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To carry out any activities at sea one needs to know how to fix
posit ions, set a course and measure the distance- In the area of f isheries,
navigational knowledge is obviously essential. For instance, when a fishing
boat is preparing to leave a port for a fishing ground, the planned sea
route (course) nust be drawn on the charts,  and the course in degrees and
arrival time at the fishing ground must be decided.

After leavinq LhF port ,  posi t ion f ixes a(e laken during coast inq.
Eventual ly,  terrestr ial  objects to f ix posi t ions by vr i l l  not b€ vis ibte,
then positions nust be fixed by means of observing celestial objects and
the use of electronic navigatlonal aids, in order to reach the fishing
ground anal to navigate safely and econonically.

When the ship arrives at the fishing ground, she will nove in
pursuit of fish schools and position must be checkeal on the fishi4s sround
chart in older to continue effective fishinq activities. On the other
hand, when one sets-up a stationary trapnet, a ptace to set it must be
carefully selected and the position and alepth of n'ater measured beforehand.
This is so that one can design the net,  i ts s ize and constxuct ion, accorat ing
to the depth of water and place it will be set. Also when one sets-up a
conservat ion or prohibi ted f ishing area, f ish shelter or ai t i f ic iaf  reef.
one has to determine the cor.rect anat exact position by latitudes and tonqi-
tuales on a chart and set seamarkers in the water.

To carry out the aforementioned activities at sea, there are many
devices and instrunents which can be used to f ix posi t ion e.g. sexrarE,
divider, protiactor, triangle ruler, hagnetic compass, gyroconpass, chrono-
neter,  radar,  echosounde!,  satet l i te navigator,  toran receiver,  decca
reseiver,  ornega receiver,  doppler-speed 1og, sonar: ,  direct ion f inder,
xy-plotter, course recotder, theodolite distance meter etc. These devices
and instruments will help you fix position but, first you have to know:
lthat latituales and longitudes are, how to express ship's course anat atistance
to be txavell-ed; what difference of latitudes and ]ongitudes are; what tines
of posi t ion given by ter.restr ial  objects are, the celest ial  boal ies, holr  to
observe and neasure the distance and attitude of landmarks, how to neasure
the altitude of heavenly bodies, hoo to oper.ate electronic instr.unrents;
i^'hat index error, cluononeter error, variation, deviation and conpass
error are; how to check and select marine charts for navigationr how to
make your own charts of fishing gtounds and the topography of the sea-bed.



wlthout navigational knordledge, no one would undexstand the
positioning of fishing gear in the water or information given by a
meteorological agency so[cerning marine weather. Such knowledge rs
inpottant to fishinE boats in ensuring that their activiti-es at sea
are effectlve anil safe. Navigational knowledge is also inpoitant iD
understanding the inlernational Laws of the sea such as: "CONVENTION
ON THE 1ERRITORIAL SEI AND CONTIGUOUS ZONE" and flCONVENTION ON TIIE
HIGH SEASi ard thus preventinl troubLes \rith other cormtries.

Trainees leahing NAVIGATION at the SEAFDEC Training Departxnent
tri1l receive lnstruction and gain practical experience, inclualing ship-
board training. During the course, it is recc|mendeal that you practice
by yourself both at your alesk anal while on boalal the training ships,
especially since we have only one year to complete the course, and onfy
practice makes perfectl

Thank you.

q,@*
llastetfisherman anal

Instructor of Navigation,
SEATDEC
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COASTAI NAIAGATION

The earth

Nine planets orbit the sun' the inner four planets, Mercury, Venus,
Earth and Mars, are mainly solid. The next four, Jupiter, Saturn, Uranus
and Neplune, are large and rnainty of gas. The outermost planet, Pluto, is
the oald one out, it is quite small and believed to be solid.

semilnajor axis =
Seniminor axis =

a '  297

6378.3480 kn
6356-9119 kn

- f lat tening )

Fiq, f .  The earth
(El l ipsoid)

The earth is one of the planets in the Solar Systen, the third
farthest from the sun and the earth orbits it in 365.24 days. The earth
rotates on its axis in about 24 hours. The earth consists of tlEee najor
parts, the core, the nantle and the crust. The core is mainly made up of
iron anal nickel ard gives the earth the nagnetic field and tbis is the
cause of varlation and deviation of a naqnetic cornoass.

Oceans cover about 60 per cent of the earthrs crust and the conti-
nents cover a.bout 40 per cent of it. The ealth has one satellite, the moon,
The rnov€ments of tialal currents are na.inlv under the effect of the noon.

Basic Definitions

A GREAT CIRCLE AND A SMALT CIRCIJE

A great circ le is the l ine of intersect ion of a sphere and a plane
through the center of the sphere (Fig. 2).

This is the largest circle that can be drawn on a sphere.

The shortest line on the surface of a sphere bet$een tno points
on that surface is par:t of a great circle.

On the spheroidal earth the shortest line is catled a geode'ic
( E i g .  2 )  .  P r  -  P 2

A srnal1 circle is the line of intersection of a sphere anal a plane
which does not pass through the center of the sphere (Fig. 2).



A MERIDIAN AND THE PRIME MERIDIAN

A neridian is a great circle through the geographical poles of
the earth. Hence, aII meridians meet at the poles, and their planes
intelsect each other in a l ine, the polar axis (Fiq. 3).

The term neridian is usually applled to the upper branch only,
that half fron pole to pole $/hich passes through a given point. The
other half is called the lolrer b!q4q! (Fig. a).

The prine nerialian used almost univelsafly is that through the
original position of the British Royal Observatory at Greenvrich, neal
London, U.K. (Fiqs. 4 ani l  5).

(3.)  Ihe equator is the terrestr ial  great circ le vlhose pfane is
perpendicular to the pola.r  axis (Fiqs. 2 ard 4).

r t  is midway between the poles (Fig, 4).

A parallel. or gggll9l!]i-l1!${19 is a circfe on the surface of
earth, paral lel  to the plane of the equator (Fig. 2),

It connects all points of equal latitude.

The equator, a qreat circle, is a liJniting case connecting points
Oo lat i tude.

Th" p919:, sinqle points at tatitude 90o, are the other limiting
e. A1l other paral lels are snal l  c irc les (Fig. 2) .

PoEition on the earth

A position on the surface of the earth (except at either of the
poles) rnay be defined by Udo magnitudes called coordinates (Figs. 5 and 6) .

-  2 -

Those customarily used are latitude anl longitude (Fig. 6)-

A positlon may afso be expressed in relation to known qeographical
posit ions.

6) r,atitudle (!, lat.) is anqular alistance fron the equator, measuretl
n-orthward or southward along a meridian from Oo at lhe equator to 9Oo at
the poles (F ig.  s)  .

It i.s designated north or south to indicate the direction of

q.,,
the

a,
of

@

o

The difference of latitude (D. Iat.) beh,een trdo places is the
far length of arc of any neridian between their. paratlels (Fig. 5).

€,
anlnr
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It j.s the nurcrical difference of the latitutles lf the places are
on the sane siale of the equato!, altd the sulr if they are on opposite siales.

ft nay be alesignated north or south nhen appropriate.

Exercl€g I (!'or solutlon see Flg. 17)

(L) Determlne the dlfference of Latituale betrdeen two pfacesi

alepartur.e fr@r 18o - 5O!O N.

arr ival  at  340 - 18:O N.

(2) Detennine the D. 1at. beteeen tvro pl.acest

, iAh'rr i , rA f-^"r  160 - 26:5 N.

alr ival  at  2oo - 46:3 S.

(3) Deternine the latitude of a!!ival, when a thlp salls
northrartl flcar the tatituate 75o - 2614 N. and difference
of latituale is 259!4 nautical niles.

(4) Determine the latttude of arrlval when a shlp aails
southwaral fron the latitude 5" - 36!2 N., and the
difference of latltude 1s 586:8 nauticaL niles.

Lngifirde (1. long) is tlle alc of a paratlet o! the angle at the
e between the pri.me neridian anaf the neliilian of a point on the eatth'
surd eaEtlrartl or westearil fron the prine merialiaD through ISOo (Fig.s),

It is desiqnated eas! or wes! to Lndlcate the ilirection of

@por
neir

Itle alifference of lonqituale (D. Lo,) between tlfo pl.acea i€ the
rter alc of tbe IEraUef or the snaller angle at the pole betreen the

meritlians of the tiro places (Fig. 5).

if both p1.."" are on the.sahe siale (east or west) of cree rich,
D. Io. is the nu$erical difference of the longltudes of the lvro places,
if on opposlte siales, D. L. ls the nunerlcal surn unfesa thla exceeds
l8oo, when it ls 36oohinus the sum.

$te distance betireen tno meridians at any parallel of latituale,
expresseal in distance units, usually nautical niles, is called tleparture
(p .  Dep , ) .  (F iq .  15 )  .

rt represents distance nade good to the east or we€t a€ a ship
proceeils from one point to another (Fig.15).
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Its nurerical value between any two Feridiana decreasea \ritb
increased latitaale, while D. L. iE rumerlcaLly the sane at any latitude
( F i s .  I 5 ) .

Either D. Lo. or Dep. tnay be tle€lgnated east o! west wh€n appropriate.

Exercise 2 (For solution see Flg. 17)

(5) Determine the alifference of longitude (D. Io.), when a
trawler departs friom the longltuale l35o - 3O'E and entls
its journey at t,l5- - 16'8.

(6) Deternine the D. Lo., when a lonqLiner starts flom 164o - 2A'E
anal ends up at l74o - 13'w.

(7) DeterDine the longltudle of arrival, shen a g.rrse-selner
starta faon the longituate l37o - 2A'8, anal proceeds 354'
east l raid (  that is,  D. Lo. j .s 354') .

(8) Detenine the longituale of arrival, when a fishery lEtrol
boat stnrts frdl the longltude * - 27'E anal proceeals 425r
westward (tfBt is, D. L. tu 425t1.

(9) Detennine the D. Iat, anal the D. Lo.

.  c.  34o - 26'N ,  -  ,  9. .  160 - 5?,N ,a. L,epalcur€ t l. t:g" _ 39,W J arrlvar t l. I52o _ I6,n ]

1, I latltude, .l ! Iongitude.

o  r 8 o  -  4 2 ' N  r  - - .  .  . ,  r  . t .  1 3 o  -  3 5 , s  r. b. Departure t i. i i" _ ;;,; 
j arrrvat t i. i io _ ao," ,

(1O) Determine the posltlon of arrlval.

a. Depalture t l: ,i]i - llii r .n*" , 
B: Il.= li?:i

u. oenarr.rre { f' ;3: ig;* } where : B: fi. : Eil:i
c. Deparrure t I li3 _ llii I "'n.." , l: Il. = lil:i
.. Deparrure r i: ,33 _ !!ii I ""*" , l: *1. :,BB:i
e. Departule r i: .33 - lli| r *n... , 

l: Hl. ='il:i
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(11) Distance, as customari ly used by the navigator,  refers to
the lenqth or lhe rhurb - I ine connect ing two places.

This is a line making the same oblique anqle with all
meridians.

Merialians and paia1le1s {incruding the equator) lrhich a}so
maintain constant true directions, nay be considered special
cases of the rhunb t ine.

Any other rhunb line spirals totrard the pote, forming a
toxodrotnic curve or loxodrome (Fiq. 9) .

Distance along the great circle connecting two points is
customdri ty desiqnated "he great circ le distance.

(12) Speed is raLe ol  moLion? o( distance per unit  of  t i rne.
A knot, the unit of speed comrnonly used in navigation, is
a rate of one nautical nile per hour, The expression "knots
per hour '  refers Lo accelerat ion, not speed.

(13) Direct ion on the ealth

The course is often desiqnated as true, nragnetic, or compass
as the reference direct ion is trde north, nagnet ic nolth,  or
compass north, respectively.

Course nade qood is the single tesultant direction from the
point of departure to the point of arrival at any given time
(Fig. 10) .

Cour.se over ground is used to indicate the direction of the
path actually followed, usually a somewhat irregular line
( F i g .  l 0 ) .

Direction is the position of one point relative to another.
without reference to the distance between them. In navigation,
di.ection is customarily explessed as the angutar difference
in alegrees from a leference direction, usually north of the
ship's head-

Compass di iect ions (north, northeast,  south by west etc.)
or points (of 11lo or ;| of a circle) are seldon used by
nodexn navigators for precise directions.

(14) course is the horizontal  direct ion in which a vessel is
steered or intended to be steered, expressed, as angular
distance fron north, usually fxom 0000 north, clocLrise
through 3600.
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In making a

or 1800.

course line is a line extending in the al i rect ion of a course.

convenlent to express
south, ttEough 9Oo

horizontal direction of
and afso the path of

conputation, it is sonetimes
an angle fron either north or

(I5) lYack is t}le intended or alesired
travel eith respect to the earth
intended travel (Fig. I0).

In lhis case, it is designated course angle and should be
properly labelled to lnalicate the origin (prefix) and
direct ion of measurenent (suff ix) .

N 1600$ (= co. 2OOo)Thus, N  4 5 o E  ( -  c o .  o 4 5 o ) ,

S 26oE (= co. 1540)

wnen neasureo tnrougn yu- or lau_
it is called !994!9-9!919, wlicr'
to bearinq as course anqle does to

(16) Headtng is the direction in which a vessel ls pointed,
express€d as an$rlar dlstance from north, usually fton OOoe
north, clocklrise through 360'.

The tlack consists of one or a series of course lines fron
the point of departure to the destination, along which it
is intenaled the vessel will proceed.

Heading should not be confused with course. Heading is a
constant ly changing value as a vessel osci l lates or yaws,
back and forth across the course due to the effects of sea,
eind, ard steering erro!.

(17) Beartng is the direction of one terrestrial point fron
another, expresseal as ang:ular distance frcun a refelence
direction, usually from OOOo at t-he refetence direction,
clockwise throuqh 3600.

flon either north or south,
has the same relationship

ggg5igg and azi-oluth are scinetimes used interchangeably, but
the azinuth ls better reserved exclusively for reference to
the horizontal  direct ion of a point on the celest ial  sphere
fron a poibt on the earth.
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Fig. 2 Circles on the Earth.

/1"1/.
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XERIDIAN PT,ANE OF POSITION 'tP'

OF GREENIIICII

GREEMICII

CEMfER
OE EILIPSOID

INTIT1JDE OF

( N '

I'NGITUDE

r i g -  3

SOUTI] POLE

Reference of neasurement of Earth.



NORTII POI,E
,, .- ALL reltdta.. n.t.t rh. pore3

GREEMICH

f f i  =e

The equator is ni.tuay
Detreen rhe poles.

5 R- lr neiatane m.r .t be Foteg
souTr{ t!ol,t;

Fig. 4 Merldiatls anal poles.
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Fig. 6 Position on Earth

Fig-  7 The posit ion on a chart-
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Ihe angle at t-he pole

Longitude 3O(b.

Fig. I Longitude

X Ex?1ain the longitudte of p2

c of Paral



F i g .  9
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\ 
= r'xooRotG 
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A rhumb line spirals tonards the pote.
forming a loxodronic curve or loxoalrohe
except rneridians anal para11e1s.
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,?oo

'. 5oo. {4100-3600)

2toq

\r ag. rr)

= 2ooo + 2loo

. 5oo, (4100-3600)

-zto9.

- 50o

True Bearing = Relative Bearing + True rbading.

^ A relative bearing is conveniently neasured rlght or left from
Ov at the ship's head Ehrouoh 1800.

5oo.  (4too-3 ",d

9"
,/f
"r,/

reoo
(Eig.  L3)
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Depa:rture

NP = North Pole

lat i tude is
The distance betvreen
caf,led departure {p.

Fig. 15

trdo meridians at any
or Dep.)

The departure
A anal B

= a+b+c+d+e+f

paral le l  o f

sin co. = DeP
Dist

cos co. = +:-lcl

tan co. = DeP
D .  l a t

Fig. 16 Departure, D. Lat- and Dist.



(18) A relative bearing is one relative to the heading, or to
the vessel i tsel f .  I t  is usual ly measured fron 000" of
Ll . .  heading, ctockwise tshrough 3600. Hovrever,  i t  is
so: let imes convenient ly measured r ight or lef t  f rom OO0o
at the ship's head through 180" (Fiq. 1l-14) .

Tltre Bearing = Relative Bearing + lrue Heaiiing

(19) Magnetic compass error

Directions retative to the northerly alirection along a
geographic meridian are gg9. In this case, tlue north is
the reference direct ion (Fiq. 25-28)-

If a conpass card is horizontal" anal oriented so that a
straight l ine from i ts center to OO0o points to true north,
any direction measured by the card is a true direction and
has no error (assuning there is no calibration or observa-
tional error) .

If the compass card renains horizontal but is rotated so
that it points in any other direction, the anount of the
rotation is the compass erro! (Fiq- 25-28) .

- r7-

Stated differently, compass error is the angular difference
between true north and compass north (the direction nolth
as indicaled by a nagnetic conpass).

It is caued east or riest to indicate the slde of true norCh
on which conpass north Lies (Fig. 25-2S) .

Magnetic valiation is the angle between the geographic and
naqnetic meridians at any pl.ace. This i.s neasured in angular
units and called east or e,est to indicate the siale of true
north on which the northerly part of the ftaqnetic neridian
l i e s  ( F i q .  2 5 - 2 8 ) .

For computational- purposes, easterly valiation is sqnetirnes
desiqmated positive (+), and $estelly valiation negative (-)
( F i q -  2 5 - 2 8 ) .

$hen a compass is mounted in a vessel. it is generally
subjected to various ftagnetic influences other than that of
the earth. These arise largely from irduced magnetisn in
rnetal decks, bulkheads, nasts, stacks, boat davits, guns,
etc., anal from electlo-nagnetic fietds associated with
alilection in electrical circuits.



- 1 8 -

Some netal in the vicinity of the compass nay have acquired
permanent nagnetism. Itle actual magnetic field at the com-
pass is the vector sun, or resuftant,  of  a1I individual
f i a l d e  a +  + h : +  t . F i  n +

Since the direct ion of this resultant f ie ld is general ly
not the sane as that of  the earth's f ie ld a1one, the conpass
hagnets alo not lie in the nagnetic neridian, but in a direc-
tion that makes an angle r,rith it. This anqle is called
deviat ion (Dev. or D.).

Thus, aleviation is the anqular difference beteeen magnetic
norltr and compass north. ft is expresseal in an$rla! units
and named east or west to indicate the side of nagnetic
north on ! . rhich conpass norlh l ies,

Thus, deviation is the error of the compass in pointing to
magnetic north, and a1l directions measured with compass
north as the reference direction are conpass dilectlons.

Since variation and devlation may each be either east or
west, the effect of deviation may be to either increase or
decrease the error due to var iat ion alone (Fiq. 25-28),

The algebraic surn of variation and deviation is the totat
cohpass error (Fig. 25-28).

For computational purposes, deviation and conpass error r
( l ike var iat ion),  may be designated posit ive {+) i f  east
and nagative (-) if sest-

variation changes lrith focation. Deviation depends upon
the nagnetic latitude and also upon the inalivialual vessel,
Its trin and loaaling, whether it is pitching o! rolling,
the headtnq (orientation of the vessel with respect to the
earth's magnetic f ie ld),  and the locat ion of the compass
within the vessel. Therefole, deviation is not indicated
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( 1 )

L 2  .  - . . . .

t1  . . . . . .

t1

-latltuae = 34o - 18r N

.... . .  tat i tut le = 18o - 5or !r

E . . . .  lat l tuale = Oo

11 18o - 50. N

lz :4o - rg, lt o
F is. D. Latituale. D-lat L5o - 28'  N

ltna. 92S' N

- - ' - - )  9 2 8 r  N

lI = the latitude of aleparture

12 = the latl.tude of arrival

Attention :

If the Ehips ale ngving nortlMard, D.Iat slDuld be designatetl .N".

If the ships stalt fron 34" - LS' N and proceed to I8- - 50' N, then D,lat
shouLl be designated "S", because the novemeDt is soutlvartl.



-zo-

t2)
1 .

1 ^

]-60 - 26,

2oo - 46,

- 5  N

370

2232  |  -8  s

( Iat-=lat i tude)EQ

rz

, . . . . -  Ia t .  teo  -  ze ' .5  r , r

E  . . . . .  1 a t .  O o

. . . . , .  f a t .  2 o o  -  4 6 , - 3  s

2 9 5 ' . 4  N

t 5 o -  2 6 '  . 4  N

F i g .  1 8

s

D . Latitude

I
. l 1 5 o  -  2 6 '  . 4  N

D . I a t  4 0  - 5 5 , . 4 N + < - - 2 9 5 , . 4 N

s

l y  D .  Lar l tude.

8 1 ,

2 I l

190

', = 'oo

.a  N

. 8  N

Ans. Zoo - Zt '  .e I , l
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solutions to E:<ercise 2

20 D. I,atitude'

t 1  5 0  -  3 6 ' . 2  N

D.rar 9o-:-lg::qi-O .-- -s86'

1 2  4 0  -  1 0 ' . 6  S

A n s .  4 0  -  1 0 ' . 6  s

5 0  -  3 6 ' . 2  N

lat.  O

5 8 6 ' . 8  S

l r  1350 - 30' E

\z ras"  -  ra 'n@

o . t o  9 o  -  4 6 r  s  ' - - ; 5 a 6 1

l \ n s .  5 4 6 ' E

. (l'ong. - Longitu'le)

(s)

S

2 1  D .F is. tongitude.



I
o

I

E'

B

T

a-- -Po

( 6 )

\  1640 - 28' E

L  1?4o -13 ,8+

D. ro  3380  -  41 'w

3600

-  21o -19 .w

Ans, 1279' E

Ftg. 22 D. Longituile

It - the 1onglhrde of ileparture

12 = tlle LongLtude of arrlval

Attention :

mris ship !,roceetls eastwarat thlough longttuale 18oo and siU enter into
the area of loagitude WEST, but its heading is sti1l 6aatward, so that the D.Lo
should b€ desLgnat€d "8".

(7 )

r  l 1 " o  -  , r r  F

D.I6 50 - 54' E +...-3541

!42o - a2, E

1 . .  1430  -  22 '  E

--- t  L279t R

)9

354 '  i

Ftg. 23 D. L,ongitude



( 8 )

\

D . L .

\

Ans.

3 8 '  W

3 8 '  W

2 7 ' E

€
0 5 '  w  < - - -  4 2 5  |

( 9 )

Fig. 24 D. Longitude.

340 - 25'  N

teo -52 ,n  @

l7o -  z9 '  s - - - - )1049.  s

D . l a t  1 0 4 9 '
A$s.

o . r o  8 1 7 '

13o  -  3 ' l '  w  - - - )  g t  ? '

(1) r.r

Lz

D-lat

(2 )  r1

L .

D-Iat.

l1

\

D . L

:"gg"

t52o

3 9 '  W

re 'w €

s

!f

tao

1:o

42'

3 5 ,

N It

\,

D . I o

tlo - z6' x

r7o-40 ,w +

:2 " - t z ,s - - . - - - )1937 ' 32o - c,6' w ----tr926, w

D . l a t .
llns.

1 9 3 7 '

r926,

S

EIE t

425'

6

D.I .
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( 1 0 )

( 1 ) 1 1  3 2 o

D . l a t .  5 0

N

s @ r  - ,328  '  s

N

S O(-  623 ,  s

E

W a <- '256 '

2 7 '

2 A l

l 1

D . L o .

^ 2

I 1

D . L o .

^ 2

r140 3 0 ,

1 6 '

t ,  z 6 o  -  5 o '  N

t 1  7 0  -  3 a '

D . l a t .  1 O o  -  2 3  ,

Lz 2 0 - 4 5 , s

t too  -  ta '  n

2 6 0  -  5 9 ,

L t o o  -  l + '
Ans. arr ival  e

N

E

( 2 )

( 3 ) rzo

ao

4a 'EO< -  s2a ,

: o -o t ' r

4 5 '

0 1 '
Ans. arr ival  0

s

E

1 0 ,

t 0  |

t r t  94o  -  16 '

o . ro -  3o  -  44  ,

g g o  r  o o ,  r

( : "

t I

l z

N

s O( 2so t  s
g" -oo ' r I 2

-  0 0 ,

-  0 0 ,

E

E + <- - , 224 'E

{a )  l t N4 A '

3 0 'D . 1 a t . l o o  - q e (-- '  eo'  s
rz 6o - to, r, t

Ans. arr ival  S

N

E

Ans. arrivaf e

N

E

l 1  9 a o

o . t - o ,  3 o ( - - - t . 80  |  w

2 A '

0 0 ,

E

wO
95o  -  zo ,  e

( * ^

\  es-

1 0 ,

2 C r '
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(5 )  t l  go  -  14 '  N  l l  t o3o  -  56 '  E

D . fa t  20  -  14 ' so< - - - I 34 ,S  D . t - o  56 'wO ( - - - 56 '

12  60  -  oo ,  N  12  to3o  -  oo ,  E

/  a o  -  
" " '  "t "

Ans.  a l l iva l  e I
\  ro : "  -  oo '  n



"o" 
"\.

- 2 6 -

6
g
g

q
3

€_

{c
E

I

. t

i1

x
\

/c-p.g" .;..r^\
l = O 4 - + 0 5 - = 0 9 - l

6
P

E
f , . *
8 .o

p* s-r ,  E,

Ic
E

i:"**'l r3")

( F i g . 2 6 )

(Fiq. 28)

T!ue, Iaqnetic and CdEss
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(11) what i€ the true course ?

I. Ccdpass course is N 25-8,
the variation is 2"E -

2. Ccmpass course is S 37-W,
the variation is 6-w.

(I2) What is the corpass course ?

lrhen the aleviation is 5ow,
(Ans. N 22-E)

when the aleviation is 2oE,
(Ans. s 33oI4)

tleviation is 1oa
(Ans. s aoE)

tleviation is 3oE.

Exercise 3

(20)

(f3) what is

Wbere :

{14) what is

! {he re :

l. Tlue course is q IooE, when the
the variation 3"w.

2. Tlue course is N 4808, irhen the
the variation is 4nJ, tn€ leeway is 20 antt the vrinal
dilection ls N. {Ans. N 51"8)

the tlue course ?

the compass cotEse is N 29oE, the variation is
6oE, and the deviation ls 2fu. Gns. N 33oE)

the true cou.rse ?

the compass course is s 46ow, the variation is 3ow,
the deviatioD is ?oE, the leeway is 20, anil
the irind atilection is {rest. (Ans. S 48ovt)

Itre met-hodl of ouadrant

Ftg. 29 Quadraht.



How to calculdte True Cour.se" from "ConDass Course' .
(Cornp. Co. + T. Co-)
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If variation or de;iadon is easterty, the nane
shoufd be "R".

Exalu)le of calculation I

Assune that the conpass course is S 46ow, the
variation is 3'!i, the deviation is 7oE, leeway 20,
anal the vrind alirection is westerly. What is the

Solution

2- rf variation or deviation is westerlv, the name
should be "I ," .

The reference of the course should be given by
"A ouadrant".

4, The nane of the leelray should be ',R',, when winat
(or current) cones fron the port side, and t,L,,

when it cones from the starboaral side.

However, if you have tlro values nith aliffexent
names, subtract the snaller fron the larger one,
the name in the result rni11 be that of the larqer
one, and t\ro vatues with the same names, should be
added together, then the nane in the result rritt
be their nanre.

1 .

3 .

5 .

Dev.

Comp. error

t .

3or-

7oR (-)

4oR

comp. Co. 460 R.s

conp. erxor 40 R (+)

apparent co. 5Oo R.s

Leeway 20 L.N

4 B o  R . s
{

Ans. S 48ow

b. How to calcufate "Compass course" fron "True Couxse"
( r ,  c o .  +  C o m p .  c o . )

If you have tlno course values vrith the same narne,
subtract the smaller fron the larger one, and if the
two values have different names, add then together.
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Exanple of calculation 2

!.lhat is the compass course if the tlue course is N 6808,:
the variation is 4ow, the deviatj.on is 3oE, the leeway
is 20 and the wind ati-rection is north ?

