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PNF.AG

To carry out any activlties at sea one needs to lcxo{ how
to fi.x positions, set a course and meaaure bhe dlstance. In the
area of fisheries, navigational knoi{ledge is obviously easential.
For instance, when a fishing boat is preparing bo Ieave a porl
for a fishing ground, the planned sea route (Course) rousl; be
dralrn on the charbs, and the course in degreea and diatance in
nautiqal milea calculated. The deDarture and arrival tine ab the
fi.shing ground muat be decided,

After Leaving Lhe port, posiiion fixes are taken during
coasting. Eventually, terrestri.aL objects bo flx posillong by
xill nob be visible, then positions must be fixed by neans of
observing cele8tial objecta and the use of electroni.c navj.ga-
Lional aida, in order to reach bhe fishing ground and to
navigate safely and econqnically.

When the ship arrives at the fishing Sround, she wiII
nove in purguit of fish schools and position muat be cbecked or,
the fishing ground chart in order io continue effective fishing
actlvlbies. On the other hand, when one sets-up a sbalionary
trapnet, a place to set it must be carefully selected and the
positlon and depf,h of !,|:aLer measured beforehand. This is so bhal
one can deslgn the net, its gize and construction, according to
lhe depth of water and place lt will be set. Also when one
sete-up a conaervation or prohibited fishinS area, fi.sh shelter
or artificial peef, one has to determine the correct and exacf
positj.on by latitudes and fongitudes on a chart and seL
seanarkers i.n bbe waier.

To carry out the aforqnentioned activities at sea, there
are tnany devices and instrunents which can be used to flx
posilion e.g. sexbant, divider, protractor, triangle ruler,
nagnetlc cqnpass, gyrocornpass, chrondlenLer, radar, echosounder,
satelube navigator, loran receiver, decca recei.ver, qnega

recei.ver, doppLeFspeed 1o8, sonar, dir€ction finder, xy-plotter,
course recorder, theodolite distance meter, etc, These devices
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and ingtrunents will help you fix position but, firgt you have to
know: lrhat latitud€ ard loSnitudes are; lDlr to express shiprs
course and distance to be travellbd; what dlfference of latiLudes
and longitudes are; what lines of position given by terrestria-
objects are; the celegtial bodies; how to observe and neasure the
distance ard aLtitude of landuarks; ho!. to measure bhe altitude
of heavenly bodies; how to operaLe electrooic instnments; what
index error, chrpnqneter error, variation, detiatlon ard cqnpass
error are; how to check and ge1ect marine charts for navigatj,oo;
lDw to make ,l9ur or,m charts of fishlng grounds ard topography of
sea- bed .

Without navi€ational loowledge, no one i^ou.ld mderstand
the positionlng of fishing gear in the uater or infonnation Siven
by a meteonclogicaf agency concerning tnarine !€athea. Such
kprledge i9 Lmportant to flshing boats in ensurirj8 that their
actlyiNies at sea are effective and safe. lhvigational l{lowledge
ls also i.nportant ln urderstandlng the internationa.l- 1ai{s of the
'sea 

such as: "@NVEMIION ON THE 1ERRIT0RIAL SEA AND CONTIGUOUS
zONBr and i|Coi'IVENTIoN 0N TIIE HIGH SEASI and thus preventing
troubles wlth other coLDtri.es.

liainees learnlng NAVICATIoN at the SEAFDEC t"aining
DepartrenN wlll receive lnstruction ard practical e(perience,
incluClng shipboard traininS. Dfing the cou'se, it is
recqmended that you practlce by ]Durself both In the dorynitcry
and on board the trainlng shlps. &rly practice nakes perfect!

Ihank you.

(Ihsato Oishi)
Tr.aiolrg Departnat
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CEI.8STI,OL AVIGATIOII

To fix a shiprs position by uslng scne loovJledSe of
astronqqr ia called 94sg!!3l_!4ylgg!i9g

Navigators who intend to fix their position on the oceans
by celestlal navlgati.on musl acqui.re a ba91c kronLedge of
astron@y, starting from the basic definilion.

1. Basic definltions

1. The celestial sphere

tlhen we look at bhe sky on a dark night (the moon cannot
be seen onLy starB are twinkling and pl.anets shlning), the
heavenly bodies look equldlstanl frcE u.s (frc.! the earth), and
that they ar€ located on bhe inner surface of a gLant aphere
wtlose center ls the earth, and its radius is infinite. Thia ia
called the celestiaL sphere, and this is aleo an imaginary sphere
wlbh lnfinite radius (Flg. 1, 5)

2. The celestial axia

Is bhe axis lhich extends froo the ninor axis of the
earth to the celestial sphere (Fig. 1)

3. The celestlal poles

The celestial poles are the points where the minor axis
of the earth extends to the celestlal sphere and intersecbs lrith
i t  (F is .  1 ,  5 )

4. The celestial equator or the equinoctial

Is lhe inbersecLlon where the plane of the earthrs
equator is extended to the celestial sphere (FiB. 1, 5)



-2 -

5. ,The celestial meridians

Are the intersections r,rhere the
oerldiana are extended to the aelestial
These meridians are arcs of greaL circlee
pores (r 18. r, )J

6, The zenilh and the nadlr

planea of the earthrs
ephere (Fig. 1, 5).
through the celesbial

If we extend lhe straight line connectil8 the center of
the earth with lhe navigator (observer of a heavenly body), this
line will reach the celestial sphere and nake a point of
lntersection on i.t. This point le caUed the zenlth, The[ we
extend this straight 1lne to th€ opposite slde of the navigator,
lhis line also reachea the celestiaL sphere and nakeg a point of
Lntersection; this point ls cal1ed the nadir. Therefore, the
zenith is your inagLnary Location on the celestiat sphere (F19.

Note: We suppose lhal the celestial sphere and the earth haye a
comnon center.

Celestial Sphere
Fie. I

celertlal horL|l pole
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Celestial Sphere & an ot€eryer

. Fi8. 2

The arc of. a celestlal uerLdian connecting with celestial
poles aod the zenlth is calted the upper branch, and the lower

branqh is another arq of a celestial Berldian connectlng the

poles and the nadlr (Fig. 2' 5)'

Usually a celestial nerldlan means lts upper branch' A

cel.estial. merldian takes the nane ' e.g. 10lo east' of lts

terreetrial counterpart.

\"'ut'

lf
/"$

i/
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?. The celestial horizon

At the center ol bhe celestial sphere which has a cofiDon
center with the earth, if we expand the plane crossing the
stralght line which connects Lhe zenith lrith the nadir, thls
plane will reach the celesbial sphere and make an intersectiot.
This intersection with the celestial sphere is ca11ed Lhe
celestial horizon (A'Ar in Fig. 3)

8. The visible or apparent horizon

Is the dlviding llne between the sky and the sea (or the
earth)

O  T h a  6 a n a i h l 6  h ^ F i z ^ h

Ia the intersection ol the parallel plane with the
celestlal horizon on the celestial sphere through the navigaborrs
eye (DD j-n Fi8. 3)

10, The Seoidal horizon

Is the intersecbion of the expanded paralfel plane with
the celestial horizon to the cefestial sphere on the surface of
the earth at the navigatorrs stand-polnt, lhls horizon is tangent
to the sur:face of the earth at the navigatorrs stand-point (DrDl
ln  r  rg .  JJ
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(The radius of the earth is negligible
with the radius of the celestial sphere).

celestial sphere & Horizon

Fis.3

ln c@parison

,'vtstrr" o. rpput"ntt ltolrzon



11. The Seqletrical horizon

In Figure 3, the position of navigatorrs eye is A (the
vertex of a cone ABB), and the straight line ABB| ls tangent to
Lhe surface of the earth at the circle BB, The interseqt Br on
the celestial sphere is the gecnetrlcal horizon. In thls case,
refraction 1s neglected,

12, An hour circle

Is a great circle connectlng the celestial Doles and a
heay€nIy body on the celestial sphere. An hour circle is sinilar
to a celestLal meridian, but it noves wlth the celestial sphere
fouowing its rotation about the earth. 0n the other hand, a
celestlal meridian is fixed with respect to the earth (Flg. 51.

'13. Declioation

The position of a heavenly body on its hour clrcle on
lhe celestial sphere ls measured by the heavenly body's anSufar
distance froEr the ceLestial equator.

This angular distance is cal.led declination (Fi8. 4, 5).

The meaaurement of declination 1s sinllar to the
latltude of the earth, fi'tm 0o to 90o, and should be naned N or S
(dec. 8qi, dec. 15oS, Capel].a 25/12/1979 dec. 45o - 58'6 N, spica
25/12 /1979 dec .  110 -  03 '3  S)
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20.1 The celestial equator systetr of coctldinates

l{hen we expand latitudes and longitudes to the
celestial sphere of infinite radiua, they folm the basis of the
celestial equalor systq! of coordinates, On the celestial
spher€, the latitude becomes declinatlon and lg!g:!!gq, measured
ahays toirard bhe Fest, through 3600, becor0es sidereaL hour angle
(StlA) if measured fron the vernal equinox (Fig. 5 and 6-1).

Celestial Equator Systsn
(Bo\rditch)

Fig. 5
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Sj-der€al Hour Angle & Declinablon

- rr8, o- |

T Vernal equinox . . .. , See Page . . .
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An observerr s illaglnary
focatlon on the celestlal
spher€

I
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Celestial Spll€re

FLg. 6-2



14. fhe circle of declinatiqr

Is a celestlal neridian whlch
polee wlth a celestial body (Fig. 6-2)

'15. Polar di.stance (P.D. )

Is the angular distance

connects the celestial

heavenly body on the celestial merldian of the heavenly UoOV (i?
j.n Flgure 6-2)

When the nane of observerr s l-atitude is the sane aE the
nane of declinatioo,

Polar dlstanqe = 90o - decllnatlon

l{hen the nane of obaer'verrs latltude is different fru
the nane of decllnatlon,

PoLar distance : 90o + decl.inatlon

16. Local hour an8le (L.H.A.) and Gt€enrich hour anale
(c .H.A.  )

L.lt.A. 1s the angular dlstance between the observerrs
cele8tla1 perldlan and the heavenly bodyrs celestlal neridian
(the clrcle of decllnallon) at the celestial pofe (Fig. 9)

Local hour angle is cust@arily oeasuf\ed frlm the
observerr s ceLestial meridian to the heavenly bodyts merldlan
nesterly through 3600.

In this case lf 
"e 

,rse _!!9_-q9qi9h-Sgqlg!_ jg_@
refenenqe. instead of the loca.I Eerldian tbl.s ' hour anrle is
caLled OreerMich hour angle (O,H.A.)
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'17. A parauel of declination

Is a circle which is paralfel to the celestial equator,
it connects aLl- points of equaf decl-ination.

18. Diurnal [da'14:!na'lJ circle

The path of a celestial body during its daily apparen!
revolution around the earth is ca1led 1ls diurnaL circle. Thls
is not exactly a clrcle because of changes of its declination.

t l
19. The ecliptic l ikl iptikJ

Is the orbit of lrhe aunts annual motion and considered a
great circle of the celestial sphere, inclined at an an8l.e of
about 23o 27t to the cetestial equator. This angle is calfed the
qbliquity [aUrl]"oati] of the ecliptic (Fig. 6)

20. The vernal equinox and the autumal equinox

Tho A. l i^ l - in -n,r  lha Celest ial  equator intersecL and

make tno equlnoxes because both of the][ are g.eat circlea and are
non-paratlel (Flg.6)

one equinox that the sun passea throrgh the ceLestj.a-
equator fron south to north is ca]led lhe vernal equinox (symbo-

];tu:psJlanj). The other equinox that Lhe sun passes through the
celestLal equator frorD north to south is ca11ed the Autwna-

.  -  ^ i  .  ^ 1  .  , - ,equinox ( symbol 0[oun'eeaJ) (Fie, 6)

21. The gun@er solstlce and the ldnter solstice

The furthest poinLs on the eclipt.ic from the celeslial
equator are call.ed the solstices. The sur,mer solBtlce is Located
northward from the celestiaf equator, and the winter solstlce is
Iocated southward froin the cetestial equator (Fig. 6).
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22. The riaht ascension (R.A.)

Is the angular distance betr,een th€ hour clrcle of ihe
vernal eoulnox and the hour clncle of lhe heavenly body at the
celestlal equator (F19. 7)

cele8tlal nerldlan

Heavenl.y body

-14-

night Ascension

Fls' 7

In Figtll€ 7, the right ascerurion of M (heavenly body)
1|R at the celestial equator, and <yPnll at the Pn

Rtght

:'.-----\>:::-L€restlal deuator-;
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The concept of lhe right angle ls shilar to the qonsept
of longitude on the earth and the meaaureoent of the rlght
asceoslon should be started fru the vemal eouino( as a
reference to east thrcugh Oh to 24h, so the rlane E or lJ 1s not
necegearV to the rlght asceneion.

23. The right aasenslon of reridian (n.A. nerL)

Is the angular distance between the hour c1rc1e of the
vefT|al equlnox and the upper bEnch of neridian (through the
zenith) on the celestial. equator, fi or <yPnz at the celestial
poLe (F19.7)

24. The upper tt?nslt (U.Tr. ) .and lcn€r tt?nslt (L.Tr. )

By the dlurnal ootion, nosb of the heavenly bodies pasg
through upper branch of Deridian ard lower brach of nerldlan
bnce a day. Thls passlng thrcugh lhe branches is caUed tranqlt.
When a heavenly body paeses through the upper branch of nerldlan,
1t ls caLled the upper translt, and a heavelly body passlng
thflrl8h ttte lo!.er brEnch of oeridlan, tt ls caUed the lorer
!ra!sj! (Frg. 8)
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IFwer
translt Upper transit

Translt

Fig. I

lnstead
heavenly

Navigatore call it. the meridian passaSe (neri pass)

of the upper transit ' and caLl the then altitude of the

body the oeridlan allitude (neri. a1t. )

clrcld of
dlirrnal hotlon

Celestial equator:
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25.

I8 the aDgle betxeen the upper btEnclt of the [erldlan
and ttte hour circle of a heavenl.y body at the celeetial pole, or
l8 bhe angular dlstance between lhe upper branch of the nerldlan
and hour clrcle of a heavenly body on the celestial equator
(F18 .9 )

The hour anSle should be Eeaaur€d fr@ the upp€r branch
of the nerldLan as reference to lreg! eide thnough Oh to 2{h or
thrlush o€ to 3600 (F18, 9)

h of heavenly body [|

- L ze;t

Upper,  brahch of

- zenlth

Iicur Ang1e

F18' 9

8t
3[

abbrevlatlon - h)

-hH

jr.--_,
\ ri./
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When a heavenly body passes over lhe lguer branctr of
neridlan (Mr 1n Fi8ure 9), the hour angle of Mr sbould be
ueaauled fr\oo tbe upper branch of merLdlan as a refer€oce to
sst. In case, lhis tpur angle la caUed = Erly H.4., easterly
hour angle (acronyn abbrevlation hE)

TlEn hE = 2qh - fF on hE = 360" - ho

The sLx orclock hour clrcle neans h : 6h or 18h

26. The di.9 of hortzoo (abbr€viatLon = Dip.)

Is ih€ dtp angle beh{een the aenslble horlzoo ard the
vlslble horizon (Fig. 3, 10)

sellslble horlzon

blp ot trctlzat'l

vlElble (or apparent) horlzon

Dip of Horlzon

F ig . . l 0

In Flgure 10, dlp ls ZBAC, between the aensible horizon
and a straight llne whlch is tangent bo bhe cutylng ray ol l18ht
at the observerrs eye (A) ft.@ the vislble horlzqt.
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Z/. Tbe verllial clrcle

Is the great circle passlng through the zenlth and the
nadlr (Fig. 11)

vert lcal circi.e

Vertlcal Circle

Fig. 11

The vertical clrcle is squelloee calIed the circle of
aLtltude or the azituth cirrle

In Figure 11, PZS ts the celestial meridian, and the
snall circle including a heavenly body wbich is paralleI to the
celesbial horizon i9 ca1led the clrcle of equal albltude, BMB' 1n
Figu€ 11 .

zentth i t lstance
C1!cl€ of dqual

artltude
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28. the altltude (of M) (abbr€vlatlon alt, or a)

rsthery
body qI the vertlcal cfu'cle. In Ftgur€ 11, lU ls ths altltude of
M (heayenty boay).

29.

Is angular dlstance fr.cm the zgdth to a heavenly body
on the vertical olrcLe. In Fi.gur€ 11, ZM ls the zenith dietanq€
of U (heavenly body). So the r€Iatl@ betHeen the zenlth
dlstance and the altltude 1s,

l.'l

t ]

z€nlth distance = 900 - altttude

l{ath€oattc S},nbols and Abbreviatloos

absolute Yalue of a

ts less than

ls gr€ater tban

ls conguent to

n th power of x

s€t notatlon

such tbat

ls less tha! or eqEI tg

1a greater than of equal lo
princtpEl squane rpot of a
prlnclpal n th rcot of a

a or tbe opposlte or a

Vector fru A to B

dl.atance bet$een A and B

value of functlon f for a 81ven x

Itne segoent.AB

oulttpllaatfle lnverae of [atrix A

!a
' ya

ta
AB

AB

f(x)

IB

A - l
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0n poslttqts

dead reckoning posllion

ftx

estLEated positlon

slmbol used for one set of flxea nhen
si.Eultaneously flxlng by two meana,

e.8. visual and mdar acoetlnes used
fc FdlorEvt8atton flx

0n celeEtia1 bodles

Sun

Moon

Mercury

Venus

Earth

tlara

Juplter

Satum

Ut?nus

lleptune

PIuto

Star

Star-planet aLtltude Correction (altitude)

Lorer li[b

Cerrter

upper lLnb
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new moon
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30. The priloe vertical-

The prinE vertical is a vertical circle

dicular bo the celestia.I merldian. This is a

the zenith' the east point and the west point

horlzon (Fig. 12)

z (zeni th)

whlch is perperF
great qonnecting

on the celestLal

c e l e s t i a l  h e t  i d i a n

N  { N a d t r )

Prime Verbicaf

F i8 .  12

ahpl l tud



3'1. The north Doint and the south poLnt

llhen the celestlal nerldlan interaects the celestiaL
horizoo, there ar€ ti.o lnteraectlons on the celestla-I horlzon.
I?En one lntersectioo xhich is lprthriard fr'@ the zenlth ig
called the north Doint, and the otber intersection souttryard frcn
lhe zenith is called the soutb point. In F iaure 12, N ls north
point and S i.s south poLot.

32. The east Doint and the weet point

l'lhen the pri-oe verilcal lntersects bhe celestlal
horizon. there are two fitersectlons on the celestiaL horlzon.
One tulersectlon [h1ch 1s easttErd fru the zenlth 1s called the
east point, and the intersectlon irhich is $eatward fi.co the
zenith ls call€d the west poj.nt, In Flgur€ 12, E is the east
polnt and ll ia the west po1nt.

33. The azlouth (abbreviation Az or z)

Ihe aztuuth 1s tlrc anAle between the upper branch of
oeridian a,s a neference and the vertlcal circle tlrough a
heavenly body at the zenlth. In FiSur€ 12, L SZll or SY ls the
azi-nuth of M.

Note : Z means angle, ^ oeana angular diEtance

34. ftle neasureoent of azinuth

l) Method of 90o

According to a celesllal posltion of the heavenly
body, the az1Euth ls meaaured fr@ the north poiot or south point
to the east point or the riest polot, startlng lt'@ 0a to 90P.
The value of the azimuth should be given the preflx N or S, and
the suffix E or tJ.



2) Method of 1800

According lo the observerrs position, the az|Euth j.s

neasured from the north point or the south point Lo the east
point o. the west point, startlng fr@ 0o to 1800. The value of
the azimuth should be given the prefix N or S and the suffii E or
l.l.

3) Method of 3600 (clockwlse)

The azimuth is oeasured flu the north point as a
reference to the eastward, starting from 0o !o 3600. The preflx
and the suffix ar€ not necessary for the value of the aztuuth.

.

35, 
'Anplitude (abbreviation = Ainp.)

_27 _

Anplitude 1s the angle between bhe east polnt or the
west point and the Lntersectlon where the dlurrEl circle inter-
sects the celestial horizon. In Figure 12, Ll+Zltl'or ltl},l' is the
amDlltude of Ml

An anpll.tude ls measured from the prirne vertical as a
referenee to the north polnt or lhe south polnt, starting fron 0o
to 90o. In the case of a heavenfy body risinS, the anplltude 19
measured from the east point to the north point or the south
point, In the case of a heavenly Hy setting, the anplltude 1s
neasur€d froo tbe west point to the north poiot or south point.
The prefix sbould be E or H, the suffix should be N or S,

Note ; Azlmuth = 90o - Anpli.tude

when the heavenly body is on the celestj.al horlzon

36. The navlgational trlangle (cel€tlaI triangle, astrcno-
nlcal trlang1e, posltlon trlangle)

The navigation trianSle is a spherlcal triangle whi.ch ls
forued by arcs of the observer's celestla] lneridian (a great
cirqle connectin8 the zenith with a celestial pole), a verti.cal
ci.rcle (a great clrcle connecling the zenith and a heavenly body)
and an hour circLe (a great cLrcle cotuIecting a celestlal pole
and a heavenly body) (Fig. 13).
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The navigatLon triangle

Fig, 13

Navlgattonal
trlangle -----t

N (nadtr)
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In.FiSure 13

1. The earth ls at the center, 0.

2. The heavenly body is at M.

3. dA' 19 the parall.el of declination of the heavenly dy M.

4. m' is the altitude circle of the heaventy body M.

5. QZ ot the the ceLesllal meridlan ls the latitude of the
oogerver.

6. PnZ, one side of the triangle, is the colabitude.

7. A of the. vertical clrcle 1a the aLtitude of the heavenLy
body.

8. ZM, one side of the triangte, is,the zenith dlstance or
coaltitude.

9. LM of the hour circle i.s the decllnatloo of the heavenly
body M.

'10. PnM, one side of the triangle, ls the polar dlEtance or
codeclinatlon .

11. The angle at Pn (zPnM), having the hour clrcle and the
celestial meridian as sides, is the neridlan angle.

'12. The angle at the z(PnZM), havlng the vertica.I cirsle and
that arc of the celestial oeridian whlch lncludes the
eLevated pole as eides, ls lhe aziouth angle.

13. The angLe at M(ZMPn), having the hour ci.cLe and the
verticaf circle as sldes, is the parallactic an8le (x),
lrhich is not generally used by the navi8abor.
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The navlgational triangLe ls uti.lized for solution of
problqls by navigators as follons!

1. Given ]atllude, declinatlon, and the nerldlan angle, to fiod
aLtltude and aztuuth ang1e. This ls uaed in the reduction
of a celestial observation, to establlsh a line of posltion.

2. Oiven latilude, altttude, and azinrth angle to fird decurE-
tlon and neridian angle, This is used to ldentLly an unknown
celestial body.

3. Glven nerldian angle, declination, and altitude, bo flnd
azlnuth an8le. This is uaed to flod azi[uth when the
latitude i.s Isiowr.

l.l. Gtven tbe. Iatitude of tno pLaces oo the earth and the
dlfference of longitude between thqr; to fiod lhe lntltal
great-circle course and the great-circle distance.

37. The celestlaal Latltude and the celestlal longitude

The celestial tatltude (abbrevlatlon = Cel.. Lat. eynbol B)
ls arsular distance fron the ecllptlc to the heavenly body on the
great circle connection the poles of the eellptlc and the
heaventy dy (Flg. 13)
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pe {Nolth pole of the.ecl iPt lc)

C.1.! t lar
lat l tude

utdtex
!o lat lce

F-:Hii."

celes!Ir I
'longltude

P' (south PoIe of the ecllPttc,

CeleEtial Iatitude & lonSitude

Fig. 13a

In Flgure 13, BM ls the celestlal latitude of the
heavenly body U, The celestial latitude is neasured fru the
ecuptlc to the.northnar"C or soultndard, startlng flqr 0o !o 90o
and tt has the sufftx N or S.

, equlhgr t
\+ ^ j

IB' t
'4.

"1
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38. The celestial longltude (abbreviatlon = Ce1.Lon8. symbol
: - \ )

both of
ecliptic.
heavenly

Is angu.lar distance between
the eclipticrs poles and

In Figure 13, TB ie the
body M.

the great circle connecting
the vernal equinox on the
celestial longitude of the

The cefestial longitude ia measured from the vernal
equinox to the eastward, starbing froNn 0n to 24n.

39. The orthographlc projections of the celestial aphere

1. The prolection on bhe equabor

Tt is a nr6iF.iF.l nlane of Lhe northem or southern
gsli-celestial sphere on the pfane of celestial equator. 0n the
projection on bhe equator the circulference is the celestial
equator, the celestial pole is its center, the cefeatial neridlan
and the six o'clock hour circle are its dianeters intersectinS
each other perpendicularl-y. Its center is the celestlal pole '
the diurnal circLe is its concentric circle, the hour circle
through a heavenly body can be expressed as ite radius.

The projection on the equabor is approprlate Lo
explain the hour an81e and the right ascension (Fi8. 14).
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Celest ial  equator

Pn
z
M

h

a'a
T

Proiectlon on the equator

Fig. 14

Celestial pole (north)

Zqdth

fieavenly body

Hotrr angle

Right ascension

Six o'clock hour circLe

Celestlal irEridian

Vernal equinor



2. The proJeqtion on lhe neridian

The projecti@ on the Eenidian ls a plejected plane of
the easbem or !este!\r geld-celestlal spher€ on the plane of
ceLestlal merld1an.

On the pnoJestlon on menldlan, the clrcurference is the
celeEtlaf oeridian, the east polnt or the weEt point ls lts
center, the dturnal clrc]e ls the arc of the clrcr8fer€nce, the
celegtlal equator lntersects the six orclock hour cirncle
perpendicularly, the celestial horizoo lnteraects the priDe
verllcaL perpendlcularly. Ttte celestial equatot', the slx orclock
hour circle, the celestiaL horizon and lhe prine vertical can be
shown as the dianeters on the projectlon on neridlan. Ths
celestlal lalitude a.nd the celestlal colatltude can be ahorm ag
the arcs of bhe clrcrmference.

lbe projeccion oo the r0erldian ls appropriate to e)(plaln
the calculatlon of latj.tude (Fig, 15)
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z (zenith)

a'

(Nadtr)
celest ial
net ldlan

W

PnQ'PsQ

Ns

zN.

Project lon on neridlan

Fig. 15

west Polnt

celesLlal  ner lal lan

ceIest lal  hor lzon

Prime vert tcal-

l leavenlY body
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3. The proJection on the horlzon

The prejection on the horizon iB a prgJected plane oI'
the zerrltha1 squl-qelestlal spher€ on the plane of ce]"estial
horlzon. On bhe projeclion on borlzon, lhe circLufer€nce is the
celestial horizon, ils center ia the zenith. the celestlal
nerldian lntergects the prlne vertical perpeodlcularly. The
celesttal .nerldlan and the prile verticaL can be shown as itg
dlaneters on thls pncJection, and the vertical circle through a
heavenly body can be sholrn a.s its radiua. The azimulh and the
arE litude can be expressed as lts central angle or a.c.

This proJection is iery convinient to lcaolr heavenly
bodieo frcm the obaerver's posltlon (Ftg, 16).
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Eeavenly Boaly 6 an Observer

Fig. 16

z=

W E =

f fs=

M =

Aztnuth

Prlme vert tcal

celestial nerlallair

HeavenlY body
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2. Fix

Nautical alDanaca

A rEullcaL almanac explalns the positions of heavenly
bodlea on the equatorial coordLnatea of the celestial spherE, and
8lves other astron@lcal lnfomatlon.

These the positlons of heavenly bodies are tabulated
hourly and the nautical aLrdanac is pubushed annually,

Various cormtriea have been publishing nautical ahanaqs:

The United Kingdon 1. Nautical AlJranac and
Astroncmical Eph@erla,

2. Abridged lbutical Ahanac

The Unlted States 1. Arcrican Eph€oeris and
Nautical Almanac

Germany

F'rance

Japan

2. Anerican Nautical Alnanac

1. Astronquisches Jahrbuch

2. Nautlsches Jahrbuch

'1. Connaigsance de8 Tsnps

2. Ephq[erldes Nautiques

1. Nautical Alnanac

2. Abrj.dged Nautical Ahanac
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In these aLoanacs. the astronooical infomation is
tabulated to a pEctical degree of accuracy, such as 0r.1 of arc
and 19 of tlme at hourty intervals,

The naJor part of tbe nautical aLnanaq consista of the
vafue of g!€enwlch hour angle and decllnation, GIIA of Aries and
both CHA and the declination of Venus, Mars, Jupller, and Saturn,
also SHll and the decl.inatlon of stars. The GllA and declination
of the sun and npon, and lhe horizontal parallax of the noon, are
tabuLated.

For lhe sun and the noon, lhe ti.ne of transj.t ls Siven
for each day. For the noon, tbth upper and lower transits and
the age and the phase are Blven in the table. Allitude correc-
tions of sextan! and d1p table are alao 8iven.

Before calculatlng greeftrlch hour angle, declination,
etc, by oaking use of a nautical almanac, please study how to uae
a prograoEble calculator CASIo fx-4000 P on page 43.

Altitude corrections

The allitude of a heavenly body 1s the angular digtance
fro[ the horizon to the heavenly My on the vertical circle or
the altitude ls an included angle betreen the ceoter of the
heavenly My and the pLane of the celestial horlzon at the
cenler of the earth. But as a malter of fact, it 1s llpossible
for us to measure this altitude (the true altitude) or the
included ang1e. UsuaLly, navlgalors meaar]re altitude by marine
sextant, and the altitude is the angular dlstance fron the
apparent horizon to the heaveoly body.
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this al-titude obtained with the sextant is caUed Sextant
Altitude (Sex. alt.) and correclbd altibude by indq( error is
ca1led obser",/ed ALti"tude (obs. alb. or Ao). Then the observed
altitude is the included angle bebi{een the lower linb or the
upper limb (in the case of the sun and the noon) or the ceoter
(in the case of stars and planets) of the heavenly body and Lhe
plane of apparent horizon to tbe obaen'errs eye.

This obsewed altitude i9 under the effects of many
factorg and ouite different froo the true altitude.

To obtain the true altltude
coffectlon (astronomical refraction,
apparenl sqDidiameter, lndex error)
sextant albitude.

ol a heavenly body, the
dip of horlzon, paraLlax,
should be added to the
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Nautical  Almanac

j 2  E x a m p l e  o t  1 9 8 5  M R C I !  5 , 6 , 7  ( T U | S . ,  I . I E D . ,  T H U R S ' )

Extracted froN rhe NAUTICAI, ALMAN^C, HER tf ,AJESTY'S NAUTICAL
ALMANAC OFFICE, I ,ONDON, U. K.
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Naul ical  Alnanac

E x a m p l e  o f  1 9 8 5  M A R C H  5 ,  6 ,  7  ( T U E S . , I I E D . ,  T t l U R S . )  5 3

Extracted fron rhe NAUTICAT AIj!ANAC, HER MAJESTY,S NAInICAL
ALMI\NAC OFFICE, I,ONDON, U.K.
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48 13 +

38:1

Computa t ion  o f  DMS by  CASI0  fx -4000 p .

Keys trokes

I 9 B +

1 I I 3 EXE

HIFI

mple

33 i2
0:5  -

32 i .7

t .. .>1. a 3 l l ' 2

---+ I 0 0 o 5 EXE

rrnp le

to12'.0

to16:o  - i

8:0 + ----'

8 :36:o

4

2 9 1 l 2 o 'I

I t 1 6 o

\j . 0 I 0 EXTJ

4np 1e

-) 0 :3. +-->

4"16 :6

l I 9 t.' 5 '1 !

I 2

o 0 l EXE

;HlFI

43

Disp lay
Exam

4ro 4

110  4
53.63
- ^o^^
) J  J d

(=53o3

545

32' !Z'
I

8o3t2 :7 )

1
= 0.7

18.

