  

ltcerid elbisiv ton y dirg larutcurts eht morf  .  
 
 

teM sti & lortnoC lacitreV h :sdo  
ehT  lacitrev  oc lortn  stsisnoc  fo  tnemhsilbatse  fo  ecnerefer  skram  of  nwonk  

thgieh  evitaler  ot  emos  laiceps  utad m. llA  slevel  ta  eht  etis  era  yllamron  decuder   ot  

onk yllausu ,kram hcneb yb raen eht w cneb retsam sa n h kram  .  

ehT  gnittes  fo  stniop  ni  eht  lacitrev  noitcerid  si  yllausu  enod  htiw  eht  pleh   fo  

lof low ni g :sdor  

1  . sdor gninoB  rt dna va  srele  

2  . iS g liaR th s  

3  . ro sliar epolS  ab t ret   sdraob  

4  . rP o if el  bo  sdra  

oB n  :sdor gni  
A gninob  dor  tsisnoc  fo  na  thgirpu  elop  gnivah  a latnoziroh  draob  ta  sti  ,pot  f gnimro   a  

T‘  ‘ epahs d or d. gninoB  sdor  era  edam  ni  tes  of ,eerht  dna  ynam  con tsis  of th er e ‘T  ’  

depahs  ,sdor  hcae  fo  lauqe  ezis  dna  ,epahs  ro  owt  sdor  di ne cit al ot  ae ch ot eh r dna   a  

driht  one gnitsisnoc  fo  regnol  dor  htiw  a elbahcated  ro  elbavom  ’T‘  .eceip  Th  e  

c si eno t della rav t ro dor gnile rav .rele  

liaR thgiS s: 
A thgis  liar  tsisnoc  of latnoziroh  ssorc  eceip  delian  ot  a elgnis  pu gir ht or p ria   fo  

sthgirpu  nevird  otni  t eh  org nu .d  ehT  pu p re  egde  of the ssorc  p cei e si  set to  a  

thgieh tneinevnoc  evoba  eht  deriuqer  o enalp f eht  ,erutcurts  dna  eb dluohs  evoba  th  e  

dnuorg  ot  elbane  a nam  ot  yltneinevnoc  ngila  sih  seye  htiw  eht  u pp re  edge. A  

lhgih ni desu si liar thgis elbuod ro liar thgis deppets y taludnu i  .dnuorg gnillaf ro gn  

o sliar epolS r taB t re  :sdraob  
eseh  era  desu  rof  gnillortnoc  eht  edis  sepols  ni  abme n emk nt and ni  cu .sgnitt  These  

tsisnoc  fo  owt  lacitrev  selop  htiw  a gnipols  draob  delian  raen  rieht  .pot  ehT  epols   sliar  

enifed  a enalp  arap l lel  ot  eht  desoporp  epols  of t eh  e emknabm nt,  

lacitrev  ecnatsid  evoba  .ti  arT srelev  era  desu  ot  lortnoc  the epols  gnirud  f  gnilli  

noitarepo .  
 
 

iht rd  

tub  ta   elbatius  
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raob eliforP d : s  

 
 

esehT  era  ralimis  ot  thgis  ,sliar  tub  era  desu  ot  ed f eni  eht  ,srenroc  ro  sedis  of  a  

iub l nid g. A eliforp  draob  si  detcere  raen  hcae  renroc  .gep  hcaE  tinu  fo  eliforp  ob  dra  

stsisnoc  fo  owt  ,slacitrev  eno  latnoziroh  draob  dna  owt  rc o ss  aob rd .s  sliaN  ro   was  

stuc  era  decalp  ta  eht  pot  fo  eht  orp f eli  sdraob  ot  ed f eni  the htdiw  of fo nu d ita no  an  d  

 eht fo edistuo eht fo enil eht w  lla  
 
 

nA  tnemurtsni  w sa  tes  pu  ta  P dna  eht  na elg  fo  noitavele  ot  a va en  4 m ba o ev  
eht  toof  fo  eht  ffats  dleh  ta   Q was 9  ° 30′. ehT  latnoziroh  ecnatsid  teb w nee  dna P  

Q w sa  nwonk  ot  eb  2 00 0 me ert s. enimreteD  eht  .L.R  fo  eht  ffats  noitats  Q given 
 taht t L.R eh  . i eht fo n xa tnemurts i w s a .0562 s 3 .8  

 
 

:noituloS  
ixa tnemurtsni eht evoba enav fo thgieH s  

= 3 °9 nat 0002 = α nat D 0′  

3 = 86.43   m  

 rof noitcerroC c ru v  noitcarfer dna eruta  

.0 = C 0 76 3  ²D 5 ,m  w  mk ni si D neh  

2.0 = 6  49  ( m 72.0 ≈  + v  )e  

 thgieH o  f v oba ena v murtsni eht e e a tn x  si  

33 = 72.0 + 86.433 = .4  59  

.R L. + 59.433 = enav of  62 5  m 33.5892 = 83.0  

.R L. 33.5892 = Q fo  –  = 4 1892 .  33 m  
 
 

nA  tnemurtsni  w sa  tes  pu  ta  P dna  eht  elgna  fo  noisserped  ot  a va en  2 m 
evoba  eht  toof  fo  eht  ffats  dleh  at Q w sa  5° 36′. ehT  latnoziroh   ecnatsid  

teb w nee  P dna  Q w sa  onk wn ot  eb  03 00  me ert s. enimreteD  eht  .L.R  fo  eht  ffats  
noitats  Q gi nev  taht  s at ff  r ae gnid  no  a .M.B  fo  le e noitav  050.634  w sa  8.2 65 
sertem  .  
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:noituloS  

d ehT i  sixa tnemurtsni eht dna enav eht neewteb noitavele ni ecnereff  

=  α nat D  

63 °5 nat 0003 = 351.492 = ′   

fer dna erutavuc ot eud noitcerroc denibmoC r  noitca  

²D 53760.0 = C  m  , serte w  si D neh i  mk n  

6.0 = 0 m 6  .  

ecniS  eht  devresbo  elgna  si  ,evitagen  the oc m denib  co rr e oitc n ud e  ot  

ruc v itcartbus si noitcarfer dna eruta ve.  

reffiD e  ecn i  neewteb noitavele n t  eh v ni eht dna ena s nemurt t ixa s  

1.492 = 5  3 –  = 606.0 2 .39 5 = 74  h  .  

.R L  . fo  rtsni ume a tn x si  19.834 = 568.2 + 050.634 = 5  

 

�  R.L  . t fo h  e v ena  = L.R  . a tnemurtsni fo ix  s –  h  

834 = .  519 – 5.392 47 541 = . 63 8  

.R L. of Q 3.541 = 68 – 2  

341 = .36 .m 8  
 
 

nI  redro  ot  niatrecsa  eht  noitavele  fo  eht  pot  )Q(  fo  eht  langis  no  a ,llih  
snoitavresbo  w ere  edam  morf  two tnemurtsni  snoitats  P a dn  R at a latnoziroh  

ecnatsid  001  sertem  ,trapa  eht  noitats  P a dn  R gnieb  in ht e enil  w hti  Q. ehT  
selgna  fo  le e noitav  fo  Q ta  P dna  R w ere  82 ° 42′ dna  °81  6′ evitcepser l .y  ehT   

ffats  gnidaer  nopu  eht  hcneb  kram  fo  noitavele  2.782 8 were er s ep c vit ely 2.8 07  
dna  3 057.  w neh  eht  tnemurtsni  w sa  ta  P dna  ta  ,R  eht  let e epocs  eb i gn  

noziroh t la . enimreteD  eht  noitavele  fo  ht e toof  of eht  langis  fi  t eh  eh i thg  of eht  
oba langis v .sertem 3 si esab sti e  

 
 

:noituloS  
rtsni fo noitavelE u nem t ax L.R = P ta si . fo  B.M  .  ffatS + r idae  gn  

782 = . 82  8.2 + 7 2 = 0 9 51.0   m  

rtsni fo noitavelE u nem t ax L.R = R ta si  . o B f .M  . r ffats + e  gnida  
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782 = . 82  7.3 + 5 2 = 0 9 30.1   m  

reffiD e  ecn i el n v t ta sexa tnemurtsni eht fo le h t e w  snoitats o  

S  30.192= – 88.0 = 51.092  m.  

 α --   α dna 24 °82 = ----   °81 = 6′  

α toc s --- 6 °81 toc 88.0 = ′ 2 = .  m 96  
 
 

251 = . m 1  .  

 

�  h --  t D = a α n --  t 1.251 = a 24 °82 n  ′ = 8 .3 2 27  m 

 

�  .R L. is fo toof fo g  lan = L.R  . o tsni f .  + P ta sxia h --  - .th  is fo g an l  

092 = .  + 51 8 .3 2  27 –  = 3 073 . 24 2 m  .  
cehC k : (b + )D   = m 1.251 + 001 = 52 1.2   m  

h --  at )D + b( = n α-- 252 = .  1 x 6 °81 nat ′  

= 8 .2 3 99   m  

.R L  . o is fo toof f g  lan  =  .L.R o tsni f .  + R ta sixa h -- th +  . o is f g  lan  

 993.28 + 30.192 = – 3 m 924.073 =  .  
 
 

s noitalugnairt fo noitacifissalC y :mets  
ehT  sisab  fo  eht  noitacifissalc  of noitalugnairt  f serugi  si  eht  ycarucca   htiw  

hcihw  eht  htgnel  dna  htumiza  of a enil  of eht  noitalugnairt  era  reted m deni  .  

noitalugnairT  smetsys  fo  fid f tnere  seicarucca  dneped  no  eht  tnetxe  dna  eht  pu pr o  es  

rus eht fo vey  . edarg detpecca ehT era noitalugnairt fo s :  
 
 

1. ramirP ro redro tsriF y nairT g italu o  n  

2. radnoceS ro redro dnoceS y rT i italugna o  n  

3. raitreT ro redro drihT y italugnairT o  n  

amirP ro redrO tsriF ry :noitalugnairT  
ehT  f tsri  redro  noitalugnairt  si  fo  eht  tsehgih  redro  dna  si  emp yol de  e ti eh r  ot  

enimreted  eht  s’htrae  erugif  ro  ot  f hsinru  eht  tsom  esicerp  c no lort  op stni  to wh  hci  

yradnoces  noitalugnairt  yam  eb  .detcennoc  ehT  irp m yra  noitalugnairt  tsys e  m  

secarbme  eht  tsav  aera  yllausu(  eht  elohw  fo  eht  .)yrtnuoc  yrevE  noituacerp  si   nekat  
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ni  gnikam  raenil  dna  ralugna  erusaem m stne  dna  ni  gnimrofrep  eht  er d itcu o .sn  ehT   

noitalugnairt yramirp eht fo snoitacificeps lareneg eht era gniwollof :  

 .1 Av lc elgnairt egare o erus  ces 1 naht sseL : o  dn  

 .2 aM x nairt mumi g c el l eruso  t erom toN : ha  sdnoces 3 n  

 .3 L il esab fo htgne ne  sretemolik 51 ot 5 :  

 .4  sedis eht fo htgneL o nairt f g sel  lik 051 ot 03 : o em t  sre  

 .5 cA t rorre lau  esab fo  3 ni 1 : 0 ,0 0  00  

 .6  rorre elbaborP o esab f   1 : i 0,000,1 n 0  0  

 .7 cnapercsiD y t neewteb w  o  

tces a fo serusaem i no   : lik mm 01 o em t  sre  

 .8 ecnatsid detupmoc ro rorre elbaborP  2 ni 1 ot 000,06 ni 1 : 5  000,0  

 .9 nortsa ni rorre elbaborP o a cim z htumi   sdnoces 5.0 :  
 
 

radnoceS y radnoceS ro redrO y  noitalugnairT  
ehT  yradnoces  noitalugnairt  stsisnoc  fo  a rebmun  of stniop  f dexi  iw niht  th  e  

krowemarf  of irp m yra  .noitalugnairt  ehT  snoitats  era  f dexi  ta  esolc  slavretni  os   taht  

eht  sezis  of eht  selgnairt  f demro  era  sm rella  naht  the yramirp  airt ngu al t oi n. ehT   

stnemurtsni  dna  sdohtem  desu  era  ton  fo  eht  emas  tsomtu  er f eni m tne . ehT  eneg  lar  

 :era noitalugnairt yradnoces eht fo snoitacificeps  
 
 

 .1 Av nairt egare g lc el o erus  es 3 : c  

 .2 aM x nairt mumi g c el l eruso  es 8 : c  

3 neL . g  ht o il esab f ne  5 ot 5.1 : k  m  

 .4 nairt fo sedis fo htgneL g sel   8 : t  mk 56 o  

 .5 cA t rorre lau  esab fo  1 ni 1 : 5 ,0 0  00  

 .6 re elbaborP r esab fo ro   1 : i  000,005 n  

 .7 cnapercsiD y t neewteb w  o  

tces a fo serusaem i no  molik mm 02 : te  sre  

 .8 ecnatsid detupmoc ro rorre elbaborP   000,05 ni 1 ot 000,02 ni 1 :  

 .9 nortsa ni rorre elbaborP o a cim z htumi  2 : . es 0 c  
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 ro redrO drihT T raitre y :noitalugnairT  
ehT  driht - redro  oitalugnairt n stsisnoc  fo  a rebmun  of stniop  f dexi  ihtiw n th  e  

krowemarf  fo  yradnoces  ,noitalugnairt  dna  smrof  eht  mi m etaide  lortnoc  for ted a  deli  

gnireenigne  dna  rehto  .syevrus  ehT  sezis  fo  eht  selgnairt  era  llams  na d  tnemurtsni  

w hti  taredom e cerp i nois  am y be us .de  ehT  snoitacificeps  rof  a riht d-  redro  

lof sa era noitalugnairt low  :s  

 .1 Av nairt egare g lc el o erus  es 6 : c  

 .2 aM x nairt mumi g c el l eruso   21 : sec  

 .3 L il esab fo htgne ne  3 ot 5.0 : k  m  

 .4 t fo sedis fo htgneL nair g sel   01 ot 5.1 : k  m  

 .5 cA t rorre lau  esab fo  0 ,57 ni 1 : 0  00  

 .6 re elbaborP r esab fo ro   1 : i  000,052 n  

 .7 cnapercsiD y t neewteb w  o  

aeM s  a fo seru s tce i no  lik mm 52 : o em t  sre  

 .8 detupmoc ro rorre elbaborP  ecnatsid   1 : i 5 n , 02 ni 1 ot 000 ,  000  

 .9 lbaborP htumizA cimonortsa ni rorre e  ces 5 : .  
 
 

deredisnoc eb ot srotcaf eht nialpxE  il esab gnitceles elihw n .e  
ehT  tnemerusaem  fo  esab  enil  smrof  eht  tsom  tnatropmi  trap  of  eht  

noitalugnairt  .snoitarepo  ehT  esab  enil  si  dial  nwod  htiw  aerg t ycarucca   fo  

rusaem tneme  dna  tnemngila  sa  ti  fo smr  eht  sisab  rof  eht  oc mpu itat no s  fo  

noitalugnairt  etsys m. ehT  htgnel  of eht  esab  enil  sdneped  nopu  t eh  arg ed s of th  e  

.noitalugnairt  trapA  morf  niam  esab  ,enil  lareves  rehto  kcehc  sesab  era   osla  

derusaem  ta  emos  elbatius  tni .slavre  nI  ,aidnI  net  sesab  erew  ,desu  ht e el n tg hs  fo  

rav sesab enin eht y selim 7.1 si esab htnet eht fo taht dna selim 8.7 ot 4.6 morf  .  

noitceleS  fo  etiS  rof  esaB  niL e. ecniS  eht  ycarucca  ni  eht  tnemerusaem   fo  

eht  esab  enil  sdneped  nopu  eht  etis  tidnoc ,snoi  eht  gniwollof  stniop  dluohs  be take  n  

tceles elihw noitaredisnoc otni i  :etis eht gn  

1. ehT  etis  dluohs  eb  ylriaf  le .lev  ,fI  ,revewoh  eht  dnuorg  si  ,gnipols  eht   epols  

nu eb dluohs i na mrof d g eltne  . uohs dnuorg gnitaludnU l  ,d if elbissop  a eb v dedio  .  
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2. ehT  etis  dluohs  eb  eerf  f mor  snoitcurtsbo  th tuohguor  eht  elohw  of  eht  

htgnel . c enil ehT l irae gn  ehc eb dluohs a l htob ni p a moc dna ruob p noitasne .  

3.  eb dluohs esab eht fo seitimertxe ehT i etn r  ta elbisiv g el dnuor v .le  

4. ehT  dnuorg  dluohs  eb  banosaer yl  f mri  dna  .htooms  W reta  spag  dluohs   eb  

ef w  ton elbissop fi dna , w  gnol eht fo htgnel eht naht redi w epat ro eri  .  

5. ehT  etis  dluohs  tius  txe e noisn  ot  irp ma yr  airt ngu al t oi n. sihT  si  na  mi op  tnatr  

e ni rorre eht ecnis rotcaf x ht deecxe ot ylekil si noisnet em ni rorre e a tnemerus  .  

rtnuoc nepo dna talf a nI y ohc elpma si ereht , i  dna etis eht fo noitceles eht ni ec  

eht  esab  yam  eb  os  detceles  taht  ti  stius  eht  noitalugnairt  ts a .snoit  nI  hguor   ,yrtnuoc  

,revewoh  eht  eciohc  si  detimil  dna  ti  yam  semitemos  eb  cen yrasse  ot  tceles  emos   fo  

enil esab eht rof elbatius ta taht snoitats noitalugnairt eht  etis .  

sdradnatS  fo  htgneL . ehT  etamitlu  dradnats  ot  hcihw  lla  nredom   lanoitan  

sdradnats  era  derrefer  si  eht  lanoitanretni  m rete  dehsilbatse  yb  eht  uB  uaer  

noitanretnI la  red  sdioP  ta  serusaeM  dna  tpek  ta  eht  noilivaP  ed  ,liueterB  ,serveS   htiw  

seipoc  dettolla  ot  suoirav  lanoitan  .syevrus  ehT  retem  si  dekram  no  th eer  p ital num- 

muidiri  srab  tpek  rednu  ts an ad dr  noc d oiti n .s  enO  taerg  egatnavdasid  of eht   dradnats  

fo  htgnel  taht  era  edam  fo  latem  era  taht  yeht  era  tcejbus  ot  yrev  sm lla  ces u  ral  

egnahc  ni  rieht  dim ne s oi n .s  ,ylgnidroccA  eht  retem  sah  won  eeb n ts a dn a zidr de   ni  

aw fo smret v imdac fo htgnele u il m g th .  
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TINU  – 2 
 

 YEVRUS A STNEMTSUJD   
 

srorrE  - ,secruoS  snoituacerp  dna  snoitcerroc  - noitacifissalC  fo  e rorr s -  eurT  
dna  tsom  elbaborp  seulav  - w dethgie  sbo e vr a snoit  - Me doht  fo  e auq l stfihs  -  

elpicnirP  fo  tsael  serauqs  - lamroN  noitauqe  - setalerroC  - leveL  ten s -  
A oitalugnairt elpmis fo tnemtsujd .skrowten n  

 
rorre fo sepyT s. 

 
srorrE  fo  tnemerusaem  era  fo  eerht  :sdnik  )i(  m ,sekatsi  )ii(  sy citamets  ,srorre  

iii( dna ) latnedicca  .srorre  

)i(  atsiM kes. sekatsiM  era  srorre  taht  ira se f or m ,noitnettani   ,ecneirepxeni  

ssensselerac  dna  roop  tnemgduj  ro  fnoc noisu  ni  eht  dnim  of t eh  bo se vr e .r  If  a  

ekatsim  si  ,detcetednu  ti  secudorp  a suoires  fe f tce  no  eht  f lani  .tluser  ecneH   yreve  

eulav  ot  eb  dedrocer  ni  eht  f dlei  tsum  eb  dekcehc  yb  emos  tnednepedni  f  dlei  

noitavresbo .  
 
 

)ii(  yS s citamet  orrE r. A citametsys  rorre  si  na  rorre  t ah t u edn r the s ma  e  

la lliw snoitidnoc way is emas eht fo eb s z a e n is d gn  . wla rorre citametsys A a  sy f  swollo  

emos  ed f etini  lacitamehtam  ro  lacisyhp  la ,w  dna  a noitcerroc  nac  eb  ted erm eni d an  d  

eilppa d. hcuS  srorre  era  of tnatsnoc  etcarahc r dna  era  dedrager  sa  evitisop  o  r  

evitagen  gnidrocca  sa  yeht  m eka  eht  tluser  oot  taerg  ro  ot o ams l .l  riehT  tceffe   si  

 ,erofereht c italumu ve.  

re citametsys ,detcetednu fI r  era sro v re y suoires . ehT r  :erofe  

 gniyevrus eht llA )1( e stnempiuq   dengised eb tsum taht os desu dna   revenehw  

elbissop  citametsys  srorre  lliw  eb  yllacitamotua  tanimile ed dna  )2(  lla   citametsys  

srorre  taht  tonnac  eb  ylerus  detanimile  yb  siht  snaem  m tsu  eb  ulave ated a dn  t eh  ri  

pihsnoitaler  ot  eht  snoitidnoc  taht  esuac  meht  tsum  eb  imreted .den  roF  ,elpmaxe   ni  

yranidro  ,gnillevel  eht  gnillevel  tnemurtsni  tsum  f tsri  eb  detsujda  os  taht  eht  enil   fo  

thgis  si  sa  ylraen  tnoziroh al sa  elbissop  nehw  ub bb el  si  tnec e .der  oslA  eht   latnoziroh  

shtgnel  f ro  kcab  thgis  dna  thgiserof  f or m hcae  urtsni m tne  noitisop  dluohs  eb  tpek   sa  
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ylraen  lauqe  sa  .elbissop  nI  esicerp  ,gnillevel  dyreve a ,y  eht  lautca  rorre  of  eht  

tnemurtsni  tsum  eb  denimreted  yb  luferac  gep  ,tset  eht  htgnel  of hcae  thgis   si  

aem s r eht ot noitcerroc a dna aidats yb deru e a si tlus p deilp .  

)iii(  rorrE latnediccA  . er hcihw esoht era srorre latnediccA m a nia f  ret m katsi e  s  

dna  citametsys  srorre  evah  neeb  ile m detani  dna  era  desuac  yb  a noitanibmoc   fo  

snosaer  dnoyeb  eht  ytiliba  of eht  sbo e vr er to c no .lort  yehT  dnet  semitemos  ni   eno  

noitcerid  a dn  emos  semit  ni  eht  ,rehto  ,.e.i  yeht  era  yllauqe  ylekil  ot  ekam   eht  

er tnerappa s al oot tlu r  oot ro eg s .llam  

nA  latnedicca  rorre  of a elgnis  ted e noitanimr  si  the ffid e er n ec  be neewt  )1(  th  e  

eurt  eulav  fo  eht  ytitnauq  dna  )2(  a noitanimreted  taht  si  f eer  orf m m tsi akes an  d  

srorre citametsys  . ccA i ned t erper rorre la s tne s ed eht ni noisicerp fo timil t nimre a noit  o  f  

a ulav e. yehT  yebo  eht  swal  of ecnahc  dna  ,erofereht  tsum  be ha dn el d cca o gnidr   ot  

mehtam eht a al lacit w rp fo s o tilibab y.  

ehT  yroeht  fo  srorre  aht t si  dessucsid  ni  siht  retpahc  dea sl  no yl  tiw h the  

na detanimile era srorre nwonk eht lla retfa srorre latnedicca d .rof detnuocca  
 
 

atnedicca fo wal ehT l srorre  . 
 

snoitagitsevnI  of snoitavresbo  of suoirav  sepyt  wohs  taht  latnedicca   srorre  

wollof  a nifed eti  ,wal  eht  wal  fo  .ytilibaborp  sihT  wal  ed f seni  eht  ecnerrucco  of  srorre  

dna  nac  eb  desserpxe  ni  eht  f mro  of uqe a noit  hcihw  si  u des  to moc up te the p bor ba  el  

eulav  ro  eht  elbaborp  noisicerp  of a quan .ytit  ehT  tsom  tnatropmi  f serutae   fo  

srorre latnedicca  w llausu hcih y era rucco :  

(i) llamS  srorre  dnet  ot  eb  erom  f tneuqer  naht  eht  egral  seno  ; th ta  si  t eh  y  

borp tsom eht era a elb .  

(i )i  evitisoP  dna  evitagen  srorre  of eht  emas  si ez  neppah  htiw  eq au  l  

eht ,si taht ; ycneuqerf y e era q llau y elbaborp .  

(i )ii  aL rg i rucco srorre e nfr pmi era dna yltneuqe o elbiss  .  
 
 

s tsael fo selpicnirP q serau .  
tI  si  dnuof  f mor  eht  ytilibaborp  noitauqe  taht  eht  mo ts  elbaborp  va ul es fo   a  

seires  fo  snoitavresbo morf gnisira srorre  fo  lauqe  thgiew  era  rof esoht  hcihw  eht   mus  
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fo  eht  serauqs  si  a minimum. ehT  latnemadnuf  wal  of tsael  serauqs  si  devired  f  mor  

.siht  gnidroccA  ot  eht  elpicnirp  fo  tsael  ,serauqs  eht  m tso  rp o elbab  ulav e fo   na  

devresbo  ytitnauq  elbaliava  morf  a nevig  tes  of snoitavresbo  si  eht  eno  f ro  hcihw   eht  

mus  fo  eht  serauqs  fo  eht  iser aud l rre o sr  si  a m mini um. W neh  a ytitnauq  si  be  gni  

decuded  f mor  a seires  of ,snoitavresbo  eht  laudiser  srorre  iw ll be eht  fid fer ne  ec  

 detpoda eht neewteb v eula  ht dna e es v resbo lare v  de v  ,seula  

teL  V  ,1 V ,2  V3 .cte  resbo eht eb v  de v  seula  

 elbaborp tsom = x v la u  e  
 
 

thgiew fo swal ehT s  .  
morF  eht  dohtem  fo  tsael  serauqs  eht  gniwollof  la sw  of sthgiew  a  er  

silbatse h  :de  

)i(  ehT  thgiew  of eht  citemhtira  naem  of eht  m erusae m stne  of un ti  we gi ht is  

resbo fo rebmun eht ot lauqe v snoita .  

roF  ,elpmaxe  tel  na  elgna  A eb  derusaem  xis  it em ,s  t eh  f llo o gniw  eb gni  t eh   

v  :seula  

 

� A thgieW  

 

� A ieW g  th  

02 °03 ′ ”8  1 3 02 °0 ′ 01 ” 1 

02 °03 ′ 01 ” 1 3  °0 20′ ”9  1 

02 °03 ′ ”7  1 02 °03 ′ 01 ” 1 

 

�   naem citemhtirA  

02 °03 = 1 + ′ /  ”8( 6 +  ”9 + ”01 + ”7 + ”01 + 1 )”0   

 = 3  °0 20 ”9 ′ .  

.6 = snoitavresbo fo rebmun = naem citemhtira fo thgieW  

)2(  ehT  thgiew  of eht  dethgiew  citemhtira  naem  si  lauqe  ot  eht  mus  of  eht  

idni v  laudi w ie g sth .  

ollof eht ,semit xis derusaem eb A elgna na tel ,elpmaxe roF w  : seulav eht gnieb gni  

 

� A gieW th  

 

� A ieW g  th  

02 °03 ′ 8” 2 3  °0 20′ 01 ” 3  

02 °03 ′ 01 ” 3 3  °0 20′ ”9  4  

02 °03 ′ 6” 2 3  °0 20′ 01 ” 2  
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 fo muS w ie g sth   + 2 + 3 + 2 = 3  61= 2 + 4 +  

naem citemhtirA  02 °03 = 2X”01 +4X ”9 + 3X”01 + 2X”7 +3X ”01 + 2X”8( 61/1 + ′ )  

 = 3  °0 20 ”9 ′ .  

W htira fo thgie 61 = naem citem  .  
 
 

)3(  ehT  thgiew  of cirbegla  mus  fo  owt  ro  erom  seititnauq  si  lauqe  ot   eht  

fo slacorpicer  idni eht v  laudi w ie g sth .  
 
 

elpmaxE roF  ang el  2 °03 = A 0 ,”8 ′  thgieW  2  

B °51 =  02 ,”8 ′  eW gi th  3  
 
 

ieW g fo th  + A  B  =  
 
 

)4(  fI  a ytitnauq  of nevig  thgiew  si  m deilpitlu  yb  a fa ,rotc  eht  thgiew  of  eht  

rotcaf eht fo erauqs eht yb thgiew nevig sti gnidivid yb deniatbo si tluser .  

fI )5(  ytitnauq a  nevig fo  thgiew  si  dedivid  yb   a f ,rotca  eht  thgiew  of eht  tluser   si  

b deniatbo y lpitlum y ig sti gni v  ne w gie b th y .rotcaf eht fo erauqs eht  

)6(  If a noitauqe  si  deilpitlum  yb  sti  nwo  w ,thgie  t eh  we gi ht of eht  ser u gnitl  

fo lacorpicer eht ot lauqe si noitauqe  noitauqe eht fo thgiew eht .  

)7(  ehT  thgiew  fo  eht  noitauqe  sniamer  ,degnahcnu  if lla  t eh  gis ns of  eht  

eq  era noitau c e eht fi ro degnah q tau i a si no d tcartbus ro ded e rf d o tnatsnoc a m .  
 
 

nemerusaem dleif eht fo rorre fo noitubirtsiD t. 
W reveneh  snoitavresbo  era  edam  ni  eht  f ,dlei  ti  si  syawla  yrassecen  ot   kcehc  

rof  eht  gnisolc  ,rorre  fi  .yna  ehT  gnisolc  rorre  dluohs  eb  detubirtsid  ot  eht   devresbo  

.seititnauq  roF  ,selpmaxe  eht  mus  fo  eht  selgna  derusaem  ta  a lartnec  lgna e  dluohs  

eb  ,°063  eht  rorre  dluohs  eb  detubirtsid  ot  eht  devresbo  selgna  af ret  gi niv g p por e  r  

thgiew  ega  to the oitavresbo n .s  ehT  iwollof ng ur sel  dluohs  eb  ilppa de  for  eht  

 noitubirtsid of re r  :sro  

)1(  ehT  noitcerroc  ot  eb  deilppa  ot  na  noitavresbo  si  revni s yle  lanoitroporp   ot  

 thgiew eht o esbo eht f rv .noita  
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)2(  ehT  noitcerroc  ot  eb  deilppa  na ot  noitavresbo  si  yltcerid  lanoitroporp  to th  e  

orp eht fo erauqs b lba e re r ro  .  

)3(  nI  esac  of enil  of ,slevel  eht  noitcerroc  ot  eb  pa p eil d si  p por o oitr n la  to th  e  

htgnel .  

ehT  ollof w gni  era  eht  t eerh  selgna  ,α  β dna  y sbo re dev  ta  a noitats  P  gnisolc  
eht  ,noziroh  gnola  w hti  rieht  lbaborp e srorre  fo  aem s ru eme .tn  enimreteD  rieht  

seulav detcerroc  .  

”21 ′21 °87 = α  ± ”2  

4 °631 = β 8  ”03 ′ ± ”4  

y 95 °441 =  ”80 ′ ± ”5  

.noituloS  
ht eht fo muS re  e ang sel  3 = 5  °9 59 05 ′ ”  

cnapercsiD y = ”01   

o rorre eht dna ,desaercni eb ot si elgna hcae ecneH f tubirtsid eb ot si ”01 e  ni d  

auqs eht ot noitroporp r ht fo e e lbaborp e rorre .  

teL  ,1c  2c  dna  3c  eb  eht  noitcerroc  ot  eb  ilppa ed to the na selg  ,α  β dna   y  

itcepser v le y. 

 = 3c : 2c : 1c 2 : 61 : 4 = ²)5( : ²)4( : ²)2( 5 … )1(   

oslA , c + 2c + 1c 3  = 1 ”0  … )2(   

,)1( morF   61 = 2c / = 1c 4  1c4  

dnA  = 3c  52 / 1c 4  

t gnitutitsbuS h  ese v la u  fo se c  dna 2 c )2( ni 3 , w  e g  te  

c4 + 1c  1 52 + / = 1c 4  1 ”0   

or c + 1 ( 1  2 + 4 5/ ) 4  ”01 =   

 

�   = 1c 1  0 x 4/4 5 98.”0 =   

 

�  c2 .”3 = 1c4 = 36  

dnA  3c  1c 4/ 52 =  55.”5 =   
 
 

:kcehC  + 98”.0 = 3c + 2c + 1c  ”01 = 55.”5 + 65.”3   

 ecneH t roc eh r na detce g  era sel  
 
 
 
 
 

Mr.R.PERUMAL. M.E, AP/CIVIL

Mr.R.PERUMAL. M.E, AP/CIVIL

CE 6404 SURVEYING 2

9529 SCAD EC

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 

= α  21 °87 98.”0 + ”21 ′  21 °87 = 8.”21 ′ 9  

= 65.”3 + ”03 ′84 °631 = β   °631 48  ′ 3 65.”3   

na d 95 °441 = y  = 55.”5 + ”80 ′ 95 °441 5.”31 ′ 5  

-- -------- - --- - -- - -------  

muS  00 °063 = ′ ”00 + 00  

elgna nA   A w  tnereffid yb derusaem sa pe ollof eht dna snosr w eht era gni  seulav  
: 

A elgn  usaem fo rebmuN er nem ts 
03 °56 ′ ”01  …  2  
92 °56 ′ ”05  …  3  
03 °56 ′ ”00  …  3  
03 °56 ′ ”02  …  4  
03 °56 ′ ”01  …  3  

aborp tsom eht dniF b  el v elgna eht fo eula  .  
.noituloS  

sA  detats  ,reilrae  eht  tsom  elbaborp  eulav  of na  elgna  si  lauqe  ot  sti  we gi hte  d  

ra i naem citemht  .  