Solution

var.  40L T. Co. 680R.N

Dev. 3oR (-)  comp. error tol ,  (+)

ccmp- error lot 69oR.N

Leet  ay ( - ,

conp. co. 
"t"*"

Ans. N 6?oE.

Renark: Make sure that you unalerstand the theory itself
first, then you witl be able to use "the quadrant
methodir.
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ltlle sailinqs

Dead reckoning involves the deternination of posltlon by lEans
of course and distance fron a known position. A closely relateal plobleD
is that of finding the ceurse antl tlistance fr.on one point to anothe!.
Altiough both of tiese problens are custonarily solved by plottlng ilir€ctLy
on the chart, it occaslonally becohes ilesirable to sofve them by cot@uta-
tion, flequently by logaritlurs or traverse tabLes.

ltle various lrEthoals of solution ale croflectively calleal tle
sai l ings.

thele a-re various kinals of sailinqs as follcirs !

J-. Plane saillng

2. Traverse sailing

3. Mercator €ailing anal chart

1. Plane saillng

Is a nethod of solving tlle vatious problens involvlng a Blng]e
course anal allstance, ab.fference of latltude, anil depatture, in nhl.ch th6
e:rlth, or that part traverseal, is regaraled as a plane sulface. llence,
the rEthod proviales a solution for the latitude of the point of aElvaf ,
but not for the longituale of this point, for whj.ch one of the spherical.
sailings is needeal.

Because of its basic assrfiption that the eaftl| is ftat, this
r€tfrod shoulal not be useal for distances of mote than a fer hunalreal trdles.



Conput-ation
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D-1at.

Dep.

Dep.
D-lat.

dist .

dist .  x cos. co.

al ist .  ,< sin.  co.

D-lat .  x sec. co.

Dep. x cosec co.

{ I ' i q . 3 0 )

Attention:

dist .  x sin.  co. is "a+b+c+ . . . . .  grr ,  nei ther BD nG

AC on Page 16, Fiq. 15-

Example of conputation 3 (using trigonometry & logaritins).

^ A ship sai ls fron 37o- l4:o N.,  1280- 38:O E. r ts course is
S 28"E, and sailing distance is 295 nautical. niles.
What is the arrival latitude and the departure ?

sof,ution

1. D-lat .

Dep.

295'

2951

37o- 14: o N.
4 0 -  2 o : 5  s .

cos. 280

sin. 28o

s.x 40  -  2o :5  s .260!S

I 3 8 : 5

D-1at.

t 2

Dontt forget to incluale N. and

- neans 'labsolute difference"

3 2 o -  5 3 : 5  N .

Ans. Ilhe arrival latitude: 32o- 53!5

E. in your ans\rer.
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2. 7os. 295 --- - -----> 2.469A2
log. cos. 2go----r 9.94593 

-

D - l a t .  2 6 0 : 5  S . < - - - -  2 . 4 1 5 7 5

=  4 0 -  2 o ! 5  S .

los. 295 2.469e2
1oq: sin.  2go 9.67161 

'

D e p .  1 3 8 1 5  E .  2 . 1 4 1 4 3

Lt  37o-  r4 :o  N.  -
o-i;..- 

";.- 
;;;; ;: 

- Ans. rhe arrival latituale: 3zo- s::s N.

9,2 :2o- 5::5 lr. Itle departure: 138!5 E.

Example of contNtation 4

. A ship depalts fron 38o- 26:0 N. and proceeds southlresterly, then
its diffelence of latitude is 30- I8' anal the tleparture is 234 nautical
rniles. What iE its sail"ing course and distance ?

, Soluti.on

- DeD, 2341tan. co. = 
D:I=- 

= 
r9a,

tog. 234 2.36922
Log. L98 2.29667

Iog. tan, co. 10.0?255

c o .  =  4 9 o  -  4 5 : 8

d i s t .  =  I 9 8 r  x  s e c .  4 9 o -  4 5 : 8

log. 198 2.29667 Ans. Co. = s.  49o- 45:8 w.
loq. 49-- 45:8 IO-ta98O dist .  = 106:5

Io9. ilist. 2-4a647
dist .  = 306! 5

Exampfe conputation 5 (Using tlaverse tabLe)

WlEt is the D-lat. arfl the D€p.?

l ihere: al ist .  = 374r,  co. -  N- 39 W. (Ans. D-lat .  = 290:7 N.
DeP' = 235:4 t{)
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Exercise 4

15. what is the distance and

where: D-lat .  = 319:5 N.

1 6 . lihat is t}|e distance and

t ihere: D-Iat.  = 137:4 s,

L 7 .

DeP. = 116:3

( A n s ,  D i s t .  =

D e P .  =  3 9 9 1 0

(Ans. Dist .  =

E .

340 ,

N. 2ooE. )

w.

4 2 2 '

s .7 low.  )

What is the digtance an:l the course?

where: D-lat .  = 43:1 N. Dep. = 18:3 w

( A n s .  D i s t .  =  4 6 , 8 '

co. = N.230W, )

18. A ship is sailinq, its coulse is N.40oE., antl the tlistance
is 3O5 naut ical  ni1es. nhat is i ts D-lat .  and Dep-?

(Calculate using logaritluns).

(Ans'  DeP' = l95rE

D - l a t .  =  2 3 3 : 6  N - )

A port is located on the latituate 43o- o7,N, !,t.v. PAKI|AM
depalts from this por:t^atrl sails at a speed of 8.5 knots
and its course is 3-25"4. How long does M.V, PA(NAII take
to get to the lat i tual€ 37o- 59'N ?

tAns. 39h 57m)

20. In Figure 3I, a navigator throl's a 1og into the sea at Point A;
this log noves frorn point B to point C, in I secorrals.
what is the ship's speed in knots: (1 rEut icaL ni le = 1852 m.
Distance from B to C is 30 netres)

-+

19 .

i+-:o ' ---J 1

<__-

Fig. 3l  Measurement of Speed with a 1o9 of wood.
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21. what is the difference of longitude?

Iongitude of depatture Longitude of arrivaL Dif fer€nce of lotlgitude

t65o- 32,8

17ao- 26'w

f 7 3 0 -  1 3 ' E

7 0 -  o 3 , E

1 3 5 o -  4 3 , E

13ao- 56'E

1?80- 26'E

t-7oo- 4?'E

30- 59,w

1 4 l o -  2 1 , E

260- 36,w

3o- o4.w

zo- 26,w

r1o-  o2 ,n

5 0 -  3 8 ' E

22. what is the longitude of arrival?

Longitude of departule Difference of longitude Longltuale of alrival

tzlo- 47,n

ra :o -  t t ' e

tego- ag'w

zo- ze'w

2l9tE

3 5 7 ' W

9 1 , E

1 3 8 ' W

3I2t tl

r4to- 26,s

13?o- 14'E

rTgo- s2,w

nzo- ol,c

8o- 38'w

23. lahat is Che difference of latitude?

IJatitude of departure Latitude of arrival Diffe!€nce of latitude

:go- rs,r,r
: go - : z , r , t

lo- za'ts

oo - : o , s

1oo - :g ' s

alo- og,lr

:ao- a9'r

zo-  5? ,s

oo-  3e ' t t

t3o-  27 ,s

173 '  T

28a. s

62r .S

? 2 ' N

1 6 8 ' S
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24. \l|,at is the latitude of arrival?

25. what is the difference of tatitude and the departure?

26, Ca]culate the deviation,^nhen the compass bearing is N 63oW. and the
magnetic bearins is N 55"w. (Ans. .85)

l-atitude of departure Difference of fatitude Latitude of arrival

3 3 0 -  5 3 ' N

4 3 o -  t 1 ' N

r o -  4 3 ' s

20- 26'N

5 0 -  o g ' s

f 1 3 ' N

2 3 7 ' S

I 9 2 ' N

2 3  3 ' S

1 3 9 ' N

3 5 o -  4 6 ' N

3 9 o -  t 4 ' N

1 0 -  2 9 , N

I o -  2 7 , s

zo- 49,s

latitude
Departure

N 16oE

s 37oE

s 41ow

N 29ow

N 56oE

s Toow

s 34oE

44t: at

. . 4 1 ,

92'

6 5 '

4 7 '

1 6 3 '

4 2 : 3  N

r .  5 8 : 3  5

" ' 3 0 : 9  , S
a o : 5  N

3 6 : 3  N

1 6 : 1  S

l-35: I  S

1 2 : 1  E

4 3 : 9  E

26i9 W
.1'44i6 w

5 3 : 9  E

44i2 w

9 1 : 1  E



27. l lhat is the deviat ion?

24. lt.V. PAKNAII is going to sail"
conpass course if alirection
50- 42',1t, and deviation 70-

on ttue cours€ 1270;
of uird is NE, leevay
l8rw. (Ans. s 4?oE)

what shoufd be its

zero l ine

29.

The shape of the
(Fiq. 32),  but this shape
souider 's receive!.  Draw
speeat is 3 knots.

Eia- 32 Recordino of sea-bed.

sea-bed surveyd is shown on the recording paper
is deforned by the nechanical system of the echo
the actual shape of the sea-bed i f  the shjp's

Conpass bearing llagnetic bearing

N 3?OE

s 43oE

s 28ow

N 73ow

N 46oE

N 45oE

s 39oE

s 36fu
N 81o!r

N39

8oE

4oE

8oE

8ow

7ow

l rro.o i



30, t{hat i6 th6 true cou!5e ifr

tll€ cgnpa66 course ls 0360, !h€ tllroction of uind is NH, Ie€way
is U'.3, the tteviation is 3-E, ahil the vallation la 8-w?

(Ans .42o .3 )

31. what is the tlue course ifr

rlre codl,ass^course is 3440. the iltreciiqt of wind tB NNE, the
leewAy i6 2-- 50', the deviRtion 16 3-- 15'E, attd the varlatlon
is 5"- 2o'w? (Ans. 339'- 05')

32. the c@pasE begxing of a Iighthouss i5 o35:t tJris ctoPass ha6 E
devtation of 3"- 3018. Ihe variation is 6-- 45'Yr.
lthat is the tru€ b€aring of, the lighthouBe?

Gns. 3ro- 45')
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3 3 -

= zh.ss = lh- zl^

Fig. 33 Sai l inq.

A ship sails frod Point A for Point F though Polnts B, C, D and
Point E, l t i th the speed of 10 knots on Apri l  14, at  18:15 hours (Fiq. 33).
llord long does it take to get to Point A ? and what is the tine of arrival?
tlhat are the lattituales and tonqitudes of each Point frorn A to F?

. i h
I4/4, l4-- I8"- 15"' 7  -  27  +=a-

'  
1 4 - 2 5 - 4 2

2 4 -

tine of arlival 15'- 01 - 42 :

e t :o -  zo ,N
e 1zo- ss,l.t
c  t  2 0 -  3 9 : 5
o tzo- za,.o

April E l2o. 24!o
F r2-- 30: O

Long.

lroo"-
I rooi-

Nl loo ' -
r lrool-
Nl lo t - -
rqlror"-

3 6 : 8  E
3 6 l l  E
42', .O E
5 4 : 5  E
o2lo E
0 2 ! o  E

'74ts/rc



qqst!t9!E_qe,EJ9rq!s9 a (P. 34)

(20)

30 i 8 x 3600 + LA52 = 1.28

(2Ll

(Fis. 34) ( r t g .35 )

-39 -

10- 34,
10- 34, (a

20- 64'
= 30- 04, w.

Ans. 30- 04' vt

Abs. tbout 7,3 knots

(F i s .36 )

?-\

13eo-56,r 1650-32,E

L6s?- 32'
r3s-- s6, o

260- 36'  w.

An6. 260- 36. w

or 1596 ' w

' ,  tao-  ra,

i i6"-i i 'o
zo- 26. w

llrf5. 2o- 26' n

146' r{

tzgoltg'n

1 8 4 '  W

( F i g . 3 8 )

r:so- 4:.p t4ro- 2r,n:"- sg,w oo ?o- o:,e

eo- lo '

i"_6i,o
to"- ez,

= 11o- 02, w

An6. tto- 02' w

or 6621 w

l4t"- zt '
.  ̂ - o  . - .  ^
J,r. - q' t-,

50- 3g' E

Ans. 5o- 38' e

o! 33Sr E

t l
t7a--26t8 IA0-

(F rs .37)



t 22 )

(r i9.

2L9IE
(3o-39'E) i

l,370-47'E

7370- 47'  E
30- 39, E

143o-lt

1i3"- rt' E
s"- s: '  w O

t l?o- 14' g

ans. l3?o- 14' E

J.4oo- ge,
i | !o- 2e, a

,tns. I4lo- 26r E

23'  o
1o- og'

reo]- oe,

L?go- s2'

Ans. ugo- 52' w

(Fig. a3l(Pig. 421

l 16go- a9.w

169o- 49, w
z"- ta, w @

r7!o- 6i '
Lizo- ol,

Ans. 172o- ot '  n

30- 26

:o- 2s, w
s"- rz, w O
go- :g '

,ir

' lttrs, go- 38, g

( r ig .41)

(  ro-3r 'e

138  'E
(zo-  te 'w)

312 'w
s"- tz'



@ rrrs. asl rn 
-Ifi-'o-'a'*

- zo-za, I \

1- 
ts"-zt'N

\  .no-nr,"

( 2 3 1

@ trie. aal
---q- nro-oe'r

i , \
i )

--$-:e"_rs,u

(F i s . 46 )

4to- og'
geo- ts'

zo -  5 : ,

173 .

3go- 37, I,t
:ao- 4g'  l , t

ao- ag' s

qo- ag' s

or 28ar S

1o- 24,
zo- s1'

N

orc/
N
S

N

N

Ans.

go- gt '
= loo- 21'

too- zt, sAns.

6 2 1 '  S

{F i s . 47 )

/- 

o"-ze'N

? l, n v

\ l
\t

\  oo- :a ,s

oo-  36 '  t t
oo- :e , s @

7 2 '

ro- rz' lt

7 2 '  N

( F i g . 4 8 )-1rtoo-:s's

?

!/ ,,"_,,,"
13o- 27, s
rno-  rqt  c  / : \

zo- qe'

2o -  48 ,  s

or 168 | S

zo-sT
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(241

6\ tFre. 4e)
\:/

( F i g . 5 0 )

1 f 3 ' N
r l o -53 'N )

3 3 o - 5 3 ' N

2 7 3 t s
( 3 0 - s 7 t s )

- . . -  ? to- 43'

43o-11 'N {  ( :o- rz ' )  -
( 1 0 - 4 3 ' )  ]

5o-oa,s

1 9 2 ' N
(:o-12 '

.r:o- sg, r.r
1-  s3 ,  N e)

3 4  -  1 0 6 '
= 35o- 46'

Ans. 35o- 46r N

43o- 11, N
r  -  r / -  s  ( - '

39o- 14,

:go- t4' rrtAns.

: o -  5 : '  s
zo- ze ' n O
7o-  z7 '  s

Ans .  t o -  z l '  s

:o- 12, N
l " -  a: ,  s  O
to- zg' t t

lo- zg, N

2 -261N

5o- oe, s
z"- rg, N O
2o- 4g, s

Ans. 20- 49' s

@rg. 52,

2 3 3 ' S
- 5 3 , S

1 3 9 ' N
- T 9 ' N



t2s)

- 43 -

D-lat.  = dist .  x Cos Co.

Dep. - allst x Sitt co,

D - I a t  -  4 4 r  x  c o 6  1 6 0  =  4 4 t  x  0 , 9 6 1 3  =  4 2 : 3

Dep. -  44f x sin ] ]60 = 44'  x 0,2756 = I2l I

A n s .  4 2 . 3  N ,  1 2 . I ' E

D-lat,

Dep.

Ans.

x cos 37o= 7i'
x sin 37o- 73'

4 3 : 9  E

x  0 . 7 9 8 6  =  5 8 : 3

x  0 . 6 0 1 8  =  4 3  ! 9

D-lat.  r  4I l

DeP. = 4J. '

A n s .  3 0 1 9  S

x Cos 41,o

x sin 41o

2619 w

0 .7547  =  30 :9

0 .6561  =  2619

dist  = 441
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( ! ' i 9 . 5 6 )

N

D-Lat.

Dep.

llrls.

-  921

= 921

8015  n

Cos

Sin

4416

2go

290

r

9 2 '

92.

0 .8745  =  80 :5

0 .4848  =  4416

D - l a t . - 6 5 r x C o s

D e p .  . 6 5 r x S l n

0 .5592  =  36 :3

0.8290 = 53:9

65 '

651

t n 6 .  3 6 , , 3  N ,  5 3 : 9  E

D-lat.  i  47'

Dep. -  47.

0 .3420  -  1611

0.9397 = 44t 2

Coa

sln

44..2

7oo

700

w

4' l '

47'

Ans. l5: l  S

(ris. sB)



D-lat .  = 1631

Dep.  = 163'

x  0 . 8 2 9 0  =  1 , 3 5 :  I

x  0 , 5 5 9 2  =  9 I l Ix Sin

- 4 5 -

340

340

1 6 3 '

1 6 3 '

Ans .  135 : I  s 9 I :  I  E
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\261

' . .  1 , . H .

{

Conpass
(card)
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o
127

c6np. brg 630
o ^

nag. b'g 55 c)

lbs. 8oE

Conpass.

conpass conp. brg 37o
(cardt nas. b'q 45o O

turs. 8oE

r,.E

t
I'1a9. N

cqtrP.
I

/
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Fig. 61 uagn c Conpass.
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(oara)
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t .  t  ,
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4ttx',
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Uaq. N

-.r".--

cqnpass cornp. b'g 81o
(card) nag. b 'g 73o

80

Ans. 80w

Conpass.

-)t
1

l'laq. N
t  L . n .  ,

conp. b'g 460

mas. b'q 3eo O
1 0

Conpass
a ^ . r l l

Ans. 7"w

c Conpass.

Ccmp. N ---_-_-)/l

8o

,4
,4/ - -\-

/e ,',.:
/ /  t  . ' o  ' .

// , i  ; '+ 
't

"t-Yt'o---'-- i -- +"-'
- - - - \ -  * " -

rig. 64 Magnetic

Ccep. N

Ij o

- {

- - t
-Soo.

\E_

\':i
gnetiI  Fig.  65 Ma

I
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(2s)

1, To cqrpute the ccnlrass srao! fllat:

va r .  50 -  42 'W

dev. 70- lg'r |  @
co[p. erro! l3o- oo'ri

rf tJrere ls n9 leeway, the ccllpass cour6€ shouLl be L4oo (12?o+ 13o),
but we hav€ 7- leew$r anil tjle r'lrd ilir€ctl,oa is northeast. Uren I,e trave
to steer the ship 7-^rno!g to thg windrraldr lfterefore, the conpass
courBe should b€ I4o-- 7- - I33" (or s 47-E).

Ans. 1330 or s 4708.

var. 50- 42 'vt (L)

dev. ?o- 16,T (r,) @
cdq). effoa t3o- oo,lt (L)

r27o- oo, !.s

13o- oo, r.

l4oo- oo' L.s

?o- oo, R.N

Trua Co.

CoqD. affo!

ApPrr€nt co.

I€6!ray

Coq). co.

o

rg/

J,330- OO' L.S

(29)

3' 1852n = 92%

r oin,=:9 gzTe

Ins. 1330 or s 47oE

(s6€ F19. 67)
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{ lo)

( 3 1 )

var .  80!

aev. :og Q
Cqnp. error 5or,

Comp. co. 3 6 0  R . N

cornp. error so r, @

4)parent co. 3to R.N
r-eeway 1I?3 a @
True co. 42?3 R.N

N 42 :3  E

Ans. 4293 or N 4293 E

-  2 0 ' L

-  l 5 ' R l32l
5 0

30

ccrnp. error 20- oS'L

comp. co 160- o0' IN

ccinp. error 20- 05, I, (D

Fpparent co. t8o- 05, IN

I€eway 20- 50' r CD
True co. 2oo- 55'  Lt I

= N  2 0 - 5 5 , W

or 3390- 05'

Ans. N 2Oo- 55'w or 3390- 05,

cornp. error 30- 15't

Conp.  brg 35o

dev.

-  4 5 t L

-  3 0 ,  R30 /.\

R . N

conp. en or.  30- t5 'L 6
True b,9 3Io- 45,

Ans. 31o- 45'  or

N  3 r o -  4 5 ,  E .

True Course anal
Apparent Course.
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(  33 ) Point I,ong.

l o o o -  3 6 : 8  E

looo- 36: I  E

1 0 0 0 -  4 2 : O  E

looo- 54:5 E

1 0 t o -  0 2 : o  E

l-o10- o2:o E

d i s t .  ( A + F )  =  1 4 1 5

1at51a,  =  t \as  = ' th '  z l ^

Aprit 14d- lgh- 15m

rh-  : r*  g
ttd- zsh- az^

Ozq
r5d- oth- az*

A n s .  A p l i t  t 5 , 0 I : 4 2

A

C

D

E

F

t :o

rzo
1zo

rzo

2 0 : o  N

5 s : 0  N

3 9 : 5  N

2 4 : 0  N

2 4 1 0  N

3 0 : o  N
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Exercise 5

(35) A ship has sai fed 3f9.5 mi les north and 116.3 mi les east.

Find, -  (1) course, and (2) distance. (Make use of Traverse Tables)

(Ans: Dist .  -  34o'

co. N 2ooE)

(36) A ship has sai led 137.4 ni les south anal 399.0 mi les ue6t,

Find, - (1) course, anal (2) distance. (Mak€ use of Traverse Tables)

( A n s :  D i s t .  =  4 2 2 1

co. = s ? 1ow)

(37) A ship has sai led 43.1 ni les north and 18.3 mi les ! , rest.

( A n s :  D i s t ,  =  4 7 '

co. = N 2301,{

2. Traverse Sai l ing

rs a conibination of plane saifing solulions when there are ti,,o
or more courses. Ihis sailinq is a solution to aletennine to
equivalent course and distance made good, anal to find an equivalent
single course and distance (Fig. 68 and 69).

D-1at Traverse sailing

d e p , 5

- 5 3 -

t
dr .4

d l . 3

dr . r

Point

Point @

Course made gooal t E r g . 6 8 )

DEP.
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Example 6

A ship has proceeded with
as fo l lo t rs  (see Fig.  69)

the courses and dlstances tabuLated

Dlstance

N 4ooE 18 ndles

s 5?oE L2 rniles

N l?OE I? niles

s 42oE 26 niles

N 15ow 9 ni les

solution to Exarple 6

Equival€ht single

Equival-ent single
distance.

Fi-nd, ( l )

l 2 )

(solve by heans of Traverse
Tables.)

f - -

."3/
+r  /

{

I

good
E

co .
N

a-  - - -5

\'??

Drlgr'

D e p .  =  4 I ' 8

( F i g . 6 9 )

l--r-''
A3r.a t

--v

naale
tz?'t
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D-lat. Dep.

Dist. N s

N 4ooE l 8 l 13 .8

s 57oE T2 ' 6 .5 10.1.

N 1798 171

s42 2 6 . 1 9 . 3 17 .4

N rsow 9 8 . " 1

3 4 . 8 25.4 44.L

13 .0  N g!.g-E



40 3 4 .  o 1 2 . 4

4 1 t 2 . 7

42 39 .9 1 3 . 0

43 40.9

44 4 f . 8 1 3  . 6

45 4 2 . 8 1 3 . 9

Dist. Dep. D-1at

720

- 5 6 -

Traverse Ta.ble

Dist Dep. D-1at.

12 t9

( 4 1 . 8 ) (  1 3 . 0  )

720 43' 4 0 : 9 t 3 : 3

Traverse Tab!.e

J
44' 42.r
, - .  / ' \  . ^  ^  ^qr \3/ +u.Y l:_,,

I t  #  I t 2

4 2 . 1
4r c r:\

x '  +  o l 3

1 : 2  x  x  =  0 . 3  x  I t

"  7 - 2  1 2

l
= ;  = 0 , 2 5 * o : 3

Dist.  = 441 - ol3 = 43i7

72"O 40:e  O
t o+  l ! 2

42 t I
41 ,8  0

yo  -  9 r3

112xyo=613x10

-  r . 2  12

l ^- ;  =  o ' 25 *  o :3

co. = ?3o - oo.t ='tz2t

J

40 r l - . 7

4 I 39.2 L 2 . O

42 40.2 1 2 . 3

4 3 4 I . l 1 2 . 6

44 42.I 1 2 . 9

45 4 3 . 0

Dist. Dep.
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Ans. Equivalent single course N 7297

Eouivaleht sinqle distance = 4317

4 1 . 8
1 3 . 0

D-lat.
-  I3 ' .0

Frdl the
72o-5o', because

Natural Trigoncinetric Euttctlon

Cot.

tables, the coulse angle
the Tan. Co. -  3.215.

shoultt t€ b€tr,een 72o-4o' and

Tan.

0 . l o ' 20' 3 0 , 40 ' 5 0 1 6 0 1

70 2 .741 2 .7 ' t 3 2 .79A 2.424 2 .850 2 .477 2.904 19

7 I 2 . 9 0 4 2 . 9 6 0 2,949 3 . 0 1 8 3 . O 4 7 3 . 0 7 8 L8 28-31,

3 .O?a 3 . 1 0 4 3 .140 3. r72 204 L7 30-34

73 27L 305 340 4].2 {50 4A7 34-38

74 487 566 606 689 3 .732

3 0 - 3 4  ( 3 3 )

3 .237
3 .215
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P - P .

L 3 ! 0
Dist.

1 3  ! 0

' t2--  43'

3 .204

7 2  - 4 r '

r . r r )  \ 9

cos.

Dist. Coa. 72"- 4 3 ,
t  3 lo

o .29  7  L
43175631

43  !8

Ans: N 720- 43'E (or N 72:78) 4 3 1 8

Attention: ^, nearly equal. to

30 3 6 9 t2 t5 I8 2 L 24

3 1 3 6 L2 I6

3 2 3 l0 l3 16 I9 22 26 29

33 3 7 1o 13 I7 20 30

3 4 7 10 l4 20 24 27 3 I

3 5 7 1t 14 18 2T

72o- 50'
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Exalltr)le 7

A ship has ploceealeal with the coulses and distances as tabulateil belott'

Find: (1) Equivalent single course, and

(2) Equival.ent single distance.

Solve by usilg an electronic calculator

No True Course Distance

t N 59oE 73 ni les

2 s 33oE 50 miles

3 s 13q{ 40 ni les

4 N 87ow 35 niles

s fSow

Example I

A ship has prioceetletl with the courses and alistances as tabulate'l below'

Find: (l) Equivalent single course. and

(2) Equivatent sirgle allstance.

Solve by using an electronic calculato! and the Traverse Tables

No Distance

1 N 64ow 75 niles

s 84ow 63 miles

3 55 niles
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Examtrl,e 9

A ship has proceedeal with the courses and alistances as tabulateil belolt

Find: (1) Equivalent singl€ course, anil

(2) Equivalent single distahce.

Note: the current $aa rutrning i-nto s 7495 E fof, 39 nauticat niles

No. Tru6 Cour8e Distamce

1 N 44oE 126 ni le6

s 65ow 85 miLe6

3 s 25oE 68 niles

s 88% 73 mtleg

Sol,ution to ExanDle 7

D-Iat, Dep.