180

( :  1

308 .600

308036 '  00"
I

l.
(=  308"36 :0 )

t

227

16.36"
t-

^ *
"  16 ' .6

I
= 0 .6

36i-
- 'Eo"

5
'_d"
I't

8 :1

5Jo

ExamP

1s ":3
I

,/*" =lo''

t2y
,/6A"

= 0 .0

180

Exarn

2970

110

30

Y/*"Exanple

319054 :9

!4o  22 ' .0

( - )  0:3.
334016 :6

334 .
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Example

158051  l5

2150 44  ig
jo  42 , -5

Keystrokes

o

220 tai g

Exanple

240 49ii
rzo12i8

0:6
_)7 f12 i6

3600
3250 50',.7

2
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2

2
2 o1B
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r
I
8 :9)
t
0,9

325.845

325o 5o' tt2'

I
(=:zsosb:z)
'2i,,=10.,
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Hor to c@rte Cr€€nr.icl| llay (@) ard creeftdch l|€an If'E (ctfi)

bte

Requlred:- AppncxlrEte Greenwlch Day (Cb) and 0re6nwlch Uean Tlne
(cffr)

where :- Ship'E tirile : l4arch 21st. lqh 25m 184. Longitude :
139046 ' 8.

ArB. 21/3 o5h O6m 14s

shtprs ti-oe 2113 14h 25m l8s
Long. in tlne 09 19 04 @ (: 139o46rE + 15)
Approx. GD & GllI 21/3 05h 06n 14s

Keystnokes (ft-4000 p) Dlsplay

4 5 ,l 8

I 3 9 or r l 4 O r n t I

EXE 5. r04

SHIFT 5%'1q.

Ref. 1. t hour = 15o, See NAVIGATION TABLEI; TDlIJ,l/52 Rev.
page I rrconverslon of Arc to Tlrtierr.

-  (E)
2. GMt = LocaL Mean Ti-oe (or sbiprs tlne) +(l{) longttude

(SD) See NAVICATIoN TABLE 1DILN,/52 Rev, page 97
& 104.
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Ex@le

Required:- Approxi-@te CD & Gii'n and also CMI.

where :- Shlprs tine Nov€rnber 'l6th, 14h 15m. Chronc|0eter tine
(cT) 04h 50m 2os, chronomeLer error (cE)Oon 28s.
Longitude 38048'W.

Anr. 16111 16h qEn 52s

shiprs tiJne 16111 14h 15!t oos
t,ong, in rine 2 35 12 O)(= 38o48'H i 15)
GD & Approx. Gl''I 16,/11 16 50 12

CT
CE

cor.d Cf

Oqh 5dr 20s
o 28O

o\ \9 52
+ 12 (Becau.se of Approx. GMT.

: 16h 5p i2s)
cD & ctfT 16111 16h 4En 52s

Keystnokes (fx-4000 p) Display

cl"tT

4 I 5 ( 3 8

q 8 1 5 EXE 16.837

]HIFT 16o50t 12tl

4 5 0 2 0 0

0 2 I + 'I

E)G 16.831

JHIFI 16049t 521
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E[aDle

Required:- Apprcxtuate GD & GttI and also CFII.

'rfhere :-.Shlp's tire April 27lh O5h dr, CT O7h lY 1?s
Longitude 155o07'E. CE o 12n 58s

AtB. 26/4 lgh 6gm 1gs

Shtp's ti,oe 2714 05n 22n 00s
Long, tn tioe (LT) 10 20 28e (= 155o07rE r 15)

-04  58  28
+2 \

Approx. GD & @fi 26/\ '19 01 32
cT o'l 13 17
CE 12 58e

corr.d cr 61 oo rg
+ 12 (Because of Approx, GIII

= t9n 01m 32s)
19h 00n 19soD & GI'!r 26lll

Keystrokes (fr4000 p)
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Probleds: Required approiimate GD, G}{I and cHT.

Date S h i p ' s  t i n e D .  R .  P . Approx.GD6Gr, lTCD & GI4T

t 4 l9 l56 l8h 00n 2 6  "  t 5 1
t 4 l ' 2 7 ' ,

N
E

0 9 h  4 6 m  z 5 s 3  o t h  O l i n  l 2 s ?

2 . 6 / 7  / 5 6 06h 50r 34'28
135 '00

N
E

I o h  2 l n  5 0 s 3 00h 29n 26s ?

27  /4156 04h 20n 32'32
t33'46

N
E

0 7 h  2 4 m  l 8 s o 00h Oln 36s 1

5/8 /s6 04h 35n 2 l  " 1 3  '  N
l6l  "35 |  v l

0 3 h  l 4 m  3 5 s O  0 0 h  l 2 m  4 3 s ?

5 . 1611U 56 l2h OOn 04"06 ,  s
4 I "28 '  E

0 8 h  2 l m  3 8 s O 00h O4m l3s

5 . 2 2  / 3  / 5 6 l2h oom 0 2 ' 1 0 '
7 0  " 1 0 '

N
E

06,h 58n 5 js O 00h 00o l6s 1

7 . ro l6 /56 09h 20rn 3 2 ' 3 2  |  N
1 3 3  " 4 6  ,  I

00h 43n 37s O  0 0 h  l 6 n  t 7 s ? ?

8 . t 2  /  1 2 / 5 6 l5h lom 04 '06  |  s
4 t ' 28  |  E

00h 40m 2os O 00h O2m 35s ? 7

9 . 6 t5 t79 05h 00!n 0 6 ' 1 0 ,  N
l 4 r  " 3 5  |  E

07h 54rn 57s O 00h oom 05s I ?

1 0 . 6 l5  /79 05h 00n 0 6 ' 1 0 '  N
t4 r '35  |  E

08h oom 4ls O 00h 00n 058 1

l l . 10  / rO  /19 05h 00m t 8 ' 4 7  |  S
1 0 3 " 4 3  |  w

l l h  5 4 m  4 4 s O 00h 00n 04s ?
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D a t e S h i p ' s  t i n e t ) .  R .  P . Approx.GD&GMTGD 6 GMT

12 - to / t0 /19 0 5 h  0 0 N t 8  "47  '

r 0  3 ' 43  '
S
\d

r l h  5 8 m  2 0 s O 00h 00.,1 04s ,!

l l . ro19t63 0 7 h  3 0 m 1 9 ' 5 6 ' N
l2a'24'  E

l o n  l l n  2 4 s @ 00ir  2: ] i r  los ?

t 4 . ro /  9163 l t h  oom l 9  "  2 6  . 4 N
1 2 8 " 2 0 . 6 E

02h 04n 02s (t ooh 2ln los '|

t 3  /  6185 0 5 h  I 7 n l 7  " . l  L  l N
I  l 8  "  2 1 . 4 E

Ogh O8m OOs N i I '!

I 6 . 13  |  6 t85 . 0 5 h  l 7 m I 7 ' I  I  . 3N
I  l 8  "  23 .4E

09h lon 30s N i l ,!

+ Approx. GD & GMT GD & CI{I

I
2
3

5
6
7
8
9

l0
l 1
I2
l l
t 4
t 5
t6

14 l9
5 /7

26 l4
518

t6 l r r
22 l3
to /6
t2 l 12
5 /5
5 /5

l 0 /  I 0
l 0 /  l 0
9 /9

to /9
t2 l 6
12 /6

0 8 h  3 4 m  t 2 s

2lh 50rn 00s

1 9 h  2 4 m  5 6 s

l5h 2t 'n 00s

09h l4m 083

0 7 h  l 9 m  2 0 s

00h 24m 56s

12h 44n 6gs

l 9 h  3 l m  4 0 s

l9h 3l i0 4os

t I h  5 4 o  5 2 s

I  l h  5 4 m  5 2 s
22h 56r]. 24s

o2h 26. 37.6s

21h 23m 26.4s

2Ih 23n 26.4s

14 /9
5 /7

26 /4
518

16 l  r l
22 /3
r0 /6
12 /12
515
5 /5

r0/ r0
r0/ r0
9  / 9

to  l9
t2 l6
t2 l6

0 8 h  4 5 m  l 3 s

zlh 52r. 24s

t 9 h  2 2 n  4 2 s

l 5 h  2 7 m  l 8 s

o 8 h  2 5 m  5 l s

0 6 h  5 8 m  3 7 s

0 0 h  2 7 n  2 0 s

l2h 37rn 45s

l 9 h  5 5 n  O 2 s

2 0 h  0 0 n  4 6 s

l l h  5 4 n  4 8 s

l lh 58in 24s

2 2 h  5 4 n  3 4 s

02h 27n' 12€

2 l h  0 8 n  0 0 s

2 l h  l O m  3 0 s

60

88

9 l

l 0 l

1 0 8

I  r 0
t26
r62
190
r9 l
197
198
205
209
239

240

P

P

P

P

P

P

P

P

P

P

P

P

P

Textbook TD/TRB/3 7 Rev.
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Utiuzatlon of Nautlcal Alnanac

Exa@le 1

llhat were the OtlA and the Declinatlon of tbe sur and the qoon on
22 Ja B"y j983 at cit"lt 15h - 4ZE - l3s? use the oautlcal aloanac
published by rrHer !{ajestyrs Statlonery offj.qe,r. pages 57& 58,

Solution

ALIIANAC
1983 JANUARY 22,23t 24 (SAT., SUN., KN.) pages 57, 58,

@.o
01

A
T
U
, t';i- Uil
D
A 16
r ---

SJN tt00l{

GHA Dec. CHAVDec .d l lP

177o09t 2 S 1905112

192 09 ,0  50 .6

| 42.71

42.'l57 06,5

92030 '9  13 .1  N 60  31 '0  12 '6  57 'O

107 03.0 13.1 6 43.6 12.6 57,O

310 r5.r1 @

324 57 .O 12.0 12.2 57 .59 50.5
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INCREMENTS AND CoRnECTIONS Page 60
\'tu

The sun

Gm. 22 Jan. 83 GHA
15h...,... 42o - 06!6 (frcm atEarac)
4?E-133 llo - 4813@- (fiu rtincrsrents and

\ corr€cttons")
15h-4?n-13s 530 - 5419 \attentlon!

GMT. 22 Jan. 83 Decllnation
15n. . . . . . .  S  19o-  4217 d  =  0 :6  ( f rm a lEanac . , .  a t

g-----i t the foot of qolL@)
47n 0:5eLo,5 correction fr@ the

,t table fINCnS{EI{IS AND
15h-47trL13s... s 19o- 42!2 1 conrscrroNsu.

======:===:r- attentlon I
Ans. GHA 530-5419, Declinatton S. 190-4212

47n
SJN

PLANETS ARIES MOON or Corrn
d

or corrn
d

or corrn
d

00s
01

05

06

L''J
14

'l 1045:0
1 1045:3

1  10q613

1 104615

11048:5

1 104619
11c\7:2

11048t2

11048!  4

'| 1050:2

11050 !4

1101219
1 ',t013: '1

1 to l l t ' _ t

11014 !3

11016  !0

11016t2

0J0 010
0 :1  0 ! r

0 :5  0 !4

' 1 i3  1 !0

''1_1"

6:0  4 :8
6!1  q l8

6 ' !5  511

6i6 5:2

7J3 518

12t0  9 t5
1211  916

l r tE  o ro

12 !6  1010

13r3 1015

13:4  10  !6
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The noon

G}'f. 22 Jan. r83 GHA
15h. . . . . . . , . .  . . . .  31Oo-  25 :9  ( f r f l  a ]@nac)
4Zo - t3s 11o- 1610 @ (ft'@ nincr@ents and

1 correctlonsrr)
3210- lll 19 t- attenttont

915 O (frw alranac, v is 12ll)
v = 12.1-----f correctioo

= 9"5
15h - 4?n - 13s 321o-51,.5 fro nlncreoents and

corr€ctionrr,

Gm. 22 Jan. 83 Decunatlon

15h.. , . . . . . . . .  . , .  N 90- 3812 d = 1213 -- - - r  cornect ion 9l?
47n.  . . . . . . .  , . .  , . . . . . .  9 t?@
15h - q?n - t3s N 90- 42.'9

lns. GtlA 3210 - 5115, Decu.nattoft n 09o - 4?:9
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E:@ple 2

What were the LHA and the decllnatlon of Venus on 22
Jan. 1983 at Gln 12h- 57L 28s at longttude E. 91o - 12r?

Solution ljlA(h) = ctlA r Longitude( E @
\ l r  o

Gt{t 22 Jan. 83 GAH v d

12})  . , . , , . , , . .337o-  23!3 0 i6 s 15o- 59i1 rlo (lffi,,cl

51t!- 28s..... ._l!g_?4q *
3510- 45 t3

qqzo_ 56:Z lTncre_
oenEs

3600 eland
820_ 56'.7 corr€c-

tlona

1:0 | (incr.
_| ad corr.Dec, s 15o- 58:1

Ans. LHA 82o- 56:?, Decunatlon s 15o- 5811
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B(aDle 3

tfaht werc tbe LIll and the declimtton of Juptter qt 22 Jan.
'1983 at crt! 11h- 48!L 5ls at longitude hl. 1200- 45r?

SoLutlon

,v|s. l,tlA 29'to- 25:8, DeclLnation s. 20o- 19:6

6m 22 itan, 83 CAH v Dec

tlh 42o- s6:4 z

aa^- srl rzo- rzls @
sao- egiz
s5o- ogi:

0 s. zoo- rgis o:l (from arrn.nac)

vo !a l -
colrectton rls () r- o,tO J (rncr. .n.r coir.)

sso- 1o:e
crrA (4rso- lole) Dec. s. 2oo- t 9:6
Longttude

I , T I A

r tzoo- lsio r)
zgao- zsla
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Exanple 4

Hllat were the CHA and the dectination of Aldebaran on 22
Jan. 19B3 at GMT 15L 55L t3s2

Solution

Ans. OltA 2910- 30'.0, Desllnation N 16,0- 2815

GMT 22 Jan. 83 CHA Declinalion

291(l- 15i9 N. 160-28:5 fr@ alnanac

GHA_ Aries (15h) 3460_ z3t6 fr@ alnanac

frq! INCREI'IEX{TS and @RRECTIoNS

6510- 30:o
3600 0

CHA 2910- 3010



Exatrple 5

flhat lrer€ the CIiA and the decllnation of Vega on 22 Jan.
1983 at CMr 18rL O2n- q58?

Solution

Ans. CltA 1130- 00715. Declinetlon [ 38o- 4519

Refer to page 260.

GUt 22 Jan. 83 CiHA Decunatlon

800- N. 38o- 45J9 f!.@ alnanao

CHA Anies t8h 31o_ 3t:0

0a!- 45s Oo- 4114 (E flqr INCnEm{$ and mRREqtIotlS

|  |  l - -  tz t  a)

cHA 1130- 00n5



Nau t i ca l

I 933  JANUARY 22 ,  23 , 2!  {5 r \ r . ,  SUN. ,  MON.)

;

- . - -  i , ;  ) ! 6  r ;  , , ,

lLdllbs 11! rr t Nt n t

ExtTacted fionr the NAUTICA], AL}4ANAC. HER MAJESTY.S NAUTICAL
A],I IANAC OFFICE, LOTDON, U.K.

. ! !  t !

r l  r , !  n , l r ' 5  o r '  r t

4 . r s ? o : , ! l  0  r 5 !  n o , r e



1983 JANUARY 22,  2X,  24 lSAt  ,  SrJN,  MON )

! t  d ; ,  a i i'1

;

-58 -

the NAUTICAL ALI.IANAC, HER MAJESTY'S NAUTICAL
LoNDON, U.K.

o

Extracted f fon
AIMANAC OI'FICE,



2^
S i l r h t  Redu . t  j . r ,  T .b l e

1N  C  RE  I ' 1E  N  I 5  AND CORRECTIONS
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ExtTacted from the NAI'TICAI, AI,MANAC. HER MA,JESTYIS NATIIICAI,
AI,I'IANAC OFFICE, I-O]\DON, U.K.

7
- ;

-! !!g

..,j1: ; 6 -



16^
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INCREI4ENIS AND TOARICTIONS 47^

l ?

2r

BxtTacted from the NAUTICAI, AL}IANAC. ITER MAJESfiIS NAUTICAL
AI,MANAC OTTICE, I,ONDON, U.K.

17

It

lt

!L-!:
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sjght Reduction f.tr le

48 '  rNcREr . lENTs AND co iRtc loNs 49'

i ,

' I
I

J.2_!!!

1 ' '

Extracted from the NAUTICAL ALMANAC. HER MAJESTY'S NAUIICAL
AI,I4ANAC OFFICE, LOMON, U.K.
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siqht neitucllon Table

54-  INCREiENTS ANo coRRactoNs 55'

5,1

, ;  
" ;

Extlacted fTon the NAUTICAI- ALMANAC. IIER },IAJESTY'S NAUTICA1
ALMANAC OFFICE, LONDON, U. K.

55

l ?

lrllt



5756'

-63-

Slsht Rsduction t.b te

INCREMENTS AND CORRECTION5

ExtTacted fTon the NAUIICAL AI.}IANAC, HER MAJESTY'S NAUTICAI,
ALMANAC OT'FICE, ]-ONDON, U.K.

5'

l!

,l

; , , .

1l

,t
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PrcbIa 1

What $ere the GHA and the declir8bion of the sun on 22
Jan; 1978 ar Cr"tI 15h - 47m - 133 ?

Problen 2

llhat were the GllA and the declinatlon of the ooon on 2?
Jan. 1978 at Gl''t 15n - 47n - t3s 7

Probl.a 3

Wbal were the UIA and the dectlnatlon of Venus on 6 Apr.
1978 at Ct'ff 10n - 5?a - 28s al longltude E. 1130 - 55' ?

PrcbLe@ q

l,lhat were the LltA and the declinatton of Mars on 6 Apr.
1978 at cltt 23n - Z5n - 12s at longitude V. 71o - 121 2

Probl@ 5

l{hat wer€ the g l and the decllnatton of Atdebaran oo 22
Jan. 1978 at Gl{t 15h - 55! - t3s 2

Prcbleo 6 .

l{hat were the GH/l and the decllnatlon of Vega on 22 Jan.
1978 at cttt 16n _ 02r! _ 45s ?



Nau t i ca l

I 9 7 B  ] A N U A R Y  2 2 ,  2 3 ,
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2 , J  ( S U N ,  M O N ,  T U E S . )

ExEracted frorn
AI,I'IANAC OFTICE,

thE NAUTICAI- ALMNAC,
t 0ND0N, u.K.

IIER MAJ]]STY I S NAUTICAL

,100- l i l i  t i ;

ti-tll,,9

vtNUs -3 5

,54

i i

e5  r . ,  t r r  o ,  !

-i;;ilDj iij ttt ti; : t , i
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Nautical Ahanac

1978 JANUARY 22,  ?3,  24 {SUN.,  MON.,  !UES.)

l 5

o

t 5
l6

l9

22

02

.'. 09

: I {

l6
11

20

21

Extracted from
ALMANAC OFFICE,

thc NAUTICAL ALMANAC, HER MAJESTYIS NAUTICAL
t"oNDoN, u, K.

c H ^  !  o -  d  k l

6 3  t 1 '  n !  [  r r ,  r '  t t . r

, t  a l t  i i -  l t  i ra  i i  51r

x ' i

5Z
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sl gh L lr€de_tlon l'ahle

I N C R E I . l ! N T S  A N D  C O R R E C T I O N S 3-

al '^",r| 
, ^"'

3l l3 l i i  i l : i

Extracted from the NAUTTCAL ALT'ir{NAC, HER IIAJESTY'S NAUTICAT. ALMANAC
OFFlCE, LONDON, U. K.



24^
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s19ht Reduction rab 1e

I N C R E H E N T S  A N D  C O R R E C T I O N S 25^

21

t 5

, '

i :

' ;

75

[XtTACCEd fTON thE NAUTICAI,  ALMANAC. HER } IAJESTY.S NAUTICAL
ALIIANAC OTFICE. LONDON. U.  K.



46'
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sight rieduction Tatrle

I N C I E I ' 1 E N T S  A N D  C O R R E C T I O N S 47^

0;

5 l

'11

I4

r i  dn

Extracted fron the NAUTICAL AI,I'{ANAC. HER MAJESTY'S NAUTICAL
ALIIANAC OFTICE, LONDON, U. K.
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Siqht Reductlon rable

54' tNcREflENTs AND coRREcloNs 55'

5,1 5S i. c--

l l

t

Extracted fTom the NAUTTCAL ALMr\NAC, HER MAJESTYIS NAUTJCAL
ALIIANAC OFFICE. LONDON. I ] .  K.



56-
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INCREI , IENTS ANO COARECTIONS 57'

56

0i

s/

ExtTacIed fTom thE NAUTICAL ALMANAC, HER MAJISTY'S NAUTICAL
ALI'IANAC OFFICE, LO}TDON, U. K.



-12-

4

T6

' : 0 0

. : :

: t l
Y i ;

? l

-IL

Extracted from
ALMANAC OFFICE,

thE NAUTICAL AI,MANAC, HER MAJDSTY'S NAUTICAL
I,ONDON, U. K.

o

l o 7 8  a P p t L  n ,  5 , 6  ( I l J t 5 ,  W t D . ,  T H r p 5 )

5l
5{
52

5?



1 9 7 8  A ' ' R t t  ! ,  5 , 6  ( t U E S ,  W E D . ,  i U R 5 . )

431

;ii

V I N U S  3  3

531

rii

iii
?0

2t

i ; ;

Y l 9

-13 -

Extracted fron the NAUTICAL AL}.{ANAC. HER MJESTY.S NAUTICAL
ALMANAC OTFICE, LONDON, U. K.
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Identiflcation of stars (r)

It ls very Lnportant and neceasary for oavlgators to be
abl.e to identify atars in the sW because of flxing posltlon al
aea. lhvlgators have to kxon the na.nes of stara, so that they
cah oblaln the starsr G.H.A. and declination fron tbe nautica.L
aLmanac.

lbvlgatlonal sbars can be dLstingrrished Jl'co others by
their relative positions, brightness and thelr characterlstlc
colour.

0o the other hand, $e occaslonally obeerve an unfanillar
etar 1n tbe slq. In this cas€, we can also ftnd 1ts prpper nale
by D.R.P,, G,M.T., alt itude and aztuluth.

To mqlorlze the narcs of navigational stars, lt ls
oonvenient and effective for you to cqrpare a siar lbp wlth stars
shlolng 1n lbe dark sky.

1. Star ldentifi.catlon by Star l,lap or table rrPosltion of nav18a-
llonal atars'r.

Ihe posltions of navigatlonal stars are shoifi on a Sta.
Map (Ftg, 16 & 17) ard a table for position of navigati.ona-
stars, wlth their decllnatlon and right ascenslon.

The navigator has to choose the Star l4ap for north

1e!14q9 or the Slar ltap for south latitude to ldentify a star
(see Flg. 16, 1? ard 18), depending on his orn posltlon. To us6
the Star lbp, some calculatioos are necesaary as follor.rs:

1) According to the obselverrs latltude, he nust choose
the Star Map for oorth latilude or eouth latltude.

2) A sLar map has the position of lhe aun for the fLrst
day of each nonth on a clrcl.e of eclipblc (Flg. 16 and 17), so
you should check the then positloo of lhe gun on the ecllptlc.



3) A straight line connecting a positj.oo of the sun and
lbe north pole or south pole is a dlrection of bhe upper branch
of the sun at noon.

4) If you observed a star at eight orclock p.m., a
straight llne connectinS the position ol the sun and the north
pole or south pole at noon should be moved eight hours cfockwise
from its noon position. Then, this straight line 19 the upper

5) If you observed a staF at five orclock a,n.' a
stralght line connecting the position of the sun and lhe north or
souNh pole at noon ghou1d be noved seven (12h-5h) hours antl-
qlockr^r.ise frqn its noon positlon, then, this str?ight llne is the
upper branch at five a.n..

6) An intersection of these upper branches at eight p.tn.
or five a.m, and an observerra latitude is ttls zenlth. A cirele
of 90o radius, the intersection as its qenter, ls the celestial
horizon.
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Star Map {Nortn ratttude)

Fig. 16-a

C First  Magnitude or over

.  Second Magnitude

. Third uagnitude

+ Vari .able Star

( ) Proper Nafte of Star
.-'\
\*_) ni t ty wut



star Map (south Latitude)
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F i g .  1 7



-78-

No

T-;----;
2 . t  I 5 3  | | t 9 . l
2 . 2  t l  s l  ? , t . 3
2 . 0  | |  I  a 2 , O
2.1 0 r  5t .c
2,1 t0 51,  56,G
r . ?  t 2  5 2  I  5 6 . 2

2 . 1 - ? . 6  0  3 8  5 6 . t
2,1 ta a2 ss,z
l . r  t  2 t  , t9 .  t
1 , 9  t t  t 6  { r  I
0 . 2  5  t l  t 6 , o
Ll  !0  , t0  45. |
0,  I  t ,  3s ga, t

f , t  1 3 2  3 2 0
2.2 O r i  ' . i
r .2  r  r5 l t  ?a.  I
2 . r  15 33 ?a, t
0.2 t , l  t9 .4
l , l  I  s 3  t a - a
2 , C  2 3  !  t t , o
2 . 7  { ?  I  t { . t
2 . t  l?  t3 t2.0
f , l  t0  6 12,2
0.9 19 t9 ' . !

0 ,  t - t .2  5 5 i '  ? .  I
l . t  5  ?r  l t  6 , !
0.5 t  I r  i t  3 , t
0 , t  t t 2  A  0 . 3
2 , 2  I  ? 5  0 . 5
1 . 2  1 9  2 3  l o . l

-  l , a  6  t l  a  t 5 . ?
2 . 2  0  | l . 2
t . 2  t 6  2 t  2 6 . !
2,1 td s l  28.  I
l ,  r  2? .  s5 ?t .9
l . ?  t ?  s t  B  l r .  I

.  0 , t  I  2 t  s7,7
2,  |  20 22 56. '
0 , ( l  I  3r  s t .3
r . 5  t 2  t 5  s 9 .  I
0 . 9  r  I  B  6 0 . 2
0. t  t t  60.1
|  |  t2  t l  G?.9
t . 9  t G  t l  i i . 9
t , 0  9  t 3  B  6 9 . 5

I

I
6
6
7
I

l0

t2
I J
t l
l 3
t 8
t,
l0
| l
20
2 l
?2
2l
2 l
aa
2a
21
2e
2t
a0
3 l
l2
It
!a
tl
la
tl
tl
al
l0
l l
a2
IJ
la
at

i oiodh

I c.n

e T an'rll ^nthattl

Rtt l

Fig, l8 Poslt lon of navigarlonal stars.



B<aIIple 6

Stloi'/ navigatic,nal st€rs
4 Aro  lq56 hw qr . r  M.n

Soluticn

-79-

€nd their positim irl rat. gstl at 8 p.rn.,

cele6tla1 hotlzon

stat hap e celesdat horizo!

F ls .  19
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Identification by calculation

When the sky is c1ear, we can identify navigational starg
by si8ht. But if we find a star among sone cl-ouds in the sky, it
is very difficult to idenlify and find the name of the star using
the Star }rap. In this case, we can idenbify Nhe star by observ-
ing its altltude, azimuth and tioe, becauge this lnfonnatlon
gives us its dec]ination and right ascension by calculation.

ExaEple 7

A navlgator observed a star ardong clouds, its altitude
55o- 48', azimuth S 650 E, chronqleter tifie th 46m 25s (chrono-
neter errorOlh Olo 12s). When D.R.P. is 260 l5rNr 1410 27rE at
18;00 in 14 Sept. 1956. Which star ls lt?

Solution

(see Fig. 22, 23 and 2\)

shiprs tioe 14 Sept. '55 18h - 00n see Fig. 20
Longitude in ti,me (E) 09 - 26 - €. Longltude 1\10-21 tE
Greennich ti-me lq Sept. '56 08h - 34n 141o--e th 24m
Chronomeler tine 14 Sept. '56 : O9h - 46In 27r--+ 1n48lD
Chroncrneter error : 01 _:_91 1\1o-271---t 9h 25m48s
Universal ti-oe 14 Sept. 156

Ro (see Fig. 21)
p .p .  (E* )

2 ?  - ? 2
'| + Data

: ah-26m

c.  s id .  T.
Long. in ti.ne
L .  S id .  T .

32h - l$n Aziruuth 565o8 --+ 115oE
2\ - Alti.tude 55o48'---r 56o
ogh - 18tn Latltude 26o15'N{26oN
09 -26+
17h - 348



H

= 3331Z =  115oE

Alt. = 560

[ = @ 260l{

K = @ 160 1-

l+K:  O10

Kr = 3?{ H1

Kz = 3171 (ir Dl = 2919

K3 = 3Stll D2. 17 HZ = 24tn

D3 :2240@ H3 :  ?@

D4 = St76 H4 = 5778

tl
tl
JI

I = 9ql bE = 2n - 04!

L .  s id ,  T :17  -  34@
R.A. = 19h 48P

Frm d = !9,1, R.A. = 19n 4@, the starr s proper nane ls
Altalr on Star @p or table of Posltie of avlgational Stars.

Ans, Altalr
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2
t
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1
0

0 0
0,1

0.1

0.5
0 0
0.1
0 8
0,s

0 l
0 t
0.1

0 . 1
0.?

0.2
0.2

0 !
0,t
0.9
0.4
0 a

1 . 0
t . l
l . t
Lt
t .a

t l

l 6
l 7
l 3

2 t

,.

26

35
l6

ll
5!

ao
a l
a2

60
5 l
62
t t
5+

s5

63

t . ;
l . t
L t

2 0

2,4

7.1

z,g

J.0
J . l

3-t
, .1

! .0
t 7

9. t

1 t
0 l
0.+
o.5
0.9

0.5

0 6
0.6

0.6
0'l

0.0
0.0
0.8
u.3
o ,

0.9
0,9
0,9
t.0
t-0

1-l
{3
l9

l z
l 6

N

za

l4
t6
52

20u
:l

,t0
,tl
r8
s2
E!

t0 t
302
30t

ii05

t07
108

l l 0
3 [
l l t
3 D
lr+

t 0
a
3

l 2

t 0
3

t 2

l)

16

40

t8

56

3 0
I
I

20
2+
23

10
4
t8

5 t 5
at6
, t t
3 ls

Jr l
3a,
124

325
a71
Itr

t!l
ltr

t16

att

!,lo
l t l
,42
lr!

Itl
t.6
aaf
g l

tt0
!51
t9 l

3t5
15n

t5t

1 0 !
I

l 2
l6

2!
ll
zrt

36

{0

5a

? l  0
4
6

t 2

20u
It

4g
'N

? 2 0
I
12

zo
2a
2t

11
I t
5 t
t6

4t
?4
l 3

3lt

4
41
4A
5t
r3

2f i
? , 1
l l 2
, t t

2 t t
€

z l l
2t6
2 l t

,50
2tl
252

2rl

!54
xt6
05t

261
l(2
25t

26
?65

zq
269

2r0
t

r i
l t

210
atl
7la
211

,15
216
2lr
a1a

tm
231
za2
234
261

215
2t€
2tl
2U
7a9

?91

ztl

?95

,97
29s

F i g .  2 0  C o n v e r s i o n  o f  A r c  r o  T I n e .
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t 0 0

0
I t
t 6

2A
az

,t0

al
57

20

2q

4+
a0

0 {

t i
t6

l ! 5
l3ri
t:t7
t38
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ProblqD

A slar's alt ltude is 5002
D.B.P.  la t .  34028 'N,  long .  13500r8 .
5os (C.E. = 029m 26sO ) and loca1

and iig azimuth 19 0570 ln
chrono$eter time is 1oh 21n

tine 06:50, 6 July 1956. (see

Figs. 25, 26 and 27\ lihat is the star's nane? (See page 88a89 )
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Latitude observation

1. Solution for meridlan altitude

It is possible to gj.ve a latitude line for any celeslial
body when we obgerve lts altltude at transit. The sun and
Polaris are most colEnonly used for a latitude Iine. The sun
transits the observerrs meridian at local apparent noon (LAN).
The LAN observatlon for a latitude line is very irportant,
because this observaLion can show the filost dependable cefestlal
Iine of position of the day. The aun should be observed ab local
apparent noon as part of rout.ine work on board vessel.

l{hen the celestial My is either due north or south of
the obsenrer.

Translt upper branch
Transit lower branch

(h : Hour angle)

= cos 0 cos Vl sin 0 sin Y
: sin e cos Yl cos e sin Y
= tan 01 tan '!

