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CIL{PTER I

INTRODUCTION

rdbr rhe rhrosph..e. rrii!h js drlided no

nufre of rhd clnh trhec dre* iti /cll
rrle6 ra fouid \ [novn s rono
pmprsrirof .f tudro Nrvcs Thi h),er is tufrhn strb divnkd inro 4 rdn, I
/aur ! The iibNny or iontdion r{ri* *idr rh. dnhDcc from dk nu,&c o
dieeMri,ti,ne or rhe dry hd lrmosphcric co nio's

rhriscinn\ dNcloi ofptun.ldion oi

idn,! oI rlre ndio narx d,plnlts on
lrclunly, dmsitj or Dra! d

rcruninS rricr b rhr.rnh i.e. rh.y penelite

CQtr l]lu dcnsity ol ionization. moie d,. pDssibii) ot *ale\ .f. silm
iirlNi.y ro bc bsd rxicien(\ iM r.nl tr o d'. r(h a.d

L.!er rrir ais. ofin!rdcnc! of I g

; The cha€ed |rirhl.s or thc ionosphde c dDcr rhc end$, of dr ildio
als tdd in son. !Aes rhe lon frcqucnrr

sj!T.^ lE smple6]} 'b$rb.d hy |r L.I{ of n\e joi.scre'



'Ihe lowd mst lay* of rhe iondqphcr tu knowi s D lryd. whic[ extrnds
iinm 50 b 90 kilonc.6 lbove dre snrrc or ilre earn\. Ihe dens jry or n\e
idiarioi in .his layer k lds s mmpard b E md F layd. Dunns ihe nght
tinc d..ioniznion GIes pla.e aM nrrc dmsity of ionization Enues ro such m
cicn n\d this layd des not ei t. Thc ioe ncquercy 3i9.h ec absorb,-d hy
.hh layer sd ue ,iso knom d,{6r,?r?n lay.t

Tnis byer is ju$ $ove nhe D layer and exbnds ton 90 b 150 kilonc.cE
.bor. rhe sudm of rhe eaih Thc dcnsiry of fi. ioiizatjon itr dih lryer is
snfiicieni to Eind the ndio wlves b
densiry or ionizriio Educa, but ui
is rlso hown as l(.n#tJ - ,9 ava;&

r  c '* !1 L l l- '- ' ,

-rfrtrmf'rriTnFnhrn\rjn



Th. upp.mon rrye! or rhe roiosph
r50 ro r50 kirometei s apfmxin.rt), $o* lhe surface of th. enh. Duing rh.
d:rrime ofrhe $'nmtr *soi rhis Lalor i: divided i orw. aJ.r canalr d
F: hd me,xs b tomr r lrch lry
ioitudoi ii thn hy{ is nnr.h noE d coDDrrcd.o D.nd E la}..s Thi! rrf
is rko kiowi {! rrl'io, rr)er.

nirii"g $rn of any tuequeicri 'i.n )

ln rhis rype ol ptuprgd,on. rhe ndio *av* ! rvel sloig rhe i'rlace of the eMh
wh.n thr* Na!.s rnkc lhe c.nh s
absorp.ioi oI .noryr is mdc b) solid ground tur the ndd rince.tand is berel
ondu.r.r lri$ ylror Absorprion olen*sy is more ror liighd freqren.y h.r.e

ir ra'c i along rbe nufre orrrir canh ri
d usful Thc lrou.d vrve n nor iff..rd

....-ltlgr5'

"'4"9)*
I I  ,

|ITTITT: lli

t 1 R  l l lt

nn {avc .omunication dc ard n.dium
ly $.d lor gnund wave pnprg$oi.



h $n iyp€ of prpasatioo, ihe ndio Mves hvcL dnccdy hom lasmiliig
inhna b the Eeiving.ntema at a
srfs. or $e srh. As rh. rrqucdy jncusq, the ionospheLe is mr eolb c ol

sd @ ro$ in space. As rhe rbso.p.joi
ishnce hvelted by rhe Rdio {av* sill hc
beyond die horizon due b rhe cuvatu e or

TTFifftTTm t

l! n used in R.da. TV. Vtif comuniqtion et ftequency used by $k rypc
orp{p,gdioi is ib.vc 30 MH, jc vHFb$doiwd(

In d s typ€ of ptopagJrion, de dio wav$ are rseived ituouen $e ionosphei e
nc ftdio eav$ loo rhc hnsmiling antnna !e ftdiatd in all dnedions aid
thc aiglc madc by lhe diredion ol wavs virh rusp@r ro the $dice of rhe exfrh
r . s  d  a  .  s8 ts  4  r i d . . .  s r i n  " c  l nsk  o l  r  o - ' -  r  f r -

r do ioi rcrurn b the edh brt re lo$ in

e ionospheE ad srikc rhc su.fice or dre
einh at a dNhnle Shcrtlly ldscr
encrgy will bc !6sorb.d dnd .hc wrva slt E0ecled by rhe sudace or rhe sih.
This is .hc nnt hof 6 shoM in figrc 4 Dcp.ndiig upon the po*d output or
the trNnifti mnltiple hopr .ri @cu I. h bc.au* oI this phenonaion rhl
long disknce ofrnunication is posibb wnh sky save prpasatioi.

rris wavc n afieded by rim of rhe dayi e6on ad Mo\ph.nc condirio's'ftc fEqufl.y used fo. sky wrye proragatim is nom 2 MHz b 30 MH,



Skip a'! n th. dnhic. bedveer th
ttivcd''dlhepoitrlvhde'lrs|.y

CRlfiCAL TREQUENCY

{har sky *ave signrl is fi

The mgle ol incidci.c ibove trhicl'
tivels out!.rd iito sp3c G called
lieqnency md density or ioiizrtion

rhe savc no loigcr rcrums b srLh bul
s rh. citi.al angl.. Thn depends on



RADIO SPECTRUM

Thh cirdit prcdu.es elecrdcal siiusoidal $r* of dernel rEquen.y, {hich is
sddtd by Lc brt ciErit. Thc frtqD
volE or n\e .oil (Ll dnd spacibr (c) dd nhe desiEd he,rwncy dn b.
rhieved by dmgrn8 rhe v,rue or eiL\tr oil or caFcitor LC ci(trn frry he
rcplaced by a qy$rL bsause it pmducas I vcry s.brc rtoqEncy rM d'e
frequm.y or tbe osillrtion delmdr on .hc vdue or rhe cry$rl. flre iiequeo.y
i3 invcely tnponionrl to time hkci

A'IOMIC CLOCK OR ATOMTC OSCILLATOR
lhe xromic oscillad gcnsFtes r vefy iabk nequmcy md is deremined by th!
doms or Rubidium or Cesium. Irs firrive accrrcy i.e. nlio of frequc.cy
deviaiioD b onsin.l ftdluei.r. Ir /f is or nlre order ol l0 i'. 1nis m.ds .hal

'  ' l l i o  .1h . \ - ! "oe ,de i l oe ! -  L l ro '  no  .
les thd it should have done.



FLY 'VHIT'L OSC]LLATOR'niis oscillatoi bsrm y *qunca ihe phase and tuequeic] ot rhe incoDing

As sh.wi ii rstrr 5. lric rc!.iyqr ncquenc), f n mipliiied aid silen ro dre
!E dndimi"xtoi rhe ftqEi.y I

thes rro ftqrd$ rd dlpunding ou rbe phas. diffe
keeps adjusin! rh.

podtr@d vill 6e zero. Ttie nlsiirudc ot
| .ho phrue ditlFnce bd$En rru 610

.i!. 6e weik $ of {sk sjgDlls rnd

IL is the $iriq ol ihe Eceiver ro sekcr trre dcsidl tequency r|d ajer dl rhe



IETSE
It two sign,is sd md niish n dic sde
md said ro be in phse. phse doe not
&gn* ind it ao iiso deremiic rhe tinc

um, bln lre rwo sisnajs e nr sbp

diffdcrcebc.*eilheNosigm]s'

As sho*n in figure 6, lnc tonowiig obsfl4ions cri b€ Dade-
> signals A aDd B ftc in phrse
' , s ienJ  

-A  
d - . - - .  i l ] . o  * r r {  , Ja  c i cn .

rerdiis c hr q06 or s gni c . tassrng \ bj 90" entl
> sigialsAndDft t 3oood of phre.



ad sr-y sNe sigaL G rceiven simuhneonsly by rhe
ihey mry d nay ior he ii phase ff
up rd nhen not h phse rhey plo

unwanred silnal in nterfeEn.e. The inte.rioml
inter{eMca ro ob$nd caned iam,4 ,,tflar m
ioGndonal inerLrcnc h €ued n',J..
Noise oriBifrEd oublde nhe ft.eiver may bc oith.r frd nrde or ndu*|. Mh-
nxde noise oighries in el€tic alPlirncs. nolor ignitun sysbns. gscnror,

SIGNAI TO NOISE RATIO
The Elrtive mounr of noisc piaci! in an lnplind is Nu.lly erpre$cJ by Lhc
s+nrl to noie nrio ind it aho ndic{cs hor vc.k a signil volrlge .m b.
re€iven oy( rh' rc.ivd iol* leveleg if d'e sisnJ olrtui ol!n rmprifieris
500 nv aid noise volra$ k 50 nv, the sictrd ro noke ntio is 10 md h.ins ,



MODE Of TRANSMISSION
The rudio lEquercy (20 It? ro 20 kHz) by itset x not iD r position to trivel 10 |
lonser dnhnce hcicc it requircs some .aifl b c?ry drn h€{mcy b . lonss

nier liequcncy or ltio fr.qu.i.y |hc
udiofftqUm.yL$FnmPGcdon
nodulated cmier vilc Th..rier fftqu

> ModulaGn coifiitrous wrve ad

coNmNuous w,'\vE (c lv)

De(r syien olposi.i.i nxitrg.

MODULATTID CON flNtiOUS w/\VE (If C W)
'irc .$ie, tuttnen.y nLiu lred by r lo{{ I]t4Ercy signal ,s h6{ *

of 1300Hzhd2200rLms'pcnmp.sedorrcdddrrequenc) ot?132kHz.
resuking li i'odulaied snriuol\ {rve

The cniq rrequemy nodulatcd by spesh i.e. voice, music et.. is knorr ^
ndiolcLq)hotr} md this !?c oI h,smissior is genenrl} nsst tor comnnir
p uQoscs vuF colmu.icati on nss mdiorelephony.

HyF$ola is defincd rs r loor or ill poin! h.liis I co'shtrt ditr*re ni
n s ro.i. 'fhe lift Ioining n\e rwo toci i5

nJled b6c l;nc atrd cd be errend.d o. eithtr sde or the loci as broc lino
ext osion. Th. hype.bola, vhi.h is equldisrN rmm L\e tvo loci, lill hc
perpendictrlar b lhe brse Iiae md is c.llcd ..ite line
Ii fisLre 3, A and B ee the Mo lbci an AB h rhe base li"e whicl is errended
on eith{ sidc s base line ex€nsion PQ h the hyperboh e{udhhnr ltum th.
$ o loli $d k crlled cmtc llic cD. EF, cH & Rs rc olhcr hyljc*olre dnNr

hyFrbola nom (he* lvo rmi {ill be mndi!

cnsidenng .he hyperbola CD, thc d
ay poinl o. thh hyptrbola is coishtrL For exmptq poini M is 30 kilodid.F
rron A rd 30 kilometen fmn B. hetr.e tbe ditreierce in dishc. ij i0
knoneb! Sinilrrlypoi Ln40k
ihc diffcaice ii d^rm€ is iglir 50 kilomeds



r 50 kilodicr.r ftum A rnd 100 trtoDetei s
ton R, Llrc ifi{en.e in dndrce is on.e rgsii i0 kilomeLes. Hen.e otr dr.
hyorthola Crr, $r' poinN vill hrve a cor*xtrl dirr.rcnc in dnbn.a of 50

xe. be d' 'w. oi .iLher s eoilre cen.e

lhcsc riy|Jcrborlc crn .lso b! nrNT

snft firing i'ch as D...r rlld l{!, c



DOPPLER EITECT
Thc lpparnr .hmet ir frequeicy deived by s obsfd h d@ b rhc reldive
norioi bcMei th. source sd rhe obsefler Thk is bNd on lhc principlc ot
Dopprer.necl The frtquemy deived by rr,e obsedr.ri bc catculad by

r'rrequencyrtceivedbyobsflel

f, frequmcy flnsmiuen by soure
c velo.iry or sound in rhe 'mdiun of tLavel
y. velociry ol obsFf rid

when thc sodnc n novlig bmnls rh

i= .ri / c a) .................................. (D
When lhe souu h noriig rpry fo'n the shdoisy obscile.

i i = . f i  /  ( c + q ) . . . . . . . . . . . . . . . .  . .  ( i i )

rr= fr (c + v.)/ .  . . . . . . . . . . . . . . . . . . .  .  . . ( j  l

> The conbined slf@. or sou@ r.d ob$nd both froving towrds

f r = f .  ( c + v " )  /  ( c  v , ) , ' . ' ' _ , . , _ . . ( v )
> fte combined er|@t ol solic. r.d obsNner bo.h nolins .wy

t = r r  ( c - v " )  /  ( . + r " )  . . . . - - - , ( ' i )
In rll the above ases {e havc coisidqed rhc obsdyer to be in ihe pdh of rh.
soure. This is noi .lwrys $ stc.ially in c6e of srbllite mvigator wher re
onsider satellibs not oasjig rh. obscruN^ znirh sd Dopll{ los *lreE {e
dificially gurdtu die Dopplff shiri.



Ii sn.h cr$ vc hxr. ro coNds t
ln orh.r vo t. d.he the sped ol

s.rbed &6 3\ aflecring $ a4 He
or yrci rliile rhe ldsnn$ioi rowr d: seabed i\ d rn mslc .! ro d'. dii ecdoi
ot modr. of rhe shp. The conloi.rt of v m rhe dnedioi of \$lred rnl be



CHAPTER II

DtrCCA NAVIGATOR

GENIR{I, DESCRI?TION
Decca is r hype$oli. mv,gntion syiem or Polnion fixins wl'lch 'n*sufts dE
phae difttEnce beNee. rhc .odriiuons {Ne (c.w.) siemrs hBnfted by

T his sy$en is o,gaoNd in .hms, alh chain

rssd i' pai6 j c n6@r c4 n'asd
sEn and nastu ptrple The ph$. ditf.rn.c n.snEmeit h alnays .rried
otrr besen masu sd sL*. sis
Foduced by 6o!c C*s, s.h h$be
rdJ, gdi iid N$le
rGiH dd rhe D&d chrs e $puinlolcd rl& lnice or fspsrive colour.

driD siYes the navi8riional ov.*g
the mser dation an,l is usod lor .o6hl mvi8 ion

s1.ve sttions ransmn co inuout vlvc
sigMls winlr a con$ani pbAe diffsri.c or 0', in od'cr {onl\ d'ese dro sigrds



i pliacby rheDe.cameivroi b.rd d
poitrr P.i rli.c.n.rc linc ru rhe dn
equrl Dd heme phNe diffeftn.c is z.m. when rhe sl p noE\ ro r.iir a. rhe
tvo s@ds re.eiv.d will hrve r th$c diflfence be.arf the dhhi.o lrom
m$rd 1o Q inffeasas {hile rhat rmm red dc.usos. rhe phase dlffeHc repl

s R rid rhc ph6e difi*n.e wil [c :]60. or

s\yiilhc0i As rhe ship conti'ues ro n.!o

pofts {Le,e ir lgrii hso,.es:r50.or0!.
Using $is pnnciple, suc.e$,ve hyp€rbolre vith 0. da!. diffeEn.e bdnei
ndtr.idrdslrlesisn.rscrnbedm*noneidiersidcoac.nrerlin rsho*i

haviq r phes. diffdr..c or 0. 6

The ndn $d puQh slavc siSnah omhindion nill snr adorhd scr ot
hypefiorc hrving 0c thsc diiicrcice and ln*e wi]l be rrined {ilh pnryle

The hyncrbol& burven ndrd md pnj.lL. n?re
ot sho{i t his boor.
dd stave conbinarioi tr. dhvn on rhe
spe.tive colous i.e. Ed, sreen md puQl.,

vhi.h m c.n rd riring 6c ship s posi.ion



DISTINGUISHII\G BET WEEN MASTER AI\D SI,AI-E SIGNAI,S

rao lH/). rr'*. aequ.mies vitl be
wl l l no t | r cPo l$b | c tosoP l l l l . dqnb

md slrlcrign! i.$ br.rniedouto

D
Eco
IVI
E
T
E
R
S

To orcrcomc rhisdlrfilulry. r c.hilquc.!l[d r'h4lcl) M l4lfri4 isuscd
b! rhl.ri na\k hd s rre lati.is u

m hll]tqud.y,
rhc naiq. ruJ, srd.o xn,lt[p]r I vxys ln6nn 6f,3f,9tand 5tresp{hrel}

'ecive rher rrcqu$dis. 11csc
si\ by diffndt ,umd .tdis nd r,c

te'Honasil),dn'ingu^htheiit4
orlcr t, meN{o rh. ph$c djffd(D.c bdvc.i masb r.d slaye pq rhdy

.ncu[ A shovi n ngnE :. ]]re

mukit ss .f tunsnissi.i a.d c.mtfrtoi ftcqucn.ics emrin km for all dre
.hrn b ch.in. ltre

iundmrcntar rlt4um.y I



PII.\SF,SYNCHRONISATION

fth mb€r n re.eired tr !11 fte strve ! iois. thc),
.onvcn it into I 'nultiph ftuqlonc),

mMhnns rb(ry ph's rerdiomhip

md unany rd drle st oi hnsmils Jt
'i4u isnd sinld} th. grc.i hd
mrns signlr 6r md .o'ven dik ifu.

- ; . /

*r! r.omhd PhAe dilr.rcra wirh
pu4le slrve larion! dso r...i'e dre
irrjple riequery ro gd 9t md 5f

' Y' t

DtrCOMI]I'ER

e sriiois *! equtpped {irh 3romic cto.ks
rd a|d tuitmir rhe sigml sjrh .one{rr



Y''-.. J

rhe rd bdrcii .vo djeer hy
dcA$ h .alled L0'e. Erh lrN i

.onprrisotrrrqudn.y lhewdrhof rl.n!isdirlcrcnl rrdlrturcdolors1

.N bd derennned h follovs

. E{p$*l L be24reqmh b:140 kHz

1 =  r r r

= 332:ls .b^
T hftr.f.lrrenidn\iJl=,r4l.l75ncbs
sinnhly comprnsoi fnquery, \rr
ind msh purtl. trts.s bi {olked od

li ,;.1

Y"^^^.