No. True Cou-rs€ DIBt . N 'J

l N 59oE 7 3 1 3 7  . 6 52.6

2 s 33'i1 5 0 1 4 1 . 9

3 s t3"l{

4 N 87'tr 3 5 1 35 .  O

5 s 18ow t 5 0 l 142,7 46.4

3 9 . 4  N 223.65 8 9 . 8  S 90 .4  r l
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2 2 3 . 6  S  9 0 . 4  W
39.4  N O 8e.8  I  O

D"Iat.  = La4.2 S DeD. = 0.6 t{

Tan. Co. - . : : -_ + 0.0033

, ' .  c o .  -  I 1 r +  s  l l r  w

o.5san. u. = 
l;;;f:_

0 . 6  0 . 6Dist. -;ffi, - oj6iZ6- 
= rtt:s

,bs. F,quivalent single c€urse = s ll'n or lSOoU'

EquivaLent slnqle alistance = 187.5 nautical uiles

D-Iat.

Dep.
-  0 .6  w .

(F ig .7 r )

solution to Enalnple I

l) By calculator anal natural trigond€ttic fimctiona.

D-Lat. DeP.

No. fhle Coulae Di6t. ll s E lf

I

2

r elh
s 84ow
s 2oE

7 S l

6 3 1

32.9 67 .4

[otal 3 2 . 9  N r .9  a 130.1 r l
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l r o N  a \

D-lat. = 2A.7 S

D"lat.  = 28:7 s

tsn co. = -  = 4,467

s 77o23'w

12812
Dlst.

t2al2

130.1 r l

DeD. f.24.2 W
o

Dep. = 124!2 w

{J i s .72 }

t.2At2
0 .9?59

Ans. Equival€n! slngle course = s 77.4'll

Equivalent 6ingle alistance = 13L.4 n+gtlcaf
!1t9E:

2) By Traverse Tables and Natural Ttigond€tlic Punctions.

By Natural TrigondEtrrc gunction Co.+ 77223'

D-Iat.

tan O

=  2817  s

L2ai7= -  
2sn 

= 4 .46 ' j +o+77023 'DeP. = 124.2 w

(Fis.  73)

llh€n you should chedk the Travelse
then up as folLows:

!'ro Traverse Table.

Tables for 77o and ?8o anal, Plck

Dist. D-l.at . DeP.

710 r32  t0 29t7 1 2 8 : 6

x  ( co . ) -Y (Dist .  ) 72e-2

7A" 131 .  O I2a . l

l l f  -  Taol ( r32 '  -  I3 r '  )
2t5

129:7 - 27\21
o.5

( 1 2 8 ! 6  -  1 2 8 :  I )

B (29 .1  -  2A .71
o:4

172A.6 - L2a.2l
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- 1  2 i 5
; = r,.o

l '  -  215
6 r .o

Frdn the abov€ tabl€t x

q= ' l5

B = 110

Solutlon to ExattE)le 9

D-lat. - I9.6s

tan. co. = Si*

x = 77"- l-o.4ol = 77.40

Y=132 :0 -0 :4  =  13 l . : 6

-  t32 lo  -  B '

(-to) = -o.eo

I to . {  s
eo.6  N O

Balano6: lFlat. = l9.g s

77 .O W

DeP. = 149.8 E

7'- --.  ---D_ist,
Co .  

' - - . ' - - - - -_  
- - -_ (F ig .  ?4 )

DeP. = 149.8 B

D-lat. DEP.

No. Tfue CouIse Dist N s w

I

3

4

N 44oE

s 65ow

s gSoE

s 74.508

.  85 '

68 '

7 3 1

3 9 1

9 0 . 6

35.9

6r .6

to. {

8 7 . 5

7 3 . O

' t7.o

TotaI 9 0 . 6  l i 77 .0  W
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ez"zo' * l.sgg (Fron Tabf,e)

co. (Uhkrown) + 7.566 (calculateal by yourself)

azozo' * 7.42g (Fron Tabre)

{ezo :0 , -  ezo2o ' )  *  ro '  o . r  +  o . s96  -  7 .429 )

(82030 ' -  co . )  *  x '  o .o3o  +  (7 .596  -  7 .566 )

10'i 0.167 . '. x = ro'i 94* = t,"
i- = 6'55d

a2030' - co. = 1.8 
"tn 

szoza, = 
#*

co. - 82o3o, - r.8, Drsr. - 
a##qET

= s2o2a-z' = ffi + rur,,
* ez"ze'

Ans. Equivalent sirlgle course s 82o28'E

Equivalent single tlista.ce 151.1 nautical trLiles

Hoe to obtain the value of sin 82"28'

a) By"Proport lonalparts"

sj.n. 82o3o, 0.9914 (Ff,orn Tabre)

sin. 42028' x (unknoon)

€in. 82020' 0.99u (Fron TabJ.e)

(82030. - Szozo'=) to, o.ooo3 (= o.99f4 - 0.9911)

(82o3o' - s2o2s'=) 2t y (= 0.9914 - x)

Y = 0.0003 '  
1; ,  

= o. ooooe

Y  -  0 . 9 9 1 4  -  X
X  =  0 . 9 9 1 4  -  Y

=  0 . 9 9 1 4  -  0 . 0 0 0 0 6
= 0.99L34 . ' ,  s i ' ' )  a2-2A' = O.99I34
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r49 :8Dist .  = s l f f i r tEi  
= . f f i  = ts l :1086 . .  ' . . . .

b) By Tables of Natural Tr:igononetric Functions

sin 82028 = 0.99137

1 4 9 : 8  1 4 9 : 8= 
;STZo28 '  

=  
o :35 f : l -  " " :  L ) r : r

TABI,E 31
Natural Trigononetric nrnctions

+
Diff

1 ' 1 _
Diff

1 _
Difi

j '
-:; '  +

29

2 A

29

29

29

29

1.696

I6a9

L 6 S 2

1674

1667

1559

?9

30

29

3 0

3 0

29

r7 t2

1703

r696

I589

r68l

L674

4

4

4

l

r . 9 9 r 4 4

, 9 9 1 4 1

. 9 9 I 3 7

4

:l

4

4

30

3 2

3 3

3 4

o .  r l o5 l

. 130s1

. 1 3 1 1 0

. 1 3 1 3 9

. l l l 6 a

6 6 1 3 0

64441

62159

61085

594I8

t ]155

1 3 1 9 5

11224

L3254

r32e4

7 . 5 9 5 ? 5

,57A72

. 5 6 r 7 6

.54447

.52806

00863

00467

00s71

00s75

00974

30

29

2e

, 9 9 r 1 3

.99t29

2 7

26

I '
Diff

{
Dif f

I
Di f f

L {
Dif f  ^-o I
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c) By Tables of Natural Triqononetric Frmctions lrhich have a cofunn for
proportional parts (p.p)

1st step, s in 82020' + 0.9911 (Eron Table)

sin 82030' + 0.99t_4 * (Fron Table)
0 . 0 0 0 9

I
Balabce ' J  D i f f .  3

2nal step, a2o2a'

a2o2o' -

P . P 0
6 ' )i f f o 1 0 ' 2 0 ' 3 0 - d 0 - 60'

3

2

2

I

I

4

4

3

2

I

I

5

4

3

a
2

I

5

5

4

l

2

I

6

5

4 5

46

4 7

o . 7 0 7 1

. 7 r93

.1314

9903

9925

9945

9962

9976

9946

9994

999€

0

o . 7 0 9 2

, 7 2 t 4

_ ? 3: ! .1

9907

9929

994n

9964

9 9  ? 8

9 9 B a

9 9 9  5

9999

0

0

0 71.12
'| 234

0 713 3

"t 254

7 3  7 3

99t4

9 9 3 6

9954

9969

99aI

9 9 9 0

9997

0000

0

0

t

0 7 1 5 3

1 2 1 4

99 l_8

9 9  3 9

9957

9 9 1 !

9983

9992

9997

0000

0

0

t

o 7I7 3

7 2 9 4

1412

9922

9942

9 9  5 9

9974

9985

9993

9998

0000

0

o

I

0 719.9
' 7 3 1 4

? 4  3 1

992t

9945

9962

99BaJ

9994

999n

0

D

I

A3

4 2

7

6

5
a
3

2

!

0

2 \  2 0

2l-20

20-r9

4-3

4-3

3-2

3-2

2-I

r-o
1-0

a2 . 9 9 1 I

8 3

B 4

a 5

€ 6

a 7

sa
89

9932

9 9 5 1

9967

9940

99S9

9Ee6

9999

0

o

2

I

7 ' ) i f f 60' 5 0 - 4a ' 3 0 - 2 0 ' 1 0 -

Balance



3ral  step, By Co1umn of P.P

You could have the

Then, sin 82028' =

f 4 9 : 8IJrsE. = 
;T;_!rorET

By Traverse Tables and Tables

we have already cafculateal the
as foLlo\rs:

D-Iat.  = I9:8 S

- 6 7 -

value (2) frqn Column Dif f .  3 ard P.P.

0 . 9 9 1 1  +  0 . O O O  ( 2 )  =  0 . 9 9 1 3

= -  -  1s r :1 l46 . . .  +  I s r j l

of Naturaf Trigononetric Functions.

equival.ent single D-lat. ard DeP-

3 )

Dep. = 149:8

'.":-- -?'-:t - - -D-lat.  = I9:8 s

DeP' = 149:8 E

(F i s .75 )

_  149 :8-Lst sceP. t'an co, -lEiE'

usi.ng Natural Trigononetric Functions Table 31.

'7 .565't + 82029'

2nal step. osing ltaverse Table

Dist, D-lat . DeP.

820 (Frcm Tabfe) 152r(From TabLe) 2t:2 (Fron lable) 150:5 (F'rorn Table)

X (Unkno!'rn) Y (Unknolrn) 19:8 (caldr lated) 149:8 (calculated)

83o(From Table) 150'( [ ' ron Tabfe) 18:3 {Frorn Table) 148:9 (From Table)

- ro(= o2o- g:o)
o (= a2o- x) B(=

1 5 2 ' - 1 5 0 ,
1 5 2 ' - Y )

2 1 9  ( 2 1 : 2 - 1 8 1 3 )
r l4 = 2It2-\9ia

1 !6  (=  r5015-14819)
0 :7  (=  15015-149 :8 )



-  6 8  -

1 2 t  2 : 9

B 1 :4

^  1 r r l  ^  l r a
c .  -  -1 - \ r ;d  - -0 :s2  e  -  

f i  2 '=  a ie7

-  o?sz  =  ezo-  x  0 .97 '  =  r52 '  -  Y

x = 82o+ o"-sz - ez?s v = Ls2t- oi97
=  l5 I :03  +  151 :0

Ans.  E .s .c .  =  s  sz?s  n



ExarnpLe l0

A ship has sal1€d with coulaes ana alst.nc€a as tebulatetl belos.

Flnd: (1) Equivalalrt singL€ course, 6tral

(2) Equivalent siflgLe illsta4ce,

Att4ntion I In thLa case you have only nCoE ass coulse' anal 'CooE ass erlofi.
thetefore you nust codEltrts tllrue coulger first.

- 6 9 -

l,lo. Con{tesi courle @mpa5s crror Dlit.nca

l-

2

3

4

5

N 5 6 0 E

s32oE

s15o t {

west

s2oon

3 0 D

row,
2 0 w
- o _

2 0 w

73 mlles

40 htles

!5 nl les

ItO nrila€

Bxq)Ie lI

I ship has saiLeil with couls€s antl dlistances as tabulated beloi'.

Sind! (l) Equivalent single course, and

(2) Equtvrlent single allstancd.

Attentionl lou muat ccmput! 'Coq,ass erlolo fi!6t. ar*l calcul.at€
ntrue coulsetr.

tlo. Conpass Course Devlatlon varlatlon Distahc€

I NToow

s8oo t l

s  50E

1 0 E

I- ll

2 0 w

soE

soE

5 0 s 55

nlIeE

nl les

mlle6
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Exa$p1e f2

A ship has sailed h'ith course6 and distahces as tabulateal below.
Find Equivalent single course ard distance.

Note: Valiation was 7-W, and durihg this saj.ling, curlent ran to
ESE aJrd alistance 39 nautical ni-Les.

Conpass Course Deviat ion Digtance

I

2

3

N I I

s77ow

ssE

East

60n

50w

4" - : o

9o r

I26 mi les

6 a  n i l e s



Conp. Co. conFulation True Co. Dlstance

I

2

3

4

5

N 55oE

6 32oE

s l5ow

s 2oot{

560 + 30

2zoo + lo

N 59o!

s 33oE

5 l 3 o ! {

N 8?ow

s 18o!|

73 nll.s

50 ndlc!

40 nth.

35 nt les

I50 nl les

Sdlutlon to Exanple 10

solution tat Exa@le 11

(F j .s .7s)

thls ans.I{er is,also t$e ansFer
Sol-ution to Axanple I on pages

+ 56 - 59o+ Tru6 co. 59o

Ihis ansr€! is also the ansirer to Lhe Solution
to Exarq)le 7 on pag€s 60 anal 61.

(Fig, 76)

-zo+ so

to the
61 and 62,

I N Toow

s aoow
s soE 5 0 + 3 0 =  a o

N

I
s

a4orl

2os

75 hl les

63 ni les

55 niles

Ftg' 771



l

2

l

4

5

N 45oE

s 77ot'|

s 2295 E

0900

s6795 E(ssn

6oE

5oli

49s E

9oE

N I L

- l o + { - s o ) =  - t z o

-t"+ q?s = -z?s
- 7 o +  9 0  = + 2 0

+ 7 0

\2o't1

20e

77o-1zo = 55o

22?s+2?5=25o

9oo+ 2o = 92o

6 1 9 5 + 7 o - 1 a ? 5

solution to Exanple f2

(r is '  80)

2?s ti
T . N

1 , . '

.ta "

l,ris. ez)

-  7 2  -

T . N

(Fig, 81)

(Fig. 63)

lhis ans\ter is also

( F i g . 84)

N 44oE

s 55ow

s 25oE

s zl?s lr

126 n i les

s5 h i les

68 n i les

73 n i les

1oi,l L2ol,r

Sol'rtion to Example 9 on page 63



3. Mercator sai l ing and Chart

The chart used most populally by navigators is the Mercator clDrt.
The meridlans on the earth b€cqne closer together as the latitude increases,
but on the ltlercator chart, the neridians are parallel, equialistant frq!
each othe! and perpendicular to the parallels of latitude.

The nain characteristic feature of this chalt is that both the
meridians and lErall,els are exparded by the same ratio \dith lncreased
latitude. The ratio is aletived fron the formula

D - I rng. = Dep. x sec Lat, ,

the expansion is eq\ral to the secant of latitude, and the same in all
direct ions.

The l,tercator chart cannot include both the north pole and south
poLe, because the secant of 9oo is infinity. Rhunb lj.nes are stb\rn as
straight lines, the direction and distance can be neasured alirectly on
this chart.

rhe latitude scales are used for neasuring alistances, the expansion
of the scale being the sarne as that of distances at the 6ane latitude.

creat cj.rc1e6 are shown as curvd lines concave to the equator
except meridians and the equator.

The pfotting of positlons by rnaking use of latltuale and longitude
is the €alne as the plotting nethod of rectan$rlar coordinates.

I. Meridional part

If the eaith is a perfect sphere, the length of I ninute of
latitude should be equal to that of 1 nlnute of longltude. To ex[tress
both the length of 1 ninute of longitude on the Mercator chart, we suppose
that the length of 1 minute of longituale is equal to I centinetre, then
the lenqth betreen th€ equator and the latitude t ninute (= r€l) tE shown

{m = fcm x sec o' (because, D-Long. = Dep. x sec lat,)

so between Latituale I minute and 2 ninutes, (Lin)

Lin = 16 x sec l'

Between latltuale 2 ml"nutes anl 3 mj.nutes (L;m )

r'!n = 1cm ' 
"tt 

''



The above-rnentioned equatlons shovr that the length of t ninute
of each latitude is expanded as the latitude incleases.

the length neasured by the unit : L ninute of difference of
latltude = t minute of ai f ference ot tonsiEiEE-lElilifi-lEr,oiEJ' ),
on the equator is called nerialional part and the ilifference of
meridional parts of two fatitudes is ca1led heridional difference of
lat i tude (!1.D,-Iat) .

Itre formula of ner:idional

llto = 'l9]L5.?04468 x tog,^ tan (45o
s i n 3 t o  -  o . o o o 2 l 3 ' i  s i n s 4 o -

_  7 4  _

between latitude 3 minutes and

_ c n  - c m . .x s e c J

4 minutes, (r,!n)

s e c  ( l - L ) '

betwee[ the equator anal latitude

_ c n  _ c mL 2  r  L r  r  , . . , , L L _ r

+  ( lm  x  sec  I ' )  +  ( t cmx  sec  z ' )

*  . . . . . .  { I " *  x  sec  {L - r ) , } .

part at latituale l,o is showi below;

+ Lo/21 - 23.26ag32 x sin l ,o- o,osz5 x

P age a0-82
79-81

tretween latituale (r.-1) hinutes ana t .i"ute", o-ilr)

' c m

So the total length (L,)
(!) is shown as follows,

L t =  L O  + L l  +

=  ( r  x  s e c  0 ' )

( r  \  s e c  j , )

Ico rcm lcm

Fig. a5 Mercator chaxt.



2. Cdiputatlon of llercator sailing

a. liow to coq)ute the arrlvrl latttud€ (trt) and longltude (L2)
rittr the git,en oourse. dlatance atrdl latituttc (lr), and longttudo
(Lt) of departule.

'D-Ipng.

D-Lat.

D-Iot|q.

- Dist. t coa Co.

- U.D-I6t. x tan Co.
l.t.D-Lat.

FIg. 86 Difference of Ipngitude,

Fllat you have to calcu!.ats ttle D-Irt., antl tha arlval
latttutle- (021 . trecause !2 - lt i flat. S6conaly. you calcuLate
l|.D - Lat aa follon6 r

92 --- a.92 (h.p2 - rFrtdLotral palt of 12)

tr --- n,prO (rn.pr - nerit l ional part of 11)

!n. D-Iat.

You can fintl the leriallonal part f!6 the trble o! the fotrula

ulo. ?915,?oaa68 x tog,. tan (Aso + No/2, - 23,26€932 x stn lo- o.os2s x
.tnl lo - o.ooo213'i  elnslo. . .J

fhl.s !f.D - tat. giv€a you D-Ipng.. becaurCtbf FLng. = u.D-!at x tln @.
Ilt€n you can have Ll - L2 + D.Lng.



b. llolr to cdrpute the coulse atril dlstanco by th6 given two l,o6itlons
(Latitude lr, longituale Lrt and (!,atitude f,2, loltgitude L2).

tan co. = 
*#

Dist. = D - Lat. x sec co.

You have to calculate [FLng fllist as follows:

D-Long' = L2 ! Ir (E or t{)

seconally. you cctrDute u.D. Lat. as foll@B:

U2 --  \ .P2

.Cr --- h.Pr O

l.l.IFLat.

chen you can conpute, tan co. = 
,,**]]:@;.

To calculate disla.nce, you shoulal oonpute D-Lat, as fo11on6!

D-Lat. - X2 ! g! (l| o! s,

You have alreatly calculateal ttre course, so you can codlput€ thg
dj.sta.ce by using the formula Dist. = D-IJat. x sec co,.

A!.apple 13

A. ship has saileil from 34o- l2lo ll. l32o- 2olo E. cith the
' true course s 28uts, anal the ilistance 658.nautical nlles, Find the

arrival latLtuale anil l-ongitude by Uelcator Eailing.

Solution

L) Cz D-Lat. - Dist, x cos co, ! 658' x co6. 28o = 5a110 S

= 90- 4l lo s

lr = 34o - l2lo N Lz - 24o- 3t:o N --- mp2 = 1508!{

t lr  = 34 - f  2to N -- npr 
2L72 '9 ^

,,.o-;,F- 
u

D-Lat. 90- 4l:O S (:t
1,2 24-- 31: O N



L2 D-Lng. !'t. D-Iat x tan co. = 664:5 x

50-  53 !3  E

1320-  2o lo  E

5 0 -  5 3 1 3  E  o
1 3 8 " -  1 3 : 3  E  v

= Alrlvat Iat. 24o- 31:o N

Alr ival  1ong.13ao- t3:3 E

353 :3  E

D-Lng.
M. lFtat.

2 4 0 1 0
ati
0 . 8 1 1 6

s 39ow

Ars.

3ro- l5:o w

2?o- 1510 w

D-rotlg. - 40- oo,o w = 24o:o w

!,. 47o- t5:o np2 32o?r.7

st soo- 3o:o_gp!3!9!.4
l . l .D.-  Lat.  295' .7

Lr '

I|-IJong.

Exarple 14

A shiD has sai feal  t ron 5oo- 3olo N 27o- t5:o ! i  to 47o- 15:o N

3lo- 15:O v|. ;ind t}le true coulse and tlistance betveen the too po5ition6

by l,Ercator saillng.

solution

I) co.

h

I,t

2) Dist.

Lz

l t

4 7 0 -  1 5 : O  N

5 o o -  3 0 l o  N

= D-Lat.

=  I95 '  x

=  195 '  x

["

l_
PD-Lat 30- l-5lo s = I95:O S

tns. co. s 39"w, Dist. 250r.9



- 7 9 -

Exercise 6 (See pages 108-I I l )

38. A ship has sai teai  f rorn 37o- IO:O N, J.65o- 4O:O E rr i th
course S 65-W, and the distance 450' nautical miles.
axlival latitude and longitude by Mercator sailing.

(Ans. -Q, 33o- 59:8 N, L  l 5 7 o -  2 I : 2  E )

rY. A sAip has sai led fron 45-- 2210 N,
173-- 1510 E. Eind the co\fse and
positions by Mercator sailing.

(Ans .  s  2191  E ,  30213)

17oo- 46:0 E to 4oo- 4olo
alistance between the two

N ,

2O'.0 N, I79o- 1O:O E at 1O:OO
at the speed of I0 nautical niles
ship reach the tonqitude lao-?
t ine? Calcufate by Mercator sai l ing.

the true
Find the

40. A ship left the position^4Oo-
with the true course 065" and
pe! hour. What time did tlris
What lras the latitude at thac

(Ans. at : ,4b- r2n, 1at.  -  4oo- J7:a N)

41. A ship has tef t  the local ion 15o- 42lo N, l78o- 56:0 E
with the tr:ue course 145- anal at the speed of 20 nautical miles
9er hour, Hor long dial it take to get to the equator and i,rhai:
was the longituale at that time on the equator? Calculate by
uercator sai l ing.

(ens, 57h- 3on , rong: l .7oo- oo t4 w .
Attention

42. A ship lef t  rhe posit ion 27o- 3olo N, 1740- I5!o E. with the true
couxse fls-and at^the speed of, LO nautical hiles pei hour for
the longitude 180'at 12:OO on 11 Clct . ,  9, then dlal  this shj .p reach
the longitude 180' and what vras the latiluale at that tj.me?
Cafculate by Mercator sailing.

(Ans. at 22h- 18m- 36s on 12 oct.  Iat .  = 25o- os:o N.)



Exanple 15

If tie Iength of intelval of Iongituales for each degree is one
centimetle, how nany centimetres should the lelrgth of interval of
latitudeg be for each degree from 4Oo, 41o, 42o and 43o? Use lhe tabte
of seriallonal parts frdl NAVIGATION TABIls, TDIIN/52.

solution

chart, ne have the forrnula,

l
According to

.cd r,

gcm

theory of the Mercator

60r :  ( ! t .D-Iat)r

6 0 ' = l d x  ( M . D - r a t ) '

E L  x  ( M . T F I a t )  I

6 0 1

16 l-cm Lcn Idr Lcn

{ {i i {
6 0 '  6 o '  6 0 .  a o .  6 0 .

1 ti'
I

M,D-Lat

43oN

6 0 '

60'

42oN

7 a  r 6

4roN

40ot!lc!|

{

Icn

!
5 o '

d
6 0 '

{
6 o -



4a rnpl ---

M .  D . - L a t

40 rnpo ---

t4 - D- -tat

4r  np!  - -

qu mpo

Ans. 4oo-

4oo-

4oo_

2 6 8 6 : 3

260'7 |  7

7 8 1 6

2766t t

2607 i7

1 5 8 : 4

2A47 i 2

260'1t 7
, 3 9  5

4 r o

420

430

1 . 3 1  c m

2 . 6 4  c m

-ao -

t= =  I . 3 1  c m

.  I  Y  1 5 8 : 4

o  f ,  x  2 3 9 : 5
6 0 '

L  x  7815
60 ,

Exercise 7 (See page 1O1)

43. Calculate the length of interval of
on the figure.

each latituale in centirnetres

(Ans.

cr')3 .4

300

200

100
7Oo 8oo 9oo 1000



ExanpI_e I6

l f  the lengEh
i s  f i f r e e n  c € o t i n e t r e s
intervaL of lat  i tudes
7 ' 3 0 ' N ,

S o l u l  i o n

o( interval  of  longitud€s for eacb ten minutee

, holr  many ceot inetres should the Ienglh of
b e  f o r  e a c h  f r o m  8 " 0 0 ' N ,  7 " 5 0 ' N ,  7 ' 4 0 t N  a o d

B y  s c i e n t i f  i c  c e l c u l e i o r

Sooo'

7050, r

7030, rl

CASIo fx-4000 P.

Fornu la;

rr = 7915.70446a x loa.ten (45'

-23,268932 x sin l"

-0.0525 x s in34"
-0 .oOOz l3  x  s ioS [ .

" ; )

rCdi errdr r.'!dr

8"00 '  Nl .

Operat ion Reystrokes D i s p l a y

EEEEMEE
EtrEEIE2 3 2 6 9 3 2 Etr
E trE EEEEtrE
EEtr
E EEEEEEEE
tr

7 I 7 0 4

0 0 5 5

0 0 0 0 2 I 3

47 8.3287 35

478.328135



2.  7 '50 '  r l

Opetat ion Key6lrokeB Display

FT,FFITI{4FI;FI E E E E ffi E
E E tr M E E E E E FI-{1+FI-,FI1 E
EEtrMEEFI]E{4,]EE

F-F-l F-i F--r FEEEMtrEEEtr
EFTFI.II4IIEEEENME
EEEE

468.2995548

468.2995588



3.  7"40 '  n

Operal ion Reystrokes Disp ley

FT,T{5I-T'FI{4I4;I E tr tr E M tr
EEEMEEEEEFl{I-frIfl
HEtrEEMtrEFF;I'FII
EEEEEMEEEEE
EFTFFFI4T1EEEEtrME
EEEtr

458,2744446

458.27 444E6
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4 .  7 "30 ' i  n

Operel ion Keystrokes Display

FgFITTFFI-.FF1 EEEEME
EEEEEEEEEE]FIT.FFI-
]ilEEEEMNHH-|.FT-'I1
EEEEEMEEEEtr
E FI-I'FFI4;FI E E E E E ME
EEEE

448.2533t54

448.2533154
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x (8'00' !r) - 478.3287350

u (7 '50 '  N)  -  468.2995588
| | .D .  l a r .  =  10 .0291762

ISc{n x 10.0291762
x=

10 '

u  (7"50 '  n )  -  468.2995580

!t (7'40' N) ' 458.2744486 O
u5]Ter.:----=-Io.o-tmit--

l5co x l0' .0251094

=  15 .0437643  r :15 ,044

-  15 .0376641 :  I5 .038

-  15 .0316998 -  15 .032

l0 '

x (7'40' x) - 45a.27444a6
(7 '30 '  N)  .  448.2533154 O

u.D.  le r .  -  10 .02 I1332

lScn x  l0 ' .0211332
z-

l 0 '

x-

2-

15.044 cr

15 .03E  cm

15.032 cD



sorutiod by 
"."t'.r-""0r. "-*r"t

A computer is an electronic calculator designed for the
solut ioo of nsthenat ical  probl€rs. A computer hae a programing
cap.bi l i ty,  therefore, i t  cen be employed to do the nevigat ional
halculet ion nork much faster ihan the old convenl ionel nethod.

There ere ver ious types of co[puter.  SoDe of !hen, por leble
comput€rs, aie introduced here:

l .  Portable corputer;  [ode t  PC-1350, SI iARP CORPoRAIION Co.,
L r d .