03 °56  ”01 ′ x 00 °131 = 2 ”02 ′   

92 °56  ”05 ′ x 92 °691 = 3 ”03 ′   

03 °56  ”00 ′ x 03 °691 = 3 ”00 ′   

56 03 °  ”02 ′ x 10 °262 = 4 ”02 ′   

°56  30  ”01 ′ x °691 = 3  03 ′ ”03   

-- ----- - -- - --- - ---  

Su 13 °289 = m ′ 04 ”  

 Σ w ie g  = 3 + 4 + 3 + 3 + 2 = th 1  5  

 

�  W  naem citemhtira dethgie  

°289 =  13 ′ 04 ”  

--------------- - --- - -- - -- - ---   °56 = 30′ 76.”6   

15  

eulav elbaborp tsom ecneH   = elgna eht fo 03 °56 ′ .”6 67  
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ehT  epocselet  fo  a etilidoeht  si  dettif  w hti  s idat a w eri s. tI  si  deriuqer  ot  dnif  eht  
tsom  elbaborp  seulav  fo  eht  stnatsnoc  C dna  K of at c oeh em te .r  ehT  ffats  w sa  

tpek  lacitrev  ta  eerht  stniop  ni  eht  dleif  dna  w hti  fo  thgis  latnoziroh  eht  ffats  
resbo stpecretni v llof sa saw de o sw  .  

 
 

fo ecnatsiD  fats f pecretni ffatS t m(S )  
(D retemoehcat morf   )m  

51 0 4.1 95 

02 0 0.2 00 

52 0 5.2 05 
 
 

:noituloS  
e ecnatsid ehT q tau i no   si  

 D =  C + SK  

resbo ehT v  era snoitauqe noita  

 C + K 594.1 = 051  

 C + K 000.2 = 002  

 C + K 505.2 = 052  

era snoitavresbo fo rorre eht neht ,seulav elbaborp tsom eht era C dna K fI :  

 051 - 594.1   K - C  

 002 - 000.2   K -  C  

 052 - K 505.2  – C  

roeht eht yB y  serauqs tsael fo  

 051( – 594.1   K – )C 2 +  002( - .2 0 00  K– ) C 2 +  052( - 05 5  K – ) C 2 = mi min um --- (i  )  

i noitauqe lamron roF n  ,K  

reffiD e taitn ing itauqe o  )i( n w  .t.r. ,K   

(2 -  051()594.1 –1. 94  5  K – (2+ )C -  002().02 - K 000.2 – C)  

(2+ - 052()505.2  -  K 505 –  ) C = 0  

 76614.802 – 0.2 8  5 K –  = C 0 -- -- -- --   )2(  

uqe lamroN a  noit i  C n  

reffiD e taitn ing itauqe o  )i( n w  .t.r. ,C  
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(2 - 51()0.1 0 –1.49  K 5 – (2+ )C -  002()0.1 -  000.2 K– C)  

(2+ -  052()0.1 - K 505  –  ) C =  0  

 002 – 2  K –  C = 0 ----- - ---   )3(  

los nO v  snoitauqE gni (  )3( dna )2  

99 = K .  6910  

9.1 = C 6  80  

d ehT tauqe ecnatsi i  :si no  

69.1 + S 6910.99 = D 0  8  
 
 

llof ehT o gna gniw l .noziroh eht esolc ot sa O noitats a ta derusaem erew se  

 

� AOB = 83ο 42'28". 57  

 

� BOC = 01 2ο15'43".26 

 

� COD = 94ο 3 '8 27". 22  

 

� OD A = 79ο 23'23".77 

A b selgna eht tsujd y setalerroC fo dohtem .  
oituloS :n  

 

� AOB = 83ο 42'28". 57  

 

� BOC = 01 2ο15'43".26 

 

� COD = 94ο 3 '8 27". 22  

 

� OD A = 79ο 23'23".77 

 
 

uS m = 360ο 00'03." 00  

º063 = E noitcerroc latot eht ,ecneH  - 3( 60º0’ ”3 )  

 = -3”  

teL  e1 e, ,2  e3 dna  e4 eb  eht  laudividni  oitcerroc ns to the f uo r a  selgn  
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1.0 Basic Surveying Principles 
 
Surveying is traditionally defined as the science of making field measurements on or near the 
surface of the earth to determine relative positions of points. Survey field measurements include 
horizontal and vertical angles, horizontal and slope distances and vertical distances or height 
differences. 
 
Generally these points are located by their relationship to each other through a direction and 
distance. (For example, Point Y is due East from Point X a distance of 1000 feet.) 
 
 
A typical survey may require the following: 
 
i. Research 
 
 Identifying the location, appropriate survey methods and equipment. 
 
ii. Data Collection 
 
 Field measurements and recording of data. 
 
iii. Data Processing 
 
 Computations based on the recorded data to determine locations, areas, volumes, slopes 
 and elevations. 
 
iv. Data Representation  
  
Plotting measurements or computed data in map form or reporting such data in a printed  format. 
 
v. Stakeout 
 
 Setting monuments and stakes to establish boundaries or construction operations. 

UNIT III TOTAL STATION SURVEYINGCE 6404 SURVEYING 2

Mr.R.PERUMAL. M.E, AP/CIVIL

9529 SCADEC

Mr.R.PERUMAL. M.E, AP/CIVIL

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 1-2

1.1 Types of Survey Measurements 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 1.1:  Geometry of Survey Measurements 
 

i. Horizontal Angles  HA 
 
 Angle measured in the horizontal plane. May be the difference between two directions. 
 
ii. Horizontal Distances  HD (=SD cosθθθθ) 
 
 Distance computed in the horizontal plane. 
 
iii. Vertical Angles  VA (=90°°°° ±±±± θθθθ) 
 
 Angle measured in the vertical plane. 
 
iv. Vertical Distances  VD (=SD sinθθθθ) 
 
 Distances computed in the direction of gravity. 
 
v. Slope Distances  SD 
 
 Distances measured along inclined planes. 
 
 
1.2 Units of Measurement 
 
 

Units English Metric 
Length Feet Meter 
Angle Degrees, Minutes, Seconds Degrees, Minutes, Seconds 
Area Square Feet or Acres Square Meters or Hectares 
Volume Cubic Feet or Cubic Yards Cubic Meters 

 
Fig. 1.2:  Units of Measurement 

θθθθ 

HD 

VD 

SD 
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The location of points and orientation of lines depend on the measurement of angles and 
directions. In surveying, directions are supplied as bearings and azimuths. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.3:  Angles, Azimuths & Bearings 
 
1.3 Angles 
 
Angles are classified as Horizontal or Vertical according to the plane in which they are measured. 
 
Angles are determined by the reference or starting line, the direction of turning and the angular 
distance or angular value. 
 
Angular values are based upon Degrees, Minutes and Seconds with 360° contained in a circle. 
 
  Examples: ∠∠∠ ∠ SOP=30°°°°  ∠∠∠ ∠ EOP=120°°°° 
 
1.4 Directions 
 
The direction of a line is the horizontal angle between the line and an arbitrarily chosen reference 
line termed a meridian. 
 
Astronomic (or true) meridian is the North-South reference line through the earth’s geographic 
poles. 
 
Magnetic meridian is the North-South reference line through the earth’s magnetic poles. 
 
Assumed meridian is established by assigning any arbitrary direction to a line. Directions of all 
other lines are found relative to the assumed meridian. 
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1.5 Bearings 
 
Bearings are a system of expressing directions of lines by means of an angle and quadrant letters. 
The bearing angle is the acute horizontal angle between the reference meridian and the line. 
 
The angle is measured from either the North or South to the East or West and always gives a 
reading less than or equal to 90°. 
 
  Examples: OP=S30°°°°W  ONW=N45°°°°W  OE=N90°°°°E 
  
 
1.6 Azimuths 
 
Azimuths are angles measured clockwise from a reference meridian (generally North) and range 
from 0° to 360°. 
 
  Examples: OP=210°°°°  OW=270°°°°  ON=0°°°°  or 360°°°° 
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1.7 Distances 
 
 
 
 
 
 
   
 
 
 
 
 
 

Fig. 1.4:  Measurement Geometry 
 
 
Slope Distance (SD)  is the straight line distance from the center of the EDM to the center point 
of the reflecting prism. 
 
Horizontal Distance (HD) is the straight line distance between plumb lines at the two points. 
 
 HD = SD cosθθθθ 
 
Vertical Distance (VD) is the vertical or elevation difference between the center of the EDM 
and the center point of the reflecting prism. 
 
 VD = SD sinθθθθ 
 
 
1.8 Instrument & Target Heights 
 
The Instrument Height (HI) is the height of the instrument above its station. 
 
The Target Height (HT) is the height of the prism above its station. 
 
 
1.9 Elevations 
 
If the elevation of the instrument station (ZI) is known, the instrument and target heights are 
measured and the slope distance and vertical angles to the target are observed, elevations to the 
target station (ZT) may be computed. 
 
 ZT = ZI + HI - VD - HT 
 

HI 

HT

VD

HD

SD

θθθθ

ZI 

ZT 
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1.10 Coordinates and Coordinate Systems 
 
The Rectangular Cartesian Coordinate System is based upon three axes (X, Y and Z) which 
are perpendicular (at right angles or 90°) to each other. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
   
 
 

Fig. 1.5:  Cartesian Coordinate System Axes 
 
 
Rectangular Coordinates define the position of a point with respect to the perpendicular axes. 
The Y-axis points North-South and the X-Axis points East-West and both axes are in the same 
plane. The Z-axis is perpendicular to the X-Y plane. 
 
1.   The Y-Coordinate (Northing) is the perpendicular distance from the point to the X-Axis. 
2.  The X-Coordinate (Easting) is the perpendicular distance from the point to the Y-Axis. 
3.   The Z-Coordinate (Elevation) is the distance along the Z-Axis. 
 
Given the rectangular coordinates of a number of points, the relative positions are uniquely 
defined. Surveying terminology and convention describes the position of a point in terms of 
Northing (N), Easting (E) and Elevation (Z) and is written (N,E,Z). 
 
  Examples:  P=(Ny,Ex,Zz) or (y,x,z) 
 
Coordinates are useful in a number of computations: 
 
 i. Calculating lengths and directions of lines. 
 ii. Calculating areas. 
 iii. Curve calculations. 
 iv. Calculating point positions. 
 
Coordinates simplify mapping or plotting tasks. 
Coordinates are the most simple and easily handled information in electronic storage devices. 
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1.11 Types of Surveys 
 
Surveying characteristics depend on the application requirements. Equipment is determined 
according to survey precision requirements. 
 
 
Type  Typical Application Precision Requirements Percent of Surveys 
Geodetic Survey  
  
 

National surveys 
Highway Depts. 
Railways  

1:100,000 to 1:1,000,000 10% 

Industrial Measurement  
 

Machine Tooling  
Aircraft 

1:100,000 to 1:500,000 5% 

Engineering Surveys 
  
 

Construction Control 
Photo Control 
As-built surveys 

1:25,000 to 1:100,000 30% 

Cadastral Surveys 
  
 

Subdivisions 
City Lots 
Rural Boundaries 

1:10,000 to 1:50,000 20% 

Mapping Topographic 
Cross-sections 
Profiling 

1:5,000 to 1:10,000 30% 

Recon Survey  
    
 

Geology 
Forestry 
Route locations 

1:50 to 1:5,000 5% 

 
Fig. 1.6:  Survey Types & Precision Requirements 

 
 
Generally require a range of instrument accuracies, though 80% of surveys conducted in the USA 
(Engineering, Cadastral, Mapping) only require low to medium accuracy instruments. 
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2.0 Electronic Total Station Systems 
 
Major instrument manufacturers define a “true” (Electronic) Total Station instrument as a fully 
electronic instrument with coaxial optics which measures horizontal angle, vertical angle and 
slope distance with a single pointing to the target. Using this measured data, the total station may 
then compute horizontal distance, vertical distance and two or three dimensional coordinates. 
 
2.1 Total Station Components 
 
A total station is comprised of three fully integrated components; 
 (i). Electronic Digital Theodolite, 
 (ii). Electronic Distance Meter (EDM), and 
 (iii). On-board Microprocessor or computer. 
  
2.2 Electronic Digital Theodolite 
 
The electronic digital theodolite component automatically measures and displays (in digital 
format) horizontal and vertical angles. Potential human error in reading graduated circles, optical 
micrometers and vernier scales is eliminated. 
 
2.3 Electronic Distance Meter (EDM) 
 
The electronic distance meter (EDM) is used to measure slope distance from the center of the 
objective lens of the instrument telescope to the center of the target. The EDM is generally 
contained in the telescope housing and emits a beam which is coaxial with the telescope optics 
(or line of sight). 
 
There are two types of EDM technology based upon the signal source; 
 (i). Infrared Light Emitting Diode (LED) uses a continuous signal and measures 
  the phase difference or shift between the transmitted signal from the EDM and the 
  refected signal from the target to compute distance. A reflecting target such as a  
  prism or reflector sheet is used. 
 
 (ii). Pulse Laser Diode transmits a timed-pulse infrared signal and measures the time  
  required for the pulse of infrared light to travel from the instrument to the target  
  and return to determine the distance. Using this technology, a prism is not 
  necessary, the measured surface is used as the reflecting target. 
 
  Pulse laser technology has limited distance capability depending on the power of  
  the laser diode and the reflective properties of the target surface. 
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2.4 On-board Microprocessor 
 
The microprocessor(s) in an electronic total station can perform a variety of functions and 
mathematical operations including; 
 (i). Reduction of vertical angle and slope distance to horizontal and vertical distance. 
 (ii). Determination of X, Y, Z (N,E,Z) coordinates. 
 (iii). Coordinate geometry functions - inverses, intersections, etc. 
 (iv). Remote distance computation. 
 (v). Remote elevation determination. 
 (vi). Atmospheric and instrument corrections. 
 (vii) Recording measured and computed data internally. 
 
2.5 Accessories 
 
 2.5.1 Tripod 
  The tripod is used to securely mount the total station (or a prism assembly) over a  
  point at a height comfortable to the user 
 
 2.5.2 Prism Reflector 
  The reflecting prism is solid glass having a flat front panel and a prism shaped 
  rear. The EDM transmitted signal enters the front of the prism and is reflected 
  back to the instrument by the prism’s rear surface. The prism is contained in a 
  housing which is screwed into a targetting frame. 
 
 2.5.3 Prism Pole 
  The prism pole or rod is used to mount the targetting frame of the prism. At the 
  other end of the pole is a sharp, replaceable point which is placed directly on the 
  target, the prism facing the instrument and measurements taken. A circular level 
  vial or bull’s-eye bubble attached to the pole is used to ensure the rod is plumb. 
  Most prism poles are telescopic via a quick release clamp to raise or lower the 
  height of the prism (for line of sight issues). 
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3.0 ACCURACIES IN TOTAL STATIONS 
 
Total stations are specified by angular accuracy and EDM range and accuracy. 
 
3.1 Angular Accuracy 
  
The accuracy or standard deviation of a direction, direct and reversed, (DIN specification) is an 
indication of how good the theodolite component of a total station is. This should not be  
confused with the smallest displayable horizontal circle unit which often gives a misleading  
impression as to the accuracy of the instrument. 
 
   A circle has  360° (degrees). 
      1° (degree) = 60’ (minutes). 
     1’  (minute) = 60” (seconds). 
  Thus, a circle has  360x60x60 = 1,296,000” (seconds) of arc. 
 
The Accuracy of a total station may be specified as 5”. This means, any direction measured will 
lie within ±5” of the mean of the direct and reverse readings of that direction (at the 68% 
confidence level). When measuring an angle, two directions are being measured - a backsight and 
a foresight which results in an angle accuracy of about 7” (√2 x 5”). 
 
Angular accuracy of directions over a specified distance may be converted to a distance value 
as shown in the table below: 
  

Angle Accuracy  
50ft. 

Distance to Target 
100ft. 

Errors in Feet (Inches) 

 
500ft. 

20” 0.0048’    (1/16in) 0.0096’    (1/8in) 0.048’     (9/16in) 
10” 0.0024’    (1/32in) 0.0048’    (1/16in) 0.024’     (1/4in) 
5” 0.0012’    (1/64in) 0.0024’    (1/32in) 0.012’     (1/8in) 
1” 0.0002’    (1/400in) 0.0004’    (1/200in) 0.002’     (1/40in) 

 
Fig. 3.1:  Angular Accuracy in Linear Units 

 
(Note:  Conversions to fractions of an inch are approximate.) 

UNIT III TOTAL STATION SURVEYINGCE 6404 SURVEYING 2

Mr.R.PERUMAL. M.E, AP/CIVIL

9529 SCADEC

Mr.R.PERUMAL. M.E, AP/CIVIL

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 3-2

3.2 Distance (EDM) Accuracy 
 
Electronic Distance Meter (EDM) accuracy is measured in millimeters and parts per million 
(ppm). For example, ±(5+5ppm)mm or ±(0.02ft+5ppm) where the ±5mm (0.02ft.) is the 
instrument error which is independent of the length of the measurement and the 5ppm is the 
distance-related error. 
 
A typical construction grade instrument may have an accuracy specification of ±(5+5ppm)mm. A 
high order survey instrument may be specified at ±(2+2ppm)mm. 
 
The  “± “ in the specification indicates the EDM may measure short or long by this amount but 
the measured distance will fall within this range. 
 
EDM accuracy over a specified distance may be converted to a distance value as shown in the 
table below: 
  
 

EDM Accuracy  
50ft. 

Distance to Target 
100ft. 

Errors in Feet (Inches) 

 
500ft. 

±±±±(5+10ppm)mm 0.0169’    (7/32in) 0.0174’    (7/32in) 0.0214’    (1/4in) 
±±±±(5+  5ppm)mm 0.0166’    (7/32in) 0.0169’    (7/32in) 0.0189’    (7/32in) 
±±±±(5+  3ppm)mm 0.0166’    (7/32in) 0.0167’    (7/32in) 0.0179’    (7/32in) 
±±±±(3+  2ppm)mm 0.0100’    (1/8in) 0.0100’    (1/8in) 0.0110’    (1/8in) 
±±±±(2+  2ppm)mm 0.0067’    (3/32in) 0.0068’    (3/32in) 0.0076’    (3/32in) 

 
Fig. 3.2:  EDM Accuracy in Linear Units 

 
(Note:  Conversions to fractions of an inch are approximate.) 
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3.3 Combined EDM and Angle Accuracy 
 
The angle and EDM accuracies of a total station may be combined to give the maximum 
measurement error in a point’s location due to the instrument’s accuracy specifications. 
 
  Instrument    Distance to Target 
     50ft.   100ft.   500ft. 
       Point Location (Inches) 
 
  20”  7/16”   7/16”   7/16”   
  ±±±±(5+10ppm)mm 
     1/8”   1/4”    1” 

 

  10”  7/16”   7/16”   7/16”   
  ±±±±(5+5ppm)mm 
     1/16”   1/8”   1/2” 

 

    5”  7/16”   7/16”   7/16”  
  ±±±±(5+3ppm)mm 
     1/32”   1/16”   1/4” 

 

    5”  1/4”   1/4”   1/4”  
  ±±±±(3+2ppm)mm 
     1/32”   1/16”   1/4” 

 

    1”  3/16”   3/16”   3/16” 

  ±±±±(2+2ppm)mm  <1/64”   1/64”   3/64” 

  
   

Fig. 3.3:  Combined EDM and Angular Accuracies 
(Note:  Conversions to fractions of an inch are approximate.) 
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4.0 Instrument Setup 
 
4.1 Setting up the Tripod 
 
 !!!! Extend all three legs of the tripod until they are about the same length. 
 !!!! Set the tripod over the point. 
 ! Open the legs wide enough for the instrument to be stable. 
 ! Ensure the point is directly below the center hole in the tripod head. 
 !!!! Firmly “plant” one of the tripod ferrules into the ground by stepping on the footplate. 
 !!!! Ensure the top surface of the tripod head is roughly level. 
 
4.2 Centering over the Point 
 
 Centering is the precise alignment of the instrument’s central axis over a point. 
 
 !!!! Set the instrument on the head of the tripod. 
 !!!! With one hand holding the instrument, insert the tripod mounting screw into the center 
   hole of the instrument’s base plate and tighten. 
 ! Ensure the instrument base plate is centered on the tripod head with the footscrews at  
  the corners of the tripod head. 
 ! Ensure the leveling screws are at the center of their adjustment range. 
 !!!! Stand between the two legs of the tripod not “planted” in the ground. 
 !!!! Place the toe of one foot next to the point on the ground. 
 ! Pick up the two tripod legs and look through the optical plummet (OP). 
 !!!! Move or pivot the instrument until the optical plummet’s crosshairs are centered  
  squarely over the point and “plant” the two legs in the ground. 
 !!!! Using the circular level vial on the instrument base, roughly level the instrument by 
  adjusting the tripod legs. 
 
4.3 Leveling 
 
 Leveling is the precise vertical alignment of the instrument’s vertical axis. 
 
 !!!! Loosen the upper plate clamp. 
 !!!! Rotate the alidade to position the plate level to a point parallel to any two of the 
  leveling screws. 
 ! Use these two screws to move the bubble to the center of the level. 
 ! Rotate the alidade approximately 90° and adjust the third screw only to move the 
  bubble to the center of the level. 
 !!!! Repeat these two leveling procedures until the bubble remains centered. 
 !!!! Look through the optical plummet to ensure the instrument is still over the point. 
 !!!! If not exactly centered over the point, lightly loosen the tripod mounting screw. 
 !!!! Slide the instrument over the tripod head until centered over the point. 
 !!!! Re-tighten the tripod mounting screw. 
 !!!! Check the level of the instrument and re-level if necessary. 
 ! Power on the instrument. 
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4.4 Sighting to a Prism Reflector 
 
 Sighting refers to the aiming of the telescope at the target, bringing the target into focus 
 and aligning the target with the center crosshairs of the reticle. 
 
 
 !!!! Ensure the reticle cross hairs are sharply focused. 
  !!!! Point the telescope to a blank area. 
  ! Look through the eyepiece and rotate the diopter ring until the reticle crosshairs 
   are in sharp focus. 
 ! Use the optical sight to roughly point the telescope to the target. 
 !!!! Tighten the horizontal plate clamp. 
 !!!! Look through the eyepiece and move the telescope vertically until the target is in view. 
 ! Tighten the vertical clamp. 
 ! While looking through the telescope, use the horizontal and vertical tangent screws to 
  sight the telescope crosshairs on the center of the prism reflector. 
 !!!! Rotate the focusing ring to bring the target into sharp focus on the reticle crosshairs. 
 !!!! Use the horizontal and vertical tangent screws to fine tune the sight to the target. 
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5.0 Configuring the Electronic Total Station 
 
Instrument Configuration 
 
All Nikon Total Stations have an Initial Mode Set or Instrument Settings function. The Initial 
Mode Set function in the total station is accessed by; 

1. Press [Menu] key. 

 
Fig. 5.1:  Main Menu Screen 

2. Select 3.Settings by pressing """" key. 

 
Fig. 5.2:  Settings Menu Screen 

 
These initial mode settings are extremely important as they determine the type of data being 
measured, any corrections being applied and communications to external storage devices. The 
following settings are the recommended defaults. To toggle between the available selections use 
the left or right arrow keys !/ ". 
 
5.1 Settings 
 1. Angle 

 
Fig. 5.3:  Angle Settings Screen 

 2. Distance 

 
Fig. 5.4:  Distance Settings Screen 

 3. Coord. 

 
Fig. 5.5:  Coordinate Settings Screen 
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5.1 Settings (cont’d) 
 
 4. PwrSave 

 
Fig. 5.6:  Power Save Settings Screen 

 5. Comm. 

 
Fig. 5.7:  Communications Settings Screen 

 6. Stakeout 

 
Fig. 5.8:  Stakeout Settings Screen 

 7. Unit 

 
Fig. 5.9:  Units Settings Screen 

 8. Rec 

 
Fig. 5.10:  Record Settings Screen 

 9. Others 

 
Fig. 5.11:  Others Settings Screen 
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5.2 Prism Constant 
 
 The Prism Constant function is accessed by; 
 
 1. Press and hold MSR1 key for one second. 

 
Fig. 5.12:  Prism Constant for MSR1 Key 

  
 2. Press and hold MSR2 key for one second. 

 
Fig. 5.13:  Prism Constant for MSR2 Key 

 
5.3 Height of Target 
 
 The Height of Target function in the total station is accessed by; 
 
 1. Press θθθθ HOT key. 

 
Fig. 5.14:  HOT Key Menu Screen 

  
 2. Select 1.HT by pressing #### key and input value for HT. 

 
Fig. 5.15:  Height of Target Input Screen 
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5.4 Temperature & Pressure 
 
 The Temperature & Pressure function in the total station is accessed by; 
 
 1. Press θθθθ HOT key. 

 
Fig. 5.16:  HOT Key Menu Screen 

 
 2. Select 2.Temp-Press by pressing $$$$ key and input values for Temp and Press. 

 
Fig. 5.16:  Temperature & Pressure Input Screen 
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6.0 Data Collection 
 
6.1 Data Collection Surveys 
 
1. Instrument Setup. 
 !!!! Set the instrument over the control or station point. 
 !!!! Level the instrument. 
 ! Power on the instrument. 
 ! Tilt the telescope to initialize the Vertical Circle. 
 ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 6.1:  Basic Measurement Screen 

 
2. Create a Job 
 !!!! Press [Menu] key. 

 
Fig. 6.2:  Main Menu Screen 

 ! Select 1.Job by pressing #### key. 

 
Fig. 6.3:  Job Manager Screen 

 ! Select Creat softkey by pressing MSR1 key. 

 
Fig. 6.4:  Create Job Screen 

  ! Input Job Name up to 8 characters. 
  ! Press ENT key. 
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6.1 Data Collection Surveys  (cont’d) 
 
2. Create a Job (cont’d) 
 ! Create Job Confirmation Screen is displayed. 

 
Fig. 6.5:  Create Job Confirmation Screen 

 ! Select OK softkey by pressing ANG key. 
 ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 6.6:  Basic Measurement Screen 

 
3. Station Setup 
 !!!! Press %%%% STN key. 

 
Fig. 6.7:  Station Setup Menu Screen 

 ! Select 1.Known by pressing #### key. 

 
Fig. 6.8:  Station Input Screen 

  ! Input Station Point Number ST, e.g. 1 and press ENT. 

 
Fig. 6.9:  Station Coordinates Input Screen 

  ! Input Station Coordinates N,E,Z if displayed as blank and press ENT. 
  ! Input Station Code or Description CD and press ENT. 
  ! Input Station Height of Instrument HI and press ENT. 
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6.1 Data Collection Surveys  (cont’d) 
 
3. Station Setup (cont’d) 
 
 ! Backsight Menu Screen is displayed. 

 
Fig. 6.10:  Backsight Menu Screen 

 ! Select either 
  ! 1.Coord. if the backsight has known coordinates or 
  ! 2.Angle if only the azimuth to the backsight is known. 
 ! Perform backsight observation per prompt sequence below; 

 
Fig. 6.11:  Backsight Point Input Screen 

 

 
Fig. 6.12:  Backsight Azimuth Input Screen 

 

 
Fig. 6.13:  Backsight Measurement Screen 

 

 
Fig. 6.14:  Basic Measurement Screen 
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6.1 Data Collection Surveys  (cont’d) 
 
4. Collection 
 ! Sight the point to be collected. 
 ! Press MSR1 key. 

 
Fig. 6.15:  Measurement Screen 

 ! When distance SD is displayed, press REC key. 
 ! A “Record PT” Data Input Screen is displayed. 

 
Fig. 6.16:  Record Point Input Screen 

  ! Input Point Number PT if necessary. 
  ! Input Height of Target HT if necessary. 
  ! Input Code CD if necessary by manually typing, or 
   ! Select from a List by pressing DSP key, or 
   ! Select from a Stack by pressing ANG key. 
  ! Press ENT key to record the point. 
 ! Repeat this sequence for all points to be collected. 
 ! If moving to new station setup, measure and record the new Station Point. 
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6.1 Data Collection Surveys  (cont’d) 
 
5. Move to New Station Setup 
 ! Move to new Station. 
 ! Repeat Step 1 above. 
 ! Repeat Step 3 above to Backsight Menu Screen is displayed. 

 
Fig. 6.17:  Backsight Menu Screen 

 ! Select 1.Coord. (the backsight has known coordinates) by pressing #### key. 
 ! Perform backsight observation per prompts. 
 ! Repeat Step 4. as required. 
 
6. Download the Survey Data. 
 ! Prepare computer to accept data. 
 ! Press [Menu] key. 

 
Fig. 6.18:  Main Menu Screen 

 ! Select 5.Comm. by pressing &&&&. 

 
Fig. 6.19:  Communications Menu Screen 

 ! Select 1.Download by pressing ####. 
 ! Download  Settings Screen is displayed. 

 
Fig. 6.20:  Download Settings Screen 
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6.1 Data Collection Surveys  (cont’d) 
 
 ! Select 
  ! Format:  NIKON and 
  ! Data:  RAW and press ENT key. 

 
Fig. 6.21:  Download Confirmation Screen 

 ! Ensure cable is connected to instrument and computer. 
 ! Select Go softkey by pressing ANG key. 
 ! SENDING screen is displayed with record counter update till Complete. 

 
Fig. 6.22:  Delete Job Screen 

 ! At the Delete JOB screen, press either 
  ! Abrt softkey (MSR1 key) to NOT Delete Job and return to BMS Screen, or 
  ! DEL softkey (ANG key) to Delete Job and return to BMS Screen. 

 
Fig. 6.23:  Basic Measurement Screen 
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7.0 Data Transfer with TransIt Software 
 
TransIt is data transfer software containing functions to transfer data bi-directionally between a 
Nikon Total Station and a personal computer via the RS-232 serial port and a cable. 
 
Additional functions include the ability to create and edit jobs, download and upload data and 
export and import survey data between a number of third party data file formats. 
 
7.1 Starting TransIt 
 
 • In Windows, double click the TransIt icon. 
 • The TransIt Main Menu is displayed. 
 
 
7.2 TransIt Main Menu 
 
 

File Edit Transfer Process Tools Window Help 
 
         Fig. 7.1:  TransIt Main Menu 
 
 
7.3 TransIt Main Menu Functions 
 
Below is a brief description of each menu item in the TransIt Main Menu. 
 
File  
 • New Job:    Creates new job. 
 • Open Job:    Opens an existing job. 
 • Save Job:    Saves a job. 
 • Save Job As:   Saves a job to a new location. 
 • Import Job:    Imports data from third party data format to Nikon data format. 
 • Export Job:    Exports data from Nikon data format to third party data format. 
 • Print Report:   Prints Nikon raw and coordinate data file. 
 • Properties:    Displays summary of job properties. 
 • Exit:      Exits TransIt. 
 
Edit 
 • Delete Record:   Deletes current survey record. 
 • Undelete Record:  Restores current deleted survey record. 
 • Insert Record:   Inserts different types of survey data. 
 • Append Record:  Appends survey record to end of current job. 
 • Search Record:   Searches for specific survey record. 
 
Transfer 
 • Data Recorder to PC: Transfers survey data from the Data Recorder to the PC. 
 • PC to Data Recorder: Transfers data from the PC to the Data Recorder. 
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7.3 TransIt Main Menu Functions (cont'd) 
 
Process 
 • Calculate Coords:  Calculates coordinate values. 
 • View Reprocess Log: Displays log record of reprocessing activity. 
 • View Upload/Export: Displays log record of data upload/export activity. 
 
Tools 
 • Comm. Settings:  Communications settings for Com Port and Baud Rates. 
 • Export Settings:  Export settings for DXF and Coordinate options. 
 • Job Settings:   Settings for data type and corrections. 
 • Code List Tools:  Tool for creating Code Lists. 
 • COGO:     Coordinate Geometry routines. 
 
Window 
 • Arrange Icons:   Arrange icons at the bottom of the window. 
 
Help 
 • Contents:    Displays TransIt Help Contents. 
 • Search for Help On: Searches for Help on Specific Topics. 
 • Technical Support:  Technical Support user & problem information. 
 • About:     Displays licensing and software information. 
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7.4 TransIt Data Downloading from the Total Station 
 
Personal Computer 
 
 ! Start TransIt by double clicking on the TransIt icon in Windows. 
 ! Select Transfer from the TransIt Main Menu. 
 ! Select Data Recorder to PC from the Transfer Menu. 
 ! Ensure Data Recorder selection box displays DTM-352/332 (or DTM-502). 
 ! Enter name of job in the Job Name (Jobname.raw) selection box and click on OK box. 
 ! At the “Prepare Nikon Total Station....” screen, click on OK box. 
 ! At the “TransIt Transfer Complete” screen, select OK. 
 
DTM-502/352/332 Total Station 
 
To initiate the Download from the total station, 
 ! Connect the total station-to-PC serial cable. 
 ! Press [Menu] key. 

 
Fig. 7.1:  Main Menu Screen 

 ! Select 5.Comm. by pressing &&&&. 

 
Fig. 7.2:  Communications Menu Screen 

 ! Select 1.Download by pressing ####. 
 ! Download  Settings Screen is displayed. 

 
Fig. 7.3:  Download Settings Screen 

 ! Select 
  ! Format:  NIKON and 
  ! Data:  RAW and press ENT key. 