A $r of llncs is rcrcred ro s a ane
rh. n$.f ' slNc .onbiirion bei.g u*d. One bne or nlre m$er led slxve
ha 24 L!i.\ nlnbcrcd 0 b 23. Sinihny ons zone oi the m$a.gree. daye hrs
l3 !i6 iurb.(d 30 r0,17 lnd mrsl.r purlle hrs 30 ranes nunbsed s0 ro 19.

sc r&.* Fay be Epard as reqfned. The

zonc Nnfiis ume fdalllhccolouB

=300 i  l 0 i  / 11 i66  r  l 0 jhd .a

ind i2= r0.j33 m.rc6 {nrorimrbty

The orher merhod ol findirg thc ?oic vidrh on .hc basc linc is by tfirg the
pmdodoll.nc w .h or ail c. our oi rliN brsc lii.xnd rhc number of lan$ in
onc anc lor thd.ollircs rhe zo.e \vidrh oi rh. b6.lii. ror rcd lolonris 24
r 14l.l?5 n.rc* cqD* 10.i33 nietes approxi'natly

e width lor sreen rnd prple slxves *htrh

tuqEmy f h l.r 166 rnz md n\e M



Thc D.(r E.ivor is mersuiig rhe phas. ditilFi.. bcrween dj, nlnft rnd
srrc lroorlgiih This phr\c niiteFnr k tndicated tr rens Dr!c latr- on

. r{o adjr.oni hypfrdr. is dLrdd trro
so dilferir ot i60., lionle oie rirrde

equrh :l 6i ol phas. diffqlnce.
ThcJ(omerrc.Ntisof a.edtrtrepoi,r.r, rpandToncnrdQr.r rhehr
Ntribca rM 7.fu l.(a: oe tidi
r'4h.tri.dy cNp .d b df .l-rdc ly drirdi .cmlaie potnr{. tvrron ue $ |

'  ^ : : ,

onpied bthc laEi.di.dorru w,fl, Lne
c  - ' r b  o l

ed belotr rhe Rnidolr ii vhnh lru d€f

sei thc .ored len& xill b. rh. orc posnioFd ovn rhe sajn. \rmoor as mrL
distLr)d undef die lsne number eg rrrcoftcrftrdii!onthardJc.omde,\
'\ shoqn nr fi g. 6 L b.F l.l0. rhit! Lhd of sfeei.nd pnlpt. Ll be J l4 j7

trtbs, one fo, .&h .olour jo. rtd, e,rn
rnd pullirc b ndnde 

"cl_oPs.$,h

l



I,ANE SJ,II
The l6c indicdor n De.hoicdly coulled to dre ctcctriqjty drivci ceditane

e lme, r .e il.ne ponner onpleres one
rvoruioi and rhe lde .eading chrnses a.codtigtJ. Due to ndour t croN,
rhef is a no*ibiriry rhii the lam ir

o{i $ tnft srip.
srx rrvc signds arc ruciv.i

smult eousry ! it rhese $o sigrrls rc e.turt in Dpt:rude btrr 130 degtuh
od or prlse. ihey citrc.l od erh odb hd Do sismi wj]l he !(o, o u,c
Heiver. snppos dii hippens Rben die fd deomteL iidi.ars A 15.16 ,irl
Lhe ship n nrll ,noviig bd rhe caitilrie poin{er *itr remrti { 16 ..ndlxrs
Al{ sone time wh.i nomd signrl sr..jvcd. ar rhn mshm l]le shrp is otr 94

doE, the corcct rtadirs sholh niv. Deer
ilt now mve ftum
I ie b&kwrds via 7.ro md u! rcaung
sho{tig A 1,1 94, inscrd of A 15 94. n s

.n emr in dre lde 'sdiie of 6e d(omerr o.cui!, cdred laie stiD. Th{e Te
mrny on\er frtoi s, Lvhi.h crn rl$ .aus lrm slip.
IouDling ec sonie of d'e facloft nbich oD .ause j.ft slip
> MaL ruicrioning in dre Ds.r .htn
> orhr iariors rLrsmiftirgon Dcer irequercies
t snnribeoos rc.cprion ot rky srve ad gounJ *a!e
> Mh mde mise rnd nLois sdric
t Imction s{irh 1.ft a! ReI posinon foi lotrg .ihe
> v.narion in strpply Yoltrse
> lloldbui.i ispres*d forlorgtimedtrnngindchaiafixtig
'lhe hnc slip can be dehcted b' {Dy or trc folloeina ndbods

sition nrins mrhods avriL$lr
t comiiuous pldfins of De.cr posi
> by Efering ro l&c nl.ndli.arion



by 6df amo' d{ein,r ii stu.b
i r  dwr '  A  t -  1 .  co  u  B  r .  ' h .  ' p .  |  . r ' .  , , .

plou.d on dre Ds$ clid by sone on\er .vrilable ne&s and ihe rtidjtrg
obbincd for zone letur rd i6o nunber tor dch colou ft m$uillv trd ro rric

l t u  l - n .  ' . m b i ! ' t t N i D .
ue to vrious fadon dr l$c sli! my isrc

ldenriicatioi .irtrn tu inrodued ro .1)..k ior he sLtp and .lso for innul

The sidth ol rhc lane on n\e bse linc is hdf n\e *avelcigrh of the codpanson
tuqEncy dd if the .onparnon rrquoDcy is Edrced .h. wrvetdngh lnd nence

sin.c we know nrat n\e wi.rrh of one zone on rlc bise line is equll ro ba]f th.
{aver.isln ot rhe hndammrd inrqrncy Jmd ir tlhls compdsor tretuen

d nrre firidhenbl ftquency I ftn tu dft
or rhe rse wir bc dqual ro r zone. Nos sii@ we hrve Dsd{he bne fs 3 l$c
dd ir d'ere h a fp&ar de!ond{, nrei fie @nlilane poinrer wiI m*e oie
Eyolution *lren n\e ship cro$B one zone (i.e 2,11es in ose ot red slavO'ftir .enllane poirter ouLd now 6e used b ideitity in whnh lafc rhc ship is ii
e.g. if ihe .eniilrne poinor of rhis dsoDeb sho*s 1{ ceitil,icr, n sould
rear rbai stup k oi lrne iufrbs 9 (i.e. 04 r z = 9.6, hena $it is in 9rh
L!ne). sinle iheE n m such de.od.b, 6n crldlation is done inreorlLy bJ fie

rle Llne ldmrift.arioi indilmr

II

ln oder b obrain dre tutrdameiul tBquflcy i $e Ise Idcnlificdion sisnak
e rins in a ninute 0d elch i*ioo

rrsnib on dr 6c foo. iiequencis i.e. 5f. 6f. 3f rid 9f rbr rtr$ half \e.ord
durns rhe specifled 2.5 seoi& inreRal. rhn iype of h$ni$ion a luyo a\



when rhe nad rssmils dl lbc four nequeocies ror hlLt s4ond, rI dre orhd
quicica aE Heived on boad md ntn

rhese rrcqueici.s rhe fudamnbl frqEncy / is obhiDed.
Duin8 the nomr,l tusnissiotr of .hc ns€i nrre 6f l1y - rhel osc er
. . . r i r  . rq , re ,  D ' r "  rd  fq r r .  .  o f  r l e  oaF-  .  s ' , t  T  i 3  t "q  "  h r  ,
divided by 6 ro obhin rhe tuo&meiEl fftquency t vhich is used for pher
.onpdi$o vim t obrrined duirg mnhi Flse tumlsion .o &hieve lde

Tbe pha. companson n now cdied o belwefl rhe fiequemy / obbined
dunns d,e Lr hisnision non dre Mr.r dd rh. ftequency t obtelied drin!
nomai rmrnissioi ol.hc mash. Ine LI indicrbr should show ure or uo
rhse rcadi,,ss i.e. 23.3, 23.9, 00.0, 00 I or 00.2 a|d Lt Dtu has ro b€ depte$cJ,
if my one of rhe $ovc rclding is nor indicdal.

V

E

$bsquht to the u tusmission ot .hc nsrer shrio. 3rt alld an intenal of 2
isn* i.e. at lne fou frequencies tbr hatf

bnd dunrg lhe spsified 2.5 scoids iibyrl Dunns drh @isni$ion rI rhe
6er rdiotrs ricludins rhe Imd

' c I f L } l ' s o ' } o o u '
6jcd out beseeo tuqEi.r /of .he nsb Dd rhc fiqErcy / odrrcd

y't

I rhe rd shve lchieved by rlh



.ompmson is displayed on dre u iMisror Simildy tme iurnbe6 ad lEn
, d 0 r o e  r e . r , ^ o b l . f , e  ,  u
'llre€ h onLy onc LI indicdor md h
{,ll be displayed on r}c s.m. inJicibr squentidly i... rcd, gEen aDd purre kr
mrt dde4 bui the seqEi@ sill always sd wim Dard edi4 tiB( rolto{ed
by n\e orhd corom This slquence is ftpeded afd .veiy 20 seonds. l.he Lr
itrdicdor *ill sl'or rhc ccnrilines dso ?rong yith ih.l&c nnnberj but orty i

'Ihe 'dvfhge of Dulrilulse tresnision r n\at dre phdc of riequ cy J
obrained dudng rhe Lr hisnission iiom rhe fou frequei.is wilt nor be

L.ted even if my otre of d,ese rEqucicis htr sky {ave inb'fefice

'lhes *c iomal n.yisatioml chds, supannposed d.l Deca lart.e ror rlie
lr cuhr chrin *nh rtsp*tive .oldN or 'nasd-slave snbimtions lhe
rnbn oi lhc Bndsh Adminuy chds is Fced.d by | @ ad ,te rr,,r.i ,/
.rainl ror e.g L Q5) 1610 sbnJs tu rdmnaxy chd Nmbq 1610 on vbrch

or chrin 5 (English .hain) G drown. The .ohtleb
n die boron l.fl hand of rhe chM for e g

taA{P L Q5) 1610 i.dicding tbat.hain58 is using MultiPutse rrnsnsDn.
Chrfts ord dntd w h l{ie of r{o adjoinitrg chains m dso availabte rd
rh*e m u!.d for ii.cFhain fi7'ins
Simihny Ibe cllds pubhhed by orher Hydrcgnphic ottcs or wiou\

*nh the relevrfi Dd.ca ldhce Dd drese

wirh rhc hclp of this $vibh rh. Equired chrin cm be sle.bd.

Ide poincn or dt thc Jeconetus nops
nicldng ftc lock lamp slo*s *heo rhe msfl sig.rl h lmk.d on.

'86 sholld rcad zero, il Dot ir crn be sct ro

.k I md is cquncd hecame de.eic
losirioi thc Gi! gcts disonnelled ro cher $e phes



of rt'e fctvq is cfied our.

one for eah otou b indicrb he zoie.

Each decomier has ber eguipped wi.h a ftser tmb to ser the ?odc hd fte lme
Mdirs nmurny. Ihn is dme d the rind df in irtizdion. uhen cq,q !u!

elar.d by ihe mvig:rorfors.h cot .ro

,q



In Rer posnion. all rhe centilse poifur of ihe dsonerre should rerd zeo hd
if my one of .hc ccnrilatre pointfl is roi showins zem. n cm b! sd b zem {nh
ao conbl knob. rrh deomerer hd r BpecriK aro contol kiol,.

wnen ,h tu dcpl6*d &e centilse poind! of ?I nhe d4oner{\ should r&l
12 cedirancs hd lae dd bne iidi.ator leze on n\e pE\.dr Erdirts.

Thjs indic{or llashes rhe lam iMbcr for Fspe.tive .olo!ru *quentizly evd.y
lner 20 seonds. rn fte besi'riitrg of the lycle it should i'ldicaE 23 3. 2:1.9,

This knob has io b. p'e$ed rhci in rhe beginnins ot lhc aequence or drc Lt
,ndicato is not sho*ina tbe abovc norioned readinss.

Tre brirrirne .f th. LI iidio{or m be .onrollrd snn rhis }nob.

t Fii rhe losition of dE ship on rh. Dc.ca lrd br, $nc orher avritable

> Noc do*n the zone ad lJe rcrdiry of ceh color.
> selsr the .h.h tor rto Especdve mr

p.sirion, wdr iill alt n\e cedilane portuer

t Set ihe inn.don s*nch b,Rql .onflm lbd all ihe centilse p.inhs rE

ff a.y one ol the @itilad. poinr*s is not indicrti.g z.o, n an he set to zdo
'lsully by Esp@dve zD contul rmb.
sd the rr.tioo svirh ro Llr 2 pcirion and writ titt alt lhc lenriltue

> lhe Dne ad hic rcadins of erch color a oobd ab.vc G fed muxny ro
dre Bpsrive deconerf by resi knob.

li sclh. fun.iid s*itb to opemr'"n md m'nFre rh. lane ntrnber of dr
dcomcrs wirh rlle lane nunbq indiored by th. u indicabr. ff dre Mo
radings a€ nor mthin! Est rhe Bpstive dromdd 1de nuDuq o Edu

> r'rre ser dll nor b. Lvorkiig notu11y and 6res crn be cto@d r pd the



> Fiicn or Sysbmatic emr xnd

Thc lati4 - linc pft1en on the Dfr.a .brns ror emh r6rer slryep :re
b4cd on rhe yelociry ol rhe ndio srves bei'B .oisunr. in ntrr rhe velo.i4, oJ

pon rhe coMtrdivni ol rhe medrum n n
pNsiig trrsugh 'nin n d hk" inb considention *hile rit.(;s rhc hrtne

ir th N po|]lgdion I elo.it], difiefs h n rh.

ndio w!!ci do ocrn due b rhc tn
ad d,is dhbnioi vrn.q iiom phle ro place. rtese catr be ..ncdcd cirher by

.ioi in bms ot ceniirdes b rhc d..omd{
Eadings befoft the LoPs ue flored on .h. !bd.]n cenain aeas ob\cddion5

trd thh doc! iol imply n\n me corudoi h
' i  ' o b - e . u 3 .  t f ' h  o  - . ' o  d

sivei oi eirhrtsidcordrcruijrior,i
g j E n i n D * m d a h \ h a t l f i o & h O l o [
is wnhin rhc lirle, it ha to be subhrd

n DR Lditude 52 . 53. N md rorgitode
001'?0 E, rhe lier *or .ore

corcdion + .05

Gce. dc.onDd rading F 42 .37

.orurion in.orpomted uLire pr.tring rhc
dioi h ior ro be applien. rodicanoi b rh(

eiild b siYen in norics ro mrnnm



This emr is caused duc b smrlrareons meptnr ol gmund md sky f.ves md
inrnniic \hrion i.crases, druunar oI

dlolance should be gilcn .o liis flor. rlre esti,isrd vahe of d s e@r is
givci in De.ca drh sheeh bscd on 6s9r probabihy ol alcuncy, {ljem\
ALRS volume l1 sives 95 to prchabi[y. Higher rhe p.obabib,, lower the

consid*ing tlle srme roinion ^ $oye fd nxed sro6 i.e. Llrirude J2r jo, N
dnd Longirude 00f 20, !, ii sca ot chrin 58, dre Pzlid?.r .d.rasd a,l
4! 4.ac! diastan (t53 co rtuhlhilitt br.t) Jot tincs nlho than /,,laylieht
.ormee (rtJ.. D( .a d.'d shet 6) shoss $d 6c ship n in coito$ b and
*e .onndd ,niddghr of 24'h Mry rh{ lihe ahd k x[s J6tot din|tuh tefr.
,...d d,r, rr'.?l 7l i"dimct thc londrion prvailirg n sumH ligbt. wirh
fin int(madon. Efer to the 2,. r4 rt i,s ., Dn ar sa lcvcl in Mtrhdr mil4
(rrcr D4ca dda dreet 3) fu 63 9r pobibiliry level wliich tidi..res mor ro be

Having gloGn n\e position. drer rpplyins fte conedion rorfiie! qre, !E
vri$]. cmr of 0 13 nauricrr mire hes to bc allowed 1in. this h ehievcd by
dnwing ao pdallcl lines d a d mceor013iulicJnneoneidrtrs:deof
rhe rwo l-OPs 6 shoei in lisoE 10.

-{

'Ilre rei,liaoi tuea n dia,nord srEp.d rnd .heF is 63 % pmbabilny thd rhc $rp
32 9n chanca thar rhe ship is ouGidc rbis

dimo.d. This is also Efered ro rs disnond ot eron
dylne i c 4 sy 1000 hB,'rr/!rr tat tieht oy. ase dnd dnatu j diasen
Gdef datr sheer i) sbovs in mu or 50 mdeF otrly md .hn crn be nesleded



'lhe readiogs obiaineJ lron rbe dso
ship mininun rro LoPs ke !equid on

rhe bNi! of rbe dgld of dr, thu No
firiip, rN.h crn bc obrai.ed fton De

thd drc d..onerer rcading or only drose
rwo colour ft trlen e s rhc tadiig of rl'e decomeds G r.d 13 30, gt.n I
11J? aid Nrpte c 5?.,10 Thc llnl.e piiftd or n\e chd N onl) $oso ol goi
lid pu,pk, hence I 44.3? $d c j740 Erdinss {ill be kk$ lor firliA tl'e

l.sirioi. The lirat emtr dolfirio's tue to br appli{t ( ceh ot rl'. dr.^ndn s
readings belorc rl.ti g d,m on the cltn lhc Ni.r or ides(lon oi these
6vo LOPS is d poiN P on ihc chM 3

rhe rNry ot 'h. fir k $bjeded to vfj$re dnor sd heice it is necssry ro
rt]o* lor dn .m. shich cr bc obEiied ftr'n Dec.a drra shed: To plol rhc

conven .h. posiiior to lrhrude ud loigitude d ii' sch cds m spsirl Dece

bDr vdtrble eron hav. b be coNideied



b.6v.ar dre .vo r!P: w l be smlt $d rhs ti\ obhtieLt !i L mt be ac.!r!r, tn

polrroi 'fh {in give r herf rnsr. ot dr hc6v.en nte $o lols flr:s
G.hrque.$ bcufd o y sh.i rhcLl.n nir h oriqrionrl r Ds.,1(!o\o

bdtrdi $o red Md gEi Lops or cbxir 2 i! sFrll

8r.rn LOr or.hr i 2 d Ned br nxi.g rhc positiotr
n. r-or\ is bd€r r sliotri ii ugure I2 a

PROCEI)URI !'OR INTNRC}I{IN l.'IxINC
s o l . l b e d n i l j l t r s t

?3 3.23.9,000,00 ror00.:. nor pi*s t_t /fo.

d lnnotr pLo.edDtu rnrdoMiLd4r.
> Nor! dotrr die rrie rcetrins of irr dE the q,rou;r.r rLe crrl;, ir s!

' c o n u G l l t l ] F n d i o g o l . I t

-



Akhed r.e dah she.$ ror.haii jB Eiglish Chain
> Shcd no. t hxs lblca circles. ]n (h. imer cnck. choie or.olou^ ror DA(

$cl. of cut and hcn!. posidons Iix i\ orrv,ous. BeNeetr tbe iiid .nd th.
{ '  f .  b  F i ' ! o

kcle, orty ringtc lolor giving the b*r
u my be used ror i ctohlin 6xins

re.ti.i li c.nrillnes b tixen ercN n rhr
d pu4ile olou* rBperively Figtrfts

'rled b be ddcd ro rhe roP readings

> shed ro 5 siveq d,e van$rc .nd lor tull diy tight coveLace d 63"/,

licibre for tnrEs odrtr dEtr furr d4 lshr
orcmgc d 63'l pob$jlny bais.