2. Sci€nt i f ic Celculetor;  Uod€l fx-7000 G, (craphic),  CASIO
Computei  Co.,  Ltd.

3. Scient i f ic Celculetor;  t {odeL fx-4000 P, CAS1O Cooputer
C o .  ,  L t d ,

The proSradriog of the formuls to celculete l le l id iansl
Dif ference of Lat i tude is as fol lo lJs:

l .  Mode I  :  Pc-1350 (sUARP)

ProSr.dioS Liet

Line No. Stetenent

600

610

620

630

540

550

660

670

Meridianel Part

"r" rNPUT 'r lar l- ' r ;  L

L=DECL

INPUT 'rlet 2="; l|

N=DEEN

INPUT "cn="; x

INPUT ,,1=,,; y

lf  = 7915.704468x1oc TAN (45+L/2) - 23.268932
*srN L  -  o .o525tsrN LA3 -  o .ooo2r3
I  s rN L   5)

R€f. Y = 10,60 or 600
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Ref. Y - 10,60 or 600

or b, Subroutine function:

Ref. Y - 10,60 or 600

Lioe No. StateEent

680

690

700

710

120

p = (x - (7915.70446Er(rcc TAN (45 + n/2)
-  23 ,268932*Sr  [  -  0 .0525XSIN  {A3
-  0 .000213*srn I  A 5) )xr /Y

PRINT 'tu l-"; u

PRINT [Uetidianel Pert-r ' ;  P

6r0
EIID

Line llo. Stsledent

800

810

820

830

840

850

860

670

880

nlat l=rt; x, {Lar 2=r!; X, (cr- 
;

i, rrY-I; Y

M = D E G U , N . D E C N

L=u :Cosub870

B-D :L - [ :Gosub870

C =D

PRINI S-C

END

D - X/Y*(7915.704468*toc lAx (45 + Ll2'
-  23 .268932*S l t r  L  -  0 .0525 tS rn  LA3  -  0 .000213

f,srN L A 5)

R.ETURN
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C a l c u l a t  i o n

l .  Exanple 15 (page 79)

N o . Operat ion Keystrokes D i s p l a y

E
RUN 610

m L a E l - 4 3
Lat 2 -  -

3.
L a L 2 - 4 2

E La t l =43
La t2=4 t

Y

m L a E  2 =  4 2

Y  - 6 0
lt 1 - 2847 .20924!

6 . Y 60
l r  1 = 2847.209241
l, let id isnal Part

=  I  . 35 t382057
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N o . Opersl ioo Reystroker D isp ley

7 . L a t l - - -

8 . m L a t I = 4 2
L a L 2 = -

9 .
057
LaL l=42
La t2=41

t0 . n La r I=42
Le t2=4 l

t t .
La t2=41

Y  -60

n  I  =  2765 .126118

I  - 60

I  I  -  2766 ,126318
I, leridiana I Part

=  1 .330151434

ll I - 2766. L263La
l{eridianat Part

= l .  330151434
La t l - -
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N o . Operat ion Keystrokes D i s p l a y

1 4 .
L a t l = 4 1
L a a  2 - '

t5 . m 434
L a t l = 4 1
L a t 2 - 4 0

t 6 .

17 .
L a t  2 =  4 Q

Y  = 6 0
!l I - 2646.317232

18 . Y  = 6 0

M I = 2686.311232
Uer idiana I  Part

=  1 . 1 0 9 9 6 6 4 4 8

Ans .  43 "  -  42 "  - - -+  1 .351382057  i  1 .35  cm.
42" - 4I '  ---+ 1.330151434 i t ,3l c'n.
4 I "  -  40 '  - - - r  1 .309966448  *  r . 3 l  c rn .

40 "  -  43 "  - -+  3 ,99  (=  l , 3 I  +  t . 33  +  1 .35 )  cm.
40"  -  42 "  , - - )  2 ,64  G  l , 3 l  +  1 .33 )  cm,
40" - 4l " --e ! l !  (= l .3I ) crn.
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Ref ,

43'N

42"N

4 l 'N

40'N

A116, 40'-41' ,

or 40"-4I"

2. Erercise

r  ,35r382057

r .330r5r434

1.309965448

3.99-2 .64  )

2 .64- t  .3 t ' )

l .3 l -0 )

t ,35

1 .33

r  .31

l . 3 l  co .  41 " -42 ' ,

1 . .31  cn .  40 ' -42 ' ,

7 (page 80)

42 ' -43 ' ,  1 .35  o r .

40 ' -43 " ,  3 .99  cn .2 .64

N o . operet ion Keystrokeg D i s p l a y

|.
RUN 610
L a t  l - -

m RUN 610
Le t  1 .50
LaL  Z " -

m RUN 610
La t  l - 50
Le t  2 -40

4 . L e t  t - 5 0
L a t  2 - 4 0
d r  -  2 . 4

La t  2 "40

Y - 600
u 1 - 3456.624176



- 92  -

N o . Operat ion (eystrokes D i s p l a y

6 .
Y = 600
M I = 3456.624176
I{€rid isnel Part

- 3.395619724

7 .
M t = 3456.624176
Mer id ianal Part

= 3.3956t9724

Mer id isnal Part
-  3.395619724

L a t  t = 4 0
L a t  2 = -

724
La t  l =40
La t  2=30

.t0.
La t  l =40
La t  2=30

l l .
La t  2=30

Y = 600
u I = 2607 .719245

t2.
Y = 500
M 1 = 2607.719245
Merid ianal Par t

- 2.923939425
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N o . 0perat ion l (eysirokeg D i s p l a y

13 .
lf I ' 260l .719245
tter id iensl  Part

- 2.923939425
L a r  I  = -

t4 .
Mer id isnal Part

- 2.923939425
L a t  l - 4 0
L a . 2 - -

15 . m 425
La t  l =40
La t  2=30

16 . EEE L a t  l - 4 0
L a E  2 - 3 0

La t  2 -30
cn  =  2 .4
Y = 600
I I = 2607 . | 19245

18 .
Y  . 600
!l l  -  2601 .719245
lleridisnal P.rt

- 2.923939425

19 .
l.t I = 2607,719245
ilerid iene I Part

- 2.923939425
La t  I  = -
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N o , Operat aon Keystrokeg DispLay

20.
Merid iane I Part

- 2.923939425
La t  l =30
LaL  2= -

2r.
425
La t  l - 20
La t  2=30

22.
La t  l =30
La t  2 -20

23 .
LaL  2=20

Y " 500
u I = 1875.134389

24.
Y 500
l . t  I  - 1876,734389
ller id ienal Pert

= 2.63822352

25 .
M I  -  1876 .734389

er id iane l  Pa r r
- 2.63A22312

26.
l ler  id iaoal Perl

-  2.53822352
L a t  l = 2 0
L a t  2 = -
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Ang. t  ( t0 " -40 ' )  =
Y (40'-30') =
x  (30" -20 ' )  =
I {  (20 ' -10 ' )  -

3. Exanple 16 (Page

3.3956t9724
2.923939425
2.6342852
2.472599249

81)

* l .  t r  c. .
i  2 , 9  c t n .
+  2 . 6  c 1 ! ,
i  2 . 5  e n .

No, OperaEioo Keyslrokes Display

21 . m 52
La t  l - 20
La t  2=10

24.
La t  1 .20
La t  2 -10

29 .
La t  2 -10

Y - 500
u  I  -  1217 .178509

30.
Y = 600
l l  I  -  1217.178509
l ler id ienal Pa! l

- 2.412599219

llo. Operat ion Keyslrokes Display

RUN 610
L a t  |  - -

E RI'|N 610
La t  t -E
L€ t  2 - -



N o . Operat ion Keyslrokes D i s p  l a y

RUN 610
Lat I = 8
LaL 2 - 7.5O

L a t  l - 8
L a t  2  =  7 . 5 0
c n  =  I 5

La t  2  =  7 .50
=  15

Y  = IO

M I - 478.3287351

6 .
Y =  l 0
It I  = 478.3241351
lter id iaoal Part

= 15.04376452

1 .
lf  I  = 414.1247351
lleridianal Part

= 15.04376452
LsE  I  = -

I . ter id ianal Part
= 15.04376452

L a t  I  -  7 . 5 0
L e t  2 = -

452
La t  I  =  7 .50
Laa 2 - 7.4O

10 .
L a t  I  =  7 . 5 0
La. 2 = 1.40
cn = 15
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N o . OperaE ion Keystrokes D i s p  l a y

l l ,
Lat 2 - 7.4O

Y = I0

M I  =  458 .2995588

t2 .
Y -  l 0
M . l  -  468 .2995588
tler id ianal Part

= ,5.03766524

13 .
M I  -  468 .2995588
Merid iana I Part

- 15.o3766524

14 .
Mer idianal Part

- 15.03766524
L a t  I  =  7 . 4 0
L a t  2 = -

524
Lar  L  -  7 .40
La t  2  =  7 .30

t6 . m L a t  I  =  7 . 4 0
L a E  2  -  7 . 3 0

t7 . m Lar  2  =  7 ,30
=  t 5

Y  -10
l,l 1 = 454.2744446

18 .
Y  = I0
M I = 458.2744486
l, ler idiana I Part

=  15 .03 r69975
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R € f .

N o t e :

8"00 '

7 '50 ,

7 '40 ' ,

7 .30 '

+ 15.044

+ r5 .038

+ 15.032

t5.04376452

15.03766524

15.03169975

7 '30  '

7"40',
7  "50 '

7 "40 '
7 ' 50 '
8 "  00 ,

, 15 .032  c rn .
,  15 .038  c 'n ,

15 .044  cm.

Model : fx-7000 c (CASIo)

Progremitrg List

X (R'--r L')

=  7915 .704468  x  l os ro ran  (45 '+  K '12 )  -  23 ,J68912
x  B in  K"  -  0 .0525- i  s i n3 l ( '  -  O .O0O2I3  x  s in5K '
+  7915 .7  x  l og lo tan  (45 "+ ( ' / 2 )  -  23 .3  x  s in  ( '

=  t  7915 .7  x  1o8 l0 tan  Q5"+  K ' /2 ,  -  23 .3  x  s in  K " )

- {7915 .7  x  l og lo ran  (45 '+  L ' l 2 )  -  23 .3  x  s in  L " }

.  {  ( 7915 .7  x  ( l og lo tan  (45 '+  L '+  2 )  -  t og lo ran
(45 "+  L "+  2 r )  -  23 ,1  x  ( s i n  K ' -  s i n  L ' ) ]

(K'- i  L") x x + Y

[ZSrS . l  *  ( l og16 tao  (4 t "+  K '+  2 )  -  t oe  rao
(45"+  L '+  2 r )  -  23 .3  x  ( s in  x " -  e in  L ' ) ]  x  x  r  y

Stateinent

b4 I
, ,LLt = 11"","_* 

"ILAT = L'x.?----+ L

" Y - NM":?--.) Y
( 7 9 1 5 , 7  x  ( l o g  t a n  ( 4 5 ' +  K ' ; 2 )  -  1 o C  r a n  ( 4 5 ' + L " r 2 )
-  2 3 . 3  x  ( s i n  K " - s i . n  L " ) ) x  x  i  y  J  c o t o  1
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Calculat ion

I.  Exanple 15 (page 79)

N o . Opera! ion Keystrokes Display

Lat.  43'  -  Lat.  40"

l . E E LAT = K"?

2 . mtrE
mtrtr 40'

I = clt?

4 . EE I
Y =Nu?

5 . ME 60
3.99152267 3
-  D i s p  -

L a t .  4 2 "  -  L a t ,  4 0 "

E LAT = K"?

7 . MEE 42'
LAT = L.?

mtrE 40 '
t=Cu?
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No. ope!at ion Keystroke8 D i 6 p  I e y

9 . EE I
Y = NM?

t0 . ME 60
2.640132583
-  D isp  -

La r .  41 '  -  La t .  40 "

l l . I,AT = K. ?

13. 40 '
x = Cu?

t4 . E i  =mrr

15 . ME 60"
r ,309973569
-  D isp  -

Ans. 43'
42'
41 "

40" ---+ 3.991522673 + 3.99 co.
40' --r 2,640132583 i 2.64 cm.
40"  - s  1 .309973569  :  I . 3 l  cm.
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calcule!ion

1. Exanple 15 (page 79)

llo. Operation Keystrokes Display

Let, 43" - Lat. 40"

t . H
I-J

n
ti LAT - K"?

MEE 43"
LAT = L'?

MEE 40"
X=cM?

4 . EE I

Y = T U ?

ME 50
3,991522673
-  D isp  -

Let, 42' - Lat, 40"

6 . E LllT = K'?

MEE 42"
LAT = L'?

8 . MEE 40"
X = C X ?
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A n s .  4 3 '
42"

40" --) 3.99\522673 i : ,gS cI[,
40" ---t 2.640132583 + 2.64 cm.
40 '  - t  1 .309973569  i  t . r r  . * .

N o , o p e r a E  i o n  K e y s t ! o k e 6 D i 6 p  l e y

9 . I
Y - Nlt?

I 0 . 60
2.640132583
-  D i sp  -

t t . LAT _ K"?

LAT = L"?

40"
X = Cl{?

1 4 . I
Y = NU?

60 '
1 .309973569
-  D isp  -
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2. Ex€rci8e 7 (pase 80)

N o , ODerat ion Kevelrokes Diepley

t . trEtrEE LAT -- T. ?

MEtr 50"
LAT = L'?

MEtr t O "
x - CM?

4 . E 2 .4
Y - NU?

E 600
3.39564t242
- Disp -

7 . E LAT = K"?

MEE 40'
LAT  ' L ' ?

mtrE 30'
X  "C  ?

t0 . E 2,4
Y = NU?
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N o , Operat ion l (eystrokes D i s p l a y

l l . 2.9239496t3
- Disp -

rz.E LAT = K"?

MEE 30'
LAT = L.?

14 . mtrE 20'
X=CM?

l ) , E 2,4
Y . NM?

16 , E 600
2,638220250
-  D isp  -

3, E€npte 16 (page 81)

N o . Operat ion Keystrokeg Display

EtrEtr LAI K"?

EEE 8 '
LAT = L'2
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N o , Operat ion Keyatrokes Display

3 . E
7 '  50 "
Y -CU?

4, EE
l 5
Y = N!I?

!0
r5.04363451
-  D i s p  -

6 . I,AT . K. ?

7 . EEMEE 7"  50 '
I,AT . L.I

EEMEE 7" 40"
x=cu?

ME
15
Y - [lt?

10. ME l 0
t5,o3753471
-  Disp -

I l . E LAT = K.?
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Ans .  8 "  -  7 ' 50 '  - {  15 .04363450  +  15 .04
7"50 '  -  1 "4o '  - - " )  15 .03753477  +  15 ,04
7"40 '  -  7 "30 '  -+  15 .03156E72  *  15 .03

3. UodeL ; fx-4000 p (CASIO)

P.ogtauing List

No , 0pc  ! r t  i on  K l y rE !ukaa Di .p l .y

EEMEE t ' 40 '
LAT - L'?

13 . EtrMEE 7"  30 '
I = Clt?

t4 . ME I 5
Y = NM?

mtr l0
I5 .03156872
-  D i 6 p  -

Steteo€nt

Lbt I
: "LAT - K'"rt ----+ K
:  ' iLAT = L"":? --t L
: ix = Gn":? --.--J x
: rrY = Nl.tn:? -tY
:  (7915 .7  r  ( t og  tan

(45 '+  L '+  2 ) r -  23 ,3
Goto I

(45'+ l("r 2)-1og ran
x  ( s in  K ' -  s i n  L 'D  r . x+1 /
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celculetioo

l. Example 15 (paee 7!i)

No. Operstioo Reystrokes Dirplay

@Etr8tr LAT - K"?

MEE LAT . L.?

MEE I . CH?

4 . EE Y - Mt?

ME t.991522573

E LAT - K'?

MEE LAT .  L.?

8 . MEE :( - CU?

9 . EE Y - nU?
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Ans. 43' - 40" ----.r 3,991522673 + 3.99
42' - 40' ---4 2.640132583 + 2.64
41" - 40' ----.f r.309973568 * r.3l

2. Exercise 7 (pa8e 80)

cm.
co.

N o , O p e ! a t  i o n  K e y r i r o k e B DispLry

10 . ME 2.640r32583

l t . r LAT = K.?

t2 . mtrtr LAT = L.?

t3 . MEE X = CM?

1 4 . EE Y = Ntt?

mtr l .  309973568

t lo, Operdt ioo Reys!roke3 Displa,

t . @EtrEE LAT - K"?

2 . mtrtr LAT = L.?



- 107 -

N o , operet ion Reystrokes Disp tay

X = CU?

4 . E Y = NU?

E 3.395641242

E raT = l(''?

7 . MEE IAT - L.?

8 , MEE x = cll?

9 . E 1 = I}{?

t0 . E 2.9239496t3

' l l . E IAT . R"?

12. MEE r.AT = L'?



z
Y
x
w

( 50'-r 40' )
( 40'--+ 30' )
( 30"--i 20" )
( 20'---r 10" )

- 108 -

3.395641242 ; 3.4 c'n.
2.923949613 + 2.9 clD.
2.538220260 + 2.6 d!.
2,472584226 + 2.5 cn,

N o . operat ion Keystrokes D isp lay

13. MEtr X = cU?

1 4 , E I = Nll?

E 2.63822026

16 , tr LAT - K"?

MEtr LAT = L"?

lE . WNE X = C'lt?

t9 . E Y - TU?

20 , E 2.472544226
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3 .  E x a m p l e  1 6  ( p a s e  8 1 )

N o . O p e r a r  i o n  K e y s l ( o k e s D i s p l a y

I . EtrEE I,AT K .?

2 . EtrE I,AT = L" ?

EtrMtrE )t - Cll?

mtr Y = N!1?

mtr 15 .04353454

E LAT K '?

7 . EEMNE LAT

ENMEE X - Cl,l?

mtr Y = NI,I?



N o . Operat ion Keystrokes Disp  Iay

10 . ME t5 .037534690

11 . tr LAT = K'?

1 ,2 .E I,AT = L" ?

13 . EE Etr X = C|l?

t 4 . EEE Y = N}4?

t5 - EEE r5 .03156876

-  1 1 0  -

Ans ,  x  =  15 .043634540  - :  15 .044  cn .
Y  =  15 .037534690 ;  I 5 .038  cm.
z  =  15 .03 r568760  i  15 .032  cm.

When a trainee iotends ro produce a naut icat chsrt  of  a
f ishing-ground by oaking ' rse of Uercatol  ptoject ion, f i rst  he €hould
f ix the appropriaEe velue of the loogitudinat interval  leoSth in

Then he nuat caLculate the value of lat i tudinal interval
length of the f iehing ground in cent ioetres accoldiog to the vslue of
longitudinal intetvel  lengrh in cent inettcs using Ehe foinula of
t { e r i d i e n a l  D i f f e r e n c e  o f  L a r i t u d e  ( M . D . L . ) :

M.D.L .  ( s r  l a r i t ude  A" )  =  791 t .704468  x  tos lO  tan  (45 .+A .  lZ_ )
-  2 i , 26a9  x  e in  A ' -  0 .0525  x  3 inJA '
-  0 ,000213  x  s in5  e  - - - - - - - - - - - - -

7915 .7  x  l og ro ran  GS"+  6 '127
-  23 .3  x  s i n  A "
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T o  d r a w  t a c i t u d i n a L  L i n e  K '  a o d  L ' o n  p e p e r ,  h e  c e l c u l a t e s
l l . D . L .  b e t r e e n  l a t i t u d e s  K "  a o d  L ' a s  f o L l o w s :

! t ,D .L .  -  (79 rJ .7  x  l oggg tan  (45 "+  K" lZ )  -  23 .3  x  s in  R" )
-  (1915 .7  x  l og lo tan  (45 '+  L '12 )  -  23 ,3  x  s in  L ' )

=  7915 ,7  x  ( l og ro ran  (45 "+  K " /2 )  -  l os rn tan
(45 "+  L "  l 2 r )  l - 21 .3  x  ( s i n  ( '  -  r i n - i r )

I f  he f ix€d longitudinal interval length es X centimetres and
la t i t ud ina l  i o te l va l  as  Y  oau t i ca l  n i l es ,  t he  i o te rva l s  o f  l a t i t ude  i n
centin€lres are .given by the fol lo$ing formula:

U .  D ,  L ,  i n  c e n t i n e t r e s  =

H e { e  - i s  a  c a s e  s t u d y  o f  a  f i s h i n g - g r o u n d  n a u t i c € l  c h a r t l

h th€ sourh china sea et lat iEude 07"45'  N.,  loogitude
l l l "40r E.,  l ies the Bif leman Bank found by a Bl i t ish gunboal.  "Bonbay
Cast le 'r ,  the shel lovesE part  of  the bank, has a depEh of 3 metres aod
breaks io a1l but the f inest seather.

The SEAFDEC Training Depsrtnent sent a t(aining vessel there
t o  c o o d u c t  s h i p b o s r d  t r s i n i n g  i n  b o t E o m  l o n g L i n e  f i s h i n g  o n  2  O c t ,
1 9 8 4  a n d  2 7  N o v .  1 9 8 7 .

Before carrying out the traioing, the featutes of the baok
and an area io the vic ini ty of th€ bauk gere examined on a naut ical
c h a r t  e n d  E h e  " S a i t i n g  D i r e c t i o n s  f o r  t h e  S o u t h  C h i n a  S e a  a n d  c u l f  o f
Thai land" rere lead to ensure the safety of the boat.

A  f i s h i n g - g r o u o d  n a u t i c a L  c h a r l  w a s  t h e n  p r o d u c e d  a n d  a l l  t h e
d a n g e r s  s u c h  a s  r r B o m b s y  C a s t L e I ,  r r J o h n s o n  P a t c h " ,  " K i o g s ! o d  S h o a l " ,
etc.  rrere toarked on i t .

T b e  R i f t e o a n  B a o k  l i e s  b e t w e e r  l a t i t u d € s  7 " 2 0 ' N .  s n d
E " 0 0 '  N ,  s n d  l o n g i r u d e s  l l l " 2 0 '  E .  a n d  l l 2 ' 0 0 r  E ,  ( s e e  F i g , 8 7 - 7 )

To produce the f ishing ground naot ical  chart  of  the bank,
5 longitudioal and lat i tudinal l ines eere drawn on paper as shol,n in
r i g .  8 7 - I .

K" lz l
23 .3  x

f7915.7  x  ( tosr0ran  (45 '+
- -  log torsn  (45 '+ .  L "  /2  )  -
( s in  K" -  s in  L ' ) Jx  x  +  I
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I I I ' 20 'E .  I I t ' 30 'E .  111 "40 'E ,  I I I ' 50 ' 8 .  . l l 2 ' 00 'E
8 '00  ' N ,

t0  N.u

F i 8 .  8 7 - 1 .

7 '50 , N .

X cn.

7"30 ' N .

7" 40' N .

Y  c n ,

7 '20  |  N ,

15 .  30  co . 15 .30  cm:I5 .30

Lat i tudinat aod longiEudinal t ines and their  interval
tength.

I f  the value of longitudinal inEerval length ras f ixed as
1 5 . 3 0  c n .  b y  t h e  t r a i n e e ,  t h e  v a l u e  o f  I a t i t u d i n a l  i n t e r v a l  l e n g t h  l l ,
x ,  Y  a n d  z  ( s e e  F i g .  8 7 - l )  s h o u l d  b e  c a l c u l a t € d  a s  s h o r n  b e l o o :

Calculat ion by personal conpuler :  Moder fx-4000 (CASIo)

I{o. Operal  ior Keystrokes Display

l . E E LAT = ("

2 . E LAT = L'?



N o . Operat ion Keyslrokea Display

EEMEE I  = cU?

E Y - NU?

mtr t5.34450724

6 . E IAT = K.?

7 . EEMEE rAT - L'?

8 . EEMEE x - CU?

E T = NU?

to . mtr 15 .33828538

l l . E I,AT = K. ?



N o . Operat ioo Keystrokes Disp  l ay

12 . n LAT = L'?

13 . EtrMtr X = CM?

1 4 . E Y = Ntl?

15 . 15 .33220014

LAT = K.?

r7. E LAT = L"?

18 . E x = CU?

t 9 . tr I = Nlt?

20 , mtr t5.32625089

Lat i tudinal interval  length

t {  = . t5 .344507240  r
x  =  15 .338285380  r
Y  =  15 .332200140  g
z  -  15 .326250890  l
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15 .34  c ln .
15 .34  cn .
15 .33  c r ' .
15 .  31  cn .

betw€eo 8'  and
b e t n e e n  7 ' 5 0 r a n d
betse€o 7'40r and
b e t r e e n  7 " 3 0 r a n d

(Length
(Lengrh
(Lengrh
( L€ng th

7 "50  |  )
7 "40  |  )
7 ' 30  |  )
7 "201  )



Nex t ,
t i ne  I12 "00 r  E
d istance on the

a  I a t  i t u d e  s c a l e
( s e €  F i g .  8 7 - l  )
c h a r !  ( s e e  F i g .

sho'r Id be

a7 -2 )

dra0n on che longitudins I
the value of Iat i tudes and

I  1 2 ' 0 0  |  E

8 '00  |  N .

7 "40  |  N .

7 "50 'N

7'30 '  r { .

Here is an explanet ion of hot
r i th ten divis ion6-one divis ion Bhorrs
p i e c e  o f  s e c E i o n  p a p € !  ( s e e  F i g s .  8 7 - 3

7 '20  '  N .

c o n B t r u c t  a  I a t  i t u d e  s c a l e
n a u t i c a l  m i l e  ( n . n .  )  u s i n g

87-4).

B
D

H
J

N
P
R
T

one divis ion is equiveLent to the one naut ical  ni le
Lat i tude Scale,

F i g .  8 7 - 2 .  L a t i t u d e  s c a l e  o n  l l 2 ' 0 0 '  E . ,  l o n g i t u d i n a l  l i n e .

0 .1
end

P

E

I
K
l.t
o

u

'4, -,

a  I a t  i t u d e  s c a l e  I , i t h
o n  a  p i e c e  o f  s e c E i o n  p a p e ! .

v.
w

Fig. 87-3. To construct
l 0  d  i v i s  i o n s

l0 Divis ioos

l0 Divis io[6
( 1 5 . 3 4  c n ,  )

l 0  D i v i s i o n s
( 15.33 c1[.  )

I0 Dieisiods
(  r5 .33  cm.  )



Thus

i s  e q u i v a  L e n r

I t  i s

n i  l e  d i v i s  i o n s

1 1 6  _

I n  F i g .  8 7 - 3  t h e r e  a i e  I 0  d i v i s i o n s  b e t w e e n  t h e  L i n e  F l  a n d

u i  "n  
. r ' "  I rne  %Tr io  and rhe  l ines  F i ,  d ts ,  n i - - -  and d  are  para l re r

a n d ,  t n e  l i n e s  . f . r e n e n r i o n e d  d r e  p a ! p e n d r - u l d r  t o  L r e  I i n e  F f t .