 
Fig. 7.4:  Download Confirmation Screen  
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7.4 TransIt Data Downloading from the Total Station (cont’d) 
 
 ! Ensure cable is connected to instrument and computer. 
 ! Select Go softkey by pressing ANG key. 
 ! SENDING screen is displayed with record counter update till Complete. 

 
Fig. 7.5:  Delete Job Screen 

 ! At the Delete JOB screen, press either 
  ! Abrt softkey (MSR1 key) to NOT Delete Job and return to BMS Screen, or 
  ! DEL softkey (ANG key) to Delete Job and return to BMS Screen. 

 
Fig. 7.6:  Basic Measurement Screen 

 ! Select OK at the PC after the download is complete. 
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7.5 TransIt Data Conversion 
 
TransIt can import a variety of third party software data formats into total station format data and 
export total station format data to a variety of third party software data formats. 
 
To perform a data conversion; 
 
Data Export 
 
To export Nikon data to a third party data format; 
 ! Select File from the TransIt Main Menu. 
 ! Select Export Job from the File Menu. 
 ! Select the Export Format from the Export Format selection box. 
 ! Verify the name of the job in the Job Name selection box and click on OK box. 
 ! Type the name of the output file to be created and press OK. 
 ! At the “TransIt Export Complete” screen, select OK. 
 
 
Data Import 
 
To import a third party data format into the Nikon data format; 
 ! Select File from the TransIt Main Menu. 
 ! Select Import Job from the File Menu. 
 ! Select the Data Format from the Data Format selection box. 
 ! Select the name of the job in the Job Name selection box and click on OK box. 
 ! At the “TransIt Import Complete” screen, select OK. 
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7.6 TransIt Data Uploading to the Total Station 
 
Personal Computer 
 
 ! Start TransIt by double clicking on the TransIt icon in Windows. 
 ! Select File from the TransIt Main Menu. 
 ! Select Import Job from the File Menu. 
 ! Select the Data Format from the Data Format selection box. 
 ! Select the import job name in the Job Name selection box and click on OK box. 
 ! At the “TransIt Import Complete” screen, select OK. 
 ! Select Transfer from the TransIt Main Menu. 
 ! Select PC to Data Recorder from the Transfer Menu. 
 ! Select DTM-502/352/332 from Data Recorder selection box and click OK. 
 ! Enter the name of the job in the Job Name selection box and click on OK box. 
 ! Prepare total station to accept the data to be uploaded. 
 ! At the “TransIt Information” screen, select OK. 
 
DTM-502/352/332 Total Station 
 
To prepare the total station to accept the Uploaded data, 
 ! Connect the total station-to-PC serial cable. 
 ! Create a Job to receive the data. 
  !!!! Press [Menu] key. 

 
Fig. 7.7:  Main Menu Screen 

  ! Select 1.Job by pressing #### key. 

 
Fig. 7.8:  Job Manager Screen 

  ! Select Creat softkey by pressing MSR1 key. 

 
Fig. 7.9:  Create Job Screen 

   ! Input Job Name up to 8 characters. 
   ! Press ENT key. 
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7.6 TransIt Data Uploading to the Total Station (cont’d) 
 
   ! Create Job Confirmation Screen is displayed. 

 
Fig. 7.10:  Create Job Confirmation Screen 

    ! Select OK softkey by pressing ANG key. 
  ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 7.11:  Basic Measurement Screen 

 ! Press [Menu] key. 

 
Fig. 7.12:  Main Menu Screen 

 ! Select 5.Comm. by pressing &&&&. 

 
Fig. 7.13:  Communications Menu Screen 

 ! Select 2.Upload XYZ by pressing $$$$. 
 ! Upload Format Screen is displayed. 

 
Fig. 7.14:  Upload Format Screen 

 ! Ensure cable is connected to instrument and computer and press ENT key. 
 ! Upload Confirmation Screen is displayed. 
 

 
Fig. 7.15:  Upload Confirmation Screen 
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7.6 TransIt Data Uploading to the Total Station (cont’d) 
 
 ! Select Go softkey by pressing ANG key. 
 ! RECEIVING screen is displayed with record counter update till Complete. 
  ! At the PC, select OK to initiate the data transfer. 
 ! The Basic Measurement Screen (BMS) is displayed. 

 
Fig. 7.16:  Basic Measurement Screen 
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8.0 Stakeout Survey from a Known Point 
 
8.1 Stakeout from a Known Point 
 
Points to be staked out may be uploaded or manually input into the total station. 
 
1. Input Stakeout Points - Upload Coordinates. 
 
 Upload Coordinates. 
 
 Personal Computer 
 
 ! Start TransIt by double clicking on the TransIt icon in Windows. 
 ! Select Transfer from the TransIt Main Menu. 
 ! Select PC to Data Recorder from the Transfer Menu. 
 ! Select DTM-502/352/332 from Data Recorder selection box and click OK. 
 ! Enter the name of the job in the Job Name selection box and click on OK box. 
 ! Prepare the total station to accept the data to be uploaded. 
 ! At the “TransIt Information” screen, select OK. 
 
 DTM-502/352/332 Total Station 
 
 To prepare the total station to accept the Uploaded data, 
 ! Connect the total station-to-PC serial cable. 
 ! Create a Job to receive the data. 
  !!!! Press [Menu] key. 

 
Fig. 8.1:  Main Menu Screen 

  ! Select 1.Job by pressing #### key. 

 
Fig. 8.2:  Job Manager Screen 

  ! Select Creat softkey by pressing MSR1 key. 

 
Fig. 8.3:  Create Job Screen 

   ! Input Job Name up to 8 characters and press ENT key. 
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1. Input Stakeout Points - Upload Coordinates. (cont’d) 
 
  ! Create Job Confirmation Screen is displayed. 

 
Fig. 8.4:  Create Job Confirmation Screen 

   ! Select OK softkey by pressing ANG key. 
  ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 8.5:  Basic Measurement Screen 

 ! Press [Menu] key. 

 
Fig. 8.6:  Main Menu Screen 

 ! Select 5.Comm. by pressing &&&&. 

 
Fig. 8.7:  Communications Menu Screen 

 ! Select 2.Upload XYZ by pressing $$$$. 
 ! Upload Format Screen is displayed. 

 
Fig. 8.8:  Upload Format Screen 

 ! Ensure cable is connected to instrument and computer and press ENT key. 
 ! Upload Confirmation Screen is displayed. 

 
Fig. 8.9:  Upload Confirmation Screen 

 ! Select Go softkey by pressing ANG key. 
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1. Input Stakeout Points - Upload Coordinates. (cont’d) 
 
 ! RECEIVING screen is displayed with record counter update till Complete. 
  ! At the PC, select OK to initiate the data transfer. 
 ! The Basic Measurement Screen (BMS) is displayed. 

 
Fig. 8.10:  Basic Measurement Screen 
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8.1 Stakeout from a Known Point  (cont’d) 
 
1. Input Stakeout Points - Manual Input. 
 
 Manually Input Coordinates. 
 
 ! Create a Job to input the data. 
  !!!! Press [Menu] key. 

 
Fig. 8.11:  Main Menu Screen 

  ! Select 1.Job by pressing #### key. 

 
Fig. 8.12:  Job Manager Screen 

  ! Select Creat softkey by pressing MSR1 key. 

 
Fig. 8.13:  Create Job Screen 

   ! Input Job Name up to 8 characters and press ENT key. 
  ! Create Job Confirmation Screen is displayed. 

 
Fig. 8.14:  Create Job Confirmation Screen 

   ! Select OK softkey by pressing ANG key. 
  ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 8.15:  Basic Measurement Screen 
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8.1 Stakeout from a Known Point  (cont’d) 
 
1. Input Stakeout Points - Manual Input.  (Cont’d) 
 
 ! Press [Menu] key. 

 
Fig. 8.16:  Main Menu Screen 

  ! Select 2.Cogo by pressing $$$$. 

 
Fig. 8.17:  Cogo Menu Screen 

  ! Select 5.Input XYZ by pressing &&&&. 
  ! A Coordinate Input Screen is displayed. 

 
Fig. 8.18:  Coordinate Input Screen 

   ! Input Northing N: and press ENT key. 
   ! Input Easting E: and press ENT key. 
   ! Input Elevation Z: if necessary and press ENT key. 
   ! Input Point Number PT if necessary. 
   ! Input Code CD if necessary. 
   ! Press ENT key to record the point. 
  ! Repeat Coordinate Input sequence for all points to be input. 
  ! Press ESC key three times to return to Basic Measurement Screen. 

 
Fig. 8.19:  Basic Measurement Screen 

 
2. Instrument Setup. 
 !!!! Set the instrument over the control or station point. 
 !!!! Level the instrument. 
 ! Power on the instrument. 
 ! Tilt the telescope to initialize the Vertical Circle. 
 ! Basic Measurement Screen (BMS) is displayed. 
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8.1 Stakeout from a Known Point  (cont’d) 
 
3. Station Setup 
 !!!! Press %%%% STN key. 

 
Fig. 8.20:  Station Setup Menu Screen 

 ! Select 1.Known by pressing #### key. 

 
Fig. 8.21:  Station Input Screen 

  ! Input Station Point Number ST, e.g. 1 and press ENT. 

 
Fig. 8.22:  Station Coordinates Input Screen 

  ! Input Station Coordinates N,E,Z if displayed as blank and press ENT. 
  ! Input Station Code or Description CD and press ENT. 
  ! Input Station Height of Instrument HI and press ENT. 
 ! Backsight Menu Screen is displayed. 

 
Fig. 8.23:  Backsight Menu Screen 

 ! Select either 
  ! 1.Coord. if the backsight has known coordinates or 
  ! 2.Angle if only the azimuth to the backsight is known. 
 ! Perform backsight observation per prompt sequence below; 

 
Fig. 8.24:  Backsight Point Input Screen 
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8.1 Stakeout from a Known Point  (cont’d) 
 
3. Station Setup (cont’d) 

 
Fig. 8.25:  Backsight Azimuth Input Screen 

 

 
Fig. 8.26:  Backsight Measurement Screen 

 

 
Fig. 8.27:  Basic Measurement Screen 

 
 
4. Stakeout 
 !!!! Press '''' S-O key. 

 
Fig. 8.28:  Stakeout Menu Screen 

 ! Select 2.XYZ by pressing $$$$ key. 
 ! The Stakeout Point Input Screen is displayed. 

 
Fig. 8.29:  Stakeout Point Input Screen 

 ! Input Stakeout Point Number PT: of point to be staked. 
 ! The coordinates of the point to be staked should be displayed. 
  ! Input Point Coordinates N,E,Z if displayed as blank. 
   ! Input Northing N: and press ENT key. 
   ! Input Easting E: and press ENT key. 
   ! Input Elevation Z: if necessary. 
 ! Press ENT key to accept the point. 
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8.1 Stakeout from a Known Point  (cont’d) 
 
4. Stakeout (cont’d) 
 
 ! The Stakeout Observation Screen showing dHA and HD is displayed. 
  ! dHA: is the zero countdown horizontal angle (turn in direction of arrow). 
  ! HD: is the horizontal distance to the stakeout point. 

 
Fig. 8.30:  Stakeout Observation Screen 

 ! Rotate the instrument until dHA is 0°°°°00’00”. You are now “on-line”. 
 ! Sight the target position on-line and press MSR1 or MSR2 key. 
 ! The distance the prism is to be moved In/Out to be on the stakeout point is displayed. 

  
Fig. 8.31:  In/Out Stakeout Screen 

 ! Move the target and repeat measurements until In/Out distance is 0.000. 
 ! To record the coordinates of the target position 
  ! Press REC key to display the coordinates, point number and code. 

 
Fig. 8.32:  Coordinate Display Screen 

   ! Change Point Number if necessary. 
   ! Enter Code if necessary. 
  ! Press ENT key to record the staked point. 
 ! The Stakeout Observation Screen showing dHA and HD is displayed. 
 ! Press ESC key to return to the Stakeout Point Input Screen. 
 ! The Stakeout Point Number PT: of the next point to be staked is displayed. 

 
Fig. 8.33:  Stakeout Point Input Screen  

 ! Repeat until all points have been staked. 
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8.1 Stakeout from a Known Point  (cont’d) 
 
5. Download the Stakeout Data. 
 ! Prepare computer to accept data. 
 ! Press [Menu] key. 

 
Fig. 8.34:  Main Menu Screen 

 ! Select 5.Comm. by pressing &&&&. 

 
Fig. 8.35:  Communications Menu Screen 

 ! Select 1.Download by pressing ####. 
 ! Download  Settings Screen is displayed. 

 
Fig. 8.36:  Download Settings Screen 

 ! Select 
  ! Format:  NIKON and 
  ! Data:  RAW and press ENT key. 

 
Fig. 8.37:  Download Confirmation Screen 

 ! Ensure cable is connected to instrument and computer. 
 ! Select Go softkey by pressing ANG key. 
 ! SENDING screen is displayed with record counter update till Complete. 

 
Fig. 8.38:  Delete Job Screen 

 ! At the Delete JOB screen, press either 
  ! Abrt softkey (MSR1 key) to NOT Delete Job and return to BMS Screen, or 
  ! DEL softkey (ANG key) to Delete Job and return to BMS Screen. 

UNIT III TOTAL STATION SURVEYINGCE 6404 SURVEYING 2

Mr.R.PERUMAL. M.E, AP/CIVIL

9529 SCADEC

Mr.R.PERUMAL. M.E, AP/CIVIL

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 8-10

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 
 

UNIT III TOTAL STATION SURVEYINGCE 6404 SURVEYING 2

Mr.R.PERUMAL. M.E, AP/CIVIL

9529 SCADEC

Mr.R.PERUMAL. M.E, AP/CIVIL

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 9-1

9.0 Stakeout Survey from an Unknown Point 
 
9.1 Stakeout from an Unknown Point 
 
Points to be staked out may be uploaded or manually input into the total station. 
 
1. Input Stakeout Points - Upload Coordinates. 
 
 Upload Coordinates. 
 
 Personal Computer 
 
 ! Start TransIt by double clicking on the TransIt icon in Windows. 
 ! Select Transfer from the TransIt Main Menu. 
 ! Select PC to Data Recorder from the Transfer Menu. 
 ! Select DTM-502/352/332 from Data Recorder selection box and click OK. 
 ! Enter the name of the job in the Job Name selection box and click on OK box. 
 ! Prepare the total station to accept the data to be uploaded. 
 ! At the “TransIt Information” screen, select OK. 
 
 DTM-502/352/332 Total Station 
 
 To prepare the total station to accept the Uploaded data, 
 ! Connect the total station-to-PC serial cable. 
 ! Create a Job to receive the data. 
  !!!! Press [Menu] key. 

 
Fig. 9.1:  Main Menu Screen 

  ! Select 1.Job by pressing #### key. 

 
Fig. 9.2:  Job Manager Screen 

  ! Select Creat softkey by pressing MSR1 key. 

 
Fig. 9.3:  Create Job Screen 

   ! Input Job Name up to 8 characters and press ENT key. 
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9.1 Stakeout from an Unknown Point (cont’d) 
 
1. Input Stakeout Points - Upload Coordinates. (cont’d) 
 
   ! Create Job Confirmation Screen is displayed. 

 
Fig. 9.4:  Create Job Confirmation Screen 

    ! Select OK softkey by pressing ANG key. 
   ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 9.5:  Basic Measurement Screen 

 ! Press [Menu] key. 

 
Fig. 9.6:  Main Menu Screen 

 ! Select 5.Comm. by pressing &&&&. 

 
Fig. 9.7:  Communications Menu Screen 

 ! Select 2.Upload XYZ by pressing $$$$. 
 ! Upload Format Screen is displayed. 

 
Fig. 9.8:  Upload Format Screen 

 ! Ensure cable is connected to instrument and computer and press ENT key. 
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9.1 Stakeout from an Unknown Point (cont’d) 
 
1. Input Stakeout Points - Upload Coordinates. (cont’d) 
 
 ! Upload Confirmation Screen is displayed. 

 
Fig. 9.9:  Upload Confirmation Screen 

 ! Select Go softkey by pressing ANG key. 
 ! RECEIVING screen is displayed with record counter update till Complete. 
   ! At the PC, select OK to initiate the data transfer. 
 ! The Basic Measurement Screen (BMS) is displayed. 

 
Fig. 9.10:  Basic Measurement Screen 
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9.1 Stakeout from an Unknown Point  (cont’d) 
 
1. Input Stakeout Points - Manual Input. 
 
 Manually Input Coordinates. 
 
 ! Create a Job to input the data. 
  !!!! Press [Menu] key. 

 
Fig. 9.11:  Main Menu Screen 

  ! Select 1.Job by pressing #### key. 

 
Fig. 9.12:  Job Manager Screen 

  ! Select Creat softkey by pressing MSR1 key. 

 
Fig. 9.13:  Create Job Screen 

   ! Input Job Name up to 8 characters and press ENT key. 
  ! Create Job Confirmation Screen is displayed. 

 
Fig. 9.14:  Create Job Confirmation Screen 

   ! Select OK softkey by pressing ANG key. 
  ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 9.15:  Basic Measurement Screen 
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9.1 Stakeout from an Unknown Point  (cont’d) 
 
1. Input Stakeout Points - Manual Input.  (Cont’d) 
 
 ! Press [Menu] key. 

 
Fig. 9.16:  Main Menu Screen 

  ! Select 2.Cogo by pressing $$$$. 

 
Fig. 9.17:  Cogo Menu Screen 

  ! Select 5.Input XYZ by pressing &&&&. 
  ! A Coordinate Input Screen is displayed. 

 
Fig. 9.18:  Coordinate Input Screen 

   ! Input Northing N: and press ENT key. 
   ! Input Easting E: and press ENT key. 
   ! Input Elevation Z: if necessary and press ENT key. 
   ! Input Point Number PT if necessary. 
   ! Input Code CD if necessary. 
   ! Press ENT key to record the point. 
  ! Repeat Coordinate Input sequence for all points to be input. 
  ! Press ESC key three times to return to Basic Measurement Screen. 

 
Fig. 9.19:  Basic Measurement Screen 

 
 
2. Instrument Setup. 
 !!!! Set the instrument over the control or station point. 
 !!!! Level the instrument. 
 ! Power on the instrument. 
 ! Tilt the telescope to initialize the Vertical Circle. 
 ! Basic Measurement Screen (BMS) is displayed. 
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9.1 Stakeout from an Unknown Point  (cont’d) 
 
3. Station Setup 

When  using resection techniques (measuring to two or more known points to compute 
coordinates for an unknown point), it is  recommended measurements be taken to a 
minimum three known points. If only two known points are available, the angle of 
intersection at the unknown point should be “strong” – that is, not too flat nor too sharp 
but ideally somewhere around 90°. 

 
 !!!! Press %%%% STN key. 

 
Fig. 9.20:  Station Setup Menu Screen 

 ! Select 2.Resection by pressing $$$$ key. 

 
Fig. 9.21:  Point Input Screen (PT1) 

  ! Input First Known Point Number PT1, e.g. 101 and press ENT. 
  ! Input Coordinates N,E,Z of PT1 if displayed as blank and press ENT. 
  ! Input Height of Target HT at PT1 and press ENT. 
  ! Input Code or Description CD of PT1 and press ENT. 

 
Fig. 9.22:  Measure PT1 Instruction Screen 

  ! Sight PT1 and press MSR1 key. 

 
Fig. 9.23:  Measurement Data to PT1 

  ! Measurement data to PT1 is displayed. Press ENT. 
  ! Input Second Known Point Number PT2, e.g. 2 and press ENT. 

 
Fig. 9.24:  Point Input Screen (PT2) 
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9.1 Stakeout from an Unknown Point  (cont’d) 
 
3. Station Setup (cont’d) 
  ! Input Coordinates N,E,Z of PT2 if displayed as blank and press ENT. 
  ! Input Height of Target HT at PT2 and press ENT. 
  ! Input Code or Description CD of PT2 and press ENT. 

 
Fig. 9.25:  Measure PT2 Instruction Screen 

  ! Sight PT2 and press MSR1 key. 

 
Fig. 9.26:  Measurement Data to PT2 

  ! Measurement data to PT2 is displayed. Press ENT. 

 
Fig. 9.27:  Standard Deviations Screen 

  ! Standard Deviations for the computed coordinates are displayed. 
  ! Press DSP softkey (DSP key). 

 
Fig. 9.28:  Computed Coordinates Screen 

  ! Computed Coordinates for the Unknown Point Number N,E,Z are displayed. 
  ! Press Add softkey (MSR1 key) to add another known point measurement, or 
  ! Press REC softkey (ANG key) or ENT key to record the station. 

 
Fig. 9.29:  Station Input Screen 

  ! At the Station Input screen, 
   ! Input Station Point Number ST of the Unknown Point and press ENT. 
   ! Input Height of Instrument HI and press ENT. 
   ! Input Code or Description CD and press ENT. 
   ! The Backsight Point BS is defaulted to the first measured point PT1. 
  ! Press ENT key to complete Station Setup by Resection. 
  ! Basic Measurement Screen is displayed. 
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9.1 Stakeout from an Unknown Point  (cont’d) 
 
4. Stakeout 
 !!!! Press '''' S-O key. 

 
Fig. 9.30:  Stakeout Menu Screen 

 ! Select 2.XYZ by pressing $$$$ key. 
 ! The Stakeout Point Input Screen is displayed. 

 
Fig. 9.31:  Stakeout Point Input Screen 

 ! Input Stakeout Point Number PT: of point to be staked. 
 ! The coordinates of the point to be staked should be displayed. 
  ! Input Point Coordinates N,E,Z if displayed as blank. 
   ! Input Northing N: and press ENT key. 
   ! Input Easting E: and press ENT key. 
   ! Input Elevation Z: if necessary. 
 ! Press ENT key to accept the point. 
 ! The Stakeout Observation Screen showing dHA and HD is displayed. 
  ! dHA: is the zero countdown horizontal angle (turn in direction of arrow). 
  ! HD: is the horizontal distance to the stakeout point. 

 
Fig. 9.32:  Stakeout Observation Screen 

 ! Rotate the instrument until dHA is 0°°°°00’00”. You are now “on-line”. 
 ! Sight the target position on-line and press MSR1 or MSR2 key. 
 ! The distance the prism is to be moved In/Out to be on the stakeout point is displayed. 

  
Fig. 9.33:  In/Out Stakeout Screen 

 ! Move the target and repeat measurements until In/Out distance is 0.000. 
 ! To record the coordinates of the target position 
  ! Press REC key to display the coordinates, point number and code. 
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9.1 Stakeout from an Unknown Point  (cont’d) 
 
4. Stakeout (cont’d) 

 
Fig. 9.34:  Coordinate Display Screen 

   ! Change Point Number if necessary. 
   ! Enter Code if necessary. 
  ! Press ENT key to record the staked point. 
 ! The Stakeout Observation Screen showing dHA and HD is displayed. 
 ! Press ESC key to return to the Stakeout Point Input Screen. 
 ! The Stakeout Point Number PT: of the next point to be staked is displayed. 

 
Fig. 9.35:  Stakeout Point Input Screen  

 ! Repeat until all points have been staked. 
 
 
5. Download the Stakeout Data. 
 ! Prepare computer to accept data. 
 ! Press [Menu] key. 

 
Fig. 9.36:  Main Menu Screen 

 ! Select 5.Comm. by pressing &&&&. 

 
Fig. 9.37:  Communications Menu Screen 

 ! Select 1.Download by pressing ####. 
 ! Download  Settings Screen is displayed. 

 
Fig. 9.38:  Download Settings Screen 
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9.1 Stakeout from an Unknown Point  (cont’d) 
 
4. Stakeout (cont’d) 
 ! Select 
  ! Format:  NIKON and 
  ! Data:  RAW and press ENT key. 
 

 
Fig. 9.39:  Download Confirmation Screen 

 ! Ensure cable is connected to instrument and computer. 
 ! Select Go softkey by pressing ANG key. 
 ! SENDING screen is displayed with record counter update till Complete. 

 
Fig. 9.40:  Delete Job Screen 

 ! At the Delete JOB screen, press either 
  ! Abrt softkey (MSR1 key) to NOT Delete Job and return to BMS Screen, or 
  ! DEL softkey (ANG key) to Delete Job and return to BMS Screen. 
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10.0 Resetting Missing Points Using Stakeout 
 
10.1 Resetting Missing Points 
 
This section assumes the Missing Points to be “reset” or “restaked” are contained in an existing 
job on the total station. 
 
1. Open or Activate the Existing Job. 
 
 ! Open the Job containing the points to be reset. 
  !!!! Press [Menu] key. 

 
Fig. 10.1:  Main Menu Screen 

  ! Select 1.Job by pressing #### key. 
  ! The Job Manager screen is displayed. 

 
Fig. 10.2:  Job Manager Screen 

  ! Move the Highlight Bar to the correct job using the ####/$$$$ keys. 
  ! Press ENT key to open the correct job. 
  ! Basic Measurement Screen (BMS) is displayed. 
 
2. Instrument Setup. 
 !!!! Set the instrument over an existing known point. 
 !!!! Level the instrument. 
 ! Power on the instrument. 
 ! Tilt the telescope to initialize the Vertical Circle. 
 ! Basic Measurement Screen (BMS) is displayed. 
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10.1 Resetting Missing Points  (cont’d) 
 
3. Station Setup 
 
 !!!! Press %%%% STN key. 

 
Fig. 10.3:  Station Setup Menu Screen 

 ! Select 1.Known by pressing #### key. 

 
Fig. 10.4:  Station Input Screen 

  ! Input Station Point Number ST, e.g. 1 and press ENT. 

 
Fig. 10.5:  Station Coordinates Input Screen 

  ! The Station Coordinates N,E,Z are displayed.. 
  ! Input Station Code or Description CD and press ENT. 
  ! Input Station Height of Instrument HI and press ENT. 
 ! Backsight Menu Screen is displayed. 

 
Fig. 10.4:  Backsight Menu Screen 

 ! Select 1.Coord. by pressing #### key. 
  ! Input Backsight Point Number BS, e.g. 12 and press ENT. 
  ! The Backsight Point Coordinates N,E,Z are displayed. 
  ! Input Height of Instrument HI at the Backsight Point and press ENT. 
  ! Input Code or Description CD and press ENT. 
 ! Sight Backsight Point BS and press MSR1 key. 
.  ! Press ENT key to complete Station Setup 
 ! Basic Measurement Screen (BMS) is displayed. 
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10.1 Resetting Missing Points  (cont’d) 
 
4. Stakeout 
 
 !!!! Press '''' S-O key. 

 
Fig. 10.5:  Stakeout Menu Screen 

 ! Select 2.XYZ by pressing $$$$ key. 
 ! The Stakeout Point Input Screen is displayed. 

 
Fig. 10.6:  Stakeout Point Input Screen 

 ! Input Stakeout Point Number PT: of first missing point to be “reset”. 
 ! The coordinates of the point to be staked should be displayed. 
 ! Press ENT key to accept the point. 
 ! The Stakeout Observation Screen showing dHA and HD is displayed. 
  ! dHA: is the zero countdown horizontal angle (turn in direction of arrow). 
  ! HD: is the horizontal distance to the stakeout point. 

 
Fig. 10.7:  Stakeout Observation Screen 

 ! Rotate the instrument until dHA is 0°°°°00’00”. You are now “on-line”. 
 ! Sight the target position on-line and press MSR1 or MSR2 key. 
 ! The distance the prism is to be moved In/Out to be on the stakeout point is displayed. 

  
Fig. 10.8:  In/Out Stakeout Screen 

 ! Move the target and repeat measurements until In/Out distance is 0.000. 
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10.1 Resetting Missing Points  (cont’d) 
 
4. Stakeout (cont’d) 
 
 ! To record the coordinates of the target position 
  ! Press REC key to display the coordinates, point number and code. 

 
Fig. 10.9:  Coordinate Display Screen 

   ! Change Point Number if necessary. 
   ! Enter Code if necessary. 
  ! Press ENT key to record the staked point. 
 ! The Stakeout Observation Screen showing dHA and HD is displayed. 
 ! Press ESC key to return to the Stakeout Point Input Screen. 
 ! The Stakeout Point Number PT: of the next point to be staked is displayed. 

 
Fig. 10.10:  Stakeout Point Input Screen  

 ! Change the Stakeout Point Number PT: to the next missing point to be “reset”. 
 ! Repeat until all missing points have been “reset” or “restaked”. 

UNIT III TOTAL STATION SURVEYINGCE 6404 SURVEYING 2

Mr.R.PERUMAL. M.E, AP/CIVIL

9529 SCADEC

Mr.R.PERUMAL. M.E, AP/CIVIL

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 

 11-1

11.0 Transferring an Elevation into a Job Site 
 
11.1 Transferring an Elevation into a Job Site 
 
This section assumes the user is familiar with the following sequence of procedures from 
previous chapters; 
 
1. Create a New Job or Open an Existing Job. 
2. Upload or Manually Input required Data. 
3. Instrument Setup. 
4. Station Setup from a Known Point or an Unknown Point. 
  Note:  It is not necessary to enter an elevation for the point over which the 
    instrument is set as an elevation will be computed. 
    Station setup is completed and the Basic Measurement Screen is 
    displayed. 
 
5. Remote Benchmark (RBM) to determine Station Point Elevation. 
 !!!! Press %%%% STN key. 

 
Fig. 11.1:  Station Setup Menu Screen 

 ! Select 4.Remote BM by pressing (((( key. 

 
Fig. 11.2:   Benchmark Point Number Input Screen 

  ! Input Benchmark Point Number PT, e.g. 36 and press ENT. 
  ! The Benchmark Coordinates N,E,Z are displayed. 

  
Fig. 11.3:  Benchmark Coordinate Input Screen 

   ! Input Benchmark Coordinates N,E,Z if displayed as blank. 
    ! Input Northing N: (or leave blank) and press ENT key. 
    ! Input Easting E: (or leave blank) and press ENT key. 
    ! Input Elevation Z: (Must enter a value). 
  ! Input Code or description CD (or leave blank) of Benchmark and press ENT. 
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11.1 Transferring an Elevation into a Job Site (cont’d) 
 
 ! Height of Target HT Input Screen is displayed. 

 
Fig. 11.4:  Benchmark HT Input Screen 

 ! Input HT and press ENT key. 

 
Fig. 11.5:  Benchmark Sighting Screen 

 ! Sight Benchmark Point and press MSR1 key. 
 ! Measurement data to Benchmark is displayed. 

 
Fig. 11.6:  Benchmark Measurement Data Screen 

 ! Press ENT key. 
 ! The updated station coordinates are displayed. 

 
Fig. 11.7:  Updated Station Coordinates Screen 

  ! Change Height of Instrument HI (if necessary) and press ENT. 
 ! The updated station coordinates are stored. 
  ! Note:  If the HI is changed, the Z coordinate is updated before the station 
     coordinates are stored. 
 ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 11.8:  Basic Measurement Screen 

 
6. Data Collection or Stakeout. 
 Once the Remote Benchmark procedure is completed and the correct elevation for the 
  instrument station is stored, the user may proceed to either Data Collection or Stakeout. 
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12.0 Blocking Diagram Layout 
 
12.1 Layout from Blocking Diagrams 
 
1. Instrument Setup. 
 !!!! Set the instrument over the control or station point. 
 !!!! Level the instrument. 
 ! Power on the instrument. 
 ! Tilt the telescope to initialize the Vertical Circle. 
 ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 12.1:  Basic Measurement Screen 

 
2. Create a Job 
 !!!! Press [Menu] key. 

 
Fig. 12.2:  Main Menu Screen 

 ! Select 1.Job by pressing #### key. 

 
Fig. 12.3:  Job Manager Screen 

 ! Select Creat softkey by pressing MSR1 key. 

 
Fig. 12.4:  Create Job Screen 

  ! Input Job Name up to 8 characters. 
  ! Press ENT key. 
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12.1 Layout from Blocking Diagrams  (cont’d) 
 
2. Create a Job (cont’d) 
 ! Create Job Confirmation Screen is displayed. 

 
Fig. 12.5:  Create Job Confirmation Screen 

 ! Select OK softkey by pressing ANG key. 
 ! Basic Measurement Screen (BMS) is displayed. 

 
Fig. 12.6:  Basic Measurement Screen 

 
3. Station Setup 
 !!!! Press %%%% STN key. 

 
Fig. 12.7:  Station Setup Menu Screen 

 ! Select 1.Known by pressing #### key. 

 
Fig. 12.8:  Station Input Screen 

  ! Input Station Point Number ST, e.g. 1 and press ENT. 

 
Fig. 12.9:  Station Coordinates Input Screen 

  ! Input Station Coordinates N,E,Z if displayed as blank and press ENT. 
  ! Input Station Code or Description CD and press ENT. 
  ! Input Station Height of Instrument HI and press ENT. 
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12.1 Layout from Blocking Diagrams  (cont’d) 
 
3. Station Setup (cont’d) 
 
 ! Backsight Menu Screen is displayed. 

 
Fig. 12.10:  Backsight Menu Screen 

 ! Select either 
  ! 1.Coord. if the backsight has known coordinates or 
  ! 2.Angle if only the azimuth to the backsight is known. 
 ! Perform backsight observation per prompt sequence below; 

 
Fig. 12.11:  Backsight Point Input Screen 

 

 
Fig. 12.12:  Backsight Azimuth Input Screen 

 

 
Fig. 12.13:  Backsight Measurement Screen 

 

 
Fig. 12.14:  Basic Measurement Screen 
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12.1 Layout from Blocking Diagrams  (cont’d) 
 
4. Measure & Record End Points on Baseline. 
 ! Sight the first baseline endpoint (P1) to be collected. 
 ! Press MSR1 key. 