> Sheel no. 3 sho*s rhe yanabb emr dependiry oo thd contou ard Crcv.iLiig
*a!on ! 63% plohlbiLiiy b6is.
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otcca Ptntoo
h

(0 10 (0 .10(010 0.13
(0 t0 (0 . r0 0 t 3 0.25 0.50
(0 . r0 0 . t3 0 .25 0.50 1 .00
0 .10 0 .18 0.37 0 7 5 r .50



CIL{PTER III

LORAN C

CF,NtrE{L DI'SCRTPTION
LoR-aN c n a bne tuiae \ Pelbo lc synem
rhe rnE dircreme beNcetr the begrimng oi

ol F\ition fixing v[r[ 'mr$rc\
msb. rnd begin.ing of scondrY

- " . - , , , . . 1 ' , . ' " ' '
lrdsmns a g1op of ci-qhi p0l*s oi r crd'r r€quercv ol r00 krL ' {

sDdcifien *rctrp repdiLlor idend (cR! as shovn in nguL€ 2 Thc dnnnor oi

e.ch Dulse is of 250 lL\ rnd rhe intcrvrl beNen No conscutivc 0ukfl i ro0o

asily disri',guish bd{eetr rhe mstf sd sconddv 0uke The inrcNrr bdween

eighrh d nirth ptrlse is 2000 [s
'flre seoidary $dids dvays rn.,

*orenc d,mtrsftut rhe owFsc r
@* 11.. d.t.y .irl' ,*p"d b .a{ff iarion, {hich is tchievln hv domi.



U i l r r  t l Iil tLtt tllttLU l

Ttun\mission ftum
NIo tor (sAM).nd y iir rui.do
blink i e rhe li^r rvo pukcs orrhe
and oit r..o ins ro splcilitdcodc
the ma{.f rationn mhnctioning lhrsRrnd vivccovcftgrisiingr! hm
300 r0 1200 mutical 'nles d.pend'

ln filuic 3. a$omi"e that tlre Dx$er
324 nadicrl milc lpd (cor*|ondirc ro 2000 $ apploxi'nately) rd rh*e
sationr e Mnrniltiig
re.eiver d the imu linc br th. rc

misrcd is 0 ps lh' lldic diffean
extensions vill be marinu i. 2000 !s be.suse $e sisml fsi' enher.r d'.
$ ons eirl lrke 2000 s! b L8r
rowld rlie s..ondtn) !(ion w lturi lioinr P. lhc dn.aiNc fnii had.r 1. $lf

rc$es hmca ihcp ses viu nol beEeived
sinulhisusly, rsulrirg in r inne d
mNer anJ loondmy nnlses This rii'. diff.rcna 'n$su'cd vill Lc.0
inaeasing xs rhe ship n norin! b Asuming rhe hme
difiarcrce mslnln !' poinl Q h 100 $ rhei r liy|.lbolrcai b. dtuvi oi thc
bise lne NhcE! anrfoiiioi rrih hy0db. r rh. rincdirturile musurld tr
100 trs. simildy r numrrn ot hytc6oL& crn bc d vn o. rhc base he



It ,11 ,,R

i " t a l

i i i

;+i!-rtt
fil.'i-r-r

- l " i - +
i  ! -  ! ,  0q ! | i  -

Ndc rhe ftt.rt t tuth w|et - 4o / td ndorsc

Coiside. the ship or dre centre line rnd hoving bwads llic rsci i"din.*.
rlso th. tind diiTereice nersuBl berveen reprion ol m6ter rnd r*oidq
sisMls {il1 l*P on li.arsitrg wre
}!s, rnoth' hyprbolr r catr b. d

h$grbol& c$ be d,rwn *nh innersing time dllr*ene row&( n$,u
Suppose , finc difie€ice of.1o0 la is calculrtd by the recciver, Lhc rhir courl
be on the lidce S or T ard the |os
rs tbese r*o tithes m fr.p.n rs sho{r ir ligur :l
dlffeEme iieasured n setil i.e. 1as th$ 100 ]]s, thc ship ould hu bcLqr.n
d . a , . q .  1  . , - o f  " " , e n e 1 r . ,



Thh aabiguiiy cm be ksolved by naeigenng $e taosmission ol rbe *onday
and lllowing it to 6smit ib prnss a sm ^ ihe ngrur iiom nmb n
ecivcd. The time diffeflce 'Hsu
exhsion wiil he 0 tas becsse the Mo pLrlses {ill be meived at the sme tim,
{bere6 ths timc dififtnc mdsure
n}.inum i.e. .1000 ll3. Tine diffe€.
lrr. Ir r ship is placen on ihe bdc Liic icar b rh. *.ond!ry, .he time differi.c
'nersmd {ill be mininun and 6 thc ,hip movcq t vrds rhc h4d. the rine
dinernce nasured *in rr€p incp
shrion. The iiD diffeEnc. n.asurd d poift a m i\e I'yperbola [ill be res
rha thn ar poinr R, 6d iard b

/

.,/,

er difiidlry ries red b Lhe scoMry

'msd is mmplerely reive4 d'e pul€s



Thc puLes iiom nhse rwo $nions pirt ov'tap dd n bsoous vEy
scpdE ihem in ode. to neasue rhe Linc dilI{mc.

'-tl

, i , :  I ' l

'rliis difildrry n olcMme by delrying the rslrision or dre se.oMnJ for r
on  r  od r^ . .  i '  ' e . -  . e

lod rhe seondly n known 4 coding Delay. Ihe codidg delal e ures thn
the pulses f'om ihe ms.cr will dways be Heived fi^r lhmusbo dre covcRse
fta a|d erh sc.ondrJ is a$igned *in\ n\e codiig Jeky
Tre hyp€lbor,c bdw@n masbr shr
dre Loni C charh bkin! inro acotrft n\e .odiis dcLdy oi rhe se.ondrry nrn{

t .
't':":l

'i+il":,

sinilfly hyptrb.rc af aLso d(wo on dre
orher se.ondary shriois ynh .he resp*rive

C .hatu betveen ms$ x

i,\{
r)lll



Asuniig rhc dodins dclay of rhe rondq $niom
ro b. r1.000|r.id 24,000 us E$srively $m dre
r.mn c .hds uifl b. 3s sho{D in tisure 6 aod 7

, . . t ' l i

' r r ' i i ' " ' l ' i i i ' .
i r i ' i  I  r  1 . r | j d  r

Ior ndbr & s4ondry shrior Y and naiq & seondary nadoi z p.ns.
e$uniig thu coding delay to be 15,000 IR aid .17,000 As Bredi!.Iy. rhe

GROUP IITETITION INTERVAI, (GRI)
]n thA syjenr, each shl]o. taisnn
of 100 kllz ud .o ptovem rbe inEdarence bdveEn rhe chaiis. c&h jrdon

if.unal as sho{n ii figuE 3 l.rre sroll
rl.ltion inb.r is dre rotil rine b.rwcfl rhe besindie ol m$rer puhe or di0
scluc.ce .nd tbe beginnhs of the nsb pnhe of rhe mxr squence. lrtr .h!in
hs ! ditemt cRI vrlue rid sholld bave rrrrt.ient tin|o contm rhe itrld



ului l t i  t i t L i l r  i l | ] l t i t  | | I i l l t  I

The minimun GRI h theieror r dned tundion ol number ol *d$'s x(l
dishn.e bdseen them.long wirh rl'
irs cRI valE div edby r0lr 71150
?9,500I1s To rcqund lhc Lns c s

I rM orher pubkations rc Eolnlzcd by

ILIMTNATION OF SKY.WAV!
h lnis syncn. the sigMls arc Eeivcn dtuugh grclid rrr. aid \ky mve

rh. r.u,acy olrh' fir willh. rffed

:10 !s r.yvlrcr ii the srouM v{ve lorlsgc arca The du.dior.r d'e L.ixi c
prlr is o1250 A trhe,e rhe fist r0 trs ol srdund lNc luhr h alkys nNc
lom \kr Mve jnte soncc. Hetr.e. to
u*r die fid r0 !a ol rhe srodid wrv



TIME DIITERNNCE MIiASURTMEM
The hme diildcnce maurme n cuied oui hy the 1bnosjng nerhods
> Anbr4ic Putse ENetorc MaEhins and

AUTOMATIC ?ULSE trNVEIO}tr iI,{TCEING
Dfthing masures

begiming of the mr*tr 'id b.liming or rhe sccond,ry puhcs d sro{i rn
ngurc 10. u sives $e ti,n. difeEnce ii ri, ot dousard. thousmu, ru(,M
$d bnsolmido secofds fhis is dso kiowi scodsentuhing

'o v$able dersy u,ir (\DLl 1.hL tr (
'6rn aE ilwrys rd.cned ftr! rhFush otrr

; ' ;  I  r . r ' : , .  s . .oncal
. :  -

: i  l r  r ' .

oii.ide$jlhlhcbeginojncoflh.ualuu
s*ond[y pu]ses nsiig ! fy-lheel osillator ctcun and rhe rime difrcrence is
nedu,el rubi, icalty. rhis dne dffeEme ncduEd n indicard in r drgihl
ftrd out aloig wih rhe nne dne diffeEncc msued by adonuus syqc



AUTOMATIC CYCLE MT\TCHING OR 3'CT'CLtr MATCHINC
Tl r! dc differcft menhods rry *hich .yc1c nMhiig cs be mhiered It -sir.s
therimcdirrd.ie i',u.itandtetuhorunir and iskncds fi ncnxbriiig

ele6 a rcrdttuc t.tu .i d'e i'rftr rid
seloidary Nkes, {hi.h n No.llr 30 ps rrts rhe \ht of d,e puke of ld .yd.
ol rhc 100 kHz .udef tuqEncy. This pojnL n .hsd b€oNe the nplin'de or
thc l"cy.le is rHr dd although t
$dc h r posibiliry or sky r.!c l
dsoiablc rnplitude md ir rlwrys fd to'n sky \lrve inedeEn.e.

Th.ieceived puhes non $! mstr
ng&I l$d12  Thsepu ls$ .F fu r .h . r l np l l f l ed l l i r iDesandde layedbys
|lt trhi.l, is shosn as osd lxctr dvo !e rlg.bmicrlly rdded aid orr I

tly d 30 !s lrom tlrc *!no sr nDkc

r
1̂

Simil.rlt rhe 'ninnm r obbincd oi rhe scondrry puls* rnd rinh dt help of
fl) *heel ossillnor ci!.uit n\e tine dificruicc ne$lrme is.aded out
bei**r tbe minina of tne mrder rnd that or {he seond.ry.
Tll[ iine dilT{cice alors wiih the hme diffsEncc nc.iu L by tlc $roi' ic

rl time diffcrcncc be6!d.n th. iwdr $d

*- oscs

T
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TNble indietrng Nditude 0I NiLldor d ;rdil or 5r' 5

pulse, vhich is I30' on ol phde vith
. dii$E cod. ftun the s&oiduy



m of rumng dnl msirs nom 70 [H/ r]
1:r0kH7. rsi9x {roisrh ndcr and

ii.rcr .nd on. ol Lhc not.h uu.rs is u\.d to dir die ird tuidin! This
s fsm 110 kHr r. |t0 tHz rd by I silg

rrz bdru\e rhc shlPc ot |he Pflf r ntrb
orui,€d hctrlc.n ihc trquenc), or 90 kt tz

ld be chokcLt prnodilan) rnd nothtrlteis
:rrL'rd be adju$ed roi dLi$y

h c !hr6lor.rdr m6rr x'ld rc.dx I
ldni F;\ xf hxd.r rho y.rtnrr!.rrho r io {ryes bdrs .onrrt trrrn

q doprndins or the .oduclvit] ot dr!
mcdlum sroulhihlch il pr*cr. rh

h of,{lio !ignrl\. ai crer lrro
Ltk.. inLo co.sidcdion vhilc plotring fte ldrice hes D dr Lo.ri c drn\

.oMs rith rhc tus|jsriv. sign. ln ..ru
y ii.o.ponrl yr,il! dodn! rh. laftice x
d'otr n iequnNd ,rhn rjLLbeindicded or

Ir thh .orcnloi n nor irlolpotu d. it hrs r. lr
.r.u ard r gcM.r y r. d'. mtlriS ob[inql ftum rhe Fcaver befor I otrii8

nar.4. 2{ N dd rorgitude 056. 2r, E.
.ri AS I urrlcs is as fono{s

rq30 x rir 16.163 5 us ?930 z T, 56]:]6 R 6
+ r z r l

Thc conrcrd LoPs hs to bc frotrcd oi lrc uhd is above.



arlbgsjgi:t01mM!'d*o'b4'!Ehlr

IavatlhmghsrYw$6um.offumisLljmghskyvd\tr'4de[EoJ[d'LdLeh

- * -  *  u  e  '  -  0 * 0 ' @ 6 r
i  r  d r d  E h  ! r '

s  b . . ' - . l n '  i - i o

l . l '  t . ' ;  :
;i 6r - !b.bm *,,'*r.'s,.',,r *N€ Fo|lgdid,trNilv dig.o$xnr

For $mple d 2200 hDR Liidde 46'4i'N Lonsrud' 056' LJ w rhr i onn

c Erftig obraincd k rs lollows

The skl wrersdiLig mst lie.o,B

.oretalLoPs 234716j !s

The cotrestcd LoPs b be pbtd f rtut

. .  , hc  r l r  i  r g  o r  ^  t ^ , r ,  . o  '

o - , .  '  + "  . ,  :  u -
; .  - " -  " , , .
sy{en. rhde h iomdhod otintrch|ii nxitrg

o  J l i ' m  !

' ,  ,  '  ' ' '  p

" " ^ " ' " . ' t
" , " , " J ,  ,  "

, . . , , " .  :  , . "  , . , "

- " a , " , a t  " r i "  
' ' b o  b i  '

rhat the shrpc or rhc pulse mv sd dnbncl d rh*bv de rctrlxc\ 
"

Ssder swele tuis 6 nioN il rlt Ecsiln sl&6 i wmng c-vck' inecd oi

n\c ld cyclc the lrc diffe.d.d mea\



indi.fued f I diend Ed od md is trefrd b rs he or cojiio; Gopt. ro
frx die posidon or rhe shtr hininun Mo Lops aE requiftd a.d rhn is obr$i!d

conedroi obu'ied tuoD Loni c kble Dus bc ipplred. Tnc ootreded Lopr

7930-\ 2347t,65 tr md ?930-2, 563,11.40 yr indicrb $e rime djfrcrnce

shrioN z qPd.rively for ch$i 1930.

^i;;{

",t"f

h.iii urh $b ddid {is Lde . rq riG;6..d ,!i.

4poi Potr rhcchdas showninlisur 13, whichstrca shrp s p.rjrDn.
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CIIAPTER IV

GLOBAL POSITION FD(INC SYSTf,M

CENEITAL DITSERIflON
It ir a @lib bed tuvigdion sy:6n @isiins of 24 dbiriic sdellib in 6
difredd6h parhs, Itis sysbm i! Il@ dl@ rhfl ay oits *isrins sytu
eih *orr(Md. 6@se i. 3t vs1h6 cedilim.



The cPs sigrrl .onsn6 of a psendo rindon.ode, ethercris,.d ahanrr
dal' Thc pseudo nMon codc idenrilres ihe sddLir. be.rus ctuh sakllire s
Lavhg mique.ode Eplrn.ns ddr is.oNrilty arnsniftd hy c.ch ete rc
hd conb$ i,nN(nr inlomdioi su.h a ({N of die s,clLne,.u,cru!!

PS tu.uiv.r vherc *.h irethe sho dhc

rlre o,riul idonnlli.n for rhd s

I an s.aellile x, ny pdrion is Nrendy y $d rhft m$sgc s6 s( t
tine Z, r'hc 'sers Grs 'ece,ver rcrls rhe ftsrseridslA rhe.phencfls rftr

e P c.de 3 (yA.ode kiowr r Fulq
.ode respecrjv.t),. All ci,nirn cps Ecal.s

d(ode rhe (]A c.dc dd il ilso help
onlr r. us mitirrry usN hd irs dlies

These codes oe m.Jur!!n b)

Lr = r5r5,12 MHz rd L2 = 122? 60 MH, The Ll:tefr .onsjis or horh rr,!
qnl* i... ricode dd c/A code trriirc rh'L?consGroroily | .ode

uai.. ot 0| rd ls ca cd chip, larrs !
ffequery .r r 023
rppmimr* r. 2ill merlL. nre durtior of .!!h chip n abour rus md e ir
sequei.e n or o'u mi is..ond The code srq&n.r of 102:l su.rj chi!,! iud,tslu

- - n

li rhc .ase of ? code dre crrrp iequency n l0 2:l MBi[ric, $e duE ion of erdj
chipb0.1!sa'ld li rni!. disrm.e ir mronit ro ?9.3 meris thc ful.ode
runsrh is or267 dajs aid rlh s&niE is rllocfud o.ly a7 dryi dee of &e
code, duitrg d, s pDrnJd rheE ir no rep€ririor or rhe cod..



&e c/A cod. md rhn l]?$Snine b rh. ? 6rt bv Bing ttand OE word
(HOW) onbired in 30 s*onds Mvis{iomt EBS€F

Th. ndion of sese co&e is 6 follows
t ror;& it ;{tedincdion sim edh sabltit tr a uha c.de dd
> For ndllltllm. of &e pmp€ltlion tide ton s.&llit b se.

This sysd i divided inro rhe *smenb

i.
i \

\ ' -

I

":m'r.I?



CROUND BASI'D SEGMENT
Ir coisis6 of rolr Land based noniroing sdiotrs locfud d Aitunric ma,
Pacifi. au, DiegoSumz rd hdn
, J '  r u , J  '  '  , r u . ' o . " o o  o

ro n4ror $nrol (dion Ar'rer re.eivine rhe dM n.n drc iionjrding edrons.
e.esrrr com0nhrjon ro pHlid !r iumre

. The mrn6 onrol iarion also dddrif*
h e g l c i l c ! T h ! u p d d e d d a h d r e d b l h c

\ cv.iry ptr@d in 6 d rerenr o$irs Alldic
6 mrinhii thcf orbn.l pudr ad catr be

The mgr. bcNcdi cach ol rhe 6 o
eqormi r |p | i i e ] c in . | i i a ' i o i i s55" ' ' | hed i [e rencenr
rhc i*.ndjrg nodcs ol suclc$ive olbir plm$ is 60'. Ths. saclllr\
aunchld d a heighr ol 20.200 kilon
spcd orcrh rtulln.n 3 9 klohubs

lie hffihi ror rhom 5 houA ap06iih,brr md ir has .ovenge of lj00
iudsl nl s aptto\ Thcrc sarc Litrs ircso hunchcd n dre oftr rhd r.e.eivc,

eivel wnh bnih i" c.nl|lr a.n displry
arenrd rnd rom thh srcLLfu irobllin: rhe
M rherby sels( rhd fuL{ mos itrrrbr

x obhii'ed is dholaycd on rhe disptry u

ro tueive oirl oic frqEncy {e kno*tr rs {fgt.
osirion a$facy, rhere re dnd neqri.!