L e t  a  r t r a i g h !  [ i n e  l , { X  b e  d r a w n  p a s s i n g  t h r o u g h  p o i n t s  P o  a o d

P l O .  P o i n t  P o  i s  a n  i n t e r s e c t i o n  e h e r e  t h e  l i n e  [ F l ;  o e e t s  t h e  l i n e

U t /  a n d  t h e  v a l u e  o f  l e n g t h  b e t u e e n  p o i n t s  P o  a n d  P I O  i s  1 5 . 3 4  c e n t i -
m e t r e s  r h i c h  i s  L h e  s a m e  a s  t h a t  o f  t h e  L a r i t u d e s  b e l r ^ r e e n  8 ' 0 0 ' N .  a n d

7 ' 5 0 ' N -  o n  t h e  l o n s i t u d i n a l  L i n e  L l 2 ' 0 0 '  E .  ( s € e  F i 8 .  8 7 - 2 ) .

r,rx -
l n  F i g .  8 7 - 3  e a c h  h o r i z o n t a L  l i n e  n e e t s  a n d  c r o s s e s  t h e  L i n €

T h e  v a l u e  o f  l e n B t h  b e t n e e n  t h e  i n t e r s e c t i o n s  P o ,  P l ,  P 2 , . , . P 1 0

l h e  I i n e  I , l X  a r e  a l L  i d e o t i c a l .

t h e  l a t i t u d e  s c a l e  i s  c o n s t r u c E e d  a n d  o n e  d i v i s i o n  o f  i t

t o  o n e  n a u t  i c a l  n i I e .

d e s i r a b L e  t o  n a k e  0 . I  ( t / 1 6 )

o n  t h e  I a t i t u d e  s c a l e  P o  P l b

P !o'x

.70

%l
L a t i t u d e  s c a l e  s h o r r s  b o r h  o n e  n i l e  a n d  r / I 0  n i I e .

0 .2  (  2 / r 0  )  nau r i ca l
sho l ' n  i n  F  i g .  87 -4 .

0t

,a=l:

F is .87 -4



ln Fig. 87-4, nioe horizontal  dot led l ines are 3holtnjn the--.r
upper part  of  the f igure, running patel lel  betoeen the l ine AB ard CD.

Each horizontal  Lv dotEed l ine meets and- crosses the I ine
i l ! ; (tn" laritude sca[;). on the tine T]-Ffr tt 'ete are 9 intersec-
t lo iJ  ana,  en  io te rve l  lengEh be!$een 2  in ie t6 ic t ione s t rows 0 . r  ( r /19)
oaut ical  ni le.

The saDe nethod cao be appl ied to cooslruct lst i tude ecales
b e l r e e n  t h e  l a t i t u d e s  7 ' 5 0 ' N .  a n d  7 " 4 0 r  N , ,  7 ' 4 0 '  N '  a n d  7 ' 3 0 '  l l . ,
a o d  7 ' 3 0 ' N .  a n d  7 ' 2 0 ' N . ,  a l s o  l o n g i E u d i n e l  s c e l e s  b e t s e e n  t h e
l o n s i t u d e s  l I I " 2 0 '  E .  a n d  l l l ' 3 0 '  8 . ,  a n d  l l l " 3 0 '  E .  a n d  l l ! ' 4 0 '  8 . ,
l l l " 4 O '  E .  e o d  l l l ' 5 0 r  E .  a n d ,  l l l ' 5 0 r  E .  e n d  l l 2 " 0 0 r  E '  ( s e e  F i 8 .
8 7 - 5 ) .

E'00 'x .

-  
F i g . 8 7 - 5 ,  L o n g i t u d e  s c a l e .

After drasing let i rudinal aod longitudinat l ioee si th tar i rude
acale end longitude scsle of lo-divi .s ions oo a piece of peper,  the
posit ioos of dangers such as cagt les, patches, shoels,  ecc.r  aod ao
out l ine of the Rif tenao Eank aod, eny other relevanE chart  deta should
be transferred froo publ ished naut ical  charts,  Sai l iog Direct ions and
deta obtaioed by the vesselrs surveys octo a piece of peper to nake a
f ishing-gtound naut ical  chalt .

l r r '20 '  E .  r I l "30 ,  E .  l r l ' 40 ,  E .  r I t ' 50 ,  B .  l t2 '
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R€f, Data snd informaEion on the Rif lenan Bank are giveD io;

l .  (Sai l ing Direcl ioos (Enroute) for the south china Sea eod
culf  of  Thai land",  Pub. No. 16l -  The Def€f lse Mapping Agency,
Hydrogrephic/Topographic cetr ter,  u.s.A.

Rif lenad Benk l ies about 70 oi les l |
of Anboyna Csy lrith ite N end, Bo)IBAY
c a s r l E j  i n  7 ' 5 6 '  { . ,  l r t ' 4 2 ' i  E .  T h e
bank extedds sbout 2E niles S fron
Boobay Castle and has a naximun
breedth of 15 ni les ei th meny shal lo{
palcheo of sand and coral erouod it3
edge3.

Bonbay Cast le has B depth of 3 u. (10
ft . )  and breeks in el t  but the f inest
uealher. Johnsor Palch. eilh a depth
o f  7 . 3  m .  ( 2 4  t t . )  ,  I i e s  o n  t h e  l f
s ide of Rif leDan Bank; tr ingslon
shoal,  IJ i th e deplh of l l  [ .  (36 f t . )
l ies at the S end; end ot leena Shoelr
o i r h  s  d € p t h  o f  8 , 2  n .  ( 2 7  f t . ) ,  l i e e
on the E side. The reDaioins areas
beteeen and oithin these shoals have
depths of 7 to 82 m. (4 to 45 fn.) ;
however,  the existence of undis-
covered dangerous 6hoal3 io thia erea
should trot be discounted.

"sei t iog Direct ionsrr extrected f lom Pub, No. 16l.

2.  t {eut ical  chert  "Chine sea southern Port ion- l lestern Sheer: ,
publ iahed et the Adniral ty uoder the Superinlendence of Captein
Si i  l r€derick J,  Bvqnce. R. l l . ,  London. Pub. No. 2660 A.



Fi8. 87-6. The Rif leman Bank

Axtract f rom the oaut ical  chart  "China Sea-South Port ioo-

t{esteln shee!" Pub. No. 2660 A, London.

Afte! t ransferr iog the data onto the f ishing-grouod nauricel

char! .  lhe trainiog boalts f ishing act iv i t ies night b€ calr ied out

€afel ;  by checking the vesselrc locst ion or iE. Fi8'  87-7 shoos an

examDie of a f i6hing-ground naut icaI chsrt '
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Flg. 87-7. tr'iGhlng-ground chart
Chlna Sea.

Prepared by }lr. Sonboon
1986-1987 Reguler Courses of the

of the Rlfleman Baok ln the South

Siriraksophon, graduate of the
SEAFDEC Tralnlng Depa.tnent.
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Position

l Lines of position

Navigatols make use of lines of Dosition to fix or estfuiate
a ship.s location at sea. Ttris l"ine is one on a point of which the
vessel can be prestmed to be located. Lihes of positj-on are nostly
valuable and accurate, but they can be i,n erlor. because of sone
inperfection in navigational instrr.ments and devices useal fo!
obtaining thern, such as index error, or conpass error.

A line of position is a straight line, an alc of a circle and
a part of sone other curge such as a hyperbola, and ah isobath.

When a navigator alraws a position line or the nautical chart,
an appropriate lable shoul-d be placeal on the plotted line of position
at the tirne lt is drawn (EIg. 91' 94, 95) to avoid nisunalerstanaling
or conf,usion.

2. Bearings

A bearing is the horizotrtal direction of one terrestrlal point
fron another. It can be expresseal a€ the angular difference between
a reference direction and the given direction.

tn navigationr north is used as the reference direclion, and
angles are measured cfockwise through 360".

e
'qt

- :s:.g.

dg

.a-'

6105 
(gtlEr

9oo(El

.rre.1
- /tqe,

(s)

Bearings ox Directions
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I t  is custonary to express al l  bearings in three digi ts,  Thus
north is OOOo or 3600, lhen a direct ion 7o to the r iqht giale of norEh
is OO7o, and east is O9Oo, northeast is 0450, northtrest is 3f5o, sourheast
is I35o, south,rest is 2250, south is 1800, and west is 27Oo (Fiq. 88).

When p1otting, true nolth is used as the reference direction.
A bearing measured frorn this rbference is called a true bearing, a magnetic
bearing, or a conpass bealing, \rhj.ch results fron using nagnetic north or
conpass north, respectively, can also be usd as a reference direction.

llhis is siiilar to the ilesignatior! of courses.
extending in the direction of an observed bearing of a
is one of the most widely used lines of position.

If one knows that an identified landnark has a
ship, the ship can only be on the line at which such a
obselved, for at any other point the bear.ing rroultl be

A bearinq t ine
charted object

bearing fron his
bearing night be

dif ferent.

This line extends outwaral fron the l-andnark, along the
of the obsetved bearing. Ttus, tf a lighthouse is east (O9Oo)
that ship i5 west (270") of the lighthouse. If a radio beacon
the observer (ship) must be on a line extenaling Uoo + l8oo =
the raalio beacon. Bearings are generally obtained by hagnetic
gyroconrlE ss eEc.

iecj.procal
of a ship,
bears lLoo,

29Oo from

Another type of bearing is also obtainable by eye without using
a conlEss. When tl,o objects appear directly in a line, for exanple one
beacon behj.nd another beacon, they are said to be "in rangei' anal togethet
they const i tule a range (Fiqs. 89, 90, 95 and 96).

For accurately charted objects. a :.ange nay praovide the lbgt
accurate line of position obtainable and one of the easiest methoils of
observat ion (Fiqs. 89, 90, 95 and 96).

A range is very useful in marking a course. Therefore, artificial
ranges, usually in the forln of teo lighted beacons, have been installed
in a l ine with channels i t r  rnany ports (Figs. 89, 90, 95 and 96).

A ship proceeding along the channel has only to keep the beacons
in range to renain in the center of channel. If the higher beacon appears
to "open out" (nove to the light or left of the lower beacon) , tl1e naviga-
tor can tell if he is to the right or left of his desired track-
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fhe Iine defined by the range is calle'l a "range line" or
'1eaatng-iin;;; (Fig. 9o-r, 9o-2). h this case, one does not nee'I to

rrrow tf,i n.uneri".1 value of the bearihg reptesenteil by lhese lines'

Proceeding along a chanbeL using Deacons

- Eiqher beacon
. j -
,a-leaaling litte to ttavel

Higher

A "open out"
;l
] l
/ I

E

!: El
"6;  !  I' b ,  6 ,'a

T
I

I

+
I
I
gi

f l
8[

o l

- l

I

o - l '

eI.'
\h

$\ u.
t\ E-,
" | ;"E.

Fig. 90-1 Beacons.



Light bearn

Liqht bealn

-a&\
t
I

cr| range Libe

--#

I
I

I€f,t of rang6 lino
Right of range line

Fig. 9O_2 Beacons
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--J .
--=:GE:!EE!-|=

Fig -  90_3

Lef t  of  range l ine

The entrance to the por t ,  songkhla (16 oct .  1985)

Vie!.' flon M.V. PAXNAM
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Fig. 9O-4

The entlance to the port, songkhla (16

view fron M.v. PAKNAII

oct. 1985)



F i q . 9 0 - 5

On range line

entrance to the por!, Songkhla

view from 14.v. l?A(NAl4

( 1 6  o c t .  1 9 8 5 )
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3. Distance

If a ship is kno,rn to be a certain alistance fron an identified
point on the chart, it rnust be sonrewhere o$ the citcumference of a circle
which has that point as the center and the dlstance as the radius. A
single dlstance arc is labeled with the tjllle above the line (Figs. 94 and
9 5 1  .

Distances are obtainable by radar, range finder, vertical-sertant
angles etc-

If vertical sextant angfes are used, the neasurenent should be
flon the top of the object to the visible sea horizon, if it is available.

4. The f,ix - Simaltaneous observation

A line of position represents a series of possible positions, but
not a single position, if two simultaneous, nonparaLlel lines of position
are availa.ble, the only position that satisfies the requirenents of being
on both lines at the sarne time is the intersection of the two lines.
This point is one forn of f ix (Figs. 9I ,  92, 93, 96 and 97) .

Ev,arnples of several types of ftx by tandnarks are given in the
illustrations. In Fi"gules 91, 92 anal 93 a fix at 08:30 is obtained frcrn
bdo bearing lines. The fix of Figure 94 is obtained by two distance
circles. The fix, rigure 95, is obtained by a ranqe anal a distance. In
figure 95 (riqht-hand), a bearing anal distance of a single object are used.

A small circle (O) on the crossed lines to show position, is used
to indicate the fir at the intetsection of the lines of position. the
tire of the fix i.s the time at which the lines of position l'ere observd.
Navigators should pay careful attention to the selection of objects to
provide a fix. lt is essenlial, for instance, that tl1e objects be
identified. the angle between lines of positlon is irportant. the ideal
angfe is 9Oo.

If the angle is sma1l, a slight error in rneasuring or pLotting
eithe! line results ln a relatively large eyror in the indicated position.
In the case of a bearlng 1ine, nearby objects axe prefexable to those at
a considerabl-e allstance. Error resultinq fron an anqular error increases
nith distance.

The type of object should be caf,efu11y selectd. lighthouses,
spires, flagpoles and so on, are good objects because the point of
observation is nell defined.



r ig.  91 Beal i l lgs.
Positlon
a t  0 a : 3 0
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a t  0 8 : 0 O
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of gyro compass
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A large bui lding, the nearest nrountain, a point of  land, etc. ,
l|ay leave sotlE aloubt as to the exact point used for the observation.

I f  a tangent bearing l ine ls ueei l  (Eigs. 96 and 97),  there is a
posstbitity that a low spit nay €xtenal seawaral from tho part c'bserved,
5o navigators should be careful.

If there are a fot of torders, chinneys, etc., close together,
a navigato! who intenals to fix his position by one of them shoulal
identify it r'rit} care.

A buoy or lightship rnay alrag anchor and be out of position as
sho\rn on the published chart. uost buoys are securefl by a single anchor
anal so have a certain radius of swing as the tiale, current, and wind change.

Although two acculate non-parallel lines of position codpletely
ilefine a position, if they ale talen at the sarne tilre, an element of
tloubt always existe as to the accuracl' of the lines. AaLlitional l-ines of
posiLion can serve as a clEck on those alreaaly obtained, and usuall,y
leduce any existlng e!!or.

If tlrlee lines of position crosa at a clcmmn point, or form a
snall trianqle, it is usually a riEasonable assurption that the position
is reliable, anal ilefinea by t}te c€nter of tlte fignrre.

5. lttlee-bearinq plot

Assuming only constant e!ro! in the plot,.the plot of three
bearing lines fonls a !!lglglg_g]illl9!, sonetims, called c.ckeal hat.
As shown in Fignrre 98, each apex of t}le tliangle lles on the circumfelence
of a cilcle passing through the tl'o re€pectlve beac.ons and the observer
at poLnt T.

Ihe sarE Eltuatlon is shown in Flgnrre 99, bu! onLy fi,€ of the
circles ale alrawn thlough their respective beacons, For the 6et of
angular differences eatablisheal by tlle aliffelences of the bearing
observations, the observe! can be located onl,y at the intersection of
the two cilcles at point T.

Be cateful that point T is not insiale tlte triangle in this
in5tance. If all erro! is due to constant error and tJIe bearlng spread,
that IE, th€ alguLar dLfference between the extreiE left antl right
b€acbtts, is less t]ran 18Oo, point T is atlrays outsltle the triangte
( F i g s .  9 A  a n d  1 O 0 ) ,
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If aI1 errot is due to constant e!ro!, and the bearing splead
is greater than 180', poiht T i6 always j.nside the tl.iangle, as
illustrated in Fiqnrres 102 and 1O3.

when a beating spread is greater than 18Oo, and assrning only
constant e!ro! | the fixeal position in a three-bearing plot fonning a
ttiangle of error ia the gecmetric centet of the triangle as shot'n in
Fi$Ee 1O2.

The gemetric center is located at the intersection of the
bisectors of the three inteli.o! angles as ilfustrateal in Fiqure 103.

lfhed the b€aring apread is less than 180", tlte direction of
eithe! the extrenely left-hand o! rlght-hanal object fron the observer I s
appaoximate poaiti.on is used as the lefelence direction. llhen the
b€aring spread is gleater than 18O., th6 direction of any one of the
th!€e objects froir the observers position can be useal aa the leference
tlirection.

If the bearing spreaal ls less than 1A0o and the plotted bealing
line extendeal through the extrene left-hand or right-hand object liea to
the right of the intersectio[ of the other two plotted bearing linea.
the error. of the codpass j.s east, othex$ise the erlo! is i{est (Fig. 1OO).

If the bearing spreaal 1s greater than 1800 and the plotted
bearing line through one object fies to the rlght of the intelsection
of the other thro plotted bearing lineE, the error ia east, othelwiae
the erro! is west (Fig. 101) .

6. fhe fix-nonsimultaneous observatlons

For fully accurate results, observation mad6 to fir( the posj.tion
of a movlng shlp should be naile sirnultaneously, or nearly so. on a
sld-noving vessel, lelativ€ly little error is intloahrced by ltaking
serveral observations in quick succession.

A r,ise precaution is to observe th€ cbjecta nore infront ot
astern first, since these are least affected by the notion of the observer.

Hctwever, rdhen it is necessary to obtain a good estinate of the
speeal being made good, lt lnay be desirable to obselve the nost rapidly
changing bearing ffi.st, assunlng that sltch an observation can be better
cooralinateal with the tine nark.

Sometimes it is not possible or neceasary to nake siiirftaneous
or nearlv s irnultaneous observation6.
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Triangfe of error

(Fis.  98)

three bearlnq plg!

( E i g . 9 9 )
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Conpass bearing

Poiht {A) bearing on 357:
Point (B) bearing on 027:
point (C) bearing on o77"

This conpass has the
constant error 3owest

Indi6at€al fix by ccmpass
havitrg constant error 3'west

Actual positioh

Fig. 100 Error of Posit ion.

H
l3 ,'/ ^+ eeadns

,'/; is less
,/..5



Beallng Epreail is
gr€ate! than 1800

Cornpass bearing

Point (Al bearing o!!
Point (ql bearing on
Point (c) bearing on

This compass has the
constant erlor of 40

244"
0 1 4 '
134.

/n-_au
y'// 

Actual Position

Fig. 101 Triangle of erlor and position.

I
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Fiq. 103 rr iangle of error.

t -  I O 2 Triangle of
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such a situation nay arise, for instance, when a single object
iE availabl-e for observation, or when alL available objects ale on nearly
th€ 6ame or reciprocal bearings, and there is no neans of det€rmlning
dlatance.

lrnaler such conditions, a p€liod of several ninutes or more nay
b€ perhitted to elapse between obselvations to provide Iines of
Position crossing at suitable angles,

when this occurs, the lines cen be adjusted to a comnon tilne
to obtain a runnino fix.

In Figure 104 a ship is proceeding aloqg a coast on course O2O- anal
speed 15 knots. At I2:O0 lighthous€ beals 3IO-. If the line of position
is accurate, the ship is some$hele ob it at the tj-ne of observation.

Ten ninutes lat€r the ship wiu. have ploceeded 2.5 niles on
its coutse O2Oo. If Che ship eas at A at 12?OO, it rill be at Ar at
l2:lo. llo$ever, if t-he positiolr at 12:00 sas B, the posltlon at 12r1O
eill be B'. A sj.miLar relationship e*lsts betseon C and C', D and Dr,
E rnd Er. thus, if any point on the o!1ginal J,ine of position is moved
a dlBtance equal !o the distance run, ahd ln the directlon of the notion,
a line thlough thls polnt, para1161 to the oliginal line of position,
leplesents all possible posilions of the ship at the later tine.

this procedure is calfed aalvancing a lire of position. The
Dovlng of a lin€ back to an earlier time is called letiling a line of
po6ition.

Navigators can use the iEthod of advanclng a Line of
position and another bearing U.ne of the sane landnark to fix position
(Ftqs. 105 and 106).

A position is oblainable by using the flrst bealing l.1ne,
a&anciDg filst b€aling lire of position anal second b€aring line of
another landnalk lrhen a ship is proceeallng along the coast (Fig. 107).

In si[ultaneoua obselvations or lultbing fi*, the idea of
afhrancing a line of position is veiy important,

A fir. obtained by neans of l1ne6 of position taken at differeht
tibes and adjusted to a con@on tin€ iE called a runhing flx.

In plloting. cornnotr practice is to advance earller lines to
the tire of th€ last observation-
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I ig. 105

rosi t ion f ixed at 12:30

6">
Shiprs speed E 12 t( t .
course = 08Oo

Runnlng fix.

Lighthouse

Sea level

Postt ion f ixed at 12.30

Fig. 106 Running f lx.
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shlprs speed 12.0 Kt
coirrse oTOo

PoFit ion at 13: O0

Fig. 107 Running fiJ..
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Figure 105 sholrs a rrmning fix obtaineal from tlro bearj-ngs
of the sanE object. lhe lines of position are not only straight
l ines such as direct ion of an object but also circ les of posi t ion.
A lwtning fix by ti{o circfes of position by naking use of the sane
lanah|ad< is illustrated in Figure 108.

Ithen sirnultaJreous observations are not available, a running
fix can provide the most reliable posltion obtainabLe. It is aalvised
that t-he interval of titrE between 1st observation and 2nd c&Jservation
Ehou1d be no longer tnan 30 minutes, because the uncertainty of course
and diatance made good increases as tine elapses.

Needless to say, a position fixeal by sinultaneous observation
is nore acculate tian that of nonsimul,taneous observation or running
f!].. so if possil'le, we should use tlle host accurate rEans to fix
the ship's posiLion to navigate safely.

7. Ih!€e-point problen

Nornallyr tbree charted objects arc selecteat for measulitg
horizoital sextait angles to tletennine tlle observerrs positioD, one
ot the objects being conmdr to eacb angnrlar !€asurenEnt. Vlith
sinultaneoue ora nearly slmultaneous leasurerrEnt of the horizontal
angles be'tr'reen each paira of charteal objects, the observer establishes
tr,ro cilcles of position.

For. €ach pair of objects, there can only be one circle which
passes through botn objects and the cbserver's position. Ihus, there
are t$ro circles, intersecting at t!,/o points as sbolllr in Figule 109,
which pass through the observerrs position at T.

l{helr object B is lreare! the observer than objects A and c, the
positiq! fix is accurate. ltre sol"ution of what is kno\trn as the tiree-
pol-nt problen is effecteal by placing tlte hair.lines of the alms of a
plaEtic three-arn plotracto! over the three observeil objects on the
chart as shosn in Figures l-10 and 111.

With the arns so placed, the centex of the protractor disc
is ove! the observelrs position on the chart at the tine of neasurernent.
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I,ighthouse

e,/ \
^Y/

t i

speeal = I2.O Kt
- oSoo

sh ip rs

Fig. 108 Running fix.

6 'nrre. 11:ig

Posi Lion f ixed
a t  1 2 r 3 0

Circle of position
7.4 mi les from Lighthous€

Advanced circle of
h ^ c l  t i  ^ h

a t  l 2 : O 0  +  a t  1 2 ! 3 0
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Fig. 109 circ les of posi t ion.

Obj ect  A

Object
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Solutions to ExelciseE

(38) D-L.t .  Dist x co.

12 - tr t Dr-Lat -

,ct 3?o- loto N

.C2 33o- 59lg N

Co.  -  450 '  x  oo r  650 .  I 9O l2  S  -  3

(3?-- to:o N) - (3e- l0!2 S) - 33o_

npr = 23911J.

rnp2 = 215815 -

M.D-rat - 232!6

o- ror 2

59!8 !t

D-Llrg - lt.D-Lat x.tan Co.

t2 = Lr i D-Lqlg - (1650-

Ans, L2 - 3:o- 59:8 ll.

232!5 x tan 650 = {9a:g w

go- ra:e w

4oto) - (so- tstg) = t5?o- 2t:2 E

!2 E l57o- 2l '2 E

( 39) lr 45o- 22.N npr = 3044!6

12 loo- lo.y ^p2 - 2650:0

Ii t .D-!at. = 39416

IFI@g - L2 1L1 = (1?3o- I5') - (l7oo- 46tl - 2o- 2g's

tan co. . s-- - #) . o.sen 
= l4e'E

t t .D-Lat 384 !6

co .  -  2 to -11 '+  co .  s  2 lo t l ,E ,

Dist - IFt at aec Co. = { l / ,So- Zz,l  - (4Oo- 4O')} x sec(2lo- tI .)

= 2e2t x 6ec {21o_ 11,)

= 302! 3

At!s. Co. = s 2t?t E, Dist. = 302:3



(40) D-toag = tsoo- 11790- 1g'1 - 56's

ranco. - ffi ".o-r,.. 
- *H = #%"

< n l= ffitr - 2313 N

! l  4oo- 2o1O N npr - 263318

!l.D-Iat - 2313 +

l,z loo- 3?.g lt
;fiE ffi- + Epz - 26s7!L

Dist. - D-Lat x a6c Co. = l7la x s6c eSo = t?:g x 2.1662= 42lL

r = (lohoon) . ifi+ = (ro%ot) * a.zh - (rohof) + (42 r2n)

- rahrz"

Ans. - rahrf

(4t) I ,r I5o- 4210 n 4)t - 94?!7

t2 OOo- OOIO np2 - 00030

D-tAt 942.n M.D-ler - 947!7

r--.1
Dlst. - D.rat x sec co..- 942r x s€c 35o. (1550= s 35oE)

= 9421 x 1.22077 - I I49197 r U50l

t  -T = 5/ '3o ' '

fi-Lt|qtan co. t 
E5=t D'IdrE - l|.D-Lt x ttn Co.

- 947!? x tan 35o
- 947.7 x O.7OO2L

= 66315 E - Uo- o::e g

L: - L! L D-rprrg - (1?8o- 56:0) + (tro- 03:6) = L8go- 59!6 E



142'l  r!  t?4o- 15'E

tc lSoo- oO'

t* co. - ffPrrr

D-ro,,q 50- 45, = 345,s 
'{'D-rat = 

*#H.

3 4 5 1
tan 65-

= --.91!- = r <n.o
2.74451!!Pt - np2 = ||.FIat

n p z = ( t n p r ) - ( M . D - I a t )

- 1545:5

i1 27o- 3olo N

L2 25o- o5lo N

= (t7o6!s) - (16019) (!r - 27o- ,O 
"t

@t - 1706.5)

nPt - Uo6:5

trlp2 = tr545:6

D-r,at 20 25lO s tt.D-!at - t6ol9

=  l4s rs

Dist. - IFLat x sec Co. = 145r x soc 65 = 145, x 2.36620 - 343.1

t . ti8't = J4h. :r - 34hlsn366

1on- ud- tzh- oo'- oos

:oh- tgo- let +
, ^ n  . . d  . - h  . ^ m  ^ - s

2 4 _

tom- l2d- zzh- ta*- g6s

rns. oct. 12, 2+ lsm- 365

Lz ' 25o- Os'N
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By tJre }|AVIGATIO}{ TABIE ([e.Ldional. patts)

(a3t 2Oo w2o t2L7.2 ,lo"

_t 
) 6o-zr - 2'4 :-gr8'2 - 2.4?o + 2,s <rr

l0- rpr o 599.0 Io
ll.IFLat 618.2

3Oo Dp! 18?6.7 tO" 
" 2.4 x L277,?

- l -o )  r t o - t  5 .  o  -  5 .1  o
.^o Dpr. 599.0 lo--- l | .rLat 1277.7

4Oo Dpro 2607.7 4oo

rno --!Eu-E99.:9-- u.D'I,At 2009.7
,loo 

) r"-.n = 2.1 ,-2oo8,1 - s.o3o i g.o @

5oo !P5o 3456.6 t9"- 
.  2.4 x 2gs1.6

|  ^ l  l r o - l  =  U . .43O i  U . i l  @
'lno -JP.t-o--91:9 10--- tl.D-Lt 2857.6

ly Ur6 IrorDuLa

lpro - 599.028696" *rn = 1217.U8509

nPro - 1876.734:eg Ep\o- 26O7,7L9245

r l | ! .  W-  2 .5cp ,  X '  2 .6  < ' l ,  y -2 .9d ,  Z=3 .46 t r



How to Fix tie Shiprs Position Using landnarks

Metlods of fixing posltlonB

1. Cross b€aring

2. Fix by a bearing and angle

3. Fix by a transit (in range) and angle ou: bearing

4- !.ix by horizontal sextant angles

5. Fix by horizontal  distance oI bro lantharks

6. Fix by a bearing and a distance circle frotn a landnark

7. Rmning fix

a. Fix by doribling the angle on the batut

9. Fix by four-point ftethoal

10. Fix by tiree bearings of a lanalnark anal tlistance lrm

11. l.lakinq use of tle Depth of vrater anal Isobathic Data

- f 5 0 -

can give one the bearing lines to fix
lies at the intersection of these beating
should be clearly visil'le. Ihe three

tr:iangle of error or rrcocked hat" as dhosn

Itrere or nore lanalrnarks
a position tle shiprs position
lines. In tiis case, lanalnarks
bearing lines generally make a
in Fiqutre 111.

posit ion



The causes of t r iangles of error are as fol lows:

Ihe actual positions of landnarks are different from the
alrann on the naut i .cal  chart ,

The compass errors calculated are Dot correct and true.