 
Fig. 12.15:  Measurement Screen 

 ! When distance SD is displayed, press REC key. 
 ! A “Record PT” Data Input Screen is displayed. 

 
Fig. 12.16:  Record Point Input Screen 

  ! Input Point Number PT if necessary. 
  ! Input Height of Target HT if necessary. 
  ! Input Code CD if necessary by manually typing, or 
   ! Select from a List by pressing DSP key, or 
   ! Select from a Stack by pressing ANG key. 
  ! Press ENT key to record the point. 
 ! Sight the second baseline endpoint (P2) to be collected. 
 ! Press MSR1 key. 

 
Fig. 12.17:  Measurement Screen 

 ! When distance SD is displayed, press REC key. 
 ! A “Record PT” Data Input Screen is displayed. 

 
Fig. 12.18:  Record Point Input Screen 

  ! Input Point Number PT if necessary. 
  ! Input Height of Target HT if necessary. 
  ! Input Code CD if necessary by manually typing, or 
   ! Select from a List by pressing DSP key, or 
   ! Select from a Stack by pressing ANG key. 
  ! Press ENT key to record the point. 
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12.1 Layout from Blocking Diagrams  (cont’d) 
 
5. Blocking Diagram Layout. 
 !!!! Press (((( PRG key. 

 
Fig. 12.19:  PRG Menu Screen 

 ! Select 1.2Pt RefLine by pressing #### key. 

 
Fig. 12.20:  Line Input Screen (P1) 

 ! Input Point Number of First Baseline Point P1: and press ENT key. 

 
Fig. 12.21:  Line Input Screen (P2) 

 ! Input Point Number of Second Baseline Point P2: and press ENT key. 
 ! The Station & Offset Screen showing Sta and O/S is displayed. 

 
Fig. 12.22:  Station & Offset Screen 

  ! Sta: is the horizontal distance along the baseline (P1-P2) from P1 to  
    the point to be checked. 
  ! O/S: is the horizontal offset from the baseline (P1-P2) to the point to be 
    checked. 
 ! Sight the target position of the point to be checked and press MSR1 key. 
 ! The baseline Station and Offset values to the checked point are displayed. 

 
Fig. 12.23:  Station & Offset Measurement Screen 
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12.1 Layout from Blocking Diagrams  (cont’d) 
 
5. Blocking Diagram Layout. (cont’d) 
 ! Adjust the target position and repeat measurements until Sta: and O/S are correct. 
 ! To record the location of the target position 
  ! Press REC key to display Point Number and Code. 

 
Fig. 12.24:  Record Point Input Screen 

   ! Change Point Number if necessary. 
   ! Enter Code if necessary. 
  ! Press ENT key to record the checked point. 
 ! Repeat until all points have been checked. 
 
6. Download the Survey Data. 
 ! Prepare computer to accept data. 
 ! Press [Menu] key. 

 
Fig. 12.25:  Main Menu Screen 

 ! Select 5.Comm. by pressing &&&&. 

 
Fig. 12.26:  Communications Menu Screen 

 ! Select 1.Download by pressing ####. 
 ! Download  Settings Screen is displayed. 

 
Fig. 12.27:  Download Settings Screen 
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12.1 Layout from Blocking Diagrams  (cont’d) 
 
6. Download the Survey Data. (cont’d) 
 ! Select 
  ! Format:  NIKON and 
  ! Data:  RAW and press ENT key. 

 
Fig. 12.28:  Download Confirmation Screen 

 ! Ensure cable is connected to instrument and computer. 
 ! Select Go softkey by pressing ANG key. 
 ! SENDING screen is displayed with record counter update till Complete. 

 
Fig. 12.29:  Delete Job Screen 

 ! At the Delete JOB screen, press either 
  ! Abrt softkey (MSR1 key) to NOT Delete Job and return to BMS Screen, or 
  ! DEL softkey (ANG key) to Delete Job and return to BMS Screen. 

 
Fig. 12.30:  Basic Measurement Screen 
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 G-1

GLOSSARY 
 
Glossary of Surveying Terminology 
 
Accuracy is the relationship between the value of a measurement and its “true or actual” value. 
The higher the accuracy, the smaller the errors in measurement. 
 
Alidade is the upper assembly of the instrument which may be rotated about the base. 
 
Angles are classified as Horizontal or Vertical according to the plane in which they are measured 
and are determined by the reference or starting line, the direction of turning and the angular 
distance or angular value. 
 
Azimuths are angles measured clockwise from a reference meridian (generally North) and range 
from 0° to 360°. 
 
Backsight is an initial reference point or direction from which angles and distances are measured 
to compute the positions of other points for stakeout and collection. 
 
Bearings are a system of expressing directions of lines by means of an angle and quadrant letters. 
The bearing angle is the acute horizontal angle between the reference meridian and the line. The 
angle is measured from either the North or South to the East or West and always gives a reading 
less than or equal to 90°. Examples:  N10°20’30”W, S18°E 
 
Benchmark (BM) is a point of known elevation. 
 
Centering is the precise alignment of the instrument’s central axis over a point. 
 
Circle reading is the current displayed value on the instrument for the Horizontal and/or Vertical 
angles. 
 
COGO (COordinate GeOmetry) refers to the mathematical computations performed in solving 
unknown relationships between points having known coordinates. Examples include calculation 
of length and direction of a line between two known points, the point(s) of intersection of two 
lines, a line and a distance or two distances, and area. 
 
Coordinates define the position of a point by perpendicular distances from the axes of the 
coordinate system. Northing, Easting and Elevation are survey coordinates. 
 
Coordinate Geometry (COGO) refers to the mathematical computations performed in solving 
unknown relationships between points having known coordinates. Examples include calculation 
of length and direction of a line between two known points, the point(s) of intersection of two 
lines, a line and a distance and two distances, and area. 
 
Crosshairs are the horizontal and vertical lines in an instrument’s telescope which are used to 
sight to the target. 
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 G-2

Data collection is the process of  taking survey field measurements and recording them 
internally in a total station or externally in a data recorder. 
 
Direction of a line is the horizontal angle between the line and an arbitrarily chosen reference 
line termed a meridian. 
 
Easting (E) coordinate of a point’s position is the perpendicular distance from the point to the 
North-South Axis. 
 
Elevation (Z) is the vertical distance above or below a  reference (known or assumed) datum. 
 
Free Station (Resection) is the determination of an instrument’s position or coordinates by 
measurement to two or more points having known coordinates. 
 
Height of Instrument (HI) is the height of the instrument above its station. 
 
Height of Target (HT) is the height of the prism above its station. 
 
Horizontal Angles (HA) are angles measured in the horizontal plane. May be the difference 
between two directions. 
 
Horizontal Clamp is used to lock and prevent horizontal movement of the instrument. 
 
Horizontal Distances (HD=SD cosθθθθ) are distances computed in the horizontal plane 
representing the straight line distance between plumb lines at any two points. 
 
Horizontal Tangent Screw is used to fine adjust the horizontal motion of the instrument. 
 
Leveling is the precise vertical alignment of the instrument’s vertical axis. 
 
Meridian (Astronomic or true) is the North-South reference line through the earth’s geographic 
poles. 
 Magnetic Meridian is the North-South reference line through the earth’s magnetic poles. 
 Assumed Meridian is established by assigning any arbitrary direction to a line. 
  Directions of all other lines are found relative to the assumed meridian. 
 
Nadir point is a point on a vertical line directly beneath below the instrument position. 
 
Northing coordinate of a point’s position is the perpendicular distance from the point to the 
East-West Axis. 
 
Online refers to the target being located at the correct horizontal angle usually in stakeout. 
 
Optical Plummet is the smaller eyepiece near the base of the instrument which is used to ensure 
the instrument is centered over a point. 
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 G-3

Plumb is a vertical line from the point to the center of the earth. 
 
Prism refers to the reflective piece of glass used to reflect the light signal back to the total 
station. 
 
Resection (Free Station) is the determination of an instrument’s position or coordinates by 
measurement to two or more points having known coordinates. 
 
Sighting refers to the aiming of the telescope at the target, bringing the target into focus and 
aligning the target with the center crosshairs of the reticle. 
 
Slope Distances (SD) are distances measured along inclined planes representing the straight line 
distance from the center of the EDM to the center point of the reflecting prism. 
 
Stakeout is the process of transferring points with known design positions to their locations in 
the field. 
 
Station is a point on the ground, generally having known coordinates, above which the 
instrument is set. 
 
Target is a point to which the instrument is being sighted for measurement purposes. 
 
Telescope is the tube assembly on the instrument which contains the objective and eyepiece 
lenses. 
 
Total Station is a fully electronic instrument with coaxial optics which measures horizontal 
angle, vertical angle and slope distance with a single pointing to the target. 
 
Tribrach is the detachable base, containing the leveling screws, of the instrument. 
 
Vernier Scale is a graduated precision scale used in conjunction with graduated horizontal and 
vertical circles to determine a more precise angular value. 
 
Vertical Angles (VA) are angles measured in the vertical plane from the horizontal. 
 
Vertical Clamp is used to lock and prevent vertical movement of the telescope. 
 
Vertical Distances (VD=SD sinθθθθ) are distances computed in the direction of gravity 
representing the vertical or elevation difference between the center of the EDM and the center 
point of the reflecting prism. 
 
Vertical Tangent Screw is used to fine adjust the vertical motion of the telescope. 
 
Zenith point is a point on a vertical line directly above the instrument position. 
 
Zenith Angles are angles measured in the vertical plane from the Zenith. 
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snoillim ehT  fo  srats  taht  ew  ees  ni  eht  yks  no  a raelc  sselduolc  thgin  era  lla   ta  

gniyrav  secnatsid  f mor  .su  ecniS  ew  era  denrecnoc  htiw  rieht  evitaler  ecnatsid   rehtar  

naht  rieht  tca u la  ecnatsid  f or m eht  ob .revres  tI  si  e ylgnideecx  tneinevnoc  to p tci u  er  

eht  srats  sa  detubirtsid  revo  eht  ecafrus  fo  na  yranigami  lacirehps  yks  gnivah   sti  

retnec  ta  eht  noitisop  of eht  sbo e vr e .r  sihT  yranigami  erehps  no  hw hci  eht   rats  

raeppa  ot  eil  ro  ot  eb  dedduts  si  nwonk  as t eh  ce itsel al sphe .er  ehT  suidar  of  eht  

laitselec  erehps  yam  eb  of yna  va ul e – morf  a wef  dnasuoht  m serte  ot  a fe  w  

dnasuoht  .sretemolik  Si ecn  eht  srats  era  yrev  tnatsid  f or m ,su  eht  ec nter fo  ht e ea  htr  

 eht sa nekat eb yam c retne   fo t  eh c erehps laitsele .  

 
.noziroH laitseleC dna ridaN ,htineZ  

ehT  htineZ  )Z(  si  eht  tniop  no  eht  reppu  oitrop n of ht e ce sel t lai  sp ereh  ma  dekr  

yb  bmulp  enil  evoba  eht  sbo e vr e .r  tI  si  suht  eht  tniop  no  the ce sel t lai  sp ereh   

oba yletaidemmi v resbo eht e v noitats s’re  .  

ehT  ridaN  )’Z(  si  eht  tniop  no  eht  rewol  noitrop  fo  eht  laitselec  erehps   dekram  

yb  eht  mulp  enil  woleb  t eh  o .revresb  tI  si  suht  eht  tniop  no  eht  ce aitsel l s ehp  er  

llacitrev y oleb w resbo eht v noitats s’re  .  

seleC lait  .noziroH  eurT(  ro  lanoitaR  ziroh on ro  cirtnecoeg  :)noziroh  tI  si   eht  

taerg  elcric  decart  nopu  eht  laitselec  erehps  yb  th ta  enalp  hcihw  si  ralucidneprep   ot  

eht  htineZ - ridaN  ,enil  dna  hcihw  sessap  t hguorh  t eh  ec nter of the ea htr . taerG(   elcric  

si  a s noitce  of a erehps  nehw  eht  gnittuc  enalp  sessap  hguorht  eht  tnec er of  eht  

sp )ereh .  
 
 
 

rtserreT i oP la l P laitseleC ,rotauqE dna se o rotauqE dna sel .  
 
 
 

Mr.R.PERUMAL. M.E, AP/CIVIL

Mr.R.PERUMAL. M.E, AP/CIVIL

CE 6404 SURVEYING 2

9529 SCAD EC

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 

ehT  lairtserret  selop  era  eht  owt  stniop  ni  hcihw  t eh  ea s’htr  sixa  of  noitator  

steem  eht  s’htrae  hps .ere  ehT  lairtserret  rotauqe  si  eht  taerg  elcric  of eht  ea htr ,  eht  

enalp  fo  hcihw  si  ta  thgir  selgna  ot  eht  sixa  fo  tor a it o .n  ehT  owt  selop  era  qe u  tnatsidi  

morf  ti  .  

fI  eht  s’htrae  sixa  fo  noitator  si  dorp uced in ,yletinifed  ti  lliw  teem  eht   laitselec  

ps ereh  ni  owt  stniop  dellac  eht  htron  dna  s uo th ce laitsel  poles P(  na d .)’P  The  

laitselec  rotauqe  si  eht  taerg  elcric  of eht  laitselec  ps eh er  ni  wh hci  ti  si  tcesretni ed  yb  

e lairtserret fo enalp eht q rotau  .  

 
.noziroH elbisiV dna noziroH elbisneS  

tI  si  a ic elcr  ni  hcihw  a enalp  gnissap  hguorht  eht  p tnio  of bo se vr a it no  an  d  

laitnegnat  ot  eht  s’htrae  rus f eca  ro(  ralucidneprep  to t eh  eZ n ti h- ridaN  )enil   stcesretni  

htiw  laitselec  hps e .er  ehT  enil  of thgis  fo  na  tarucca e yl  el v dele  te csel ope il es ni  th  si  

nalp e.  

tI  si  eht  elcric  fo  ,tcartnoc  htiw  eht  ,htrae  fo  the enoc  fo  lausiv  syar  p  gnissa  

hguorht  eht  tniop  of .noitavresbo  ehT  elcric  of tnoc a tc  si  a llams  elcric  of eht   htrae  

noitavresbo fo tniop eht fo edutitla eht no sdneped suidar sti dna  .  

 
,elcriC lacitreV  resbO v P dna naidireM s’re r ?lacitreV emi  

A lacitrev  elcric  of eht  laitselec  erehps  si  taerg  elcric  ap gniss  th or ugh th  e  

na htineZ d ridaN .  eht tuc lla yehT c laitsele  oh riz na thgir ta no g sel  .  

ehT  naidireM  fo  yna  ralucitrap  tniop  si  taht  elcric  hcihw  sessap  hguorht   eht  

na htineZ d ht fo ridaN e  sa tniop w rht sa lle oug selop eht h  . I t si t h  su a v ic lacitre r .elc  

tI  si  taht  ralucitrap  lacitrev  elcric  hcihw  si  ta  thgir  selgna  to the m aidire n, an  d  

reht ,hcihw e sap erof s iroh eht fo stniop tsew dna tsae eht hguorht se noz .  
 
 

θ( edutitaL ) oC dna - ital t )c( edu .  
edutitaL  )θ( : tI  si  ralugna  ecnatsid  fo  yna  ecalp  no  eht  s’htrae  ecafrus  htron   ro  

htuos  of eht  ,rotauqe  dna  si  measu er d on eht  em ir d ai n of t eh  p cal e. tI  si  dekram  +  ro  

– ro(  N ro  gnidrocca )S  sa  ecalp eht  htron si  ro  os htu  of ht e eq au tor  . edutital ehT   yam  

t neewteb elgna eht sa denifed eb osla h  e zen  eht dna hti c e laitsele q rotau  .  
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oC ehT - edutital  fo  ecalp a  eht si  ralugna   ecnatsid f mor  eht  htinez  ot  eht  I .elop t  

°09( ot lauqe dna edutital eht fo tnemelpmoc eht si - )θ .  

 
 edutignol (φ )α( edutitla dna )  .  

ehT  edutignol  of a ecalp  si  eht  elgna  neewteb  a f dexi  er f ecnere  me ir d  nai  

dellac  eht  emirp  of f tsri  m naidire  dna  eht  m ire d ai n of the p .ecal  ehT  emirp  m  naidire  

yllasrevinu  detpoda  si  taht  of hciwneerG . Te edutignol  of yna  ecalp  seirav   neewteb  

er si dna ,°081 dna °0 c sa denok   °Φ e  ro tsa w neerG fo tse w hci .  

ehT  edutitla  fo  laitselec  ro  ylnevaeh  ydob  ,e.i(  eht  s nu  or a ts a )r  si  i st  na gu  ral  

ecnatsid  evoba  eht  ,noziroh  m derusae  no  eht  lacitrev  elcric  gnissap  rht o gu h  eht  

b do y  .  
 
 

oC - ( htumiza dna )z( ecnatsiD htineZ ro edutitla A).  
tI  si  eht  ralugna  ecnatsid  of ylnevaeh  ydob  f or m eht  .htinez  tI  si   eht  

°09( = z e.i ,edutitla eht ro tnemelpmoc  - α).  

ehT  htumiza  of a ylnevaeh  ydob  si  the elgna  neewteb  eht  ’revresbo s naidirem   

 eht dna v  hguorht gnissap elcric lacitre t ob eh dy.  

 
( noitanilceD δ  dna ) Co- P ro noitanilced o cnatsiD ral e p( ). 

ehT  noitanilced  fo  a laitselec  ydob  si  ralugna  ecnatsid  f or m eht  enalp  of  eht  

,rotauqe  derusaem  gnola  eht  s’rats  naidirem  yllareneg  llac ed eht  noitanilced   ,elcric  

,.e.i(  taerg  elcric  gnissap  hguorht  eht  ylnevaeh  ydob  dna  eht  laitselec  )elop  .  

noitanilceD   seirav f mor  °0  ot  ,°09  dna   si m dekra  + ro  – sa gnidrocca   eht b ydo  si   htron  

e eht fo htuos ro qua ot r.  

tI  si  eht  ralugna  ecnatsid  of eht  aeh v lne y b ydo  f or m eht  en ar op .el  tI  si   eht  

pmoc l ed eht fo tneme c noitanil . °09 = p ,.e.i  - δ. 

 ruoH ,elcriC ruoH A ecsa thgiR dna elgn n .R( nois A .)  
ruoH  selcric  era  taerg  selcric  gnissap  hguoht  the on htr  and os uth ce sel t  lai  

dob ylnevaeh a fo elcric noitanilced ehT y  .elcric ruoh sti suht si  

ehT  ruoh  elgna  fo  a ylnevaeh  ydob  si  eht  elgna  neewteb  the ob  s’revres  

naidirem  dna  eht  noitanilced  elcric  gnissap  hguorht  eht  ob d .y  ehT  ruoh  elgna  is  

la w  derusaem sya w tse w .sdra  

selop  .  

Mr.R.PERUMAL. M.E, AP/CIVIL

Mr.R.PERUMAL. M.E, AP/CIVIL

CE 6404 SURVEYING 2

9529 SCAD EC

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

op laitconiuqe eht htoB i is era stn x t ni trapa shtnom i em .  

 
oS dna citpilce l ?secits   

citpilcE  si  eht  taerg  ric cle of eht  snevaeh  hcihw  eht  nus  sraeppa  ot  ircsed b  e  

no  eht  laitselec  erehps  htiw  eht  sa htrae  a ertnec  ni  the oc u esr  of  a y ae .r  ehT  nalp   fo  

eht  citpilce  si  denilcni  ot  eht  nalp  of eht  qe au tor ta  an na elg  ellac( d the ob qil u )yti  o  f  

us si tub ,’72 °32 tuoba  a ni ”5 tuoba fo noitunimid a ot detcejb c ne t ru y. 

secitsloS  era  eht  stniop  ta  hcihw  eht  htron  dna  htuos  noitanilced  fo  the us n  si  

a umixam m. ehT  tniop  C ta  hcihw  eht  htron  noitanilced  of eht  nus  si  ixam mum  si  

dellac  eht  remmus  ;ecitslos  elihw  eht  tniop  C ta  hcihw  htuos  oitanilced n of t eh  us n  si  

umixam m si  wonk  sa  eht  retniw  ecitslos . ehT  esac  si  tsuj  eht  esrever  ni  eht  htuos e  nr  

imeh s rehp e.  

 
noitceriD tseW dna tsaE ,htuoS ,htroN .  

ehT  htron  dna  htuos  stniop  dnopserroc  ot  eht  noitcejorp  of eht  htron   dna  

s htuo  selop  no  the ziroh no . ehT  naidirem  enil  si  eht  enil  ni  w ih ch t eh  obse vr e  s’r  

naidirem  steem enalp  noziroh  ,ecalp  dna  htron eht  dna  htuos  op stni  a er  the op stni  o  n  

ertxe eht m seiti  fo  .ti  ehT  noitcerid  PZ  ni(  nalp  no  eht  o enalp f )noziroh  si  eht  cerid ti  no  

fo  ,htron  elihw  eht  noitcerid  ZP  si  t eh  d oitceri n of s uo .ht  ehT  sae t- tsew  nil e si  t eh  il en   

ni  hcihw  eht  emirp  lacitrev  steem  eht  ,noziroh  dna  tsae  dna  tsew  stniop  era   eht  

seitimertxe  fo  .ti  ecniS  eht  naidirem  ecalp  htob ot ralucidneprep si  auqe eht tor  lai p  nal  

 
 
 
 

 

thgiR  noisnecsa  :)A.R(  tI  si  eht  tauqe o lair  gna u ral  id ts na ec  m ae  derus  

rht elcric ruoh eht ot seirA fo tnioP tsriF eht morf drawtsae o aeh eht hgu v lne y dob y. 

 
laitconiuqE  .stnioP   

ehT  stniop  fo  eht  noitcesretni  of the citpilce  htiw  eht  qe au tor a er  ca ll de   eht  

laitconiuqe  niop t .s  ehT  noitanilced  fo  eht  nus  si  ez or  ta  eht  laitconiuqe  op in st . T eh   

lanreV  xoniuqE  ro  eht  tsriF  tniop  fo  seirA  )Y(  si  eht  s’nus  noitanilced  gnahc es f  mor  

htuos  ot  ,htron  dna  skram  eht  moc m tnemecne  of sp ir n .g  tI  si  a f dexi  tniop  of  eht  

laitselec  .erehps  lanmutuA ehT  oniuqE  x ro  ht e tsriF  Po ni t of L arbi  (  Ω ) si  eht  tniop   ni  

hcihw  s’nus  noitanilced  segnahc  f or m htron  ot  ,htuos  dna  skram  eht   tnemecnemmoc  

nmutua fo .  
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sa  llew  sa  latnoziroh  ,ecalp  eht  snoitcesretni  of eht  rotauqe  dna  noziroh  reted m  eni  

 dna tsae eht w iop tse n .st  
 
 

na ssecxe lacirehps d rT lacirehps i ?elgna  
 

ehT  lacirehps  ssecxe  of a lacirehps  elgnairt  si  eht  eulav  yb  hcihw  eht  us m  fo  

ht e elgnairt eht fo selgna eer x .°081 sdeec  

Th e lacirehps ,su x sec s  C + B + A( = E -  )°081  

A lacirehps  elgnairt  si  taht  elgnairt  hcihw  si  f demro  nopu  eht  ecafrus  of  eht  

rht fo noitcesretni yb erehps e scra e  c taerg fo i dna selcr  na eht g b demrof sel y cra eht s  

 eht ta v  eht dellac era elgnairt eht fo secitre s rehp i  fo selgna lac t rt eh i .elgna  
 
 

ps a fo seitreporP h rt lacire i .elgna  
elgnairt lacirehps a fo seitreporp eht era gniwollof ehT :  

1. ro selgna thgir owt naht ssel si elgna ynA  π  .  

2. ehT  mus  fo  eht  eerht  an lg se  si  ssel  than xis  ri thg  an selg  ro  3π dna  erg ate  r  

ro selgna thgir owt naht  π  .  

3. na fo mus ehT y tw eht naht retaerg si sedis o  driht .  

4. If eht  mus  of yna  t ow  s sedi  si  lauqe  ot  owt  r gi ht na selg  or π, eht  mus  of  eht  

 owt ot lauqe si meht etisoppo selgna ro selgna thgir  π  .  

5. isoppo si elgna rellams ehT t  eht e s  ,edis rellam a  eciv dn v .asre  
 
 

ni ealumrof v lo v rtemonogirT lacirehpS ni de y? 
ehT  xis  seititnauq  devlovni  ni  a lacirehps  elgnairt  era  eerht  selgna  ,A  B dna   C  

dna  eht  eerht  sedis  ,a  b and .c  tuO  of ht ,ese  fi  eerht  seititnauq  era  nwonk , eht  oth  re  

eerht  nac  yrev  ylisae  eb  detupmoc  yb  eht  esu  fo  eht  gniwollof  f ealumro  ni   lacirehps  

rtemonogirt y  :  

 
si  n a si  n b si  n c 

nis  A nis  B si  n C 
 

cos a - oc sb cos c 
sin b si  n c 

 

= =  .1 iS n of e r lum a  :  

 .2 of enisoC r alum : soc  A = 
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Or  b soc = a soc c b nis + c so   c nis c  A so  

 
slA o,  = A soc - s B nis + C soc B soc i  a soc C n  

 
 

?emit gnirusaem rof desu smetsys  
Th ra ere e ollof eht w nirusaem rof desu smetsys gni g :emit  

1. T laerediS i  em  

2. rappA raloS e iT tn m  e  

3. raloS naeM  iT m  e  

4. T dradnatS i  em  

tserret r edutital lai  edutignol dna .  

nI  redro  ot  kram  eht  noitisop  fo  a tniop  no  eht  s’htrae  ,ecafrus  ti  si  assecen ry ot  esu   a  

sy oc fo mets - tanidro e .s  dutignol dna sedutital lairtserret ehT e ra s e  desu f soprup siht ro e. 

ehT  lairtserret  m naidire  is any gr tae  lcric e esohw  enalp  sap s se  orht u hg  the ax si  fo  eht  

op htuos dna htron eht hguorht ,.e.i( htrae l )se  . taerg si rotauqe lairtserreT  ohw elcric s alp e n si e  

ralucidneprep  ot  eht  ea s’htr  ax .si  ehT  edutital  θ of a lp a ec  si  eht  angle us b dednet  ta  eht  c ertne  

b htron htrae eht fo y ra eht e .rotauqe eht dna ecalp eht neewteb detpecretni naidirem fo  

ehT  edutital  si  no htr  or evitisop  nehw  erusaem d evoba  eht  qe u ,rota  dna  is uos th ro  ne evitag  

t woleb derusaem nehw he e edutital ehT .rotauq  fo  a tniop  nopu  t eh  si rotauqe  suht  ,°0  elihw   ta  

eht  htroN  dna  htuoS  ,seloP  ti  si  °09  N na d °09  S ital t edu  ser p tce i ev l .y  ehT  co-l ta i edut  si  eht  

tnemelpmoc  fo  eht  ,edutital  dna  si  ecnatsid eht  b neewte  niop eht t dna  elop  derusaem  gnola  eht  

em r idi a .n  

ehT  edutignol  (φ) fo  a pl eca  si  eht  gna le edam  by sti  naidirem  enalp  htiw  emos  if x de  

naidirem  enalp  ylirartibra  ,nesohc  dna  si  saem u der  by the cra  of qe u rota  i etpecretn d teb w nee  

eseht  owt  m .snaidire  ehT  emirp  naidirem  inu v lasre ly poda t de  si  aht t fo  hciwneerG . ehT  

utignol ed  fo  any ecalp  seirav  teb w nee  °0  ot  18 ,°0  dna  si  denokcer  sa  φ° tsae  ro  tsew  fo  

rG ee iwn ch  . nol emas eht evah naidirem no stniop eht llA g duti e  .  

 & ?elgnairT lacirehpS i eporp st r it es.  
A lacirehps  gnairt le si  th ta  airt n elg  hcihw  is rof m de  nopu  the afrus ce of the sp eh re b  y  

noitcesretni  fo  eerht  arcs fo  taerg  ic r selc  dna  eht  gna l se  demrof  by eht  scra  ta  eht  secitrev  fo  

nairt eht g irehps eht dellac era el c na la g nairt eht fo sel g .el  
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,BA  CB  dna  AC  era  eht  eerht  scra  fo  gr tae  cric l se  dna  tcesretni  hcae  ehto r ta  ,A  B dna  .C  tI  si  

lausu  ot  toned e eht  an lg es by ,A  B dna  C dna  eht  sedis  evitcepser ly oppo site ot  ,meht  as a, b 

dna  .c  ehT  sedis  of hps e lacir  airt n elg  era  p ropor t lanoi  ot  eht  gna le etbus n ded  by th me  ta  eht  

ertnec  fo  ht e erehps  na d ,era  th erofere , ex rp desse  ni  an ug l ra  erusaem . ,suhT  by nis  b we naem  

eht  enis  fo  eht  elgna  dednetbus  ta  eht  ertnec  by eht  cra  .CA  A lacirehps  elgna  si  na  gna le 

neewteb  owt  taerg  cric l ,se  dna  si  denifed  by the enalp  an elg  teb w nee  t eh  stnegnat  ot  eht  

selcric  ta  rieht  tniop  fo  i .noitcesretn  ,suhT  eht  lacirehps  an elg  ta  A si  derusaem  by eht  alp ne 

na g nat eht neewteb 2AA1A el g  eht ot 2AA dna 1AA stne g A selcric taer B .CA dna  

 
P  elgnairt lacirehps a fo seitrepor  

ra gniwollof ehT e o seitreporp eht f irehps a c nairt la g :el  

1. si elgna ynA  ro selgna thgir owt naht ssel  π. 

2. ehT  mus  fo  eht  ht r ee  an selg  si  ssel  naht  is x ri thg  a selgn  or 3π dna  gr tae er t nah  owt  

 ro selgna thgir π.  

3. na fo mus ehT y .driht eht naht retaerg si sedis owt  

4. fI  the mus  fo  any owt  is d se  si  lauqe  ot  owt  thgir  selgna  ro  π, eht  mus  fo  the an  selg  

ro selgna thgir owt ot lauqe si meht etisoppo  π  .  

5.  rellams ehT ang v eciv dna ,edis rellams eht etisoppo si el e sr a. 

 
 

F ro m onogirT lacirehpS ni ealu m yrte  

ehT  is x seititnauq  devlovni  ni  a lacirehps  airt n elg  era  eerht  an selg  ,A  B and C dna  eht  

eerht  sedis  ,a  b dna  .c  tuO  fo  eseht , fi  eerht  qu titna i se  era  nk o ,nw  eht  rehto  rht ee c na  very 

lisae y b detupmoc eb y rtemonogirt lacirehps ni ealumrof gniwollof eht fo esu eht y: 

 
si  n a si  n b si  n c 

 
 

cos a - oc sb cos c 
sin b si  n c 

 
or oc  a s =  c soc b soc +  c nis b nis c A so  

 
 
 

 .1 cnis e for alum  : = = 
nis  A nis  B si  n C 

 .2  enisoC for alum  soc:  A = 
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oslA ,  = A soc -  soc B a soc C nis B nis + C soc  

 
 

ehpS ehT r xE laci ec ss  
 

ehT  lacirehps  ex ssec  fo  a irehps c la  elgnairt  si  the eulav  by hcihw  eht  sum fo  eerht  

na g nairt eht fo sel g °081 sdeecxe el .  

irehps ,suhT ac xe l ec ss  + A ( = E   C + B -  ) °081  
 

1 1 1 1 
 

nI  citedoeg  krow  eht  lacirehps  selgnairt  no  eht  s’htrae  ecafrus  era  pmoc a ar t evi ly  llams  

dna  ht e lacirehps  ex ec ss modles  ex deec s erom  naht  a f we  s dnoce s of ar .c  ehT  hps e lacir  

xe eb nac ,esac hcus ni ,ssecxe b desserp y alumrof etamixorppa eht  

∆ 
R2 sin 1 

erehw  R si  eht  suidar  fo  eht  htrae  dna  ∆ si  eht  a aer  of airt ngle ex esserp d ni  eht  as me enil a  r  

.R sa stinu  

 
oc neewteb pihsnoitaler eht - tanidro e  ?s  

 
1.  eht fo edutitlA neewteb noitaleR ehT P esbO eht fo edutitaL dna elo rv re . 

 
nI  eht  ,hcteks  H-H si  eht  noziroh  enalp  dna  E-E si  eht  lairotauqe  .enalp  O si  eht  ertnec  

of  eht e htra  . lihw HH ot ralucidneprep si OZ e ep si PO rpe lucidn a E ot r E  .  

dutital woN e lp fo ace =  θ = 

 

� ZOE  

 dnA a dutitl e p fo o  el =  α = 

 

� POH  

 

� OE P = °09  = 

 

� EO + Z  

 

� POZ  

 + θ =

 

� Z PO  …  . )i(  

 

� ZOH  °09 =   =

 

�  + POH

 

� ZOP  

 α = + 

 

� POZ …  . )ii(  

nitauqE g w ,owt eht e get 

 + θ

 

� Z  + α = PO

 

� OP Z or α = θ   

awla si elop eht fo edutitla eht ecneH y ht fo edutital eht ot lauqe s e  .revresbo  
 
 
 
 

slA o, nat ² E = nat  s nat  (s - a) tan (s -b) nat  
2 2 2 2 

1 
2 

(s - c) 

E = dnoces s  " 
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2. ehT  noitaleR  neewteb  utitaL de fo  Ob revres  dna  eht  noitanilceD  dna  itlA tu  ed  

 a fo P  eht no tnio M naidire  .  
 