1 r  t3ne  tanv

h :0h
h=12h

The for'tnulae of ephericaf lri.angle are knot{n as below,

cos Z : t sin I sln d + cos I cos d cos h (8 : Senith
distance)

sin a = sin I cos p + cos I sin p cos h

llhen a celestial body transits upper branch, nhfl shouLd
be oh (oo) then

cos z = * gin q sin d + coa g cog d cos 00
= t sin t sin d + cos t .o" O if
= t s i n l g i nd+cog f , cosd
: coagcosd t s i ngs ind
= cos (r- ; d) nef. Additive foimulae of trigono-

metry
cos z : cos (r, ; d) *. cos (0!Y)

* sin ( 01't)
tan (€+v)



In this caae, zenith distance is neridian zenlth dlstance
(zJ f ) , soz=7n .

-  91  -

zn= I ' id

l{hen a celestial body translts lower branch, rhtr should
be 12h ( 18oo), so

sin a = sln I coe p+cos I sin p qo !8qo (P: Polar-T- 
dislanae)

= s1n 4 cos p + cos tsin p x (-1)
= sin I cos p - cos C sln p Refer addltive fomulae

of trlgoncNoelry.
=  s in  (4_  p )

g ln  a  =  s ln  ( t -  p )
. ' .  a :  ' ' -P

In this case, the altitude (a) Ls neridj.an aLttude (e)
soa=an. then

a t r :  l -  p

If lae know the nerldlan zenlth distance (Zn) or r0erldian
altltude (an) and declination of a qelesti.at body, by the
lotTllae both Zn = L i d and an = .[, - Dr a latltude line of
obaerver la obtalnable as shown In l'19. 28.
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S(arople 8

Flnd the Japen Standald Tine of WDer branch tr€nsit of
the sun in tongltude 1410 20'E, 10 June 1956.

At this standar{ tiEe, a navigator observed the southerly
oeridian altitude (or appar€nt naxlmu! altitdde) of the sun's
loreP Li-ob (9) as 75o - 12!2.

Hhat was tbe latLtude at the tloe !.hen he obselved the
sun?

wdere : Index error (I.8.) O5:S, ttetgtrt of eye (H.8.) I netres
Air teoper€turc ms JoC wamer than the sea rrater
t€mperatul€ .

Solution

L,A,T. 10 June 1956 12n : oon - 00s
L. ln T. (1410- zotq) 9 - 25 - 2oO+- ttlto- 21t (see Fig, 20)
C.A.T. 10 June 1956 2 - 3\ - \O
E,T. 0 - 46 Oc- E.T. = Ee- 12

(see ! 18. z)/
= (12n - 00n - q68

-12( ! f t=AT-

Ef,)
v 2h - 33P - 54s--r d = 

?o- T,.r!^,(see ! 18. zy,
L. Lo T. (135ots, .llplll)9__:_oo___:_99@
J.S.T.  l th  _  33rD _ 54s

Ref. ; Eo = -12h+ E.T, + (24h)
E6=R-n .A .+ (24h)
F"=R-R.A .P .+ (2qh)
E* -R-R,A . r+  (24n)
R j -  12h  +  R .A .M.S,

+ (z4n)



s :24h -  R.A. r
?b =0+E
hg ' :U+E
t5r :U+Ee
hcP=U+h
lbr  =U+Er

h = hcr|, J tonS, E(E
t Long, n e

Altltude correction

sex. art, to 750 - 121 .2
I ,E 6 5 .5
obs, art .o- 750 - 061 ,7
Corr. 1

c ,o rP.2

Corr. t@.

O ,|0.5 (eee Ftg. 30)
750 - 17t,2

0.0 (see F18. 30)
750 - ',tT t2

O 0.5 (see Fig. 30)
True Art. q 750 - 1?t.8

99-:--99,4.@'t40 - 42' .2N
23 - oo.alo
370 - 42' .{N

Ans. Tlre of tt€nglt = JsiT 11n 3$ 54s (10 June 1956)
Lat t tude=37o-42 ' .4N,

Problar

0n 4 August 1956, a navlgator obsened the bortherly
altitude of the sunrs lowEr llnb wh€n lt tnanslted the upper
branclt in longitude ?ol5itf. as 660051.5. llhen lndex error.nas @
2r.4, helght of eye 12 [etr.€s, aLr t€operatur 25oC' sea uater
t€operaturc 24oC, tdhat ms hls latltude?

7,8
o

t
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Extiacted fToD the NAUIICA], AI,UANAC, }IARITIME SAT,ETY ACEI,JCY '
JAPAN.

( uoon rt. ri;6

orr.6r:0, s.D.,; ri)

uI.P.6olr, s.a.ra r!)

(H.r.6ot sD.i; 3i)
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4 Auqust  1956

Nautacal Aliaoac

Extiacted fron the NAIIIICAL AI-ITANAC, MARITIME SAFETY AGENCY.
JA?AN.

O sun ( noon r. .  rD i
U  \ ]  J

',.-1'-.'. ',

( sp .  l1

'i 5i

;r- :- ;

e

_g s!.

a r i  ? ! .

_ir_0

I
R.A. ' M.r. iJ.t. sD.

, ! ;t ril,t -, "'Jd . $ e ? $ - , - e  0 , r  r o
2 l  r03o o2r  - r r  o ,0  15
I t  Ds7 s rn  +o . r  0 .0  d

l s  ' $ ' t ' ! 5 r - o 5  o . r  I



Alt l tuale correct lon of sun 6o ,  SOo

\ r r .
) b s .

Height of Eye 1 (F) Ur.
!bs5 6 I t0 1t tl ta I t t0 I t

6 0
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3 0

9 0
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r 0 0
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! { 0
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! t 0

r l '0
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6 5 0
8 0 0
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1 6 0
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1 5 0
0 0 0
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l l . r
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l!:31
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n.1

3:ll
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ehen l t r  rcnr '  >  scn  Mtd  tml '  @ . i  e r .  t -p .  -  6 i  he ish t  o r  eve .
Atr .cilp < s.. !.ter re'. I

F tg .30

Extracted fron the MmICAL At L|ANAC, MARITII{E SAIETY AGENCY
JAPAN.

o
E^!;
5 :

J". aql 0ct

Jpp.O

r f r t n' 1? rt ra
v.8ls.3 ? l



Method of inverse operation for neridian altitude

Differentiation of the fgroula Zm = [ i d ie
d Z e =  d l , ;  d d

and declinatlon (d) is constant for very short time,
lhen l^Zml = l^0l because of Ad = 0,

The fomula IAZmI = l^nl shows that if tHo navlgators !.ho
are on the same neridian and different latitudes obsenve neridlan
zenith dlstance (Zm) at the saoe tine, the dlfference l^Znl
betneen two navigators is equaL to the diflepence of ktitude

| ̂ .c | .

so before obseiving merldian altitude, if you set up
D.R. latitude (,s,D) and decltnation (d) of the celestlal body !,|hen
1t tFansits the upper branch, you can have the folLowlng forulla'

( rn )c  =  9oo-  ( [D id )
(An)c : calculated (assrned) neridlan altibtde

l,D = latitude by dead r€ckonlng

By above meritioned forrD.rla, l.ou c@pute Ca-lculated
nerldlan altltude {cal. nerl. aLt. e+ (Ant} beforehand. Next
prrocedure i.s that you obserrre Merldian True Altltude { Meri. True
Af t. -+ (Au) t ] by sextant, so you catr know

A An = (An)c - (An)t

According to lAAo = lall, you can calculate the latltude as thoHn
below,

-98-

4 = rDr lAr l

Note

Nane of Al,, llhen (An)t > (ln)g saoe nane as observed
dlrectlon.

(ln)t < (An)c contraiy na!!e to observed
direction.
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Actlral procedure of calcuLatlon on board shlp is that
inverse narne of altltude corrections and index error of sextant
should add to (An)c and subtract it fr@ nerldlan sexLant
altitude {l4eri. Sex. Att..:n(Ad)sl, then you can trave lfr&il.

Note

ID case of upper branch tr?nslt
nane of l^fl; when (An)s , (An)cr, aaoe n€ue as observed

dlrection.
(An)e < (An)c', contrary nane to obser\/ed

dlr€ction.
*. (m)c' = (Arn)c + (lnverse altltude correcllon)

when you obgerve lower branch translt, the foroula
lu : f -P

qan give latitude, and
An= c -P

J
An =Ar -  P

when polar dlstance (P) iE constant,

lAAr' : lA[l

By l^Anl = l^rl, you aLso catcutate latitude.

Nole

In the case of lolrer branch transit
nane of l^fl; l|hen (ln)s > (An)c', sane nane as declinatlon.

(An)s < (An)c', contrarjr to decuoation.

E(a@le 9

Calculate the tlne of the sunrs upper branch tmnsit by
uslng shiprs chrondeter (UniveraaL tlne 3n 3@) on 22 October
1956 lrt D.R.P. 08020 rN, 56oqo'ff. and at local appar"eot noon, a



navigator observed apparent maxiqun altltude of the sunts lower
lillb as ?0016:6. flhat ls Latitude? Calculate by the nethod of
inverse operation for oerldian altltude.

whene: Index errgr 0 015, Height of eye 14 netres,
Air lqrperature 28oC, Sea rater toperatuie 25oC,

loltft ion (see Fig. 3l)

L.A,T. 22 Oct. 1956
L.  Ln  T .
G.A.T. 2. Oct. 1956
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12h-OOn-oos
3 -46 -40 O

EI-46m-4os
w t>  -52  u )

t5h - 31!t - O8s_, d : 11o- 1tl8 S
3 -30 -00 o

12h-01m-o8s
80 - 20:0 N

11 -11.8S O
19 -  31.8
90 - oo.o @
700 - 28i2

8,8

U. 22 Oot.
L .  in  T .
Shlp's T. 22 Oqt.
SD

d
(zn)c

(An) c
Corr. 1

corr. z

Corr. t

( In)cl

( Au)e
Atm = AC
'&D

t

1956

1956

700 - 19:4
0 ,3

700 - 19l l
0 .6

o
o

/t\
700 - 18:5

700 - 19:0
700 -  16 .6

2 .4  N .
80 - 20.0

Ana.

80 - 22:q N

Translt ti-me 12h - o1ltr - o8s
lat. = 8o - 22:4
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;BI

F ig .3 l

Extracted fron the NAUTICAL AI,I'IANAC, I'ARITII'{E SA!'ETY AGENCY '
JAPAN.

22 octobe! 1956  sc ri

r'.1'. (Moon r.. i il
U A

rd !!_11-

2t

D

1.._.

*

i i ? i s a t o

,
l!,)

-"! ' *r*.". s.o.
g  r r ' s N 5 1 6 - 3 . .  o - r  s
d r  6 3 s  0 - r , 6  0 , r  e
4 r ? x . 3 - r . 3 o . o  r s
n  ' 5 s e 3 r 3 . ,  1 0 . 6  0 . 0  t
!  r r $ 3  r s r - o . e  o . r  !
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Solution (Page 85)

Refer to Figs. 22, 23 and 2\
shiprs T. 6 Jury 1956 o6h 50n Oos
L.  in  T.  (1350 00rE)  09
G.D. 6 July 1956
Chro. T.

U. 5 July 1956

21h 50m 00s
22h 21m 50s  ( ( -10h 21d 50s  p .n . )

2a 26 tl
21h 52n 2\s

o.  s id .  T.
L .  tn  T .

Ro (for 5 Jr.rly 1956)-1 18 51 51 .- f.on the nautical alnanac
P.  P .  ET 3 35 G)Gfr@ Fieure 27. (Page 87)

40 4? 50
240
16h 47tn 5Os
YZ-L
25 \7 50
240
O1h 4Tm 5Os

A.5Oo2 l :34o28 'N

L.  S id .  T .

Data
z-57

K D tt

z 570E K1 26\ H1 3187

5002 K2 3076 6 D1 2884

t @ 34028 'N K3 3340

K /i 24o D2 43 g2 2626

.C +K O 59028'N D3 ,o?? d H3 28@

D45860 H46101-+ hE = 3M8n00s

L.S ld .T  =  147 50D

,R.A. = 5h15t60sd 46q,|

By the table posl.tions of navlgational stars (page 76 ) or

the star map for the Northern hqnlsphere the nane of the star

should be Cape11a.
Ans. Capella
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Solution (Page 92)

L,A.T. 4 Aug. 1955 12h oom oos
L. in T. (7o15'tl) 0 29 00 @ (see page 80)
G.A.T. 4 Aug. 1956 12h 29n OOs
E.r. 5 59 O..rE,T.= Eo + 12h - (2qh)l

{ * p"g. , Ref. and f
\nautical alnanac t

d = 17o- l0:6N (Fr"on nautlcal alnanac)

Note

Hox to calculate d.
In the rEutical alnanac for 4 Aug. 1956
d for Universal tlre lzh i3 N 17o - 10.9,
P.P. of d for 3{o 59s = is 0.3 O

170 -  10 i6  N

sex. AIt. 9- 660 - 05:5
r.E 2=l @

Abs. Art. -Q- ooo - or:g
Corr. 1

Corr. 2

Corr. t.

9.2 @ (see page 94)
660 -  17 !1

660 - 17 t2
Q.L@ (see paee 94)

0.2 @ (see page 94)
True A1t.€ 560 - 1714

9qo-o
23o - 42t 6 S (Direction of zenlth fru

the sun ls south, gee
pase 90)

d .L10_:_-19_!!_.! O (when d < z,I, a = z'ne d,
see page 90)

t 60 - 3210 S (nhen d ls contrary nare
to Zn. the nane of

Ans. l-at = 060 - 32!0 S latitude should be the
sane a.s the nane of the
larger value, See page 90.
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Detemination of latitude bv Polaris

The latitude of a location i9 equal. to the altltude of
the elevated pole as sl,rown in figure 32.

Fig. 32

Both the latitude of the observer (= QoZ) and bhe
altitude of the f,o1e (: NoPn) equals 90o nlnus PnOZ. If a atar
ls ]ocated exactly at each ce1est1al pole, the corrested altltude
of the star should be equal to the observerrs latitude.

Actuall-y a star is not located at the north or. south
celestial poles, but Polaris is less than one degree fr€n the
north celestlaL pole. PoLaris alternately transits the upper aDd
Loirer branches of each celestial rEeridian in coopleting its
dluroal ci.cIe. Twice durlng every 2q hours, a-9 lt moves ln its
diurnal circle, Polaris ia at the gane altitude as the celestial
po1e, and at that mouent no correcLlon rould be required to lts
observed altibude bo obtain latitude.
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At aII other tlnes, a correcbion ousb be applted. The
value for any lnstanb roay be obtained f"cm Ig!199_&!_I&d!g
Latitude by Obser|/lnS Polarfu ln the nautical alnanac.

The corrections are tabulated in three tables, the first
lable is for rrhrr correction, the second table ia for naltitude hfl
correction and lhe lhird table 1s for rrDate hrr correction.

Latitude = (obs. true AIt.).+ (table I correcllon)
+ (table 2 correction) + (tabte 3 correction)

h = U + E{ i LonSitude in Tioe

where; Easl Longitude -t @
west tongitude rO

b(ampIe

At 04h 20m on
altitude of Polaris as
What r{as his latitude?

Apri.l 1956, a navj.gator observed the
1918 1n D.R.P. 32o 32lO N, 1330 46'E.

19h 24m 56s
19n 2qn 18s

llhere : Chrononeter tLne when he obseryed Polarls was 7h 24t0 18s.
chrondleter error - lm 36s, index error + 2.7, height of
eie 15 netres, alr tqlperatur€ l3oc, sea 'rater t€npera-
ture 22(t

Solution

Ship's time 27 Aprll 1956
L to T. (1330 46',8)
G.D. 26 April 1956

(Greenwich Day)
Chr"o. T. 26 Aprl-l 1956
c.  E,
V. 26 Apr11 1956

O4h 20m OOs r_-__, 2Bh 2Om OOs
8 55 04 O (see fig. 20)

1ah 22n l2s
1360
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Er (U = 0h)
P.P.  (Er ) r

12 23 \2 (see Fj.g.
3 11 @ (see Fle.

31 ttg 35

35)
27)

tr'v
L; h r. ( 133046'E)
h

Sex. AIt.r
I .E .
Obs, Alt.
Corr. 1

Cot'r', 2

True Alt. I
Corr. I.

Corr. II.

Corr. III.
t

og 55 04
ioh ,ra"-tg"
32o_ 19i8

2.7 @

8.4 Q (see Flg.
32o- 14!l

O (see F1g.
= -9oc)

?2Q- 1) ta

17 ,3 @ (see rie,
320- 4!5

0.2 @ (see F:.g.
32o- 29!8

1.0 @ (see rtg,
320- 30.& N

Ans. Lat. = 32o - 30f8

32, 130C-229C

38 Table 't)

39 Table 2)

39 Table 3)
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P* altituile erlection of star e Ptanet

Extracted from
SAFXTY AGENCY,

F i g .  3 3

ASTRONOMICAL NAVIGATION TABLES, I'IARITNM
JA?AN.

I

a

i
E

9 t
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E8
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Dt f i .o f  tehp.  ( "c , r f t r t f l0' t f lr ty t f

when:  . i r  tenp .>sea e . re r  tenD.O .
. i .  t . .p . . " . '  

" . t . ;  
; ; ; . ;  

renp d t  h€reb t  o r  eve
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P *  e t  i r u a "  s , J r  3  p l a n e t

F i g .  1 4

ASTRONO}IICA]. NAVI(]ATION TABLES, UARITIME SAFETfExlracted fron
AGENCY, JAPAN,

l 0
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I D
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Extracted fron the
JAPAN.

F is ,35

NAUTICAL A]-MANAC, }IARITI}IE SAIETY ACENCY,

u r .  l . r

xs 1+l
l ^ -

3 , l l
I

h

i 5  35 t  ' e . ?

(H.P-s5  9 ,  S .p- r5 \D
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16,3 5?.4 {s,9 3r.?

55.d so,t 11.2 2r.6

'd

zr.o .r5 al.! 5rr

1.,S 3e.3 r3r3 t!.t

t9,r .ar. |9.r 5r.r

to., {-s {9.? s.3

,r .zo to,o {5

3r.l iz.e 50,6 'r.1

33,9 r1.2 6r,. 5..9

+343 +ar.l +5r.5 +sro

3?,3 i6.7 52.. $.3

+3d.0 +r?.2 +3r.1 +55.3
$.2 rx3 3!.2 t5.3
30.3 |?.r $.2 tt,{

+d.e +{r.r +3!.{ +55.4

TAALES Il]R FINDINC I,AIITUDE BY OBSERVINC IOLARIS (1956)

2
3

5

a

l0

l !

l6
I t
t8
l9
20
2 l

21
25
a
2a
E
Tar
,?
t4

36

3€
39

42
.t3

tq

55

58

21.1 1.1 1,1 21.5

- r r .o  -  3,5 +rr .2 +25.o

,.E r3.r 26,4

F i g ,  3 6

Extrected fron the NAUTICAI ALl.lt\NAC, MARIIIUE SAIETY AGENCY,
JAPAN.
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TABLES lOR IINDING INTITUDE BY OBSERVING POT"ARTS 11956)

t i l  r8,t

l ! 'Br ' l

0
5

t0

m
z,
30
3t

:c
o
65
?0

l l
al

3 - !

,l l0
J 2 0
d 9

at

l 1 9
I g

?t
5 ra

t0  I

l l  15

26

l6

,l

AIt .  )+(rab. f )  + ( ra! .2)  + (T!b. l  )
r . t - ^ l r  .  E '  L n s . +- _ _ "  l " -

\ n. tong. -

E'<tTected fTon the NAUTICAI, A ''ANAC, }IARITI}4E SAFETY AGENCY,
JAPAN.

t !t. . lobs- tru6

h z U + E * ,
: )

! 1 8 .

L r

l . r  r . r  Lo or

r .o r ,o t ,0  r .o
1.0 1.0 Lo 1.0

o.s o.r t,0 ,.1

r .o r ,o lo  1.0
r.o rr r.0 r.q
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1'A!I.€S FOR FINDING ',ATITUDE BI OI]SERVING PO'N1IS (1956'

i rl l. 15 ,!

I
?
!

5
6
I
0
I
t0

1 a
t 3

!g
tb
r 9
20
21
22

2l
6

2l
2g
2'
!0
i l
lz
33
:l,l

l0

33
39

ttl
12

.t]) |
!t,

t9
t8
59

f - -  "

6D ,l

F i g '  3 8

ExtTactEd fTON thE NAUTICAL ALT',IANAC j

JAPAN.

r9

MARITI}IE SAIETY AGENCY '
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I,ABLES aorr FTNOTNC LATt1UDE By OB9DiVINC POLARTS (1956)

lab1e (2 )

1 6 o r l

i
5

J3

a0
3t

5tl

q9
l0

4a -a al  r ia

rl '? ,N ,l 20 21 22 4
_,!.p,

2 l
2 1 0
3 t

4 1 0

5 2 0
6 9

29

ri

h 6

9 1 ,
t0 I

| | t 6
t 2 6

t . l

Lat.- (obs. tlue A1t. ) + (rab,

h = u + Er+L - r. (r- '-- ' f i '
1) + l lab.2 )  + ( rab.3)

F i s .  3 9

Extracted fron the NAUTICAI AI,MANAC ' MARITIME SAFETY AGENCY,
JA?AN.

o ? r 9 r o ,  0 :  u . 2- i t 2 Y 0 r  0 r  o . r
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0

Iri
I t
?0

6
lr{
t
{o

$
56
60
65

t l

l .a

Lt

Ll

t . t

' - E long + +
h " u r E  : L t " t  * .  t o n g -  -

o n < h < l 2 n  B u f f r x * $

t 2 h < h < 2 4 h  s u f f i x + ,
Pre f ix  i3  a l {ays  N

Fig. 39-a

fTon the NAUTICAL AIMANAC, MARITIME SAFETY AGENCY,Extracted
JAPAN.

AZIITIOIIi OF ?OLARIS
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Prcbl€o

At O4h 35n on 5 AuSus; 1956, a navlgator observed the
a.llltude of Polaria aa 2P17'.0 7\ D.n.p, 21013 lt; 161085 W. Uhat
lraa hls latitude?

Where : Chron@eter tlne whdn h€ obsenved polarla llas 3h lqn 35s,
chndtoueter error @ 129 43s, lnd€c( erylr O 0.2, helght
of, eye 16 net;€s, alr !€openatur€ 23oC, Eea nater
t€oper?tur€ 6t,

SoIutlon

Shiprs Tlne 5 Aug. 1956
L. ln T. (1610- 35r[)

5 Aug. 1956
Chrlo. T,
b.s.
U 5 Aw. 1956
Er (u = 0h)
P.P. (BI)

OAh 35o OOs
roq600@
15h 21t0 OOs
15h r+ 35s (3h l ln 35s p.m,)

t5h 2?o 183 (See F1g. qO)
19 00 04 (!'r@ nautLcal alllanao)

2 3z @ (Fr@ Frs. zt)
34 29 54
240
lnn 20|! 6hs

@

ts
L, An r.
h ,

Ser( Alttr
r . ! t .

Obs. Alt.
Corr, 1

uorr. z

Corr. t
True AIt.r

10q520o
23h 43n 34s

I - 17:O

2" - 16n

I - vt 13

2p - O7'.\
0 ,4

* - o7'.0

o

(9



True
Corr.

Coar.

Corr.
L

A1t , *
I

I I

I I I

220 - 07 '.0

57  ,2
210 - 0948

0 .0

\7

EJ
N

2to  -  0918
0 .8

210  -  10 :6

Ans.  La t .  =  21o -  1016 N
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t ,P .

i.A. d M3s,,r.P. s_D.

Ei,

xt i  ! , !

21 Jupiter r.. r5i3

c  3  i  
" r i , i  

- , .

F is .  40

Extracted fr .on the
JAPAN.

NAUTICAI, ALMANAC J MARITIME SATXTY AGENCY.

.. ;

a ia 6"rfni-lo.i

ot.P.6l:2, s.D.ri ri)

or.r.oi, s.n.ri r lr- la ' -o r iTI is i t i



Lgngitude by equal alLitude of a celestial body

If a shlp ls proceeding with a constant course and at a
constant speed, the value of variatlon of celestial My's
aLtitude should be zero (nif) at the time of observation of its
apparent maxinum altitude. The variation of celestial body's
altitude should be the same value and cootrary name when the
navigator observeg this celestial body in accurate tjre interval
before its transit and after its transit to the tilne of aDoarent
maximum allitude.

In thig particular case, a celestlal bodyrs altitude
before transit and after transit rnust be equal, eo if the navj.ga-
tor observes the attitude of the celestial body scme minutes
before its transit and records the time observed (: T1), and lts
equal altitude after transit by the sane sextant and at the sarne
height of eye, and records the time observed (=TZ), tire mean tijle
(T) of T1, and T2 is glven as shol.m befow,

T =  ! r (T t  +  T2)

By using bhe arithoetic nean tijne (T), it is possible for
navigators to qbtain longitude. In oLher lrords, very accurate
llme (T) of a celestial bodyrs translt in apparent oaxinnu
altitude can show navigalorrs loogitude using sooe caLculatlons.

Hour angle trhtr at the tirne of transit can be given as
fo11ows,

_  AE =LL\

900

-  T1U -

h : - 15s.28 (tan l. r tan d)(Al : 16111
3,600

[ = latitude, d = declination, A.{, : value of variant of -
for one hour, Ad = value of variant of d for ten or sone minutes
(obtainable frdn the nauticaf alnanac), A E J vafue of varlant of
E for one hour {E = R-R.A. + (24h), F : F.A.M.S. - 12h + (24h)}
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Note

Name of the above nentioned, valuea when each vaLue is
increaaing, nane should be positive + when each value 1s
decreasing, oane should be negative-.

In the fonurla

h  =  15s .28  ( tan  c ;  tan  d)  (A l ,  I  d )  (1  -  AE ;  AL)

3600 '00

when l, hae s€ule nane as d, t Ol* (tan Ci tan d)
.t ha.s contrary nane to d, * Ol+ (Ar, r A)

Longitude ia east ' Ot -
Longitude 1s west ' OI (t - 3!-- + 34- )

3600 900

Units of Al,, Ad and dZ should be 1t (minute)

Units of dE should be ls (second) aod except for obse!'vations of
the rloon value of AE can be regarded as zero (nil)

The valuea of 15.28 tan L ard 15.28 tan d are shown ln
the table (Fig. q1). After calculation according to the fonnula,
if there 1s negative nane of local hour angle (h), aubtraqt lt
frqu 24h to convert lt ioto the west local. hour anE1e.

lllen the value of rhr is given, navlgators qan calculate
the Local Mean Time (L.M.T.) using the followlng equatlon

L .M.T .  =  h  -  E  (E  =  lO ,  g*sga . ;

In c@pari.son tfith Local Mean Tifie (L.M.T.) and Univeraal
Tirre (U.T.), it 1s posslble to obtain the correct tongitude in
Tine (L, 1n T.) at the tine of celestial bodyrs apparent maxLmul
altitude.
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Calculation prccedure:

'L when L.M.T. ls faster than U.T.
L.M.T. - U.T. - L. in T. (Longitude -t east)

2. when L.M.T. Ls slower than U.T.
U.T. - L.M.T. = L. in T. (Longltude -r west)

To carry out this nelhod to obbaln longitude, it ia nost
j.i0portant for navigators to measure llne aqcurately rrhen they
obser'\re equal altllude of a celestldl body,

Bxeple

0n 16 November 1956, a navigator obserued the sunrs equal
aLtitude before the tlme of trannsit after the tiie of transll 1n
D.R.P. 04o - 06's, 41o - 28:0 E. tihaL flas the longitude et
arithnetlcaf nean tire? (see Fig. 41 ard 42)

tihere : Sblp's true @urae i|as 0150, speed 16 kiok,
Chron@eter error @ lt! 13s
chrononeter time of 1st obsewation $as 08h 21m 38s
ChronqEter time of 2nd observation uas O9h 2@ 08s
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Tab le  lo r  vah ie  o f  15 .26  tan  !  o !  15 .28  tan  d

F i g .  4 l

Extracted fron ASTRONoMICAI- NAVIGATION TABLES, MARITIME
SAFETY AGENCY, JAPAN.

i i

i 0

l 0

33;| 13

3 3?1 i3

: lJ t3

3 3tl i3
l:3ll ,13

I lil l3

tilt t3

t3g| 33

,  ,d ,o  '
S lll lri

ai;

,6

r6

r l
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O sun

(|{r|r s.t,. '6 r;,

r l

2

,l JuFlt.! r,. i i

ii--ri.-i

=!Li ** tr.r' 
"L

nrritt

t r . l

? ! 2 9 r a 3 l - o r  0 . 2  t
| l  .e  f r  I  ? i  - r . l  0 ,0  l l
16  I  3 l9  17  +0.?  o ,o  t
t3 32 rrr $ -o,r 0.r I

Extracted fron the
JAPAN.

6D l r .?
?

2l
n
{

F i A .  4 2

NAUIICA1 AI,MANAC, MARITI}.IB SAFETY AGENCY,

e venu' -;;l 
lii



SolutLon

shlpls tirue '16 Nov. 1956 12h oom ooe
L. in T. (41o - 28'E) 2 \5 52 o
G.D.

T1

Diff.
T l
c. E.
U. 16 Nov. 1956
D1ff.
U. 16 Nov. '1956

E O for 08h 58m 10s

09h 14t! OBs
09h 2@ O8s
08 21 38o
01 0q 30

2) 01 04 30
nh ?2o 169

ogh 21m 38s
04 13o

08h 2tn 51s
o 32 15@

08h 5E! 06s + d = 18o - 46.4 S
= 12h 15E 108 Ad =@0,6  (d  o f  p .p .
(fr@ the naullcal for onE hour)
almanac) By the nautlcal alnanCc'

u = 8h-+d = 18o- q5j8s
p.p. for 5ep 06s ______qi
a for 08h 58m 06s= 18o- q6j4s

course 0'l5o = N'15oE 1 Ac
speed = 16 lorctJ-Ar

= O4o- O6ls A4
IL

= Q 1515 (for one hour)
= @ 411 (for one hour)
= 16, x cos 15o \ 15!5
= 15' x sin 15o : 411

Feb.
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S had the sane nane as d, celeslial body was the gun, longltude !.Ias east
h  =  -  15s .28  ( tan  t  -  tan  d) (d r  -  ^d)  ( t  -  ^ l - )

900
= - 15s.28 ltan (04006') - tan (18o46i4))( O 15.5-0.6){t - !.:t}

then,

%
L.M.L. '16 Nov. 1956
U. 16 Nov. 1956

2tl
- 44n
-  01m

2no
'| 'to

-  t f  '

-  e.5 @_ 38s @
2h- 45rL 38s -_+ \1o- 2415

= - (tss.ze t an (o4oo6)i

[4-__--__.,',f
By the table

so'

= -  (1 .09  -  5 .19)  ( -  15 .5  -  0 .6 )  (1  -  4 .1  )
990

= -  ( -  4 .1)  ( -  16.1)  (0 .995)
;  -  (66,01)  (0 .995)
= - 653.6'1955
: /:\ i0 .r6,s

24h o@ oos
01 05 €)

23h 58Io 548
12, 15 io e)
t lh 43m 44s
85806O

L. ln T. 2 45 38
I

l,ongltude 410-24.5

AnE. 1on8 = 41o - 2\15 E



Ex{ple

On 22 March 1956, a rEvigator obser'\red the sunls equal
albltude before the ti.ne of tr€nslt and after the tioe of trEnsiE
ln  D.R.P.  020 -  10 'N,  700 -  10rE

Whal was the longitude at noon of ship's tile?

Wher€; Shiprs lrue coutse waa 3250, speed '18 Knots,
chron@eter et'|.or O dl '15s

Chroncneter tlne of lst observation wa.s 06h 58! 53s
Chr\oncoeter tlne of znd observation trag O?b 54n 5Zs
Tl[e zone rias (U + 4h 360)

SoIu!i.on (See Figs. 41 and 43)

- 1 2 \ -

Sttlpts 1. 22 Mar, 1956 12n 008 008 T1
L lnT 4  41 00 O T2
0.D. ?2ltar, 1956 07 19 00

2 \

Dlff.
06h 58m 538

o 16O
06 58 37
0 28 02 @a=Oo-rr ' ,n

o7 26 39+ Ad =@ '|.0 (d of P.P. for

o?h 54n 5ZE
06 58 530
00 56 04
00 56 0q
OOh 2Bn.02s

U1 22 Nar, 1956

V 2 l,ar, 1956

Fo 11 53 01 rr"on n"ufllli liHi"ol
Tme course ?f = N 35otf \
Speed : 18.0 lslots f..-+ Ar g trl:Z
e.  . :20-10 'N /  LLOI} !3

4 had the sane nane as d
celestlal body rras the sun
Iongitude i{as ea.gt



h =  _  15s ,28  ( ian0 _  ran  d)  (A [ -Ad)  ( j  - ] \€ )

900
= -  (0 .58  -  0 .18)  (14 .7  -  1 .0 )  (  1+  l9 :1 )

900
= - (0.40 x t3.Z x 9-1qj.)