! earveA d,r c$ r.cir. borh rhc frqu.n.ics.

rt ms$ge of :10 seconds in th! tdm ot 50

priousry sqrpried to dre serrir* hy mNr@mrcrs6.ioi fdis divided nao
5 s,b+r!'cs. Ea.h sub fsnc co ndc6 with telenety wold (Trlt
conljnin! sE11ib rdus lolLowln by hand orer rod lllow) dntr r.]



rcquniq P c.dc frcn cr^ code. nre I strh ratu conrains dah c a,ing 10
sablln' rlolk ffecrion. flre 2'r ]fd r rt lub f.rmes .onhti rhc enne

dir llbllire. rlle .1,i suh lr.mc pN.s
alphaumern drh to the Lser d lill only be Ned *her ry orJ ydron has l

The 5' sub eives rhe rlnai& ot nn rh. odt.
srGrrir* {hi.h i'. ud* du on iret
die usd ror opriiuo. choire ol rhe satnites ror posirioi fiiing.

The Nsilnr fix obrained by rhe receiver is ba\rcrrly by derermnritrg dr
r.eirer to d.h or d'. sclcdeJ

meNtrement is achievrd hy ,ne6lriig rhc ptuplgarioo rme noni the sLcd.d
erellite to d'e rcclvci. Ths nerhd usd ft mauing the rine .rk i h)i rhc
$rerrite srgiaLs ro Fich rhe rec.iver

tuar seres of (]A codes nd hy .aEr'!r

silnrrs md drose getremtd rithii rhe rerlerhemcrirtu hr.n lo. rhc srdLirc
sisn.rs io reach d,e ft..jvf n obbi(cd !s shoyi in rieuru 5

The prodnd of the vero.iry of ndi. \y,v.\ nd rhc iime l|ren for rlre s ellire
v r r e f  h . " . . r P  f , h e  F  r o  - u -  -

R = c i ( r r L )

(r r,)isrherime iltr rb .raIire icmr\ofr!h s?ntr



An nv ebrriEr m cquilped {idr rbmic creks ard sina dr* clocb a€ vcD,

IlmEmnt $d dD .nge oblained is rflnrd 4 psu{ro msa ri$& rhft de na.
uftroMs i.e lnjtud.. lonlirude, srritude (r y, z mdbd) orn\e u( a wen d dE
us\ dck w Nid mpEt ro sarellire clck

N

". 4p"o ' , , , ,
/r 

'\

S3
ss:-} rs
" " ' i  ' !q l

,.i 
'"'|!jl

.t' ......'' 
tllb

/k'.

; ' . .

llre posinon or the s@llnc Sr (rr yr z,) is kmqi b (he user by 30 s*o s
nrvigdionrr 'na*l8. and ttum rhis sabnib fie to o*ing equation i! obrrned

due ro dr enor in fte usq s c ocK
sime rl'ft !r for u.ioo{n, rhey car bc rcsolved tun lou e,ratnn,
obhiicd l6n foo. diileHr sderritet, thc orhfl nrre sardftes s{rcs me

PR. c.dt  = v l ;  ; i+(y-r ,+(" .  - ) .



wirh the help of $cs. equrdons Lhe 3 D fix ca0 bc obei"ed. In die cre of I
ship aordne on *dsr, a 2.D nx (,.e. lo4itude .nd l.ritude) is r.quir.d ard
.hfe equdions hon th@ sdellites rill be s'fiicisnl to fix posirior The sh'p s

tiosirior cou]d dso ha!. bcetr deEmined by lwo cqudions obtrlied non tuo
differdt satellitct ir n\e sxrellire and tlc us.r's .lo.ks d paJ&tly

TL. a.cincy of rhe fix obraiied by C\A code n l0o mettr rha€s P.ode
he Dfl.rc id clobrl Fosnioning syiem

(DGPS) enhan.cs lhe r.u[.y b r0 meGs Ind 3 nct6 ftspecrivelr.

> lmosPhcn. rnd topospheric dehy
ellie whcn pdsing rhhush $e ditre'€nt

layeN ol th. io.ospheF md toposphcru, rlr veb.ny ol lne *av* vlx vhnh
affcch lhc ilne diff*nce mersuM
satelle ldisnid irs m*srge on iwo f*qucn.ics, r dnd rr'tnemy meivei
receives bo.h rhe irquemies md coRrion is sl.!l.r.d & .onacntitd rtrhi'

' ' .  f  a ( n )  i .
n beGr dln $ngle fftquery rec.iver.
In cse or sieruls frun r slteLLit w
{rves *irr b' froE {hich sill i
dssisnld ior ro seled n\e srelites {hose elevation n le$ 6m 9 5'

Il the user do n io. pelfedly s
,ase m6uEmcnt vill iot b. s.uru
n\e clo.k emr is kno{n a! pscudo
n\e Eeirer on bdr(t by ohhini.s di
doneadomdicrly wjrhii rhe c.eivef

1ris md is caEed due b n\e dM in
is mooiiored by do gnurd b6ed segD,enh md my e'ror n' n\e satellile\ .lock
rorms pd of n\e 30 seonds nlugarioiaL nss'g.

)i Cm'netic diluiioo or pEcisio
The seonerr or the position ol th. srcllite d.6miies di. sslr of.d qhlch
h tuns govens lhc qulity of rhe posirion obtriied
sepmtion bet*een lhc satllir.s, mo
be almo$ at rishr angles. llic loftr rle CDoP velue hiBhtr the ac.ur@y ot $c
fix od d,is cDoP v?tue is indicatd oi the dhpl.y unn Since lnc Edvu
kno{s rhe posidon of ,ll nhe ste ites rhrough 30 sednds mvieational mesrge,



iris p.gtumncd ro *Lcd 6c bArrva:hblc srclliles .onsiddns rheir elevdion

This crr n s(d b] sc Lib jgi* mjlii! , rho rhipr .nrenn. borh

rhc rqo slgilLs m udved slnulft
lsnrl nom whish DnSo dic$urn.d i\ obhnicd Snin! rhc ntrnrr { i

nre saFllir.s re noilotud $!L rlirir |llrri ft nrulhtJ hy EouD{l bbqr
\esment. Ho{r}u bllvcc( lvo qrisrlrjvc 'norndig ol rr,c in,c eLo rcs.
n\a€ my be ninor nnLt5 ltum $cn lrdictd p4hs r.s,]rins i. smd po:irnr

DETER}ITNING THE USER S SPItrt)

chmle in l l t { rE rc 'o r rhandoMks
ddl'tmdN{nfungingdLtb'thlE

'|h. 
rolnioi md r3l..iry or the srt

Inownron ic !sc r ' \ c . c i re r rh i . l i h * rhu ih i i co  pd . r .  l hove loc i r yy l c ro r
oirhes(cl|nc sn b.tosolv.dntro rtro.oi'tofuit!
t (i) in rh! dlurnr ro*rJs diclsdnd
t (ii) li d'edi'€dior peeed'd'la ro (i).

.ul]leslhevelodlyvedojofl| '.\rblLiti l j

opplei shifr ndsurcmci! is ior qual ro the
ibllnc\ sncd !.cror bMrds rhc D\cri rric dirlorcnle cm only d\e du. to
nscisspc.drowi sorrvryftonrh.rrellite

rreqleict nsd i rhis sysem h rcry high.nrlDopph shin meduremed is r.r



'Ite diffcrftlat cPs syscn is Ned to enhance rhc muncy of rhd noml GPs
synen so thn it cm be us.d for surey, dri11ing. occanosrrphv nc where
highq acc(rcr or posirion fiiins is ftquired

Thc DCPS EfeFnca su.lon k situared at a llicd iocdlotr md liom this Posrnri
rhe cPs reciver ticks !l rhe satellites enbii irt sic, obrrins d{a Itum thii,

is rctuul posnion. These oftstions ft $etr brordcut to CPS uscrs b
inpDve ihen positional ac.uncy.
'Ihee rE lso n,ethods ty which th. DcPs shrion can frsnit the onc.tiois
> compudn! and trnmtins a positioi coredion in tems oi I l?titude,

  lonsiiudc and d rrtihde i e i. Y r.
> Co'nputing pFudo rsse colredi

ro rhe user rnd rtplhd b rhe us{s pscudo mse 'nasntnent belde rhe
position c calculatcd by n\e onbord @ivcr Esultins ii a highd ac.u'r.y

\.. 
\

\,,-ft.{\J"
s lss



rioi ii hs ot x y z cNdndes n
ssoid n..hod bur rhe aerncy d{Fases

otr iiccasas ti rhis odhod .he FieE !e
ed the same sdelftc. rhich is pftdrcrLly
rhe srcllites msurLLy
nadon deivs signah fsd a11ihc vinbk

3dclll4 md n@suc rhc pscudo rdge b Qch of rheD. since rhe satellr.
signfi onhin iirom!.ior on rhe rMie sabllib position ad n\e rhr.tr.e
3dtion hoLvs l$ CGnion, rhc rtuc rdgc ol 4!h sdellile is cal.rlated By
comp*ins rhe carorftd tu rsngc aid ncaslred p#udo nnge. rhe conElon'rh$c corcdions rc rheo bmrdcan vhnh
is rpplied 6 die t*udo 6i8c nc$urd by thc u*r



CIIAPTER V

ECHO SOUNDER

GENER{L DESCRIPTION AND PRINCIPLE
E.ho sounder n elelbni. cquipnc
dris synem, a.ofiic pukes of !!ry

rs edros These received c!h.( 3t
rcceiri,,g .msdmd md afb p$liig rrrDtrsh rhe diffeied !rc* or die
€.eivtr d,.curcnr r $pplied ro !rlus srihh buns outthe c.ati"g of the rliin

du!c5 r bl.ck hark on.hc FFr i',dicdi,ig
ihe dlfrh or lhc scabed n'eime rit
the s.bed is mlimd md depdi .r'

sher. d is the dlpth or lhc scih.d

trarel 10 md no lroi' serhed
The p.rfo.mare oi an e.ho sorn(hig s)'$ri depeds .r rl'e r .r.v lith

krb.d !d dum. The splcd of t
reinpe,rtur or l6!c rnd saliniiy oal
vdmig f rpp|ou ed ro 1500 nnt
wh.n sdiiirr'. rempedur. or pE$trE chmlrs rnd rny v*nto. 'n rric !u o.r)
ol the alousi. Mvr n oin the r.ep
io Eord.d dcrrh lrlrit ri'ne hketr
seabed n one scord. thcn rhe dePth

, they ler E0elcd in diflscnr 6udM\
ldihNed rclletlod) aid mr o'r\ one h dtedion (lpaular rn4rion) rhc
diftsed Eficdion is d*tabk bec
f8rremy givs gRter Jifl,'scd caecri.i



s3rc and for sl'allow depdr shon nuhe n used whqeas for srcars de0rh 6e
hc. Ttre 'nidnum neasuruble deprh \l

dpcnd on puke reigrh ed rhd dically eqnels b halt pul se lcnslh. rh. vylur
's tutdns at a sole sp*d elmt b htrf dre specd ot lhe rou$ic vrves riorher
vuds die tinc rrken for dE qnN b hveL tron iop to b.tum o. drc p4{ f
exdry eqlal ro ihat for h :coulrc pnt* ro rnvel ivice rhe dirBrle or ne

.ivcJ ril rhe tunsnisnor is ov{ haice
io! 3 ndsr lengdr of 2 niliseconds, dr. rh{rericrl niijmun masuftble deprh

es lban ihis u noi be r(Rled. ,r.he
nftnld medunble dcprh is c?rcurfued by

D . " =  Y r l / 2
Irtrerc Ddh is nininun dedunbh darh

v is rhe velocirr ot roustic u3vs rnd
I f puLe lenerh ir s&ond

en rhe niijnum mersursbte depdj vi| b!

= 1500 r 2/ 1000x 2,n.us

llre durudon of dre puhe .ko deremimt lhe Esorurion ot lhe e,luipftrt. rr
mdhs sc obFds dse ro sebed b be rc.orded *prnrjy
lr,e di\dininarion (D) her{eln ehoes is D = v x I
If th. pu[e lelsd] is 0 5 millise.ond drei.

D = v x l
= 1,500 x 0.5 x l0 r ned

and ir $o prls leigdi is 2 minise.ord rhen,

r {betr rho obnds b b€ dnphyed !re dose
rogeder h seawiid. ,rhh is usd in soNAR synenj.

PULSE I$PtrTIIION IXIQUENCI G'R F)
The runber or pulss ftmmi.rd pu se.oid knosi .s Fxke Reletitiotr
Frcquercy 3id rhis ddermiior rhe nuinlm ddprh, vhidr c be nersurud
Tne mdi,ium depdi (R) c,n be measurtn is ddeanjncn by fte fomula



$ler. v is dtr v.lo.iq or acounic lrvD ad
i l | l r e m ! c i ' | r ' ' ' t . ' i '

i e .  R =  r x r l 2

rhen rhc mxnnum depth r..o.ded n 750 mebs

siDilrdy il2 ptrLsas N tr&smjrhd i. om second. i c t =0j.

Thd ndimuN deFth rcsrdcd is 175 'Et^

n usat sincc th. rnic tuqui'€d Jo' ft.
elhor b rtum liom shalLo* depths r le$ rnd henc! moru Pdscs c$ he
tunsnnrd pr se.ond fl.bling rhc
qu,ckry dodi,oihe chinging (|llrhs
n lMe$cd rlr PRf is Fdu..d sin.c

TMNSMTSSION FRtrQUENCY
'rhe rrcquency ol rou$ic rrve !
impotun.e. flre choi@ or iiequen.y L a .omptunisc bcrwer d'. stt .r
ta.\ducef, lieedon fton nniDtrm atrenu{io.. rr thl
tusmi$io. f.qoery is {rlrin the nudio lrequency r,.ge, thef the treivii'g
hnsdo.tr vill pi![ uC odre' xudible
t v,bftrioi of rhe sbip\ pmpells
t ihc non. due to slrip s enslnc
t nol* due bserwd{birtlis d'e

Thes. mises will olrccr rhe {eelr ech

If lhe lreqEm.y of the hnsnission h high lbm lbe

> bighr rh! ftquen.y,
tusducq vhicl, .rmot prodtre sufiioilnt to{d r.d

> high* $c frquetrcy moE is rhc diffu$d tur srioi, vh i.h h desnrNe.
Considcrirs the rbove fucros, dc t
audio &!quci.y nnge Dd rlso i( should ior be lery higli llence ro
compmnise bdwlei dE tnb, dre tmsmi$ion fEqucn.y ulcd in c.ho sonidi"g



slsem n gen{rlly bctrlccn 30 kH?

PRO?ACATTON CTTATUC'IERISTICS OF ACOUSTIC'!T'AVE

'lhc lcl..lry or rcon$ic $ave n\rouen :er.Er .t rcmpcturur oa I6'C xod
s.ri.iry or l4% k 1505 sc, .apmnmded ro 1500 ntse for cilcuLdion

nts.. md the falttrs. (hi.h iduel

.olfurry .rrihnted fof srrr warei. it {il1 inJicdc dcp$s in ri(h r!f .bour lt1

The onplittrde of the Ensul .ieq
iEir rype of seabed and rbe {Gnudion $4cd hy lncn h 3\ n, Lofs

lrotu/Ro.k I db
> Frequc.cy or@ilikiotr
TL. utqEn.y of hnsmi*ion nr
crcrddre eiution and more Lhc dlfrusd fLotloi

lr rhe beam viddr is roo lr+r. tho (cnurtioi h Dord beausc rho tl9r \ dd\

Atte.udion of rhc acou$i. \3r Je
oIrr,.smissnn. boah drri. cac

> The &gl. ol i.cmc.ce ol rhc Fopild.n walcs

iUNCIION OF VARIOUS STNGES O]i TI'E ECIIO SOUNDER
Ttu echo sounding cquipmo doi!n6 or lnc rollLNi,ig $!gc!

This n.i( ptudues i high voEgo osdil dion of dcsncd fRqnenc) rd dre



The hnsmi(ilis tandrd ma) bo o

eledic.l sjgrds ido rconjrc vlvcs

1]]c R.anitrg tanlru.cr neives n\e e!ho( fi.m d'e seabed Dd .onrens
rhemi.rorlsti.rl signals. which de *nt 1o rherfrlLiridniir

T he Amplifidr tr ir dpl les thr weak ele.hcd sisnrr tc.i\d rm'n ir

r

l ric Re.od{ uni! coitm\ th. tunsnhsion ol rhe aou!]. Nlses and uonls

'fhis unir sives rh. r'tnned volr.g.s ro the dilTeEnt sbs* or rhe .!ho

' 1 "



'flr fiidjon of a tusducr is b convefr elerical ene4y ro r.ousric enssy
duins @nsni$im ad to onvd rhe moniic odsy into el4!re4 u&!By
duriq @€ltion or nre echo
Tner re No iyps of raosductr
> Elshsridive tusduB xnd
> Mlgnerostictiverssdu.t

ElelMrric.ire r,nralcer
Tlis type of hsftcr wo*s on rhe b6i. Finciple or phh elerj. ensi i c.
ccn:in o-ysr:rhe ndendL su.h d Qna@. Rocbene saltj Tounndine er halc
he lmpe'ty d'd when pre$ure is applied b nre so oppo e tu.es . I
difieEn.e or poonlial is ftabd vhi.h is pmponioirt !o rhe applied prc*m or
wben cmarns voliase n {ptiod, rhe .rysel sds vibarins or oscillning.'rhis {ype or rrxdu.er is .lso tnown d Piedlrictiye tnnsdue..
I r e l "  o o d , r t r d o

ri Th cry$:rt k fiirntJ fqed bei{er
rvo shd plares so rl n rhey act as a single uiiL rte pupdse of 6e sbet ptdes i!
b pmvide solid aid ro6ui housing
su,1ie lbr sav .r s shorn in dre r'eurt 2.

when m aitendrng yoxase n applial bc$€fl rhe del ctarss, ihe quM rnd
rhe $eer plaies sd vibnring roserh*. The vrhtrrio' wi be of very hiSh
mplitude. if rhc fEquency of rhe alcnding vorEg. is elud ro rle eon.n.e
ieqloncy orrhe cryrlal Ihe lord of die lwo i*l pt*s h in dnlq qru4
*rh the {aEr, vhich {ill caur rlre vibndon in sersah. Ttre vibdton ir
rlways pdpridi.utd
cenenny only od. tusduH n nsd ror ransissioi dd ;ceplor or rhe
sgn,rs d dis rinsdtrcr is alsrys mouDrel rs pie.ed hut|.



(

Msgnerodricrive lramdu@r
LEnsduq *orkl or ihc banc primtptc or

whci a br. ol Femmgmri. m4en.l $ch rs Ni.bt n
{ou.d widr r 6il ii shich when m auemrins volqe is rpplred, rhe tcngrh of
n\is mrerid vil atw.ys conrad iresp€.tive of thc dnechoo of th. cum.r rnd
it co'nes bek ro iB ongiml length u
Fm- masneti. miends a€ cobsl! Srcl cr.