 = 1ME ,1M rats roF δ = .noitanilced  

em = α = 1MS r  naidi a dutitl e ts fo ar  .  

1M Z cnatsid htinez naidirem = z = e ts fo a .r  

EZ dutital = θ = e ht fo e esbo rver  .  

ltnedivE y  Z1M + 1ME = ZE ,  

Or = θ   δ + z …  . (1  )  

ehT  voba e noitauqe  oc v sre  lla  .sesac  fI  eht  rats  si  woleb  eht  tauqe o ,r  ne evitag  si ng  

 eb dluohs g  ot nevi δ. I is evitagen ,htinez fo htron eht ot si rats eht f g  eb dluohs n g .z ot nevi  

I ats eht f r w ,2M ta sa ,elop eht evoba tub htinez eht fo htron si e ha ev  

Z  = P Z  P 2M + 2M  

or  °09 ( -  ) θ = °09 (  -  ) α + rehw ,p e  ecnatsid ralop = p = P 2M  

or  θ = α – p …. )2(  

lralimiS y ,3M ta sa ,elop eht woleb tub htinez eht fo htron si rats eht fi ,  we ha ev  

Z  3MP + PZ = 3M  

 °09 ( -  α ) =  °09( - p erehw ,p + )θ   P 3M = ecnatsid ralop =  

 θ = α + p …  . )3(   

r evoba ehT e usu eht rof sisab eht mrof snoital a vresbo l a f noit o l r a .edutit  

3. dna noisnecsA thgiR neewteb noitaleR ehT  elgnA ruoH  .  
 

giF  .22.1  swohs  eht  plan fo  eht  allets r erehps  no  t eh  enalp  of eht  .rotauqe  M si  

eht  noitisop  fo  eht  rats  dna  

 

� MPS  si  sti  retsew ly ruoh  gna l .e  HM. Y si  eht  sop iti no  fo  

eht  tsriF  tnioP  fo  seirA  dna  an elg  YPS  si  sti  retsew ly ruoh  an .elg  

 

� YPM si  eht   tir  

a cs e ht fo noisn e rats  . ltnedivE y  evah ew ,  

 

�   elgna ruoH o E f q .R + rats fo elgna ruoH = xoniu A  . ats fo r  .  

F ffid eht dni owt neewteb edutignol fo ecnere  pl orf B dna A seca m ht e ri  iwollof ng 

 : sedutignol ]  

1( )  W °04 = A fo edutignoL  

utignoL d W °37 = B fo e  

2( ) gnoL  . O E °02 = A f  
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gnoL  . O  E °051 = B f  

3( )  W °02 = A fo edutignoL  

W °05 = B fo edutignoL  
 
 

noituloS .  

)1(  id ehT nol fo ecnereff g  dna A neewteb eduti B  °37 = - °04  = °33  

)2(  nol fo ecnereffid ehT g  dna A neewteb eduti B  °051 = - °02  = °031  

)3(   °02 = B dna A neewteb edutignol fo ecnereffid ehT - (- )°05   = °07  

)4(  nol fo ecnereffid ehT g  dna A neewteb eduti B  °04 = -  ( - 51  = )°0 °091  
 
 

ecniS  ti  si  retaerg  naht  ,°081  ti  stneserper  eht  esutbo  lugna ar ecnereffid . ehT  etuca  

na g reffid ralu e nol fo ecn g  dna A neewteb eduti B eht , r ot lauqe si ,erofe  

 °063 -  °091 = .°071  
 
 

etaluclaC  eht  ecnatsid  in sretemolik  neewteb  owt  stniop  A dna  B gnola  eht  larap l le  fo  

dutital e taht nevig ,  

1( ) aL t  . 24 °82 ,A fO ’ : N  W ’21 °13 ,A fo edutignol   

aL t  . Of : N ’24 °82 ,B   edutignol o ’42 °74 ,B f   W  

2( ) aL t  . : S ’63 °21 ,A fO   edutignol o 6 °511 ,A f ’ W 

aL t  .  ’63 °21 ,B fO S :  edutignol o 42 °051 ,B f ’ .E  
 
 

oS noitul  .  

ehT  ecnatsid  ni  lacituan  selim  neewteb  A na d B ola ng eht  pa lellar  of ital t edu  = 

i edutignol fo ecnereffid n .edutital soc x setunim  
 
 

)1(   ’42 °74 = B dna A neewteb edutignol fo ecnereffiD – °13  ’21  = 

 ’21 °61 =  setunim 279  

 

�   °82 soc 279 = ecnatsiD  ’24 = cituan 27.158 a selim l  

 = 258.1 x 27.158 = k 43.7751 m. 

)2(  nol fo ecnereffiD g B dna A neewteb eduti  

=  °063 - 6 °511 { ’ – (- .nim 0765 = ’03 °49 = } )’42 °051  

 
 
 

Mr.R.PERUMAL. M.E, AP/CIVIL

Mr.R.PERUMAL. M.E, AP/CIVIL

CE 6404 SURVEYING 2

9529 SCAD EC

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 
 

�   ’63 °21 soc 0765 = ecnatsiD = selim lacituan 54.3355  

 = 258.1 x 54.3355 = k 2.742,01 m. 
 
 

dniF  eht  tsetrohs  tsid a ecn  neewteb  owt  secalp  A dna  ,B  nevig  taht  eht  ol n utig d se  of A 

dna  B era  °51  ’0  N a dn  °21  ’6  N a dn  ieht r ol n utig d se  era  °05  12’ E a dn  °45  ’0   E  

re eps c vit e yl  . F eht no B fo noitcerid eht osla dni  tuor elcric taerg e  .  

 suidaR o  = htrae f k 0736 m  .  

noituloS  .  

 A fo snoitisop ehT a h B dn ave eb e .nwohs n  

I nairt lacirehps eht n g A el B  ,P  

B  °09 = PA = - ital t edu  A fo  

=  °09 - 0 °51 ’ = °57  

 °09 = PB = A -  B fo edutital  

=  °09 -  ’6 °21 = ’45 °77  

P = 

 

� A P B nol fo ecnereffid = g duti e  

= 0 °45 ’ –  ’21 °05 = 84 °3 ’. 

ehT  tsetrohs  ecnatsid  eb t neew  owt  stniop  si  eht  ecnatsid  ola ng eht  taerg  ic r elc  gnissap  

uorht g .stniop owt eht h  

gniwonK  eht  owt  sedis  eno  gna l ,e  eht  t drih  edis  BA  )p=(  nac  eb  isae ly detupmoc  by 

 eht c  eniso r elu  .  

 
soc  p - cos a cos b 

 nis a si  n b 

 
or c p so   soc a soc + b nis a nis P soc = b  

 + °57 nis ’45 °77 nis ’84 °3 soc = c  ’45 °77 so c  °57 so  

 63249.0 = +  52450.0 = 16699.0  

 

�  p  °4 = BA = 4 7.°4 = ’0  

 
 

oN w,  cra rtnec x suidar ≈ a na l g  el =  
 

He cnatsid ecn e AB = k 45.225 m.  

 

suhT  soc  P = 

736 0x4°.7xπ 
1 08 ° 

= 225 .54km. 
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eriD c f A fo noit rom  B :  

 fo noitcerid eht dna ,B elgna eht si B morf A fo noitcerid ehT B na eht si A morf g A el  .  

b dnuof eb nac B dna A selgnA y imes tnegnat eht - imes dna mus - ealumrof ecnereffid  
 
 

oc s (  a - b) 
uhT s  ½ nat  + A ( B  ) =  

oc s (  a + b) 
2 

 
 

sin (a - b) 
nA d ½ nat   A ( – B  ) =  

sin (a + b) 
2 

 
 

= = =1°2 '7  
2 2 2 

 
 
 

(a + b) 77° 45 '+ 57 ° 51 2° 45 ' p 3°48' 
 
 
 

cos1°27' 
oc s76°27' 

 
…  . )i(  

 
 

cot1°54' 

 
 

…  . )ii(  

 

 

�   ’53°98 = A elgna = A morf B fo noitceriD +  = ’14°721 = ’6°83 91°25 S ’ E 

 

�   elgna = B morf A fo noitceriD B  = ’92°15 = ’6°83 + ’53°98 = .W ’92°15 N  

 
 

He er  

 
 
 
 
 
 
 
 
 

 

�  

 
 

morF  ,hcihw  
 
 
 

dna  
 
 
 

morF  ,hcihw  

= = = 76° 72 '; = =1° 45 ' 
2 2 2 2 2 

1toc ° 45  1 tan ( A + B) = 
2 

A + B 
2 

= 98 °35' 

sin 1°27' 
sin 67 °2 '7  

tan ( A - B) = 
2 
1 

A - B 
2 

= 38°6' 

1 

toc  2 
1 

1 
2 

p 

1 

toc  2 
1 

1 
2 

p 

(a - b) 77° '45 - 57 ° 2° 45 ' 
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orf rats a fo noitanilced dna elgna ruoh eht enimreteD m : atad gniwollof eht  

)i(  fo edutitlA  ht e rats  = °22  ’63  

)ii(  izA m rats eht fo htu  = °24  W  

iii( ) calp eht fo edutitaL e fo  sbo re noitav  = °04  .N  
 
 

noituloS .  

meh nretsew eht ni si rats eht ,W °24 si rats eht fo htumiza eht ecniS i- erehps  .  

I cimonortsa eht n a  l ∆ w ,MZP e evah  

ZP  = oc - 09 = edutital  ° - ; °05 = °04  

oc = MZ -  °09 = edutitla - °22  °63  = 76  ’42  ;  

na gle  A = °24  

gniwonK  the owt  sedis  dna  eht  dedulcni  an ,elg  t eh  driht  edis  c na  eb  lac c detalu  morf  

 eht c  eniso for alum  

suhT , c  = MP so c P so Z P nis + MZ soc . Z  .  niS Z .M  soc  A 

= c °05 so  . ’42 °76 soc  °05 nis +  . nis  °76  ’42  . soc  °24  

 20742.0 = +  65525.0 = 85277.0  

 

�  MP  ’52 °93 =  

 

�  = rats eht fo noitanilceD  δ  °09 = -  = MP 9  °0 -  ’52 °93 = °05  ’53  .N  

ralimiS ly, iwonk ng lla  t eh  eerht  ,sedis  ht e ruoh  gna le H ac n eb  aluclac t de  morf  .qE  

2.1   
 
 

oc s67°2 '4 - oc s50°. oc s 93 °25' 
sin 50°.sin 39°25' 

 
 

= = -0.2 803 6 
.0 4 68 40 

 

�  c  °081 ( so -  ) H = 68032.0  

 

�  081 ° - H = °67  ’93  

H = °301  ’12  .  

 
 

cos MZ  - cos PZ.cos PM 
si  n PZ.si  n PM 

oc s H = = 

 =  0.3 48 30 - 0. 5694 9 
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onortsa m arap laci m  .nus eht dna htrae eht fo srete  

hT e aE r  :ht  

ehT  htraE  si  isnoc der de  orppa x etami ly ps h lacire  ni  .epahs  tuB  lautca ly ti  si  ev ry 

letamixorppa y diorehps etalbo na  .  etalbO  demrof erugif eht si diorehps b espille na gnivlover y  

tuoba  sti  ronim  ax .si  ehT  htrae  si  denettalf  ta  po sel  – sti  retemaid  gnola  t eh  ralop  ax si   gnieb  

ressel  naht  sti  retemaid  ta  eht  .rotauqe  ehT  qe u lairota  suidar  a fo  eht  ,htrae  cca o gnidr  ot  

Ha rofy d s’  hps diore  si  883.8736  mk  dna  eht  ralop  suidar  b fo  eht  htrae  si  219.6536  .mk  hT e  
 

, hcihw  secuder  ot  . roF  eht  yevruS  fo  ;aidnI  
792  

tsnoc tsrif s’tserevE a w stn ere su e  d a  :swollof s  
 

a = 239,229,02  tf  dna   b = 246,358,02  ,tf   gnieb yticitille eht  
 

ehT  htrae  r sevlove  uoba t sti  mi ron  ro  etrohs r ax si  .e.i(  ralop  ax ,)si  no  na  av re a eg , no ce 

ni  newt ty- ruof  oh u ,sr  fr mo  tseW  ot  .tsaE  fI  eht  htrae  si  deredisnoc  ats t yranoi , eht  ohw le 

laitselec  erehps  ola ng htiw  sti  laitselec  seidob  ekil  eht  ,srats  ,mus  noom  etc. raeppa  ot  r evlove  

E morf htrae eht dnuor a tseW ot ts  .  ehT a  ralop eht sa nwonk si htrae fo noitator fo six a dna ,six  

eht  stniop  ta  hcihw  ti  stcesretni  eht  ecafrus  of htrae  era  demret  ht e htroN  dna  S htuo  

lacihpargoeG  ro  tserreT r lai  .seloP  nI  noitidda  ot  eht  noitom  of noitator  tuoba  its nwo   ralop  

,sixa  eht  htrae  sah  a noitom  fo  noitator  evitaler  ot  eht  ,nus  ni  a enalp  denilcni  ta  na  an elg  of 

°32  ’72  ot  eht  alp ne of eht  rotauqe . ehT  emit  of a pmoc l ete  ulover t noi  ro dnu  eht  nus  si  no e  

y .rae  ehT  tnerappa  htap  fo  eht  nus  ni  eht  nevaeh s si  ht e tluser  fo  htob  eht  lanruid  dna  launna  

er a ht fo snoitom l e e .htra  

ehT  htrae  sah  neeb  dedivid  otni  niatrec  senoz  gnidneped  nopu  eht  slellarap  fo  ital t edu  

fo  niatrec  v eula  voba e dna  woleb  the qe u .rota  T eh  enoz  b eewte n eht  par slella  fo  l dutita e °32  

72  ½ ‘ N dna  °32  72  ½ ‘ S si  nwonk  sa  eht  dirrot  z eno  ees(  Fi .g  21.1 ). sihT  si  eht   tsettoh  

noitrop  fo  ht e s’htrae  us r ecaf . ehT  tleb  ulcni d de  b eewte n °32  72  ½ ‘ N and °66  23  ½ ‘ N of  

rotauqe  si  dellac  eht  no htr  tarepmet e z .eno  ralimiS l ,y  eht  b tle  dedulcni  b neewte  2 °3  27 ½ ‘ S  

dna  °66  23  ½ ‘ S si  lac l de  uos th etarepmet  z .eno  ehT  tleb  neewteb  °66  23  ½ ‘ N dna  eht  tron h  

elop  si  dellac  eht  no htr  digirf  enoz  dna  the tleb  b neewte  °66  32 ½ ‘ S and eht  htuos  elop   si  

f htuos dellac rig noz di e  .  
 
 
 
 
 

. 
0.113 4 

1 yticitpille  si  desserpxe  yb  eht  r  oita  

1 

a -b 
a 
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nus ehT :  

ehT  nus  si  ta  a sid t ecna  fo  000,500,39  mi sel  morf  eht  .htrae  ehT  sid t ecna  si  no ly tuoba  
 

fo  taht  fo  eht  tseraen  .rats  ehT  retemaid  fo  eht  nus  si  tuoba  901  semit  eht  retemaid  fo  
 

eht  ,htrae  dna  sdnetbus  dna  gna le fo  ’13  59” ta  the tnec re fo  ht e .htrae  The ssam  fo  eht  nus  si  

tuoba  000,233  semit  aht t fo  eht  htrae . ehT  t erutarepme  ta  eht  ertnec  fo  ht e nus  si  upmoc t de  ot  

d noillim 02 tuoba eb egr ee .s  

ehT  nus  sah  pwt  erappa nt ,snoitom  eno  htiw  tcepser  ot  eht  htrae  morf  tsae  ot  ,tsew  dna  

eht  rehto  tiw h tcepser  to eht  if x de  srats  ni  eht  laitselec  rof ehT .erehps m re  tnerappa  p hta  fo  eht  

nus  si  ni  eht  enalp  cihw h sessap  orht u hg  eht  ertnec  fo  eht  c laitsele  ehps re a dn  stcesretni  it ni  a 

taerg  ci elcr  dellac  ht e .citpilce  ehT  tnerappa  noitom  fo  eht  nus  si  ola ng th si  gre ta  ic r .elc  ehT  

tauqe fo enalp eht neewteb elgna o na r d  si citpilce eht c iuqilbO eht della ty lav sti ,citpilcE fo ue 

be ni g ’72 °32  . tiuqilbo ehT y 74.’0 fo noitunimid launna naem a htiw segnahc citpilce fo  .  

ehT  stniop  fo  eht  noitcesretni  fo  eht  lce citpi  tiw h eht  otauqe r are c la l de  ht e laitconiuqe  

,stniop  eht  noitanilced  fo  eht  nus  b ie ng z re o ta  th ese  niop t .s  The V anre l E oniuq x ro  eht  tsriF  

tniop  fo  seirA  ( )Y  si  ht e tniop  ni  hcihw  eht  nus ’s lced i noitan  ahc n seg  fr mo  htuos  ot  htron  .  

lanmutuA  oniuqE x or eht  Fi sr t tniop  fo  iL b ar  ( Ω ) si  eht  niop t ni  hw i hc  t eh  s’nus  d lce i tan ion  

segnahc  f mor  htron  ot  uos t ehT .h  stniop  ta  hcihw  s’nus  snoitanilced  era  a mumixam  era   dellac  

itslos ec .s  ehT  tniop  ta  w hcih  eht  no htr  noitanilced  fo  us n si  am xim mu  si  lac l de  ht e mus m re  

,ecitslos  elihw  eht  op int ta  hcihw  eht  htuos  de lc i tan i no  fo  eht  nus  si  am x mumi  si  nwonk  sa  eht  

etniw r itslos c .e  

ehT  htrae  sevom  tsae w dra  dnuora  eht  nus  ecno  ni  a raey  ni  a tap  taht  si  yrev  raen ly a 

eguh  ci elcr  htiw  a suidar  fo  tuoba  39  snoillim  fo  .selim  eroM  ,yletarucca  t eh  pa ht  si   debircsed  

nieb espille eht fo sucof eno ,espille na sa g b deipucco y .nus eht  
 
 

aV r usaem suoi r me e it fo stn me. 

euD  ot  eht  etamitni  pihsnoitaler  htiw  ruoh  ,elgna  thgir  noisnecsa  dna  lo ,edutign  eht  

egdelwonk  fo  saem u er m tne  fo  emit  si  tsom  .laitnesse  The tnemerusaem  fo  emit  si  desab   nopu  

eht  tnerappa  noitom  fo  nevaeh ly eidob s uac s de  by ’htrae s noitator  no  its ax .si  emiT  si   eht  

lavretni  hcihw  ,sespal  neewteb  any owt  .stnatsni  nI  eht  tneuqesbus  ,segap  ew  llahs  esu  eht  

niwollof g a rbb e .snoitaiv  
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.M.G T.  … M hcihwneerG ae emiT n  .M.G M. M hciwneerG … ae indiM n g  th  

.A.G T. iwneerG … c ppA h are emiT tn  .A.L N.  … L nooN tnerappA laco  

.S.G T. rediS hciwneerG … ae emiT l  L .M.M.  indiM naeM lacoL … g  th  

L .T.M.   … Lo emiT naeM lac  L .T.dtS.   … L  emiT dradnatS laco  

L .T.A.  appA lacoL … re emiT tn  .N A. mlA lacituaN … a an c  

L .T.S.  … emiT laerediS lacoL  .A.S  tS … a  r A ml an ca   

M.G .N. erG … e iwn c eM h a nooN n  

 stinu ehT o it f me.  

niwollof eht era erehT g sy nirusaem rof desu smets g : emit  

1. ediS aer emiT l  2. aloS r ppA are emiT tn  

2. aloS naeM r emiT  4. tS dna a  dr T mi e  

rediS e iT la me: 

ecniS  eht  htrae  setator  on sti  ax si  morf  w tse  ot  ,tsae  lla  nevaeh ly seidob  .e.i(  eht   nus  

dna  eht  dexif  )srats  raeppa  ot  evlover  morf  tsae  ot  tsew  .e.i(  ni  colc k- esiw  )noitcerid   dnuora  

eht  .htrae  hcuS  noitom  fo  eht  nevaeh ly dob sei  si  nwonk  sa  tnerappa  .noitom  yam eW  redisnoc  

eht  htrae  ot  nrut  no  it ax si  htiw  etulosba  raluger  .deeps  euD  ot  ,siht  eht  srats  raeppa  ot  

etelpmoc  eno  noitulover  dnuor  eht  laitselec  elop  sa  ertnec  ni  tnatsnoc  lavretni  fo  ,emit  dna  

yeht  ssorc  eht  resbo v re ’s naidirem  eciwt  hcae  da .y  roF  lacimonortsa  sesoprup  eht  redis e la  da  y  

si  eno  fo  eht  lapicnirp  u stin  fo  ti .em  ehT  laeredis  yad  si  eht  lavretni  fo  emit  neewteb  owt  

evisseccus  reppu  stisnart  fo  eht  tsrif  niop t fo  seirA  .)Y(  tI  snigeb  ta  eht  tnatsni  nehw  eht  tsrif  

tniop  fo  seirA  sdrocer  0h, ,m0  yna tA .s0  hto e ,tnatsni r  eht  edis r lae  emit  lliw  eb  ruoh eht  elgna  

fo  Y okcer n de  w drawtse  morf  h0  ot  .h42  ehT  laeredis  day si  dedivid  otni  24 ,sruoh  e hca  oh ur 

dedividbus  otni  06  setunim  dna  hcae  etunim  otni  06  .sdnoces  ,revewoH  eht  noitisop  fo  eht  

lanreV  xoniuqE  si  ton  if x .de  tI  sah  wols  dna(  )elbairav  tsew w dra  noitom  desuac  by eht  

lanoissecerp  evom m tne  fo  eht  ax ,si  eht  lautca  lavretni  neewteb  owt  rt a isn ts fo  eht  xoniuqe  

t eurt eht morf emit fo dnoces 10.0 tuoba sreffid no fo emi e r to a .noit  

iT laerediS lacoL m  :).T.S.L( e  

ehT  lacol  laeredis  t emi  si  eht  emit  lavretni  cihw h sah  pale s de  cnis e eht  tr isna t fo  eht  

tsrif  tniop  fo  seirA  revo  eht  naidirem  fo  eht  lp a .ec  tI  ,si  ,erofereht  a erusaem  fo  eht  an elg  

hguorht  hcihw  eht  trae h sah  detator  nis ce eht  qe u oni x saw  no  eht  direm ai .n  ehT  lacol  is d laere  

ir eht ot lauqe ,suht ,si emit g vresbo eht fo noisnecsa th e m s’r e idir an  .  
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ecniS  eht  dis e aer l emit  si  eht  ruoh  an lg e fo  the if r ts  tniop  fo  rA i ,se  eht  hour an lg e fo  a 

rats  si  eht  is laered  emit  taht  sah  despale  ecnis  sti  isnart t. 1M  si  eht  noitisop  fo  a rats   gnivah  

1MPS  ( = )H  sa  sti  ruoh  elgna  derusaem  tsew w dra  dna  1MPY  si  sti  thgir  oisnecsa n ).A.R(  

em a rus e e d a drawts  . aeredis lacol eht ecneh dna Y fo elgna ruoh eht si YPS l emit  .  

PS PS = YP1M + 1M Y  

dis lacol = noisnecsa thgir s’rats + elgna ruoh s’rats ere mit la e )1( …  

fI  siht  mus  si  aerg t re  th na  42  ,sruoh  tcuded  42  ,sruoh  elihw  fi  ti  si  gen ati ev  ,dda  42  

ruoh s  .  

ehT  rats  M2 si  ni  eht  ot reh  .noitisop  Y 2MP  si  sti  thgiR  noisnecsA  ( ae st )draw  dna  

Z na ruoh sti si 2MP g awtsew( el r )d  . ltnedivE y, 

Z ( 2MP e  2MPY + )roiretx –  = YPS = h42 L .T.S.  

or  noisnecsa thgir s’rats + elgna ruoh s’rats – .L = h42 S T.  
 
 

sihT  stroppus  eht  p oper s noiti  devorp  htiw  erefer n ec  ot  Fi .g  3.1 0 (a .)  ehT  r noitale s pih  

eurt si  of r a ht fo snoitisop ll e ats r  .  

na ruoh sti ,naidirem eht no si rats eht nehW g orez si el  . uder 1 noitauqe ecneH ec  ot s  

ir s’ratS g  emit laeredis lacol = noisnecsa th a rt sti t a tisn  .  

A laeredis  ,kcolc  ,erofereht  cer o sdr  eht  thgir  as noisnec  fo  srats  sa  ht ey ekam  rieht  

ppu e t r ar stisn  .  

ehT  ruoh  an lg  e na  d eht  thgir  oisnecsa n are eg n lare ly me erusa  d ni  ti i em n ecnereferp  ot  

ralugna  .stinu  ecniS  eno  etelpmoc  noitator  fo  lec e laits  erehps  hguorht  063 ° seipucco  42  ,sruoh  

we ha ev  

42  sruoh  = °063  ; uoh 1 r = °51  

ehT  fid ecneref  neewteb  eht  lacol  laeredis  semit  fo  owt  secalp  si  tnedive ly lauqe  ot  eht  

reffid e nol rieht ni ecn g seduti  .  

rappA raloS e iT tn me: 

ecniS  a nam  etaluger s sih  emit  htiw  eht  nerrucer ce fo  li thg  dna  d ssenkra  d eu  ot  isir ng 

dna  gnittes  fo  eht  ,nus  the eredis la  noisivid  fo  emit  si  ton  detius  ot  eht  sdeen  fo  eve ry day li ,ef  

rof  eht  sesoprup  fo  hcihw  eht  nus  si  eht  tsom  tneinevnoc  ti em  .rerusaem  A ralos  yad  si  eht  

lavretni  fo  taht emit  elap se  neewteb  owt  isseccus ve rewol  tr isna ts fo  eht  su s’n  tnec e sr  evo r  eht  

m naidire  fo  eht  lp a .ec  T eh  rewol  tr tisna  si  nesohc  ni  redro  taht  eht  d eta  may ahc n eg  ta  mid- 
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in g .th  ehT  ralos  emit  ta  yna  tnatsni  si  eht  ruoh  elgna  fo  eht  s’nus  nec t er  denokcer  w rawtse d  

morf  h0  ot  .h42  sihT  si  dellac  eht  tnerappa  ralos  t ,emi  dna  si  t eh  emit  detacidni  by a us n- .laid  

etanutrofnU l ,y  eht  ppa a tner  ralos  day si  ton  of tnatsnoc  el n htg  th or u tuohg  ht e raey  tub  

hc ange .s  ecneH  ruo  nredom  skcolc  dna  ch sretemonor  tonnac  eb  desu  ot  gi ev  su  eht  tnerappa  

alos r emit  . non ehT - ad eht fo htgnel mrofinu y  owt ot eud si r  : snosae  

)1(  ehT  o tibr  fo  eht  trae h dnuor  eht  nus  si  ton  circ ralu  tub  pille t aci l htiw  sun ta  eno  fo  

sti  .icof  ehT  ecnatsid  fo  t eh  htrae  morf  eht  nus  si  suht  .elbairav  nI  adrocca n ec  htiw  eht  wal  fo  

,noitativarg  eht  nerappa t lugna ar noitom  fo  eht  nus  si  ton  mrofinu  – ti  sevom  retsaf  nehw  si  

reraen  ot  eht  htrae  na d rewols  wh ne  wa a .y  euD  ot  ,siht  eht  nus  sehcaer  eht  m naidire  

semitemos  reilrae  dna  semitemos  retal  htiw  eht  tluser  taht  eht  syad  era  fo  tnereffid  el n shtg  ta  

ffid ere es tn a snos  .  

)2(  hT e tnerappa  anruid l htap  fo  eht  nus  seil  ni  eht  .citpilce  euD  ot  ,siht  neve  hguoht  

eht  drawtsae  rp o sserg  of eht  nus  ni  eht  citpilce  erew  finu o ,mr  eht  ti em  e gnispal  teb w nee  eht  

erutraped  fo  a aidirem n morf  eht  nus  dna  sti  nruter  otereht  dluow  yrav  esuaceb  fo  eht  

tiuqilbo y .citpilce eht fo  

ehT  nus  segnahc  sti  thgir  noisnecsa  morf  h0  ot  h42  ni  eno  ey a ,r  avda n gnic  tsae w dra  

gnoma  eht  srats  ta  eht  etar  fo  tuoba  °1  a da .y  euD  ot  ,siht  eht  htrae  lliw  evah  ot  nrut  en arly 

°163  tuoba  sti  ax si  ot  etelpmoc  eno  ralos  da ,y  hcihw  lliw  tneuqesnoc ly eb  tuoba  setunim  

regnol  naht  a redis e la  d ya . htoB  ht e iuqilbo ty of t eh  citpilce  dna  eht  su s’n  lauqenu  om t  noi  

esuac  a elbairav  etar  of i aercn se of eht  s’nus  hgir t oisnecsa n. fI  eht  tar e fo  ahc n eg  of eht  us n  s’  

 erew noisnecsa thgir ad ralos eht ,mrofinu y nel tnatsnoc fo eb dluow g uorht ht g  eht tuoh y .rae  
 
 

iT raloS naeM me : 

ecniS  ruo  nredom  skcolc  dna  sretemonorhc  nac n to  drocer  eht  elbairav  ap tnerap  los ar 

,emit  a suoititcif  nus  ac l del  eht  aem n nus  si  denigami  ot  om ve ta  a inu f mro  etar  ola ng eht  

e uq a .rot  ehT  noitom  fo  eht  naem  nus  si  eht  egareva  of taht  fo  eht  tr eu  nus  ni  its ri  thg  

a cs e .noisn  tI  si  esoppus d ot  trats  morf  eht  lanrev  oniuqe x ta  eht  emas  ti em  sa  eht  eurt  nus  dna  

ot  nruter  eht  v lanre  qe u oni x htiw  eht  eurt  .nus  ehT  naem  os lar day m ya  be fed i de  sa  the 

lavretni  neewteb  seccus s evi  tisnart  fo  eht  naem  .nus  ehT  naem  ralos  yad  is eht  egareva  fo  lla  

eht  tnerappa  los ar days fo  eht  raey . ehT  m nae  s nu  sah  ht e tnatsnoc  r eta  fo  saercni e fo  thgir  

areva eht si hcihw noisnecsa g r e a ni fo et c ir s’nus eurt eht fo esaer g csa th e noisn  .  
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ehT  lacol  aem n noon  ( ).N.M.L  si  ht e sni t tna  wh ne  ht e m nae  us n si  no  t eh  direm i .na  

ehT  aem n emit  ta  any o reht  tnatsni  si  evig n by eht  ruoh  an elg  of eht  m nae  nus  re denokc  

drawtsew  morf  0 ot  42  .sruoh  roF  livic  rup ,sesop  ,revewoh  ti  si  dnuof  erom  tneinevnoc  ot  

igeb n eht  day ta  gindim ht dna  elpmoc te ti  at eht  next ,thgindim  vid i gnid  it ni to owt  sdoirep  of 

21  sruoh  .hcae  ,suhT  ht e orez  ruoh  fo  eht  naem  d ya  si  ta  eht  ol c la  naem  mi thgind  ( M.M.L . .)  

ehT  acol l aem n emit  (L. ).T.M  si  taht  okcer n de  rf mo  eht  acol l aem n mi .thgind  The id f ecneref  

neewteb  the lacol  me na  emit  neewteb  owt  pl eca s si  tnedive ly lauqe  ot  the ecnereffid  ni  eht  

nol g seduti  .  

 morF Fig  . h ew ,nus eht fo noitisop eht si 1M fi )a( 03.1 a ev  

L eredis laco a mit l e  = A.R  . na ruoh + nus eht fo gle ht fo e nus  … )1(  

lralimiS y, 

L .R = emit laeredis laco A  .  ruoh + nus naem eht fo ang nus naem eht fo el  ( … 2) 

tisnart reppu sti ta orez si nus eht fo elgna ruoh ehT  . Hence 

L  fo emit laeredis laco a rapp e A.R = noon tn  . ht fo e nus  … 3( ) 
 
 

L em fo emit laeredis laco a  noon n = A.R  . of em eht a nus n  … )4(  
 
 

,niagA  ecnis  eht  uo r an elg  fo  eht  nus  rt( ue ro  me )na  si  z ore  ta  its reppu  tr isna t elihw  

 orez si )naem ro tnerappa( emit ralos eht a w ,tisnart rewol sti s e ha ev  
 
 

rappa ehT e  = emit ralos tn na ruoh eht g ht fo el e h21 + nus  … )5(  
 
 

em ehT a na ruoh eht = emit ralos n g  nus naem fo el + h21  … )6(  
 
 

,suhT  fi  eht  oh ur angle of eht  me na  nus  si  51 ° 1(  )ruoh  ht e naem  time si  12 + 1 = 31  