900
=-6s

24h OoIn 00s
s60

h
e /?\

U
L,  ln  T.
Long.

2:3 59 5\
11 53 01 0
12 06 53 Q2 l4ar. 1956)
7 26 39 O (22 Mar. 1956)
4 40 14

70o 03i5 E + This longitude was for
arithEtic rbean time

So the arithretic meao tlne should be converted into thipts tine
as folloi s:

u 22 Har. 1956 o?h 2@ 39s
04 36 ooOL.  in  T .

Shlprs T. 22 Mar. 1956 12 02 39

Next, calculate D. Iong for 02m 39s shown as belou:

10:3Wx2,65=015}J
60

7oo - 0315 E
0.5 E@ + 3. caPeful of the

s18n
Ans. 700 - 0J1.0 E
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True Bearing by Anplitude

When the navigator observes dir€ction of a celestial body
by shlpts cqEpaaa and k1orc 1ts true dlrection by calculation, it
ls posslble to obtaj.n the colpass ernor or ita devialion,

If the navigator observes the dir€ction of a celestial
body when its brue altitude is zerc or its cenber 1a Just on the
celestial horizon by his cdDpass, and calculates its true direc-
tion, he can obtaio c@pass errcr or deviatlon of the c@paas.

P : CeLestial pol.e
Z - ZeniLh
X = Celestial body

on tbe celestlal.
horlzon

Fig. 44
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= cosf,o , @s LPA

ForDula of trigon@etric functlon
cos (0 t V) : coa O coa V r Bln O sin V
so, c€ (9oor Anp. ) = cos 90. cos AnD. + s1n 90. sln Ano.-T--

01
= 0, cos tlo. i 1. sin AoD,

rJ -
0 + 81n lop.

= T s1i Inp.

In Flgure 44, ZX = !0o, so PA( ls quadradtal triangle
then, sin (90o- PX) : Cos (90o-PZ) cos L pZN.

PX = !Qo- dr PZ = 90o- 4o
J

sin { 90o_ (90o_ do)} : qos {90o_ (90o_ 4o)}
cos L PZX

sln { g0o_ g0o + do} = cos {g0o_ g0o + [o]
coe L pzx

sln d
Lrzx = goot mp.
sln d = cos f,. cos (90or Anp.)

= cos g. sln Anp.
ain A!ip. = -9!q! sec r. sh a

cos l,
,'. sio Al!p. = seq t. sln d or Aop. : sin-l (secf, si.n d)

Ref.

If the navlgator lgFws the amplltude of a celeEtlal body,
true bearing can be given as follolrg,

True bea!.ir|a = 90o - tlue lED.

Note 1

Prellx of anplltude Bhould be E or W; and suffix of
atlputude should be N or S.



- 130 -

At sunrlse, prefix of a@lLtude -.t E
At sunse!, prefix of anplltude -r tl
Suffi.x ls the sane as decllnationts nane

Note 2

lihen d is zerc, that is, the celestlal body iE located on
the celeatiaL equator,

sln lnp. = sec l, x sln d
= sec -q, x sin d 00
:  sec4x0
=0

lDp. = 0

In this case, the celestial Hy riaes ln due east (90o) gets ln
due west (2700)

lfh€n I ls zerc, the navigator is located on the equator.

sln lop. = sec 0o x sLn d
1  xs ind

: sin d
AnP. : d

In thls caae, tbe value of loputude ls equal to the value of d.

True bearln8 by A@1ltude of the sun

The sun is the celestial Hy observed rcsb fr€quently
when obbainlng an Anplitude

When the navlgator observes the lower liob of lhe sun,
lts altitude correctlon ls shoi,m as:

True AIL.+ = Obs. AIt. - Dlp-Ref. + S.D. + Par
Ref. =.Reftaction. S.D. = Vlslble seol-dlaneter
Par. : Paral-lax
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In the case of observlng Anplitude, True. AIt €.(true altilude
of the sun) shoul.d be zero. so.

0 = obs. A1t. - Dip. - Ref. + s.D. + Par,
. '- obs. Alt. = Dlp. + nef. - S.D. - Par.

llhen sunset or sunfise,

Re f .  :29 ' ,  S .D .  =  13r  and  Par .  =  8 '95 ;0
then Obs. A1t. = Dip. + 29' - 13r - 0r = Dlp + 16r

If the observer's helght of eye is '15 feet (= 4.6 netree), Dip ls
atiout 4r, so, obs. A1t. l l '  + 16r = 20r

ItOb3. ALt. : mrn neans that when the loi{er llnb of the aun is 20
above the horllzon, true altitude of the sun should be zero
(gunrise or sunset)

The only tj.ne when the navlgator ahould obserue the amplltude of
the sun ls when the sun'E louer l1nb ls about 20' (nearly half of
saldlaneter ) above visible horizon.

Flg. q5 Amplitude of the sun

Needless to say, nhen you observe the directlon
srm, you have to obaerve the center of the aun.

of bhe

Vtsible
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Fig. 45-1 observing Amplitude of the setting sun bo
check gyro error. M.V, PMNAM 7 AuB. 1985,
in the South China Sea

observer: Mr. Roscal P. Galunsag
1983-1985 Regutar course Trainee
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Exatrple 10

on 5 August 1956, a navlgator obEelved true anplitude of
the riging sun in D,R.P. 32o- 20rN, 1290- 48'E by magnetic
colpass as N 880.5 E, $hat {ae the devlation of c@paas? llhere I
variatlon 5o.2 W

Solutlofl

(F!s nautical altEnac Fig. 4?)
,t

d (5 Aus. 1956, u = 0h)
L

ho
L.A.T. 5 Aug. 1956
L  IN  I .

c.A.T. 4 Aug. 1956

d (4 Aug. 1956 u : 20h 36n 00s)
(frs Fig, 51)

l?o o2:8 l.6h 45n (frqr Flg.50)
320 20' N )
12h OOn OOs
06 45 ooO
05 15 00
0839000
20 36 00

170- 05:9 N )
120o.4

320- 20:0 Ni

Ref.

s1n lnp.

rop.

= sln d Sec I = sln (17o 0519) x Bec (32o- 2010)
=  0 .29404 x  1 .18350 =  0 .347996 , . . .

True Aop. = E 200.4 N

900.0 _
True Brg = N 690.6 E
Ccop. B,g = li 88oj5 E
C@p. error = '180.9 !J

FBe careful about both pr€flx and
suffix

Ans. Devlatlon = '130.7 W
Var.
Dev.

= 50.2 ll
= 130.7 l{
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F i g . 4 6

NAUTICAL AIMANAC, I{ARITIUE
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r t  '5  3? sr? 2r  +or  o.o .
u  0 s  N | ] 5 l - o 5  0 r  !
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JAPAN.

SAFETY AGENCY,

_ 
praner 

I  P.P,
0 b d
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r ? 2 1  1 r o t  s r { 9 . 1 | l  0  ! 0 0

b d
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d |tars r'. Iii
r , " . ,1 , ,1 r , . . ,
0 2 r  i 3 r t  r ? 1 e r t 0  o  0 0 0
2 5 rot  re.5 l  r0 :  o
.  6 ?t  , re. r t  .d  x  o
6 ?5t  re. r l  30 !  o
i  6  i l t  re ,?t  i0  !  0

a i i  r a i

2t Juptter r,. rii:i6

l? satuln r.. ,l ii

13 r  5 r l  re , ! l  ,0  
"  

o

20 !01  $ .e l  o  r r  o
2 2  0 . ! l  { e . e l r  r 0  r ?  o
r . 2 r  e  6 1  3 r a e . e l t  0 t 0 0 . 0
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2  2  2 ? ,  r 0 |  0
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ro  23 t  25 , i to  ro  7  ?

r z  r o  z r  r z l  n r o  x . r l t  o  o q z
||  ?r t r t  r .ot  ro e ?
tE  22  t t l  ? { . i t  20  l l  !
[  ?e l  ? r .01  !0  12  r
?0  ??  r5 l  ? , ,? l  r0  | ]  l
2 r  ?3  |  |  23 , r t r  50  rs  {
2 r  r0  : r  16 l  l r r0  2? ,e12 0  1 .0 . r

0  5  r ,  i ? l  3 r r  ? 0 . e 1 0  0  0 0 0
N  t .  2 t  2 t . 0 t  1 r  2  o
a  ? r t  ? r , o t  ? 0  3  0
6  r f  4 r t  ? r , o t  ! o  5  o
!  r .  r t  2 r , o t  4 o  r  0
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2 l , a

---1.5

s.D.  t i  1 ;

i

)K

21. JuPirer , , .  r !e

nr3 l l  T

r l i  ?r:r

I  6  z N r r . r - 1 . ?  o . r  r t
d 2 r t 5 i  ? 3 0 - r , r  0 ,  r 0

F L g . 4 7

Extracted fron the NAUTICAI An4ANAC
JAPAN.

, MARITIME SAFETY ACENCY,

t n"". r,. ri 'l

<1.r...rL, s.o.rl ri>



&tslNc tND SETTING BOUR aNGr! (T!re A!t.-o-) (1956)

5 r t

I

r  l  a t 0  a t l
6 r 0  l t

5 1 ? 1 9

€ 9,1 6t t  0 ta
3 6 l l t 7

'\1

l0
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i
5
3

t3
r0

t2)

26

?3
a
30
l1
:R
3{

6

al
33
:B

i?

tt
a6

.1
t!

t!

5l
55

56

CO
6l
5?
6!
6l

{hen nare ot latitude 1s the 3.fr !s decUnatton, use t.bulatcd
val@, rhen 11 ls cont!.ry, use as foltds: l2h - tabulated value

F is .48

ExtTacled fron lhe NAUTICAI, AL},IANAC, MARITIME SAFETY ACENCY,
JAPAN.

L'

2a
26
,t

fr
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I t

I 3

2t)
? l
22

2\

2a

3t

31

5 l
53

6 l
5?

r ,3  3.5 t2  3  '  1 , I  15 .3

A2lnuth sbould be nea6uted flon E o! w (Pterix)

Sulflx iE the sme as fo! decun.tlon

F r g . 4 9

Extracted frorn the NAUTICAL ALMANAC, MARITIME SAFETY AGENCY,
JAPAN.

RISING A, rD 5C11 lNG AZIMUI l t  ( r ru "  A . r r .=oo l  (1956)
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RIS INC AND SL -T tNc  f lOUR A \cLE  (T tue  A l t . =Oo ,  ( 1056 ,

2 l
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ProbIe0

On 14 February 1956, a navi8ator obaerved true anplltude
of the sun setting in D.R,P. 2?o - 06'N, 1090 - 17'W by magnetiq
coBpass aa N 870.5 l{. }ihat was the compass deviatlon?

lJhere: Variation was 11o.0 E. (Ans. 27o.?W)
(Ref. True firp. : W 140.2 S, True b'g = s 750.8 W)

Direction of Celestial Body W Ti.oe-Azinuth

TtuE-AzjJDuth method j.s used for calculatlng true direc-
tion of a celestial body by considering the local hour angle (h),
declination (d) and observerr s latltude (1).

The time of celestial observatlon ln lhis nethod for
obtaloing directj.on of a ceLestial body ls not ltulled, unllke
€uch as bhe method of True Bearlng by Alplilude.

Baslcally, navigato.s can utlIlze lhis Eethod at any
ti.re, but it ls desimble and advisable that they observe a
celestj-al body nhen 1ts altitude i.s not too h!gh.

For the purpose of obtainlng true dlr€cblon by uslng h,
d, and s, Tablea of SDh are Elven. These tables ar€ derived fr.@
the fotlowing forrlulae (see FlS. 52-61).

Z=X+\

ffi;l
I rl
l rog s1n J I
I  t l
t-l
Table S

lil;l
t l
lloe tan yl

tl
_.1-
laDfe xy

coaec D

sec D

llog tan h I

lrl
lloq tan h I

| ,l
L-T-.---J

Table hTable D



To obtain lrue gj.reqlion ( bearing) by making use of these
tables, it i.e necesgary to calculate local hour angle (h) and
declinaLion by nautical alnanac and navlSatorrs dead reckoning
position for latitude ( l, )

Example

At 09n 20ri a.m. on 10 June 1956' a oavigator obser'\ted the
ccrnpass bearing oF the sun as S 860.5 E in D.R.P. 32o - 32tN.
1330 - 46'8, flhat was the deviation of !h1s compass?

where: Chronooeler time was 0h 43m 37s, variatlon 5o.4 ll' and
chronorcter erroro l6ltr 1?s (see F18e. 62 and 52-61)

50l,uE10n
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1. To obtain d
Shiprs T. 10 June 1956 09h 2dtr 00s
L. in T. (1330- 46'a) 08 55 04 O
c.D. 10 June 1956 00 24 56 (FYul aLnanac see

Fi8. 10)

chnc. T, Oo lt3 3? |
c.E. 16 1? O ,1,
u 10 Jwre 1955 oo 27 n --+ d = 22q- 5918 N

2. To obtain h
Ref. 1 /U. lo June 1956 ocF5 40 20s (Fn@ aLnanac aee

\Eo le- oo--!l-@'/Fi8. l0)
hc 12 28 O7
tG 1870- 01:8

Ref  ,2 (L  (1330  46 'E)  133  -  46 .0  O
\6 32oo- 4?.8

d 220- 59.8 N
a 32o- 32.0 N
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Ref. 1

he :U+E hco :U+EO,  h6 (  =U+e {  h6r  =U+9,
hG*  =U+E*

nef. 2

H = h6 t L (when east longitude O and when west longitude O )

h = 32oo - 47.8, d = 22o 59.8 N, = 32o ?.0 N

Abqrt S. Naoe of I ls sane as nane of d,
s = { + d = (32o 32) + (Z2o 59:8\ = 55o - 3ttg

About D. Nane of n la sane as nane of d,
D = [-d = (32o - 32') - Q2o - 59i8) = o9o - 3212

About h ls glven aa 3200 4718

so, S. = 55o - 31'.8 x1 3147 Y1 2868
D = Of - 32!2 x2 1080 12 1
h : ?0o - 4718 x3 2751 @ tg 2751 @

x4 6978 Yq 5620
.L t

X=75o2 Y 9o4

| = 75o2
Y:  s9!  @ +uhen!  >  d ,  Z :X+Y
Z = S 8496 E when h = l2h - 24h, suffix should be E

h = l20o - 4718 + 2lh - 23o - 1ls

llhen g > d, neasure frm pole dl contraly nane of 4.(f, = 32o-
32 'N)

True bearing = S 6496 E
Coup.  bear ing = S86.5E O
C@p. errcr = 1.9 E
Var. . 5.4 tl @
Dev, = ?93 E

Ans. Deviatlon = 793 E
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Azlnuth Table-D
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Probl@

At 07n qon p.m. on 1ll February 1956, a navlgator observed
the coopass bearing of Jupiter as N 72-02 E in D.R.P, 32016'5, lllo

52 E. l.lhat rlas the deviation of this c@pass?

where; chronometer tifie was 04h 26m 08s, variatlon 1898 t|, and
chron@eter error O 2@ - 32s
(Ans, Devlatloo = 1495 E; Ref. x = 6098, y = l!1

Navigation by lines of position

The line of positlon i3 one on a polnt of whlch the shlp
can be preeuned to be located.

A line of posltlon ls a segEent of a great circle, but
lnvlsible plotting on nautical charts, the segment 13 eo short
that it nay ta plotted as a stmlght line or rhLub LLne on a
mercator chart.

Ceo8rapbiaal posj.tlon of a celestial body

The poaltlon oo the earth wtlere a navl8ato. obeervea a
celestial My e)@ctly in the zenith is called lts Seo8raphical
posltion.

in ffeur€ 64, p = north pole, p' = south pole, aFi' =
plane of the equator, c : center of the earlh, X = celestial
body, x: geographlcal posltion of the celestlal body x f)
Because strictly speaking the earth is not a perfect aphere, a
straight llne through X and x does not pa.ss the eartbia center C.
Thls stralght line lntersects the plane of equator mr at Cr.
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q

Ftg. 64 Ceographlcal Positlon

.so, L XCd is the latltude of the celestial bodyrs geographlcal
posltlon (x) and the lncluded angLe between Ie and Co (lXCo) 1s
the decllnation of X.

Fru !'igure 64, rc6 . L xcq * Lcxc'
LCXC' ls negliglble (e.9. in the caee of the l. loon,4CXC' = 0.2'

only), then L xcq =Lxcq

t XC{ . 6511u6. of geographical posltion + 4x,
L XCq + Declination dx
.'. Lx = dx

Thus the intensectlon obtained by the earthrs surface and the
slralght line connecting the center of the earth (c) with the
center of celestial body (X) is the geographlcal position (x) of
the celestial body (X) and the equatlon L XCd = Z XCq is used
r{ith the as$aption thai the earth a.s a perfect spher€.

In Figure 65, g : posltion of Creenwlch, ffi' = pri.me merldlan,
irCQp' = nour circle correspondlng to ffi'.'
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QQr is ttE Greeowi.ch lbur Angle (G.H.A.) of celestial body x' and

G' * ttr. earLhta surface is ttre lort8ltude of celestlal body X
at 1ts Beographlcal posiLion (ln Lhis case the longlbude ls
wesberly).

fhe $estern longlbude of geographlcal positlon (LHx) is

equivalent to tlE Greq)wich ltcur An8le of celestial body x ( =

hgl()

Lt'|x = 4 hsx

Ttlerefore if a navlgator ln'tc!.rs a ceLesllal body'a decllnation
(avallable by nautical a.lnalac) and tbs creenwich tbur Angle
( avallable by oautlcaf alnanac and aatrcndlical navt€atloo table
h = U + E), he can decide its geographical poslblon on ttte

earbhi s surface.

l l a t . Ll{x = lJest longitude of oeographical Poeltlon
hgx = Creenwich H?ur Angle

Fig. 65 Ge raphtcal Positic'n
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a i  F . l  a  ^ f  h ^ a i t i ^ h

In Figure 66,

C = cenLer of the earth, p : north
positi-on of celestiaf body X +), O
p' = south pofe, X : celestia.I body,

pole, x = geoSraphical.
: observerr s position
Z=ze i th

Fig. 66 Circle of Posit ion
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F18, 66-1 ParaLlel ll8ht rays

Spherical triaogle (pro) on the €arthrs surface ls

slrdlar or sylfi€trlc to a spherloal trianSle on the celestlal

sphene.

so, px = polar dtstance (p)

xo : zentth dlEtance (z)+(90o- Alt.)
po = co-latltude (90o -l)

. L opx = Iocal lnrr angle (h)

L po). = Azl.muttt (z)

If a rEvlgalor obserYes the alutude of cel$tlal dy X' he can

obtaln the zenlth dlatance z (= 90o- AIt.)' ad he can have a

clr.cle of posltlqt givdl by tlte c€lestlal body X' with polnt x as

lts cenler and zenlth dlstance z as lts rBdlus.
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This circle of position of the celestial sphere corresponds to a
circle of position on the earth.

In Pigure 66, the clrcle ol 6; is the circle of
position. If a navigator on any point of lhig clrcle of position
observes the altitude of the celestlal body, the altltude should
be (90o - z) (Ref. Fie. 66-1).

This circle is also a circle of lines of poaition and the
clrcle of poaition obtained by altitude of a celestial body has a
close resemblance to the circle of position obtained by the
method using Lhe vertical angle of landnarks (such as a mountain
lap or a lighthouse).

To fix shiprs positlon by circle of position, a navigator
nuat have at least two or uore circles of position avaiLable at
the eane tine, because if bro slrnultaneous and non-parallel lines
of position are available, the only position that satisfies the
requir@ents of being on both lines at the sane tlr0e is the
interaection of the two lines.

l{e have two lntersections (0 and 0' j-n Fi.gure 67) given
by tno circfes of lrosition obtalned by observing two celestial
bodj.ee (X and X' ln Figure 24). But actually the distance
between the ti{o positions 0 and 0r is hundreds or thousande of
nautlcaf miles and a naviSator knows that his dead reckoning
posj.tion ia near true position. Thenefore it is not difficult to
distinguish true intersection, as his location, frdl the false
one,



-  l O l  -

Fig. 67 ndo lntersectlons by bro clt'clea of positlon

Hor{ to draw lines of posltlon on }tercator chart

In Flgut€ 68,

p : pole, x : geographlcal posltton of cef$tial *gI X,
D = obs€t'ver's D,n.P. 68 :. circle of paslLlcir, ffi = ntnute

partlole on circIe of posltlon (6) h the vlclnl.ty of
D.R.P.  (D) .



If the naviaatorr s location ia Ln D.R.D. (D) at a
partlcul.ar ti-@. he can calculate b celestial bodyrs albltude and
its azfuluth by ustng the nautical alnanac, astroncoiqal naviga-
tlon tables latltude and longitude of D.R.P., and the chronqneter
ti-ne.

The afoie-oenti.oned altllude and aziruth arc called
Calculated altltude (Ca]. AIt. or ac) and Calculated Aztuuth
(CaL. az or zc) respectively.

Ftg. 68 LtrE of posltic,n
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The altitude (90o - xJ, in Figure 68) obsetved by a
navlgator wlth aMtude corrections ls cal1ed true altltude (True
Alt. or at)

According to Figure 25,

=  xD-  xJ  =ac-a t

DJ is cal1ed intercept (Inter, on I) aod point J fij called
Extr€oity of Intercept. In figu!€ 25, D.n.P. (D) exlsts outslde
the circle of position 6L, but in other cases, D can be inslde
the circle of poeMon e:tt.

To distingulsh whether D ls outslde or inslde the clrcle
of position a L, it fs very useflrl to designate intercept puls O
or minus O , For this Feason we must give the definitlon of
Intercept (I) as follona;

I :  a t -ac

DJ

1 .

J.n ! lSuFe oo,

Extr€oity of Intercept
passlng throwh D.R.P.
ttra! ls, azlEuth Llne
positlon (x).

(J) is located on the greal clrsle
(D) and geographical poEition (x),

frcn D.n.P. (D) to geographlcal

So when I (= at - ac) is plus @, Extreoity of Intercept
exists totrards the celestial. My froo D.R.P. (D), and

lrhen I (= at - ac) ls nirn:g O , b(tn€oity of Intencept ls
on the opposite side of the celestial dy fru D.R.P. (D).

2. Angular distance Dt, that is, distance fn@ D,R.P. (D) to
extrsllty is equal !o the vafue of Intercept, Value of
Intercept should be expressed in nautical rdnutes (')
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DJ and HJK,
geoSrapbisal
parblcle oF
rlght angle
geographical

that is, aziruth llne lrcrn D.R.P. (D) to
position (x) and ci.rcle of posltion (uinute

clrcl-e of position to be exact) intersecl at a
(90o) at Exlreoity of Intercept, because

position (x) is the center of the clrcle of
positlon, xJ as ils radius.

Ttterefor€ navigators can dr?w Iines of
charle uging the follo!,ring procedure.

1, Draw the aziluth line through D.R.P, (D) by Calculated
Azifluth (obtainable frq| nauticaL al.manac and astronqDical
calcul.atlon tables):

8et up ExLr$ity of Intercept,

l{hen Intercept (I) ls posltive@, dmw a sbralghb l.1ne
f!.qD D.R.P. (D) towards the celestial body (sane direc-
tlon as Calculated AzimuLh Zc), and mark the distance
frm D.R.P. (D) according to the value of Intercept

tiien Inbercept (I) is negativeo, Draw a straight line
fnco D.R.P. (D) to bhe opposibe side froo the celesLial
body ( contrary direcblon to calculated Azinuth zc), and
mark bhe distance fru D.R.P. (D) accordi.ng to vaLue of
Intercept (I) on lhis straighl llne !o set up the
Extr€nity of Intercept.

pogltion on nercabor

2 .  To

a .
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3. To draw llng of positlon. the straight llne passlng throwh
E{tr€olty of Interc€pt (J) rtiich lntersectE the aziru.rth llne
1s therllne of posi^tion (eee Flg, 26).

To flx position, the rEvigalor observeE two or @re celegtlaL
bodies, to obtaln llnea of posltlon and an interaection at
hls locatlon. llhen he neaEureE the altitude of a celestlal
body by sextant, lt is very i-@ortant to select navtational
starg.

It 1s d€lrable'tbat the dlr€ctione of the cel$tial bodies
of ddch he iniends to observe the altitudes lntersect at
rlght angles, or at a 3oo, 4Oo, 600 and lt 1s rlost undeslr-
able that directtona of celestial bodies by parallel or
nearly parallel.

IntercePt

Positlqr liDe
atr ac anal Zc

FIB: 69
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ExanpLe 12

At the standard tirne 08n 40m 00s (standard tine for
135oE) on 15 SeptsDber 1956, a navigator observed the altitude of
the sun's lower l i]nb (Q) ." 39o 07'8 in D.R,P. 34o ll5'N, 1410
28 'E .

Draw a line of position orl the chart.

llhere : Chronqrcter tirne was 1lh 37m 24s, chroncmeter effor @
01n 18s, index error @ 2.3, height of eye 15 metres,
air teoperabure 22oC, sea rrater tsperatur€ 18oC.

Solutlon

1. To calculate G. D.

Standard Tire
L .  in  T .

Ref.
L.M.T. :UgEast tong O

Wesb long O
East long O
llest 1on8 O

:L. M. T. iL

(u=G.T.=G.D.)

32 40 OO ( 24h+ ( 08h4ollr00s )
v:_\L
23h40!!OOs

15/9/1956
( 135oE )

G.D. attention+ 14./9/1956

2. To calculate h

chro. T
. F

UJ

23rl 37n 2\3 (=11n-3?trL24s p.m.)

23h 38m 42s d = O3o- O7'9 N
(Frodr alnanac on
14/9/ 1956)

12 04 40 @ (Frorn atmanac)
35h 43m 22s
2\o
11 \3  21

1\/9/1956

1\/9/1956)E. (23 38 42 on

nc



h

tt 1750 - 5O'.5
L (1410-2810 E)  11110 -  2810 .

31?o -  1815
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39o- 211\,-A7 18293 -' 23 llllqo
7.n q16o

t t
r ! D

(see F ln .  14)  Z 61 7 |
s  6101 E

3. To calculate ac and Zc by aatron$lcal navigation Table
(Altitude-AzLouth Table) correspondirg h, d and r.

n 3t7o - 18i5 A1 87780 (see F1g. 29) zt 16874
d 03o - 07f9 A2 65 (see Fls. 30) 4 65@ Gz= zz)

34o - 4510 A3 _9531@(see Fls. 31) 16939
A4 96376 -------.r AS 10871

!-d (34orl5:0)-(03o0?19) = 31o- 37;1.+ A6 7\22g^

4. To calculate true altitude (at)

Sex, Alt. lo 39o - 0?:8
T E . 0213 o)
Obs. A1t, O- 39o - 1011
coff. 1 0718 @ (see Fie. 36)

390 -  17 :9
Coor .2

Corr. 3

at

5. To calculate I

0:2 @ (see Fis. 36)
39o - l8i 1

390 - 18:9

390 -  21:4 0
o 2.5

9j! @ ("i" t@p.-sea water tap.
= 22oC _ 18oC = 4oC)

, - ; -  ?ao  -  1A 'o

ac
I

Ans. Ftg. ?0
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PoEt t lon  Pto t t ing  sheet  I  ( ]a t .  35o)
1 , 2 0 0 , 0 0 0  ' _ - '

tl>
t./

-  r -

,l
:5

_-l,6r t \
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Fig. 70-l Meridian observation

The sun should be observed at locaf apparent noon as
routine work aboard ship.

1983-1985 Regular Course Trainees observing the sun on
board M.V. PAKNAM near the Bashi Channel, ? August 1985,
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El<4ple 13

At O3h 30m p,m. on 12 Dec@ber 1956, a navigaton obsenved
the altltude of the sunrs upper linb (o) as 36%712 in D.R.P. 04o06's,
{ 1028 ' E.

What w€re I and Zc?

Where: Chrcuqreger TLne ras oh 40o 2os, ch!"oncmeter err\or O 2p
35s, lndex error O 1.7, height ol eye 18 neters, alr
iemperature 29oC, and sea water tqlperature 26oc (see
Ftss. 80-87),

Solutlon
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15h 3Om OOs (e03h 3F ggs p.u.) U:L.M.T.! L

3_E__n O$1o=2h 4ln 28'= ln I East Ions O
523) J West rong @

1) To calqulate C.D,

sh:.:pt s Tire 12/'t2/56
L, 1o T. (q1o-28'E)

G.D. 12/12/56 12tr 4p 088 G. D.:Shlpr s
Tire+Lo[rg
h TLEe

2) To calculate d and h

Chro. T. 12h {om 20s (eon 4@ 20s)
c.E. 2 35o
U. 12/12/56 12 37 45 --+ d = 23o- 06.15 (by alEnac)

h6=U+BO
E O (by alllanac) 12 06 08O

h^

L (41o28 'E)

h,

24 43 53
,! 15

00 43 53 (-r 4@ = 1go, 3n = 45', 52s = 13tt
l g  -  n  t 2 l

100-58:3
410-28:0 @ h = h6* L/ East IonS. @ )I West long. O'
520-2613



3) To calaulate ac and zc

h 52o- 26:3 A1 ?0953
L2 J6J1

4) To calculate at ard I

sex, Aldlt 36o- zl!2
r .E. 1.7 o
0b8. Alr, 360- 2515
Corr. 1 7:0 O

fio_ 32:5
corr ,2 32:0 O

360_ 00:5
Corr, 3 015 (o
ftue Art.O Eo-lTi'i-i.t I

d 23o-  06 l l  S Ar  1 l l  C)
1 040-.96:0 s Aq 74695 --+ A5 1?908

^6 2725 @
r- A7 20633 ---+

1- d 19o- 00:1
ac 35o- 5811
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Table of Altitude dd Azinuth
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Hchr to fix the shiprs position on position plotting sheet

To flx the ship's posllioo by ]ines of position, ne have to use
sDeclal.ized sheets as follows:

1. Plotting Sheet for Astrononical Posttion (Fig. 88)

2. Position plottinA sheet (F18. 89)

3. Nautical chart

4. Diagran of concentric circlbs in quadEtes (fi8. 991

LLnes of position are drawn 1n a very e@al.l and li-oited area on
the chart whlch corresponds to the earth, so we can appLy the theory of
the mid-latltude sailing (D-long = qgp ) to fix position on the chart.

coa I

On nethod for the applications of lhe mid-latitude sailing is
bo use a dlagran of concentric circles in quadrates (fig. 991,

This diaSran consists of latibudinal line (ffi), Iongltudinal
Ilne (G), concentt"j.c circles and quadrates. In Figur€ 90, Polnt D ls
Dead Reckoning Poslti.on, the lioe NB is 1ts longltude, EDfi le 1tE
latltude and each Lnberval of circles and straisht line Ls one nautical
mile.

Exaple 14 (use Fig. 90)

A navlgator obaerved the atars A and B at the gane tire and
obta inedZc=N80oW,  I  =  +  540 by  the  s ta r  A  and Zc  =  S f091,  I :+
740 by the star B, in D.R.P. 3oooofo N, 150o50f0 E.

Draw lines of position, fix shiprs poaition, current set and
surrent drift.
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ScaLe of longituale Latitude

Plotting Sheet for Astlononlcal Positlon

F i g . 8 8
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Positlon Plotting Sheet
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Solution A by diagran of concentric circles in quadrates (Fig. 991

'l) Draw the azimuth line D-A accordlng to Zc = N 8Oo tl, and
neasure the distance 5i0 on this line to the direclloo of the star A
from D.R.Pj ascording to I =@5i0, and draw a posltj.on line crcssing
angle at right angles on the extrsnity of intercept (point a) 5
nauti.cal roiles fron D.R.P.