Ths Lininated Nickel ins .ype nngicbsricrive rmsduar *or[s on ne oaRc
pnnciple of 'nasneroeriction ii which a larse mber of .hin annutr dnc of
Ni.ler ft rield rose$8 by we rnsutard vindirss of rhick nexibk rit
rhmded oush tu porton.ions ne
m bnilr trp i o a lioLLow cylindncl
rhin coxrii,s of oxide, whi.h Ntuca rhe eddy curnt los*

====

--=



sd rhnuch rh. windinss or ll)e coil, dr
exprision ii 6e

d'e mgiedc fietd prodnce! by dre coil
iindricrl l)ek is sei in morion at rs mtunL
vibtu.ions are !a$ed on ro nrre sumuidiig

mcdiun i.o. !a!ur bc.aue rhis h$duq is fired in $e wrbr tsk $ sho*n in

e serbed rhro+h rhe ship\ hun pbre rM
ived drnugh rhc ship.s hun phc T*o
sior rnd orler for r@prion ri is rlr.d rs

AND DISANVANTACES OI INTERNAL
TNSTALLATrcN OVER PIERCED IIUI,T-

inh nvo cacgona
> :fhos $ar ne in diruL !o@h wilh $aw:h rnd

oNd. vibr.tions thmugh ship s hull plde
e ship ro b. ciqc.n and is Erired to rs

pitrced hur of outboxrd rype of tr$sdrcr Thc semd rype n knoM rs
i"brnal indll ion or irbo.rd lytc sinc. no pd of tbe equipi,eni h ii dncct
bu.h with *a {atr ind rhe yi6.rrios re bmsmited snd @civcd ltotrsh rhe

> nre ship s hrll plrb n not cut hence .he continuiq, or rlre hull is m.inrrined

> Ihe rmsducer cs be litud rid rcpairn wnhour bHns ihe shlp b dry do.k.



% or d'e tohr low* odpur pas* drmusr'

o be f'n tfidl miny rine\ ro prdn.e r

pd. No tr.sduc{s N aquircd as rrir
dergy abslbed by rhc htr r ft dun'! tusmi$ion pdsn6 fof ce.hin
FrioJ orrnicxid $h$ rhe&hoc5 nom the shallov depn\ rctun,, dq r!
all{d by rhn penistios vibrttions
$hcn rho 1tuftduca6 h,nsmn {h. .coNic 1vrvs, som of the eiclgi i!
Enated brck by the hull pkt .nd

hlll pl.re clurls hdf lne vNetensth of rhe liequemy lztrmirtd. trir

ill p's rhough rhc hu11 plde. The
iun cicrgy shou p6s rtuotrgh the hdl

SITING O!'TTLANSDUCIR

bubblcs rhich l)r$ .lo* b rl'e nssductr aM $t a lrrgc rcfleroL of dr

sftimLmgliejbleunon*nc{11r
suiubld in ave.y re:ped mJ |hir poririoi will llry lmm shrp ro ship lren.e

bet"m1/3d'dLr4oftheship\kogi\I]nm'hebov
], Oi mediu'n sped sbips, the lirM

rhc vsscl has a lieht dnn3ht in {hich .rse 3/4 leied' non rho bo! is

li Ii osc or dor .a.so vesels or licht dmeh, the b*t rsitiotr is r/4 Eigth

> on o knrren, lnc tanslu.r should bc tntd d lhc L^vdL cnd ol fte

> Oi v.ry lftge size sh'ps. No tu
fld rhc othd {cll !n. The choice .r the tssd!..r ro b. uscd c.n bc ser&td



> In cde of pidced hu11, the rssdrtr k n.Ed nd $e cenlc lire md Jrnsh

The deprh of rhe se$ed .an be jndicabd by lhe fo oviis heihod

ln u echoder. &e depdi is indicard by a osn la6l' *hich is mhtirs lnh I
letuiD mimr spe€d behind a circulfi $?re. trre l1uhe rmsmitud whei lhe
lmp pd*s dre zn ol $s cncuh scrle md wben .he echo aivs tbc tamp
slows indicating die deprh of the sexbtd. Ilre rdleuge ol rhis 4,pe or indicabr
is drat rhe det.h .an be Erd tron I dnEnt pl@ bd n're disrdvane!€ is nhrt

ln some or .hc @ho sunder a poind indicc ihe dep$ or rhc *ate Dur me*

In m echosnph rhc $ytus is rchring rin\ a .dbln consbnt speed md when ir
pass rhe zes mkirg on lhe paper, ihe tusnhsion uks ploa. Ttre sped ot
tbe j]lN is sh rhlr rhe rire blen for $e srylns .o rRvel fion rop 6 rrotum is
mdly equd b th{ for r acousbc puhe 6 lFvel rwice $e dkd&e o! ue rd,sc
selcc.sd. whm rhe echo is mived by (ne tusdncer, it convd ido etedical
si$ds *hich pa*s rhmuch the dillemr shgs of dc r@ivd aM cuftnr i3
Sivd ro rhe dylus, which bufs our rb

caned. fte prper k d@d over a very finc
nar nebl sheet, yhich b nried bcLse
$@l b rnothfl. Trie appioachiq eid ol ihe pper h mr(ed by a bmd rcd
line, which indicabs th4 .he prld neen s b tu chang.d in shon rme onc paper
Dn nns for 30 ro 100 houn deFMing oi $e $ed ai which ir h !*d.
Tbe advarages or e.bognph ovu e.hmed 4c
> Pemaent 6ordiig en be mirhined *hich is upful ror .vidh!e.
' Rao of chdge of ihe deprh can be leen cldly snd

ln ms of .he @s. rhe Ebosnph md $c ltigird Eaddt bolh {re pnvid€d b
Honi md indicrie rhe depL\ of dc aabed.

ln an echo sounJer rhe siytB is nh.:ng wirh enaii cdnstut sped.nd me

$ion win $il .akc pl,e shei 6e *ylus



s rduced be.rnse &e nylur ha ro Emrin

0 ' i o n c b .
0 - 100 n.rc6

srie rhe Rme rcigrh of Fter i.\r covcA a rrry.r dupih, the erdtraiio's
beon. dosq dd ir bcloms Jifficulr ro ud the depth a.crately Pllsiig

f the srylB mo.or n kcpr lon*nr bul I r
ii fistrf 6. tour sensos ft

lo! oicd aound $c \ryrns hex dd s.y us is or iiS !r a conianr sp€sl. A
mrgnd mduntd on rhc bcll gcicE.ct lric luLs. wlicn n pNrs &e snsor, wlrich

whcn Lle minimum rtn8c (0 b 100 mere )is seled*, dre sensor I nNedrnd

on *crins lrlc highn nig. (100 b 200 nete^), diN qcns.r r is sd ntr
&livdilg drc aainni er d the ?
the paper corBpo.ds b 100 n.tr6 sii.. th! spccd ol rhe i)1[ moror

masmghiehdmgs'difrtEnts

anro 4 on!Ic,ch n& scale
.or.spoodr to sinilitr dilt{unc of dcpth i.c.

300 . ,100ncbs&soon .



i--l

hosoundcdmininuDlaeescr|cwbei
phairy radriry n pmvided so d[r she]low dcprhs m nd Dised.
]n . 1in e.ho soundirs syeetu lbc Ra4ins rad Pbsine aftngemenb N
used in conbinarion such sysh is ho*n a ph6ar sigin! on ffh sylems
nrre mBe ,c.Le vill noi be unifom ad may be provided s tbtlo{

0 t00 ne.c6

200 400neh
400-300mtds&$on

rn $n .N die tuisnision rire b advacal as s. s ihe sp€ed of ihe sqlus
motoi is changed dependins upo. i\e nngc cbsen.

I



CONTROI-S OF ECHO SOUNIDER

T]Edesned rmgesalc selc.tn rl$ rhehelt orihhknob

'Ihe speed of th. p.p,jr c.n bc .oriro

> styh sp€d conaol Adjd$ned
'llre sp.ed or rhe eylus nobr .an bc djn$ed *ii\ i\is adjnsmmr.

> seNirivity or Giin CoidoL kioh
'ihe sftnFh or ihe sisnal c.i hc coi

'r|le rssnission line or ihe dnusb' or 6e ship sn hc djoe.d ddr dris

vhen lbis svibh is prcskd, ihe dftnt s'pptun b (ylus, *hi!h bums ou{
rhe lolrins and r rnish line apptrs on ihe papq

ft. dcsirtd hNduer cm be *l*rcd vith dris knob ie

The bnlld.e of ihc pancl sn be o

ZTRO trI,{R( AND DMUGHT SETTING
$rer a puls. is ransmii@J. pd or sigid is ciEn b stylus b pmda r nat
n rrc on rhe papa lnd drngrn s.t
z$ mdkins by drd panicular dtun
{tu1 depn\ of wd* and no. undq keel .le*ame

lJ rhc sc.sniviry of d]e mpl ler is high, jus ancr l1l9 do mrli.8 . n.mir
line alon! vnh seved nresulr dob rnd da\hes alper and this is .allat cro$
Noi'e This is lausd $ pd of n\e tmmited eHsy n picked up dnedy b)
hnsducer ]n .ddiiio. uhen aemrion
bubbls mr .ho reuli ii cros noi* ff ihe inimsity ofrhe uo$ noise i hish.
it {ill compleely
amdirtration shdld be 1st ln'nediriely
grdnally so n\ri the *sk &hocs iclufriig rrcm d'e ileep wad should be
Itrtcd wirh snrlciem cldry u n done {'bnilicilly by swept lrin conrol



vibrarioi @ss ai bubbtes i! th. warer md c.ho* crused by drcse .n bubbtes

e l i t r s t . + 1 ! . n ,
appeds b4ruse thc aco'si. cnergy h$ ropass dlr. rhmush ttrn hyd or .he rir bnbbt4. sonDline the .lcnsiry of lhc ln

bubbtcs mdel rhc ship\ kd n s hjsh thd m pen.karion hkcs plxc.

dEslic and snJdgn .fteniion of.ounc dc

t velociry orptupagarioi in wrd

Thc Jepth n olculned hy 6e lomulr d = v.r/ 2 wheft v is dr vuftny or
rcouvi. waye i'r sciqdtr aid ! is rhe rin. inr*,rl fd rcousic vaves ro r{vei
to mJ rio tbn rhe *abed ,rhe vetocity of aoB{ic wavc in sesrrcr r x
En,rhtuE of t6!c md satiiiry of:l.4rx is 1505 hA* bur ror rrr calcu diorpuao* ir is hlm as 1500 n e. tlle velo.io, of acon$i. q e .ljaus rf

srcEb dxig6 m bm|c(ture rd srlinirf i,raugn.e ,no. on tbe vdocny or

r ' F  d L r  e  r  F - e e  F l -  H - l o ) l

eqlal b rhd ror a rosdc puls m r.,vel rsice nrre disrance or rne nrgu
- o , , r , , o . . i F ' - , , J . D r h r 4 ' J r ^ , , . n . . , , e . X  . u t ,  D -  " . k -p{iodi$ Ly .nd rdjnscn as per tu ioshdion sivetr ii de Dmul|

The ed,o niy be rnNc.cd a Nnbf or ti,ns brrveei ihe kel hd dje scabed.
theEby siving mulrinle deprb nsrks

h  o  e ,  an* i .e .  n0 .  _  0
. , .  e . d r o f t v r l l " l o b -  t  d r i . . 0  3 0 , n . i e . , . , h r e  4 , \

f c  4 ,  -  F6  . ' d  no  d? ,  ,  oo .o .d  -  ou
m ,  i , r  f $ o o e d ; . ,  e . c

rcho $hd{ mst be M€d 4 minmud rmse lcale cn ,/zJd! tacihy ir



'ftn mr h rdnd wbm rwo triftduds 4 uicd onc rd @isfrissloi lod
othr for €eprion. Tbe flo can he dc@miied by rhe fomula

.=  d '  l  (da; -  /4)

Thi flor is itre dmsdds in shdlor de!6 and i3 ncsligiblc {hcn oDo
hnsdulr i $ed bsane the sam inBdue. is uscd for hnthn"on $d
Iwpdd of the soustic {av*.

- I

t--".1 f'.:'"''
--

t Theanal and Densily laycs
thc dcisity ofthe wrb v:nec vi.h G'npmtore dd s inity, *hich qjl bidto
rom dill*dnl Lry.6 1t n posible lu o.h os ro ftum fmm rhe suditce of I har
hyeft aod a lain. line will rpp.tn be
t zem line ndju$'ned eror
Irfie arc rdjrshent is iot conect, the deprh EoRled vill ioL bc orte.r

'a:+'j



the romino nrinrnsc. b b€ c i€d onl *iI be diffefd for erch ,nodel d
lre mpe..iye mnu't shoutd be.onn rd
Fono ic is gmdrl
mnhLi ss equipmeit ii cflicient so&iis condftior.
> sqrus sr4d n b be che.kcd otren ad mnn b€ adjusEd as p{ rhe mriuiL

Tt'e $ed of rhe srytns nob n verf inponatu b jndic{e rbe co! rc.. deph.
> PLior ro tcayins dre dry do.k, ir is

rhar rhc] h.ye mr been nainred dd i
tady white Ejnsrhedry plpcr

> As pd d,e hdurljnnusbe lubn
> A4uncv mNr b. cheked with h line {he€!d rn opp.nu 4, da$



CILA.PTER VI

DOPPLER LOG

GNNNRAL DESCRX'IION
Doppler log is bsld or DoPpler shifi in rEqucnly
neruEmnr lc rn|len ch se in fEluoly tcilcd {hd dt dhhre

ow:rds a Efleding pLn., .hetr the rc.eival l]tlucnly
i r = n  ( . + v ) /  ( c - Y l

vh{c fr= deived ffquency
n = Frnsmittrd rrquei.r
. = Y.lo.ity or sonnd in scrsricr rd
l:|.|o.iryofdrevessel

By mersori4 dre Ecaived f&dc..y (fr) & kno{ing 'h. Yal"e or hnsnrirrld
ftqnarcy (Ir) and y.ldiry orso!trd in serwder (c). ihc vedorrhc r.sJ !

A nasducer n fiied otr dr ship's

thc dnponen v cos € ol dt sl'if'
lb. Doppler shili and Lrd tu..ived tuqEncy

r = r , ( . + v c o s  - l  L !  ,  C u \ -  )

. .



r  , h .  !  r .  d .  d , ,
i ' | 0 1 ' ' ' " ' a u ' )

flbed n rrq ('.e. ! ca our.

A.coid,n! ro rhe Binomnt expairion, we h,vc
t / ( t  x ) = r + r + x ' + x ' +  . ( i i )

DirnringNne(hrdd defohindof of cqmroi (t) b), c, {. scr
r =  ] i ( l  + ! c o s d / c )  r  t _

0  v c o s _ / o
By trtins rhe fonnu I (i) io driscqeronrid

r r =  n t l + z r C o s < / c
si@ y cos - << c. necledi'rC higher po$crs

r = 1 1 + 2 v f i c o s d / c

h"  f r=  -  2  vhc .so / .  +  2vv
n i  f t = l 2 v n c o s -  + 2 v v f r

h n=2vt rcos_/c . . .  . . . .  I i i i )
v=c{ f1  r ' ) / rncosa. . . .  1 iv )

h pndne dir ihrp has sone v*nrl morior and fte Dopphr shitr
!'ll hrv. r .ompok.r of rhis ve4jlal morton. ln rlh c^e

f I  r i = 2 r n c o s d / ! + 2 v v n s i n d  / .
fr r'= e y i. cos d * 2 v! n sr d ) / c ..(!,

cre w EprcslnE rh. v.nical morton of rhe sh,!

ionv*d d'E.!or rnd aDother in rhe ri1 dndrioi ( ihe sime Dslr This
. n ,  t g u  I  i . n  ,

i . .  n r .n=  2v r l cos  d /c+2  vv  1 t  s i .0 / .
fr f1= t2 v fl co5 c + 2 v! n sin d) / ! ... (!n

*lre! e frr is rhe rrcqlcncy Hejvqr by rh. Iosr d rnnsdo.er
e coripone v cos d ri,h nesdtlc lsi

f i  i e f . . r i e u n f i  f ! h r r  L d l E d N i | b ?



vI-

Itr romulx (vi) and (vn) vv trir l[E fie sne si.4 sire bdh dre lopmd mrL

By nersulhg dre diteEnce bcNc
vehcrl component will cai.el our s

o&- f t ) . ( f r  f t )  =  {  2  v l i cosd+  ?  w  hs in  d ) / .
-  (  2  Y  ncos  o+?  vv  I r  s ' n  a ) / c

liJ ]i lii+lt = 2 ! a1 Co\ ( I c + 2 vr rr sr o I c
+2vh  cos  a /c -  2  w  fLS in  d /c

i.e. v = ! (rrr ' ft. ) / a ft cos d . . .(viii)
'bus y ie sped or the slip .rn be crlculared The sp&'l oL thc srtrP d
deremined br thc above formrla r
rnd dnlr sin€ rhc d.h.e\ 3rc coning
botum trlck o. gmnnd tmck.

100 mdc* leyoM rhis depth. fte elhoA ltum !h. s.rbdl hooriic vcry {crk
rnd thc srcngth is trot suffl.ienr to .rlculrrc rh. DolPld shin

mres below rh.

tu $ sarer 1rcck rnd do* nor rllow lbr :er r.{t dnn.



wh ,  ,he  ' p  o . -

berr4r 10 md 30 neEr bero{ lne keet md thh doprh dep€nds on rrf drri
a|d spcan of vesel. Below .his Jelrh lhb Mrer is !i1l md heicD hcp N x
disrid spfiiion beNdi rhe rso tay{s of wad vhilb prodes rhe clhoing
surfr.e of .he .co'sic *aves
e.hoirg s!dr.. ( acruurly liqnid. but $onger rhrn me e.ho$ coni4 lql uc
dep x of over 200 ,icc6. tre spee

.d flre $€igrh ot rhe e.ho.\ morcr€r
whc6q rhe ship is otr borbn r!!k or on Mref i rk

ATIIWARTSHIf'S SPEtrI)
Doppler log on sooM tu.k diode cm pmvide athrdrhip,s sleed r:s wc md

surdion n used on rhc Pon md ndboa.d
sides. rlre hmiihjp speen is .al.u

'FIECT OF VARIOUS STIT' CONDITION AND SHIT TTOTION

Any venicar Dovemnn vv \i[ h econpoE vvsincinrlredirqnnorme
icodn wrve, ! *urti,,g ji $ dor i. DoppleL slrifr

I ar rosl d n$dL,!er ldt be givei by
l i '  f t=  2  !  r r  cos  a /c+2  v !  f t s in  0 /c

mdthddtheafthNdtrd!]LL|rggiEnb}

r i  h=  2v f rc .so /c+2 !v  i r  s in  d /  c
By 'nealriig rhe dif{ence beiwe
venicar coDponeni wirl cdcd onr vhile rhe hoihnrJ yi]l add i.e.
( r r f -  r ' )  c r .  n )  =  (2v f rcosa+2vv fLs jnd l / c

,  ( .2v  f (cos€ +2wf rs in - ) / .
lir i( ri:+tr = 2 v fr cos o / c + 2 vv n sin 0 / c

+2v i tCos  ( /c  -  2  vy  n  s in  d /c
r . r  r . "  =  4v0Cosd/ .

rheErbre, v = (r|t rr,)cr4rrcosd



The rim of the vesel has very 1cs .ff.cr on ror and afr sped and no rffecr on

vrren rimned 6y an gle B, fte foflId ranetucer will hrumir d ai lns c
(d B) whlh rhe alt trNduer lill 'nnsmn !' d dsrr (', + p) $ sholrtr ii
igtrr '1 and ltle Dopph shii ltuqf

t r ' . f t = 2 v f r c o s ( d  P ) / c
{hil. ftc Dopph r shiii liequen.y meNutnci! by rhe rri rssducer p ill be

f r .  i = - 2 ! f t c n s ( 0 + P ) / c
' r ' . o  o  J  ' i .  J  q

-  r ! f t  t cd (cdF+s i ] ' 0 tu11
+ co i  a  cor  B-s i ias i i  B  l / .