,sruoh  cihw h si  eht  s ma e gniht  sa  1 lc’o o kc  mean emit  ni  eht  tfa e onr ;no  if eht  uoh r an lg e  fo  

eht  naem  us n si  °591  31(  ,)sruoh  ht e aem n it me is 21  + 31  2= 5 ,sruoh  hw i hc  si  eht  s ema  sa  1 

indim eht retfa emit naem kcolc’o g .i( th e n ,. e tx  . aD y .)  
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iT fo noitauqE ehT m  e  

ehT  ecnereffid  neewteb  eht  naem  dna  eht  erappa nt os ral  emit  ta  any tnatsni  si  nwonk  

sa  eht  noitauqe  of .emit  ecniS  eht  me na  us n si  en erit ly a suoititcif  ob dy, reht e si  on  me sna  ot  

yltcerid  evresbo  sti  p .ssergor  remroF l ,y  eht  tnerappa  emit  saw  ed t denimre  by ralos  

snoitavresbo  na d aw s er d decu  ot  m nae  emit  by eq noitau  fo  .emit  oN w-a- yad s, ho ,revew  me na  

emit  si  deniatbo  erom  isae ly by tsrif  ed t gninimre  eht  laeredis  emit  by lets l re  resbo v snoita  dna  

neht  gnitrevnoc  ti  ot  naem  emit  hguorht  eht  muidem  fo  sseleriw  .slangis  euD  ot  siht  nosaer  ti  

si  erom  tneinevnoc  ot  ger a dr  eht  noitauqe  fo  emit  sa  eht  noitcerroc  taht  tsum  eb  lppa i de  ot  

em a emit tnerappa niatbo ot emit n  . lacituan ehT   eht setalubat canamla v la u  noitauqe eht fo e of 

reve rof emit y ad y  eht ni y e.i( esnes siht ni ,rae  . tnerappa  – )naem  . T h ew ,suh a ev  
 
 

auqE  emit fo noit = mit ralos tnerappA e – alos naeM r  emit  
 
 

ehT  noitauqe  of it me si  evitisop  nehw  eht  pa p ra e tn  ralos  ti em  si  erom  ht an eht  em an 

ralos  emit  ; ot  teg  eht  ap tnerap  ralos  ,emit  eht  eq noitau  fo  ti em  uohs ld neht  eb  dedda  ot  me na  

ralos  .emit  roF  ex pma ,el  ta  h0  .T.M.G  no  51  rebotcO  ,9491  eht  noitauqe  fo  eht  emit  si  + m31  

21 s  . rappa eht taht snaem sihT e .s21 m31 h0 si emit naem h0 ta emit tn  I eurt eht ,sdrow rehto n  

nus  si  m31  s21  daeha  fo  eht  naem  .nus  ,ylralimiS  eht  noitauqe  fo  emit  si  evitagen  nehw  eht  

tnerappa  emit  si  ssel  naht  eht  naem  ti .em  roF  ,elpmaxe  ta  h0  .T.M.G  no  81  J ,.na  ,9491   eht  

noitauqe  fo  emit  si  – m01  .s74  sihT  snaem  taht  eht  tnerappa  emit  ta  h0  naem  emit  lliw  eb  h32  

raunaJ no s31 m94 y  naem eht dniheb si nus eurt eht ,sdrow rehto nI .71 mit taht ta nus e. 

ehT  eulav  fo  eht  noitauqe  fo  emit  seirav  ni  edutingam  ht rou tuohg  eht  raey  dna  its 

eulav  si  nevig  ni  eht  lacituaN  canamlA  ta  eht  tnatsni  fo  tnerappa  thgindim  rof  eht  secalp  no  

eht  naidirem  fo  wneerG i hc  rof  hcae  day fo  eht  .raey  roF  any hto re  emit  ti  sum t eb  dnuof  by 

gnidda  ro  gnitcartbus  the tnuoma  by hcihw  eht  e noitauq  sah  aercni s de  ro  dehsinimid  ecnis  

indim g .th  

tI  si  suoivbo  taht  ht e qe u noita  fo  emit  si  eht  ulav e ex desserp  ni  ,emit  fo  the ffid e ner ce 

ta  any tnatsni  b neewte  t eh  ser p evitce  h ruo  an lg es ro  ri thg  snoisnecsa  of eht  eurt  dna  naem  

.snus  

av sti dna emit eht fo noitauqe fo tnuoma ehT r r owt ot eud era snoitai e : snosa  
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)1(  iuqilbo ty fo  eht  ilce p ,cit  dna  )2(  icitsale ty of eht  .tibro  eW  llahs  ssucsid  htob  eht  stceffe  

letarapes y ht dna .emit fo noitauqe eht teg ot meht enibmoc ne  
 
 

 nialpxE t it lacol fo noisrevnoc eh m it dradnats ot e m civ dna e e .asrev  

 ecnereffid ehT b eewte n ot lauqe si ecalp a ta emit naem lacol eht dna emit dradnats eht  

nol fo ecnereffid eht g  dna ecalp eht neewteb seduti dnats eht a m dr e idir a .n  

fI  the naidirem  fo  eht  pl eca  si  detautis  tsae  fo  the dradnats  direm i ,na  ht e ,nus  elihw  

gnivom  tnerappa ly orf m tsae  ot  ,tsew  lliw  tisnart  eht  naidirem  fo  eht  ecalp  reilrae  naht  eht  

dradnats  .naidirem  ecneH  eht  lacol  emit  lliw  eb  taerg er naht  eht  dnats ard ti .em  ,ylralimiS  fi  

eht  naidirem  fo  eht  ecalp  is ot  eht  tsew  fo  eht  dradnats  ,naidirem  eht  nus  lliw  isnart t eht  

naidirem dradnats  reilrae  naht  eht  naidirem  fo  eht  ecalp  dna  h ecne  the acol l emit  liw l eb  ressel  

ht naht e dnats a mit dr e  . hT w ,su e have  
 

L  T.M dradnatS = T.M. ± fiD f nol eht ni ecnere g seduti  

 
 
 

T.A dradnatS = T.A.L  ± nol eht ni ecnereffiD g duti e  s  

 
 
 

L  T.S dradnatS = T.S. ± nol eht ni ecnereffiD g duti es 
 
 
 

esU  )+(  si ng  fi  eht  naidirem  fo  ecalp  si  ot  eht  e tsa  fo  eht  dradnats  mer di ia ,n  dna  (-) 

iS g w eht ot ti fi n e dnats eht fo ts a idirem dr an.  

I  eht morf dnuof eb ot si emit lacol eht f g w ,emit hciwneerG nevi e have  

 
 

 dradnatS = T.M.L M  T. ± Di ht ni ecnereff e nol g duti e  s  
 

ehT  dradnats  emit  naidirem  ni  aidnI  is °28  ’03  .E  fI  eht  radnats d emit  ta  yna  tnatsni   si  

02  sruoh  42  setunim  6 ,sdnoces  if nd eht  lacol  naem  time f ro  two secalp  h iva ng 

 ,E °02 )a( sedutitgnol ( W °02 )b  .  

 
 
 
 
 

E 
� � � � 
� W � 

E 
� � 

E 
� � 
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noituloS :  

)a(  ecalp eht fo edutignol ehT  = °02  E 

L no g idirem dradnats eht fo edutit an = 03 °28 ’E 
 
 

 

�  ffiD ere n ec  in eht  ol n ig t sedu  = °28  30’ – 02 ° = °26  ,’03  E. the ecalp  b gnie  ot  eht  w tse  of  

eht  naidirem dradnats .  
 

ol fo °26 woN n dutig e = h = 4  h 8  m 0  s  

 
nol fo ’03 woN g eduti  = m = 0h 2m 0  s  

 
-----------------------------------   

 
T lato  = 4  h 01  m 0  s  

 
oN w L .M. T dnatS = a mit dr e – )W( edutignol ni ecnereffiD  

= 02   h 42  m 6  s - -  
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P margotoh m te ry - I udortn c  noit  
-  shpargotohP lairea dna laitserreT  
- etS er pocso y  

- raP a ll a  x  
- amortcelE g em ecnatsid citen a  tnemerus  
- Carr ei r wave  s  

-  selpicnirP -  stnemurtsnI  
- Tr li a ret a  noit  

gordyH r uS cihpa rve  gniy  
- sediT   
- SM L  
- gnidnuoS  sdohtem   
- L nidnuos fo noitaco g  sdohtem dna s  
- rhT e orp tniop e ble  m  
- nertS g  xif fo ht  
- ts dna stnatxeS a op noit i etn r  
- eviR r evrus y  s  
- eM a ruc fo tnemerus er tn  a sid dn cha gr e  

 yhpargotraC  
- aC r rgot a  cihp c cno e et dna stp c  seuqinh  
- lartsadaC   gniyevrus  

- De  noitinif  
-  sesU  
- Leg  seulav la  

- rucca dna selacS ca ies.  
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P  ?gniyevrus cirtemmargotoh  

 
margotohP  cirtem  gniyevrus  ro  temmargotohp ry is eht  ecneics  dna  tra  fo  gniniatbo  

etarucca  m usae r stneme  by use of tohp o shparg , rof  uoirav s esoprup s hcus  sa  eht  snoc t tcur i no  

fo  irteminalp c na d cihpargopot  m ,spa  cl noitacifissa  fo  ,slios  noitaterpretni  fo  loeg og ,y  

noitisiuqca  fo  yratilim  i ecnegilletn  dna  eht  erp p noitara  fo  etisopmoc  utcip r se  fo  eht  .dnuorg  

ehT  tohp o hparg s a er  ta nek  rehtie  f mor  ht e ia r ro  morf  itats on on ht e .dnuorg  rreT e lairts  

taht si yrtemmargotohp  yrtemmargotohp fo hcarB  nierehw  shpargotohp  are nekat  morf  a if x de  

noitisop  no  ro  raen  eht  .dnuorg  laireA  yrtemmargotohp  si  th ta  hcnarb  of gotohp r ma m te r  y  

nierehw  the tohp o hparg s era  nekat  by a aremac  detnuom  ni  na  tfarcria  fly ni g vo er eht  .aera  

gnippaM  morf  airea l ph hpargoto s si  eht  b tse  m gnippa  erudecorp s tey  d depoleve  rof  l ra eg  

,stcejorp  dna  era  ni v elbaula  rof  atilim ry letni ligen ec . ehT  rojam  us re s fo  airea l ippam ng 

ratilim dna nailivic eht era sdohtem y nippam g voG eht fo seicnega e mnr e tn  .  

ehT  noc c noitpe  fo  isu ng gotohp r shpa  rof  oprup s se  fo  tnemerusaem  sraeppa  ot  ah ve 

detanigiro  htiw  eht  ex rep stnemi  fo  emiA  essuaL d ta  fo  eht  oC r sp  fo  eht  hcnerF  rA m ,y  ohw  ni  

1581  decudorp  eht  tsrif  gnirusaem  .aremac  eH  depoleved  eht  lacitamehtam  ana l sisy  fo  

shpargotohp  sa  evitcepsrep  ,snoitcejorp  ereht by i isaercn ng rieht  noitacilppa  ot  pargopot h .y  

laireA  tohp o arg phy morf  snoollab  baborp ly nageb  ab tuo  .8581  tsomlA  tnerrucnoc ly ,)8581(  

tub  tnednepedni ly fo  ,tadessuaL  Me abnedy u re  ni  amreG ny rrac i de  tuo  eht  tsrif  ex stnemirep  ni  

gnikam  lacitirc  saem u stnemer  fo  ar larutcetihc  ed sliat  by eht  noitcesretni  dohtem  ni  eht  sab si  

fo  owt  tohp ogr shpa  of t eh  iub ldi gn . ehT  dnuorg  pargotohp hy saw  p detcefre  ni  aC n ada  b  y  

Ca royevruS neht ,elliveD .tp  G larene  fo  adanaC  in .8881  amreG nI n no ssergorp eht fo tsom ,y  

dis laciteroeht eht e wa ud s e H ot auc .k  

 
In ,1091  hcirfluP  ni  J ane  cudortni ed ht e oerets s cipoc  lpicnirp e of aem s tnemeru  dna  

dengised  eht  oerets  co .rotarapm  ehT  gotiaoerets r hpa  saw  sed i deng  ( )9091  ta  eht  ssieZ  

spohskrow  ni  J ,ane  na d siht  enepo d a ediw  eif ld fo  p tcar ci la  lppa ci ta i .no  ,gulfpmiehcS  na  

nailartsuA  ,niatpac  eved l depo  ht e aedi  fo  lbuod e rotcejorp  ni  1 .898  eH  detanigiro  ht e oeht r  y  

fo  srep p evitce  tr rofsna m noita  dna  cni o etaropr d sti  selpicnirp  ni  ht e tcepsrepotohp o hparg . eH  

osla  ag ve eht  aedi  of laidar  .noitalugnairt  siH  krow  devap  eht  way rof  t eh  tnempoleved  fo  

rus lairea ev y yrtemmargotohp lairea dna gni  .  
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nI  ,5781  racsO  retsseM  tliub  eht  tsrif  lairea  ac m are  in amreG ny na d J lgaB.W. oy dna  

kcorB.A  decudorp  eht  fi tsr  lairea  saremac  ni  .A.S.U  nI  ,3291  dlefsreuaB  dengised  eht  ssieZ  

ets er inalpo gra hp . ehT  lacitpo  seirtsudni  fo  amreG n ,y  ,dnalreztiwS  atI ly and Fran ,ec  dna   retal  

osla  esoht  fo  eht  A.S.U  dna  .S.U S .R.  koot  pu  eht  erutcafunam  and snoc t tna  htruf er 

tnempoleved  fo  eht  ac m sare  dna  gnittolp  urtsni m .stne  nI  dlroW  raW  ,II  b hto  eht  sedis  edam  

ex evisnet  esu  fo  a laire  p gotoh ar p sh  rof  th rie  yratilim  epo r .snoita  W dlro  raW  II  ag ve esir  ot  

wen  ed v stnempole  of lairea  tohp o parg hy t inhce q ,seu  cus h sa  ht e noitacilppa  fo  oidar  lortnoc  

ot  thgilfotohp  ,noitagivan  eht  wen  ediw -an elg  sesnel  dna  secived  ot  eveihca  eurt  ve lacitr  

otohp g shpar . 

 
 

margotohp lairtserret dniheb selpicnirp m te r .y  
 

ehT  elpicnirp  fo  ret r tse r lai  temmargotohp ry aw s devorpmi  nopu  dna  p cefre t de  by 

Ca .tp  ,elliveD  neht  yevruS or eG n lare  fo  adanaC  ni  .8881  nI  lairtserret  ,yrtemmargotohp  

shpargotohp  era  nekat  w hti  eht  aremac  s roppu ted no  eht  .dnuorg  ehT  argotohp phs are at k ne  

by snaem  o a f  otohp  etilodoeht  hcihw  si  a noitanibmoc  fo  a aremac  dna  a t etilodoeh  .  spaM a er  

 neht c otohp eht morf delipmo gra .shp  

ehT  elpicnirp  rednu l iy ng eht  dohtem  fo  lairtserret  temmargotohp ry si  ex tca ly ralimis  

ot  taht  fo  enalp  elbat  iyevrus n ,g  .e.i  fi  eht  snoitcerid  fo  emas  stcejbo  dehpargotohp  morf  owt  

seitimertxe  fo  derusaem  esab  era  ,nwonk  rieht  noitisop  nac  eb  detacol  by eht  noitcesretni  fo  

owt  syar  ot  eht  emas  ob .tcej  ,revewoH  eht  ecnereffid  teb w nee  siht  dna  enalp  gnilbat  si  taht  

erom  sliated  era  ta  ecno  deniatbo  morf  eht  shpargotohp  dna  rieht  tneuqesbus  gnittolp  .cte  si  

b enod y niliated eht lla gnilbat enalp ni elihw eciffo eht g .flesti dleif eht ni enod si  

suhT  ni  giF  , A dna  B are eht  owt  snoitats  ta  eht  e sdn  fo  esab  A .B  ehT  arro sw  dni i  etac  

eht  snoitcerid  fo  ho latnozir  gnitniop  ni(  )nalp  of eht  mac e .ar  roF  hcae  pair fo  serutcip  nekat  

morf  eht  owt  ,sdne  eht  aremac  ax si  si  tpek  larap l le  ot  ea hc  rehto . morF  onoce my dna  deeps  

un muminim ,weiv fo tniop otohp fo rebm gra su eb dluohs shp e ra elohw eht revoc ot d e ot dna a  

,siht eveihca  ti  si  laitnesse  ot  tceles  eht  tseb  snoitisop  fo  eht  emac ra itats o hguoroht A .sn  uts dy 

fo  eht  aera  dluohs  eb  do en  morf  the ex gnitsi  ma ,sp  dna  a dnuorg  nocer n cnassia e dluohs  eb  

m da e. ehT  noitceles  fo  lautca  tats i sno  sdneped  nopu  eht  ezis  dna  ndeggur e ss  fo  eht  aera  ot  eb  
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evrus y .de  The aremac  s dluoh  eb  cerid t de  wod n draw  r rehta  th na  wpu ra ,d  dna  eht  itats o sn  

ih eht ta eb dluohs g  eht no stniop reh area. 
 
 

rgotohp lairtserret ehT rtemma y narb owt otni dedivid eb nac che :s  

i( ) enalP - rgotohp elbat a rtemm y.  

)ii(  otohp oerets lairtserreT g mmar e yrt  
 
 

enalp ehT  stsisnoc yrtemmargotohp elbat  laitnesse ly ni  ikat ng a argotohp ph fo  aera eht  

ot  eb  deppam  morf  cae h fo  eht  owt  ro  eerht  tats i .sno  ehT  hpargotohp  sralucidneprep  may eb  

detneiro  ta  any lgna e ot  eht  ,esab  tub  su u la ly rf om na  tuca e an elg  htiw  eht  .rettal  ehT  niam  

luciffid ty sesira  ni  eht  snoitacifitnedi  fo  egami  po stni  ni  a riap  fo  gotohp ar .shp  nI  eht  esac  fo  

egomoh n suoe  saera  of s dna  ro  gr ,ssa  tacifitnedi i no  semoceb  elbissopmi . ehT  nirp c pi l se  o  f  

otohp oerets g rtemmar y demer eht decudorp ,revewoh , y  .  

nI  lairtserret  oerets  temmargotohp r ,y  eud  ot  elbaredisnoc  tnemevorpmi  fo  arucca cy 

deniatbo  by eht  oerets s cipoc  tnemerusaem  fo  ap i sr  fo  otohp ,shparg  eht  c arema  ab se dna  eht  

gna l se  fo  itcesretni on fo  eht  mutad  syar  ot  eht  stniop  ot  eb  derusaem  nac  eb  baredisnoc ly 

ecuder d ecnis  ht e emac ra ax se  ta  eht  owt  oitats ns ex tibih  taerg  iralimis ty ot  hcae  to h .re  ehT  

egami  stniop  cihw h era  p lacitcallara ly d ecalpsi d r evitale  ot  cae h rehto  ni  t eh  owt  tohp ogr pa hs  

b egami laitaps elgnis a ot desuf era y .tnemerusaem cipocsoerets eht  

nil erohs e us rve ?y  
 

evrus enil erohs ehT y  :fo tsisnoc s  

)i(  rohs fo noitaeniled ro noitanimreteD e nil e ,s  

)ii(  noitacoL  fo  s eroh  ted slia  dna  imorp n tne  taef u ser  ot  ihw ch sgnidnuos  may be 

c nno ce ,det  

)iii(   ,sedit gnirps egareva rof senil retaw hgih dna wol fo noitanimreteD  
 
 

ehT  noitanimreted  ro  ed l noitaeni  fo  erohs  senil  si  enod  by art v isre ng ola ng eht  hs o er  

dna  gnikat  stesffo  ot  ht e aw ret  ed eg  by ,epat  ro  dats ia ro  enalp  .elbat  fI  eht  revir  si  ,worran  

htob  eht  sknab  may eb  l detaco  by innur ng a elgnis  enil  fo  tr reva se no  o en  .knab  roF  ediw  

am esrevsnart ,revewoh ,srevir y nola nur eb g sknab eht htob  . srevart ehT e  eb dluohs  
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tcennoC de  ta  nevnoc i tne  slavretni  ot  ch kce  eht  w .kro  ,suhT  eht  .giF  owt  t sesrevar  YX  dna   X  

– Y --  ola ng eht  wt o po p etiso  serohs  may be ch dekce  by ikat ng itavresbo o sn  morf  A dna  B ot  

eht  stniop  C dna  .D  nehW  eht  tnemurtsni  si  ta  ,B  an selg  A CB  dna  DBA  nac  eb  me rusa .de  

morF  eht  derusaem  el ngth fo  BA  dna  eht  ruof  an ,selg  eht  htgnel  DC  nac  eb  .detaluclac  fI  siht  

htgnel derusaem eht htiw seerga  ,DC fo  eht  krow  si  ,semitemoS .dekcehc  noitalugnairt a  ten  si  

nur  gnola  a ediw  vir e .r  nI  aes  erohs  vrus e ,y  ub o sy  derohcna  ffo  t eh  erohs  dna  thgil  sesuoh  era  

b detacol era dna stniop ecnerefer sa desu y noitalugnairt  .  

nI  the esac  of ladit  taw e ,r  ti  si  secen sary ot  ol c eta  eht  hi hg  na d wol  taw er .senil  ehT  

noitisop  fo  hgih  retaw  enil  may eb  denimreted  hguor ly morf  erohs  ed p stiso  dna  skram  no  

kcor s. oT  d enimrete  eht  hgih  retaw  enil  a etarucc l ,y  eht  ele v ta i no  fo  m nae  hi hg  w eta r fo  

anidro ry irps ng edit  si  denimreted  dna  eht  stniop  era  acol t de  no  eht  erohs  ta  taht  noitavele  sa  

ni  tcerid  dohtem  of co .gniruotn  The wol  w reta  enil  nac  osla  eb  denimreted  is m rali l .y  

,revewoH  ecnis  eht  mil i det  emit  si  elbaliava  of r eht  vrus ey fo  ol w taw er li ,en  it si  lausu ly 

b detacol y nidnuos morf noitalopretni gs  .  
 
 

e sdohtem eht dna gnidnuoS m .gnidnuos ni deyolp  
 

ehT  erusaem m tne  fo  htped  woleb  eht  retaw  ecafrus  si  dellac  os u .gnidn  sihT  

dnopserroc s ilevel tirips yranidro eht ot n vrus dnal ni g e iy n shtped erehw g  erusaem era d woleb  

a latnoziroh  enil  dehsilbatse  by a .level  H ,ere  the latnoziroh  enil  ro  eht  mutad  si  eht  ecafrus  of 

,retaw  eht  level  fo  hcihw  suounitnoc ly seog  no  ahc n ig ng htiw  .emit  ehT  tcejbo  fo   gnikam  

sgnidnuos  si  suht  ot  enimreted  eht  noitarugifnoc  fo  eht  bus  suoeuqa  uos cr .e  sA  detats  ,reilrae  

nidnuos g riuqer era s e :rof d  

)i(  van rof strahc lacituan gnikaM i ;noitag  

)ii(  tnemerusaeM  fo  ar sae  tcejbus  ot  sc uo r ro  gnitlis  a dn  ot  csa e tr a ni  eht  titnauq i se  fo  

derd ge iretam d a ;l  

iii( ) gnikaM  bus - suoeuqa  snoitagitsevni  ot  eruces  noitamrofni  dedeen  rof  eht  

urtsnoc c op fo tnemevorpmi dna tnempoleved ,noit r f t ca .seitili  

roF  tsom  fo  eht  en gnireenig  ,skrow  gnidnuos s era  ta nek  fo mr  a llams  .taob  ehT  

of dedeen tnempiuqe r nidnuos g ra s e: 

nidnuoS )i( g taob  nidnuoS )ii( g lop ro sdor e  s  

 )iii( L senil dae  nidnuoS )vi( g am c enih  
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)v(  .retemohtaF  

 gnidnuoS b tao  

A wor - taob  rof  gnidnuos  dluohs  eb  tneiciffus ly oor my dna  .elbats  roF  qu tei  ,retaw  a 

talf  mottob  taob  si  erom  ,elbatius  tub  rof  hguor  retaw  nuor d- demottob  b tao  si  erom  ius t elba .  

roF  raluger  idnuos n ,sg  a wor  taob  may eb  vorp i ded  htiw  a llew  guorht h hcihw  sdnuos  era  

kat e .n  A idnuos ng mroftalp  dluohs  eb  tliub  rof  use ni  lams l re  .taob  tI  dluohs  eb  ex dednet  raf  

hguone  revo  ht e edis  to tneverp  the enil  morf  ts r ki i gn  ht e .taob  fI  eht  stnerruc  era  orts ng, a 

am hcnual maerts ro rotom y tnavda htiw desu eb age. 

uoS n  selop ro sdor gnid  

A gnidnuos  dor  si  a po el  fo  a dnuos  ts r hgia t- deniarg  w le l se denosa  to hgu  rebmit  

lausu ly 5 ot  8 mc  ni  retemaid  dna  5 ot  8 sertem  .gnol  hT ey are elbatius  rof  wollahs  dna  teiuq  

wa et r .s  nA  worra  ro  dael  eohs  fo  tneiciffus  sthgiew  dettif  ta  eht  .dne  sihT  spleh  ni  dloh i gn  

meht  thgirpu  ni  w ta e .r  T eh  dael  ro  ew i thg  dluohs  eb  fo  tneiciffus  aera  os  taht  it may ton  knis  

ni  dum  ro  .dnas  neewteB  sgnidnuos  ti  si  denrut  dne  rof  dne  tuohtiw  gnivomer  ti  morf  eht  

wa et r  . c m 6 fo elop A a tem 4 otnu shtped ot desu eb n e .sr  
 
 

senil daeL  

A dael  enil  ro  a gnidnuos  enil  si  lausu ly a el n htg  fo  a ,droc  ro  rellit  epor  fo  dnI i na  

pmeh  ro  iarb d de  xalf  ro  a br ssa  niahc  htiw  a gnidnuos  ael d catta h de  ot  eht  .dne  euD  ot  

degnolorp  ,esu  a enil  fo  pmeh  ro  nottoc  si  elbail  ot  teg  .dehcterts  oT  darg u eta  hcus  a ,enil  it si  

assecen r hcterts ot y  ti  ht o hguor ly ehw n tew  b erofe  ti  si  darg u deta  . The nil e uohs ld eb  pek t dry 

nehw  ton  ni  .esu  tI  uohs ld eb  dekaos  ni  taw er rof  tuoba  eno  ruoh  erofeb  it si  desu  rof  gnikat  

nidnuos g .s  ehT  el n htg  fo  eht  enil  dluohs  eb  detset  tneuqerf ly htiw  a .epat  roF  uger l ra  

idnuos ,gn  a ch nia  fo  ,ssarb  leets  or nori  si  p er fer .der  daeL  enil s are su u la ly us de  rof  shtped  

 revo a m 6 tuob e sret  .  

gnidnuoS  dael  si  a ew ight edam(  fo  )dael  ehcatta d ot  eht  .enil  ehT  thgiew  si  lacinoc  ni  

epahs  dna  seirav  morf  4 ot  21  gk  gnidneped  pu on eht  htped  fo  retaw  dna  eht  htgnerts  fo  eht  

c rru e .tn  ehT  ew i thg  hs o dlu  eb  tahwemos  aerts m denil  dna  dluohs  evah  na  eye  ta  eht  pot  rof  

gnihcatta  eht  .droc  tI  netfo  sah  uc p- depahs  ivac ty ta  eht  mottob  os  taht  ti  yam  eb  demra  htiw  

dnal  ro  wollat  ot  kcip  pu  pmas l se  morf  eht  tob t .mo  erehW  eht  mottob  ecafrus  si  ,tfos  ael d- 
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dellif  epip  htiw  a draob  ta  eht  pot  si  desu  htiw  the dael  wei .thg  ehT  ew i thg  setartenep  ni  eht  

rehw spots dna dum e ts draob eht r frus dum eht seki ac .e  

s detsegguS y enil dael dna selop gnikram fo mets s 

tsaoC .S.U ehT  vrus citedoeG dna ey sdnemmocer   gniwollof eht s metsy  fo  eht gnikram  

 selop a l eht dn ae nil d e : s  

eloP s : ekaM  a llams  tnenamrep  hcton  ta  hcae  flah  .toof  tniaP  eht  eritne  elop  etihw  

dna  eht  secaps  eb t neew  t eh  2- na d 3-, eht  7- a dn  8- dna  eht  12- dna  13- tf  skram  .kcalb  tnioP  

’’½  der  sdnab  ta  eht  5- dna  01 - tf  skram , a ½ ’’  ni  kcalb  dnab  ta  hcae  of the rehto  toof  kram s  

dna  ’’¼  sdnab  ta  eht  flah  toof  .skram  esehT  sdnab  era  kcalb  erehw  eht  elop  si  etihw  dna   eciv  

ve sr a. 

seniL daeL  am si enil dael A : kr e f ni d ee  t a  : wollof s  

Feet aM r  sk  

 22 ,21 ,2 e ct  Re gnitnub d  

cte 42 ,41 ,4  nitnub etihW g  

cte 62 ,61 ,6  B gnitnub eul  

 82 ,81 ,8 e ct  Ye nitnub woll g  

 011 ,06 ,01 e ct  nO e el fo pirts a  reht  

cte 021 ,07 ,02  owT  l fo spirts ae reht  

cte 031 ,08 ,03  L t htiw rehtae loh ow es 

cte 041 ,09 ,04  L ehtae r loh eno htiw es 

05  ratS - pahs e el d a reht  

01 0 ratS - pahs e ehtael d r no htiw e eloh  

era ).cte 9,7,5,3,1( teef ddo etaidemretni ehT  yb dekram  gnizies etihw .  
 
 

enihcaM gnidnuoS  

erehW  hcum  fo  gnidnuos  si  ot  ,enod  a gnidnuos  enihcam  as ev ry us .lufe  ehT  gnidnuos  

enihcam  may rehtie  be dnah  nevird  ro  .citamotua  Fig .3.4.  wohs  a yt p laci  dnah  nevird  

nidnuos s’eleddeW g .enihcam  
 
 

ehT  dael  ew i thg  si  deirrac  ta  eht  dne  fo  a elf x elbi  eriw  droc  dehcatta  ot  eht  lerrab  dna  

na ta derewol nac y erised b dellortnoc gnieb murd eht fo deeps eht ,etar d y  fo snaem a .kaerb  
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ehT  idaer n sg  era  acidni ted ni  owt  laid s— retuo eht  laid  gniwohs  tped eht h ni  teef  dna  eht  ni n re  

gniwohs  shtnet  fo  a .toof  A eldnah  si  desu  ot  esiar  eht  level  hcihw  c na  eb  dednepsus  ta  any 

thgieh  by snaem  fo  a ap ul dna  ctar h .te  ehT  nuos d gni  ihcam ne si  detnuom  ni  a gnidnuos  bo ta  

 001 fo htped mumixam a ot pu desu eb nac dna ft. 
 
 

ohcE : retemohtaF - os u  gnidn  

A emohtaF t re  si  desu  ni  naeco  idnuos ng erehw  the htped  fo  taw er si  oot  ,hcum  dna  to 

ped eht fo drocer etarucca dna suounitnoc a ekam t aob eht woleb retaw fo h t cihw ta pihs ro h ti  

si  .dellatsni  tI  si  na  ohce - gnidnuos  emurtsni nt ni  hcihw  aw t re  d shtpe  ra e deniatbo  b  e  

gninimreted  eht  emit  deriuqer  rof  eht  dnuos  sevaw  ot  levart  morf  a tniop  raen  eht  ecafrus  fo  

eht  retaw  ot  eht  tob t mo  a dn  .kcab  It si  detsujda  to daer  d htpe  no  cca o ecnadr  htiw  eht  lev o ic ty 

fo  dnuos  ni  eht  type fo  retaw  ni  hcihw  ti  si  gnieb  su e .d  A retemohtaf  m ya  etacidni  eht  htped  

yllausiv  ro  etacidni  arg p lacih ly on a llor  hw ich suounitnoc ly seog  no  ver o gnivl  dna  p edivor  a 

orp lautriv f ht fo eli e s ro ekal ae . 
 
 

tahW  era  eht  co stnenopm  fo  ohce  gnidnuos  rtsni u ?tnem  ylfeirB  xe p nial  eht  ad av n segat  

gnidnuos ohce fo .  

ohce na fo strap niam ehT - nidnuos g  :era sutarappa  

 .1 nittimsnarT g a niviecer dn g llicso a .srot  

2. R ce orde .tinu r  

3. rT a ttimsn e woP / r e .tinu r  

hce fo lapicnirp eht setartsulli erugiF o- gnidnuos  . fo lavretni eht gnidrocer ni stsisnoc tI  

es eht fo mottob eht ot tcerid eslupmi dnuos a fo noissime eht neewteb emit a r eht dna ece tp noi  

fo  aw eht ve ro  ,ohce  detcelfer  f mor  eht  tob t .mo  fI  eht  deeps  fo  dnuos  ni  th ta  retaw  si  v dna  the 

evig si h htped eht ,t si reviecer dna rettimsnart eht neewteb lavretni emit n  yb  

h = ½ tv  …  

euD  ot  ht e llams  ecnatsid  teb w nee  the iecer v re  dna  eht  msnart retti , a ls i thg  roc r tce i no  

si  assecen ry ni  wollahs  .sretaw  ehT  rorre  teb w nee  eht  eurt  htped  dna  eht  rocer d de  htped  nac  

eb  detaluclac  ev ry isae ly by elpmis  temoeg r .y  fI  the rorre  si  dettolp  a tsniag  eht  cer o dedr  

,htped  eht  eurt  d htpe  ac n eb  isae ly .nwonk  ehT  gnidrocer  fo  eht  idnuos ng si  decudorp  by eht  

noitca  fo  a llams  tnerruc  gnissap  orht u hg  lacimehc ly angerpmi t de  ap p re  f mor  a itator ng st suly  
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ot  na  edona  .etalp  ehT  ts suly  si  if x de  ta  eno  dne  fo  a laidar  mra  hcihw  r sevlove  ta  tnatsnoc  

eeps d. The st uly s sekam  a rocer d no  ht e ap per ta  eht  sni t stna  nehw  the dnuos  im eslup  si  

r ohce eht nehw dna dettimsnart e cer eht ot snrut e vi e .r  
 
 
 

ohce fo egatnavdA -  gnidnuos  
ohcE - gnidnuos  ah s eht  gniwollof  da v egatna s revo  eht  dlo er dohtem  of le da  li en  and 

:dor   
1. tI  si  om re ucca r eta  sa  a urt ly lacitrev  idnuos ng si  .deniatbo  ehT  eps ed of eht  v lesse  

seod  etaived  ti  pa p cer i ba ly morf  eht  .lacitrev  rednU  ron m la  aw t re  noc dit ,snoi  ni  strop  dna  

carucca na srobrah y am mc 5.7 fo y deniatbo eb  .  