2) Draw the azianrth line iB according to zc = s 30o H, and
meaaure the distance 7.'0 on this Llne to the directlon of the star B
frq D.R.P. acco.ding bo I = @ 7.0 and draw another Ilne of positlon
crossing angle at right ar8les in the extreoity of intercept (point b),
7 nautical niles from D.R,P.

3) The iotersection (point P) of both lines A and EF 1s the
shiprs position fixed on this dlaBran.

4) tatitude and longibude are obtainable as follors,

1 To neasure D-lat, on the diagran

-190-

Distance between c and P is D-lat. (: 4!7 S..,be car€ful
of the nane S).

2 To measure Dep. on phe diagra!

Distance betreen d and P is Dep. (= 6i0 w.,.be careful
of the name W).

r  l -  1ong.  =  lp .  =  6 i0  :  610 =  619! l
cos 0n .oa B%B oi66

* See page 3 of the textbook TICoASTAL NAVIGATIoiI" n/'IRB /37 R4r.2
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So. D.R.P. tat. 30 - 00:0 N D.R.P. long, 1500 - 5010 E
D - Lat. 4l?'S€) D - Ions. 619 l{€l

29o- 55,.3 N .t50o _ 43t1 E

Then fixed posiblon A f 29o- 55:3 N* 1 r5oo- q3:r e

5) Currenb set is 5-l (= S 52oW) and cuffent drifb is the
distance betlreen polnt D ald p (= 716).

Ans. Fixed positioo 29o - 55i3 N, 1500 - 4311 E
Curenb aet s520W
Current drift 716 rEuticaJ. nlles

Solutlon B by a triangle rul€r, (FigB. 91-96)

N

(1soo-50'E)

(3oo-oo-N) a

Fig. 9l Latitude and lpngitude

1) Draw the labltude and lon8llude 11ne9 in your note book as
shown in Flgure 91. IntersectLon of these two lines in
D.  R .  P ,



2) About the star A (see Figs. 92, 93).

Dralr the aziruth line DA by a trianSle ruler accordiog to

zc = N Boou (see Fig. 92), and measure Lhe distance 510 on

this tine to the direction of star A from D.R.P. according

to I =@5:0, and draw a l ine of posit ion crossing an81e at

rlght angles on the extremity of lntercept (point a), 5
nautical miles from D.R.P. (see f ig. 93),

Sta!. A, Zc = N SOq{

Dra, tne aztnuth llne 6i
accoidlnE to zc = N 8ofu

l^

Fic. 92 Ho"r to drar"r l ine of posit ion
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Positlon line (A)

{oo

Posit ion line (A)

s ta r  A ,  I =  5 :O

D .  R . P .

Measule the alistance 5:O on
ghe line 

-DA 
to the direction

of the €tar A frorn D..R.P.
accorillns to I =(+J5:0 and

alraw a straight line crossing

angle at tlght €nqles in the

extremity of lnlercePt, 5
nautlcal niles f,lom D.R'P'

F.ig. 93 Ilow to alra!,t line of'position

' / )

" !" ' \"

/ { ,
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3) About the star Bar (see Fig. 94)

D.a!r the azimuth tlne tB according to Zc : S 30oW (Fig. 94)
and measure the dlstance 7.0 on this line bo the directi.on
of the star B frcm D.R.P. according bo I = + ?10 and draw
another line of position crossing angle at righl angles on
bhe extreoity of intercept (point b) 7 nautical frco
D.R.P.  (see  F lg .  95) .

S t a r B Z c = S 3 O o R

zc = S 3OoW

6oo-E

D .  R . P .

is" oo

D;a{ thc azhuth ttne ffi
a€aoiding to zc = S 3ooil

,n
, , ,  !  /  / . ;
t  ' " " "y '  / ' z

I /-,:|r.,t,,

)i,)',(,
)/71
"r,,)/ /*""

:r'*Yos

Fig. 94 Hd$' to drair 1ir€ of Position
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S t a r B ,  I = +  ? : O

D .  R .  P .

30"

200

B

*

u,easure the dlstance 7:o on the ltne
F to the direction of the star B
flom D.R.P. and draw a stlalght llne
cro3sing angle at light angles in
the extr€ndty of lntercept, 7 nauttcal
rr i les fron D.R.P.

:#
\ =
' ' .  i
\ ..' 

'

t  . .q

Fis. 95 Holr to dra$ line of position
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l ine (A)

D .  R . P .

Posi t ion l ine (B)

The intersectlon (P) of ltnes ;:P ard Ei is the shlp's position-

Flat. is t}le shortest distance between the latttude line (EW) -
and FQ or  bet{een R and P (D-1at .=4:7 !  . . .  be caref ,u l  o f  the

"* 
gl

Bnotier shortest dlstance betlreen llS aaa F or bet!,,een P and Q
ts Dep.  (= 6:0 !  - . .  be carefu l  of  t ] re nanE ! )

r ig.  96
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4) Shiprs posi.tion to be fixed (see Fig, !5)

The intersection (p) of linb aP and bP is the shtp's
position,

Latllude and Longitude (see Fig. 96)

To obtain botl labitude and longlbude of fix, it 1s
necesaary to neasuril D - lat, " It should be the shortest
distance between the latitude llne (EF) and poinb P (or
U.ne E), It is ql1 nauticai miles southerly (D - fat. .
q:7 s = frF)

The value of departur€ (Dep.) shoutd be the shortesg
distance betweeo the longitude fine (ffi) and point P (or
l lne FR). It is 6.0 rEutical niles westerly (Dep. = 610 W
= aP).

By the mid-latltude sailiog,

D - Long = Dep. = 610 = 6(0 = 619 ll
0.866co8tr cos 29057165

So, D.R.P. tat. 30o- O0!0 lt D.R.P. long. 15Oo- 5O1O E
D - iat. 447 SO D - rons. 619 llo

290- 5513 N

6) Current set and qurrent drlft (see Fig. 96)

Current ae! is DP (= s 52olJ, measuied by a trLangte mler).

Current drift is the dlstance betr,reen point d and point P
(= 7i6) measured by a triandle ruler).

1500- 4311 E
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1) Ans, Fixed posiLion 29o- 55:3 N, 1500- 43:1
current set S 52o l,I
current drift 716 nautical niles

Note

It is convenienL and advisable to use Solution B

Soluti.on C ... by tbe position plotting sheet

Latitude scales are printed on this sheet (see Figs. 89 & 97),
so you must mark lonSitudes depending on your D,n.P, (see Fig. 97).

1) Check your D,R.P. on Lhe sheeL and mark iL with a snall
circle. next, draw azimuth fine (di) of the star A Lhrough D.R.P.
.(point D) according to Zc . N 80oW, tben measure lhe distance 5,0 on
this line No the direction of star A frcor D.R.P. according to I =@5i0
and draw a line of position crossing angl.e at riSht anSl-es on the
extremity of inNercept (point a) 5 nauticaf miles from D.R.P.

2) Draw the azilouth Line (DB) of the star B through D.R.P.
(polnt D) according to Zc = S 30oW, bhen measure the distance 710 on
this line to the direction of bhe sbar B frcot D.n.P, according to I =@

5.0 and draw anobher Line of position crossing angle at riShl an8les on
the extrsnity of intercept (poj.nt b), ? nautical mites frcm D.R.F.

3) The intereection (point P) of both linea of posltion is the
shiprs fixed position. So the latitude and lonSitude of the lix can be
direcbly obbalned by divider measursrent on bhe sheet.

4) Current set is the line 5i (= s 52ow) and current drift is
the distance betweeo point D and P (:. 716).
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5) Ans. Fixed position 29o- 55'.3 N, 1500- l l3:1
Current set S 52oW
Current drift 7'.6 nautlcal niles

Note This sheet ia based on Mercator sailinc

Solution D .. by plotbtna sheeb for astronqdcal posibion

l,ongitude scales are prj.nted on this sheet and latitude scales
are also printed for every l0 nautical mil.es from latitude 0o to 600
(see Figs. 88, 98-100),

In this problqn, the laLitude is 30o 00' north, so you musl
choose the scale of 30o latitude (see Figs. 98, 99 & 100), shor|n by a
sBall circle as 30o, to measure dlstance ard flxed lati.tude (or D -
lab. ) on this sbeeb.

Scale of longitude is also shoun on the sheet (see Ftgs. 98 &
101)  .

1) D.R.P. sbould be marked on the center of lhe sheet rsee
F ig .  101) .

2) Draw the azimuth ]lne 6l according to Zc = N 8OoW, and
neasure the distance 5.0 (see Figs. 99 & 101) on this line in the
direction of the star A frqn D,R.P. according to I =O510, and draw a
pogition line crossing angle at right anglea on the extreolty of
intercept (point a), 5 nautical @iles frcm D.R.P.

3) Draw the azinuth line ii acconding to Zc = S 30q{, aod
measure the dlstance 7:0 (see Figs, 100 & 101) on this line 1n the
direction of the star B frcm D.R.P. ascording to I : @ ?10 and dnaw
another line of posltion croaslng angle at rlght angLes on the
extreoity of i.ntercept lpoint b)r 7 anutical niles fro.0 D.R.P,

4) The intersection (lroint P) of lines of position i anA ul,
ft the shiprs position fi.xed.
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r5oo- 2d

Fig.  97 Fow to f ix
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5) tatitude and longltude are obtalned as followsi

1) To neasure D - lat. on the sheet bv dlvlders.

Tbe shortest distance between latltude Iine (ffi =.39o-
00rN) and point P j.s D - !at. (= 4!7 S ,.. Attentlon to lhe nane S).

2) To measu€ D - Long. on the sheet by dividers.

The shortest dietance between longltude line (iE =
1500- 5O'E) and polnt P is D - tong. (= 619 l{ ,.. Don't forget suffix
r{) ,

6) D.R.P. Lat. 30o- 00'0 N D.n,P. Long. 1500- 5010 E
D - Lat. 4:7 SO D - tonS. 619 ilo

29o- 55:3 N 1500- ll3ll E

7) curent set is the fine 5l (= S 52oW) and current drlft is
the distance betweeo D ad P (= ?i6).

8) Ans. Fiied position 2go- 5513 N, 1500- lt3:1 E
Current set S 52oW
Currenl drlft 716 nautical olles

Note Plottlng sheet for astron.olcal positloo 19 also based on
Mercator sailing,
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Fig. 99 A divider and distance
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I tg.  100 A divider and disEance

g
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ExamDle 15

A navigator observed both Vega and Antares stars at 0500 hours
on 6 May 1979 in D.R.P. 06o10'N, 141035'8, as follows,

Body ChronometeP Time S€xtant Altitude

Vega o7h 5qm 57s 500 4715

Antares 08h odn 41s 250 21!3

Plot lines of position on the sheets below, and fi]{ the latest
posltlon. Use calculation sheet for Line of Poaition of a Celestial
Body.

1. Position plotting sheet
2. Plotting sheet for asbionquical poaition
3. Iour notebook

where, shiprs speed was 20 loots, chronometer error @ 05s' index
erncr O 115, hetght of eye 18 metres gyro colpass corse '1280 and
ccmpass error @ 20.

Vega E*(u = oh) = 2oh- 12uL 50sP.P. = 03n- 16sd = 38o- 45i7 N

Antares E*(U = 0n) = 22n- 2W 56s P.P. = 30In- 17sd = 26c- 23!1 S
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L i r e  o I  f o . i r i o r r  o f  a

nef .

3.  l lhen  I

o

u  .  S h i p ' s  l l m e  t  L . i n  T - ( 6  -  L o n g  
" O ,  

! , t  -  f o r l g .  + O )

*  !  ( E  -  l o n g + O  t t  -  1 o n 9 r O )

and d same nane + t 'd,  contrary +, + t l

> lsoo suff ix of  zc+ E, h < Isoo suff ix of  r 'c '+ \1

-  _ Iz . r

S h i p ' s  T i h e

t .  l n  t .
j \pprox.  U.  (Date , /  )

C h r o .  E .
c o r ! e c t e d  c h ! o . T .
l'lolninq or Afternoon (t2l
u .  ( D a t e  /  ,
E€r * (  P  (d=  "  

-  g )
P . P

(24 )

h( in deqrees 10360'
Long . +

19360'

t ,  D .

obs, Alt
cofr .  I +

C o r r . 2 .l

A.t

I

h z l
z , +

+

I

r:d +
z ,

a C I
t c

N o

s

Fig.  lO2 ca. Icutat ion Sheet
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Llne of  Post t lon of  a Cetest la l  Body

t . i n  r .  { E  -  l o n e  + O ,  t |  -  t o n e .  + O )

, i {  -  rons +€))

f , -d,  contrary + l ,  + d

c 
+ E, h < LSoo sufr ix of z.  t  l i

o

.t,4

R e f .

3. when l ,

4.  lehen h

U = shlp 's  T iDe +

+ L (E -  lone +G)

and al sare nane +

> lSoo suf f ix  of  z

Date
z. ' f ,

+
6 Mav r919

0 6 0  1 0 '

05 00 006 5
L .  l n  1 . 09 26 20
^pprox. U. (Date 5/5 ) l 9 33 40

C h r o .  T .
h

01 54  57
Clt ro.  E. 05
Corrected chro.1. o7 o2
t ' lorn inq o!  Af tetnoon r12)
u .  ( D a t e  5 / 5  ) I 9 55 o2
EO* (P  {d  =38 "45 :71 20 t2 50
P . P 03  16

40 l 1 08
(24)
I6, t l 08

h. in deerees l@t6o a t a a  h i

r /ong. l 4 l  35 .0 xJ
K) 350(384  22 ,0

h 24  22 .0

5 0 0  4 7 : 5
I . E .

o b s .  a l t 50  46 .0
corr.  I 08 .3

50  37  .7
C o r r . 2

ar
50  39  -7

I 02 .0

h 240 22: t35127 384  50
d 38  45 .7 10804 l 2 t0804
L 06  10 .0 252 + 49254

146183

3453
rld 7  416

t1329 t a 19198
29456

ac
5 0  o  3 9 : 7

{ ? ro" ,r'., fr>

Fig. 103 calculat ion sheet
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r , 1 , , .  o a  P o . r i ! _ i o r '  o f  a  c c l c s r i a l

name I  Antarcs

()

o

3El-

2 .  h  =  h c

3. l,ihen l,

U  =  s h i p ' s  T i F e  +

+ L (E - lons +G)

ard d sare name +

L . i n  T .  ( E  -  r o n q  + O

,  r i  -  r o n e  + O )

1 r  ,  l one .  +o )

[ . -d ,  contrary +

'  l c O o  s u f l i x  o r  z c  _  E ,  h  <  I a O o

{ . + d

s u f f i x  o f  Z  J W

z. r,
l

Mav 1979

0 6 0  l o '

05 00 005
L .  i n  T . 09 2 6 20
^tFroa-  U.  (Date / 1 9 3 3 40

08  00 4 l
C h ! o .  D . 05
c o r r c c t e d  c l l r o , 1  . 0 8 00
uo l r i ! ' q  o r  A fLe lnoon ( t2)
u .  (  o a t e  5 / 5  ) 20 0 0
E ( r - i  (  |  { d  = 2 h o 2 J .  V ( S ) 22 20 5 6
F . P 03 t7

42 24 5 9
(2+)

18 24 59

h{ in  deglees l@35o' 2 t  6 "  14 .8
l 4 r  35 .0

p360 ' 4 t1  49  -A

h 51  49 .A

25o  2 r l 3
I . E . 01 .5

o b s .  A l t 25  r9 .8
0 9  . 6

25 2
l

d t 2 5  l O . 2

4 4 . 4 \

tl 5 7 4  4 9  l a 63 r19 zt 7 239
d 2 6  2 3 . 1 4778 z2 4778 +
!, 0 6  1 0 . o s 252 I20I7

68r49
+

)4822
765  5

2 8 6 1 1 4 ,

250 14]6
I
1c

N E

@se st :e@

r ig .  1o4 Calculat ion sheet
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2) Running fix calculation

o Gyro ComF)ass Course 1Z8o
Ccanpass error
True Course 13oo

o Time lag between first. and second observation
First observatlon chro. T. = O?h _ 5qrh - 5Zs
Second observation chro. T, = 08 - O0 - q1 _-----6E- -lI- = s'.2

o Dlstance run = Z(F x 5(.1 = 1'.9
60I,,

20 miles J 60 minutes
1.9 miles F 517 minutes

20+
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. l -  P lo t t inq  sheeL' l " r r " - l + r n l rrlll?l=rr1ry'l

1) Positid Plottlng sheet
(Based on Mercator Sallinq)

]' -
i;66;660 L lat r5 ,

Lrlla{/_D€

R.P.----J

t)

i:t

r,op(V) advanceil

$.e

Lat.  -  o6oo9ao N
Lng. = l4I  4O-? E



2. Plottirg sheet for
(Based orr l"iercator

-272-

astroncnical position
Sailiig)

0a-00-4f

r4to35io E
o5:7 E

t4r"4o:7 E

*(P
c.T.o?-5415?

rya

05010:0 N
0 . 9  I

06"09: t  N1"+
AB Lar. O6oo9tt

r,olE t4ro4o:7E

F is .  106
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3. On note book (Based on Mid-latitr.de sailing)

141035,E

By tliangle rule! (rhls

'  o- Ioq.  = = FP'
is not based on uelcato! sa.lling)

'r(.?9j

F ig .  107

a"t.,"i. 
_ "si.-/ *

!:e$eoa ^"r""nl)

"r::";:)i



D-La t .=019S
DeP.  =  518 E

IL is necesaary Lo calculate D - Iong. to obtain longltude by
Mid-latitude sailing as follolrs:

D - Long, = Dep = 5.8 = 518 ' i 518 E
Cos lm cos (60- 0916) 0.9942

D.R.  Long.  141o3510 E
D - tat. 019 S €) D - Long. 5:8 E @

Long. '141o40 j8 E

D.R.  La t .  06010:0  N

Lat .  06  09 :1  N

Ans. tat. 060- 09i1 N, long. 1410- 4018 E

Exanple

A navigator observed Procyon and Rigel stars aL 0500 hours on
10 October 19?9 in D.n.P. 18o- 47:0 s, 1030- 4310 ll, as foflows:

Body Chrononeter Time Sextant Altitude

Procyon l1h 54m 44s 580 19  t0

Rigel 11h5An20s 710 27 tO

PIot lines of poaition, fix the latest position in your note
book and show the cuFent set and current drift.

where; Shiprs speed wasr 22 hroLs, true course 2970, chroncrneter error

@4s, index error@'1.5, height of eye 2l metres,

Procyon E*(u = oh) = 1?h 33m 4?3D D  -  r m t " S F d  =  5016 '6  N

RlgeI E*(U = oh) : 19h 58n 2?s D D  -  1 m C 8 S d =  8013:4  s
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c f l a t i o , '  f o '  1 i , ' e s  o f  p o s i t i o n

L i n e  o L , o , i t j . I l  o f  a  C c t c s r i a t  t r o ( i y

' , a h p  I  r r o c .  ! n

o

L . i h  r .  ( E  -  l o h q  + O ,  ! i  -  ! . o n e .  + O )

Fef  .

2 ,  h  =  h c

3.  v lhen t

U  =  s h i p ' s  T i D e  +

+ r, (E - lons rct

and d  sanE Darne +

,  w  -  l one  +o)

9--d,  contrary + t + d

s u f f i x  o f  Z  + W>  1 8 O o  s u f f i x  o f  z c  *  E ,  h  <  l E O o

z. t .l {J 0 c t r979

05 00 00I0 t r0
L .  i D  T . 0 6 5 4 52
^ I  F r o v .  U .  1 5 o 6 6  l 0 l 1 0 15452

11  54  4a
C h r o .  D
C t ' r r c c t c . J  c h ! o , 1  . l l 4 8
l l o !  lDq or  A I tc r loon (  L2 )
u .  ( u a t e  l 0 / l 0 l l l 54
ro * (P  (d=50  l 6 :6y ) 17 33 47
F . P I  5 1  . 5

29 30 32.5
(24)
05 30  32 .5

h i  i , )  d c s i e o s  l @ 1 5 0 ' 8 2 0  3 8 . 1
t 03  43 ,0

IO 36or

338  55 .1

580  r9 :  O
I .  E . L5

58  17  . 5
8 .7

5 8  0 8 . 8

a t 5 8  0 8 , 8
58  12 .9

t 04.  r

338"  ss :  1 147540 z l 44406
5  1 6 . 6 l 8 t z ? 185

t l t  L ; . , -  t ; ; i  - ; 9 1

;u l  l l2

3155
0vd  |  24 "0 .1 :6 434t1

7 499 t l 21n41
1 6 7 5 0

5uo  l 2 :9
I 6)

s 42o 50:6 } '

Fiq.  lo8 calculat jon Sheer
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Line of  PosiL ion of  a ce- les l ia l  aody

' " ,* |  Risel

o

o

o

. * 4

R e f .

3. when t

u -  Ship's Tin'e +

t L ( t  -  lons +G)

and d sarc n!'ie +

> 1€oo suff ix cf  z

r , . i n  r .  ( E  -  r o n q  + O ,  w  -  r o n e .  * @ ; t

, l j - l o n s + O )

! , - d , c o n t r a r y + t + d

+ E, h < Iaoo suff ix of  z + n

D .  n .  P . r80 47'
N
d r . loo  43 '

E
!r) 2970 22 .O

)r ta
lo

llonLl
10

h

L .  i n  T ,
l\t)prox, U. (Date 1O,/1O )

Ch!o .  T . l l  58  20
C l r r o ,  E .
c o r l e c t e d  c l u o . 1 . 11 58 24
l lor r t inq or  Af te!noon ( 12)
u .  ( D a L e  I 0 / 1 0 ) l l  58 -  24
Er i * (F  t d  =  8 "13 :46 ) ) 19  58  27
P . P I 58 +

3 I 58 49
(24'
07 58 49

h,,  in d€erees lO160'
L n g . I O 3  4 3 - O A

K)360( 15  59 .1

h 15  59 ,1

7 l  27  . 0
I , E . 1 .5

7  |  25 .5
C o l r .  f 8 .5 A

71  17 .0
C o ! r . 2 'I

Corr.  l

7  t  17 .0
7 I  13 ,6

v

h r y  59 :3 . r71352 zr 55997
d I  13 .4 449 Z2 449

L 18  47 .0 237  7 56446
r7 4t7A

I
1813

t,:d 8 4 6 . 8 +
2659.3 z . 49238

I 7 208

ac
7 to 13'. 6 za

@ E

57P fi'.6 @

Fig. I09 calculat ion sheer
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Plot t lng
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f ix calculat lon

r s  =  - - = o h -  - ' ' " '

sheet (note book)

- 4:9 n + Dtslong. = pep - _-l:_ _ 4:e - sa2 w
cos t  cos (18-47 - 

)  0.94674

tRiget

",?.

D-1at.

Dep.

r.oP (P) ailvrnc€at

=L:4s

D.R.lar.  18o-47:o s

D-lat.  I :4 s +

t at- 18o 4a:4 s

Ans. Lat 1Bo-48:4 S, Long.

current set = s ?3?5 n,

D. R.  P.

r80- 4?-S

LOP(P)

D-R.long.

rF long.

Long.

1030-4a:2 W

Current altift =

to3o-43io tf

5 :2  w  +

1o3o 48:2 fl

I l s .  l I 0

lo3o- 43'w

s:r
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Problsn

A navigator observed FooaLhaut and Antares stars at 0512 bours
on 5 May 1979 in D.R.P. 09o50'N., 137o25'E as follorrs:

Body Chronometer Time Sextant Altitude

Fcmafhaut 08ho?m5690 33o10:o

Anlares 08h12m3oF5 2500617

Plot lines of position and fix the latest position,

Where: Gyro cordpass course rras 1480, compass error + 20, shipts speed
20 lglots, chroncmeter effor @ 3s, index error O 2:5 and heighL
of eye 23 netres.

FqlaLhaut E* (U = 0h) = 15tt48m39FoD D - ?ll11R3 d = 29043:9 S

Antares E* (U = 0n) = 22n1d59i0 P.P . :3m19s d = 26023! 1 S

Ans.  F@alhaut  J  zc  =  S 44o -  31 :0  I ,  I  =O4:4
Antares Zc = S 54o - 40:0 l, l , I =0515
Fix Lat. = 09o - 56:5 N,

LonA, = 1370 - 27i2 E

A naviSator observed RiSel and Aldebaran stars at 0530 hours on
14 JuIy 1979 in D.R.P. 12o- 25'.O S., 1630- 0910 E as fol-lows:

Body ChroncneLer Tire I Sextant Altitude

Rlgel 6n54m51F0 3oo44i8

debaran 6h59n25i5 33o19:B



-  2 t q  -

PIot lj.nes ol position and fix the laLest position,

Where; Gyro compass course was 345q, compass eror n11, shipts gpeed
'18 knotg, chroooreter error @ 3s, index error O 1!O and hetght
of eye 20 netres.

Rigel E* (U = 0n) = 1qn0?m3690 d =  8013t5  S

Aldebaran E* (U = Oh) = 14h46n2490 d =  16  810 I r

Ans .  R ige l  +  Zc :  S  87o42 /Er  I=+614
Aldebaran "+  Zc  =  N 60o40,Er  I=+517
Fix tat. = 12o24i0 S

long. : 163015:2 E

A navigator observed Procyon and Aldebaran stars at 1935 hourg
on 25 February 19?9 in D.R.P. 39o54io S., 79o55'.0 E as follows;

Body Chron@eter T re Sextant A-ltitude

Procyon 02h21m45s 39034t0

Aldebaran 02h25m15s 29o55'.0

PIot lines of position and llx Lhe latest position

Wttere; Gyro compasa course was 159or compass erron nil, shlprs speed
2'l lclots, chronqDeler error Q 290, lndex error@2:0 and helght
of eye 20 metres.

Procyon E*(U=oh) :o2h38n49sP, P, = 2m2190 d :  5o1615 t

A-ldebaranE* (U = 0n) . 05h42n20sP.P. : 2m2290 d=16 7 :9N
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Ans. Procyon --t zc = N 32o12t o E, I = O 6:8
Aldebaran -+ zc = N 24%5lo tl, r= O 6:4
Fix t 'at. = 39046:1 N,

Long. = 790521.8 E,

A oavlgator observed Bega and Anlares Btars at 18.50
hours on 10 August in E.R,R. 05004:0 N., 75013:0 E as fouows:

Body Chronmeter Time Sextant Altltude

Vega o1h{6n5gs 410411| 0

Antares o1h5dtr11s 58008 t0

Plot llnes of pogition and fix bhe Iatest position.

where: True course was 2300, shiprs epeed 18 krcts, chronooeter
error O 3s, i.ndex error O 1.5 and hej.ght of eye 18
netf€s.

VeBa E* (U = Oh) = 02h-350- 15s P.P. = 2!L15!5 d = 380-11612 N

Antares E* (U = 0h) = 04 -43- 21 P.P .=2-16 d = 26o-23t2 S

Ans. vega --. zc = N 40o-3'l ' .0 E, I =@7:3
Antares ._. Zc = S 0go_53i0 E, I =@4i2
Fix tat. = 05o-091O N,
Long. = 75o-17''O E



A navigator observed DeneboLa qnd Procyon aL 19,20 hours
on 24 April 19?9 in D.n.P. 3404210 N.' 13402?10 W as follows:

Body Chronometer Time Sextant Altitude

Denebola

Procyon o4h23m39s 5000415

Plot lines of position and fix the labesb position

Irlhere; True course waa 3050, ship's speed 20 looLs, chronometer
error. Q 3s, index error @ 1.5 an! height of eye 20
neLres.

Denebola E* (U = oh) = 02h21!r39sP.P. = @43sd  =  1404112  N

P!"oqyon E* (U = 0n) : 6"3t27- P.P. = dD43sd = 05016'.5 I

Ans. Denebola zc = S 55.02 E, I =Q5:2
Procyon zc = S 4906 W, I =@312

Fix tat. = 34o - 4319 N
Long. = 1340 - 3ll i1 E



A navi8atlon obseryed
houra on 10 october 1979 in
follons:

Procyon and Rlgel
D.R,P.  18047t0  S,

stars of 0530
'10304310 W a.s

Body Chroncoeter Tlne Sextanl Altllude

Procyon 11h54rr14s 5f r9 to

RiSeI 11h58F2os 7f zt'.0

Plot lines of posltlon and fix the labeet poslblql

llhere: True courae was A7o, shiprs speed 22 ktots, Chroncmeter
error O ll?0, index error O ll5 and height of eye 21
nelres.

Procyon E* (U = Oh) : 1?h33n47sP.P. = 1n5795 d = 0501616 N

Rigel Ea (u = 0h) = 19h'58!27sP.P. = tr!598 d =  08013:4  S

Ans, Prpcyon t Zc
Rlge1 : Ze

Long.

N 42%015 E, r
N 57o54t6 W, r

18048:5 S
103048' 0 H

= o4to
=O311

Exanpl.e 17

Or 10 Septerber 1963, a navigator observed the altltude
ol the sunrs 1o!Er linb as 2300210 aL shlprs t1n€ 0730 hours,
ctronqueter ti-Ee 1oh31n24s ln D.n.P. 19o56,X, 128o2q' E and he
sailed 30 rEubical ml1es to S l8otl fr@ thls D.R.P., and observed
lhe aLtltude of the sunra loi.rer Iimb agaln ab 69058 at ehlp's
bine 1100, chreoqreter tLne 02n0ryb2s.



Plot the positi.on at ehlp's tifie 1100 on tli€ PLOITINC
SHEET foT ASTRONOM ICAL POSITION.

llher€ | Chncnqaeter erior r€s + 23E1Os, 1ocal varlallon 4otJ; .
deviation 4oW, index €!"ror + 1.0, height of eye 16
metres.

l) Eg= 12ho2rB9s (at U = 22h54q43, Sept. 9tn)
d for U : 22h = O5o2OlO N
P.P. of d for 54ts4s : 0.9O

2) EO = 1ao2o41s (at U = O2har012s, sept, tfth)
d for U = O2h = 05015:2 N
P.P.  o f  d  fo r  ? /m12s =  014@

SolutLon

I To obtain true cou'se
C@p. b. S 180otJ
Devlabion tlot{O
Mag. 0o S 14oH
Variation 4oWO
thue 0c. S 10oll

2 To calculate at, ac and Zc of lst observation (see
Fis.  1r1)  r ' :
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Line of PosiLion of a Celestial Boalv

Body's o.'nanE I Sun

o

l p p r o x .  U  -  s h l p ' s  T i n e  +  L . l n  T .  ( E  -  l o n g  + O , l {  -  r o n g .  + G ) )

h  =  h c  +  r ,  ( e  -  l o n q  + @ ,  w  -  I o n g  + O )

l|hen I and d lanE na$e + l-at, contraiy + I + al

nhen h > 18oo suff ix of  zc + E, h < laoo luf f lz of  zc + i l

o

o

a€f.

I .

4 .

Day
z. ' fl 0 S e p t . 1963

128 24

ship's Tlne
)a te ltontl

07 30 00I0  I  9
L .  t n  T . 08 36
^pprox. u.  (Date 9/9 ) 22 56 24

Chro.  T. l 0  31  24
C h ! o ,  E . l 0
cor lected cI !o.1. l 0  54  34
llolninq o! Afternoon (  t2)
u .  (Da te  9 /9 22 54 34
Er r * (P  (d=  o g) t2  02  39
P . P

34 57 l3
.(24't

l 0 57 l3

i" r,ifi;.." l@t6o''1640  r8 :3
l .  ng. 128  24 .O a

p360,

292  42 .3

02.o
I .  E . 0 l  , 0

Obs.  t \ Ih 23 03 .0
C o r r .  I . 6 .5 D

23 09 .5
C o r ! . 2 o.2 t)

23 09.7
C o ! ! .  l

ar 2 1  0 9 - 7
2 1  0 8 . 2

I 0 I  . 5

h 292- 42'.3 51286 zr 3504

05 187 I87
t 19  55 . ( 2683 369r

54 t56

287 36
r td  I  r4o 36:e l 6 l 8

30354 364r
50

23 08 .2 Ac
N o @

@81 rs  N

F19, l l I



-225-

3 To obtaln zrd D.R.P. for seqord obsen'atlon

2rd D,R.P. j.s the point r*rich is 30 rautical ml1es
auay ard dj.rectioo ls S 10oW frql the o(trsnily of lntersetp of
the first observatLon (see F1g. 112).