=2 v1 i  ecosdcos l l ) / !
=  4ynCosoCosl l /c

v - orr, ft,) c / 4ftcs0cdlr

ors(a+F)  =  cddcsF s in  a  s in  l i
md cs(d 0)  =  ccdccB+si ids io0



1 l ' d  o k  o _  . r  g  q  d m r d . o , d  i ! ,  " h _ e  f t\pe{ ndtrred .cdc' drdb, sntnlomr !
v= ( r i r  -  4 ) .  /  4 f rcosd

rreice Actu.t sped = tndi.ried speed / cos B

M r '  , e d b . t - d " - ! c - n . 1
.  a n  0 q r g r  d  , ! - \ o - E  ,

r r -  r i  =  2vf rcs la+pJ lc  md
L i  n = _ 2 v f r c . , ( a  8 ) / c'rhN frr rr! = 2 v fr r coq ((+ F) + cos ( a 0t /c

=2 v f r  tcosaco,0 s i iasn0+cnsocs0
+s i t ros i l  0 t /c

=2rr . (2  cos d  cos b /c
=4v l ic jsacsB/c

I  =  (h i  r r r ) c /  4 i ! cosdcosB

viehtr6ro b) hed or doq n 6y,red

Mr mm r'm tmne! lodtr M/rpo
renerh. Hem€ lJ=Tr 1.5/100

md cos ll = cos 0 36 ,:0 9993374.

Anoex r Reg l3 i3 15% of ship\

" i { uq r r r 0 .  r dy€ed  .  o t uo \ . , he . ,M t . pd  I  t o  99b3 .
= 16.001639!\



s,!ri i@rrNibH&i!re 0
wc norie diat n\e differeic ir only in rhe iind sd founh d{nd pl@s. lD
orhf words ft is ksrisible dirTqence. tn fd dik diflem.e nay ior be
indidcd on ihe displiy, noft d,e displiy shous only up ro trvo dsimir ptcs
NoE n\d chDce of dd dos nor etred dE nhr$hhips speed.

Vhen rhe vesel n pitchirg. .hc indic{ed spe.d will flElu.re b€rwee. ruat
lpcql aDd a value lo*fl n\ei rhe &oal sped depending o he mgle at whi.h n
h piohii!. Fibhiry dos not effed dhwarhhips spesl.

Efiei of 1nr on arhwdships sperd wiLl be .he srft rs t[c clfsr of dnn oi rhc

Adual sp€ed (an\) . iidi.ared sled (adj) / cos rni
'fhh h iftsperive of the side to which de rhip n Lsrd. Whm tu v€$or r
rolling, the indicaied aihwdship spcdd w l nuftab bdqeen $e mar spcen
sid lhc iidica€d lo*fl sFal {orkcd our by rhe rbove fomula depeMing on
the sgle ol ol1. rir md rcllnu does ro. cflcd rbe foE ad rn spe{

t lmr io rsdu.d oncnhrio
The tmducds shonld nakc a pedd agle or 600 lilh mpst to lhc keet or
e^e rhe sp*d n dicned wi be ina€trnb.
> Eror in oscilhbr lFqnmcy'Ihe ftequ.icy gcneRied by $e os
devidion in dr. fiequcicy *ill ftsuu in the spccn indicated b.iig in md.



> Ercr ln pmprgdton vetmny of rotrei! vxve

, ,  rn  I  , n0 ,  -

Enp{du vanrnn, I 'hemisd (i.c. a j*n(nce shose ,xtu. chan-qa wrlrGmoldr9 f md d icr fte rtunsduce. dd .hri8e iD rllqLJ q re

, "  . r .  . 5 " p o ,
i4 ro .c /c . taN no tu \cd incJcu l { j nsv
t Enon dne ro shiP s rnorilri

"  "  l ,  " c  
r i  r , .  . , . n

Adud speed_ jndicad sFed / cos F
wr  f '  r , .  r , i . ' -  o

Acrudsp.ed = 15/ co\ 10.
r e. Ac rr jpeed = t 5 23 kr

tu.rspEd (i.e. {rri.he ajgic of pirh is

The dhlrnshrp spd.n.jjunes impotrrn.c only at
rhe rcllni! is Fstiajbl.and bencc rh. xbolt tumd!

nenr of conDrnon neouei.v'I]le differerce ii lne htlueilies rcjv.n by drc roN ;d ai tusdmB
I ii rhn witibedjrcc0y Ea.!€o ri tr,.

sFedofrhevesel

l l  : '  'h ' '  r ' "



sloppy botom. shere rhe sido bb. w

- \

ftis e'or.diot be dlimMtd with rhc help of Jdtrs .onligurfin u'd to
rcd!.D rhh ercr dr bermolthr.$smited rcou$icvrlc is redrcd fiowevef
aminiiun hemvidrhof4ro 6o n 'equned

]t is very i''pomrt ror my rirumc ro be crlrbratd .orcctly b.fot h.i'rg
tr$d r.d in r Doppld los the lalihntior has ro be done in lvo sbns
> Fnsuy rhe ah oi srle shoukl b. sd.of€.dy aod Ihis qn bc doDo fd

ch{ked {riciever rhe ship is b.nried n rjerry or d..!hor vhcd rhe \Eed

line rrken ro covq d rncrsni ed rile n notn md $c so.ed n calcdated Tbj\
drLdlated sp€en mus 'mah ridr the displaycd ftrding rnd in che of my

quicncnt.rn be rdjuded on.e rh.sc
1d3 cm he used etredively



Buiu - in . oneiion for d*larion

, = (l' fij 1 | /.1fr cos a
Ii' $d iboefornltr rhe fidtr.. cos dnd tl. bc dimimrcd u) r;poal
qp€ oi trrdu.er 'nris h6du.er cor\G6 or 72 ete.b{ncdv. et.mdns

y. A sd of onlr, 4 hnsduccB re sho\n in

-r'd..

c o s d = A c / A 8 . . . . . .  .  ( i )
Ac = i df licu; R

r r jcP^=c /n  . . . .  .  . . .  . . ( j t )
' fhere fo i tAc=. / f r  

. . . . .  . . . . . ( r )
Ireile cos d= (c /n) / AB
of  cTcosd=r '  AE .  .  . . .  . ( i v )

wekno{ ,  v=  ( l i r  f i J .?4ncos  d . . (v )
snb"ituring rhe value o{ equ ioi (i!) ir eluation (y)

rveger.v = or, 1nr AB/ 4
'Iius hy usir8 rhe\e ftnsdueB $
l imn.  ed  r ,  J

.i.a-



CIIAPTER VII

RATE OF TURN INDICATOR

GDNtrLAL DESCRIPIION
The de of hn indicator is cquipned, which indicrbs ihe iNrmLqrous fttc at
whi.h rhe ship n hnins. rhi i;dicd ls red u,!\ 60 to ,00 pulses penii;.
fom lhe *eerins Epearer md Eofr rhn infut it works out d'e insmrDeous mte
ol ion. Thc dirl is usurlly nrred 0 b 60' tq ninut oi enhff side i e poir
md sbrb@rd ss shom io frctrE I A3 !d IMO pcdoi,isice shideJd, the dlsl

r .  i , u  1 0 o -  n  F . , a  r " d r e l l i o m r o
i  nan , l s  o t  | "pe Inn ! ' 1

lt n w.ll kno{n frd rhat whcn tl
dnbe rouM dre dc of a cn L. atr
Morovtr when designing trtric sep
Eonnended murs hk iib considemtion the f{ct tl dc ship w move
. o , s  h  r . . ' . r e  ! , ' k . ?  h s , u ' . i o '  d  E r ' h d r p E m n - '  d  \
o rJ ' -  ; r k io rn i  o '  r  l oe  ' b l  r \ h  ' oe ' r ' ' e
!o!s.$eR L ofTurn Indiuior is very usful equio cm.



ar pc. sor-As chlph v rsxrdron 12 (tr)j ft n nos ,na.ddory ror slrip: rbove
q n . o . r '  

"  
.  f r t . , . - o F  , .  9 a  '  i - .

o\. olim mi ^ed io ne

Th. uc .f rurn is bxscd on the fomula

R h rh. tudiui oI6e rum in nrutical niiles
ou^e ofship n ]\B md unal couFe isnc,

0" 01 r n the ele by rrhh rh. cou6c is dGfn. sin.e rhe shiir I rErd
mud rhe ft. DE. rric dnrai.o ltons rhe rc D! i.e. d n siler bJ rh. fomL,tr

d=R.d  rhe f  d  i s i i nd i $s  . . . ( i )

Akod=v.lvh.rJ lhe disanc alons n\e m DE,
r h die sFNd ol .hc ship in knos md

Since pncficir mi on ship is in deg

r h h  m ! , , r  = F l ] . / 5  r . . . . (  r
I iit



ncdae,lrfu q@tbr{t),

ArtutL tb qt d n484 at h. r\b tu c6yd ntu tutua to etk6 ht thht,

d=R0'rt7.1 .tuqldtd(ttn

ratupk 614c d.@'@L h. tus.tl .1!

No* r imr *en i .e . .=d / r . . . . . . . . . . . -___ ' ' _ . .  ( v , )

substiutiig t[e krue or d hoh

ROI =

subsiitutins rhe Mrue orl non .qunioo (vn) in equadon (viii), ft cet
ROT=57. rv€ . /60R€.

=  57 .3v /60R
-  0 9 6 v / R
= \ 'R d'gFpe nnu r {llr " 

Fl

PLAXNING A CONSTAX1 RADIUS TURN
'wrile exeutins r ton Ihe ship hd io tNel som dishn€ aloig d rni The rrc
is d,awn prtfeLably *idr Radar or vi$.ny mspic@s objcr es € tr o iid
rhe dishme to be pa*ed ton d,k poini as Fdi$ R. hkiis itrro considenrion
rhai the ssuhmt Rxle of furn is shievable



'Ihe initial ed nd.l co6a m mw dnvn bse ial io the,mt4rpons eD 3nd E ftspe' ve, The .hr! $,ll r,veL

I
I
\

. o f Y .  r + . m .  n i
agn l r )mn ! ! -  r r  :  j d  , J  Md  tu ,1  . . r  . e  qBddB.  ,e  r  d .d "nresp4Lrd \  Ine  id  E  r t  .  -o t r  . . o r4 .o .ve ) ie ,h  .o rd f t i  s ,m ,F
rcs!rbrRoris &hie\.rh e

P.^.'^*'



'Ite !tro lims MN rnd sT m dn*n paBll.l to inirial sd fiMl counes
r e l l t r  r r  , . .  d . . ' ' i  e s r d r o r  1 a  o F  '  f J !

Th*e Mo litres {ill intmsr at poini O and the N DE n dn*n vith Fdius R
ftom &is point. ftc iiirial md lin
Fitrh D dd E aPcdively rnd dre ship {ill hvel :rlons rhe aE DE whic

pnhf] Ly due ro the incnia of dE shi
ar r poifi erlid rhan r$c poiit from Nhich .hc ship h ieqrned to f'm Thi\
point d vhish d,e rheel is to be to!'red ovtr is knoln s sheel over poi llre
dishce betrcci the wheel over Coirr md rhe slnp om.nciig ns tum r

t Le.lrh l:.' l l : 
" ' '' Dnphdncnt | =-. +... :

, , - . - ' ; . . . ' . "

> . ' peo f l hev .$e | '

Pr ANlrn\c trrl(oNsTA\|RAn s fUR\
As shoM itr fisrE 5, r1'. ship is on her inidll conse An md hr to {lb b i.w
odise Bc, eheF lhe r.ck or ilEratioi is 0r. n i! not po$ible Lr thc +'p to
bke a shd! tun al loid B md will etully aavel ?rone the e DF, hen.e die
iun nn$ be plmnen ,@onlingly. This is a.bieved nsins suitrble ndius R fton
nhe polnt O, ulnch is ihe ccdrc of n\e rc DE. This poiit o conld he a Lnd
ni*. ii {hich care it crn b. ssily mnioEd dunig $e tum or ii .ould be rn
imsinary toint Nd in this .rqe die pogr*s oI thc 3hi0 3lotrg the rmr r to be
no.norcd by nxing the ship s position whilc lhc is execuii"s d'e m For the
shio b tum rlong thc m DE, RoT = v / R deAce per minure Nhodd bc

Tlr. pe,Tedid a dnbcc b.Mee'
.alctrlated nsing rhe ].mula

T = R (t- Cole ) + F sin€ in nruricrl mile

{h* T n ihc cqie|dicrnr dnhe or lhel ou coinr
-  . : ,  , r " '

'/,
R is rhe ndius of rhe hn in iNlicrl mile

0 hthe msleolalG ioi ol couse atrd



F dcpends on ry?e md sia of rhe sbip hd
6 nlmarry blen 6 0.r naurilit mjte for snrl stups.
0.15 nalrial niiD for rdse ships snd
rd very ldge ships ir.ri eo as high as 0 2 mutical mte.

aN!r

\

ii'rutt-

l b i s P o .  b e o  , ! J  o a

DNRIVATION Of TORMUI-A

u DMO = 90.

rndMo=Rcoso . . . . . . . . . . . . . . . . . . . . . . . . . . . I i )
we ,rso know drat Fo = R

M!=EO MO
= R Rcoso
= RO cos 6 ) ............. .......... (ii)



DN peqxidicuk b KC m@.iig (C
'lis6d@ ol D fsn lnd ncw coutr.

i .e .DN=IG=R1r  cos  0)

u GHD = 90'
u I{DG = 0'
.nd GH=rSine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( iv )

d'e mw couise b {h@1 ov* p.enon
T =DN+CH

rlom .qnarionr (iii) and (iv), we eer' r=Ro-cbso)+Fs ino . . . . . . . . . . . . . . . (v )

Due ro .uftni md wiid 6c ship could hive drined eiiher ro p.n o hrbofd
$d mry io. bc on rhc initill couse line An. b this cde to eisuft .h. run and

t d rhe new coune line. ihe wn€ ovq
poiir ha b be adjnied. To rhiek ihh r Liic p@llel to new coufe is dawi
d'mush the vheel over poiit C. refftd to a .he *heel over line. so tha! 6
sooi the ship F.hes dis ljnc lhc {h&1 nu$ b€ pft over as rtqnien. The ship
vill s6n tuming 6 sdn $ n Eachs nrre rum line i.e. r l:n. dra*n ar poi D

w no{ tom 3to4 rhe dored lines sd
ine as shown ii iiguE 6



N'ONTTORINC TIID IUIIN
h d'. frs 'j, th. poi o is
.onsprluous rnd if bDrh m f or

s . ros  dd  n  i s  e jhe .  \ t rh re  o f  tu r {
ivahb. hen dre l)o oro fr4 b€Bn ijd lry



ThN io exedte a tun oit$d by the .
ry helplul cquipns| bur in clrrid ca. rhc

rlm to mintrin ii x n, th{efoE, prudonl b cdy oDt a fdw prxdi.. {ums in

on sone moden ships ihe aub pilo! i, ploid.d wi.h r nt or tui,i .ontoL d

reba rh. el over line position, the new conne crn be led b the aoto piloi.
Thc shic vill mw exe.uie thd M *ith i\e hetp ot auiop'lot. the whecl being
:djulEd -odiig b dre rt or tum
ieadicd oi rhe nev couae auromhullr.

t Ihe tum cd D p€0lrnEd Dd
crlculrbd. Hence dr cx@uriotr or th

t lhc lurn.m be easily nodrored *hih n is bclig crctrii
t sin.d n\e tum is prplaii.d, d'e u

> Evei if n\e ship hm dnfted to I
mended so ihd on omPldioi of d'

PR!(iLIONS WEILT tsr\C l Hl RA rLOl I LR l D|CArOR

mr sped Ner tttre!.
fu!.tr1r iA rhe rre orrur s spr

beLn mus be inmediralr @rcd rs
bm nid'num EquiEd b nliihin the ' de ortom.

> rn the c^e of.onsst mdins run Ihe carlul vabh or rhc grcurd sFed
mud be minlaincd. so d'n as dre

> It is dw.ys srf. b oveEstinde the nt ollufr mfigiidly rdid rhii trfitsr
eeimding i.. sime ir d,e ship tuns lasd n @rid b tnuc. rh. Rde of
Tun F hr rhatr trtring ro increase ihe R$ oa, trn d r L*er shge if \he h
iming slowly d rhe ininrl *age.



CIIAPTER 1TII

AUTO PILOT

l_- .:?"rl:r'r ': -

: :  c " ' "  
"  "  4  o f . i . e , . . . ,

i : : . . :  :1 ' :' ' i l - : , : . :  l l '  a ' '  r I b - ' ' h '
. by th",_isab. 

"irh 
rh. d,ip." h*,h"!

ooratrd tun gro of nlgnehc compNs. dy diffcPnce bcr{eei rhe .vo MIl' l ' i : t " ' " ' -
o l g F  d d  r  -  l h q

- - c -  1 l l : 4  " 1 ' ! d d

r f  o  , .  - g  b e  n  s , L l  t .  . .