2. tI  nac  eb  desu  wh ne  a gnorts  cu tnerr  si  innur ng dna  nehw  eht  rehtaew  is elbatiusnu  

of r nidnuos eht g el eht htiw nekat eb ot s a nil d e  .  

3  . I l eht naht evitisnes erom si t ae nil d e. 

4. A r roce d fo  ht e tped h si  p dettol  etaidemmi ly dna  sedivorp  a tnoc i suoun  cer o dr  fo  

 mottob eht a v eht s e sevom less  f drawro  .  

 .5 nittolp dna gnidnuos fo deeps ehT g  .desaercni si  

6. ehT  rorre  eud  ot  noitamitse  fo  retaw  level  ni  a pohc py aes  si  decuder  o gniw  ot  eht  

tilibatsni y .taob eht fo  

7. kcoR  iylrednu ng retfos  lairetam  si  edrocer d dna  siht  elbaulav  noitamrofni  si  

o lpaehc erom deniatb y bus erehw esac eht eb dluow naht - nirob eniram g ra s e kat e .n  

sgnidnuos eht gnikaM  
 

fI  eht  htped  si  sel s naht  52  ,m  eht  idnuos n sg  nac  eb  ekat n ehw n eht  bo ta  is ni  om t .noi  

nI  eht  esac  of idnuos ngs htiw  dor  eht  l namsdae  sdnats  ni  eht  wob  na d p segnul  the dor  ta  a 

drawrof  an ,elg  idneped ng no  eht  deeps  o eht  ,taob  hcus  taht  eht  dor  si  lacitrev  nehw  eht  taob  

caer h se  ht e tniop  at ihw ch gnidnuos s si  ieb ng er c .dedro  ehT  dor  dluohs  be daer  ev ry kciuq l .y  

drocer eb osla dluohs mottob eht fo erutan ehT e eton eht ni slavretni ta d - .koob  

fI  eht  idnuos ng si  nekat  htiw  a dael , eht  le msda an sdnats  ni  eht  bow of eht  taob  dna  

stsac  eht  dael  drawrof  ta  hcus  a cnatsid es taht  eht  enil  lliw  emoceb  lacitrev  dna  liw l hcaer  eht  

mottob  ta  a tniop  erehw  gnidnuos  si  uqer .deri  ehT  dael  si  nwardhtiw  f mor  eht  retaw  a retf  the 

gnidaer  si  .nekat  fI  eht  d htpe  si  ,taerg  eht  dael  si  ton  nwardhtiw  morf  eht  ,retaw  tub  si  detfil  

wteb ee ht n e nidnuos g .s  
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ehT  aw t re  us r ,ecaf  hcihw  si  osla  eht  erefer n ec  ,mutad  ahc n eg s nitnoc u suo l .y  It ,si  

,erofereht  laitnesse  ot  ta ek  eht  sgnidaer  of eht  t edi  ag u seg  ta  r raluge  in lavret  os  taht  eht  

sgnidnuos  ac n eb  r decude  ot  a if x de  .mutad  oT  co- er l eta  hcae  nuos di gn  htiw  eht  ag u eg  

nidaer g r ot laitnesse si ti , e nidnuos hcae hcihw ta emit eht droc g m si ade  .  
 
 

idnuos gnitacol ni deyolpme sdohtem eht era tahW n ?sg  
 

ehT  sgnidnuos  era  ol c ta ed htiw  erefer n ec  ot  eht  erohs  revart se by sbo e snoitavr  edam  

leritne )i( y leritne )ii( ,taob eht morf y .htob morf )iii( ro erohs eht morf  

l fo sdohtem eht era gniwollof ehT  noitaco  
 
 

1. By por ssorc e  .  

2. By etni emit dna egnar r .slav  

3. By na eno dna egnar g ohs eht morf el re  .  

4. By na eno dna egnar g taob eht morf el  .  

5. By na owt g .erohs eht morf sel  

6. By na owt g .taob eht morf sel  

7. By na eno g taob morf eno dna erohs morf el . 

8. By nitcesretni g nar g se  .  

9. By rtemoehcat y. 
 
 

gnaR e  .  
 
 

A ar n eg  or ar n eg  enil  si  eht  enil  no  hcihw  sgnidnuos  era  at k .ne  yehT  ,era  ni  ,lareneg  

dial  ucidneprep l ra  ot  eht  erohs  enil  na d par lella  ot  hcae  rehto  fi  eht  hs ro e si  arts i thg  ro  a er  

idar degnarra rev si enil erohs eht nehw tcejbo tnenimorp a morf gnita y ralugerri  .  
 
 

langis erohS s  .  

 
 
 

hcaE  egnar  enil  si  dekram  by snaem  fo  gis nals detcere  ta  owt  stniop  no  it ta  a 

elbaredisnoc  cnatsid e ap .tra  slangiS  nac  eb  snoc t detcur  ni  a v eira ty of w ya s. They ohs dlu  be 
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idaer ly nees  dna  isae ly dehsiugnitsid  orf m e ca h .rehto  ehT  tsom  s otcafsita ry na d cimonoce  

t epy  of si lang  si  a nedoow  dopirt  utcurts re serd s de  htiw  etihw  na d oloc u der  si lang  fo  olc t .h  

ehT  noitisop  fo  ht e gis n sla  dluohs  eb  acol t de  ev ry etarucca ly is n ec  lla  eht  s sgnidnuo  a er  to eb  

fer htiw detacol e seht ot ecner e is gna sl  .  

C yb noitacoL r sso -  epoR  
 
 

sihT  si  eht  tsom  tarucca  e dohtem  fo  gnitacol  eht  s sgnidnuo  dna  may be su ed rof  ,srevir  

orran w ekal s dna  rof  h .sruobra  tI  si  osla  desu  to enimreted  eht  uq itna ty of retam i sla  omer v de  

yb  gnigderd  eht  sgnidnuos  ieb ng at k ne  erofeb  and retfa  eht  d er d ig ng krow  si  .enod  A gnis le 

eriw  or epor  si  erts t ehc d sorca s eht  ennahc l cte . sa  nwohs  ni  Fi 6.4.g  dna  si  m dekra  by latem  

gat s ta  tairporppa e nwonk  ecnatsid  ola ng ht e eriw  orf m a er fer cne e niop t ro  z re o noitats  no  

rohs e. ehT  idnuos n sg  era  neht  at k ne  by a ew igh det  .elop  ehT  noitisop  of eht  lop e irud ng a 

nidnuos g b nevig si y por detaudarg eht e enil ro  .  
 
 

In rehtona  dohtem , ceps i la ly us de  rof  h ruobra s et ,.c  a leer  aob t is esu d to cterts h eht  

por e  . na ro ekips a ot dehcatta si epor eht fo dne orez ehT y  rehto a erohs eno no tnemhcatt  . ehT  

epor  si  dluow  no  a murd  no  eht  leer  .taob  ehT  leer  taob  si  neht  dewor  ssorca  the enil   fo  

,gnidnuos  suht  idniwnu ng ht e epor  sa  ti  orp c sdee . nehW  eht  leer  taob  sehcaer  eht  ehto r ,erohs  

sti  rohcna  si  nekat  ohsa re dna  eht  epor  si  nuow d sa  thgit ly sa  .elbissop  fI  gnirohcna  si  ton  

leer eht ,elbissop  si  at ken erohsa  dna  dekips  nwod  . ehtonA r ,taob  nk o nw  sa  eht  gnidnuos  bo ,ta  

neht  strats  morf  eht  prev suoi  erohs  na d idnuos n sg  era  ekat n a sniag t cae h gat  fo  ht e epor . tA  

eht  dne  fo  eht  sgnidnuos  gnola  taht  ,enil  eht  leer  taob  si  dewor  kcab  a gnol  eht  li en  suht  

nidniw g por eht ni e. orp suht krow ehT cee .sd  

dna egnaR yb noitacoL  iT me etnI r slav  
 
 

nI  siht  htem ,do  eht  taob  si  tpek  ni  egnar  htiw  eht  owt  slangis  no  eht  erohs  dna  si  dewor  gnola  

ti  ta  tnatsnoc  .deeps  sgnidnuoS  era  nekat  ta  tnereffid  emit  .slavretni  gniwonK  eht  tnatsnoc  

deeps  dna  eht  latot  ti em  despale  ta  eht  natsni t fo  ,gnidnuos  ht e sid t cna e of eht  ot t la  tniop  nac  

eb  nwonk  ola ng eht  ar n .eg  ehT  dohtem  si  desu  w neh  eht  htdiw  fo  ch enna l si  lams l dna  nehw  

taerg  eerged  of arucca cy si  ton  .deriuqer  ,revewoH  eht  dohtem  si  desu  ni  noitcnujnoc  htiw  

rehto  ,sdohtem  ni  hcihw  esac  eht  tsrif  dna  the tsal  sgnidnuos  ola ng a egnar  era  ol c deta  by 
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na g nidnuos etaidemretni eht dna erohs eht morf sel g b detacol era s y nidrocca noitalopretni g ot  

etni emit rva .sl  

dna egnaR yb noitacoL  orf elgnA enO m ht e ohS re 
 
 

nI  siht  ,dohtem  eht  taob  si  degnar  ni  enil  htiw  eht  owt  rohs e slangis  dna  dewor  ola ng 

eht  ar n .seg  ehT  tniop  w ereh  idnuos ng si  nekat  is if x de  no  eht  ar n eg  by noitavresbo  of eht  

elgna  morf  eht  .erohs  sA  eht  taob  sdeecorp  ola ng eht  ,erohs  rehto  sgnidnuos  era  osla  fix de  b  y  

 fo snoitavresbo eht ang rohs eht morf sel e  . hT su  B tats tnemurtsni eht si i ,no  1A  2A  r eht si ange 

gnola  hcihw  taob eht  si  r dewo  dna  ,1α  ,2α  α3 era ,.cte  a eht n selg  erusaem  d ta  B morf  stniop  ,1  

,2  3 .cte  ehT  dohtem  si  ev ry etarucca  dna  ev ry tneinevnoc  rof  .gnittolp  ,revewoH  fi  eht  an elg  

ta  eht  gnidnuos  tniop  yas(  angle )β  si  ssel  naht  ,°03  eht  xif  semoceb  .roop  ehT  reraen   eht  

sretni ec noit  gna le )β(  si  ot  a thgir  ,elgna  eht  etteb r. fI  eht  an elg  sehsinimid  ot  tuoba  °03  a  wen  

tsum noitats tnemurtsni  eb  no ehT .nesohc l tcefed y  fo  eht  dohtem  taht si  eht  rus ve roy  seod  ton  

evah  na  etaidemmi  tnoc r lo  ni  lla  eht  bo s noitavre . fI  lla  eht  stniop  era  ot  be if x de  by an ug l ra  

snoitavresbo  morf  eht  s ,eroh  a ton e-k ee p re  lliw  osla  eb  deriuqer  ola ng htiw  eht  sni t tnemur  

nam  ta  erohs  ecnis  eht  snoitavresbo  dna  eht  sgnidrocer  era  ot  eb  enod  par idl .y  lareneG l ,y  eht  

tsrif  dna  tsal  sgnidnuos  dna  eve ry htnet  idnuos ng era  if x de  by an lug ar snoitavresbo  dna  eht  

etaidemretni  stniop  era  if x de  by emit  tni e .slavr  suhT  eht  stniop  htiw  dnuor  kram  are if x de  by 

ugna l ra  resbo v snoita  rf om eht  s eroh  dna  eht  stniop  htiw  ssorc  skram  era  if x de  by emit  

tni e vr a .sl  ehT  rra o sw  s woh  eht  oc u esr  of eht  ,taob  drawaes  dna  ohs r rawe d no  la et etanr  

sec .snoit  

oT  xif  a tniop  by sbo e snoitavr  morf  eht  ,erohs  eht  tnemurtsni  nam  ta  B stneiro  sih  li en  

fo  thgis  ot w sdra  a erohs  langis  or any rehto  pro tnenim  tniop  nwonk(  on eht  )nalp  nehw  eht  

nidaer g orez si  . ht ro namsdael eht sdrawot epocselet eht stcerid neht eH e o wob f ob eht a dna ,t  

si  tpek  launitnoc ly niop t gni  sdrawot  eht  taob  sa  ti  .sevom  ehT  vrus e roy  no  eht  taob  loh sd  a 

galf  rof  a wef  s sdnoce  a dn  no  ht e llaf  of ht e ,galf  the idnuos ng dna  ht e gna le a er  resbo v  de  

lsuoenatlumis y. 

ehT  angl se  era  lareneg ly devresbo  to eht  n tserae  5 mi .setun  ehT  ti em  ta  wh hci  eht  lf ag 

sllaf  si  osla  dedrocer  htob  by eht  tnemurtsni  nam  sa  ew ll  sa  no  eht  .taob  nI  redro  ot  diova  

etuca  ,snoitcesretni  eht  senil  fo  sgnidnuos  ra e suoiverp ly nward  no  eht  nalp  dna  ius t elba  

ra snoitats tnemurtsni e eles c .det
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dna egnaR yb noitacoL  orf elgnA enO m taoB eht  

ehT  dohtem  si  ex tca ly ralimis  ot  eht  suoiverp  o en  ex tpec  taht  eht  ralugna  xif  si  edam  

yb  ralugna  bo s noitavre  fr mo  eht  .taob  ehT  taob  si  tpek  ni  ar n eg  htiw  eht  two erohs  si slang  dna  

si  dewor  ola ng .ti  tA  the tnatsni  eht  gnidnuos  is ,nekat  eht  angl ,e  dednetbus  ta  eht  tniop  

neewteb  eht  ar n eg  dna  emos  morp tneni  tniop  B no  eht  eros  si  rusaem ed htiw  eht  pleh  fo  

.tnatxes  ehT  epocselet  is detcerid  on eht  ran eg  s ,slangi  na d eht  edis  bo j tce  si  orb u thg  ni to 

nidnuos eht tnatsni eht ta ecnedicnioc g t si aken  . carucca ehT y eht si gnittolp fo esae dna  

sa emas  deniatbo  ni  eht  suoiverp  tsrif eht ,yllareneG .dohtem  tsal eht dna  ,sgnidnuos  dna  emos  

fo  eht  etaidemretni  sgnidnuos  era  detacol  by ugna l ra  resbo v snoita  dna  eht  tser  fo  eht  

nidnuos g b detacol era s y .slavretni emit  

ah dohtem siht ,sdohtem suoiverp eht ot derapmoc sA niwollof eht s g  : segatnavda  

1. ecniS  lla  eht  snoitavresbo  era  nekat  morf  ht e ,taob  eht  vrus e roy  sah  b rette  lortnoc  

ht revo e repo a snoit  .  

2. ehT  sekatsim  ni  gnikoob  era  decuder  ecnis  eht  rocer d re  skoob  eht  daer i sgn  rid e tc ly 

eht sa y em era a .derus  

3. nO  pmi tnatro  if x ,se  c kceh  may eb  iatbo n de  by me irusa ng a se dnoc  elgna  ot w sdra  

ehto emos r ht no langis e rohs e. 

4. ehT  niatbo  doog  etni r snoitces  ,tuohguorht  tnereffid  erohs  bo j stce  may eb  desu  rof  

 eht erusaem ot ecnerefer angle .s  

 yb noitacoL T lgnA ow e orf s m ht e hS ore 

nI  siht  ,dohtem  a tniop  si  if x de  tnednepedni  fo  eht  egnar  by an ug l ra  snoitavresbo  morf  

owt  stniop  no  eht  .erohs  ehT  dohtem  si  lareneg ly desu  ot  etacol  emos  detalosi  .stniop  fI  siht  

dohtem  si  desu  no  na  ex evisnet  ,yevrus  eht  taob  dluohs  eb  nur  no  a es ri se  fo  orppa xim eta  

range .s  owT  tnemurtsni s dna  owt  tnemurtsni  nem  era  r uqe i .der  ehT  noitisop  fo  sni t tnemur  si  

detceles  ni  hcus  a way taht  a orts ng xif  si  .deniatbo  weN  tnemurtsni  itats o sn  uohs ld eb  nesohc  

nehw  eht  noitcesretni  an elg  ( )θ  laf ls woleb  .°03  uhT s A dna  B era  eht  owt  tnemurtsni  itats o sn .  

ehT  ecnatsid  d neewteb  t eh m si  ev ry etaraucca ly .derusaem  The murtsni e tn  itats o sn  A dna  B 

era  pr esice ly nnoc e detc  to eht  dnuorg  art v esre  or ugnairt l ,noita  dna  rieht  snoitisop  no  nalp  era  

wonk n  . lp eht htob htiW at  nam tnemurtsni eht ,orez ot depmalc se a A t  
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stcesib  B ; ralimis ly iw th htob  eht  setalp  depmalc  ot  ,orez  eht  tnemurtsni  nam  ta  B stcesib  .A  

htoB  eht  tnemurtsni  nem  neht  tcerid  eht  enil  fo  thgis  fo  eht  epocselet  ot w sdra  eht  namsdael  

dna  suounitnoc ly lof wol  ti  sa  eht  bo ta  .sevom  ehT  vrus e roy  no  ht e taob  oh l sd  a flag for a f we  

,sdnoces  dna  on eht  llaf  fo  eht  galf  eht  idnuos ng dna  eht  angl se  era  sbo re dev  is m lu t suoena l .y  

oc ehT - nidnuos eht fo P noitisop eht fo setanidro g am y r eht morf detupmoc eb e : snoital  
 
 

 sah dohtem ehT g niwollof eht to g atnavda ge  :s  

1. ranimilerp ehT y is egnar gnitcere dna tuo gnittes fo krow g .detanimile si slan  

2. tI  si  lufesu  nehw  ereht  era  orts ng stnerruc  eud  to hcihw  ti  si  tluciffid  ot  wor  eht  taob  

nola g r eht ange nil e  .  

ehT  dohtem  i ,s  ewoh v ,re  suoirobal  dna  r seriuqe  t ow  sni t stnemur  dna  wt o sni t tnemur  

em n  .  

 yb noitacoL T lgnA ow e orf s m the taoB  

nI  siht  ,dohtem  eht  noitisop  fo  eht  taob  nac  eb  detacol  by eht  noitulos  fo  eht  erht e- 

tniop  melborp  by gnivresbo  ht e owt  an selg  dednetbus  ta  ht e taob  by t eerh  ius t lba e ohs re 

stcejbo  fo  nwonk  .noitisop  ehT  eerht - erohs  stniop  dluohs  eb  lew l- denifed  dna  raelc ly elbisiv  .  

tnenimorP  larutan  cejbo ts hcus  sa  hcruhc  ips r ,e  ,esuohthgil  fl ,ffatsga  ub o sy  ,.cte  era  s detcele  

rof  siht  .esoprup  fI  hcus  stniop  a er  ton  ,elbaliava  ar n eg  selop  or erohs  si slang  yam  be .nekat  

suhT  ,A  B dna  C era  eht  erohs  stcejbo  dna  P si  eht  noitisop  fo  eht  taob  morf  hcihw  eht  selgna  

α na d β a er  usaem r .de  htoB  eht  an elg s dluohs  eb  resbo v de  oenatlumis usly htiw  the leh p of  

owt  tnatxes ,s  ta  eht  sni ta tn  eht  dnuos i gn  si  nekat . fI  htob  eht  an elg s era  ob devres  by vrus eyo  r  

,enola  ev ry elttil  emit  dluohs  eb  tsol  ni  gnikat  eht  .noitavresbo  ehT  an selg  no  eht  elcric  a er  

wretfa daer a sdr  . The em t doh  si  ot desu  ekat  eht  so sgnidnu  ta  osi l deta  niop ts vrus ehT . e sah roy  

retteb  lortnoc  no  snoitarepo eht  ecnis  eht  vrus ey p ra ty si  tnecnoc r deta  ni  one .taob  I tneiciffus f  

rebmun  fo  tnenimorp  stniop  era  elbaliava  no  ht e ,erohs  animilerp ry krow  o gnittes  tuo  dna  

gnitcere  egnar  slangis  si  .detanimile  ehT  tisop noi  fo  eht  taob  si  ol c deta  by eht  ulos t noi  fo  eht  

lana rehtie melborp tniop eerht y llacit y llacihparg ro y  .  

lgnA enO yb noitacoL e orf m orf rehto eht dna erohS eht m taoB eht  
 
 

sihT  dohtem  si  eht  noitanibmoc  fo  sdohtem  5 dna  6 debircsed  oba ve and si  desu  ot  

l etaco  ht e detalosi  tniop s erehw  dnuos in sg  era  at k .ne  owT  stniop  A and B are ohc s ne  no  th  e  
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,erohs  eno  fo  eht  stniop  ( yas  )A  si  ht e sni t tnemur  noitats  rehw e a ilodoeht te si  es t ,pu  dna  eht  

rehto  s( ay )B  si  a erohs  langis  or any rehto  p tnenimor  .tcejbo  tA  ht e sni at tn  eht  gnidnuos  si  

nekat  ta  P, eht  an elg  α ta  A si  derusaem  htiw  ht e pleh  fo  a es x .tnat  gniwonK  eht  natsid ce  d  

neewteb  eht  owt  stniop  A dna  B by dnuorg  s vru e ,y  eht  noitisop  fo  P nac  eb  lo detac  by 

oc owt eht gnitaluclac -  dna x setanidro y. 

oitacoL tnI yb n e sr ce gnaR gnit es 
 
 

sihT  dohtem  si  desu  nehw  ti  si  deriuqer  ot  enimreted  by p lacidoire  uos n gnid  ta  eht  

emas  ,stniop  eht  etar  at hcihw  gnitlis  or iruocs ng si  gnikat  pl eca . sihT  si  very se s laitne  no  eht  

srobrah  dna  sriovreser . T eh  noitisop  fo  idnuos ng is detacol  by eht  cesretni t noi  fo  t ow  ar n ,seg  

suht  yletelpmoc  gnidiova  eht  ralugna  .snoitavresbo  elbatiuS  slangis  era  cere t de  ta  eht  .erohs  

ehT  taob  si  ewor d ola ng a ar n eg  rep p ralucidne  to eht  ohs re na d sgnidnuos  ra e ekat n ta  eht  

stniop  ni  hcihw  denilcni  ar n seg  tcesretni  eht  ar n eg , sa  ulli s detart  ni  giF . 1.4 2. ,revewoH  ni  

redro  ot  diova  eht  ,noisufnoc  a etinifed  s metsy  of gniggalf  eht  ar n eg  selop  si  assecen r .y  ehT  

rev denimreted si selop egnar eht fo noitisop y letarucca y by evrus dnuorg y  .  

hcaT yb noitacoL oe m snoitavresbO cirte  
 
 

ehT  dohtem  si  ev ry um ch lufesu  ni  htooms  .sretaw  ehT  noitisop  fo  eht  taob  si  detacol  

yb  cirtemoehcat  avresbo t snoi  morf  eht  erohs  no  a ffats  tpek  lacitrev ly no  t eh  .taob  sbO e gnivr  

eht  ffats  tpecretni  s ta  eht  tnatsni  eht  gnidnuos  si  ,nekat  eht  latnoziroh  ecnatsid  eb tw nee  eht  

 detaluclac si taob eht dna snoitats tnemurtsni by 

ehT  noitcerid  fo  taob eht  si )P(  dehsilbatse  by gnivresbo  a eht n elg  ta )α(  eht   tnemurtsni  

noitats  B htiw  erefer n ec  ot  any nenimorp t tcejbo  A ehT  t isnar t noitats  s dluoh  eb  ne ra  eht  

retaw  level  os  taht  ereht  lliw  eb  on  deen  ot  aer d lacitrev  an .selg  ehT  me doht  si  usnu i elbat  

hw e nidnuos n g f nekat era s a rohs morf r e  .  
 
 

sgnidnuos fo noitcuder nialpxE  axe a htiw m .elp  

ehT  der u dec  idnuos n sg  era  the der u dec  l sleve  of eht  us b-ma enir  ecafrus  ni  

smret  fo  ht e etpoda d ad t .mu  nehW  eht  idnuos n sg  ra e nekat , eht  d htpe  of etaw r si  me derusa  

htiw  er f ere n ec  ot  eht  ex gnitsi  w reta  l leve  ta  taht  t .emi  fI  eht  ag u eg  idaer n sg  era  osla  t neka  ta  

eht  emas  ,emit  eht  sgnidnuos  nac  be decuder  ot  a oc nomm  avnu r iy ng d ta u .m  ehT  mutad  m  tso  
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ylnommoc  detpoda  si  eht  naem‘  level  fo  wol  retaw  fo  gnirps  ’sedit  dna  si  nettirw  rehtie   sa  

L T.S.O.W.  . ranidro ,retaw wol( y ro )sedit gnirps  

.M L .S.W.  naem(  wol  retaw  irps n .)sg  roF  icuder ng eht  ,sgnidnuos  a oc r tcer i no  lauqe  ot  

eht  ecnereffid  fo  level  eewteb n eht  a lautc  taw er level  daer(  by ag u seg ) dna  ht e utad m si  

vresbo eht ot deilppa e nidnuos d g  elbat eht ni detartsulli sa ,s g b nevi e  : wol  

nidaeR eguaG g  ta L T.S.O.W.  . = 0.3  .m  
 
 

iT me G egua  cnatsiD e S ulo c noit  oC rrec noit  Re ud ec d eR m  skra  

(m) (m)  gnidnuos  

(m  )  

0.8 0 .3 5 01  .2 5 - 5.0  00.2   

.A M.  

02  .3 2 7.2   

03  .3 9 4.3   

04  .4 6 1.4   

1.8 0 .3 5 05  .5 3 - 5.0  8.4   

.A M.  

06  .5 4 9.4   

07  .5 1 6.4   

08  .4 7 2.4   

09  .3 6 1.3   

1.8 0 .3 5 01 0 .2 1 - 5.0  6.1   

.A M.  

 
 
 

p tniop eerht si tahW elbor m  ? devlos eb nac ti woH?  

neviG  eerht eht  erohs  si slang  ,A  B dna  ,C  dna  eht  gna l se  α dna  β netbus ded by ,PA   PB  

i ti ,P taob eht ta PC dna s re riuq e ht tolp ot d e o noitisop f P 
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 .1 eM c  noituloS lacinah  

arT yB )i( c  gni P pa er 

tcartorP  an selg  α dna  β neewteb  ht r ee  r itaida ng enil s morf  any tniop  no  a eceip  of 

gnicart  .repap  tolP  eht  p snoitiso  fo  slangis  A, B, C no  eht  .nalp  ppA l iy ng eht  icart ng p repa  ot  

eht  ,nalp  evom  ti  tuoba  litnu  lla  eht  eerht  ra sy  si suoenatlum ly ssap  orht u hg  ,A  B dna  .C  ehT  

 fo xepa na eht g uorht dekcirp eb nac hcihw P fo noitisop eht neht si sel g .h  
 
 

atS yB )ii( t  noi P tnio re  : 

ehT  noitats  retniop  si  a t erh e- demra  p tcartor or and stsisnoc  fo  a darg u eta d elcric  htiw  

if x de  mra  dna  owt  elbavom  smra  ot  eht  ie t reh  edis  fo  eht  if x de  .mra  llA  t eh  eerht  a smr  evah  

gde laicudif ro deleveb es  . o orez eht ot sdnopserroc mra dexif lartnec eht fo egde laicudif ehT f  

eht  .elcric  ehT  aicudif l egde s fo  the owt  ivom ng smra  nac  eb  tes  ot  any d derise  idaer ng dna  

nac  eb  depmalc  ni  .noitisop  yehT  era  osla  ivorp ded  htiw  sreinrev  dna  wols  m noito  swercs   ot  

tes  eht  elgna  ev ry icerp sel .y  oT  tolp  noitisop  fo  ,P  eht  elbavom  smra  era  depmalc  ot  daer  eht  

gna l se  α dna  β ev ry rp e esic ly. ehT  itats on retniop  si  eht n devom  on ht e nalp  llit  eht  rht ee   

laicudif  segde  suoenatlumis ly ot u hc  ,A  B dna  .C  ehT  ce ertn  of eht  retniop  neht  stneserper  the 

drocer eb nac hcihw P fo noitisop e b d y irp a c .kram k  
 
 

 .2 G noituloS lacihpar s 

a( ) F : dohteM tsri  

teL  ,a  b dna  c eb  eht  olp t det  snoitisop  fo  eht  erohs  slangis  ,A  B dna  C ser p evitce ly dna  

tel  α dna  β eb  the angles dednetbus  ta  ht e taob . ehT  tniop  p of eht  boat sop iti no  p ac n eb  

niatbo e  d a dnu s e  : r  

1.  dna a nioJ c  .  

2. da ward ,a tA  gnikam  na  gna le β htiw  gnikam dc ward ,c tA .ca  na  an elg  α htiw  .ac  Le  t  

em senil eseht htob e d ta t  .  

3. nissap elcric a warD g uorht g c dna d ,a stniop eht h  .  

4. J nio  d dna  ,b  dna  gnolorp  ti  ot  teem  eht  elcric  ta  eht  tniop  p hcihw  si  eht  riuqer ed 

noitisop  ob eht fo at  .  
 
 

Pr foo  . o seitreporp eht morF f  a c ri c ,el  
 

Mr.R.PERUMAL. M.E, AP/CIVIL

Mr.R.PERUMAL. M.E, AP/CIVIL

CE 6404 SURVEYING 2

9529 SCAD EC

www.5starnotes.com

www.5starnotes.com

http://5starnotes.com/
http://5starnotes.com/
http://www.5starnotes.com/
http://5starnotes.com/


ww
w.
5s
ta
rn
ot
es
.c
om

 
 

�  = dpa

 

� ac  d = α dna  

 

�  = dpc

 

� β = dac  

noitulos eht rof noitidnoc deriuqer eht si hcihw  .  
 
 

eS )b( c M dno e : doht  

 ba nioJ a cb dn  .  

1. morF  a dna  ,b  ward  li en s 1oa  dna  b 1o  hcae  gnikam  na  an elg  °09(  - )α  htiw  ba  no   eht  

edis  sdrawot  p  . L esretni meht te c ta t  .10  

2. ,ylralimiS  ================ senil ward ,c dna b morf  hcae  ikam ng na  angle °09(  - 

 )β w  hti a wot edis eht no b a  ta tcesretni meht teL .p sdr --  .  

3. With – sa  eht  tnec r ,e  ward  a lcric e ot  ssap  orht u hg  a dna  b. ralimiS l ,y  w hti  – sa  eht  

ertnec  ward  a elcric  ot  ssap  hguorht  b dna  .c  teL  htob  eht  selcric  tcesretni  hcae  rehto  ta  

a p tniop  . o noitisop deriuqer eht neht si p f ob eht a .t  
 
 

oorP f. 

 

� 1oa b  °081 = -  °09( 2 - α  ) = α2  

 

� pa b =  ½

 

� = b1oa  α  

lralimiS y, 

 

� 2ob c  °081 = -  °09( 2 -  )β = β2  

dna  

 

� pb c =  ½

 

�  c2ob = .β  

etni owt fo dohtem eht sa nwonk semitemos si dohtem evoba ehT r nitces g ric c .sel  
 
 

(c M drihT ) e : doht  

1. b dna ba nioJ c  .  

2.  sralucidneprep tcere ,c dna a tA a  d a  dn ec . 

3. tA  ,b  ward  a enil  db  nidnetbus g an elg  °09(  - )α  htiw  ,ab  ot  teem  eht  lucidneprep ar  

uorht g d ni a h  .  

4. ylralimiS , ward  a enil  eb  idnetbus ng na  an lg e °09(  - β) htiw  cb , to teem  ht e  

prep e uorht ralucidn g .e ni c h  

5.  dna d nioJ e  .  

6. porD  a ucidneprep l ra  on ed  morf  .b  ehT  toof  fo  eht  ep dnepr i raluc  i( . .e  p) si  neht  eht  

re riuq e ob eht fo noitisop d at  .  
 