By pfottlr8 course llne S 10oW ard distance 30
nautiqal mj.les ffon tlrc extrqity of interqept of the flrst
obselvatidr, 2rd D.R.P. is l9o26i4 N, 128o20j1 E on the ptottlng
streel ( see Fig. 112).

4 To calculate at ac and ZE of N observation (see
t ' lg .  114) .

5 PLottirlg IOP and fix (see Fig. 1'12).
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IOP

r  -C) r :5

I - - 4 : 5

19o-26:4  N
-  2O:T E

Fig. 112 Uow to f ix
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I-atitude & Di6tance scale
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Llne of  ros i t lon of  a Celest ia l  Body

."l""1 sun @

o

o

o

.*4

aet.

I.  ' \pprox, U - shlp's r inE + l, . in T- (E - long *O , w - rong. *O )

2 .  h  =  hc  +  L  (E  -  l ong  *O ,  r l  -  l ons  .O)

3. ohen ,, and d 3are narc + f,-d, contr.ly + l, + d

i ,  t i h e n  h  >  l S o o  l u f f i x  o t  z  + 8 ,  h  <  1 8 o o  s u f f i x  o f z  +  r ' t
c c

Mohbh +
l0 S e D t .  |  1 9 5 3

128  20 .1

shlp's 
" tme 11. 00 00r0 t9

L .  l n  T . 08 33 20.4 A
^fFrox. u.  (Date l0l  9 ) o2 26 39.6

c h r o .  T . 02 04 02
C h ! o .  E . 0  23  l 0 s)
C o r t e c t e d  c l r t o . l . o2 27 T2
tlorrlDq or Attelnoon
U. lDate 10,/  9 ) o2 21 t2
EO* lP  (d  =50 "15 :8V t2  02  4 l
P . P

t4 29 53

29

hr in deelees l@160' 2170 28.3
l,,ong. t28  20 .1 a

p360' 34s 48.4

n

69  58 .0
I .  E . I . 0

obs. r \ l t 69  59 .0
Corr.  I 8,3

70  01 .3
CoxE. 2 o.2 a

70  07 .5
c o r r . 3

ilr 70  07 .5
70  12 .0

I 04.5

3 4 5 0  4 8 : 4 18163  6 a\ 61049
d 05 15.8  lg ' 184 184 I

L I 9 26.4 lE 2549 + 61233
184369

t433

t523 +
2956 z ! 47014

t42t9

10 t2.o zc
fr o Cq)
@ r,e ot  .zv

Fig. 114 calculation sheet
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6 According to pLotting shee!,

D - ta t .  =  22 :8  S  D -  tong.  =  315 l I
Lat. 19056 j0 N tprg. 1284q j0 E
D - Lat. 22i8 S D - t,ong. 03'.5 ll €)

19033i 2 N 128020i5 E

Ans. 1903312 N, 128020!5 E

- REVILI{ -

Anplitude

Exanple :

, Or 5 fugust 1956, a navlgator observed the sun's bearing
bi arplitude with nagneiLc c@rpass in D.R.P. ?o2O'N, 129048'E.

Ittat i€s the deviation of thie coiEfass? (Varlation r.as
5o2 l{ here)

Solution 'l

1 To obtain h
J

a(5/8t956)U=0h
d - 1742:8 N (by nauti.cal alrnanac (5/8)+ h = O6h45m
1 = 3202010 N

by the table of "nl.sh8
ard setling tbur anglen
( true Alt. = 0o)



2 Ib obtaln 0.4.T.

L. in T.
c.A.r.  (4/8)

d = 17o05i1 N

C@pasa €rror
lbrlation
Der'latlon

Ans. Devlatlorr l{as 136 H

-230-

1zhooQos
06 45 00 O
515@

08 39 12 0
zoh3sqes

J Rlslng
(by nautlcal alnanac 4/8 -r azlouth

(trE Lat '
= 0o)
:E2ots l l

1 = ?02010 ll

lt'rF aputrde = E 2003 N
l |59ofE{ (90q209

= 690t)
ccnFse bgenlng = N 8805 EO

1898 ll
512Y-

1396 r
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Extracted from
JAPAN.

F i g .  t l 5

thE NATITICA], A],MANAC, MARITI]'IE SATETY AGENCY,

" t-;

U Ei'

-r5
I

-----,-i:

-0 !l -+!,.1 r . .  i?
I  r '  i i

- *

| ,.r

' , . ^ '

4

nlo r r . !

(n.P.6l : , ,  s.n r i . i )

!:!:-:i
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4 Auqust  1956 moon 
,adR

( M@h r,. ri i
IJ EP

j i -

ffi-i ,,".,t,r

,  t .r*.

--j !:l
-_tr i-t in-o-ri3

----i-;---:--;----- -;
I  5  t !  Nr8  2e  - . .?  0 .M
d 73 i5  s  7  ro  - r . r  0 . r  r0
2 l  ro  !o  r r0  17  - r ,3  0 .o  rs
h  15  r  s r l  z r  +o , r  o .0  6
u  e  53  xd  52  -0 .5  o , l  3

r ig .  l r6

Extracted fron the NAUTTCAL ALMANAC, MRTTTME SAFETY AGENCY,
JA?AN
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2t1 23) 24' 27' 26' 2le 2go 20" 30)

0
2

3

2 l
1i
i i
25

2i

29

35

31
33
39

52

59

60

Azituth should be neasuled fron !as! o! {est.
Aztnutn is the 6ae as the nde of dectination.

F i g .  l l 7

ExtTacted fTom Ihe NAUTICAL ALMANAC, MARITIME SAFETY AGENCY, JA?AN.

RISINC AND SEITING AZIUUTH {Tru .  A l t ,=0- )



RISING ANO SET,TI G fiOUR ANGI,E (TruE ATT.=OO)

28p 29. n'

{h.n nanE o! dectinatloD ts the sde a5 tbat of latttude,
ug€Lt le  r .bu la ted  va tue .  r !  chr r ! !y ,  Be  f te  v l Iue( l2n-  tabutared  va lue)

F i g .  I  l 8

E)(tIACtEd frorN thE NAUTICAL ALMANACE, MARITIME SAIET{ ACENCY, JAPAN,

.0 Is,t toll

0
2

! 0

r3
n
2l
22
2{
t
2t
b
2t
30

l:n I
L3!  |

!5
3 l
3!

a2
a3

,t8

5 l
52
' l

53
59

63
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Solutlon 2

To obtain h
d6nh9$)u.81

d = 17o-20.'8 [ (by nautical ahanac 5/8)-+h = 0&45n
I : ?o-20i0 N

2 tro obtaln C.A.l, to seek coffect d.

by the table of
nRisirE ard Settlng
Ibur Angle ( true
AIt. : 0o

sln d
By fornuLa sln Atrputude = cos 4
sin (17o05f). 0.29376 = O,3qt4
cos (?qD') 0,84495

I0plltude = E 20q20'N (ry natural

+ + b&n-

I I oetrlc fi.trrc
I I tions table)
r l

Because of the sane nane
rlslng sln as dEcllnatlon

( d )

h
i . l .r.  (sza)
L. rn t.
0.A.r .  (4/8)

j dr00rD0s
06 45 00
05 15 00
08 39 12
20 35 lt8

J
1?o05l1 N I
32020:0 N I

nef.

SolrtLon by electronlc calculdtor CASIO.ft-950 cr" fx-l8op

Sln ArPlittde = s1n (17005')
cos (32020')
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llhat r{as the deviation of tbis compass?

SoluLion

Exanple 18

0n 14 February 1956, a navigator observed the aun's
bearing by anplitude 'rith magnetic compass when the sun was
setting in D.R.P. 22006' N, 109o1?rW. The magnetic cqlpaas
bearinS of the sun was N 8795 w, and local variatlon r{.as 119 E.

1 To obtain h

1 \ /2 /56  |  =Oh- rd :

d  =  13026:0  S h=
'1 = 2200610 N

1302610 s (By nauticar alltElnac 1\/2/
1956 Fig. 119)

(12h- 6h22m) = 5h38F
+

Be carefull
the table of

Rlslng and seLtl
Eour Angle i.ue
AIt. = 0o

2 1o obtaln G.A,T.

h
L ,A.T .  (1 \ /2 )
L lnT

bo seek correct al

12!t004008
05 38 00 el
17 38 oO
07 1708 @
24 55 08

00 55 08

13005.7  S
0.8 0

13Q4.9  S

24
G.A. r .  (15 /2)

d=(U=0h)
P.P. (55n08s)
d=(U=00n55t 'b8s )

--J By nautlcal alnanac
15/2/1%6 (Fis. 120)
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9an

1300419 S
2200610 t{
anpligude = sin d

Cos .c .

sin ( 13004l9)
cos (22o0F10) '. .

By electronic calculator CASIO fx-950 or fx-180P

E

13o 4 '5qn

2P 6t 0n

.92652863

.24428780

14 .  1  3  9  7  \  9  1  6

r - - l

fi

EEAEEEEE*3,08166667

E
E
E
E
E
t-_t
LJ

E
p, ' i - - -  -  -  - - - - - - - - - - - -  -  - -  -  - - )

.22633964

|  2 |  I  2 |  lo," l  lo I  l5 |  P' , ' l  r
L_J LI L_I L_I LI LI

22.1



Amplitude

Amplilude
Compass bearing
C@lpass error
Variation
Deviabion

Ans. Deviatlon

_238_

w 1q91 S
J

s 7599 }.l (=
N 8?95 },lo

1696 !t
1190 E Gl
2't96 w

9oo-1u91) Be careful l

was 2796 !.l
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O su.

, , ,  r ' . i ' ,  c r , , ; , : , l ! !  I  i e
6  r o  i r  ' o r  ̂  r  r . . € l  t 6  : )  J

r  r .  1 l  : r r l  r c  r :  7

. .x

D saturn .r.. tii
, , " - . 1  . , 1 h . , ,

.  2 1 1  3 5 . 0 1  ? . 3  (

.  3 0 f l  3 ! . r l  ! .  !  0
3  3 1  6 t  s . , t  r o .  o

t o  a l

3 5  2 t t  o r o c o
r .  32  3 t  55 ,? t  ro r  0
16 2t | !5.?t ,o 13 o
t! .ol rs.2l ro t. c
?0  32$t  r ! . r t  .0  16  o
.?  !3  r3 l  . ! t l r  so  r r  .
4  i 1 . 3  r ' r  3 r . r e . r F  0 ' e ! . J

- -.11__'_ "'!:lt_!.p
c  0  F  r {  0 .a  -3 .5  0 . r  t
d  r t  re  s?2 5e  +r . {  a t  3
4  ' 5 r  r r 3 @  2 . !  o o  2 !
l ,  r 5  t  s r 6 $  + o r  o r  r
! r o . s D r + o 5 0 2  1

F i g ,  l l 9

ExtTacted fTom the NAUTICA]- ALMAMC, MARITIME SAFETY AGENCY, JAPAN.

(  Moon r , .  r l ' !



-240-

h h i r l  . , 1 h . ,
0  e 3 1 3 t x r s 3 . r t  |  ? 0 r

J i t r l  . . , . r i  , 4  4
I  rT fJ l  $  r -11  !  5  i

T ! t  r 5 t  a  ? o . i
2  35  s t  r? .s t  5  i  r ,o

3r  l l t  23 .s t  a  [  2
r  B r e t  , s . s t  r F  .

rz  r r t  $ .5 t  .  rs  r
.  3 1  5 3 1  { ' . 5 1  r , 6  t . a

31 4 t  { r51  r0  rn  t ,o
5  ! n  3 l  s . 5 l t i  b  ,

2 e | ] l  s s . . 5 | r t 2 2  r

(H.P.s6.4. s.D.rs rr)  I  ia ; ;  : ;
a-9 ,r  id in-6 s.5i  rs r t  ,

21 27 t  l l .5 t  t r  31  4
|  26271 '? . r t  t !  3 .  6

2s a?l 23.11 13 35 3,t
3  2131t  'e .4 I ro  r  1 .0

2 1 4 1 1  3 5 , 3 1 2 1  3 4  2
.  22  4r t  . r l22  ro  4

21 501 4r .? l2 t  12  4
f0  20  r l l  . r_212.14  r . !

ri sel 6 51.' | ,3 16 5.o
| |  r e  3 l  ?  r . o l 2 c { 0  2

i o  ? l  ' o . e l 2 t , l e  i

(H .P,S5.5 ,  S ,D. rs  2 r r  | , - ; : ; : ;
1 2  e  r ?  ' 2 t r {  ?  1 6 . r l  h  .  ,

f6  f6 l  22-31  |  242
r !  f$  201 2R-11 ,  1  1

t r  211 3r .c l  r  6  6
ra ix 231 .a.r | . t..q

t2321 10 . t r1  5  t t .0
15 

"  
361 s? . r l  6  ' r  2

1 0 . o l  ? s o . r l ? r !  .
r a  3 { l  e . . e l  r 1 5  5

3111 5-41  e  t1  1
r  ?  s l l  15 .61  r0  '3  r -e

(H.P.56.5, sD.ls rr I i; i; ;
r.r_5 sf-iT€ ,-rr I l: f i ?
r ,  ; ; l  6 : i l ' ' 3 ?  r

3  s t  . r _ 1 t  r .  s  !
_ '  i  i ; t  . : : ; t t r  v . .
, ,  

" ; i ; l  
; - ; i l , | r 3 a . '-  ;  r i ; l  '  ; ; l , ,  r r  r

22 . .2st rr .6t?r rr  {
51Nt tt.4 | 2. rr 6

"  + i ;  |  ; ; ;1 ,5 a,  r .o
1 1  6  5 !  J ? l r  r  ! 6 . s l t  s  ?

|  |  .  l 2 t 5 r  6
(H,P,56.r, S.D.lr 2r) l30 56 r.0-";-

+-:1--j1 -I1 r'.!' r.D,.
le i i i r, i.6 -rs oir i
ldr  

"2 l  
l r r  ,  + ' . r  4r  .

tq  .s? xrr13 - r . r  or  r l
tr 16 2 616 35 +o-r on t
! 2 0 ? r | 1 6 6 + 0 . o - 2 .

1 - ?
: !

;

r ;3

' ,3

' 1 0

ht
l n
| l3
I t  o

li;
r'

i l3

l '"

i '  i3

I

131 l

'  l t '

| i . '  |  '
t t . r t  I

,  t r

G zll  rz3

:tl
3 . 1

",: l
ltl

1 6  ! : 1 . 5 n

$ t

. ,331

, ""*"

$f  s r t

,,ul

,t

I

F i g .  1 2 0

EXtTACtEd fTON thE NAUTICAL AI,}IANAC, MARITIIIE SAFETY AGEIICY, JAPAN.

( ttoo. rr, ,iS

I v€nu3 r,. ri ii



RtstNG AND SEftlNC HOUP ANC.E tTrue Art.=oo)

l. 2q t.

0
2

6
3

I O
t 2

20

tt
21

2a

19
20

l0

32

3{

3l
3t
:R

42

a5

t l

51

5r

60
6 l

N n 2 1 2 9
. E - E  

E  ? A

- 241 -

when naG ot declln.tlon 1s the s.E as thar of lariru&,
seltie tabulat d v.lue. If contraryt use th6 value +

112:tabutateil val@)
F is .  l 2 l

Extrscted fron the NAUTICAL ALMANAC, MARITIMI SAFETY AGENCI, JAPAN.



ExepIe

On 28 Dec€ober 1973, a Davlgator observed the bearing of
the sun by anplllude as S 56o15rE with nagnetlc cqrpass when bhe
sun wa,s rising in D.R.P. 42qi6'N, 140o12'E and local variation
nas 4020rl{.

llhat !,|as lhe devlation?

Not In thls case shlprs ti-oe ms not givelr. So you nust
calculabe local Mean Ti[e of S]lnrLse fLrst by the table
attached in the nautical alnanac.

Solution

1 To obtain L.M.T. of Sunrise

By the table L.M.T'. of Sunrlse, SwBeb and Drrallon of
Twlughl for Northem Latltudeo,

L.M.T. Sunrlse 28112 o?h3OnOOs
L. tn r. 09 20 48 O
G,M,T,  27/12 22 09 12

J
d fo" 22 23018!3 S
P,P. for 09o12s 0.0
d for 22bO9n pa 23o18t3 S

d : 2301813 s

, t = 42%6io N (By D.R.P. )' eln Anputude = sln d = Bln (23o18i3)
oos f, 

"* 
(4F6to)



-243-

2. Ca]culal ion by eleclronic calculator CASLo fx-950 or fx-180P

r
r

E

E
-_r
L.t

E
E

0 39562565

42o 56 '  0n

: E 32043'

.7321\67\7

540363871

32.708 \1255

32o \2' 30r

llue brg by &rp, S 57017' E
comp, brg
Cgnp, error
Variation
Deviation

900 0

s 56015'  Eo
1002r lrl
4a0' l.Io
3018 '!  g

Ans. Deviation : 3oi8' E

EENNEIETES-

EEETEEtrgtr..-'

True brg Imp. = E ?o43r s

23o 18i 18tr
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SUNF]sE STJNSET T.ND DUFATION OF TI{ILIGHT FOTT NORTHERN L.ATITUDES I,.M.T-

, i? :

4 r''r-T44\ T{ 
".NT, 

s'"T;;jN l5t N | 5.'' | 5c'r :o'r lecrr I  srr I  e: 'r  |  rc'r

' : :

iji

Fie. 122

Extracted from the NAUTICAL AIMANAC, MARITIME SAI'ETY AGENCY' JAPAN.
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27 Decsber  l97 t  *  
.0 .

N.lutlca1 AIEn,c A9. ' -

F ig .  t 23

Extrscted ftob the NAUUCAL ALI'IANAC, MARITIIG SAFETY AGENCY ' JAIAN.

lg, Sur P. P. C o"" r, i.; P. P.
U E 6 I ' . )PP UE" Id E-d UE. d d

ri

rl !rll lt,l.

I

-a=i6-
E* l  d#E

l l

,4,

ll:tiri",

t a

t ,

l l

t ,

l l  ' l  r . r

l t  ! r  l , l
l! !r Lr
l l  r?  t , l

l l  ,  r . r
l l  (  r , l
l l  .a  r . l
It l| r,t

4  Jupl t€!

| l

I t
1 0

r l

I t
2 l

il B ii is l #;ii: riliii:l

i ^ .  d  r i r  d t p 3 t .

.  r  r  r i r i  ' r r r t  , , ,  u , ,  n
d / '  r  M  r l l r l  0 , r  0 . r  II r  t ,  !  r l  o t  !D n l .a  0,0 la
n |  |  ro i  i t r r t  .0 , !  0 .d Iu +  r t r G l r r l l  { . r  o i t  I
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llhen we are obaerving cqrpaea bearing of the sunre
anplltude ab sea, we have to check ihe bi-oe sfou]taneously. By
this checked tir€, we cari calculate bhe declinatiob Jd) ol the
sun at unlversal tine cane using bhe local tine.

Latitude (l) 1s given by our D.R,P. afler obbaioning the
value of ,, and d, we can c:rlculate the rfting or setting aztuluth
by the formula:

slo anplitude = sin d

""" 
t.

to check our compaaa error

Solutlon of Dr\obL@ oo page

Shiprs Ti.oe 6/7/56
L,  in  T ,
u. 5/7 /56

Chno. ti[e
Chrp. E
Corrected chro. tille

u, 5/7/56

P.P. (E*)
G.sin, T,

O sln. T.
L ,  in  T .
L. ein T,

L .  s in  T ,

06h50tr00s
09 00 00 o
21 50 00

tOhZtn56s
2900o

09 52 50
12@
2t 52 50
18 51 5t (By naotLe,I alrenac 5/7 /56)
_3-3! @ (see page p.p. for Er)
40 lt8 17
240
16 48 17
9 0000 o

25 tt8 17
24
01 48 17

o
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d = 460!l, R.A, : 5h17n,

By the table "Pogition of uavlgation starsrr on page

thie gtarrg proper nane must be Cap€lla.

Ans. CapeUa

Solullon of prpbl€o oo paSe

L.A.T. (q/8) l2hoonoos
L ,  tnT .  002900  @
c.A.T .  (4 /8 )  12  29  OO
B.T.  O 0o  05  59  O (Nobe,^E.T .  =E -  12h)
U. (4/8) 12 34 59 + d = 1?" l0i6 N

*

12h d :1?oto .9N
P.P. of d (3rp159s) = 0.3 o
d for 12h#r598 = 1?01016 N

K D

z 57oE 264 3187

500 3076 + 2884

L + 34Q,1 3340

K +E 43 2626

R+K 2933 + 288 O

5860 6101 . rhzttrtr

L.  s inr .  149 O

d = 46oN R.A. 5h17n
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Sex Aft.

obs. AIt.
Corr. 1

Corr . 2

Corr. 3
True AIt.

66405 !5
o2:4 G)

6600? j 9
o , )  a ^

66017 !1
011 O

66017 i2
or2 o

6601?:l{
90000i0
230\2:6 S
17010:6  N O
603210 s

z\\
d

t"

Ans. Latitude 603210 S
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THE CONCEPT OF T116

Tine la the nost important fbqtor ln navigation. Iny
navigation such aa celestia.l, coastal, radio or by dead reckonlrjg
is based on the neasurqlent and use of time.

For tine neaslr@ent, the diunal motlon of celestl.al
bodies s(rch as the atrn, the n@o, the stars and the celestlaL
polnt of reference should be obsery€d. tlE!€ are tbree ndor
time meaaurgnents.

They ar€:

1 . Solar tlne
Sidereal tlme
L,unar tine

the uritg of ti-de are: year, nonth, week, day, hour,
mlnute ard secord,

(1) Solar t ime

1) Apparcnt Solar Ti-Ee Gpparent Ttoe, A.T.)

The tine lfieo ttp sl"rl transits the loFer branch of a
certaLn location 18 caued apparent Midni€ht, and rt|en it
transj.ts the upper branch it is cal.Ied Apparent llcon (A.N,).

the sun as m€ntioned
called Apparent Sun (A,S.).
Midniaht to the next Apparat
Day.

above is the actual sun and la
TtE intewal froE one Appar€nt

Uidntght is called Apparent Solar

A.T . : 12h+h - (2 t l )



Apparent Time at Oreenwich
Time (G.A.T.) and Apparent Tinle at
Locaf Apparent TirDe (L.A.T. ),

M.  T .
(H.A.M.S.

cafled Creenwich Apparent
given location is called

1S

a

In lems of navigation, Local Apparent Time is scmetimes
called Shiprs Apparent Tire (S.A.T.).

2) Mean Solar Time or Mean TinE (M.T.)

Apparent Solar Ti.me (Apparent Tille, or A,T.) is not
regu.lar because the apparent rotation of the gun around the earth
is not at a constant velocity since the apparenL path of the sun
is along the ecliptlc, The included angle bet!,reen bhe plane of
the celestiaf equator and the ecllptic is about 23o27r.

To golve thls irregularity and other dlfficulties, Mean
Solar Time is based on an irdaginary sun that has an hour clrcle
moving afong the celestial equator at a conslant rate. Mean
Solar Tire is nearly equal to the average Apparent Solar Ti'Ine.

Chronometers on board a ship indicate Mean Solar Time
and are used for the coordinates of celestial bodies in naubical
alnanacs,

The tire when Mean Sun transits the fower branch of the
meridian at a certain location is calfed Mean Mldnight, and the
lirne when Mean Sun transits the upper branch of the meridian at a
certain locabion is called Mean Noon. The lnterval or Length of
time from the Mean Mldnighb to the next Meao Uidnight is called
Mean Solar Day and,

12h  +  E .A .M.S .  -  (24h )

Hour Angte of Mean Sun)
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Mean Tine (M.T.) is also sometimes called Civll lime and
the day introduc€d by l.lean Tine is called Civil Day. Greenwicb
lban Tire (G.M.T.) or ttni.versaf Time (U.T.)-Ls lban Time at
Greeriwich in tfle United Kingddn. Lcal Uean Tlne (L.M,T.) ts
Mean Time at a given location and is someti$es called shiprs Mean
T ine  (S .M .T . ) .

3) Equation of Tirc (E.T.)

The difference betrcen Apparent Time and l.{ean Tirne 1s
caLled equation of Tine, as folloBs:

E .T .  =  A .T .  -  M.T .

Ihls has the sane valrE as the difference bethEen the
Right Ascension of lban Sun (R.A.M.S.) and the Right trscension of
Apparent Sun (R. A. A. S. );

(2) siderea-I Tine (Sid. T.)

The hour an8le of the Vernal Equinox is cafled Siderea.l
Tine. l{lren ttF Vernal. Equino)< translts the upper branch of arr
observerrs merid ian it is zero hour of Sldereal Tr-me at the
observerrs locatlod, ard the tine r*leri ttE Veiyla.l Bquhox's hol!'
angle is one hour 1! is cal-Ied one hour of Slde.eal t!me,
Si.dereal TirDe stDns the posltion of the atars ard thelr dail.y
movsnqlt r€str€rd, llhich is almogt one degree every night.

Si.dereaL tine is not exactly constant lo rate becaus€ of
the earthrs rotation. Time based on the average rate ls caLLec
l4ean Sldereal Tine. Greenwich Sidereal Tlre (G.S.T.) uses the
mq"idian of Greenwich as its terrestial reference and loca.l
Sldereal- Tjne (L,S.T.) or Shiprs Sidereal Tijrle uses the
observer! s merldian as its reference. Some tinepl.eces are
adj usted t! keep Siderea-l Tijne. If tbey are seb to c.S,T., tbey
permib the navigator lo read the c.H.A., which is C.S.T.
s(pressed in units of arc, dl.rectly frol tbe tinepiece at lhe
inslant of naking a star observation, obviating fron the a-lmanac,



Sidereaf Time : Hour angLe of Vernal Equinox = Right Ascension of
meridian
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S id .T .=h :R .A .mer i

(3) Luna. Tirne

'l) The hour angfe of the moon is cal.led Lunaf Time. When
the ooon Lransits the upper brancb of the neridian of a place
(hour angle - zero), Lunar Tijlle is zero. llhen lhe hour angle of
the moon becooes one hour, Lunar Time. ls one hour. The interval.
belween the moonrs bransit of bhe upper branch of Nhe nerldlan
and the next transit of the upper branch is caUed Lunar Day.
The avera8e value of a Lunar Day is approxi-oately 24 hours 50
minutea and 28 secoods because the noonrs diurnal motion is
irregular.

2) Age of bhe noon

The moonrs a8e is calculated on tbe basis of the mean
soLar day starti.ng fr@ the new moon (zero day to 29th day of the
age), The new moon rises and sets with the sun and the fuLl moon
rises at aLmost the sane tire as the sun seta, and it aets when
tbe sun ri-ses. The phases of the moon are expressed as follows:

1, New moon + 2. Crescent + 3. First quarler + 4. Glbbous
5. Full moon + 6. Gibbous + 7. tast quarter + 8. Crescent
(new moon). So if the age of Lhe moon is given, i! is possible
to illagine its phase, but ita 15th age does not alrays lndicabe a
full noon. (see Fig. 124 & 125).

Ref. Luna. Time and phase ar€ very important in regard to tide
and fisherles.



Age 11-13
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EIA. 124

o-o-o-o-o-o o*o**r
Fig. 125 The of

ldt crescent

eight phases



(4) Corversion of Local l4ean Tilne !o Greenwich l.ban Tine
(Universal Tine)

Solar Time, Sidereal T]nre and lrnar Tijlle are measured by
hou" angles of reference to celestia.l bodies or a reference point
from an rpper branch of the meridian to !€st, zero hour to 24
hours or zero degree to 360 degrees. So 24 hours ln tlme neaau"e
are equlvalent to 360 degrees ln circular measure (see
ASInONCMICAL MVIGATIoN TABLE page 1) as foLlorc:

24 hours .
t hcurs
1 ninute
'l secood

360 degrees
'15 degrees
15 ninutes

0.25 mlnute

At a .given mc[lent the time in different places 1s not
the sane because the hour angle of a reference bcdy or a point
and the rpper branch of the meridlans at these places or .the
respective longitldes are different in each place. Therefone,
Tjme Difference betheen Q'eenwich and a shlprs posltlon is equal
to tongitude (D-lon8,) as fo11oi6:

creenwich l4,eanti&e = Shiprs Tire t D-Long. in Time
(East longitude+O, l test longitude-+ @ )

In longitude measurqlent, Greenidch ls the reference
place, that 19, Nhe Longitude of Gre€nwlch is zero, s Greqlwich
lban Time = Ship's Time t Longitude in Tire.

G.M.T. . Shlprs TLne r L. in Tine
(tjast longitudeJ O, west lonSj.tude -t O)
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For conversion
Greenwich ApparenN Time
aa follo\a:

of Shlprs
(o .A. r .  ) ,  ihe

Apparent Tlme (s.A.T.) to
sane formula can be applied

(5) Tine Zooe

At sea, centraL longitudes are selected for ehiprs tlme.
Ihese lorgj.trdes are exactly nultiplied by 15 degrees each, then
there are 24 standard longitudes, each of one hou' and the
boundaries of longitlde of each zone are 7 and 1/2 degrees on
eadh side as shoi& 1n Fj.glre 126. lihen a ship ls ln a TIme zone,
it is convenient ard recomendable to use the tirne in that zone
on board. Brt in case of cootact or oonmwication anong stllps '
it is advisable to use Creeolaich tban Ti.ne as a ccomon tlme and,
1n the cage of collllrnication wlth offices of ship or'ners or
agencies, the gtandard time of the place where they are located
is gene.ally used .

Ques!ions

llhat zone ttue should be kept on ehip in the following
lonSitudes:

1 )
2 \

4)
5)
6)

55
90

120
1E
173
170

degrees i{esb?
degrees eagt?
degrees eaat?
degrees rEet?
degrees east?
dq3rees rEst?
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Answers

1 )  +3 ,
t )  - a t

? t  - H

4 )  + j 2 ,

) )  - . ,

6 )  +11  ( see  F ig .  T2b )

The positive sign + or negative si8n - of Zone means

bhat Ship's Mean Tine plus or minus Zone eqLrafs Greenwich Mean

TiIe.



o'3,

tos ob

rs'l

F i e .  1 2 6 corresponding to longitudes
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Qu€stiorlg

Flnd the equlvaLent of apPtlxiDate Grcen'{ich l{een Ti-E
ar|d Dates to the followlng Zone Tlmear

1) Zqle Tire 10:00, 4 fay' zooe r5
2) zorp TiD 14:00, 12 lby' zorc +11
3) Zooe ?lm 15:m' 30 tlry' zooe -8
q) Zone Tll[6 04:00, 10.twF, zone - 10

llrs{ers

1) Zone Ttn€ 4/5,
Zcrre
G.M.T, 4/5

7.ore Tlre 12/5,
Zone

c.r,r.T. 1y5,

10:00
+6

U5 16:00

14:00
+11-
25: O0

-4_
1Y5 01:00

15:00
-8

N/5 O7:m

10:m
+6
16:00

14:00
+ t  I

,5 tOO
-24

3) zone TLng
Zone
c.H.T .

4) zqle Tfm
Zone

c.M,T.9/6,  18:00

01:00

30/5, 15:00
.8

30/5, 07:00

10/6, 04:00
_19_
-6:00

€Iigq
i8 :m



6) Chncnqneter Tline and chronqleter err\or 
.