- ,  '  . , t d  r ,  . ,  , . "  i , d . , " .  b  |  .  
" n  r h d

SEIPLIFIED 3I-OCK DI-{CILAr\'

' : i"1' *- " a. * '
- -" :  t9 ' , . '  " " ' -

, ,  , t d s a  -  n p ,  r J ,

" l T - : - l r : : 1 " 1 ' , . d . r y - f , , b . . q f n . r  "  
. s " :  u , . . , , . , p ,

o , J . o . u o  , h e  o , r

1 l : , . . : c j  : * '  
q \ i rh  t r3 . .e  i -  s ion " r . , rF

EsurBir enor!!on trom he.e rheloihrk



'rhh eror risnils n ftd b n\e ercr mtLific. whnh dso ge6 tocdback sgnak
r ooiirion rnd its noven$r. The ouiput.f

ot.dts rhe ndder. Ir'e de'nobr hxs rwo nnfts i.e. 4tIdr!(u and Fceiver
;;:,' , ," p* r

Ttdc will b€ no otrrpnr i.oin d,e coilol mir rhen tlle d]ff.rflc ber{een rhe
crcnl ol rhe ndder asutrs

DNTATIS OF COMROL Uj{TT
In oder io 'nai iin rho ship\ .or
be provided wnb d.b Flrding rhe
$etr liie h is @hl.v!d b) etedmnic .imi( nnh ihe hetp of rhe rolt.yirg
.otuoh, rhi.h foms lhc hed oI ihe .on. ol uiit

PRO?ORTIONAL CON1ROL
The effecr on sbenn! *hen ody p

otrional ro rh. ofi coune enn from rh.
.ou$ to s@. lnd the srnp *in o$nlare otr eirh.r side or nr rtqoirn co6e



Wneo iire sbip ha gone off @ne io port fiom lh.
fiem 2, m emr oc.ua dd helm hls ro he rsd b
so rs b bnns $e ship brck o he *t.ohe.

,r :
.Y,

. b5 r ! '  r h -  i . r .  |  -  , n !  i - L  i s  mo . rd  t h -  d l ! ,
sil bf md. p d ,h. !b.D 3pt o. "o e b o .  e  ' t d m i n \ h D b g ! m
r ! r ' , c L r i . i  n q  , , ,  

" ^ s . .  i p b , * h . ,

DFRIVA I I \ L 'O \ IROI

: ] l ] : " " " . , r d s o 5 0 ' . . { | "o h ' ' i h o g ' . a l 0 g ' ' a n o , d
s .  - i r h  5 !  F ,u l

mhr d*@ases md a. poini A, tho ndder vill rtun ro nidship posloD as



An iderl combinarion ol boih prot

'rher ft carain dus duc .o desictr pmmden ol lhe sllli(q +rc or die

!u!1. Ellolcl! pqn !l!! lltsrs !ns!!4cdrsqw1)lF b irr!!!!$!!LqL

- r  1 ; h  a L L e . .
Puryose. Thc ruddd Ned to cored the

.onn. v noN bc lbour rhis pemmeni helm insud ol.hc $turl midship i e

The ourput or rh$e thrcc cortmh
obhinrd divs rhe ndd*. thcrby mitrhidng the slrip on Ihe st ous.
tlcn.c thk rype or rutopilot is al!o tfc

COI{TROI;! ON TTItr PANEL
Fono*ins rE thc .nical conrok ind nhe stliDs ol lhsc Nnltols h sore'rcd
by n\e mmonevc ng.lnnccfttcs oi the ship in hq pto*nr dGpl*neiL tiri

uro pilor synm md come b bc iud l\

t ruddcrb bc dscdt .n8d d'e sLishre{
mount ol dcvlatioi tum rhe sr connr. Th. hjghd rhe serlis. the llsef the
rdder anglc uscd to cor6t r .oLtrse deviation aid rhis n.y resux ri ove.
corrcditrg. contuily if rhc sdliig i
cou^e devidion d rhe:hip wiLLbkc! lore rine to Etu'tr brhe ser.onise.
Hcic. die rnirc has to be optimnm so th( rhc ship qtrl.k y dtrfls ro rhc \cr



r h  , , . 1  " .  i .

ceicilLry dre itrdtlr tdd ounr.r nddn sdrrs {uk j; rmd.n sd har
fri! rill d.0.i(lon.rli orhar b
lhsLhemllftDdde|odfu|mNM!dop'nd|y'

Tr,. 5.hrs of rhc )r1v corr.l depel

: ,  r  "  "  '

Thr.oild n usrn trh.n dr \hip t bau Jnren off.our b! qos rnd\
Rtrddcr angre nsed shoddbe D{ !fictrm !J olf sel rtrts irin

The sricld of tlE dip de€rriii$ e
sped, as erfediv. i: rh. nddi i

d|ric. hsu' sFd ;r be rdl

. o i '

uk hdm or 10. oi y, rh$atue of 10. villb! specii&r$ dr iudderlrn r,o

nts alrn ir achvded jf fie slrip d.yirLes i.m rhe st colrse by, p,qo!oulo
rimir. lhichn fed o rhe equipnsr. Thr tihn i\ sM|y d d.l,!u3 tr me

rno ru t i ke l ynJc l i aEnom$ese r .ounc  l n . r l nwea& t rLh i s l i n t r ( Lo1vd

1  '  ' .  "  ! ' . c  ' "
uu  e t \  Lh ,  / rm,  r !  , r

'  . . d i i ! . i - r , d d  ' , -



di''etbe'jghlvisiotrorfieotriceit,l

t Alrhough rs pd |rns.rph Ll or Pe'fo"nmce sradad Lrid do*i by rMO.
ch.igo ovq fro rut natu to m[ul sbtrira or vhc vc6x n po$ibru d
my rudder .ngl.. n is a good tn dc o .hnec ron lubmdic ro manftl or
vicc yeN when th. ruddcr h hjdshlt dictr ii .4d of cmergenciA vhd, ir
mry 6e chang.n ovcr ar iy $sLc

t Rg8ub ych..k thd rolowins
r'tue$tudpcd.crhsyi.horhedddrrhemrserftn.d.r
. 1]]e se(ingof thc.orto\fte.|timun sdrdju(irq$6d.

rjror a iitread ,naNar $eedq should be Nrd ti rhe shh ov.rdomus thc

> Mdnhanlc shou d bd.rlcd.rt rs $c.ific ni $c fr.nual

> Dunrs feNy s*thtr.onditions

In ca* of modd ships on$ru.cd oi or ar@r l Scptcrbor 1934 dd above

de on rhe autopiror irer wnh drc hclp or

p is aliemaring cou6e by I |rgc lnsls virh
rh. herp or coisdnr de of turn r*h,tue, the vft e of coi*sr Eb of run ro
be uscd is fcd b .he auropilor wnh the help of thh .0 6l whm ihe drip



HchB lhe lbcel over poiit on rhe dis
aurorilot dd rh. rhjp uill er.uf n\
usiry rho co$6nt de of tum md h
$e rddq limit is elle.ive sd if !\e
desned value of re of tun can not b€



CIIAPTER IX

ELECTRONIC C}LA.RTS DISPLAY
AND INFORMATION SYSTEM

GEMRAL DESCRI?TION'rhc .hd is onc ol Lhc bsic ulutcmenb ol a navigaror d as soor a\ .ro
rhjik ih.d vlsrlon. chd is rirs thing rhar comes io his nind. Arthouch rhc
r cn3ri.ir Hydtu8ndi. o]:nrlrion (rHo) !.s founded in te2t ritb die
bah tn tu bnig $o!L thc lrcfusl po$i6h unitomir) n rll narnar.hsh
and rebLed publicarions, {he imdrdizrion of prp{ chds came rhou o,,lv in

sin.aioN, vhnh wer. .o bc usd on td
chd omdrdrois D€c1i.6 and rrqni.omnr

s (R H c) rde late. enabrhli.d (r do c

'e'nenr rof ex.hilse of rptuJuqlon ol

Dhptar ond lnforharion
SysGfrs. fhc clcctonic lhd by i6ell is m imrle ol paper chM dnplryed .r l

ir offcs lquin advanug$ oler p
eledoDic chd now in (he lom ol ICDIS beoms a powednl naugdoml aid

Thc ICDIS hs been derelq,ed t suchameed'atir.mnotrb.uscdNrb .
for hilhly ln4rded N.vildion.l Syllms (l N S). Todry lcDls r .rpable or

$ship,lPlmrednde,pcilfnIthldj

shile r p{er char hrs 1000 do. p€, sqnar inch. however |cDrs otft^
consid{ible bencfits, !iz. irs {rudrur d.u aLLows rhc po$ibilily of rc..$ni!
dehiled intondion fm emh obj

oD' monitoring catr b. c.tricd our lrom I
si.glc liir (h!r r.o oi ! disthy lnh scd$ld !c.re rnd Rxdtu ioredi.. in
rddnion ro own ship\ Cosnni db ry xlong vnh poririon ol d orher shrps aid
then movcmen{ in ftlarion tu fixed obrea.



The hasic Eq*ement of navigatioi h ior ro rclr on single posiion nxiq

Rada pnvide d,e ssotrd posirror flxri8 syncm. By ov{lrying the R'dr, /
ARPA pntufe. rhe.o,nnfinoi ot olhs' riluc in $e aea in fetdior.wi shiD
dd d|t. nred objeds sivis rd'o ou5 idvmrrse. roday mDrs conbin.l

D! rundionr ftnging rroD positioi fixiig
rd chadiig ro tudlr. hk aid 3d 'oom mo.ibnns.

IDV{NTACNS OI trCDIS OI'ER CONVEI.ITTONAL IAFER CNARTS
lfi.l.d mann' rh& n\e papel chrd rltr

mvigsto' .n do rhd slfrillrjob on rhe ECDIS ind io ficr moie th$ wr,d hs
d . .  o  I . p . .  i h . .  l l u r i  

"po  
. l . o -

cs b. do'e w hour rlre indulceme or

osition with cqiot b ns Ptinnd rmk

t rvhen lhe RaddARPA $irh ic lcDls, rage6

t rI.wo posirion lixi.! sliem & rvailable. rhe discrpm.y b.Lwm rhe
nr syienr cm be idc ified bJ rhe

e! dnedy wirh rhe hetp of Floppy/cD

ilc EcDrs iretf wirhout tler iis ro orhq
puhllsdos slicc mo$ ol lhc inforn{ion RluiFd for pa$rBc flanni.! wiil
bd rvlil.blc on dr ECDIS irself r s

rii3. vlnous ahms.m b. set aid irlny
J)lrmedh impeded, rhearm wiLL@dvrEd

nonibrd in a moE disciplined nnrcr.
si"aorhermvis ioMl dlh h lho available on rhe lcDls.

j; Aryns cs he scrivlrd b afta.l rh. drenrion of rhe oow if .i* .he ship
dnf6 beionJ c{rain linfu rinn rhe pranned tu k s wen r {hen

shit enbN cndd iPs.

diflecnt lcgs ot rhe voyase

inErfr.€d *idi die lcDrs

t wirh rial maneuvering being dom otr EcDIs, avrilabirq of sr rcom otr
rhe ne{ con! se .rtr be md y chcckcn.



Tr,e rbove rkt k ior eihlu$ivc & in
or rl'e oow is nu.h Fduccn and he c.n corcenrare rnr oi orher Npeds or
mvisnioi. Hoirvq he should nor develop rn easy soing or ldnalgic a[rude.

tetr.e ern6 idgtigcnce erc will becoir
cvideni rnd this shodd mke rhe offi.ef Dorc vieilad

ord ii Ra{tr o. v@.or tomrs. rn Rdcr
formel the rifonmtion k $ond ii pidruF elcmenr (pixett, d.h pixel h.ti8 !
'niinre conpoicm of fiu .hd imisins tth a detned olou md bilhh6s
lcv.l. Pixels to11ow iandrd comluter articeft $d m .omrlly dilned ir

r defived hy iddo or digihl sxmi,rg

b a trcsinile chd. Thr r rrso refetred to as nsd .rid disphy sysem
lRcDs). In this sysEm, rhe chd

rhe cbd. rnfoodioi cri only bc dde! in
m RrdrrARPA. cPS erc ce b€ ovfflrid

ln ve.or to.nrl d& is held as i senes of innrdion for dcfinin! and
d wins a runicuk chad fedrF. Th

oftas ihe rbiti4, b layfi i omarion ?Id
ibiliry a ro iifonr{iotr should be
j rhe vuious chrn iiromirio. G iored A

depdN. deprr, coibu6, cabl.s & pipe lines. coen|ic
idm s & sei ]uks j oator of sa hdJ.

cr. nc a[ sbFd m d ferenr layeF rid
€qunc,n.n6.f rhe us as *en 6 orlier
.m be ovcnaid. consid{able effofr f

nquircd b onpile .id chek .hc d!r. lor vecror ch
mosmins, whtre m n n rtlative\ easy or n\e Bref chrn vcc.or ch.ns .E

hin gcncft.cd by thr nen\od n .rrrd s
El@tonic Nrvigni.n chn (lNc)



COMPAR]SION SETWEEN RASTER AND VECTOR CTURTS

t Th! cnfie clrt is $oEd n odc single I'rfomarion is sored h La).n and
layu md rhe'€fore lifoid,lion soEd hen.c cm b€ dnplayed s.tcdiyery
lannor b€ dnplayal seiccdvet).

> cuioniTdion n noi posible.

> Dned.opy of c{cr.hrn

> rnlomarion cD only be rddcd.

chd ca be desisnd b per ihe

clutbring of .hd crn bc ayoided

lnhosatior for noE intbrnatiotr

zoon,jns frciliry is po$ible.

colly rid.ime onsumiig ro

Conp{niivery res menory f

seam]es crErts no! po$ibte sernnes ctEn is I unr

GPS. R.dd ARPA infori*ri.i, chr
lomrons eic cd be oredrid

herd qi h ioL posi6le. iadudiog bead u0 i ! po$rbte.

Dnptry fgsn{dion n frqq.

$fery dcprhs, enGdng Tss er s?irl, deths. enlering Tss crc.
atrn h P.$ible.

> sme sy,nboh and lotou^ as rMr symbols rM co om .s pef tHo

> Seleollhedr .amor b! chmeed tu.h ch.n.d be vieLvcd on
dtrcMr scrtes.

Zooming fac iry is mt |o$rbtc.
cha0d .nJ sinlle to produce,

wnh €.er rMo {psoval {ondutde

> MemoryFln med G higher



.hds will be oi diffcrcit s.dc.

Sime chd ir a sinsle lay{, no

witb d.vdopncnr ot ENc.
cha* willbcrh!$d onr

Dun.8 ook lhad / Eview, rll rhe

Lo$ of m inlbrmation laytr h

CtrNtrRATION Or ECDIS
rhe Elsao.ic Nav'gd'on clff (ENc) n re dahbase shtrdrrdftd {r 'o

sued by the hydmsf{hh oflicc lids Llre
ld.honry or $c goven'neri Tljh ENc hes ro be ii vc.tor lomat since rhtr
fdma. n noL sultrble for ECDIS pnip\es sd is modifiln wi(h rddition or
updaB and olhd dM ro forfr sy!.ms Elc.h.i. Nrli!,lion chan 6ENc) as
shown in fi8uE I 'rhis h.lnivde.i
The SENC mry xlso .ontrn rddit

th. neds or rhe mdiel, n\e'eby giv
h pdlagc.rid laking rprr rhe ned b rcfe' ro othr llblicdions. when r
chd is iltu dnphyen on ECDIS thc iitdndion i[hows is rhd avtlrble or

spe.ilic requneNnb orro e plmning md nonnoing bNd on the mrq rypc

hiso*nchanbydnplayineolnyghded



ddg- 'h_iF 6in nf!. ,oo' rh. i r![) HU rJb, ur q.. i d-trL

dessiin! rhe .hM ro his rquirnma.
while ds,snhs lhe chd b hir re$
rrycis of inromarion, hoaever theE n a minimum tevcl of sE]rC jnblnarion:
which csior b€ deleied tmn rhe .hd rnd rhis level n rctned rs l)hphJ
a6e. IlE u*r nui ftmenb.. rhar $n iifolmrioi h nol srfictdt fo. sate
n'vigatid ftis infdnaliu n usua|y ljmt!:t b cor$tine 0r$ waor,
n'di.ati!6 ornol&d mds wdrdmeen rh depdx. rillicrourus !yro, \,bi' ! b"r 9t I
wi\h rbe SENC is tiBi disrLa)'en, nr rddilioo ro djc $ove dirptry barr
' ' | i ' i o f | | o r U L

r o  1 s  9 . ,  o  . b o . ,  d r r i F . o  , " l J  , d n t - . ,  ,
hibGn md relrided &as, .hd sc.te

bourdanc, ind indicatioi of cadior4 nores.
Additionaly folto*ing i|lomrdo, which i dso rvaitabte otr rtr sENc crn rre

obs, ENC edition dab, td con{uqr q4!,
seodelc &rum, msmric vaddion, srsriclte md pl&c nrmes.

; , i*



Tr'ft * @nrin spsial fts. rhich rhe EcDrs should dor4r ed providN x
vsual / audible al!'ns if rh6c &$ m mpeded duin! pdsrge ptrmiiS ind
nonitorins. TheE &c hfic sepmtion 4ns, rdlic rcuiins sher,e uu$!,!
or rund abou.j hmc routing sbenc prequrionry 3ft4 .wo vry .afl.
ronds, dcer water muts, Honmeidld trillrc lmeq tNhre r.1ltc zoie.
ftimy. ririced ma crutiotr rrca, offshde soducrioi are, mas ro h.
rvoidsd. niliray prdne m4 sclplde landing mq subndine rrnsn hm i..
rc4 chmel nshing, srouid, fishing pmhibiredj ptpcline reaj caos {!a.
anchonge cq amhonge tohi6ned, dtrnping eronnd. slo gruld druds!
reA crso Mnshcmci! :rer, indnernion rrer rid speci?Iy protected arch.

STAN'DARDISATION O[ EI-ECTROMC CII{RTS
sd.d*dization of electonic chrfrs v$ x vdy omplei pnhlch one si'gle

trdioi cov{ing ftas orrcsnoiibih} or
diffcrd hydrcsnphic need for shblhhin! Rerioml
Eleclsnic chrd Drb B6e (R!,CDB) amse, lerding ro I norwo* of natioml

The RFICDB had to 1ay do"n
j; dre sond.rd lomar of chd featurcs
t fonmr fo. ex.hnec of dara beMeen hydmenpli. olfi€s dd
> fomt fof updati,,g l.gioilt and ship\ drh br*.

spei:iized job r''d the Esurr hs b b€ r legd eledroric .hd. r\s tu h rhe erd

pfvisiomr nedomai.e sandrds rn 1939. rn 1992,6e lHo hrd devetopd
@hiicll shdlrds md spe.ircationsi nhicl,3rc b be used in coijun.rion xrh

317 (re) $d adopted, 'hq.rrr-

' Pmvhioml S0olficltions lor chd content dd dispky or ECDts S52
t Repon or th c IHO (COl) workins sotrp on updati'rg $c clermnic cltr

> Povnioml color md \ynbol specifi.diois ror ECD|S S 52App2
> clo$xry ofECDIS rel.Ed rems s52Appl
Arty dsbnn misdloml .h&. nor medins rhe landrfds 3, iaid do*n nr

(3lr) L9 of lee5
c$lmioi !1so dadfies thd EcDIs *idr adequaE brkDp dransemeni may be



ln 
-Dc(mrer 1993. rhe tMo rdopEd amcndneiB (rf Tl / ourJ b rhe

I ', ii.:-:.:l ,1f^' " ,
. m n d  i h -  T "  i  -  n  , n e ,  . i k .  o , .  o r i , . , .  , o , t r . q

> Rour planning ,nd noinonns
' 3 i n r  , r . '  ! o  r o

" . . 4  - .  _  i  " . ,
::' l 

xoud '6'

! : n  i .  u ,  '  i ,  b - .