 

 .9 dna sepyt sti nialpxE ?sedit era tahW  rof m .noita  
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llA  laitselec  seidob  trexe  a lanoitativarg  ecrof  no  hcae  .rehto  esehT  secrof  fo  noitcartta  

neewteb  htrae  dna  rehto  laitselec  seidob  m( nia ly noom  dna  )nus  esuac  lacidoirep  snoitairav  ni  

eht  level  fo  a retaw  ,ecafrus  nommoc ly nwonk  sa  .sedit  erehT  era  lareves  seiroeht  oba ut  eht  

sedit  tub  enon  ad etauqe ly ex snialp  lla  eht  onehp m none  fo  ti sed  .  ,revewoH t nommoc eh ly desu  

yroeht  is retfa  N otwe ,n  dna  si  nwonk  sa  the qe u muirbili  .yroeht  gnidroccA  ot  siht  oeht ry, a 

ecrof  of noitcartta  ex stsi  neewteb  owt  laitselec  b ,seido  gnitca  ni  eht  ts r thgia  enil  oj i gnin  eht  

ertnec  fo  sam s se  fo  the owt  ,seidob  dna  the ingam t edu  of ht is of r ec  si  lanoitroporp  ot  t eh  

tcudorp  fo  the essam s fo  eht  seidob  na d si  srevni le y porp o lanoitr  ot  eht  sq erau  of ht e sid t na ce 

neewteb  .meht  eW  llahs  ppa ly siht  oeht ry ot  eht  t sedi  decudorp  no  htrae  d eu  ot  eht  rof ce fo  

noitcartta  neewteb  trae h dna  .noom  ,revewoH  eht  gniwollof  tpmussa snoi  era  edam  ni  eht  

e roeht muirbiliuq y  :  

 .1 b dnuor lla derevoc si htrae ehT y .htped mrofinu fo naeco na  

2. ehT  naeco  si  ac p elba  fo  sa s gnimu  atnatsni n oe usly eht  muirbiliuqe  , qer u deri  by the edit  

gnicudorp  .secrof  sihT  si  elbissop  fi  ew  tcelgen  )i(  treni ai  fo  ,retaw  )ii(  isocsiv ty of ,retaw  

 )iii( dna f  fo ecro a p neewteb noitcartt a sti fo str e .fl  

 .1 T ranuL ehT ide  s  

)a(  swohs  eht  htrae  and eht  ,noom  htiw  rieht  ec n sert  fo  sessam  O1 dna  O2 evitcepser l .y  

ecniS  noom  si  yrev  raen  ot  eht  ,htrae  ti  si  eht  rojam  it ed  gnicudorp  of rce. oT  trats  ,htiw  ew  

lliw  erongi  eht  iad ly noitator  fo  eht  htrae  no  sti  ax .si  htoB  htrae  dna  noom  tcartta  hcae  ,rehto  

dna  eht  ecrof  of itcartta on dluow  tca  gnola  O1O .2  teL  O eb  eht  nommoc  ertnec  fo  gr iva ty fo  

htrae  dna  .noom  ehT  htrae  dna  noom  evlover  htnom ly tuoba  O, dna  eud  ot  siht   noitulover  

rieht  etarapes  snoitisop  era  .deniatniam  ehT  noitubirtsid  fo  ecrof  si  ton  inu f ,mro  tub  ti  si   erom  

rof  eht  stniop  icaf ng eht  noom  dna  ssel  rof  etomer  niop t .s  euD  ot  eht  noitulover  fo  htrae  tuoba  

eht  nommoc  tnec re of ivarg ty O, lagufirtnec  ecrof  fo  mrofinu  isnetni ty is ex detre  no  lla  eht  

selcitrap  fo  eht  .htrae  T eh  noitcerid  fo  siht  c ne t lagufir  ecrof  si  ap r lella  ot  O1O2 dna  stca  

rawtuo d. ,suhT  eht  atot l ecrof  fo  noitcartta  eud  ot  noom  si  etnuoc r- ab l na dec  by the ot t la  

agufirtnec l ,ecrof  dna  the htrae  sniatniam  its op sit noi  evitaler  ot  ht e .noom  ,revewoH  ecnis  

eht  erof  of tta r noitca  si  ton  ,mrofinu  eht  tnatluser  ecrof  lliw  ev ry lla  .gnola  ehT  r luse t tna  

secrof  era  eht  edit  gnicudorp  of r ec .s  gnimussA  taht  retaw  sah  on  aitreni  dna  isocsiv t ,y  eht  

naeco  gnipolevne  eht  s’htrae  ecafrus  lliw  tsujda  flesti  ot  eht  decnalabnu  tnatluser  ecrof s, 

ivig ng esir  ot  eht  iliuqe b .muir  ,suhT  ereht  era  two ranul  sedit  ta  A dna  B, dna  owt  wol  retaw  
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snoitisop  ta  C dna  .D  The edit  at A si  dellac  ht e roirepus  nul ar edit  or edit  fo  oom n s’  eppu r  

 ro roirefni dellac si B ta edit elihW ,tisnart a nulitn a dit r e. 
 
 

oN w tel  su  redisnoc  the e s’htra  tator i no  no  its ax .si  gnimussA  the noom  ot   niamer  

,yranoitats  eht  rojam  ax si  fo  ranul  t ladi  muirbiliuqe  erugif  dluow  niatniam  a tnatsnoc  .noitisop  

euD  ot  noitator  fo  trae h tuoba  sti  ax si  morf  tsew  ot  ,tsae  ecno  ni  42  ho ,sru  niop t A dluow  

ucco py evisseccus  noitisop  ,C  B dna  D ta  slavretni  fo  6 .h  ,suhT  tniop  A dluow  ex ecneirep  

raluger  itairav no  ni  eht  level  fo  .retaw  tI  lliw  ex ecneirep  hgih  retaw  )edit(  ta  slavretni  fo  21  h 

.neewteb yawdim retaw wol dna  fo lavretni sihT  6 h noitairav  eurt si  no ly fi  noom  si  demussa  

ranoitats y. ,revewoH  ni  a noitanul  fo  35.92  yad s eht  noom  sekam  eno  noitulover  evitaler  ot  

nus  morf  eht  wen  oom n ot  wen  .noom  sihT  ver o noitul  si  ni  eht  emas  id re tc i no  sa  eht  id u lanr  

noitator  fo  ,htrae  dna  h ecne  ereht  era  5.92 3 nart sits fo  noom  ssorca  a em r di i na  ni  35.92  naem  

ralos  .syad  sihT  si  no  eht  noitpmussa  taht  eht  noom  seod  ht is ulover t noi  ni  a enalp  issap ng 

hguorht  eht  qe u .rota  ,suhT  eht  lavretni  neewteb  evisseccus  stisnart  fo  noom  ro  any me naidir  

lliw  eb  42  ,h  .05 5 .m  ,suhT  eht  av egare  avretni l neewteb  sseccus i ev  hi hg  retaw s dluow  be 

tuoba  21  h 52  .m  ehT  lavretni  fo  42  h 5.05  m eb t neew  owt  us c evissec  art n is ts fo  noom  revo  a 

ad ladit eht dellac si naidirem y. 
 
 

2. sediT raloS ehT  

ehT  nonemonehp  fo  orp d noitcu  fo  sedit  eud  ot  ecrof  fo  noitcartta  neewteb  htrae  dna  nus  si  

ralimis  ot  eht  ranul  ti .sed  ,suhT  ereht  lliw  eb  roirepus  alos r edit  dna  na  roirefni  ro  tna i- los ar 

dit e nus ,revewoH .  si  ta   a egral  ecnatsid  morf  eht  htrae  dna  eh n ec  eht  edit  pr gnicudo  rof ce  eud  

um si nus ot c ssel h  .  

 854.0 = edit raloS L edit ranu  .  
 
 

4. oC m dna gnirpS : tceffe denib   paen t di e  s  
 
 

 854.0 = edit raloS L edit ranu  .  

evobA  qe u noita  swohs  t tah  eht  ralos  ti ed  fo cr e is ssel  naht  ah lf eht  ul nar edit  fo .ecr  

,revewoH  rieht  denibmoc  tceffe  si  ,tnatropmi  laiceps ly ta  eht  wen  oom n nehw  htob  eht  nus  

dna  noom  ah ve eht  sa em  ec l laitse  edutignol , ht ey sorc s a m naidire  at eht  mas e sni t .tna  
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gnimussA  taht  htob  eht  nus  dna  noom  eil  ni  eht  emas  latnoziroh  enalp  gnissap  orht u hg  eht  

,rotauqe  eht  stceffe  fo  bo ht  eht  sedit  era  da d ,de  gi gniv  esir  ot  am xim mu  ro  gnirps  edit  fo  new 

oom n. ehT  mret  gnirps‘ ’ seod  ton  refer  ot  eht  s ,nosae  tub  ot  eht  gnignirps  ro  wax ni g fo   eht  

oom n. retfA  ht e wen  m ,noo  eht  noom  sllaf  eb h dni  eht  nus  dna  c essor s cae h naidirem  05  

setunim  retal  cae h da .y  nI  retfa  7 ½ da ,sy  ht e id f eref n ec  neewteb  ol n edutig  fo  the noom  dna  

taht  fo  nus  b emoce s 09 °, dna  ht e noom  si  ni  qu utarda re . ehT  tserc  of m noo  ti ed  sedicnioc  

htiw  eht  hguort  fo  eht  ralos  ,edit  ivig ng esir  ot  eht  paen  edit  fo  eht  tsrif  .retrauq  gniruD  eht  

paen  ,edit  the hi hg  taw er level  si  b wole  ht e va er ega  lihw e eht  wol  taw er level  si  oba ve eht  

ave gar e. A retf  uoba t 51  yad s of eht  ts a tr  of ul nat ,noi  nehw  lluf  noom  o cc ,sru  eht  id f ef r ne ce 

neewteb  s’noom  ol n edutig  dna  fo  s’nus  tignol u ed  si  ,°081  dna  eht  noom  si  ni  tisoppo i no .  

stserc eht ,revewoH  fo  b hto  eht  sedit  ,edicnioc  gi gniv  sir e ot  gnirps  ti ed  o  f lluf  m .noo  I tuoba n  

22  days fa t re  eht  ts a tr  of ,noitanul  eht  fid f ere n ec  ni  ol n sedutig  fo  ht e noom  dna  eht  nus  

semoceb  °072  dna  paen  edit  fo  driht  retrauq  si  .demrof  ,yllaniF  nehw  eht  noom  sehcaer  ot  sti  

wen  noom  ,noitisop  a etf r tuoba  92  ½ da sy  of ht e suoiverp  en w ,noom  ob th fo  meht  h va e eht  

emas  ec l laitse  edutignol  dna  eht  irps ng edit  fo  wen  noom  si  a niag  fo demr  ikam ng eht  

eb g c rehtona fo gninni y sedit paen dna gnirps fo elc  .  

 
 
 

 .4 effE rehtO c  st  

ehT  htgnel  of ht e ladit  ad y, emussa d ot  be 42  ho sru  na d 5.05  mi etun s si  ton  tnatsnoc  

esuaceb  fo  )i(  av r iy ng er l evita  snoitisop  fo  eht  nus  dna  ,noom  )ii(  r evitale  att tcar i no  fo  eht  nus  

dna  ,noom  )iii(  yticitpille  fo  eht  tibro  fo  eht  noom  demussa(  ralucric  e )reilra  dna  ,htrae  )v(  

 ro( noitanilced d noitaive  morf  eht  alp ne fo  otauqe r) fo  eht  nus  dna  eht  om o ,n  )v(  e ff e stc  fo  eht  

dnal  sessam  dna  )iv(  ed v noitai  fo  eht  epahs  fo  the htrae  f mor  eht  orehps i .d  euD  ot  ,eseht  eht  

aw hgih t ta re  p a l eca  may ton  oc ruc  ex tca ly ta  ht  e s’noom  ro reppu  e ehT .tisnart rewol f tcef  fo   

av r iy ng aler noitisop evit  s fo  nus eht  dna  noom  evig s esir  ot  tahw  era  onk wn sa  gnimirp  fo  ti ed  

gal dna g ni g dit fo e. 
 
 

tA  eht  wen  noom  ,noitisop  eht  c tser  of eht  co opm site ti ed  si  rednu  the noom  dna  

lamron  edit  si  .demrof  roF  eht  snoitisop  fo  eht  noom  neewteb  n we  noom  dna  tsrif  trauq e ,r  eht  

hgih  aw t re  ta  any ecalp  o srucc  erofeb  the s’noom  ,tisnart  eht  lavretni  teb w nee  evisseccus   hgih  
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retaw  si  ssel  naht  eht  a egarev  fo  21  oh u sr  52  mi setun  dna  eht  ti ed  si  dias  ot  irp m .e  F ro  

snoitisop  fo  noom  neewteb  eht  tsrif  rauq ter dna  t eh  lluf  noom  , the hi hg  retaw  ta  any plac  e  

srucco  retfa  eht  oom n tr ,stisna  eht  lavretni  b te w nee  us c vissec e gih h aw t re  si  om re naht  the 

egareva  , dna  edit  si  dias  ot  .gal  ,ylralimiS  neewteb  lluf  noom  dna  dr3  retrauq  ,noitisop  eht  

edit  semirp  elihw  b neewte  eht  dr3  retrauq  dna  lluf  noom  ,noitisop  eht  edit  .sgal  tA  tsrif  

trauq driht dna noom lluf ,retrauq e dit lamron ,noom fo noitisop r e o cc ur .s  

euD  ot  eht  es ver la  ssa u snoitpm  edam  ni  eht  eq muirbiliu  ,yroeht  dna  due ot  ves e lar  

rehto  srotcaf  gnitceffa  the edutingam  na d doirep  fo  ,sedit  esolc  emeerga nt eewteb n eht  r luse t  s  

fo  eht  oeht r ,y  dna  the lautca  dleif  resbo v snoita  si  ton  iava l .elba  euD  ot  tcurtsbo i no  fo  dnal  

,sessam  edit  yam  eb  he depa  pu  ta  emos  secalp . euD  ot  aitreni  dna  siv c iso ty fo  aes  taw e ,r  

liuqe muirbi  erugif  si  ton  deveihca  suoenatnatsni ly. ecneH  noitciderp  fo  eht  sedit  ta  a lp a ec  

ral desab eb tsum g le y snoitavresbo no  .  

 
 
 

sa desu si ti yhw nialpxE ? level aes naem  ad ut m. 

roF  lla  tnatropmi  vrus e ,sy  eht  mutad  detceles  si  eht  naem  aes  level  ta  a ec niatr  .ecalp  

ehT  aem n sea level  may eb  enifed d sa  ht e aem n level  fo  eht  s ae , deniatbo  by t gnika  eht  m nae  

ruoh ta derusaem sa ,edit eht fo thgieh eht lla fo l a gnirevoc doirep detats emos revo slavretni y  

elohw  rebmun  fo  moc p etel  ,sedit  ehT  naem  sea ,level  d denife  evoba  swohs  cerppa i elba  

snoitairav  morf  day ot  d ya , morf  htnom  ot  htnom  dna  morf  raey  ot  .raey  ecneH  the pe doir  rof  

hcihw  snoitavresbo  dluohs  eb  nekat  sdneped  nopu  eht  esoprup  rof  hcihw  slevel  era  iuqer r .de  

ehT  iad ly segnahc  ni  eht  level  fo  aes  may eb  m .ero  ehT  htnom ly segnahc  era  erom  ro  ssel  

idoirep c. ehT  naem  aes  level  ni  ralucitrap  htnom  may eb  wol  elihw  ti  yam  eb  hi hg  ni  emos  

rehto  naeM .shtom  aes  le lev  may osla  wohs  elbaicerppa  snoitairav  ni  sti  launna  euD .seulav  ot  

snoitairav  ni  eht  launna  av seul  dna  eud  ot  retaerg  rucca acy een d de  ni  om d nre  oeg d cite  

,gnillevel  ti  si  laitnesse  ot  esab  eht  naem  aes  level  no  snoitavresbo  ex gnidnet  vo er a doirep  fo  

tuoba  91  .sraey  gniruD  siht  ,doirep  eht  s’noom  sedon  etelpmoc  eno  eritne  .noitulover  ehT   

thgieh  fo  naem  s ae  evel l os  denimreted  si  derrefer  ot  ht e mutad  fo  edit  eguag  ta  hcihw  eht  

era snoitavresbo  t .neka  ehT  tniop  o  r ecalp  a  t hcihw  eseht  bo s tavre i sno  era  t neka  si  nk o nw  as a 

ladit  itats o .n  fI  eht  bo s snoitavre  era  nekat  on wt o ,snoitats  detautis  say ta  a sid t cna e fo  002  ot  
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005  smk  no  na  op ne  co ,tsa  one fo  ht e noitats  si  c la l de  irp mary ladit  st ta i no  elihw  eht  hto er si  

radnoces dellac y noitats ladit  . am snoitats eht htoB y b detcennoc eb neht y .slevel fo enil a  

 
 

seuqinhcet dna stpecnoc cihpargotraC  .  
 

hpargotraC y spam tuoba si  .  pam fo ygolonhcet dna ecneics ,tra eht sedulcni sihT  
duts eht dna ,noitamrofni fo secruos sa dna sloot hcraeser sa spam fo esu eht ,gnikam y fo  

 dna stnemucod lacirotsih sa spam wor  fo sk a tr .  
 

argotraC fo noitinifeD p yh  
 

argotraC hp y awla sah y lesolc neeb s y evruS dna yhpargoeG htiw detaicossa y  .gni I  st  
ocer g levitaler si enilpicsid tcnitsid a sa noitin y tnecer  . nilaed slanruoj cifitneicS g  htiw  

otraC g hpar y rutnec hteitnewt eht fo elddim eht ni raeppa ot nageb y  . d suoremuN e  snoitinif  fo  
otraC g hpar y erutaretil eht ni deraeppa evah  . ifed reilraE n isahpme ot dnet snoiti z gnikam pam e  

otraC fo epocs eht nihtiw esu pam edulcni osla snoitinifed tnecer erom elihw g hpar y.  
 

reffid si resu pam eht ,ton naht netfo eroM e  rekam pam eht morf tn a ht dn rar rekam pam e ely  
ht stcelloc e iro g d lani a hpargotraC fo noitinifeder a ot del sah siht fo noitingoceR .at y si hcihw  

b krow no trap ni desab y  .stsiroeht snoitacinummoc I hpargotraC ,txetnoc siht n y  sa deweiv si  
nieb g nrecnoc e  ralucitrap a htiw d f oc fo mro cinumm a rg no seiler hcihw ssecorp snoit a  cihp  

mi age e.i ,s  . evnoc ot ,spam y  neewteb spihsnoitaler laitaps eht dna atad tuoba noitamrofni  
 ,meht e.g  a . g oe g emnorivne cihpar nt  . hpargotrac ehT e m eht si r a rekam p  . ht si pam ehT e  

cinummoc a muidem snoit  . atad ehT  am y repmet ,snwot tuoba eb a  ,elpoep ,kcordeb ,serut  
la ,shtped retaw ,sporc g org ea w ettap ht r o ,srats eht ,sn r ruen ,erutcurts ralullec tuoba neve a  l  

ne  ro ,skrowt D AN  . noma spihsnoitaler laitaps eht stneserper pam ehT g eip laudividni eht ce  s  
of da at  . m ehT c eht ni tnetnoc noitamrofni sti sterpretni dna pam eht "sdaer" resu pa o  fo txetn  

delwonk dna sevitcejbo nwo reh ro sih g o tnemnorivne eht fo e r p laitaps a tt e  nr w ht hcih e  pam  
de bircs es.  

 
Sc po e  yhpargotraC fo  

 
hpargotraC y golonhcet dna ecneics ,tra eht si y duts eht dna ,esu pam dna gnikam pam fo y  fo  

psa sti lla ni spam ce st  .  
 

C cihpargotraC o  noitacinumm  
 

reveS a vah noitacinummoc cihpargotrac fo sledom l e b ee rp n o sop ed  . nireffid elihW g ted ni a ,li  
rahs sledom eht e r nommoc a e oc g rapes eht fo noitin a ewteb noit nikam pam ne g a su pam dn e  

b sessecorp eseht neewteb pihsnoitaler esolc eht ezisahpme tub y  stnenopmoc sa meht gnitaert  
s noitacinummoc a fo y mets  . nidnatsrednu seriuqer spam fo esu evitceffE g n eht fo a rut e  fo  
nippam eht dna spam g  elihw ssecorp g ed pam doo r ngis e riuq e nidnatsrednu s g ht woh fo e  

 spam w su eb lli ed  . es osla ledom snoitacinummoc ehT r su pam taht ezisahpme ot sev e  ton si  
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lpmis y otraC.slliks fo tes tcnitsid a seriuqer tub gnikam pam fo esrever eht g cihpar  
orP noitacinummoC c  sse  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

otraC g eps a si noitacinummoc cihpar c  cihparg fo mrof lai c  morf sreffid hcihw noitacinummo  
brev a inummoc l ac noit  . breV a itneuqes si noitacinummoc l a  .l I  ni detneserp era saed a  

niwolla ,noihsaf laitneuqes g dro eht lortnoc ot rekaeps ro retirw eht ofni hcihw ni re r  si noitam  
evnoc y de  .  .cigol yb deknil strap no si sisahpme ehT I a spam ,tsartnoc n r s e y nitneserp ,citpon g  

itsiloh a ni noitamrofni c af noihs  . r resu pam ehT e ofni eht fo lla seviec rma  noit a cno t e  . suhT   
ht lortnoc ot elbanu si rekam pam eht b tpecxe deviecer si noitamrofni hcihw ni redro e y nisu g  

tropmi tsom eht ezisahpme ot ngised pam a ofni tn r  .noitam  
 

orP cihpargotraC ec  sess  
 

hpargotraC fo ledom snoitacinummoc ehT y b desu era spam taht sezisahpme y  fo egnar ediw a  
nam rof sresu y  tnereffid sesoprup  . otrac eht fo elor ehT g ssecorp snoitacinummoc eht ni rehpar  

liramirp si y nikam pam htiw detaicossa g  . ht ,revewoH e vah tsum rehpargotrac e  a g  doo  
 a sa llew sa pam eht fo rettam tcejbus eht fo gnidnatsrednu g nidnatsrednu doo g  eht woh fo  

ekil si pam ly pam evitceffe na ngised ot redro ni desu eb ot  .  
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 paM M nika g  
 

nam era ereht elihW y eht ,ssecorp gnikam pam eht ni devlovni spets y  otni depuorg eb nac  
ats niam eerht g d pam ;noitalupinam dna ,noitazinagro ,noitcelloc atad :se e is g  n a  dn a owtr rk 

rp r pam dna ;noitarape e udorp c noit  .  
 

taD fo noitalupinaM dna noitazinagrO ,noitcelloC )1 a  
gami latigid ro shpargotohp lairea ,spam gnitsixe morf detcelloc eb tsum ataD ery  ,stnemucod ,  

e.g  . treporp fo snoitpircsed lagel y cte ,stnemucod lacirotsih ,seiradnuob  ro krow dleif ,.  
riannoitseuq e evrus ys  . hw dnatsrednu nac ew taht os dezinagro eb tsum atad ehT a vet e  r  

nieb era anemonehp g d eht dna detneserper a talupinam eb tsum at e  si hcihw mrof a otni d  
 elbatius f nippam ro g  . am sihT y s emos ot atad gnitagergga evlovni  ,stinu laitaps fo tes deificep  

rammus rehto ro seitisned ,segatnecrep gnitaluclac y atad war eht morf serusaem .  
 

axE m elp  .  eht dessorc nialpmahC nehW L b deinapmocca saw eh 5161 ni nisab oiratnO eka y  
 ekam ot atad detcelloc ohw elpoep( srehpargotraC hcnerF  spam -  meht llac won dluow ew  

evrus y )sro  . ehT y ,sruobrah laitnetop dna stelni fo noitidnoc eht ,sgnidnuos erohsffo :dedrocer  
tilibagivan rieht dna srevir y snoitidnoc enilerohs dna ,  . t rehtO y  ro sdaor sa hcus atad fo sep  

rew stnemelttes evitan dna sliart e eht ecnis nwohs ton y rper ot detnaw e  sa adanaC tnes a  
nitiaw tnemnorivne enitsirp g s eb ot e deltt .  

 
Da ro eb ot evah at g  evitceffe erusne ot deifilpmis dna dezina c cinummo a  .noit I ht f e  pam  

dnu dna daer ot tluciffid eb lliw ti liated hcum oot sniatnoc e tsr a dn   ton si ti os a g pam doo tuB .   
uone niatnoc tsum ti g  ot liated h g r eht te e ssorca aedi deriuq  .  tahW y  sa netfo si tuo evael uo  

 .ni tup uoy tahw sa tnatropmi  
 

axE m  elp b detcelloc atad cihpargopot gnisu nevE y evrus y  ot sah llits rehpargotrac eht ,sro  
 ediced ni eb lliw sruotnoc hcihw c ht no dedul e pam  . lrehteN eht ro kramneD fo pam a roF a sdn  

hw ere ve spahrep ro m5 fo lavretni ruotnoc a ,m05 woleb si dnal tsom e im m1 n g  eb th  
alamiH eht ni saerehw etairporppa y ral hcum a ,m0008 ot pu fo snoitavele htiw ,sa g  re c tno  ruo  

el a ecudorp ot deriuqer eb dluow lavretni g pam elbi .  
 

 ,strahC ,spaM fo noitaraperP dna ngiseD )2 P  shparG dna snal  
naM y  fo ngised eht otni og snoisiced a pam evitceffe n  . dulcni esehT e ht e les ce o noit f  eht  

g f cihpargoe e  citameht dna seruta a  setubirtt per eb ot r tnese e m eht no d ap  . ciohc esehT e  s  
otrac eht dna ,ecneidua dednetni eht ,pam eht fo esoprup eht nopu dneped g rehpar '  s  

nidnatsrednu g nemonehp eht fo a nieb g detneserper  . ral fo spam roF g  hcus saera e a  s  
dlrow eht ro stnenitnoc ,seirtnuoc ,secnivorp  ot tnatropmi si ti , c sooh e a irporppa n a m et a  p  

 eht fo noitrotsid seziminim hcihw noitcejorp g er eht fo seitreporp cirtemoe g nieb noi g .deppam  
 ,deriuqer liated fo level eht fo noitanimreteD g esoprup eht nevi  of m eht a  a si ,p c citir a  l  

solc si hcihw noisiced le y s pam fo eciohc eht ot detaler ca el  .  pam elacs llams A c  a wohs na  
 elihw liated elttil tub aera egral a ral g ra rellams a swohs pam elacs e e liated erom htiw tub a .  

 
axE m elp  . teirav a ta decudorp eb nac spam daoR y selacs fo  .  fo pam daor A O atn r im oi g u th  es  

awhgih wohs dna 000,057 :1 fo elacs a y sdaor lanoiger rojam dna s  . r A oad o pam f nehctiK er- 
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etaW r im ool g  esu th a o elacs f nis naht rehtar enil elbuod sa sdaor lla wohs dna 000,52:1 g  el  
 enil fea rut es  .  

 
lpmi selacs tnereffiD y ed tnereffid g  fo seer pam eht no nwohs serutaef eht fo noitazilareneg  .  

 no esoht htiw 000,052:1 fo elacs a ta pam a no senil ruotnoc eht erapmoc uoy fi ,elpmaxe roF  
cs a ta aera emas eht fo pam a a  ,000,05:1 fo el y  spam owt eht no sruotnoc taht dnif lliw uo are  

tiuq e fid fere tn . ,lavretni ruotnoc regral a esu lliw pam elacs 000,052:1 ehT   ruotnoc rewef evah  
filpmis lliw dna ,senil y serutaef xelpmoc fo sepahs eht  . am epacsdnal eht fo serutaef roniM y  

 dettimo eb a otl ge reht  . i si ti ,spam gnisu ni suhT m vel tahw redisnoc ot tnatrop el d fo e  si liat  
cs tahw erofereht dna etairporppa a m fo el a n si p e de ed.  

 
s eb lliw noitamrofni eht woh fo noitaredisnoc sedulcni osla pam eht gningiseD y dezilobm  . oD  

 naC ?ton ro ruoloc ni atad eht wohs uoy y  eht erA ?ruoloc ni pam eht ecudorper ot droffa uo  
 atad eht oD ?evitatitnauq ro evitatilauq atad r ppets ,suounitnoc a tneserpe e sid ro d cre  et  

 lliW ?ecafrus y s aera ro enil ,tniop gnisu atad eht tneserper uo y  lliw woH ?slobm y  egnarra uo  
lacs dna ,sdnegel ,skcolb eltit sa hcus smeti sa llew sa flesti pam eht s e y  ?egap eht no slobm  

 
axE m  elp  . acirotsiH eht ees ,spam detucexe llew dna dengised llew fo selpmaxe roF l fo saltA  

b decudorp adanaC y otrac a si ohw swehttaM g tisrevinU eht ta rehpar y otnoroT fo  . Ma htt e  sw  
 evitaerc eurt a si g puorg a htiw dekrow ohw suine   fo a  fo seires a ecudorp ot scimedac e ass y  s  

fid tuoba f rotsih naidanaC fo sdoirep tnere y  000,21 morf B C.  . tneserp eht ot  semulov eerht ni  .  
ehT y asse eht etirw tsuj t'ndid y eht tub s y atad detaler eht lla deppam  . reV y rev , y  knihT !drah  

a ti tuob  . sa era uoY asse na etirw ot dek y ts gnisuoh ,noitargimmi ,edart ruf eht no y  ro ,sel  
rF e  hcn e px a noisn  .  tsum ti tub yasse na fo daetsni pam a ecudorp ot deksa era uoy nehT  

e s eht nialpx a niht em g  . na rof gnidaer gnitanicsaf sekam tluser ehT y  ni detseretni eno  
pargotraC hy rotsih naidanaC ro y.  

 
R paM )3 e udorp c  noit  

rtsnoc a sa tca sdohtem noitcudorper paM a ised pam eht no tni g nam woH .ssecorp n y  seipoc  
sihT ?deriuqer eb lliw pam eht fo  udorper eht fo tnanimreted rojam eht si c m noit e esu sdoht d  .  

ruoloc dna etihw dna kcalB  golonhcet gnixoreX dna gnitnirp resal y lno fi evitceffe tsoc era y a 
 wef c ra seipo e re riuq e am gnitnirp tesffo neht deriuqer era spam fo srebmun egral fI .d y  eht eb  

lno y nretla lacitcarp a vit e  . I id ni spam fo noitubirtsid ,secnatsni emos n g of lati r at no tam pe  ,  
DC ro ksid - nicalper si MOR g nicuder tsael ta ro g p rof deen eht r spam detni .  

 
M  esU pa  

 
 fo esu seriuqer hcihw ssecorp denrael a si esu paM a teirav y .slliks fo  I dro n e su ot r e  spam  

levitceffe y  , y ninrevog snoitnevnoc dna selur eht dnatsrednu tsum uo g  cihpargotrac  
serper e ofni fo noitatn r noitam  . rtxe ot tluciffid eb lliw ti ,esiwrehtO a m tc ae nin g m morf a .sp  

 
aC r got r tS cihpa e sp  
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ow laer eht tahw redisnoC r eht fo noitubirtsid dl  
 ekil kool thgim nonemonehp  

 
De soprup eht enimret e ht fo  pam e a dnetni sti dn ed 

neidua c  e  

 
 

irporppa atad tcelloC a of et r m eht ap' esoprup s  
 
 
 

De  dna ngis c urtsno c ht t e pam  

 
 

De  sresu rehtehw enimret f ht dni e su pam e  luf a dn  
ofni r  evitam  

 
 

ac ni sdnert tnecer ehT r got r yhpa  .  
 

W rac be hpargot y hpargotrac ni dnert a deredisnoc eb nac y  . ra ereht revewoH e  rehto  
hpargotrac tceffa taht sdnert tnecer y aw eht dna y hpargotrac bew y gnipoleved si  . ehT s  evah e  

tivitcaretni rof deen eht dna noitasilausiv fo tcapmi eht htiw od ot y d dna y w sa sciman e  ll a  s  
oeg fo esu daerpsediw eht g s noitamrofni lacihpar y nitluser smets g  gnieb spam erom ynam ni  

b decudorp y nam y  .elpoep erom I nildnah atad laitapsoeg fo txetnoc eht n g  cihpargotrac eht ,  
rt eht eb ot deredisnoc si ssecorp noitasilausiv a o noitalsn r c evno d laitapsoeg fo noisr a  at f  mor  

pam otni esabatad a - p ekil r udo c st  . as eht yb dediug si ssecorp sihT y as I od woH" gni y  ot tahw  
fe ti si dna ,mohw f ?evitce "  

 evah stnempoleved evoba ehT g em decnahne na noitasilausiv drow eht nevi a nin g  .  
tcid eht ot gnidroccA awla sah siht taht deugra eb nac ti dna 'elbisiv ekam' snaem ti ,yranoi y  s  

otrac fo ssenisub eht neeb gra hp e p ,revewoH .sr rog  eht deknil sah senilpicsid rehto ni sser word 
aw cificeps erom ot y golonhcet retupmoc nredom hcihw ni s y o ssecorp eht etatilicaf nac  f  

' nikam g elbisiv ' emit laer ni  . ilausiv ni stluser sihT s noitarolpxe dna noitatneserp rof noita  .  
rP e otrac fo mlaer lanoitidart eht otni stif noitatnes g hpar y  no skrow rehpargotrac eht erehw ,  

d laitapsoeg nwonk a vitacinummoc setaerc dna at e spam  . pam esehT ra s e erc netfo a  det f  ro  
su elpitlum es  . xE p nitaerc trepxe enilpicsid a sevlovni netfo ,revewoh ,noitarol g  spam w lih e  

nilaed g atad nwonknu htiw  . llareneg era spam esehT y nis a rof g  eht ni tneidepxe ,esoprup el  
trepxe '  evlos ot tpmetta s a orp b mel  . aed elihW b dluohs trepxe eht ,atad eht htiw gnil e a  ot elb  

ler y b dedivorp ,esitrepxe cihpargotrac no y snaem rehto emos ro erawtfos eht .  
hpargotrac tsap eht nI y alp y dlrow eht fo noitarolpxe eht ni elor tnatropmi na de  . spaM   

were ret nwonknu trahc ot desu r oti r sei  . ltnecer sah nwonknu eht gnippam ni esahp wen A y  
ats r det  . otrac eht ot refer ton seod sihT g  ro cihpar g sid noitarolpxe cihpargoe c  eht ni dessu  
rp e p suoiv a gar ar .hp  I nippam eht htiw slaed t g c fo y ecapsreb .  
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