For catculations ln celesiial naviSation, it ls
essential to kxpw Lhe correct &eenwlch Mean Tlne because Ln th€
nautl.cal alnanac, bhe eldnentari posltlon of celestial bodies are
described by G.l.t,T, A shlpr s chroncnetei nust lhgreiore be set
by G.M.T. chr"onooeter errDr is the differeoce betF€n the shlpr s
chncn@eter tine ard G.M.T. aa show! below

G.M.T. - Chrorcoeter Ti-ue = Chroncoeter q"For

Ques!lon
- -. - :::-----:-

a.M.T.6 /8 /85
Ansrer 6/8n5

Sbipr s Srne 6/8/85,
Long, in Ttme (E-, ll+)
Approx ,0 .M.T.
ctrnoncoeter Tine
Chrpooneter errcr

'l8h 20m 00s
-3---31---!4 *
21 57 44
09h 54m 18s

02 14

21 56
21r\ 56n

. Chl5n@eter epror 1s neaaured by meane of the radio tine
stgnal. It. srroufd be recoided as Ft - (fbst) or Sr + (slow)
accordlngly. Navigatioo should check the chnon@eter err!!'
everyday and r€cord the da1ly rate ln ttte Chron@eten Frer and

. .Rate.Bo9\: Satrple entries ln.suct! a book are Elpm tE Flg. 127,



Date Erro!  Rela l ive to l radio Signat

r985 ship's Time Chro. Tine
Radio

Siqnal TifiE
+ !linutes seconds +

DaiLy RateAuqust

1 l2-00-00 0 9 - 0 0 - 0 3 . 0 o9-00-00 0 3 . 0 +
2 12-O0-00 09-oo-o4.5 09-00-00 0 4 . 5 + 1 . 5 s
3 r2-00-00 09-o0-o6.0 09-00-00 o 6 . 0 +

f2-oo-00 0 8 - 0 0 - 0 7 . 5 oa-00-00 o 7  - 5 + 1 . 5
5 12-00-00 08-00-o9.0 oa-00-00 0 1 . 5
6 r2 -00 -o0 08-00-l-o,5 o8-00-00 o 1 0 . 5 +
7 I2-00-00 o7-00 -12 .5 07-o0-00 o + 2 . O

12-O0-00 0 7 - 0 0 - t 4 . 5 0?-00-00 o r{ .5 2 . O
9 12-O0-00 07-oo -16 .5 07-oo-oo 0 1 6 . 5 + 2 . O
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(ris. lzf)

Exerlcse

Fix by stars, A1tal. and Ve8a.

1. B.itish nethod (Stght Reduction Table)

2. Japanese nethod (Astroncntcat lbvigatlon Table)

3. By fonnulae

A navlgato. observed the altitude of slars, Altalr and
Vega, r,hen shiprs tine t€s oal 17n, 13 Jme 1985' in D.R.P.
17-11.3 N, 118-23.4 E' on the i€y to Japan fhco Banglok:

Attair: Ss(, AIt. 51o- '17.5' Chr.onorcter tirle
09h 08m 00s.

vega : Sex, Alt. 35o- 30.6 Chronometer tllle
09h 10n 30s.
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Ref. Chronoleter err\cr ard Irde( erncr were ni].. Shiprs speed
r€s 10 loots. Set course t€s on 0420. fbight of eye ies 2
feet.

fueation : Fix posltion by:

1. &itish method (Slghl RedLption lbble)

2. Japanese method (Astrpnonical Navigati.on Table)

3. By forr[ulae.
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Lo! or sh. b! srrht kdctroi rlqL oub. {o. 2r9) (u,i,, r_s.r,)

263

263

! l

{la
tl

.  257
I

,
9 9t.fr
_t / .r+r.r. l ,dr"

Fi;{c;6fur.1
iilF---5;---r

iqfP
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Lop or_s_!rr br srrht R{rucrroo rabre oub, ro,t2 (! (.. u.s.^.)

9,!tq:r

i * r  z  ; k i  d r ' " .

P.2&
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,ro,
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Line of Posit lon of a Celesr ial  nody (Japanese)

naFc I  AI ta i r

i

o

ol--

@

BI Astrcnomlcal Navigat ion
Table

RgI

t .

2 .

3 .

4 .

u  =  S h i p ' s  T i ' n e  I  ! . i n  T . ( E  -  l o n g  , O ,  r l  -  l o n g .  +  O t

I  r  (E  -  rone  '@ w -  bng  r  o )
and d same aane -, 4'd, contrary a t + d. -

)  l S o D  s u f f i !  o f  z e )  E ,  h  <  l 8 o o  s u I l i x  a f  L d +  t l  ,

z . r 8I 3 1985 :)

17  t  113
.!!

1 1 8 0  2 3 : 4 o42 t 0 , 0

h m
0 5  1 7  0 0t 3 6

t , .  l h  T . 07 I
^r,prox, u.  (Darc 1216 ) 2 l 23  26 .5

09 08 00
00

c o r  r € c  L e d  c h r o . T . o9 08 00
I lorDing or  AfLelnoon ( 12 )
u .  (  D a t e  1 2 , / 6  l - 2 I 08 00
E O *  (  P  ( d  = 0 8 0 4 9 : 6 \ y ) 21  l0  58
F . P 03 2 9
L 42 42 21

[4 hc rs grcater t lra,t 24lt (24)
l 8 42 27

J
h r  j r  d c a l e e s  l @ 3 6 0 ' 280"  36 :8

r  18"  23 .4 v
lOr6o( 399"  00 .2

360
h 3 9 0  0 0 : 2
L

5 lo  t 7 :5
, .e . 0 .0

5 .5
51  t 2 .0

J.

ar 51  12  . 0
q c 51  09 .8

. lntercept 2 .2 lE

n 39"  oo:  i 9529 4 4 l 20110
d 0B 49 .6 5t7 517 +

1J l l 3 \Y r  984 20627
97195

1 0 5 2 1
t l d  I  08  21 .7 5 3 1 . 5

1105  2  . 5 20266
361 L t l

5ro  og  la
I N

@ a ? o  ? 7 r < 6 )
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Lihe of  Posi t ion of  a Cetest ia t  Body (Japanese)

Daie
z . T 813 Jun. 1985 4

D .  R .  P , I 70  r  1 :3
lt.
s rrao 23'|.4

E
o420 10 .0

05  17  00l 3 6
o7 53  33 ,5 +

Approx.  u-  lDal :e l2 l6 ) 2 l 23  26 -5 '

c h r o .  T .
h

09 t0  30
C h r o .  E . 00
Col lec ted  chro .  T . 09 l 0 30
Morning or  Af te lnoon (r2)
u. (Date /  ) 2 t I O 30
E o * (  P  ( d  =  3 8 o 4 d 0 I 22 44 35

3 2 9 +
58

1!- he * qrealet tha'r 24h (24)
l 9 58 34

J
hr j .n  destees 1(9360' 299-  38 :5

r  i8  23 .1
E)36o( 418  01 .9

360
h 580  0 r ,  9

S e x .  A l t . 350  30 :6
I .  E . 0 , 0 +

obs. Alt 35  30 .6
Corr.  I 6 .0

35  24 .6
+

Corr.  3 f

35  24 .6
35  24 .5

0 .1

o

oJ'-
@

By Astroncnlcaf Navigation
Table

!10!.
1 . .  A p p l o x .  u :  S h i p ' s  l i n e  I  L . i n  a . ( e  -  I o n S  e O ,  (  -  l o n g .  + O )

2 .  h  =  h .  j  L  ( E -  l o n e ' O  w -  l o n e r t ) )

3. t {ben.g and a same nane. Q,-d, aantxaty a L + d.

4 .  k h e n  h  >  r S o o  s u f f i !  o f  z e )  E ,  h  <  t S o o  s u j f i x  o f  y , c -  w ,

h 5 8 0  0 l  l 9 62842 7 t4J
d 38  46 .0 t 0 8 0 7 10807

17  11 .  3 {J 1984 + I 7950
15633

I
17526

t la  |  21  34 .1 3504 t
2 1 0  3 0 z ! 8 8 8 1

I 2, . 9469

350 24:5
J

7,c
{ tl-,,
i sao r4:@)
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(Japanese)

se ctisn
Paber

6

G t!k
q \i\

J  1 :N
:t $\
B  S <

'a N\

( /cA " t aa4ide it&l

Dep = D-rong x cos (nLS,) 
+

.1$
-$N
o\.

fr

Ftv ----->

o.e.y',al. t v'- tt.t 
"to..4a.t '  2' /  s

/7 - 
"7 .2^/

D.3. &qt. ttt'- zt.4 z
o- y'."fi t+ u.

'  / / 8  -  2 / . 7  E

-ad.
( /v'- o?.2 ̂ / .
\ / /8 -2 / . /E .

o-!-a. =-2s1= t-t - = /.!w
o c44 !11\ a6 tll=F't -

lg"-E:4 E
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170  11  l 3 1 1 8 0  2 3 : 4
05h l7m 00s

10 .0  r t s

05n l Trn 00ss h  1 p ' 9  T l  m e
Long. ln Ttme (Ere lr-t

23  26 .5

c o r r .  c h r o .  T l n e
t f  u (cH I )  1s  t

re I U (cr,{T
2 ln  50n  58

42D 21s
r t  h d  t s  g r e a t e r

08" 49:6
l 8 h  4 2 m  2 7 s

h 6  - L o n 8 , ) h r s
" n i  u t  e l g n . (  360 )

( E + @  ,  t { - t 180  2s l4

I f  ( i r  t  Lon8 . )  l s
aialter t iar 360'

0.988r6
0 .777  r1

0 .94403

080  21 :7 0 ,98937

LOP of Celest ial  Bod ---r B ( * ? .

Cor 2D -

6LoCK A

c o s  d  C o s  h  C o s  I

t
BLOCK 8

- Jc.sd c;Z+F""(4,r4
BI,OCK C

DLOCX A

BLoc( C

{&d6 . i en .he r -
4edcon t r : r y raac
Frine Vertical

- l
a = s{n-r (:+i:+) = 31016:9< srodq:gh .

d
2+a

t 8 0 '

S l n  h

Altair
( L L  o r  u L )

51"  17 :5
. l i . 0 - 0

5r- 1715
C o r t .  l ( H .  E .  )

51"  12 :0
c o t ( ,  I l

Co ' r .  t  I  t
5 l o  1 2 : 0

lnt ercept 2 !1

BLOCK A 0.7336r
BLOCK B 0 .94403

- t  O . 2 l O 4 2
tsrrcK c 0 . 9 8 9 3 7 I

0 .77895
ZD 3 8 o  5 0 :  t

Ac=9O"-zD 5 0 "  0 9 : 9

5 1  0 g  - 9 r.59469

x
0 .98816

5 l r  h 39  00  .2 0 .62931
0 -99177

z
$ ez'rs:o@

h  >  1 8 0 '  s u t f i !  E

|  ' z  'Contrary nane to 1atitude I . Sh
' cos Ac

Z = Sec Aa Cos a
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LOP of  Celest ia l  Body - - -+ By fo l r 'u lae (o (

D . R . P . 17"  11 :3 5 r  18o 23 . r  4  i9w
1 3 / J u n .  / ' zr  I  h S h l  p ' s  T i c5n  17m oos  l c .E

C o . 0  42" r 0 . 0  N L b I H  E I .E . 0 : , )  |  1

13 /6 05 t1 00 Bo, ly  s  nane V e s a .  l . /  l
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4. How to Progra[ the Formulae of Celestlal NaviSation

By CASLO Or-'l8OP, fx-3600P, ft-4000P, fx-7OOOG and ft-8OOOG.

Electronic calculator fl Casio fx-180Ptr can be programed. It
has a program mqrory of 38 steps and tr,lo progr&ned procedu'es of
cq0putation cao be stored in the mdDory. To sLore a prgg!4 .in the
calaulatop, execute ordinary calculaLion in the tnN mooe ( IEDEI p ).

Then the progran has been manorized, Input data ard press
Key and Lhe calculator executes the program according to the

. So an o.p€ditious solution will be available repeatedly.
N
data

As mentioned, trCasio fx-180P" has a nqdory of ody 3B sLeps '
so the basic fomula I Ac:90o.- cos-l {(cos Lat. x cos Dec. x cos Lt\)
- @s.L x cog D + cos (LrD)] should be simplifted and r€stated as
folloirs:

Ac : 9Oo - cos-l { (cos [at. x cos Dec, x cos LIIA) - cos Lat.
x cos Dec. + (cos Lat. x cog Dec. - sin tat.
;-sin-86. ) ]
' . 'cos (o + B) = cos scos B- ain crein B

= 9Oo- cos-] {(cos Lat. x cos Dec. x qos Lm) + sin tat,
sin Dec, ]

= sln-l {(cos Lat. x cos }
, . '90o  -  cos- l  (o )  =  s ln -1  (o )

Concerning the formula of aziruth of a celestial body:

Z : sin-l (sjn LM x cos Dec. i cos Ac) can be prograroed as
It ls. Therefore,

Pro8ra.n 1 (e1) = sin-1 {(cos lat. x coe Dec. x cos LtrlA ) + sin taL.
x sin Dec. 1

Program 2 (P2) = sin- 1 (sin LHA x cos Dec. + cos Ac)
t

(Pt )



Progran
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Lat.(L) = 21oN, Dec.(D) = 19q,1, and LllA = l1!o

@gEEEEHEggEEflHEEE
ENEEEB
EIEBEHEDEtrNEEEEEE
EHtrEEElEEtsEE
Ref :  Ac  ( :  Hc)  =  s j "n - l  (cos  L  x  cos  D xcoe LHA)  +  (s inLxs inD)

EEEEEEEBEE@EEEEE
Ref: Z : S1n-l (sin LHA x cos D + cos Ac)

!g!:-- C*p-rt"tion by the progran.

Altention I

when latitude (L) and declination (D) are of contrary nane
declllEtion shorld be treated as a !98e9!gJglgg:

ExaEple 1 - Frcm rtsight Reduction Tablerr Page 93, Vo1.2. Pub. No.229

Required:- Ac and Z, r.hen lat. = 15oN, dec. : 30oS ard LHA = fllo

Solutlon

@ [ENHAEBENEEEAEEM
--r aJ_2!4122 --r 27o31o 20.98 (=27o31t3 --+ 20.98/60 * 0.3497 = 0.3

m] F';l---- -\3.6711s'tz m F-.-;l-- -43oq0o16.2 (= -q3otro:3- 16.2/60 = 0.27
L- l  LJ ( :434/)  r rL-J -  +0.3



Ans. Ac

Exa[ple 2

Beoulred: -

Solutlon
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90 ' P r e f l x o f g - S o u t h -
Suff ix of  I  -  East (Because of LI IA > 270")

. ' . ? - s 43.7"E (s 43'40i3 E)
oD t36 :3

l 5 ' N

180"  -  43 :7 )

= zlo31:3
: s 439/ E or 13693

- F!(m page .,..

Ac and Z' l |t |en lat. = 1?011:3 N, Dec. = 08o- 119:6 N' and
LHA = 39o00J2.

EflflE[[[HEEHEEEEEET
E E E EE H l1 l{- u,.,o'oi. E El.- 51e,54.18
(= 51?g -a 54.18/@ = 0.e03 ; o.g) lR(xl-r 82.63s7t25\ m Fl-+T L-J (: s2qr) L_, LJ
82ofio22.9t (= 82038:4---) 22.{t /@ = 0.38 : 0,q)_--tF---'----r

N
-T

,----f,t

rV
-{"

\  Dec. 'y_.
36:3



Altention!

In a case llhen

tat. and Dec. are the sarhe nanes and the value of lat. > value of
Dec., the prefix of Z (= 8296) should be checked by lhe forulula a =
sin-r (sin D: sin L) of A-Ititude in Prine Verl-ical.

when Ac > a, Prefix of Z is contray name to lat.
. Ac< a, Prefix of Z is the sane name aS lat.

See Page 81-82 in 'tNavi€ation TaUle'r (TD/LN,/52 Res.).

a  :  s in - l  (s in  8oq9.6  +  s in  17ot1 j3 )  =  31 .28203863 =  31c |1619
Ac = 51o9.9 16 = 110161! so prefix of Z shouLd be contrary nane
Lo lat .

Ane.  Ac  =  51919
Z =S82 W

: 
t- Because of tI{A < '1800

Ref ;  a  =  s in - l (s in  8o49 i6  +  s in  17o11t3)

- 286 -

EEEEIgNEEEE|ENEEEE
E B- 

0.51s251226 
E E- 31.2a203863

E-*ul F-;l-* 31016%5.34 (= 31016:9 ..) 55.34/60 = o.szz ! o.s)
I  l l  |  - -T -  ' - - 1 -

EINEEEEEAEEgEAtstr
E E E tr !"8 n E-35.40e25418 E n

---+ J)-2.1v 55.52 \=

Exanple 3

ReouLred:

r roNn paEe zq t,

Ac aod Z, when Lat.
LHA = 58001/ 9.

- 17011!3 N, Dec. = 38o46i0 N,
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lnurd --- 5,r.z,rgt3,rzs hNvi F;l 54o14o 56.88 (= 5tor4i9 --+
I I t--J L-' --r[_

56.88/60 = 0.948 + gr.g

In this case the computation of a = sin-l (sin D + sin L) to check the
prefix of z (= 5401419) 1s unnecessary. Because the value of Dec.
(38046'.0) is grealer than that of tat. (= 17011:3) although lal. and
Dec. are the sane ruuE.

Ans. Ac = 35024'6
Z = N 5\o2 i{ or N 54o1q!9 H

EXamo-Le 4

,r* *" = 52.J2812 N, Dec. = 11009:0 S and tlIA = ?3o30'i?

Reauired:- Ac and Z (please be carelul when L and D are of contrary
nane)

Ans. Ac = 19.0967568 = 19o5oq8i32 = 195,,8
z = -38.127\09: -3841o38i67 = s 38o7i6 E

Example 5

rrhen Lat. = 52028'.2 N, Dec. . 20o16i3 N, ard LI|A : 3904410

!99!!gli- Ac and z

Ans. Ac = 45.57938214 : 45034045.?8 = 45034.8
z = 59.9\8j7626: 58056053.43 = S58t55i9 ll

Ref. I Lat. and Dec. are tbe sane name ard tat,>Ilec.

Then a = sin-1(sin D + e1n L) = sh-l(sin 2001613 + sin 52028!2)
= 25.90585778 = 6054021.09 = 6%414

Ac (= 45034:8) > a (=2505414)

So the prefix of Z (=58c5619) should be conLrary to Lat. (--r S)

Exanple 6

uhen tat. = 15008:0 S, Dec. = 5605010 s afi lJi'A = 293c27'.5

EgggllgL- Ac and z
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Ans. Ac = 25.38906874 = 602302o.65 = Eo23!3
z = -33.746087)t, = -33044045.9 = S 33o4lti8 E

In this case lhe cqlp{rtalion of a = sin-](sj-n D + Bln L) to check lhe
prefix of Z is unnecessary. Because the value of Dec, ls greater than
that of Lat. although lat. and Dec, are the aa[re nane,

Exanple 7

when tat. = 15ooB1O S, Dec. = 38o44i9 N and LIIA = ?1006:3

Required:- Ac and Z

Ans. Ac = 2\.99537237 = 24059043.43 =" 24%9'.7
Z = -32.7041063 = -32o42014.7 = N ?04212 E

Exanple 8

t*!en tai. = 28o17lo N,. Dec. = .15o52i1 S ard lJlA = 6002413

Required:- Ac and Z

Ans. Ac = 16.7845?03 = 1604?04145 : 16047!1
z = 60.88216353 = 60%2%5.75: s 6005219 !l

Exanple 9

i.hen lat. = 2802218 N, Dee. = 1604015 S arld LllA 30701615

Reouired:- Ac and Z

AnE. As = 21.96595905 = 219.7%7,45 = AqTlg
z = $5.219'1932 = -55(J16o47.2: s 5501618 E
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casio fx-3600 P

PhdF.n

EENEEIENHEEHEHEEE
EE

Rer.(3): To eraae prosrao pl or pz ___, El El ,* E E,

Etr
ro erase both P1 and p2 ---* 

E [| E E
Rw --- The calculator executes ihe progr€n i{ith the data.



Exarlr'le 2

L'hen lat. =

Required: -

Attention! :

Solution

- 2ao -

Exanple 1

@[EEEEEIEflEHIEEE-
\7.8037721 lrrVl lo"'l-+ 47048013.58 (= \7o\8,.2, 13,58/60 : 0.226 : O.2)

L_l Ll "'--____________:____i__:t

-q -84.5026918 = -8495 ---r See !'Sight neduction Table{ page 92,
Vo].2, Pub. No.229

15q{, Dec. . 30oS, ard LltA : l1!o

Ac and Z

when latitude arftl declination are of contrary name,
declination should be treated as a negative value.

EIEAENEEggEEBIEE
F{ - zz.szz,rss. 

S fl 
-- a"lto2o.e8 (= 27o31r--+ zo.eB/60

+ 0.3497;0.3 
lEMrl-r 

-\3.6711s12 i -439 0r 13693 (= 18oo-439)

See nsjght Redrctlon Tablesrr page 93, Vof.2, Pub. No.229

Exanple 3

when Lat. = 14q,1, Dec. = 2605, and WIA = 3Z7o

Requlred:- Ac and Z
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(MODE [) EA E g E EE N EE E E E E
l4--:s.zozersrt E A -+ 380\2028.29 G38o\25 + 28.29/60

: 0.4? ;: 0.5) lffil -, -is.asrgorr i 3899 or 14191 (= r80o-389)- l l

See I'Sighf Reductlon Tablesrr page 251, VoI.1, Pub. No'229

Exapl.e 4

when lat. = 15008.0 S

" Pavonie Dec. = 56o50i0 3, IEA = 29302715
Vega 9sc. = l8o44i! N, LIIA = 321o06j3
Jupiber Dec. = 12008:6 S, LIIA = 2704510

Required:- Ac and Z of aforqtrentioned celestial bodies.

Solution

1) o Pavonis

TUOOE [I E] fl H g E N E EE E E g E BEB

E E n E E E F{-zr.3esooezr $ f--rzfzr'zo.sr
e zso23t3 --+20.65/60 = 0.3) 

E--r 
-33.?460824 

E tr
-r 33o44oq5.9 (= 33o4U9 ---r \5.9/60 = 0.765 ; 0.8)

Ans, Ac = 25023'.3, z = S 3304418 E-

2) Vega -1 Be careful. when tat. and Dec. ar"e of contrary nane.

NEE EEEHtsEtsEIEEEE
E B n E E I H E Fil--z,,.ggsrzzrr $ fl-'zr"ss.
43.34 (= 2405917 -+ 43.34/60 : 0.722 + 0.7\ lelfi l--+ -32.?04t063



- 2 4 2 -

a
5/60 = 0 .1416 - - -  ; :  0 .1 )

lfiil -- oz.eerogqo ld Fiiil --+ 6z%io8.5 c 62 53!1
L_l L_l L___l

Fd az.rlrsasgq 1i.'vl F;;l---- BTot,53.71 (= sTot !s 153.7t/60
LJ  I ILJ

= 0 .8951 ___ :  0 .9 )

4!:. sc = 62(5J'.1, z =N87oI!9tl

See "Astrcnolcaf NavigatLon Tabl.es'r page XXIII - XnV, P$. No.601
Uaritine Safety Agency' Japan .

.i. ttre rnost Lnportant Exanple ls 1b.4.

|4 E- 
4zo\2oi\.7 c -3z.,\2e -+ 1q.7/60 + 0.2\5 : o.z)

Ans. Ac = 24$9'.7, Z =N 320\2!2 E.

3) Jupiter

IEEBEEflEEgIEEEBEE
tsE

-----+ 8.
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Corputatlon by p|!8ra@able calculators: CA.SIo fx-40'00 P. fx-?000 G
and fx-8000 G.

1) Forurlae

Ac(Hc) = sj.n-l t(cos tat x cos Dec x coE LltA) + sin lat x sln Dec)

Z : sin-l (sln LltA x cos Dec + cos Ac)

a = sLn'l (sln Dec + sln L)

tlhen Dec & lat arE of the 8e nes ard, Lat > Dec'

Ac(Hc) > a ... Pneflx of z lE contrary nane to Labltude'

Ac(Hc) < a ... Pt€flx of z iq the sEltrt tliltF as tatlt rde.

NoCe: Ac(Hc) = Calculated Altifude (Degr€e & ninute), Z = Azinuth
(Degree) and, a = Albttude tn Hre vertlcal (Degre and ntrnrte)

2) ' Prog!€n

Lbr  0 t rL ,AT=n '? - -+L

i DBC = n : ? --+ D

nL l l l l =n :? -+H

sh-1 ((co6 L x cos D x cos H) + sln L x stn D)l
?--+A

: sln-l (eln H x cos D + eoE A)

L> e+ D> o+L> D!+ s i rF l  (s inDi8 inL) ,
Goto 0



3) Keystrokes of Program

swftchon E 14 E

EEtsn@fl@HEqts@El Eal H
@EE@EE@I EI

N@[@INEE@EEE
EqnEmtsE@fl

E@N@E@E@EIEH
@[EEE[]E@ts

ITEENE@lEEEI @8fl
tr@EIEE@EEE|END
MEEEE@[]

EEEflOE@E8E@E|Atr
MEUEE
@EEEtsEtr@EE
EEEE@EEE@E
EEMEqEEE4EEE
@EI IEEE4EqE



Example 1

when t.at, : 38oN, Dec. = 1903, and Ltlrt : 34Oo

Requi.red:- Ac(=Hc) and Z

SoluLion

@flEgEtsEgEE[tsNEEEEE
lEEl-- zg.georo:zz Frrd F';1 -- 29058,49.81tr(= 2eo58 j8
L---J L-I LI

-) 4ei8r/60 = o.o3o- : o:el 
S E E- 

-21.s21s212r : -212,s
or 15891 (= 1800 - 2199)

Ans Ac(:Hc) = 2f58:8, = S z1?9 E or 158:l

See ffslght Reductlon Tabl.es" page 225, VoL. 3, Rrb. No, 229

Exa@le 2

when lat. = 45oS, Dec. = 40q,1, LHA = 3200

Required | - Ac(= Hc) and Z

Solublon

trNEEEgHAtrEEtsgEBBgg
S- 

-z.zozerrra 
F-4 FI- 

-2o16'a.a8" (= -2016.:_1

- 4.48tr/60 = o.oz4 - :9.1) E E E- 
-2s.52u11.t2s: zs?5

Ans. Ac(= Ha) = 2o16i1, z = N 290.5 E or 29?5

See 'rsiaht Reductlon Tables'r page 265, VoI.3, fub. No. 229
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Exanple 3

when tat. = 52o28!2 N.
Sun : Dec. : 1100910 s, LIIA = 32303017
Moon i Dec. = 20o16!3 N, LltA: 39o44io

!g9g!!gl:- Ac and Z

Solution

NtrEtrHHNEEEEEEEE[EE
E trEE tr nEIEtrl'*l-r re.oe6?5689
Fnrer l  1o ' " ; - *  r9o5 '48.32 '  (=  19%:8-)  48.32 i l60 = 0.805 - - :0 .8)
I  I L I

@J@| FEI+ -38.12?4osoz lsHE F;l--+ 3sor'3s.62"
(: -3807,.6 __---t 38.67t/60 = 0.6445 i 0.6)

2) Moon

EHHEBgIEgEEgEBEIHN
trEEnEtsEE. \5.s7s3lzt3
FHrFrf FT-r q5o3rri1r5.78{ (: a!o14.!! --+ \5.78/60 = 0.?63 : 0.8)
I  I L ' J

@]E liGl-+ sa.g"arzor4 lsHrFr] l6'i'l-' raoro's3.r3" (= 58o)
56p ----+53.\3/60 : o.8eo5 : o.e) lEGl-+ 25.90585??e

F-rf, F;T -* 25%\,21.0s" (; 25054.3), Ac(Hc) > a
LJ L,I

Ans. 1) Sun : Ac = 19o05i8 : S 380716 E- 
2) Moon: Oo - 45o3418 = S 5805619 W.

g. 
"a"eful 

ol prefix South t

See I'Aslronqnical Na\'lgatlon Tables" page XxI, Arb. No.601'
Ma.ltine Safety Agency, Japan .

1) Sun
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Example 4

Required: Ac(= Hc) and Z

uhen

1) Lat. = 15oN, Dec. = 30oS and LHA = l1!o.
2) LaL. = 15q{, Dec. = 9oS and LHA = 3150.

3) tat. = 21oN, Dec. = 19oN and LIiA : ] ' l !o.

Solution

(L & D, conlrary names)
(L & D, contrary names)
(L & D, sane nanes)

1, lMdl ntrEE
NEgtrEHEEEBBHtr
Ffrl, zz.szz,rs,rg, FrF4 E-' 

27o31,20.s8,, (= 21.,31!3)
-a 20.98/60 = 0.34 --- : 0.3)

trE + -\3.67119127 : -\3o7

2) EAHEEEgEEHEEE
F4+ 3e.3544r0s6 lI+ 3eo21o15.88r

" EEEATNEgEENEE
Fiul-.' rz.eo:zzo, EE Ej- 4zo4s'13.58"
G \7o\82 --+ 13.58/60 = 0.22 --- + 0.2)

G 39o21'.3

E-d GI
LJ LI

15.88/60 = 0.26 --- ; 0.3)

+ -64.58404476 : -6496

65.2953868

Ffr| El- 
6501T,q3.3ei (: 6501r:T)--- Ac(Hc) < a.
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Ans. See rrsight Reduciion lablesl page 92, 93 Vof. 2, Pub. No. 229

1) Ac(Hc) . 27031:3, z = s \!.7 E or 13693 (= 1800 - 439?)

Note: Shiprs latlbude --, Norlh, Declination -r South
So prefix of Z is South.

3600 > LIIA (3150) > 1800 so suffix of Z is East.

2 )  Ac(Hc)  =390213,2=s6] . !0 .6  E  or  1144

3) Ac(Hc) = \70\8:2, z = N 8q:5 Eor 84?5

Note: When Latitude and Declinabion are of fhe sane nanes and,
the value of Latitude is Sreater than that of Declination,
there is scoe probability that the celesti.al body j.s

located in the Prime Ve.tlca1. So to nane preflx of Z
(Azinuth) should be carefully considered by followlng
procedures.

a = sirFl (sin D + sin L) a = Altitude in Prine Vertical

when, Ac(Hc) > a, Prefi.x of Z is contrary name lo latitude.
Ac(Hc) < a, Prefix of Z is the earne nane as latitude.

see fNavlgation Tableer!

In bhe case of calculation 3)'

a : sin-l (sin 19oN + sj.n 2'to!l) = 6501717 ls greater bban the va.Iue of
Ac(Hc) = 4704812, so prefix of Z is the same nane as Latitude 21ql

Exanple 5

lrhen lat, = 21q{, Dec. = 13oN ard LHA = 30Oo

!99gt9g: - Ac(Hc) and z

Solution

EAEgE
EOEENEEE EUgE
Sf' rr.rtrouor6 Eq W zzozz'zs.ettr G 32.22:\)



- 2 q q -

tr tr @+ 
-8?.5e65r0e4 + -67.6 z = \82:6 E

Lat. and Dec, --t same nanes and value of tat. > value of Dec., so
check the Altitude in Piirne Vertical by nakinS use of the forlluL€

a = ein-l (sin D + sin L)

Ac(Hc) = 32022!\ ( a = l8o!21!

so prefix of Z is the same nane as tatitude (N)

See ffsisht neduction Tables,' page 122, VoL 2, pub. No.229

Exanpl,e 6

nhen Lat. = 22Q'1, Dec. = 8oN and LIiA : t4o

Required:- Ac(Hc) and Z

Solution

@ntrsE
BBAE gEEIEgtr

---+ 7o.565qe2oi 
@ E 

--+ ?0o33,55.r?,' : z0o33re

tr E Fxrl_l ue.ossrrooe : 46e1

Lat, and Dec, are of the same nane and value of Lat. > vallre of Dec,
3o Altitude ln Pri{e Vertical should be cdrputed to decide the preflx
o f  Z .

-+ 21.80926819

$rr{ P"'l-+ 21o48r33.3?|' = 21orl8 j6
L-J LJ

AC(Hc) = 70o33j9 > a : 2104816
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So prefix of Z is conLrary narne to l,at.

Z  =S\6 !1  W or  22691
1

Because of LIIA ('1800

In the case of "Sight Reduction Tablesf page 30, Vo1,2, Pub. No. 229

z = 13399, zn = 3600 - Z = 3600 - 13399 = 22691

f LHA greaLer than 1800 --- Zn = Z
Because of N, Lat. , l

t ILHA less than l80o --- Zn = 3600LHA less than l80o --- Zn = 3600 - Z

Exanple 7

nequired:- Ac(Hc) and Z

when 1. Sun : Lat. = 52o28!Z N, Dec. = 11oO9lO S, LHA = 323ojol7
2. Moon: LaL. = 52o28t 2 N, Dec. = 2001613 N, LI = 39o44lO

SoILrtion

In this case, each Ac(Hc) and Z can be computed continuously by the
calculator.

@NEEEEEEEgIEEEENN
NEtrEEEHNEEENNE

-;19.096?56e1 lsHrFrl |o;l.-9 1soo5rqa.32" = r9oo5i8 lExgl l;J EE
L-.J LJ 

- 
LJ I_-I LI

--r -38.12740902 = -3891

EEENEEENgEEEEEHIHE
tr E g g E E E E- \5.57s38213 Eq A

-) 45034!45.78r' = a5o3ula EEl El Fol -- 58.e481262q ! 589e-- t t t t t l

a 25.90585779 -) 25o5\t2l09', --- Ac(Hc) > a.