The rtEthod of observation to obtain a bearing line is not
coErect, and th€ compass direction readings to a landna:ak

position

llhon you have a very snall error triangle, you can fix Ilosition in the
center of the error triangle, but the probability of the ahip's
position being inslde the error triangle is one to fou.r. Thelefore
rrhen you harre a large-sized error trianqle, you shoul-al observe the
sanre lanttnatks or different lanahErks again to obtain rFle correct
bearing l ines (a snal ler error tr langle),

The drawlng of position lines on the chart is not acculate.

If you are sallinq near a dangerous area you should select the
nearest of three lntersections, aB Bhoq,n ln Figure 112.

Ih16 lnt€rs€ctlon
ahoulal be t|our
Faitton for
ahl.prs 6af€ty

Thls ia the theoretical
:-Positlon in the case of

a triangle of eEor

Etg. 1l2 Cros8 Bearing.



Inportant procedures to obtain b€arino lines

1,, You shoulil choose two clearly vLslblc llrdllllks efrose bearlnc_
llneE ndaa a rlght rn91e or a tl6a! llght ang16 tt thc lntlrrectlon, aE
lUurtr.lad trr Algqla No. 113,

^ IR nty case, this an91e should be greater than 3Oo anat a[alle.
t}lan I50' (30- < sngfe < I5O-) , sob€ careful to choose lanaharkE that
Eatisfy tlli6 contlltion.

2. If possible, you should c$oce a lanahrar* t! obse.ve at a
rlg&rt angle to ttle lengtfi oi keel of tlle ship, aid a tanihark at tj|e
head o! at the ateln of the ship.

In thia case you have to cbtain t-he bearing line using
the landmarj< at a right an91e to the keel of Ule ship fir6t, anal ehen
the lanthark at the head or stern of tne ship (Fig. 114),

o! nearly 9Oo

Fig. 113 Cro6s Bearlng.



obtain the bearlng llne of thls lsndmelk llrEt

of thls lanih8rk 66oonal

Fig. 114 cros6 Bearing,

3. sel.ect obvious lanahlarks, such as a Ughthouse, a taU
towe! o! a clear-cut nountain peak.

4. Observe the directio[ (bearing) of t]re Dealest tdrahark
fiEt, and then the fulthest landhark second.

5, You should a-treaaty knor the c1orlect value of ileviatldr
or coryaaa error, and when you. obserav€ the landmarks to cbtaln bearing
lines your co[pa6s card should be hotlzontal.

6. Afte! fixing you! po€ition on the ctrart, you have to
circle tie positlon and {rite the tinE fixed anal log-alistance saiLed
above t}l€ circled position.
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The Methods of Measuring Distance

l. Distance by vertical angl€ (D E trm x cot q,) n

2, Di.trnce to th6 vlslble horlzon { D - 2.09 (fi + fi)} rdt..

3 .  D i s t a n c e  b y  s o u n d  D =  ( 3 4 0  x t )  n '  V =  ( 3 3 1  + O . 5  x  t )  n / s e c  )

4. Distance by binocuLars (D = 1OOO x &, , ,  = ai ,r l " lons)

5. Distance by raalar

6. Iheodolite di.stance neter

l. Distance by vertical angfe

(A) In tne case of a shoit distance from an observer to a lanalnark.

(L) In Figure f15? the alistance between the ship and the light-
house is (b = a x cot A). flle posltiob of the observeris
eye is not on the sea surface, so b I b in Flgure 1L5,
holdeven itt ordinaq' circunstances, the error (b-D) is
negfigible because the r€sulting er::or is very snall. Eence,
if one knons the height of a lighthouse, fton a rnarine chart,
one can calculate the ilistance bet!,.eeh a ship and tlle liqht-
house by the neasured vertical angle A

(2) rn Figure 116,

H = Beight of lighthouse (obtainable frion charts or
published tighthouse ],istings

h - fleiSht of observerrs ey€ above the \raCer level

E (ct tal"alf" bV neasurenont)

c! = lbasured verti"cal angle

D = Distance between the l,ighthouse anal th€ obsewer,

OE

t a n  ( o . -  0 )  = -  - D =  ; - - - - .  = B E x c o t  ( o - 0 )  ,u Ean (c-vj

Ei- = u-r' u'.n, D = (H-h) x cot (q-g)

D = (H-h) x cor (o-0) = {}r-h) x g!s-: -Sg!q.lf
Coto - cotd

a n d  c o t  U  =  
r L ,  

1 1 , . , ,



tan A b  =  a x c o t A

Heiqht of lighthouse.F i g . I t5

H = Ileight of l-ighthouse

Height

----.-- c

F i q -  1 1 6 . H e i g h t  o f  I  i g h t h o u s e .



f; 
- coto

D x  ( D - h  x  c o t q )  =  ( H - h )  x  ( D x C o t 0 + h )

o2- ph x cotq = (H-h) xDx (cota + h)

=  ( H - h )  x D x C o t o + h x  ( E - h )

D2 = (H-h) D :. CotIt + Dh x cotd + hx (E-h)

= Il x D x Cota - hD x coto + Dh + cotd + bF - h2

=  H x D x C o t c + h l l - h '

Bo, D = H ,< D x coto + hll - h2
' D

r,s-r,2q  H  x  C o t c a + -

h r[-llt
= H x Cotq +:::--::1

h(H-h) -- . - = - \ n

llEU Ie very 6DaJ.I anal negligibte, dren D r r Com
D

ExaE)leg

1. fhe navlgatorrs height of eye is 5 rnetres $ovc tjre water, the
height of the lighthouse is 80 metres andl measureil vertlcal anqLe
beb{een the top of the Ughthouse aDd sea f,eve1 is 30- t6'.
l|hat Ls the dista.lrce from the na\rlgator to Ure lighdrouse?

Solution

D = fl Coto = 80n x Cot (3o- 16-) - 8On x l?.5205

- 1 5 6 -

3"coto* t
D= (E_h)  *  t3_

= 140I.64 r 14or

Ans. 1401 rnetres

] = (H-hl"tfi iff i$r
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R e f . # ! 0 . 2 7 m e t r e

= 27 qt + negligille value

2. A navlgator I s height of eye is 5 rtEtras above the wate!, the height
of th€ llghthouse is 80 netres and m€aaureal^vereidal atgle betiteeb
the top of r lighth('.lse rnd sea level Is l0'- 36i l{hat ls t}le
ttistance fron the navigator to the Ughthousg?

Solulldr

D - H Coto

= 8on x cot (1oo- 36') = aon x 5.34345

= 427.476m - 427m

An6. 427 metres

'  
r r  l ! - t r t  t  ten-q !

ref. -== - 
ffi 

! O.88 netle = 88dl

In conpa.risolr niti 427n, Ure vllue 88d is negllgtble.
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2. Distance to the visible horlzon with impf,overnents in llghting power
and lighting appaxatus, the visible alistance of 1lght has incleaseil.
But t:he visible distance of tight fron a lighthouse is llrnited by the
scattering anal a.b:otption of light in the air, lunlnous lntensity of
a light, and the curvature of t-he earth's surface.

1) lhe geoqraphicat iange of a liqht means the geomettic alistance
depending on its height from water ler,'ef , regaralless of the luminous
intensity of t}le light,

Accoraling to Nathaniel Bowditch, lhe lundnous range neans the
maximurn distance at which a light can be seen wlder existinq visibitity
conditions,

The lurninous range is determineal fron the knovtn noninal
furinous range, calleal tie noninal range, anal the e)risting visibility
conditions.

llhe nominaf lange is the rnaximm distance at which a light
can be seen in clear ideather as alefineal by tlle Incernational visibilitl,
Code (rneteorological visibility of 10 nautical idles).

lhe geographical range solEtirres printed on charts or tabufated
in ltght fists is the rnaximun alistance at s,'hich the curvature of the earth
pernits a 1i9ht to be seen from a height of eye of 15 feet above the lrater
when the elevation of tne 1ight is taken above the height datun of t-he
largest scale chart of tne locality.

(1) Ihe geographical range of a light alepen(ls on the height of
the 1i9ht and the obsen'eir s height of eye above water 1eve1, as shoun in
Fiqur:e 117.
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D = Dl + D2 (rhe geoglaphj-cal rabge of the J.l.ght)

Dl = ce,graphical rarge of the ll,ght legaldless of h (obsslvott s

D 2 =

Dt=

}!ai '}!+ ^f 6!'al

Geographical range of obsetverrs h€ight of eye

Observer's height of eye above the water

D = 2.22 tF* Yf i  r  . "

2.22,6

2.22 6

z.zz lF + z.zz @
= 2.22 QF + 

"fr *t""

I'ig. 118 Distance flcm tlle top of the i6land.

2 .0?2

Dl + Dz = Z,on F + 2,072 tF

= 2.o72(F + ydfii nue'

Ref. Radai. holizon (D niles)



(2) Lumitlous lange is calcula@d by t}l€ foUorirg eq)irical fotdula:

EA2
-d

al = Lrrlnlnoua range

E = O.5? cand16/squa6 niles

I = lwd.nous intansity (cd)

T = co€fficie[t of protEgation of
Llght ln the air

it€atlrer = T

Thin fog -  0,007 - o.02?

gaze - 0.027 - 0.16

Light haze = 0.J.6 - 0.48

Cl6ar -  O,4g - 0.70

Very clear = 0.?O - O.a7

Exceptlonally clear - O.8?

According to Nat}laniel Borditch. the ludnous range is Ure naxiDum
alistance at ehich a light can be seen utter existj.ng vislbttity conalltions.
:Itds Intnous range takes no accolrnt of the elevation of tlre 119ht, the
observer's height of eye, tie curvature of tfie earth, or interferense
fron background lightinq.
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a landmark Levon.r the visibre horizon

Fig. 1f9 Eeight of lighthouse.
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R+ l l  R+h
R+  h  R+  h

R+H- (R+b )
R+h

R+ I t -R -h---T 
+ h-

H - h
R+t t

ooE (0 - 9) _ cog  (s -B+y)
co .  (o -F+Y)I

I
l
*

cos(0 -B+Y)

cos (c -8 ) - cos (0 -B+y )----=6i'rc-(a---E=lt-

+ (a-B+

I

) si-n { (a  -
+Y)

1
2 s lnZ  (o -  B  +  q  -  B  +y )  s in ,  (a -  B  +  y  -  a+  B)

cos(q -B+Y)
l l

co8 (o -B+y )

z 
"rn I : fo - B + zlrt "i,' iycos(o -B+y)

zsrn(o-B+iy)s in l r
coa (o -B+y )

In q@E arison of R rith h, h Is negligible, so R + h i R.
Also Ure value of o anal Y is qu{te snaU, therr

H - h y(I+a-8)

R.y( j+o-F)

D(g+q-B) - or]+o-dr

ot l9+c- i I r

D (  *+ d)  = r  t  | t .  |  +  cr

r  r . 2
ffi** because B - i?.y,

26R

( H - h )

( B - h )

I

I

R . Y  - D

+-
' '  

R '



TrigoDonetrlc functlon

B

(Fiq. 120)

Foruulae

trAcr hr --q-'---- - '  343a

1852xDxo----5438-

Z-a= l  Ls=g  Lc  =  gOo

E=",  f i=r ,  E=c

l t x  ( 1 8 5 2  x  D ) 2
26 x 6366740

11 x (L8522:r D2)
26 x. 63667 40

l. sl.tr A

4. cos B

7. cot A

10. sec B

In gederal,

2.  s lh B

5. tan A

8. cot B

tL. cos6c A =

c
a

b

t
6'
:

!.
b
a

b

Z - A +  L B  =  g ' o ,

sdt sin A = cos B

1 3 ,  s i n 2  A +  c o s 2 A =  I

s e c  A  E  c o s e c  B ,  . . . . . . . . . , . .

14. €in A ! co6 A tan A

= 2 s 1 D ! A c o s l A

I
t<no

radian = ii
57 .2950090

3437:746a

343a'0 .2275  D2  +  0 .53a7  Da  . . . . .  .@

' . ' H - h 0.2275 D2+ 0.5387 Da

La, = go"- Ls, Ls = goo- La.

3. cos A

6. tan B

9. sec A

12. cos6c B o

:-;- - { l-cos'A

@aec A



15. cos A -

16. ta!! A =

sj.n A
tan A

I
sec A

sin A

- aLn A cot A =|-r-ff i- coe2  l r - " ln r  l ra

_ Eln 2A
I + c o s 2 A
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" " .  
A '6h . ,  19 .  cosec  A  =

I
cot A

Eln A

J l-stuf a

1 ? .  c o t  A  -  
* ,  l B .

20. sin 2A = 2 sin A cos A,

2 2 . 2 c o s 2 \ A = I + c o s A ,

24. tan (A * asor = fjfff, ,

25. tan (A - as"1 = #*i
26, stn (9Oo- A) = cos A,

28. sth (9Oo+ A) = cos A,

.30, cos (9Oo+ A) - -sin t,

32. tan (9Oo- A) - cot A,

34. tan (-A) = -tan Ar

36. tan (90o- A) - cot A,

38. cot (-A) = -cot A,

40. sec (9Oo- A) - cose6 A,

42. aec (9oo+ A) - -coseo A,

44. cos€c (-A) - -cosec A.

46. si-n (1800- A) - sin A,

,!8. cos (1800- A) - -co5 A.

50. tarl (l8oo- A) = -tan A,

52. cot (1800- A) - -cot A,

21. cos 2A = 2 coszA - I = I-2 sin2A

= coE'A - ein2A

2 3 . 2  s ! ^ 2 \  A  =  I - c o s A

27. 8iD (-A) - - sln A.

29. cog (9oo- a) = sin A,

3f' coa (-A) = c'os At

33. tan (9Oo- A) = cot A

35. tan (9Oo+ A) = -c.ot A

37. cot (9oo- A) = tan A,

39. cot (9oo+ A) = -ta! A

4I. sec (-A) - sec A

43. cosec (9oo- a1 - sss a

45. co6ec (90o+ a) = eec a

47. Ein (l8oo+ A) = -sln A

49. co6 (1800+ A) - -cos A

5l-. tEn (I8Oo+ A) = t n A

53. cot (1800+ A) - cot A

ain A



52. sec (1800- A) = -see A, 53. Eec (l8oo+ A) = -Boc A

54. cosec (1800- e;-gqs6. a, 55. cosec (1BOo+ A) = -cosec A

56. sin (2?Oo- A) - -cos A. 5?. sin (2?Oo+ A) = -cos A

58, cos (2700- A) = -6tn A, 59. cos (2700+ A) - stn A

60. tan (2700- A) = cot A, 61. tan (2?Oo+ A) - -cot A

62. cot (27oo- A) = tan A, 63. cot (2700+ A) = -trn A

64, sec (2700- A) = -cosec A, 65, sec (2700+ A) = caaec A

66. cos6c (2?oo- A) - :sec A, 67. cosec (2?oo+ A) = -sec A

69. I + tatr2o = sec2e 69, sin (0 I {r} - stno cor{, : co60 slnt

?0. cos (e !0) = coso cosrl i,stn 0 siarl

7T ,

74 .

75 .

' t6.

79 .

a I .

tan (o :''h = ii?*;i4._, i,r
Ein  0 ls inV= 2  s in l  (0  l0 )  coe !  (O i  V)

cos0+cos0=2cos l  (e  +  r r )  cos  t  (0 -0 )

cos  0  -  cos  U= 2  6 in  !  (0  + t )  s in r ,  $  -0 )

sin8 cos V = l {stn (0 + U) + atn (0 - 0l}

cose sln tl = | {srn (O + rlr) - stn (O - U)}

cosg cos V - | {cos (O + {) + cos (O - {r) }

6lne s{n { = } {cos (0 - V) - cos (e + U)}

ai-n 20 - 2 6in0 cos 0, 80. cos 20 - cos26 - gln2o

6in 3e = 3 sire - 4 sin3o, 82. cos 30 =4 coalo - cos 0

sin t = 1'E-iil6!-E-t, a4.  cos  |  0=1,11  ( f+coso)



{ F i q ,  1 2 1 )

a2= b2+ c2-  2bc cos A, 8 6 . c+c
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z-A

BC AC

8 5 .

e7.

4 8 .

8 9 .

9r .

9 2 .

- ' "  2

sin A

sin A: sin B:

n"-b) ("-",
t----b;-

= 
JEG-;iG-btG-.) -- r" =

{3) Distance by sounal

The speeal of sound in the air at tenperature of t5oc isa.bout 340 metres per seconal, so the atistance trav;rred by sound(D netres or.  D naut ical  ni tes) in t  seconat is,

D = l 4 O x ! n e t r e s or D - 
Ifu )(. = 

E-42 nauticat mires
Ref. The speed of sounit in the air at temperatuxe toc is = (331 + O.5 t)m/sec.It is therefore possibte for us to.know tfre ai"turr.u tV ..u""rinq rhe etapseattine T between transnission of a signat anal r:etuxn of its echo .i torro"",

5 . 4 4  x  2
T= 

10,88 naut icat mi les

Note: The traveting speed of sounit is effected by aturospheric conalltions(tenperature, denslty, hurnidity etc.) and ir,. ,"ri".ti"s ....rr.r.
The forrnula d -  

fO,"e 
(naut icar mi les) is nerely a reference,

. When you sail in fog in a narr.ow channel, the speed of return of
the fog signal echo using the above nentioned fomula ;iL] give you some
useful information, but it is not r.ecomr€nated to fix positi;n by sound.

tan !  (B-c)
b+c

Area of the triangle = ! ab sin C =
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(4) Distance by binoculars

Scme binocular.s have alivisions or tlEir lenses. t{hen the
height of a landmark is one netre anal the dist€nc€ beti,,een the lanalnark
anal the obse|er. is 1,000 retres, the visual hetght of this lanalnalk
in the binocular:s is equal to the length of on6 alivision on the lens
(EIs. l22l

l{hen one looks at a lanatrnark ehose height is I netres
n divisions, the distance D from the lanthErk to tlre observer is

D = looo x & netrea

d --------------;oli;tj'
1n

F19. 122 Distance bv binoculars.

(5) Distance by radar

lle can accurately n€asure the dj,stance, and fix our poaltion
by radar. The dista$ce of isolated lanaharks, such as an island elevated
hlgh above the sea f€vel, can be easily neasuled, howev€r, the distance
of a nountain top, or a gentfy stoping cape are difficult to neasute by
radar. Therefore, your judgnent, inference and reading of echo dr a
radar ecope will be very inportant. A thorought undelstanaling of the
characteristlcs and liritations of a ratlar ale ilost ailrrantaqeous.
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(6) Dlstance by Theodol.ite dista$ce neter

accofding to Nlppon KoGAKU K.K, (NIKoN)

With electronic alevices, lre can neasure allstance, accoratlng
to the elapsed time bebreen transmlsslon of l,ight and the rettrrn of its
reflection.

Dlstance measulenent

I. upriqht Digiral Display

Eve[ if the telescope is inverteal, the liquid crystat
readout afways displays digits upriqht for quick, error free ieading.

2. Automatlc self-diaqnosis

A self-check is autonatically perforneat each tirne the
pc&rer ls turneal on. If the instrunent is operating correctLyr the
panel dispfays "cood", if a problen exlsts, an erlor coale is displayeil
(Fig. 123)

5ELtr-r

f,srnd,

Fiq. 123 Reading of distance meter.

3. Autonatic Environnental Compensation

This function efininates the neeat for a conversion
chart. Before neasuring, sjiply key-In the values for the baronetric
pressure (mn Hg or inches H9) ahd tenperature ("C or "F), The
instrunent then autonatically conpensates for these envjrodnentat
factors before displaying the alistance.

Tenrperature range ! -25oc - 55oc (-t:or - t:1or)

Pressure range: 400 mn Hg - 999 nrn E9
(15,7 in Hg - 39,3 in Hg)



4. Autonatic Curvatu.re andl Refraction

llhen the appr,opriato inteftal swltch is set, the
lnatrunent autonatlcally @npensates fot the earthr € curvature and
allffelences in air delsity.

s. Sese!e4-!4s-@EE!g-€!eces-e

Even when th€ nEln swltch is turned off, the plesent
prlsn constant 16 autonatlcaUy nenorized until a new pllsn constant
is entered. rhe plisn offsot oorrection range is 1999 nm.

. 6. Auilible anal Digital Talqet Acfirisition

t0ren the llght reflected by a prism LB leceived, a
buzze! soulltls and the nnrnellca1 value of the returned 6lgnaLrs strength
Ls displayeal on the IcD boatd.

As a result, fine adjustnollt iluring talget sightlng i3
€xtlerE1y easy. At short dlstances, rnerely point the t€Ie6cope at the
target pri6n center. lihen reflected Ught 16 seak, tbe panel diEpLay3
I'Lo" to indicate that measulement is not possibte (Fig. 124)

5f[.-'P

::i 
E\zzeI

Fig. 124 Reading of distance llet6r.

?. Autonatic Slgnal I€veI Control

llle arpunt of refleGted light is autcnatlcally
attenuated after target acqulsLtio[, a].lo\rr.ng measurenent to begin
lm€diately.



8. Distance Measurenent Operation Display

At the start of dlsta"nce neaEurenent, the dlsplayrs
l,lquld cryEtaL llght8 up anil travels frorn llght to l6ft to lnillcate that
the dlEtaDc€ neasulonent functlon ls op€:.ating (Flg. I25)

- r12 -

s . . / oo€

Fig. 125 Reading of distance neter.

9. Automatic Erroneous-Data Detection

mren the spread of the fine readings exceeals a
predeternj.ned opelating t€urge beca\rse of haze, stray light, or any othe!
reaaon, the microprocesaot autonatically aletects anal aleletes the
erroneous data to ensure accuracy.

10. l9!9!e!!9_!19p9_39duc

lihen the zenith angle has bee! entered, the keyboaral
can be used to cafculate and display the sl.ope atistance, horizontal
distance, a.Ilal alifference ln elevation.

11. Coordlnate Conputation

Af!e! distance lneasurenent, the panel alisplays the
target point's cooralinates (relative to the coordinates of the instnhent
stat lon).

The X.Y.Z. coolalinates are calculateal froh the
Previously entered holizontal arld zenith ahgles. Either loca1 rectangular
coordinates or grial coordlnates can be useil (easting, northlng).

Coordinates settinqs can laIlqe fron

- 9999.999 n to + 9999.999 !l o! fton

- 9999.99 f t . to + 9999.99 f t .
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SYSTEM DIAGRAMS
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Fig. I27 Tr iple pr isn holder
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Fig. 128-1 theodolite Distance Metet
(Nihon)

Fig. 124 si$gle pr ism holder
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ao.
TMP

2oo input (teBpelature)

Fig. 131

. '-r50
PRS

Flg. 132 ?60 mn tlg input
(atnosphelic pressule)

-t--
I
I
I
I
o
I

I
I
I
I
V

rig. 129 Eorizontal angle

= 359o- 59-- 48-

5[n.0fld
V

5[fi.fi[ r
V

5 0[.0 fif
s,,/

5 fl[.C] 0P
/ AvE

Average alistance

500.002 netaE6

Please see paqe 269 as wel t

llt measurenent

2nd neasurenent

3ral rneasurement

Fig. f3o Reaalings of distance neter.
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trl Bearin Line

lihen you ale coasting neat bro lanalnarks and you cannot see one
of tien from your co(pass because of the superstructules (derf,i* posts,
nasts, funnel etc.), yet you can see the otier lanalnark flon yorlr cmpass,
It is possible for you to fix your position by a bearing and the inctualeil
Eltrgl€ of taro lanaunarks.

Filst, you obaerve the bearing of the visible landrnark, Eeconally
you obselve tl3e included angle of two lantlnarks (Figs. f33 and 134)

In Flgule 133, the bearing of the lighthouse L is 3150 anat the
inclualed angle between L and tle^island I is 75o. Ihen, tlle bearing of
I c 3I5o+ 75o = 39oo = 39oo- 3600 - 30o. Hence, l/ou can dralr one
positiqr line :15o to r, and the otier position fine 3Oo to l. So yoo.
Position, whlch satisfies the requirerEnts of being on both tines at the
sarle time, is the j,ntersection p of the two lines.

6 .
9 hcludeal

allgle

Fig. 133 Bearing Line anat included anole-



Ftg. 1.3/t Bearirq lit|e and incluiletl angle.

You cannot observe I flolr your ccq,ass, but you can Daaaut€ the
turcluded angle frcn gEg99_!9gI_!!g_Sggpggg by a s€xtant,

[3] Fix by Translt ard Angle (o! b€ar.ing)

Fig. I35 lraDait and angle.

inctuated



In Figure 135 the lighthouse L and tie top of t_he islanat I are
in range of 3OOv and the bearing of the top of tie nowtain M ls 5Oo,
the EhLprs posit ion is p.

In tii6 ca6e,-it ts unneessa!-y to lEasure Ure bearing I on
range by coryass, because it is given on the na.rj-lre cfrei!.(Flg. f35),
Durlng coasting, you wait lmtil. 'rI and l, are on ranqe". tthen T,
and I are on r:rnge, you shoulal neasure the bearing of !4 at tiat instant
( lefef to Eigute6 95 and 96).

L4J FLx by Horizdrtal sextant I$gIe

Refer to pages 138-142

I t
[5j Fix by Horizontal Distance of Trro Landnad<s

Refer to Aig. 94, qt pag€ 130

If \re knolr the aliatdrce to tno or llpre lan&nadc, the intelsectiorl
of equltlistant cilcles witb the Lantlnarks as tllel! centels ie our posLtlon.

Fig. 136 Citc leg of posi t lon.
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In I'igure 136 dietance fron t}le ligirthouse ! is I nautical niLes
and digtance froh tie island I is 9 nautical ndLes. If tfou allaw a cj.rcle
rl,Ur radiu! 8' and the lightiouse as its cente!, anal anotlle! cllcle $it}l
raaliua 9r and the island I a6 it6 center, then the intelBection of the
tno cllcles is your pqsition. tioir to obtaj.n tJI€ ali6tance is explatned
on page l50r

L5 J Flx bv a Bealind ard a Dlstance Circl€ fr@ a landmalk

llhen I'ou can trleasure the bearing and tbe alistance of a lanthErk
3lnultaneouEly, you can flx your positlon (refer to ntgrres 95 and l3?)

Dl6tance clrcle of 4.5-
(fron L) at l2:I0

ltle intereectlol p of the dtstance clrcle of {.5'
at 12!10 aDil the bea:.inq llne 3Oo to L at 12:10
ls ydrr position at l2rIO

Flg. 137 Bearlng and dlstance cltcle
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2700

18oo

Fig. 138 Radar 6;ope in tr.re tllotion

fz ] nun ri'q r*

' Refer to pages 13&142



t8 l Fil by Doubling the Ang1e on tlle Bow

' 2

Fig. 139 Doubling the angle on the bo!t.