: : :  : : : ' t ,1 ' "  -
: l : " 1 , , j .  I , f  o n  \ . . , !  , & . r . , d . o b  f f . . , \  i r . . ,  -

' 1' . :' ),r-

' v-d chd3 cm be intumsaE

l .--l l Y l "' ' '  lb'r , ' n e . D . r !  r B : r  r q i , , d

oeBr\ ft nr!.enr r ir\ n€nirry
'  

: :  : : . " .  
- '

. ,  p , ,  d . .  o '  f l r ,  d ; , -  1 r  o  t i , -  , u , g  i h -  , r , t i "  . , "F  r L

r  \ ' l  ' r ) " 0  ' i
rid Iner'&r. p e&ing on,hedrnt,, ar be.oftded



Posirior of lie ship .an bo diErly plokn md .onrinuo8ly noinored trom
riy posirion nxins syiem like GPs, DcPs, LoRAN c .tu Iindn4p€.n

e ship noves. Any rrilurd ol rusnron
fixins s)'sem is indicated by almr
$ spddric! rhen the posftion tuine ch
Positiotr fliiis .m aho bc dorc by Radd ,nd lor this pr4ose a nred objed
h rdemired hd &qui'ud b) rhc A

Ar olrlo. h prcvidcd tor firing 6e porition by t*o diEarent sysE ns so sd

posjtion fmn my one of the rso sys
o5siblc and hr $r puDose vs.s

syi,boh 3dd .orour .onbii,dos arc Svsn
\,irc .ro '.! !o . -1sf-

priorcibdngdirilal rEh dc Dd even

.rtr be ameided whiLe di. nr*lgc h il ptosc$.
rhe olou ofihe dispky cs he rdju
'rh. wdwoinl trnldi for .he racn! tuu6 or tu any oth* ,orte plamtd .ri
b. disphycd 6 lnd tr hcn ruquncd
'rhe iifonmtiotr non ARPA cri b. sll.n po* on ihe drn Dd therby
.ntlc.L 'ndiocuyr ind an.hdins slc can be plrnned ro Oecisiotr T,;

Sjic rhc SENC is d.ligid oo thc bsn oI en.in scrle ,dtoLrndr\
d+ridiigor lhc sr.xr vhich suauy is donc, ilrhechd n nsed r aml!
not .ompdi6 c ro thc slalc of dlrisn. a yi$ vming n siv.i oi di.

'fl'e feiuft or ?nom h rho lo$lbLc on thc ECDls. Unlike dr msritJii,g
glas. on zmm vc !!n scr{( r cen
*hich rrF noi av.ilible o. rhe no

De\istriig .f oni chrft h p.siblr vh.rby ur(lesiEd ir bmation is rake I
or| thc rhan i.d hmlc c]ursing of inlomarior n avoided e e ir mmcs of

cD be hketr off lnc disPtiy. simitdy
deoh mtrbus a'd deprhs beyd'd I cetui" stccificd minimum depdr crl

ll rhc dcp$! can be bler off rhe rhd.
cbs can [ke rsry deprtN aborc ]0



n'.hs. bur a lishins bod wirh a dtun of onty 2 !o 3 neds w be mo\

bL d$'gned ro $e rquicfrenb of rhe !s{.
> Mos of dre abole feabrs {c nor po*tht. on msd toimt .f .bds. !!i!e

rholgh nd sp-ificrny maniored nr ftlolorion (A) 317/ 1995 ofrMo. only
tu ECDrS sin.e ihey *ouq 0u{ ne

Rqu'En.nrs r lriddoM in rhis {sotution Thn did io. go wer lrh lre
D '  n  r ' t m r f :

. h - l v o , h . . , i r

An) eledmrjc chtft systen q,hrh does ioL Imr rhc rMo spe.tnca6o's crnnor

, D t .  i  l l n
r|eolic{'onsof IMOaspef aoturionm (A)3lr/tqr5.andasrhended

Fguf:l shows I smll ponion or.he EcDJs picruf ror sing4{rc a?l

innnaied hcrov rlris. Tric ta!tude sd longrtude j.g.0f l]. L5 N rid 103.
50.33r E respecrirely is obhiil.d rim cps. Thjs posiijoi is indicaco on me
d[,r a1 p rheE drc single amr hcd indi.acs dre coune $e.rcd i.e. 069:].
{hilc rhe dorbre aro* herd ifdtc(s dre couBe mrde :rood i.e 055.5o otr jc

i ,  ' d ' r r ; p . , o t .  I
Oi Lhe Itght hdd side beldr lne ship\ posirior, rtc ome ai(r !!!sq nHoe
Sood md !.crcd G 'idi.a.cd. Ttie sllnJ drifr I ven rs $e dep$ d. dso
displrycd. Ar dre borom nghr lml comer lEC1OR rrXED neri\ hat s

u . , ,  - ,  t m  n , r n
dLrgo.al mee s dnphyed oi rhe cRT rid t:30,0oois rhesoLcofusq,&

ictr .rn be slc.rd bY dirT{e { ! s !!
AHI - {D .  ROI  t r .  / ,OO\ t  - .  - . , n  '  . ! on  B ,  ,o  ,  r ,  t r  ,  I

nsu ru'tre phmm! is dm8 Bv slediig ARIA n8nq all rhe a.qujrd k.g.6
*r $parnpo$d on the EcDls md rrc Imked At, A2 et . as sb.*n jn ng I

ubn-  ,  r . r s ! r  bh te ,ks ,  '  pq ,
' "  d  o r e  h  ! . 0  ,  ' - b  o n n  i , , r  ,

hc ca m. moddy d'. lhd r pn his FqiEnenrs !g coilider ttr. lhd
romdion aE dispr4;d n rh. ^_ m$



atiotr. such 6 imo ol ihe places rnd depth
ittbc!ho{i in fisuF 5

c.necrion oi Flopry or cD to update die
Th*e {ould br rv*l$. ro rh! nivilfor ody D pon:

n ofid.i..s r. mrnn{s ror prper chr'h
s ir frilirib on tine chd .ore.rotr by

di'€dry i,re.fr.iis d'e EcDrs equipnHt wirh sM rc comu.icarion sy$em
rhci rh. thrp is on her yoyige. Tre later

corccrions In. p.p{ chrns/EcDls r
enb.otre€dm ally*mvhd'hesbipisMiring'

,tcaved by llte NrYri tucifr rti b.

,m.y dd c be flhlrd Nridi tuqlnql
rc ,€raiied md cdi b0 dcl.red b), nie

c nc n. toigf rcqnnsd

IMEGRATION OF RADAR/ARPA PICTURX !! TH ICDIS

Tl'e advanbg6 or overl"Jins rhe Radr/ RP,\ ptcl!.e on rtu ECDrs rc

or.meir & drendr ol louAc crc .atr

t Althou8h $c R&h/ARPA pi.rur h ovsldd on ths ljcDls. the posirioMl
inpd ol lhe ovn ship rotr{i.us ro come fmm GPs/DoPs, urles mr eri.r

ihat it c be dirrftnrla. fnrn chd

e rc.o'ded ard {orcd so rha( I crn b.
rticrcd & rctLrycd xs lid trhc( rcquinn. Thae Eords cm be nsed f.,
invalig{ion a hinins puaoY\
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CE{PTER X

INTEGRATED SYSTEMS

'Ite rdvrnccfr.it d rdrphbiliiy or hish pold hi.o . troc$on i. d'3
m l r i nc i ndusn fhasMde thg lon
ftsliry. Auro,uti. contol sy$qis 6
*iihin limit have b€cn ii .xkbNe
{atdr t*pins ofi4r b hrve d,e ovd,ll contol of the ship\ ropulsion
slnen, in addition b die mvisationul ontuk. Ite clisili.arioi socichcs
dsicned a ditfeor cl6s ro fiB me ol ship\ viz. Unnn.cd Machn'cr)

DtrVELOPMI]NTS OI INTEGT{{I ED NAI-IGATION SYSMMS
widi d,e advmcment ii 8CDIS rn
Idegnred Nrig!.ioi conrol (INs) ha aciuilly conc iib citucnc Aldrongh
tnb aDd Fsearh m stiu pnssq if ple*nl iidi.arioi3 b go by. d'e INS
will be nrd on boeJd mch L$er thd the so.tar4 .an lbink srJou. i4
implemenhiio. The system prcniss iryrursnedt in navigldonll sarciy.

I shjP\ opdson s I tuis|ort uM i'
buliry. The lNs *in help n Enu.iig rl'. rdoL of hu'm ercr in caNilires

The h.in tatn€ shi.b h|vc u1.ibul€d in nNkiDg rhe INs a rcarfty ,rc
> Thc developmmb or EcDls whi

in .he lield or nicm
t Tte developmcn. orGPS crpable ofconrinuously ptuviding highly s.u rc

t 'I]rc &lvdcenent orRadr hasod ARPA sysbms {irh crpabililes like lral

With th@ r'cilitiG it brdde f6il e to intudnce m INs rhich t sprblr

> Continnously Fe*ntins the sbip t 0ositiotr on Eledooic Navisriion chtnN
'  e ldo .  o  re 'oom r " i l dbh ;o  b  ' l ' t l sn rdne ls 'dP ,d r " - '  o
supenfpo*d (i e. mD$) and

)i Automatic prcg@61e ship\ shnis canbl





> Antondicmunealentiminaed de wnh p1M.n hact ad

Tte INs retrded as ao impotu! pat ot full ship automtion sysEn with
inbf&e heins ptuvidcd for dah eichsse

INT'EGR{TED BRIDCtr SYSTEMS (IBS)
IBS is basically..ombidion ofINS aDd oihd 8hfu board slscms. almed at
ireaing s.fc and eriicient lruaglmnt of rhc shil' reduii8 work lord,
prcvidins enralisd co.nol md r btack box ie d.h reddi4 lor l.tr
aMrysis. Ir should bc crprble or b.ing ol being opented 6y N'iuhly qualificn
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Th. IaS shduld indnde the follo*ing (my lwd s Fr rMO)

> badins, dischtrSing dd dgo codol aDd

TXrs sysbm will ilso be b6ed on nodules sd g@any ftjlE of ay om
nodrlre should nor alfd rhe tun.lioniDg of othtr hodules. utc$ ihey ar
depodmi on rhe jnfomrion pnvid.d by rhis defective modure.
the eluipnent shourd b€ usa fiiendly, glvjnS plmps b rhe user s e! wnen
'qn1ad. Ar,lm shourd be polided b indjce dy m?rnrdionin! ad shdtd
be gEded ro jndicrb tle oder ofprioriry. cereBlly visud ed {dible ilms
e pnvidal sd audihle so* off es soon s achowledge4 whire visu.l alrn
otinues tin dr naltunclidiq ; Hiincd.'lhe baic dilfedc be.q@n tNs sd l3s is ihrt rNs is a combinalion of
naviS.tdd dda md sysetu idemnnect rl b etrnsc safe md erfi.idr
novemci. ot tle sbip, *hft6 IBS iDreuniecb vaious on\ft syjens dorg
*ith rhe INs b inftde L\e afficihcy in ov*dl msagenent oi.he ship. ti
fiis smk dr. INs is sp{inc in il@ *hne I3s b6 a mor seidarise!

vidc aolurion Msc.6a (6?), ldopred
rtomn.ndlrioN of lerromame shdrds

in D@'96, n\e IMO hs issued
tor IBS aDd stodmb e advised ro



CIIAPTER XI

GYRO COMPASS

GENERAI- INTRODUCTION IXD PRINCIPLE
Th. tundion of gytucdnpss eqnipnent
di€doml Efeencs wnh repet b he gsgnphic nonn ftis dircdim?r

avig.rion N ren s fd orher equinmht
pilot, Rad.i ECDIS eb.

T]la nuclens of rhe et toompas equipMt is m elshi.rrv diiren Ctmsope
*hich hs I heaw -.I bdd@d uh@t sdnnjng ar a hien EE, abo'e 20.000

(RPM) md hs iie.dom or nove.mr r free
out fts spimins *h (A), ia vdjcil ms

(B) lid its honzoibl .xtu (C) s rho*n in 6s!re 1

ai dre cente of gsri.y is r! the poinr of

fte ronoxins prcFnis or srmlope plry m inpotutr. rolc in .he opaarion of

t Gytosopic India or Risidiq, in spie ad



It is lhd popcry ar a sJro$op. vhich
spu itrespdi'e or my mvelrHr md b Esist my foc hdin8 b ton ib

Trje propeny ol ejrcsop,c inenia is
winh i.t be ar m dgle to rhe hdizonral
brirging me spponing bse to the hoizonral pdsition as sbom in nsuE 3. The
origiml diEtim of the gjrc ane is not albrn dlhoug! the suppdins hase is

It is rhe msrnr displac€mnl of rbe spin dis of the $ftsFpe whe! a brque is
applied to rbe slcdpe. Hdc. when a 6rqE h oppli.d b fi spin dis lho
resrntins novelrHr xill be in ! di@.ion ar riglr angl. b .he applied bqoe, the
mgle b€iDg msuEn in ihe didion of lho lpidning ah@L
'Ihe pmp€ny of pltesid is illuh@d in fuw 4 vhi.h shows i\d whd i
fore T is rypfien b sdn axh tu rop. it dos not move ii !h. dncclion of tho
eppued foc bd mks d {shl msre
vbnh dre spin '.is *i pe*s sill d.rcdd on 6e lolowing f&bs

> Dircrion of L\e spin of LIre *hel

> Tne p.int d vhich dE rore is ap

> Tr'e dirt.tjon in uhjch rhe loc is applied



toEe T n aplned from bp and the dnccdo of rhe spiming wheel n do.krhe.
the foEe is apFdandy tdsd by 90'in lho dietion of spin or ihe *heel d
$m nade clle.iv., hcice d'e spid dis {ill pd*s loe&ds P as shown n

Heic. whs n\e rofe n applied venically, rhe pEssion wi eke plre
hodbnblly. ff nhc sme force is amli.d rrcn boron sd rh. spln or .he {hel
' '  M h  e d  . l o . I  !

simniny vhfl .h. fd.. k rpplied hoiz
venically s sbowtr itr figure 5



N^e -Tre di,slffe. emt,ftoD or be ft*Jo I btrg i, , dEq oI{ rmo h sppM rorq@ is givd in ftae 6a tud 68
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'Iic moremerr of rhe sFin ais ti JiHdoi ot ziNd n .aftd rs dm.



The rure or ii]l md &irr n given by rhe iomul.

Tilting = 15' Coslditodexsinezin

Dnftidg= 15 Si^.latitode per ninub oftim

Asoning thc eJrc *is is iniirlly p
vc knop it will ble ore sid*.l day !o conplere on. revolnilo. b ttun to
sme positioo poinrins E$!$dds, $e pdn tcd by L\a Noril md of n\e spin
dis of a iioe gyrcs@pe plcd in Nonn h&ud€ ininily *1 pointin8 in
f,d|ards sho-i i" figE 3.

'4"

,i

coonder ihe Sytusope at poin A p
L\e ddh to6.ei rclariely the gynscope dh will inciea. in tih & ddft rid
fonow lhc cure A, B, c md D. Ar B the drifi will bc zrc and 8yo {ill no{
only lilr As the $rdr continus to bute, lhc dnf. vill ioF bc jn oCp.site
dncdiotr rill p.iot c when rilt i3 ftdifrun Fom herc oismls the tilt k
rdocitrg rnd d point D, the drili agdi b-ores Erss,irs b m'npleie n\e

A gFoscopc plred on n\e eitMtor *iih ih ,xis pointing Eddvxrds w,rl
expsiencc oily tih sd no cbace in uimulh, whilc a 8ys$opc th..d { .hc
pol$ wjrh irs uis pointing Edtwards will cxtensc. only ddft sd no tih ff
lhc gymsope is plcd oo i\e pol6 vnh .h. sis poinring Nordieny. $et vill
br tro dlt ad dnri wirh the rodioi of the srth. bui li will e ibh rtuotsLe
efied {irh fts dis poinliig towrls .
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Tre pdh ol such r synsope as ra€d by ifs Nonh end *hen dre eyLosope is
pla.ed in sone Nd.h lattud. will be s shou s figEl r. Simildy ir rhe gyo
$ope is ph.ed ii some South latitudq rhe path t@d by n\ Ndh md vill be
4 shosn in figuc 12 rnd vhetr pkced otr equabr h wil bc d shown in tigure
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MAKNG GYRO NORT1I SEEKING
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Tr'. mount ol otrser ii SC.n] nrk xlv Gyo equipmed is 3lm d sno{i rn
risE 1,1 dd tne ftce or ihe Nonh end or dre dn win nov bc b sowtr rtr
nsre 15, fimlty sediDg doM in rh. nendim. 11r bakup of roft ri he r*o
dn4iios is d shown in frluF 16. wj$ Ef@ne ro fr$ie 15, rhe amptitud. of
erh ccillarion n rducdl b lBi of dre previous dcindiotr md rhereby
Esulting in rhe u.is tnat\ senling doM in ihe 'ncri'tian.

I

e -^- *^n

t\



A gym6mpa$ lla.crl or ! ship will behNe a.d s.tle down 6 cxplaii!:l ahove
Nhile rhc ship is sbtiomry However *hetr rh. slrip is novine. .hc cous. and
p ! o '  .  \ , n B F 6 '

bdruse rhe eiih mhb nom west ro Ed. and rhe movemeni of the sbip in
Ear wei dnecdon only adds or sdblEct lroh cfrh\ rurdional spEd.

ybe 'T innonbedy l i l i i ss theey [b
pHss rowards w6r and rhcaby $.nc, war of rhe doddim. sinildy on
souL\erly cou.e i! *il | *aLc Es. or $. ndidlai 1 hc snor will increhe *irh

"if'
wnn deEnce b nsuE 17, ov is rhe .onponent of shipk coufe md spccd ii

ent n're novment or diih ii uiir (in..

when ov equtls b zetu, rh. gro.o
Itljen ship is movirg dnd irs conponot in nonhedy diEtiotr is ov dr
Fsulbr ol ov and oE is oR, rhs gyd ompas $in stde 90' rwry rmn oR
i.E. oN , bcing wcs or nsndiai oN. Ite egle N'oN *ill dep€ or oR md
rhis ii @ depends oi @npoici. Ov i.c. omponent of ship .oure sd sted
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t Couse 0d spad or rhe ship

> l-atituL sinca hiPjrer ihe latiiu(le, snulld &e dht btadmd speed and

hs@gHeleffddslnp\sp*d

DAMPTNC OR LATITTIDE ERROR
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'Ihe ldor of lditudc md speed con'dion 'd be *orked od in r m'hendtrd

i truk ad *t on dE gtro equipnmt latitode dd sp€ed sot'ng so rhn de

sylo.ompds ses in mdidiai