Ans. Sun Ac(Hc) = 1900518,_ 
Moon Ac(Hc) _ 4503418,

Z :S3891  E .
z=s5899 l , l .
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Exa.nple 8

Requlred:- Ac(He)

when 1. d PavDnis
2. Vega
3. Juplter

Solubion

aod. z

15008 i0
1500810
15008:0

S, Dec. =

S, Dec. =

5605010 s, uut = 293027 !5
3804419 N, UtA = 32100613
1200816 S, LHA = 2704510

By continuous keystrokea

EI'I IIEFI
UUUULJ

----, '25o23t 20 '65n

(vega)

@NtrEE
( o Pavoni.s)

NEgBEEEEgEETEEEHE

EEEEEEEEEEAEtsEENE
E E I A E I H n lexEl-r za.ee5]Tz3? FurFrl
F--1, z'ro5g'qr.r\" = ;a,ry.lL EG] lG F*1.- -32.i0\1063s + -w
LJ LJ LI
(Juplter)

tr[EEHEEAHgg!gNEBflg
fl E- 62.0s56eq58

;l-r 62o53'os.5 t . 62o53t.1

tsE
E
E E FEI--+sz.r315s5r = szel

FEI--. zl.:sgoost, E E
! 25.,2313 

E E E- 
-33.74508?47 : -33e?



when 1. St[l

2. Moon

Ans. l. Sun

2. Itcon

@l-' 
r:.oelzrsrt 

E E- 
53orr1'3.12n--- Ac(Hc) ) a.

Ans. 1. d Pavonls Ac(Hc) = 25q313, Z = S 3397 E.
2. Vega Ac(Hc) = 2405917r z = N 9n E.
3. Jupiter 1q(11s) = 6293f 1, Z : N 8?o1 t{,

ExanpLe 8

I39gg9q'- Ac(Hc) and z

t'at. = 29 7 !5 N1 Dec. = 10059.'3 S, tXA = 66q3 j2

IaE. = 4%7:5 N, Dec. = 240't6i1 I, LHA = 3l4fcE,g!2

Ac(Hc)  =  1400415,  Z  :S  689 l {
Ac(Hc) = 77o53j9, Z =S 6q98 E ___
Ac(Hc) 77%3!9 > a55q3t5

Exa@le 9

Required: - Ac(Hc) and Z

1. Antares : tat, = 13o42j0 N, Dec. = 26q20i0 S,
LtlA = 1604618

2. Arcfurue i fat. = 13012:0 t '1, Dec. = 194514 N,
LtlA = 50%710

Ans. 1. Antares : Ac(Hc) : \6o+6!1, Z =S ZZ U
2. ArctLrusr Ac(Hc) = 41o18j6, Z = N 7690 l{

The 1@ortant revlew of Prefix and Suffix of Z

1) Preflx

l. Dec. and lat. are of contrary nanes, Preflx of Z is conlrary
narc t tat.

2, Dec. and lat. are of the same names dnd, tat. ( Dec,, preflx
of Z ls the aane name as lat.
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3. Dec. ard tat. are of the sane nanes and, lat. > Dec.,
when Ac(Hc) > Albitude ln hlle Vertlcal

{a = sin-] (sin D c sin L)}
Prefix of Z is contrary name to lat,

Ac(Hc) < Altitude in Prij0e Vertical
{a = sin-l (sin D : sin L)}

Prefix of Z is the sane nane as lat.

4. when 1800 < LLIA < 3600, Suffix is E.
0o < LHA < '1800, Suffix is H.



-304-

1) Formula

Advancing distance = D r T x A

Nobe: D = DisLance travelled (nautlcal rnile), T = Tfurc elaDsed
(olnute) and, A = Advancing lire (minute)

2) Progran

Lbr ' l : ? --+ D

: ? ---l A

D+TxA /co to1

3) Keystrokes of Program

$ritchonEBEE

EtrNIE@flEHE@E4H@
AEEBtr@tsEEE@
IEEE@@H@NEE
tsE@EETEAEEE
@E4E@fl[EtsE
@EE@EE@EE4E
EtrE
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l )  Fof lnula ^ \
_f ; in  D  -  s in  L  x  s in  C  I

Anp t iLude=s in - r l - /
\  cosLxcosc  I

Note: D = DecLinaLi.on, L = latitude and, C = Constant (0o or O.7o)
when the centre of the sun is on the celestial horizon, C = 0o
$hen the centre of Lhe sun is on bhe visibfe horizon, C = 0.7o

z) rrog'"ajn

Lbt. 2

3) Keystrokes of Prograrir

s!.rtchon E B E E E

: ? --+ D
t r L A T = a : ? - - - + L

n [0o} or [0.7o] = u : ? -+ C

/s rn  D -  s in  L  x  s ln  C\
s1n- l  { -  |  /u to  z

\  cosL  xcosc  I

rEHEEEqEEEE@
EH@[BEEEE@EE
E@flEtsH@@H@
flEEqEE@EE@E@
IEE@E@MEEE@
E[tsNEEIEH@flN
@EE@HflEEEBE
@EEE@EEE@E[
tsE@EEE@EETE
EtrE
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Exaple 1

when Gl'lT is 20h 0}l l3s (Locaf-apparent tijne O5h 08m, 20 June '79),
19 June 19?9 in D.R.P, z7'30'N, 136o30'E, and the sw, when
lls lot.er linb i's + of its diameter above the horizoo, bears
0680 by 8yrri.

Required: - The gyro error

Solution

Frqd Nautical Alnanac Dec. of the 6un = N 23%514 and by D.R.P.,
tab. - 27o30rN

(Prefix & Suffix Seericelesbial lbvigation'
bext - TD/TFB/31 r page 114-115)

Aos. 496 W

( Froo "Celestial Navigation", Prof. K. HASECAI{A 1983, Tokyo)

Assumplions to observe Nrue ampLibude are;

1. Sun's lower limb i3 about two-thiids of a dianeter above the
vislble horizon, its center is on the celestial horizon.

2. Moonrs upper limb is on the visible horizon, lLs center is on the
cefestial horizon,

3. Hhen planets or stars are on the celestial horizoo, they are about
one aun dianeter, or sorne 32j0 above the vi.sj.ble horlzon.

[' To check conpass error, true amplilude of the sun is nost d

@[EEEEEEEEIEEEBNg
EgEEgE- 26.62560823

Anplitude E 26.06 N : N 6394 E or 6394

True Azinulh = N 63.oq E

Gyro Azirnuth = N 6890 E

error 496 lr
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Exanple 2

Required: -

when 1)

7 )

4 )

Solutiorr

' '  . : .  ' l

Ture Anpl-itude

Dec. = 18o Lat, = 25o

Dec. = 1995 Lab. : 30o

Dec. = 2190 LaL. = 38o

Dec. = 2395 Lat. = \2o

. ! j

@NtrBE
', E g n E B E n E E FEI-+ re.e355z?33r reee
., E I E I E E E E g n E E Fl-zz.orrqgoeg:zzgf
,,EEIgEBtsgEtstr
-, E B H I E tr E E B n E g Fl-.r:e.ruoreor; reer
See Figure 2805 a, Tabl€ 27, Amplitudes, fr@ Bowdltch; Vot. II.
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ALtitude and lzlrrth

The altitude (Hc) and Aziiluth (Az) of a celestial body
can be cornputed by the foflowing formufa:

(1 )  S in  H =  s lnd  s ins+ cosy '  cos  S coa L t r tA
(2) x = tanA = sin LHA + (cos LrU sin/- tao S. cos y')

Since c@puters and calculators non[al.ly give the arc tangent j.n
the range -90o Lo +90o, the correct Az nuth of body measured
eastward fron north over the range 0o to 3600 can be selected
according bo the following rules:

rf 00 < LHA < 1800
A = '1800 + tan-1 x, if x is posilive
A = 160o + tan-l x, if x is negative

rf 18004 LtrtA < 3600
A = tan-1 x, if x is positive
A : 1800 + tan-l x, if x is negative

Standard navigatiooal notation

Hc : H cmputed altitude of the My above (if sin H > 0)
or belo!.r (if sin H < 0) the horizon i

Zn = True Azinuttl of ihe Hy measu!€d eastlErd frco
north over the ran8e 0o to 3600

0 = Latitude of observer (+ north, - south)

S = Decllnati.on of the body (+ norbh, - south)

LgA : tocal hour angle of the body

The equation (1) and (2) are basic foroulae used ln
pieparing siSht reduction lables; they do not include Lhe effect
of refraction,
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RatrpLe 3 0o 25 Aprll 19?8, the 1056 DR posttion of a shlp ls
l,at. ?04116 N, Long. 6201415 il i . At r€tch tlne loh
- 56n - 273 the navigator obselved the lower lilnb of
the Sun wlth a narlne sextant havlng an Ic (+) 1,6,
helght of eye 42 ft., the observed sextant altitrde
is 640 10i2. r,atch error ls 10s faster than Zone
tirE.

Requlred: a. llue azturuth (h) b. Intercept (a) c.
Assme poslllon (AP.) Solution.

sun O r:\
tl
l,llE (F)

ZT
ZD (+)
q.fl

14h
56n1F
CHA O

LHA O

10 -56 -27 April 25 14n
10 O corr .

10 -56 -17 dec.
4 See page

14 -56 -17 Apr 25
30o 29i6 \ By the tabLe or
14o o4'.3 ,l qalcu.lation
44"J3 j 9
62o 33'.9 ltl Ap aL 33q{

3420 ar !?9339_!

hs 64010i2
Ic  +  1 .6
D -  6 ,3

O +  i5 .5

% 6402110

By C@puter

h 13692 (136.18277...)
a  6 ! ' t  r .  ( -6 .6688. . )

d(+)  0 .8
13oo8i2 N
+ 0 ,8

13009 i0 fl

D{planation of Solution

1. Converting lhe blme of obaervatLon to OeenwLch mean
tiDe (Crfi).

2. At e{T find tIA, and dec, by wlng nautlcal Alnanac.

3. Correct the obser.\'€d se(tant altitude to get tb (ftue
altitude),

4. Asslr.ne positi.on ehould be
'poaltl.dl.

withln 30,0 of the DR

5. CorD$te the resutt by uslng Prg. p.
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PROGRAM SHEET

repe

' * ' " ' "  compute azinuth and intercepr P t g  g

l!!l!p!q lnput Lat = Assume let i tude of Observer (+N, -S)

Dec.= corrected decl inat ion of body (+N,-S

Lt lA =_local hou! angle of body

llo = Corrected s€xtant altitude of body

ZN = true azimuth of the body in degrees

INCEPI+A-T = Intercept (a) in ninutes

output

result  is posi t ive (+A) = away
result  is neget ive (-T) = toward

Etrnpb l .  a  la t
2 .  I

33 '  N  Dec  13"1217  N  L l lA  20
33"  S  "  7 .36 i3N  ' ,  301
17" N ! 22"51:7 S " 33,1
2 r .  s  x  18 .40 :9  s  r '  323

HO 63"02:E
20' 32:5
42'Sl:2
54"s7:4

Ansrer l .  ZN 227"36 e 2, 84 (A)
- 

---:- 
3. Zl l  146.68 s -10,48 (I)

P..o.r{ld rnd oo.r||lcr 4. ZN 092.80 ! 14.26 (A)
. srd. h. rott6 5rn.. o |n. n.rr r4r
. Er..ur. rh. D'oor.h.r rhry. b.rd h h. irrN nrod. {Edt!).

Sl!! itrDl.t

PrC tt E INCEPT l l E
E LAT+N- S? t2 E

3 - )  33oo,o E DEG'N.S? l3 -
7 36 .3  E LHA? l 1 E
30100 E O? -

2$2.s  & ZN E
l EE65 .397St078t7 E
8 E INCEPI+A-T t 8 E
el E 1 9 . 0 3 7 6 2 8 l 9 E
t0 FYE E}E INCEPT 20 -

A n

No prg O

@O Prosrah Nots!

N c t E a  P . r ;  t i : , r F r e a i :
2 Pr9 I isr' ( 9 I N :  L : I stN o + l c o 8 L r c (6
l o r posi H F Prgt a ( R 3

) 6 I I N € : P T
5 T a I t
5
1
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Ex-lbridlan (Reduction fomula)

The nerldlan zenlth dlstance of the body ls the least
zenith dlslanqe and ls s0aller than the zenith digtance obtained
frlm an observatlon taken a few ninurtea before or after the body
has crossed the neridian by a rlall quantity cau.€d trneductiontr.

Derlvatlon of reduction forDula:

P = Pole
Z = Tf-niwl
X -= The body a few minutes

befor€ or after c.osalng the

L. ne!.ldi.an
M = The body on the merldlan

2 Z = ZX, obeerved zenith dlgtance
ZM = !tgr. zenith distance
tr : Co-decUnatlon of the body

: 90-Dec. (d)
o' = Celatituce of observer

= 91-t-at. (Lt
t : lleridian angle

Fhcn spherlcaL triangle P x z

cos t = (cos z - cos p cos [ ')/sin p s1n [ '
= (cos z - sln d sln 0)/coi d cos 4 .,..F4 1

I'lhen body ls on oeridian t = 0o, cos t : 1 if R : r€d|xtlon,
At = z-R sub. in 1

1 = (cos (z-n) - sln d s1n t)/aos d cos .c ....8q 2
2-l then 1-cos t: {cos (z-R) - cos z) }/cos d cos t ....& 3

'. 'cos A = 1-2 sln2 A and cos B-cos A = 2 sin * (Aia)

sin ! (AB): then Eq 3 becooee

X t l
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2 s in2 !=  2  s j :nN {Q+ z  +  R)  s1n !  (z+  z+  R) } /cos  d  cos0
2

sin2 b = { sin (z + E), Eln i} /cos d cos L ..,.Eq 4

Slnce R ls very StraII so z-E = z-R
.'. sin & = cos d cos t slr2zl,,,sln (z-n) ,...Eq 5

22

Hhen the body 13 nearly cr\ossing the neridian, t ls
soall, ttle chord and the subtended arc of ttte cirrcIe ar€ nerly
equal then:

sln en = en sin ln, s!n2 !-= s1n2t, z-R = lat + dec.
2 .4

So Eq5 nay be writlen

Rr ain 1" = coa d cos g x a1n2t
2 sin (4rd) 4

Rn = cos d cos t xZ sJ#t
sln (4*d) 4 sln 1"

Coover.tlng to to t ln trlnutes of tt-oe dnet = t2 sine 15'

r', R" = g9g_4_99!_! 1 slrP 15t x t2
sln (I.fi) 2 sln lrl

stn2 15' is constant : 1,9635 then
2 s1n lr l

n' - 1.9635 x cos d x oos L x cosec (t+d) x t2

Let C : Reduction in nlnuteg

. ' .  c t  =  Axt2
60



These - are Nhe formula used in the cqnputation of
Ex-meridian tables:

A for table I of Nories or table 29 of Bold1tch
Cr- for table II of Nories or labLe 30 of Bowditch

by uslng an electronic calculator or coorputer, in order to get
correct r€duction for both upper and louer transit, the formu.la
and.conditlon nay be wrilten as follows:

F = ,008726 x cos D cos L x t2 x I ...,8q6
,  s in  abs(L -Dx I )

rhere R : reduction i.n degrees I is for setting condltion
, L = l,at (+N, -s) I = -1 for lo!.rer transit

D = dec (+N, -e) I = 1 lor upper transit
t : neridian angLe in degrees

if we ldlgw the reducLi.on then we can find the tatitude of
observer by the following procedure:

-  313 -

1. True Meridian altitude = Corrected S€xtant alNitude
t Reduction

T. Mer. Alt. : Ho * R

2. Tme lleridianal zenith distance = 90 - True oeridian
altitude

T. l.UD = 90 - T. Mer. A1t.

3. By the same procedure as latitude by meridian
transit, the lalitude of observer at the time of
Ex-meridian observation can be obtained.
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Elggpq: At DR, tat. 48012' N, Long. 2qo32' l{, the inre
allitude of Antares waE 21b28' Hour angle 35?oo0t
Dec. 26018!0 S, Deterolne the Lat. and p€ttj.on Une.

By table Table I Table II T. A1t. 21Q8:O

l,it. \2o12r n LHA 357om' Reductiqt
Dec .26o1g 's  A=1 :4

A = 1i4 Red. for l i= 2.4 T. t ler. Att.
r  fo r  q :0 ,96  T .  I 'ED.

R€ductloo = 3.36-Deo.

3.4

21%l:4 .
18028:6
26018:0 S

tat. 42010i6 [
true 4,1nuth 1770 (ftrc@ AZ table)

Po8illon line !,asses 08?o and 25?o through lat. 42010:5 l|
Long. 2432 W.

Bv Drpqrao Lat. ll2o'12| NI
Dec. 260lg' Sluslng prg; t+T. tED
IJ{t ?q?cxnr I

I
Ho 21o8.o Dec.

tat.
uslnS Prg, 2.-|ZN

dlrectlon of po8lllon

68o.477zt66.1
= 68028'63
= 26018t5
= 42C10t63 [

1?701106136
= 17?01106136
- 71t O

line : AU90
= 1??o+90o = 26?o or 087P
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PROGRAM SHEET
p , o c r m  i d  C o n r p u t c  r l u e  m e r i d i a n a l

d i s t  a n c e  b v  L X - N j E R I D I A N
formulal

z e n i t h  I  N .
( R e d u c t  i o  

I
P.c  '  1

-Qgqplpl  tnput l ,at  = DR, Lari tude of observer (+N, -s)

D e c  =  C o r r e c t e d  d c c l i n a t i o r i  o f  b o r l y  ( + g - S

Ll lA = Local hour angle of body

l. l0 = Corrected sextant al t i tude of body

o u t p u t  ' l , M Z D  =  l l u e  n r e r . i d i a n a l  z e n i t h  d i s t r n c e
(  d e g r e e s  )

Eramore
1 . .  DR,La t  48 "13 'N  Dec  21 '39 'S  L l r ,A  356 '00 'H0  19 '52 :0
2 .  |  42 '10 'N  "  62 '01 'N  "  176 '30 t  Hn  14"20 ' .0
3 ,  r '  50 "02 rs  "  57 .29 ,  S  "  184"20 ' t$  t7 .20 '

Anwer  2 -  T .MZD 75o70501092 ,  3 .  T .MZD 7 )o .7 )Sgg48 l
Pr€oaralion a^d ooeralio.

. Er.cure rh. p.a'rm * 3hdn b.ro- r. rh. RUN 6.d. {@O).

Slep Disp lay Display

Prs  I  @ X.MER t l E
@ LAT+N-S? t2 E

4813.0  @ DEC+N-S? f
4 ( - )2 t  3s  @ LIIA? l 4 -

5 3s600 El HO? E
6 19s2 @ T .  MZD l
1 E 70.0412402e l1 E
I E x -[fER l 8 I

E (rcpeat again) 1 9 n
t0 trl 2A tf

@g Proeram

x ! - ! M . E t ]  t  P$. r  i .  prg 8 :  prgi

? 9 ;Abs: ( : H o ) J  T  : :  i t - t :  1

3 T I 4 coro: 2 l A o -
T - a :T I J l r :  L b l o o a

5 7 : 2 : 6 r cosD X C G L S l N A b . :  (  :  L :  -

6 D T s  t .  :  M
1 T .  M ;z  o I 9 o - ' ; N ]  

8

I
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Ccmpass error by ti.ne az|nuth

The azjnuth of the body can
(2) as explained in the problq! of
accumcy of cloputed azimuth depends
of obeervation and the accuracy of
observerrs Dosition.

be obatalned by lhe equatlon
altltude and azlorth. The
on lhe accuracy of the tire
tbe ship's positloo or the

Exap]e: On 24 April 1970, Dn Lat. 33025.2 S Ldr8, 139022.8 H at
ZT 16-26-32. Obsewed bearing of the aun OB 292,5 CB
290.5 variation at that area is 5oE. Requlre GE and
deviation of nagnetic c@pass.

Solutlon
Sun 0 d(+)  0 .8

zT 16 26 32 24 Appil olh t2%9!7 n C@puted zn 296
ZD +_9_ corr(+)_____-.:I OR 29?05
GMT 01 26 32 25 April dec. 13o 011 N CE 0.9 H
Oth leqo2o rr

26D32s(+ )--60-S16* C@puted zn 29606
GHAo m2qM
DR), 139o22i8
LltA 620\4!3

D(planatioo of Solution

Var 5ql E
MB 291.6
B 290,5

Dev.  1 ,1  E

1, Coverting observed zone tj.me (ZT) to CttT,

2. Froo date and cltl, find true LHA and declinatlon,
uslng nautical alnanac,

3. Uslng DR Lat., and decllnation a.s input of Prg. 2 to
obtaln Zn.
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4. Cqnpass the coolputed Zn with Gyro bearing to obtain
Gyro error.

5. App]y variation to Zn to obtain true magnetic bearing
(r.E).

6. Conpare MB with cqnpass bearlng to gel deviatj.on
(Dev. ) .
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PROGRAM SHEET

' '""-'" 
5::1';;^t'ue 

azinuth rron Lat' P t g . 2

Desc.iolio.

Input Lat = Latitude of observer

l j ec  =  Dec l i na t i on  o f  t l e  body '

LHA = Local hour angle of the body

Output ZN. = True azinuth of the body

E€hore  1 .  Lax  33 "24 :0  N  Dec  20 '13 i8  N  LHA 316"41 i2

2 .  I , a t  33 "24 !0  S  Dec  20 '1318  N  LHA 316 .41 :2

Answer 2. ZN = 44'08733264

Preo..ation and ooe.alion

.Erccure rh. p,oeEn$ 3n@. b.r*in rh. iuN 6.d. (@lO).

D'splay slcp

Prg 2  E l l -

2 @ LAT+N.S? f
3324 @ D e c + N - S ? f
2013.8  @ I,HA? l 4 E

31641 ,2  @ ZN t5 E
E 97.71043681 E

7 E T-AZ 17 f
8 @ (repea! t 8 -

I trl t 9 E
t 0 @ 20 E
?

No.. Prg. 2

@ E  P f o s , a m
, , :  T I  P r s : 7 Pre I
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Ccnpass error by Arplitude

True azirnuth of a celestial body can be obtai.ned by
anputude observation, and belng used to cootpare r,ith the ccrnpaas
in oader to 8et coqpass error.

FormuLa ein A = ain d - sin L. sin h
cos L. cos h

Notatlon A = Amplitude
d - Declination of a celestial (+N, -S, d < 24o)
L = latitude of obgerver (+ , -'s)
h : True allltude of center of the body fron

cefealiaL horlzon

Cardition r

'1. ff lhe body ie observed when its center is on the
celest,ial hori"zon, thab means h = 0o under the followlng
assutrptLon:

The Sunrs lower limb is about 2/3 of i.ts dianeter
above visible horizon.

Ihe Moonrs uppef UJnb i.n on the vigibte horizon.

The Star or planeL is slightly nore than one Sunrs
diameter or about ?r0 above the vi.s1b1e horizon.

2. If the body is obseryed when it is on the visible
horizon, thab means h t o and corrections must be applied in order
go geb the correct observed amplilude when the center of the body
1s on th€ celestial horizon,



For the Sun, when observation is nade al height of eye ql
ft, standard condition tdp. 50oF, AtrDos, pressure 29.83 inches
of mercury the value of h nay be conputed as follows:

Dip -  6 ' .2
Refraction - 3513
Irnadiation of Hor. - 0!6

Dip. - 6!2 Dip. - 6!2
R -  3312 R -  3312 (A-P)
SD + 1518 SD - 15t8 (&lly page)
P  +  A lT  P  +  0 i1
h  -  23 :5  h  -  55 :1

(For explanatlon)

Parallax
n

+  011
( - )rr2l0

(This h is used for
deterulning the corrections
ln table 28 of Bonditch,
Vo1.  I I .  )

By wing. computer or progra[Mb1e calculator, the true
azlmuth (Zn) of the observed body can be computed accordlng to
the follolring rulesi

For rising sun when h = O Zn = 90 - Sun-l A
h = 0 lat.= dec. sane narE, h is

poslt1ve
lat.: dec. cqt.ary nane,

h is negative
Zn = 90 + Sln-l A

For setblng sun when h = O Zn = ?70 + Stn-'l A
h = 0 Lat.= dec. sane nane, h is

negative
Lat.= dec. contrary nade,

h ls posltlve
Zn = 27O + sLn-] A
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Exepls of aplitude

1. Tbe DR tat. of a ship is 51o24j6 ll. The navigabor
observes the seltlng Sun when bhe center 19 on the visible
horizon, at ihat tine deslination of the Sun ie 19oq0lq N.

Required; 1. Observed anplltude

2. Zo on visible horlzon (data frqn Dutton
12m edltim P. 508)

by Table 27, 28 by corDputer

T 27 Anp. H 32:6 N
T 28 Corr. (+) t.t

Obs. AIp. lf 33,7 N Obs. Atrp. 33.2t6
zn 303.7 zn 3f3.716

2. DR Lat. 41oo3l8 N Observe risirg sun when center j.s
on vislble horlzon OB 05905, decllnatlon of Sun ls *Zlig X.

Requiredi Gyro enror (Dutton 13th ed.)

by Table by conputer

T 27 True lop. E 30.5 N obE. hp. 29.8q = 29.8
T28 Corr .  -  .7  Zn 60,15 = 60.2

obs, nnp. E 29.8 N cB 59.5
Zn 60.2 GE ,7 R
cB 59,5
GE '7 E



F 4 r h d  C o m p u t e  t r u e  a z i m u t h  b y  a m D l i t u t e l N "  6 - ^  a
of the Sun I

ClTEt rT  I

!rsjp!!l Input
' 'LAT+N-S" Input Lat i tude of obsewer (+N, -S)

IDec+N-Sl l  rr  Decl inet ion.of the Sun (+N, -S)

Input 1 for r is ing observat ion
2 fot sett i rg observtr t ion

" v l - C 2 "  l n p u t  I  S u n r s  c e n t e r  o n  v i s i b l e  h o r i z o
2  S u n r s  c e n t e r  o n  c e l e s t i a l

hor izon

Output True azimuth of the Sun at t ine of
observat ion

Eramote

1 .  D R  L a t  5 1 " 2 4 i 6  N  D e c  1 9 ' 4 0 : 4  N  S e t g  o n  v i s i b l e  h o r i :

2 .  D R  L a t  1 6 ' 0 3 : 6  S  D e c  2 0 ' 0 9 1 1  N  R i s e + o n  v i s i b l e  h o r i i

A n s u e r  2 .  Z N  6 9 .  2 0 6 1 1 9 1 8

Preparalion and oper.lih

.tu.clr. th. !,.!r4 x !h@i bd* h m. RUN h.6.'(@ltD),

Prs 3 E ATIP. S t l f
2 E LAT+N-S? 12 tf

sr24.6  E DEC+N.5? l 3 E
rs40.4 E R1-S2? l4 f
2 EI vt-c2? t5 E
I E zN. l 6 f

1 E' 303.7167 42 t7 r
E AMP. S l 8

9 E trepea t9 -
IO @ n EI
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@A Proe ram 3  j ruo res
I l ;Plg 7

" : F : t2 s ? I - : c : 2
3 J I rAbri L .) D

o E H J
3 boti 2 E

6 lbl Lb
-t H fio&i 5 tbl 7

H t5t j 5 i Slli': ( |  :srNt D SIN:  L x slNj
H -: ic6 I ; ' c6x ) + I

t0 + Sotd 7 .+ Golo 0
t l - b r i t I a z i Lbt i  0  : t Z
t2 N I l l
I 3
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PROGRAM SHEET

Prg

Prg

Prg

Prg

Prg I

Sub. Routine

Descr ip l lon

Prg  5  conve r t i ng  Deg  M in  (1530 ,0 )  t o  Deg .  15 '5

Prg 6 Conpute true azimuth (ZN) froh Lat, dec and LIiA

Prg 7 Input Latitude (L) and declination (D)

Ptg 8 Input Local hour angle

Prg 9 Input Corrected observed alt i tude (HO)

No.

5

6

7

mE: El prograh Noles
I n l : (  l A + :1 :o : r ' ) i - r : a  : .B  +  l : ^

2 -  ! a : x l . : r i ) : + r8 : . : . , t c
3

lsrr{ll It- : ( : C O S H i x : S n i  L t . n :  D :  X  C O S  L
) :a :x i a ; r :  x ; i  i Y !  i  H :  ) : r ; 8  l O l i

iok; 2 x >:o ;+ca t ;3 3 i 6 t 0 i + i Y
7 J z 3ob 4 L b l : 2 L o i9ce i3
8 { z Flo 4 Lb r  i s o +
9 z Lbt z N t z a
t0
t l ' L T + N s 7 J
12 Pr€ 5 .-, t- D E N : .
t 3 7 Prsl D

l5 H 7 + Pr!
t 5 lt
l ,

t8 H o 7 P.gi 5 : s
t 9
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BY NC_88, TAMAYA CO., LTD
i 'ormulae of Celest lal  Navlgat lon'  Pi lol inS, Dead Reckoning and the

Nautlcal Alnanac are progranmed and stored'

STAR FINDER:
NAUIICAL ATI\4ANAC@ / ATII IUDE ANO AZIMUlHE
{ (  33  NL r r " r r  ̂ r r r i i .  @ hgoodwx r  a - "u41 /bdb ,  i r r 0 . 2  r r r oL l r '  rE
Yd,, 2'00. rora€d bv @ x.

Fm.]
Flhd rh. GHA and oEc or rhe su^ d GMT20n13m3donAo,[ 4. rs32, Then
comF i . , l kA l r l ( ud . . ndA : imu tn  r i omrheDapo t l r l on2 l r 3€ :2N ,1s5 '6a :7w .

rBd io orldq DsqrDt|o.

@
@ ,o i036

El 0
@
@

IALMI

cs o c€lnntt 36df ten{B
aod|Nfi.

cs smtBri*t
sendtan.t.r

tatrc-^zl

iiEFosl
rhd rfir GHA;rd D€c or v'nur d GMT t shron0c6 oF ADnt4, rgsz. rhrn
.@r. rrt ahlrud. .nd arinurh ri@ th.DA Dcrroo2r'to:gN, t66"30:0w.

@
EI
@
@
E ?r 33?tE
{El r55rrl8

@

@
@
@
@
@
@

@
@
@
@
@
EI

(a

a '008

laFrcAl
Frnd rfi. GHA.nd D€C or Spto.r GMl Sh3OmOOr on Ap.[ 30,1932, fien
c@r. rr alftud...d azrmlrh ton rtu DR roxron 3t'2d0N, t3d tasw.
rrri!!!r Dhpr.t
@
a]o
GI
E
@

E
E'
@
@
@
@
L4

@

3t ?o0@
'33 !5@

rppri..rionri orhr rhatr rr'' lrncr AnrD N'vrra on p.a. .e. rhe ru€Armuth
or rhe..|6nar bodv hjy bs usd efls wty r. .oEpB dbnn.nr_ rh.com_
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LtN!  Or P0St 0N g 'AND Posl l l0N FlXt4
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unbn or LoPsr. d rd by @ b
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DEAO NECKI ]NING@BY MTNCATOF SAITINC

t6@_n;;d--t i;;-l Db,;tI
T  s ' 5  N  - f l r r o .  

l i @ ; h l
Lllg?!jl|I, ,oa I co'E I

6  t ' s E n  ; x  T s
o r'oella i.N I'oar
t ' e  i o  @
Cl ro

eL roNq!

l ] ' o

tO loN n2ttd \ |Dnra o rz)r r\|

6f i€AT CI fCLE SAtLTNC C4
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Ls.:lr.-:!1.:ill--.1r:::l.r:! -
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COUNSE ANO DTSTANCE@ BY MERCAIOS SAILI I IG

@
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(t

!s4!.t

cowhrdd! n u' 4Eor'v '!E{drY.
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@a
@
o
ol
@

t \ hrdGc coqnr @vt I
| \hrelt bq, q Bfa .
\ I h^E.dt Lon, e, ', a I
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1 n J ' l r p o | 3 . d b d l d l f . 4 u . . o ' l

. 1 " . , o u { L . . y r y F d q : ' a f  r h ,
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