In Flgu].e 139, the shiP is Proceeding fron P1 to P2 and you can

see only the itgltthoo". L. rf you measure the first bearing do fl.om

aheaa ai p,, and the second bearing 2qo from aheatl at P2, the 'listance

fi-ftorn pi to P, is equal to the alistanCe fronr Z (tlre rightnouse) co

P- {vour p;sitio;) because A L Pr P2 is the equilateral triangle on

c6naitio" tlat your shipts course has been steered steadily an'l is

unaffected by current.

You can observe the angle cr" anil 2oo by tubber's Point (or lln€)

of conpass botdl.

[9] Fix by rour-point l'lethod

Pr

Fig.  14o Eour-point  methocl '



In Figu.e 14o, yeu 6qssur. the filst bearing 45o f!@l aheaal at
Pr and neasure the second bearing 9Oo froh aheaal, the distance f?on Pr
to P2 is equal to the alistance flotrl L to P2. Hence, you can fix your
position.

h Fignrres 139 and t4O, t}le distance from P. to P" can be calculated
by shlp's spe€tl and the tine elapsed o! the log (Ciemik6ef 1og,
strangneie! Iog, sAL log Doppler speeal ]og, etc.).

L10J Flx by three Bearlngs of a LqndLnark anal Diatance Bun or tlme ELapged,

lthen your ship is sailtng under the eff€ct of an irregular
culrent, atlong elnd or high waves, it ts very difficllt to estifiEte
your courge steereil and shlprs apeeal and if you also have onrly one
Landnar.k tn fix your poaition by, thed Ir this cas6, tlre proc€ilules
to fix posLtlon ate conpticated.

Position fix€d

2-- 

True coulse

.; '1t

Eig. 141 Fix by Bingte landlnark.

1\

d,
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G) rn Figure 141, AL is the f,irst bearing tine, BL is the
eecond Faring li;e and CL is the thl-ld b€aring 1jne to ! (the Ughthouse).

iD is equaL to the alistance tun frdr the 16t bearlng line to
the aecond bearing line, ard tro ts equal to the distance lun frdr the
2nd bearing line_to the thilal bearing line.

. Drat' a straight line lrhictr is parallel with Ei through P.
Ihe point R is the intersection of thls stlaiqht tlne (Fi) and E-r
(tlre s€conal bearirg l.lnel. Connect R !.ith g by a stiatght line (E).
then F0 ts the ship's true course and poilt Q is you! positlon when you
obselvetl the third bealing to the lightbouse.

(, Plovtded that the distance nm is illrectly proportional to
the tlre elapseal, you can obtain a parallel line to the tlue course by using
the tfire elapsed frqtl the fixst bealLng to ehe second bearlng and flcnr the
secoBd bearing to the thtrd bearlng \dlLhout knowibg the di€tance nm.

Ist b'9 llne
at 1.2!OO

,' <.o
/ ?

2nd brg l in6 at 1.2:15

F i g .  1 4 2  R u n n i n g  f i x  h t  a  l i g h t h o u s e .
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In Fig,ule 142, your ship is proceedlng from a !eal. point A to c
through B at a speetl of 10 nautical tniles per hour, anal E is its true
course. But suppose that you do not know your shiprs speeal anal its true

At 12!00 you observeal the first boaring of the lighthouEe (!)
as E, the seconal bearing as 

-gL 
at 12:15 anal the thild bearing as dL

a t  I 2 r 4 5 ,

The elapsed tine betweerl the f1!9t and the seconal bearlng is
15 rninutes, the elapseal time between th6 second bearing and the thild
bealing is 30 ninutes.

Ille ratio of 15 ainutes to 30 rninutes is th€ ratio I5r30 = 1:2,
put the n:rrk P on the tltird beaiing line FL, 3o[ fron ],, anal dras a straight
line parallel to the first bearing line Ii through p. rtris parallel tine
intersects ldth the second beariDg line Ei at point R. Next, put the
$a!k Q on tie tlird bealing line C-L, 6cm frcin L. I'he straj.ght line
connecti-ng R with I (R0) is the paral.Iel course lihe to the true course
line 5F. Ihis parallel line to the true course is quit€ useful for fixing
your positlon with the fourth bearing lln€ or the bearing line of the
next landnark.

If your ship is equippeil with radars and gt'rocorpass, you do not,
of ccdrse, need to fix your position using the above-mebtiodeal llEthod.
?ou should fix your position by alistance anal b€arihg with your rada! anil
gyloconqtas s (Fig. 137) .

LI IJ To r4a\e rrse of the peprh of wdter and lsobathic pata

It is aalviaable to ascertaj.n th€ ilepth of !,rater iimediately
afte! fixing your position by echosounale! and checking it on narine charts.

An lsobath can be very useful in estinating ship's posltion.
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'r:' ' ,;:'
loo

9 "  . - ' - r ; : - .

ro" ?. Co

\.

\,

\-. \
't9l lor"l

Fig. 143 Pix by a lightlouse and a contourllne.

In [Lgu!€ 143, when you observedl the first bealing P.L or P2L
to the llghthouse I", the depth of nater was 10 n€tres. In tlrls case'
the piobable position was Pr or P2. l'hen you observ€d the aeclnal
bearl-ng P!! to Ure tighthouse l, andl the dePth of itater was l0 Etrea.
In this case, your positlorl should be Pr, so your posltion when you

obselved the first bearing PIL (or P2L) shoulal be P2 because of t-h€
course llne, the bearings anal the isobath of I0 r€tres.
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Marifre S€xtants

@lestia1 navigation is a netltoal of ileter.ldnlng the observe!'e
posltion on the eart-h baEeil on the princtple that a c€litaln heavenly
body haa a certain altltuile o! vertLcal angle at a certaln tlme. :tlre
lnatrulEnts useal for cel€stial navlgation are the sertant, the chronoDeter,
t.he nautLcal alnatrac fo! t-he current year, the astro-navlgatLon calculator
and co[puter.

l{arine sextanta are soretiDeg uged fo:a lreasuling holizotltal
distance by observing t-he vertlcat angl€ fron the top of a lightltouse
ot a ttountain to t-he watef leve1, and to neasure inclutled angleg of
lanabErka to fix positlon in coastaL navigation.

?aking siqht with a sextant.

Itarine gerdants have tlro nLrlors as shol'n ln Flgure 144.
llte lntlera eirror reflecta t-he irag€ of the heavenly body on to t]le
hollzon niiro!.

Xhe horlzon nirror is so congtlucted that the obgerver catr
6ee tho horizon at the sarE tirne he €ee6 the reflectod irEge of the
heavenly boily.

Iire altltufle of a hea\renly bodly can be neasuletl by adju.stlng
tll€ angle of the lnilex rdr!.o! until tl€ reflected irage touclEs the
horlzon (Fig. I44).
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Index mirro!

llolizon

Horizon
nirror

I'ig, 144 sextant.

Wlth a narille sextant, the attitude is rea'I in degrees, ninutes

anal t,/IO ninutes. One tninute of the sextant leading lePresents one

nautlcal ni1e. Marine sextants have been usetl for a long tiie because

they are very usefuf for fixing Position at sea ln both coastal and

celestial navigation.

eo -;;-a;-; ,o ,,
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al,l the parts of a narine sextant, such a6 the telescope, 1en6,
frane, arac, ftdrlols, anal shade glasses are nanufactur6il \tith the
utrnost precislon and assenbleal iflto a conplete unit wit}l accuracy they
are carefully checked with a naster collinator in the factory-

Sun

Clear Sla\ llorizon

Reflected inage
of the sun

Horizon

Fig. 145 Sextant,

If your sextant has been alroppeal or damaged, it should be
taken to an expert for inspection anal reaaljusunent. [he worst enen]t of
a naralne sextant is inoisture, so the nilror anal the arc should be
wiped dry after each use. The tangent screw anal the teeth on the side
of the lifiib shoutd be kept clean ard Lightly oiled.

study the lelationship of nirrors, a heavenly body aJ}d the
engle on the arc in Figures 144-147.

q
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Ihe conslruction of a narine sextant

h Figures 146 and 147:

1,. Frane

2. Arc

3. Index alm

4, cr lp (or Handte)

5. Telescope

6, Release

?. l,ticrometer drun

8. v€hier

9. Light bulb

f,O. Eorizon shade qfasses

Ll. Horizon tnilror

12. shade glasses of inalex mirror

13. Index nir :ror

14. tinlc

15. Switch for fight bulb

16. Leg-frame

17. Slid6-anal-1ock rising piece

Fig. 146 Sextant.
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Flg. 147 sextant.

Non-ailjustabLe erro! (Flxed Instrunent Errot)

In a natlne Eextant, tbe sum of non-aaljustable ellors such ag
prlanatlc, graduation altl centering of a sextant, is eltninated to
1e6s than o:1.-o;3.

Each sextant is then checkeal r,lth the collirator in the factory
at evely 1.5 degrees, anal the slight unE€rEvable errors still founal are
r€gartled as the fixed instr,u€nt erno! aitl statedl otr a nanufacture! | g
insp€ction certificate. The certifioate is attached to the sextant's
ca!ryr.ng case.

MJuatable erlor

tlre Eextant should be checked occaslonally to see tllat the
nirlols are perpentticufar to the frarne anil parallel to each othe!. If
nj.aalignnent is found, aaljustnent ls necessary.
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A. Perpendiculayity of the index nirror

rf the two fines of slght appear to be joined in a stlaight
tine, the mlrror is perpendicular. rf the line ls not straight, lt
!egui!e6 an adjustrnent of the screw narkeal nAn in Flgule 148.

by courtesy of tTAltAyA Co., tTD',

(ris. 148)

by courtesy ofITAl,tAYA Co,, l,I'D. ',

(Fis. 149)
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An er!o! resulting fraon the holizoD nilro! not being
pe4)endicufar is caLletl the siale error. To mal(e the adjustn€nt,
the sextant is sighted directly at a sta.i at night nith the index set
at o ' .

When the tangent screw is turned, the reflecteal i-nage of
the star should nove in a vertical line exactlv thtouqh the alir.ect
imase (Fis. 15o)

If the llne of novement is to one side or the other of the
tlirect inage (Fiq. I51), the horizon mirror is not pe4)endicula-r to
the frame and should be adjusted by the screw marked 'rB" in Figule 148.

(Ftg. l5o) (Fis. 151)

llo!izon ni.!ro!

Frequent mani.pulatlon of the adjusbtEnt sclens shoulal b€ avoial€d, as
it may cause excessive uear. A slight lack of aaljustment has ld,nimal
effect on calculation anal can be lqnored.

side error

c, Inilex errora

An intlex erro! is caused bv a lack of Derfect DaralleJ.i$l
between the index nlrror and horlzon nirror when the sextant is set
ar oo- oo:0.



with sextants th€ horizon !d!ro! i5 adjusted wlthin the
ndtro! f!a*. ao eli$inate or r€thrce excoEsive itralera error, tlte
horizon nilror tm16t be ailjuEted by the sc!e$ natk€d nc' itr Ftgule I4s.

If the inaen e!ro! l. eall (loss tllan 4.01, tt le
cdlrisable not to try to reDove lt. InEtead Eubtlact or atlal tltia erlor
Irr yorE calbulations.

Ilorl.zon lh alignnent Horiron out of allgrlteDt
Inalex glror present

Ftg. 152
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Ihe reading of a sextant

Fig. 152-1 The gextaJlt reading is 50o 41:4

In Flg. 152-1 above, the degree scafes on the arc are read f i rst .

'Ihe scale narked byo ($hite line) sho$s the value of the readins
as hore than 5oo and less thin 51o. Next the ninute scales narked by@,
should be read.

The ninute scale sholrs the readinq value as lIole than 41' and
less than 42-.  Fj .naUy the tenth scales rnarked bV@on t le microneter
drum are checked. Ihe scale on the microneter drun that l ies in a l ine
with the scale on the ninute scafe drum shows 0.4 ninutes.

In the case of Fig. 1.52-1, the 43 ninutes scale l ies in a f ine
tdith the second tenth ninute scale (second scale froh upper nost scale
on the nicroneter drun).  So the reading of the tenth scale is 0,4
nrnutes, because the tenth scale has 5 intervals,  and each Interval
shoes 0.2 rdnutes. See Fiqs. 152-2 -  152-3.



- 1 9 5 -

Fig, L52-2 the aextant reading iE 2oo Ogt2

Flq. 152-3 llbe sextant reading ts 32o 15;6
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Fig. 752-4 Sextant reaaling = 5Oo 4f:4

(On atc)

Fi9. 152-5

Note: 60'  -

Sextant reaaling = € 28:6

3J,:4 = 2a:6 lof.t arc')
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Navigational Ariangle Rufels
Hon to use a Naviqational Ttianqle Rulet

l. h the case of a landt0ark existing bebreen your posj.tion and t}Ie
vj .6ible hol jzor i ,  (Scale of di6tance should be A, see Eiqs. 15tF156),

Exar@le

^ tncludetl angle betr'teen the top of the lighthouse and sea lev€l
ls 0"- 58' and tite height of the top of lighthouse is 4OO f6et above
aea Level. What iE the distance frorn the lightiouse to yorr. po6ilion?
(Ans: about 3.9 ni tes)

Solutior

Ihe leference
longitudinal llne of
of scale of altituale

point of tl|e triailgle ruler sbould be on tlre
the nautical cjrart, and the dl,visicn of oo- 58'
should be on t}.e 6a!E longitudinal U-ne.

\"

Dlstance Solution
ttiangle rulera

Move the tliangle ruler parallel so that the alivisiqr of 400 feet
of 6cale of helqht of landead< la just on tlle latigudlnal llne. lhen
you c€m read the divisic.r 3,9 niJ.es on OIe lntersection of the latitudinal
line ard tfr€ scale of distance (A). (Fig. 156, 15? €nat L58).

Fig. 153 Diatanc€ fron a lighthouse.

Fig. I54 tt/
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Fig. 154-1 Navigational Triangle Ruler (A q4)e)
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Fig. 154-2 Navigational TriaDgle RuJ-er (B tlpe)
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2 . In tlre case of a landnark existirq beyond the visibf,e horizon.
(Scale of distance should be B),

Exiunple

Ihe included angle betireen the top of a normtain and the visibl-e
horizon is 1-- O5r. Vlhat is the distance between the top of the nountain
and your position? (geight of the nountain is 13OO feet and helqht of
eye is 22 feet) .  (Ans: about 1I.3 ni l6s),

SoJ.ution

Height of eye = 22 feet,
Dip = s5ool 5 '  (Fig. 157).
Included angle observed is
J, - U5 , SO t'rue ancludecl
an91e shoulal be (I-- 05r) -
( 0 5 r )  =  t " -  0 0 '  .

^Firstly, the alivision
of l'- 0O' on scale of

sllilegg and rE?EiEiEE point
should be on the sane
longitudinal line of chart.

Secondly, nove this
tlj.angle ruler pa!allel so
that the alivision 1300 feet
of scale of height of
Iandmark is just on the
latitudi.nal line.

Ihen you can r:ead the
divi .s ion t l .3 ni les on the
intersection of the
Iatitudinal line and the
scafe of distance (B).
(Figs. 15? and I58).

ls  Z,  f t ,
DlF 13 tbout,y'

F i g .  1 5 7  H . O . P .  a n d  D i P .



Fig, 158 Distance from top of

Distance fron a lan'lrnark

by tliangle lulers.
Fiq. 159
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a ,,74
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e9B
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Fig. 160 Distance from a landmark by tr iangte r :ulexs.
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Fixinq a Position i.n the vicinity of the shole

In ttre areas of off-shore fish€ly activitl€s, such as artificial
f,1ah aheltela o! leefsr stationaly trap[ets, fishery conservation zones,
prohibited fishing areas, etc., it is importaht that their positions be
fj.xed both on charts anil at sea. Firstly the areas ol the zones shoulal
b€ drann by points and Lines on a chart. seconally the task of fixing
positions should be done by obs€rvation on boaid. Once chalted and the
positions fked all the lnformation shouLd be published. Therefole,
typi.cal nethods to fix position wit]l depth of water by $nall obeelvation
boats are introduced here.

L) A transj.t Line alld an includeal anqle

A transit line is a line of position towalds a chosen landnark
anfl, if thele is a second lanatdalk. it is possible to observe an incJ.ualed
angl"e between the tlanslt line to the chos€n lanahalk and a transit
IIne to the second lanthark fldr the ship's position. A straight line
frcnr the shipis positon to eithe! lanatnark i6 also a llne of positioh.
A ship should be sodlewhere along these lines of position. If two
3ilrultaneous and non-paralLeL lines of position ale available, the only
positlon that satisfies the requirenrents of being ob both llnes at the
sane tirne is the intersection of the teo Lin€s (se€ Fig. 161).
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Designed
survey
line (course

sunrey

pig. 16I Fix by a tlansit tine anal 1hcludeat angles.

.H:,*". 
nithln the points pr, ps, po and p7 represents rhe

'' 
fi:i:::l jilI i:'i,i",:l#; H"*"H: EE aDd,he

'' 
i::i:::l j;6I i:%e",:;""* H#"5.'"H EE and the

Included



OriginaJ. coulse

\Eop01.

Position (Ps): Ship is oli th€ trahsit line [Fr and the
irEluiled angle is 5Oo between aB-Pr and EFg

Position (PA): Ship is on the line AB-Pr and the included
argLe is 60- between ABP,, attd DP{

Position (P. ) : ship i6 on th€ transit line AB-: and the
included anlle is 7Oo betlreeb AB-ps and bE

lhe inclutletl angles ale horizoitally lneasuretl bV a sextant,
both poLes A ana B should be fixed points on the shore

A close c@rmicatior! lir& by way of poltable radlo-t€lephones
shoulal be alrangeal be!&'e€rr shore staff anal a clerd nenibet on boalal.

2) A cours€ (bearing of lanatnark) atld an incluCled enqla

- ,  |  , ',uvey 5[rP ]  1, , ,

\

Fig. I52 Fjx by a courae line anal included argles.
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In Figure 162, a survey shiprs coulse is 34Oo to landmalk

Fig. 163 lvo lantlnarks and a circunfefence.

In Eigure f63, A and B are lanatnarks, a navigator neasured the
included angle AP1B as 65', the circle of position AprP2B has c
as its centre. CE or tE is its radius and 650 is its angle at the
circunference. If a third lan&nark is available, another clrc1e of
position is obtainable.

when a navigator measures simultaneously two inclualeal angles
by using three lanttnarks, the intersection of the two circles of
positj"on is the fixed position (see Figs. 164 a and b)

A (a Role) a.Ild the included angles were observed between API and FPt
as 50-, ,lP 2 anal BP2 as 60-, AP3 and Bp3 as 70", APq anal BP{ as gO- when
the surwey shiprs position vras Pt,
a case,a navigator nust observe the
ccdpass, if the ship deviates fxon
the deviation should be anended bv

3) Thrge points (landnarks) and teo ahgles at the circunference

If the angle at the circ\aferetrce is obtainable, it is possible
to aliaw a cilcle of position passing through two points (see FiS. 163).

circ le of posi t ion

P2. P3 anal Pq respectively. In such
bearing of A continuously by the sbip's
the designed or original course,
sEeetrllg.

Ihe angles
at the circun-
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Bisector of Ag

I rtr. .eott.r .r,gt.
Bisector of Ed

v

1

\ 
t, .uo.,,
_.-v.

lhe angie 
-

at the circurnference intersectiort
(position)

\\ 
zoo .z

ER
\ rhe angte at

the cirdmference

Fig. 164a Fi l  bY three lanalnarks.

N o t e ,  A o  =  
" " =  !  *

c o =  z x  e o = 2 x s o

Co = the centrat angle

Ao anal Bo = the angles at
the circurnference

Fiq. 164b A central angle anal angles at the circumference.



rn a certain position, a navigatot measured the included angtes
as 650 between t|e landmarks A and B, and ?Oo between the fanahrarks B anat
C (650 at one circumference, 70o at another circumfetence).  In this case,
one circumference passing throuqh P, A, I and another circurnfereDce passing
through P, B, C are obtainable, and these t\ro circles have two intersectioh
The intelsection located at sea is the naviqatorrs Dosition.

How to alraw the circle P A

To draw the circl.e, there are tlro ihportant elements, i.e,, its cenrre
anal its radius,

If the angle at the cjrcumference is given, it is possible to calcufate
the central anqle as follows:

the central an91e = 2 x the angfe at the citcumference

In case of Fiqure 164 a

the central  angle = 2 x 650 = l3oo (the lef t  c irc le)

The central angle = 2 x 7Oo = 14Oo (the rlght circle)

(see Ftg. 164 b)

The triangle A ABCr is an isosceles triangl,e and ACrB = I3Oo
(the central an91€), so the angle 4BACI = /ABCI = 25o. the straight
line Ael should be drawn and the intelsectjon of Act anal the straight
line m (perpendicular to E and passing through the rnidpoint of ED
is the centre of the circle and ACt is the radius of the cj.!cl.e required.
then it is posslble to alraw the circle. its angfe at the clrcunference
ls 650 (tbe left cilc1e in rigure 164 a). T-he right ctrcle i.n Figule
L64 a can also be drawn following the same method and procedule.

Note! The three Lnterior angles of a tliangle adal up to tno right
a n g l e s  ( = 9 O o x  2 = l A O o )
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. .*-./- 
Tangent line

Fig. f64c Condition of included angles.

In Figure I64c, t}le inctuded at']les a and b ats neasured,
we can therefore fix our position by using a thlee-arm protractor or
thtee radial lines tlra!{n on a pLece of transparent paper. In such a
case, to naintain a high deglee of accuracy rdren aletemining the
position bot-h a anal b should be gieater than 30 degtees. when the
tangent line at P on tl:e clrcle pBA rEets the tangent line at p on
the circle PBC at right angles, the detennined po6ition at the
intersection of the two circles of position is extrelrely accurate, but
if the inclualed angles are very f,rafl in value, e.9. only IO o! 20
degrees, the accuracy of the aleterrnineal position is less re1iable.
Thereforie, the selection of the th!€e landnarks should be done
careful ly.

In the case of Figuxe 164d, the a.bovenentioned explanation
can also be applied,

,ll Tangent
/, Iine



Eig. I64d Teo citcles of poaition.

In Fi$rr€ 164 d, A, B, C and D ar6 the J.andnarks, T.h6 included
an91e betreen A anal B is a (or a at th6 Ollcunference pAB) and b
L€l*een C snal D (or b at the cilclmfelenc€ pCD,,

By the salle method antl p:iocedluls as in Fiql.ue 164 c, tso cLlcl€s
of position ate avaLlsble, Ihe position at the intersectiolrs of the trro
cllcles of position is the sbiprs !,ositloB.

\.(.- Tangent ltne



Questions

1) (Fis. 165l

Frcd an observation boat on the tralsit line AB (lF Light house
TUMPAT, B = Buoy), an observer measu.r€d lhe includeil anglea between
tjle transit line anal lighthouse C (SABAK) as 2Oo at I1:0O, and 560
a t  1 3  ! o 0 .

Required - : The position at 11:00 at|d 11!30 in tatitude and longitufle

2) (Fis.  165)

An observation boat on ihe transit lin€ llB neasurled the angle
at the cilcunfelence as 34 degreea b€twe€n B (Buoy) and c {Lighthouse SABAK)
by a sextant at 14:oo.

Requireal - : Ilte position at 14:00,

3) (t'ig. 167)

Duling sailing, a navigator neasureal the included angle bets€en
the lighthouse and A (Top of the north island) as 46 degrees and A anal
B (Top of the south islanal) as 34 ileqrees.

Requiled - : Fix position on the chart.

4) (Fig. 168)

A ship ia coasting, with courge set on 8o degr€es. AT Lo:40
havLgators neasuretl the included angle as 32 degreea between A
(Lighthouse) and B (Top of the nountaln) and as 28 deglees between C
(Top of island) and D (Top of another islattd).

Required - : Position at IO:40 on the chart.
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chart.Fig. 167 Fix positlon on the above

Fig. 168 Fix position on the above chart.
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Fig. 168 Ansl,e!



TlansParent paPer

Fig. 167 Answer 2



Queation

Fhe flsheries Depaltngnt ls plannlng to set-up a fL6herles conseryatlon
zone. Befole Betti.ng-up th€ zone. clrdlgs of positiotr (C.O.P.) rust be
constructetl tEa3ing thlowh tl€ lan@arks A anil B. tho angLes at th€
circrnfe!€Bce of each c.o.p. ate 3oo, 4oo, 5oo, 600, enil ?oo. IEas fiv6
clrcles of toeition passing through A anA B in Pigure 169.

(Pig. 169)

lfote: tlre pe4)enalicuta! bisector of AB must b6 conatlucteal.

I'he central angle of a circLs - A x the anglo at the
clrcrbferenee.

Ille three intsllo! angles of, a triahgle adat-up to teo
rlght angleE (i.q, 18O') .
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3a /

,,...--'- .'t ,

The arc with A as its center
Y- anal a radius greater than half

The perpendicular bisector: of, AB

D0

gq.

The arc
l,,,ith B as

and a radius
greater than
half EE

AB

Fig. 170 solut ion



Answer
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.B

pig. 1?1 cl.rcles of poaition passing through A anal B.

AlC B :

llrd A i

Arc C : 50o angle at the citcnnf6rence
of the C.O.P.

Aro D : 600 angle at the cilcunference
of the C.O.P.

Arc E : 70o angle at the cilqrlfeteDce
of the C.O.P.

30o an91e
at the clEcunference of th€ c.o.P.

40o angle at ttre circunforenc€
of the C.O.P.



R€vlew of the Triangle

Definitions

f) A right angJ,e neasures exactly 9Oo (Fig, U2)

2) An acute an91e measures less than 90o (rig. 173)

3) An ctttuse anqle neasules nore tnan 9Oo (Fig. 1?4)

(F ig.  U2)

- 2 2 3 -

(F ig .  173 )  (F i s .  174 )

4 ) I\to angles are .4lsglgga if, and ooly if, they

Each angLe ls a cqnplenent to the othe! (fig. 175)

T\ro angles are ggP@Ag. if. and only if, they

Each is a sulx)lenent to the oth€l (Fig. 176)

ang16a

(Fis. I?s)

aaltt-up to 9oo.

aald-up to laoo.

(Fig. 176)

Obtuse

suppLedentary angles



Arqles \dittr an equal nulib€r of tlegreeg
l .e . :  LA  !_LB ,  lB i ' .  r 77 l

are calleal @ngruent angles,

Fig' 177 Congruent angles'

A ray, Ei, is the bi€ector of, ZIrBc if, and otly
frod A and C,adZABX :4CBX (Fig. 178)

if, x is equldX8tant.

Fig. J7A Blsectg!'

@!ies
Z r3c ls given belcrt, construct FB' the bl-sector of ZABC'

solutlon

tlith B as the centre, construct €rr1 alc that i-ntelsects BA anil Bc

7 l

at X and Y. Next, oith x and Y as centres, anil a raalius g:€atar lhan
half XY, cqrstluct 2 a).cs inte!6ect1ng at D, then dran BD. BD ''6
the bisector ofzlBc (Fiq. 179)



Fig. J.79 Blsector.

Qu€Btlon

construct the pe4)entlidrlar blsector of fi. E. ts gtven.

Solution

ltltj| A anal B as centres anal a latlius qleatsr than haLf lB. construct a
IEL! orf cilcles. intersecting at r ani g. Next, dl!ff fl. ft r" trt
Frpeniticula! bis€ctor of tE (Fj.g. f8o).

Fig. 180 Pe4)endlcular bisector.
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oqeatj.on

Construct an angle congru€nt Co a given an91e. LFGH .16 given.

I
I

Solution

solution

I } Draw a ray dl (rrg. rsz)

ES c gE the c€nter (Fig. I81), constr.uct an arc which intersects
GF and GH at v ahd w

with centsr Q (Ftg. I82) anil raalius if 6i9, fef), construct an arc whlch
intersects 6'l al s (Fiq. I82)

lfith cente! s (Fiq. 182) arld raillus vw (Fig. l8r), construct an arc irhich
inters€cts tbe arc, constructed in Etep 3) above, at P (Fig. I82)

Dralr G. rben I-PQR : LacH

3t

4l



8)

9 )

10)

An acute triangle is a triangle trith three acute angles (Fig. 183)

A right tliangf,e is a triangle with a iight an91e (Fig. 184)

An obtuse tllangle is a triangle wlth an obtuse angfe (Fig. 185)

Acute

Fiq. 1S3) (r ' i9. I84)

Obtuae

(r '19. 185)

In a liqht trtqfte the siile opposit6 the rlght angle is calleil
the h!'potenuse. flre hypotenuse of ADEF is m, the legs are ED ana EF.

11. llr equiangular triangle is a tliangl-e with three congruetrt anqles
(Fig. 186)

Fig. lA6 Eguiangula! tllangle.
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A scalede tliangle is a

An lsosceles triangle ls

ln equilateral trianglo

triangle with no two sides congruent (Fig, 1gZ).

one wlth at lea€t two eld€s congruent (F1g, 1Sg).

1s one with tblee congruent sides (F19. lA9).

! rlt . (8i9.  188)

Equilate!a1

In AABC, the legs are EE and At: the base is Fc. ZA is
angle, and the base angl€s are ZB and ZC (Ihe narks on the 6iales
indicate the congruent segEetlts.

15. A lieau.an o! a triargl€ is tJle segnetrt from any vertox to
the opposite side (Fig. t9O).

16. An altitutle of a trianglg is the s€gnent from any vertex
to the llne thaC contaitrs the opposite side (Fig. I9O).

__ - - I" an isoscetes (Fig. 189), the oolrgnrent sides are callett the Leg6,
tl|e third s1t!e is the base. Ilre angle opposite the base is tbe velrex
angl,e. Itre angle opposite the congruent sides are base anqles.

the vertex
of AABC

the nLq)olnt of

perpendicular

(Fig. 189)
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A].tituile

FLg. 190 Altitude anat Uedian.

Review of Arcs of the Cilcle

I. A central angle of a cltols ia an angle whoae v€rt€x ia tha center
of the circle. rn flgure lglrzq is a c€ntral angle of circle 0.

trlg. 191 Central anqle.

A njnor arc oi a circle is th€ set of, toints on tlle cilcl€ rrhich lie
on a oeBtral angle or in the ibteriot of the c.entral &gle (Fig. f92)!

rn Fignrre 192, in arc AB (llritten G 6il ir a Dinoratc. lrhe alc
forD€d by A ana B and the points of the cllcle in the er.terio! of
,rPB i8 caUed a major arc.
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Aa wIlI llean ninor arc G. lo avoid oonf,usion, three J.ettelg are
n€cessary to nafi|e a naJo! arc,

G tor fiy ls a n,"jor arc.

3. Itre deglee of

Fig. 192 Arc

a nino! arc ls the n€asrEe of its central- angle (Fig. I93)

5oo

Fiq. 193 Arc

In Figut€ 193, i fz-p = 5Oo, then G = soo.
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arc is  an angle
whose ver tex is

whose sides contain the
a point on the arc other

An angle lnscribed in an
endpoints of the arc and

In the Fisure I94.4C is an inscr ibed angle.  AB is  cal led the

Fig, 194 rnscr ibed an91e and Intercepted arc.
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Fig. 195 Inscrib€d angl€ and rntelc€9teal arc.

l. flhe D€rsule of an Lnscrlbed |lrgle ls ore-half tlte neasur€ of itE
int€rc€pt€d arc.

In Flgur€ 195

ci\ren OP (Circle, P as ltr oot|t€rl

P !ov .  Z ICB= l xeB

P1|D f@alhree posalbiu.tlos dust b6 odreiile!6atr

Proof cas€ I (81q. 195)

P U.€. on ZtlcB. Daaw iF

Shot, ZACB : 4a

Sho!, tbrt L.tcB + a:Lb. But sinc€ l-b = G. ne trave 2 x l-acg = ffr



Case 2,

P lies in tlte interio! of ZACB. Drau cP. use Case f to show za =

! x G, and zb-: t x 68.^showaAcB = La + z-b. so zAcB = ! x 6 + !', 6b.
Final1y, show AD + DB = AB and use trahsitivity.

(Fis.  I96)

Case 3.

P lies in the exterior of ZACB. Draw CF. Shot ZACB = ZDCB - a.

use case r to sholrzDcB = \ x G ana a = | x A. Finarly,
showzAcB=tx6E-  l x f i ,  anaG-60- f i .  rhen  use  subs t i tu t ion ,

rP

(Fis. 197)
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6. Construct the tangents to a circl,e fron a given point dn the exterlor
of th€ circle

civen: OP arld point r on its exterior

Construct: Tangents toop fron r.

!'tethod: (I'ig. 198)

step 1. Dra\r p_r, cotrstruct L, the perpendicular bisecto! of F;.
Iat 0 be the point of intels€ction of L anal F;.

Step 2. Using Op as the lailirs. alraw OO. Let A antt B be the polnts
of intersection of OO andop.

step 3. Draw;i and;8,; aJ|al rB are tangents toop fron point r.

Fig. 198 Tangents.
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The intervals of the two circles of position ale vely cfose togetheri

Position Fix by lvo ciicles of Position

l) In Fig. 199, the intelvals of the tlto cilcles are very close

togethe! anal the two tangent lines lr€et ats angles !"ith a vely $nall

vaiue (about 23 degrees). ltlis neans the dat€trnined Position Pl is

inaccurate. Such cilcles are not tecolt(i€ndeal !o fix Position'

2) In Fig. L99_1, the landnark E locate'l betneen D an'l F is

nealer the observerts position (P2) than D anal r" Tbe accutacy of

aletelmineal position (P2) is slight. Therefore, it is not recqmrended

to select such a lantlnark as E to flx positiolt.



Radar

Fig. 2o0 Radar Display

In Flgute 2O0, A ship's raalar screen is shoiring diget data and
echoes flortr lslande. Check tbe echoeB and diglts on the lcreen
calefully. then lnBrer tbe questiona.

Oueatlol|:

'1. Pix shiprs trbsltlon on the rttached chalt (Plg|tle 201).

2. And record its lonEitude and latltude.

3. Drav the cour6e llne frm the fixed positlon on the
attached chart (Flgure 2O]),

4. Record the bearlng of Diogo Ialand.

Ref.

- 2 3 6 -

otr the !.dar acreen, A iE the gouthern end of ltbayat Island.
anil B ls the top of the noun.taln on lbahoa lBland.

t t t rEoo

I ts

8.0 l$r
to,s Nlr

|2---^""T,
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Thr.ee-a!!l protracto! or nr!6e-1ine Protractlng

Fig. 202 !'ix posltion on the chart.

During coasting, a na?igator masuretl the inclutleil anglea
6extant aa folLoirs:

1) Ihe lncluiled angle betrreen A and B nas 60 degre€a.

2) |!lr€ lncluded anqle between B antl C v"as 50 d€grees.

Questlonr Fix po8ition by thre€ line8 on tranaparent pap€!
over flgure 2O2.

q

t ith a
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Fig. 203 Fix using Tt'ansParent Pape!

< PAB 60.
-< PBC 50"

Traagparent papel



- 2 4 0 -

Fix Using the Angle at the Cif,curnference andt a Bearirg Line

Fig. 204 Fix position on the above chart.

An cibselvation boat neasut€d t-h€ tncLuded angle betrreen A anal B
as 60 aleg!€es (The angle at the circumference: e0 delrees) antt the bealing
of C was 95 degrees.,

gqestion:- Fix position on Figure 204.
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600 at the cilcumference

Bearing

I
I
Y ,

Blsecto!  of  F

Fig. 205 A bearing l ine anal a circ le of posi t ion.



Radar Ref lector Buoy {R.R,B. )

WhiLe flshing ire fix our position frequently to navigate safely
in the fishing grounds and in oraler to determine the nigratoly route6 of
f ish schools.

Thele are several navigatlonal aids for observing positionE
including the raalar refl.ector luoy.

For certain al€oersal flshlng gear, such as bottcri 9111 nets,
pots. lon91ine or bottcm trardl, 1t is advisable that thei! po6itions be
aletetmined as exactly as posslble by naviqatols with the atd of Raala!
Reflector Buoys (B.R.Bs).

Figule 2O8 is a tliagram showlng the construction of a R.R.B.

The R.R.B. should be flxed on the sea-beal with an aDchor,
an anchor clEin and a rope. After setting the R.R.B. in the sea, the
position of the R.R.B. shoultl be deternlned u6in9 the celestlal bodles,
lallalnarks, radlo navlgational aiats o! NNSS (Satellite).

lloe to Eet-up the R.R.B. is shoi,rn in Figures 206-1-4. When
you sboot a R.R.B. ficr a ship, it is recctrEerded that the R.R.B. be
shot first, eith a slack rope gently and calefully as the shlp noves
al|ay froh It with the wiid (Elg. 205-I).

Aftet shooting alf the rope lPtg.206-21 , the ancho! and its
cltaln shoul.il be shot (Ftg. 206-3), when the anchor reaches the sea-bed
the R.R.B. is flxed. Never shoot the anctlor first, as thls can be
alengelous.
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How to shoot a ttadar Reffector Buoy
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// 
aertecrot

I
"curt€nt-Bteeke! Euoyrl

J

LenSth (20-30 n)

Lenrth (20 h)

rn. -hor  Rope \ .  
'

Dt6mler  (20-30 :

D e p t h  x  2 . 5  t

t
Y
777

len8th (lO-20 h)

Eiq. 2O7 How to
in the

set-up a Radar Beflector BuoY
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J
\

D1@ter (280-300
m)

I , rerght  (50-60 ke.)

4

Fiq. 2Og constructlon of a Radar Refleclor Buoy
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(
t

Fig. 210 Fix by Radar Ref lectox on a chart .

Fig. 2O9 Raalar & R.R.B

1 2 : 0 0
8 ' ,

1

6 l

2 l

260'- 9!

270"- 10!5

of Radat ieflentor



B'9, Dtst. .rd Depth by n.i.B.

B ' g Dlst Pn by R.drr  R. f lecror

I 12!00 245. l 1 l 5 ] { r h l2 '  25: IN,  tQo' -  4 l :0E

r 2 : 1 5 260' 10! 7 3 0 n t2' 22126N, 1Oo.- 43:0E

l 12t  l7 270" lo! 5 2 9 r t2'  20!46I,  100.- 43:OE

12,42 2a5. r0 t9 1 2 n l2 '  1I60fr,  l0o.-  43:08

Erarpl€

100'-  35, E 100'-  40,8 100'-  45'r

12' -  25i l t

12'-  20' !r

N o . 2->€-
N o . 3

!>€-

I  12.-  20:43N \\100 - 32t 35f, /

l2 ' -  15' t{

F i q .  2 1 1 ditions & Depths
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Bearing & Dlstance of Radar Reflector Buoy

Flshlng Ground: Rlfleman Bank ln the South Chlna Sea

zone TiDer 07h 30o

M.V. PAINAM Cruise: 69-411984

N o . Dete r,. M. T.
Ttue

E g
D 1 6 t . Depth ?osltlon Pn by seens of

1 . 2 oc t .84 7Lt29 1r8" 0180 47n
07  -  43 .8  N

1r1  -  34 .6  E
Radar Reflectol

2 . 11 :5  3 110 0.82 48 07  -  43 .37  N
r r l  -  33 .01  E Satel l t te

12t 43 60
07  -  43 .1  N

r11  -  31 .9  E sate1llre

13r  41 42 07  -  43 .5  N
111  -  33 .9  E serel11te

17.49 067 o,62 58 07  -  43 .0  N
111  -  33 ,6  E satel l l te

5 . 2lt 38 038 3 .62 No
Dep th

07  -  40 .6  N
1 l l  -  32 .0  E Sacel l l te

7 , 23t25 064.5 o .77 58 07  -  43 .2  N
111  -  33 .2  E Satel l l te

3 oc t , 84 00:37 059 .5 r .99 No
Depth

07  -  42 .4  N
tLl - 32.2 E satel. l l te

0 l :09 0 .98 20 07  -  44 .0  N
111  -  33 .7  E satel l l te

10 . 02:31 103 50
07  -  43 .18  N

111  -  32 .69  E SateIl l te
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llo. Date L . M , T
True
8 ,8

Dlst Dep th Poaltlon Pd by eaae of

l r . 3 oc t . 84 04r  51 022 2 .96
07  -  39 .85  N

111  -  35 .19  B
Rada! Reflector

05,07 030 2 .70 46 07  -  40 .29  l {
111  -  35 .19  E

Reder Reflector

05 :45 L28 16 7  -  43 .09  N
111  -  35 ,74  E

Radar Reflector

14 . 07:35 035 ,5 2 .66 a7 07 - 41.36 r{
l l r  -  3? .8  E Satell t te

08 :44 t6 o7  -  43 .7
111 -  34 .1

N
E

Dead Reckonlng

09  t26 133 94
07 -  44 .4

111 -  33 .2
N
E

satel l i . te

t7 . 12 :06 72 07 -  50 .4  N
111 -  4 r .0  E Dead Reckonlng

lE . 12|.2L 76
07  -  50 ,5

111  -  37 .8
N
E

Satel1lte

19 . 12:38 7A
07  -  49 .9  N

111  -  36 .9  E Dead RecLonlng

20. 12z 50 74
07  -  50 .6  N

111  -  37 .6  E Satel l t te

13:10 66
07 -  5 r .8

111 -  39 .7
N
B

D,ead Reckoalng

,,' 13 !  18 212 9 ,4
07 - 52.25 N

111  -  40 .45  E
Radar Reflector

14 :11 200.5 82 07  -  49 .84  N
111  -  36 ,68

satel l l te



?n by neans of

4 Oct, 84 07  -  42 .7  N
Radai Reflector

07  -  38 .6  N
111  -  39 ,7  E SatelI l te



-25 r -

ilow to detennine the
Raalar. Reflector Buoy

position of the
by satel l i te,

+

Detern lned Po6t t1on.  of t  07 ' -  43:4N
R- R.  B.  t t11 ' -  l4 : lE

l1r"-14:38

of  Ref lectorrs  posl t lon

-4

therefore lSnored

31'
t
32' 33' tal 35 '  I---1,f,_

Ej lg.  212



*_1-
IP.OO E

F Is .213 tlle RiflelEn Bank in the south china sea Drawn by

!l!. S. Soniboo!, 1986-8? Regula! coursea Tra'.nee'



F i g .
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213-1 Raalar Reflector or| board u,V. PAKNAM in the

South Chlna seat 24/2/19e7
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samui and Phangan

1985-I987 Fishing

:=:--.'

Observing Includeal Angles belween
Is1and 22 SePt.  1987 M.v'  PA(NA!{ '

!lr. rcaishanansamy s/o Anrnasalarn a

Technofogy Course Trainee '

213-4 Fjx bY Sextant
M.V. PAKNAI'I

& Three-arin plotractor 22 sePt, I9a7
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Three-axm protractor and a sextant

A navigator obscrvqs t}le included argles between the landmarks
A and B, dnd B and c as 20" o8:2 and 32" 15:6 rFspect ively i , , i th a sextant.

In the case of Fig. 2I4, the obsewet 's posi t ion by a thlee-am
Protractor is P.

c
B A

Fjg. 214 Fix by Three-arn protractor



Fig. 215 Observing included angle nlth a sextant

To rneasure the included angle betrreen A and B. you look at the
lanth€rk B thlouqh the horizon mirror of a sextant (See fiq. t43
on page 185 and rDve the index ann slorrly unril the inaqe of ]anatnark
A appears anal lies rmaler neath lanatnark B in the horizon nirrox
(See Fig. 2J.6L,

F i g .

the lanftrark B
vert ical ly.

216 Observing lncludedl angLe with a sextant,

and the inage of lanahnark A shoulal be in a line



fig. 217 The reading 2o'O8f2 is the included angle betlreen
landnarks A and B.

Next, you Iook at lanalnark C through the index nirror (See Fig. 2I8)
and, rDve the index arm from zeto degree reaaling clockrise until the j.lnage
of lanalnark B appears and l ies underneath larEmalk C (See ! . ig.2l9),
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Fig. 2f8 Observing included angle lrith a sextant



Eig. 2r9

lanahark c
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Observing inclualed angle

and the inaqe of lantlmark B

with a sextant

are in a line

( L

Flg. 220 The reading 3201516 ts the
B and C.

After reading the tvo j.ncludeal angles
APB, & l ,  BPC in Fig. 214),  the two incl l rded

included angle between landnarks

between A and B. and B and C,
angles neasured are plotted
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wi th a thtee-arn protractor .  This  device has a c i rcu lar  scale

represent inq a legrees anal  minutes and throe arns are at lached'  The

centrat  arn is  f ixed and the others are rotatable '  Ihese thr 'ee ans

can be set  and lockeal  at  anqles to the centra l  arm in accordance

wi !h the angles observed by a se ' tant '

Fi9. 221 Thiree-arm Protractor

The r ight novable arm of the protractor ls set to the inclDded

angle 20 deqrees and Oa.2 ninutes between landnarks A and B'

F ig. 222 Tbtee-ar protractor

The lef t  nDvable arn of  the same protractor  ls  set

angle 32 degrees and 15.6 minutes betwccn larrdni r l is  F and c .
included



Fig,  223 Three-arn

The movable anns ale set
(1ef t )  ,  then rocked .
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to  the angles, 2oooF:2 (  r ighr) and
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Fig. 224 I'hree-arin protractor

complete vie{ of the three-arn prolractor in
posi t ion.  The l i ro  movable arms are set  to  the inc luded
angles,  32ors:6 and 2OoOa:2 -

To f ix  the posi t ion on the nercator  char t  (naut ica l  char t ) ,
the three-antr  prot ractor  is  p laced on the char t ,  wi th the centra l  arm
passing through the center object (landr.ark B). Then the pr:otractor
is  noved across the char t  unt i l  the three arms are a l iqned wi th the
three objects (see Fig.  226) .  Then ship 's  posi t ion may be the
protractor  hole (see Fig.  2271.

ro f ix  an exact  posi t ion,  the centra l  landmark (B)  should be
closer  to the ship 's  est inaled posi t ion than the r iqht  (A)  and
lef t  (C)  landharks.  This is  because when three lanalnarks and
ship is  posi t ion l ie  on the sarne c i rcunference of  a c i rc le,  no
f ix  is  obta inable.
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Fiq. 225 No f1x ts aval1able

In Fig- 225, the included angte betreen A anal B is B = ZO"OglZ,
between B and Cit  isd=:ZorS:e. so ship's posi t ion nay be p2. wl len
the landnark B lies on t}|e circumference of a circte on the line p2,
B and B' , three lantlnarks A, B', C ard ship's position p2 are lying
on the sane circumference A, p3, P2r pr,  C and B-

In this case, the angleaCPrB-, ACp2B- andACP3B'havethe satne
value as 32"1546. also tbe angleLB'prA,LB-pzA andZB'p3A have the sane
value as 20-08:2. So ship's position is somevrhere on the circumfelence
Pi,  P2'  Pv anal no f ix is avai lab1e.

and

.T
oa

F/d
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Eig. 226 Eix by a three-arn protractor



Nautical chart

] , t .  staf f

Lt .  staf

Ship 's positlon

E ! 9 . 2 2 7  E * . d



ExanF le

A Mar ine Fisher ies Departnent  of f icer  observes an incruded
angle between the landnarks D and E in F iq.  224.

Fiq.  228 Landmarks D and E

He looks at landinark
the inde: arm clockwise (see

a p p e a r s .  r s e e  t  r g .  2 j u l

Fig. 229 Looking at the land.nark E throuqh the horizon mirror

-  2 . .  -
- o  d r a w  a  c i r c  e  o f  p  s i r r o r  b y  j n - l  r d - o  d g . e  o f  t w o  l a n d m a r k s

E through the horizon miiror and noves
Fis. 229L until the inage of landmark D
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Fig. 230 Landnark D appoarlrg ln the bolizon nirro! and
noving frcar right to left.

When the 1$a9e of lanthBrk D 16 €:aactly underneath landmalk E in
the ni.!o!, he stops noving the lniler{ arln (See Fig. 231).

Fig. 231 The inage of J.andnark D veltically unalerneath
landnalk E.

5oo4li4 (see Fi.g. 232), b.rt th16
So the tnre reading lE:

The readlng on the sextaflt 1s
se.tant has an inilex effor of @ 2:6.

sooatia + t.e. 2:6 = sool4-:o
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! ' is.  232 rhe readins is 5oo4r:4 excruding index error

T)rue inc lualed angle betwean D and E = 50044-

50444' t  2  = Io lo2a-  (+ the centr :a]  anqte of  a posi t ion c i r :c le)

l raao -  LoLo2a' )  /2  = 39016-

R e f .  3 9 0 1 6 -  +  3 9 0 1 6 -  +  r 0 l o 2 8 -  -  1 a 0 o 0 o -

* .  ' I l  ̂  t h r a .  I n l  ' i . r  a n , l l e s  o f  . r  F r i  r a g l e  a d d  u I  r o  ] a o  d e g r e e s .



."o" - r"Il.9'l"u'ii."llil;.t"?l"i!"%:s':'i;i5;1.*ians1e, so zDEc

see r ig.  233 |

circle of position is the fine passing through D, E,

The angfes, :go1e' ana toto2g-were set-up anal alrawn
a three-arm protractox,

Fig. 233 Circle of position

by

ahd Fr

i\\.,1>-.--

i\W
i,\
fo*  \ .1
l o  \ 7 /  r t

4, ^v>,,w
P:



Iheoalolite Distance Meter

lihen it is decialeal to set- up a stationary trapnet in a fishing
ground in the vicinity of beach. or establish a conservation zone or
artificial fish shelter (reef) , the areas nust be surveyed before
setting up or establishing then.

Inportant survey points to be covereal are:

1. Position of the area

2. Depth of water - Isobath

3. aeaturs of sea-beal - cradient of sea-bed

4. Bottom conposition

5. Transparency of water - visibility

6. Current - Direction & speed

the data; included (horizontaf) angles, alistahces froh point A
to the survey boat and depths of water, are shown in the Record Tabl€
( F i q .  2 3 4 ) .

These data were obtained by theodollte Distance l€ter and Portable
Echosounder.

on the shole, the line passing through points A and B (Fiq. 235)
is the basefine for rneasurenent or tne positions, O@O . . . . a"a @ rn
E i g , 2 3 4 .

Marine Fishelies Deparu€nt officers intend to estabLisb an
art i f lc i .al  reef in the vic ini ty of the shore, sholrn ln Fig.235.

It|e materiaf of the artificial reef will be reinforcea concrete
blocks, thes€ blocks ale lo be dropped onto the specified sea-bed
indicated by the serial nuribers from No.l to No.35 on the chart.

Before dropping tie blocks onto the sea-bed, a survey boat nust
check the condition of the sea-bed using a portabl-e echosounder and set
up seaharkels on each posit ion shol 'n on the chart  i .e.  O, O, O, . . . .
."d Qt .

Ihe procealures of such a survey are carried out as follo{rs:

l) A $nalt survey boat is enqtloyeal to survey and load the
seanarkers and instrunl€nts into the boat by the boat crer, inclutling:

I. Single or tripte piisn holder of lheoalolite Distance
neter (see Fig. 126 on page 173)
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2. Portable echosormder and spare batteries

3. Hand lead (a llne with a lead weight at the end

4. Secchi Disk

5. Curlent neter

6. Magnetic conpass

7. Transceiver (poltable radio telephone) and spare

8. Searnalkers (Barnboo stick with flags, ftoats, anal

9. Snall anchols or canvas bags with sand

IO. Ropes

l l .  Binoculars

of i t )

batter ies

sinkers)

2) Ihe shore staff calry a TheodoLj.te Distance lbter, portable
radio telephones, binoculars and a pole lrith a ftag.

,3) The survey boat leaves port and proceeats to the position
No.l  (@) $hi le the shore sraff  one observing the includedl angle
bebdeen the baseline Ab and the boat, also the distance frotn the point
A by Theodolite Distance Iteter.

4) Vlhen the boat reaches position O , the observer informs t_he
boat crew to stop tbere, drop a seanarker, ch€ck the depth of $ater,
current speed and direction, neasure the transpalency of rater by Secchi
Disk, sa4)le the sea-bed rnater:ial, etc.. r,,fii1e the shole staff recorat the
j.nclud€d angle and the distance to the boat from point A in a note book.

5) after the conpletion of the survey at positiono, the boat
pioceeals to position @ to carry out the sarp neasurenents anil the shore
staff recoid the data.

6) Thus the boat calries out the survey at all the positions
fron (!) to (35) and records infornation anal data. The shore staff observe
ttte incluated-anqles and tie distances bv TheoiloLite Distance l{eter when
t}|e boat ttlops ihe searnarkers and recoris aata.

7) After recording the data, the boat proceeals frorn Point I to
Point 35 at a constant speed anal tsles a sounaling to recoral th€ topography
of the sea-beal on the recording paper of the portable echosounde! -

8) Each position observed by the survey boat should be marked
on a nautical chart, according to the Recoral Table in Fig. 234,
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Example

To fix the position of Point 1 in Fi-7. 235' a three-aYar protractor
should be ptaced on the nautical chart, then the incluated angle (52023')
to the baseline and the distance (1970 netres) shoultl be measured (see
F i q ,  2 3 5 ) ,

rn the case of the Point 7, th€ three-arm protractor shoulal be
placed on the nautical chart. The hole at the center of the three-arm
protractor should be on Point A and the central or index arm shoulal be
aligmed with 3r"- 20'. Ilte alistance (1410 nEtres - 141.0 nilltuletres)
can then be measured.

so Point 7 is 141.0 nillirEtles fron Point A anal the included
(or horizontal) angfe betlreen the baseline and Point ?.

Thus every point can be naikeal on the chart followij|g the
aforenentioned rnethoal and also the depths of water at each point.

After narking the positions anal alepths on the nautical chatt,
ithobathic lines should be drawn (see Fig. 236).
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Record Table

Point
Includeal angles

(Between the baseline
and the survey boat)

i  n lradr6oc

(aron Point
A to the survey
boat)

D€pth of wate!

1
2
3
4
5
6
7

a

10
I f
12
t3
14

15

I 7
18
I 9
2 0
2 l

2 2
2 3
24

26
2 7
2 A

2 9
30

3 2

34
3 5

52? - n'
;eo - ;;.
8 :  -  4 2 '
39" -  58'

3 r o  -  2 0 '

34o - 46'
3go - 22'
43o - 3g-
47o - 2L'
5oo - 33-
53o - 20'
55o - 52'

59o - 3a'
s7o - 12'
54o - 3! '
5ro -  23'
47o - 42'
4 3 o  -  3 0 '
3ao - 42'

43o - 22'
4go - to '
5 2 o  -  1 8 '
550 - 52'
5 a o  -  4 8 '
610 - 2r'

6'to - sa'
660 - oo-
6 3 0  -  4 9 '
6 1 0  -  o a '
5 7 o  -  5 0 '

4go - r i '

19 70
1a60
1760
1660
15 70
1480
1410

1290
r370
1.460
1560
t670
I 7  7 0
t-890

1810
I690
1580
r4'10
L360
t260
r170

r070
rl60
12 70
1380
1500
L620
l-740

16 80
1550
1430
1310
rt-90
1070
970

50
45
40
35
30
25

3 0
35
3 8
40
4A
5 5
60

6 5

49
4 5
4 0
3 7
34

32
3 8
4 2
45
5 0

65

6 3
5 l
50
4 0
4 3
37
3 t

Fig. 2J4 Recording of survey
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Fis.  235 Fishing Gr;und to set-up ' lx t i f ic ia l  reef
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!'ig. 236 Fishing Ground Nagtical chart with isobaths
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